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1.1

The RTIO Editor

The RTIO Editor

LABCAR-RTC (Real-Time Execution Connector) is an add-on software for LAB-
CAR-OPERATOR which is required for the integration and configuration of the
hardware components for Hil real-time experiments.

The RTIO Editor is the user interface of LABCAR-RTC in which the hardware con-
figuration for the relevant LABCAR-OPERATOR project is created.

This chapter contains the following information:
e "The Control Elements of the RTIO Editor" on page 23
"The Menu of the RTIO Editor" on page 24
— "lcon Bar" on page 31

e "ltems" on page 32
e "Configuration Tabs" on page 40

The Control Elements of the RTIO Editor

This section presents the control elements of the RTIO Editor.
To launch the RTIO Editor

e Open a project in LABCAR-OPERATOR.
e Select Project — RTIO Editor.
The RTIO Editor opens.

=10l x|
File Edit Wiew Extras
DSHE FE (% el
Items: Globals |
I_T|_::: HWC:Hardware
= EERTRC::REpc Cption Yalus
|_T|_E Daomain: :Domain Marme Esl651ch
=l R ES1651-CB::Es1651ch Tt Task o
[0 48 ES1651-CTRL:ESIGS1ck] it Tack Exit
£l HFES1651-CAN: Es1651can e “
L5 B can-cTRL::Canctd ES1651 Board ID #
O & CAN-IO:: Canio
[0 8 CAN-ESTAT::Canestat
&8 Hardware Interface Manager Please set a name for the device, -
BE System MNOTE: This name must be a walid AMSI-C identifier and it must be unique -
I subsystem
8 Device &l &l

Fig. 1-1  The User Interface of the RTIO with an Open Hardware Configuration

The user interface consists of the menu bar, a button bar, the "ltems" list and a
set of tabs via which most modifications and entries can be made.

The "lItems" list lists the various elements of the hardware configuration with
their icons; under the tabs is a text box which contains brief information on the
selected cell.

Use the buttons Accept and Reset to accept or reject changes made.
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1.1.1

The Menu of the RTIO Editor

This section contains a description of the menu items.

Note

Depending on the operating mode of the RTIO Editor, the menu items are
either enabled or disabled. The letters "E" (Edit mode) and "R" (Runtime mode)
provide information on when a menu item is available.

The "File" Menu

[ File.
Mew
Open...
Save
Save as..
Save [tem az Template...

Import
Export

Exxit Alt-F4

¢ File —» New (E)
Creates a new hardware configuration.
* File —» Open... (E, R)

This makes it possible to load an existing hardware configuration into the
RTIO Editor via a file selector window.

¢ File — Save (E, R)
Saves the current hardware configuration.
¢ File — Save As... (E, R)
Saves the current hardware configuration under another name.
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¢ File — Save Item As Template... (E)

Saves the settings of the selected item as a template (*.itp) for all items of
this type (see " "Templates" Tab" on page 50).

In the dialog box "Save Item As Template", the item can be saved as a
template in the specified directory.

2| x|
Speichemin: | 3 RTC20 5]~ ®mcE-

ES1651CanChrl.itp
HWC.itp

D ateiname: TE."-.-"I--1E.it ]

j Rﬁipeichem I
j Abbrechen |

7

. [rateityp: I Item Template(*.itp]

Note

When opening the dialog box, the file path preset in "Options" under
"Template Path" is always used (see ""Templates" Tab" on page 50). The
suggested file name must not be changed.
e File — Export (E)

Exports the hardware configuration currently open specifying a new file
name as *.hwc file or as *.csv file

¢ File — Exit (E, R)
Closes the RTIO Editor
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The "Edit" Menu

Edit
Copy
Paste

&dd Item...
Delete Item
Maove Ikem Lp
Move Ikem Down Chrl-D

Ins
Del
Chrl-U

Add Row Before

Add Row After

Add Multiple Rows Befare ...
Add Multiple Rows After ...
Delete Row(s)

Upload parameters 3
Download parameters 2

e Edit —» Copy —

Item(s) (E)

Creates a copy of the selected item, including any existing subtrees,
and transfers these to an internal buffer of the RTIO Editor.

The buffer is available as long as the RTIO Editor is open.
Item(s) for Export (E)

Works like Edit — Copy — Item(s), but here the copy is written to an
external file. This function is useful for exchanging subconfigurations.

Item Data (E)

Only copies the data of an item into an internal buffer (this function
does not refer to entire subtrees). This function can be used to
exchange the settings between two items.

e Edit —» Paste —

To Selected Item (E)

Adds an item (possibly with subtree) copied with Edit — Copy —
Item(s) under the item just selected. The following prerequisites are
necessary for this to work.

1.The Item types have to correspond to each other.

2.It has to be possible to insert the item or the subtree under the
selected item (the same is true here as for Edit — Add Item...).

To Selected Item From Import (E)

Works exactly the same as Edit — Paste — To Selected Item, but
here, an item or subtree saved previously in a file is read in. The restric-
tions applicable to the last menu item apply here too.

Data To Selected Item (E)

Overwrites the data of the selected item with the data which was writ-
ten to the buffer via Edit — Copy — Item Data.

Unlike the previous Edit — Paste — menu items, it is possible here to
exchange data between similar or compatible items. This function is

only possible if the type of selected item is the same as or compatible
to the item from which the data was copied. In addition, the structure

LABCAR-RTC V5.4.2 - User's Guide



ETAS

The RTIO Editor

also has to be virtually identical; i.e. the number of rows in the tables
inthe "Groups", "Signals" and "Data" tabs has to correspond to each
other.

Edit — Add Item...

This menu item makes it possible to add a new hardware item to the hard-
ware configuration.

A selector window opens showing all available items of the next hierarchy
down.

x

Available items:
Ok

ES1ES1-CAN =
FE16S1ADCI k

PBI651PWML Lc'ell
FE4350DAC1

{ES1651-CAN)

The selected element is then inserted into the hardware configuration.

Note

Depending on the configuration already created, pasting may be inter-
rupted with an error message (even after an item has been selected suc-
cessfully). This is the case, for example, when the number of resources
available (ports, slots) has already been used up or when a specific order of
insertion is necessary.

Edit — Delete Item (E)

This menu item is used to delete the marked item from the hardware con-
figuration.

It is not possible to delete the top item of the hierarchy (Hardware Inter-
face Manager).

Note

Sometimes an attempt to delete an item from the hardware configuration
is interrupted with an error messaqge. This is, for example, the case when a
specific deletion order has to be adhered to.

Edit —» Move Item Up (E)

This changes the item order within a hierarchy level in the hardware con-
figuration. The menu item moves the selected item one element up.

Edit — Move Item Down (F)

This changes the item order within a hierarchy level in the hardware con-
figuration. The menu item moves the selected item one element down.
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e Edit — Add Row Before (E)

This menu item is only available for items of the type "Device", for which
it is possible to dynamically change signal groups or the number of signals.

The menu item is available and can be selected under the following pre-
requisites:
1.An item of the type "Device" which has "dynamic" properties (e.g.
CAN-IO Device) has been selected.
2.The "Groups" or "Signals" tab has been selected.

3.An item in the column "No." has been selected (first column in the
table).

This results in a row being inserted in front of the selected row or the
selected area.
Note

The size of the table is often restricted due to the system. In this case, exe-
cuting the function has no effect. As this changes the table structurally, the
change cannot be undone by the Reset button.

e Edit — Add Row After (E)

Works exactly the same as Add Row Before except a new row is added
after the selected cell or the selected area.

e Edit — Add Multiple Rows Before... (E)

Works exactly the same as Add Row Before except that several rows can
be added here at a time. The number of rows to be added can be entered
in a dialog box:

TENew Yalue =

E;ter integer value: il ok
Cancel |
e Edit — Add Multiple Rows After... (E)

Works exactly the same as Add Multiple Rows Before except new rows
are added after the selected cell or the selected area.

e Edit — Delete Row(s) (F)
Deletes the row or area marked in the "No." column.

Note

For system reasons, at least one signal group or one signal has to remain in
the table. If you attempt to delete the last row, an error message is dlis-
played.

e Edit — Upload Parameters —

— for selected item (R)

This results in all values of the selected item which can be modified in
Runtime mode being read by the target and the hardware configura-
tion loaded in the RTIO Editor being overwritten with these values.
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— for selected item (recursive) (R)

The function is identical to the one described before with the differ-
ence that here the parameters of the RTIO tree structure under the
selected item are also updated.

— all items (R)

The function is identical to the one described before with the differ-
ence that here the parameters of the entire RTIO tree structure are
updated.

¢ Edit — Download Parameters —
— for selected item (R)

This means that all values of the selected item which can be changed
in Runtime mode are downloaded to the target. If the function is exe-
cuted, all corresponding settings in the C code module are overwritten
with the current values of the RTIO Editor.

— for selected item (recursive) (R)

The function is identical to the one described before with the differ-
ence that here the parameters of the RTIO tree structure under the
selected item are updated.

— all items (R)

The function is identical to the one described before with the differ-
ence that here the parameters of the entire RTIO tree structure are
updated.

The "View" Menu

Wigw
Expand all
Collapze all

Shiow &l
Hide All Hidable
Hide Selected

e View — Expand All (E, R)

Expands the hierarchy tree of the RTIO item completely (see "ltems"
on page 32).

e View — Collapse All ((E, R)

Hides the hierarchy tree of the RTIO item completely (see "ltems"
on page 32).
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View — Show All (E, R)
This menu shows all displayable options/columns of a tab.

The table of a tab can be structured so that some of the possible options
or columns are not displayed by default. This has the advantage that
options which are not used often are hidden and the table can be struc-
tured more clearly.

Note

If the table is then confirmed with the Accept button and the hardware
configuration is saved, the table is once again available in the form in which
it was saved, i.e. newly displayed options/columns remain displayed.

View — Hide All Hidable (E, RO)

This is the opposite of the previous menu item, i.e. all options/columns
which can be hidden are hidden.

View — Hide Selected (E, R)

Hides the option or column currently selected, providing they can be hid-
den.

The "Extras" Menu

Extraz

Check Item
Check Hardware Configuration

Start Misplay
Stop Misplay

Options...
Installed tems...

Extras — Check Item (E)

This function makes an explicit check of all settings of the selected item
possible. This check always takes place implicitly before RTIO code is gen-
erated.

RTIO code generation is not possible until this check has been completed
without any errors. Warnings are admissible but should be heeded in each
individual case.

Extras — Check Hardware Configuration (E)
Executes a check of the entire hardware configuration.
Extras — Start Display (R)

Starts the display of the "Data" column in the "Data" tab of the items of
the type "Device".

Extras — Stop Display (R)

Stops the display of the "Data" column in the "Data" tab of the items of
the type "Device".

Extras — Options... (E, R)

Opens a dialog box with several tabs in which different options can be set
(see "Options" on page 49).
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Extras — Installed Items... (E, R)

Opens the "ltem Information" window in which all available hardware
items are listed in their hierarchy.

IEItem Information 10l =|
Installed item tree: (* = Driver location) =

HWwiC
RTRC
Daomain
ES1206-ES1381-E54206 *
MTS-LIBATT *

TDAC *
TMIO *
TR3422 *
TaModule
TEIO-INT *
Load20al4c
Errar Sim
Load Switch
TS5 *
TsMisfire

Kl

1.1.2 Icon Bar

This section contains a description of the functions you can activate using the
buttons of the icon bar.

D BF (e & 8 x»

1

1.

2 3

New

4 5 6 7 8 9 101

Creates a new hardware configuration.

Exactly the same as File — New.

. Open

This makes it possible to load an existing hardware configuration into the
RTIO Editor via a file selector window.

Exactly the same as File — Open....

. Save

Saves the current hardware configuration.
Exactly the same as File — Save.
Expand all

Expands the hierarchy tree of the RTIO item completely (see "ltems"
on page 32).

Exactly the same as View — Expand all.
Collapse all

Hides the hierarchy tree of the RTIO item completely (see "ltems"
on page 32).

Exactly the same as View — Collapse all.
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6. Add Item...

This makes it possible to add a new hardware item to the hardware con-
figuration.

Exactly the same as Edit — Add Item....

7. Delete Item
This deletes the selected item from the hardware configuration.
Exactly the same as Edit — Delete Item.

8. Check Hardware Configuration

This menu item makes an explicit check of all settings possible in terms of
the consistency within the hardware configuration.

Exactly the same as Extras — Check Hardware Configuration.
9. Export

Exports the hardware configuration currently open specifying a new file
name as *.hwc file or as *.csv file

Exactly the same as File — Export.
10.Stop Display

Stops the display of the "Data" column in the "Data" tabs of the
"Device" items.

Exactly the same as Extras — Stop Display.
11.Start Display

Starts the display of the "Data" column in the "Data" tabs of the
"Device" items.

Exactly the same as Extras — Start Display.

[tems

The tree-like list "ltems" is used to display the structure of the current hardware
configuration.

The term "ltem" is a general term for an element of a hardware configuration.
This might be an entire board or simply a unit which in terms of its function is in
itself complete.

Note

Hardware is completely specified when each end node of the hardware tree is
of the type "Device".

The tabs to the right of the "Items" list always display the relevant settings for
the selected item.
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1.2.1 The Shortcut Menu of the "ltems" List

Right-click the "Items" list to open the shortcut menu.

Sdd [Eemm.. IFis
Delete tem Del
Move ltem Up Chel-LI
Move [kem Diown Chrl-Dr
Copy 3
Paste 3

Save [tem az Template...

Check Item
Item Code Generation On/Off Chil-T

I plaad|parameters
[ownload/parameters

L
L

Fig. 1-2  The Shortcut Menu of the "ltems" List
This shortcut menu makes various actions possible; these are described below.

To add an item

e To add an item to the hardware configuration,
select Add Item....

or
e  Press <INS>.

or

[Eél. e C(Click the Add Item... button.
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The "Add Item" window opens.

File Edit Wiew Extras

D EFE RS e e

Items: Globals |
= :::HWC::Hardware
= EERTPC:Ripc Option
= EEES113x:Es113% Mame

= fFES1651-CBEs1651ch
[] -8 ES1651-CTRL:Es1651ct]
= fFES1651-CAN: Es1E51can

CAN Connectar
CAM Interface

= 4B CAN-CTRL:: Canctrl High-Speed CAN Bus Termin:
':E TEAdd Item =
[

Available items:
Ok

|CF\N-ESTAT —
::: Hardware Interface M:
EE system Cancel |

I subsystem
-8 Device

(CAN-ESTAT)

e Select the item to be inserted from the list of avail-
able items of the hierarchy next down.

e C(Click OK.
The selected item is inserted.
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To delete an item

e To delete an item from the hardware configuration,
activate it and select Delete Item.

or
e Press <DEL>.
or
El-ja e C(Click the Delete Item button.
The selected item is deleted.

Note

If the item to be deleted has subitems, these are also
deleted!

To move an item up

e If you want to move an item up (within the hierar-
chy level), select Move Item Up.

or
e Press <CTRL-U>.
The selected item is moved up.

To move an item down

e If you want to move an item down (within the hier-
archy level), select Move Item Down.

or
e Press <CTRL-D>.
The selected item is moved down.

To copy an item

e To copy an item (including any subitems), select
Copy — Item(s).

or
e Press <CTRL-C>.

The selected item or subtree is copied into the
buffer.
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To copy an item for export

e To copy an item (including any subitems) to a file,
select Copy — Item(s) for Export.

The file selector window "Export Copied Item(s)

As..." opens.
Spejchern in: I@ LabCar0perator3.0 j = EF '

-1 config
_Gur

[rateiname: E:s:‘l E51can. hws

j Speichern I
Dateityp: IHardware Configuration Subtree(* hws) j Abbrechen |

7

e Select a file name and click Save.

The selected subtree of the hardware configuration
is saved in a file with the extension "hws" (Hard-
ware Configuration Subtree).

To copy data (settings) of an item

e To copy the data of a single item to the buffer,
select Copy — Item Data.

The settings of the selected item are copied to the
buffer.

Note

Only the data of the individual item, and not the sub-
items, is copied.

To insert an item

e Toinsert an item (including any subitems) from the
buffer into your hardware configuration, activate
the item under which it should be inserted.

e Select Paste — to selected Item.
or

LABCAR-RTC V5.4.2 - User's Guide
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e  Press <CTRL-V>.

The item in the buffer (including any subitems) is
added at the desired point.

Note

Please observe the conditions listed in the section
"The "Edit" Menu" on page 26.

To insert an item from a file exported previously

e Toinsert an item from a file exported previously
(including any subitems, see "To copy an item for
export" on page 35), select Paste — to selected
Item from Import.

The file selector window "Import Copied Items Sub-
tree From..." opens.

Suchen in: I@ LabCar0perator3.0 j = EF '

config
GUI
. Canckrl.hws

D ateiname: IEanctrI.hws j Qfiren I
. [rateityp: I["_hws] j Abbrechen |

7

e Select a file (*.hws) and click Open.

Note

Please observe the conditions listed in the sections
"The "Edit" Menu" on page 26.

To add data (settings) of an item

e To add data of an item copied to the buffer using
Copy — Item Data, select Paste — Data to
selected Item.

The data is copied.

Note

Please observe the conditions listed in the sections
"The "Edit" Menu" on page 26.
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To save an item as a template

e To save a specific item as a template, select Save
Item as Template... .

For more details, refer to "The "File" Menu"
on page 24.

To check the configuration of an individual item

e To check the configuration of an individual item,
select Check Item.

