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1.1

Introduction

Introduction

This manual addresses qualified personnel working in the fields of automobile
ECU development and testing. Specialized knowledge in the areas of measure-
ment and ECU technology is required

About this Manual

This manual contains information about working with LABCAR-OPERATOR
V5.4.0. The manual contains the following chapters:

"The LABCAR-IP User Interface" on page 13

This chapter contains a description of the LABCAR-IP user interface.
— "Overview of Functions" on page 13

— "The Main Menu of LABCAR-IP" on page 14

— "The Toolbar" on page 17

— "The Main Window" on page 18

— "The Project Explorer" on page 19

— "The Log Window" on page 19

— "Project Settings" on page 20

"Working with LABCAR-IP" on page 23

This chapter describes the integration of various modules into a LABCAR-
OPERATOR project and how to generate code for an experiment which
can be run in LABCAR-EE.

— "Modular Simulation Code" on page 25

—  "MATLAB/Simulink Models" on page 38

— "ASCET Modules" on page 52

— "C Code Modules" on page 60

— "CAN Modules (Network Integration CAN)" on page 90

— "LIN Modules (Network Integration LIN)" on page 141

— "NIF Modules (Network Integration FlexRay)" on page 175
— "FiL Modules" on page 199

— "Real-Time Plugins" on page 212

— "Signal Conversion Modules" on page 227

— "Configuring Hardware with the RTIO-Editor" on page 232
— "The Connection Manager" on page 233

— "Configuring the Real-Time Operating System (OS Configuration)"
on page 245

"LABCAR-EE - an Overview" on page 267

LABCAR-EE (Experiment Environment) is used to execute a LABCAR-OPER-
ATOR experiment. This chapter provides an overview of the GUI and the
functions of LABCAR-EE.

"The Constituent Parts of the GUI" on page 268
"The Experiment Explorer" on page 270
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— "The "Workspace Elements" Window" on page 272

— "The Main Workspace" on page 278

— "Working with Parameters" on page 308

— "Editing Parameter Files with LABCAR-PA 1.0" on page 326

— "LABCAR-CCI V5.4.0 (Calibration Connector for INCA)" on page 362

1.2 Using this Manual

Presentation of Information

All actions to be performed by the user are presented in a so-called "use-case"
format. This means that the objective to be reached is first briefly defined in the
title, and the steps required to reach the objective are then provided in a list. This
presentation looks as follows:

Definition of Objective

Any preliminary information...
e Step 1
Any explanation for Step 1...
e Step2
Any explanation for Step 2...
e Step3
Any explanation for Step 3...
Any concluding remarks...
Specific example:
To create a new file

When creating a new file, no other file may be open.
e Choose File - New.
The "Create file" dialog box is displayed.
Type the name of the new file in the "File name" field.
The file name must not exceed 8 characters.
e (lick OK.

The new file will be created and saved under the name you specified. You can
now work with the file.

10 LABCAR-OPERATOR V5.4.0 - User’s Guide
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Typographic Conventions

Introduction

The following typographic convention are applied:

Choose File — Open.
Click OK.

Press <ENTER>.

The "Open file" dialog box appears.

Select the setup.exe file.

A conversion between Logic and
Arithmetic data types is not possi-
ble.

Menu options are printed in bold, blue
characters.

Button labels are printed in bold, blue
characters.

Key commands are printed in small capi-
tals enclosed in angle brackets.

The names of program windows, dialog
boxes, fields, etc. are enclosed in double
quotes.

Text strings in list boxes, in program code
and in path and file names are printed
using the Courier font.

Emphasized text portions and newly intro-
duced terms are printed in an jtalic font
face.

Important notes for the users are presented as follows:

Note

Important note for users.

LABCAR-OPERATOR V5.4.0 - User's Guide
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ETAS The LABCAR-IP User Interface

2 The LABCAR-IP User Interface

This chapter contains a description of the LABCAR-IP user interface.
The individual sections contain information on:

e "Overview of Functions" on page 13

e "The Main Menu of LABCAR-IP" on page 14

e "The Toolbar" on page 17

e "The Main Window" on page 18

e "The Project Explorer" on page 19

e "The Log Window" on page 19

e "Project Settings" on page 20

2.1 Overview of Functions

Once you have launched LABCAR-IP and loaded a project, the user interface is
displayed as shown below.

| LABCAR-IP5.20 - [TutorialProject.lco5] E@
File View Project Tools ?

e 2PS 6o

Praject Explorer - x

] Targets Project Title TutorialProject

Project Path DALCO_Projects\TutonalProject

Please erter your projsct descrption here!

«
LABCAR [ ! TutorialProject_520_..| & Connection Manager | &% 0S5 Corfiguration | <2 Fil. Wizard

Time Message
@ 132354 LABCAR-P 5.2.0 Beta 14 fpre)

Ready HiL

Fig. 2-1  The LABCAR-IP User Interface with an Open Project
The interface has the following control elements:
e the menu bar

For a description of the LABCAR-IP menus refer to the section "The Main
Menu of LABCAR-IP" on page 14.

LABCAR-OPERATOR V5.4.0 - User’s Guide
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e the toolbar

For a description of the elements in the toolbar refer to the section "The
Toolbar" on page 17.

¢ the main window

The different tabs contain project information, the Connection Manager,
the CAN Editor and the OS Configuration (see "The Main Window"
on page 18).

e the Project Explorer

See "The Project Explorer" on page 19
e the Log window

See "The Log Window" on page 19

2.2 The Main Menu of LABCAR-IP

The menu bar of LABCAR-IP contains the following entries:
e "The "File" Menu" on page 14
This menu contains all functions for file-specific actions.
e "The "View" Menu" on page 15
This menu is used to control the visibility of the individual windows.
e "The "Project" Menu" on page 15

This menu contains all functions needed for project editing, project man-
agement and experiment control.

e "The "Tools" Menu" on page 16

Use this menu provides access to various tools.
e "The "?" Menu" on page 16

This menu contains information on LABCAR-IP.

Note

The following description of the LABCAR-IP menu structure is only intended to
provide you with an overview. For more detailed information on the individual
functions refer to the relevant chapters.

2.2.1 The "File" Menu

This menu contains all functions for file-specific actions.
¢ File > New Project
For creating new projects
¢ File —» Open
Opens an existing project
* File - Close
Closes the current project

14 LABCAR-OPERATOR V5.4.0 - User’s Guide
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File — Save All

Saves the entire project including all changes in the CAN Editor, Connec-
tion Manager etc.

File — Save As
Saves the entire project under a different name
File — Save

Saves the content of the document currently active (CAN Editor, Connec-
tion Manager etc.). An asterisk after a tab’s name indicates there are
unsaved changes.

.2 Connection Manager * -Dqsv 05 Configuration

File — Discard

Discards all unsaved changes in the document currently active (see File —
Save)

File — Recent Projects —

Displays the list of the last four project files opened
File — Exit

Exits LABCAR-IP

2.2.2 The "View" Menu

This menu is used to control the visibility of the individual windows.

View — Status Bar

Enables/disables the status bar at the bottom edge of the main window
View — Tool Bar

Enables/disables the display of the tool bar

View — Project Explorer

Opens/closes the Project Explorer

View — Log Window

Opens/closes the "Log Window"

2.2.3 The "Project" Menu

This menu contains all functions needed for project editing, project management
and experiment control.

Project - Add Module

Opens the "Add Module Wizard".

Project — RTIO Editor

Opens the RTIO Editor to configure the connected hardware
Project — Build

Opens the dialog window for code generation

Project — Options

Opens the dialog window in which the project settings are made

LABCAR-OPERATOR V5.4.0 - User’s Guide
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Project — ECU Pin List

Opens the "ECU Pin & HW Pin Properties" Dialog
Project — OS Configuration

Opens the "OS Configuration" tab

224 The "Tools" Menu

Use this menu provides access to various tools.

Tools — HSP Update Tool

Starts the current version of the HSP Update Tool
Tools — Open LABCAR-IP Log File

Opens the log file which contains detailed information
Tools — Zip Log Files

Opens a dialog box for zipping the existing log files
Tools — Zip And Go

Allows for zipping the current project

Tools — Open Experiment Environment

Opens the experiment environment LABCAR-EE
Tools — View Version Info

Shows a list of versions of all software components
Tools — Options

Opens a dialog box for editing the LABCAR ID

225 The "?" Menu

This menu contains information on LABCAR-IP.

16

? — Help

Opens an HTML file with links to the documentation and other informa-
tion

? — About

Information on installed LABCAR software products and their versions

? — Contact

Shows ETAS contact information

? — License

Opens the ETAS License Manager

LABCAR-OPERATOR V5.4.0 - User’s Guide
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2.3 The Toolbar

The LABCAR-OPERATOR V5.4.0 toolbar contains the following functions
U e & BH € 9
12 3 4 5 6 7 8 9

1 Open
Opens the document (identical to File — Open)
2 Save All

Saves the entire project including all changes in the CAN Editor, Con-
nection Manager etc. (identical to File — Save All)

3 Save
Saves the active document (identical to File — Save)
4 Discard

Discards all unsaved changes in the document currently active (identi-
cal to File — Discard)

5 Add Module
Opens the Add Module Wizard
6 Edit Hardware Configuration
Launches the RTIO Editor (identical to Project — RTIO Editor)
7 Build LABCAR Project
Starts code generation (identical to Project — Build)
8 Open Experiment Environment

Opens the experiment environment LABCAR-EE (identical to Tools —
Open Experiment Environment)

9 Help
Information on LABCAR-OPERATOR V5.4.0 (identical to Help — Help)

LABCAR-OPERATOR V5.4.0 - User’s Guide
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2.4

The Main Window

The main window contains all the important functions of LABCAR-IP — these
functions are divided into individual tabs for a clearer structure.

Project Title Tutorial Project

Project Path DA\LCO_Projects\TutorialProject

Flease enter your project description here! -

] [}

| (! TutorialProject_520_...| {2 Connection Manager | &%  0S Corfiguration | <3 Fil Wizard
Fig. 2-2  The Main Window of LABCAR-IP

The "Project Info" Tab

This tab displays the project name and indicates where the project files are
stored. Information on the project can also be entered here in a text field.

The "Connection Manager" Tab

This tab contains all functions of the Connection Manager (see "The Connection
Manager" on page 233).

The "OS Configuration" Tab

All settings for the real-time operating system can be made in this tab (see "Con-
figuring the Real-Time Operating System (OS Configuration)" on page 245).

The "FiL Wizard" Tab

The generation and integration of FiL modules takes place in this tab (see "FiL
Modules" on page 199).

LABCAR-OPERATOR V5.4.0 - User’s Guide
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The Project Explorer

All project-relevant objects and documents are managed in the docking window
of the Project Explorer.

Project Explorer - X
BRG] Targes |
=~ RTRC
[ﬂ Hardware
41 |dleContraller

LABCAR

Fig. 2-3  Project Explorer
Targets

The "Targets" folder contains a folder for the experimental target. For each
experimental target a subfolder with the targets name is created.

e Experimental system name ("RTPC")
The shortcut menu of a file in this folder contains the following functions:
— Add Module
— Edit OS Configuration
Each of these folders contains:
— All modules (Simulink models, C code, CAN, signal conversion etc.)
— The hardware configuration
The shortcut menu of a file in this folder contains the following functions:
- Edit
Opens the relevant editor
— Update

The module is opened in the corresponding editor and any changes
updated.

— Remove (not with hardware configuration)

The Log Window

"Messages" Tab

This window displays LABCAR-OPERATOR V5.4.0 information and error mes-
sages.

To delete the display in this window, right-click the window and select Clear
Log.

LABCAR-OPERATOR V5.4.0 - User’s Guide
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2.7 Project Settings

There is a range of settings in a LABCAR-OPERATOR project which refer to the
different components of LABCAR-OPERATOR. These settings can be accessed via
Project — Options.

2.7.1 "General" Tab

This tab contains, on the one hand, information on the project name ("Project
Title") and the project type ("Project Type").

TutorialProject.lco5 Options @

General | Modules | Events

Information
Project Title

Project Type
Realtime

RTPC
Try "Wake On LAN" f RTPC is not accessible
Check RTPC version

IP Address 192 0168 . 40 . 14

Subnet mask 255 . 255 . 255 . O

[ oK ][ Cancel ] Help

Settings for the Real-Time PC can also be made:
e Try "Wake On LAN" if RTPC is not accessible

If this option has been selected and the Real-Time PC is not responding,
Wake On LAN is used to try to start the Real-Time PC.

e Check RTPC version

With this option, the version of the Real-Time PC detected is determined.
A check is carried out during the build process to see if this version can
work with the current version of LABCAR-OPERATOR.

e |P Address

The IP address of the Real-Time PC assigned to this project (for multi-RTPC
projects).

e Subnet Mask
Subnet mask for determining the network prefix

LABCAR-OPERATOR V5.4.0 - User’s Guide
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2.7.2 "Modules" Tab

If you are working with the Modeling Connector for Simulink, this is where the
modules of the project, such as the Simulink model and external C code, are
listed and managed.

TutorialProject.lco5 Options @

General | Modules | Events

RTPC
ldleController

Module Properties

’ Link to Extemal Files ]

[ Matlab Search Path ]

’ Parameterization M-Files ]

[ ok ][ cancel || Heb

For details of the function of these settings, refer to the section "Further Settings
for the Simulink Model" on page 45.

LABCAR-OPERATOR V5.4.0 - User’s Guide
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2.7.3

"Events" Tab

While a project is running, scripts can be incorporated which are run before or
after a build process. A script is any executable which can be run under Windows
(*.exe, *.bat, *.cmd, etc.).

To combine a script with an event

e Select Project — Options.
The "Project_name properties" window opens.
e Select the "Events" tab.

This contains a list of events with which the execu-
tion of scripts (Action) can be linked.

TutorialProject.lco5 Options @
General | Modules | Everts
Event Action Skip
OnPreBuild 0
OnPostBuild B
On Post Save Project D
[ 0K J [ Cancel ] Help

e To specify this kind of script, click the cell next to the
relevant event.

e C(lick on the arrow at the edge of the cell and select
<browse ...>.

A file selector window opens in which you can
select the script file to be run.

e Check Skip if you do not want to execute a specific
script (temporarily).

LABCAR-OPERATOR V5.4.0 - User’s Guide
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3 Working with LABCAR-IP

This chapter describes the integration of various modules into a LABCAR-OPER-
ATOR project and how to generate code for an experiment which can be run in
LABCAR-EE.

The individual sections contain information on:

"Modular Simulation Code" on page 25

This section provides a short overview on integrating modules of all kinds
of origins into a LABCAR-OPERATOR overall project.

"MATLAB/Simulink Models" on page 38

This section contains information on integrating MATLAB/Simulink mod-
els:

"ASCET Modules" on page 52

This section contains information on integrating ASCET modules in a LAB-
CAR-OPERATOR project.

"C Code Modules" on page 60

In addition to MATLAB/Simulink models and ASCET modules it is also pos-
sible in LABCAR-IP to integrate C code defined by the user into the
project.

"CAN Modules (Network Integration CAN)" on page 90

LABCAR-NIC V5.4.0 (Network Integration CAN) is an add-on to LAB-
CAR-OPERATOR V5.4.0. It enables simple testing of ECU functions which
include CAN communication.

"Instrumentation for the CAN Simulation" on page 133

If a CAN residual bus simulation is executed with LABCAR-NIC V5.4.0,
there are special instruments in LABCAR-EE for CAN messages as well as
a "CAN Bus Monitor".

"LIN Modules (Network Integration LIN)" on page 141

LABCAR-NIL (Network Integration LIN) is an add-on for LABCAR-OPERA-
TOR. It makes it possible to test ECU functions that include LIN communi-
cation in accordance with LIN 2.0 and LIN 2.1/LIN 2.2.

"NIF Modules (Network Integration FlexRay)" on page 175

LABCAR-NIF V5.4.0 (Network Integration FlexRay) is a module type in
LABCAR-OPERATOR V5.4.0. It enables simple testing of ECU functions
incorporating FlexRay communication.

"FiL Modules" on page 199
This chapter describes the creation of FiL modules.
"Real-Time Plugins" on page 212

This chapter contains information on creating real-time plugins, how to
integrate them into a LABCAR-OPERATOR project and how to work with
them in the experiment environment LABCAR-EE.

"Signal Conversion Modules" on page 227

LABCAR-OPERATOR V5.4.0 comes with a standard signal conversion
module with which the generic open-loop configuration can be realized.
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"Configuring Hardware with the RTIO-Editor" on page 232

How to work with the RTIO-Editor and configure the hardware used is
described in detail in LABCAR-RTC V5.4.0 - User’s Guide.

"The Connection Manager" on page 233

The Connection Manager enables closed-loop operation by connecting
the inputs and outputs of the existing modules accordingly.

"Configuring the Real-Time Operating System (OS Configuration)"
on page 245

When creating a LABCAR-OPERATOR project, a default OS configuration
is automatically created and added to the project.

"Setting Up Multi-RTPC Networks" on page 257
This chapter explains how to set up Multi-RTPC networks.
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Modular Simulation Code

This section provides a short overview on integrating modules of all kinds of ori-
gins into a LABCAR-OPERATOR overall project.

It contains information on the following topics:
e "LABCAR Modules" on page 25
e "Types of Modules that can be Integrated" on page 27

e "Creating a LABCAR-OPERATOR Project and Integrating Modules"
on page 27

e "Integrating External Code" on page 29
e "Connection Management" on page 33
e "Configuration of the Operating System ("OS Settings")" on page 34
e "Code Generation" on page 34
LABCAR Modules

In LABCAR-OPERATOR, the simulation model code consists of individual
"LABCAR modules" that each describe one component of the overall project.

Parameters? (i) (?

LABCAR Module —_—>

Output
Signals
(%) e Code
Input = ® Processes — Measurement
Signals % Interfaces —0 Variables
[~

Fig. 3-1 A LABCAR Module
An individual LABCAR module consists of
e the interface information
and
e the functionality itself (in the form of standard C code).

The interface information contains the definition of the module’s inputs and out-
puts, information on which measure and calibration variables can be accessed
and on which processes control the module.

LABCAR-OPERATOR V5.4.0 - User's Guide
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-
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Fig. 3-2 on page 26 shows the structure of a project consisting of several mod-
ules. Each of these modules can be connected with other modules at signal level
(using the Connection Manager). In this way, signal paths are defined and con-
trol circuits closed.

999 299 299
LABCAR Module LABCAR Module LABCAR Module
..... e = = = =
o— 1 —» %
HW =" Actuator 1 = R
b $ s B, 9
-0 = ) = -0
299
LABCAR Module
= P b >
[ —
Sl = T R
-0 LAB: Module
ol Actuator 2 3 - -
NN —
B H
i 0
E) > DVE 123
LABCAR Module LABCAR Modlule
..... dhoy 2 & =
LTTETEN & Pl &
HW :l_::'"é'éhsor &9 LABCAR Module _
556 558 3
Pl DVE 2
LABCAR Module 7] 566
g e —
. CAN
—H
(=]
54

Fig. 3-2  Modules of a LABCAR-OPERATOR Project

Each of the inputs can be interrupted during runtime to supply a constant value,
a synthetic signal shape or a recorded signal trace (e.g. of a test drive) (see "Sig-
nal Conversion Modules" on page 227).

C code is initially generated from each of the modules during code generation if
these are not already available in C code. The individual C code parts are then
integrated in the complete simulation code that is later run on the simulation
target (RTPC).

This approach offers maximum flexibility because any behavior-describing tool
capable of generating C code can be used. This means the domain-specific
advantages of various tools can be used specifically, such as using various mod-
eling languages, residual bus simulators or C code libraries.

Calculating the Simulation Code

The real-time calculation of the simulation code takes place on a Real-Time PC, a
simulation target based on Intel® processor architecture, that provides generic
support for multi-core processors. This makes it possible to distribute the individ-
ual modules to several CPU cores.
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Types of Modules that can be Integrated

Below is a list of the various modules that can be integrated into a LAB-
CAR-OPERATOR project and notes on where the integrating of these modules is
described in this User’s Guide.

The individual modules are indicated by the following icons in the Project
Explorer.

ASCET and MATLAB/Simulink modules

For more details on integrating these modules, refer to the sections
"ASCET Modules" on page 52 and "MATLAB/Simulink Models"
on page 38.

C code modules

For more details on integrating C code modules, refer to the section "C
Code Modules" on page 60.

CAN, LIN and FlexRay modules

For more details on integrating these modules, refer to the sections "CAN
Modules (Network Integration CAN)" on page 90, "LIN Modules (Net-
work Integration LIN)" on page 141 and "NIF Modules (Network Integra-
tion FlexRay)" on page 175.

FiL modules

For more details on integrating FiL modules, refer to the section "FiL Mod-
ules" on page 199.

Modules for open-loop access and signal conversion

For more details on creating and configuring these modules, refer to the
section "Signal Conversion Modules" on page 227

1/0 hardware modules

These modules are only part of the simulation code in the sense that they
describe the I/O hardware between the model and the ECU. For a detailed
description of how to work with the RTIO-Editor and of the configuration
of the hardware involved, refer to the LABCAR-RTC V5.4.0 - User’s Guide.

The integration procedure depends on the type of module and is described
below.

Creating a LABCAR-OPERATOR Project and Integrating Modules

This is where you create a project (with or without a Simulink model) and inte-
grate any additional C-code-based modules.

To create a project

e Select File - New Project.
The project wizard opens.

® In "Location" select a directory in which the new
project is to be created.

LABCAR-OPERATOR V5.4.0 - User's Guide
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To add modules

ETAS

e Enter a project name beside "Project Name".

Wizard (=23

Project Wizard

Location: [:ALCO_Projects\MewProject

Project Mame:  MewProject

Target Mame: RTFC

Use thiz toolbar button ﬁ to add modules to the project.

<< Back [ Finizh ] [ Cancel ]

e If required, assign this target a different name in
"Target Name".

e Click Finish.

The LABCAR-OPERATOR project is created. You can
now add modules.

¢ In the Project Explorer select the folder with the
name of the experimental target.

e Right-click and select Add Module.

Project Explorer - x
= u_j Targets
-] RTPG
@+ AddModule
Edit OSCenfiguration
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* In "Add Module Wizard", select the required
module.

Wizard

Specify Module Type

Add Module Wizard

@ Add Simulink[Th)] Module
1 Add C-Code Module

) Add ASCET Module

) Add CAN Module

1 Add Flesray Module

) Add LIN Module

<< Back [ et > ] I Cancel I

Different procedures are necessary for integrating additional modules (that can-
not be selected in the Module Wizard):

Hardware module

Every LABCAR-OPERATOR project has a hardware module that is created
with the project and that itself contains no hardware at this time apart
from the simulation target "RTPC". For more details on the configuration
of the module (= integration of I/0 hardware), refer to the LABCAR-RTC
V5.4.0 - User's Guide.

CAN modules

CAN modules are created and managed in the "CAN Editor" tab — for
detailed information, refer to the section "CAN Modules (Network Inte-
gration CAN)" on page 90.

FiL modules

FiL modules are integrated and managed in the "FiL Wizard" tab — for
detailed information, refer to the section "FiL Modules" on page 199.

Integrating External Code

In addition to integrating individual modules, you can ensure that additional
header, code, object and library files are compiled and linked for some module

types (Simulink, CAN and signal conversion modules) during module code gen-

eration. This means that frequently used code files and libraries can be
exchanged between projects and reused an infinite number of times.

LABCAR-OPERATOR V5.4.0 - User's Guide
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To select external data sources

e Select Project — Options from the main menu.
e The "<project_name> Options" window opens.
e Select the "Modules" tab.

e Select the module for which further files are to be
specified.

MNewProject Options
General | Modules | Events

RTPC

Contraller

; Brake_System
o IdleChl
“ ConversionModule

Module Properties

’ Link to Extemal Files ]

[ Matlab Search Path ]

’ Parameterization M-Files ]

Step Size Factor Use Links Within Mode!

[ ok ][ Ccancel Help
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e C(Click Link to External Files.

The "Select External Files for Compilation and Link-
ing" window opens.

Select External Files for Compilation and Linking @

Module Path e ewPrajecthT arget B TPCASimulinkkd
Current Path $(ModelDir)

Select Additional Include Directories and Source or Object Files

Select Directory: Selected Include Search Paths:
(&l Parent ${ModelCir]
2] Sirnuiink_ldieCortraller
L IdieCortroller_LABCAR ttw =
Select File: Selected C Source Files and Object Files:

nn

Select File: Selected Library Files:

nn

[ Ok ][ Lancel ]

This is where further directories and files to be considered during compilation
and linking can be specified.

These are:
e directories in which header files (*.h) are to be searched for
e files with source and object code (*.c, *.0)
e library files (*.a)

To guarantee the portability of the project and the stability of code generation on
the Real-Time PC, only directories and files within the module path (e.g.
$(ModelDir)) can be referenced.

The "user" Directory

In the project directory <project_name>\Target RTPC\ a further \user
folder is created in which additional files, needed on the real-time PC during the
compiler/link procedure, can be stored.

For this purpose, the content of the \user folder is transferred to the
real-time PC during the build process to the directory

/home/labcar/codegen/
"labcar" is the default user on the ETAS RTPC operating system.
The folder contains two further subfolders:

LABCAR-OPERATOR V5.4.0 - User’s Guide
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® include

This is where header files containing the declarations for the routines of
the libraries to be used can be stored.

Subfolders in this folder are detected.
e 1lib
This is where libraries whose code can/is to be used during the linking of
the project can be stored.
Subfolders in this folder are not detected.

Example:
s Mame
= 3 TutarialPraject_511 ~ [l MyExtensiona b
I C_Code
I Docs
| Expetiments .
) LIMModule e
I ModelData (= [5) TutorialProject_S11 ~ [l MyExtensiong.h
= [5) Target_RTPC I C_Code

I CModules |) Docs
I codegen |5 Experiments

)05 |5 LINModule

) RTID |2 ModelData
I runtime-data =l [Z) Target_RTPC
1 SimulinkModels |2 CMadules 2 Narne
=2 user ) codegen = () TutorialProject_511 | [ ibmyextensiona.a

= ) include =) os 05 C_code |ibmyextensionb.a

; isiand 1) RTIO 25 Dacs
|20 MyExtensions |2 runtime-data [C3) Experiments
1= lib 1) SimulinkiModels (3 LINMadule
= 1) user 125 ModelDaka
= [ include = ) Target_RTPC

I CModules
I codegen
o os
) RTIO
I runtime-data
1 SimulinkModels
=I5 user
= I3 include
|20 MyExtensiond
|20 MyExtensions

=] |
To make the library functions visible for a LABCAR-OPERATOR module (e.g. a C
code module), the relevant header files must be referenced in the source code of
the corresponding modules.

Example:
#include "./MyExtensionA/MyExtensionA.h"
#include "./MyExtensionB/MyExtensionB.h"

Unlike the standard method of adding external code to a special module
(Project — Options, "Modules" tab: Link to External Files), the libraries and
header files stored in the user directory can be accessed by all modules.
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Fig. 3-2 on page 26 shows not only project modules but also connections
between their input and outputs. These connections are created in the Connec-
tion Manager and enable closed-loop operation and signal tracing.

Selection: ldleController \ Pedal2NEngine

=7l Pb1651adeT

Outputs Inputs .
=~ Hardware ] Hardware R
it 7] outputs [¥] Inputs
= Ripe 7| | =00 ideController utputs [¥] inpu
= B H 5] Pedal2NEngine A —
=[] Es1851ch s AirConditionManual

() Not Connected

() Fitter

wE

Real Connection Virtual Connection

Hik B =

Without Conversion

Update Ports
i
Existing Connections
Fitter
From To
Analn_0/Pb1651adc1/Es1651 cvEs 11 3x/Ripc/Hardw... | AirCenditionManualPedalZNEngine/idleController
@ All

() Real
() Virtual

() Fitter

|§_' Tutorial Project lco5 l\;.‘. Connection Manager |a 05 Configuration |<°_) FiL Wizard | |

Fig. 3-3  The Connection Manager

For detailed information on connection management, refer to the section "The

Connection Manager" on page 233.

When creating a connection, you can also decide whether a signal conversion
module should be added at the input of the one module. With this kind of mod-
ule, you have a choice between different types of signal conversion — in addition,
you can interrupt the connection to the other module and instead supply manu-
ally specified signals or signals from a signal generator (see "Signal Conversion"

on page 242)

These modules are configured in special GUIs in the experiment environment (see

"Signal Conversion Modules" on page 227).
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3.1.6

3.1.7

Configuration of the Operating System (" OS Settings")

When a module is integrated in the project, the relevant processes are automat-
ically accepted in the OS configuration and assigned to suitable tasks. Once all
modules are integrated, it might be necessary to adjust the configuration of the
real-time operating system.

This concerns the adding and removing of tasks, the task properties themselves,
and the assigning and removing of processes to/from tasks.

For a detailed description of these tasks, refer to the section "Configuring the
Real-Time Operating System (OS Configuration)" on page 245.

Code Generation

Once all the modules have been integrated in the project, the signals connected
and the task calculation configured, the simulation code for the experimental
target can be generated.

To generate code

e Select Project — Build...
or
Click the Build LABCAR Project icon.

&3 e Select the modules for which code is to be gener-
ated in the following window.

Build (=23

Select Modules for Code Generation

@ Al () Customized () None

RTPC

: Brake_Syztem
CaMModule
ECUMadule
Hardware
IdleContraller

RRREOO

Mote: Generated code of modules which are greyed out
can only be updated via the corresponding module editors itself!

[/] Clean Intermediate Files [ Build ] [ Cancel ]

There are two reasons why modules in the list may
be grayed out (in other words cannot be selected):

— These are C code modules for which code is
generated automatically
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— These are Simulink or ASCET modules and the
corresponding add-on LABCAR-MCS (Modeling
Connector for Simulink) or LABCAR-MCA
(Modeling Connector for ASCET) respectively is
not installed.

If you activate the option "Clean Intermediate
Files", the compiled object code is deleted after the
build process. This is necessary when precompiled
code is not to be used again.

e Click Build.

The code generation process starts and the progress
of events is displayed in the "Messages" window.

3.1.8 General Project Options

You will find a few important general settings for the project under Project —
Options in the "General" tab.

TutorialProject_531.lco5 Options (=23

General | Modules | Events

Information

Project Title
TutorialProject_531

Project Type

Realtime

RTPC
Try "Wake On LAN" f RTPC is not accessible

Check RTPC version

Allow to compile Model on RTPC with Default
IP Address "152.168.40.14°

Simulate and compile Model on RTPC with
IP Address 192 . 168 . 40 . 25

Subnet mask 255 . 2556 . 285 . O

[ ok ][ cancel Help

Information:
* Project Title
The name of the project defined on its creation.
* Project Type
Always "Realtime"
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RTPC:

Try "Wake On LAN" if RTPC is not accessible
This is used to try to boot the Real-Time PC via the network
("Wake-on-LAN").

For this purpose, you require a corresponding tool on the relevant net-
work PC which sends what are called "magic packets" (e.g. the free tool
"WOL - Magic Packet Sender 2007"). The necessary data for configuring
this tool can be found on the web interface of ETAS RTPC under "Wake
On LAN Settings" (Main Page >> Power Control).

Check RTPC version

A specific version of LABCAR-OPERATOR basically only supports certain
versions of ETAS RTPC (see Release Notes). This option can be enabled to
ensure that the simulation target has the right version.

The build is interrupted with an error if the version is not supported.

Allow to compile model on RTPC with default IP address
'192.168.40.14'

Select this option if you always want to build a project on a system with
the default IP address — regardless of the IP address of the Real-Time PC
for this project.

Example: The project is configured for a Real-Time PC with the IP address
192.168.40.25 (see "Simulate and compile model on RTPC with"

on page 37) which, however, is not available for the build on the system
with the default address.

The default address is then used instead of the IP address not found:

vg 175740  Checking connection to RTPC with IP Address 152.168.40.25.
vg 175743  Checking connection to RTPC with IP Address 152.168.40.14.
vg 17:5744  RTPC 152.168.40.14 is connected.

The basic procedure is as follows:
— Check the configured IP address

If the Real-Time PC is found under the configured address, it is used for
the build.

If not:
— Check fallback IP address 192.168.40.14.

If the Real-Time PC is found under the fallback address, it is used for the
build.

If not:

— If "Wake On LAN" is enabled, an attempt is made to wake the
Real-Time PC using the configured address.

If the Real-Time PC can be woken using the configured address, it is
used for the build.
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If not:
Try to wake the Real-Time PC using the fallback IP address.

If the Real-Time PC can be woken using the fallback IP address, it is
used for the build.

If not:
— Build not possible

¢ Simulate and compile model on RTPC with

This is where you can specify an IP address (preferred range:
192.168.40.10 ... 192.168.40.40) and the subnet mask of the Real-Time
PC on which the project is to be compiled and run.
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3.2 MATLAB/Simulink Models

This section contains information on integrating MATLAB/Simulink models:
e "Simulink Models" on page 38
"User-Defined C Code: Path Names" on page 38
"Function-Call Subsystems" on page 39
e "Restrictions regarding the Usable Simulink Models" on page 40
"S-Functions" on page 40
— "Blocks with Absolute Time" on page 41

"Blocks for which no Parameters and Outputs are Generated"
on page 41

e "(Creation of a New Project" on page 42
e "Further Settings for the Simulink Model" on page 45
Software Requirements

If your LABCAR project is to use Matlab/Simulink models, you need
e toinstall MATLAB

A list of supported releases can be found in the Release Notes (via the
menu ? — Help).

e alicense for LABCAR-MCS V5.4.0 (Modeling Connector for Simulink)
3.2.1 Simulink Models

The Real-Time Workshop generates C code from Simulink models — there are,
however, a few points described in this section which have to be observed at all
times.

Note

Please make sure that only one version of the Real-Time Workshop is used in
code generation! Problems may occur if you want to integrate several models
in your project that were created with different versions of MATLAB/Simulink!

User-Defined C Code: Path Names

The Real-Time Workshop makes it possible to integrate code defined by the user.
This can be an s-function or other code called by an s-function.

If the project is created for an existing model, the original and its complete direc-
tory (with all subdirectories) are either copied to the project directory or simply
referenced enabling a version control of the model.

For purposes of compiling and linking, the relevant files are copied to where the
build process is to take place. This entails a few restrictions with regard to
user-defined code which belongs to a Simulink model:

e In C, the #include command can reference a file with any extension,
although *.h is the standard extension.
LABCAR-MCS V5.4.0 only supports *.h and *.c as file extensions — if other
extensions are used, the compiler may not find the relevant file.
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e In C, the #include command can reference a file via a path, although the
default is to use just a file name with relevant path information being
added via corresponding compiler switches.

For example:
#include file name.h
#include subdirectory\file name.h
#include ..\parallel directory\file name.h

LABCAR-MCS V5.4.0 only supports the first two variants — other forms of
referencing can lead to the compiler not being able to find the relevant
file.

e The content of the various include search paths is copied to a specific
directory to be compiled, the same directory to which the files specified
when linking external files are copied (see "To link to other files ("Link to
External Files")" on page 46).

Make sure that there are not several files of the same name and different
content in these directories. Otherwise, depending on the order in which
copying takes place, some files may be mistakenly overwritten.

Function-Call Subsystems

The model used may contain function-call subsystems or the user may be using
model parts which are not to be executed in the small computing interval and
the user therefore creates function-call subsystems. Please take the following
into consideration in such cases.

With suitable parameterization of these blocks, the Real-Time Workshop gener-
ates a separate process for the model part it contains. This model part is not
calculated with the simulation computing interval on the target, or in other
words: it is not calculated at all until the user attaches it to a task (which can be
time- or event-triggered).

It depends on the parameters of this kind of function-call subsystem whether a
separate process is generated or not. If you want this kind of process to be gen-
erated, proceed as follows.

To select settings

e Right-click the "Function-Call Subsystem" block in
the Simulink model.

e Select Subsystem parameters.

The "Block Parameters: Function-Call Subsystems"
window opens.
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3.2.2

e Select the settings shown in the following figure
(R2007b):

E Function Block Parameters: Function-Call Subsystem @
Subsgystem

Select the gettings for the subsystem block.
Parameters

Show port labels | FromPaortlcon

1 E]

Read™write permizsions: | Feadwite

Mame of errar callback. function:

Permit higrarchical rezalution: Al |E|
Treat agz atomic unit
[] “wham if function-call inputs are context-specific

Real-Time Workshop system code: |Funchion

Real-Time ‘Waorkshop function name options: | [Jse subspstem name

][] [E]

Real-Time Waorkshop file name options: | se functioh name

[ u] H Cancel ” Help “ Apply I

The process generated with these settings is
assigned the name <model name>
<subsystem block name>.

Note

This process is not displayed in the OS configuration
(see "Configuring the Real-Time Operating System
(OS Configuration)" on page 245) until the project
has been newly built in LABCAR-IP (Project —
Build).

Restrictions regarding the Usable Simulink Models

The Real-Time Workshop has some restrictions regarding the Simulink models
that can be used: these are described below.

S-Functions

The Real-Time Workshop can only process S-functions which contain parameters
of the data type "double". Code generation is aborted if another data type is
found.

In addition, the Real-Time Workshop cannot process s-functions which contain
outputs with a self-defined data type (declared with "ssRegisterDataType"). In
this case, C code is generated successfully, but an error message is issued during
code compilation as a macro replaces the invoking of "ssRegisterDataType" with
"ssRegisterDataType_cannot_ be_used_in_RTW".
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The Real-Time Workshop cannot process blocks which use absolute time (e.g.
"Sine Wave", "Clock", "Pulse Generator", "Signal Generator", "Transport

Delay").

C code is generated, and compiled, successfully for a model that contains blocks
of this type, but the blocks return incorrect results on execution.

Blocks for which no Parameters and Outputs are Generated

No parameters or outputs are created for a range of model blocks - this applies

to the following blocks:

LABCAR-OPERATOR V5.4.0 - User's Guide
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Floating Scope
Display

XY Graph

Inport

Outport
Memory

Goto
ToWorkspace
Stop

Fromif

Ground
EnablePort
GotoTagVisibility
TriggerPort
SignalSpecification
Selector
Terminator
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3.2.3 Creation of a New Project

ETAS

This section contains information on how to create LABCAR-OPERATOR projects.
To create a LABCAR-OPERATOR project

Select File — New Project.
The Project Wizard opens.

Under "Location" select a directory in which the
new project is to be created.

Enter a project name under "Project Name".

Wizard

=

Project Wizard

Location: [:ALCO_Projects\MewProject

Project Mame:  MewProject

Target Mame: RTFC

Use thiz toolbar button ﬁ to add modules to the project.

<< Back Finizh [ Cancel

To add a Simulink model

If necessary, assign the target a different name
under "Target Name".

Click Finish.
Click Finish.

The project is created together with a default hard-
ware module.

Project Explorer - x

ERE] Toroets |
= RTPC
[ﬂ Hardware

In the Project Explorer, select the folder with the
name of the experimental target.

Right-click it and select Add Module.

Project Explorer - x
= u_j Targets
= RTRZ
P [ AddModule N |
Edit OSCenfiguration
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e Inthe "Add Module Wizard", select "Add Simulink

Module".
Wizard
Q Add Module Wizard
8.
My,
ST
!Q J”r @ Add Simulink(TH] Module
y bhi‘ ) Add C-Code Module
- ) Add ASCET Module
l
() Add CAM Module
() Add Flexray Module
() Add LIN Module
«Back | (L Nemtor L | Concel |
e (lick Next.

e Select "Use existing Simulink model".

Wizard

Specify Module

Q Add Module Wizard

&
’}-th
LB
B Ry
Q. !Q[‘ J”r () Create new Madule
Py b © Use existing Module (v i
0 g Module [will be copied)

<< Back Mewt > L\‘ Cancel

e C(lick Next.
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e Use Browse to select the Simulink model you want
to use.

Wizard

Add Model

Link. ta Existing Model [Complete model directory
with all subfolders will be copied to project folder)

Select Model: C:\Program Files\E TAS\LABCAR-

Copy Maodel Directory into Project

Mote: If unchecked the portability to another
workstation might be limited.

Advanced Settings

<< Back Finizh [ Cancel

e When the option "Copy Model Directory into
Project” is selected, the Simulink model and all cor-
responding files are copied into the project directory
— otherwise the model is only referenced.

Note

If the model is only to be referenced, this reference has to be adapted for the
migration of the LABCAR-OPERATOR project. The (absolute) path to the model
directory is in the text file <model name>.conf (in the directory
<project_name>\Target_RTPQ\SimulinkModels\Simulink_<model_name>) and
can be adapted as a relative or absolute path specification (in accordance with
the new position of the LABCAR-OPERATOR project).

e Click Finish.
The model is added to the project.
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324 Further Settings for the Simulink Model

When you specify the Simulink model to be used when creating the project, the
Advanced Settings button in the same window will allow you to access further
settings for the Simulink model.

Wizard

Existing Simulink Model

Add Model

Link. ta Existing Model [Complete model directory
with all subfolders will be copied to project folder)

Select Model: C:\Program Files\E TAS\LABCAR-
Copy Maodel Directory into Project
Mote: If unchecked the portability to another

workstation might be limited.

Advanced Settings

Link. to External Files
Matlab Search Path
Farameterization M-files

[ <cBack | [ Finsh |

If additional include directories and source or object files are required for compi-

lation, you can specify these here. You can also select object libraries which are
linked in the build process.
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To link to other files ("Link to External Files")

e C(lick Link to External Files.

The following window opens.

Select External Files for Compilation and Linking @

Module Path C:\Program Filesh\E TASSLABCAR-OPERATORS. 2% anualsh T utarialk
Current Path $[ModelDir)

Select Additional Include Directories and Source or Object Files

Select Directory: Selected Include Search Paths:
(&l Parent ${ModelCir]

!

Select File: Selected C Source Files and Object Files:

nn

Select File: Selected Library Files:

()8 ] [ Cancel

Note
Library files must have the extension ".a" or ".lib" to
be displayed in the list.

e Select the relevant directories and files using the
mouse and add these files to the lists on the
right-hand side of the window using the > buttons.

Note

You can only select files and dlirectories which are in
subdirectories of the directory that contains the
model.

e Click OK.
To add MATLAB search paths to the project, proceed as follows:
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To add MATLAB search paths ("Matlab Search Paths")

e C(Click Matlab Search Paths.

The following window opens.

Select Matlab Search Paths (=23

Model Path: | C:\Program Files\ETAS\LABCAR-OPERATORS. 2\Manuals\Tutoriz

Matlab Search Paths

Add Path

The paths selected here will be used as Matlab search paths when
generating RTW-code from the Simulink model.
Only subdirectories of the model path are allowed.

oK ] [ Cancel

e Click Add Path.

A directory browser opens from which you can
select a directory.

Note

Only directories under the model path can be
selected ("Model Path")

The selected paths are displayed in the list.

¢ |f you want to remove a search path from the list,
select it in the list and click Remove Path.

e C(lick OK.

To select parameterization files which are evaluated when the Simulink model is
opened, proceed as follows:
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To select parameterization files ("Parameterization M-Files")

e C(Click Parameterization M-Files.

e The following window opens.

Select M-Files for Parameterization @

Model Path: | C:\Program Files\ETAS\LABCAR-OPERATORS. 2\Manuals\Tutoriz

Parameterization M-Files:

Browse
Remove from List

The M-files selected here will be executed in the Matlab workspace before the
RTW code generation is started.

The intention of this is to set the default values for the parameters in the
generated LABCAR model.

oK ] [ Cancel

e C(lick Browse.

A file selection window opens in which you can
select a file.

The selected file is displayed in the list.

e |f you want to remove a file from the list, select it
and click Remove from List.

e (lick OK.

To ensure that it is possible to change the settings described above throughout
your work with the project and not just during project creation, the dialog boxes
described can always be accessed:
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To change settings

e Select Project - Options.
The "project_name Options" window opens.
e Select the "Modules" tab.

TutorialProject_531.lco5 Options (=23

General | Modules | Events

RTPC

Module Properties

’ Link to Extemal Files ]

[ Matlab Search Path ]

’ Parameterization M-Files ]

Step Size Factor Use Links Within Mode!

[ oK ][ Cancel ] Help

You can edit all the settings described above for the
relevant model (in the window on the left).

Integration step size (Simulink model) and task period (LABCAR-EE)

As in many cases it is sensible to run the calculation of the model (defined by the
fixed-step-size of the Simulink model) much more frequently than the process-
ing/display in the experiment environment (defined by the task period in the OS
Configuration), larger values (factor n = 1..10) can be configured for the task
period dTgg than for the integration step size fssg:

Equ. 3-1  fssq =dTge/n
Note
This factor n can be different for each Simulink model of the LABCAR-OPERA-
TOR project!
Proceed as follows:
e Select Project — Options.
e The "project_name Options" window opens.
e Select the "Modules" tab.

e Select the Simulink model you want to make this
setting for.
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Specify the required factor.

TutorialProject_531.lco5 Options

General | Modules | Events

RTPC
- IdieContraller
- CANTest

o J1939Test
‘- LINModule

Module Properties

’ Link to Extemal Files ]

[ Matlab Search Path ]

’ Parameterization M-Files ]

Step Size Factor Use Links Within Modsl
1

K i Cancel Help

= 000 = O LN e L RS

©

Confirm with OK.
Save the change with File — Save.

This means the step size fss of the Simulink model is
set as a fraction (1/n) of the task period defined in
the OS Configuration.
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Working with LABCAR-IP

Since Version 5.3.1, Matlab links for outports and inports have been supported
by default. To generate code as in earlier versions, you can disable this support.

e Select Project — Options.

e The "project_name Options" window opens.

e Select the "Modules" tab.

e Select the Simulink model you want to make this

setting for.

Note

This option can be selected individually for each Simulink model of the

LABCAR-OPERATOR project!

¢ Disable the option Use Links Within Model.

TutorialProject_531.Ico5 Options

General | Modules | Events

==l

RTPC
ldleController

Module Properties

’ Link to Extemal Files

)

[ Matlab Search Path

)

’ Parameterization M-Files

)

Step Size Factor [ Use Links Within Madel

[ ok ][ cancel

Help

e Confirm with OK.

e Save the change using File — Save.
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3.3

3.3.1

3.3.2

ASCET Modules

This section contains information on integrating ASCET modules in a LAB-
CAR-OPERATOR project.

"General Information on ASCET Modules" on page 52

"Preparations" on page 52
"Integrating the ASCET Module" on page 54
e "Measure Variables and Parameters in the EE" on page 58

General Information on ASCET Modules

After code generation for the "RTPC" target and transfer, and in addition to a
range of code and header files, the ASCET project particularly makes the follow-
ing files available:

® <project name>.six
® <project name>.oil

The <project name>.six file is a SCOOP-IX file! that contains a complete
interface description of the ASCET module. The ASCET project can be integrated
in the LABCAR-OPERATOR project as a module with the information in this file.

The <project name>.oil file contains the configuration of the operating
system (tasks, processes etc) that can be included in the integration of the ASCET
project if required.

Preparations

Installing ASCET

To ensure you can integrate ASCET projects as modules in LABCAR-OPERATOR,
you require an up-to-date ASCET installation (Version 6.0.1 or higher), including
the components ASCET-SE, ASCET-MD and ASCET-RP.

Preparing ASCET

Each ASCET version also requires a specific add-on feature to ensure it can export
projects for the "RTPC" target.
Note

This feature does not need to be installed manually with later versions of
ASCET (V6.1.0 and higher).

The necessary file is on the launch screen of the installation CD under Installa-
tion.

Click Install RTPC export for ASCET 6.x.y (LABCAR-ASC) and follow the
instructions of the installation program.

Settings in ASCET

The transfer of the project from ASCET requires a specific setting for an ASCET
option.

' For detailed information on "SCOOP-IX", refer to the INTECRIO V3.0 User's
Guide
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To set options

e Start ASCET.
e Select Tools — Options from the main menu.

|i§!E|ﬁ
File Edit View Insert Build ITonIs Help
RSN " | Eé Documentation 3

XK Database 3
Arithmetic Service Editor 3

e

ASCET-DIFF 3

Bl {2 ASCET_Tutorial
[JLesson1_2 Views... Ctrl+Shift+V
[Lesson3 Block Library... Ctrl+5Shift+B
[ Lesson4 E i Ctrl+Shift+ 0

ﬂjLessonS
m 1 aecnn =

Converter

The "Options" window opens.

e Select "ETAS Internal" on the left and activate the
option "Generate macro for dT access".

File View
ETAS Internal
= [E3 options k [] Generate macro for dT access
—[# Appearance
—m= E3suid

— & Environment

ETAS Internal System Defaults

—[# Experiment

-

— ) £ External Tools Generate macro for dT access:

—[& Hardware

—[# Integration Using a macro for access to dT element provides the
[ Interfaces flexibility to customize the access to dT

— [ Modeling

Lo J[ cone

e C(Click OK to close the window.
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3.3.3

ETAS

Integrating the ASCET Module

This section describes how to integrate an ASCET project in LABCAR-OPERATOR.

Note

If the project is in a version of ASCET < V6.0.1, you must first export the project
(or the entire database) from the older version and import it into the new ver-

sion.

To transfer the ASCET project

Open the relevant database in ASCET.

Double-click the required project (in this example
this is the "ControllerTest" project in the "Lesson4"
folder of the "TUTORIAL" database).

The project opens in the Project Editor.

55/ ASCET-MD ~
File Edit View Insert Build Tools Help
B UE|+D R X|E | AR e B S @B |
J & i) ..\;QSCEI'_TuhoriaT_-SJﬁﬁons;l,l_esson‘i_\ponh'6ll.erTest - @
1Datat * |3 Contents
= @ TuToRIAL ] Elements | % pata [ &, 1mplementation |
— ([ ASCET Tutorial [Name frvee [Ma
=1 2] ASCET_Tutorial_Solutions r
m HjLessonl 2 a Project Editor for: ControllerTest [PC/Physical]
—E u_jLessgn3 File Edit View Insert Build Extras Tools Window
— L 4 Ly oo 4
kg ICTRAEEY EXRETILY
@CommllerTest
[y IdieCon Tree Pane |3
& [Lessons ] outine |'¢ Navigation | 3 Daiabase| .
—E UjLessonG o |
. & -
& HjLesson? .6 ¥ E: |
—& HjLessonS = ﬁ. self::ControllerTest
—H [[_jLessong ?L! dTadT
—&E [jEI'AS_IconLib @13 IdleCon::IdleCon
—& [jEI'AS_SyshemLib EL! n::mesg[cont]
'@ (JETAS_SystemLib_CT

Currently the target for offline simulation on the PC
is selected.

51 Project Editor for: ControllerTest [PC/Physical]
File Edit View Insert Build Extras Tools

Window Help

@[/t |

B 6 X

Tree Pane

|@%|m|@@%?ﬁ|%ﬂ“m I B L [zshe

] outine |"t§ Navigation | Dambase|

2% Graphics |a 05 | Formulas | &5, Impl. Type | % cor

sHuB|e

- | ................................

£l 6@ @ self::ControllerTest
*\31! dT:dT
@L! IdleCon::IdieCon
4 (M ni:mesg[cont]
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In the Project Editor, select File — Properties.
The "Project Properties" window opens.
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e Select "Build" on the left and "RTPC" beside Tar-

get.
[#] Project Properties EI = || &
File View
|| Build
[ Project Properties & Target = [R‘TPC D\_ v] T
ASAM-2C [® Code Generator [thsiml Experiment v]
=] Build
Code Generation Edit Code Generation Settings E
05 Configuration e Compier * [enu-c v3.4.4 (Powerpe) -
Target Settings
Code Storage Edit Compiler Settings
& Operating System * [ER.COE‘.EK v]
Edit 05 Configuration
System Defaults
Target: (=]
Target to be used for Code Generation
Code Generator: i
ok || concel
e Click OK.

e Select File — Save from the ASCET main window.

e Select Build — Touch — Recursive from the main
menu of the ASCET Project Editor.

e Select Build — Transfer.

51 Project Editor for: ControllerTest [RTPC/Physical]
File Edit View Insert | Build | Extras Tools Window Help

LIRAEEY > o

Clean Code Generation Directory
Tree Pane Eﬁ Formul

| B outine [ = Navigaton| _An2lyze Dizgram —

-\3 8 E:? = | X - View Generated Code [ S F

=] ﬁ. selfi:ControllerTe D Generate Code Ctrl+F7
5 ket @Compile o
&l! IdleCon::Idle I

B2 (3 nimesgleont] 45 14 P
) Rebuild &1 Shift+F1
[ Experiment

Flash Target
A Recnnnect

e Select a directory into which the files to be gener-
ated should be stored.

(7] LABCAR Project Transfer =
Storage location:
Path: d:\ETASData\ASCETS. 2\INTECRIO_transfer TUTORIA Browse ...

[ OK{}J[CanoeI]

The files *.c, *.h, <project_name> six and
<project_name>.oil are stored in this directory.
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To integrate an ASCET module

Start LABCAR-IP and open the LABCAR-OPERATOR
project to which the ASCET module is to be added.

In the Project Explorer, select the folder with the
name of the experimental target.

Right-click and select Add Module.

Project Explorer - x
= u_j Targets
-] RTRC
@ | AddModue |
4 Edit 0SConfiguration

In the "Add Module Wizard", select "Add ASCET
Module".

Wizard

==l

Add Module Wizard

() Add Simulink(TH] Module
() Add C-Code Module

@ Add ASCET Module

() Add CAN Module

() Add Flexray Module

() Add LIN Module

<< Back Mext >>[ Cancel

Click Next.
Select Use existing ASCET model.
Click Next.
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Select the description file ControllerTest.six
of the module to be added.

Wizard

Add Existing Module

Select an existing module.
Mote: The complete module directory with all
subfolders will be copied ta the project folder.

Select Module:  DAETASData"ASCETE 24N
Select Databasze:

Import corezponding OIL file

<< Back Finizh L\\ Cancel

If you specify the ASCET database the exported
model comes from (under "Select Database"), it
opens when the ASCET module is double-clicked (in
the Project Explorer).

If no database is specified here, double-click and
then enter the path manually.

Click Finish.

The module is integrated and displayed in the
Project Explorer.
Project Explorer - x
E|5D Targets
= RTPC
&8 ControllerTest
i @ Hardware

Save the project.

For those receive messages of the ASCET project
that are not connected to send messages of the
ASCET project, inports are generated during import
that can be connected to other signals of the
project in the Connection Manager. The same is
true of send messages of the ASCET project and
outports in the Connection Manager.

Establish the connections to other modules in the
Connection Manager.

Generate the code for the experiment (Project —
Build).

Open the experiment in LABCAR-EE (Tools —
Open Experiment Environment).
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3.3.4 Measure Variables and Parameters in the EE

The ASCET Project and the EE

The components of the ASCET project (in the "Lesson4" folder of the "TUTO-
RIAL" database), that was used in the above example, are shown in Fig. 3-4.

‘| Integrator
o ?lq?eigrate .

/2 /integrate
— 1]

arg/integrate return/integrate

/1fintegrate

Fig. 3-4  The Components "IdleCon" (top) and "Integrator" (bottom) of the
"ControllerTest" Project

The idle controller compares the actual speed "n" with the target speed
“n_nominal" and uses these values to control the target air supply
"air_nominal".
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The components, measure variables and parameters of the ASCET project are
shown in Fig. 3-5.

é Plo)e(I:t Ed'rl.ol for: Contlollest [RTPC/Physical] . E5'Workspace Elements - o x
File Edit View Insert Build Extras Tools Win Search & Filter ”
ID 3
IEEEEY 2|9 S| P |
Tree P « All Asam | Al UD Search Results
N < ECU Access
E QOutline |"t§ Navigation | E] Daiabase| - & LABCAR
.\'6 5 E:? B | B h | = @ ControllerTest |
= IdleC
=] ﬁ. selfi:ControllerTest G eton
L2 @ dTedT = 2] Integrator
> N W »= buffer
—E= @L! IdleCon::IdleCon )
=3 X @3 Ki
—— € @ air_low::cont & = Vizelks
— @L! air_nominal::mesg[cont] = st low
—E E. Integrator::Integrator :-)D_ ;Ir— aw
= .. p
*g*: I;.L;ifed.rr..mnt @-= n_nominal
%Q Kisicont = ndiff
?’ WIL:lrzeIDG"mnt 8+ pi_value
= " B b air_nominal
—— € & Kpucont oo AT
— 22l n::mesafcont]
=3 ) mrEn
—— € @ n_nominal::cont
' M ndiff::cont [£7] [ﬂ Hardware
=3 C i o IdleController
— "¢ @ pi_value::cont
L— (W n::mesg[cont]
Workspace Eleme...| =] Experiment Explorer

Fig. 3-5  The ASCET Project "ControllerTest" (on the left) and the integrated
Module in the "Workspace Elements" Window of LABCAR-EE (on
the right).

LABCAR-OPERATOR V5.4.0 - User’s Guide



60

Working with LABCAR-IP ETAS

3.4

3.4.1

C Code Modules

In addition to MATLAB/Simulink models and ASCET modules it is also possible in
LABCAR-IP to integrate C code defined by the user into the project.

This particularly enables the following:

e Simple integration of all kinds of functions for inexpensive but flexible
user-specific solutions

e Creation of simulation models suitable for LABCAR with third-party tools
e Reusing older LABCAR code
¢ Integrating functional mock-up units

This chapter contains a tutorial which illustrates the various ways of creating C
code modules. It includes information on the following topics:

e "Creating a C Code Module Manually" on page 61

e "Adding Code" on page 68

e "(Creating a C Code Module with the Automation Server" on page 72
e "Exporting a C Code Module" on page 72

e "Adding an Existing C Code Module" on page 72

e "Changing an Existing C Code Module" on page 75

e "Linking External C Code" on page 75

e "Variable Labels" on page 77

e "Functional Mock-up Units (FMU)" on page 77

Tutorial

This tutorial describes how to integrate C code in a LABCAR project using C code
modules.

This integration includes the following steps:
e Specification of the interface of the C code module

— either manually (see "Creating a C Code Module Manually"
on page 61)

or

— using the automation interface (see "Creating a C Code Module with
the Automation Server" on page 72)

e Adding the code to the interface created
These steps are executed below using a simple code example.

The Code Example

The example is a very simple brake system. The inport of the brake system is
made available by the brake pedal setting (0...1). The system outport consists of
four values M_LF, M_RF, M_LR, M_RR which contain the relevant brake torques
which have an effect on the four wheels.

The outports are calculated as follows:
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First of all the pedal setting (pedal) is converted to hydraulic brake pressure using
afactor (pedal pressure factor). Then, the individual brake torques are
calculated using further conversion factors (pressure torque factor[]).

The module is thus written by the following equations:

M LF = pressure * pressure torque factor[0]
M RF = pressure * pressure torque factor([l]
M LR = pressure * pressure torque factor[2]
M RR = pressure * pressure torque factor[3]

where

pressure = pedal * pedal pressure factor

3.4.2 Creating a C Code Module Manually

LABCAR-IP contains a wizard for creating a C code module manually.
To create a C code module

e Open the LABCAR project in which you want to cre-
ate the C code module.

e Select the target in the Project Explorer.
e Select Add Module from the shortcut menu.

[ LABCAR-IP V5.2.0 - [Tutorial_Project_520_04_CCode.lco5]
File View Project Tools 7
& g PS8 e
Project Explorer - x
- Targets Project Title Tutorial_Project_520_04_CCi
= .L__| RTPE: — D:ALCO_Projects’ Tutorial_Pr
@ AddModule |
21 Edit OSConfiguration ur project descrption here!
i

The wizard opens.
e Select the option "Add C-Code Module".

Wizard
Specify Module Type
g Add Module Wizard
&
"
/|
By Ry T
Q’ ;Q’Y JHT () &dd Simulink(T k) Module
’}}btrc @ Add C-Code Module
2 ) Add ASCET Module
L
i () &dd CaN Module
() Add Flexray Maodule
() Add LIN Module
<< Back m[/\\’l Cancel
e (lick Next.
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e Select the option "Create new Module".

Wizard

Add Module Wizard

@ Create new Madule

(71 Use existing Module [will be copied)

() Use existing FMU Module (1.0 Co-Simulation)

<< Back Mewt > [ Cancel

e C(lick Next.

