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Multi ECU Operation with INCA
Technical Note
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1 Scope

ETAS INCA provides measurement, calibration and diagnostic access to one or
multiple ECUs in parallel. Further it allows access to multiple bus types like CAN,
FlexRay and LIN and to measurement modules from ETAS or third party suppliers.

Ethernet

ES593-D
Ethernet W @ W
%31
| XETK/Ethernet ESdxx

3 g § 3
ETK <> @» XETK
ECU : ECU i: ECU i: ECU : ECU
CAN '

This document provides hints and tips how to utilize the capabilities of INCA, when
working with multiple ECUs in parallel. It addresses users, who are already familiar
with the base functionality of INCA.
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2.1

ETAS

Preconditions

A2L Preparation

ETAS Hardware is connected to the INCA PC via Ethernet to grant a fast data
communication with high bandwidth. In case multiple devices are used, they can
be cascaded using the ES600 Network Module or the Ethernet ports provided by
the ECU access modules ES59x.

In a setup with multiple hardware devices it must be ensured, that all hardware
modules use IP addresses in the same Ethernet Subnet (e.g. 192.162.40.x). In
most cases this is done automatically by the ETAS Network Manager coming with
INCA. Further information about the ETAS network manager can be found in the
INCA manual.

In case of XCPonEthernet based ECUs, the ECU's IP address is defined in the XCP
section of the A2L file. The user has to ensure, that the IP address defined here is
within the Ethernet subnet used by INCA and other devices. If an adaptation of the
Ethernet address in the A2L file is needed, this has to be done before importing
the A2L file into INCA. Note that this may require a reconfiguration of the ECU or
the ECU access hardware (see below)!

It must be ensured that the IP addresses within the subnet are unique!

For the XETK and other XCPonEthernet devices, there are several possibilities for
assigning an IP address when using INCA:

If the XETK is used as XETK device, an IP address within the selected subnet will
automatically be assigned to the XETK by the ETAS Network Manager on the PC,
just like for other ETAS hardware devices, ensuring that no IP conflicts occur for
the ETAS devices within the subnet.

However, XETK ECU can also have a fixed IP address, configured via the XETK
Config Tool (XCT). The same applies for ETAS measurement devices ES4xx, ES63x
or ES930. In this case, the fixed IP address will have priority and will not be
changed by the ETAS Network Manager. If this is the case, the user needs to make
sure manually that the address range defined by ETAS Network Manager does
conflict with the fixed IP addresses. The same condition applies for fixed IP
addresses used for non-ETAS XCPonEthernet devices in the network.

If the XETK is inserted as plain XCPonEthernet device in INCA, the A2L file must
contain an XCPonEthernet section and the IP address given in the A2L file will be
used by INCA. The XETK itself then must have been configured with a static
address (the same as given in the XCP section of the A2L file) with the XETK
Config Tool (XCT) in advance.

If non-ETAS XCPonEthernet devices are used, the IP addresses of these devices
must be configured in a way that they match the Ethernet subnet used by the
ETAS Network Manager. Please check the user manuals of these devices for
guidance how to configure the IP address.
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Note: For ease of use ETAS recommends the use of dynamic IP
addresses, so that the ETAS Network Manager can assign the addresses
automatically.

The Ethernet card of the PC and the IP address range which shall be used for
communicating with the ETAS hardware can easily be configured in the network
settings of INCA. These can be found in the INCA Database Browser in the menu
[Utilities/ETAS Network settings...].

-
8 Network settings for ETAS hardware (Page 1) =]

~Auto configuration

I” Auto IP address range I~ Auto Configure ETAS Network

i~ Available network adapter

Select the network adapter for the ETAS network (or press F1 for more detailed instructions and information).