The configuration is checked. If it is ok, an appropri-
ate message is displayed.

L=

File Feit  Wiew 7

AI
@ Mo errors found - check has passed!
14,
14,
5

|5|Errors: - Warnings: -

If the configuration contains errors, messages are
displayed in the "Messages" window.

ol
File Edit Wiew 7

Moritor  Build |

%0 RTIO

% @ CAN-ID:Canio
@ ERROR: (CAN-IO::Canio "Signals | 004 Mo, 2" =
I i
& @i © Errors © Warninas

W|Errors: 1f1  Warnings: 0/0

Note

Only the configuration of the selected item is
checked — to check the entire hardware configura-
tion choose Check Hardware Configuration (see
"The "Extras" Menu" on page 30).

To deactivate code generation for an item

¢ To deactivate code generation for an item (includ-
ing any subitems), select it.

e |n the shortcut menu, select Item Code Genera-
tion On/Off ....

or
e Press <CTRL-T>.

The code generation for this item (including any
subitems) is deactivated.
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File Edit ‘iew Estras

DS E|#EE|

s sl A=

Items:

=] ::: HWC:Hardware
= EERTPC:Ripc

= BEDomain::Domain
= F ES4315-Y41: :Es4315vxi
—[ 8 ES4315-CTRL::Es4315¢ck
B HFEs4320-15G: Es43200sg
[0 8 ES4320-CTRL:Es4320ckt]
[0 8 ES4320-RPM::Es4320rpm
= i ES4320-51G: :Es4320siq

m} x ES4320-31G-CTRL: :Es4320sigekt]

m} x ES4320-51G-ARE: :Es4320sigarb

m} x ES4320-31G-P'WM:  Es4320sigpwr

m} x ES4320-51G-KNOCK Es4320sigknock.

— = lF ES4330-KMI: Es4330xmi

::: Hardware Interface Manager

E System
F subsystem
8 Device

|

Globals |

Option Walue

Marme Es4320sig

Please set a name for the device,
MNOTE: This name must be a valid AMSI-C identifier and it
must be unique within the whale item tree!

e

-]

Accepk |

Reselt |

To upload parameters from the target

[tems not involved in code generation are indicated

by a red cross.

Deactivation can be undone in exactly the same

way.

To download parameters to the target

To load the current values of the hardware configu-

ration of a selected item from the target into the
RTIO Editor, select Upload Parameters — for
selected item.

To load the current values of the hardware configu-

ration of a selected item including the items below
it from the target into the RTIO Editor, select
Upload Parameters — for selected item (recur-

sive).

To load the current values of the hardware configu-

ration of all available items from the target into the

RTIO Editor, select Upload Parameters — all

items.

To download changed settings of a selected item of

the hardware configuration in the RTIO Editor to
the target, select Download parameters — for
selected item.
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e To download changed settings of a selected item of
the hardware configuration including the items
below it in the RTIO Editor to the target, select
Download parameters — for selected item
(recursive).

¢ To download changed settings of all available items
of the hardware configuration in the RTIO Editor to
the target, select Download parameters — all
items.

Note

Uploading and downloading from and to the target
is of course only possible if an experiment is open.
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1.3

Configuration Tabs

Depending on the item selected in the "ltems" list, different tabs are displayed.
These are used to make individual settings for the items.

If the selected item is of the type "Device", four tabs are displayed; for all other
element types, only the "Globals" tab is displayed.

The tasks are divided as follows over the tabs:
¢ Globals

This includes all global settings which apply to the entire item (e.g. VME-
bus address of the I/0O board).

e Groups

This contains all settings which apply to a signal group (e.g. amplification
factor for a multi-channel AD-converter or the identifier of a CAN mes-
sage).

Note

A signal group is distinguished by the fact that all signals it contains have
the same transfer direction (send or receive) and are recorded at the
same time or at the same interval.

e Signals

All signal-specific settings are made in this tab (e.g. conversion formulae
for a signal).

e Data

This tabs shows the data of the individual signals/the data of the individual
signals can be edited in this tab (depending on whether the "Direction"
of the signal group has the value "receive" or "send").

In addition, each tab has two buttons Accept and Reset which have the follow-
ing tasks:

Accept: (Edit mode and Runtime mode)

As soon as a tab is displayed for the first time or redisplayed, a copy is made of
the dataset it contains which is then shown in the data table. Every change to the
data only modifies the copy of the original data.

Once editing has been completed, the user has to explicitly write the modified
data back to the original data by pressing the Accept button. A prompt to this
effect is displayed if the user wants to quit the tab before saving:

Something iz modified.
Do you want to zave the modifications via ‘Accept'?

<r'es> to accept modifications.
<M to reset modifications.
<Cancel> ta return to modified page.

Mo | Cancel |

Save the modifications with Yes, reject them with No or cancel the change with
Cancel.
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This mechanism is necessary to guarantee a consistent dataset in all circum-
stances as there are a great number of dependencies to be taken into consider-
ation within the "ltems" structure.

Accept: (only Runtime mode)

With some items, there are settings which can also be changed during runtime.
This is possible whenever the relevant hardware component allows it.

These settings can be recognized in Runtime mode by the fact that they are not
"disabled", i.e. can be edited. If table cells equipped in this way are changed,
clicking Accept not only results in a comparison of the data, but also an update
of all referenced parameters.

Note

To inform the driver about a changed dataset and the necessary reconfigura-
tion, a running "Config" task is mandatory. Without this, the driver cannot
process the data.

Reset:
This button undoes all changes made after you last clicked Accept.

General Notes

Editing Option / Cell

In a tab’s table, the relevant cell can be edited by clicking it with the mouse.
Navigation within the table can also take place using the cursor keys whereby
pressing the space bar opens the editor on the cell currently selected.

Some columns are also multi-selectable, i.e. several cells within the column can
be selected simultaneously (e.g. "Formula" column). A multiple selection can be
executed by pressing the left mouse button and dragging the mouse across the
column at the same time or by a second left mouse click and pressing the <SHIFT>
button. Navigating using the keyboard keeping the <SHIFT> key pressed down at
the same time is also possible.

Editability

Not all options can be modified by the user. Some options are permanently dis-
abled and are only used to display certain status values. Other options can be
disabled some of the time and ready for input at others which may depend on
other option settings in this or in another item in the items hierarchy.

Tip: Open the hardware configuration in Runtime mode; display all columns or
options and see which values can still be changed.

LABCAR-RTC V5.4.2 - User's Guide
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Modified State

The RTIO Editor registers whether a value of the table has already been changed
or whether it is currently being modified. If another item or tab is selected, with-
out the change having been made valid with the Accept button, the following
will be displayed:

Something iz modified.
Do you want to zave the modifications via ‘Accept'?

<r'es> to accept modifications.
<M to reset modifications.
<Cancel> ta return to modified page.

Save the modifications with Yes, reject them with No or cancel the change to
another tab with Cancel.

Scrolling the Table

The table may be too large to display in one tab. In this case, scrollbars are dis-
played.

File Edit ‘iew Estras

D E@FE RS e n

Ttems: Globals I @ Groups Signals |Z Data I
=] :::HWC::Hardware
= EERTPC::REpC Mo, |Group Signal Formula signal- |7 |7 |7 |7
= BEDomain::Domain Type 7le |5 |4
£l HFES1651-CE:Es1651ch 1 {aroupl Signalt | |F(phys)i=phys int
[ @ ES1651-CTRL::Es1651ckr] 2 Groupl Signalz | |fiphysii=phys int
= FES1651-CAN: Es1ES1can 3 |Groupl signalz | |F(phys)i=phys int
£l HlF CAN-CTRL: Canctrl 4 Groupl Signald | |fiphysii=phys int
[0 8 CAN-IO::Canio
0] -8 CAN-ESTAT::Canesl| |21 | |
4| | _’I ;I
::: Hardware Interface Manager
[E system LI

F subsystem

8 Device Accepk | Reselt |

Fig. 1-3  Scrollable Area of a Configuration Tab

These do not, however, move the entire table, but only the variable part (marked
area in Fig. 1-3); the rest remains unchanged.

Note

If there is a large number of columns displayed in the left-hand (static) part of
the table, the right-hand scrollable part may no longer fit in the tab mistakenly
leading the user to believe that scrolling is not actually having any effect. This
problem can be solved either by enlarging the RTIO Editor or by hiding static
columns which are not required.
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Changing Column Width

The column width can be changed by left-clicking the edge of the column and
then dragging the edge as required. The newly specified column widths are then
saved with the hardware configuration if they are first confirmed with the
Accept button.

They are then set as required when reloaded.
Help Text

There is a text box in the lower part of the tab which makes it possible to display
a short help text for the option currently selected.

Default Options in the "Globals" Tab

This section describes the default options of the "Globals" tab. For details on
further item-specific options, refer to the relevant sections for the particular
boards.

Name

This is where you can enter an individual name for the item. The name has to be
a valid ANSI C compatible name and be unique throughout the entire hardware
tree.

This option is available in every "Globals" tab.
Init Task

This is where the task has to be selected in which the hardware driver is to be
initialized. This is usually a "real" Init task. In some cases, it may be a "Software"
task, but this is very unusual and results in a warning during checking.

This option is always available when the item is connected to a low-level driver.

Note

It must always be ensured that, when processing the tasks, this task is executed
before any other task connected to this driver (Start, Config...) can be exe-
cuted. Please remember that the "Init" call can only take place if an "Exit" call
took place before it. If not, there will be runtime errors in the experiment
resulting in driver lock!

A consistent task order must always be adhered to:
1. Init task
2. Start task
3. Stop task
4. Exit task
Start Task

It this setting is available, a separate task can be specified here to start the driver.
If this is not necessary, the same task as specified for "Init task" can usually be
specified.

LABCAR-RTC V5.4.2 - User's Guide

43



44

The RTIO Editor ETAS

The "Start task" is supported by only a few hardware drivers.

Note

Make sure you observe the task order (see "Init Task" on page 43)!

Stop Task

If this setting is available, a separate task can be specified here to stop the driver.
If this is not necessary, the same task as specified for "Exit Task" can usually be
specified.

The "Stop Task" is supported by only a few hardware drivers.

Note

Make sure you observe the task order (see "Init Task" on page 43)!

Exit Task

This is where the task has to be selected in which the hardware driver is to be
deinitialized. This is usually a "real" Exit task (= inactive Init task), but could also
be a "Software" task although this is very unusual and results in a warning dur-
ing checking.

An "Exit Task" is always available when the item is connected to a low-level
driver.

Note

Make sure you observe the task order (see "Init Task" on page 43)!

Config Task

A "Config task" is always available if an item in the hardware driver can be mod-
ified in Runtime mode.

If a change is to be made, an Alarm task has to be selected here. The cycle time
of the task is not critical and only shows how fast the driver reacts to the
changed values after the Accept button has been pressed. A low cycle time
(< 50 ms), however, also means an unnecessarily high "background load". Nor-
mally tasks with a cycle time between 200 ms and 1 s should be used.

If no change is to be made, select a Software task which is not invoked.

Analyze Task

The task selected here always has to be a Software task.
An "Analyze task" can be needed by drivers which work in Interrupt mode.

Note

This task must be exclusively available to the item or the relevant hardware
driver and must not be used by any other item or user process. Even two iden-
tical items must not share the same task!

Acknowledge Task

This same is true here as of the "Analyze task".
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Device Manager Task

This task is needed by some drivers to ensure a certain basic supply of the driver
independent of the actual data exchange (e.g. error recovery, bus monitoring).

Normally a Timer task has to be specified. The cycle time varies immensely and is
specified more precisely in the help text of the tab or in the relevant item docu-
mentation.

Version

Shows the version definition of the item which can be used to check the version
with the low-level hardware drivers.

"Version" is hidden by default.

Format

Shows the format of the item which can be used to check the compatibility with
the low-level hardware drivers.

"Format" is hidden by default.
Default Options in the "Groups" Tab

This section describes the default options of the "Groups" tab. For details on
further item-specific options, refer to the relevant sections for the particular
boards.

No.

Is responsible for the numbering of the rows so that, for example, error messages
can be assigned.

Device

This is where the relevant item name is displayed.
"Device" is hidden by default.
Group

This is where the signal group is specified. This name can usually be edited
although the name has to be a valid ANSI C name in this case.

Note

All signal groups within a device have to have different names!

Direction

Specifies the transfer direction of the relevant signal group. If the setting is dis-
abled, the transfer direction is fixed by the hardware and cannot be changed
(e.g. A/D Board always "receive", D/A Board always "send"). With some devices
(e.g. CAN-IO) you can choose the transfer direction.
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Task

This is where the task is specified in which data transfer is to take place. It is also
possible to specify several tasks — data transfer then takes place in each of the
tasks. Here, Timer tasks or Software tasks are usually admissible. With some
devices, it is not possible to make any specification; data transfer then takes
place in a different way, usually interrupt-controlled.

Default Options in the "Signals" Tab

This section describes the default options of the "Signals" tab.For details on fur-
ther item-specific options, refer to the relevant sections for the particular boards.

No.

Is responsible for the numbering of the rows so that, for example, error messages
can be assigned.

Device

This is where the relevant item name is displayed.
"Device" is hidden by default.
Group

This is where the relevant signal group name is displayed. With some devices,
e.g. "CAN-IO", the assignment of the signal to a signal group can also be chosen
freely.

"Group" is hidden by default.
Direction

The transfer direction of the relevant signal group (and thus the signal) is dis-
played here.

"Direction” is hidden by default.
Task

This is where the assigned task is displayed in which the relevant signal group is
transferred.

"Task" is hidden by default.
Signal

A signal name can be specified here. With some devices, the signals are already
specified and the specification cannot be modified by the user. If an input is
possible, the name has to correspond to ANSI C guidelines.

Note

All names of signals which are assigned to a signal group have to differ!

Formula

If necessary, a signal value can be assigned a linear conversion in this column. A
1:1 conversion is selected by default (Formula £ (phys) : = phys). With some
devices, this formula is fixed and the column disabled.
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Default Options in the "Data" Tab

This section describes the default options of the "Data" tab. For details on fur-
ther item-specific options, refer to the relevant sections for the particular boards.

No.

Is responsible for the numbering of the rows so that, for example, error messages
can be assigned.

Device

This is where the relevant item name is displayed.
"Device" is hidden by default.
Group

This is where the relevant signal group name is displayed.
"Group" is hidden by default.

Direction

The transfer direction of the relevant signal group (and thus the signal) is dis-
played here.

"Direction" is hidden by default.
Task

This is where the assigned task is displayed in which the relevant signal group is
transferred.

"Task" is hidden by default.
Signal

The signal name is displayed here.
Data

The values of the hardware signal are displayed or values can be entered in this
column.

Explanation

This column contains explanations about the signals. It is not available for every
item.

The Tab Shortcut Menu

Right-clicking in one of the tabs opens a shortcut menu via which all or some of
the following menu items can be reached.
Show Al

Hide All Hidable
Hide Selected

Add Row Before

Add Row After

Add Multiple Rows Before ...
Add Multiple Rows After ...
Delete Row(s)

Shows in Connection Manager

Fig. 1-4  The Tab Shortcut Menu
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Show All (E, R)
This menu item shows all displayable options/columns of a tab.

The table of a tab can be structured so that some of the possible options
or columns are not displayed by default. This has the advantage that
options which are not used often are hidden and the table can be struc-
tured more clearly.

Note

If the table is then confirmed with the Accept button and the hardware
configuration is saved, the table is once again available in the form in which
it was saved, i.e. newly displayed options/columns remain displayed.

Hide All Hidable (E, R)

This is the opposite of the previous menu item, i.e. all options/columns
which can be hidden are hidden.

Hide Selected (E, R)

Hides the option or column currently displayed, providing they can be hid-
den.

Add Row Before (E)

This menu item is only available for items of the type "Device" providing
they make it possible to change their number of signal groups or signals
dynamically.

The menu item is available and can be selected under the following cir-
cumstances:

1.An item of the type "Device" is selected which has "dynamic"
properties (e.g. CAN-IO Device).

2.The "Groups" or "Signals" tab has been selected.

3.An item in the column "No." has been selected (1st column in the
table).

This menu items adds a line before the selected cell or area.

Note

The size of the table is often restricted due to the system. In this case, exe-
cuting the function often has no effect. As this is a structural change to the
table, this change cannot be undone by the Reset button.

Add Row After

Works exactly the same as Add Row Before except a new row is added
after the selected cell or the selected area.

Add Multiple Rows Before

Works exactly the same as Add Row Before except that several rows can
be added here at a time. The number of lines to be added can be entered
in a dialog box.

Add Multiple Rows After

Works exactly the same as Add Multiple Rows Before, except new rows
are added after the selected cell or the selected area.
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¢ Delete Row(s)
Deletes the row or area which is marked in the column "No.".

Note

For system reasons, at least one signal group or a signal in the table has to
remain. When you attempt to delete the last row, an error message is dis-
played.

e Show in Connection Manager

Selecting this menu item results in the Connection Manager being
opened. The selected hardware signal is displayed (in the "Inputs" or
"Outputs” list) and any existing connections to other (model or hardware)
inputs or outputs are displayed.

1.3.7 Options

Via the menu item Extras — Options... a window with several tabs is activated
in which a range of options can be set.

RTIO Editor Options
Check |C0de Generation I Miscellaneous I Templates I
After "Accept™
After loading Ienabled j
Before saving Ienabled j
OF Cancel |

Fig. 1-5 The "RTIO Editor Options" Window
"Check" Tab

This is where you can specify when automatic checks of the hardware configura-
tion or data consistency should take place.

e After "Accept"

Activates ("enabled") or deactivates ("disabled") the automatic check
after the Accept button has been pressed.