¢ |nthe next window, enter a name for the module to
be created.

Wizard

Add New Module
Create Mew C-Module

Module Mame: Brake_Spstem

“r'ou are about to create a new C-Module.

If you press "Finish"' a window will come up
where you can specify the details of your
module.

<< Back Finizh [ Cancel

e C(lick Finish.

The C code module is created and displayed in the
Project Explorer.
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e Double-click the module.

The tab with the C code editor opens.

1! LABCAR-IP V5.2.0 - [Brake System™]

File View Project Tools ?
Vo He & 2% 8 e
Project Explorer " * |[E T prake_system i
=) V—j Targels 7l Measurevariables | ‘ =]
= (J RTPC 1] calibrationvariables
- [F] Brake_System 1 Inports B General
P Hardware Module Name Brake_System
©J outports Module Path D\LCO_Frojects'Tutorial_Project_520_04_CCode\Target_RTPC\CModues'&
B NewCANModule ] Processes
O User Interface
Show Labels False
Module Name
MName of CModule
LABCAR | ';_'_,Tmanal_ijed_f)Z ‘u Connection Manager|a 035 Configuration * |Q FiL Wizard l Brake_System™
Time Message
< »
Messages
Ready Recemmendation: Apply changes and Build Project HiL

To define a module inport

LABCAR-OPERATOR V5.4.0 -

To define an inport, right-click the "Inports" folder.

e Select Add Element from the shortcut menu.

= Brake_System
] Measurevariables
] calibrationvariables

nj Inports
............................. Brake_Syste
1 outports Add Element S
DALCO_Pre
[j Processes Paste IE”_._I -
False

Properties...  Ctrl+P

T
An "Inport" element is created.

Select the element and specify a name ("pedal") for

the inport (in the "Properties" window beside
"Name").

= Brake_System
] Measurevariables
] calibrationvariables

& ¢ Inports INPORT
W pedal ol
[j Outports B Model
[j Processes Madel Path
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e Click File — Save All.

Note

Inports and outports are always scalars of the data
type "double". This means that no other details are

64

necessary.

To define module outports

To define a module outport, right-click in the "Out-

ports" folder.

Select Add Element from the shortcut menu.

Enter a name ("M_LF") for the outport.

Create three additional outports with the names
"M_RF", "M_LR" and "M_RR" (as described above
or via Copy and Paste).

= Brake_System
] Measurevariables
] calibrationvariables

Properties
K=

To define a measure variable

_ E General
- I:';:D;tzdal Type OUTPORT
= ] outports =] u‘:::el ——
& M_LF Model Path
£ M_LR
& M_RF
& M_RR
[[_j Processes

To define a measure variable, right-click the
"MeasureVariables" folder.

Select Add Element from the shortcut menu.

Enter a name (" pressure”) for the outport.
Select "DOUBLE" as "Data Type".

Select "Scalar" under "DataStructure".

= Brake_System
=[] MeasureVariables

M = pressure

Properties

) calibrationvariables
= ] Inports
v pedal
= ] outports
£ M_LF
£ M_LR
& M_RF
& M_RR
[[_j Processes

Model Path

El Settings
DataType
DataStructure
ArraySize

MEASUREMENT
pressure

DOUBLE
Scalar
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To define calibration variables

e To define a calibration variable, right-click the
"CalibrationVariables" folder.

e Select Add Element from the shortcut menu.

The entries necessary here are basically the same as
those for a measure variable except that a calibra-
tion variable is assigned a value.

= Brake_System
=[] MeasureVariables
Ml = pressure

= [ calibrationvariables CALIBRATION
@ -1 pressure_torque_facor R t factor
= u_j Inports - -
v pedal 221515
= u_j Qutports Model Path
£ M_LF B Settings
,E, M_LR DataType DOUBLE
'E’ M RF DiataStructure Amray
- ArraySize 4
&) M_RR o
u_j Processes

e Name the variable "pressure_torque_factor".
e Select "DOUBLE" as data type.
e Select "Array" with "ArraySize" = 4.

e The value is assigned under "Value", with the indi-
vidual values being separated by commas.

e Create another calibration variable called
"pedal_pressure_factor" and assign it the value
200.

Processes

A process is a function which is called by the operating system — the type of call
depends on the process type:

e An Init process is called once when the experiment is started.
® An Exit process is called once when the experiment is ended.

e A Timer process is called at a special rate (defined by "Period" and
"Delay")

* Itis not, however, absolutely necessary to assign a process to a task — this
is then referred to as an "Event" process.

To add a process

e To define a process, right-click the "Processes"
folder.

e Select Add Element from the shortcut menu.
e Enter "initialize" as "Process Name".

e To assign this new process to a task, select Specify
Task (optional).

e Select the Task Type "Init".

LABCAR-OPERATOR V5.4.0 - User’s Guide

65



66

Working with LABCAR-IP ETAS

e C(lick OK.
¢ Define another process called "compute".
e Select "Timer" as "Task Type" with the following

settings:
— Period =0.005 s
— Delay=0s

= Brake_System
@ [ Measurevariables
@ [ calibrationvariables

# uj Inports
PROCESS
# uj Outports compute
= uj Processes B Settings
I_g_ compute TaskType Timer
@[ initialize Period 0.005
Delay 0

The "Brake_System" tab should now be as follows:

=[] MeasureVariables
M+ pressure
= (] calibrationVariables
@~ pedal_pressure_fador

Module Name Brake_System

Module Path DALCO_ProjectsTutorial_Project_520_04_CCode\Target_RTI
@ [+1 pressure_torque_fador B laes etace

= Ingrts Show Labels False
pe pedal

= ] outports
£ M_LF
£ M_LR
& M_RF
& M_RR

= (] Processes
@@ compute
@[3 initialize

Module Name
Name of CModule

{1 Tutorial_Project 5...| (3 Connection Man... | &% 0S Corfiguration | <» AL Wizand l Brake_System

e Select File — Save.

The module just created is saved and added to the
project.
Project Explorer - x

B2l Targets
- RTPC

[ﬂ Hardware

The following steps are executed once you have saved the project:
e Checking the data for consistency

This is where a check is executed to see, for example, whether the module
name is valid or the names of the variables and processes are unique.
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e (reating the directories
A directory is created in the project folder for the module called
"Brake_System".
4 ) Tutorial_Project_520_04
| Docs
» |, Experiments
. ModelData
4 | Target RTPC
4 | CModules
. Brake_System
> 1. codegen
| OS
. RTIO
J SimulinkMeodels

* g User

e Generating the files
The following files are created in the above-mentioned directory:

|| Brake_System.c

|| Brake_System.h

|| Brake_System.Imd

|| Brake_System_data.c

|_| Brake_SystemCopylnports.h
|| Brake_SystemCopyQutports.h

|| ExternalFiles.xml

In addition to the files containing the C code and further definitions (*.c
and *.h), the *.Imd file is also created.

¢ Integration in the data model of LABCAR-OPERATOR.
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3.4.3

To edit source and include files

ETAS

To open the source (*.c) and include files of the module in the editor assigned

(e.g. Visual Studio), proceed as follows:

e Select Open Files in the shortcut menu of the C

code module.

= B Brake_System
= [ Measurevariabl
M+ pressur
) calibrationvaria
= [ Inports
v pedal
= [ Outports

Explore... Ctrl+R
Open Files... [ﬁtrHD
Export... Ctrl+E

Properties...  Ctrl+P

£ M_LF
£ M_LR
& M_RF
& M_RR
[]_j Processes

The files belonging to the module are opened in the

editor selected.

Adding Code

The actual code, as created from the specifications made to date, is in the
Brake System.c file. This file is a template with "empty" processes to which

code now has to be added.

The content of the file is shown below; the part in bold print is the code added

for the brake system.

// Add application-specific include statements here:

#include "connect.h"

#include "Brake System.h"

// Init-triggered function "initialize":

void cmod initialize Brake System()

{
// Get Inports

#include "Brake SystemCopyInports.h"

// Enter your code here:

// Set Outports:

#include "Brake SystemCopyOutports.h"

// Timer-triggered function "compute":

void cmod compute Brake System()
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// Get Inports
#include "Brake SystemCopyInports.h"

// Enter your code here:
pressure = pedal * pedal pressure factor;

M_LF

pressure * pressure_ torque_factor[0];
M RF = pressure * pressure_torque_factor[l];
M LR = pressure * pressure_torque factor[2];

M RR = pressure * pressure_torque factor[3];

// Set Outports:
#include "Brake SystemCopyOutports.h"

}

The variables defined when creating the C code module can be used in the code
added. The declaration of these variables is contained in the "Brake_System.h"
file. As far as the "initialize" function is concerned, it is not required in the exam-
ple — it is only used for demonstration purposes here.

This completes the creation of the C code module.
Now select Project — Build to create the project.
Build (=23

Select Modules for Code Generation

@ all _) Customized ~) None

RTPC
[ Brake_System
Hardware

Mote: Generated code of modules which are greyed out
can only be updated via the corresponding module editors itself!

[/] Clean Intermediate Files [ Build ] I Cancel I

The C code module "Brake_System" cannot be selected in the "Build" window
as code no longer has to be generated here. Click Build.

Once the build process has been completed successfully, all inports and outports,
measure and calibration variables are in the corresponding windows of the
LABCAR-OPERATOR user interfaces.
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Connection Manager

The inports and outports are available in the Connection Manager (in LAB-
CAR-IP) for connection to other modules. If necessary, select Update Ports.

Outputs Inputs
E|[j Brake_System E|[j Brake_System
= Outports =~ Inports

b pedal

Workspace Elements

When experimenting in LABCAR-EE, the inports and outports as well as the mea-
sure and calibration variables of the module are available in the "Workspace Ele-
ments" window.

F¥ Workspace Elements
Search & Filter ¥

All Asam | AIUD | Search Resuits
< ECU Access
S @ LABCAR
= B Brake_System
= o] calibrationvariables
@+ pedal_pressure_fador

@ [+ pressure_torque_fador
= ] Inports
B4 pedal
= 2] Measurevariables
Ml = pressure
= ] Outports
W& M_LF
W& M_LR
BTy M_RF
W&y M_RR
2] @ Hardware

4 | i | 3

&' Workspace Elements | =] Experiment Explorer

If you want to experiment with the module, execute a build and open the exper-
iment in the experiment environment.

To run a simulation

e C(Create a Signal List.

e Add the inport and the four outports to this Signal
List.

e Create an oscilloscope and add the measure vari-
able "pressure".

e Start the experiment.

e Attheinport "pedal" set "Mode" to "CONST" and
assign the inport the value 0.5.
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e Press <RETURN>.

S Signal Value Mode Constant Signal Description Comment
F »@pedal |  osooooofconsT =] 0.5 [=]iNo comment
E*{:D M_LF 200.000000 No comment
& M_LR 150.000000 No comment
E*{:D M_RF 200.000000 Mo comment
&0 M_RR 150.000000 No comment

Groupl
Haa@dseRiEkx- k-

‘I-ﬁ].ﬂ—f

12{].0—5

100.03
8007
600
400

ZD.D—f

02:00 [sec]

Style  MName Task

—  Measure\arables/pressure [] Acquisition

"pressure" now has the value "100" — the brake
torque of the two front wheels is now 200 and that
of the two rear wheels 150.
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3.4.4 Creating a C Code Module with the Automation Server

The actions described in the previous section for the creation of a C code mod-
ule, such as the adding of inports/outputs, variables etc. are also available via API
functions. The "ICModuleManager Interface" provides the interface functions
for this purpose.

The relevant documentation (chm file) can be found via ? — Help under "API
Documentation”.

3.4.5 Exporting a C Code Module

You can also export the C code module (i.e. the relevant files — see "Generating
the files" on page 67) with a freely selectable name in order to add it to other
projects if necessary.

To export the C code module

e Select Export from the shortcut menu of the C
code module.

= B Brake_System 1 =
Explore... Ctrl+R

Open Files...  Ctrl=D

= [ Inports Export... l} Cul-€

u-j DE pedal Properties...  Ctrl+P
= Outports
&£ M_LF

£ M_LR

£ M_RF

&) M_RR

] Processes

e From the following dialog, select the path and, if
necessary, assign the module a different name.

Select root directory to export C-Module [ @] =]

Module Root Path: DALCO_Projects\Tutorial_Project\Target_RTPC\CModules [ .|
Module Name: Brake_System
Cancel

The module is exported under the name specified.

3.4.6 Adding an Existing C Code Module

You can also add an existing C code module to your project — to do so, proceed
as follows.

To add a module

e Open the LABCAR project to which you want to
add the C code module.

e Select the target "RTPC" in the Project Explorer.
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¢ Select Add Module from the shortcut menu.

[ LABCAR-IP V5.2.0 - [Tutorial_Project_520_04_CCode.lco5]
File View Project Tools 7

& g PS8 e
Project Explorer - x
- Targets Project Title Tutorial_Project_520_04_CCi
= .L__| RTPE: — D:ALCO_Projects’ Tutorial_Pr
@ AddModule |
ject description here!
BN Edit OSConfiguration urproject description here
i

The wizard opens.
e Select "Add C-Code Module".

Wizard

Specify Module Type

Add Module Wizard

(1 Add Simulink(TH] Module
@ Add C-Code Module
) Add ASCET Module
) Add CAN Module
() Add Flesray Module
() Add LIN Module

<< Back Mewt > l: Cancel

e C(Click Next.

e Select "Use existing Module".

Wizard

Specify Module

Add Module Wizard

() Create new Module
@ Ise existing Module [will be copied)
() Use existing FMU Module (1.0 Co-Simulation)

Cancel

<< Back Mewt > [
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e C(lick Next.

The following window is used to select the module.

Wizard

Add Existing Module

Select an existing module.
Mote: The complete module directory with all
subfolders will be copied ta the project folder.

Select Module:

<< Back Finizh [ Cancel

e C(lick Browse.

A file selection window opens.
e Select the file and click Open.

Wizard

Add Existing Module

Select an existing module.
Mote: The complete module directory with all
subfolders will be copied ta the project folder.

Select Module: D:SLEO_ProjectshTutarial_Pre

<< Back Finizh [ Cancel

e C(lick Finish.

The module just added, "Brake_System2", is now displayed in the Project
Explorer at the same level as the existing module "Brake_System".

Project Explorer - x
= .L__| Targets
= RTPC
ﬂ Brake_System
ﬂ Brake_Systema
[ﬁ Hardware
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Once you have again added the equations already added in the first example,
this example also has the same simulation result. The only difference is in the
changed paths of the measure and the calibration variables in the "Workspace
Elements" window in LABCAR-EE.

Changing an Existing C Code Module

If you modify an existing C code module, you may have to modify the interface,
e.g. by adding, editing or removing variables or processes.

If you then select File — Save, five of the files described above are newly cre-
ated; the file with the actual code <Module name>.c, which also contains the
added code, remains either unchanged or is extended.

The following rules apply:

¢ If modifications have only been made to the variables, this does not apply
to the C file.

e If a new process has been added, the relevant function template is added
to the code.

e [f a process is removed, the relevant function remains.

e If a process is renamed, this is the same as if it had been removed and a
new process added. This means that a new function template is added to
the C file, but the function is empty. The code of the old function has to
be transferred to the new function by the user by hand.

This procedure ensures that code is never deleted. If the function of a removed
process remains in the file, code is generated but has no significance as long as
the function is not called.

The only possible case in which code has to be deleted manually is if a process
with a specific name is first deleted and then recreated with the same name. Two
functions with the same name then exist in C code which is not permissible.

If code is attached to a file, a backup copy is always created beforehand carrying
the old file name with an appended, consecutive number.

Linking External C Code

The C code file created by the editor has to be extended with C code defined by
the user. This can take place with a piece of code inserted directly; references can
also, however, be made to external sources.

e Select Project — Options in the main menu of
LABCAR-OPERATOR.

e Select the "Modules" tab.

e Select the module for which the external files are to
be linked.
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e C(Click Link to External Files.

Tutorial_Praject_520_05.co5 Options

General | Modules | Events

RTPC

-

Module Properties

Link to Extemal Files N
Ly

Matlab Search Path

Parameterization M-Files

(

oK |[ Cancel || e

ETAS

The window for selecting search paths, source and

object files and

libraries opens.

Select External Files for Compilation and Linking

Module Path C:4LCO_Proje

Current Path $[CModuleDir\Brake_System

Select Directory:

Select Additional Include Directories and Source or Object Files

Selected Include Search Paths:

[éJ Farent

\D Brake_System

${ChoduleDir\Brake_System

Select File:

Selected C Source Files and Object Files:

[.4Brake_System.c]
[.4Brake_System_data.c]

Select File:

Selected Library Files:

nn

I (0] 3 I [ Cancel

e Select the releva
e C(Click OK twice.

nt files.
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Variable Labels

In addition to using standard labels, it is also possible to use labels defined by the
user in LABCAR-OPERATOR. This applies both to the specification of a C code
module by hand and creation via API functions.

This label corresponds to the path under which variables, inputs and outputs are
displayed in the windows "Workspace Elements" (LABCAR-EE) or in the Connec-
tion Manager (inports and outports).

If labels are not specified explicitly, the following default labels are used:

¢ <TargetName>/<ModuleName>/MeasureVariables/
<VariableName>

* <TargetName>/<ModuleName>/CalibrationVariables/<Vari-
ableName>

e <ModuleName>/Inports/<VariableName>
e <ModuleName>/Outports/<VariableName>

If a specific label is specified by the user, e.g. User/Defined/Path for a mea-
sure variable, the variable is shown in the relevant hierarchy as follows:

<TargetName>/<ModuleName>/User/Defined/Path/<Variable-
Name>

Functional Mock-up Units (FMU)

This section describes how to import functional mock-up units (FMU) into a LAB-
CAR-OPERATOR project — special attention is paid to the creation of the shared
object file for Linux.

The section contains information on the following topics:
e "Overview" on page 77
¢ "Integrating an FMU in LABCAR-IP" on page 79
e "Generating the Shared Object File (.s0)" on page 82
e "Notes and Limitations" on page 89

Overview

A functional mock-up interface (FMI) defines a tool-independent interface stan-
dard for the co-simulation and exchange of models from different sources.

By creating a software library called FMU (functional mock-up unit), models of a
modeling tool can be run in a different tool environment.

There are various types of FMUs
* Model Exchange
This uses the solvers of the tool into which the FMU has been imported.
e (Co-Simulation
This uses the solvers of the simulation tool from which the model comes.
In turn there are two different types of co-simulation:
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— Standalone

With this type, the solvers are "embedded" in the FMU.
— ToolExchange

Methods that use the simulation tool solvers are called.

Note

LABCAR-OPERATOR V/5.4.0 supports co-simulation (Version 1.0) of the type
"Standalone".

Every FMU model (FMU = functional mock-up unit) is made available as a zip file
with the extension "fmu". It contains the following:

sources

This folder contains the source files with the C functions of the model
equations.

binaries

This folder contains subfolders with the binary files for the various plat-
forms:

— win32/win64
— linux32/1linux64
modelDescription.xml

This file contains the definition of all variables of the model and further
model information.

Optional further folders with data (such as parameter tables, the user
interface etc.) required by the model.
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Note

The FMU module can only be integrated if the FMU source files are available. If
a Linux binary file (shared object file) is already available that was created in
some other way than the method described below, the LABCAR-OPERATOR

project may not work correctly.

We therefore highly recommend that you create the Linux binary file as
described in the section "Generating the Shared Object File (.s0)" on page 82!

To integrate an FMU, proceed as follows:

e When integrating a C code module, select Add

Module.

Wizard

(S

Specify Module Type

Add Module Wizard

() Add Simulink[TH] Module
@ Add C-Code Module

() Add ASCET Module

() Add CAM Module

() &dd Flexray Module

() Add LIN Module

<< Back [ Mewt > ] [ Cancel ]

e Select Add C-Code Module and click Next.

Wizard

Add Module Wizard

() Create new Module
(71 Use existing Module [will be copied)

@ Use existing FMU Maodule 1.0 Co-Simulation)

<< Back ][ Mewt > Cancel ]

'J
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e Select Use existing FMU Module and click Next.

Add C-Code Module

Add Existing Module
Select an existing FMU [1.0 Co-Simulation]

Select Module: KAT eamb]orgh7_CurrentProje i Browse i

Madule Mame: train

[ << Back ] [ Finizh ] [ Cancel ]

e Specify the path to the *.fmu file and enter a
module name (must be a valid C identifier).
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Click Finish.
The module is integrated and shown in LABCAR-IP.

Working with LABCAR-IP

File View Project Tools 7
VR e & P8 € e
fcieciEiloreg T = |[= [E] =_Min_10e_5ms
= [ Targets (] Measurevariables
- RTPC = (] CalibrationVariables =
s_Min_10e_Sms @+ LogEnable B
i Hardware @5 massim Module Name DsI_M\n_1De_5fns . .
= Module Path D:A\2_LCO_Projects\FML_Test01\Target_RTPC\CModules'cs_|
@3 massi_v0
@ += mass1_x0
@45 ModelStepSize
@~ springDamperi_b
@+= springDamperl_k
= [J Inports
pi2 sourcel_ind
= ] Outports
£ mass1_a
&b mass1_Fa
Eb massi_v
&b massl x
&b sourcel_Fi
& springDamperi_dv
£ springDamperl_d¢
£ springDamper1_Fd
&b springDamper1_Fi
& springDamperi_Fs
£ springDamper1 Pl
& springDamperl_Pp
& springDamperi_PSpec
& (] Processes
G config
G =it
g init
@ (%) process Module Name
Mame of CModule
L —T— 3
,LaBcAR /| FMU Testllco5 | Connection Manager |4% OS Configuration * | <> FiL Wizard | os_Min_10=_5ms
Time Message
@ 161300 LABCARIP530
@ 16:2609  Invoking the FMU tool to import the FMU module
@ 16:2612  [FMUJ<info>: Output directory created.
o 16:26:12  [FMUJ:<info>: Unpacking FMU in the output directory.
o 16:26:12  [FMUJ:<info>: Creating new directory whose name is the instance name of the FMU.
@ 162612  [FMUJ:<info>: Running script to generate the Cfile, LMD file and the Header file.
@ 162612  [FMUJ<info>: Finished code generation
4 16:26:12  FMUmodule is added successfully. Please follow the steps in the LCO User Manual before building the project
@ 162615 [CMOD]: Code generstion completed
« r
Ready Recommendation: Apply changes and Build Project I

Before the project is built, the shared object file (.s0)
to be generated must be copied into the project
(see "Generating the Shared Object File (.s0)"

on page 82).

Copy the ".so" file to the following directories:

Target <TargetName>\User\lib

Target <TargetName>\runtime-data\lib

The project can now be built.
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Generating the Shared Object File (.so)

A shared object file is a binary file that contains all functions of the FMU. It must
be generated from the source files (as described below).

To generate the shared object file

When integrating an FMU in LABCAR-IP, the C source files are copied to the
project directory in the FMU module folder. If the LABCAR-OPERATOR project
was created in the D:\Temp directory and the name of the FMU module is
"Engine", the source files of the FM are in the directory

D:\Temp\<LCO Project Directory>\Target RTPC\
CModules\Engine\FMU Sources\

e Zip all files in the FMU-Sources folder (not the
folder itself!) into one file.

This ensures that the make file
makefile labcar isin the main directory.

e Open the web interface of ETAS RTPC.
e Stop the simulation controller.
e Return to the main page and click Tools.

'; RTPC Tools Caollection - Mozilla Firefox
File Edit View History Bookmarks Tools Help

=
(5 @0 1921684014/ t0ols/

{3 RTPC Tools Collection [T]
RTPC Tools Collection

A collection of useful tools (for Windows) to be used for the work with RTPC.

Name Last modified Size Description

a Parent Directory

E] NTR/ 02-0ct-2014 06:04

E] auto-update/ 02-Oct-2014 06:04
create-library-for-RTPC_html 02-Oct-2014 06:02 404
install-eclipse-for-linux-on-rtpe_html 02-Oct-2014 06:02 440
E] perl-scripts/ 02-Oct-2014 06:04

(23 putty/ 02-Oct-2014 06:04

E] rtplugin/ 02-0ct-2014 06:04

Apache/2.2.22 (Debian) Server at 192.168.40.14 Port 80
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Click the create-library-for-RTPC.html link.

Run your models in real time on a PC

Main Page >> User Library

Build User Library

User Library Files

total @

Upload Archive File:
Supported are zip, tar.gz and tgz files.

Delete:

[ Browse. | Nofile selected [ Upload

Delete All Files

© 2003-2014 ETAS GmbH

Click Delete All Files.
Click Choose File.

Select the zip file created previously:
FMU Sources.zip.

Click Upload to upload the file to the Real-Time
PC.

Click Build in "Build User Library".

If the Build process was successful, the source
object file created is displayed in "Download Library
Files".

If, however, errors have occurred, these are output
in the log window. Refer to the section "Trouble

Shooting" on page 84 for solutions to possible
errors.

LABCAR-OPERATOR V5.4.0 - User’s Guide

83



Working with LABCAR-IP ETAS

e To download the source object file onto your PC,
click the relevant link in the section "Download
Library File"

Note

The make file makefile labcar provided is only a template in which all C
files in the FMU Sources folder are taken into consideration. It also contains
specific flags for integrating several FMUS.

Furthermore, it may be necessary to add further compiler flags, definitions and
include directories for the build process. It may also be necessary to exclude
certain C files from compilation.

Trouble Shooting

Question: The source files do not contain the fmiFunctions.h file or the
fmiPlatformTypes.h file. Where can | get them?

Response: You can download these files from the JModelica homepage:
fmiFunctions.h:
https://svn.jmodelica.org/trunk/ThirdParty/FMI/1.0-CS/fmiFunctions.h
fmiPlatformTypes.h:
https://svn.jmodelica.org/trunk/ThirdParty/FMI/1.0-CS/fmiPlatformTypes.h
Question: How do | change the name of a variable?

Response: To change the name of a variable, proceed as follows:

e Change the variable name in the "Properties" win-
dow.

e Open the <FMU InstanceName> FMU.c file
(in the Target <TargetName>/
CModules/instanceName folder).

e Search for the old variable name in the
cmod process <InstanceName>FMU ()
method and replace it with the new name.

Example: If the variable name is to be changed from "value" to "valueone" and
the code contains the following line:

fmiGetReal (s_batch, inputRealValref value, nvr realin, &value);
this has to be replaced by:

fmiGetReal (s_batch, inputRealValref value, nvr realin, &valueone);

Note

Before the project build, make sure that the FMU Sources folder (in the
LABCAR-OPERATOR project directory) has been deleted!
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Question: After the FMU Sources.zip file is uploaded, the message

The makefile "makefile labcar” will be used to build
the library

is not output and furthermore the message
Missing Arguments
is output during the build process.

Response: The cause of this may be an incorrect zip file of the source files in
the \FMU_Sources folder. If the packed file works, its content is displayed
(after the zip file has been uploaded) in the web interface in the "Build User
Library" section (Main Page — User Library).

Question:  The build process is interrupted with a compiler error message.

Response: The build process can be interrupted for a number of reasons.
Depending on the tool with which the FMU was created, you should try one of
the following solutions.

Note

We generally recommend that the make file of the creator of the FMU be used
as starting point (if available) and that the make file makefile labcar be
adapted accordingly.

Solution 1:  If the FMU was created with MapleSim® and the build process
was interrupted due to a compiler error, there could be an fmuTemplate. c file
among the source files. Errors can result from this file being used by other files
due to Include instructions.

Main Page >> User Library

Running "make" on "makefile_labcar" to build the library:

make: Warning: File "makefile_labcar' has modification time 2e+84 s in the future
gee -fvisibility=hidden -I ./ -c¢ ./fmuTemplate.c

./fmuTemplate.c:29:1: error: unknown type name 'fmiValueReference'
./fmuTemplate.c:29:29: error: 'NULL' undeclared here (not in a function)
./fmuTemplate.c:3@:1: error: unknown type name 'fmiValueReference'
./fmuTemplate.c:37:1: error: unknown type name 'fmiBoolean'

./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
/fmuTemplate.c:
./fmuTemplate.c:

./fmuTemplate.c:
./fmuTemplate.c:

:37:33:
:49:1:
:49:32:
163:1:
:63:31:
:75:1:
:75:32:
176:2:
:91:1:
:91:21:
: error:
: error:

error:
error:
error:
error:
error:
error:
error:
error:
error:
error:

error:

: error:

: error:

unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name
unknown type name

‘Modellnstance’

'fmiBoolean'

'ModelInstance’

'fmiBoolean’

‘Modellnstance’

'fmiBoolean'

‘ModelInstance’

'fmiValueReference'
‘fmiStatus’

‘fmiComponent”
‘fmiValueReference'
‘fmiString’

' fmiComponent"*

‘fmiString’

'fmiString'

./fmuTemplate.c: : error: unknown type name ‘fmiCallbackFunctions®
./fmuTemplate.c: 5@: error: unknown type name ‘fmiBoolean'
./fmuTemplate.c:174:1: error: unknown type name 'fmiStatus"'

./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.

:174:47: error: unknown type name °'fmiComponent'

:175:2: error: unknown type name ‘'fmiBoolean'

:175:34: error: unknown type name 'fmiReal'

:176:2: error: unknown type name ‘fmiEventInfo®

:201:1: error: unknown type name 'fmiStatus®'

:281:46: error: unknown type name 'fmiComponent’

:1216:32: error: unknown type name ‘fmiComponent’

: In function 'fmiGetVersion':

:243:38: error: 'fmiVersion' undeclared (first use in this function)
1243:38; note: each undeclared identifier is reported only once for each function it appears in
: At top level:

./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
./fmuTemplate.
/fmuTemplate.

[
c
c
c
c
c
c
c
c
c
c
(-
[
./fmuTemplate.c:
[4
c
c
c
c
[
c
c
=
c
c
c
c
c
c
./fmuTemplate.c

e Change the make file by removing the line
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./fmuTemplate.o: fmuTemplate.c
$(CC) $(CFLAGS) -c ./fmuTemplate.c
and

® remove
./ fmuTemplate.o \
from the OBJECTS variables in the make file.
If the make file is as follows:
CFLAGS = -fPIC -fvisibility=hidden $ (INCLUDES)
OBJECTS =./fmuTemplate.o\
./MsimModel.o\
./SeriesHEVFCandSOC.o\
serieshevfcandsoc.so : $(OBJECTS)

S (CC) $(CFLAGS) -shared -o serieshevfcandsoc.so
$ (OBJECTS) -1m

./fmuTemplate.o: fmuTemplate.c

$(CC) $(CFLAGS) -c ./fmuTemplate.c
./MsimModel.o : MsimModel.c

$(CC) $(CFLAGS) -c ./MsimModel.c
./SeriesHEVFCandSOC.o : SeriesHEVFCandSOC.c

$(CC) $(CFLAGS) -c ./SeriesHEVFCandSOC.c
clean

$ (RM) $ (OBJECTS)

e changeitto

CFLAGS = -fPIC -fvisibility=hidden $ (INCLUDES)
OBJECTS =./MsimModel.o\
./SeriesHEVFCandSOC. o\

serieshevfcandsoc.so : $ (OBJECTS)

$(CC) $(CFLAGS) -shared -o serieshevfcandsoc.so
$ (OBJECTS) -1m

./MsimModel.o : MsimModel.c
$(CC) $(CFLAGS) -c ./MsimModel.c
./SeriesHEVFCandSOC.o : SeriesHEVFCandSOC.c
$(CC) $(CFLAGS) -c ./SeriesHEVFCandSOC.c
clean

$ (RM) $ (OBJECTS)

If the error still persists, header files may be missing. These can be obtained from
the creator of the FMU.
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Solution 2:  If the FMU was created with SimulationX® and error messages
such as the ones below are being displayed, it could be that definitions are miss-
ing from the make file.

Main Page >> User Library

Running "make" on "makefile_labcar" to build the library:

make: Warning: File "makefile_labcar' has modification time 2e+84 s in the future
gece -fuisibility=hidden -I ./sundials/include/ -I sundials/src/ -c ./ITI_ArrayFunctions.c
gce -fvisibility=hidden -1 ./sundials/include/ -I sundials/src/ -c ./ITI_big wint.c
gce -fvisibility=hidden -1 ./sundials/include/ -I sundials/src/ -c ./ITI_Cvode_base.c
In file included from ./iti cvode_sparse.h:9:@,
from ./ iti_cwvode_helpers.h:5,
from ./ITI_Cwvode_base.h:14,
from ./ITI_Cvode_base.c:19:

./ma_sparse.h: In function '__declspec":

./ma_sparse.h:34:14: error: expected declaration specifiers before '__declspec’
.fma_sparse.h:34:52: error: expected declaration specifiers before '_ declspec’
.fma_sparse.h:36:1: error: expected declaration specifiers before '_ declspec’
.fma_sparse.h:37:64: error: expected declaration specifiers before '_ declspec’
.fma_sparse.h:38:45: error: expected declaration specifiers before '_ declspec’
.fma_sparse.h:39:26: error: expected declaration specifiers before '__declspec’
./ma_sparse.h:40:38: error: expected declaration specifiers before '__declspec’
./ma_sparse.h:41:26: error: expected declaration specifiers before '__declspec’
Sma_sparse.h:42:14: error: expected declaration specifiers before '__declspec’
.fma_sparse.h:43:2: error: expected declaration specifiers before '_ declspec’
.fma_sparse.h:44:31: error: expected declaration specifiers before '_ declspec’

For the SimulationX® tool, the missing definition
-DITI CVODE_ EXT
in the CFLAGS variables could be the problem.
e Add this variable:

CFLAGS = -fPIC -fvisibility=hidden $ (INCLUDES)
-DITI CVODE EXT

Question: In the .so file build, the following error message is displayed:

fmuTemplate.c:316:25: error: unknown type name 'fmiValueReference’
fmuTemplate.c:316:71: error: unknown type name 'size_t'
fmuTemplate.c:316:83: error: unknown type name 'fmilnteger’
fmuTemplate.c:335:1: error: unknown type name ‘fmiStatus®
fmuTemplate.c:335:25: error: unknown type name 'fmiComponent'
fmuTemplate.c:335:25: error: unknown type name 'fmiValueReference'
fmuTemplate.c:335:71: error: unknown type name 'size_t'
fmuTemplate.c:335:83: error: unknown type name 'fmiBoolean'
fmuTemplate.c:354:1: error: unknown type name 'fmiStatus'
fmuTemplate.c:354:24: error: unknown type name 'fmiComponent'
fmuTemplate.c:354:24: error: unknown type name 'fmiValueReference’
fmuTemplate.c:354:70: error: unknown type name 'size_t'
fmuTemplate.c:354:82: error: unknown type name 'fmiString’
fmuTemplate.c: In function 'fmiGetModelTypesPlatform':
fmuTemplate.c:591:12: error: 'fmiModelTypesPlatform' undeclared (first use in this function)
fmuTemplate.c: At top level:

fmuTemplate.c:594:1: error: unknown type name "fmiComponent'
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Response: The reason for this error message is that the source code does not
contain the macro #define FMI COSIMULATION.

Open the main source file (usually the C file with the name of the FMU) and add
the macro at the start of the file as shown below:

/* define model size *

#define NUMBER OF RERLS
#¥define NUMB
#define NUMB
#define NUMB
#define NUMB i )
#define NUMBER_OF EVENT_INDICATCRS 0

#define FMI_COSIMULATION
$define TIMESTEP 1.000000e-03

Question: The build process of the shared object file was successful but the
build process fails when adding several FMUs to the LABCAR-OPERATOR project.

Response: This may be due to conflicts between the methods of different
FMUs. To solve this problem, the source files have to be adjusted accordingly.

These adjustments are made automatically by LABCAR-IP if the \FMU Source
directory contains a file called fmiFunctions.h.
If this file does not exist, manual adjustments are necessary. For this purpose,
execute the following steps:
e Search for the header file that contains the string
"fmilnitializeSlave" .
e QOpen this file in a text editor and replace the line
#define DllExport
/* Export fmi functions on Windows */
#ifdef MSC VER
#define DllExport _ declspec( dllexport )
#else
#define DllExport
#endif
by the following line:
/* Export fmi functions on Windows */
#ifdef MSC VER
#define DllExport  declspec( dllexport )
#else
#define DllExport __ attribute  ((visibility ("default")))
#endif
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Notes and Limitations

Naming conventions for the shared object file

The name of the shared object file must not begin with the letter combi-
nation "lib" followed by the module name. The name must only contain
lower case letters.

Example: If the project consists of two modules "gear" and "Engine",
shared object files with names such as 1ibgear.so or 1ibEngine.so
are not permissible.

Task duration and step size of the model

The period of the "process" process of the module must be identical to
the step size of the model (type "CALIBRATION").

= B cs_Min_10e_5ms

[|_j MeasureVariables Properties
= [ calibrationvariables o= 4l |
@+ LogEnable O General
@7 massLm Type CALIBRATION
@ mass1_vl Name ModelStepSize

@+ mass1_x0

@+ ModelStepSize
@+ springDamperl_b
@ - springDamperl_k

Value 0.001
Model Path

El Settings

DataType DOUBLE
DataStructure Scalar

ArraySize 1

= [ Processes

~ . PROCESS
9]@ config
‘Q]n exit
\9] init Timer
G process 0.001

Calibration variables

Make sure that the values of the calibration variables are defined in the
experiment environment before the experiment is run. These cannot be
changed once the experiment is running.

Inports and Outports

LABCAR-IP ignores inports and outports of type "string", "boolean" and
"enum" as they are not supported. It also ignores array types. Only scalar
types are supported for FMUs in LABCAR-IP.

Calibration and measurement variables

LABCAR-IP does not support strings and enums types for calibration and
measure variables.
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3.5

3.5.1

CAN Modules (Network Integration CAN)

LABCAR-NIC V5.4.0 (Network Integration CAN) is an add-on to LABCAR-OPER-
ATOR V5.4.0. It enables simple testing of ECU functions which include CAN com-
munication.

The entire CAN bus communication is read in from one or more CANdb files; the
user selects the CAN nodes (UuTs) physically available and LABCAR-NIC V5.4.0
automatically creates code for the residual bus to be simulated. User-defined
code (e.g. counters or calculation of checksums) can be added to this.

The signals of the selected messages are available in the Connection Manager;
this is where they can be connected to model inputs (receive messages) and
model outputs (send messages). The signals are also available in the Signal Cen-
ter with all its OLC functionality.

LABCAR-EE provides special GUIs for displaying messages and a CAN Monitor.

The J1939 network protocol has been supported since Version 5.0 of LAB-
CAR-NIC (see "The J1939 Extension" on page 92).

Hardware Requirements

To work with Network Integration CAN you require a Real-Time PC with ETAS
RTPC V6.2.0 and (at least) one CAN board of the type "iPC-I XC16/PCl" or
"CAN-IB200/PCle" from the company IXXAT.

It is not necessary to integrate the CAN board into the RTIO (LABCAR-RTC
V5.4.0) — the configuration of the CAN board(s) is described in the section "Bus"
on page 107.

Introduction

As an example, we have selected a CAN network with four nodes (referred to as
"Node A, B, C and D") and the CAN messages 1 - 5. The communication
described in the CANdb file is shown in Fig. 3-6.

Node A Node B

A K
| |

1,4 5

!

|
. Ll

Node C Node D

Fig.3-6  CAN Network with Four Nodes and Five Messages
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Two of the four nodes, C and D, are physically available; these are the UuTs. The
"counterparts" of messages 1, 3 and 5 have to be simulated.

Simulated

Node A Node B

1,4

— v
—_—
— o>

3,5

—N—p

<___\_
> —

Node C Node D

UuT

Fig. 3-7  Physically present (UuT) and Simulated Nodes

Message 4 is exchanged within the simulated environment and thus plays no role
in the communication with the UuT. The remaining communication to be simu-
lated forms what is referred to as the "residual bus" for which code must be

generated.
The simulated residual bus has the send message 1 and the receive messages 3
and 5.
[ CAN Residual Bus ]
1 3,5

v

3,5

— N —Pp

‘——A—
> —

Node C Node D

UuT

Fig. 3-8  Messages to and from the Residual Bus

LABCAR-OPERATOR V5.4.0 - User's Guide

91



92

Working with LABCAR-IP ETAS

3.52

The J1939 Extension

The network protocol J1939 is based on a range of standards of the Society of
Automotive Engineers (SAE). J1939 describes communication on a CAN bus in
commercial vehicles (e.g. drivetrain and chassis) and works on the physical layer
with CAN highspeed in accordance with I1SO11898.

The special features of 11939 are:
e 29 bit identifiers in accordance with CAN 2.0B (extended format)
e Communication both peer-to-peer and broadcast

e Transport protocols for up to 1785 bytes of data (BAM (Broadcast
Announce Message) and CMDT (Connection Mode Data Transfer))

e Decentral network management

e Information is transferred in the form of parameters (signals) which in turn
are compiled as parameter groups and identified by a unique number, the
Parameter Group Number (PGN).

Features of the J1939 Extension in LABCAR-NIC V/5.4.0

LABCAR-NIC V5.4.0 now also processes bus descriptions in accordance with the
J1939 standard including:

e the handling of 29 bit message identifiers with their interpretation
scheme for J1939

e network management and the corresponding transport protocols
* enabled to import bus descriptions for J1939

Note

The dbc files must be available in the format "J1939 PG (ext. ID)" that is sup-
ported by CANalyzer V6.0 and higher — the complete 29 bit identifier is only
used with this format.

e configuration of parameters for bus simulation

and

e code generation for the IXXAT CAN boards in the Real-Time PC
Long CAN Messages

The transmission of long messages up to and including the protocol maximum
1785 byte payload is supported. These messages can also be created and edited
in the CAN Editor of LABCAR-IP — their behavior in the Connection Manager is
the same as with standard CAN messages.

Note

To enable J1939 decoding on a CAN controller, at least one long (> 8 byte)
J1939 message needs to be configured as send, receive, or gateway message
on that controller in the CAN Editor.

The transmission of CAN messages of variable length (DLC) is not supported at
this time.
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Multiple Session Support (J1939-21))

For reception of long messages, multiple session support is implemented — there
is no artificial limit imposed on the number of simultaneous (interleaved) mes-
sages that can be received.

For transmission of long messages, each CAN interface supports the transmission
of only one long message at a time. If two or more long messages are scheduled
such that their transmission would overlap, they are transmitted serially. Simulta-
neous transmission of long messages on separate CAN interfaces is allowed.

Cycle Time

When scheduling cyclic long messages, cycle time shall be defined as the time
between first message packets of long messages.

Example:
* Packet 0 of message 0 is sent at time: tgg
e Packet 1 of message O is sent at time: tg;
e Packet 2 of message O is sent at time: tg>
e Packet O of message 1 is sent at time: t1q
The cycle time is then tqq — tgg (time between the first packet in each case).
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The CAN Editor

ETAS

This section contains information on working with the CAN Editor. The CAN
Editor is made visible via the "CAN Editor" tab in the main window.

To open the CAN Editor

Project Explorer - %
=[] Targets
=-J RTPC
-8 CAN_IdeCtd
- [f Hardware
-y, IdleCantroller

LABCAR

Fig. 3-9

In the Project Explorer, double-click the CAN
module you want to display or edit in the editor.

The CAN module is shown in the "CAN Editor" tab
of the main window.

= U3 CAN_IdleCtrl ( Protocol: CAN )

= gl Bus_0

(= 4k ECU_AirConditioner
@ = variant

(= 4 ECU_Dashboard
@ =) variant

= 4k ECU_Engine
@ [ variant

= a4k ECU_Main
# [ variant

O i

DBC Container
= Oy DBC
= [ IDLECTRL
& s ECU_AirCanditioner
& A ECU_Dashboard
& ¢ ECU_Engine
& ¢ ECU_Main

*
CAM_IdieCtr
False
CAN
CAN
Name
Name of the CAN module
r
w Byte Layout X
Byte\Bit| 7 6 5 a 3 3 1 o
o 7 6 5 4 3 2 i 0
1 15 14 13 12 1 10 9 8
2 23 22 21 20 19 18 17 16
3 31 30 2% 23 27 26 25 24
4 39 38 37 36 35 34 33 32
5 47 46 45 4“4 43 42 41 40
(3 55 54 53 52 51 50 49 48
7 63 62 61 60 59 58 57 56

e TutorialProject_with... ‘\J Connection Manager ‘a 0S5 Configuration ‘Q

The CAN Editor

The CAN Editor shows
¢ the CAN network,
e the DBC container

2 CAN_IdieCrl

FiL Wizard

e the "Properties" window

and

e adisplay for the byte layout of frames.
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The CAN Network Window

This view shows the hierarchy of the network created from boards and control-
lers genuinely available with their subordinate elements.
= L’E CANModule ( Protocol: CAN)
= g Bus_D
= 2k ECU_AirConditioner
= Variant
= S 111std_AC_Load
[~] AC_Coolant
[~«] AC_Load
= 2k ECU_Dashboard
= Variant
= D)ﬁ 222std_AC_Control
[~] AC_OnSwitch
= 2k ECU_Engine
= Variant
= D)ﬁ 777std_Motor
[~] Counter
[~«] Enginespeed
= 2k ECU_Main
= Variant
= []&% 555std_SetPaints
[~<] Eng5peedsetvalue

Fig. 3-10 The CAN Network

For information on network structure, refer to the section "Editing the CAN Net-
work" on page 98; on its individual components to "The Component Parts of a
CAN Network" on page 106.

The "Properties" Window

Highlight elements in the tree views to display their properties in the "Properties”
window. Editable properties can then be edited directly in the "Properties" win-
dow.
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To display properties

If the properties are not displayed automatically, proceed as follows:
e Right-click the element whose properties you want

to display.
e From the shortcut menu, select Properties.
=] E CANModule (Protocol: CAN ) Properties >
= g Bus_0 4l |
B g Node_0 =
. = DBC Information
: . Source frame name AC_Load
Enable Space RRR— Source file name IDLECTRL
Station ECU_AirConditioner
[ Add Signal.. Ins B General
= MName AC_load
Copy Ctrl+C Frame |dentifier o111
= DLC 1
Protoco CAN
= Remove Del Frame Format STANDARD
- Frame Format Type NORMAL
Byte Layout... Cirl+B i Frame Send Type cyclicX
. Cycle Time [ms] 10
p rties...
roperties I\CtrI+F' q Enabled True
. Direction @
Initizl Data Byte Pattern OxD0

E User Code
Embed user-defined C code (electrical] False
Embed user-defined C code (physical) False

The properties of the selected element are displayed
in the "Properties" window.

For more detailed information on editing properties, refer to the section "Editing
the CAN Network" on page 98.

The "Expert Mode" Option

If the "Expert Mode" option is selected, rarely used properties are displayed
which otherwise remain hidden.

e To enable/disable this option, right-click the root
element of the CAN network and click Expert

Mode.
= U CANTest_IBE0D ( Protocol: C.
c =ﬂl == ( Protoco Add Bus Element... Ins
= g Bus_0
= 2k Node_0 Explore... Ctrl+R
i [ variant Sort By Frame Name  Ctrl<F
Import... Ctrl+I
Export... Ctrl+E

Database Container Ctrl+D

Properties... Ctrl+P

Ctrl+M

Y Expert Mode [,\

These properties are described with the relevant elements of the CAN network
(see "The Component Parts of a CAN Network" on page 106).
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The contents of a frame selected in the network view are shown in this area.

To display the byte layout

To display the byte layout of a frame, proceed as follows:

= E, CANModule (Protocol: CAN )

Right-click the frame whose layout you want to
display.

From the shortcut menu, select Byte Layout.
The byte layout of the frame is displayed.

Properties
54l | B
E General

*

Name AC_load

= g Bus_0
B g Node_0
= = 1dlectr
e s e
I Enable Space
A .
Add Signal... Ins
= M2
5 Copy Ctrl=C
=SR] { -
C
= = Rermove Del

C
C

Byte Layout... L\\’Ctth
Properties...  Cirl+P

feeeeiceciil | Frame Identifier 111
DLC 1
Protocol CAN
Frame Format STANDARD -

.| »

Name
Name of frame

Byte Layout e
Byte\Bit| 7 | 6 | 5 | 4 | 3 | 2 | 1

=]

o 7 3 5 4 3 2 i 0
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354

Editing the CAN Network

The CAN network is edited exclusively via the shortcut menu of the relevant ele-
ment. The elements contained in a network are described in the section "The
Component Parts of a CAN Network" on page 106.

To edit the network, there are a number of items in the shortcut menu of the
relevant elements of which several can be used on a multiple selection (of ele-
ments of the same kind).

To add elements

e Highlight the higher-ranking element and select
Add (Element) from the shortcut menu.

Note

Names of parts, frames and signals can only contain
characters permissible for ANSI-C identifiers.

To remove elements

e Highlight the element and select Remove from the
shortcut menu.

To copy elements

e Highlight the source element and select Copy from
the shortcut menu.

e Highlight the higher-ranking target element and
select Paste from the shortcut menu.

To copy element properties

¢ Highlight the source element and select Copy from
the shortcut menu.

e Highlight the desired target element and select
Paste from the shortcut menu.

To move elements

e Highlight the source element.

e Use the mouse to drag the highlighted source ele-
ment to the higher-ranking target element and then
release the mouse button.

Note

The actions described above are not always permissible. In these cases, the
relevant item in the shortcut menu is either disabled or not available.
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Editing Properties

The properties of an element of the CAN network can be edited in the "Proper-
ties" window. Some properties of some elements cannot be edited as they are
calculated automatically. These properties are grayed out in the "Properties"
window.

To display the "Properties" window

e Highlight an element and select Properties from
the shortcut menu.

The "Properties" window is displayed in the
CAN Editor.

To edit properties of several elements

If several elements of the same type are highlighted in the network, the proper-
ties that all selected elements share are displayed.

e Open the "Properties" display.
e Use the mouse to select the desired elements while
keeping the CTRL key pressed down.

Note

If a property that identifies an element within its higher-ranking element (e.g.
a signal name within a frame) is modified when editing several elements, an

error message may be issued if the property of another element of the same
higher-ranking element is also given the same value.

Validation

Before the CAN module is saved, the CAN network is validated. This includes for
example the verification of aspects of the CAN specification that are relevant for
code generation. Error messages are displayed in the log window.

Note

Ignoring error messages can lead to compiler errors or undesired runtime
behavior during the build process of the project.
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Creating the CAN Network
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This section describes how you can create a CAN network by importing a CANdb

file.

To add a CAN module

In the Project Explorer, select the "RTPC" target and
click the right-hand mouse button.

Select Add Module from the shortcut menu.

(! LABCAR-IP V5.2.0 - [CANMadule®]
File View Project Tools I
P He & g% &8 @
Project Explorer - x |
= u_j Targets
=zl RTPE

B AddModule |
@ Edit OsConfiguratibn

o lan

B3 J1933Module

The "Add Module" wizard opens.

Wizard

Specify Module Type

Add Module Wizard

() Add Simulink[TH] Module
(71 Add C-Code Module

() Add ASCET Module

@ Add CAM Module

() &dd Flexray Module

() Add LIN Module

<< Back Mext >>|: Cancel

Select Add CAN Module and click Next.
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e Enter a name for the module and select the proto-
col ("CAN" or "J1939").

Wizard (=23

y Module Name

Add New Module
Create Mew CaN-Module

Module Mame:  MewCANMadule

Frotocal: CAM -

“r'ou are about to create a new CAN Module.

If you press "Finish"' & window will come up
where you can specify the details of your
module.

<< Back Finizh [ Cancel

e (Click Finish.

The new CAN module is created and displayed in

3 NewCANModule

To add a bus

the editor.
i ! LABCAR-IP V5.2.0 - [NewCANModule] =N Eoh(
File View Project Tools 7
il & PH E e
RicciEsploces X = Eﬂ NewCANModule (Protocol: CAN) Y
= u_j Targets
=[] RTPC
@ Hardware

NewCANModule
False

CAN

CAN

e Select the CAN module and right-click it.
e Select Add Bus Element.

Lri NewCANModule rties
Add Bus Element... l} Ins |
Explore... Ctrl+R
work
Import... Crl+1 EGenerator
reMinMax
Export... Ctrl+E 5
DEC Container cr+D [
Properties... Ctrl+P
Expert Mode Cerl+M
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e Enter a name for the bus element and click OK.

Specify BUS Name (=23

Bus_0

[ ok ][ Concel |

The bus element is created.
e Select File — Save All.

You can now build your CAN module manually (see
"Editing the CAN Network" on page 98 and "The
Component Parts of a CAN Network"

on page 106) or import a DBC file.

To open the DBC Container

e Select the CAN module.
e Select DBC Container from the shortcut menu.

= B NewCANModule { Protacal- CANY 1
g Bus_0 Add Bus Element... Ins 5
Explore... Ctrl+R
I T Cirl=I erator CAN
L e Max False
Export... Ctrl+E NewCANModule
CAN
DBC Container Ctrl+D
Properties... Ctrl+P
Expert Mode Ctrl+M
The "DBC Container" space opens.
= @, NewCANModule (Protocol: CAN)
g Bus_0
Name CAN
lgnore Min/Max False
Protocol NewCANModule
Code generator CAN

DBC Container

[ peC

102 LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS

To load a DBC file

Working with LABCAR-IP

Select the "DBC" element in the DBC Container.
Select Import DBC from the shortcut menu.

DB D
DRC

Import DBC... Ctrl+I
J  Reload DBC Files automatically  Ctrl+R

Properties... Ctrl+P

Select the DBC file from the file selection window
and click OK.

The information contained in the file is imported
into the DBC Container.

= @, NewCANModule (Protocol: CAN)
g';i:] Bus_0

DBC Container

= [ beC
= [£] IDLECTRL
"E k ECU_AirConditioner
= = 111std_AC_Load
[~] AC_Coolant
[~ AC_Load
= <k ECU_Dashboard
= [ 222std_AC_Control
[~ AC_OnSwitch
= 4k ECU_Engine
= = 777std_Motor
[~ Counter
[~] EngineSpeed
= 2k ECU_Main
= [ 555std_SetPoints
[~] EngSpeedSetyalue
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To add the DBC to the bus

e Select the imported DBC and move it to the bus ele-
ment keeping the left-hand mouse button pressed
down.

= E‘ NewCANModule (Protocol: CAN)

¢ Bus_0

DBC Container
= [ beC
= [£ IDLECTRL
= 2k ECU_AirConditioner
= = 111std_AC_Load
[~] AC_Coolant
[~ AC_Load
= ..4; ECU_Dashboard
= [ 222std_AC_Control
[~ AC_OnSwitch
= 4k ECU_Engine
= = 777std_Motor
[~ Counter
[~] EngineSpeed
= 2k ECU_Main
= [ 555std_SetPoints
[~] EngSpeedSetyalue

The nodes of the DBC file are added to the bus.
Additionally, a part ("Variant") is added between
each node and frame.

e Select the individual nodes and, in the Properties
window (Configuration/Mode), define whether the
node really exists ("UuT") or is to be simulated
("Simulated").

= 3 NewCANModule { Protocol: CAN )
= g Bus_0

= 2k ECU_AirConditioner | -
= [ variant CHConhguon

= [J&% 111std_AC_Load

E General None
[~] AC_Coolant Name T
[~ AC_Load Bl Gateway
# ..4; ECU_Dashboard Use node as gateway

# .* ECU_Engine
@ <k ECU_Main

DBC Container %
= [y beC
= [£ IDLECTRL
@k ECU_AirConditioner
[# .* ECU_Dashboard
# .* ECU_Engine
@ <k ECU_Main
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Drag & Drop in CAN Configuration

When elements (nodes, frames or signals) already exist in a CAN configuration,
there are two different possibilities:

1. Versioning

Existing elements are accepted in the configuration with an appended
version number.

— DBCFile — Bus

If a node of the same name already exists
— Node — Bus

If a node of the same name already exists
— Frame — Part

If a frame of the same name already exists
— Signals — Frames

If a signal of the same name already exists

2. Querying

— Node — Node/Part

Frames of the original node which do not exist in the target node/part,
are copied there — if identical' frames are available, there is a query for
every frame:

Duplicated Frame found @
The frame with the 1D 222 and Name AC_Control already exists in this

part.
Decide what you want to do.

[ Leave ][ Leave All ] [ Replace ][ ReplaoeAII] [ Rename ][ Rename All

Choose from the following procedures:
* Leave

The relevant frame is not imported (with Leave All, no other existing
frames are imported).

* Replace

The existing frame is replaced by the one to be imported (with Replace
All, all other existing frames are replaced).

e Rename

The existing message is assigned a version number and imported (with
Rename All, all other existing frames are assigned version numbers and
imported).

' Frames are identical if ID/PGN and names are identical
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3.5.6

The Component Parts of a CAN Network

This section contains a description of the component parts of the CAN network
in LABCAR-IP.

These are:

"CAN Network" on page 106
"Bus" on page 107

"Nodes" on page 112

"Parts" on page 115
"Frames" on page 117
"Signals" on page 124

CAN Network

The global properties of the CAN network are displayed when it is selected in the
"Properties" window.

= E CANModule (Protocol: CAN )
= g Bus_0

= g Bus_1

*
= ¥ Node_0
@ = 1dlectrd CANModul
LAaNModule
False
2k Node_0 CAN
CAN
Name

Name of the CAN module
Ignore Min/Max

This makes it possible to ignore predefined limitations of signal values (see
"Min, Max" on page 126).

Protocol

CAN or J1939 (with network management)
Code generator

The code generator to be used
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Bus
=] E CANModule (Protocol: CAN ) Properties
= g Bus_0 ATy
[# 2k ECU_AirConditioner ;”;l |R -
i ase Ra
+I * ECU_Das.hboan:I Receive Process Period [ms] 5
@ 4 ECU_Engine Base Rate Selection Mode AUTOMATIC
B s ECU_Main jase Rate Automatic Value [ms] 1000
Ea al Value [ms] 1000
Ba ] 1000
Spread Send Frames False
E BTR
Manually set Bit Timing Registers (ETR)  False
Bit Timing r (BTR) O 00
Bit Timing £ Ox1C
E General
Mame Bus_{
E Hardware
Type DXXAT_XC16_CAN
Board ID 0
Controller ID 0
High-speed Mode True
Eaud Rate [kBaud] 500
Mumber of unspecified frames 10
Use for XCP False
E Mask
Use Mask False
a3 dentifi ¢ (00
00
00
00
Use Single Transmission Try (STT) False
Check Interval 0.5
Initial Check 4
Name
Name of bus
Base Rate:

The "Base Rate" property of a controller defines the rate at which communica-
tion between the LABCAR-OPERATOR project and the selected CAN module con-
troller takes place.

All CAN send frames are calculated in the fastest task t (e.g. 1 ms). The current
transfer task of a frame (cycle time) is triggered when there are whole-number
multiples of this "basic task" (n*t).

Let's say there are, e.qg., three send frames with a cycle time respectively of 5 ms,
10 ms and 2 ms. The basic task must therefore have a base rate in which all these
frames can be displayed, i.e. the largest common divisor of these cycle times
(here: 1 ms).

If, for example, the cycle time of a frame is to be changed during a running
experiment so that it is not compatible to the base rate calculated automatically,
this can also be adapted manually.

With automatic calculation ("AUTOMATIC") the least common denominator of
all cycle times is assumed as period - the base rate. This automatically calculated
rate is divided again by 2 or 4 respectively with the options
"AUTOMATIC2x"/" AUTOMATIC4x". This particularly helps in spreading the
sending times with the option "Spread Send Frames".
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* Receive Process Period [ms]
The rate with which the Receive process of the bus is cyclically called.

Only visible if the Expert Mode option (see "The "Expert Mode" Option"
on page 96) was enabled.

¢ Base Rate Selection Mode

"Base Rate Selection Mode" specifies how "Base Rate" is to be deter-
mined. "Base Rate" can be calculated

— manually ("MANUAL")
or
— automatically ("AUTOMATIC")

In automatic calculation, a double or quadruple overclocking can be
selected.

e Base Rate Automatic Value [ms]

"Base Rate Automatic Value" is calculated from the greatest common
divisor of all values of the cycle times of all activated frames under the
selected controller.

¢ Base Rate Manual Value [ms]

"Base Rate Manual Value" is the desired rate entered manually by the
user.