Name | IP-Address \ Subnet Mask \ DHCP | Afternate e

Ll ST Gl Mo Cot. D32 tiean S SE 80 Enabled APIPA L
Realtek PCle GBE Family Controller #2 192.168.40.118  255.255.255.0  Disabled = 3

SN ANBTTIE DERE D S Ta Eve,, D8300RALIeS 2962052088 Dsabled —

ealt) Conemacl) otmets N GBID & 00 B EER 01D 5524 Enabled APIPA
e Ve Eneeet Mgt ey, R MBIME  MRIRIR4  Disbled —

AW U oth, F e Acinition B s SD S A S WU MR8 Dichlad = 32

< n ]

Cancel = Bark | Continue > I Firiish |

Figure 1: Selecting PC network interface for ETAS tools

- N
/8 Network settings for ETAS hardware (Page 2) ==

i~ Define address pool

Enter 2 valid IP-address range for IP-address 192.168.40.118, Subnet Mask 255.255.255.0

Press Default to select address range automatically.

Start Address: 192 . 168 . 40 . 10
End Address: 192 . 168 . 40 . 227
Subnet Mask: 255 . 255 . 255 . O

Cancel | < Back | Contmue)l Finish

Figure 2: Setting IP address range for ETAS hardware

2.2 Cabling

Multiple possibilities how to set up a multi ECU system exist. It mainly depends on
the available cabeling in the vehicle and on the ECU interfaces used.

A wiring set-up for multi ECU use cases in a car ideally would look like this:
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= CAN
= Flexray
- ETH
= Ethemet

Figure 3: Proposed set-up to connect multiple ECUs to INCA

In such a set-up only one cable needs to be routed into the passenger
compartment and connected to the INCA PC. Via the switch (ES600), all ECUs and
the CAN and FlexRay buses are still directly accessible for single ECU measurement
and calibration.

If a vehicle was not build up for multi ECU projects from the beginning, the wiring
of some ECU may require locating the ES600 directly in the passenger
compartment.

— - CAl
= Flexray
- ETK
| = Ethemet
(’—_ Radar EQU
| CAN
T ES600
Lemo
il conmectors.

Figure 4: Possible alternative set-up to connect multiple ECUs to INCA

In case some ECU connection cable do not have the ETAS standard Lemo
connectors, but RJ45 connectors, either the connector cable to the ETAS XETK can
be exchanged to one with a Lemo connector or an adapter cable RJ45toLemo can
be used (available via ETAS Engineering).
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3 Multi ECU Set-up in INCA

INCA can be used to connect to multiple ECUs and/or multiple buses
simultaneously.

Depending on the ECU and bus access needed, this can require multiple ES59x
devices, for example, if more than on ETK ECU is accessed.

For each device, at least a matching A2L file describing the ECU access and data
contents needs to be available and imported into INCA for measurement.

For calibration tasks, also a data set (typically hex/s19 file) must be available.

For flashing an ECU hex/s19 file containing code and data and a flash configuration
is required. The flash configuration can either be a ProF configuration or an ODX
description for the use with ETAS ODX-FLASH or ETAS ODX-LINK.

In case the ECU comes with a restricted measurement, calibration and/or flash
access for security reasons, a Seed&Key DLL is required in addition.

These multi ECU workspaces can be created just like single ECU workspaces using

'Insert hardware devices' (icon‘ﬂ”) in the INCA Hardware Configuration editor
(HWC). If the setup is known, multiple projects assigned to different hardware
devices can be added consecutively. The list of available devices depends on the
INCA add-ons installed:
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@ Add hardware device M

Select the new modules you want to add to
the hardware configuration.

Available HW devices

3 Virtual System...
#, Daisy Chain Module..,
GBES1000.2/3...
(i ES1130/SimulationSystem...
G E51135/SimulationSystem...
€9 ESSIL...
B ESS12...
P ES520...
< ES580 (CAN-Link)...
GFESSEL...
GFESSELA...
FES5831..
P ESS02...
P ES53-D..,
<P ES95 |
48 can..
e ETKC
J FLX..
I ESAD0/E5590/E5591 ...
G ESio...
P ES9103...
¥ 5910/ SimulationSystern...
& Ethernet-System...
&1 GPS_System...
) J2534...
&) PC/SimulationSystem...
&) RTPRO-PC...
&1 Serial link...
52 SME system...
B TS test system..,
) USE system...