For performance reasons, only the data consistency within the tab cur-
rently selected is checked.
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e After loading: enabled/disabled

Activates ("enabled") or deactivates ("disabled") the check after a new
hardware configuration has been loaded.

e Before saving: enabled/disabled

Activates ("enabled") or deactivates ("disabled") the automatic check of
the hardware configuration before a configuration is saved.

"Code Generation" Tab

This is where specific options for code generation can be set.
e Automatic repair

Activates ("yes") or deactivates ("no") the possibility to automatically
recover certain errors in the hardware configuration. This possibility is only
supported to a very limited extent.

e Minutes type

Specifies the scope of the protocol (" no/small/detailed") generated during
RTIO code generation.

"Miscellaneous" Tab

The two options in this tab specify the format in which the values of the "Data"
column are displayed in the "Data" tabs of the devices.

e Data digits after decimal point: 1...6
» Data digits before decimal point: 1...9
Representation: <Data digits before...>.<Data digits after...>

"Templates" Tab

Options for the item templates are specified in this tab.

ltem templates are used to overwrite the default values specified by the system
with your own settings. With an activated template option, the default values
specified by the system are overwritten by those saved in the Template directory
(File — Save Item As Template...) each time an item is added (Edit — Add
Item...) .

e Template Path

This is where the directory can be selected which is to be used as the
storage place for the item templates.

e Use Item Templates
Activates ("yes") or deactivates ("no") the use of item templates.
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ES1220.1 CAN Board

The ES1220.1 CAN Board is used as a CAN interface in VMEbus systems. The
board has a digital signal processor (DSP) which works independently of the VME
system. The board provides four CAN channels which have separate CAN con-
trollers. Each of the four CAN controllers of type Intel 82527 has 15 buffers for
storing incoming and outgoing CAN messages. 14 of these buffers can process
both send and receive messages. The 15th buffer can only process receive mes-
sages. By using a DSP, high data rates and short response times to incoming CAN
messages are guaranteed.

The board has the following functions:
e digital signal processor TMS320F206
e four CAN controllers of the type Intel 82527

* 15 message buffers per CAN controller (14 send & receive buffers,
1 receive buffer)

The ES1220.1 can be used anywhere in VMEbus systems where CAN messages
are to be generated and received. The digital signal processor (DSP) makes it
possible to process messages flexibly and independently of the system processor.

Examples of areas of implementation are:
e simulation of vehicle modules CAN interface
e simulation of the vehicle CAN bus
e control of load simulations
This document describes the RTIO integration of the ES1220.1.
In the RTIO-Editor, the ES1220.1 is integrated by selecting the ES1220 CAN item.

LABCAR-RTC V5.4.2 - User's Guide

51



52

ES1220.1 CAN Board ETAS

2.1

2.1.1

ES1220-CAN Subsystem

Globals (ES1220-CAN Subsystem)

In the "Globals" tab of the ES1220-CAN subsystem, the user can specify the
VMEbus base address of his/her ES1220.1 in the "ID / VME base address" field
(see Fig. 2-1). You can choose from between 3 different base addresses (1D1/
740000h, ID2/780000h and ID3/7C0000h).

=lal x|
File Edit Wiew Extras
DSHE FE (% el
Items: Globals |
=] :::HWC::Hardware
= EERTPC:Ripc Optian Value
= BEDomain: :Domain Mame Es1220can
= S1220-CAN:Es1Z20ca Tnit Task
= BF CAM-CTRL:Cancr Start Task
[0 8 CAN-IO:Canio Stop Task
£l HlF CAN-CTRL:: Canctrlt ot Task
= BF FLEX-CAN: :Flexcan -
X Config Task,
[ 8 CONFIG-CTRL::Configekrl DI WED " D11 740000h
[ @ MESSAGE::Message ! 556 address !
Please set a name for the device, ;I
4 | | 3 | MOTE: This name must be a valid AKSI-C identifier and it must be unigue
within the whole item tree!
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-1  The "Globals" Tab of the ES1220-CAN Item

Up to four CAN-CTRL subsystems can be allocated to the ES1220-CAN sub-
system. These CAN-CTRL subsystems correspond to the four Intel 82527 CAN
controllers on the board.
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2.2

2.2.1

ES1220.1 CAN Board

CAN-CTRL Subsystem

Globals (CAN-CTRL Subsystem)

In the "Globals" tab of a CAN-CTRL subsystem (see Fig. 2-2) a physical CAN
controller or CAN connector is allocated to the CAN-CTRL subsystem. The CAN
connectors on the front panel are numbered from top to bottom with 1 to 4.

=lal x|
File Edit Wiew Extras
DSH|FE % el
Items: Globals |
=] :::HWC::Hardware
= EERTPC:Ripc Optian Value
= BEDomain::Domain Mame Canctrl
Device Manager Task
CAN Connectar Part 0
& B CAN-CTRL: iCanctrll
= BF FLEX-CAN: Flexcan
[ 8 CONFIG-CTRL::Configekrl
[ @ MESSAGE::Message
1| | »|| |Please set a name for the device, -]
MOTE: This name must be a valid AKSI-C identifier and it must be unigue
::: Hardware Interface Manager within the whole item tree!
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-2 The "Globals" Tab of a CAN-CTRL Subsystem

Device Manager Task

The device manager API function handles "Bus-Off" detection and recovery. The
device manager process should be assigned to a periodically activated task. A
task activation period of 100 milliseconds or even longer is sufficient.

The device manager task assignment is optional. No "Bus-Off" handling will be
done if no task is assigned but code generation is possible.

Each of the 4 CAN controllers of the ES1220.1 can be configured for two differ-
ent applications.

What is referred to as the FlexCan application allows all software options made
available by a CAN controller to be used. For example, modification of message
ID, frame type and the transfer direction of a message buffer in runtime are pos-
sible in real time. Further options, such as the baud rate and the acceptance filter,
can also be configured during runtime.
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2.3

2.4

2.41

The FlexCan application is selected by assigning a FLEX-CAN subsystem to the
CAN-CTRL subsystem (see Fig. 2-3). All options of a FLEX-CAN subsystem can be
controlled from the simulation model using RTIO signals.

=lalx|
File Edit Wiew Extras
D E | BE (w8 x>
Tkems: Globals |
=] :::HWC::Hardware
L5 BErtecimtpe Option valie
= BEDomain::Domain Mame Flescan
L5 ik estzz0-can: Es12200an
= BF CAM-CTRL:Canctr
[0 8 CAN-IO:Canio
£l B CAN-CTRL::Canctrll
= LEX-CAN: :Flexcan
':D 48 COMFIG-CTRL::Configetrl
[ @ MESSAGE::Message
1| | »|| |Please set a name for the device, -]
MOTE: This name must be a valid AKSI-C identifier and it must be unigue

B3 Hardware Interface Manager within the whole item tree!
EE system LI
I subsystem
-8 [evice Accept | Reset |

Fig. 2-3  The ES1220 Item Tree with FLEX-CAN Subsystem and CAN-IO Device
FLEX-CAN Subsystem

A CONFIG-CTRL device and up to 15 MESSAGE devices can be allocated to the
FLEX-CAN subsystem. Each of the 15 MESSAGE devices is used to configure one
of the 15 CAN message buffers physically present on a CAN controller. The CON-
FIG-CTRL device is used to configure the remaining parameters of a CAN control-
ler. These parameters have an effect on the response of all 15 message buffers.

Note

A CONFIG-CTRL device has to be added before a MESSAGE device can be
assigned to a FLEX-CAN subsystem.

CONFIG-CTRL Device

Groups (CONFIG-CTRL Device)

The CONFIG-CTRL device has a signal group called "Control" with which the
global settings valid for all 15 message buffers of a CAN controller are config-
ured. These configuration parameters are:

e baud rate

* global acceptance mask for CAN messages in "standard format"
e global acceptance mask for CAN messages in "extended format"
* |ocal acceptance mask for message buffer 15

Unlike the procedure normally used, the calculation of the "Control" signal
group in the "Groups" tab cannot be assigned to any task of the real-time oper-
ating system (see Fig. 2-4). The calculation of the "Control" signal group of a
CONFIG-CTRL device takes place implicitly in the "Start" and "Config" processes
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2.4.2
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of the RTIO driver. These processes are allocated to tasks of the real-time operat-
ing system in the "Globals" tab of the ES1220-CAN subsystem (see Fig. 2-1
on page 52).

File Edit View Extras

DS HE[BE[ 5w (e«
Items: Giobals 7 Groups | Signals I F Datal

= :::HWC::Hardware
= EERTPC:REpe Mo, |Group Direction  |Task
= BEDomain: :Domain 1 Contral send
I HFES1220-CaN: Es1220can
= HIF CAN-CTRL:: Canctrl
O 8 CAM-IO:Canio
=1 lF Can-CTRL::Canctrlt
= BFFLER-CAN: Flexcan
[0 8 CONFIG-CTRL: : Configetrl
[ -8 MESSAGE::Message

1 |+ 7
::: Hardware Intetface Manager
BE system =l
A subsystem
43 Device

Fig. 2-4 The "Groups" Tab of the CONFIG-CTRL Device
Signals (CONFIG-CTRL Device)

Fig. 2-5 shows the "Signals" tab of the CONFIG-CTRL device.

=lal x|
File Edit Wiew Extras
DSH|FE % el
Ttems: Globals I @ Groups Signals |Z Data I
=] :::HWC::Hardware
= EERTPC::REpC Mo, |Group Signal Data
= BEDomain::Domain Type
£l HFES1220-CAN: Es1 220can 1 |contral  |Baudrate uint 16
1 HlF Can-CTRL: Canctrl 2 |contral GlobalstdgitMask. uink16
[0 8 CAN-IO:Canio 3 Control GlobalExtEitMask. uink3z2
£l HlF CAN-CTRL:: Canctrlt 4 |cortrol  |MsaisBitMask Lint3z
= BF FLEX-CAN: Flexcan
Wl = i-ONFIG-CTRL:Confictr]
[ @ MESSAGE::Message
4] 3| =
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-5 The "Signals" Tab of the CONFIG-CTRL Device

The receive branch of an Intel 82527 CAN controller contains two global filter
masks which can be used to indicate which of the identifier bits entered in the
message buffers have to correspond to those of a received CAN message for it
to be accepted in the relevant message buffer.

These masks thus determine which bits are relevant for message filtering. In this
way, the individual buffers can be limited either to receiving one identifier each
or extended to receive identifier groups. One of the two global filter masks which
is configured with the RTIO signal, GlobalStdBitMask, is responsible for filtering
CAN messages with standard (11-bit) identifiers. The second global filter mask
which is configured with the RTIO signal, GlobalExtBitMask, is responsible for
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filtering CAN messages with extended (29-bit) identifiers. Another local filter
mask is preconnected to message buffer 15 (which can be configured to receive
only but not send CAN messages). This filter mask is configured with the RTIO
signal, Msg15BitMask. The relevant identifier bits are shown by a "1" in the filter
masks; the irrelevant ones with a "0".

When received, a check is made to see whether the message can be accepted in
one of the first 14 message buffers, taking the global filter masks into account.
If this is not the case, the global mask of the message format ("Standard" or
"Extended") is AND-linked bit-by-bit with the local mask of message buffer 15
and a check is then made to see whether this message can be accepted into this
message buffer based on the resulting filter mask. If this is not possible, the mes-
sage is rejected.

If, for example, all message buffers are configured as receive buffers, the filter
mechanism only allows one specific message to be accepted in each of these
buffers, and all other messages are accepted into message buffer 15. For this
purpose, all bits in the two global filter masks have to be defined as relevant (bit
value 1) and all bits in the local filter mask for message buffer 15 as not relevant
(bit value 0).

Tab. 2-1 lists the RTIO signals of the CONFIG-CTRL device.

Note

As described in "Groups (CONFIG-CTRL Device)" on page 54, the "Control" sig-
nal group of the CONFIG-CTRL device is processed implicitly in the "Start" and
"Config" processes of the RTIO driver. This is why the user must ensure that the
RTIO signals of the "Control" signal group are initialized with admissible values
before a "Start" or "Config" process is processed for the first time.
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RTIO Signal Data
Type
BaudRate uint16

GlobalStdBitMask uint16

GlobalExtBitMask  uint32

Msg15BitMask uint32

ES1220.1 CAN Board

Description

Data transfer rate in kBaud
Admissible values: 10, 20, 50, 100, 125, 250,
500, 1000

Global acceptance bit mask for CAN messages in
"standard format".

The lowest or least-significant 11 bits are pro-
cessed.

Admissible values: 0x0000 ... OxO7FF

Bit value O: don't care. A O or 1 is accepted at this
bit position.

Bit value 1: must match. The bit value of a CAN
message received must correspond exactly in this
bit position with the bit value of the identifier of a
message buffer

Global acceptance bit mask for CAN messages in
"extended format".

The lowest or least-significant 29 bits are pro-
cessed.

Admissible values: 0x0000 0000 ... Ox1FFF FFFF
Bit value 0: don't care

Bit value 1: must match

Local acceptance bit mask for message buffer 15.
The lowest or least-significant 29 bits are pro-
cessed.

Admissible values: 0x0000 0000 ... Ox1FFF FFFF
Bit value O: don't care

Bit value 1: must match

Warning:

The local acceptance bit mask for message buffer
15 is AND-linked bit-by-bit with the global accep-
tance bit masks. This means that each bit defined
in the global acceptance bit mask of the CAN
message format as "don't care" is automatically a
"don't care" bit in the acceptance bit mask for
message buffer 15.

Tab. 2-1  The RTIO Signals of the CONFIG-CTRL Device

Note

When data types are specified in this document, they are the data types used

internally by the RTIO driver.
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2.5 MESSAGE Device

2.5.1 Globals (MESSAGE Device)

The MESSAGE device is used to configure a message buffer of the Intel 82527
CAN controller.

In the "Globals" tab of a MESSAGE device (see Fig. 2-6), the MESSAGE device is
assigned to a physical message buffer of the CAN controller in the "CAN Mes-
sage Buffer" field.

=lal x|
File Edit Wiew Extras
DM |EHE R 8 e
Items: Globals |@ Groups I Signals I Z Data I
=] ::: HWC:Hardware
Bl EERTRC:REpC Optian Value
= BEDomain::Domain Mame Message
& - E51220-CAN: s 220can CAM Message Buffer Buffer 0 {sendireceive)
= BF CAM-CTRL:Canctr
[0 8 CAN-IO:Canio
& B CAN-CTRL: iCanctrll
= BF FLEX-CAN: Flexcan
[ 8 CONFIG-CTRL::Configekrl
O * MESSAGE ! i Messane
1| Please set a name for the device, ;I
MOTE: This name must be a valid AKSI-C identifier and it must be unigue
B3 Hardware Interface Manager within the whole item tree!
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-6  The "Globals" Tab of a MESSAGE Device
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252 Groups (MESSAGE Device)

A MESSAGE device has three signal groups (see Fig. 2-7):

Control

The "Control" signal group is transferred from the simulation target to
the ES1220.1. This signal group contains all signals which concern both
the send and receive behavior of a message buffer.

Transmit

The "Transmit" signal group is also transferred from the simulation target
to the ES1220.1. This signal group contains all signals which configure the
send behavior of a message buffer.

Receive

The "Receive" signal group is transferred from the ES1220.1 to the simu-
lation target and contains all signals which describe the data of a received
CAN message.

=10l x|
File Edit Wiew Extras
DSH|FE % el
Items: Globals @ Groups | Signals I g Data I
= :::HWC::Hardware
Bl EERTRC:REpC Mo, |Graup Direction  |Task Signal Type
&=l [EDomain::Domain 1 |Contral send
= HFES1220-CAN: Es1220can 2 |Transmit  Jsend uints * &
= BF CAM-CTRL:Canctr 3 |Receive recive UinkE * &
O & CAN-IO:: Canio
£l HlF CAN-CTRL:: Canctrlt
£l IF FLEX-CAN: Flexcan
[ 8 CONFIG-CTRL::Configekrl
O MESSAGE: :Messagel
al =
::: Hardware Interface Manager
E Syskem LI
I subsystem
A Device &l &l

Fig. 2-7 The "Groups" Tab of a MESSAGE Device
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2.53

Signals (MESSAGE Device)

Fig. 2-8 shows the "Signals" tab of a MESSAGE device.

=lal x|
File Edit Wiew Extras
DSH|FE % el
Ttems: Globals I @ Groups Signals |Z Data I
I_T|_::: HWC: i Hardware
rT‘_t RTPC::REpC Mo, |Group Signal Data -
= BEDomain::Domain Type
= HFES1220-CAN: Es1220can 1 Control FrameType uink16
= IF CAM-CTRL:: Canctrl 2 |Contral Msqld uint3z
[0 8 CAN-IO:Canio 3 Control Direction uintls
& lF CAN-CTRL: Canctrl 4 |mransmit  |sendpatadize uint16
& WF FLEX-CAN: Flexcan 5 Transmit SendDatad uinkd
[0 8@ CONFIG-CTRL::Configetrl 6 Transmit SendDatal Lints
o HESael IMlsserstl 7 Transmit  |SendDataz uints
PR R —— - =
=
4] 3|
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-8 The "Signals" Tab of a MESSAGE Device
FrameType

With the FrameType signal, the format (standard or extended) of the CAN mes-
sages is determined which are sent in send mode by the buffer and received in
receive mode by the message buffer.