¢ Base Rate [ms]
The current base rate
e Spread Send Frames

As the send buffer of the CAN card can only store a limited number of
frames, send frames may be lost if the cycle times selected result in frames
to be sent being collected at certain times.

If, for example, 5 frames are to be sentin a 10 ms cycle, 5ina 20 ms cycle
and 5 in a 100 ms cycle, this could lead to a pile-up at n*20 ms
(n=0,1,2,...) and particularly at n*100 ms (see Fig. 3-11).

The "Spread Send Frames" option prevents such pile-ups (and thus possi-
ble data loss) by sending individual frames (when being sent for the first
time) with a slight delay in comparison to other frames.

Frames

15 4
10 4 |
| Y

K Iw L Iw L I\' ) Iw )

10 20 50 100 t [ms]
Fig. 3-11 The Effect of the Option "Spread Send Frames" (see Text)
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BTR:
¢ Manually set Bit Timing Registers (BTR)

By selecting this option, you can directly access the Bit Timing Registers
(BTRs) of the controller. The selection "Baud Rate [kBaud]" is then
disabled.

e Bit Timing Register (BTR) 0
Bit Timing Register 0

e Bit Timing Register (BTR) 1
Bit Timing Register 1

Note

For detailed information of what is in these registers, please refer to the
CAN controller data sheet.

CAN-FD - Arbitration Bit Rate:
¢ CAN-FD - Arbitration Bit Rate [kBaud]
The arbitration bit rate of the controller in kBaud (default: 500)
¢ Arbitration Timing Mode
The timing mode of the arbitration bit rate
e Time Segment 1
Duration of time segment 1 (in TIME QUANTA)
e Time Segment 2
Duration of time segment 2 (in TIME QUANTA)
e Re-synchronisation Jump Width
Re-synchronization jump width (in TIME QUANTA)
e Transceiver Delay Compensation
Transceiver delay compensation offset (in TIME QUANTA, 0 = disabled)
CAN-FD - Fast Data Bit Rate:
e CAN-FD - Fast Data Rate [kBaud]
The fast data rate of the controller in kBaud (default: 2000)
e Arbitration Timing Mode
The timing mode of the arbitration bit rate
e Time Segment 1
Duration of time segment 1 (in TIME QUANTA)
e Time Segment 2
Duration of time segment 2 (in TIME QUANTA)
e Re-synchronisation Jump Width
Re-synchronization jump width (in TIME QUANTA)
e Transceiver Delay Compensation
Transceiver delay compensation offset (in TIME QUANTA, O = disabled)
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General:

Name

Bus name

Hardware:

Mask:

Type
Type of CAN board used ("IXXAT_XC16_CAN", "IXXAT_IB200_CAN" or
"IXXAT_IB600_CANFD")

Board ID / Controller ID

Unique identifier of the board and the controllers.

High-speed Mode

This option defines the CAN controller as a high-speed interface.
Baud Rate [kBaud]

This is where you can define the transfer rate of the CAN controller.
Number of unspecified frames

The number of frames not already specified in the experiment that can be
received. The corresponding measure values are created for these in LAB-
CAR-EE in the "Workspace Elements" tab.

Only visible if the Expert Mode option (see "The "Expert Mode" Option"
on page 96) was enabled.

Use for XCP

If you want to exclude a controller from the CAN residual bus simulation
(e.g. to be used with XCP), select "TRUE".

Use Mask

This is where you can define whether frames are to be masked or not. If
this option is enabled, masks and code can be specified both for "Stan-
dard" and for "Extended" identifiers.

Note

For detailed information of the content and on processing the Acceptance
Code Registers and the Acceptance Mask Registers, please refer to the CAN
controller data sheet.
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This is where you can configure different parameters for error handling.

Use Single Transmission Try (SST)

Enables/disables the operating mode "Single Transmission Mode" of the
controller. In this operating mode, a send frame is not put into the queue
after a transmission error (missing confirmation).

This operating mode is useful if the controller is not connected to a com-
plete CAN network (if, for example, a connected ECU was temporarily
without power).

Usually the controller puts all frames into a queue until they are sent cor-
rectly (including confirmation). If an ECU that was temporarily without
power is given power again, this results in a sudden pile-up of CAN frames
as all 50 frames in the controller’s send buffer are sent in quick succession
which can lead to a loss of timing between these frames.

Check Interval

This determines a time interval (as a floating point number in seconds)
which determines at what intervals the status of the CAN bus is periodi-
cally checked and - if the bus is in an incorrect state — rebooted.

If this interval is set to 0, the check is disabled.
Initial Check

Specifies a number of intervals used to determine a failed initialization —
the minimum is 2.

The default setting is 4, whereby the check is carried out in the frequency

defined by "Check Interval". In this case, an error is signalized when "Ini-

tialization" is still the valid state after 4 checks.

Further Properties for the J1939 Protocol

Only visible if the Expert Mode option (see "The "Expert Mode" Option"
on page 96) was enabled.

DTC:

Number of Diagnostic Trouble Codes (DTCs)

A J1939 node can also handle DTCs - this specifies the number of DTCs
which can be buffered. These buffers are only available for dynamically
added nodes (see "Number of unspecified nodes" on page 111):

As this requires a lot of memory, the maximum number is 50.
Number of unspecified nodes

The maximum number of dynamically added nodes which can register by
address claiming in the CAN network.
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Nodes
= ;’E CANModule { Protocol: CAN ) e
= g Bus_0
[ ¢ ECU_AirConditioner
+- 3 ECU_Das.hboan:I Smulated
& 2k ECU_Engine
i ¢ ECU_Main ame ECU_AirConditioner
E Gateway
Usze node as gateway False
Mode
Mode of node (None / Uut / Simulated)
Configuration:
e Mode

Configuration of the node (see Fig. 3-7 on page 91):
— Simulated
The node is simulated.
- UuT
The node is real.
— None

None means that the node acts neutrally: It is either controlled entirely
in accordance with user definitions or is remotely controlled by the
configuration of the other nodes.

General:
¢ Name
Name of the node
Gateway:
* Use node as gateway
This is used to configure the node as a gateway.
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Further Properties for the /1939 Protocol

Use as di ic node False
MNumber of clients 10
Command data size 128
Fesponse data size 512
Mumber of Diagnestic Trouble Codes 10

E Gateway
Usze node as gateway False

E General
MName Mode_0
Do Address Claiming False
Timeout after power-on [ms] 150
Power-on threshold 0
Address Claim Contention Timeout [ms] 250
Source Address (x00
NAME
|dentity Mumber 0
Manufacturer Code 0
ECU Instance 0
Function Instance 0
Function 0
Resenved 0
‘Vehicle System 0
‘Vehicle System Instance 0
Industry Group 0
Arbitrary Address Capable 0

Name

Name of node

Diagnostics:

e Use as diagnostic node
Configuration as "Diagnostic Node"

Note
There can only be one "Diagnostic Node" per bus!

The following three options are only active if "Use as diagnostic node" was
selected.

o Number of clients

The number of clients in LABCAR-EE and LABCAR-AUTOMATION with
diagnostic functionality. Two are always reserved for
LABCAR-AUTOMATION.

Only visible when Expert Mode (see "The "Expert Mode" Option"
on page 96) was enabled.

LABCAR-OPERATOR V5.4.0 - User’s Guide 113



Working with LABCAR-IP ETAS

DTC:

Command data size

Diagnostic commands are always transmitted as an array. This value spec-
ifies the size of the array and thus the number of commands. As com-
mands can contain different quantities of data, the number of possible
commands also varies.

The size of the array should only be increased if more commands are
genuinely required at the same time.

Only visible when Expert Mode (see "The "Expert Mode" Option"
on page 96) was enabled.

Response data size

Diagnostic responses are always transmitted as an array. This value speci-
fies the size of the array and thus the quantity of the response data that
can be saved.

As the quantity of the required response data depends on the relevant
commands, the size of the array should only be increased if not all
response data for the relevant commands can be received.

Only visible when Expert Mode (see "The "Expert Mode" Option"
on page 96) was enabled.

Number of Diagnostic Trouble Codes
This specifies the number of DTCs which can be buffered for this node.

Only visible when Expert Mode (see "The "Expert Mode" Option"
on page 96) was enabled.

Network management:

Do Address Claiming
Enabling/disabling of the "Address Claiming™""
Timeout after power-on [ms]

The time (in ms) the simulated node has to wait before sending the
address claim. Is used to simulate the Power On Self Test (POST).

Power On Threshold

Simulated nodes have an input/inport that is compared with this threshold
value. As soon as the threshold is exceeded, address claiming is run.

Address Claim Contention Timeout [ms]

The time (in ms) the node waits after sending its address claim message
for a "claim contention" from other nodes. If, during this time, no other
node claims the same address, the simulated node assumes that it has
been assigned the desired address and proceeds to use it.

Source Address
The source address

1- Currently only the address claiming process described in the document " SAE
J1939-81, Appendix D, Figure D2 - State Transition Diagram for Initialization of
Single Address CAs" is supported.
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Network management - Address Claiming:
e NAME
The identifier of the node (ECU).
"NAME" consists of the following ten fields:
¢ |dentity Number
21 bits (defined by the ECU manufacturer)
e Manufacturer Code
11 bits identifying the ECU manufacturer
e ECU Instance

3 bits for identifying an ECU instance (when, for example, several ABS
ECUs exist)

¢ Function Instance

5 bits for identifying the function instance (e.g. ABS #1)
¢ Function

8 bits for identifying the function (e.g. ABS)
e Reserved

Reserved for future definition by the SAE
e Vehicle System

7 bits for identifying the vehicle system (e.qg. trailer)
* Vehicle System Instance

4 bits for identifying the instance of a vehicle system
e Industry Group

3 bits for defining the particular industry group (e.g. "On-Highway",
" Agricultural™)

e Arbitrary Address Capable

1 bit for specifying whether the ECU — after being turned down in an
address claim procedure — can select a different address.

Parts

A part is assigned to a higher-ranking node; frames are arranged under a part.
Parts can be imported and exported. Within the module the content of a part is
stored in files with the extension. 11p.

Parts have a unique name within the entire network. If a part with a given name
already exists, the name of the part to be added is extended with a consecutive
number.

Prioritization, Enabling and Disabling of Parts

Parts are used to model variants of a network node. For this purpose, copies of a
part can be created including all frames and signals defined beneath this part.
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Parts can be enabled and disabled using "Enabled". The processing of the
frames and signals of this part can be controlled using "Priority": Parts with a
higher priority overwrite the inputs and outputs of the parts with a lower priority
in every simulation cycle.

To create a part

e Right-click the node to which the new part is to be
assigned.

e Select Add Part.

(! LABCAR-IP V5.2.0 - [CANModule®]
File View Project Tools 7
VR e & P & @
Project Explorer = = E CANModule { Protocol: CAN)
=[] Targets = g Bus_0
& RTPC 2k Node 0 .
3 CANModule Add Part... N Ins
[ﬂ Hardware
4} IdleController
B3 J1933Module Import Part...  Ctrl<I
Rename... F2
Rermove Del
Properties...  Ctrl+P

A part named "Variant" is created.

Note

Names of parts, frames and signals can only contain
characters permissible for ANSI-C identifiers.

Parts previously exported can be reimported (see "To import a part"
on page 117).

= E CANModule (Protocol: CAN) b4
= g Bus_0
= 4k ECU_AirConditioner
@ [=g Variant =

E E Dashboard Na.rn«.a Variant

B - Priority 10

& 2k ECU_Engine Enabled True

& s ECU_Main Version LCO52

File name Bus_0_ECU_AirConditioner_Variant lcp

Name
Unigue name of part within node

General:
* Name
Name of the part
* Priority
With this property, you can specify the priority of the part. The priority
must have a unique value — parts are run according to their priority.
e Enabled

Every part can be enabled or disabled (regardless of the other parts) during
experiment runtime. If a part is disabled, communication of all frames
under the selected part is prevented.
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e \Version
Part version
¢ File name
Name of the file (Bus name Node name Part name.lcp) describ-
ing the part
Note

Variant handling during experiment runtime is possible with the properties
"Enabled" and "Priority".

To export a part

Parts can be exported with all frames and their properties in the form of XML
files.

e Select the part to be exported.
e Right-click and select Export Part.

e In the file selection window, select a directory and
enter a file name.

e (lick OK.
The part information is exported to the file (* . 1cp).

To remove parts

e To remove a part, right-click it and select Remove.

To import a part

Ports exported previously (see above) can be reimported into the CAN configura-
tion.

e Select the node to which the part is to be assigned.
e Select Import Part from the shortcut menu.

e Select the part to be imported (*. 1cp) in the file
selection window and click OK.

The part is created with the information from the
specified file.

Frames

A frame is assigned to a higher-ranking part; signals are arranged under a frame.

In addition to the "Properties" window, the "Byte Layout" window can also be
displayed for frames. This shows the byte allocation in the payload of the frame
with the signals.

The frames are shown with different icons depending on the direction:
’_3 — Send frame (TX)

‘L; — Receive frame (RX)
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H — Gateway frame (GW)
(see "Use node as gateway" on page 112)

Note

Please note that the direction is specified from the point of view of the simu-
lated residual bus (see Fig. 3-8 on page 91)!

To display the byte layout

e Highlight the frame and select Byte Layout from
the shortcut menu.

= E CANModule (Protocol: CAN )
= g Bus_0

= ','%k Node_0
= ) 1dlectrd L FE L oy

@ [#]®2 111std_AC_Load Byte\Bit| 7 2 = < 3 2 z Y
@ [#]®g 2225td_AC_Control 0 7 6 5 4 3 2 1 0
[ [¥]2 5555td_SetPoints 1 15 14 | 13 12 | 11 | 10 9 8
= [ %5 777std_Motor i 2 23 22 [ 2t | 20 13 18 17 16

[~] Counter 3 31 30 29 28 27 | 26 25 24

[~] EngineSpeed 4 39 38 37 36 35 34 33 32

In the example, the frame consists of the 16-bit
signal "EngineSpeed" (light red) and the 5-bit
signal "Counter" (ochre).

e If you double-click on one of the "bit fields", the
signal is selected in the frame list and its properties
displayed in the "Properties of Signal" field.

Note

If errors occur in the byte layout, e.qg. by two signals overlapping or the incor-
rect specification of the length of a signal or frame, the incorrect bits are
shown in red.

LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS Working with LABCAR-IP

To create a user-defined frame

In addition to the possibility of importing a frame from an CANdb file, from a
CAN module or part, you can also create user-defined frames.

e Highlight the higher-ranking part and select Add
Frame from the shortcut menu.

Add Frame @

Name: NewFrame

ID: B 1

Protocol: CAN

DLC: 8 2

Direction: [TX v]

Type: [sTANDARD -]

[ ok [ Canesl |

Note
Within a part, the combination of the ID of the frame and its name must be
unique!

e Enter the following information (see "General"
on page 121).

—  Name of frame (Name)
— |dentifier (ID)
—  Protocol (Protocol)

The protocol was defined when the module
was created (see "To add a CAN module”
on page 100).

—  Size of frame (DLC)

— Direction (Direction)

—  Frame type (Type)

e (lick OK.

The newly created frame is added to the test matrix.
If you are using several CAN boards when configuring your CAN matrix, please
read the following note:
Note

If you remove a board to which frames have been assigned, there is no auto-
matic change of this assignment: this has to be executed manually!
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To enable and disable frames

Several frames with the same ID may be defined within one part providing they
each have a different name. For the purposes of code generation, however, only
one frame with a specific ID can be enabled in one part. The other frames there-
fore have to be excluded from code generation.

e Using the network tree view: Enable or disable
the checkbox next to the frame icon in the network
tree view.

e Using the shortcut menu: Highlight the frame
and enable/disable it in the Enable shortcut menu.

e Using the "Properties" window: Open the
"Properties" window and edit the "Enabled" prop-
erty ("True" or "False").

To remove a frame

e Select Remove from the shortcut menu of the
frame list.

The frame is removed.

To sort frames by name

Frames are normally sorted by frame identifier.

e To sort the frames by name, right-click the module
name and select the option Sort by Frame Name.

= E—ﬂ CANTest ( Protocol: CAN ) H = E—,ﬂ CANTest ( Protocol: CAN ) 1
g BUS = g BUS Add Bus Element... Ins
= 2k Node = s Node Explore... Ctrl+R
= = variant = = variant

18 istd_Frame3 )5 3std_Frame1 ¥ Sort By Frame Name I}CtrHF
55 2std_Frame2 [¥]5 2std_Frame2 Import... Ctrl+I
j 3std_Framel j 1std_Frame3

Export... Ctrl+E

Database Container Ctrl+D

Properties... Ctrl+P

Expert Mode Ctrl+M
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To display properties of a frame

e To display the properties of a frame, right-click it.
e Select Properties from the shortcut menu.
The properties of the frame are displayed in the
"Properties" window.

= E CANModule (Protocol: CAN) Properties
= Bus_0 =
8 N a2 |

= 2k ECU_AirConditioner =
E DBC Information

= Variant Source frame name Motor
i 4 ECU_Dashboard Source file name IDLECTRL
= s ECU_Engine Station ECU_Engine
= [ variant B General
= WIS 777std_Maotor MName Motor
[~ Counter Frame |dentifier 0777
[~ EngineSpeed DLC 5_
® e ECU_Main Protocol C.—'.l:-l )
Frame Format STANDARD
Frame Format Type NORMAL
Frame Send Type cyclicX
Cycle Time [ms] 5
Enabled True
Direction ™
Initizl Data Byte Pattern OxD0
E User Code

Embed user-defined C code (electrical] False
Embed user-defined C code (physical) False

Name
Name of frame

DBC Information:

If the frame is from an imported CANdb file, the relevant information is shown
here.

General:
¢ Name
Name of the frame
¢ Frame Identifier
The frame identifier (hex)
e DLC
The data length code of the frame
e Protocol
The protocol ("CAN" or "J1939")
¢ Frame Format

Format of the frame ("STANDARD", "STANDARD_REMOTE",
"EXTENDED" or "EXTENDED_REMOTE")

¢ Frame Format Type
"NORMAL" or "REMOTE"
* Frame Send Type
The send mode (only with send frames)
- cyclicX
The frame is sent in the cycle time raster
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— spontanX
The frame is sent if one of the signals has changed

Note

A frame with the send type "spontanX" is only sent if at least one of the
signals is in send mode "On Change" (see "Send Type" on page 126)!

— cyclicAndSpontanX
The frame is sent in both of the above cases
* Cycle Time [ms]
The cycle time of the frame in ms
e Enabled

Activation/deactivation of the frame (see "To enable and disable frames"
on page 120)

¢ Direction

The direction from the point of view of the model ("Send (TX)" or
"Receive (RX)")

e CAN-FD

Frame is interpreted as CAN-FD frame ("True") or standard frame
("False").

¢ Bit Rate Switch (BRS)

Specifies whether (during CAN-FD frame transfer) the increased data bit
rate should be used.

e [|nitial Data Byte Pattern
The byte pattern on initialization of the frame
User Code:

¢ Embed user-defined C code (electrical)
Embed user-defined C code (physical)

Here you can specify whether user-defined C code is to be added to the
frame (see "User-Defined C Code" on page 128).

Further Properties for the J1939 Protocol

[l Frame|dentifier
D < 1D0A30TC
FParameter Group Number (PGN) 68096

Diata Page Ox01

PDU Format (x0A

PDU Specific Field (30

Priority 7

Source Address 7T

Frame specific source address False

PGN Type Standard

FDU Format Type PO

FDU Specific Field Functionality Destination Address

Frame Identifier:
e ID
The complete CAN ID of the message (29 bits) consisting of
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— Priority (3 bits)
— Parameter Group Number (18 bits)
— Source Address (3 bits)
e Parameter Group Number
The Parameter Group Number consisting of
— Data Page (1 bit)
— PDU Format (8 bits)
— PDU Specific (8 bits)
¢ Data Page
Data Page bit
e PDU Format
8 bits for specifying the PDU format (part of the PGN):
— < 240: PDU Specific Field is "Destination Address" ("PDU1")
— >= 240: PDU Specific Field is "Group Extension" ("PDU2")
e PDU Specific Field
8 bits (see PDU Format)
* Priority

3 bits for optimizing the latency of transmission to the bus (is ignored by
LABCAR-OPERATOR)

e Source Address
Source address of the node to which the frame belongs (8 bits).
¢ Frame specific source address

If "TRUE", the source address of the frame can be set to a value deviating
from the address of the node.

¢ PGN Type
PGN type
¢ PDU Format Type
"PDU1T" or "PDU2" (see PDU Format)
e PDU Specific Field Functionality
Function of the "PDU Specific" field (see PDU Format)
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Signals

ETAS

A signal is assigned to a higher-ranking frame: The name of a signal under this

frame must be unique.

To create a user-defined signal

¢ Highlight a frame and select Add Signal from the
shortcut menu.

Add Signal =
Name:
Start Bit: 0 =
Length Bits: |1 -
Data Type: [UnsIGNED -

Mode: [ NON_MULTIPLEXING -

Multiplexed Index: |0

.

e E
o

nter the following information (see "Scaling"
n page 126 and "General" on page 125).

Name

Start bit

Signal length (Length Bits)
Data type

Multiplexor mode
Multiplexed index

e (lick OK.

T

To remove a signal

he new signal is added to the frame.

You can remove CAN signals which you have added to a frame:

e Right-click the signal and select Remove.

T

124

he signal is removed from the frame.
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To display the properties of the signal
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e To display the properties of a signal, right-click it.

e Select Properties from the shortcut menu.

= E CANModule (Protocol: CAN )

= g Bus_0
& 2k ECU_AirConditioner
# 2k ECU_Dashboard
= 2k ECU_Engine
= Variant
= [#]E8 777std_Motor
[~ Counter

[~ EngineSpeed

[# & ECU_Main

a2 |
E General
Name
Start Bit
Length
Layout
Multiplexor Mode
Multiplexed indices
Multiplexor signal name
Send Type
Comment
Counter Signal
= Scaling
Diata Type
Default Value
Factor
Offset
Min
Max
Unit

Name

EngineSpeed

2

16

INTEL
NON_MULTIPLEXING
(Collection)

NotUsed
False

UNSIGNED
0

0.25

0

0

16256
U/min

Unigue name of signal within frame

The properties of the signal are displayed in the
"Properties" window. This is where the properties
of a selected signal are displayed. They can also be
edited here, if editing is permissible.

General:
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Name

Name of the signal

S

tart Bit

Start bit of signal

L
S
L

ength
ignal length (in bit)
ayout

Byte order: "INTEL" (little-endian) or "MOTOROLA" (big-endian)
Multiplexor Mode

Characterizing frames

NON_MULTIPLEXING

Characterizes a standard (= non-multiplex) frame

MULTIPLEXOR

The signal is the control signal of a multiplex frame

MULTIPLEXED_SIGNAL

The meaning of the data transferred in this signal is determined by the
current value of the control signal.
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Multiplexed indices

Coding for the assignment with multiplex frame
("MULTIPLEXED_SIGNAL")

Clicking |:| opens the Collection Editor with which several value assign-
ments can be made.

Multiplexor signal name

Name of the multiplexer signal that decides whether the signal is to be
used or not.

Send Type
Specifies how the sending of a frame is triggered:
— NotUsed

The signal is not taken into consideration when the send trigger is cal-
culated

— OnChange
Signal is taken into consideration when the send trigger is calculated
Comment
A comment on the description of the signal
Counter Signal
See "To use a signal as counter" on page 127.

Scaling:

126

Data Type
Type: "UNSIGNED", "SIGNED", "IEEE32" or "IEEE64"
Default Value

A signal of a send frame can be assigned a default value. If the signal is
connected to another signal in the Connection Manager, this value is
ignored.

The advantage of the default value is in the import/export of CAN mod-
ules as the default value is then also available if the CAN module is used
again in another LABCAR-OPERATOR project.

Factor, Offset
A factor a and an offset b for the for scaling the signal
Min, Max

This is where limits for a plausibility check are specified (see "Min/Max
Values" on page 127).

If you right-click the signal and select Limit Min/Max to bit length,
"Min/Max" is automatically calculated from "Data Type" and "Length".

Unit
The physical unit of the signal
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Min/Max Values

When a CAN test matrix is saved, a check always takes place to see if Min < Max.
If not, a warning is issued unless the option "Ignore Min/Max" (see "Ignore
Min/Max" on page 106) has been activated.

Note

Please note that there are two checks of the physical value and the value trans-
ferred by CAN does not correspond to the original value if this does not adhere
to the check conditions.

These checks are:

1. Is min < phys. value < max?
If the value does not fulfil this condition, the value is set to min or max.

2. Once the physical value has been converted into a hex value, a check is
made to see whether the value corresponds to the size of the data area
(taking the data type into consideration). If, for example, 6 bits have been
allocated for a "signed integer", the converted value must fulfil the fol-
lowing condition: -32 < value < +31.

If this condition is not fulfilled, the value is changed to -32 or +31.
To use a signal as counter

There is a simple way of making one signal of a send frame into a counter:
e Select the signal and right-click it.
e Set the property "Counter Signal" to "True".

= B3 CANModule (Protocol: CAN ) Properties b
= g Bus_0 ATy
[® sk ECU_AirConditioner ;”;l |m|
g enel
.::l 3 ECU_Das.hboan:I Name Counter
= 2k ECU_Engine Start Bit 19
= Variant Length 5
& I8 777std_Mator Layout INTEL
[~ Counter i Multiplexor Mode NON_MULTIPLEXING
[~] EngineSpeed Multiplexed indices (Collection)
@ <k ECU_Main Multiplexor signal name
Send Type Not Used
Comment counts number of send events
False [~]
= Scaling
Diata Type False
Default Value U]
Factor 1
Offset 0
Min 0
Max 15
Unit
Counter Signal
Indicates if signal shall be used as counter (only for signals of TX frames).
-srglzgtlléle can only be changed if data type SIGNED or UNSIGNED is

This signal is now used as a counter. This is indi-
cated by the "123" symbol in the comment field.

Note

The option "Use as Counter" is only available for
whole-number data types.
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3.5.7

e You can undo this by deselecting this option.

Note

The min/max values of the signal properties are also valid for counter signals!

User-Defined C Code

LABCAR-NIC enables the user to add further user-defined code to the code gen-
erated automatically a message to manipulate or extend the content of the mes-
sage. This is true of both the "physical” part (the signals) and of the byte array
ultimately generated.

The situation is illustrated once more below to clarify the access possibilities
using user-defined code.

Signal Flow of a Send Message and Possible Access

The entire signal flow of send messages from the model to the CANbus is shown
as an overview in Fig. 3-12.

User User
Code Code

Message GUI

o

6' User User
o) g Code Mo L | afw [ w o o o] Code §
o e R —z
= = \ — S

_5, “Phys*” Hex"

(7}

Fig. 3-12 Signal Flow with Send Messages (see Text)

In addition to manipulation possibilities offered by the Signal List, it is possible to
influence the content of messages either via the message GUIs described (see
"Instrumentation for the CAN Simulation" on page 133) or with user-defined C
code (see the following section).

Note

Please note that due to access further right, any code previously changed will
be overwritten again!

The situation with receive messages is similar: Changes to the left will overwrite
previous changes.

Below, you can find sample code and the description of how you can add this
code to the message code.
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Procedure

Once the CAN configuration has been saved, the directory shown below con-
tains the header file CANCode . h, the function declarations and the declaration

of the structures for the signals.
4 0 TutoriaIProject_SZU
.. CANDbs
| Bus_0_Mode_ 0 _IdleCtrl.lcp
| Bus_0_Mode_0_IdleCtrl.olcd

1. Docs
» | Experiments

. InternalMappingFiles

|| CANCode.c

. ModelData N Eartal
n ode,

4 | Target RTPC

) =8 ] CAMCenfiguration.xml

4 | CModules
|| CAMHelpers.c

4 | CANModule
|| CAMHelpers.h

. CANDbs

| CANMeodule.att
| CAMNMeduledmd

. Warnings.log

. MewCANModule
> |. codegen
K OS5
. RTIO

To add user-defined code

e |f you want to add your own code, set "Embed
user-defined C code (electrical)" or "Embed
user-defined C code (physical)" to "True".

= E‘ NewCANModule (Protocol: CAN) 1
=l gil Bus_D
@ 2 ECU_AirConditioner = -
& 2 ECU_Dashboard E EBCInfnrnﬁmn
N X Source fra Motor
B 2 ECU_Engine : IDLECTRL
&1 B variant Station ECU_Engine
=l [W]i-2 777std_Mator a6 1
[~] Counter Name Motor
[~] EngineSpeed Frame |dentifier 777
[ & ECU_Main DLC 5
% - Protocol CAN
Frame Format STANDARD
Frame Format Type NORMAL
Frame Send Type cyclicX
Cycle Time [ms] 5
Enabled False
Direction 1p.4
Initizl Diata Byte Fattern Ox DO
Bl User Code
False [~
Embed user-defined C code (physical]
False

e To apply the changes, click Save.
e Open the CANCode. h file with a suitable editor.

This file contains the function declarations for the
frames edited above. Using these functions, you
can access the physical signals as well as the byte
array of the frame. CANCode . h also contains the
structures for the relevant signals.

e Adda"#include CANCode.h" toyour C filesso
that the function and structuredeclarations are
known.
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e Select Project — Options and the "Modules" tab
from the main menu.

Tutorial_Project 531 _01 Options

General | Modules | Events

RTPC
i |dleCantroller
C_Code

Module Properties

Link to Extemal Files

Matlab Search Path

Parameterization M-Files

Step Size Factor |4 Use Links Within Model

[ ok ][ cancel || Heb

e Select the CAN module and click the Link to Exter-
nal Files button.
The "Select External Files for Compilation and Link-
ing" window opens.

e Select the source file(s) to be linked ("Examples"
on page 132) and click the > button (multiple selec-
tion is possible).

Note

You can only select C files which were stored in the
project directory under \Target RTPC\
CModules\CAN Name of CANdb fileorina
subdirectory.
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e The file(s) selected is (are) shown in the right-hand
window.

Select External Files for Compilation and Linking

Module Path [:ALCO_ProjectshTutorial_Project_520_034T arget_RTPCACModules\MewCaMModule
Current Path $[ChoduleDirsHewCANModule

Select Additional Include Directories and Source or Object Files

Select Directory: Selected Include Search Paths:
[éJ Farent
2] NewCANModule
) CANDbs
Select File: Selected C Source Files and Object Files:
[ACAMCode.c] $CModuleDir\MNewCaMModuletchecksum. o

$CModuleDirMWewCaMModulecounter. o

Select File: Selected Library Files:

[ (] 8 J [ Cancel

e (lick OK.

These files are always compiled and linked in future
code generations.

e Quit the "Modules" tab with OK.
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Examples

Below, there are two examples of user-defined code:
Message Counter (counter.c):
/*
Example file "counter.c" for NIC training © 2001- 2007 by ETAS GmbH
-- All rights reserved --
This file defines the function "userManipulationPhysical 777std_Motor"
The function increments the CAN message signal "Counter" on every
send event of the CAN message "Motor" with the ID 777. If "counter"
scores to 15 it is reset to O.
*/

#include "CANCode.h"

void userManipulationPhysical NewCANModule Bus_0_ ECU_Engine_
777std Motor ( int32 t inputTrigger,
NewCANModule Bus 0 ECU Engine 777std Motor PhysValues t* signal-

Structure )
{
static int counter = 0;
signalStructure -> Signal Counter = counter;
(counter <= 14) ? (counter++): (counter = 0);
}
Note

The "counter.c" example only works with frames sent cyclically (Frame Send
Type = cyclicX, see "Frame Send Type" on page 121).

Calculation of a Checksum (checksum.c):

/*

Example file "checksum.c" for NIC training © 2001- 2007 by ETAS GmbH
—-- All rights reserved --

This file defines the function "userManipulationByteArray 777std Motor"

The function sets the last but not last byte in the byte array([0..4] of

a CAN message "Motor" (ID 777) on every send event of the message
according to a checksum algorithm.
*/

#include "CANCode.h"

void userManipulationByteArray NewCANModule Bus_0_ECU_Engine
777std Motor ( uint32 t* id, uint64 t* dlc, unsigned char* byteArray )
{

static unsigned int Checksum = 0;

unsigned long Motor ID = *id;

unsigned long Motor DLC = *dlc;

Checksum = Motor ID + byteArray[0] + byteArray[1l]

+ byteArray[2] + byteArray[3];
Checksum = (Checksum + (Checksum >>8)) & Oxff;

byteArray[4] = Checksum;
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3.6 Instrumentation for the CAN Simulation
Monitor".

3.6.1

B b LABCAR

Working with LABCAR-IP

If a CAN residual bus simulation is executed with LABCAR-NIC V5.4.0, there are
special instruments in LABCAR-EE for CAN messages as well as a "CAN Bus

CAN Modules in the "Workspace Elements" Window

E7] tﬂ Hardware
= E NewCANModule
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= ;]j Bus_0

@ [ ECU_AirConditioner

# u_j ECU_Dashboard

= 2] ECU_Engine

& [ ECU_Main

W G- AverageCycleTimeOfMessages
@ BusQuietCycleTime

Bl += BusQuietMumberOfActivations
B C-] ByteArrayOfMessagel

W C-] ByteArrayOfMessagel

W C-] ByteArrayOfMessage?

B C-] ByteArrayOfMessaged

W C-] ByteArrayOfMessaged

B C-] ByteArrayOfMessages

B C-] ByteArrayOfMessages

W C-] ByteArrayOfMessage?

B C-] ByteArrayOfMessaged

W C-] ByteArrayOfMessaged

B+ CANTIime

B C-] CurrentCycleTimeOfMessages
W -] DLCOfMessages

WC-] IDs0OfMessages

i nportBusEnabled

B -] MaximumCycleTimeOfMessages
B C-] MinimumCycleTimeOfMessages
B C-J NumberOfActivations

M+ NumberOfMessages

B »=r PGNRequestNumberOfActivations

M -] TimesOfLasthctivation

i+ @ Hardware
= E NewCANModule
= Bus_0
@ [ ECU_AirConditioner
i u_j ECU_Dashboard
= 2] ECU_Engine

= ] CANParts
= 2] variant
.bﬂ InpartPartEnabled
@ »=+ PartEnabled
= % 777std_Maotor
W+ AverageCycleTime
B C-] ByteArray
.)ﬂ Counter
B »= Counter_Hex
@+ Counter_Hex_Manip
@+ Counter_Mode
B »= Counter_Phys
@+ Counter_Phys_Manip
B »= Counter_SendMaode
Bl += CurrentCycleTime
.)ﬂ CycleTime
@ ¥ CycleTime_Param
W= DLC
@+ DLC_Param
@+ DLC_Param_Manip
Ibﬂ EngineSpeed
[+ EngineSpeed_Hex
@ = EngineSpeed_Hex_Manip
@+ EngineSpeed_Mode
[ »= EngineSpeed_Phys
@ = EngineSpeed_Phys_Manip
Bl »=r EngineSpeed_SendMode
@+ InportCycleTime
.)ﬂ inTrigger
@ +=+ ManualEnabled
B+ MaximumCycleTime
B »= MinimumCycleTime
B += NumberOfActivations
.ﬂ) RemoteTrigger
i singleshot
@+ SingleShot_Param
B += TimeOfLastActivation
.ﬂ) TimeStamp
B += IsSimulated

Fig. 3-13 The CAN Module in the Workspace Elements
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The CAN module is shown in Workspace Elements with the following hierarchy.

Bus

This folder contains folders for the nodes and the following measure values and
parameters (see Fig. 3-13 on page 133, left-hand part):

AverageCycleTimeOfMessages

Array with n elements that contain the average cycle times of the n
unspecified messages.

BusQuietCycleTime

The periodic transmit rate of the BusQuiet (DM13) message
BusQuietNumberOfActivations

Number of transmits of DM13 message
ByteArrayOfMessagen

Arrays via which the unspecified messages are available. The number n of
these messages is defined in the CAN Editor of LABCAR-IP (Options)
under "No. of Unspecified Messages".

CANTime

The time scale for the CAN residual bus simulation — its zero point deter-
mined the first time the CAN send process is executed. By default, the
CAN residual bus simulation is started together with the experiment itself
in LABCAR-EE.

CurrentCycleTimeOfMessages

Array with n elements that contain the current cycle times of the n
unspecified messages.

DLCOfMessages

Array with n elements that contain the DLCs of the n unspecified mes-
sages.

IDsOfMessages

Array with n elements that contain the IDs of the n unspecified messages.
InportBusEnabled

Inport for enabling/disabling a bus from the model.

— -0.5 < value of the inport < + 0.5 = FALSE: bus disabled

— Otherwise TRUE (default = 1.0): bus enabled
MaximumCycleTimeOfMessages

Array with n elements that contain the maximum cycle times of the n
unspecified messages.

MinimumCycleTimeOfMessages

Array with n elements that contain the minimum cycle times of the n
unspecified messages.

NumberOfActivations

Array with n elements that contain the number of activations of the n
unspecified messages.
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NumberOfMessages

Number n of unspecified messages
PGNRequestNumberOfActivations

The number of transmits of a PGN request message
TimesOfLastActivations

Array with n elements that contain the times of the last activation of the
n unspecified messages.

The folders for the nodes contain the "CANParts" folder with the variants and
messages of this node.

InportPartEnabled

Inport for enabling/disabling a part from the model.

— - 0.5 <value of the inport < + 0.5 = FALSE (default = 0): part disabled
— Otherwise TRUE: part enabled

PartEnabled

With this parameter, this part can be enabled and disabled during
runtime.

Messages

The individual messages have the following measure values and parameters (*
only with send messages):

Signal name

The hardware signal

Signalname_Hex

The hex value of a signal
Signalname_Hex_Manip*

The modified hex value of a signal
Signalname_Mode

Determines the mode of a signal. The following values are available:
— The value comes from the model (0)
— The physical value is modified (1)

— The hex value is modified (2)
Signalname_Phys

The physical value of a signal
Signalname_Phys_Manip*

The modified physical value of a signal
Signalname_SendMode

Measure value containing the send type of the message (see "Send Type"
on page 126): 0 = NotUsed, 1 = OnChange.
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AverageCycleTime

The average cycle time

ByteArray

The byte array of the message
CurrentCycleTime

The cycle time currently measured
CycleTime*

Inport for the cycle time (see "InportCycleTime" on page 136)
CycleTime_Param*

Parameter for specifying the cycle time
DLC

The data length code of the message
DLC_param

Parameter for the specification of a DLC defined by the user for this mes-
sage

DLC_param_manip

Boolean parameter with which the DLC specified by the user is enabled (1)
or the value defined in the CAN Editor of LABCAR-IP (0).

InportCycleTime

Specifies whether the cycle time is defined by the "CycleTime_Param"
parameter (= False) or can be stimulated by the inport "CycleTime"
(= True)

InTrigger*

Enables or disables the sending of messages (see "Enabling and Disabling
Send Messages" on page 138). A value = 0 means "FALSE"; otherwise,
InputTrigger = "TRUE".

ManualEnabled

Parameter for manually activating send messages. Corresponds to the
option "disabled" in the message GUI (see "Enabling and Disabling Send
Messages" on page 138)

MaximumCycleTime*

The maximum cycle time measured

MinimumCycleTime

The minimum cycle time measured

NumberOfActivations

Number of activations of the message

RemoteTrigger*

An outport that counts how often the message was triggered remotely.
InputTrigger

Measure variable for the "InTrigger" signal
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SingleShot*

Enables the one-off sending of a message. The parameter is of the type
"Boolean" and is automatically reset to "False" after it was set to "True"
for sending.

SingleShot_Param*

Parameter for triggering a "single shot". The same as the Transmit Once
button in a message GUI.

TimeOfLastActivation
Time the message was last activated
TimeStamp

The time stamp that is determined from the current CANTime (see "CAN-
Time" on page 134 on page 115) when the message is sent or received.

Instruments for CAN Messages

To create an instrument for displaying a message, right-click the message and
select Open CAN Message Instrument.

= {7l Board_0
= 2] Contraller_o

H zﬁi 2225k Measure | Calibrate...

CAN Messages - 111std AC Load

% P 111skd AC Load

# P 555st &dd To Datalogger
Show All HW Ports

Calibration | Parameters 3

Create Mapping File. ..

Open CAN Message Instrument %
CAM 3

An appropriate instrument for the message type is created which displays the
content of the selected message.

CAN Message ID  DLC 0 1 2 3 4 5 6 7

PP R I N N [ I I I S
Signals Hex Phys Phys Unit
AC_Coolant 0 0
AC_Load 0 0
Id 0 0

Fig. 3-14 Message GUI for a Receive Message

With a receive message, you cannot edit signals — the message and its signals are
simply displayed.
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With a send message, either the hex value or the physical value of a signal (the
other value can no longer be edited in each case) can be changed in the window.
The "Model" option simply has to be disabled for this purpose. Click Apply to
make this change valid.

CAN Messages - 777std_Motorl

138

3.6.3

CANMessage ID DLC O 1 2 3 4 &5 & 7
Motor | 777 | joojoojoojoo| -] -]~]
Signals Hex Phys Phys Unit Model
Counter | | 0 | | |

EngineSpeed | | 0 | | |

[No Trigger| CycleTime [ms]: 0

Fig. 3-15 Message GUI for a Send Message

Transmit Once results in the message being sent once on the CAN bus (see
"Single Shot" on page 138).

Under "Cycle Time [ms]", you can specify the desired cycle time for the send
message.

Note

If you use the "CycleTime" signal from the model, please observe the unit of
this parameter (seconds).

Enabling and Disabling Send Messages

If "Trigger" is on a green background, the "inTrigger" signal, which is to be
found in every send message, has the logical value "true". This signal is not from
the CANdb file but is added by LABCAR-OPERATOR - it is used generally to con-
trol send messages from the model.

In the Message GUI itself, you can exert a certain influence on the send message
as even a send message released by the "inTrigger" signal can be disabled by
selecting the option "disable". Or to put it more precisely, a logical AND opera-
tion is applied to the "inTrigger" signal and the "disable" option: the message is
only sent when "disable = false" (corresponds to "enable = true") and "Trigger
= true".

Single Shot

If the result of this AND operation is "false", this message is not sent controlled
by a timer. The Transmit Once button becomes active which results in a one-off
sending of the message.

Alternatively, a "SingleShot" signal is available for every send message (such as
"inTrigger") — a transition from 0 — 1 with this signal triggers a one-off sending
of a message.
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3.64 The CAN Monitor

To monitor traffic on the CAN bus, LABCAR-OPERATOR provides an instrument

called a "CAN Bus Monitor".

@& Standard View

' Extended View Update Time Span [sec]: I‘I 3:

Name Message ID {hex) Time Cycle Time Data Bytes {hex) Details
= Send Messages
= @ Board 0
= g Contraller 0 (Controller_0)
j Makar 7T 0,000000 0,000000 00 00 00 00 00 Cpen GUI
g Controller 1 {Controller_1)
= Receive Messages
= @ Board 0
= éﬁ Controller 0 {Controller_07)
%4 AC_Load 111 0,000000 0,000000 oo Open GLI
#4 AC_Cankral zzz 0,000000 0,000000 i} Open GUI
?ﬂ SetPoints 555 0,000000 0,000000 00 00 00 00 00 Cpen GUI

g Controller 1 {Controller_1)

Fig. 3-16 The "CAN Bus Monitor" Instrument

In addition to the name of the CAN message, shown in a hierarchy "Bus/Node",

the window contains the following columns:

More information is displayed if you select "Extended View" (at the top of the

Message ID (hex)

The message ID

Time

The message timestamp (time since the start of the simulation)
Cycle Time

The message cycle time

Data Bytes (hex)

The message data bytes

Details

If the message is known within the project, you can open a message GUI
(see Fig. 3-14 on page 137 and Fig. 3-15 on page 138) in this column
with Open GUI.

window) instead of "Standard View":

Message Count

Number of messages transferred
Mean Cycle Time

The mean cycle time

Min. Cycle Time

The minimum cycle time

Max. Cycle Time

The maximum cycle time
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The send messages listed are all those which were agreed in the CAN Editor. In
the two columns to the right, an entry only appears when the message has been
sent for the first time.

The receive messages listed are all those which were actually received on the
relevant controller. If such a message was also agreed as a receive message in the
CAN Editor, its name is known — otherwise "n/a" is specified.

The time span after which the information displayed is updated in each case can
be specified under "Update Time Span [sec]".
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LIN Modules (Network Integration LIN)

LABCAR-NIL (Network Integration LIN) is an add-on for LABCAR-OPERATOR. It
makes it possible to test ECU functions that include LIN" communication in
accordance with LIN 2.0 and LIN 2.1/LIN 2.2.

The specification of LIN bus communication can be read in from one or more
LDF? files and also adapted and extended manually. The user defines the LIN
frames to be read and written and LABCAR-NIL automatically creates code.
User-defined code can be added to this.

The signals of the selected frames are available in the Connection Manager
where they can be connected to model inputs (receive frames) and model out-
puts (send frames).

Hardware Requirements

Working with LABCAR-NIL necessitates a real-time PC with a current version of
ETAS RTPC and (at least) one LIN board of the type "iPC-I XC16/PCI"(LIN 2.0
only), "CAN-IB200/PCle" or "CAN-IB600/PCle"(LIN 2.0, and LIN 2.1/LIN 2.2)
from the company IXXAT. The LIN board does not need to be integrated in
LABCAR-RTC (Real-Time Execution Connector).

In LABCAR-IP you configure a LIN bus with a LIN module that contains the infra-
structure for the simulation of the complete LIN bus.

Every LIN module supports up to 16 LIN boards each with one (iPC-I XC16/PCl)
LIN controller or eight LIN boards each with two (CAN-IB600/PCle) or four
(CAN-IB200/PCle) LIN controllers. Code generation supports both LIN master and
LIN slave nodes.

Alternatively you can assign just one controller per LIN module and create the LIN
bus from several different LIN modules together with the existing LIN controllers.

The LIN boards need external power to be supplied via the LIN controller connec-
tion.

Creating a LIN Module

A new LIN module is created using the module wizard.
To create a LIN module

e Open the LABCAR project in which the LIN module
is to be created.

e Select the target "RTPC" in the Project Explorer.
e From the shortcut menu, select Add Module.

i | LABCAR-IP V5.2.0 BETA1 - [Tutorial_Project_520_05_LIM.lcof

File View Project Tools I

e 2 PHE 9
Project Explorer - x
- Targets Project Title 1]
=8l AT =——1Path C
g-r Add Module .
B3| Edit OSConfiguration enteryour pre

|

The module wizard opens.

! Local Interconnect Network
2-LIN Description File
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Select "Add LIN Module".

Wizard

Specify Module Type

Add Module Wizard

() Add Simulink(TH] Module
() Add C-Code Module

() Add ASCET Module

() Add CAN Module

() Add Flexray Module

@ Add LIN Module

<< Back Mewt > [

Cancel

Click Next.

Enter a name for the module.
Select the protocol version
Click Finish.

The LIN module is created and displayed in the
Project Explorer.
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3.7.2 The LIN Editor

To open the LIN Editor, double-click the LIN module in the Project Explorer.

(! LABCAR-IP V5.2.0 - [LIN_MO15] =R |EoR |
File View Project Tools ?
@ & P 6 e
Project Explarer = EEw 2
= Targets Ty Bus
o ] RTPC
Hardware
2 un_mots LIN_Ma15
- LN
20
True
False
NetworkName
Name
LDF Container be
[ T LoF i
Byte Layout P

LABCAR /[ (! Tutorial_Project_52...| (3 Connection Manager| §% 0S5 Corfiguration | < FiL Wizard 1= LIN_MO15

Time Message
&5 173133 [LIN]: Code generation completed

Messages

Ready Recommendation: Build Project HiL

Fig. 3-17 The LIN Editor
The LIN Editor shows
e the LIN network (see page 143),

e the LDF container (see page 144),

e the "Properties" window (see page 144)

and

e adisplay for the byte layout of frames (see page 145).
The LIN Network Window

This view shows the hierarchy of the network and the subordinate elements.

BB LN
= ¢ Bus
= 4k Nodel
= = cem
7 [¥]%e 02_vL1_LSM_Frm1
56 VL1_CEM_Frm1
[# _»% 60_MasterReq
= FLsm
_»? 00_NewFrame
= [ES‘J ScheduleTable_MySchedulel
[=] 00_FRAME (0.015s, VL1_CEM_Frm1)
[=] 01_FRAME (0.015s, VL1_LSM_Frm1})

Fig. 3-18 The LIN Network

For information on network structure, refer to the section "Editing the LIN Net-
work" on page 146; on its individual components to "The Component Parts of
a LIN Network" on page 149.
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The LDF Container Window

This shows the contents of one or more imported LDF files.
To display the LDF container

If the LDF containers are not displayed automatically in the LIN Editor, proceed as
follows:

e Right-click the LIN network node.
e From the shortcut menu, select LDF Container.

= L LIN

1&3”5 Add Bus Element... Ins |
Import... Ctrl+I
Export... Ctrl+E
Properties... Ctrl+P
LDF Container le Ctrl+L

The LDF Container area is displayed.

To import an LDF file

LDF files can be imported via the shortcut menu of the LDF container — the ele-
ments inside the LDF container are, however, read-only. Make sure that the pro-
tocol version of the imported LDF file matches with the LIN module.

Right-click the container and select Import LDF.

LDF Container e

Import LDF...  Cirl=I L\\)

Properties...  Cirl+P

A file selector window opens.
e Select the file to be imported.

The file is imported and its contents displayed under
the LDF container.

This process involves the creation of an LDF con-
tainer that is named after the imported LDF file.

e Repeat the last step as often as necessary.

o LDF files already imported can be removed again
using the Remove shortcut menu.

The "Properties" Window

Highlight elements in the tree views to display their properties in the "Properties”
window. Editable properties can then be edited directly in the "Properties" win-
dow.

To display properties

If the properties are not displayed automatically, proceed as follows:

e Right-click the element whose properties you want
to display.
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e From the shortcut menu, select Properties.
EEETED Properties e
& ¢ Bus 5L |E
(= % Nodel A4 | =
= [ ceM E Frame
@ [¥]R 02_vLi_Lg Frameld 2
= ="="—1 /| Enable Name VL1_LSM_Fm1
) [¥] 5 VL1_CEM | Enabled True
[+ a% 60_Master| Add Signal... Ins SizeBytes 2
= [ Lsm Direction RX
&S 00_NewFr - FrameType UNCONDITIONAL
=] ‘g ScheduleTable_MySches Copy Cirl+C Chec.:ksumMode ENHANCED
=] 00_FRAME (0.0155 Publisher LSM . :
5] 01_FRAME (0,015 Ltrl+ grélroe :I:Joﬂﬁifmm ‘example |df' al
Remove Del [ Messageld “l]“
Byte Layout... E User Code )
UserCodeElectrical Falze
Properties... R{Itrlﬂi| UserCodeRequest False
~ Name
Name of Frame
4 m | »
The properties of the selected element are displayed
in the "Properties" window.
For more detailed information on editing properties, refer to the section "Editing
Properties” on page 147.
The Byte Layout of Frames
The contents of a frame selected in the network view are shown in this area.
To display the byte layout
To display the byte layout of a frame, proceed as follows:
e Right-click the frame whose layout you want to dis-
play.
e From the shortcut menu, select Byte Layout.
The byte layout of the frame is displayed.
Sl
= !ﬁ_. Bus
= 2k Nodet
= cem
| B VI 02 VL1_LSH_Frr=
[~] InternalLights Y Enable
[~ Nev.‘SignaI Add Signal
gnal... Ins
@ [ L1_CeM_Frm1 | Brhela_wut at
[# E‘EED_MasterReq o BytelBit| 7 | 6 | 5 | 4|3 2]|1]0
CL= Copy Cil+C L A - 0 0
VIES 00_NewFrame ) 1 5 [ |n3|2{ulw|s]s
=] Q ScheduleTable_MySchedulel N
[=1 D0_FRAME (0.0155, VL1, Remove Del
[=] D1_FRAME {0.015s, VL1
Byte Layout...
Properties...  Cirl+P
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3.7.3 Editing the LIN Network

The LIN network is edited exclusively via the shortcut menu of the relevant ele-
ment. The elements contained in a network are described in the section "The
Component Parts of a LIN Network" on page 149.

Note

The properties of elements of the LDF container can not be edited, but an LDF
container element can be used to create a corresponding element in the LIN
network by copying or moving.

To edit the network, there are a number of items in the shortcut menu of the
relevant elements of which several can be used on a multiple selection (of ele-
ments of the same kind).

To add elements

e Highlight the higher-ranking element and select
Add (Element) from the shortcut menu.

Note

Names of parts, frames and signals can only contain
characters permissible for ANSI-C identitiers.

To remove elements

e Highlight the element and select Remove from the
shortcut menu.

To copy elements

e Highlight the source element and select Copy from
the shortcut menu.

e Highlight the higher-ranking target element and
select Paste from the shortcut menu.

To copy element properties

e Highlight the source element and select Copy from
the shortcut menu.

e Highlight the desired target element and select
Paste from the shortcut menu.

To move elements

e Highlight the source element.
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e Use the mouse to drag the highlighted source ele-
ment to the higher-ranking target element and then
release the mouse button.

Note

The actions described above are not always permissible — in these cases, the
relevant item in the shortcut menu is either disabled or not available.

Editing Properties

The properties of an element of the LIN network can be edited in the "Proper-
ties" window. Some properties of some elements (such as the PID of a LIN frame)
cannot be edited as they are calculated automatically. These properties are
grayed out in the "Properties” window. The properties of the elements of the
LDF container cannot be edited either.

To display the "Properties" window

e Highlight an element and select Properties from
the shortcut menu.

The "Properties" window is displayed in the LIN Edi-
tor.

To edit properties of several elements

If several elements of the same type are highlighted in the network, the proper-
ties that all selected elements share are displayed.

e Open the "Properties" display.

e Use the mouse to select the desired elements while
keeping the CTRL key pressed down.

Note

If a property that identifies an element within its higher-ranking element (e.g.
a signal name within a frame) is modified when editing several elements, an

error message may be issued if the property of another element of the same
higher-ranking element is also given the same value.

Validation

Before the LIN module is saved, the LIN network is validated. This includes for
example the verification of aspects of the LIN specification that are relevant for
code generation. Error messages are displayed in the log window.

Note

Ignoring error messages can lead to compiler errors or undesired runtime
behavior during the build process of the project.

Modules

Several LIN modules can be created within one LABCAR-OPERATOR project.
These modules can be configured independently of one another although a LIN
board can only be used in one particular module.
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Networks

Within a LABCAR-OPERATOR LIN module, the root node in the tree view corre-
sponds to a LIN network — bus elements are ordered under a network. LIN net-
works can be imported and exported.

The hardware topology of a module is stored in the LINConfiguration.xml
file. This file refers to the configuration files of the parts (*.11p) and schedule
tables (* . 1sc) contained in the network topology. All files are stored within the
module directory.

To export a network

e Right-click the LIN network and select Export.

=1 B LN ) ]

o g Bus Add Bus Element... Ins
= 4 NewNode Import... Cirl+I

= [ variant
= s Export... L\\, Ctrl+E
Properties... Ctrl+P

= [ variant
= O LDF Container Ctrl+L

i~ CSDO7

e Select an existing folder or create a new one and

then click OK.
The files are created in a directory named after the
LIN module.
4 |) LCO_Projects i Mame ‘ Type Date modified Size
> 1. E_Machine . .
|| Bus_MewMNode_Variant.llp LLP File 4/22/2013 6:13 PM
4 | Module Data X X
|| Bus_MewMode Variant_1.llp LLP File 4/22/2013 6:13 PM
. Brake_System X
|| LIN_MD15.Imd LMD File 4/22/2013 5:31 PM
, CANdb ]
|| LINCede.c CFile 4/22/2013 5:31 PM
§ 11939 || LNCedeh H File 4/22/2013 5:31 PM ¢
o LIN_MO015
= =] LINCenfiguration.xml XML Document 4/22/2013 6:13 PM

. Simulink_IdleController
> SimulinkModels
> | XCP

To import a network

e Right-click the LIN network and select Import.
A file selector window opens.
e Select the file LINConfiguration.xml.

Note

Files containing user-defined C code (*.c and *.h) (see "User-Defined C Code"
on page 163) are not exported or imported. These have to be transferred man-
ually if they are needed.
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The Component Parts of a LIN Network

This section contains a description of the component parts of the LIN network in
LABCAR-IP.

These are:
e "LIN network" on page 149
e "Bus" on page 150
* "Nodes" on page 152
e "Schedule Tables" on page 152
e "Commands" on page 153
e "Parts" on page 153
e "Frames" on page 156
e "Signals" on page 159

LIN network

The global properties of the LIN network are displayed when it is selected in the
"Properties" window.

= L LIN X
=l 7 Bus
= 4 NewNode
=R i
= B variant LIN_MO15
= []=2 00_NewFrame ) LN
=] Newsignal LIN Specification 20
= WVariant_1 IsHardwareNetwork True
= D»? 00_NewFrame lgnoreMiniax False
~| CSDO7
Network:

¢ NetworkName
Editable name of the LIN network
¢ NetworkKey
Unique network ID (is generated automatically)
* LIN Specification
LIN 2.0 or LIN 2.1/2.2
¢ IsHardwareNetwork

Specifies whether this is a real network with configured hardware or a
network in an LDF file.

e Ignore Min/Max

Ignores the Min/Max restrictions of signal values. If this option is set, the
physical signal values are not limited by the Min/Max restriction in the sig-
nal properties (before these are converted to electrical signal values).

LABCAR-OPERATOR V5.4.0 - User's Guide

149



Working with LABCAR-IP ETAS

Bus
EREET Properties
& ¢ Bus =4 |
(CES ¥4
B BaseRate
BaseRateMode AUTOMATIC
Eaze Rate Manual Value [s] 01
Base s] 0.005
i3 ic Value [s] 0.005
BoardType DXXAT_IB200_LIN
Board|d 0
E Controller
Controllerld 0
BaudRate 19200
Mode MASTER
= Diagnostics
DiagnosticMode True
DebugManitor True
Base Rate:

The "BaseRate" property defines the rate at which communication between the
LABCAR-OPERATOR project and the selected LIN module controller takes place.

The current value of BaseRate is shown in the "Properties" window of the con-
troller — it is determined in accordance with the following controller properties:

e BaseRateMode

"BaseRateMode" specifies how "Base Rate" is to be determined. "Base
Rate" can be calculated

— manually ("MANUAL")
or
— automatically ("AUTOMATIC")

In automatic calculation, a double or quadruple overclocking
("AUTOMATIC2x" / "AUTOMATIC4x") can be selected.

¢ Base Rate Manual Value [s]

"Base Rate Manual Value" is the desired rate entered manually by the
user.

e Base Rate [s]
The base rate
e Base Rate Automatic Value [s]

"Base Rate Automatic Value" is calculated from the greatest common
divisor of all values of the "Delay" property of all commands as well as all
values of the "Base Rate" property of all parts under the selected control-
ler. The "Base Rate" property of a part is defined by the parameter "Mas-
ter Time Base" from the imported LDF files. This property of a part can
also be modified later.
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Board:
e BoardType

Type of board used ("iPC-I XC16/PCI", "CAN-IB200/PCle" or
"CAN-IB600/PCle")

e BoardID
Unique identifier of the board within the network
Controller:
e ControllerID
Unique identifier of the controller on a board

Note

On the CAN-IB200, channel 1 is mapped to controller 1 and channel 2 is
mapped to controller 0!

e BaudRate

The transfer rate of the controller
e Mode

"MASTER" or "SLAVE".

Note
There can only be one controller in "MASTER" mode within a module!

Diagnostics:

The following properties are available to support the execution of diagnostic
tasks:

e DiagnosticMode

If this property is enabled (" DiagnosticMode" property = TRUE), Boolean
calibration variables are generated allowing you to prevent communica-
tion on non-diagnostic frames (calibration variable = TRUE) or to allow it
(calibration variable = FALSE) during experiment runtime.

e DebugMonitor

If this property is enabled, measure variables are generated that make it

possible to observe communication between the module and the available
controllers during experiment runtime.

Corresponding measure variables are created for sent and received frames
(master and slave) as well as for sent frame headers of requested frames
(master only). These show the complete contents of all bytes transferred
recently.