OFHHHBHKBHREHEEBKBEEBRGHE

Multiplicity (Inactive) | 1 =

[ ok || concel |

Hardware devices already in use are greyed out in the selection list.

Alternatively to the manual configuration, an automatic 'Search for connected

devices' (icon |Qx) can be performed in the INCA Hardware Configuration Editor.
For this all devices need to be powered and running.

Make sure to assign the right ECU project (A2L/Hex) to the correct device,
especially if the same device is available more than once.

For example a multi ECU set-up with two ETK ECUs would be connected like:
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Figure 5: Connection set-up with two ETK ECUs connected to ES59x devices using
the integrated Ethernet switch of one of the ES59x.

In INCA the corresponding Hardware Configuration would look like this:

= E5585:1
ETKC:1

= ES595:2
ETKC:2

Figure 6: Hardware representation of the set-up above in INCA

Additional devices with Ethernet based communication, like XETKs or
XCPonEthernet devices can be connected to an ES600 switch directly. These
Ethernet systems will show up on the same level as ES59x devices:

A multi ECU setup with two XETK equipped ECUs or two ECUs with XCPonEthernet
interface would look like:
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Figure 7: Connection set-up with an ES600 and two XETK ECUs

In INCA, the set-up with two XETK equipped ECUs would look like

@

= *Ethernet-S].rstem:l
—— XETK:1
—— XETK:2

Figure 8: Hardware representation of the set-up above in INCA, added as XETK
devices

Or, with XCPonEthernet ECUs, respectively:

= Ethernet-System:l
— XCP:1
— XCP:2

Figure 9: Hardware representation of the set-up above in INCA, added as
XCPonEthernet devices
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A mixed system with one ETK ECU, two XCPonEthernet ECUs and one ECU
connected via XCPonCAN would look like:

= Ethernet-System:1
—— XCP:ACC
—— KCPESC
= E5595:1
—E CAN:L

#CP1
— ETKC1

Figure 10: Hardware representation of a setup of multiple ECUs with different ECU
accesses

To each added device in the Hardware Configuration editor INCA assigns a unique
name. For ease of use the user can change these names to more meaningful ones
(e.g. ACC, ESP, Engine ...)
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4 Working with Multi ECU Experiments

4.1 Preparation - Flashing

To run a calibration and measurement experiment in a multi ECU set-up, a
consistent combination of software versions and data sets for all ECUs is required.
For this, some of the ECUs may have to be updated by flashing with INCA or
another 3rd party flash tool.

Before starting the experiment, INCA initializes the hardware and checks for each
ECU the consistency of the code and data available in INCA and the one running
on the ECU by performing a checksum calculation:

@ Hardware: >WD_< Experiment: >[

File | Hardware | Device Channels View ?

C& Q;, Search for hardware Shift+F3
1Ha
= v ECU calibration access Ctrl+L
—pg  Active device group Ctrl+Alt+
Hardware status Alt+F3

Start rmeasure monitoring

Stop rmeasure monitaring

@4 Autornatic sensor offset adaptation

Search for 3rd party hardware

Check Eirrvare Status..,

pdate Firrrnare...

e
Mo init./no ECU access
ETEC:1
— 2 ETK OFF
Mo init./no ECU access

Figure 11: Initializing the INCA workspace with multiple ECUs

If an inconsistency of the code or reference data is detected during this check,
INCA will open the Memory Page Management allowing flashing of the ECU.
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& Memory pages XCP:ACC [Working page] — - - &J
Dataset  Utilities
1 Standard | 2 Enhanced Doit
Download
_ ’ auto close
@ Copy

1@ Flash programming

Apply to...
Data

Calibration access Device group active

He

File

Datasets

150H

Datasets

Checksum Datasets
Working page  unknown
Reference page  unknown

EPROM ID ASAP2: (not available) -
EPROMID DS (not available)

Figure 12: Updating (flashing) an ECU from the ICNA workspace

In case the ECU is flashed with an external tool, it must be flashed before the
hardware initialization takes place in INCA.

Once all ECUs are updated with consistent code and data versions, the experiment
can be started.