Msgld

If the message buffer is configured to send, the identifier of a message to be sent
is defined with the Msgld signal. If the message buffer is configured to receive,
the Msgld signal defines the identifier of the CAN messages which are accepted
in the message buffer. Which messages are accepted into a message buffer in
receive mode also depends on the settings of the global and local acceptance bit
masks (see section 2.4.2 on page 55).

Direction

The Direction signal configures the transfer direction of the relevant CAN mes-
sage buffer. A buffer can either be configured to send or receive.

SendDataSize and SendDatax

If the CAN message buffer is configured to send, the SendDataSize signal speci-
fies the number and the SendDatax (x = 0, 1, ... 7) signals specify the contents of
the data types to be sent. These signals are of no significance in receive mode.

The RecDataNewMes, RecDataSize, RecDataframeType, RecDataMsgld and Rec-
Datax (x =0, 1, ... 7) signals are only relevant for the receive mode of a buffer.

RecDataNewMes

The RecDataNewMes signal specifies whether a new CAN message has been
received since the CAN message buffer was last read.
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RecDataSize

The RecDataSize signal specifies the number of data bytes in the CAN message
received.

RecDataFrameType

The RecDataFrameType signal specifies the message format of the received CAN
message. This information is redundant since it always has to correspond to the
value set of the FrameType signal.

RecDataMsgld

The RecDataMsgld signal specifies the identifier of the CAN message received.
The value of RecDataMsgld does not necessarily have to correspond to the value
set for Msgld. This is only necessary if all bits were set to "must match" in the
acceptance bit masks (see section 2.4.2 on page 55).
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RecDatax
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The RecDatax signals contain the values of the data bytes of the CAN message

received.

Tab. 2-2 lists the features of the RTIO signals of the MESSAGE device.

RTIO Signal
FrameType
Msgld
Direction
SendDataSize
SendData0 ...

SendData7

RecData-
NewMes

RecDataSize

RecDataFrame-
Type

RecDataMsgld

RecDataO ...
RecData7

Data
Type
uint16

uint32

uint16

uint16

uint8

uint16

uint16

uint16

uint32

uint8

Signal
Group

Control
Control
Control
Transmit
Transmit

Transmit

Receive

Receive

Receive

Receive

Description

Message format;
0: standard format (11-bit identifier)
1: extended format (29-bit identifier)

Message identifier

Transfer direction;
0: receive; 1: send

Length of the send message in bytes;
Admissible values: O ... 8

Data bytes

Indicator for the receipt of a new CAN
message;

0: no new CAN message has been
received since the message buffer was
last read

1: new CAN message received

Number of received data bytes;
Value range: 0 ... 8

Format of CAN message received,
0: standard format (11-bit identifier)
1: extended format (29-bit identifier)

Identifier of the CAN message
received

Received data bytes

Tab. 2-2  The Signals of the MESSAGE Device
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2.6.1

ES1220.1 CAN Board

CAN-IO Device

Globals (CAN-IO Device)

The ES1220 CAN-IO device provides the user with a user interface with which
CAN messages and signals can be specified very easily. It is effectively based on
the Flex-CAN integration; but the runtime configurability is done without here to
simplify matters.

=lal x|
File Edit Wiew Extras
DSH|FE % el
Items: Globals |@ Groups I Signals I F pata I
=] ::: HWC:Hardware
Bl EERTRC:REpC Optian Value
= BEDomain::Domain Mame Canio
£l HFES1220-CAN::Es1220can Baud Rate [Keaud] 1000
= BF CAM-CTRL:Canctrl Import CAN OB File Dot ]
O I_ A Anio| - n
Generate Receive Debug Signals no
& B CAN-CTRL: iCanctrll
I—E| B FLEX-CAN: Flexcan
[ 8 CONFIG-CTRL::Configekrl
[ @ MESSAGE::Message
1| | »|| |Please set a name for the device, -]
MOTE: This name must be a valid AKSI-C identifier and it must be unigue
::: Hardware Interface Manager within the whole item tree!
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 2-9 The "Globals" Tab of the CAN-IO Device
Baud Rate [kBaud]

This is where you can select the required baud rate. The standard baud rates are
available (1000, 500, 250, 125, 100, 50, 20,10 kBaud). Unlike the ES1222 CAN
|O item, a <Special Timings setting is not possible here.

Import CAN DB File

This option is used to read a CAN database file which was created with the
CANdb data management program made by the company Vector Informatik.
CAN messages and signals can be generated automatically if necessary using this
file.
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A dialog box opens after you press [Do it...]:

Select CAN-DB File for Import: 2=l

Look im: I 3 LabCarDperator3.0 j

E config
B

Desktop

4

My Documents

=

My Computer

File name: Ic:an_test_‘l ER.dbc j Open I
Files of type: | C&N Database [~dbe) =l Cancel |

The CAN DB file to be imported can be selected in this dialog box.

After clicking the "Open" button, the following dialog box is displayed and can
be used to specify what happens next:

TECAN DB Import =

ired Metwork Mode: Send Messages: Import Use Case:

¥ Replace Modes

[~ Counterpart to Modes

Receive Messages:

Ok Cancel |

Fig. 2-10 CAN DB Import Dialog

A CAN DB file normally describes several nodes of a CAN network. All existing
nodes are listed in the list on the left (Network Nodes). The two lists to the right
of it (Send Messages / Receive Messages) list all CAN messages defined for the
node currently selected. The messages selected are used for import. "Import Use
Case" can also be selected. The "Replace Nodes" option means that the CAN-IO
device assumes the role of the network node; i.e. a send message of the node is
also used as a send message of the CAN-IO device etc..

The "Counterpart to Nodes" option means that the CAN-IO device is the coun-
terpart to the network node; i.e. a send message of the node results in a receive
message etc.
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After you confirm with "OK", the data to be imported (CAN messages and sig-
nals) with the signal groups and signals is checked. The result of this check is then
shown in the dialog box displayed below:

ﬂ Do you want to proceed?

Importing messages for node 'CanAlyzer_or_Inca' would cause the Following resulks:
Check RECEIVE message 'B1'...
Check RECEIVE message 'B2'...
Check RECEIVE message 'B3'...
Check RECEIVE message 'B4'...
Check RECEIVE message 'BS'...

A

[8]4 | Cancel

Fig. 2-11 "CAN DB Check" Dialog Box

So far, the existing CAN-IO device has not been changed. The actual import pro-
cedure does not start until the "OK" button is activated.

-

The import procedure inserts the imported messages in the signal groups and
ensures that relevant signals are defined.

Once import is completed, the detailed protocol of the import procedure is
shown in the "Monitor" dialog box:

=1olx
File Edit Wiew 7
Manitor |Build |

| v

<RTIO Info

Import messages for node 'CanAlyzer_or_Inca’

RECEIVE message 'B1' has been added to 'Groups’ _—
Signal 'B1_52" has been added to 'Signals'
Signal 'B1_51" has been added to 'Signals'

RECEIVE message 'B2' has been added to 'Groups’
Signal 'B2_S&_M3' has been added to 'Signals'
Signal 'B2_S&_M2' has been added to 'Signals'
Signal 'B2_S&_M1' has been added to 'Signals'
Signal 'B2_S&_M0' has been added to 'Signals'
Signal 'B2_57_M3' has been added to 'Signals'
Signal 'B2_57_M2' has been added to 'Signals'
Signal 'B2_57_M1' has been added to 'Signals'
Signal 'B2_57_M0' has been added to 'Signals'
Signal 'B2_56_M3' has been added to 'Signals'
Signal 'B2_56_M2' has been added to 'Signals'
Signal 'B2_56_M1' has been added to 'Signals'
Signal 'B2_S6_M0" has been added to 'Signals' LI

|5|Errors: - Warnings: -

Fig. 2-12 "Monitor" Window with Import Protocol
Attention during import:

When a CAN DB file is imported, only 29 Bit (identifier extended), or 11 Bit (iden-
tifier standard, cf. "ldentifier Type" on page 67), are inserted into the identifier
field automatically.

When you selected the standard identifier in the CAN Controller item, but the
CAN DB file contains signals with 29 Bit identifiers (ID > 23"), two things happen:

e 11 bits (bits [28...18]) are inserted into the identifier field. The remaining
bits (MSB) are rejected.

e Warnings are displayed in the monitor window.

Since only one identifier can be selected, CAN DB files containing both standard
and extended identifiers cause problems.
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2.6.2

Generate Receive Debug Signals

If this option is activated (= yes), two additional signals are generated for every
"receive" signal group.

® <GroupName> Diag dT
® <GroupName> Diag Rec

The ...dT signal specifies the difference in seconds to the previous message
received.

Note

This signal can be used for a normal message receipt (IRQ = no) to monitor the
receipt. If, for example, the CANbus is interrupted, the value increases perma-
nently in the grid of the receive task. This value is not protected against over-
flow (which occurs at approx. 300s) for performance reasons!

In contrast, no real receipt monitoring can be executed when a message is
received with an interrupt (IRQ = yes) as the calculation of the value does not
take place until the interrupt task. As the calculation does not take place if no
message is received, the old value is frozen. This means that it is impossible to tell
when an interrupt is received, whether the receipt takes place in a regular grid or
whether it is interrupted.

The ...Rec signal is described as true every time a message is received. If this
signal is mapped to a send-receive message and then reset to false by the
application every time it is read, the application can easily determine whether a
message has been received between the cycles.

Groups (CAN-IO Device)

The CAN messages are specified in the form of signal groups in this CAN-IO tab.

Note

Unlike the ES1222 CAN-IO device, the number of signal groups is limited to 15
here. The first 14 signal groups can be used for both the "send" and "receive"
direction, the 15th signal group can only be used for a "receive" message. This
CAN-IO device does not support any messages received in interrupt mode.
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=lal x|
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Fig. 2-13 The "Groups" Tab of the CAN-IO Device

Note

After changing the group name, the signal name, or the signal direction, an
ASD message mapped previously may not be mapped automatically any longer
and then has to be mapped again manually.

Direction

This is where you can determine the direction of the CAN message ("send" =
send message, "receive" = receive message).

Task

This is where the task is specified in which the message is to be sent or received.
If a receive message is to be received in interrupt mode, this setting is reset and
locked.

Identitfier Type

This is where you can specify whether the identifier type should be interpreted in
standard or in extended format.

With CAN messages, you can choose between standard frames with 11-bit iden-
tifiers or extended frames with 29-bit identifiers. The length of the identifier field
(standard / extended) can be specified in this line.

When the standard identifier has been selected, only 11 bit values are allowed in
the "Groups" tab of the CAN-IO device (cf. "Identifier dec/hex" below). When
you enter larger values, the most significant bits (MSB) are truncated. A warning
is not given.

When the extended identifier has been selected, only 29 bit values are allowed.
When you enter larger values, the most significant bits (MSB) are truncated. A
warning is not given
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Identifier dec/hex

This is where the message identifier is entered. The value can vary in size here
depending on the setting chosen for the identifier type in the superior CAN con-
troller item (standard or extended):

Standard identifier: 11-bit 2 047 dec 7 FF hex
Extended identifier: 29-bit 536 870 911dec F FF FF FF hex

Each signal group or CAN message has to have a unigue identifier.
Length [Byte]

Specifies how many useful data bytes the relevant message can transfer (1..8).
Activated Task*

For "receive” CAN messages' (signal groups), a software task may be entered
here that is always activated when the relevant signal group has been received,
after the receiving task has been executed. The task entered here can, e.g., be
used for post-processing like cleaning up.

This column is hidden by default.
2.6.3 Signals (CAN-IO Device)

The CAN /O signals are specified in this CAN-IO tab.

=1ol x|
File Edit Wiew Extras
DSH|FE % el
Items: Globals I @ Groups Signals |Z Datal
=] :::HWC::Hardware
= EERTPCiRtpe Mo. [aroup [signal [Formula sinal- 77 rF Il [e |6 |6
= EDomain::Domain Type Flels 42|l |07 6|5
I—E| W Es1220-CAN::Es1220can 1 Groupl |Signall |F{physhi=phys |int
= BF CAM-CTRL:Canctrl
=l - ico :
&l lF CAN-CTRL::Canctrll
I—E| B FLEX-CAN: Flexc
[ 8 CONFIG-CTR ‘I I LI
[ 8 MESSAGE:!:M
| | 0 C
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accept | Reset |

Fig. 2-14 The "Signals" Tab of the CAN-IO Device

Note

New signals can be generated via the context menu in the "Signals" tab (for
more details please refer to "The Tab Shortcut Menu" on page 47).

Group

This is where a signal is allocated to the required signal group.

11t is possible to specify such a task for "send" groups, too, but there is no
recommended usage for such a utilization. (As the sending process is handled
asynchronously, the CAN message may or may not have been sent when that
task is activated.)
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Signal Type

This is where the signal type is determined in which the signal is transferred via
the CAN bus.

The following settings are possible:

Signal Type  Data Type

int Characterizes a signed signal in the default complement to
two data format (max. 32-bit)

(s)int Characterizes a signed signal in which the sign is transferred
as the most significant bit and then the absolute value of the
signal is transferred. If the sign bit is set, this is a negative
number (max. 32-bit)

uint Characterizes an unsigned signal (max. 32-bit)

bool Characterizes a Boolean signal. Only one bit can be marked in
the bit matrix.

real Characterizes a floating-point value in "standard IEEE float (4
byte)" format. Accordingly, only 32 bits can be marked in the
bit matrix.

The following table provides an overview of the IEEE floating-point formats:

Format Sign Exponent Fraction
Float 1 bit 8 bits 24 bits
Double 1 bit 11 bits 52 bits

(not supported)

7654321.. (Bit matrix)

A CAN message can transfer up to 8 data bytes. A bit matrix can specify which
bits each signal requires or occupies (a signal = a row).

The columns are structured as follows:

7 7 0 0 Byte number
7 6 1 0 Bit number

Significance of the bit fields:

Empty field The relevant signal does not use the bit
Occupied field The signal requires this bit at the position

"X" field The relevant bit is not available for data transfer because the
signal has fewer useful data bytes (see "Length" in the
"Groups" tab).

Operating the bit fields:
The required bit cell can be selected using the arrow keys on the keyboard.
Use the space bar to "toggle" between "empty" and "1" (bit assigned).
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Clicking with the mouse also "toggles" the relevant cell between "empty" and
"1". If you press the <Shift> key and click the mouse simultaneously, the value is
incremented from "1" to "9" (important for "block building").

You can select several bits simultaneously as follows:

7 413(3|3|3|3(3(|3|3|2|2|2|2|2|2|2|2|1|1|1|1|2f1{1|2|0|O|0O|O|O|OfO|O
7 7 |0|7(6]|5|4|3|2|1|0(7|6|5|4|3|2|1|0|7|6(5|4|3[2[1|0|7|6(5|4|3|2(1]|0
11
Click to select first bit
L1 [T T T T TP T T TTTTP T gt TTTTIafTTIIT]T]
Click to select second bit
[ [Tl P PP af TPl

Press <shift> key and click
again to select the second bit

L T I T T T TP TT TT T P TrPfJafafafajafafajaf TT T T[]

The block has been filled

Data blocks can be created using different numbers ("1111  2222...") with
which virtually every signal transferred can be described. The numbers used to
form the data blocks have the significance that the block with the highest num-
ber ("2222") specifies the block which contains the most significant bits during
transfer. The block with the smallest number ("1111") contains the least signifi-
cant bits during transfer. With the numbers available (1...9), you can write a sig-
nal with up to 9 bit blocks. As the representation of the bits corresponds exactly
to the form in which an Intel signal is transferred, block building is necessary for
the representation of signals in Motorola format as soon as the signal is longer
than 8 bits.

Examples of the definition of different signals:

7 413(3(3[3]3|3|3(3[2]|2]|2]|2|2|2|2|2|1|1
71 77 |0|7(6(5(4|3|2|1|{0(7|6]|5|4|3|2|1|0|7
1(1)2)2j2f1]1)1)2)2|2f1]1]1]1)2

[e)]
[S2 0 )
NS
w
N
=
o
3
[e)]
(6]
~ O
w
N
=
o o

16-bit signal in Intel format

L1 [TT T T T T T TTTTT T T T T2[2[2[2]2]2]2]2]1]1]1]1][1]1[2]1]
Alternative way to describe same signal

LI [T T TP TTPT Tl T2f2f2f2f T T [T [][a[afafafafafifa]
12-bit signal (Intel format) with gap

LI [TTTTTTTTPTTT T TT [afafafafafafafafa]2]2][2]2][2]2]2]
16-bit signal in Motorola format
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3.1.1

ES1302.1 A/D Board

ES1302.1 A/D Board

The ES1302.1 A/D Board is used for analog data acquisition in VMEbus systems.
The board is designed for medium resolutions and data rates. It includes the fol-
lowing functions:

e A/D converters with 12-bit resolution and a maximum overall sampling
rate of 300 kHz

* 16 single-ended or 8 differential analog input channels

e four input voltage ranges and four gain factors which can be set by soft-
ware

e FIFO memory for measured values and channel numbers

The ES1302.1 can be used anywhere in VMEbus systems where analog input
signals with medium resolution are to be acquired.

Examples of areas of implementation are:

e acquisition of analog transducer signals, for example engine temperature,
oil temperature, accelerator setting

* valve flow measuring with a primary /U converter

ES1302-AD Device

Globals (ES1302-AD Device)

This section describes the global options of the ES1302-AD device.