Note

As the communication between the module and the controller takes place at a
higher rate than with the base rate set (the data of several frames is exchanged
in every cycle), these measure parameters are not suitable for recording com-
munication without loss.
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Nodes
EREET Properties b
=l 7 Bus =4 l |
[GES ¥ A
= 2k NewNod
SRR B BaseRate
Eaze Rate [5] 01
El Node
Source
Base Rate:

The following property is available for a part for configuring the time behavior:
e Base Rate []

The base rate of a part is defined by the parameter "Master Time Base"
from the imported LDF files.

This property of a part can also be modified later. The "BaseRateAutomat-
icValue" property (see "Base Rate Automatic Value [s]" on page 150) of a
controller is calculated using the base rate.

Node:
e Source
Source of the node (after import)

Schedule Tables

A schedule table is assigned to a higher-ranking controller (in Master mode).
Commands are arranged under a schedule table (see "Commands"”
on page 153). Within the module the content of a schedule table is stored in files
with the extension . 1sc.

Schedule tables have a unigue name within the network. If a schedule table with
a given name already exists, a number is added to the name of the schedule table
to be added as a suffix.

To modify startup behavior

e Highlight the schedule table and enable or disable
Use as Startup in the shortcut menu.
Note

Only one schedule table can be marked as "Startup" within a controller. If a
different schedule table is marked as "Startup", the previous highlighting is
removed.
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Commands

A command is assigned to a higher-ranking schedule table. Commands are iden-
tified by a unique position within a schedule table. Commands are processed in
the order of their position.

To change position

e Highlight the required command and select Move
Up or Move Down from the shortcut menu.

Note

The position of a command can also be modified via the "Properties" window.
If the position of a command changes, the positions of other commands may
well be adjusted automatically accordingly. The "Position" property of a com-
mand is unique for every command of a schedule table.

To create a user-defined command

In addition to the possibility of importing a command from an LDF file, you can
also create user-defined commands.

e Highlight the higher-ranking schedule table and
select Add Command from the shortcut menu.

=B
= 4 Bus
= 4k Nodel
= [ cem
# V]9 02_VL1_LSM_Frm1
# [¥]Eg VL1_CEM_Frm1
7] _~% 60_MasterReq Add Command @
= [ Lsm
_»? 00_NewFrame ) Type [FR}\ME v]
=l ] ScheduleTable_Mygehadulas 1 100 -
[=] 00_FRAME (0. Add Command... L\\, Ins Delzy [ms] ad
[=] 01_FRAME (0. Copy Cirl=C Pesition 2 =
[ ok [ Canesl |
J  Useas Startup Crl=U
Remove Del
Properties... Ctrl+P
Note
When creating a user-defined command, you initially only have to specify the
general parameters — "Delay" and "Position". The specific parameters for the
type of command can then be modified in the "Properties" field.
Parts

A part is assigned to a node; frames are arranged under a part. Parts can be
imported and exported. Within the module the content of a part is stored in files
with the extension . 11p.

Parts have a unique name within the entire network. If a part with a given name
already exists, the name of the part to be added is extended with a consecutive
number.
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Prioritization, Enabling and Disabling of Parts

Parts are used to model variants of a network node. For this purpose, copies of a
part can be created including all frames and signals defined beneath this part.

Parts can be enabled and disabled using "Enabled". The processing of the
frames and signals of this part can be controlled using "Priority": Parts with a
higher priority overwrite the inputs and outputs of the parts with a lower priority
in every simulation cycle.

EEE
= %5 Bus
= 4k Nodel
= [ cEm A
& 3< 03 VL1, L5M. Frmi EnforoeSend,:\tFlrstC;cle True
onfiguredMAD 0
# [¥]Eg VL1_CEM_Frm1 Supplierld 0
# [V]5R 60_MasterReq Functionld 0
£} LSM ariantld 0
] [ES'J ScheduleTable_MySchedulel AutomaticDiagnosticRequests  True
E Part
Name CEM
Source
Priority 0
Enabled True
Part:
e Name
The name of the part
e Source
Source of the part (after import)
e Priority

With this property, you can specify the priority of the part. The priority
must have a unique value — parts are run according to their priority.

e Enabled

Every part can be enabled or disabled (regardless of the other parts) during
experiment runtime. If a part is disabled, communication of all frames
under the selected part is prevented.

Note

Variant handling during experiment runtime is possible with the properties
"Enabled" and "Priority".

Diagnostics:

The following properties are available to support the execution of diagnostic
tasks:

¢ EnforceSendAtFirstCycle

To optimize performance, the code is generated so that the data of a
frame to be sent is only written to the controller transmission buffer if at
least one frame signal has changed since the last transmission.

In the first cycle of the simulation, the frame with the configured start
values of the signals is written to the transmission buffer. If the "Enforce-
SendAtFirstCycle" property is disabled ("FALSE"), this initialization of the
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transmission buffer is prevented. This can be used to simulate one part not
yet taking part in network communication at the beginning of the simula-
tion.

ConfiguredNAD
Supplierld
Functionld
Variantid

These properties identify the node defined by the part in the network. This
is necessary for the automatic handling of the ASSIGN NAD and LIN
PRODUCT ACTIVATION commands.

AutomaticDiagnosticRequest

This property makes it possible to enable code generation for the auto-
matic handling of the commands ASSIGN NAD and LIN PRODUCT
ACTIVATION in accordance with the LIN specification for this part. The
automatic handling of these commands only takes place on controllers in
slave mode.

Note

If this property is enabled, a measure variable is created for this part show-
ing the current value of the network address "Current_NAD".

To export a part

e Highlight the part to be exported and select Export
Part from the shortcut menu.

A file selector window opens.
e Select a directory and a file name and click OK.
The part is exported.

To import a part

e Highlight the higher-ranking controller and select
Import Part from the shortcut menu.

A file selector window opens.
e Select a file and click OK.
The part is imported.
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Frames

A frame is assigned to a higher-ranking part; signals are arranged under a frame
(depending on the type of frame).

In addition to the "Properties" window, the "Byte Layout" window can also be
displayed for frames. This shows the byte allocation in the payload of the frame
with the signals.

To display the byte layout

e Highlight the frame and select Byte Layout from
the shortcut menu.

Note

If errors occur in the byte layout, e.q. by two signals overlapping or the incor-
rect specification of the length of a signal or frame, the incorrect bits are
shown in red.

EREET
= 4 Bus
= 4k Nodel
= [ cem
& [F]%1 02_VL1_LSM_Frm1 E:::'d ‘Zm LSM Frnl
(5 VL1_CEM_Frm1 Enabled Tue
@ [VI 60_MasterReq SizeBytes 2
# = Lsm Direction RX
# [ES'J ScheduleTable_MySchedulel FrameType UNCONDITIONAL
ChecksumMode ENHANCED
Publisher LSM
Source Imported from ‘example Idf’ at
FID 66
Messageld 0
El User Code
UserCodeElectrical False
UserCodeReguest False
Name
Name of Frame
Frame:
¢ Frameld
ID of the frame
¢ Name
Name of the frame
e Enabled
Frame enabled in simulation ("TRUE") or ("FALSE")
e SizeBytes

Size of the frame (in bytes)
e Direction
Transport direction (TX = send, RX = receive)
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¢ FrameType

Type of frame:

— UNCONDITIONAL

— SPORADIC

— EVENTTRIGGERED

— DIAGNOSTIC

— USERDEFINED
e ChecksumMode

Mode for checksum calculation

— CLASSIC

— ENHANCED
e Publisher

Editable name of the sending node (is taken from LDF)
e Source

Source of the element
e PID

Protected identifier of the frame (calculated value)
e Messageld

Optional message ID of the frame for using the command
ASSIGN_FRAME_ID

User Code:

This is where you can specify whether user-defined C code should be added to
the frame (see "User-Defined C Code" on page 163).

e UserCodeElectrical

This code is called before sending or receiving a frame and enables access
to the frame payload.

e UserCodeRequest
This code is called after a frame request has been received.

LABCAR-OPERATOR V5.4.0 - User's Guide 157



158

Working with LABCAR-IP ETAS

To create a user-defined frame

In addition to the possibility of importing a frame from an LDF file, module or
part, you can also create user-defined frames.

e Highlight the higher-ranking part and select Add
Frame from the shortcut menu.

Add Frame @
Name:
Type: [UNCONDITIONAL -
Direction: [TX v]
Frame Size [‘I v]
1D: 0 :
Checksum: [ ENHANCED -

Note

Within a part, the combination of the ID of the frame and its name must be
unique!

Note

Not all combinations of the parameters of a frame are permissible!
For example, the combination of the properties
- Type = DIAGNOSTIC,
- the send direction
and
- the controller mode
automatically results in the ID of the frame.
If, with certain combinations, individual parameters can no longer be freely
selected or only selected with a limited value range, the relevant input fields are
disabled or their value range limited accordingly. If the input were to result in
serious errors in the configuration, the input mask cannot be closed with OK.

To enable and disable frames

Several frames with the same ID may be defined within one part providing they
each have a different name. For the purposes of code generation, however, only
one frame with a specific ID can be enabled in one part. The other frames there-
fore have to be excluded from code generation.

e Using the network tree view: Enable or disable
the checkbox next to the frame icon in the network
tree view.

e Using the shortcut menu: Highlight the frame
and enable/disable it in the Enable shortcut menu.

e Using the "Properties” window: Open the
"Properties" window and edit the "Enabled" prop-
erty ("True" or "False").
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To remove a frame

e Select Remove from the shortcut menu of the
frame list.

The frame is removed.
To sort frames by name

Frames are normally sorted by frame identifier.

e To sort the frames by name, right-click the module
name and select the option Sort by Frame Name.

EEEED EEEED :
= 7 Bus 5 1 Bus Add Bus Element... Ins
= <k Node = =k Node Explore... Ctrl+R
= [ variant = [ variant
Sort By Frame Name . Ctrl+F
g 01_Frame3 g 03_Framel J Y L\\) 0
]2 02_Frame2 ﬁ ]2 02_Frame2 Import... Cirl+]
s s
[#]== 03_Framel ]2 01_Frame3 Export... Ctrl+E
Properties... Ctrl+P
LDF Container Ctrl+L
|

Signals

A signal is assigned to a higher-ranking frame: The name of a signal under this
frame must be unique.

ELEE >
= (ﬁ_\ Bus
= =k Nodel ="
= = cem B Scaling
e Data Type UINT
5 B9 f2_yL1 LS Pl Default Physical Value 0
o) T Lo Default Electrical Value 0x00000000
[~=] NewSignal Factor L\\) 1
# [¥]Eg VL1_CEM_Frm1 Offset 0
# a% 60_MasterReq Min 0
@ [ Lsm Max 3
- Unit
# ‘a ScheduleTable_MySchedulel o Signal
MName Internal Light=Switch
Start Bit 0
Length [Bit] 2
Publisher
Comment
E User Code
Usercode electrical False
Usercode physical False
Name
Unigue Name of Signal within Frame
Scaling:
e Data Type

"UINT", "BOOLEAN" or "BYTEARRAY"
e Default Physical Value
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Default Electrical Value

A signal of a frame can be assigned a default value. If the signal is con-
nected to another signal in the Connection Manager, this value is ignored.

The advantage of the default value is in the import/export of LIN modules
as the default value is then also available if the LIN module is used again
in another LABCAR-OPERATOR project.

Factor, Offset
A factor a and an offset b for the for scaling the signal
Min, Max

This is where limits for a plausibility check are specified (see "Min/Max
Values" on page 127)

Unit
The physical unit of the signal

Signal:

Name

Name of the signal

Start Bit

Start bit of signal

Length

Signal length (in bit)

Publisher

Editable name of the sending node (taken from LDF)
Comment

An (optional) comment
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To create a user-defined signal

e Highlight a frame and select Add Signal from the
shortcut menu.

Add Signal =
Mame: Mew Signal2
SatBit 3 -
Length Bits |2 -
DataType:  [UINT -]
[ 0K || Cancel |

Note

Not all combinations of the parameters of a signal are permissible!

For example, the property "Signal Type = BOOLEAN" automatically results in
the length of the signal.

If, with certain combinations, individual parameters can no longer be freely
selected or only selected with a limited value range, the relevant input fields are
disabled or their value range limited accordingly. If the input were to result in
serious errors in the configuration, the input mask cannot be closed with OK.

Associations

An "association" is the link of an unconditional frame to an event triggered
frame or sporadic frame. An association is assigned to a higher-ranking frame.

The association is shown in the network tree view as a link of the unconditional
frame under the assigned event triggered frame or sporadic frame.

= DifferentPart

_ﬁ’ 1Z_UnconditionalFramme
= Mokar
[# _f:' 01_Mokor

_ﬁ’ 11_UnconditionalFramme
= '?a,,ﬁ 13_EventTriggeredFrame
4 11_UnconditionalFrarme

A Frama_ 12 nof n part

The above example shows an event triggered frame (ID 13) with two associations
with the two unconditional frames ID 11 and ID 12.

An event triggered frame or sporadic frame can have associations with several
unconditional frames, but only one unconditional frame can be in the same part
as the event triggered frame or sporadic frame. Associations to unconditional
frames that are defined in a different part are thus shown grayed out.

To generate an association

e Use the mouse to drag the unconditional frame to
an event triggered frame or a sporadic frame and
then release the unconditional frame.
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To remove an association

e Highlight the association to be removed under the
higher-ranking event triggered frame and select
Remove from the shortcut menu.

To edit an association

e Highlight the higher-ranking event triggered frame
and select Associations from the shortcut menu.

The "Edit Associations" window opens.
= Eun

= g Bus
(= 4 Node
= [ DifferentPart
=2 12_UnconditionalFrame

= [ Motor - e
2 01_Mot Edit Associations [
& [¥]E2 01_Motor
i :
. f i;’zmt":‘tm”alﬁme Usz 1D Uncondtional Frame Bxtemal Event Trggered Frame
= Uz 13_EventTriggereg=——————
4 11_Unconditiong Enable [0 |01 | Mator
59 Frame 12 notin 11 | Uncondttional Frame
Associations... l,\\, q
Copy Ctrl+C
;
emeve bel Note: Only one single association sllowed
Byte Layout...
Properties... Crl=P

e Select the unconditional frame (within the same
part) to be associated with the event triggered
frame or sporadic frame. Only one single uncondi-
tional frame can be selected.

Note

Associations of unconditional frames of the
higher-ranking part with other event triggered
frames or sporadic frames are shown grayed out.
These associations can only be modified by editing
the other event triggered frame.

Event Triggered Frames

¢ In the case of an association with an event triggered frame, both the mas-
ter and the affected slaves must be aware of this relationship. The associ-
ation between an event triggered frame and an unconditional frame must
therefore be specified in every affected part.

e For parts under controllers in master mode, the direction of the event trig-
gered frame and the unconditional frame must be RX (reading), under
controllers in slave mode TX (sending).

Sporadic Frames

* In the case of an association with a sporadic frame, only the sending part
has to be aware of this relationship.

e For all parts in which this kind of relationship occurs, the direction of the
sporadic frame and the unconditional frame must be TX (sending).
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User-Defined C Code

In LABCAR-NIL it is possible to add further user-defined code to the automatically
generated code to manipulate or extend the content of frames or signals. With
signals, this applies both to the physical representation (scaled and with physical
units) and for the electrical representation (unscaled and without physical unit).

¢ Send Frames

The payload of the frame can be manipulated just before sending — use
the "UserCodeElectrical" property of the frame for this purpose.

e Receive Frames

The payload of the frame can be manipulated right after receiving — use
the "UserCodeElectrical" property of the frame for this purpose.

* Frame Header

The requested frame header can be manipulated just before sending (only
for controllers in Master mode) — use the "UserCodeRequest" property of
the frame for this purpose.

¢ Send Signals

The signal can be manipulated right after reading the inport as a value of
the type "double" — use the "UserCodePhysical" property of the signal for
this purpose.

The signal can be manipulated just before being added to the payload of
the frame as an electrical value (unscaled and without a physical unit) as a
value of the type "uint64" — use the "UserCodeElectrical" property of the
signal for this purpose.

* Receive Signals

The signal can be manipulated right after being extracted from the pay-
load of the frame as an electrical value (unscaled and without a physical
unit) as a value of the type "uint64" — use the "UserCodeElectrical" prop-
erty of the signal for this purpose.

The signal can be manipulated just before writing the outport of the LIN
module as a physical value (scaled and with a physical unit) as a value of
the type "Double" — use the "UserCodePhysical" property of the signal

for this purpose.

Procedure

After the LIN configuration has been saved, the module directory contains the
header file LINCode . h that contains the function declarations for inserting the
user code.

At the end of the LINCode . h file, there is a comment line

// Declarations for user code insertion:

The function calls of the user-defined code are declared below this comment line
— these functions must be implemented in the user-defined code.
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To declare user-defined code

Edit the properties
"UserCodePhysical "
—  "UserCodeElectrical"

and

"UserCodeRequest"

of the frames and signals to which you want to add
user-defined code.

= EdLn x
=l 7 Bus
= 2k NewNode
= DifferentPart
- @ g 12_UnconditionalFrame Data Type UINT
- Default Physical Value 0
= 5 Motor Default Electrical Value 000000000
= [ 01_Moter Factor 1
[~ TMot Offset 0
[¥]=% 11_UnconditionalFrame Min 0
# ?Q 13_EventTriggeredFrame Ma?( 3
75 Bus_1 Unit
= Signal
Mame TMot
Start Bit 0
Length [Bit] 2
Publisher
Comment
E User Code
Fal -
Usercode physical o
|False
Usercode electrica |
Embed Electrical User Code for Signal

Select File — Save to save the module.

Use an appropriate editor to open the LINCode . h
file in the module directory.

Copy the function declarations of the user-defined
code into a text file.

Name this text file for example UserCode.c and
store it within the LIN module directory.

To your C-file UserCode. c add the line
#include "LINCode.h"

so the function and structure declarations are
known.

Implement the user-defined code in UserCode.c.
In the main menu, select Project — Options.
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e In the Options window, select the "Modules" tab.
LINSlave.lco5 Options

General | Modules | Events

RTPC

i IdleController
CaNMadule
Conversiontodule

Module Properties

Link to Extemal Files

Matlab Search Path

Parameterization M-Files

Step Size Factor |4 Use Links Within Model

[ ok ][ cancel || Heb

e Select "LINModules" and click Link to External
Files.

The "Select External Files for Compilation and Link-
ing" window opens.

e Select the source file(s) to be integrated.

Select External Files for Compilation and Linking

Module Path D:ALCO_ProjectshLIN_ProjectsTarget_RTPCACModules\LIN_Temp
Current Path $CModuleDirsLIN_Temp

Select Additional Include Directories and Source or Object Files

Select Directory: Selected Include Search Paths:
[éJ Farent

ZILIN_Temp

Select File: Selected C Source Files and Object Files:
C $CMoaduleDirsLIN_TempALINCode.c

Note

Only files in the module directory can be selected.

The selected files are shown in the "Selected C
Source Files and Object Files" field.

e C(lick OK.

These files are then always compiled and linked
when code is generated.
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e Exit the "Options" tab using OK.

Data Types and Structures

The following data types and structures are used in the function declarations of
the user-defined code for manipulating a frame:

Constants

/* The following constants are used for the "mtype" field in
ixxat 1lin header t: */

#define
#define
#define
#define
#define
#define

/*

IXXAT LIN MTYPE DATA 0 // Standard message data frame
IXXAT LIN MTYPE INFO 1 // Info message type

IXXAT LIN MTYPE ERROR 2 // Error message type

IXXAT LIN MTYPE WAKEUP 3 // Error message type

IXXAT LIN MTYPE REQUEST 0x10 // Request id

IXXAT LIN MTYPE EVT TRIG DATA 0x1l // Event triggered data

// frame (for slave only)

The following constants are used for the "crcmodel" field in
ixxat lin data t:

*/
#define
#define

IXXAT _LIN_CRCMODEL CLASSIC
IXXAT LIN_CRCMODEL_ ENHANCED 1

o

Data transmission: sending and receiving

typedef struct {
ixxat lin_header_t hdr;
union {
ixxat 1lin load data t data;

ixxat 1lin load request id t request;

ixxat_lin load_error_t error;
ixxat_ lin load_status_t status;
i
} ixxat lin data t;

typedef

struct {

unsigned long time stamp; // Time stamp (for receive messages)

// One tick corresponds to 125 microsec

unsigned char mtype; // Message type
unsigned char minfo; // Message info (for receive messages)
} ixxat lin header t;

Data transmission: receiving: return error

typedef struct {
unsigned short errorcode; // LIN error code (receive only)
} ixxat lin load error t;
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Data transmission: receiving: return status

typedef struct {
unsigned short status; // LIN status (receive only)

} ixxat lin load status t;

Data transmission: receiving: requests

typedef struct {

unsigned char id; // LIN message ID
unsigned char crcmodel; // CRC model (classic / enhanced)
unsigned char length; // Slave buffer data length

} ixxat lin load request id t;

Data transmission: sending and receiving: frame payload
typedef struct {
unsigned char id; // LIN message ID.
// For event-triggered frames:
// The unconditional frame id.
unsigned char evt trig_ id; // For event-triggered frames:
// The event triggered frame id.
unsigned char crcmodel; // CRC model (classic / enhanced)
unsigned char length; // Message data length
// (0 disables this message)
union {
unsigned char data[8]; // LIN data bytes.
// Standard byte access.
// Some alternative access mechanismns:
unsigned short uwdatal[4];
unsigned int udwdatal2];
unsigned long long ugwdata;
signed char sdatal8];
signed short swdatal[4];
signed int sdwdatal2];
signed long sqgwdata;
bi

} ixxat_lin load data_t;
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3.7.6 The LIN Module in LABCAR-EE

This section explains how to work with a LIN module in the experiment environ-
ment LABCAR-EE.

Once the project has been created and compiled on the target, a number of
inputs and outputs for control and communication are available for every LIN
module in the project. The inputs and outputs of a LIN module are shown under
the module in the Experiment Explorer.
< ECU Access

B b LABCAR

# [ﬁ Hardware

= B Ln_mots

# [ Bus

# [ LINScheduleTables

Fig. 3-19 The LIN Module in the Workspace Elements

In the Workspace Elements, every LIN module is displayed in its own node
("Name of the module"). Under this module node, a bus element node ("Bus")
is displayed for every configured bus element. All inputs and outputs for control-
ling the bus element or the elements contained therein are displayed under this
bus element node.

Bus

Inputs and outputs for controlling and monitoring communication with the con-
figured LIN controller are shown under "Bus".
= B Ln_mots
= ] Bus
@ [ Nodet
B += BusLoad
B -] DebugMonitorReceive
B -] DebugMonitorRequest
B -] DebugMonitorSend
@+ DiagnosticMode
.Iﬁ BusEnabled
B »= 10_ErrorCounter
B+ LIN_ErrorCode
B »= LIN_ErrorCounter
B »= LIN_ErrorTimeStamp
B »= LIN_Status
@[] LINScheduleTables

e BuslLoad
Shows the current load of the LIN bus in percent
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DebugMonitorReceive
DebugMonitorRequest
DebugMonitorSend

Measure variables for displaying the bytes last transferred between the LIN
module and controller.

Note

As communication between the module and the controller takes place at a
higher rate than with the base rate set (the data of several frames is
exchanged per cycle), these measure variables are not suitable for recording
communication without loss.

DiagnosticMode

Calibration variable for enabling/disabling the diagnostic mode of the
controller

BusEnabled

Inport for the enabling/disabling of a bus.

— -0.5 < value of the inport < + 0.5 = FALSE: bus disabled
— Otherwise TRUE (default = 1.0): bus enabled

Note

The activation/deactivation of a bus is controlled by the respective board.
The change of the communication state for a certain controller can cause

interferences on the buses of other controllers. These interferences last as
long as the change of state itself.

10_ErrorCounter
Error counter for the communication with the selected controller.

Incorrect specifications of the "Boardld" and "Controllerld" properties
and errors in the LIN board firmware are frequent causes of error.

LIN_ErrorCounter
Error counter for errors in LIN communication with the IXXAT driver.
LIN_ErrorTimeStamp

Timestamp for the last time a "LIN_ErrorCode" occurred. The timestamp
is specified in microseconds since the start of LIN communication and
determined by the LIN board.
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e LIN_ErrorCode
Error code for communication via the LIN protocol.

ETAS

Incorrect specifications of the time behavior and other properties of the
elements of the LIN network are frequent causes of error.

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

BCI LIN NO ERROR

BCI LIN BIT ERROR

BCI LIN CHECKSUM ERROR

BCI LIN ID PARITY ERROR

BCI LIN SLAVE NOT RESPONDING ERROR

BCI LIN SYNCH BREAK ERROR

BCI LIN INCONSISTENT SYNCH FIELD ERROR
BCI LIN MORE DATA EXPECTED

BCI LIN TIME OUT AFTER START SYNCH BREAK
BCI LIN TIME OUT AFTER SYNCH BREAK

BCI LIN TIME OUT AFTER SYNCH FIELD

BCI LIN NOT CONNECTED

BCI LIN PARAMETER ERROR

BCI LIN BUS NOT FREE

BCI LIN UNKNOWN ERROR

e LIN_Status

Error code for the status of communication with the LIN board

// status 0x00 means communication is running

BCI LIN STATUS OVRRUN 0x01 /* data overrun occurred */

#define
#define

Nodes

BCI LIN STATUS ININIT 0x10 /* init mode active */

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x0a
0x0b
0x0c
0x0d
0x0e

Under the bus node, an individual node is displayed for every node of the LIN
network. All inputs and outputs for controlling the LIN node or the elements
contained therein are shown here.
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Frames

The frames of a node are displayed under the node. The frames shown are the
union of sets of all frames in all parts of the LIN node.
= B Ln_mots
= q_j Bus
= q_j Model
# [ LINParts
= = 02 VL1 LSM_Frm1

B C-] ByteArray

M+ CycleTime

W+ CycleTime_Max

B+ CycleTime_Min

sl

-

8-

- = ¢ - ]
B+ LastActivation
@ = ManualEnabled
M »E ManualEnabled_inport
al »
-
8-
& —_— .
B »= NumberOfActivations
W= PID
M £p TimaStamp

e ByteArray
The payload of the frame as a byte array.
* CycleTime
e CycleTime_Max
e CycleTime_Min

The average/maximum/minimum cycle time of the frame in ps. The cycle
time is the time between two activations of the frame.

¢ ManualEnabled
¢ ManualEnabled_inport

A calibration variable and an inport with which the frame can be
enabled/disabled during experiment runtime.

e LastActivation
¢ NumberOfActivations

Timestamp of the last activation of the frame in s and the number of
activations.

A frame is said to be active if the frame is read by the LIN bus or written
to the LIN bus. The processor clocks of the real-time PC are used to deter-
mine "LastActivation".

e PID
The protected identifier of the frame (is calculated from the "Frameld").
For receive frames, the "TimeStamp" signal is also created.
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¢ TimeStamp

Timestamp of the last receipt of the frame in ps. TimeStamp is determined
by the LIN board.

Signals
The inputs and outputs for controlling the signals are created under a frame
node.
= B Ln_mois
ﬁ!{jBM
E!Qj Nodel
@ [ LINParts
£ T2 02_VL1_LSM_Frmil
..
-
-
-

M £p InternalLightsSwitch

@+ InternalLightsSwitch_Hex_Manip
BT InternallightsSwitch_Mode
@+ InternalLightsSwitch_Phys_Manip
8 =

& =

a8+ e

M £p Newsignal

@+ NewsSignal_Hex_Manip

M NewsSignal_Mode

@+ NewsSignal_Phys_Manip

8- '

8 =

al

e <SignalName>

Specifies the physical value of the signal and can represent either the value
of the signal on the LIN bus or a substitute value entered manually.

* <SignalName>_Mode
Selection mode for the determination of the value of <SignalName>

typedef enum {

MODEL = 0,/* Use Model value */
CONFIG PHYSICAL = 1,/* Use Phys Manip */
CONFIG ELECTRICAL = 2,/* Use scaled value of Hex Manip */

} eRedirectMode;

e <SignalName>_Hex_Manip

The electrical manual substitute value for <SignalName>
e <SignalName>_Phys_Manip

The physical manual substitute value for <SignalName>
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LINParts

An individual folder with the name of the part is displayed here for every LIN Part.
= B4 LIN_Mo1s
= 2] Bus
= 2] Node1
= 7] LINParts
= ] cem
I@D Current_NAD
@+ PartEnabled
IIW PartEnabledInport
= ol Lsm

@+ PartEnabled

e Current_NAD

Current value of the "NAD" property for parts with an enabled
" AutomaticDiagnosticRequest" property.

e PartEnabled

Calibration variable for enabling/disabling a part
e PartEnabledinport

Inport for the activation/deactivation of a part

LINScheduleTables (Only for Controllers in Master Mode)

= 2] LINscheduleTables
M £p scheduleTable_00_MySchedulel _activeCommand
M £p scheduleTable_00_Myschedulel _IsActive
M vE scheduleTable_activatescheduleTable
M £ scheduleTable_activescheduleTable

e <ScheduleTableIindex>_<ScheduleTableName>_ActiveCommand

Shows the position of the command currently being run of the schedule
table.

e <ScheduleTableIndex>_<ScheduleTableName>_lIsActive

Shows the current execution status of the selected schedule table
(0 = inactive, 1 = active).

e ActivateScheduleTable
Entry of the "Schedule Table Index" of the schedule table to be activated.
e ActiveScheduleTable

Output of the "Schedule Table Index" of the schedule table currently
active.
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3.7.7 Instruments for LIN Frames

To create an instrument for displaying a message, right-click the message and
select Open LIN Frame Instrument.
= B Ln_mois o~

= ] Bus
= ] Node1 L
@ ] LINParts
H j 00_NewFrame
# T 02_VL1_LSM_Frm1

# (3] 60_MasterReq Measure / Calibrate...

++ BusLoad
- ustea Add To Datalogger
M -] DebugMonitorReceive
M [+ DebugManitorRequest Show All HW Ports
B[ DebugMonitorSend Calibration / Parameters »
@+ DiagnosticMode
.)w InportBusEnabled Signal 3

LI} Create Mapping File...

Open LIN Frame Instrument [

An instrument is created that shows the content of the selected message.

LIM Frames - 02_VL1_LSM_Frml

Name D DLC 0 1 2 3 4 5 6 7
VOisMFmt | 2 | 2 |~ - -] =-|-|~-|~-]|-]|
Frame Type: Unconditional
Frame enabled [] CycleTime [s]: 0 Checksum:  Enhanced
Direction: Receive
Signal HexValue PhysValue PhysUnit ModelFlag
InternalLights Switc | - | - | | |
MewSignal | - | - | | |
Lpply Signals

Fig. 3-20 Instrument for a LIN Frame

In a frame, either the Hex value or the physical value of a signal can be modified
in the operating window (the other value can then no longer be edited).

For this purpose, only the "ModelFlag" option has to be disabled. This change
becomes valid when Apply Signals is activated.
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NIF Modules (Network Integration FlexRay)

LABCAR-NIF V5.4.0 (Network Integration FlexRay) is a module type in LAB-
CAR-OPERATOR V5.4.0. It enables simple testing of ECU functions incorporating
FlexRay communication.

The entire FlexRay bus configuration is read in from a data model which has been
created previously using software from the company Elektrobit called EB tresos
Busmirror. LABCAR-NIF V5.4.0 then automatically creates source code for the
residual bus to be simulated in the form of a NIF module. User-specific code can
be added to this.

The signals of the NIF module which correspond to the signals on the FlexRay bus
are available in the Connection Manager and can be connected with signals of
other modules there.

Note

LABCAR-NIF V/5.4.0 uses the "StringTemplate.NET" and "ANTLR" libraries —
please take the license conditions detailed in "Appendix" on page 367 into
consideration.

Hardware Requirements

To be able to run FlexRay bus simulations, you need one or more PCl boards of
the type EB 5100 or EB 5200 from the company Elektrobit Automotive on the
Real-Time PC simulation target. Mixed operation is also possible — one board can
be addressed per NIF module.

You can also order this FlexRay interface from ETAS — the following table contains
the order data:

Order Name Order Number
EB 5100 Elektrobit FlexRay Interface Solution F-00K-106-407
EB 5200 Elektrobit FlexRay Interface Solution F-00K-108-467

Software Requirements

A license for the "EB tresos Busmirror" software (4.6.x or higher) is required from
Elektrobit to generate the files to be imported for residual bus simulation.

Note

Due to the conversion of the ETAS RTPC operating system to 64 bits, versions
< 4.6 are no longer supported. When migrating older LABCAR-OPERATOR
projects to the current version, NIF modules based on EB tresos bus mirror
versions no longer supported are not changed. These modules can then no
longer be edited or run on the Real-Time PC, and must be replaced by new NIF
modules.
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3.8.1

3.8.2

Creating the Necessary Files with EB tresos Busmirror

For the integration of the FlexRay bus configuration in LABCAR-OPERATOR, the
data model and the binary files that can be run on the EB5100 or EB5200 boards
have to be imported from an EB tresos Busmirror project.

* BMCfg.tdb
¢ BUSMIRROR TypeConversion.tcs
® Firmware.ttc

For details of how to create these files, refer to the EB tresos Busmirror documen-
tation.

Integrating the FlexRay Module into the LABCAR-OPERATOR Project

Once the data model and the executable binary files have been generated with
EB tresos Busmirror, they can be integrated into the LABCAR-OPERATOR project.
To do this proceed as follows:

To create a NIF module

e Open the LABCAR project in which you want to
create the NIF module.

e Select the target in the Project Explorer.
e Select Add Module from the shortcut menu.
The Wizard opens.

Q Add Module Wizard

Wizard

Specify Module Type

&
"}-th
LB
fay Tl
!Q& J”r () Add Simulink[TH] Module
’}}bh‘z‘ (2) &dd C-Code Module
f"{ . () Add ASCET Module
[y

() Add CAN Module
@ Add Flexray Module
() Add LIN Module

<< Back Mewt > l: Cancel

e Select Add Flexray Module.
e C(Click Next.
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e [nthe next window, enter a name for the module to
be created.

Wizard

Add New Module

Create Mew Flesray-Module

Module Mame:  FlexR aykodule

“Y'ou are about to create a new Flexray Module,

If you press "Finish"' a window will come up
where you can specify the details of your
module.

<< Back Finizh [ Lancel

e (Click Finish.

In the main LABCAR-IP window, a new tab is cre-
ated which you can use to import the necessary
files.
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3.8.3 Linking to the EB tresos bmc Tool Suite

The window of an NIF module is divided into two sections: "EB tresos bmc File

import" and "Settings".

EB tresos bme File import
EB tresos bmc project directory
Toel Chain Version |4.17x Use Target User Modules [ Import files when generating code ]
Search Filter v Al None Al None Al None
Name Use EB Maid Manipulation Use EB Maid Diagnostic Use FlexRay Monitor | -
5
Settings
Calculation Mode Base Rate
Switch transformation mode for Sent signals to spontansous |
Generate Target Communication flags as Parameters |
Send/Receive signals Invalidvalue when Frame or PDU is disabled [
Generate Code for Coded Value treatment for signals with physical conversions ]
Board Index o
RTFC Compile Optimization Level

In the "EB tresos bmc project directory" field select
the EB tresos project whose data model and execut-
able binary files you want to import into the NIF
module.

Save the NIF module.

Synchronizing EB tresos bmc Files and Generating NIF Module Source

Code

The source code is always generated whenever the module is saved or the exter-
nal files are synchronized. Working copies of the imported EB tresos bmc files are
generally accessed when source code for the NIF module is generated. Thanks to
a synchronization mechanism, these external files can be re-imported into the

NIF module.

This procedure can be automated:

The automatic synchronization is enabled with the

"Import files when generating code" option.

— Enabled: The files are always synchronized

before code is regenerated. The code is then
generated based on the synchronized files.
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— Disabled: The files are only synchronized manu-
ally. The manual synchronization and the subse-
quent code generation are then run manually
via the button.

Note

If user code that has been generated manually is used
in the NIF module, it is not integrated into the NIF
module source code until the code is generated.

Integration of Target User Modules (EB MAID)

EB tresos bmc makes it possible to integrate additional functionality in the exe-
cutable binary file using Target User Modules (TUM). The interfaces of these
TUMs are stored in TUM descriptions. These TUM descriptions can be used to
generate additional source code for the NIF module enabling communication
with the TUM during runtime.

e Enable the support of TUMs with the option "Use
Target User Modules".
Note

If this is disabled, the TUM description is ignored and
there is no code generation for the EB MAID support.

Module Configuration

The window of an NIF module is divided into two sections: "EB tresos bmc File
import" and "Settings". Edit the relevant options in the "Settings" field and save
the NIF module.

Adapting the Clock Time of the NIF Module on the Real-Time PC

The clock time of the SendReceive task is generally 1 ms. The necessary calls for
complete signal exchange between the NIF module and the application on the
board are distributed evenly over five calculation slots.

Each time the SendReceive task is executed, a single calculation slot is run
although its share of the overall exchange is synchronized between the NIF
module and the board. The calls for exchanging the signals of an individual
frame or PDU also modulated with the FlexRay Cycle Repetition of the Frame-
Triggering ensuring that the Real-Time PC and the board are utilized as evenly as
possible.

This means that the entire signal exchange is completed after a total of 5 ms.
Changing the clock time can result either in optimized performance (clock time
> 1 ms) or in an increase in synchronization (clock time < 1 ms).
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* |nthe "Settings" field, select the divisor for the
period under "Calculation Mode Base Rate".

Possible values are: 1/8, 1/4, 1/2. 1, 2, 4 and 8.
1/8 = increased performance (effectively 8 ms)
8 = increased synchronization (effectively 125 ps)

Note

The actual execution of read and send communication for a frame or PDU
takes place in whole-number multiples of the clock time of the NIF module. The
relevant clock time of a frame or PDU is taken from the underlying data model.

Optimizing Performance and Avoiding Rival Signal Values

To minimize the number of times the functions for exchanging send signals are
called, these are only run as necessary when the value of the signal to be sent has
changed since the last call. This can optimize performance.

e Select this option by enabling "Switch transforma-
tion mode for Sent signals to spontaneous”.

Generating the Target Communication Flags as a Parameter

To control communication for frames or PDUs or to control bus communication,
both an "Enable" and "Idle" control signal are generated per frame or PDU;
"CommeEnable" and "HardBoundaries" are generated for bus communication.
This option is used to select whether these signals are generated as inports or as
parameters.

The signals for the output of the timestamp of the last change of a receive PDU
are always generated as an outport.

InvalidValue Signal with a Disabled Payload

If a frame or PDU has been disabled during runtime via the "Enable" signal, this
option controls whether in this case the "Invalidvalue" from the FlexRay data
model should be sent or received as a substitute value for each signal.

Supporting Several EB5100 or EB5200 in an Real-Time PC

Several independent LABCAR-NIF modules can also be generated — the relevant
EB5100 or EB5200 (within the directory structure of the LABCAR-OPERA-
TOR-project) is identified via the board index.

e Enter the index under "Board Index".

Compile Optimization Level

With the "RTPC Compile Optimization Level" switch, the optimization level of
the Build environment on the Real-Time PC can be determined. This option cor-
responds to the optimization level that can be set via the Real-Time PC Web
Interface but only applies to the generated source code of the NIF module.

LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS Working with LABCAR-IP

3.8.5 Linking the NIF Module to the LABCAR-OPERATOR Project

To save the module configuration

e Select File — Save.

The module configuration is saved and the source
code of the module generated. The module is then
integrated into the LABCAR-OPERATOR project and
shown in the Project Explorer.
Project Explorer - x
=[] Targets
=[] RTPC
By FAexRayModule
tﬂ Hardware

After successful code generation, a directory with
the following files and directories is created for the

NIF module.
. ModelData 0 Name
. Target RTPC | DataModel
. CModules . MappingFiles
. FlexRayModule . RuntimeData
. DataModel | UserCode
. MappingFiles

| FlexRayCode.c

. RuntimeData || FlexRayCode.h

. UserCode || FlexRayModulemd
. codegen = FlexRayMonitor.xml
. 05 2| FlexRayProperties.xml
. RTIO

To update the OS Configuration and Connection Manager

¢ Toggle to the "OS Configuration" tab.
e C(lick Update Processes.

The tasks and processes created for the NIF module
are displayed.

e Toggle to the "Connection Manager" tab.
e C(lick Update Ports.

All inputs (send payloads) and outputs (receive pay-
loads) of the data model are displayed.

To compile the module

e Select Project — Build
or
e (lick the Build LABCAR Project icon.
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3.8.6

User-Defined Code and Adaptations

As an extension to the NIF module source code generated automatically from the
data model, manually created source code can also be integrated. The code frag-
ments to be inserted are injected at the relevant points of the generated code
using dummies.

Files for Code Fragments

The NIF module directory contains a subdirectory for integrating manually cre-
ated source code:

. .\<module name>\UserCode\*.fragment.c

Every file in this directory that has the file ending . fragment. c is evaluated as
a code fragment. The format of these files is as follows:

//[Code location Indicator 1]
<user code>
//[Code location Indicator 2]

<user code>

Note

If manually created user code is used in the NIF module, this is not integrated
into the NIF module source code until code is generated.

Code Location Indicator

The start of a code fragment is specified by defining the code location indicator.
The code location indicator is enclosed in square brackets and specified as a com-
ment line in the source code.

The code location indicator is followed by the source code to be integrated that
is inserted into the NIF module by the code generator. The code ends before the
next code location indicator — the format of the code location indicator takes the
form of one of the following variants:

Global Code Location Indicators
// [<CodePoint>]

CodePoint is a text marker in the generated source code at which the user
code is inserted. There are global text markers which only appear once in the
generated source code. No further information specifying the location has to be
entered for these.
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Valid text markers for CodePoint in this variant are:
//
// [beforeInit]
//
// [beforeSend]

[declarations]
[
[
[
// lafterSend]
[
[
[
[

afterInit]

// [beforeReceive]
//
// [beforeExit]
//lafterExit]

afterReceive]

Specific Code Location Indicators with Context and Objects

For other text markers, there are several instances, e.g. per payload or per signal.
For these text markers, further identifiers must be specified to indicate the con-
text and object to which the code location indicator refers:

// [<CodePoint>:<context>:<object>]
Valid text markers for CodePoint in this variant are:

// [before:context:object]

// [beforeUnlock:context:object]

// [beforeEncode:context:object]

// [beforeSend:context:object]

[
[
[
[
//[afterReceive:context:object]
//[afterDecode:context:object]
//lafterLock:context:object]
//[after:context:object]

The context of the text marker can refer to the following operations in the
program:

SendSignal

ReceiveSignal

SendPdu

ReceivePdu
Finally the object to which the text marker refers has to be specified. Names of
signals and/or PDUs can be used to specify the object.
Note

A list of all names is generated in the SignalList. txt and PduList. txt
files in the UserCode directory. All valid code location indicators are inserted
into the NIF module source code as commented text markers in code genera-
tion.
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Specific Code Location Indicators with Context, Objects and Function

For objects that run different functions at different times, a further level of refine-
ment can be used.

This is currently only supported for EB Maid Target User Modules sending
"ToHost".

// [<CodePoint>:<context>:<object>:<function>]
Valid text markers for CodePoint in this variant are:
//[afterReceive:context:object:function]

The context of the text marker can currently only refer to the following opera-
tions in the program:

ReceiveTum

Then the object the text marker refers to must be assigned. The name of the
TUM must be used as specification of the object. Then the function cur-
rently being run by the TUM has to be specified.

The table below shows the valid combinations of codepoint, context and
function exist:

context
Send- Receive- Send Receive- Receive-
Signal Signal Pdu Pdu Tum
before X X X X
beforeUnlock X X
beforeEncode X
code- |beforeSend X
point [fiorReceive X X
afterDecode X
afterLock X X
after X X X X

Tab. 3-1  Valid Combinations of codepoint, context and function
Example:

// [declarations]

int counter = 0;

The specified code location indicator refers to source code which is inserted after
the declaration of the global variables of the NIF module. In the above example,
a counter variable is declared.

// [before:SendPdu:Node2 nCommTasklInvocations IO ChA]
counter++;

The specified code location indicator refers to source code which is run before
the specified PDU is sent. The user code increments the counter variable
declared previously.
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Code Location Indicators and Program Flow

This section describes where exactly in the program flow code location indicators
are inserted. Names in angled brackets <text> refer to corresponding
dummies.

Global context:

<NIF Module declarations>

// [declarations]

void <modulename> Init () {
// [beforeInit]
<Flexray Init Code>
//lafterInit]

void SendReceive () {
// [beforeSend]
<Generated send code>
//[afterSend]
// [beforeReceive]
<Generated receive code>

// [afterReceive]

void <modulename> Exit () {
// [beforeExit]
<Flexray Exit Code>
//afterExit]

SendSignal context:

// [before:SendSignal:<<signalname>>]

<retrieve physical value from inport>

// [beforeEncode:SendSignal:<<signalname>>]

<code value from physical to implementation type>
// [beforeSend:SendSignal:<<signalname>>]

<send implementation value to Bus>

//[after:SendSignal:<<signalname>>]
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ReceiveSignal context:

// [before:ReceiveSignal :<<signalname>>]

<receive implementation value from Bus>

// lafterReceive:ReceiveSignal:<<signalname>>]
<decode value from implementation to physical type>
// lafterDecode:ReceiveSignal:<<signalname>>]

<write physical value to outport>

//[after:ReceiveSignal :<<signalname>>]
SendPDU context:

// [before:SendPdu:<<pduname>>]

< L.l>
//[afterLock:SendPdu:<<pduname>>]
<send signals to Bus>

// [beforeUnlock:SendPdu:<<pduname>>]
< L.l>
//[after:SendPdu:<<pduname>>]

ReceivePDU context:

// [before:ReceivePdu:<<pduname>>]

<lock PDU>
//[afterLock:ReceivePdu:<<pduname>>]
<receive signals from Bus>

// [beforeUnlock:ReceivePdu:<<pduname>>]
<unlock PDU>

//[after:ReceivePdu:<<pduname>>]
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User-Defined Parameters, Measurement Variables, Inports and Outports

To be able to access values calculated in user-defined code, it is possible to
extend the NIF module with additional parameters and ports. These are made
accessible via the experiment environment (EE).

Parameters:
Parameters are defined in the following file:
. .\<module name>\UserCode\CalibrationVariables.h
A parameter is defined by one line:
<type> <name> = <value>;
Valid values for <type> are
e real6d
e real32
* sint32
e uint32
e sint16
e uint16
e sint8
e uint8

It is also possible to declare hierarchical variables by using two underscores as
separators. For example, the definition

real6d4 setting var = 42.0;
generates the parameter
FlexRay Bus/User/Measurement/setting/var

and initializes it with the specified value.

Note

If names of signals or PDUs from the data mode/ of the EB tresos BMC are used,
any double underscores contained are not interpreted as hierarchy levels!

The parameter is accessed in source code via the variable <name>.
Measurement variables:
Measurement variables are defined in the following file:
. .\<module name>\UserCode\MeasurementVariables.h
A measurement variable is defined by one line:
<type> <name>;
Inports:
Inports are defined in the following file:
. .\<module name>\UserCode\Inports.h
An inport is defined by one line:

TPortObj <module name> UserCode inport <name>;
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The inport is accessed in source code via the variable <name>. Like variables,
inports can also be declared hierarchically.

Outports:
Outports are defined in the following file:
. .\<module name>\UserCode\Outports.h
An outport is defined by one line:
TPortObj <module name> UserCode outport <name>;

The outport is accessed in source code via the variable <name>. Like variables
and measurement variables, outports can also be declared hierarchically.

Example:

The following example shows how user-specific code can be used to add extra
functionality to the NIF module.

The value of a specific signal
sint32 water temperature
is to be read from the bus.

To create a measurement variable:

..\<module name>\UserCode\MeasurementVariables.h

// Raw implementation value of water temperature

sint32 temperatures raw water temperature;

To create the code fragment:

..\<module name>\UserCode\temperature measurement.fragment.c
//lafterReceive:ReceiveSignal:water temperature]

// Retrieve raw signal from bus

temperatures raw water temperature = val impl.value sint32;

This calls up the value of the signal last received and assigns it to the variable we
declared.

As we want to use the value as soon as the signal is received, afterReceive is
selected as CodePoint. Since the signal is read by the bus, the correct context is
ReceiveSignal. The name of the signal for which the code has been inserted
iswater temperature and comes from the file Signals.txt.

After further code generation in LABCAR-IP, the new measurement variable is
available in the experiment environment LABCAR-EE.

Note

If manually created user code is used in the NIF module, this is not integrated
into the NIF module source code until code is generated.
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Linking to the ETAS Bus Communication Monitor (BCM)

The ETAS Bus Communication Monitor enables manipulation of the signal flow
within the NIF module for example to overwrite the values of a signal with a
manually specified one before it is sent.

To optimize performance, the selection of signals for code generation to be
taken into consideration for manipulation by the ETAS Bus Communication
Monitor can be limited on the user interface.

The configuration of the ETAS Bus Communication Monitor is stored in a confi-
guration file:

. .\<project directory>\Target RTPC\
CModules\<module name>\FlexRayViewModel.xml

To display signals in the Bus Communication Monitor

e |If, for example, you want to make individual signals
accessible in the Bus Communication Monitor, you
must activate them in the user interface.

EB tresos bme File import

EB tresos bme project directory

D:\Temp\NIF\GenerationOfModules_EB415\EBS¢00_1_Test
Tool Chain Version | 4.11x Use Target User Modules Import files when generating code [
Search Filter 1D001_AB - All  None Al None Al None
Name Use EB Maid Manipulation Use EB Maid Diagnostic Lse FlexRay Manitor

= 2] F_1D001_AB =

g IDO01_AB_501_U8_M

i D001 AB_S02_Us M

g ID001_AB_503_US_M

i D001 AB 504 53 M
f# D001 AB_505_53_M
f# 1D001_AB_S06_S8_M
i 1D001_AB_S07_UI16_M
# D001 AB_s08_U16 M
i 1D001_AB_sS03_516_M
# 1D001_AB_S10_S16_M

FEEEEEEEEE

=

= 2l F_ID035_A

f# D001 AB_S01 Us M

=
=l

Note

The Bus Communication Monitor only supports scalar
signals and signals with a length of max. 32 bits.
ByteArray signals or signals longer than 32 bits are
not supported!

e To enable Bus Communication Monitor support for
individual signals, enable the "Use for FlexRay Mon-
itor" option in the user interface.

— Specify a regular expression as search filter to
limit the selection of signals displayed.
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— Using the "All" and "None" options, all signals
which satisfy the search criterion can be
enabled or disabled respectively.

Enabling/disabling affects all instances of the
selected signal.

e Save the module.
e Regenerate the code using Project — Build.

e To display the FlexRay elements, select View —
Flexray Elements.

e To open the Bus Communication Monitor, select
View — Bus Communication Monitor.

e Create a special FlexRay workspace using
Flexray — Workspace — New Workspace.

@ Experiment Environment © +  [EB412_EB5x00.eew] - DefaultExp.eex
Fle Edit View Experiment Instrumentation | Flexray | Tools 7
R e ERYR A8 Ié‘ Workspace  » New Workspace... L\\)
Layer » Open Work:
F¥ Workspace Elements _pen _o <
Search & Filter ¥

A

=
2
=
]
-
=
o
=

Al Asam | AIUD | Search Resuts |

e Select a name and a location for the new work-
space.

e Under "Bus Communication", select the file men-
tioned above FlexRayMonitor.xml.

New Workspace

Enter the name of the workspace you want to create. A folder with the same name as the workspace will also be
created in the folder specified in the "Location’ field.

Workspace Name <Enter Name>
Location
The workspace will be created at:
Bus Communication Browse...
oK Cancel
or

e Open an existing workspace (* . bcw) using
Flexray — Workspace — Open Workspace.

In Flexray Elements, the frames, signal groups and
signals are displayed that have been enabled.

S G @ G P W~ e
') Flexray Elements ~ & =« §,Bus Communication Monitor - o
_ il General .:E: /_]
3] [j Frames | H
e u_j Signalgroups (PDU) =X
' |@ ( signals =
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e In Flexray Elements, select the frame to which the
signals shown in the Bus Communication Monitor

belong.

e Right-click and select Open — Frame GUI.

') Flexray Elements

=] General
= ] Frames
= ™
@ [ F_IDO01_AB
@ [y F_ID035_A
= [ F_ID08B_A
= {8 F_ID08B_A Open
® 1D088_A_S01_Bool
m®, 1D088_A_S02_Bool
® 1D088_A_S03_Bool
m®, ID088_A_S04_532_M
m® ID088_A_S05_S32_M
® ID088_A_S06_U32_M

&y Bus Communication Monitor

:": / Layer

=

5

=E

4 Frame GUI
Signal Group%JI
Signal GUI

[} Flexray Elements

The frame is displayed in the current layer of the Bus

Communication Monitor.

Show the individual sections. As only three signals
of the frame have been "released", these are also

the only ones displayed.

& Bus Communication Monitor

] General
= ] Frames
=™

= F_ID035_A

m®, ID033_A_S01_Bool
m®, ID033_A_S02_Bool
m®, ID033_A_S03_Bool
m®, ID033_A_S04_S32_M
m®, ID033_A_S05_532_M
m®, ID033_A_S06_U32_M
@ [y F_ID130_A
@ [ Rx
= qj Signalgroups (PDU)
=2 ™
F_ID001_AB
F_ID035_A
F_ID083_A
m®, ID033_A_S01_Bool
m®, ID033_A_S02_Bool
m®, ID033_A_S03_Bool
m®, ID033_A_S04_S32_M
m®, ID033_A_S05_532_M
m®, ID033_A_S06_U32_M
@ [ F_ID130_A
@ [ Rx
= ] signals

F_ID088_A_ID08B_A_S04_532_M_hex_ud
F_ID08B_A_ID08B_A_504_532_M_phys_co

=

= | F_ID0SE A A
F_ID0SE A A
‘ 1D088_A_S01_Bool A ‘
‘ 1D088_A_S02 Bool A ‘
| 1D088_A_S03 Bool v |
1D088_A_S04 532 M A

F_ID088_A_ID088_A_S04_S32_M_set_hex_u
F_ID088_A_ID0BS_A_S04_532_M_set_hex_s _

ID0B88_A_505 532 M

F_ID08B_A_ID08B_A_S05_532_M_hex_ud
F_ID08B_A_ID08B_A_505_532_M_phys_co

F_ID088_A_ID088_A_S05_S32_M_set_hex_u
F_ID088_A_IDD8E_A_S05_532_M_set_hex_s _

A

ID0B8_A_506 U32 M

F_ID088_A_ID08B_A_S06_U32_M_set_hex_u

@™

F_ID088_A_ID0BB_A_S06_U32_M_hex_ud

@ Rx

F_ID088_A_ID08B_A_S06_U32_M_phys_co

F_ID088_A_ID08S_A_S06_U32_M_set_hex_s _

The signals selected for display in the Bus Commu-
nication Monitor are highlighted in yellow in Work-

space Elements.
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3.8.8

Target User Modules

As certain operations require detailed information about FlexRay communica-
tion, the relevant functionality must be implemented directly on the board —
examples are alive counters and checksum calculations. The data for example for
calculating CRCs is not available on the Real-Time PC — these thus have to be run
on the board itself.

User-defined functionality on the board is implemented in the form of Target
User Modules (TUM). The TUM-API offers functions for registering callbacks for
specific events such as the sending and receiving of frames. It also opens up ways
of exchanging messages with the NIF module and thus, for example, of commu-
nicating with the experiment environment. For more information on the Target
User Modules, refer to the relevant Elektrobit Busmirror TUM documentation.

When TUM support is enabled, relevant ports are created for the signals defined
in imported TUM descriptions for controlling the TUMs. The following signals are
created in the Workspace Elements of the EE under every NIF module:

B @ LABCAR
i+ [ﬁ Hardware
= B FRTest
= ] EBMaid
@ [l BaseTUM
= {2 CounterManipulation
= ] Constant
= 2] Node4_NodeID_ChA
M Node4_NodelD_ChA_Constant
# [] DataChannelMode
# []_j Dynamic
# [ Freeze
& [ Jump
@ [ Offset
# [ Ramp
@ [ StartTrigger
@ [ CRCManipulation
@ [ signalManipulation
@ [ switchMatrix
M p S FRTest_EBMaid_SendFlags
# [ PDUsRx
# [ PDUsTx
# [ Target

& [ User
The relative path under this node reflects the functionality mapped in the TUM.
\<TUM>\<Function>\<Signal>\<Parameter>

The first level specifies the name of the TUM with the following TUM types being
supported:

SYSTEM

PROTOCOL
PROTOCOL-SAFEGUARDING
MANIPULATION

SIGNAL
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The second level specifies the functionality mapped in the TUM, e.g. Counter-
Manipulation. The third level specifies the name of the signal for which the
TUM offers the functionality and below that the parameters required for control-
ling this functionality.

Editing TUM Support for Signals and PDUs

TUM support can be enabled and disabled for individual signals and PDUs of the
EB tresos BMC data model. This increases performance and clarity.

All TUM signals independent of the EB tresos BMC data model (e.g. the signals
of BaseTum or SwitchMatrix), are always supported providing the relevant TUMs
are part of the EB tresos BMC project.

e Edit the EB tresos BMC project to add the applica-
tion-specific TUM functionality to the project.

e To update the data model, synchronize the NIF
module if necessary.

e In the user interface, enable the option "Use Target
User Modules".

¢ To make TUM support accessible for individual
signals, enable the "Use EB Maid Manipulation"
(sending from Real-Time PC to board) or "Use EB
Maid Diagnostic" (receiving from board to
Real-Time PC)

— Specify a regular expression as search filter to
limit the selection of signals displayed.

— Using the "All" and "None" options, all signals
which satisfy the search criterion can be
enabled or disabled respectively.

Enabling/disabling affects all instances of the
selected signal.

Signals with more than 4 bytes are not transmit-
ted as outports. The generated code makes a
byte array available for these signals; the array
can be further processed with user code.
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EB tresos bmc File import

EE tresos bme project directory

D:\Temp\NIF\GenerationOfModules_EB415\EBSx00_1_Test
Tool Chain Version | 4.11x Use Target User Modules Import files when generating code [
Search Filter 1DOD1_AB - Al None All  Nome All  None
Name Use EB Maid Manipulation Use EB Maid Diagnostic Use FlexRay Monitor
= 2l F_ID001_AB 0
f# D001 AB_S01 Us M
# o001 aB_s0z_us_m
# D001 AB_S03_U3 M

f# 1D001_AB_S04_S8_M
i 1D001_AB_S05_S8_M
i D001 AB_s0s_s3 M
# 1D001_AB_S07_U16 M
f# 1D001_AB_S08_UI16_M
i 1D001_AB_S09_S16_M
# D001 AB_S10_516_M
= 2] F_ID03s_A
# D001 AB_S01 U3 M

NEEEEEEEEE

=l

=
=l

Note

TUM support is only available for signals and PDUs
which are contained in at least one TUM of the EB
tresos BMC project.

¢ Save the module.

Selecting TUM Functionality for a Signal

For signals in TUMs with several functions, such as Dynamic Value, Hold, Ramp
etc., only one individual function can be carried out at any one time. This func-
tion is selected via the corresponding inport under the node

\<TUM>\<Function>\DataChannelMode\DataChannelMode <Signal>

The value of this inport specifies the function to be run. Refer to the TUM docu-
mentation for details on valid values and their functionality.

The value 0 always specifies the default state of the function. This is OFF, i.e. the
function within the TUM is not executed.

