PROPULSION SIL IN CI

Continuous Integration and
Validation Using Closed-Loop
SiL Simulation for Propulsion
Control and Calibration

Mattias Eriksson, Johannes Foufas, Neda Nickmehr
Volvo Cars, Goteborg, Sweden

Michael Hartmann
QTronic GmbH, Berlin, Germany



IN THE BEGINNING

« Started 2002
* 10 model developers

e SourceSafe/Vault
* Used as a network storage

* Manual starting bat files for code gen and
building




HISTORY

* Prior to the current engine generation, most tests done in car

* During the development of the current engine generation, automatic unit and

system tests were introduced.

+ Aftertreatment SW solely developed in Sil platform.
* One senior SW developer said: now | know it will work when we test in the car...

2009 2014 2015 2016 2017 2018
CAE Engineers Sil Pilot on  Server Ramp up to Pilot with Gating CI system
use Silver to current automation 100 users, Explorative based on
run plantmodels Engi and now also in tests on next git/gerrit/zuul.
ngine education more Engine plattform fThe first for model
plattform projects based development
at Volvo Cars
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SOFTWARE IN THE ENGINE CONTROL MODULE

* The Software in current generation ECMs is
structured into around 500 modules

« A small part of the application code is still made
by the HW suppliers




CI/CD SYSTEM

* Ensuring the integrity is not dependent on a single
individual making the right call. It is ensured by the
system.

* Fast Feedback, small changes often, automatic testing

* Transparency, Follow your commit

« CI/CD system as code, using Python plugin Jenkins job
builder and YAML files as pipeline configuration

Qgit & QTronic

Gating

/ Every change proposed for a repository \
\ is tested before it merges.
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CI/CD SYSTEM

Cl system structure
Build dll, unit tests, Merge tests

and Exploratory tests executed by
Silver and TestWeaver
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Function Test (SSP SIL)

Integration Test (SP SIL, SP HIL)

SP Release based on git tag

Explorative Tests ;

To supplier: ExDB, integration with BsW ____

Post Merge Jobs

calibrating + Testing —_
(HIL, Engine Rigs, Car)

To supplier: ExDB, generate VBF

Test VBF

From EXDB to PIE R&D

SW for production

Upload to DTECS (hex + RA2L)!

Calibrating + Testing
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CI/CD SYSTEM

MINGWE:

jToufas1@GOTCND7163LIN Jcfait/pt_pcc (master)

% git pull --rebase

remote: Counting objects: 10734, done

remote: Finding sources: 100% (202/202)

remote: Total 202 (delta 89), reused 202 (delta 89)

Receiving objects: 100% (202/202), 877.23 KiB | 6.91 MiB/s, done.
Resolving deltas: 100% (89/89), completed with 49 Tocal objects.
From ssh://gotsv11415.got.volvocars. net:29431,/pt_pcc

53d2c762..7abed0fe master -= origin/master
d8921674..3670d2a4 feature/HCT_APG_VEP4_GEN3-54_1 -> origin/feature/HCT_APG_VEP4_GEN3-54_1
* [new branch] feature/VED4_GEN3-82_fsjoblom -= origin/feature/VED4_GEN3-82_fsjoblom
new branch] feature/VED4_GEN3-82_fsjoblom_2 -> origin/feature/VED4_GEN3-82_fsjoblom_2
new branch] feature/VED4_GEN3-82_p3Max_from_boost_sensor -= origin/feature/VED4_GEN3-82_p3Max_from_boost_sensor
new branch] feature/p3Max_bliangl -» origin/fTeature/p3Max_bliangl

Updating 7cld391c..7abe00fe
Fast-forward
Models/SSPDL/VeDe1CveMd1/c_src/VeDelCve. a2l |
Models/S5PDL/VcDc1CveMd] ftests test_simple. py | 10 +
Models/S5PDL/VcDc1Hep7Md1,/VeDc1Hep7Md1 _par.m

|

= [new tag] VEP4_GEN3-55 -> VEP4_GEN3-55 ‘
1
|
Models/S5PDL,/VcDcT1Hep7Md1,/VeDc1Hep7Md1 _sgp. xm1 |

1029+ -
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CI/CD SYSTEM
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SIL, THE CORE OF THE C1 SYSTEM

Virtual Testing

Physical Testing

Number of tests




SIL TEST LEVELS o

* Unit-, Module- and ECM-level tests
« ECM includes supplier SW
* With or without plant models
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TEST EXECUTION FRAMEWORK

« All SIL tests — from open-loop unit tests to closed-
loop ECM tests are using the same toolchain
» Tests defined in TestWeaver
« Stimulus files in Python
« Test-level invariant requirement watchers (RML)
» Test execution in Silver

w = WatcherFSM( tw,

(
{lambda:
(lambda:
False,

1)




ECM SIL - ENGINE PLANT MODEL

Sensors

actuators



ENGINE PLANT MODEL - PARTS

* In-house developed Dymola model for
torque, air-charge and cooling systems
* Supplier catalyst models, blackbox ASCMO

: . o
 Data-driven emission models . | °
ETAS ASCMO, Neural networks ensorriow T
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ECM SIL = THE FULL SYSTEM
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ECM SIL = THE FULL SYSTEM o

How to integrate and simulate all this together?
* Plant models run as
Functional Mockup Units (FMU:s)
https://fmi-standard.org/
* Integrated in QTronic Silver

ASCMO

- TensorFlow

pymMmoLA G
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https://fmi-standard.org/

RESULTS, WLTC

* WLTC cycle comparison

« ECM SIL vs. Prototype vehicle rig measurement

* Input: WLTC velocity profile

* Including emissions

* Focus on triggering software functionality, not absolute quantities




RESULTS, WLTC
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