=lal x|
File Edit Wiew Extras
DSH|FE % el
Items: Globals |@ Groups I Signals I F pata I
=] ::: HWC:Hardware
= EERTPC:Ripc Optian Value
= BEDomain: :Domain Mame Esi30zad
O * 51302-A0:Es1302ad Tnit Task it
Exit Task Exit
Config Task, Config
1D | ¥ME base address 101 J E0O400h
Measure type differential
::: 4 F Please set a name for the device, ;I
Hardware Interface Manager MOTE: This name must be a valid AKSI-C identifier and it must be unigue within the
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 3-1 The "Globals" Tab of the ES1302-AD Device
Init Task

The task for initializing the ES1302.1 is assigned in this line (Type: Init / Applica-
tion Mode: active).

Exit Task

The task to be executed with the ES1302.1 when the experiment stops is
assigned in this line (Type: Init / Application Mode: inactive).
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3.1.2

Config Task

This task can be used to reconfigure the ES1302.1 during experimentation.
Please create a software task (which must not be called) in the OS editor when
you do not want to reconfigure the ES1302.1.

ID / VME base address

The VMEbus base address of the ES1302.1 is specified in the "ID / VME base
address" field. There are 5 different base addresses to choose from (ID1/
E00400h, ID2/E00500h, ID3/E00600h, ID4/FE0100h and ID5/
FE0200h).

Measure type

The type of measuring is specified in the "Measure type" field. There are three
options:

* single-ended: 16 single-ended analog input channels are measured.
e (differential: 8 differential analog input channels are measured.

e reference: the 4 internal reference voltage channels are measured.

Note

To ensure that the input voltages are measured correctly, all unused inputs
have to be at a defined potential.

Groups (ES1302-AD Device)

This section describes the signal-group-specific options of the ES1302-AD device.

=lal x|
File Edit Wiew Extras
DM |EHE R 8 e
Ttems: Globals @ Groups | Signals I F pata I
=] :::HWC::Hardware
= EERTPC::REpC Mo, |Group Direction  [Task Yoltage Range  [Yoltage Gain  |Average
= BEDomain::Domain Samples
[0 8 ES1302-AD::Es130Zad 1 Inputs receive TaskDVEModel (-10Y...10% 1 1
| | ©
::: Hardware Interface Manager =1
E System I =1
I subsystem
-8 Device Heast |
4

Fig. 3-2 The "Groups" Tab of the ES1302-AD Device
Voltage Range

The input voltage range of the measure channels is specified in the "Voltage
Range" field. There are four ranges to choose from(0V...5.0V,-5.0V...5.0V,
0V..10.0Vand-10.0V...10.0V).

Voltage Gain

The "Voltage Gain" field determines an input voltage gain for the measure chan-
nels. There are four gain factors to choose from (1, 2, 4, 8). Please note that this
does not change the input voltage range, i.e. the voltage gain must be within the
voltage range set!
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Average Samples

The "Average Samples" field determines how many sample values are used to
calculate an average analog voltage value. Averages can ensure interference or
noise suppression - please note, however, that approx. 3 ps are required per
measure channel and per sampling.

Signals (ES1302-AD Device)

This section describes the signal-specific options of the ES1302-AD device.

=lalx|
File Edit Wiew Extras
DM B w8 e
Items: Globals I &5 Groups Signals |Z Data I
=] :::HWC::Hardware
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Fig. 3-3  The "Signals" Tab of the ES1302-AD Device

The number of signals depends on the measure type set in the "Measure type"
field in the "Globals" tab:

® single-ended: 16 inputs
o differential: 8 inputs
e reference: 4 inputs
The Inputx signals are either of data type "float" or "real32". The signals specify
the measured voltage at the relevant measure channel in volts.
Note

When data types are specified in this document, they are the data types used
internally by the RTIO driver.
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ES1321.1 PWM 1/O Board

The ES1321.1 PWM 1/O Board is used to issue and acquire pulse-width modu-
lated signals. A typical example of how the ES1321.1 is used is, e.g., in LABCAR
projects where it is used to simulate vehicle sensors and address actuators.

The ES1321.1 PWM /O Board is integrated in the RTIO-Editor by selecting the
ES1321 subsystem.

File Edit Wiew Extras

D EFE RS e n
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[0 8 ES1321-In-SEMT-Y¥3::Es132linsenty3
£l HFEs1321-00t:Es1 321 0ut
[ @ ES1321-0Out-Dig-Pwm::Es132 1outdigpwm
[0 @ ES1321-Out-Multi-Pulse: :Es132 1 outmultipulse
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Fig. 4-1  RTIO Hardware Description with ES1321.1 PWM I/O Board

The ES1321.1 PWM I/O Board has 24 input channels for acquiring pulse-width
modulated signals. These input channels are configured with the ES1321-In-HW
subsystem. In addition to this subsystem, up to four ES1321-In subsystems can
be assigned to the ES1321-RTIO element.

An ES1321-Out subsystem can consist of one ES1321-Dig-Pwm, up to two
ES1321-Multi-Pulse devices and up to four ES1321-Out-SENT devices.

Measure Functions of the ES1321.1 PWM I/O Board

The inputs of the ES1321.1 have the following measure functions:
e Frequency
e Cycle Time
e Hightime / Lowtime
e Additive Hightime / Additive Lowtime
e Number of Low/High Pulses
e Number of Low/High Edges
e Duty cycle for high and low active signal
e Position tracing for stepper motors
e SENT-Receive
The outputs of the ES1321.1 have the following functions:
e Digital Output
e PWM signal generation
e  Multi-Pulse
e SENT-Transmit
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4.1

4.1.1

ES1321 Subsystem

Globals (ES1321 Subsystem)

This section describes the global options of the ES1321 subsystem.
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Fig. 4-2 The "Globals" Tab of the ES1321 Subsystem
ES1321 Board ID

This option field is used to identify the ES1321.1 PWM I/O Board. It establishes
the assignment between the RTIO hardware description and the ES1321.1 in the
VMEbus chassis for which this description is valid.

The numbering of the ES1321.1 in the chassis takes place from left to right (left
= VMEbus slot no. 1) with ascending slot numbering, starting with 1. The num-
ber of the ES1321.1 determined must be set in the "ES1321 Board ID" list field.

In the RTIO-Editor, up to twenty ES1321.1 PWM /O Boards can be integrated per
chassis.

This RTIO parameter cannot be edited during runtime of the model on the exper-
imental target.
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4.2.1

ES1321-In Subsystem

ES1321.1 PWM I/O Board

Globals (ES1321-In Subsystem)

The ES1321-In subsystem is used to configure the measure inputs of the

ES1321.1 PWM I/O Board.

Fig. 4-3 shows the "Globals" tab of the ES1321-In Subsystem.
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Fig. 4-3 The "Globals" Tab of the ES1321-In Subsystem
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4.3

4.3.1

ES1321-In-HW Device)

ETAS

Globals (ES1321-In-HW Device)

The ES1321-In-HW device is used to configure the channel LED and set the
threshold levels of the input comparators.

The following figure shows the RTIO parameters of the "Globals" tab.
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Fig. 4-4 The "Globals" Tab of the ES1321-In-HW Device

LED Driving Source

The channel LED of the ES1321.1 is addressed depending on this signal. If "Input
Channel #xx" is selected, the LED is addressed by the signal level of channel

XX

The list field can be edited online (i.e. during runtime of the model on the exper-
imental target).

In Ch #xx Threshold Levels ...

The following options are available for the threshold levels of the input compar-
ator:

e 1/3: UBatt A/ 2/3: UBatt A

With this option, the threshold levels for evaluating the input level are
selected at 1/3 or 2/3 of the reference UBatt_A.

e 1/3: UBatt B/ 2/3: UBatt B

With this option, the threshold levels for evaluating the input level are
selected at 1/3 or 2/3 of the reference UBatt_B.

e userdefined

Here, the user specifies 1/3 of the reference voltage — this value represents
the lower threshold level. The upper threshold level is 2/3 of the reference
voltage.
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432 Groups (ES1321-In-HW Device)

The ES1321-In-HW device has a "LedDrv" signal group for setting the LED.
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Fig. 4-5 The "Groups" Tab of the ES1321-In-HW Device
4.4 ES1321-In-Meas Device

4.41 Globals (ES1321-In-Meas Device)

The ES1321-In-Meas device is used to configure the measure functions on the 24
input channels.

No settings need to be made in the "Globals" tab.
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Fig. 4-6 The "Globals" Tab of the ES1321-In-Meas Device
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4.4.2

Signals (ES1321-In-Meas Device)

The 24 measurements of an ES1321-In-Meas device are defined in the "Signals"
tab. All option fields can be edited online (i.e. during runtime of the model on
the experimental target).

The following figure shows the signals of the "Signals" tab.

_RTPC_RTPChwe - LABCAR - RTC
File Cdb Vew Extras
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ol =]

Loy S o | 55 Grougn (] Sgnals |x |
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=5 EEDoma:Domar Froceus Chanel  [Mordonng | Temowt [inteeval
i AResiaFaan .w" ]
= Eesr-neesien | L Fiphirslomphivs [0 Measurement 0 FE— -

B ESIFL-InHWE

£l
=0 @ esnzzrmesent| |1
o csrtreas | S

= WrEsisl-outEstaze | o
g

(]

g

1

B F51321-Out-DipF
B ES1ERL-Cut-Mukl

8 C51RL-0ut-5ENT o mpitrys VL e _- Aactive | [ —— P

I - o 200 w— | o 4 Confiou, =

i = .rl

[Fresme st name lox e sgnal. =]
| | NOTE: This name must be a vabd ANST-C idertFler and must be unigue within this columnt
B & Herdvwars Intsf ace Manager
IF System =
I subsystem
@ Device Spcent I —IM

Fig. 4-7 The "Signals" Tab of the ES1321-In-Meas Device

Measurement Procedure

The measurement procedure is set in this list field. Refer to the section "The
Measurement Procedures" on page 82 for a detailed description and configura-
tion guidelines on the individual procedures.

Measuring takes place on the rising edge of the input signal.
Input Channel

This is where the input channel of the ES1321.1 to be used for measuring is set.

Timeout Monitoring

Definition of timeout monitoring for the relevant measurement. The following
settings are possible:

e "Inactive": no timeout monitoring.

e "Intvl Predef": timeout monitoring in the intervals defined in the "Time-
out Interval [ms]" option field. The timeout measure value is the value set
in the "Default Timeout Value" option field.

e "Intvl InpDep": timeout monitoring in the intervals defined in the "Time-
out Interval [ms]" option field. The timeout measure value depends on the
level of the input signal.

Default Timeout Value

The value set in this numeric input field is issued as the timeout measure value if
"Intvl Predef" timeout monitoring mode has been set.

The timeout condition is fulfilled if one of the four evaluated timestamps is out-
side the timeout value set.
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Measure Methods and Timeout Handling

If the "Intvl InpDep" option was selected in "Timeout Monitoring”, the follow-
ing values are issued — depending on the measurement procedure set.
Measure Method Value (Input Level Dependent)

No Measurement -

High Time [ps]

Low Time [us]

Additive High Time [ps]
Additive Low Time [ps]
Number of Low Pulses
Number of High Pulses
Number of Rising Edges

O O O O O O O O

Number of Falling Edges
Cycle Time --/-- [us] Time passed since last valid timestamp
Frequency --/-- [Hz] Reciprocal of time passed since last timestamp

Duty Cycle L/(L+H) input level is low

input level is high

Duty Cycle H/A(L+H) input level is high

input level is low

Level (Active Low)

1:
0:
1:
0:
Level (Active High) 0
0
Stepper A 0

0

Stepper B
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4.5 The Measurement Procedures

Definitions

Active signal edge:

The active signal edge is the rising edge in measurements which are
executed at rising edges or the falling edge in measurements which are
executed at falling edges.

Active signal:

A signal is referred to as being active if its level is low during lowtime
measurements or high during hightime measurements.

Closing edge:

The rising edge is the closing edge of a low pulse. The falling edge is the
closing edge of a high pulse.

Low Pulse High Pulse

Y

Closing Closing
Edge Edge

Inactive signal:

A signal is referred to as being inactive if its level is high during lowtime
measurements or low during hightime measurements.

Opening edge:

The falling edge is the opening edge of a low pulse. The rising edge is the
opening edge of a high pulse.

Low Pulse High Pulse
A
\
Opening Opening
Edge Edge

The Basic Principle of Measure Value Calculation

The measuring and evaluation of measure data on the ES1321.1 PWM I/O Board
basically takes place on the board.

The data is evaluated by the board’s internal processor and transferred to the
ES1130 and real-time PC using a dual-ported RAM via the VMEbus. In every
measure method, a 32-bit value is transferred which may be further processed by
the RTIO driver.

The measurements have a resolution of 20 ns.
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451 Pulse-Width Measurements

The measurement procedures

e High Time [us]

e Low Time [ps]
measure the high and low times of the pulses of a PWM input. The pulse width
of the pulse immediately preceding the last time of data acquisition is measured.

Fig. 4-8 shows an example of a high-time measurement; the measured pulse is
shown in bold print.
Remote

Processor
Read Access

Input Signal | |

Data Set
Sampling
Points
Remote
Processor

Read Access

Input Signal | |

Data Set
Sampling
Points

Fig. 4-8 High-Time Measurement (the Measured Pulse is shown in Bold Print)

A timeout occurs when at least one of the four edges is older than the current
timestamp minus the timeout time.

Timeout handling is the same for all measurement procedures.
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Additive Pulse-Width Measurements

If the read process for the "MeasVal" signal group is activated again (periodically
in special cases), the measurement procedures

e Additive High Time [us]
e Additive Low Time [ps]

return the time in which the signal to be measured has assumed an active level
between two consecutive activations of the read process.

Fig. 4-9 shows the measure value calculation using the example of an additive
high-time measurement. The total of the line segments marked in bold print is
the additive high time which is returned on the (n+1)th activation of the read
process.

Remote Processor Remote Processor
Read Access Read Access

n n+l

Data Set

Sampling Points

Fig. 4-9 Additive High-Time Measurement: lllustration of Measure Value Cal-
culation

A timeout occurs when at least one of the four edges is older than the current
timestamp minus the timeout time.

Pulse and Edge Count

If the read process for the "MeasVal" signal group is activated again (periodically
in special cases), the measurement procedures

* Number of Low Pulses
e Number of High Pulses
e Number of Rising Edges
e Number of Falling Edges

return the number of active pulse or signal edges between two consecutive acti-
vations of the read process. Fig. 4-10 shows the method of pulse counting in
detail using the example of a high-pulse count.
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All pulses whose closing edge is in the period between the activations of the read
process are counted. If you want to specify this precisely, the period of time is
defined by the times of data acquisition immediately preceding the activations.
As far as the edge count is concerned, the evaluation period is exactly the same
(Fig. 4-11 on page 86).

Remote Processor Remote Processor
Read Access Read Access
n n+l

Data Set
Sampling Points

Remote Processor Remote Processor
Read Access Read Access
n n+1

e\

Data Set
Sampling Points

Fig. 4-10 High-Pulse Count: The Number of Pulses Marked in Bold Print is
Returned as a Measure Value on the (n+1)th Time of Reading
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Remote
Remote Processor
Processor Read
Read Access
Access
n+l

n
oo | | | . o

i ' 1 i o
P | i | i P
| H i } H i

1] 1 1 1 1
1 i } 1 1 1
Y Y Yy | ' by ! |

—_ i i : ) H : i L
H | 1 1 | |
Data Set
Sampling Points
Remote Processor Remote Processor

Read Access Read Access

n n+l

i i
o : : : : oo
1 H 1 ] 1 ] 1 H
i i | ) H H i
i | i i i HE
1 | | ! 1 H ]
] H 1 ] ) ] 1 H
i \B \ \ | | i \ ; L
o | i i i i

Data Set
Sampling Points

Fig. 4-11 Counting Falling Edges: The Number of Marked Falling Edges is
returned as a Measure Value on the (n+1)th Time of Reading

Frequency and Cycle Time Measuring

The measurement procedures
e Cycle Time
e Frequency [Hz]

return the cycle time or the frequency of the signal at a PWM input measured on
rising or falling edges. The active signal edge immediately preceding the last’
time of data acquisition and its corresponding period are evaluated.

! The time of data acquisition immediately preceding the RTIO driver’s read
access of the data set
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Fig. 4-12 shows the evaluated period using the example of a frequency or cycle
measurement on rising edges.

Remote Processor
Read Access

: : . oo
; , : P
| p o A | P
: : ; = : : i
| I a L

Data Set

Sampling

Points Remote Processor
Read Access
i

! H ] : \
| A r | N
! H r ] . :
| i i , ; | : |
| I H : | I I '

Data Set

Sampling Points

Fig. 4-12 Evaluated Period (in Bold) in a Frequency or Cycle Measurement on
Rising Edges

Duty Cycle Measurements

The following duty cycle measurements are available with the ES1321.1 PWM I/
O Board:

e Duty Cycle L/(L+H)
e Duty Cycle H/(L+H)
In these measurements, a pulse duration is set in relation to the signal cycle time.

The user specifies the edge on which the measure value is calculated when
selecting the measurement procedure.

As far as the selection of the period of the input signal is concerned, on the basis
of which the duty cycle calculation is executed, exactly the same as was
described for frequency and cycle time measurements in section 4.5.4
on page 86 applies.
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4.5.6

457

Note

In order to detect a duty cycle of 0 or 1 the measurement must be combined
with timeout monitoring "Intvl InpDep":

* For PWM signals having a constant frequency and a variable
duty cycle, "Timeout Interval [ms]" must be set to a time
greater than or equal to the cycle time of the PWM input
signal.