Starting and Ending TUM Functionality for a Signal

A TUM is not run cyclically. All parameters the TUM needs for execution are
transferred in an individual function call. Then TUM execution begins until it is
stopped by another call. To start the execution of a function, the following inport
can be used:

\<TUM>\<Function>\StartTrigger\StartTrigger <Signal>

When the value changes from 0 to 1, the function is started. To end a function,
the following setting needs to be made: DataChannelMode = 0. Then a
change from 0 to 1 has to be entered in the StartTrigger.
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Experiment Environment

In the Experiment Environment, the "Workspace Elements" window (depending
on the EB tresos bmc version used) offers a range of measurement variables,
parameters and inports for communicating with the NIF module.
=} LABCAR

i [ Hardware

= H§ FRTest

Target

& [ PDUSRx

& [ PDUSTx

= 2] Target
@ [] FrameEnable_Receive
@ ] FrameEnable_Send
@ ] Frameldle_Receive
@ ] Frameldle_Send
@ [] PDUEnable_Receive
@ [] PDUEnable_send
@ ] PDUIdle_Receive
@ ] pouIdle_send
M pE CommEnable
B +=+ GetTargetCPUUtilisation
B+ GetTargetFiFolsageRX
B += GetTargetFiFolsageTX
B+ GetTargetRAMUtilisation
M #E HardBoundaries
B »= TAL_ErrorCount
B += TAL_ErrorCountTotal
B s+ TAL_Returnvalue

& [ User

There are various signals available under this node to control communication.
These are generated as parameters or inports depending on the "Generate Tar-
get Communication flags as Variable" option.

<module_name>/Target/CommEnable

Enables or disables bus communication. If this parameter is set to 0, there
is no communication on the bus.

<module_name>/Target/HardBoundaries

Enables or disables "hard" or "soft" boundaries. If this parameter is set to
0, the MinVal and MaxVal values described in the data model are used as
"soft" boundaries of the signal. If this parameter is set to 1, the values
calculated (using the bit length specified in the data model) are used as
"hard" boundaries of the signal. The signal value is limited to the relevant
boundaries in every cycle.

<module_name>/Target/GetTargetCPUUtilisation
The current utilization of the board’s CPU in percent.
<module_name>/Target/GetTargetRAMUTtilisation

The current utilization of the RAM memory of the board in percent. Only
the memory dynamically allocated during runtime is taken into consider-
ation - the share programmed in executable code ("static memory") is
ignored which means that the value of " GetTargetRAMULtilisation" in an
extreme case can even be 0%.
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e <module_name>/Target/TAL_ErrorCount

This counter reflects the number of TAL errors during a communication
cycle during the simulation.

* <module_name>/Target/TAL_ErrorCountTotal

The total number of all errors from TAL calls since the start of the simula-
tion. Restarting communication resets the counter.

* <module_name>/Target/TAL_ReturnValue

The first error code from a TAL call in the last communication cycle. Refer
to the TAL user documentation for more information on the TAL function
error codes.

e <module_name>/Target/GetTargetFiFoUsageRX

The current usage of the receive FiFo between Real-Time PC and RAM
memory of the board in percent.

* <module_name>/Target/GetTargetFiFoUsageTX

The current usage of the send FiFo between Real-Time PC and RAM mem-
ory of the board in percent.

Target/FrameEnable_Receive/Send

There are various signals available under this node to enable and disable the
transmission of signals in frames between the NIF module and FlexRay bus.

® <module_name>/Target/FrameEnable_Send/FrameEnable_Send_<frame_na
me>

Enables or disables the sending of the specified frame on the bus. This
function is run using TAL calls:

— Value = 1: The frame is sent.

— Value = 0: The frame is no longer sent. The value last sent remains on
the bus or the signal values are replaced by the InvalidValue of the
signal if the "Signal InvalidValue" option is enabled with a disabled
payload.

— Value=-1: A null frame is sent.

* <module_name>/Tar-
get/FrameEnable_Receive/FrameEnable_Receive_<frame_name>

Enables or disables the receipt of the specified frame by the bus. This func-
tion is run using TAL calls:

— Value = 1: The frame is received.

— Value = 0: The frame is no longer received or the signal values are
replaced by the InvalidValue of the signal if the "Signal Invalidvalue"
option is enabled with a disabled payload.

196 LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS

Working with LABCAR-IP

Target/PDUEnable_Receive/Send

There are various signals available under this node to enable and disable the
transmission of signals in PDUs between the NIF module and FlexRay bus.

® <module_name>/Tar-
get/PDUEnable_Send/PDUEnable_Send_<PDU_name>

Enables or disables the sending of the specified PDU by the bus. This func-

tion is run using TAL calls:

— Value = 1: The PDU is sent.

— Value = 0: The PDU is no longer sent. The value last sent remains on
the bus or the signal values are replaced by the InvalidValue of the

signal if the "Signal InvalidValue" option is enabled with a disabled
payload.

* <module_name>/Tar-
get/PDUEnable_Receive/PDUENable_Receive_<PDU_name>

Enables or disables the receiving of the specified PDU by the bus. This
function is run using TAL calls:

— Value = 1: The PDU is received.

— Value = 0: The PDU is no longer received or the signal values are
replaced by the InvalidValue of the signal if the "Signal InvalidValue"
option is enabled with a disabled payload.

Target/Frameldle_Receive/Send

There are various signals available under this node to enable and disable the
transmission of signals between the LABCAR-OPERATOR project and NIF module.

* <module_name>/Tar-
get/Frameldle_Send/Frameldle_Send_<frame_name>

Enables or disables the accepting of the signal values to be sent from the
LABCAR-OPERATOR project.

— Value = 0: Signal values of the frame are accepted by the project.

— Value = 1: Signal values of the frame are not accepted by the project.
The value last accepted is retained.

* <module_name>/Tar-
get/Frameldle_Receive/Frameldle_Receive_<frame_name>

Enables or disables the transmission of the signal values received to the
LABCAR-OPERATOR project.

— Value = 0: Signal values of the frame are transferred to the project.

— Value = 1: Signal values of the frame are not transferred to the project.
The signal values last transferred are retained.

Target/PDUIdle_Receive/Send (Only EB tresos Busmirror 4.1.x and higher)

There are various signals available under this node to enable and disable the
transmission of signals between the LABCAR-OPERATOR project and NIF module.

* <module_name>/Target/PDUldle_Send/PDUldle_Send_<PDU_name>

Enables or disables the accepting of the signal values to be sent from the
LABCAR-OPERATOR project.
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— Value = 0: Signal values of the PDU are accepted by the project.

— Value = 1: Signal values of the PDU are not accepted by the project.
The value last accepted is retained.

* <module_name>/Target/PDUldle_Receive/PDUldle_Receive_<PDU_name>

Enables or disables the transmission of the signal values received to the
LABCAR-OPERATOR project.

— Value = 0: Signal values of the PDU are transferred to the project.

— Value = 1: Signal values of the PDU are not transferred to the project.
The signal values last transferred are retained.

Target/PDUTiming_Receive

One signal is available under this node for each PDU for issuing the timestamp
for which a signal of the specified PDU was last received. The timestamp is issued
in milliseconds.

These signals are always created as an output regardless of the "Generate Target
communication Flags as Parameters" setting.

Send/ReceiveFrames

Under this node, inports are available for the signal values to be sent and out-
ports are available for the received signal values. In this version, the signals are
arranged under the relevant PDUs.

User

Under this node, the user-defined measurement variables, parameters, inports
and outports are available depending on the user-defined module code.

Creating an NIF Module with the Automation Server

An NIF module can also be created using API functions of LABCAR-OPERATOR.
The API maps all functions which the user can run via the GUI. The automatic
insertion of user-defined code or adaptations is not supported but must be
implemented outside LABCAR-OPERATOR in the case of automation.

There is a whole range of Set/Get methods with which the configuration of an
NIF module can be specified or queried. In the case of an error, these set methods
return "False" and in the case of success "True".

The relevant documentation (chm file) can be found via ? — Help under "API
Documentation”.
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FiL Modules

This chapter describes the creation of FiL modules.

Function-in-the-Loop (Fil)

A traditional HiL system (Fig. 3-21) consists of an ECU and a simulation model
connected to each other in a closed-loop control circuit. The ECU outputs are
connected to a board to acquire signals for the simulation PC. A real-time-capa-
ble simulation model runs on the simulation PC. It calculates the relevant output
values based on the input values measured. In turn, these are converted to elec-
tric signals and connected to the ECU inputs.

ECU Simulation Model

Fig. 3-21  Structure of an HiL System

In a FiL system (Fig. 3-22), some (or all) of these electric connections are bypassed
and the ECU memory is accessed directly — the ECU must be equipped with an
ETK or XETK for this purpose’.

This means that the input and output stages and the hardware connections to
and from the simulation model are bypassed.

ECU Simulation Model
H0+0k (X)ETK ECU gf")
%) CAN Connector
X

Fig. 3-22  FiL System
To create an FiL system, you need the following:
e The ECU must be equipped with an ETK or XETK.

e ECU outputs that are measured by the ETK/XETK must be connected to
the simulation model.

1- Access via XCPonCAN is also possible — its speed is, however, too low for a real
FiL system.
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* Inputs for the ECU functions that are to be stimulated by the model must
have a software hook. A hook is a switch with which the input of an ECU
function can be separated from the electrical input or from the previous
ECU function and connected to the model using ETK/XETK.

e Sound knowledge of the internal function blocks of the ECU.

e To enable correct stimulation of the function inputs, it may be necessary
to disable the diagnostic functionality of the ECU.

The FiL system is configured in LABCAR-IP; communication with the FiL module
takes place in the experiment environment LABCAR-EE.

3.9.1 Configuration in LABCAR-IP

The following figure shows the start page of the FiL Wizard.
{7 LABCAR-IP 4.4 - [FiL Wizard] 7= e

File View Project Tools 7
& g PE 6 9
Project Explorer - x

=1 (] Targets . b N \ & \ ¥ . \ ¥ \ % :
1 RTPC Overview > - polile 5 ECUaccess )y ECUinputs ) ECUouputs 55  OSsettings

This project cumently does not use FiL.

In order to use FiL with this project you have to provide the following information
1. Specify which A2L file is used
2. Select the hardware to access the ECU (can be either ETK or XETK).
3. Connect DVE model outputs to ECU input signals from AZL file).
These signals will reguire hooks.
4. Connect ECU output signals ffrom AZL file) to model inputs

ECU Simulation Model

CAN Connector
f(x

(X)ETK ECU g()()

Configure Fil
LABCAR [ ! NewProjectleo5 | Connection Manager |3 05 Configuration |« Fil Wizard ‘
Time Message
@ 123237 LABCARIP5.20
Ready Recemmendation: Build Project HiL

Fig. 3-23  The Start Page of the FiL Wizard
This is where you will find a short overview of the steps to be executed.
1. Definition of the ECU file (see "Selecting an A2L File" on page 201)

2. Definition of the connection from the Real-Time PC to the ECU (see
"Defining Hardware for ECU Access" on page 202)

3. Definition of the ECU values which are to be stimulated by the model (see
"Selecting ECU Variables for the Stimulation" on page 204).

4. Definition of the ECU values which are to be connected to inputs of the
simulation model (see "Selecting ECU Outputs for Connecting to the
Model" on page 206).
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5. Assignment of the ECU rasters to tasks in the OS configuration (see "0OS
Settings" on page 207)

This order is reflected in the order of the tabs:

. \ \ \ \ T
_ > 221 file >+ ECUaccess » » ECUinputs ) » ECUcutputs » »  OSseftings ‘

£

State and Error Display

Each tab (icon) also indicates the state of the relevant step (OK, warning or error).

Detailed warning and error messages during the configuration process are issued
in the "Messages" window and written to the log file.

3.9.2 Selecting an A2L File

The ECU description file must be defined at the beginning of the configuration.
To select the ECU description file (A2L file)

o Select the "A2L file" tab.
e Click Browse and select the A2L file.

The file is loaded and its contents (parameters, mea-
sure values and available hooks) displayed.

Overview > g L1 @ ECU access , > ECUinputs , > ECU outputs , OSsetiings |
Select the A2 file to be used in this project.
ECU A21 file
DALCO_Projects\Module Data'\A2L\ETKPS_DISTAB13_AML1_5_0_100MBit_12T.a2l Browse... ] [ Reload ]
Information from A2L file Available hooks ol
Loading AZL file finished. M cont_sint16_1_100_B01Model_Byp_B01
8 cort_sint16_1_100_B02 Model_Byp_B02
o Messages from AZL parser: M cont_sint16_1_100_B03.Model_Byp_B03
0 Line 570, Col. 21: 1 [1810] Definttions of this key should not be blocked B cont_sint16_1_100_B04 Model_Byp_B04
0 Line 617, Col. &: 1 [1814] Mumber exceeds valid range of unsigned 32bit int... M cont_sint16_B01 Model_Byp_B01 =
o Line 617, Col. 9: 1 [1814] Number exceeds valid range of unsigned 32bit int... M cont_sint16_B02.Model_Byp_B02
o Line 617, Col. 12; 1 [1814] Number exceeds valid range of unsigned 32bit in... B cont_sint16_B03.Model_Byp_B03
o Line 617, Col. 15: 1 [1814] Number exceeds valid range of unsigned 32bit in... B cont_sint16_B04.Model_Byp_B04
o Line 617, Col. 18: 1 [1814] Number exceeds valid range of unsigned 32bit in... B cont_sint8_1_10_B01.Model_Byp_B01
o Line 627, Col. 6: 1 [1814] Mumber exceeds valid range of unsigned 32bit int... M cont_sirt3_1_10_B02 Model_Byp_B02 e
o Line 627, Col. 5: 1 [1814] Mumber exceeds valid range of unsigned 32bit int... M cont_sirt3_1_10_B03.Model_Byp_B03
o Line 627, Col. 12: 1 [1814] Number exceeds valid range of unsigned 32bit in... M cont_sirt3_1_10_B04 Model_Byp_B04
o Line 627, Col. 15: 1 [1814] Number exceeds valid range of unsigned 32bit in... M cont_sirt3_B01.Model_Byp_B01
o Line 627, Col. 18: 1 [1814] Number exceeds valid range of unsigned 32bit in... M cont_sint3_B02 Model_Byp_B02
M cont_sint3_B03 Model_Byp_B03
O mported: M cont_sint8_B04.Model_Byp_B04
o 2553 measurements M cont_uint16_1_2_B01.Model_Byp_BO1
o 646 parameters M cont_uint16_1_2_RB02 Model_Byp_B02
o 48 measurements with hooks. B cont_uint16_1_2_RE03 Model_Byp_B03
M cont_uint16_1_2_B04 Model_Byp_B0D4
oThe ECU can be connected M cont_uint8_10_1_B01 Model_Byp_B01
o via an ETK and an ES552 or ES510 B cont_uint8_10_1_B02 Model_Byp_B02
M ~ert virt® 10 1 R0 Madel Pum RO i

Fig. 3-24 Selecting the A2L File
The following information is displayed once the file has been read:
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¢ Information from A2L file
A range of parser messages is issued here.
If the file could not be loaded, a list of all errors is displayed in the "Mes-
sages" window.
e Available hooks
All signals that have had hooks defined for them (in the A2L file) are listed
here.
If the A2L file has been changed (but name and directory have stayed the same),
the file can be read in again with Reload.

3.9.3 Defining Hardware for ECU Access

The next step is to define the hardware via which ECU access is to take place:

e XETK

For an ECU with XETK — the XETK is connected directly to the
Real-Time PC via Ethernet.

e ETK

For an ECU with ETK — the ETK is connected to an ES592 or ES910 and
these are connected to the Real-Time PC via Ethernet.

e XCP on CAN

To select hardware

* (o to the "ECU access" tab.
e Select the hardware for ECU access.
Overview \:> t?}@ A2 file \/\@ ECLl zccess \/‘) ‘_‘} ECL inputs ‘_\} ECU outputs 0S settings
Define how the ECL) is connected to the LABCAR system.

Hardware for ECUl access

The the following ECLU interface shall be used

@ ETKwvia ES910 ETK Device alias The device alias is defined by the |P device manager configuration of the RTPC.
@ ETKvia ES592

CAN card CAN controller

Search for hardware

e When accessing via ES910 or ES592 enter the "ETK
Device Alias" (see "ETK Device Alias" on page 203).
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e To check whether the selected hardware is con-
nected, click Search for hardware.

If the selected hardware is available, it is shown by
an icon (and possibly the device alias).

Search for hardware k

Hardware connection status

RTPC ES910

The device alias of this EST10is ‘myetkname’.

Note

The hardware search is limited to the selection made in the "Hardware for ECU
access" field. Other connected devices are not displayed!

ETK Device Alias

The "ETK Device Alias" replaces the "hard wiring" with the IP address of the
connected ES592 or ES910 and thus facilitates porting projects.

Note

When accessing via ETK, an "ETK Device Alias" has to be specified here (and be
defined previously in ETAS RTPC)!

To assign a device alias in ETAS RTPC

e Clicking the link opens a browser instance and in it,
the page "IP Device Manager" of the ETAS RTPC
web interface.

ETAS-RTPC

ETAS

Run your models in real time on a PC

Main Page >=> System Info >> IP Device Manager

Search for Hardware

Eth Device |Serial Alias
eth1 (192.168.40.20) ES592 (9900026 |myESS92
[not connected] ES910 (101060 myESS10

Reset Apply Changes
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To save the project

ETAS

Click Search for Hardware to search for Ethernet
connections which were configured for real-time
communication ("rtudp_n").

After a successful scan, the following information is
displayed:

- Eth

The Ethernet adapter of the Real-Time PC
where the hardware is connected.

— Device
The device type
— Serial
The serial number of the device

Enter an identifier under Alias (C-conform, max. 32
characters).

Select Reset to reset changes made.
To accept the entry made, select Apply Changes.
Exit the web interface and return to LABCAR-IP.

Save the configuration with File — Save.

The FiL module is saved and displayed in the Project
Explorer ("ECUModule").

Project Explorer - x
= u_j Targets
= RTPC
<» ECUModule
[ﬂ Hardware
4} IdleController

LABCAR /

Selecting ECU Variables for the Stimulation

In this step, you define ECU variables to act as inputs. These are stimulated by
outputs of the simulation model and require ECU hooks for this purpose.

These hooks separate the relevant function block from the outputs of the block
before (or even from the ECU input) and connect it to the input values provided
by the connected ETK/XETK. The hooks are thus the switches with which the
external bypass function is enabled/disabled.

To select inputs

Select the "ECU inputs"” tab.

Select ("Show") Only measurements with hooks
as filter.

Select a measure value from the "Available ECU
data elements” list.
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e Move it to the list on its left by Drag & Drop.

Overview >o A2L file >°ECUaDcess >-2 ECU outputs }E OS settings

Define all ECU variables which shall serve as ECU inputs. After connecting them to medel outputs in Connection Manager, these will be stimulated
by the simulation model. They require ECU hooks.

Defined ECU inputs ot [W with v]
ECU A2L label Raster Hook Bypass Switch

Available ECU data elements o
B cont_sint16_1_100_B01.Model_Byp_B01
B cont_sint16_1_100_B02.Model_Byp_B02
M cont_sint16_1_100_B03.Model_Byp_B03
cont_sint16_1_100_B04.Model_Byp_BM4
cont_sint16_B01.Model_Byp_B01
cont_sint16_B02.Model_Byp_B02
cont_sint16_B03.Model_Byp_B03
cont_sint16_B04.Model_Byp_B04
cont_sint8_1_10_B01.Model_Byp_B01
cont_sint8_1_10_B02.Model_Byp_B02
cont_sint8_1_10_B03.Model_Byp_B03
cont_sint8_1_10_B04.Model_Byp_B
cont_sint8_B01.Model_Byp_B01 -

i | »

~«+EEEEEEEEESR

4 L] L3

The measure value is added to the list.

Defined ECU inputs

ECU A2L label Raster | Hook Bypass Switch
cont_sint16_1_100_B03.Model_By [+ | Available in

=

a

To delete a measure value from the list

e To remove a measure value from the list, right-click
it and select Delete.

Meaning/Function of the Individual Columns

e ECU A2L label
The label of the data element
e Raster

This is where you select the ECU raster in which the data element is
acquired.

¢ Hook
This displays whether a hook is available for this data element.
e Bypass Switch

A parameter with which the Bypass can be enabled/disabled. This can be
selected from the "Available ECU data elements" list (filter: "Characteris-
tics") by Drag & Drop.
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¢ |Initial Value

Initial value for the parameter in the "Bypass Switch" column.
In the experiment environment, there is an instrument for operating com-
munication that has a function (see "Apply bypass switch settings”
on page 211) with which all bypasses can be enabled with a default initial

value.

ETAS

The data elements selected here are available as inputs after saving in the Con-
nection Manager (if not, click Update Ports in the Connection Manager).

3.95 Selecting ECU Outputs for Connecting to the Model

In this step, you select data elements of the ECU that later can be connected for

measuring with model inputs.

The following figure shows the "ECU outputs" tab.

l Overview > & AlLfile > @ ECU access > & ECUinputs >L 05 settings ‘

Defined ECU outputs

ECU A2L label Raster

bypass_B03_enable.Model_Byp B03 Measure_R03

Define all ECL variables which shall serve as ECLl outputs. These can be connected to model inputs in Connection Manager.

E2

Show | Dnly characteristics

)
-

)

Available ECU data elements
bypass_B01_enable.Model_Byp BO1
bypass_B02_enable.Model_Byp_B02

@ bypass_B03_enable.Model_Byp B03

S U R U

bypass_B04_enable.Model_Byp_Bl4
CodeCheckPattern_ECUCode HW_MPC56x
cont_sint16_1_100_bypEnable_B01.Model_Byp_B01
cont_sint16_1_100_bypEnable_B02.Model_Byp_B02
cont_sint16_1_100_bypEnable_B03.Model_Byp_B03
cont_sint16_1_100_bypEnable_B04.Model_Byp_Bo4
cont_sint16_1_100_offset_B01.Model_Byp_B01
cont_sint16_1_100_offset_B02.Model_Byp_B02
cont_sint16_1_100_offset_B03.Model_Byp_B03
cont_sint16_1_100_offset_B04.Model_Byp_Bl4
cont_sint16_bypEnable_B01.Model_Byp B01
cont_sint16_bypEnable_B02.Model_Byp B02
cont_sint16_bypEnable_B03.Model_Byp B03

rant eint1f hunEnahla AN Madal Buen R0

.

[

Fig. 3-25 Making ECU Outputs Available for Connecting with Model Inputs

To select a data element

e Select a data element in the list on the right and
drag it to the list on its left.

The selected element is added to the "ECU A2L
label" column.

e Select a raster from the "Raster" column.

The data elements selected here are available as outputs after saving in the Con-
nection Manager (if not, click Update Ports in the Connection Manager).
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3.9.6 OS Settings

In this step, you can link ECU rasters to Real-Time PC tasks. This enables a close
coupling of the simulation to the ECU raster.

The following figure shows the "OS settings" tab.

l Overview > & AlLfile > @ ECU access > & ECUinputs > & ECU outputs >-

Map ECU rasters to tasks of the OS5 configuration of the RTPC.

If you map an ECU raster to an RTPC timer task, the RTPC reads ECU values before calling the other processes of this task.
If you map an ECL raster to an RTPC trigger task, the ECU triggers the execution of the task if new ECLl values have been sent by the ECU for the
corresponding ECU raster.

ECU raster RTPC task name Enable Trigger
100ms time synchronous
10ms time synchronous
bypass 10ms time synchronous : TaskDVEModel
bypass segmentsynchronous ECU_SegSync
segment synchronous

[

Fig. 3-26  Assignment of Tasks to ECU Rasters
This applies to both timer tasks and trigger tasks.

Timer Task

If an ECU raster is mapped to the timer task of the Real-Time PC, in which the
model is calculated, prior to the calculation step dt data is read from the ECU
(hook_recv_ECUModule_[task name]), then calculation takes place
(lcrt_OneStep_Outputs_...) and then it is written to the ECU
(hook_send_ECUModule_[task name]),.

=) TaskDVEModsl

----- @ CAM_Receive_board]_contrallerd

----- @ CAM_Receive_board]_controller]

----- G Es113x_SyncRecerveCode T askDVEModel _HWwCF
----- O hook_recv_ECUModule_TaskDWVEModel

----- @ let_OneStep_Outputs_|dleController

----- | hook_send_ECUModule_T askDVEModel

----- G Ee113w_SyncSendCode_TaskDWEModel HW CF
----- @) lcit_OneStep_States_|dieController

Trigger Task

Mapping an ECU raster to a trigger task enables a close coupling: The ECU can
be made the timer of the simulation — the Real-Time PC starts the model calcu-
lation only after having received data from the ECU.

If the ECU is to become a clock generator, you must assign a trigger task and
activate the "Enable Trigger" option (Fig. 3-26 on page 207). If this option is not
selected, the Real-Time PC task is not triggered although the ECU sends data.
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This is why the "Enable Trigger" option is activated in most cases — it is, however,
sensible not to activate it in the following case: If several ECU rasters were

assigned to the same trigger task, the "Enable Trigger" option should only be
activated for one raster (see figure).

Overview > & AlLiile > & ECU access > @ ECUinputs > & ECU outputs >_

Map ECU rasters to tasks of the OS5 configuration of the RTPC.

If you map an ECU raster to an RTPC timer task, the RTPC reads ECL values before calling the other processes of this task.

If you map an ECU raster to an RTPC trigger task, the ECL triggers the execution of the task if new ECU values have been sent by the ECU for the
corresponding ECL raster.

ECU raster RTPC task name Enable Trigger
100ms time synchronous ECLI_Sync z v
10ms time synchronous ECL_Sync Z []
bypass 10ms time synchronous ; TaskDVEMadel |- [[]
bypass segmentsynchronous ECU_SegSync v [l
segment synchronous Z||:|

Otherwise, the ECU would trigger the trigger task ("ECU_Sync" in the figure)
several times during a period dT leading to a time response difficult to com-
prehend (several, non-equidistant read cycles of the ECU).

The "Auto Trigger" Option

If there is no data from the ECU, the simulation comes to a standstill. To avoid
this, there is the option "Auto Trigger" for tasks of the type "Trigger".

If you select the corresponding trigger task in the "OS Configuration" tab, you
can enable the option "Auto Trigger" at the bottom of the window.

Processes Task
ECUModule:
Hardware
----- IdleController &) Acquisttion
,_:_|® Corfig
hook_recv_ECUModule _Corfig
e hook_send_ECUMedule_Config
E—J Manager
@ hook_recv_ECUModule_Manager
= . hook_send_ECUModule_Manager
..... E Analyze
----- [ Acknowledge
[#-(¥) TaskDVEMode!
EJ-"d Trigger
Show Unassigned Processes Type E]
Task Settings
TaskD 9 Delay 0 s Pioty 1 [2]  CcPu-Core [F] Exclusive Core Usage
Dizable Task Stop On Floating Point Exception
Auto Trigaer Period  0.01 & EventTimeout 0.012 s
05 Settings.
Max. Mumber Of Priorities H E Automatic Process Assignment Enable 0OS Monitoring

Example: If, after 12 ms ("Event Timeout"), no data has arrived from the ECU,

calculation continues at intervals of 10 ms ("Period") until data starts coming
from the ECU again.
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The assignment of an Real-Time PC task in the "RTPC Task Name" column (see
Fig. 3-26 on page 207) adds the processes
"hook_recv_ECUModule_[Taskname]"

and

"hook_send_ECUModule_[Taskname]"

to the respective task (tab "OS Configuration" in the main window of LAB-
CAR-IP).

= ﬁ ECU_SegSync

& hook_recv_ECUMadule_ECU_SegSync
& hook_send_ECUModule_ECU_SeqSync
@ hook_send_ECUModule_TaskDWVEMadel
& hook_recv_ECUMadule_TaskDVEModel

Note

At the end of the configuration, check whether the order of processes in the
Timer/Trigger tasks used for ECU communication is correct.

3.9.7 Creating Connections in the Connection Manager

Once you have selected the data elements for stimulation and acquisition and
have mapped ECU rasters to tasks, configuration of the FiL module is complete.

To be able to work with the module, its inputs and outputs must then be con-
nected to the inputs and outputs of the DVE model in the Connection Manager.

The "Communicationinitialized" Output

In addition to the outputs you have configured, there is also the "Communica-
tionlnitialized" output in the Connection Manager. It is a "Boolean" value whose
transition from 0 — 1 signalizes that the ECU is ready to communicate.
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3.9.38

Working in LABCAR-EE

Once the project has been rebuilt, it can be opened in the experiment environ-
ment. The following figure shows the representation of the FiL module in the
Workspace Elements.

%z| Workspace Elements

Search kFilter ¥

All Asamr AllUD r Search Results
=l < ECU Access
ERRL
= <@ ECUModule
= 2] AzLElements
[ = Active,Dist_E01.Distabl3_16R
[ = Active,Dist_E0Z.Distabl3_16R
[ = Active,Dist_E03.Distabl3_16R
M = Active,Dist_E04.Distabl3_16R

= ] Inports

[ | DE cont_sint16_1_100_B03.Model_Byp_B03
= 7] Measurevariables

[ #= Measure_RO1_DagéckivityMaonitar

W *=- Measure_R0Z_DagéckivityMaonitar

W #=- Measure_RO3_DagéckivityMaonitar

[ #= Measure_R04_DagéckivityMaonitar

= 2] Outperts
[ ] -@:D bypass_B03_enable.Model_Byp_E03
M 5 CommunicationInitialized
= LABCAR
=] [ﬂ Hardware

H Workspace Elements "-:'\JExperiment Explorer
The module has the following subfolders:
e A2LElements

This folder contains all A2L labels (measure values and parameters) of the
ECU description file.

¢ Inports
The inputs of the module defined during configuration.
* MeasureVariables

One variable per ECU raster that is incremented when this raster is trig-
gered by the ECU.

e Outports

The outputs of the module defined during configuration. This folder also
contains the output "Communicationlnitialized" (see "The "Communica-
tionlnitialized" Output" on page 209).
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3.9.9 The "RT ECU Access" Instrument

Measure values and parameters can be displayed and modified using the stan-
dard instruments. There is a special "RT ECU Access" instrument for controlling
the FiL function.

Group5s E

Start o Stop Apply bypazs switch
B Communication Communication zettings

Update AZL File... |

Fiaster Configuration of device "

ECU Raster Name | Type | DAQ Signals | STIM Signals | DAQ State
1 UMI_Bvp_B03 STIM 0 1 nfa

2 Measure_RO3 DAQ i1 a OFf

Fig. 3-27 Instrument for Controlling the FiL Function

The upper part of the instrument contains buttons for controlling communica-
tion:

e Start Communication / Stop Communication
Is used to start and stop communication of the FiL module with the ECU.
e Apply bypass switch settings

Is used to set the default values for the bypass switches (see "Initial Value"
on page 206).

e Update A2L File

If you use a new A2L file due to a new software status, this function helps
you carry out an update without opening the configuration in LABCAR-IP.

Note

The update only works if the new file contains all rasters and ECU labels of
the module!

The configuration of the ECU rasters is displayed in the bottom part of the instru-
ment. The meaning of the individual columns is as follows:

¢ ECU Raster name
The name of the raster
* Type
Type: "DAQ" or "STIM"
e DAQ Signals / STIM Signals
Number of the measured/stimulated signals in the relevant task
e DAQ State

Displays whether even values are delivered by the ECU for the DAQ raster.
Possible values are "n/a", "Off" and "Running".
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3.10

Real-Time Plugins

This chapter contains information on creating real-time plugins, how to integrate
them into a LABCAR-OPERATOR project and how to work with them in the
experiment environment LABCAR-EE.

Real-Time Plugins

A real-time plugin is a dynamically loadable program library for the Real-Time PC
whose functions can be integrated into the real-time operating system, and exe-
cuted, during runtime.

The RT-Plugin Builder is a tool for creating a real-time plugin project and manag-
ing the associated source code. It also controls the compiling and linking of the
plugin on the Real-Time PC and generates a packet file for the real-time plugin.

ETAS RTPC

The plugin source code is compiled and linked to a dynamically reloadable pro-
gram library (Shared Object Library) on the Real-Time PC that provides the nec-
essary functionality and infrastructure required for real-time plugins.

This includes in particular
¢ |oading and unloading real-time plugins
e generating hook processes
¢ linking functions (of the plugin) to hook processes
e resolving data element identifiers in memory addresses
* invoking hook processes in a real-time context

Configuring the Operating System

Hooks are added to tasks of the real-time operating system in the "OS Configu-
ration" tab in LABCAR-IP.

Experiment Environment (LABCAR-EE)

Real-time plugin packet files can be added, enabled, disabled and removed in the
experiment environment.
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3.10.1  The RT-Plugin Builder

The RT-Plugin Builder is an application used to create real-time plugins. The
RT-Plugin Builder generates a directory structure and files with function roots for
the necessary callback functions of the plugin.

To create real-time plugin projects

e In the Windows Start menu, select Programs —
ETAS — LABCAR-OPERATOR X.Y —
RT-Plugin Builder.

The RT-Plugin Builder opens.

a2 RT Builder =n| Wl <
File Tools
ERCREEE
Genera
Note:
Properties |BUi|d |

e Select File - New.
The "New RT Plugin" window opens.

a2 New RT Plugin =

RT Plugin Name:
|

Location:

-]

Template Fle:

-

e Enter the name of the RT plugin and the directory in
which the project files are to be saved.

e Select a template file.
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e Click OK.
The project is created.
o' RT Builder ==E=E=
File  Build Tools
BEHER
2] RT_Test
L RT_Test_main.c General
Plugin Mame |RT_Test
Version 1.00
Notes
5/2/2013 - Plugin created. -
Properties |BUi|d |

If necessary, change the version number
("Version").

Save the project using File — Save.

To manage real-time plugin source code

All files that belong to a pl
of a logical tree structure.

ugin are managed in the RT-Plugin Builder in the form

Right-click the project folder.
The shortcut menu opens.

o' RT Builder
File  Build Tools
BEHER
=
- RT| Open

Add File
Add Folder
Create File
Create Folder
Exclude
Remove

Use Create... to create new files or folders.

Use Add... (in the project directory) to add existing
files or folders.

Select Exclude to remove a file or subfolder from
the project.

The files/folders in the project folder are retained
and can be added again using Add File / Add
Folder.
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To delete a file or a subfolder, select Remove.
The files/folders are deleted physically.

Double-click a file in the tree to edit it.
The file opens in the preset editor.
Select Tools — Settings to define another editor.

SettingsForm
Editor

Prefered Editor

Program File

notepad exe C]

Command Line Arguments A

Macros: %ile, %ine

[ ok | [ cance |

If you want to transfer arguments when the editor
is invoked, you can specify them in the field "Com-
mand Line Arguments".

To compile and link a real-time plugin

Toggle to the "Build" tab.
Select Build — Build Plugin.

The files are transferred to the Real-Time PC and
processed there.

- RT Builder
File  Build

BHEE

Tools

(=[O sl

2] RT_Test

Messages
[5/2/2013 11:02:55 PM] Build Process started

Uploaded build zip” to /homeAabcar/plugin/build/RT_Test/build zip'
Unzipping build.zip

Upload done

Building plugin file 'RT_Test.so0’ by compiling *./RT_Test_main.c®
Copying plugin file "RT_Test so"

Preprocessing and compiling took 0.1259665 seconds

build: succeeded

4 I 2

| F‘mperties| Build |

The results of the Build process are displayed under
"Messages".
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3.10.2

Real-Time Plugin Packages

A Shared Object Library is generated from the files containing source code during
the build process. The RT-Plugin Builder puts these files, together with other files,
into an archive file referred to below as a real-time plugin package.

A real-time plugin package contains:
e A metadata file (xml) with information on tools, versions etc.
e The Shared Object Library of the plugin

Example

The following example shows the implementation of a simple counter that can
be controlled using the commands "enable", "disable" and "reset".

The plugin interacts with a C code module of the LABCAR-OPERATOR project by
reading the scaling factor from the module and writing the (scaled) counter value
into @ module parameter "In". The C code module issues "In" via the outport
"Out".

#include <stdio.h>
#include <math.h>
#include "rtos hook.h"

#include "rtos rtplugin.h"

// Label definition
// raw label
#typedlabel double cmodIn CModule/CalibrationVariables/In

// mapped (user defined label)
#typedlabel double cmodScale UDModule/UDScale

// Data structure
typedef struct
{
unsigned int enable;
unsigned int count;
}
TDhata;
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// Callback functions for the hooks
/**
* Function to be called from the hook.
* @param arg Datapointer as passed to rtos hook attach
* @param t ns The current time in nanoseconds
* */
static void Hook Callback(void *arg, rtos time t t ns)
{
if( arg )
{
if( ((Thata*)arg)->enable )
{
((Thata*)arg)->count++;
}

cmodIn = cmodScale * ((TData*)arg)->count;

static rtos _handle t hObj;
static TData data;

// Command handler for additional plugin commands
/**

* Function to be called as command handler

* @param argc Number of argv[] strings

* @param argv Array of strings

* @param stream The output stream

* */
static int cmd(int argc, char *argv[], FILE *stream)
{
if( strcmp( argv([0], "enable" ) == )

{
data.enable = 1;
}
else if ( strcmp( argv[0], "disable" ) == 0 )
{
data.enable = 0;

}

else if ( strcmp( argv[0], "reset" ) == 0 )
{
data.count = 0;
}
else

rtos log( LOG ERR, "unknown command" );
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return -1;

}

return 0;

int on_load(void)
{

return 0;

int on_initialize(void)

{
rtos_rtplugin_command (cmd) ;
data.count = 0;

data.enable = 1;

hObj = rtos_hook_attach("Hook", Hook_Callback,

return 0;

void on_terminate (void)

{
rtos_hook detach (hObj) ;

void on_unload(void)
{
}

_(void*)&data ),

See the following sections for explanations of this example.

ETAS
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3.10.3  Defining Hooks in the OS Configuration of LABCAR-IP
A hook acts as a wildcard for one or more processes in the OS configuration of a
LABCAR project. Like a process, a hook can be added to a task at any point,
moved and even deleted. Unlike processes, the name of a hook can be freely
defined (and also changed) by the user.
Processes Taszk
ConversionModule Init
Hardware n Exit
ldleController () Acquisition
[#-(¥) Config
(%) Manager
== [ Anatyze
[ Acknowledge
=B ode
E Es113c_Sy Add Task del_HWCF
Pb1551adc CF
Conversior] k
lort_OneSt Remove Task
Pb1651ady Rename

Es113¢_5y
lert_One St

Mowve Up

Tazk Settings

3.104

|:| Show Unassigned Processes

Update Processes Tvpe Period 0.01 5

TasklD & Delay 0 s Priority 3 = CPU-Core [T Exclusive Core Usage
|:| Dizable Task |:| Stop On Floating Peint Exception
05 Settings
Max. Number Of Priorities 40 = Automatic Process Assignment Enable OS Monitoring

Fig. 3-28 Adding a Hook to the OS Configuration

A hook can also be used several times, i.e. it is permissible to add a hook with the
same name at different positions within one or more tasks.

Attaching Plugin Processes to Hooks

Attaching processes to a hook takes place via the real-time plugin itself. When
loading a real-time plugin, the

on_ load
method of the plugin is invoked.
Within it, you can use the function
rtos hook attach
to attach processes to specific hooks.

If a necessary hook is not available, the implementation of the on_1oad method
determines whether loading the real-time plugin has to be interrupted or
whether it can be continued.

It is possible to attach several processes to one hook. By default, new processes
are always attached to the end of the process list of a hook. It is not possible to
add a process at any position in the hook process list.

When unloading a real-time plugin, all attached processes in the
on_unload

method must be removed from the process lists of the hooks using the function
rtos_hook detach
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3.10.5

Label and Mapping

Every data element in a LABCAR-OPERATOR project has a label that is used to
enable unique addressing.

Addressing Data Elements

Data elements of a LABCAR-OPERATOR project are addressed using a compiler
directive in real-time plugins.
The syntax of the directive is as follows:

#typedlabel <type> <variable identifier> <data element label>

The data element is accessed in the source code of the plugin using the specified
variable identifier. A label is resolved into the memory address of the data ele-
ment during runtime when the plugin is loaded — before the plugin function
on_load is invoked.

If the label is unknown within the LABCAR-OPERATOR project or the data type
of the data element is not the type expected, the real-time plugin is not loaded
and corresponding error entries are made in the ETAS RTPC log file.

Mapping Labels

User-defined labels for data elements are realized in LABCAR-OPERATOR using
mapping files and SuT mapping files. Using user-defined labels in a real-time plu-
gin enables project-independent plugins to be created.

A user-defined label is resolved into the memory address of the data element
during runtime when the plugin is loaded — before the plugin function on_load
is invoked.

If the label is unknown within the LABCAR-OPERATOR project or cannot be
resolved due to a missing mapping or the data type of the data element is not
the type expected, the real-time plugin is not loaded and corresponding error
entries are made in the ETAS RTPC log file.

Background Services

Functions that are not to be run in a real-time context (e.g. accessing files) can be
assigned to the background tasks of the operating system using the function
rtos _hook attach - the corresponding hook identifier is
rtos_hook background.
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3.10.6  The Lifecycle of a Real-Time Plugin

The activity diagram in Fig. 3-29 shows the sequence of the individual activities
when loading or unloading the real-time plugin.

[load ]

[error]

load library unload library

A
A 4 ]
4@3 labels Lerrer]
A,
v

[error]

s

v
on_unload

A

on_load
-

[ on_unload not implemented ]

[ on_load not implemented ]

A

e eee \ [error] .
———>{ on_initialize » on_terminate

[ unload ]

|

A

Fig. 3-29 Activity Diagram
* load library

Loads the Shared Object Library and resolves the function pointers for the
callback functions of the plugin

- on_load (optional)

— on_initialize (necessary)
— on_terminate (necessary)
- on_unload (optional).

Error case: The function pointers for necessary callback functions cannot
be resolved.

¢ resolve labels
Resolves labels for data elements in memory addresses.

Error case: Label of a data element cannot be resolved or the type of data
element is incompatible.

e on_load

Invokes the callback function on_load, if implemented. This function is
used to treat dependencies and reserve system resources.

Error case: Return value of the callback function is < O.
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3.10.7

on_initialize
Invokes the callback function on initialize. In this function,

real-time functions are assigned to specific hooks, background functions
and command handlers are registered.

Error case: Return value of the callback function is < O.
in operation

Invokes the registered real-time and non-real-time functions by the oper-
ating system of the Real-Time PC.

on_terminate

Invokes the callback function on_ terminate. In this function, the func-
tions registered previously in on_initialize are terminated.

on_unload

Invokes the callback function on_unload, if implemented. System
resources that were previously reserved in on_load are rereleased in this
function.

unload library

The Shared Object Library of the real-time plugin is released and
unloaded.

Working with Real-Time Plugins in the Experiment Environment

Real-time plugins are managed in the experiment environment in exactly the
same way as parameter or mapping files, i.e. adding, removing, enabling and
disabling take place in the Experiment Explorer of LABCAR-EE.

To add RT plugins to the experiment

e Right-click the "RT Plugin Files" folder in the Exper-
iment Explorer.

e Select Add File.

'-,:-\JExperiment Explorer
[|_j Datalogger Files
[|_j Mapping Files
(] Parameter Files

RT Plugin File:
=) A addFile... Ins

1 | i

E ‘Wiorkspace Ele... ,\J Experiment E...
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e Select the plugin file (*.rtp) in the file selection win-
dow.

The real-time plugin is added to the experiment.

=.§dExperiment Explorer * 3 X
(] Datalogger Files
u_j Mapping Files
(] Parameter Files
= ] RT Plugin Files
[ RT_Test.rtp

1 | i

ﬁ_';l ‘Workspace Ele... _:J Experiment E...

e If the plugin is not active, right-click the file and
select Active.

i ;JExperiment Explorer * o
u_j Datalogger Files
u_j Mapping Files
(] Parameter Files

= ] RT Plugin Files

[ RT_Test-Plugin.

[ZL addFile... Ins

W | Active %

[ Rrename File... F2
[&] Exclude From Experiment Del
D Delete {permanently) Shift+Del

e To remove a file from the "RT Plugin Files" folder,
select Exclude From Experiment.

e To delete a file, select Delete (permanently).

To run an experiment with a real-time plugin

e Select Experiment — Download — LABCAR to
download the experiment to the simulation target.

The state of the plugin is now "Initialized".

e Select Experiment — Start Simulation —
LABCAR to start the simulation.

The experiment is run.
e Toggle to the "RT Plugins" tab.
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3.10.8

Note on Using LABCAR Ports in Simulink Models

LABCAR input ports of Simulink models should not be written directly by
real-time plugins. Instead, set the parameter "B_useConstant" to "1.0" and
write the parameter "constValue" from the real-time plugin.

= egl simple
@ [ Gain

Input Port

Input_Port/b_useConstant [

@+ b_useConstant

Input_Part/constValue [1

@+ constValue
B = Qut
@ [ Integrator
My Input_Port

Input_PartOut []

This results in the measure value "Out" ("simple/Input_Port/Out") and all subse-
guent Simulink blocks being influenced reliably if the corresponding hook has
been added accordingly in the OS configuration.

LABCAR output ports should not be written by real-time plugins either. Writing
input ports of C code modules is, however, possible.

The "RT Plugins" Tab

The following figure shows the "RT Plugins" tab.

; Available Real-Time Plugins . ‘Y| Command Console - I
Plugin State Version > -

RT_Test inot loaded (10,0

4 1 | b4 (
Output -~
Time RT-Plugin Message

[RT—PIugins\KSignal Generator \[ Datalogger \[ Instrumentation

4 [ | +

Fig. 3-30 The "RT Plugins" Tab in LABCAR-EE
The area consists of three parts:

e Available real-time plugins
e Qutput (see "Output” on page 225)
e Command console (see "Command Console" on page 225)

Available Real-Time Plugins

This is where all real-time plugins of the experiment are listed.
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e Plugin
The name of the plugin
e State

The "State" column shows the current state of the individual plugin. The
query is cyclical in a raster of around 500 ms.

The states "loaded" and "not loaded" are predefined and show the load
state of a plugin. The definition of user-defined states is possible and takes
place in the source code of the plugin.

e Version

The version of the plugin (is assigned during creation in the RT-Plugin
Builder)

Output

The "Output” tab (in the bottom half) shows the log messages generated by the
real-time plugins.

Command Console

The command console makes it possible to implement an individual command
protocol (based on ASCII character strings) for each real-time plugin. For this
purpose, the plugin must make a protocol handler available to interpret the
transferred strings.

This handler must be registered when the real-time plugin is loaded using
rtos plugin_ command

The following commands are available:

ator@

Delegates the command specified subsequently to the named RT plugin
Example: at ExamplePlugin disable

clear
Clears the command console
info
Lists all plugins loaded (on the target)
help
Provides help
load

Loads the named plugin (— on_load)
Example: 1oad ExamplePlugin

unload

Unloads the named plugin ( — on_unload)
Example: unload ExamplePlugin

init
Initializes a plugin (— on_initialize)
Example: init ExamplePlugin
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terminate

Terminates a plugin ( —» on_terminate)
Example: terminate ExamplePlugin

<Tab>

Auto-completion (case-sensitive)
<Arrow up>

Command history
<Arrow down>

Command history
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Signal Conversion Modules

LABCAR-OPERATOR V5.4.0 comes with a standard signal conversion module
with which the generic open-loop configuration can be realized.

This module can be inserted between all ports which can be connected in the
Connection Manager and particularly enables sensor/actuator modeling
(between the I/O hardware and the DVE model).

Inserting Modules

How to insert this kind of module for signal conversion is described in the section
"Signal Conversion" on page 242.

Parameters

If a module for signal conversion has been inserted, all inputs, outputs and
parameters are also available in LABCAR-EE in the "Workspace Elements" win-
dow.

= 2] ConversionMaodule

= ] BoolSwitch
@ =+ Hightalue
@ Lowvalue
@ *= Threshold

= {2 Curve
@[ Table

= ] CurveEx
I * Fackor
I+ Offset
¥ w_Max
¥ 5 _Min
Y _Max
¥ Y _Min

= 2] Linear
I # Fackor
I+ Offset

= =3 BattMode

I = Funckion

B3 In

=g out

@ * QukConkrol

0 Qukyalue

In addition to the parameterization via parameter files, the instrumentation of
LABCAR-EE also provides a GUI via which the parameters of the module can be
calibrated.

The meaning of the parameters (and thus the functioning of the modules) is
described below using the GUI.
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3.11.3

The GUI for Controlling Signal Conversion

To create this kind of window, right-click the relevant module in the tree view of
the "Workspace Elements" window and select Open Signal Conversion
Instrument.

F¥ Workspace Elements
Search & Filter ¥

Al Asam | AIUD | Search Resus
< ECU Access
B (@ LABCAR
= Qj SignalConversionModules
= ConversionModule
@ [ Boolswitch

Measure / Calibrate...

@ [ curve Add To Datalogger

& (] Curverx Show All HW Ports

@ [ Linear

I£ BattNode Calibration / Parameters »
@ = Function Signal 5
-£ In

| out Create Mapping File...

@-+= OutContral

Open Signal Conversion Instrument l}
@+ OutValue

In the GUI which is created in the active layer (in the "Instrumentation" tab), the
following conversion types can be selected under "Type":

* Boolean
e Curve
e CurveEx
e |dentity
e Linear

Controlling the Output Signal

What all types have in common is that the output can be controlled — the options
in the "Out Control" field are used for this purpose.

Out Control
@ On
© Off
Nede
The following settings are possible:
¢ On
The output is always calculated.
o Off
The output is not calculated - the output is set to the value specified.
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e Node
The calculation of the output depends on the state of a battery node
("BattNode" input in the Workspace Elements and in the Connection
Manager). If the selected battery node is not switched, the curve is not

calculated.

Note
If you doubt the values of any signal, always check whether the calculation of
the signal depends on the status of a battery node or has been completely

switched off.

"Boolean™"

A "Threshold" for the input signal can be entered here under which the output
value assumes the value "LowVal" and above which it assumes the value "High-

Val".

Generic Signal Conversion Instrument - ... B3

ConversionModule
Type

Tope
Threshold 1
HighVal 1
Low\al 0

"Curve"

Use the Edit Curve button to edit a table for a curve.

Generic Signal Conversion Instrument - ... B3

ConversionModule
Type

i

A GUI opens in which the value pairs for the parameter "ConversionMod-
ule/Curve/Table" can be edited.

Table - ConversionModule/Curve/Table

Curve/Table [] Reset || Apply
0 0 0 0 0 0 0 0
[ 0 0 0 L I
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"Curve Extended"

The extended form of "Curve" which permits a further modification of the
curve.

Generic Signal Conversion Instrument - ...

ConversionModule
Type

Type Curve Extended -
Factor 1

Offset 1

*_Max 0
Y_Max
X_Min
Y_Min

The signal can be modified here in several levels:
1. Mapping via a linear function v = a*u + b which results in a gain or atten-
uation a ("Factor") and an offset b ("Offset") of the signal. Presetting:
Offset = 0 and Factor = 1, i.e. no change.

Note
This mapping acts upon the input values of the characteristic defined in
the next step!

2. Mapping via a characteristic defined in a table with Edit Curve (see
""Curve"" on page 229.)

3. Assignal limitation (specified via "y_min" and "y_max") plus a linear map-
ping (by specifying corresponding "x_min", "x_max", "y_min" and
"y_max" values).

The following figure shows the effect of the delimiter function which is
defined by the values x_min, x_max, y_min and y_max.

A

v
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The input signal is limited by x_min and x_max - specifying x_min, x_max,
y_min and y_max determines a linear equation which assigns the signal a
gain and an offset.

If the signal is not to be limited, select the minimum and maximum values
correspondingly small/large.

If no further gain and no offset are required, just set y_min = x_min and
y_max = X_max.

Otherwise, there is the following connection between factor (slope a of
linear equation (1) ), offset (parameter b of the linear equation (1) ) and
the values x_max, x_min, y_max and y_min:

y=a*x+b (1)

y = ((y_max - y_min)/(x_max - x_min) )*x -
((y_max - y_min)/(x_max - x_min) )*x1 + y1

where one of the two value pairs (x_max,y_max) or (x_min,y_min) is to be
used for x1 and y1.

"Identity"

Signal is transferred unchanged 1:1.

"Linear"

Used to map the input value to the output value using a linear equation
(expressed with "Gain" and "Offset").

Generic Signal Conversion Instrument - ...

ConversionModule
Type

e
Factor 1

Offset 1
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3.12

Configuring Hardware with the RTIO-Editor

How to work with the RTIO-Editor and configure the hardware used is described
in detail in LABCAR-RTC V5.4.0 - User's Guide.

Refer to the Tutorial in the "LABCAR-OPERATOR V5.4.0 - Getting Started" man-
ual for an example of how to configure a hardware board.
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The Connection Manager

The Connection Manager enables closed-loop operation by connecting the
inputs and outputs of the existing modules accordingly.

Its properties are:
e displaying all inputs and outputs that can be connected
e connecting individual inputs and outputs and interrupting them
e creating virtual connections for signal tracing
¢ highlighting existing connections

e possibility for export/import of the connection list into/out of other
projects

e sorting and display options for connection list
o filter for selecting special connections

The following sections describe how to assign models inputs and outputs, create
connections and insert modules for signal conversion.

Real and Virtual Connections

Signals must be known to be displayed in the Connection Manager. This is a
matter of course for modules integrated with LABCAR-IP as the inputs and out-
puts of a module are part of the module description. This concerns the modules
already described such as ASCET and Simulink models, CAN and FlexRay mod-
ules, C code modules provided by the user, modules for adjusting the signal path
(signal conversion and opening the closed-loop) and the hardware configuration
in LABCAR-RTC.

Their signals are available in the Connection Manager and also in the experiment
in LABCAR-EE after code generation. The following figure is a schematic of an
HiL experiment with the typical components (hardware, signal conversion) and a
model with actuator and sensor simulation.

)
Signal Conversion
Module
ECU Model
< [
AnaOut _4 |- LOE
DAC
~—

Fig. 3-31 The Experiment Signals

The actuator signal from the ECU appears here for the first time as an output
signal of an ADC module and is then routed to a model input via a module for
signal conversion. In the case of the sensor, the known signal path starts at a
model output and ends at the input of a DAC module.

The following are unknown to date:
¢ the connections between the ECU and the RTIO hardware and
¢ the connections within the modules
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This means important information on the complete signal path in a closed-loop
experiment is missing: the experiment environment requires it to be traceable.

The first point is addressed by the provision of lists of ECU pins and HW pins; the
second via what are referred to as virtual connections.

ECU and HW Pins

You can create and edit the ECU Pin List or the Hardware Pin List as described
below. This can also be automated using the LABCAR-IP Scripting API. Take a
look at the help section (? — Help) for documentation on this API.

To create a list of ECU pins

In the main menu of LABCAR-IP, select Project —
ECU Pin List.

The "ECU Pin & HW Pin Lists properties" window
opens.

ECU Pin & HW Pin Lists properties (=23

ECU Fin List | Hardware Pin List
{Z] ECU Pins

Select the "ECU Pin List" tab.
Right-click on the root entry "ECU Pins".
Select Add Folder.

A new folder is created whose name you can
change here.

Right-click this folder and select, for example, Cre-
ate Output Pin.

ECU Pin & HW Pin Lists properties (=23
2 [ ECU PFins
@l o
i CreateInput Pin
|Q Create Output Pin L\,J
pop Create Bidirectional Pin
] Add Folder
&, Edit Name
25 Delete
Sort Tree Descending

To create a list of HW pins

or

Select Project — ECU Pin List and then the "Hard-
ware Pin List" tab.

Select the hardware module in the Project Explorer.
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Right-click and select Edit Pin List.

Project Explorer - x
= u_j Targets
= RTPC
[ﬂ Hardwi== -
A deCoy  Edit
Update

The "ECU Pin & HW Pin Lists properties" window
opens.
Select the "Hardware Pin List" tab.

In the shortcut menu of the root entry "Hardware",
you now have the following possibilities.

ECU Pin List

&

ECU Pin & HW Pin Lists properties (=23 ‘
|

] Add Folder
Create HW Pins as mirror of ECU Pins
Create HW Pins from the current hardware configuration

Sort Tree Descending

|

— To create a folder in which you have all possibil-

ities as already described for the ECU Pin List.

— To create the Hardware Pin List as a mirror of an

existing ECU Pin List.

— To create the Hardware Pin List from the signals

of the current hardware configuration. With
this variant virtual connections between hard-
ware pins and the relevant hardware signals are
also created automatically.

The result is that connections of ECU and hardware are available in the Connec-
tion Manager and can be connected.

|ECU_Out_14 —-{+_IN_CHo|

ECU

[ ECU_In_69 |¢—] out_CH4 |

-

Signal Conversion
Module

Model
AnaOut _4 |- [@
—

Fig. 3-32 The Signals and Pins of ECU and Hardware
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3.13.2

Virtual Connections

To enable signal tracing the connections within a module also have to be known.

In simple cases, for example a hardware board, in which the list of HW pins was
created automatically from the existing configuration, this can take place auto-
matically as the pin and the signal are effectively hard-wired. It is also natural in
the case of a signal conversion module that input and output are connected
internally with each other.

] ECU_Out_14 }—»{ + IN_CHO }

H
H
fem

Signal Conversion
Module

--------

ECU i Model

AnaOut _4 - E@
] ECU_In_69 }4—{ Out_CH4 }
DAC

Fig. 3-33 Signals, Pins and Virtual Connections (Dashed Lines)

Note

The connections between the ECU and the LABCAR hardware are real to the
extent that lines are connected between the ECU and the hardware.
Nevertheless, these connections also have to be created as virtual connections
in the Connection Manager ("ECU_Out_14" and "+_IN_CHO" as well as
"ECU_In_69" and "Out_CH4" in Fig. 3-33). This enables full tracing of the
signals between the ECU and the LABCAR hardware.

For information on how to create virtual connections see the section "To create
a virtual connection” on page 240.

Adding Inports and Outports to the Simulink Model

Model signals must be accessible if they are to be connected to hardware signals
for HiL applications. This takes place using what are referred to as LABCAR
inports and outports.

These blocks can be positioned at any hierarchy level of the Simulink model.

In MiL applications, an inport can be assigned a constant value so that it behaves
like a Simulink "constant block"; LABCAR outports then behave like Simulink
"terminator blocks".
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These inports and outports are in the "LABCAR Port Blocks" library (Fig. 3-34).
B Simulink Library Browser EI =] @

File Edit View Help
0= 4 |

Input_Port: This block gets an input to a Simulink model from another module of a LABCAR project

- Wl Simulink

8T} | ABCAR Port Blocks '”"L“—Pm
El Real-Tirme Workshop

(- B Simulink Extras Output_Port
.\l Stateflow

- W] Virtual Reality Toolbox

Ready

Fig. 3-34 LABCAR Port Blocks

The connections are created in the Connection Manager which provides an
easy-to-operate user interface for this purpose (see "Connecting Signals in the
Connection Manager" on page 238).

The advantage of this procedure is that this definition of the interface does not
depend on the hardware used each time and is thus also valid for MiL applica-
tions. Hardware connections can also be changed after model code has been
generated, meaning the code does not have to be regenerated.

Note

If these port blocks do not exist in the Library Browser, read the following sec-
tion.

Adding LABCAR Port Blocks to the Library Browser

When the Simulink Browser opens, MATLAB searches all paths for files called
slblocks.m. These M files contain a description of the extensions of the
Simulink Model Browser with corresponding elements.

In the case of LABCAR-OPERATOR, this file is in the directory
<drive>:\Program Files\ETAS\LABCAR-OPERATORX.Y\SiCo.

If you did not open your Simulink model from LABCAR-OPERATOR , the LABCAR
port blocks are not available in the Library Browser. Add this path in the MATLAB
Command Window with

>> addpath ('<drive>:\Program Files\ETAS\
LABCAR-OPERATORX.Y\SiCo"') ;

If LABCAR-OPERATOR has never been installed on the system on which you are
editing your Simulink model, please copy the entire \siCo directory to it and
make the relevant path known to MATLAB (as described above).
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3.13.3

Data Types

As LABCAR-RTC only processes data of the type "double", an automatic casting
from and to the basic Simulink data types has to be take place:

e double (LABCAR Inport) — double, float, boolean, signed/unsigned int8,
int16, int32, int64

e double, float, boolean, signed/unsigned int8, int16, int32, int64 — dou-
ble (LABCAR outport)

Connecting Signals in the Connection Manager

The Connection Manager obtains all its information from an XML file which con-
tains information on all inputs and outputs of all modules of the project.

The following figure shows the Connection Manager GUI (accessible via the cor-
responding tab in the main window).