4.2 Variable selection

Once the INCA experiment is started, you can add measurement labels and
calibration parameters from the different ECUs to the Experiment Environment via
the INCA Variable Selection Dialog (VSD):

By selecting “All Sources” you will see all labels from all connected ECUs, busses
and measurement devices in the Variable Selection Dialog. Depending on the
number of connected devices, this list can be very long and confusing. Also, you
will see all available measurement rasters for data acquisition supported by every
ECU.
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3= Variable Selection g@_ﬁ
[(OM® TTrpEEbL#E v |3 vt IEgHE

AELELLH All Sources (Not Filtered, 352809/352809 Visible)

=] F‘} All Sources
< XCPIACC
«» XCP:ESC
ﬂ FLX Monitoring A:1
< XCP:1
< ETKC:1 Name a
[Z] LAE Files

7.?9 R T =
f‘?-ﬁ e © mgncig v
“E"% B & i e
-ED:I-% [l T E]..

Figure 13: Variable selection dialog for all ECUs in workspace

By selecting a single device/ECU on the "Variables" pane you can reduce this list to
all labels from one specific device and the list of acquisition rasters to those
available on that ECU.

= Variable Selection

X = OB® T TrEK L wA I

Variables ETKC:1 (Not Filtered, 88748/88748 Visible)
X
= FQ) All Sources
< XCP:ACC
< XCP:ESC
& FLx Monitoring A:1
< ¥CP:1
Name a|Role
|| LAE Files
wl 5
EIEEIRS
=1 ol c| o
2l c| ol =
5| 8|£| &
FEER
El= b g
2wl BlE
c|lE|S|l &
EZ| 2l E
2 E|§|8
HEEE
s L - _ - = = T

Figure 14: Variable selection dialog for one ECU

By using the various filters provided in the menu bar of the Variable Selection
Dialog you can further reduce this list. Alternatively you can use so called LAB files
(text files) to define a set of labels outside of INCA and use this list as filter in the
Variable Selection Dialog.
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4.3 Working with LAB files

For the creation of an experiment in a multi ECUs setup, LAB files can be of great
help. Such a LAB files contains a list all measurement labels and calibration
parameters needed for a specific calibration task. Here is an example for a simple
LAB file:

[RAMCELL]
Epm_nEng
InjCtl_gSetUnBal
[LABEL]

AirCtl_mDesBaseEOMO_MAP

It is a text file with the file extension “.lab”, containing a list of labels, designated
as [RAMCELL] (measurement labels) and [ LABEL] (calibration parameters),
respectively.

In a multi ECU project, based on four ECUs for example, the variable selection
dialog could look like following:

‘= Variable Selection
X =  @B® T Trily & " v | &
All Sources (Not Filtered, 179029/179029 Visible)
Sources Name 4 | Data Source Desc
ElLE .*E"'Ij _bVSensPlaus ETKC:1
B < CCP:1 'S 42 _tiElpdLodd ETKC:2
) Rasters B°'T 45 _tiElpdLodd ETKC:3
@) Functions @1 %2 AC_dmClgACOff CUR CCP:1 Cool
B < ETKC:1 @ 1%, %8 AC_dmClgACOff_CUR ETKC:2 Cool
&) Rasters @1 %9 Ac_dmClgacoff cUR ETKC:3 Cool
@) Functions @1ty 59 Ac_dmclgacon_map ccp:l Cool
=) < ETKC:3 @152 AC_dmClgacon_map ETKC:2 Cool
é :I:zfns g%#j AC_dmClgACOn_MAP ETKC:3 Cool
5 @ ETKC:2 \‘ﬂg_%j AC_pACThresHil C ETKC:1 Uppe
3 Rasters gﬂg"-j AC_pACThresHi2 C ETKC:1 Upps
@ Functions \‘*g_%j AC_pACThresHE_C ETKC:1 Uppe
@€ %9 AC_pACThresHi C ETKC:1 Uppe
e [ e

Figure 15: Sample variable selection dialog with 4 ECUs

You can use a LAB file as described above and apply it to “All Sources” or a specific
device like “ETKC:3”, just by a right click on “All Sources” or “ETKC:3”
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2= Variable Selection