* For PWM signals having a variable frequency, "Timeout
Interval [ms]" must be set to a time greater than or equal to
the maximum cycle time of the PWM input signal.

At the end of the timeout interval the measurement is set to O or 1 according
to the measurement method used and the input level.

If the frequency of the PWM input signal is measured simultaneously,
the timeout measurement methods "Intvl Predef" and "Intvl InpDep" can be
used in order to set the measurement to the desired value:
e Timeout monitoring "Intvl Predef" returns a predefined
frequency.

e Timeout monitoring "Intvl InpDep" returns the reciprocal
value of the time having passed since the last valid time
Stamp.

Level Measurements

The measurement procedures
e Level (Active High)
e Level (Active Low)

return the level of a PWM input in the form of active/inactive information. "0"
means the signal is inactive; "1" means the signal is active.

Position Tracing on Two-Phase Stepper Motors

Functional Description

The ES1321.1 firmware makes position tracing possible and thus basically the
measurement of rotor position and speed of two-phase stepper motors. Two
hardware channels and one software or measurement channel are necessary for
this purpose.

As measurement procedures, select "Stepper A" or "Stepper B" — the hardware
channels are assigned as follows:

software channel 0 — phase A — hardware channel 0
phase B — hardware channel 1
software channel 1 — phase A — hardware channel 2
phase B — hardware channel 3
software channel 2 — phase A — hardware channel 4
phase B — hardware channel 5
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Note

Two adjacent channels always have to be made into a pair ( (channel 0 and
channel 1), (channel 2 and channel 3) etc.).

In the first pair, channel O corresponds to "Phase A" and channel 1 to
"Phase B". The assignment of the other channels follows the same pattern.

In the "Reference Channel" field of one measurement channel, there must be a
reference to the number of the other measurement channel involved in the mea-
surement.

©0)00, ® ® (Step- M. Phase A

+ + + + + -

+ + + + - - - - -
06]66]000]00]0. @ (Step. Mot Phase B)

Fig. 4-13 How Position Tracing on Two-Phase Stepper Motors Works

Note

Position tracing takes place modulo 22°. Incrementing at a position level of
(27-1) generates a position counter value of 0. Decrementing with a position
level of 0 generates a position counter value which in terms of the amount is
(229-1).
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4.6 ES1321-In-SENT Device

4.6.1 Globals (ES1321-In-SENT Device)

This RTIO element makes it possible to receive signals in accordance with the
SENT data protocol. Two ES1321-In-SENT devices can be added, i.e. in terms of
the hardware, there can be two receiving units working parallel to one another.

Synchronization/ Satus Sgnal 1 Sgnal 1 Sgnal 1 Sgnal 2 Sgnal 2 Sgnal 2 CRC
Calibration Data 1 Data 2 Data 3 Data 1 Data 2 Data 3 Checksum
(56 Clock Ticks) (4 Bit) (4 Bit) (4 Bit) (4 Bit) (4 Bt) (4 Bt) (4 Bit) (4 Bit)
Sgnal 1 (12 Bt) dgnal 2 (12 Bit)

Fig. 4-14 Format of a Signal in acc. with the SENT Data Protocol

Serial Messages Format

Bit 2 and bit 3 of the status nibble are used for the Serial Message Channel

(SMQ).
Configuration bit 8-bit message 1D
ID; | 1D, | IDs | 1D, | IDs EDZ| D, ‘ IDs
MSE) (sa)
, # ~
\\ \\‘ j" /, ';" ’,‘I
Serial Communication
Nibble Receive No. 1|2(3|4|5|6|7|8]|9]|10[11]12]|13[14[15]|16|17[18
Senal Data (bit # 3) 0 | 8-bit ID({7-4) 8-bit 1D (3-0)
Serial Data (bit#2) | 6bitCRC 12-bit data field
';»”" f" \\\\ "ﬁ""--..._____‘*
|m[m|m|m|cw-|m Dy Dm‘ Ds | De | D ‘ De l D:.l D; | Ds | D ‘ D | Do
(M3B) LsB) MSB) (LSB)
6-bit CRC 12-bit data

For 16 or 18 frames, the data in bit 2 and bit 3 of the status nibble is collected
and stored in the memory of the ES1321.1.

The evaluation of the data is done in LABCAR-RTPC using a special C code mod-
ule. This module is available as open source code and can be found on the LAB-
CAR-OPERATOR installation medium in the \MISc folder.
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The following figure shows the "Globals" tab of the ES1321-In-SENT device.

-.RTPC_RTPC.hwc - LABCAR-RTC - ol x|

File Edit Wiew Extras

S| BE [T
Items: Glabals |@ Groupsl Signals I T Datal

=] ::: HWC:Hardware

= EERTPC:Ripc Optian Value
= BEES113xiEs113x Mame Es132linsenty3
= HFES1651-CB:Es1651ch Tpitt Chanel 01
[ -8 PBIESIADCL::Phi6S1adcl Input Logic Level Mon Inverted Logic {High Active)
= fhestaatisiazt Clock Tick Period [psec] 3.00
2 BFEs1321-In::Es1321in -
Frame Length Type ‘ariable Frame Length
[ 8 ES1321-In-Hw::Es1321inkhy -
X Checksum Calculation Method Legacy CRC
[0 8 ES1321-In-Meas:Es1321in

[0 8 ES1321-In-ASM:Es13Zling

[ 8 ES1321-Out-Dig-Pwm::Esl]
[0 8 ES1321-Out-Multi-Pulse::Es
[ 8 ES1321-0ut-SENT-Y31Es1]

| | »
_I Please set a name for the device, ;I
::: Hardware Interface Manager MNOTE: This name must be a valid ANSI-C identifier and it must be unigue
within the whole item tree! LI
E System

I subsystem

B Device Accepk | Reset |

Fig. 4-15 The "Globals" Tab of the ES1321-In-SENT Device
Input Channel

Any input channel can be used — the level and threshold settings of this channel
in the ES1321-In-HW device will be used. Please ensure that they correspond to
the level specification of the SENT transmitter (typically: inactive = GND,
active = 5 Volt).

Input Logic Level

This setting determines whether the level of the SENT signal is output inverted or
non-inverted.

e Non inverted Logic (High Active)
Fig. 4-16 shows a signal with non-inverted logic.

Fig. 4-16 Non-Inverted Logic
e |Inverted Logic (Low Active)
Fig. 4-17 shows a signal with inverted logic.

Jawava

Fig. 4-17 Inverted Logic
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Clock Tick Period [usec]

Length (in ps) of a clock tick — the length of the "calibration/synchronization
pulse" and of the "nibble pulses" are derived from this value.

Frame Length Type

The transmission mode of the SENT frames.

Variable Frame Length

A SENT frame is expected to follow the preceding frame immediately —
there is no "pause” pulse.

Constant Frame Length

A "pause" pulse is expected in between two SENT frames. The length of
the "pause” pulse is such that the whole frame (including "pause") is of
constant length.

Checksum Calculation Method

The calculation method for the 4-bit checksum in the ES1321.1.

None

Checksum calculation is disabled.

Recommended CRC

Checksum calculation according to SENT specification Jan 2010.

If the calculated checksum differs from the transmitted checksum,
"CheckSumErrorCounter" is incremented and the value is discarded.

Legacy CRC

Checksum calculation according to SENT specification April 2007 and Feb
2008.

If the calculated checksum differs from the transmitted checksum,
"CheckSumeErrorCounter" is incremented and the value is discarded.
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46.2 Signals (ES1321-In-SENT Device)

The following figure shows the "Signals" tab of the ES1321-In-SENT device.

=1ol x|
File Edit Wiew Extras
DM |EHE R 8 e
i Glabals I &5 Groups Signals |Z Data I
= :::HWC::Hardware
B EERTPC::Rtpe Mo, |Signal Formula
= B pomain::Domain 1 UpdateCounter F{phys):=phys
= HFES1651-CB:Es1651ch 2 Inbbleo PR ——
Ee| i -
-E: PEL6S1ADCL:Ph1eS1ad:1 3 lubbe 1 [T —
ES13210:Es1321
T = -I:E5132j Int:EsLa21i |l 2 Flphys):=phys
-Ini:Est321in
. 5 Mibble_3 F{phys):=phys
[0 -8 ES1321-In-HwEs1321inkh G b 4 FT—
si=phys
O 8 Esta2tInteas: Est32tin | - s thy th
O 48 ES1321-In-ASM:Es1321ine pibble_5 (phys):=phys
O g Mibble_& F{phys):=phys
= BFES1321-0ut:Es132 1 out 9 |Checksum Fiphys)i=phiys
[ 4@ ES1321-0ut-Dig-Pwm:Est: | |10 |CheckSumErrorCounter F(phys):=phys
[ -8 ES1321-0ut-Multi-Pulse::Es | |11 [SMC_UpdateCounter |f(physhi=phys
[ 48 E51321-0ub-SENT-vanEsts | |12 |SMC_Data_Bit2 Fiphys)=phys
13 [SMC_Data_Eit3 F{phys):=phys
14 [SMC_Bit_Length F{phys):=phys
15 [SMC_Eit3_Pattern F{phys):=phys
16 [SMC_Bit3_Mask F{phys):=phys
=
l | i
::: Hardware Interface Manager
EE system LI
I subsystem
-8 [evice Accept | Reset |

Fig. 4-18 The "Signals" Tab of the ES1321-In-SENT Device
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46.3 Data (ES1321-In-SENT Device)
The following figure shows the "Data" tab of the ES1321-In-SENT device.
=lal x|
File Edit Wiew Extras
DSH|FE % el
Trems: Globals I &5 Groups I Signals & Data |
=] ::: HWC:Hardware
= EERTPC::REpC Mo, |Signal Data Explanation
& BE Domain::Domain 1 UpdateCounter Update Counter [§ EBit, 0...255), incre
& HFEs1651-CB:EsleS1ch 2 |uibble_o Status and Communication [4 Bit, ...
a H - - -
_E: PRISLADCL:Ph1GS1adel || f ™y Signal 1/ Data 1 [4 B, 0...15]
ES13210:Es1321
= s 4 |Mibble_z Signal 1 | Data 2 [4 Bit, 0..,15]
= BEES1321-In:Es1321in - - -
5 Mibble_3 Signal 1 [ Data 3[4 Eit, 0...15]
[ 8 ES1321-In-Hw::Es1321 5 Hibbl 4 ciomal 2 Data L[4 B D15
O 48 E51321-In-Meas: Es1 32 s ignal 2/ Data 1 [4Bit, 0...15]
7 |Mibble_s Signal 2 | Data 2 [4 Bit, 0..,15]
5 |Mibble_s Signal 2 | Data 3 [4 Bit, 0..,15]
= IEES1321-0utEs132 100t 9 CheckSum Received Checksum, [4 Bit, 0...15 ]
[ 48 ES1321-Cut-Dig-Pwm: E 10 [ChecksumErrorCounter Checksum Error Counter, [3 Bit, 0...2
[ -8 ESiazi-Out-Mulbi-Pulse | |11 |SMC_UpdateCounter Slow Message Update Counter [3 Bit,
[ 48 E51321-0ut-SENT-V31E 12 [SMC_Data_Eit2 Slow Message Data Bits 2 [bit 0., bit 3
13 [SMC_Data_Eits - Slow Message Data Bits 3 [bit 0., bit 3
14 [SMC_Eit_Length 0.000 Bit length of Slow Message Channel {2
15 SMC_Bik3_Pattern 0,000 SMC Data Bits 3 Patkern for Stark Rec
16 [SMC_Bit3_Mask 0.000 SMC Data Bits 3 Mask For Start Recog
4 | 2l
| | i =
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accept | Reset |

Fig. 4-19 The "Data" Tab of the ES1321-In-SENT Device

The ES1321-In-SENT device implements a receive signal group "Sentin". This
supplies the non-interpreted data of the last SENT data word received completely
and status information. The interpretation of the data depends on the sender’s
protocol type.

UpdateCounter

Counter which increases when new data are available — the value range is
0...255.

Nibble_0 ... Nibble_6

Values of the 7 nibbles (1 status nibble and 2x3 data nibbles) of the last SENT
data word received - the value range is 0...15.

CheckSum

Checksum transmitted by the SENT frame.

CheckSumErrorCounter

Counter which increases when a SENT message was completely received in the
ES1321.1 but the checksum was wrong.
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SMC_UpdateCounter

8-bit counter which increases when the ES1321.1 has received a complete SMC
message and is ready for evaluation at the signals "SMC_Data_Bit2" and
"SMC_Data_Bit3".

SMC_Data_Bit2

Data word containing the bit-2 data stream received (see SAE J2716 version Jan
2010, Ch.5.2.4). The higher bit positions contain data which was received later.

SMC_Data_Bit3

Data word containing the bit-3 data stream received (see SAE J2716 version Jan
2010, Ch.5.2.4). The higher bit positions contain data which was received later.

SMC_Bit_Length

Input signal controlling the SMC receiving unit of the ES1321.1.

"0" disables the reception, a value > 0 (... 31) enables it and defines the number
of bits for a SMC cycle. According to the SENT specification, valid values are "16
" (short serial message) or "18 "(enhanced serial message).

SMC_Bit3_Pattern

Input signal controlling the SMC receiving unit of the ES1321.1.
It defines a bit pattern for bit 3 checking the validity of the SMC message.
A message is recognised as valid, when

(SMC_Data Bit3 bitwiseXor SMC Bit3 Pattern)
bitwiseAnd SMC Bit3 Mask == 0

l.e., "SMC_Bit3_Pattern" defines the value of the relevant bits.
SMC_Bit3_Mask

Input signal controlling the SMC receiving unit of the ES1321.1.
It defines a bit mask for bit 3 checking the validity of the SMC message.
A message is recognised as valid, when

SMC Data Bit3 bitwiseXor SMC Bit3 Pattern)
bitwiseAnd SMC Bit3 Mask == 0

le., "SMC_Bit3_Mask" marks the relevant bit positions witha "1".

The ES1321.1 and the RTIO only provides generic functionality for the reception
of SMC messages. Control, decoding of the data and verification of checksums
have to take place outside the RTIO.

A C code module template "SentinSMC_Control" with basic functionality is pro-
vided. For that purpose all SMC_* signals of the RTIO are connected to the cor-
responding ports of the C code module.

However, for a specific application the C code module must be adapted by
e defining "SMC format mode" according to the SENT spezification
e converting the data values of the required Msg-IDs into physical values
* providing these values at the output ports
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4.7

4.7.1

According to SAE J2716 Jan 2010 the following values are defined:
* 16 bit short serial message (E_SMC_16Bit)
— SMC_Bit3_Pattern = 0x8000;
— SMC_Bit3_Mask = OxFFFF;
— SMC_Bit_Length = 16;

* 18 bit enhanced serial message (12 bit data, 8 bit Msg ID,
E_SMC_18BitC0):

— SMC_Bit3_Pattern = 0x3F000;
— SMC_Bit3_Mask = 0x3F421;
— SMC_Bit_Length = 18;

e 18 bit enhanced serial message (16 bit data, 4 bit Msg ID,
E_SMC_18BitC1):

— SMC_Bit3_Pattern = 0x3F400;
— SMC_Bit3_Mask = 0x3F421;
— SMC_Bit_Length = 18;

ES1321-In-ASM Device

Globals (ES1321-In-ASM Device)

This RTIO element makes it possible to execute certain angle-synchronous mea-
sure functions with the ES1321.1 (see "Measurement Procedure” on page 97).
Basically, the angle of a specific edge which appears within an angle window is
determined.

Any input channel can be used as an input. This has to be configured accordingly
in the ES1321-In-HW device.

For each ES1321-In-ASM device, four measure channels of the same measure-
ment procedure, but with different angle windows, are available. Two ES1321-
In-ASM devices can be added, i.e. resources are available for a total of eight
measure channels.
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The following figure shows the "Globals" tab of the ES1321-In-ASM device.
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=] :::HWC::Hardware
Bl EERTRC:REpC Optian Value
= BEDomain: :Domain Mame Esi3Zlinasm
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= R Es1321-In:iEst32tin Measurement Procedure Mo Measurement

[ 8 ES1321-In-Hw:Esl

[0 8 ES1321-In-Meas::E:

[ 8 ES1321-In-SEMT-V3

O * 51321-In-ASM::E5|

£l HFEs1321-00t:Es13210ul

[ 8 ES1321-0Ouk-Dig-Pw

[0 48 ES1321-Out-Mulki-P

[ 8 ES1321-0uk-SENT-A
4 | | _>| Please set a name for the device, ;I

MOTE: This name must be a valid ANSI-C identifier and it must be unique within

B3 Hardware Interface Manager the whale item tree!
E System LI
A subsystem
8 Device Accept | Reset |

Fig. 4-20 The "Globals" Tab of the ES1321-In-ASM Device
The following parameters can be set in this tab:
Input Channel

The input channel to be used is selected here — the level and threshold value
settings of the ES1321-In-HW device are used. All four software measure chan-
nels of this ES1321-In-ASM device refer to this hardware channel.

Measurement Procedure

This is where the measurement procedure used is selected for all four software
measure channels of the RTIO element - in total, the following four measure
methods are available:

* Angle of First Rising Edge of Pulse Sequence [°CA]
* Angle of First Falling Edge of Pulse Sequence [°CA]
* Angle of Last Rising Edge of Pulse Sequence [°CA]
* Angle of Last Falling Edge of Pulse Sequence [°CA]

The angle value of the first or last rising or falling edge (respectively) which has
occurred within an angle window (defined by LWL and UWL, see Fig. 4-21
on page 98) is measured in each case. The measure value results from a refer-
ence angle value minus this angle. Edges before the reference angle return a
positive result, edges after the reference angle return a negative result.