Selection:

Outputs Inputs .
=[] Hardware - (] Hardware
= Ripe = IdeController [ Cutprsts (7] gt
=] Es3x =[] Pedal2NEngine
B Es1651ch | M AirConditionManual
=] Pb165Tadel 3
i@ Anain_0 @ Al
@ Analn_1 )
wb Analn_10 b (Z) Connected
i Analn_11 (©) Not Connected
@ Anain_12
ﬂb Analn_13 () Filter
@ Anain_14
@ Anain 15 -
Real Connection Virtual Connection
Without Conversion :I"X{

Existing Connections
Fitter

From To

@ Al
Analn_0/Pb1651adc1/Es 1651 cvEs113x/Ripc/Hardware  AirCenditionManualPedalZNEngine/idieController B

) Real
() Virtual

() Fitter

Fig. 3-35 The Connection Manager User Interface

The top part of the window shows the inputs and outputs of all the modules
present.

To display a signal in the relevant editor

e Select a signal from the list of outports or inports.
e Right-click and select Goto....

The editor for signals of the relevant type opens and
the selected signal is highlighted.

Filter on the Display

You can specify a filter to be used when displaying signals ("Filters" field) simpli-
fying the signal overview according to the type of task to be executed.

The following filter settings are possible:
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e Al

All available inputs and outputs are displayed.
e Connected

With this setting, only the connected inputs and outputs are displayed.
¢ Not Connected

With this setting, only the inputs and outputs which are not connected are
displayed.

¢ Filter

A character string to filter the names can be entered here. No distinction
is made between upper and lower case.

You can also select whether the filter condition only applies to outputs ("For
Outputs"), inputs ("For Inputs") or both.

To connect signals

e Use the mouse to select an input and an output.
e To connect the signals click the icon.

Selection:
Outputs Inputs i
=[] Hardware (] Hardware Fiter
A ET ] Outputs [¥] Inputs
=] Ripe =] ldieController vipdts ey
E|[j Esl113x E|[j PedalZNEngine
= Es1851ch | b AirConditionManual
E|[j Pb1651ade 5
@ Anain_0 @ Al
@ Anain_1 -
..w, Analn_10 e () Connected
) Anain_11 (©) Not Connected
@ Anain_12
i Anain_13 () Fitter
@ Anain_14 =
i Anain 15 - -
Real Connection Virtual Connection
M B R
N
or

e Use the mouse to select an input/output and move
it to the desired output/input.

Selection: Hardware \ Rtpc \ Ez113x \ Es1651ch \ Pb1651adc1 \Analn_0

Outputs Inputs .
=~ Hardware ] Hardware R
A [ 7] outputs [¥] Inputs
= Ripe =[] dieControlls utputs [¥] inpu
B[ Esl13 =[] Pedal2NEngine

=] Est651ch
=[] Pb165Tade1

U o 0|

i ’.Z irCaonditio

nManual
X,

fe]

@ Al

@ Anzln_1 )

-wl Analn_10 (Z) Connected

'w' Analn_11 () Not Connected

@ Analin_12

-wl Analn_13 () Filter

@ Anain_14 =
iy Analn 15 ~ .

Real Connection Virtual Connection

Without Conversion - I’X"I .' .'
Update Ports
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The connection is created and shown in the field
"Existing Connections" (providing no filter is active
preventing newly created connections from being

displayed).
Existing Connections

Fitter

From To )
@ Al

Analn_0/Pb1651adc1/Es 1651 cvEs113x/Ripc/Hardware  AirCenditionManualPedalZNEngine/idieController B
) Real
() Virtual
() Fitter

To create a virtual connection

To create a virtual connection between an input and an output of one and the
same module, proceed in the same way as for real connections (see above) — the
icon for creating the virtual connection (within a module) just looks different
from the icon for creating real connections (between two modules).

Selection: Hardware \ Rtpc \ Ez113x \ Es1651ch \ Pb1651adc1 \VAnaln_7
Outputs Inputs i
=[] Hardware - | Hardware Fiter
TE! ] Rtpc =] :'_| ldleController [ Cutprsts (7] gt
=] Es3x =[] Pedal2NEngine
=] Es1651ch | 43 AiCondtionManua |
=] Pb165Tadel 3
i@ Anain_0 @ Al
@ Analn_1 )
@ Anain_10 N (©) Connected
wb Analn_11 () Not Connected
@ Anain_12
@ Anain_13 © Fiter
@ Anain_14
@ Anain 15 -
Real Connection Virtual Connection
=

Beside it there is the icon for creating a real connection between an input and an
output of the same module which can be used for feeding back signals.

Virtual connections are shown on a blue background in the Connection
Manager.

Existing Connections
Filter

From To

Anain_11/Ph1651 adc1 Es1651 chvEs113x/RipcMHardwa +_IN_CH11 [12]/Pb1651 adc1/Es1651ch/Es113xRipcH
Ansin_12/Pb1651 adc1 Es1651 chEs11 SxRtpeHardwa +_IN_CH12 [13]/Ph1651 adc1/Es1651chEs1130RtpeH () Real
Analn_13Ph1651 adc1 E1651 chvEs11 3uRtpoMardwa +_I_CH13 [14]Pb1651 adc1 Es1651chBEs 11 3oRtipeH)
Anain_14/Pb1651adc1 Es1651 ch/Es113xRipcHardwa +_IN_CH14 [151Ph1651 adc Es1651chEs1 3RtpeH ) Virtual
Ansin_1:3/Ph1651 ado1 Es1651 chEs11 3xRipeHardwa +_IN_CH15 [16]P01651 adc1 /Es1 651 chEs113uRtpeH - Fitter
Batthode/ConversionMadule QutfConversionhodule 3

@ Al
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Select the one of the signals whose connection is to

be interrupted.

To disconnect click the icon.

Selection: idleController \ PedalZNEngine \ AirCenditionManual

@ Anain_10
@ Analin_11
@ Anan_12

Outputs Inputs i
=[] Hardware »| @] Hardware Fiter
= Ripe =] IdieContraller [¥] outputs [¥] Inputs
2 EsTik 5[] Pedal2NEngine
B[] Es1651ch | Ly
=[] Pb1651adcT 3
- Anain_0 @A
@ Analn_1 i
(7 Connected

() Not Connected

@ Anan_13 ©) Fiter
@ Analn_14 =
i Anain 15 - -
Real Connection Virtual Connection
Without Conversion I':"I :I"X{ .' .'
N
or
e Select an existing connection under "Existing Con-
nections".
e Press the right-hand mouse button and select Dis-
connect.
Existing Connections =
lier
From To .
AirConditionhlanaliRadallE aoina ilaontrala: S

Disconnect ~

Goto Signal b

Import Connections...

Export Selected Connection...

Select All Connections

Display Items In Reversed Hierarchy

The connection is interrupted again.

If changes are made a module, the display can be refreshed at any time.

To refresh the display

To sort the connection list

Select Update Ports.
The display is updated.

Double-click the column headings (" Outputs” or

"Inputs") in the connection list.

The relevant column is sorted alphabetically (either

in standard or in reverse order).
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To reverse name hierarchy

Select Display Items in Reversed Hierarchy from
the shortcut menu of the connection list.

This reverses the hierarchy of the signal names. It
now starts with the signal name and ends with the
module name.

To export connection settings

Use the mouse to select one or more connections
(multiple selection is possible by pressing the CTRL-
or SHIFT key).

Select Export Selected Connection from the
shortcut menu.

A file selection window opens.
Enter a file name.
The selected connections are saved in the file.

This kind of saved connection settings can be imported again.

To import exported settings

Signal Conversion

Select Import Connections from the shortcut
menu of the connection list.

A file selection window opens.
Select a file with connection data.
The selected connections are imported.

In the Connection Manager, generic signal conversion models (actuator/sensor
modules) can be inserted between the signals to be connected (see "Signal Con-
version Modules" on page 227) — the configuration of these modules then takes
place in a special GUI in LABCAR-EE.
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To create a connection with the signal conversion module

e Select the signals to be connected.

e Select OLC Conversion and click the icon.

Selection: idleController \ PedalZNEngine \ AirCenditionManual

Fitter

[y Analn_0
--gl Analn_1
@ Anain_10
@ Analin_11
@ Anain_12
@ Anain_13
@ Anain_14
------ ) Analn 15

=

Outputs Inputs
=[] Hardware - @~ [ Hardware
= Ripe 2] IdieCortroller
=] EsT13¢ 2 [ Pedal2NEngine
=] Est651ch | " AirConditionManual
=[] Pb165Tade! 3

Outputs Inputs

@ Al
() Connected
() Not Connected

() Fitter

wE

Real Connection

Virtual Connection

-I*I H R

Update Ports

Enter a name for the module in the following win-
dow and click Insert.

Module Type

Insert Signal Conversion Module

=l =S E LS onversionModule 1

OLC Conversion

==l

[ I.nsertL\QJ [ canel |

The two signals are connected using this kind of
module by, for example, connecting the hardware
output with the module input and the module out-
put with the model input.

Selection: Hardware \ Rtpc \ Ez113x \ Es1651ch \ Pb1651adc1 \Analn_0

@ Anain_10

48 In

Outputs Inputs i
-] Hardware - @[] Hardware Fiter
= Ripe 2 IdeControler [ Cutprsts (7] gt
=] EsT13¢ 2] Pedal2NEngine
=] Est651ch =l | " AirConditionManual
- [j Pb1651adc1 B[] Signal Conversion Modules
wl Analn_0 - [j ConversionModule @ al
@ Anain_1 b BattNods )
() Connected

@ Analin_11 (] ConversionModule_1 R TR
@ Anan_12
i Analn_13 () Fitter
@ Analn_14 =
- Analn 15 - .
Real Connection Virtual Connection
OLC Conversion I':"I I’X"I .' .'
Update Ports
i
Existing Connections
Fitter
From To B
@ Al
Analn_0/Pb1651adc1/Es 1651 cvEs113x/Ripc/Hardware  In/ConversionModule_1 B
Out/ConversionModule_1 AijrConditionManual’Pedal2NEngine/idleController () Real
In/Conversionh QOut/Conversionh = v
odule_1 odule_1 © Virtual
BattNode/ConversionModule_1 Qut/ConversionModule_1 B
() Fitter
wE
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The virtual connections within the conversion module are also displayed (on a
blue background).

The inserted module is as well displayed in the Project Explorer.
Project Explorer - x
= u_j Targets
= RTPC
@ Hardware
4} IdleController
= u_j Signal Conversion Modules
ConversionModule

All inputs, outputs and parameters of the module are then accessible in the
"Workspace Elements" window in LABCAR-EE.
= @B LABCAR
= {2l SignalConversionMadules
= ConversionModule
= {21 BoolSwitch
@ =+ HighValue
@+ LowValue
i@+ Threshold
= 2] Curve
@ T# Table
= {2 CurveEx
i@+ Factor
i+ Offset
@ X Max
@ X_Min
@Y _Max
@ Y_Min
= {21 Linear
i@+ Factor
i+ Offset
M BattNode
@ = Function
.£ In
W) Out
@+ QutControl
@ = QutValue
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3.14

3.14.1

Working with LABCAR-IP

Configuring the Real-Time Operating System (OS Configuration)

When creating a LABCAR-OPERATOR project, a default OS configuration is auto-
matically created and added to the project.

The real-time operating system is configured in LABCAR-IP in an interface in
which the following actions can be carried out:

e adding and removing tasks
e editing task properties
e assigning and removing processes to/from tasks

Working with the OS configuration interface is described in the section "Work-
ing with OS Configurations" on page 251.

If a new module is linked, the relevant processes are automatically integrated
into the OS configuration and suitable tasks assigned.

Elements of an OS Configuration

The following figures each show sections of the "OS Configuration" tab in
which specific settings are made.

Global Settings

05 Settings
Max. Mumber Of Priorities 40 = Automatic Process Assignment |:| Enable OS5 Monitering

Fig. 3-36  Global Settings
e Max. Number of Priorities
Maximum number of priority levels
e Automatic Process Assignment

When adding a new module to the LABCAR-OPERATOR project, this
option means that all processes of the newly added module are auto-
matically assigned to the relevant task.

Note

Existing assignments of processes of other modules are not affected by this!
If errors occur due to manual changes made to automatic assignments,
these can only be remedied by removing all processes from their tasks so
that the next project build triggers a new automatic allocation.
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Enable OS Monitoring

When this option is activated, a range of additional measure variables are
added to the Workspace Elements in LABCAR-EE after the subsequent
build process (under "OSMonitoring"). These variables provide informa-
tion on the runtimes of the individual tasks.

F¥ Workspace Elements
Search & Filter ¥

All Asam | Al UD Search Results
< ECU Access
S @ LABCAR
£ []_j SignalConversionModules
2] [ﬂ Hardware
i 4:\ IdleController
= % 0SMonitoring
@ L Acknowledge
= 2] Acquisition
Ml o delta
= delta_max
B = delta_min
B+ fill_level_avg
M= runtime
M »= runtime_avg

M »= runtime_max
M »= runtime_min
M = runtime_violations
M = runtime_violations_total
@ [ Analyze
@ [ config
@ [ cPU Load
@ [ Manager
@ [ TaskDVEModel
@ [ TurnAroundstatistic_0
@ [ TurnAroundstatistic_1
@ [ TurnAroundstatistic_2
@ [ TurnAroundstatistic_3

&' Workspace Elements | =] Experiment Explorer

Fig. 3-37 Additional Measure Variables with "Enable OS Monitoring"
OS Monitoring of Tasks

The significance of the measure variables is as follows:

delta (delta_max, delta_min)

Current time dt (in ns) between two tasks being activated (maximum,
minimum time)

fill_level_avg

The quotient of the average duration divided by the entire period
duration.

Example: If a task with a period of 100 ms is invoked and has an average
(1) duration of 20 ms, the fill level is 20%.

runtime (runtime_avg, runtime_max, runtime_min)
Current runtime (in ns) of the task (average/maximum/minimum runtime)
runtime_violations

Integer incremented by one whenever the current runtime ("runtime")
exceeds the current period ("delta").
This variable is reset periodically — the length of a period until the measure
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variable is reset is defined in the web interface of ETAS RTPC (Main

Page — Configuration) via the RTPC_TASK_TIMING_STATISTIC parame-

ter ("RTPC_TASK_TIMING_STATISTIC = 0" disables recording).

e runtime_violations_total

Number of "runtime violations" during the entire runtime of the experi-

ment.
TurnAroundStatistic_n
The "TurnAroundStatistic_n" folders (n is the number of the VME chassis and
corresponds to the Ethernet adapter "ETHN" with which it is connected to the
Real-Time PC) contain the four variables "runtime", "runtime_avg",
"runtime_min" and "runtime_max" that can be found in every task.
The following figure shows how "runtime" is calculated.

HW 1/0
A
Feedback
M;/)gel Driver States Idle
| rruntime_TurnAroundStatistic_i -
|  dT Task_DVEModel_i | _ nexttime step
Fig. 3-38 Calculating "runtime_TurnaroundStatistic"
CPU Load
The "CPU Load" folder contains the measure variables "Core n" that in turn
contain the load of each individual processor core. This helps optimize the distri-
bution of tasks to the various cores (see "CPU Core" on page 248).
Task Settings
Delay 0 s Priority 3 = CPU-Core 1—v Exclusive Core Usage
Dizable Task Stop On Floating Peint Exception

Fig. 3-39 Task Settings
e Show Unassigned Processes

If this option is enabled, only those processes are displayed in the "Pro-
cesses" field (see "Processes" on page 249) that have not been assigned
to any task.

e Update Processes

A search once again takes place in all modules of the project for the exist-
iNg processes.
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Type

Task type (see "Tasks and Their Types" on page 249)
Period (timer tasks only)

Period of the timer task in seconds

Task ID

The ID of a task (cannot be edited) — software tasks, for example, are
invoked using this ID (see "Tasks and Their Types" on page 249)

Delay
Delay of task activation in seconds
Priority

This is where a priority can be assigned to a specific task — the greater the
number, the higher the priority in processing. The number of priority levels
available can be set in the field "OS Settings" under "Max. Number of
Priorities" (see "Global Settings" on page 245).

Note

The simulation target RTPC works with preemptive task scheduling — the
task with the higher priority is always processed in the relevant processor
core in specific time slices.

CPU Core
The processor core that calculates this task.

Note

For distributed simulation (i.e., assigning different tasks to different cores)
more than two cores are required!

Exclusive Core Usage

This option ensures that the processor core selected previously is reserved
for exclusive use by this task.

Note

"Exclusive Core Usage" is intended to be used to run tasks that have very

short cycle times and as low a latency as possible (e.g. hardware I/0). The

"ldle" time of a task is filled with "Busy-Waiting" in this operating mode.
Consequently the relevant processor core is always used to capacity
(100%).

Disable Task
State of the task: "enabled" or "disabled"
Stop Simulation on Floating Point Exception

This option is only available if a Real-Time PC is used as a simulation tar-
get.

If this option is enabled, a floating-point exception is generated when an
unusual value of a floating point number ("Not-a-number") occurs and
the target is stopped. For more details on what might have caused the
error, refer to the ETAS RTPC manual.

LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS Working with LABCAR-IP

In the case of "Trigger" tasks, there is a further option:
e Auto Trigger

This ensures that a Trigger task is calculated even if there is no trigger
(which would otherwise lead to the simulation coming to a standstill).

e Period
As long as there is no trigger event, the task is calculated with this period.
¢ Event Timeout

If there has been no trigger event once this time has elapsed, the Auto
Trigger function is started.

Processes

The following figure shows a list of processes as shown in the user interface.

Processes

[=1-- ConversionModule
ConversionModule_Execute

[=-- Hardware
Es113x_ExitCode_Bxit_ HWCL
Es113¢_InitCode_Init_HWCF
Es113¢_SyncReceiveCode_TaskDVEModel_HWCF
Es113¢_SyncSendCode_TaskDVEModel_HWCF
Es1651ch_ExitCode_Exit_HWCL
Es1651ch_lnitCode_Init_HWCF
Pb1651adc1_ConfigCode_Config_ HWCF
Pb1651ade1_BExitCode_Bxit_HWCL
Pb1651ade1_InitCode_lnit_HWCF
Pb1651adc1Analn_TaskDVEModel_HWCF
Pb1651adc1LedDrv_Task DVEModel_HWCL

=~ IdleController
lert_OneStep_Outputs_|dleController
lert_OneStep_States_|dleController
lert_Start_|dleController
lert_Terminate_|dleController

Fig. 3-40 The "Processes" Field of the "OS Configuration" Tab
Tasks and Their Types

Task

=] Init
£ Es113x_InitCode_Init_HWCF
£ Es1651ch_IntCode_Init_HWCF
£ Pb1651ade_IntCode_Init_ HWCF
& lert_Start_ldleController
I Et
() Acquisition
(¥ Config
(%) Manager
[ Anatyze
[ Acknowledge
=-[¥) TaskDVEModel
Es113¢_SyncReceiveCode_TaskDVEModel_HWCF
Pb1651adc1Analn_TaskDVEModel_HWCF
ConversionModule_Execute
lert_OneStep_Outputs_|dleController
Pb1651adc1LedDrv_Task DVEModel_HWCL
Es113¢_SyncSendCode_TaskDVEModel_HWCF
lert_OneStep_States_|dleController

Fig. 3-41 The "Tasks" Field of the "OS Configuration" Tab

fe]le](e](e]le]e] (<]
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e |nit

hd

Is always executed at the start of simulation
e Exit
Is always executed at the end of simulation

=
=

e Timer

@

This task type is run in a specific periodic time frame (determined by
"Period")

e Event

le)

Special task which can be used by ETAS RTPC for event-controlled com-
munication. A process within this task must execute a "blocking call" that
waits for input from a hardware or the network.

A typical example is CAN access with a timeout. When

rtos_comm read () isinvoked, the task waits (blocked) until a CAN
message arrives (signaled by an interrupt). This makes it possible to react
very quickly to incoming CAN messages.

E e Software

Task which can be invoked with activateTaskWithId (uint32
taskId)

Eﬁ e Trigger
Task which can be triggered by external events (hardware, network, ...)

The following table contains the tasks of a default OS configuration, its types and
further settings.

Task Type Period [sec] Prio Comment
Acquisition Timer 0.1 1 For measuring
Init Init - RTIO

Exit Exit - RTIO

Config Timer 0.1 1 RTIO
Manager Timer 0.01 3 RTIO

Tab. 3-2  Tasks of a Default OS Configuration

Processing Sequence

Basically the processes are processed in the order in which they were added
under the relevant processes (see e.g. "The "Tasks" Field of the "OS Configura-
tion" Tab" on page 249)

The runtime may be able to be optimized by changing the sequence, e.qg. if dif-
ferent Simulink models are calculated.

Note

"Outputs" always have to be calculated before "States"!
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3.14.2  Working with OS Configurations

This section contains instructions on how to work with OS configurations. The
individual sections are:

e "To edit an OS configuration" on page 251

e "To display extended settings" on page 252

e "To determine the assignment to a task" on page 253
e "To add a task" on page 253

e "Torename a task" on page 254

e "To assign task settings" on page 254

e "Toremove a task" on page 254

e "To change the order of the tasks" on page 255

e "To add a process to a task" on page 255

e "To remove a process from a task" on page 256

To edit an OS configuration

e Select the "OS Configuration" tab
or
e Select the target in the Project Explorer (e.g. RTPC).

e Right-click and select Edit OS
Configuration.
Project Explorer s

= u_j Targets

SR RTPC

[ﬂ Ha Add Module

A\ 1di|  Edit OSConfiguration ‘

u_j Sigrarcorversmo

The "OS Configuration" tab opens which contains
the current OS configuration of the project.
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e Toshow all processes and all tasks with the assigned
processes, expand the relevant items.

Processes Taszk
ConversionModule 3 int
Hardware I Et
ldleController () Acquisition

N &) Corfig
= (%) Manager
[ Anatyze

. [ Acknowledge
- () TaskDVEModel

Dghnw Unaszsigned Processes Update Processes Type |Init E]
Tazk Settings
TaskID 1 Delay | [ s Priority | 0 : CPU-Core |1 Exclusive Core Usage
[| Disable Task Stop On Floating Point Exception
05 Settings
Max. Number Of Priorities 40 = Automatic Process Assignment Enable OS Monitoring

Fig. 3-42 The "OS Configuration" Tab (extended view)

To display extended settings

E] e Click the chevron button.
The fields "Task Settings" and "OS Settings" are

added to the window.

The "Processes" Field

The tree view in this field shows all available processes of the hardware as well as
of the model. If existing processes are not to be assigned to a task (field to the
right of it), these can be made visible by activating the "Show Unassigned Pro-
cesses" option.

If processes have not been assigned to tasks, select the function Auto Attach
from the shortcut menu (see below).

If you want to find out which task a particular process has been assigned to,
proceed as follows.
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To determine the assignment to a task

e Select a process in the "Processes" window.
e Select Show Correlated Tasks from the shortcut

menu.

Processes Taszk

ConversionModule 3 int

Hardware I Et

(= IdleController () Acquisition
lert_OneStep_Outputs_|dleController L_‘_') Corfig
lert_OneStep_States_ldleControlles i @ Manager
lert_Start_|dleController Auto Attach Analyze
lert_Terminate_|dleController Acknowledge

| Show Correlated Tasks %) TaskDVEMadel

A window opens specifying the task to which the
selected process is assigned.

LABCAR OS Configuration: (=23

The process 'lert_OneStep_States_IdleController' is evaluated in the following
tasks:

TaskDVEModel

The "Tasks" Field

This field shows all available tasks and the processes assigned to them.
To add a task

e Select the task under which the new task is to be
added.

Note

You can also change the order of the tasks later (see
"To change the order of the tasks" on page 255).
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Select Add Task from the shortcut menu.

ETAS

Processes

Taszk

[=1-- ConversionModule

' ConversionModule_Execute

- Hardware

------- Es113x_ExitCode_Bxit_ HWCL

------- Es113¢_InitCode_Init_HWCF

------- Es113x_SyncReceiveCode_TaskDVEModel_HWCF
------- Es113x_SyncSendCode_TaskDVEModel_HWCF
------- Es1651ch_ExitCode_Exit_HWCL

------- Es1651ch_lnitCode_Init_HWCF

------- Pb1651adc1_CorfigCode_Config_HWCF

------- Pb1651ade1_BExitCode_Bxit_HWCL

------- Pb1651ade1_InitCode_lnit_HWCF

------- Pb1651adc1Analn_TaskDVEModel_HWCF
------- Pb1651adc1LedDrv_Task DVEModel_HWCL
(=) IdleController

------- lett_OneStep_Outputs_|dleController

------- lett_OneStep_States_|dleController

------- lort_Start_|dleController

------- lert_Terminate_|dleController

.Acquisition

Add Hook
Remove Task

Rename

e Mowve Down

To rename a task

A new task with the name "Task_n" (n is a sequen-

tial number) is added.

e Select the task to be renamed.
e Select Rename from the shortcut menu.
Processes
[=1-- ConversionModule
ConversionModule_Execute
ardware
------- Es113¢_BExitCode_BEdt_ HWCL
------- Es113¢_InitCode_Init_HWCF
------- Es113¢_SyncReceiveCode_TaskDVEModel_HWCF Add Task
------- Es113_SyncSendCode_TaskDVEModel_HWCF Add Hook
------- Es1651ch_BEdtCode_Exit_ HWCL
....... Es1651ch_IntCode_Init_HWCF Remove Task
------- Pb1651adc1_CorfigCode_Confia_HWCF = | Rename |
------- Pb1651adc1_ExitCode_Exit HWCL L}
------- Pb1651adeT_InitCode_lnit_HWCF Move Up
------- Pb1651adc1Analn_TaskDVEModel_HWCF Mowve Down
------- Pb1651adc1LedDrv_Task DVEModel _HWCL
= IdleController
------- lert_OneStep_Outputs_|dleController
------- lert_OneStep_States_|dleController
------- lert_Start_|dleController
------- lert_Terminate_|dleController
The task name can now be edited.
To assign task settings
* Assign the new task a type under "Type".
e Specify the "Task Period".
To remove a task
e Select the task to be removed.
e Select Remove Task from the shortcut menu.

The task is removed.
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To change the order of the tasks
e Select the task to be moved.
e Select Move Up or Move Down from the shortcut
menu.
The selected task is moved accordingly.
To add a process to a task
For example, to assign the process "lcrt_Terminate_ldleController" to the "Exit"
task, proceed as follows:
e Select the process to be assigned in the "Processes"
field.
e Inthe "Tasks" field, select the process of a task
under which the process is to be assigned.
e C(Click the >> button.
Processes Task
(=) ConversionModule n Init
- ConversionModule_Execute =~ Bt

Hardware

------- Es113x_ExitCode_Bxit_ HWCL

------- Es113¢_InitCode_Init_HWCF

------- Es113«_SyncReceiveCode_TaskDVEModel _HWCF
------- Es113«_SyncSendCode_TaskDVEModel_HWCF
------- Es1651ch_ExitCode_Exit_HWCL

------- Es1651ch_lnitCode_Init_HWCF

------- Pb1651adc1_CorfigCode_Config_HWCF

------- Pb1651ade1_BExitCode_Bxit_HWCL

------- Pb1651ade1_InitCode_lnit_HWCF

------- Pb1651adc1Analn_TaskDVEModel_HWCF

------- Pb1651adc1LedDrv_Task DVEModel_HWCL
dleController

------- lett_OneStep_Outputs_|dleController

------- lert_OneStep_States_|dleController

------- lert_Start_|dleController

------- lert_Temminate_|dleController

& Pbl1651adcl_ExitCode_Bxdt_HWCL
& Es1651ch_BExitCode_Bxit HWCL
@ Es113x_BxitCode_BExit_HWCL

£ let_Teminate_|dleCortroller
Acquisition

Config

Manager

Analyze

Acknowledge

TaskDVEModel

or

Select the process to be assigned.
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Drag it, keeping the mouse button pressed down,
to the process under which it is to be assigned.

() Hardware
------- Es113x_ExitCode_Bxit_ HWCL

------- Es113¢_InitCode_Init_HWCF

------- Es113«_SyncReceiveCode_TaskDVEModel _HWCF
------- Es113«_SyncSendCode_TaskDVEModel_HWCF
------- Es1651ch_ExitCode_Exit_HWCL

------- Es1651ch_lnitCode_Init_HWCF

------- Pb1651adc1_CorfigCode_Config_HWCF

------- Pb1651ade1_BExitCode_Bxit_HWCL

------- Pb1651ade1_InitCode_lnit_HWCF

------- Pb1651adc1Analn_TaskDVEModel_HWCF
------- Pb1651adc1LedDrv_Task DVEModel_HWCL
= IdleController

------- lett_OneStep_Outputs_|dleController
------- lert_OneStep_States_|dleController
------- lert_Start_|dleController
lert_Temminate_|dleController

Processes Task
(1 ConversionModule n Init
ConversionModule_Execute - Bt

& Pbl165ladcl_ExitCode_Bxit_HWCL

5 ict_Terminate_ldieController
----- () Acquisition
- [#-(¥) Config

Moe
Sk DVEModel

The process is added under the selected process.

To remove a process from a task

To create a hook

Select the process to be removed.

Select Remove Process from the shortcut menu.
The selected process is removed from the task.

To create a software hook within a task, proceed as follows:

To rename a hook

Select the task within which the hook should be

created.
Select Add Hook from the shortcut menu.
The hook is created.

To remove a hook

To change the name of the hook, select Rename.

To remove the hook, select Remove.
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3.15  Setting Up Multi-RTPC Networks

Fig. 3-43 shows the setup and the components of a Multi-RTPC network

Control/transfer
measurement data

192..16%.4%27 192.162.4%39
s A i A
oy H o, H

]

Time
synchronization

IEEE 1588 PTP

O

Bodl Chassi

Switch for time
synchronization

Fig. 3-43 Architecture of a Multi-RTPC System
The following components and functions are necessary for this:

e Control and transfer of measurement data between the user PC and the
Real-Time PCs

e Data exchange between the Real-Time PCs
* Time synchronization between the Real-Time PCs

In terms of hardware, the relevant functions/components are connected using
network switches.

Synchronizing the Clocks of the Real-Time PCs with PTP 1588

The Precision Time Protocol (PTP, defined in IEEE 1588 and included as part of IEC
61588) is used to synchronize the clocks. It enables devices in a network to be
synchronized with greater precision. With PTP-capable network cards, time devi-
ations are under 1 ps. With software implementations, the deviations are under
1 ms.

Time
synchronization

St w29

o

IEEE 1588 PTP
=i

o C
g9
-—
+ (@O
= N
=5
ﬁ""
£ 5
= £
(2

Fig. 3-44 Clock Synchronization with PTP
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Real-Time Data Exchange between the Real-Time PCs

Data is exchanged between the models/projects run on the various Real-Time
PCs using real-time interfaces - a library for UDP data transfer in real time is part
of the delivery scope of ETAS RTPC.

®

Fig. 3-45 Data Exchange between Real-Time PCs

The possible transfer rates vary according to the number of PCs and message
type (point-to-point, multicast / broadcast).

Hardware Requirements

This results in the following hardware requirements for a Multi-RTPC network:

* As many Real-Time PCs as necessary — each one equipped with a
PTP-capable Ethernet board each with at least three Ethernet ports.

e Three Ethernet switches each with as many ports as the "number of
Real-Time PCs + 1".

e Ethernet cable (2 x number of Real-Time PCs + 1)
e A user PC with LABCAR-OPERATOR installed on it

3.15.1  Connecting Hardware

Switch for Connection between the Real-Time PCs and the User PC

Connect the eth0 port of every Real-Time PC with the corresponding switch and
connect it to the user PC.

Switch for Time Synchronization (via PTP) between the Real-Time PCs

Connect one Ethernet port each of every Real-Time PC (e.g. eth1) with the rele-
vant switch.

Switch for Data Transfer between the Real-Time PCs

Connect one Ethernet port each of every Real-Time PC (e.g. eth2) with the rele-
vant switch.
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3.15.2  Specifying IP Addresses of the Real-Time PCs

The Ethernet adapter "eth0" is used for the connection to the user PC.

Note

Follow the instructions below to specify IP addresses for all Real-Time PCs in
succession!

e Connect the relevant Real-Time PC to the user PC.
e Start the Real-Time PC.

e Open the ETAS RTPC web interface and navigate to
the section "RTPC Configuration”.

RTPC Configuration

Host Ethernet Configuration (ETHO).

The Ethernet adapter eth0 is used to connect the host to the RTPC.

MNote: Changes of these parameters may lead to an unaccessible RTPC!

Any change requires a reboot to be effective. (Help)

Eth Netmask DHCP Ethernet
Negotiate

ETHO |192.168.40.30 255.255.255.0 no :l auto :l

Note

192.168.40.14 is a "standard address" for a
Real-Time PC - assign addresses from 192.168.40.30
onward!

e To ensure a better overview, names should be
assigned to the individual Real-Time PCs.

General Parameters

Parameter Value
RTPC_POWER_UP_MODE

The power up operation mode of RTPC. Help

RTPC_LOG_LEVEL

Filter the log messages from RTPC. Help

RTPC_NAME
An user defined name of the RTPC. Help

e Reboot RTPC (Main Page — Power Control —
Reboot RTPC).
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3.15.3

ETAS

Configuring the PTP and Data Connections in the Web Interface

To enable PTP in ETAS RTPC, proceed as follows:

To enable PTP

Navigate in the ETAS RTPC web interface to the sec-
tion "RTPC Configuration".

Click Expert Edit.

LY IU!J_ ll\ﬂ\.ol__l-lul LER SN AN ]2 AN - I
Size of the trace buffer (in traceable events). Help

RTPC_COMPILE_OPTIMIZATION

Optimization level of the compiler. Help

RTPC_COMPILE_LINK_DEBUG

Place debugging information in generated code. Help

RTPC_COMPILE_SWAPSPACE_MB
Additional hard disk swap space for compilation (in MB). Help

3 A
4G
a

| Save RTPC Configuration || Discard Changes |
Save RTPC configuration file.
Expert Edit. Reset. Export. Import.

The configuration file opens in the editor.

Configuration >> Expert Edit

Edit File "/etc/labcar.conf”

export RIEC FLUGIN HEEE SOURCE FILES="r
export BT POWER UP_MODE="simulate”
export BIPY PTP ETH="etho”

export ﬁm_mjﬁﬁﬁEF"off"

export BIEC BTE pHC25YS ARGS=""
export RIPE PP PTRD ARGSSHY

exXport ﬁﬁé‘?ﬁjﬁﬁﬁ?ﬁ‘é"

export BT ATUDP ALLOW BRIDGING=""
export BIEC SECOHfDARY ITADDR ETHO=""
export HIPC TASK MONITOR O="-1"
export BT TASK MONITOR 1="-1"
export BIPY TASK TIMING STATISTIC="0"
export BIHE TIMEZONE=""

export BB USAGE ETH1="off"

export BB USAGE ETH2="off"

export BB USAGE ETH3="off"

export BIPY USAGE ETHA="off"

evnnrr BFEE TTR2RF FTHS=mAFET
4 3

File: /etc/labcar.conf

|

Size: 5999

Set the "RTPC_PTP_SHOW" parameter to "yes".
Click Save and return to Configuration.

Two additional parameters are now visible.

RTPC_TIMEZONE | unspecified
The timezone the RTPC is in.

RTPC_PTP_MODE | hwmaster [ ]
FTF (IEEE 1588} time synchronization made. Help
RTPC_PTP_ETH eth1 [ |
Ethernet device used far PTR. Help

EVE specific

RTPC_PARALLEL_MAKE [auto [+]

Allow parallel make execution for speedup of the build

process. Help

For further information click Help.
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To enable PTP and data connections in ETAS RTPC, proceed as follows:
To configure PTP and data connection

e For "RTPC_PTP_MODE" select the option
"hwmaster" for the PTP-Master and "hwslave" for
the other Real-Time PCs.

e Under "Realtime Ethernet Configuration", assign
the port for the PTP switch an IP address and
"Usage" = "up".

In the example below thisis "ETH1" with the IP
address 192.168.50.30.

Realtime Ethernet Configuration.
The realtime capable Ethernet adapters are used to connect external devices to the RTPC.

(Help)

Eth Usage IP Address Ethernet
Negotiate

ETH1 192.168.50.30 e

(Blink)

ETH2  [nudp 0 [ 192.168.60.30 ato ||

(Blink)

B Show options to control the order of Ethernet adapters based on MAC addresses.
Mote: Changing these values may lead to an unaccessible RTPC!

e The "Usage" for the Ethernet port for data
exchange (here: ETH2, 192.168.60.30) should be
set to "rtudp_0"for all Real-Time PCs.

Note

As all PTP and data ports are each connected with the same switch, these must
have different IP addresses. It is helpful if the addresses of all ports on a
Real-Time PC have the same end digit (here: 30).

e (lick Save RTPC Configuration.
e Reboot.
Fig. 3-46 on page 262 is a summary of the configuration parameters.
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RTPC Configuration
Host Ethernet Configuration (ETHD).
The Ethernet adapter eth0 is used to connect the host to the RTPC.
Mote: Changes ofthese parameters may lead to an unaccessible RTPC!
Any change requires a reboot to be effective. (Help)
Eth IP Address Netmask DHCP Ethernet
Negotiate Gct
ETHO [13216840.30 | (255.255.2550 | no [+ [auto tconn st ion
0 RO
Realtime Ethernet Configuration.
The realtime capable Ethernet adapters are used to connect external devices to the RTPC.
(Help)
Eth Usage IP Address Ethernet
Negotiate

ETH1 [] 192.162.50.30 ate ||
e PTP Port
ETH2 _rtudp_ﬂ = 192.168.60.30 auto =
(Blink} Data Port
(& Show options to control the order of Ethernet adapters based on MAC addresses.

Mote: Changing these values may lead to an unaccessible RTPC!
General Parameters
Parameter Value
RTPC_POWER_UP_MODE ﬂ
The power up operation mode of RTPC. Help
RTPC_LOG_LEVEL |warming [ |
Fitter the log messages from RTPC. Help
RTPC_NAME [192.168.40.30-RTPC1 |
An user defined name of the RTPC. Help
RTPC_TIMEZONE | unspecified [~]
The timezone the RTPC is in.
RTPC_PTP_MODE ﬂ
PTP (IEEE 1588) time synchronization mode. Help PTP Settln s
RTPC_PTP_ETH [eth1 [=] g
Ethernet device used for PTP. Help

Fig. 3-46 Settings for a Real-Time PC in the Web Interface
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3.15.4  Creating LABCAR-OPERATOR Projects

A LABCAR-OPERATOR project must be created for every Real-Time PC in the net-
work.

Under Project — Options, you can set the IP address of the Real-Time PC on
which the project is to be created and run.

Project_540_20.lco5 Options @

General | Modules | Events

Information
Project Title
Project_540_30

Project Type

Realtime

RTPC
Try "Wake On LAN" f RTPC is not accessible

Check RTPC version

Allow to compile Model on RTPC with Default
IP Address "152.168.40.14°

Simulate and compile Model on RTPC with
IP Address 192 . 168 . 40 . 30

Subnet mask 255 . 255 . 255 . O

[ oK ][ Cancel ] Help

If network targets are not available, the "Allow to compile..." option permits
project compilation on the "standard target" with the IP address 192.168.40.14.

Note

Please note that the modules of all projects (including the hardware modules)
must have different names.
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3.15.5  Merging Projects

ETAS

To merge the individual projects, proceed as follows:

To create a project configuration

Start the program <LABCAR-OPERATOR
Installation directory>/Project-
Merger/ProjectMerger.exe

The LABCAR Project Merger is launched.

File

! LABCAR Project Merger EI@
Bea

Selected LABCAR projects

Merged project will be generated here

Messages

Select File — New.

The "Create New Multi-RTPC Project Configura-
tion" window opens.

[ Create new Multi-RTPC Project Configuration @

Name

Mew configuration will be generated at

[ ok | [ cancel |

Specify a name and a directory for the project con-
figuration.

Click OK.

In the selected directory path, a directory with the
specified name is created and the configuration file
<Name>.multirtpc is created in it.
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e Use Add to select the LABCAR-OPERATOR projects
you want to merge to create a Multi-RTPC project.

-

{! LABCAR Project Merger = |[=|[==]
File
B oA
Selected LABCAR projects
WA7_Projects\MultiRTPC_540"Project 14_540\Project 14_540]co5 Add...
WA7_Projects\MultiRTPC_540'Project27_540\Project27_540Jcob
WAT_Projects\MultiRTPC_540"Project39_540'\Project35_540lco5

Merged project will be generated here
WAT_Projects'\MergedProject

Messages

e Select File — Save to save the configuration.

e Select File - Merge to generate the Multi-RTPC
project.

The project is created and information (particularly
error messages) is listed in the "Messages" section.

Messages

Infa Started merging the projects...

Infa Copying the target RTPC folders...
Infa Creating the EE workspace...

Infa EE workspace has been created.
Infa Default experiment has been created.
Infa Merge complete.

LABCAR-OPERATOR V5.4.0 - User’s Guide 265



Working with LABCAR-IP ETAS

266 LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS

LABCAR-EE - an Overview

LABCAR-EE - an Overview

LABCAR-EE (Experiment Environment) is used to execute a LABCAR-OPERATOR
experiment. This chapter provides an overview of the GUI and the functions of

LABCAR-EE.

Note

This chapter is only intended to provide an overview — for details, please refer

to the online help in LABCAR-EE.

The followings sections contain information on:
"The Constituent Parts of the GUI" on page 268
"The Experiment Explorer" on page 270

"The "Workspace Elements" Window" on page 272

"The Main Workspace" on page 278

"The "Instrumentation" Tab" on page 278
"The "Datalogger" Tab" on page 280

"The "Signal Generator" Tab" on page 284
"The "Instruments" Window" on page 302
"Adding Signals to the Signal List" on page 303

"The Script Recorder" on page 305

"Working with Parameters" on page 308
"Editing Parameter Files with LABCAR-PA 1.0" on page 326
"LABCAR-CCI V5.4.0 (Calibration Connector for INCA)" on page 362
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4.1

411

4.1.2

4.1.3

The Constituent Parts of the GUI

If you start an experiment from LABCAR-IP in the experiment environment, the
LABCAR-EE GUI looks something like this.
®

) % o b % o b
000 fsec] o 0

Sl Name Task
—  Pedal2NEngine/AiCondtiontenal | Acquistion
—  TorqueToNEngine/Dut [} Acquistion

Task RIPC Trace Start

v = 3

RITPC

Applcatian Lo g [WHardware output I
[ |®|ParalyComectsd | Siopped || [ Defautnn

Fig. 4-1  The LABCAR-EE GUI
The individual parts of this GUI are described below.

The "Workspace Elements" Window

All measure variables, parameters, signal inputs and outputs of the modules of
the experiment are made accessible in the "Workspace Elements" window.

In addition, this window also provides filter functions relating to hierarchies, ele-
ment, data and object type, and search functions with regular expressions.

The Experiment Explorer

The Experiment Explorer contains all files required for configuration or when run-
ning an experiment, such as parameter files, configuration files for the Datalog-
ger, signal generator sets etc..

The Main Workspace

The important GUIs of the experiment environment are made accessible in the
main workspace (via several tabs).

The "Instrumentation" Tab

This is where you create the layers which in turn contain the various instruments
(combined in groups) for executing the experiment.

The "Signal Generator" Tab

The signal generators of the experiment are configured and operated in this tab.

The "Datalogger" Tab

The Datalogger is configured and operated in this tab.

LABCAR-OPERATOR V5.4.0 - User’s Guide



ETAS

4.1.4

4.1.5

4.1.6

4.1.7

LABCAR-EE - an Overview

The "Instruments"” Window

This window contains all the instruments you can use in the experiment.

The "Properties" Window

This window displays the properties and meta data of every object selected in the
GUI, e.g. parameters or instruments.

The "Application Log" and "Hardware Output" Windows

These windows display information, warnings and error messages from the
application.

The Main Menu of LABCAR-EE

Note

The following description of the menu structure of LABCAR-EE is only intended
to provide an overview — for more detailed information on the individual
functions, refer to the online help on LABCAR-EE.

The "File" Menu

This menu includes all file-specific actions (workspace and experiment).
The "Edit" Menu

Provides "Undo" and "Redo" functions.

The "View" Menu

This menu allows you to hide or make visible the component parts of the GUI
described above. You can also maximize the screen size (<F11>).

The "Experiment" Menu

This menu combines all functions to do with downloading the simulation code
to the target and controlling the simulation itself.

The "Instrumentation" Menu

This menu contains functions for managing the layers in the "Instrumentation"
tab.

The "Tools" Menu

The various options for the experiment are accessible here.
The "?" Menu

This menu provides you access to the online help, licensing and to program and
contact information.
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4.1.8

4.2

4.2.1

The Toolbar

The toolbar consists of four individual groups.

File

Contains functions for managing experiments (New, Open etc.)

Experiment

Contains functions for downloading and connecting to the target.

Simulation

Contains functions for controlling simulation and measuring.

Instrumentation

Contains functions which are frequently used when working with instruments.

The Experiment Explorer

The Experiment Explorer contains all files required for configuration or when run-
ning an experiment, such as parameter files, configuration files for the Datalog-
ger, signal generator sets etc..

This data can be activated, edited or removed from the experiment again here.
x

= Qj Datalogger Files
[Z) DLConfig_xRT_z0z.dicd
= Qj Mapping Files
D Mapping.txt
D Mapping_small.txt
= ] Parameter Filas
[; ParameterFile.mpa
= 2] Parameteryvariant_MK_114
[2) olcz.mpa
[Z] ParameterFilez.mpa
= ] RT Plugin Files
[; test.rtp
= Qj Script Recorder Files
[Z) Tutorial_511.vbs

1 | i

EWDrkspace Elements | " Experiment Explorer

Fig. 4-2  The Experiment Explorer
Working with the Experiment Explorer

Shortcut menus (right-click) of the relevant objects are used to work with folders
and files of the Experiment Explorer.

Functions for all Folders

e Add File
Opens a file selector window to select a file to be added

Functions for Specific Folders

"Parameter Files" folder:
e Set Display Order

Opens a dialog box in which the order can be determined in which the
existing parameter files are displayed (i.e. downloaded to the target).
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Download all active files

Downloads all active parameter files to the target (when there is a connec-
tion to an experiment).

Add New Parameter Variants
Creates a subfolder and adds a parameter file (variant) to it.

Functions for all Files

Add File

Opens a file selector window to select a file to be added
Rename File

Renames the particular file

Exclude From Experiment

File is excluded (not deleted) from the experiment
Delete (permanently)

File is excluded from the experiment and deleted

Functions for Specific Types of Files

Edit File
— Files in the "Mapping Files" folder (*.txt, *smf)

Opens the mapping file in the SUT Mapping File Editor
— Files in the "Parameter Files" folder

* . mpa: Opens the parameter file in LABCAR-PA (Parameterization
Assistant) (see "Editing Parameter Files with LABCAR-PA 1.0"
on page 326)

*.dcm: Opens a text editor for editing the file
Active

This marks a file as being "active". This file is downloaded in this process
and in the future is always downloaded with all other active files when the
experiment is downloaded to the target.

— Files (*.dlc4) in the "Datalogger Files" folder
Activates the selected Datalogger configuration
— Files (*.txt) in the "Mapping Files" folder
Activates the selected mapping file
— Files (*.mpa, *.dcm *.cdfx or *.0lc4) in the "Parameter Files" folder
Activates the selected parameter file or open-loop configuration
Set Display Order
— Files in the "Parameter Files" folder

Opens a dialog box in which the order can be determined in which the
existing parameter files are displayed (i.e. downloaded to the target).

Reload Mapping
— Files in the "Mapping Files" folder
Updates the mapping according to the content of the selected file
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4.3 The "Workspace Elements* Window

The "Workspace Elements" window is one of the most important windows in
the experiment environment LABCAR-EE. The organization of the objects in this
window takes place in folders for

e Simulink and ASCET models
e C modules (incl. signal conversion modules)
e CAN and FlexRay modules
e FiL modules
e Hardware
e ECU Access
In these folders, you have
e access to all parameters and measure variables
e access to all inputs and outputs of the modules (signals)
e access to hardware and ECU ports
and you can influence the view by setting filters and selecting search criteria.
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LABCAR-OPERATOR V5.4.0 - User’s Guide

B Workspace Elements
Search & Filter

All Asam |AIIUD | search Results

@ [ ECU Access
= () LABCAR
= [ rRTPC
# [ Hardware
= 4:\ IdleController
= 2] PedalzMERgine
= qj TorqueToMERgine
[ )
@
5= Out
@ [ sirConditionMarual
@ [ False
@ [ irConditondctive
@ [ MoSpeedhioTorgue
@ ] const
@ [ StarkerManoal
£ []_j TorgueToMEngine1
@ [ StaticTargueCharacksristic
@ [ StarterTorque_2
@ [ sirConditionTorque
@[] StarterMomentctive
ERET
@ [ Relationalperator
@ [ Starteractive
M += n_Engine
8 AirConditiontanual
@ [ Constark
£ []_j A_IdleController
H @ Brake_System
= % FlexRay_Bus
@ [ Target
#® [ sendFrames
@ [ RecsiveFrames
£ []_j SignalConversionModules
# [ ControllerTest
# 3 tdlectrl
# HE #CPMadule

4] |

H ‘Workspace Elements "-;'\JExperiment Explorer |

Fig. 4-3  The "Workspace Elements" Window

The Tabs of the "Workspace Elements" Window

LABCAR-EE - an Overview

The "Workspace Elements" window has three tabs which contain different

views of the elements:
e "All ASAM" Tab

Standard tree view with all elements in hierarchies which are based on the

ASAM label or the module specification.

e "AllUD" tab

In this tab, the display is as described above, although the user-defined

names from the mapping file are used here.

e "Search Result" Tab

This tab displays the results of the last search (see "Search and Filter Func-

tion" on page 277).
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4.3.2

Working with the Workspace Elements

In Fig. 4-3 on page 273 different elements are shown with different icons.

The "LABCAR" element is the top layer, followed by the layer that symbolizes the
Real-Time PC (here: "RTPC") the project is assigned to (several Real-Time PCs can
exist in @ multi-RTPC project).

= B LABCAR
= [l RTPC

The various project modules are under the relevant Real-Time PC.
Modules

The different types of modules are shown using the following icons:
e ASCET and MATLAB/Simulink modules

A
C

e (C Code modules

e CAN, LIN and FlexRay modules

e FiL modules

X X ©h

e Modules for open-loop access and signal conversion

]

I/0 hardware module

&

Measure Variables and Parameters of Modules

The measure variables and parameters of the individual modules are shown using
the following icons:

e Measure variable

- by
@ e Parameter
Module output (measure variable)

s ’

e Module input (measure variable)

s
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@ wp e Hardware output (to module) (measure variable)
u Iw e Hardware input (from module) (measure variable)
wp e Hardware pin (output)
e Hardware pin (input)
lw p p

e ECU pin (output)

<
kB e ECU pin (input)

}3 e CAN send message
% e CAN receive message

Note

How to work with parameters is described in detail in "Working with
Parameters" on page 308.

Shortcut Menus

For working with the elements of the window, there is a shortcut menu for every
element which has a varying number of functions according to the type of ele-
ment:

e Measure / Calibrate

Opens the "Create Instruments” dialog box to assign this element to an
existing instrument or an instrument to be newly created

¢ Find in Instruments

Determines whether measurement variables/parameters have been
assigned to an instrument and outputs the result in the "Application Log"
window. The layer the measure variable or parameter is found in can be
displayed in the foreground by double-clicking the relevant element.

e Show All HW Ports

It is unusual for all hardware signals (e.g. monitoring signals or signals for
creating measure modes) to be displayed in the "Workspace Elements”
window. This option ensures they are all displayed.

e Add to Datalogger

Adds the selected element to a Datalogger. If several Dataloggers have
been configured, a specific Datalogger can be selected.
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e Calibration / Parameters

These functions are only available with parameters and after the experi-
ment has been downloaded to the target.

— Copy Values

Copies the value of the parameter to the clipboard
— Paste Values

Assigns the value in the clipboard to the selected parameter
— Save

Opens a dialog box to save parameters in mpa files. Several parameters
are selected using <SHIFT>.

— Set State To Modified/Unmodified

Changes the state of a parameter from "modified" (red) to "unmodi-
fied" (black)

e Signal

This function is only available with inputs of modules and hardware and
has the following submenus:

- Trace

Opens the dialog box for signal tracing
— Save Input Signal Settings

Saves the settings and values for an input in a file (*.olc4)
— Reset Full Path to "Model"

Sets the full path with the relevant signal to "MODEL" to close any
open loops

— Reset Input Setting To

To change the OLC settings, a specific value ("MODEL", "CONST",
etc.) can be selected in a dialog box

e CAN

During simulation, sending can be enabled or disabled with Disable/
Enable all Messages (in the context of CAN messages)

e Reload Mapping
Reloads the active mapping file
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Search and Filter Function

In the "Workspace Elements" window, elements can be searched for or a filter
can be applied to the view

pace Elements

Search kFilter
| =l oo
¥ Clear "Search Fesults" ongo [ Use RegEx Eieset |

Filter Options #
| a0 Labels |
IAII Hierarchies j
IAII Element Types j
| &l Object Types |
IAII [ata Types j

The Search Function

To run a search, enter the search text and click Go. Those elements which corre-
spond to the search criteria are displayed in the "Search Results" tab.

If you activate the option Clear Search Results on Go, the list of search results
is deleted from the "Search Results" tab for every new search, otherwise the
results are added to the list. With the option Use RegEx you can use regular
expressions for the search patterns.

The Filter Function

With the filter function, the list can be filtered according to various criteria and
properties:

e Label Type
Filters according to label type
— All Labels
— All ASAM
- AIlUD
e Hierarchy
Only shows the selected part of the hierarchy
® Element Type
Filters according to element type
— Inputs
— Outputs
— Parameters
— Measure Elements
— Pins
e Object Type
Filters according to object type
— Scalar
- Array
— Matrix
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4.4

441

— 1D-Table
— 2D-Table
e Data Type
Filters according to data type
— Logical
— Discrete
— Unsigned Discrete
— Continuous
— Enumeration

Saving Results in a New Tab

You can save the results shown in the "Search Results" tab in a new tab; to do
this, right-click on the tab title, "Search Results", and select Export Result to
New Tab. You can also specify the name of the new tab.

The Main Workspace

Three main functions are spread over four tabs in the main workspace of LAB-
CAR-EE:

"The "Instrumentation” Tab" on page 278

This is where the instrumentation (display and control elements) of the
experiment is created and operated.

e "The "Datalogger" Tab" on page 280

This is where the Datalogger is configured and operated.
e "The "Signal Generator" Tab" on page 284

In this tab signal generators are created, managed and controlled.
e "The "RT-Plugins" Tab" on page 302

In this tab RT-Plugins are managed.

The "Instrumentation" Tab

The "Instrumentation" tab consists of one or more layers which in turn contain
groups of display and control elements.

Layer

If you right-click the title of a layer, a shortcut menu opens which contains the
following functions:

¢ Create Layer

Creates a new layer
¢ Import Layer

Creates a layer on the basis of a previously exported layer
e Export Layer

Saves a layer configuration in a file
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Rename Layer

Renames a layer

Delete Layer

Deletes the selected layer

Layer Properties

If you select the title of a layer, its properties are displayed in the "Properties”
window and can also be edited there.

B Properties

B=l2l

=]

M ame

Caolar

Offset
Zoom

E 1 General

E 2Background
ShowGrid True
Showlmage  False

E 3 Image
FileLocation

E 4 Control

Layer

[1] AliceBlue

Groups

If you want to display measure variables or calibrate parameters using the Mea-
sure / Calibrate function of the shortcut menu of the "Workspace Elements”
window, you can select in the "Create Instruments" dialog box whether you
want to create a new group for the instrument or whether you want to add it to
an existing group.

Create Instruments

Element Instrument Type Task Indices Group
IdleContrallerfa_IdleControllerIdieController,  |LED |Z| Acquisition |Z| <Mew Group= -
<Mew Group =
Groupz

If you select the group title and right-click, a shortcut menu opens containing the
following functions:

Bring to Front

Brings the group to the front

Send to Back

Sends the group to the back

Cut / Copy / Paste

Cuts/copies a group of a layer and pastes it to another layer
Move to Layer

A different layer can be selected here to which the group can be moved
Hide Group Frame / Show Group Frame

Hides a group frame or shows a group frame again

Delete

Deletes the selected group
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4.4.2

Group Properties

If you select the title of a group, its properties are displayed in the "Properties”
window and can also be edited there.

Instruments

An instrument is added to a group/layer either by drag-and-drop from the
"Instrumentation” window or in the context of the "Workspace Elements" win-
dow.

Properties

If you select the title of an instrument, its properties are displayed in the "Proper-
ties" window and can also be edited there.

The "Datalogger" Tab

The "Datalogger" tab is used to create and configure Dataloggers.

D atalogger Configuration

Load | Save | Save bz |

Available D ataloggers

Instrumentation

Name | Active |

Mew Datalogger 1

Remove

Configuration of Mew D atalogger 1

Signals ta record

Indices

i [

Remove

| Signal Generatar |Dalalnggel

Fiecording File 5ettings

Recording baze filename |C:\Prog|am FileshETAS\LABCAR-OPERATORMEE M ew Datalogger 1_D ataRecording. dat =
Auta Increment Final recording filename(z] preview
[V Auta Increment =]
4 Digits ;I
Trigger Settings
START STOP
‘ Pre Trigger Time | ‘ Post Trigaer Time
0 = anually 0 = [0=endess| anually
Start Trigger IDEfauIt Start Condition IManuaI Start

L
]

Stop Trigger IDEfauIt Stop Condition IManuaI Stop

Fig. 4-4  The "Datalogger" Tab

Below, you will find a description of the operating possibilities open to you in this
tab.

The "Datalogger Configuration" Field

This is where you can save the entire configuration shown of the Dataloggers
and load configurations saved previously — these (file extension *.dlc4) are prima-
rily managed in the "Datalogger Files" folder in the Experiment Explorer.
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The "Available Dataloggers" Field

This is where all available Dataloggers are displayed — use Add to create a new
one; Remove to remove a Datalogger.

Note

A maximum of two Dataloggers can be created! One of these is used to
record variables from the modules of the LABCAR-OPERATOR project — a
second can be used for the remote control of the INCA Datalogger (if LABCAR-
CCl V5.4.0 (Calibration Connector for INCA) is being used).

The actual operation of a Datalogger does not, however, take place here but
from a layer of the "Instrumentation” tab. Create a "Datalogger Control Panel"
instrument there (from the list of "Standard Instruments").

M Instruments - 3 X

| Standard [nstruments

@ <]

[ratalogger Contral Panel

The display and operating possibilities in this instrument are then the same as
those in the "Datalogger" tab.

Name Active State Rec. Time
" Mew Datalogger 1 O Off

The green tick in the first column shows that the Datalogger is "valid" — this is
the case when a signal is added to the "Signals to record" list (see below).

If the experiment is running, the Datalogger must be activated in the "Active"
field. It can then be started manually by clicking the blue triangle, or alternatively
starts when the trigger condition occurs.

Name Active | State Rec. Time
%" Mew Datalogger 1 £ ‘WaitingFor Trigger

When the Datalogger is running, the blue triangle becomes a square with which
the Datalogger can also be stopped manually again.

The current state of the Datalogger ("State") and (when the Datalogger is run-
ning) the recording time ("Rec. Time") are also displayed.
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The "Signals to record" Field

This list contains the signals to be recorded by the relevant Datalogger which can
be added from the "Workspace Elements" window by drag-and-drop. In addi-
tion, a task for recording can be assigned to every signal here.

Signals to record

Name Task Remove |
v

IdleControllerfPedalzMEngine AirConditiontanual/IdleController\PedalZMEngine) AirCondition | Acquisition
" | IdeController /Pedal2MNEngine/IdleController\PedalZMEnginet AirConditionManual Acquisition
"  IdeController /Pedal2MNEngine/IdleController\PedalZNEnginein_Engine

[ E

Acquisition

Signals are removed by selecting the signal and clicking Remove.