"l

3 |

Open Raster Pre-Selection...  Alt+R :

= «» ETKC:1 'Tﬁ"#

(%) Rasters @iw=y

1@ Functions Py

B o ETKC:3 '&#

(%) Rasters Oy
@ Functions =1

[ <% ETKC:2 'u(::j'

(3 Rasters :ﬁ%_::

1@ Functions =2

Figure 16: Adding a LAB file to the VSD project of 4 ECUs

The LAB file is used as a filter and only labels existing in the LAB file and
corresponding measurement rasters will be shown in the Variable Selection Dialog:

= Variable Selection

CHP T TrHEE LW
multi_ecu (Not Filtered, 1212 Visible)

=1 18 Al Sources
Bl < cePi1
@) Rasters - |Data Source | Description
@ Functions
= < ETKC:1
%) Rasters
& Functions
Bl < ETKC:3 (@ [ %, AirCtl_mDesBasEQM_MAP Basic mapfor the air mass setpoint value AirCt]_mDesBasEQMO_MAP
&) Rasters @ T4 AirCtl_mDesBasEQM)_MAP Basic mapfor the air mass setpoint value AirCtl_mDesBasEOMI_MAP
@ Functions (@ Ty 48 AirCtl_mDesBasEOM)_MAP Basicmapfor the airmass setpoint value AirCt]_mDesBasEOMO_MAP
Bl < ETKC:2 @ Tly 42 AirCtl_mDesBasEOM)_MAP Basicmapfor the airmass setpointvalue AirCt]_mDesBasEOMO_MAP
(&) Rasters BT 49 Epom_nEng cepil Enginespeed Epm_nEng el 1]
@ Functions W'T 42 Eom_nEng ETKC:1 Average enginespeed of one oylindersegment  Epm_nEng ENN
B[] LAB Fies 249 Epm_nEng ETKC:2  Average enginespeed of onecylindersegment  Epm_nEng el 1]
51 muit_ecu 249 Epm_nEng T3 Engine speed Epm_nEng EEE
49 Inictl_qSetUnBal cep:1 Current injection quantity InjCH_qSetUnBal el 1]
l'C 42 Injctl_qSetUnBal ETKC:1 current injection quantity InjCtl_qSetUnBal Bl 1]
°C 42 njctl_asetunsal ETKC:2 current injection quantity InjCtl_qSetUnBal e[ 1]
l°C 49 njctl_gSetUnbal ETKC:3 Current injection quantity InjCtl_qSetUnBal el 1]

Figure 17: Applying the LAB file to the VSD project of 4 ECUs

4.4 Experiment environment

In case label names are not unique over the entire multi ECU project, meaning
several devices come with labels having the same name, it is recommended to
activate the “Show device name”, in the variable display options, which can be
found in the menu [Variables/Variable name display setup...]. Once activated, each
label name will be extended by it device in the Experiment Environment.
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Experiment: >AP< Hardware: >Fahrzeug A<

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target Instrument Window 7

CCP:A=ECU_1 p i ‘ (WP @ RP :';:EECCUUEI‘QP‘I | Diff.: NOT INITIALIZED - EXPERIMENT IN OFFLINE MODE
ﬁ EI Measure Window [1] El|i\ (2. Varizble name display setup E
£ | | njc_gSetUnBalETKC:3 - | [mg/hub] Variable Display Setup

E Eng\CCP:1 =
H e [rpm] [¥] Show device name

Epm_nEng\ETKC:1 - | [rpm]

Epm_nEng\ETKC:2 rpm First fiter

Epm_nEng\ETKC:3 - | [rpm] Filter

InjCtl_qSetUnBaNCCP:1 - | [mg/hub]

InjCtl_qSetUnBal\ETKC:1 - [mm*3/hub]

InjCtl_qSetUnBal\ETKC:2 -|| [mg/hub]

Combined Editor [1]

CEFEEIEXY:

Second filter

Figure 18: Displaying of device names

=] [AirCtl_mDesBasEOMOI_MAP\ETKC:2 < Map> iter (nofiter =
yix
00000
5.0000
10.0000
AR 15.0000 Example
i M‘?}g“?‘:‘ ALY aaabbbcec\Device
& = e > assbbbecc\Device
Qﬁg\%@}{}*}*‘;“"“‘ 30,0000
‘\
Q% 35.0000
A OK Cancel Reset
'33‘3‘“ 400000 | |
& 45,0000
==1 CN ANAn QI8 NN Q%R 0NN 027 ann a7 Ann QAR AN

ETAS

Once the variables have been selected and the experiment has been configured,
the measurement for the multi ECU set-up can be started.