If no corresponding edge occurs in the angle window, no result is transferred and
a timeout is detected.
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Lower Window
Limit (LWL)

ETAS
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Lower Window
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Fig. 4-21 Measure Values with "

[
180° CA

Angle of First Falling Edge of Pulse Sequence”

(top) and "Angle of Last Falling Edge of Pulse Sequence" (bottom)
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4.7.2

_RTPC_RTPC.hwc - LABCAR-RTC (=3}
File Edit View Extras

ES1321.1 PWM I/O Board

Signals (ES1321-In-ASM Device)

The ES1321-In-ASM device implements a "MeasVal" receive signal group.

Ded BF5E . 5>

Items:

Giobals | (5 Growps B Sinals | B pata |

1 | (3 |
:: Hardware Interface Manager —
E Syskemn I j
F subsystem

B Device Accept Reset |
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0 -8 ESLEZL-0uEDIEP | g™ s [iphyskphys |

[ 8 ES1321-0ut-Mulki-
[0 8 ES1321-Cut-SENT

Fig. 4-22 The "Signals" Tab of the ES1321-In-ASM Device
The following signals are created:
MeasVal_xx [xx = 00...03]

The result values for software measure channels 0...3 (value range -
720.0...720.0 °CA, -8888.0 if channel not used)

Tout_xx [xx= 00...03]

Timeout signals for the software measure channels 0...3
e 0 =no timeout
e 1 =timeout detected
e 2 =timeout not configured
e 3 =angle interface not synchronous

In the "Signals" tab, the following settings can be made for each individual mea-
sure channel.

Angle Window Lower Limit

The starting angle of the measure window (corresponds to "LWL" in Fig. 4-21
on page 98).

Angle Window Upper Limit

The concluding angle of the window (corresponds to "UWL" in Fig. 4-21
on page 98)

Reference Angle

The reference angle for calculating the measure value.
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4.8

4.8.1

Timeout Monitoring

The operating mode for a timeout.
e |nactive
No timeout detection; the previous value is transferred
e Intvl Predef
The substitute value for a timeout is transferred

Default Timeout Value

The substitute value for a timeout.

ES1321-Out Subsystem

Globals (ES1321-Out Subsystem)

The ES1321-Out subsystem is used to configure and address the 16 output chan-
nels at which digital signals, pulse-width modulated signals, pulse sequences and
SENT signals can be issued. It is also possible to switch the outputs against two
different positive reference voltages and against ground.

An ES1321-Out-Dig-Pwm, two ES1321-Out-Multi-Pulse and up to four ES1321-
Out-SENT devices can be added under this subsystem.

No settings need to be made in the "Globals" tab.

=lalx|
File Edit Wiew Extras
Ded BE B % 8 =
Items: Globals |
=] :::HWC::Hardware
Bl EERTRC:REpC Optian Value
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[] 8 ES1321-In-ASM:Es13210
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[0 8 ES1321-0ut-Mulki-Pulse::

[ 8 ES1321-0uk-SENT-Y3::E:
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::: Hardware Interface Manager within the whole item tree!
E System LI
A subsystem
8 Device Accept | Reset |

Fig. 4-23 The "Globals" Tab of the ES1321-Out Subsystem
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4.9.1

ES1321.1 PWM I/O Board

ES1321-Out-Dig-Pwm Device

Signals (ES1321-Out-Dig-Pwm Device)

Fig. 4-24 shows the "Signals" tab of the ES1321-Out-Dig-Pwm device.

/RTPC_RTPC.hwc - LABCAR-RTC — ol x|
File Edit View Extras

D d|[FHEwa % a
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[E system =l
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Fig. 4-24 The "Signals" Tab of the ES1321-Out-Dig-Pwm Device
You can define the following options in this tab:

Output Usage

In this view, you can choose between PWM and Digital Out.

If an ES1321-Out-Multi-Pulse or an ES1321-Out-SENT device has already been
added, the outputs used for this are grayed out.

e PWM

Generation of a pulse-width modulated signal — described by frequency,
duty cycle and phase relation to another PWM output

e Digital Out
Signal levels are generated in this configuration of the output channel

Hardware Update

This list field is used to set when value changes made by the model or the user
to the "Frequency_x" and "DutyCycle_x" RTIO signals (x = 0...15) are accepted
by the ES1321.1 hardware.

e Immediate

A new value is immediately visible at the output, i.e. the current pulse is
cancelled and started with new values.

e Cycle End

A new value only becomes visible at the output when the complete pulse
is ended.

e RTIO Controlled

A new value becomes visible at the output after a change from
"0 — 1" of the "SyncSgl" signal.
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Inactive Level

The inactive state of the PWM signal is set in this list field. The inactive state of a
PWM signal is defined as follows: if a duty cycle of 60% is set for a PWM signal,
it assumes inactive signal state for 40% of the period duration.

The following options are available:
¢ Open

The PWM output is high-impedance and can be set to a defined voltage
level via an external pull-up- or pull-down resistor.

e Ground

The PWM output is at ground.
e VBatt AQut

The PWM output outputs battery voltage A.
e V Batt B Out

The PWM output outputs battery voltage B.

Active Level

The active state of the PWM signal is set in this list field.

The active state of a PWM signal is defined as follows: if a duty cycle of 60% is
set for a PWM signal, it assumes active signal state for 60% of the period dura-
tion.

The following options are available:
e Open

The PWM output is high-impedance and can be set to a defined voltage
level using an external pull-up- or pull-down resistor.

e Ground
The PWM output is at ground.
e VBatt A Out
The PWM output outputs battery voltage A.
e \/ Batt B Out
The PWM output outputs battery voltage B.
Phase Reference PWM Channel

The ES1321.1 makes it possible to define the setting of phase shifts between
output channels with the same PWM frequency. One of the PWM outputs must
be specified as a phase reference channel for this purpose. T

he number of the reference channel is then to be entered in the "Phase Refer-
ence PWM Channel" list field of the remaining outputs which have defined
phase relations with this reference channel.
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492 Data (ES1321-Out-Dig-Pwm Device)

The following figure shows the "Data" tab of the ES1321-Out-Dig-Pwm device.
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Fig. 4-25 The "Data" Tab of the ES1321-Out-Dig-Pwm Device
The "Data" tab contains the following signals:

EnableChn_00...EnableChn_15

Enables or disables signal output

— = 0: output is high-impedance, signal output is inactive
— = 1:signal output is active
Frequency_00..Frequency_15

Frequency (in Hz) of the relevant PWM signal
DutyCycle_00..DutyCycle_15

The duty cycle of the relevant assigned PWM output is set with the
"DutyCycle_x" signals. Duty cycles are defined with values between 0.0
and 1.0. 0.0 corresponds to a duty cycle of 0%, 1.0 to a duty cycle of
100%.

Phase

Phase shift (in °) with relation to the reference channel. A value of 360°
corresponds to a phase shift of a complete pulse.
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4.10

4.10.1

SyncSgl

The ES1321.1 makes it possible to control the time when frequency and
phase data transmitted by RTIO or by the simulation model to the board is
accepted by the hardware. The time is controlled using the "Hardware
Update" option in the "Signals" tab (see "Hardware Update"

on page 101).

If the option "RTIO Controlled" is set in this list field for one or more
channels, the frequency and duty cycle data transmitted to these channels
is only accepted by the hardware if a transition from 0 to 1 is detected on
the "SyncSgl" signal.

ChnState_00...ChnState_15

Each output channels has a 4-bit state coding. The individual bits describe
different settings and the resulting states of the output driver:

— Bit 0: Output Level

— Bit 1: Lowside Switch Overcurrent
— Bit 2: Highside Switch Overcurrent
— Bit 3: Error Condition Detected

ES1321-Out-Multi-Pulse Device

Globals (ES1321-Out-Multi-Pulse Device)

A multi-pulse sequence can consist of up to eight pulses with each one being
defined by a frequency and a duty cycle.

DC1 DC2 iDC3j{ DC3 DC5 DC6 | DC7 | pcs

-t g [ »
-t | i | ot | i | |

A
A4
A
A
4

Y

\

F1 F2 F3 F4 F5 F6 F7 | F8

Fig. 4-26 A Sequence of Eight Pulses (Fx = Frequency of Pulse x, DCx = Duty

Cycle of Pulse x)
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The following figure shows the "Globals" tab of the ES1321-Multi-Pulse device.
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Fig. 4-27 The "Globals" Tab of the ES1321-Multi-Pulse Device

The meaning of the available options is described below.

Output Channel

The hardware channel of the ES1321.1 to be used as a multi-pulse output.

Hardware Update

This list field is used to set when changes made by the model or the user to the
pulse package are accepted by the ES1321.1 hardware.

e |mmediate

A new value is immediately visible at the output, i.e. the current pulse is
cancelled and started with new values.

e Cycle End

A new value only becomes visible at the output when the complete pulse

is ended.
e RTIO Controlled

A new value becomes visible at the output after a change from
"0 — 1" of the "SyncSgl" signal.

Inactive Level

The inactive state of the signal is set in this list field.

The following options are available:

e Open

The PWM output is high-impedance and can be set to a defined voltage
level via an external pull-up- or pull-down resistor.

e Ground

The PWM output is at ground.
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e V Batt A Out

The PWM output outputs battery voltage A.
e VBattB Out

The PWM output outputs battery voltage B.

Active Level

The active state of the signal is set in this list field.
The following options are available:
e Open

The PWM output is high-impedance and can be set to a defined voltage
level via an external pull-up- or pull-down resistor.

e Ground

The PWM output is at ground.
e VBatt AQut

The PWM output outputs battery voltage A.
e \/ Batt B Out

The PWM output outputs battery voltage B.

Number of Periods

Number of pulses of the sequence (1..8)
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4.10.2 Data (ES1321-Out-Multi-Pulse Device)

The following figure shows the signals of the "Data" tab
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Fig. 4-28 The "Data" Tab of the ES1321-Multi-Pulse Device
The "Data" tab contains the following signals:

EnableChn

Enables or disables the multi-pulse channel

— = 0: output is high-impedance, signal output is inactive
— = 1:signal output is active

Frequency_O .. Frequency_7

Frequency (in Hz) of the relevant pulse

DutyCycle_O .. DutyCycle_7

The duty cycle of the relevant pulse is set with the "DutyCycle_x" signals.
Duty cycles are defined with values between 0.0 and 1.0. 0.0 corresponds
to a duty cycle of 0%, 1.0 to a duty cycle of 100%.

SyncSgl

The ES1321.1 makes it possible to control the time when pulse package
data transmitted by RTIO or by the simulation model to the board is
accepted by the hardware. The time is controlled using the "Hardware
Update" option in the "Signals" tab (see "Hardware Update"

on page 105). If the "RTIO Controlled" option is set in this list field for one
or more channels, the pulse package data transmitted to these channels is
only accepted by the hardware if a transition from 0 to 1 is detected on
the "SyncSgl" signal.
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e ChnState

The output channel has 4-bit state coding. The individual bits describe
different settings and the resulting states of the output driver:

— Bit 0: Output Level

— Bit 1: Lowside Switch Overcurrent
— Bit 2: Highside Switch Overcurrent
— Bit 3: Error Condition Detected

411 ES1321-Out-SENT Device)

4.11.1  Globals (ES1321-Out-SENT Device)

The following figure shows the "Globals" tab of the ES1321-Out-SENT device.
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Fig. 4-29 The "Globals" Tab of the ES1321-Out-SENT Device
The following options are set in this tab:

Output Channel

Selection of the hardware channel which is to be used as the SENT transmitter.

Inactive Level

The inactive state of the signal is set in this list field.
The following options are available:
e Open
The PWM output is high-impedance.
e Ground
The PWM output is at ground.
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e V Batt A Out

The PWM output outputs battery voltage A.
e VBattB Out

The PWM output outputs battery voltage B.

Note
For a non-inverted output signal, select "Ground" for the inactive level.

Active Level

The active state (of the signal is set in this list field.
The following options are available:
¢ Open
The PWM output is high-impedance.
e Ground
The PWM output is at ground.
e VBatt AQut
The PWM output outputs battery voltage A.
e VBattB Out
The PWM output outputs battery voltage B.

Note

For a non-inverted output signal, select "V Batt A" or "V Batt B" for the active
level.

Protocol Type of Emulated Sensor

Selection of the protocol used in acc. with the SENT specification.
The following options are available:
e Without Rolling Counter
The values of "Nibble_4" and "Nibble_5" (as shown in the "Data" tab)
are considered.
e With Rolling Counter Nibble 4/5

An 8-bit counter value transmitted with nibble 4 and nibble_5. The values
of "Nibble_4" and "Nibble_5" (as shown in the "Data" tab) are not con-
sidered.

Clock Tick Period [usec]

Length of a "clock tick", which is the smallest unit of time in the SENT protocol.
Specified in psec with a resolution of 20 nsec.
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Nibble Low Pulse [Ticks]

Number of ticks for the low pulse of a nibble. According to the SENT specifica-
tion Jan 2010 this value should be > 4.

Synchronization/ Status Signal 1 Signal 1 Signal 1 Signal 2 Signal 2 Signal 2 CRC
Calibration Data 1 Data 2 Data 3 Data 1 Data 2 Data 3 Checksum
(56 Clock Ticks) (4 Bit) (4 Bit) (4 Bit) (4 Bit) (4 Bit) (4 Bit) (4 Bit) (4 Bit)
Nibble
Low Time
P Signal 1 (12 Bit) i Signal 2 (12 Bit)

Frame Length Type

Transmission mode of the SENT frames.

Variable Frame Length

A SENT frame is expected to follow the preceding frame immediately —
there is no "pause" pulse.

Constant Frame Length

A "pause" pulse is expected in between two SENT frames. The length of
the "pause” pulse is such that the whole frame (including "pause") is of
constant length.

Total Frame Lenght [Ticks]

Setting of the frame length, if "Frame Length Type" is set to "Constant Frame
Length".

Checksum Calculation Method

The calculation method for the 4-bit checksum in the ES1321.1.

Recommended CRC (0) *
Checksum calculation according to SENT specification Jan 2010.

If the calculated checksum differs from the transmitted checksum,
"CheckSumeErrorCounter" is incremented and the value is discarded.

Legacy CRC (1) *

Checksum calculation according to SENT specification April 2007 and Feb
2008.

CRC =0x0(2) *
The value of the CRC nibble is always "0x0".
CRC = OxF (3) *
The value of the CRC nibble is always "OxF".
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e CRC Mode 0...3 by Signal

With the signal "Checksum_Mode_Data" (see "Checksum_Mode_Data"
on page 113) one of the calculation methods 0...3 can be selected (any
other value yields CRC = 0).

e (CRC Data 0...15 by Signal
With the signal "Checksum_Mode_Data" the CRC nibble can be set
explicitely.

Note

* The number in brackets indicates the mode number when "CRC Mode
0...3 by Signal" is selected.

4.11.2 Data (ES1321-Out-SENT Device)

The following figure shows the "Data" tab of the ES1321-Out-SENT device.

=] 3
File Edit Wiew Extras
N =R A=Ak AN
Ttems: Globals | &7 roups | [E] signals 2 Data |
=] ::: HWC: i Hardware
= EERTPC::REpC Mo, |Signal Data Explanation
& BE Domain::Domain 1 EnableChn 0.000 Enabling of output used For SEMT inl
& HFEs1651-CB:EsleS1ch 2 |uibble_o 0,000 [status and Communication [4 Bit, 0.
[ -8 PBIESIADCL::Phi6S1adcl 3 |nibbls_t 0,000  |Signal 1 / Data 1 [4 Eit, 0...15]
= fhestaatisiazt ) 4 |uibble_2 0.000  |Signal 1 { Daka 2 [4 Bit, 0...15]
& W Es1321-Ini:Es1 321in ) 5 [nibble_3 0,000  |Signal 1 { Data 3 [4 Bit, 0...15]
s Hibble_4 0.000  |Signal 2 { Daka 1 [4Eit, 0...15]
[0 @ ES1321-In-Meas::Es1321inm =
" | E 0.000  |Signal 2 { Daka 2 [4 Bit, 0...15]
——————— N CR T 0.000  |Signal 2 { Daka 3[4 Eit, 0...15]
= IEES1321-0utEs1 32100t 9 ChnState - Bit0: Oukput Level; Bitl:Lowside Swil
[ 48 ES1321-Out-Dig-Pwm:Es13: 10 [SMC_Eit_Length 0.000 Bit length of Slow Message Channel
11 [SMC_Data_Eit2 0.000 Slow Message Data Bits 2 [hit 0., bil
12 [SMC_Data_Eits 0.000 Slow Message Data Bits 3 [bit 0., bil
13 [SMC_UpdateCounter |--- Update Counter [0,,.255], incremen
iy | o
=
1] | |
::: Hardware Interface Manager
E System LI
I subsystem
B Device Accept | Reset |

Fig. 4-30 The "Data" Tab of the ES1321-Out-SENT Device
The "Data" tab contains the following signals
EnableChn

Enables or disables the hardware channel used for the SENT output
e =0: output is high-impedance, signal output is inactive
e = 1:signal output is active

Nibble_0..Nibble_6

The value of the individual nibbles.
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ChnState

The 4-bit error state coding of the used hardware channel. The individual bits
describe different settings and the resulting states of the output driver:

e Bit 0: Output Level

e Bit 1: Lowside Switch Overcurrent

e Bit 2: Highside Switch Overcurrent

e Bit 3: Error Condition Detected
SMC_Bit_Length

Input signal controlling the SMC sending unit of the ES1321.1.