The "Recording file settings" Field

This is where the settings for the names of the log files are determined. This
happens by

e defining a "template" file in a specific path ("Recording base filename")
and

e agreeing a convention that a number added to this file name is incre-
mented ("Auto Increment").

This leads to the file name used for the next recording ("Final recording filename
preview").

Fiecording File Settings

Fecording base filename IEI:\IdIeEontroIIer_Beta4D_D1_w0rking\TutoriaIProiect\Experiments\DefauItExp\New Dratalogger 1_DataRecording. dat

Auto Increment Final recording filenamez] preview
V' Auto Increment C:AldleController_Beta40 01_workings T utorialProjectsE xperimentsiD efaultE xpi\Hew D atalogger 1_D ataRecording0003. dat ;I
s pigis =l

The "Trigger Settings" Field

This is where the conditions (trigger) for the automatic start of the Dataloggers
is determined.

Trigger Settings
START STOP
Pre Trigger Time | Post Trigger Time
I 0 s M anually I 0 = [0=endess] M anually
Start Trigger IDefauItStart Condition IManuaIStart |
Stop Trigger IDefauIt Stop Condition IManuaI Stop |

To specify the trigger condition desired for starting and stopping the Datalogger,
click the relevant ... buttons at the bottom right.
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In the following dialog box, make the settings for, for example, the start trigger.

TriggerEditorDialog 10l =|

Filter Type  |SE AN 0=

r— Trigger Condition

First Operand [Signal] Operator Second Operand

Hardware/Ripe/EsT130/E 7| [« =l cosial | |

o Thresholdl
r— Trigger Timing
START STOP
Pre Trigger Time | Post Trigger Time
I 3 s M anually I 10 s [0=endless)

* Filter Type
Manual or trigger condition
e Trigger Condition
— First Operand
The signal whose value initiates the trigger
— Operator
The operator for the reference value
— Second Operand
The signal or value with which the trigger signal is compared
e Trigger Timing
— Pre-Trigger Time

The time before the trigger condition occurs in which the signal is also
recorded

— Post-Trigger Time

The time in which the signal is recorded after the occurrence of the
trigger condition (0 means endless, i.e. until a stop trigger occurs or
until a manual stop)
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443 The "Signal Generator" Tab

In this tab, signal generators can be created, managed and operated.

G i Signal Management Signal Editor |
led State v Time Name Action Start Time [s] Stop Behaviour Signal Description Set Repetitions Device Task
1 &) 000000 SignalGenerstor (- | (M| 0,000 [StartValue ~| [SignalDescriptionSet | 10 [RTPC ~| [TaskDVEModel -

hE] SignalGenelalnl‘\Datalugger -\{ Instrumentation 2&

Fig. 4-5  The "Signal Generator" Tab
In turn, the signal generator user interface itself has three tabs:
e Configuration

In this tab, signal generators can be generated, configured and controlled
(see "The "Configuration" Tab" on page 284).

¢ Signal Management

In the "Signal Management" tab, the signal description sets for the signal
generators are generated and configured (see "The "Signal Manage-
ment" Tab" on page 287).

¢ Signal Editor

This is where segments of the signal descriptions can be edited” (see "The
"Signal Editor" Tab" on page 297).

The "Configuration" Tab

In this tab, signal generators can be generated, configured and controlled.
To create a signal generator

e To create a signal generator, click New.
A signal generator is added to the list.

A signal generator with the name
"SignalGenerator" is generated (or
"SignalGenerator_1", "SignalGenerator_2" etc.)

1- Only visible if the editing function for a signal description was selected.
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To rename a signal generator

e Select the signal generator from the list and right-
click.

e Select Rename from the context menu.
or
e Press <F2>.

The name can now be edited.

To delete a signal generator

e To delete a signal generator from the list, click
Delete.

A signal generator is deleted.

Properties and control possibilities:

Every signal generator in the list has properties and control possibilities which are
described below.

Note

For information on how to operate the signal generators, refer to the section
"To operate a signal generator" on page 301.

Right-clicking the column headings opens a context menu in which individual
columns can be hidden.

Start Time [s]

Stop Behaviour
Signal Description Set
Device

Task

o 0 | N

The order of the columns can be modified using Drag-and-Drop.
e Enabled
Enables or disables the relevant signal generator.
e State
Shows the state of the signal generator with an icon.
— Invalid
The icon and the icon Start (" Action" column) are grayed out.

This is because the signal generator configuration is invalid (unas-
signed signals etc.)

— Stopped

The icon is displayed and is static. The relevant signal generator can be
started via the Start icon ("Action" column).

— Running
The rotating icon shows a signal generator is in operation.
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— Paused

The paused and flashing icon shows that the signal generator is
paused — the last value of the signal generator continues to be output.

Name
The name of the relevant signal generator.
Action

In this column, you can control how the signal generator is run (see "To
operate a signal generator” on page 301).

— Start

Starts the signal generator — if a start trigger has been defined, the
signal generator does not start until the trigger condition occurs.

— Stop
Stops the signal generator.
— Pause

Pauses the signal generator. The model is now stimulated with the last
value. When the generator is restarted with Play, signal generation
starts at the point at which it was paused.

Start Time

The time after the start of the signal generator at which signal output
begins (default: 0.000).

Stop Behaviour

Defines the behavior of the relevant signal if the signal generator was
paused.

The following settings are possible:
— Start Value (Default)
Once paused, the start value of the signal description is output.
— 0 (zero)
Once paused, the value "0" is output.
Signal Description Set

This is where the signal description set is selected. The set contains the
description of the signals the signal generator is to output. All signal
description sets in the "Signal Management"” tab are available.

Repetitions

The number of repetitions for the relevant signal description set.
Device

The simulation target (RTPC)

Task

The task in whose time pattern the calculation of the relevant signal gen-
erator is to take place.
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The "Signal Management" Tab
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In the "Signal Management" tab, the signal description sets for the signal gen-

erators are generated and configured.

./ Configuration ~ Signal Management | Signal Editor

mi  SignalDescription

0

Signal Description Set Signal D
[ New |[ Deete |[ mpon |[ Epom | | Fiter Field || New |[ Edt |[ Delere
[m] SignalDescriptionSet Name Comment Duwration [s]

Repetitions 12

ms

g

8 5

5 3

43

2

03

23

-4 3

5 3

-8 3

I
=]
Th:min] 00:00

Fig. 4-6  The "Signal Management" Tab
It consists of two areas:

e The "Signal Description Set" area in which the signal description sets of
the experiment are managed (see "The "Signal Description Set" area:"

on page 288).

* The "Signal Description" area in which the signal descriptions of the set

are managed (see "The "Signal Description” area:" on page 294).
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The "Signal Description Set" area:

In this area, the signal description sets of the current experiment are created and
managed.

Signal Description Set

New Delete Import Expart

[mi] SignalDescriptionSet_1
[mi] SignalDescriptionSet_2

To create a signal description set

e To create a signal description set, click New.

or
e Right-click the area and select New from the short-
cut menu.
MNew Ins l}
Rename F2
Delete Del
B Copy Cril +C
[f Paste Cril +V
Export Cril + M
Import Cril +1

or
® Press <INS>.
The signal description set is generated.

To copy a signal description set

e To copy a signal description set, select it from the
list.

e Right-click and select Copy from the shortcut
menu.

or
e Press <CTRL+C>.

The signal description set is copied and can be
inserted into the list of signal description sets using
Paste (in the context menu) or <CTRL-V>.
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To rename a signal description set

e Torename a signal description set, select it from the
list.

e Right-click and select Rename from the shortcut
menu.

or
e  Press <F2>.

The name of the signal description set can now be
changed

To delete a signal description set

e To delete a signal description set, click Delete.
or

e Right-click the area and select Delete from the
shortcut menu.

or
e Press <DEL>.
The signal description set is deleted.

To import a signal description set

e To import a signal description set, click Import.
or

e Right-click the area and select Import from the
shortcut menu.

New Ins l}
Rename F2
Delete Del
Copy Cril +C
[f Paste Cril + W
Export Cril + M
Import Cril +1

or

e  Press <CTRL+I>.
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The "Import Data File" window opens.

(@ mpotbaare =

File: [’;}
File Information
Date Created:
File Size:
[mGancelus| [ Back || New |[ Finisn

e (lick ... to open a file selection window.
e Select a file of the following format and click Next.
—  ETAS Stimulus File (*.esti)
— HIL API Stimulus File (*.sti)
— Measurement Data File (*.dat)
—  LABCAR Stimulus File (*.lcs)
—  MAT-File (*.mat)
The "Import Data File" window opens.

(@ mpotbaare =

Name

SignalDescription
SignalDescription_1

5 EE

SignalDescription_2

Cancel || Back || MNew || Finin
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The file has been successfully imported
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Select the required signal descriptions.

If there is already a signal description set with the
name "signal description set", you can choose
whether it should be overwritten (Yes) or whether a
set with a new name "signal description set_n"
should be created (No).

The Signal Description Set "SignalDescriptionSet” already exists.
Selecting "Yes' will overwrite the Signal Description Set.
Selecting ‘Mo’ will create a new Signal Description Set.

[ cancel |[ Back || nmem || Fin.'shkj

Click Finish.

The signal description set is created (or overwritten).
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Importing a MATLAB file (*.mat)

When importing MATLAB *.mat files, two formats are supported:
e Matrix-based

Used for signals with different time scales. Each signal is a matrix —a MAT-
LAB file can contain any number of n x 2 matrices (n can be different for
every matrix).

e To generate a signal generator set in MATLAB,
enter, for example, the following code in the MAT-
LAB operating window:
t1=0:0.1:10;
£2=0:0.5:30;
sl=sin(0.5*pi*tl)+1;
s2=3*cos (0.2*pi*t2);

X=[tl' s1'];
Y=[t2' s2'];
save C:\MatrixBasedFormat.mat X Y;

This example generates the MATLAB file Matrix-
BasedFormat.mat with the two signals
(matrices) X and Y.

Signal 1:
0 2
0.5 3
1 4
1.5 5
2 8
Signal 2
0 1
0.5 4
1 5
1.5 8
2 9

¢ Interval-based (sequence format)
Used for signals that have the same time scale.

Interval vectors contain the duration of a single interval, data vectors con-
tain the signal values for these intervals. Data and interval vectors must
have the same length - the name of the interval vector must be
"Intervals".
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Enter, e.g., the following code in the MATLAB oper-
ating window:

Intervals = ones(size(-pi:0.01l:pi));

X = sin(-pi:0.01:pi) + 1;

Y =3 * cos(-pi:0.01l:pi);

save C:\IntervalsBasedFormat.mat X Y
Intervals;

This example generates the MATLAB file
IntervalsBasedFormat.mat with the two
signal vectors "Signal1_Value" and

"Signal2_Value".

Signall Value 2 3 4 5 8
Signal2 Value 1 4 5 8 9
Intervals 0.5 0.5 0.5 0.5 0.5

To export a signal description set

or

or

To export a signal description set, select it from the
list of signal description sets.

Click Export.

Right-click the area and select Export from the
shortcut menu.

Press <CTRL+M>.
A file selection window opens.

Select a file format (ETAS Stimulus File (*.esti) or HIL
API Stimulus File (*.sti)), select a directory and
assign a file name.

Click Save.

The signal description set is saved in the selected
format.
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The "Signal Description" area:
This area lists the signal descriptions that are part of a signal description set.

Signal Description
| Fiter Field [ New |
Name v Comment Duration [s]
i SignalDescription 2
mn  SignalDescription_1 0
m  SignalDescription_2 0
¢ Name

Name of the signal description (see "Name" on page 297)
e Comment

Comment (see "Comment" on page 297)
e Duration

Total duration of the signal description (calculated from the length of the
individual sequences).

The Filter Field makes it possible to search for signal descriptions using a filter
expression. If this field is empty, all available signal descriptions are listed.

Every character (string) entered in this field is used for an incremental search in
the names of the existing signal descriptions. If, for example, "abc" is entered,
all signal descriptions starting with "abc" are listed.

To simplify the search, regular expressions with wildcards can also be used:

e The asterisk ("*") £inds any character string (also including also
including 0 characters). "*_TRK" e.g. finds all names that end
with "_TRK".

e The question mark ("?") finds exactly one character.
e "?TRK" e.g. finds all names which start with any letter followed by "TRK".

These match patterns are not case-sensitive (in other words do not make a dis-
tinction between upper and lower case).

With Repetitions, you can specify how often the sequence is run.

Signal Description
| Fitter Field
Mame - Comment Duration [s]
mn  SignalDescription Your comment here 20
Repetitions: h=
Zoom In | ms
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To create a signal description

e To create a signal description, click New.
or

e Right-click the area and select New from the short-

cut menu.
New Ins
Edit Enter
Rename F2
B Copy Cril +C
[f Paste Cril +V
Delete Del

or
e  Press <INS>.

The signal description is generated.

To edit a signal description

e To edit a signal description, click Edit.
or

e Right-click the area and select Edit from the short-
cut menu.

or
e  Press <ENTER>.

The view toggles to the "Signal Editor" tab (see
"The "Signal Editor" Tab" on page 297), in which
the signals of the signal description can be edited.

To rename a signal description

e To rename a signal description, select it from the
list.

¢ Right-click and select Rename from the shortcut
menu.

or
e Press <F2>.

The name of the signal description can now be
changed.
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To copy a signal description

e To copy a signal description set, select it from the
list.

¢ Right-click and select Copy from the shortcut
menu.

or
e Press <CTRL-C>.

The signal description is copied and can be inserted
into the list of signal descriptions with Paste (in the
context menu) or <CTRL-V>.

To delete a signal description

e To delete a signal description, click Delete.
or

e Right-click the area and select Delete from the
shortcut menu.

or
e Press <DEL>.

The signal description is deleted.

The signal view:

The signal view provides an overview of the signal segments defined in this tab.

Zoom In | di F ms

::: A B K AR K DK R OR
10 AWANE \
5 AR RTATETEY
a—% UUUUUUUUUU\

The axes can be moved by dragging them and keeping the mouse button
pressed down and be enlarged or reduced by keeping the <CTRL> key pressed
down.

The signal description selected in the list is displayed. Use the <CTRL> key for a
multiple selection — the signal traces are then shown in different colors.

Axis scaling can also be modified using Zoom In/Zoom Out — Zoom To Fit
adapts the coordinate system to the signal trace.
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The "Signal Editor" Tab

The "Signal Editor" tab is displayed if you select a signal description from the list
of signal descriptions (in the "Signal Management" tab) and either click Edit or
double-click it.

The "Signal Editor" tab then opens. This is where the signal trace is created and
can be edited.

Configuration Signal Management Signal Editor
MName: [GignalDescription Comment:
L\\’ Auto zoom out on signal changes || Draw preview with specific raster ms
w
g
a
5
[mz]

[hemin:g]

T T T T T T T T T T T T T T T T T T T

200 400 00 200 200 400 &00 200 200 400 G600 200 200 400 G600 200

000000 00:00:01 00:00:0 00000
Segments Segment Details
New Duration: 0.000 s
Type Duration[s]  Mterations Comment lterations 0
Comment:
Type:
Total Duration: 0 [s]
H n H H n
Fig. 4-7  The "Signal Editor" Tab

¢ Name
This is where a name can be assigned to the signal description.
e Comment
This is where a comment can be assigned to the signal description.
The signal view: T

The signal view provides an overview of the signal segments that can be edited
in this tab.

The signal description selected in the list is displayed. Use the <CTRL> key for a
multiple selection — the signal traces are then shown in different colors.

Axis scaling can also be modified using Zoom In/Zoom Out — Zoom To Fit
adapts the display to the signal trace. The axes can be moved by dragging them
and keeping the mouse button pressed down and be enlarged or reduced by
keeping the <CTRL> key pressed down.

e Auto Zoom out on Signal Changes

Ensures the coordinate system is adapted automatically when segments
are modified.

e Draw Preview with Specific Raster
This is where you can specify a particular division of the time axis.
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The "Segments" area:

In this area, the properties and sequence of the individual signal segments are
shown:

Type
This is where the different segment types are managed. If a segment is
selected, it can be edited in the "Segment Types" area.

Duration
The duration of the segment (is specified in the "Segment Types" area).
Iterations

The number of iterations of the segment (is specified in the "Segment
Types" area).

Comment

A comment (is specified in the "Segment Types" area).

New is used to create a new segment; Delete to delete one previously selected.

Use the arrow keys to move one or more selected segments up or down.

In the "Total Duration" field, the total duration (sum of all segments) of the sig-
nal is shown. This can be modified with Change.

There are four different options:

@.- Change Total Duration

Total Duration: 25,000 s v |

@ Adjust all segments proportionally
Cut/Stretch last seament
Cut/Stretch selected segments

Add new segment at the end

Cancel |

Adjust all signals proportionally
All segments are changed proportionally.
Cut/Stretch last segment

Only the last segment of the signal is changed accordingly
(i.e. cut or stretched).

Cut/Stretch selected segments
Only selected segments are stretched or cut.
Add new segment at the end

If the time duration selected is longer than the current duration, a new
segment is added at the end.

The segments are edited in the "Segment Details" area.

The "Segment Details" area: T

This is where the properties of a segment (selected in the "Segments” area) can
be edited.
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e Duration

This is where the length of the segment is specified.

e [teration

This is where the number of iterations of the segment is defined.

e Comment

This is where a comment for the signal segment can be made.

e Type

The segment type:

Constant
Signal has a constant value ("Value").
Data

The segment is read in from a file (Measurement Data File (*.dat) or
MAT-File (*.mat)).

Pulse

The segment consists of one PWM signal, defined by period duration
("Period"), amplitude (" Amplitude"), duty cycle ("Duty Cycle") and
offset (" Offset").

Ramp

Rising or falling ramp, defined by start value ("Start Value"), duration
("Duration") and stop value (" Stop Value") or start value, duration and
slope ("Slope").

Random

The segment consists of random values with defined amplitude
("Amplitude") and offset (" Offset").

Saw

Sawtooth, defined by amplitude (" Amplitude"), period duration
("Period") and offset (" Offset").

Sine

Sine signal, defined by amplitude (" Amplitude"), period duration
("Period"), phase shift ("Phase") and offset (" Offset").
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Working with the Signal Generator

Signal description sets are assigned to the signal generators during configura-
tion. These, in turn, contain signal descriptions.

These signal descriptions are shown as module outputs in the Workspace Ele-
ments (under the relevant signal generator) and can be connected with other
inputs in a signal list.

) Experiment Environment V2.7.0 Beta (Build 2381) [TutorialProject_540_540.eew] - DefaultExp.cex

fle Edt View Dperment Instumentation FexRay Tools 7
L L e M M I ML B AL L LY
&2/ Workspace Elements Configuration Signal Management -~ Signal Editor |

Search & Filter ¥ [T]m

nabled Satew  Time Name Action Start Time [s] Stop Behaviour Signal Description Set

All Asam | Al UD Search Results

gfz;’é::“s 2 00.00.00 ¢ SignalGenerator 1 (| M| 0.000 [SrtVale ~ | [SignelDescriptionset 3 =
= [ RTPC (192.166.40.14)
i [ Hardware

1 k. IdleController

# g OSMonitoring

= [E) SignalGenerator 1
M Ep SianalDescription
Wb SianalDescription 1
M SianalDescription 2

\eneralar\k\Data\ogger \T Instrumentation

Note

For the signal generator and its signal descriptions to be shown in the element
list, it has to be completely configured, i.e. on the one hand a signal description
set must be assigned to the signal generator, and the signal description set
must in turn have been assigned signal descriptions and, on the other hand, a
task must have been selected.

To connect a signal generator

e Create a signal list in a layer (in the "Instrumenta-
tion" tab).

e Select a module input in Workspace Elements that
you want to stimulate with a signal generator and
drag it to the signal list.

e Inthe "Mode" column, select the option "Signal
Generator".

e Inthe "Signal Description" column, select the signal
generator and the signal description with which the
module input is to be stimulated.

& [ StarterManual

# [ StarterMomentActive

@ [ StarterTorque_2

1+ ﬂj StaticTorqueCharacteristic

RT-Flugins

3
# [ Sum | Signal Value Mode Constant Signal Description Co
i [ TorqueToNEngine | sircanditionManual | [SianALeENERETaR  [=] | signalGenerator_t/SignalDescription [ No «

1+ ﬂj TorqueToNEnginel d
.ﬁAirCanditiunManual {1
B += n_Engine

7] ﬁ 0SMonitaring

SignalGenerator_1

B &) SignalDescription [ 4 1

e Save the experiment.
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To operate a signal generator

¢ Download the experiment for the Real-Time PC.
e Start the experiment.
e Toggle to the "Signal Generator" tab.

e Select the required signal generator and click the
E] Start icon.

_ Configuration | Signal Management | Signal Editor |

Enabled State v Time Mame Action Start Time [g]

) 000000  SignalGenerator_1 ;1 W 0000

=
=
™
=
]
E
=
W
=

The running signal generator is shown by the Run-
F‘Q ning icon.

The "Time" column shows the time which has

elapsed since the last start of the signal generator.

e Pause is used to pause the signal generator — the
@ last value of the signal generator continues to be
output.

generator and resets it to the value selected in the
column "Stop Behaviour".

@ e Stop and reset signal generator stops the signal
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4.4.4

4.4.5

The "RT-Plugins" Tab

In this tab RT-Plugins are managed. A description of this tab can be found in
section "The "RT Plugins" Tab" on page 224.

The "Instruments" Window

The "Instruments" window contains a large number of instruments for interac-
tion with the experiment.

#1 Instruments x|

Standard [nstruments

=

7 Segment Display

@

Circular Gauge

Compact Parameter Editar

W

Compare |nstrument

%

Datalogger Control Panel Iz‘

Automotive [nstruments
INTECRIO Instruments
LABCAR Instruments

Properties L/ Instruments | VP Execution Made |
Fig. 4-8  The "Instruments" Window

The available instruments are divided into several groups:
e Standard Instruments
e Automotive Instruments
e LABCAR Instruments

All of these instruments can be dragged into a layer of the "Instrumentation" tab
using drag-and-drop — the assignment of measure variables and parameters also
usually takes place via the Measure/Calibrate function of the shortcut menu or
by drag-and-drop from the "Workspace Elements" window.
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4.4.6 Adding Signals to the Signal List

After creating a "Signal List" instrument, there are two different ways of adding

signals to it.

To add a signal with signal tracing

@[] StarterMomentctive

H u_j StarterTorque_2

@ [ StaticTargueCharacksristic
@ ] sum

£ u_j TorqueToMERgine

£ u_j TorgueToMEngine1

M AirConditionManual

M = n_Engine

@[] StarterMomentctive

H u_j StarterTorque_2

@ [ StaticTargueCharacksristic
@ ] sum

£ u_j TorqueToMERgine

£ u_j TorgueToMEngine1

M AirConditionManual

M = n_Engine

4]

e Drag the required signal to the signal list.

Signal | Yalue | Mode |Eonstant|5ignaIDescr

e Inthe "Select the Tracing Mode" dialog box, select
"full signal path", "forward" or "backward".

Signal | Yalue | Mode |Eonstant|5ignal Descr
Select the Tracing Mode =
Signal: AirConditiontd anual
Type: inport
Tracing Direction: IfuII sighal path 'l
Group:
Lo o] backward L

The selected signal is displayed in the signal list with
all the signals to which it is connected (in the
selected direction).

Signal Yalue Mode Constant | Signal Description | Comment
= [ Analn_0 0,000000
WS AirConditionManual 0.000000 {MODEL - 1 |~ ||Ma comment

In this display, an input can also be disconnected
from the model and assigned a constant value
("Mode" column).
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To add a signal without signal tracing

e If you want to display a signal in the signal list with-
out its other connections, select the option "no
path" in the "Select the Tracing Mode" dialog box.

Select the Tracing Mode =
Signal: Analn_10
Type: outport
Tracing Direction: IfuII sighal path 'l
Group: full zsignal path
fanward
backward

The signal is shown in the selected signal list in a
type of sublist.

Signal Yalue Mode Constant | Signal Description | Comment
= [ Analn_0 0000000
WS AirConditionManual 0.000000 {MODEL - 1 |~ ||Ma comment
f# analn_10 0,000000 |

To add further signals to an existing signal list

e Drag another signal to the part of the list that con-
tains the signals with tracing.

The "Select the Tracing Mode" dialog box opens.
This is where you can specify the type of signal trac-
ing.

e Drag another signal to the part of the list that con-
tains the signals without tracing.

The signal is added to this part of the list.

Mode

Yalue Comment
0,000000

0.,000000 | MODEL [+] 1 [~ ||Ma comment
0.000000 | |
0.,000000
0,000000
0,000000
0,000000

ﬁgnal Constant | Signal Description

= i) Analn_0
WS AirConditionManual
wb Analn_1
f#h analn_10
#h anan_t1
# analn_12
# analn_13

The following also applies to the signals in the list:

304

If several signals (selected in Workspace Elements in a multiple selection)
are moved to the list, they are always added to the part without signal
tracing.

Signals from one part of the list can be copied to the other part (or to a
new list) by selecting the properties accordingly in the "Select the Tracing
Mode" dialog box.
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e Signals from the part of the list without signal tracing can be moved to
other signal lists by drag & drop - the "Tracing Mode" can be specified in
the target list.

4.5 The Script Recorder

When running experiments, various actions such as operating GUIs (e.g. opening
GUIs and modifying parameters, loading parameter files etc.) are often executed
repeatedly. LABCAR-OPERATOR V5.4.0 thus provides a recorder so that these
repeated procedures can be automated.

These macros are stored as Visual Basic Scripts (* . vbs). Any number of scripts
can be assigned to any one project - a script can also be used in other projects.

The LABCAR-OPERATOR V5.4.0 Script Recorder can be used to record all user
actions supported by the LABCAR-EE Scripting API.

To record a script

e Right-click the "Script Recorder Files" folder in the
Experiment Explorer.

e Select Start Recorder from the shortcut menu.

@ Experiment Environment ¥3.3.1 [TutorialProject.eg]

File Edit ‘“iew Esperiment Instrumentation  Tools
AP HR A BB
'-,_:dExperiment Explorer

u_j Datalogger Files

u_j Mapping Files

(] Parameter Files

(] RT Plugin Files
= (2] Script Recorder Files

Tutorial_511.vbs Start Recorder

Pause Recorder

Stop Recorder
[ZL addFile... Ins

e Select a file in the following dialog box - regardless
of whether a script file has already been assigned to
the project or not.

Record Script =

Script File
IC:\LCOS1 0-Projects\TutorialProject_511%\Expetimentsi Tutarial_5114Tutorial _511.vbs |

¥ Add To Experiment

™ Ignore Timing Start [: | Cancel |

A

— Select "Add to Experiment" if the file is to be
added to the experiment (in the directory
"Script Recorder Files").

— The "Ignore Timing" option ensures that the
times between the individual actions of the user
are not recorded.
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Recording 00:00:23

Script recorder idle

To play a script

ETAS

Click Start.

Recording starts. The status of the Script Recorder
and the duration of the recording so far are shown
at the bottom edge of the main window of the
experiment environment.

To stop the recording, select Stop Recorder from
the shortcut menu.

'-,EdExperiment Explorer
u_j Datalogger Files
u_j Mapping Files
(] Parameter Files
(] RT Plugin Files
= qj Script Recorder Files
| Tutorial_511.vb:

Start Recorder

Pause Recorder

Stop Recorder

Flay Script...

Open File. ..
[ZL addFile... Ins
[ Rrename File... F2
[&] Exclude From Experiment Del
D Delete {permanently) Shift+Del

Recording stops and the script is stored.

Playback 00:00:30

Select the script to be played from the Experiment
Explorer.

Select "Play Script" from the shortcut menu.

'-,EdExperiment Explorer
u_j Datalogger Files
u_j Mapping Files
(] Parameter Files
(] RT Plugin Files
= qj Script Recorder Files
[ Tutorial_511.vbs

Start Recorder
Pause Recorder
Stop Recorder

Play Script... %

Open File...
[ZL addFile... Ins
[ Rrename File... F2
[&] Exclude From Experiment Del
D Delete {permanently) Shift+Del

The script is played.
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To manage scripts

e Select Add File to add a script to the project.
e Select Rename File to rename a script.

e Select Exclude From Experiment to cancel the
assignment of the file to the experiment.

¢ Select Delete (permanently) to delete the file.
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4.6

Working with Parameters

This section contains information on how to work with the parameters of your
LABCAR-OPERATOR project in the experiment environment LABCAR-EE.

This includes information on:
e "Parameters in LABCAR-EE" on page 309
e "The Shortcut Menu" on page 310
e "Modifying Individual Parameters During the Experiment" on page 311
e "Saving Complete or Partial Parameterizations" on page 314
e "Managing Parameter Files in the Experiment Explorer" on page 315
e "Variants and Parameter Combinations" on page 318
e "Mapping Files" on page 322
e "Creating and Managing Mapping Files" on page 322
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Parameters in LABCAR-EE

Every module that is added to the overall project in LABCAR-IP includes a new set
of parameters. These parameters and their assigned values (referred to as param-
eterization) can be activated, modified, saved or exported.

In LABCAR-EE, a project's parameters and measure values are collected in the
"Workspace Elements" window — for a detailed description of this window, refer
to the section "The "Workspace Elements" Window" on page 272.

B Workspace Elements

Search kFilter ¥

Al Asam | 1D | Search Resuts
@ [ ECU Access
= () LABCAR
= [ rRTPC
# [ Hardware
= 4:\ IdleController
= 2] PedalzMERgine
= qj TorqueToMERgine
[ )
@
5= Out
@ [ sirConditionMarual
@ [ False
@ [ irConditondctive
@ [ MoSpeedhioTorgue
@ ] const
@ [ StarkerManoal
£ []_j TorgueToMEngine1
@ [ StaticTargueCharacksristic
@ [ StarterTorque_2
@ [ sirConditionTorque
@[] StarterMomentctive
ERET
@ [ Relationalperator
@ [ Starteractive
M += n_Engine
8 AirConditiontanual
@ [ Constark
£ []_j A_IdleController
H @ Brake_System
= % FlexRay_Bus
@ [ Target
#® [ sendFrames
@ [ RecsiveFrames
£ []_j SignalConversionModules
# [ ControllerTest
# 3 tdlectrl
# HE #CPMadule
1| | 2
@ ‘Workspace Elements "-;'\JExperiment Explorer |

Fig. 4-9  The "Workspace Elements" Window

The parameters named are in the "All Asam" tab (the two other tabs are
described in section "The Tabs of the "Workspace Elements" Window"
on page 273).

In this tab, all modules and their parameters and measure values are grouped in
the "LABCAR" folder — the "ECU Access" folder contains the definitions of the
ECU pins as well as any parameters and measure variables of a parallel INCA
experiment (with Calibration Connector for INCA).

The individual modules have special icons that denote their type. These are used
to run operations on the module folder or its contents using the corresponding
shortcut menus (see "Working with the Workspace Elements" on page 274).
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4.6.2

Managing Parameter Files

Files that contain parameters and assigned values are managed in the "Experi-
ment Explorer" window — the shortcut menu contains the corresponding func-
tions for this purpose.

# Experiment Explorer

[|_j Datalogger Files
[|_j Mapping Files
= ] Parameter Filas

ParameterFile, my .
%Parameterﬁlel.d B J
[23 ParameterFilel.n] [ addFie... Ins
(] Signal Generator Fi Set Display Order

Download all active files
Active
& Rename File... F2
|&l Exclude From Experiment Del
._j Delete {permanently)  Shift+Del

You will find the following file types:
* *.mpaand *.dcm
Files that contain parameters and value assignments
e *olc
File with a specific configuration of signal paths and curves
* *.pac

Parameter variant (or parameter combination): Compilation of several
*.mpa, *.dcm and *.olc files

For more details, refer to the section "Managing Parameter Files in the Experi-
ment Explorer" on page 315.

The Shortcut Menu

The shortcut menu in the "All Asam" tab has already been described in "Work-
ing with the Workspace Elements" on page 274 — the following section focuses
on working with parameters.

Measure | Calibrate. ..
Find in instruments. ..
Show All HW Ports
Add To Datalogger

Calibration | Parameters » Copy Yalues
Create Mapping File. .. Paste Values
Copy Label To Clipboard  Chrl4+-C Save...

Set State To Modified
Set State To Unmodified

Fig. 4-10 Shortcut Menu for Parameters (with Active Experiment)
The shortcut menu provides a range of functions:

e (reating an instrumentation for modifying individual parameters (Mea-
sure / Calibrate) (see "Modifying Individual Parameters During the Exper-
iment" on page 311)

e Saving a parameter set (Calibration / Parameters — Save) (see: "Sav-
ing Complete or Partial Parameterizations" on page 314).
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e Editing entire parameter sets (*.mpa) (see "To edit a parameter file"
on page 315)

In addition to the modification of individual parameters or entire parameter sets,
this menu also enables other actions:

e Copying and pasting individual parameter values (Calibration / Parame-
ters — Copy/Paste)

e Editing the modification status of a parameter/measure value
(Calibration / Parameters — Set State To Modified/Unmodified)

e Creating mapping files (Create Mapping File... ) (see "Mapping Files"
on page 322)

e Copying labels to the clipboard (Copy Label To Clipboard)
e Complete display of all hardware parameters (Show all HW Ports)

e Search for GUIs in which a specific parameter/measure value is used (Find
in instruments...)

46.3 Modifying Individual Parameters During the Experiment

The information on the values of parameters and the modification thereof takes
place in a LABCAR-EE display instrument ("Instrumentation” window). Normally,
an "edit box" (see below) is used for this purpose.

A search function is available as an experiment can have a large number of
parameters/measure variables.

To search for parameters

e Open up the edit line for the search key by clicking
the icon in the "Workspace Elements" window.

B Workspace Elements

Search kFilter Ld
Al Asam | 1D | Search Resuts U
] ECU Access =

= LABCAR
2] [ﬂ Hardware
= 4:\ IdleController
£ []_j A_IdleController
@ [ Constark
= 2] PedalzMERgine

The edit line appears.

e Enter a search string and click Go.
w 0

B Workspace Elements

Search kFilter A
| e | sl
¥ Clear "Search Fesults" ongo ¥ Use RefEx
Filter Dptions ']
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The "Search Results" tab that shows the results of

the search is activated.

Workspace Elements

Search kFilter

#
IVaIue j il_;.}l

¥ Clear "Search Fesults" ongo ¥ Use RegEx

Filter Dptions ']

All dzam | AlUD  Search Results
qj ECU Access
= LABCAR
= ﬂ IdleController
= 2] Constank
50 Yalue
= 2] PedalzMERgine
= 2] sirConditionMarual
@+ constvalue
= 2] irConditionTorque
50 Yalue
= 2] const

50 Yalue

By selecting suitable filter criteria ("Filter Options"),
you can limit the results list further if required.

To create a GUI

e Right-click the parameter you want to display/edit.

= ] StarkerManoal

@ Yalue

@[] TorgueToMEngir

| Measure [ Calibrate. .. N |

@[] StaticTorquech.
H u_j StarterTorque_
@ ] AirConditionTar
@[] StarterMomentd
@ ] sum

@ [ Relationalperat

Note

Find in instruments. .. o

Shew Al HW Parts

Calibration | Parameters ]

Create Mapping File. ..
Copy Label To Clipboard  Ctrl+C

To select several parameters use <SHIFT> or <CTRL>.
You can also select entire folders.

The "Create Instrume

Create Instruments

Element

nts" window opens.
—lol x|

Instrument Type

Task

Indices

Group

+| | value

Edit Box

<Mew Group:

Compare Instrument

-

Drop Down List
Image Control k

Knob I
LELr i s

Cancel |

e Select "Edit Box" under "Instrument Type".

The GUI is created and the current value of the

parameter shown.

Starterkd anual A alue []

1.000
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To modify parameters in the current experiment

e Start the experiment.

e C(Click the GUI with the parameter to be modified.

The parameter can now be edited.

Dscilloscope

Maam@m sl vElK- k-

00,0
800,03
700,04
50007
500,03
400,04 &_ldieCantroller/4,_ldleContraller__r_id...
2000 700.000
20007
1nnn: [ T T T T T T T T T I T T T T I T T
i 10 20 a0 40
0:00 [zec]
Style  Mame Task
—  TorqueToMEngine/0ut [] Acquisition
e Enter the new value.
e Press <RETURN>
or

e (Click outside the GUI.

e The parameter value is modified during the current

simulation.

Dscilloscope

MRAED > A Ek - k-

[«

900,04

800,03

?DD,D—; /v

50007

500.0 &_IdieContraller/4,_|dieContraller_n_id...
750.000

400,04

30007

annnd

]....10....20....30.
0:00 [zec]

W

Style  Mame Task
—  TorqueToMEngine/0ut [] Acquisition

LABCAR-OPERATOR V5.4.0 - User’s Guide

313



LABCAR-EE - an Overview ETAS

Displaying and Resetting the Modification Status

If the value of a parameter in a current experiment has been changed in compar-
ison to the value when downloading the code with the initial parameterization,
the value is shown in red.

This coloring can be set using the shortcut menu with Calibration /
Parameters — Set State To Modified and reset with Calibration /
Parameters — Set State To Unmodified.

46.4 Saving Complete or Partial Parameterizations

To save parameterizations in the current experiment, the user can select one or
more parameters in a folder, one or more folders or the entire list in the
"Workspace Elements" window and then save as a file.

To save a parameter set

e Select the parameters/folders/modules whose val-
ues/parameterization you want to save in a file.

e Right-click and select Calibration / Parameters —
Save.

The "Save Parameters" window opens.

x
= ] IdleContraller Tl
= Qj PedalZMEngine [l
= ] TargueToMERgine ||E|
@A vl
@ vl
Select Al | Select None & Show All

7 Show Modified

Label Converter: I Mone j \ll " Show Selected
Olutput File: IE:\LEDSD_F'roiec:ts\BetaSD\TF'DDD2\Experiments\DefauItExp\paramet |
Save é I Cancel |

All parameters of the hierarchy/folders selected previously are shown and
selected. You can change the "global" selection by using Select All or Select
None — the list of selectable elements can also be filtered by using Show All,
Show Modified, Show Selected.

The parameter file is selected using "Output File" — clicking ... opens a file selec-
tion window in which the name and the format (*.mpa, *.dcm or *cdfx) of the
file can be selected.

Two further options can also be activated in this file selection window:
e Add To Experiment

The file is automatically added to the experiment, i.e. it is available and
accessible in the Experiment Explorer in the "Parameter Files" folder.

e Activate File
The file is activated (see "To set a parameter file as active" on page 316)
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Managing Parameter Files in the Experiment Explorer

The "Parameter Files" folder of the Experiment Explorer lists all parameter files
that belong to the experiment.

You can run the following actions using the shortcut menu:
e "To edit a parameter file" on page 315
e "To add a parameter file" on page 315
e "To specify the order of parameter files" on page 316
e "To load parameters into the experiment" on page 316
e "To set a parameter file as active" on page 316
e "To rename a parameter file" on page 317
e "To exclude a parameter file from the experiment" on page 317
e "To delete a parameter file" on page 317

# Experiment Explorer - I
[]_j Datalogger Files
[]_j Mapping Files

= ] Parameter Filas

L,a ParameterFile, my
Edit File...
ParameterFilel.d @

[23 ParameterFilel.n] [ addFie... Ins
(] signal Generator Fi Set Display Order

Download all active files

Active

& Rename File... F2
|&l Exclude From Experiment Del
ﬂ Delete {permanently)  Shift+Del

Fig. 4-11 The "Parameter Files" Folder Shortcut Menu
To edit a parameter file

Parameters that have previously been saved in a file (see "Saving Complete or
Partial Parameterizations" on page 314) can be opened here for editing pur-
poses.

e Select Edit File or double-click the file.

In the case of an *.mpa file, the LABCAR-PA 1.0 -
Parameterization Assistant opens and loads the
parameter file.

To add a parameter file

e To add further parameter files to the experiment,
select Add File.

e A file selection window opens.

e Select the file(s) to be added (multiple selection
using <SHIFT> or <CTRL>) and click Open.

The parameter files are added to the "Parameter
Files" folder.
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To specify the order of parameter files

When simulation code is loaded, parameter files are loaded onto the experimen-
tal target in the same order as they are displayed in the "Parameter" folder.

e Select Set Display Order to change this order.
The "Set Display Order" window opens.

# Experiment Explorer w 0
H u_j Datalogger Files
H u_j Mapping Files
= (] Parameter Files
[a ParameterFile.mpa

3 Arcondon s zn
= QB Parametertariant_MK_114
[a olc2.mpa Hierarchy | File
[a ParameterFilez mpa AParameter_Files\ParameterFile.mpa
- Uj Parametervariant MK 174 : AParameter_FileshAirCondQOn.olcd
- = = Parametery ariant_MK_114
D AirCondn.olcd Parametery ariant_K_174

[Z] ParameterFile3.mpa
£ u_j Signal Generator Files

In this window, the folders with variants (also
referred to as parameter combinations (*.pac) — see
"Variants and Parameter Combinations"

on page 318) are listed in the "Hierarchy" column
and the top-level parameter files in the "File" col-
umn.

e Justuse Drag & Drop to move a folder or a file up or
down the list.

e (lick OK.

The order of folders/files in the Experiment Explorer
is changed accordingly.

To load parameters into the experiment

¢ To download all activated parameter files to an
experiment, select Download all active files.

To set a parameter file as active

e To activate a parameter file, select the option
Active in the shortcut menu.

The parameterization in this file is then automati-
cally loaded to the target.

e You can cancel this by clicking again.
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To rename a parameter file

e To rename a parameter file, select Rename File.

A dialog box opens in which you can enter a new
file name.

To exclude a parameter file from the experiment

e To exclude a parameter file from the experiment,
select Exclude From Experiment.

The assignment is canceled and the file is excluded
from the Experiment Explorer view.
Note

The file is not deleted - its assignment to the project
is simply canceled.

To delete a parameter file

e To remove a parameter file both from the experi-
ment and from your file system, select Delete (per-
manently).

The shortcut menu of the "Parameter Files" folder also allows you to create
parameter variants which are described below.
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4.6.6 Variants and Parameter Combinations

In an ECU test, you often have several variants of an ECU - in addition, there are
various software versions available for each of these ECUs.

For a test project, this means that a test project variant must be available for
every combination of ECU variant and software variant (see Fig. 4-12).

Hargware ECU V1a
Variants

Software I S1x Sty S2y

Variants t A L ‘A t AA
7 4

1aS1x ] [ 1aS1y ]

Fig. 4-12 Variants of ECU Hardware, ECU Software and the Corresponding
Test Projects

Tes.t Project 1aS1
Variants

1bS2x ] { 1bS2y

This means on the one hand considerable redundancy and on the other a consid-
erable amount of time when it comes to global changes, in other words changes
that affect all variants.

In the test project, differences between the variants can have an effect on the
following project data:

Model parameters

Open-loop configuration (sensor curves etc.)

Configuration of the I/0 hardware (measure modes, resolution, etc.)
Connection data of ECU to I/O hardware
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The problem can be solved by keeping global data and specific data separate (see
Fig. 4-13):

Hardware
Variants

Software
Variants

Deviations
from
Master Project

Master Project

ECU V1a

I y

S1x S1y \_?

1aS2x 1aS2y 2a32x 2a82y

Fig. 4-13 Master Project and Files for Deviations (Variants) from the Master

Project

Master Project

The master project is a complete LABCAR-OPERATOR project that contains a
default parameterization. It is single-source and free of redundancy.

Deviations

The deviation file contains the special project parameters that make the project
usable for a specific UuT variant with a specific software variant. These files are
called variants.

What Does a Variant Contain?

Variants can contain the following kinds of data:
* Model parameters

e.g. for different engine components
(saved in an *.mpa, *.dcm or *.cdfx file)

e OLC parameters

e.g. sensor curves of various lambda sensors
(saved in an *.olc file)

e Hardware configuration parameters

e.g. different settings of the I/O hardware
(saved in an *.mpa or *.dcm file)

e Connection data: ECU - I/O hardware
(saved in the "properties.ecu” file)
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The first three types can be combined and loaded to an experiment by activating

them.

Parameter Combinations

The loading of model parameters to an online experiment usually refers to an
ordered sequence of parameter files loaded to the target in the order they
appear in the "Parameter Files" folder.

These kinds of sequences can be exported as parameter combinations (*.pac).
Any number of these combinations can be assigned to a project.

To create a new variant

Right-click the "Parameter Files" folder and select
Add new Parameter Variants.

# Experiment Explorer

u_j Datalogger Files
u_j Mapping Files

= (] Parameter Files

!
Add File. .. I

[3 ParameterFile.mpa L-z’ e ns

[3 ParameterFilel.dom Set Display Order

[3 ParameterFile1.mpal Download all active files

1] Signal Generator Files |R}; Add Mew Parameter Yariants...  Shift+Ins ’4
L4

The "New Parameter Variants" window opens.
Enter a name for this variant and click OK.

New Parameter ¥ariants... ﬂ
Flease erter a name:

|ParameterVariant_M K11B

()8 |: I Cancel |

A file selection window opens from which you can
select the files you want to belong to the new vari-
ant.

Select the files and click Open.
The variant is created and added to the experiment.

The functionality described in "Managing Parameter Files in the Experiment
Explorer" on page 315 is available for managing parameter variants:

e Adding further files to a variant (Add File)
e Modifying the order (Set Display Order)

e Downloading all active files (Download all Active Files)

e Activating and deactivating (Active)

e Renaming a file (Rename File)

® Excluding a file from a project (Exclude From Experiment)

e Deleting file (Delete (permanently))
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To load select variants to the experiment

In addition to the possibility described above of downloading all parameter vari-
ants of the experiment from the shortcut menu (Download all Active Files),
there is also a GUI with which you can select a single variant and load it into the
experiment at any time.

e |nthe "Instruments" window ("LABCAR Instru-
ments" tab), select the "Parameter Variants" instru-
ment and drag it into a layer.

¥l Instruments > 1

Standard [nstruments

........................... C | My Instrument Styles

Automotive [nstruments

seacccocncenccaaanaasaaaaaan® INTECRIO Instruments

........................... LABCAR Instruments

e, i
- IR CAN Bus Monitar
Available Parameter Wariants in Project: @i}

~|H g
J . B Farameter Variants
Download s

............................ RTPC State

e From the list, select one of the variants that is part
of the project.

Available Parameter Wariants in Project:

| [

Parameterariant 01

e C(Click Download.

Available Parameter Wariants in Project:

I Parameterariant_tK_114 j

Download [ !

The selected variant is loaded into the experiment.

To export a variant as a *.pac

Variants can also be exported as files (*.pac) and then added to an experiment.
e To export a parameter variant, select the folder.
e Select Export to PAC File from the shortcut menu.

A file selection window opens from which you can
select the file name of the *.pac file.

e Enter the file name and select Save.
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46.7

46.8

To reimport a variant

e To add a parameter variant to an experiment, select
Add File.

A file selection window opens.

e Select the required file (with the extension "pac")
and click Open.

The variant is added to the experiment.

Mapping Files

ASAM labels can be mapped to user-defined names in a mapping file making
them easier to work with.

A mapping file is supplied with, for example, ETAS LABCAR models to support
the GUIs of the models, but can also be created by the user.

Generally, a project can be assigned any number of mapping files which can be
managed in the LABCAR-EE Experiment Explorer. Mapping files are edited in a
special editor, the SUT Mapping File Editor.

Display of Mappings in the "All UD" Tab

For example, the user can map the label
IdleController/Pedal2NEngine/TorqueToNEngine/Out

(the tool label) of a measure variable in a module to the label
EngineSpeed

(the test label).

These user-defined labels are shown in the "Workspace Elements" window in
the "All UD" tab — with their hierarchy and the file in which they were defined.

B Workspace Elements w 0
Search kFilter ¥

Al dgam ATUD | Search Results |
= ] UserDefined
= qj Mapping_T2NE {.\Mapping_Files\Mapping_TZME.bxt)
= 7] IdleContraller
= 2] PedalzMERgine
= Qj TorgqueToMNERgine
M = Enginespeed

J | ol
-@ ‘Workspace Elements "-;'JExperiment Explorer |

Creating and Managing Mapping Files

This section describes how to create mapping files and manage them using the
shortcut menu in the Experiment Explorer.

To create a mapping file

e Select the parameter or the measure variable for
which you want to create a mapping file in the
"Workspace Elements" tab.

You can also select parts of the hierarchy (= folder)
or the main "LABCAR" node.
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e Select Create Mapping File from the shortcut
menu.

@ [ Starteractive
@ [ StarkerManoal
@[] StarterMomentctive
H u_j StarterTorque_2
@ [ StaticTargueCharacksristic
@ ] sum
= ﬁ TorqueToMEngine
FE=TY
@ Add To Datalogger
e Out Show All HW Ports
£ u_j TorgueToMEngine1
B AirConditiontanual

5= n_Engine | Create Mapping File. ..
- T Q&J

Measure | Calibrate. ..

Calibration | Parameters ]

The "Create Mapping File" window opens.

x
= 2] IdleContraller vl
= qj PedalZMEngine [l
= ] TargueToMERgine |IE|
@A vl
@ vl
[+ Ot [l
Select Al | Select Mone
Olutput File: IEI:\LEDED_F'roiects\BetaSD\TutoriaIProiect\Experiments\DefauItExp\M !
Save I Cancel |

e Select the parameters/measure variables to be
present in the mapping file.

e (lick ... to specify the file in which the mapping
should be saved.

A file selection window opens in which you can
enter a name for the file.

e (lick Save to save the file name.

e C(Click Save in the "Create Mapping File" window to
save the mapping file.

e Change to the "Experiment Explorer" tab and dou-
ble-click the "Mapping Files" folder.

The created mapping file has been added to your
experiment and activated (shown by the green tick
beside the folder icon).

# Experiment Explorer

u_j Datalogger Files
= ﬁ Mapping Files
L3 Mapping_T2ME bxt
(] Parameter Files
(] signal Generator Files

ﬁ_';l ‘Workspace Elements "-g'JExgeriment Explorer
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The "Mapping Files" folder of the Experiment Explorer contains all mapping files
that belong to the experiment.

# Experiment Explorer

H []_j Datalogger Files

= qj Mapping Files
La Mapping.txt
E;Mapping_small.txt |4 EdiFile...

# [ Parameter Files Reload Mapping

£ []_j Signal Generator Files

[ addFile... Ins
Active
& Rename File... F2

|&l Exclude From Experiment Del
._j Delete {permanently)  Shift+Del

Fig. 4-14 The "Mapping Files" Folder Shortcut Menu

You can use this folder’s shortcut menu for editing and managing purposes. The
following actions are described in detail below.

e "To edit a mapping file" on page 324

e "To reload a mapping” on page 325

e "To add a mapping file to the project" on page 324

e "To activate a mapping file" on page 325

e "To rename a mapping file" on page 325

e "To exclude a mapping file from the project" on page 325
e "To delete the mapping file permanently" on page 325

To edit a mapping file

e Double-click the file to be edited in the Experiment
Explorer.

or
e Right-click the file and select Edit File.
The SUT Mapping File Editor opens.

To add a mapping file to the project

e Right-click "Mapping Files" in the Experiment
Explorer.

e Select Add File.
A file selection window opens.

e Select the required mapping file (*.txt, *.smf) and
click OK.

The mapping file is added to the project.
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To reload a mapping

e Right-click the file to be loaded in the Experiment
Explorer.

e Select Reload Mapping.

The selected mapping file is reloaded in the experi-
ment.

To activate a mapping file

e Right-click the file to be activated in the Experiment
Explorer.

e Select Active.
The selected mapping file is activated (indicated by

E@ the tick).

To rename a mapping file

e Right-click the file to be renamed in the Experiment
Explorer.

e Select Rename File.
The "Rename File" dialog box opens.

x
Flease erter a name:
4 apping|
()8 I Cancel |

e Enter the new name and click OK.

To exclude a mapping file from the project

e Right-click the file to be excluded in the Experiment
Explorer.

e Select Exclude From Experiment.
The mapping file is excluded from the project.

Note

The file is not deleted - its assignment to the project
is simply canceled.

To delete the mapping file permanently

e Right-click the file to be deleted in the Experiment
Explorer.

e Select Delete (permanently).
The mapping file is deleted.
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4.7 Editing Parameter Files with LABCAR-PA 1.0

LABCAR-PA 1.0 (Parameterization Assistant) is used for the clear display and for
editing parameter files.

LABCAR-PA provides the following advantages:
e Structured overview of all model parameters and their attributes
— Display acc. to model hierarchy or functional units
— Filter and sort possibilities

e Support of the parameterization process with simple access to parame-
ters:

— Online and offline operation

— Visualization of the parameterization status with attributes

— Visualization of changes

— Comparison possible with reference parameterization
¢ Single-source management of model parameterizations in XML files
e Import and export of parameters from and to DCM and M files
e Simple update of the model

4.7.1 Managing Parameter Files

The LABCAR-EE Experiment Explorer contains the "Parameter Files" folder in
which you can manage the experiment’s parameter files.

To add a parameter file to the experiment

* In the Experiment Explorer select the "Parameter
Files" folder and right-click.

e |n the shortcut menu select Add File.

@ Experiment Environment ¥3.1.0

File Edit ‘“iew E=periment Instumentation  Toolz 7

(DUHE |0~ (8-§ &

# Experiment Explorer e
ﬂ.j U Files . A Experiment without hard
Datalogger Files [ & -

o ) i N (|| = SEECE Oscilloscopel

[]_j MappingFiles (| §- - - -

(] Parameter Files = |

T p
(] Signal Generator Fil |a o [ I |
Set Display Crder

* 2 M) ov N

1L

Download all active files

[ Add Mew Parameter Varianks...  Shift+Ins
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e [n the file selector window select the file to be
added.

The file is added.

File Edit ‘“iew E=periment Instum

DU HE| A
# Experiment Explorer

(] GLI Files

u_j Datalogger Files

u_j Mapping Files
= (Z] Parameter Files

D Z309_Parameters.mpa
(] signal Generator Files

To edit a parameter file

e To edit a parameter file, double-click it
or
e In the shortcut menu select Edit File.

@ Experiment Environment ¥3.1.0

File Edit “iew Esperiment Instrumentation  Tools 7

fDUHE|0-n- ID-§- G-
# Experiment Explorer

(] GLI Files

u_j Datalogger Files

u_j Mapping Files
= 2] Parameter Files

E'l CSDQ_Parameters.m'pa
1 signal Generator Files|—a Edit File...

Add File... L\\\ Ins
2

Set Display Crder

!

R

Download all active files

Active
[ Rename File... F2
|&l Exclude From Experiment Del
ﬂ Delete {permanently) Shift+Del

LABCAR-PA opens and the selected file is loaded.
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lgix
File Edit View Import/Export Onlne  About
0= Elel B 8= &
IModeI Hierarchy Yiew ﬂ Parameter
g 52;:32";1?;8‘ d Parameter Unit Value Ref. Yalus tdin ‘ ﬂ
D Comporents u R
EI+3 Diivetrain alpha_tarsen_C 1 0638 0o
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- T_Bearbox k. C 1 05 00
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- T_MechanicalClutch kF 1 05 0
& T_CheckFlywhesiStandstil kR 1 035 0o
« T_ElasticDriveShaft riy_torsen_C 1 0z 0o
q T_OmegaT oMandPhi i my_torsen_F 1 02 0o
q T_TranzmissionT ype ] R 3 02 00
[_]a Engine my_torsen_|
[:I Combustion System RearwheslsPowered
543 Exhaust System select_Center o 0 0
=3 E;hiuség:‘\‘fl - select_Front o 0 0
| ‘alveB arl
q A_SecondarpdirS ystemB ank” select Rear oz o o
&& B_CatalystBank1 uct
q M_E shaustiimerBark1 uF
4% M_ErhaustPipeBank1 e
: q M_E shaustPressureTempB ar —
-] ExhaustBank2 ~ visco_C 1 40 0o x
4] | B 1 »

The sections below contain a description of the LABCAR-PA GUI and instructions
on how to work with LABCAR-PA.

4.7.2 The Parameter Table

This section describes the functions of the parameter table. You will find informa-
tion on:

e "Scope of the Parameter Table" on page 328

e "The Entries in the Parameter Table" on page 329

e "Which Table Entries can be Edited?" on page 330

e "The Shortcut Menu of the Parameter Table" on page 330
e "Display Options for the Parameter Table" on page 331

Section "Editing Parameters" on page 342 describes how parameters can be
edited.

Scope of the Parameter Table

The number of attributes shown in the parameter table (= columns) can be
changed (see "The Entries in the Parameter Table" on page 329). This preference
must be defined in the View menu (see section " "View" Menu" on page 334).

The following settings are possible:
e Basic Attributes

The columns "Unit", "Value" and "Comment" are shown in addition to
the parameter name.

e All Attributes
All items listed in section are displayed.
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Custom Attributes

All entries selected using View — Customize Attribute View are dis-
played here (see " "View" Menu" on page 334).

The Entries in the Parameter Table

The meaning of the individual columns in the parameter table is described below.

Parameter

This is the name of the parameter as used in the model.
Unit

The physical unit of the parameter, e.g. km/h or Pa/s.
Value

The value of the scalar parameter or the first value of a non-scalar
parameter.

Ref. Value

The value of the parameter in the reference file.

Min

The recommended minimum value of the parameter.
Max

The recommended maximum value of the parameter.
Dimension

The dimension of the parameter

scalar (= fixed value)
— array (= fixed value block)

1D table (= curve)
2D table (= map)
Scope

The validity of the parameter:
— local

— exported

— imported

If a parameter is imported, this column shows the name of the block
the parameter was exported from.

Proc. State

Describes the status of the parameter in the parameterization process.
— coarse

— fine

— switch

Type

The variable type:

— integer (sdisc)

— floating point number (cont)
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— Boolean (log)

ModelOption

— Functional context of the parameter (general, VVLT, GDI, etc.)
UserGroup

"initial" means that this parameter belongs to the group of parameters
whose value has to be set before a LABCAR project is run for the first time.
These parameters are displayed via View — Initial Project Parameters.

All other values have no significance in this version.
Mod. Status

Modification status of the parameter:

— unchanged

— changed

— accepted

The colors indicating the modification status of a parameter are described
in section "Display Options for the Parameter Table" on page 331.

Comment
Contains a short comment on the parameter.

Which Table Entries can be Edited?

The values of the following columns can be edited by the user:

Value

Min

Max

Proc. State
Mod. Status

The Shortcut Menu of the Parameter Table

Right-clicking one line of the table opens a shortcut menu with which it is possi-
ble to modify values, to set the modification status (changed, accepted) and to
have a look at the modification history .

Edit

Copy
Paste

Strg+C
Skrg+y

Mark as "accepted"
Mark as "changed"

View Hiskary

Edit
Edits the parameter in the current column.

Note

The value of the parameter ("Value" column) is changed more easily by
clicking it with the left-hand mouse button.

330

Copy, Paste
Copying and pasting a value (and entire ranges)
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e Mark as accepted

This marks the value of a parameter as being accepted.
e Mark as changed

This marks a parameter as being changed.
e View History

Opens the "Parameter History" dialog box in which you can view and edit
the history of the parameter (for more details see "Viewing and Editing
the Parameter History" on page 346).

Note

If an error message is displayed, the path to the documentation files has been
set incorrectly (see "Paths for Working, Model and Model Documentation
Directories" on page 339) or the file does not exist.

Display Options for the Parameter Table

Certain parameter properties are indicated by special markings when the param-
eter table is displayed:

e Parameter has been changed
¢ Modification of the parameter accepted
e Parameter is imported
e Parameter is imported and has been changed
e Parameter is imported and has been accepted
e Changed parameter with a loaded reference file
Parameter has been changed:
If a parameter has been changed, the following table entries are displayed in red:
e Parameter Name
® Parameter Value
e Modification Status
"Modification Status" is also altered from "unchanged" to "changed".

Aggressiveness | 0.1 053 1 changed 0: sluggish driver, 1: aggressive di

Modification of the parameter accepted:

If modifying the parameter in a particular phase of parameterization proves to be
sensible, the "Modification Status" can be set to "accepted" (see section "The
Shortcut Menu of the Parameter Table" on page 330).

An entry previously shown in red in the table is now shown in green.