For calibration, each ECU has to be switched from its Reference Page (RP) to its
Working Page (WP).

INCA allows switching data pages for each ECU separately. The "WP" and "RP"
buttons in the experiment window apply to the ECU currently selected. To switch
data pages for another ECU, the respective ECU has to be selected from the drop
down list first before a page switching can be performed:
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Experiment: >AP< Hardware: >Fahrzeug_A<

Experiment Edit View Variables M Hard Dataset Components E-Target I Wind ?
Select current device

lccpasEcUdp ] WP @ RP | WP:ECU1 p 1

RP: ECU1 p

=

: : 3
j ccpiazecU 1

| Diff.: 0 HW NOT INITIALIZED - EXPERIMENT IN OFFLINE MODE

ETKC:1=ECU_2_f
- =

ETKC:3:ECU_4 _ep EI@

ETKC:2=ECU_3_Id -| [mg/hub]

H Epm_nEngh\CCP:1 -| [rpm]
Epm_nEngh\ETKC:1 -| [rpm]
Epm_nEng\ETKC:2 - [rpm]

Q’ Epm_nEngh\ETKC:3 -| [rpm]

@ InjCtl_gSetUnBal\CCP:1 - [mg/hub]

7= || | InjCtl_gSetUnBal\ETKC:1 -| Imm*3/hub]

@ InjCtl_gSetUnBal\ETKC:2 -| [mg/hub]

| e

o =] | AirCtl_mDesBasEOMO_MAP\ETKC:2 <Map> = | [mg/Hub]  x Epm_nEnc

[ v 300,00 70000 850,00 1000000 12004

Figure 19: Activating an ECU for page switching

4.5 Grouping of ECUs (Master/Slave ECUs)

If two identical ECUs shall be calibrated in parallel, for example if a V-engine has a
separate ECU for each of the 2 cylinder banks, INCA offers a feature to group
ECUs.

In this case, calibration values with the same name will be calibrated in parallel,
e.g. if a calibration value is selected and calibrated on one ECU, INCA will
automatically also calibrate the same label on the other ECUs that are part of the

group.

First, the ECUs have to be added to a group. Only one group is allowed.
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Figure 20: Grouping two ECUs

In the Variable Selection Dialog, INCA will show the grouped ECUs in a “Grouped”
hierarchy and also will create a section containing the differences between the two
ECU descriptions:

-
= Variable Selection

X @B ® T Tk 1x 4

Variables

Sources

= [@] All Sources
= 8 Grouped

() Rasters

;@ Functions

= o ETKC:1
@ Rasters
@ Functions

Bl <@ ETKC:2
(b Rasters
& Functions
3 Grouped Differences

Figure 21: Grouped ECUs in the Variable Selection Dialog

In the Experiment Environment, a calibration value can be selected from each of
the ECUs.
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Figure 22: Calibrating the same label on two ECUs in parallel
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If the value of a label is changed on one ECU, INCA will automatically change the
value on the other ECU in the group accordingly. If the same label from both ECUs
is selected in the experiment, the changed value will be updated in both calibration
windows.
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5 ETAS Contact Addresses

ETAS GmbH

Borsigstrasse 14 Phone: +49 711 3423-0
70469 Stuttgart Fax: +49 711 3423-2106
Germany WWW:  www.etas.com

ETAS subsidiaries and technical support

For details of your local sales office as well as your local technical support team
and product hotlines, take a look at the ETAS website:

ETAS subsidiaries WWW: www.etas.com/en/contact.php
ETAS technical support WWW:  www.etas.com/en/hotlines.php
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