"0" disables SMC sending, i.e., bit 2 and bit 3 of nibble 0 are transmitted. A
value > 0 (... 31) activates the overlay of bit 2 and bit 3 of the respective data
words. The value defines the number of bits for a SMC cycle. According to the
SENT specification, valid values are "16" (short serial message) or "18"
(enhanced serial message).

SMC_Data_Bit2

Input signal carrying the data word for bit 2 (see SAE J2716 version Jan 2010,
Ch.5.2.4).

SMC_Data_Bit3

Input signal carrying the data word for bit 3 (see SAE J2716 version Jan 2010,
Ch.5.2.4).

SMC_UpdateCounter

8-bit counter which increases when an SMC message was transmitted com-
pletely.

Additionally this signalizes that the ES1321.1 has started sending a new SMC
message with the current values of SMC Data_Bit2 and SMC_Data_Bit3. Thus
the counter can be used for synchronization purposes for the cyclic output of a
list of message IDs.

The values of SMC_Data_Bit2 and SMC_Data_Bit3 are transferred at that
moment, when a new short serial message is output — after data transfer
SMC_Data_Bit2 and SMC_Data_Bit3 should be filled with new data. This again
is communicated to the model by incrementing the value of
"SMC_UpdateCounter".

The ES1321.1 and the RTIO only provides generic functionality for the reception
of SMC messages. Control, decoding of the data and verification of checksums
have to take place outside the RTIO.

A C code module template "SentOutSMC_Control" with basic functionality is
provided. For that purpose all SMC_* signals of the RTIO are connected to the
corresponding ports of the C code module.

However, for a specific application the C code module must be adapted by
e defining "SMC format mode"
e defining "SMC_Sequence" (cyclic output of a series of Msg_IDs
e providing the physical data values at the input ports
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e converting the data values and assigning values to "DataField[Msgld]"
Checksum_Mode_Data

If "Checksum Calculation Method" (see page 110) was set to "CRC Mode 0...3
by Signal", one of the calculation methods 0...3 can be set here.

If "Checksum Calculation Method" was set to "CRC Data 0...15 by Signal”, the
CRC nibble can be set here.
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5.1

5.1.1

ES1330.1 PWM I/O Counter Board

ES1330.1 PWM 1/O Counter Board

The ES1330.1 PWM /O Counter Board enables the acquisition and output of
PWM signals. The ES1330.1 has six counter components (Am9513A). Each
counter component has five 16-bit-wide counters with a count frequency of 4
MHz. Thirty counter inputs and sixteen counter outputs are divided into six inter-
nal ports "Port 1 ... Port 6" on the ES1330.1. Every counter component occupies
one of these ports. Access to the ports takes place via the SUB-D connector of
the ES1330.1. In the RTIO Editor items list, the ES1330.1 PWM I/O Counter Board
is added as a subsystem; the counter component as a device.

ES1330-PWM Subsystem

Globals (ES1330-PWM Subsystem)

This section describes the global options of the ES1330-PWM subsystem.

=lal x|
File Edit Wiew Extras
DSHE FE (% el
Items: Globals |
=] ::: HWC:Hardware
= EERTPC:Ripc Optian Value
= BEDomain: :Domain Mame Es1330pwm
Rf ¥ Esi50.puit:;Es13300mm 1D ] WME base address 101 { CON000h
Please set a name for the device, ;I
MOTE: This name must be a valid ANSI-C identifier and it must be unique within
the whole item tree!
::: Hardware Interface Manager
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 5-1 The "Globals" Tab of the ES1330-PWM Subsystem
ID / VME base address

This line is responsible for the setting of the VME base address. This setting has
to correspond to the jumper settings of the ES1330.1. Four different VME base
addresses can be selected for the ES1330.1 (ID1/C00000h, ID2/C00100h,
ID3/C00200h, ID4/C00300h); this means that up to four ES1330.1 PWM 1/O
Counter Boards can be operated in one ES1000 system. The ES1330.1 occupies
an address space of 256 words from the base address.
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5.2 PWM-COUNTER Device

5.2.1 Globals (PWM-COUNTER Device)

This section describes the global options of the PWM-COUNTER device.

=lal x|
File Edit ‘fiew Extras
DSH|FE % el
Items: Globals |@ Groups I Signals I F pata I
=] ::: HWC:Hardware
Bl EERTRC:REpC Optian Value
= BEDomain::Domain Mame Puwmcounter
2 B ES1330-PWM: Es1 330pwm pa—— p
O & PWM-COUNTER: :Pwmcounter
Exit Task Exit
ZKZ Port Port 1
Counter 1 Mode High Time Measurement
Counter 1 Prescaler 1
Counter 2 Mode Inactive
Counter 2 Prescaler 1
Counker 3 Mode Inactive
Counter 3 Prescaler 1
Counter 4 Mode Inactive
Counter 4 Prescaler 1
Counker 5 Mode Inactive
Counter 5 Prescaler 1
Please set a name for the device, ;I
::: Hardware Interface Manager MNOTE: This name must be a valid ANSI-C identifier and it must be unigue
within the whole item tree! LI
E System
I subsystem
B Device Accepk | Reset |

Fig. 5-2 The "Globals" Tab of the PWM-COUNTER Device
Init Task

The task for initializing the ES1330.1 is assigned in this line (Type: Init / Applica-
tion Mode: active).

Exit Task

The task to be executed with the ES1330.1 when the experiment stops is
assigned in this line (Type: Init / Application Mode: inactive).

ZK2 Port

This is where the port (and hence the counter component) is assigned. Every
counter component has its own port.

Counter 1 Mode ... Counter 5 Mode

This is where the counter mode is selected for each of the five counters of the
counter component. The following list shows the available counter modes.

e inactive
The counter is not used.
e PWM-Generator (PWM_Gen)
The counter is used to generate PWM signals.
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* Period-Measurement (P_Meas)
The counter is used to measure the period of a PWM signal.
e Low Time Measurement
In this mode, the duration of a pulse with an active level (here: low-active)
is measured.
Time + + + - - >
Input Signal I I I
[ b ;|
* High Time Measurement
In this mode, the duration of a pulse with an active level (here: high-active)
is measured.
e Additive Low Time Measurement
The simulation target usually acquires measurements from the ES1330.1
periodically. With additive measurements, the length of time the signal
was active (here: low-active) between two consecutive read-accesses of
the measure register is measured.
Read Access Read Access Read Access
to ES1330 to ES1330 to ES1330
b fﬂ/\
| | |
| | P :1
i \ [ \ [ [ \
Time |

Input Signal
A

e Additive High Time Measurement

The simulation target usually acquires measurements from the ES1330.1

periodically. With additive measurements, the length of time

the signal

was active (here: high-active) between two consecutive read-accesses of

the measure tab is measured.

Counter 1 Prescaler ... Counter 5 Prescaler

These lines can be used to specify a prescaler for the input frequency of 4 MHz.
The scaled input frequency is used as a clock signal for the first four counters.

The prescaler makes it possible to generate and evaluate PWM si

gnals with a

longer period duration; the resolution of the PWM signals is, however, reduced
because of this. The following prescalers can be selected: 1, 10, 100, 1000 and

10000.

LABCAR-RTC V5.4.2 - User's Guide

117



ES1330.1 PWM I/O Counter Board ETAS

522

523

Groups (PWM-COUNTER Device)

This section describes the signal-group-specific options of the PWM-COUNTER
device.

=lal x|
File Edit Wiew Extras
DEHE|BE RS 8=
Ttems: Globals @ Groups | Signals I F pata I
=] :::HWC::Hardware
= EERTPC::REpC Mo, |Group Direction  [Task
I_T|_E Domain: :Dornain 1 Generatar send TaskDVEModel
= R E51330-PWM: :Es1330pwm 2 |Moasurement receive | TaskDVEMadel
O & PWM-COUNTER: :Pwmcounter
C
::: Hardware Interface Manager
EE system LI
I subsystem

Fig. 5-3  The "Groups" Tab of the P?WM-COUNTER Device

There are no item-specific columns defined for the ES1330-PWM subsystem in
the "Groups" tab.

Signals (PWM-COUNTER Device)

This section describes the signal-specific options of the PIWM-COUNTER device.
=] 3

File Edit Wiew Extras

DEHE|EE| %8 e
Items: Globals I &5 Groups Signals |Z Datal

=] :::HWC::Hardware
= EERTPC::REpC Mo, |Signal Farmula

I_T‘_lE Domain: :Domain 1 |Measl_Pulsewidth F(phys)i=phys
2 B ES1330-PWM: Es1 330pwm

O 8 PWM-COUNTER.: :Pwmcounter

::: Hardware Interface Manager

E System LI
I subsystem
-8 Device

Fig. 5-4 The "Signals" Tab of the PWM-COUNTER Device
No.

The number and significance of the signals is determined by the "ZK2 Port" and
"Counter X Mode" settings from the "Globals" tab.

Signal

This is where names (ANSI-C) for the signals are specifically defined. The follow-
ing naming conventions apply (X = number of the counter):

® GenX Frequency

Frequency of the PWM output channel in Hz
e GenX DutyCycle

Duty cycle of the PWM output channel in %
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® MeasX_ Period

Period duration of the PWM evaluation channel in seconds
e MeasX PulseWidth

Result of the pulse width measurement (single pulse or additive)
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6 ES1331.1 Signal Generator Board

The ES1331.1 Signal Generator Board is used to generate analog and digital out-
put signals in VMEbus systems. The board has its own digital signal processor
(DSP) which works independently of the main processor of the VMEbus system.
Using a DSP means that the signal form of the output signals can be pro-
grammed user-specifically and high demands of the change speed of amplitude,
frequency and pulse width are easy to fulfil.

The board has four digital/analog converters with 12-bit resolution and a maxi-
mum conversion time of 6 ps for generating analog signals. The output voltage
range is -10 V to +10 V (in relation to the ground potential of the VMEbus sys-
tem).

The digital output signals are generated via a piggyback module with eight
counters. Two counters together form an output channel. The address, data and
control lines of the DSP are routed to the piggyback.

The board also has the following features:
e TMS320C203/TMS320C206 digital signal processor

e four digital-analog converters with 12-bit resolution and an output volt-
age range of -10 Vto +10 V

* piggyback for generating digital signals

The ES1331.1 Signal Generator Board can be used in VMEbus systems wherever
analog and digital signal traces with varying frequencies, amplitudes and pulse
widths are to be generated. The digital signal processor (DSP) makes flexible sig-
nal generation possible regardless of the system processor.

Examples of applications are:

e generation of active or passive speed sensor signals for driving-dynamics
systems

e generation of speed signals for transmission ECUs
Structure of the ES1331 RTIO Item Tree

In RTIO, the ES1331.1 is integrated by selecting the ES1331-DSP subsystem. The
required application of the ES1331.1 can be selected or specified at the level of
the ES1331-DSP subsystem.

This is where you can select the WheelSnsrSim device for simulating active and
passive speed sensors (see Fig. 6-1). If other applications of the ES1331.1 are
implemented at a later date, the relevant RTIO items are incorporated at this
level.

Note

Only one WheelSnsrSim device can be allocated to the ES1331-DSP subsystem.
If you attempt to add a second device, an error message is displayed.
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6.1 ES1331-DSP Subsystem

6.1.1 Globals (ES1331-DSP Subsystem)

The VMEbus base address of the ES1331.1 is specified in the "ID / VME base
address" field in the "Globals" tab of the ES1331-DSP subsystem (see Fig. 6-1).
There are 2 different base addresses to choose from (ID1/580000h and ID2/

5C0000h).
=lalx|
File Edit Wiew Extras
DSHE FE (% el
Items: Globals |
=] ::: HWC:Hardware
= EERTPC:Ripc Optian Value
= BEDomain: :Domain Mame Esi331dsp
= AR E51351-D5PuEs1331dsp 1D | YME base address 101 { 580000h
O 8 wheelSnsrSim: heelsnsrsim
Please set a name for the device, ;I
::: T e e e NQT_E: This name: must be a valid AMSI-C identifier and it must be unigue
within the whole item tree!
EE system LI
I subsystem
B Device Accepk | Reset |

Fig. 6-1 The "Globals" Tab of the ES1331-DSP Subsystem
6.2 WheelSnsrSim Device

6.2.1 Simulation of Wheel Speed Sensors

This section is an introduction to signal output with passive and active speed
Sensors.

Signal Output with Passive Wheel Speed Sensors

A passive speed sensor consists of a Hall sensor which records the revolution of
a toothed gear on the wheel of a vehicle. The sensor signal can be approximated
using a sine function (see Fig. 6-2). Every tooth of a rotating toothed gears gen-
erates a period of the sine wave. One revolution of the toothed gear is the same
as one wheel revolution..

A

Unfolded Toothed Gear

AVAWAWA

VARV ]

Sensor Signal

Fig. 6-2  The Sensor Signal of a Passive Speed Sensor
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If you use the following symbols:

ViWheel Wheel speed in m/s

MWheel Wheel radius in m

Twheel Period duration of a wheel revolution or toothed gear
revolution in s

Tsine Period duration of a sine wave in s

fsine Frequency of the sine wave in Hz

Neeth Number of teeth of the toothed gear

you can define the following relation between the period duration T, of the
sine wave and the duration of a wheel revolution Tyypeel @s follows:

Equ. 6-1 TSine = TWheeI / NTeeth

The relation between the wheel speed viyynee and the duration of a wheel revo-
lution Twheel IS:

EQU. 6-2  Viyheel = 27 Myyheel / Twheel

If you use Equ. 6-2 in Equ. 6-1, the following results for the period duration and
the frequency of the sine wave:

Equ. 6-3  Tsine = 27 wheel / ( Neeth * Vwheel )
and:
Equ. 6-4 fSine = ( NTeeth * Vwheel )/ 2m "Wheel

The sine wave of a passive speed sensor is generated by the DSP processor and a
D/A converter. It is represented in the data memory of the DSP processor by ng;,,.
eTable €quidistant voltage points (see Fig. 6-3).

A Voltage [V]

1l I, =

.

Fig. 6-3  Representation of the Sine Wave in the Data Memory of the DSP Pro-
cessor

There are two basic ways of generating a sine wave with variable frequency:

1. You use a variable sampling period AT, ., with which the data sam-
ples of the sine wave with a constant increment 5 are filled with clock
discrete values (see Fig. 6-4).

& = 1 means that every data sample is filled with clock discrete values;
& = n means that every nth data sample is filled with clock discrete values.
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2. You use a constant sampling period AT, and a variable increment
d in the sine table (see Fig. 6-4)..
A

Sensor Signal

nd

\

0 3 253043

Fig. 6-4  Generation of a Variable Sine Frequency (see Text)

The DSP firmware of the ES1331.1 uses the second method to generate a vari-
able sine frequency.

A table point of the sine table is issued at equidistant points (= constant sam-
pling period ATs;mpie). Once a voltage value has been issued, the number of the
output point in the sine table is increased by a variable increment & (which is a
function of the sine frequency). The constant sampling period ATs,me is @ mul-
tiple of the cycle time of the DSP processor Tpspcycle-

Equ. 6-5 ATSampIe =A% TDSprC|e

The cycle time of the DSP processor Tpgpcyde is 7 1S in the simulation of a passive
speed sensor. A is the proportionality constant. It is calculated from the size of the
"ShiftCounter" parameter of the DSP firmware in the relation:

EQu.6-6 A= 2(ShiftCounter +1) _4

The "ShiftCounter" parameter is used to increase the size of the sampling period
of the DSP for simulating low sine frequencies.

There is the following relation between the increment §, the number of sine-
table points Ngjneaple @aNd the number of steps for generating a complete sine
wave n:

EQu. 6-7  nNgineraple =N * &

The following is true for the period duration Tg;,. of the sine wave:
Equ.6-8 Tgpe=n* ATSampIe

If you solve Equ. 6-8 in accordance with ATs,mpe, €liminate n using Equ. 6-7 and
then use the resulting equation Equ. 6-5, the following results:

Equ.6-9 5= ( NSineTable * A * TDsprcIe )/ Tsine

This then results in the following for the sine frequency fgje:
Equ. 6-10 fSine =8/( NsineTable * A TDsprcIe )

where Tpgycyce = 7 US.
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With Equ. 6-3 you receive the following from Equ. 6-9:
Equ' 6-11 8= ( NSineTable A TDsprcIe * NTeeth * Viwheel )/ZTC "'Wheel
where Tpgpcyce = 7 MS.

Signal Output with Active Wheel Speed Sensors

The setup of an active speed sensor is the same as that of a passive one, the
difference being that a digital PWM signal, not an analog signal, is generated.
The RTIO link and the DSP firmware of the ES1331.1 enable two types of active
speed sensor to be simulated:

e with speed sensors of type DF111, a PWM impulse is generated each time
the edge of a tooth is detected (see Fig. 6-5)

* with speed sensors of type DF10, a PWM impulse is only generated if the
‘trailing edge’ of a tooth is detected (see Fig. 6-5)

A

Sensor Type:
DF11l

4 =
LT L]

m Sensor Signal

JL

Sensor Type:
DF10

Unfolded Toothed Gear

AL =

[ ) S [ E——

Fig. 6-5 Sensor Signal of a DF111 and a D