Aggressiveness | 0.1 093 1 accepted 0: sluggish driver, 1: aggressive d

The same is also true of parameters with "Modification Status" "unchanged".
Parameter is imported:

A parameter cannot be changed in a block if it has been imported. This kind of
imported parameter is shown in gray in the parameter table.

ClutchDirect |
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An imported parameter can only be changed in the block from which it was
exported. How to find out exactly which block this was, is explained in section
"Determining the Parameter Scope Binding" on page 358.

Parameter is imported and has been changed:

If an imported parameter has been changed in the block from which it was
exported, the parameter name is displayed in red; the other two entries (Value
and Modification Status) are shown in orange.

B atterylz0nkd anual |

Parameter is imported and has been accepted:

If an imported, changed parameter has been accepted in the block from which it
was exported, the parameter name is displayed in green; the other two entries
(Value and Modification Status) are shown in light green.

B atteryl z0nkd anual |

Changed parameter with a loaded reference file:

If a parameter has been changed and a reference file is open, the increase or
decrease in value in comparison to the value in the reference file is shown to the
right of the parameter value by a red arrow pointing either up or down.

F_StandingLimit M oo l 3000 changed maximium adhezion Force

k_FRialling 1 20 T 0015 changed Fiolling resistance coefficient

If the changed parameter is a table, values may have been changed up and
down. This is shown by a double arrow.

Note

The display of the arrow depends on whether the new value deviates from the
original one by a specific percentage entered by the user (see "Settings for
Reference Files" on page 338).

Note

Changes are not displayed for parameters of the type "Enumeration".
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A Description of the Menus

This section contains a general description of the function of each of the avail-
able menu items.

"File" Menu

File > New
Creates a new (empty) project parameter file (*.mpa).

x

Mew MPA

Fleaze specify a model name and a version number V. #

Wehicle Dynamics Model j I'I_jl lﬂ_j

0K |

Selecting a model or a model component and the version helps with the
assignment of parameter data in the created file to a model or model
component.

The entire hierarchy is created for complete models — the model name
then appears as the top element in the structure view.

File — Open

Opens a file selector window with which a project parameter file (*.mpa)
can be loaded.

A working directory is specified via the Edit — Options menu (see
""Edit" Menu" on page 334).

File — Close

Closes the opened project parameter file.

File —» Save

Saves the project parameter file currently open.
File — Save As

Saves the project parameter file currently open under a name to be speci-
fied.

File — Open Reference

This is used to load a reference file (see section "Reference Files"
on page 347).

File — Set To Reference File

This is where you can save the parameterization of the current file as a
reference file. The default file name is
<file name>Reference 0.mpa.

File — Close Reference
Closes the reference file currently open.
File — Exit

Exits the program.
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"Edit" Menu

e Edit —» Edit Parameter

For editing the selected parameter (see "Editing Parameters"
on page 342).

e Edit — Filter Settings

Opens a dialog box in which display filters and sort criteria can be entered
(see "The Filter and Sorting Function" on page 353).

e Edit > Search Model Parameters

Opens a dialog box in which you can search for model parameters (see
"The Search Function for Model Parameters" on page 355).

e Edit — Options

Opens a dialog box in which options can be specified (see "Setting
Options" on page 337).

"View" Menu

e View — Initial Project Parameters

If this item is selected, only those parameters are displayed which are nec-
essary for the first running of a LABCAR project.

¢ View — Parameter Scope Binding

Opens a list of parameters which are exported from blocks and imported
into others. The names are also specified of the blocks from which or into
which they are exported or imported respectively (see "Determining the
Parameter Scope Binding" on page 358).

View — Basic Attributes

If this item is selected, only the attributes "Unit", "Value" and "Com-
ment" are shown in the parameter table (see "Scope of the Parameter
Table" on page 328).

View — All Attributes

This results in all attributes being displayed in the parameter table (see
"Scope of the Parameter Table" on page 328).

¢ View — Custom Attributes

This results in all attributes being displayed in the parameter table which
were selected in View — Customize Attribute View (see "Scope of the
Parameter Table" on page 328).
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View — Customize Attribute View

This is where you can select the attributes which are displayed with
View — Custom Attributes (see "Scope of the Parameter Table"

on page 328).

The meaning of these attributes is described in the section "The Entries in
the Parameter Table" on page 329.

@ Customize Attributes ¥iew ﬂ

Select the attributes for prezentation from the list below:

"Walue", "Unit" and "Comment'" are set by default

Available Attributes | Diescription

O Ref. valus Walue of the zame parameter in the reference mpa-file
O Hin suggested minimum value

O Max suggested maximum value

O Dimenszion Scalar, Aray, 10-Table or 20-Table

O Scope local, exported [global] or source for imported parameters
O Proc. State model sighificance [coarse, fine o switch]

O Type integer, double, boolean

O HodelDption Functional context of parameter

O UserlGroup which uzer should madify the parameter

O Mod. Status changed. unchanged, accepted

O ClassMame Drefining source code name

Cancel

"Import/Export" Menu

Import/Export — Import/Export Parameter Data

Opens the dialog box for importing parameters from or exporting them to
parameter files (see "Importing Parameters from a File" on page 350 and
"Exporting Parameters to a File" on page 348).

"Online" Menu

Online — Go Online

A check takes place during simulation as to whether the parameters of the
opened mpa file are also available in the model (criterion: the ASAM labels
have to be identical). For more details on this subject see "Online Param-
eterization" on page 359.

Online — Synchronize ASAM Labels

Parameters in LabCar Developer models have different names from those
in Simulink models. This function synchronizes parameters in mpa files
with parameters imported from Simulink models and, if necessary, adapts
their ASAM labels.

Online — Read Parameter
- Read Parameter from Target

Reads the value of a parameter selected in the parameter table from
the running model.

- Read all Parameters from Target

Reads all values of the parameters and the selected hierarchy from the
running model.
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4.7.4

& D %

E

Online — Write Parameter
- Write Parameter to Target

Writes the value of a parameter selected in the parameter table to the
running model. However, this function is already executed when the
value is changed in the parameter table.

- Write all Parameters to Target

Writes all values of the parameters and the selected hierarchy to the
running model.

Online — Go Offline
Ends online parameterization.

The Icon Bar

Some of the menu functions described above can also be activated via the icon

bar:

|48

| ERT:]

B |

Create new MPA file

Creates a new (empty) project parameter file (*.mpa). Exactly the same as
File > New.

Open MPA file

Opens a file selector window with which a project parameter file (*.mpa)
can be loaded. Exactly the same as File — Open.

Save MPA file

Saves the project parameter file currently open.
Exactly the same as File — Save.

Filter settings

Opens a dialog box in which display filters and sort criteria can be entered.
Exactly the same as Edit — Filter Settings.

Search parameters

Opens a dialog box in which you can search for model parameters. Exactly
the same as Edit — Search Model Parameters.

Import/Export parameters

Opens the dialog box for importing parameters from or exporting them to
parameter files. Exactly the same as Import/Export — Import/Export
Parameter Data.

Online parameterization

In a running simulation, the current parameters are loaded into the model
(online parameterization). Exactly the same as Online — Go Online.

Offline parameterization
Ends online parameterization. Exactly the same as Online — Go Offline.
View parameter scope binding

Opens a list of parameters which are imported and exported. The names
are also specified of the blocks from which they are exported or into which
they are imported respectively. Exactly the same as View — Parameter
Scope Binding.
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4.7.5 Working with LABCAR-PA 1.0

This section contains information on how to work with the LABCAR-PA 1.0.

This includes:

"Setting Options" on page 337

This section describes the setting of different options.

"Editing Parameters" on page 342

This section contains information on editing parameters.

"Reference Files" on page 347

This section contains information on reference files.

"Exporting Parameters to a File" on page 348

This section describes exporting model parameters to m- or DCM files.
"Importing Parameters from a File" on page 350

This section describes importing model parameters from m- or DCM files.
"The Filter and Sorting Function" on page 353

This section contains the filter and sort functions for the parameter table.
"The Search Function for Model Parameters" on page 355

This section describes the search function for model parameters
"Determining the Parameter Scope Binding" on page 358

This section describes how you can identify parameters which are
imported or exported from blocks of the model.

"Online Parameterization" on page 359
This section describes the parameterization of running models.

4.7.6 Setting Options

This section describes the setting of the following options.

"General Options" on page 337
"Settings for Reference Files" on page 338

"Paths for Working, Model and Model Documentation Directories"
on page 339

"Options for Parameter Import and Export" on page 340
"History Options" on page 341

General Options

The following settings can be made in the "General Options" section:

specify the model block documentation language
specify the response of the window for status messages
change the * .mpa file type association
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To change one or more of these options, proceed as follows:
e Select Edit — Options.
The "LABCAR-PA Options" window opens.
e Select the "General" tab.

xq

File Foldersl Imnport # Expart I Parameter Historiesl Reference MPA  General |

— Model Documentation Language Status Message:
& Englizh Cloge Status Message Window, if no error
 Deutsch occured during task processing

—File Type Aszociation

Currently * mpa files are associated to the following executable: Aszzociate
“mpa to
LCMPAzs

Cancel

To specify the model documentation language

e Select either "English" or "Deutsch" under "Model
Documentation Language”.

Response of windows for status messages

e |f you want the "Status Message Window" to close
automatically once a task has been processed suc-
cessfully, activate the option " Close Status Message
Window, if no error occurred during task process-

ing".

To change the *.mpa file type association

Normally the *.mpa file type is associated with multimedia data in Microsoft
Windows operating systems, i.e. when you double-click a file with this associa-
tion, a multimedia player is started.

¢ |f you want files with the extension "mpa" to be
linked with LABCAR-PA 1.0, click the Associate
* mpa to LCMPAss button under "File Type Asso-
ciation".

Settings for Reference Files

If a reference file is open and a parameter in the loaded parameter file differs by
a certain amount from the amount of the parameter in the reference file, the
entry in the parameter table is assigned an arrow (pointing up or down).

The deviation (in %), above which this should be displayed, can be set.
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To set the threshold for displaying a deviation

e Select Edit — Options.
The "LABCAR-PA Options" window opens.
e Select the "Reference MPA" tab.

&% LABCAR PA Dptions x|
File Foldersl Import # Expart I B ter Histaries | Peference MPA I Generall

Reference data

Fielative Threshold for indicating a deviation between
parameter value and reference value:

[ =

Ok | Cancel |

e To define the threshold, click on the arrows or enter
the percentage rate required in the box.

Paths for Working, Model and Model Documentation Directories

To work with LABCAR-PA 1.0, the paths for the following directories have to be
set correctly:

* Working Directory

This is the directory for all files containing parameterization data (*.mpa,
*.dcm, *.m)

* Model Directory
This path is not used in this version.
* Model Documentation Directory
Path for block and model documentation (*.pdf)

LABCAR-OPERATOR V5.4.0 - User’s Guide 339



340

LABCAR-EE - an Overview ETAS

To change the working directory

To change the working directory, proceed as follows:
e Select Edit — Options.
The "LABCAR-PA Options" window opens.
x|

| Imnport # Expart I Parameter Historiesl Reference MPA I Generall

Select project specific default folders:

Folder Type: Fath:
working Directory Z:hprojectshproductsibodels\LCM_PASSWT.0MD .
Model Directory Z:hprojectshproductsibodels\LCM_PASSWT.0MD .

Browse,.. |

Ok | Cancel |

e Select the "File Folders" tab.
e Use your mouse to select "Working Directory".
e (lick the Browse button.
The "Select Folder" window opens.
e Select a drive and a folder.
e (lick OK.

Use exactly the same procedure to change the model and model documentation
directories.

Options for Parameter Import and Export

The following options can be specified for the import and export of parameters
from or to files:

e whether ETAS attributes are included when importing and exporting from
and to Matlab Simulink m-files

e the method for generating ASAM labels
To change import/export options

To change these options, proceed as follows:
e Select Edit — Options.
The "LABCAR-PA Options" window opens.
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e Select the "Import/Export" tab.
x|

File Folders |

Parameter Historiesl Reference MPA I Generall

r Matlab/Simulink M-File:
¥ Include Parameter Attributes in Impart / Export

r— LabCar Developer DCM-File:
Select the method for A54M-Label generation:

{* Leave as defined for each parameter [default]

(" Standard LabCar Developer [Parameter Block Yehicleb odel)

" Imparted Simulink models IFlat Mames [<\W5Mame_P.Vehiclebodel: ) j

Ok | Cancel |

In the "Matlab/Simulink M-Files" box, you can activate the "Include Parameter
Attributes in Import/Export" option. In this case, the parameter attributes are
written into the M-file or left out of it.

In the "LabCar Developer DCM-Files" box, you can specify the method for gen-
erating ASAM labels. You can choose from the following options:

e Leave as defined for each parameter (default)
The ASAM label, as used in the mpa file ("ModelPath" attribute).
e Standard LabCar Developer (Parameter.Block.VehicleModel)
LabCar Developer Syntax: Parameter_name.Block_name.Model_name
* Imported Simulink Models
Options used with Simulink model import:
— Flat Names (<WSName_P.VehicleModel>)
Workspace_name.Model_name
— Standard SL Import
With complete hierarchy
— SL Import Reverse Quantity Names
With complete hierarchy in reverse order

History Options

A history entry is added for every parameter changed every time the parameter
file is edited. If the parameter file is often edited, it gradually becomes larger — to
reduce the size of the file again, the history entries can be deleted.

You can set an option specifying that the last entry should be retained on dele-
tion.

To delete the history

To delete the parameter history, proceed as follows:
e Select Edit — Options.
The "LABCAR-PA Options" window opens.
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4.7.7

e Select the "Parameter Histories" tab.
x|

Reference MPA I Generall

File Foldersl Import # Export

Hizstory Modification

¥ Keep last entry when deleting the histary

Delete higtory of all parameters

Ok | Cancel |

e If you want to keep the last entry in the parameter
history each time, activate "Keep last entry when
deleting the history".

e To delete the history, click Delete history of all
parameters.

Editing Parameters

This section contains information on editing parameters. This includes:
e "Editing Parameter Values" on page 342
This section describes how to edit parameters depending on their format.
e "Editing Minimum and Maximum Values" on page 344
Contains tips on editing minimum and maximum values.
e "The Table Editor" on page 344
Describes how to work with the Table Editor.
e "Viewing and Editing the Parameter History" on page 346
Provides information on how to work with the parameter history.

Editing Parameter Values

As parameters can have different formats, how to edit them also differs.
The following cases are described:
e "The parameter is an integer or a floating point number" on page 342
e "The parameter is a 1D (curve) or 2D table (map)" on page 343
e "The parameter is a logical value" on page 343
e "Parameter is imported" on page 344
The parameter is an integer or a floating point number:

To edit a parameter, click the relevant table cell in the "Value" column with the
left-hand mouse button. The table cell is then in edit mode and can be changed.

W_Rail | m"3 EW unchanged  wvolume of the rail
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When the cell is in edit mode, the following shortcut menu is opened by clicking

the right-hand mouse button:

EW_I

¢ Uil

1 Cut
Copy
I Baste
[ Delete
0.0

Select Al
1.1

- -'nanged
anged
anged
anged
anged
anged

anged

hanged

The following operations can be carried out using this menu:

* undoing a change just carried out

e cutting the value

e copying the value or an entire range

e deleti

ng the value

* marking an entire string

Note

Depending on what has happened before, only certain menu items may be

active.

The parameter is a 1D (curve) or 2D table (map):

To edit a table, double-click the relevant table cell in the "Value" column with
the left-hand mouse button. The Table Editor for this parameter then opens.

=10l x|

@ LABCAR-PA Table Editor - cd_ThrottleMap
File Edit
i 539999999 | 809.999999 | 12000 | 1610.0 2000 |
00 | 259958792 @ 1.41828191 1.06585145 | 089311659 | 0.85424864
05 | 238300182 | 1.41828191 1.06585145 | 089311659 | 0.85424864
099999999 | 1.35292625 @ 1.39462912  1.06585145 | 089311659 085424864
20 | 0539366116 1.03916085 1.0273242 | 089311689 085424864 @
299939939 0.8644433 | 088964438 090508914 | 089135069 | 0.854248684
399999999 | 081178939 0.51486738  0.84515762 | 084751046 084838802 @
599999999 | 077266687 | 076817203 077232701 0.78649121 078520775 |
799999999 | 075774997 | 074248373 074473143 | 074374098 O.75384N1T | O
999999939 | 073803308 = 071545505 072858616 @ 0.72411084 07314744 [
120 | 071767455 | 070234251 071036398 | 070267421 07086134 | (4
2 »
—P. Dimenszion Allowed Yalue Range
Mame:  cd_ThrottleMap
_ . r————ﬁéJ . r———————-
Block:  &_alThrottle20penCrozsSection " 13;I e 0.4
e - . | .
Unit: [rprn.’) i I 2 ax: I a0

=

Fig. 4-15 The Table Editor
The section "The Table Editor" on page 344 describes how to operate the Table

Editor.

The parameter is a logical value:

If the parameter consists of a true/false value, a dropdown list from which you
can select the value you require opens when you click the mouse button.

CarbonCanisterBuffered | truedfalse
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Parameter is imported:

If a parameter is imported, it cannot be edited in this block; this is also indicated
by the gray background. If, however, you still try to edit the parameter, the fol-
lowing message is displayed:

LABCAR PA Parameter Edit ﬂ

@ Parameter is imported, Please change its value where it is exported,

The parameter can only be modified in the block from which it was exported. To
determine which block the parameter was exported from, select Select source
parameter ("exported") from the shortcut menu. The relevant block is then
activated and its parameters shown in the table — the exported parameter is
shown against a blue background.

Editing Minimum and Maximum Values

The minimum and maximum value specifications for the parameter values are
limits chosen deliberately for the model to work well. If you specify a value which
is either above or below this kind of limit in LABCAR-PA, a warning is issued.

LABCAR PA Parameter Edit ﬂ

The value you entered exceeds the specified maximumn value!
Do you wank to adapt the maximum value?

The user then has the chance to cancel this change or execute it anyway.

For "integer or floating point number" parameters, it is also possible to change
these values directly.

The Table Editor

If you double-click the value of a parameter that consists of a 1D or 2D table, the
Table Editor opens.

% LABCAR-PA Table Editor - cd_ThrottleMap 10l =|
File Edit
i 539999999 | 809.999999 | 12000 | 1610.0 2000 | ﬂ
00| 259958792 | 141628191 | 1.0B5O5145 (.89F11659 0.85424854

05 | 236300182 | 1.4182819 1.06585145 | 089311653 | 0.85424364
093333333 | 135232625 | 1.33462312 1.06585145 | 083311653 0.85424864

20 | 053366116 | 1.03316085 1.0273242 | 083311653 | 0.85424864
293333333 (.8644433 | 083964438 090508314 | 089135063 | 0.85424364
393393333 | 081178333 | 081486738 0.84515762 | 004751046 0.84338302
593993333 | 077266687 | 076317203 | 077232701 078643121 0.78520775
799999333 | 075774337 | 074248373 074473143 | 074374098 075354117
993393333 | 073803308 | 071545505 072856616 | 0.72411034 07314744
120 | 071767455 | 070234251 071036338 | 070267421 07086134 _ILI

3

[« |

—P. b Dimenszion Allowed Yalue Range
Mame:  cd_ThrottleMap .

Block:  &_alThrottle20penCrozsSection " 13 [e=2]] e 0.4
Unit: [rprn.’) i I 22 ill ax: I a0

Cancel | Apply |

Fig. 4-16 The Table Editor with the "cd_ThrottleMap" Parameter
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A single table cell can be edited by clicking the left-hand mouse button.

When the cell is in edit mode, the following shortcut menu is opened by clicking
the right-hand mouse button.

7344 2 475 7531

293 | E Lot T
% | 7L oBendd
718.25 7 Ausschneiden
71315 7 Kopieren
7805 | 7 Ejrfiigen
T2 hl Ldschen
E57.0 70

Alles markieren

The following operations can be carried out using this menu:
e undoing a change just carried out
e cutting the value
e copying the value
e deleting the value
* marking an entire string

Note

Depending on what has happened before, only certain menu items may be
active.

The user interface of the Table Editor consists of one menu and several fields
which are described below.

Menu:
The Table Editor menu contains the following menu items
¢ File — Open Reference Table Viewer

This opens the relevant table of the reference file. This contains one menu
item Data — Copy Reference Data to Table, which copies the entire
contents of the reference table to the current table.

¢ Edit — Edit Axes

This allows you to change the x-/y-axis values of the table (see " "Dimen-
sion" Field" on page 346).

¢ File > Import from File
This allows you to import data from an m- or DCM file.
"Parameter"” Field:
This field contains information on the parameter.
¢ Name
The name of the parameter
e Block
The name of the block to which the parameter belongs
e Unit
The physical unit of the parameter
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"Dimension" Field:

The number of columns and rows in the table is shown in this field — and can also
be changed here.

Fig. 4-16 on page 344 shows a fuel density map. If you want to extend this map
by one column, increase the x-value by "1" in the "Dimension" field.

A new column is added with an x-value incremented by "1" — the y-values of this
new column are acquired by extrapolation.

If you need a new x-value "2200", select the Edit — Edit Axes menu and
change "2001.0" to "2200.0". The new y-values for this x-value have to be
changed accordingly.

The same is also true of adding columns.

If the number of columns/rows is reduced, the last row/column is deleted each
time.
"Allowed Value Range" Field:

This is where the minimum and maximum function values are set. If one of these
thresholds is exceeded, the following warning is displayed:

LABCAR PA Parameter Edit ﬂ

The value you entered exceeds the specified maximumn value!
Do you wank to adapt the maximum value?

If you select No, the change is canceled; if you select Yes, the relevant minimum
or maximum value of the current change is adjusted.

Viewing and Editing the Parameter History

Right-clicking one of the lines of the parameter table opens a shortcut menu
which contains the View History menu item. If this is selected, the "Parameter
History" dialog box opens.

In addition to the name and the block the parameter belongs to, this window
contains the history of the parameter.

&, Parameter History 10l =|
P b Block

(A_Vehicle ‘ (T_Resistances
Date | Action | by | Comment
2006411428 11:36 created from mck ET&S

200641241 09.22 changed manually ulwalter

[Clear History | Edit Comment... |

Fig. 4-17 Parameter History
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The entries can be deleted by clicking the Clear History button. In the options,
you can set whether all entries should be deleted or whether the last entry
should be retained (see the section "History Options" on page 341).

If you select an entry from the table using the mouse, the Edit Comment button
becomes active.

If you click this button, a dialog box opens in which you can enter a comment on
the particular change.

Parameter History =
Please enter pour comment below:
Abbrechen |

4.7.8 Reference Files

Reference files help you when you parameterize your model. They can, for exam-
ple, contain a set of "time-tested" parameters from which you make changes.

If you want to save a parameterization as a reference, select File — Set To Ref-
erence File. The name of the file plus the character string "Reference_N" is then
offered to you in the file selector window as the file name.

To load a saved reference file, select File — Open Reference. You can select the
required file from the file selector window.
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4.7.9 Exporting Parameters to a File

This section describes exporting parameters to m- or DCM files.

To export parameters to a new file ("Export Data")

e To export parameters to m-, DCM or mpa files,
select Import/Export — Import/Export Parame-

ter Data.
The "Import/Export Parameter Data" dialog box
opens.
%5 Import / Export Parameter Data - |:||5|
Select  Options
% Gasoline Engine Vehicle Model 21 | Paramater | Block. Selected Parameter Block.
F--] Driver
=23 WehicleModel AirConditionFromE CLI B_aiiConditioner
= Batteryls0nManual B_Battery
& Starter BatterylsOnMode EB_Battery
- q A_TorqueEngage Blocklshctive B_aAiConditioner
<X B_giCondiioner Consumerfctive EB_Battery
- q B_Battery [_airConditionOffT able B_aiConditioner
-3 Drivetrain
-3 T_DifferentialGear I_Battd aruial B_Battery
- &f T_DitterentialGearSpeedTra I_BatMaxrLimit B_Battery
i T_DifferentialGearT orqueTre |_Bathlads B_Battery
4% T_Difterentiali sarw/Stimulat LowFacter B_Battery
o T_TransmissionStrengthenin M_AiConditionOnT able B_ailConditioner
Eh-23 T_Gearbox M_EngageConst &_TorqueEngage
- && T_GearhoxRatio M_EngageDefogger A_TorqueEngage
i T_GearbosSpeedT ansfer M_EngageLight A_TorqueEngage
4% T_GearhoxTorqueT ransfer M_EngageManual A_TorqueEngage
£ T_lnertia M_Engagekd axCurve A_TorqueEngage
<& T_lnertiaSpeedT ransfer M_EngageMode A_TorqueEngage
: &R T_lnetiaTorqueTransfer | M_EngagePawerSteering A_TorqueEngage
1423 T_MechanicalClutch M_StarterCurve A_Starter
« T_ClhutchSpeedTranster M_Startertdanual A_Starter
fenf T_ClutchT orqueTransfer M_StarterMode A_Starter
& T_CheckFlywheslStandstil r_StaterReleass A_Starter
4% T_ElasticDiiveShaft StarterFromECU A_Starter
--4X T_OmegaTotléndPhi T_Discharge B_Battery
- && T_Transmission] ype T_Encharge EB_Battery
-3 Engine U_Battarual EB_Battery
=1 Fuel Systen Ul_B athd awLiit B_Battery
Co@-[ Tank U_Battode EB_Battery
DX b CommeeRaAPumpln T
f "
Impart Data | Replace Data | Erport Data | Close |

e =

The hierarchical model view is displayed on the left-
hand side of the window. The middle section lists all
parameters from the selected model component
(here: GEVM — VehicleModel — Components).
The parameters selected for export are shown on
the right.

For example, to export the "BlockIsActive" parame-
ter of the "B_AirConditioner" block, click this entry.
The selected parameter is then entered under
"Selected Parameters". Parameters added to this
list are shown in blue.

I-TighFac:tor
|_B athd aral
|_B athd axLimit

Parameter Block Selected Parameter Block
AirConditionFramE CU B_airConditioner Blocklsfctive
B atterylz0nbd anual B_Eattery

B_Eattery
B_airConditioner
B_airConditioner
B_Eattery
B_Eattery
B_Battery
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e To undo the selection of a parameter, click the rele-
vant parameter under "Selected Parameters".

e Toselect all parameters of a selected block or model
component (e.g. from the "A_TorqueEngage"
block), activate this block or model component.

e Select Select — Select All.

or

e Press <CTRL+A>.

All parameters are then added to the "Selected
Parameters" list.
=loi=|

Select  Options
'g; GazolineEngineWehicleMadel

Farameter

Elock. Selected Parameter Elock.

(L0 Diriver
(23 Erwiranment M_EngageConst A_TorqueEngage M_EngageConst A_TorqueEngage
2423 Vehicle Model _EngageDefogger #_TorqueEngage M_EngageD efogger A_TorqueEngage

£ Companents M_EngageLight A_TorqueEngage M_EngageLight £&_TarqueEngage
q A Sharter _E ngagetanual &_TorqueEngage M_Engaget anual A_TorqueEngage

q M_EngagetaxCurve A_TorqueEngage M_ErgageM asCurve A_TorqueEngage
q E_&ilCanditioner M_Engagetdode A_TorqueEngage M_Engagetode A_TorqueEngage
(Y3 E_Ballery M_EngageFowerSteering & TorgueEngage M_EngagePowerSteering | A TorgueEngage
[C] Drivetrain
D Engine

77 Wehicle Pinarsins

e Selecting Select — Deselect All deletes all param-
eters selected so far from the "Selected Parame-
ters" column.

e (lick the Export Data button to open the file selec-
tor window.

e Enter a file name or select an existing file.
e Select the type of file.
e C(Click Save.

The new file is created.

If the file already exists, you are asked to confirm
that you want to replace the existing file.

To export parameters to an existing file ("Replace Data")

e To export parameters to existing m- or DCM files,
proceed as described above.

e To export, click the Replace Data button.

If the selected parameters are already in the file,
these entries are overwritten; otherwise they are
added to the file.

To set options for parameter export

With Options — Im-/Export Attributes in Matlab M-Files, you can set
whether, when exporting parameters, only the parameter itself is to be written
to the file (deactivated) or whether further attributes, such as "Min.", "Max." or
"Modification State" etc., should also be included (activated).
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4.7.10  Importing Parameters from a File

ETAS

Parameters can be imported from a file in exactly the same way. The prerequisite
for this is, however, that the selected parameter exists in the file — otherwise an
error message is issued.

To select parameters to be imported

%5 Import / Export Parameter Data

Select  Options

e To export parameters from an m- or DCM file,
select Import/Export — Import/Export Parame-
ter Data.

The "Import/Export Parameter Data" dialog box
opens.

~=lolx]

({ T_TransmizzionStrengthenin
T_Gearbox
X T_GearhosRatio
B ({ T_GearboxSpeedTransfer
fo (( T_GearboxT orqueT ransfer
B3 T_Inertia
= ({ T_InertiaSpeedT ransfer
fo (( T_IneriaTorqueT ransfer
B3 T_MechanicalClutch
= ({ T_ClutchSpeedT ranster
fo (( T_ClutchT orgueT ranster
q T_CheckFlywheslStandstill
4% T_ElasticDriveShaft
-4 T_DmegaloNandPhi
q T_TransmissionType
=3 Engine
=/ 3 Fuel System
£ Tank
Lk rnmmnnnailpllmi'\\lnir . a4

<

Import Data | Replace Datal Export Data |

ﬁé Gasﬂlm.a Engineehicls Model 21 | Parameter ‘ Black Selected Parameter Block
[+ Driver
[=-+23] VehicleModel AiConditiorFromECL B_airConditioner
=) = BatterylsOnt anual B_Battery
ik B Starter BatterylsOntode B_Battery
- q A:TuruusEngage Blocklshctive B_AirCaonditioner
4% B_AiConditioner Consumerdclive B_Battery
- q E_Battery [_AiConditionD T able B_AirConditioner
=44 Drivetrain
B/ T_Differentialiear |_Battanual E_Battery
“oi T_DifferertislGieaispeedTra I_Bathd awLirit B_Battery
-4& T_DifferentialGearT orqueTrs |_Battode B_Battery
4% T_DitterentialGearwStimulat LowFactor B_Batery
M_&iCanditionD nT able B_AirConditioner

M_EngageConst
M_E ngageletogger
M_EngageLight
M_EngageM anual
M_E ngaget axCurve
M_Engagetode
M_EngagePowerStesring
M_StarterCurve
M_Startertanual
M_Startertode
n_StarterRelease
StarterFromE CU
T_Dizcharge
T_Encharge
U_BatManual

U_E atbd axLimnit
U_BatMode

£&_TorqueEngage
&_TorqueE ngage
A_TorqueEngage
£&_TorqueEngage
&_TorqueE ngage
A_TorqueEngage
£&_TorqueEngage
&_Starter

A_Starter

Clase |

350

e Using Options — Im-/Export Attributes in Mat-
lab M-File you again have the opportunity to
change the import/export options (see "Options for
Parameter Import and Export" on page 340).
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e For example, to import parameters from the
"A_TorqueEngage" block, click this entry.

2 Import / Export Parameter Data I =] |

Select  Options

= - - -
Elé Gaasogr:iiE;gmaVehlcleModel Parameter | Block Selected Parameter Block
-2 D_Shiting M_EngageCaonst & TorgueEngage
[0 Longitudingl Cantral t_EngageD efogger A_TorqueEngage
X D_DashboardSwitches M_Engagelight &_TorqueEngage
q D DriverSwitch t_Engagetd anual A_TorqueEngage
4 D_DriverType M_Engaget axCurve &_TorqueEngage
....... q D_TestCyclesStanernl M_EngageMode A_TorqueEngage
(2 Erwiranment M_EngagePowerStesnng | & TorqueEngage

=423 Yehicle Model

1423 Campaonents

----- q &_Starker

----- q A_TorqueEngage

----- q B_airConditioner

----- q E_Battery

[=h-423 Diivetrain

i.[C]) T_DifferentialGear
g1 T_Gearbox

o[ T_Inetia

g1 T_MechanicalClutch
----- q T_CheckFlpwheelStandstill
..... X T_ElasticDriveShaft
..... &£ T_OmegaToNandPhi
----- q T_TranzmizsionT ype

w

-

4] >

Import Data | HeplaceDatal E xport D ata | Close |

The parameters of the block are listed in the middle
column of the window.

Parameters with the scope "imported" are shown
gray in the table.

e Select Select — Select All.

The selected parameters (here: all parameters of the
"A_TorqueEngage" block) are entered under
"Selected Parameters". Parameters added to this
list are shown in blue.

mport / Export Parameter Data — | Dlﬂ

Select  Options

i_._‘é Gaasutlgr:;E;glna\u’ehlcleMude\ Parameter | BElock. Selected Parameter Block.
- (20 D_Shifting M_EngageConst A_TormueEngage M_EngageConst A_TorgueEngage
[-[2] Longitudinal Cantral M_Engagelefogger A_TorqueEngage M_EngageDefogger A_TaorqueEngage
. q D_DashboardSwitches M_EngageLight A_TorqueEngage M_EngageLight A_TorqueEngage
q D_DiriverSwitch M_Engagetd anual A_TarqueEngage M_Engagetd anual A_TarqueEngage
i D_DiiverType M_Engaget axCurve A_TorqueEngage M_EngagetaxCurve A_TorqueEngage
q D_TestCyclesStarterChl M_Engagetdode A_TorqueE ngage M_Engagetiode A_TorqueEngage
M2 Envirorment M_EngagePowerSteerng | A_TorqueEngage M_EngagePowerSteening  &_TorqueEngage

2429 Vehicle Modsl

-3 Components

: q &_Starter
&_TorgueEngage
q B_AirConditioner
<F R Ratter

LABCAR-OPERATOR V5.4.0 - User’s Guide

351



LABCAR-EE - an Overview ETAS

To select a file

e Click the Import Data button.
A file selector window opens.
e Select the type of file.
e Enter a file name or select a file.
e Click Open.
The parameters are imported.

During import, the values of the selected parameters are replaced by those from
the imported file. There are two possible scenarios:

e the new parameter value is exactly the same as the old one.
e the new parameter value is not the same as the old one.

This is shown again in the "Import Parameters" status window.

0 Reading Parameters from file C:4\LCO41_Projects

Meszages: Mo Errors occurred!

Importing Yalue of Parameter &_TorqueE ngage/M_E ngageLight ;I
Importing Yalue of Parameter &_TorqueE ngage/M_Engagetd anual

Importing Yalue of Parameter &_TorqueE ngage/M_E ngagebd axCurve

Imparting ¥ alue of Parameter &_TarqueE ngageM_Engagetode

Importing Yalue of Parameter &_TorgueE ngage/M_E ngagePowerSteering

LABCAR PA ready!

1| | 3

Save Messages... |

Note

As these are not error messages, the window only stays open once the import
is completed, if the relevant option (see "Response of windows for status mes-
sages" on page 338) is deactivated.

Error Messages

If the selected parameter is not available in the file from which it should be

imported or if other errors occur when it is read, a corresponding error message
is issued.

0 Reading Parameters from file C:4\LCO41_Projects

Meszages: 1 Emror occured!

Importing *alue of Parameter &_TorqueE ngage/M_Engagelight

ERROR: [A_TorqueEngage_ M_Engagelight] iz not listed in file [C:AETASLab
Importing Yalue of Parameter &_TorqueE ngage/M_E ngagebd axCurve

Importing Yalue of Parameter &_TorqueE ngage/M_EngageMode

Importing Yalue of Parameter &_TorgueE ngage/M_E ngagePowerSteering
LABCAR PA ready!

L

4] |
Save Messages... | Cloze

These messages can also be saved in ASCII or RTF files.

-
4
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To save an error message

e (lick the Save Errors button.
A file selector window opens.
e Select the type of file (ASCII or Rich Text Format).
e Enter a file name.
e (lick Save.

Note

In an RTF file, the relevant error messages are dis-
played in red; this is not possible in an ASCII file.

4.7.11  The Filter and Sorting Function

A filter can be used with the parameters displayed in the parameter table; it is
used to limit the display of parameters for example to only those with the status
"changed" or those which have the scope "exported".

You can also specify the structure view of the model and the order criteria for the
parameters in the table.

The function is invoked using Edit — Filter Settings .

T: Parameter Filter & Sorting ﬂ

r— Model View Sart Criteria P ter Sort Criteria

' Mane
" Alphabetically

(+ Model Hierarchy

@ el Fmeitarelly (" Block depending + alphabetically

= Dimension + alphabetically

" Last change + alphabetically

P ter Filker
Process Status Scope Modification Status
¥ Show Coarse ¥ Show Local ¥ Show Unchanged
¥ Show Fine ¥ Show Imparted ¥ Show Changed
¥ Show Switch ¥ Show Exported ¥ Show Accepted
Shiow &l | Shiow &l | Shiow &l |

Cancel | Apply |

If a filter is set, the user interface indicates this above the parameter table
("Attribute Filter Active").

@LABEAR PA - ParameterFile.mpa

File Edit VYiew ImportfExport Online  About

0|2 &6 B B2 R

IModeI Hierarchy Yiew j Parameter  Attibute Filter active

‘.. . Parameter |
Q Conversiontodule — !

The meaning of the individual filter criteria is described below.
Model View Sort Criteria

This is where you can specify how the model is to be displayed on the left-hand
side of the user interface.
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* Model Hierarchy
This view shows the model in its hierarchical structure.
* Model Functionality

This view shows the model grouped according to its functional units (e.g.
Driver, Engine, etc.).

This function is identical to the selection in the dropdown menu at the top left of
the user interface.

Parameter Sort Criteria

This is where sort criteria are specified for the model components and the param-
eters listed on the right-hand side of the user interface.

¢ None

No explicit sorting — the parameters are listed in the order in which they
occur in the individual blocks in the model view (corresponds to the order
in the mpa file).

¢ Alphabetically
Alphabetical sorting
e Block depending and alphabetically

The first sort criterion is the block name — the parameters of a block are
ordered alphabetically.

e Dimension and alphabetically

The first sort criterion is the dimension of the parameter (2D-table, 1D-
table, scalar, array) — parameters with the same dimension are sorted
alphabetically.

e Last change and alphabetically

First sort criterion is the change date; the second is the parameter name
(in alphabetical order).

Parameter Filters

This is where parameters can be displayed in the table according to specific crite-
ria.

Process Status
e Show Coarse
All parameters with the parameterization status "coarse" are displayed.
e Show Fine
All parameters with the parameterization status "fine" are displayed.
e Show Switch
All parameters with the parameterization status "switch" are displayed.

All three filter options are activated simultaneously if you use the Show All but-
ton; you are effectively deactivating the filter by doing this.

Scope
e Show Local
All parameters with the "local" scope are displayed.
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e Show Imported

All parameters with the "imported" scope are displayed.
e Show Exported

All parameters with the "exported” scope are displayed.

All three filter options are activated simultaneously if you use the Show All but-
ton; you are effectively deactivating the filter by doing this.

Modification Status
e Show Unchanged
All parameters with the "unchanged" status are displayed.
e Show Changed
All parameters with the "changed" status are displayed.
e Show Accepted
All parameters with the "accepted" status are displayed.

All three filter options are activated simultaneously if you use the Show All but-
ton; you are effectively deactivating the filter by doing this.

Note

It is pointless to deactivate all three filter options within a group: this would
result in an empty table and the criteria of the two other groups would have
no effect.

This is why deactivating all three filter options of a criterion has no effect and
all parameters are displayed.

The Search Function for Model Parameters

You can use the search function to search for parameters in the model with
different options.

The function is invoked using Edit — Search Model Parameters or with
<CTRL+F>,

-ioix
Search for : || Search... |

[Caze-zengitive)

— Search Option: Cloge |

¥ Block Names V¥ Block Comments

[¥ Parameter Mames  [v Parameter Comments

¥ Search filtered data only

Farametert ame | Block Mame | FParameterCom... | BlockComment I

A string is searched for which occurs in certain attributes of the parameter. These
attributes are:
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¢ Block Names

The string has to occur in the "Block Name" attribute.

e Block Comments

The string has to occur in the "Block Comment" attribute (the same string
which is displayed in the tooltip when the mouse pointer points to a

block).

e Parameter Names

The string has to occur in the parameter name.

e Parameter Comments

The string has to occur in the "Comment" attribute.

Search filtered data only

If a filter is used for the parameter table, this option results in the search criteria
only being used on the parameters displayed.

"Throttle" Example

In this example, a search is being executed for the "Throttle" string - all criteria

are active.
ol
Search for: IThrottIe Search... |
[Caze-zengitive)
— Search Option: Cloze |

¥ Block Names
¥ Parameter Mames

¥ Black Comments

¥ Parameter Comments

¥ Search filtered data only

Parametert ame

al_ThrottleDelta
al_Thrattlebin
cd_Throttlebd ap
Leakrate
ThrottleEGas

| Deltap
md_Thrattlebd anual
md_Throttletdode

1

Block Mame
AlThr

A_alThrottle20 penCrozsS ection
A_alThrottle20 penCrozsS ection
A_alThrottle20 penCrozsS ection
A_alThrottle20 penCrozsS ection
A_alThrottle20 penCrozsS ection
A_Throttleb azsFlow

A_Throttleb azsFlow

A_Throttleb azsFlow

ParameterComment BlockCc

b aximumn wzable throttle plate angle

Minimum angle of the throttle plate

Flows coefficient map of the throttle plate depending ...
Leak rate of the throttle plate

Leak rate of the throttle plate

Courge of the prezzure drop over the throttle plate [c...
Manual setting of the throttle plate mazs low

Mode switch for calculating the throttle plate mass fl...

| o

If the search for the string was restricted to the parameter name, for example,
the parameters "Leakrate" and "I_Deltap" would not appear in the results list.

If you click on a parameter in the results list, the block is selected in the structure
view. All parameters of this block are then displayed in the parameter table — the
one selected in the search list is shown on a blue background.
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ABCAR PA - GEVM_Y~1.MP,

File Edit “iew ImportiExport Online  About

Dlel=| #la| B 8= @)

|Model Hiesarchy View | Parameter
—
é GGSD"'_']EEHQ'"EVEHCIEMDds‘ Parameter Uit | Value | Ref. Value ‘ tin Maw |
(0 Driver
{88 Erwironment |_Delap m 1 0.00001 100
=423 Vehicle Model md_ThrottleManual kats 0.0z 0o 1.0
[ Compererts md_Throttebode kals 2 0 2
[ Drivetrain
44 Engine

(L1 Combustion System

(20 Fuel System
2423 Intake System

=423 A_ThiottiePlate

q A_alT hrottle20 penCrossS ection

= ({ A_ldleContraller
& A_ldieValve
{( A_TuboCharger
= ({ A_WariablelntakeVolume
= (( B_tirFilter
§X M_Intakemanifold
= ({ S_AiFlowMeter
q L_CrankAngleSyncSignals
(( M_EngineType
« M_SumOfEngineT orques
-] Wehicle Dynamics

X L_Timer

¢ 1 Search Model Parameters i

Search for: |Thmllle

[Case-senaitive)

~ Search Option:
¥ Block Names

¥ Parameter Mames

¥ Block Commerts

¥ Parameter Comments

v Search fitered data only

—1oi i
Search...
Close

ParameterName |

Block Hame

I ParameterComment

| BlockCe

A_Throttlebax
al_ThrottleDela
al_Thrattletin
cd_ThrottleMap
Leakrate
ThiattleE Gas

| Deltap

md_ThrattleMade %

1]

A_alThrottle20penCrossSection
&_alThrottle20penCrossS ection
£&_alThrottle20penCrossSection
A_alThrottle20penCrossSection
&_alThrottle20penCrossS ection
£&_alThrottle20penCrossSection
A_ThrottleM assFloy
A Throttle Flo
£&_Throttleb azsFlow

tdaximum free cross section of the thiottle plate
M aximum usable throttle plate angle
Miniraum angle of the thrattle plate

Flow coefficient map of the thottle plate depending

Leak rate of the thiottle plate
Leak rate of the throttle plate

Course of the pressure diop over the thiottle plate (c.
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4.7.13

Determining the Parameter Scope Binding

As the value of imported parameters can only be changed in the block from
which they were exported, it is possible to create a table of exported and
imported parameters.

The function is invoked using View — Parameter Scope Binding .

[ Scope Binding List 1Ol x|
r— Binding Statu:
Exported Parameters: 14 Binding Errars: 1
Imported Parameters: 20
Parameter % { Exported by Imported by
a_Faster [_TestCycles L_Timer
B atterylz0nbd anual B_Battery [_TestCycles

J_Gearbox nputShaft

T_GearboxTorqueT ransfer

D_DriverPreview

ClutchCurve T_ChutchS peedT ransfer T_ClutchTorqueT ransfer

ClutchDirect T_ClutchS peedT ransfer T_ClutchTorqueT ransfer

ECE_CountryGearCurve [_TestCycles

FrontwheelsPowered T_DifferentialGearS peedT ransfer T_DitferentialGearT orqueT ransfer
T_TranzmizzionS trengthening

GearR atio T_Gearbo=R atio

Handbraket ode Mot existing A_Starter

T_Gearbox5peedT ransfer

n_InMode T_ClutchS peedTransfer T_ClutchT orqueT ransfer

RearwheslsPowered T_DifferentialGears peedT ranster T_DifferentialGearT orqueT ransfer
T_TranzmizzionStrengthening

ulC T_DifferentialGearS peedT ransfer T_TranzmizzionS trengthening
T_DifferentialGearT orqueT ransfer

uF T_DifferentialGears peedT ranster T_DifferentialGearT orqueT ransfer
T_TranzmizzionStrengthening

u R T_DifferentialGearS peedT ransfer T_DitferentialGearT orqueT ransfer
T_TransmissionS rengthening
T_DitferentialG eartwStimulation

w_DiragLimit T_ChutchS peedT ransfer T_ClutchTorqueT ransfer

Cloze |

Fig. 4-18 Scope Binding List

The "Parameter" column lists all parameters which are exported from one block
("Exported by" column) and imported into others ("Imported by" column).

The parameters can be sorted alphabetically either starting with a or starting
with z (simple click of the mouse on the column title "Parameter").

The table in Fig. 4-18 on page 358 also shows when there are inconsistencies in
"Scope Binding": The "Handbrake Mode" parameter is imported by the block
"A_Starter" but not exported by any block. It is then displayed in red.

Inconsistencies of this type are actually checked when the file is opened; the user
is informed of any inconsistencies.
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By clicking the parameter name or the name of the exporting block, the block is
selected in structure view. All parameters of this block are then displayed in the
parameter table — the exported parameter is shown on a blue background.

&L ABCAR PA - GEYM_¥~1.MPA*
File Edit View Import/Export Online  About

Disa| ®|al 8 85 &

|Model Hierarchy View x| Parameter
O -
ES;"T‘EE"g'"EVEh'E'EM”dE' = | Parameter Urit Value Ref. Value Min
) tiver
-3 Ervironment FrontwheelsPowered tuefalse false false
£ 43 Wehicle Model FiearwheslsPowered tufalse e false:
‘0 Components i 1 15 01
£+ Drivetrain
1423 T_DifferentialGiear uF ! =8 ot
R 1_Differeni u R 1 365 01
————————————————————————— |
{( T_DifferentialGearT orqueT ransfe - — -
@ T Diterenalissi/Siimtion =loi:
£ q T_TransmizsionStrengthening ~ Binding Stahu
- T_Gearbox
3 T Inertia Exported Parameters 21 Binding Errors: 00
-] T_MechanicalClutch Imparted Parameters: 48
&% T_CheckFlywheslStandstil
({ T_ElasticDriveShaft
~4& T_OmegaT aMAndPhi Parameter 7. |Exported by Imported by LI
<& T_TransmissionType B CatalystBanil
=3 Engpe buistion 5. FrontwheelsPowered T_DifferentialGearSpeedTranster T_DifferentialGearT orgue T ransfer
% ED}T “‘il?"tysmm % T_TransmissionS rengthening
shaust System
(2] Fuel Spstem GearRatio T_GearboxFiatio D_ShiftingClutch _I
B3 Intake System Heatvahe_Fuel M_FuelConsumption B_CatalystBank1
=} 42 A_ThrottlePlate B_CatalystBank2
& & _alThrottle20penCossSect
q & ThrattietassFlow J_GearboxlnputShaft T_GearboxT orqueTransfer T_GearborS peedT ransfier
oG A dieController kap_Air M_CylinderFil A_EGRValveBark2
i q & |dievalve 4 _EGRValveBankl
kg A_TubaCharger o
: q & VariablelntakeVol m_ehicle T_\ehicleSpeed D_ShiftingClutch
« BiA:ilg?l elntakel/olume T_Resistances
= _AiFiter
&G M_Intakehanifold r_Intade T_ClutchS peedTranster T_ClutchT arqueT ransfer
X 5_AiFlowheter Number_Cyl L_CrankAngleSyncSignals #_FuslPump
- L_CrankAngleGyncS ignals L h_IntakePortFuslnject
& M_EngineType
- GZ M _SumfEngineT srques R M_IntakeMarifold M_EshaustPressureT empBank2
1 eh I_D s M_EshaustPressureT empBank1
i’ (-] Vehicle Dynamics | _.'_I : el dl

_ -

The equivalent is true when you click on the name of the importing block.
4.7.14  Online Parameterization

During online parameterization, parameters changed in LABCAR-PA 1.0 are writ-
ten directly to an experiment running in LABCAR-EE.

To start online parameterization

e Launch the experiment in LABCAR-EE.

e Open the parameter file (*.mpa) of the model in
LABCAR-PA.
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e Select Online — Go Online.

A connection to the experiment environment is

ETAS

established and a search is carried out in the current
project for all parameters which occur in the current

parameter file.

) Receiving Model Parameters from LABCAR EE...

Meszages:

Mo Emrors ocoured!

[Corveersiontd odule/CurveE «/7_Min] found in Simulink integrated LabCarkdodel ;I
[Corversiontd odule/BoolSwitch/Hight alue] found in Simulink integrated LabCarkd
[Corversiontd odule/BoolSwitch/Lowt alue] found in Simulink integrated LabCarbd:
[Corversiontd odule/BoolSwitch/T hrezhold] found in Simulink integrated LabCarbd:

LABCAR PA ready for online parameterization

-
1| | 3

Save Messages... |

|

The parameters found are assigned the "Online"

icon in the parameter table.

Parameter

Parameter Uit |

A_Thiottlehas & e

A _Vehicle & "2

Accelerator_Start = 0.1
Acceleratort anual & 0.1
Acceleratortode = o3
AcceleratorOffroad & 1
AcceleratorReduced & truedfalse
AddtorgueDfinertia & 041
AddT orqueDflnertia = true/false
AFR
AFR

Error messages are also displayed if a parameter
was not found.

) Receiving Model Parameters from LABCAR EE...

Meszages:

Mo Emrors ocoured!

phi_Differential_Init. T_ElasticDriveShaft Vehicleb odel] found in LabCarkdodel ;I
phi_Gearbow_Init. T_ElasticDriveShaft Vehiclet odel] found in LabCarbdodel
phip_Gearbox_|nit. T_ElasticDriveShaft Vehiclebodel] found in LabCarkdodel

SpringD amperdctive. T_ElasticDriveShaft Vehiclet odel] found in LabCarkdodel
Counttdax.L_Timer Yehiclebdodel] not existing in LabCar Model

Endlezz.L_Timer Vehiclebodel] not existing in LabCar Model

EndTime.L_Timer.Vehiclekodel] not existing in LabCar Model _lj
| | »

Save Messages... |

Select Close.

You can now change parameters of the current
model in the LABCAR-PA parameter table.
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Error: Parameter not found

There are two reasons why a parameter from the parameter file cannot be found
in the current model:

e the ASAM labels do not correspond to each other (perhaps because of
another name in the Simulink import).

This can be solved by synchronizing the label (see below).
e the parameter does not exist in the current model

To synchronize ASAM labels

e Select Online — Synchronize ASAM Labels.

The current experiment is searched for ASAM labels
which correspond to parameters in the parameter
file.

Synchronize ASAM Labels =

The synchronization will search all parameters
for corresponding ones in the current online experiment.

In case of correspondence the attribute ‘ModelPath’
is set to the respective ASAM Label,

Do you wank ko conkinue?

fes Mo

Note

Synchronization can only be successful in those cases
where ASAM labels in the current model (for exam-
ple after a Simulink import) were created in accor-
dance with the rules described in section "Options for
Parameter Import and Export" on page 340.

If there is a match, the ASAM label in the parameter
file ("ModelPath" attribute) is given the name used
in the current model.

If the ASAM labels come from an imported Simulink
model, these synchronized ASAM labels are
assigned a modified "Online" icon in the parameter

table.
Parameter

Parameter Uit | Walue |
Aggressiveness =] 0.1 0s
altitude B m 1]
AlitudeType 8 115 1
b_altitude3 8 m 10

Body Car_cmx & [rn] 1.4

Body Car_cmy & [rn] 0
Body_Car_cmz & [m] 0s
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4.8 LABCAR-CCI V5.4.0 (Calibration Connector for INCA)

LABCAR-CCIV5.4.0 is an add-on to LABCAR-OPERATOR V5.4.0 that enables the
user to access INCA devices such as ETK. This means parts of the INCA function-
ality can be controlled from within LABCAR-OPERATOR. The ASAM labels of the
INCA experiment are available in the experiment environment (LABCAR-EE) in
the "Workspace Elements" window.

The following figure shows the integration of LABCAR-CCI V5.4.0 in LABCAR-
OPERATOR V5.4.0.

Calibration Connector

for INCA
LABCAR- INCA
AUTOMATION Extension [
A A
4 \ 4
LABCAR-OPERATOR INC/'.\ INCA
Extension

A

A Y

E-Target Ach(:lscs:AéAgit?:z;ize L e
Standard Support o APl [T
Time ...
A A A
A A
LABCAR Hardware INCA Hardware P
ES1130/RTPC ES690 -

A
Y

A

ECU ETK

A

Fig. 4-19 The Integration of LABCAR-CCI V5.4.0 in LABCAR-OPERATOR
LABCAR-CCI V5.4.0 consists of three main components:

e The INCA add-on in LABCAR-OPERATOR V5.4.0 for measuring and cali-
brating with INCA devices.

This also contains additional functionality such as the opening of a specific
INCA database, initializing INCA devices, starting and stopping an INCA
measurement.

e The INCA add-on in LABCAR-AUTOMATION is an adaptation to the new
architecture, in particular with regard to time synchronization and E-Tar-
get.

e The INCA add-on for managing access to INCA devices and for synchro-
nizing the timestamp of E-Target on the one hand and INCA measure
values on the other.

This section contains information on the following:
e "System Requirements" on page 363

This section describes the hardware and software requirements for using
LABCAR-CCI V5.4.0.
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e "Working with LABCAR-CCI V5.4.0" on page 363
This section contains information on working with LABCAR-CCI.

System Requirements

This section describes the necessary hardware and software components for
using LABCAR-CCI V5.4.0.

INCA Version

The current list of the INCA versions required for operating LABCAR-CCI V5.4.0
is in the menu ? — Help in the document "LABCAR-OPERATOR 5.x.y - Software
Compatibility List".

Note

INCA itself is not a component part of LABCAR-CCI VV/5.4.0. You must purchase
an INCA license separately. LABCAR-CCl V/5.4.0 cannot be used without INCA.

INCA can be installed on the same computer as LABCAR-OPERATOR.

Hardware

Accessing the ECU is specified in the INCA experiment and can take place using,
for example, the CAN-, K-Line or ETK interface of an ES690 Compact Module.

Working with LABCAR-CCI V5.4.0

As with LABCAR-OPERATOR experiments, a specific INCA experiment is accessed
in the experiment environment LABCAR-EE.

To do this, proceed as follows:
To specify the INCA experiment

e launch LABCAR-EE.

e |f necessary, download your LABCAR-OPERATOR
experiment to the target and launch the simulation
(now or later).

e Select Experiment — INCA Options.
The "INCA Experiment Options" window opens.
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e Activate the "Enable INCA Access" option.

The various fields for specifying other data are acti-
vated.

INCA Experiment Options ﬂ

¥ Enable INCA Access
D atabase Path

| ]

‘Workspace Folder within D atabaze

‘Workspace Mame

Experiment Folder within D atabase

Experiment Mame

Import Current INCA Experiment

I the IMCA experiment iz enabled and if you click OF, the Experiment
Environment will update the label information from the [MCA
experiment,

Ok | Cancel |
4

e You can now either enter the necessary data manu-
ally:

— Database Path: path to the INCA database
—  Workspace Folder within Database
—  Workspace Name
—  Experiment Folder within Database
—  Experiment Name
or

e Open the experiment in INCA and click Import Cur-
rent INCA Experiment.

The experiment data is imported into the relevant
fields (see above).
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Click OK.

To determine the measure variables/parameters of
your INCA experiment, a "Connect" to the experi-
ment is now run automatically.

Workspace Elements

Search kFilter ¥

Al Asam | 1D | Search Resuts
=1 LABCAR =

i ﬂ IdleController

# [ Hardware

# 1@ CorversionModule

= ] ECU Access

= ] ECU Pins
£ u_j Ignikion

= (2] ETK test device:1
| += B_GREEN
Wl = B_RED
[ = B_YELLOW
@ #- DEMO_COMSTANT_L
(- DEMO _COMSTANT _2
@ T#, DEMO_CURVE
L DEMO_MAP_1
@ 187 DEMO_MAP_2
M »= Input_1
M = Input_2
M = Output

When you then save the experiment in LABCAR-EE
(File — Save Experiment), the connection to the
INCA experiment specified above is also saved.

To connect the INCA experiment

To reconnect the INCA experiment, proceed as follows:

LABCAR

INCA

Start measuring using Experiment —
Download — INCA.

X e C(Click the relevant icon in the toolbar.

The experiment opens in INCA and the ASAM labels
of the INCA experiment can be accessed in LAB-
CAR-EE.

To initialize INCA hardware

If your INCA hardware is not correctly initialized after a download (e.g. because
the hardware or the ECU were powered off), proceed as follows:

To start measuring

To initialize the INCA hardware select
Experiment — Initialize INCA Hardware.

Start measuring using Experiment — Start
Measurement — INCA.
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o e C(Click the relevant icon in the toolbar.

Measuring starts.

To stop measuring

e Stop measuring using Experiment — Stop
Measurement — INCA.

or
e Click the relevant icon in the toolbar.

INEA N Measuring stops.

To interrupt the connection to the INCA experiment

e To interrupt the connection to the experiment,
select Experiment — Stop Measurement —

INCA.
or
] ° Click the relevant icon in the toolbar.
::“;C“‘F‘ The INCA experiment is closed.
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5 Appendix

LABCAR-NIF V5.4.0 and LABCAR-LCX V5.4.0 use the StringTemplate and ANTLR
libraries under the following licenses:

StringTemplate Software License

The BSD License]
Copyright (c) 2008, Terence Parr
All rights reserved.

Redistribution and use in source and binary forms, with or without modification,
are permitted provided that the following conditions are met:

e Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

e Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

¢ Neither the name of the author nor the names of its contributors may be
used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBU-
TORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FIT-
NESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUD-
ING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SER-
VICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.

ANTLR License

[The BSD License]
Copyright (c) 2003-2008, Terence Parr
All rights reserved.

Redistribution and use in source and binary forms, with
or without modification, are permitted provided that
the following conditions are met:
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1. Redistributions of source code must retain the above
copyright notice, this list of conditions and the fol-
lowing disclaimer.

2. Redistributions in binary form must reproduce the
above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other
materials provided with the distribution.

3. Neither the name of the author nor the names of its
contributors may be used to endorse or promote products
derived from this software without specific prior writ-
ten permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRAN
TIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WAR-
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDI-
RECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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6 ETAS Contact Addresses
ETAS HQ
ETAS GmbH
BorsigstraBBe 14 Phone: +49 711 3423-0
70469 Stuttgart Fax: +49 711 3423-2106
Germany WWW: www.etas.com

ETAS Subsidiaries and Technical Support

For details of your local sales office as well as your local technical support team
and product hotlines, take a look at the ETAS website:

ETAS subsidiaries WWW: WwWw.etas.com/en/contact.php

ETAS technical support WWW: www.etas.com/en/hotlines.php
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