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CONTINUOUS INTEGRATION AND TEST
FROM MODULE LEVEL TO VIRTUAL SYSTEM LEVEL
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A WRY OF WORKING

* At Volvo Car Corporation, Propulsion division, we develop our own
algorithms

* These algorithms control the engine and the gearbox

Equations of physical systems are expressed in Python
These equations or functions are connected into a network
A python package is used to optimize the equation parameters to match a measured reality.

When the result is robust we implement these equations in TargetLink and C-code is generated that
is then run in the ECU

On-line ODE solvers for state estimations (Euler is unstable)are often used

IMC feedback (e.g. lambda control) is used in the Air Charge system

A

python

o) QTronic

VIRTUAL ECUs
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THE BIGGER PICTURE

SIL removes bottlenecks

Physical Testing Virtual Testing

Number of tests

. Physical test cells are limited in
numbers due to HW and Facilities

EP

. Virtual test cells are limited by
number of SW licenses, only

. SIL offers a vehicle like integration environment
. SIL provides faster execution time than MIL

. SIL can in many cases replace HIL debugging

. SIL serves as a virtual test environment

Unified testbench for SW design

Standardized Data Collection
Plant Modelling

Model Calibration
Conceptual SW design
Integrated SV design

Diagnosis development

SW Validation

SW Calibration

Aftribute Validation

HW and diagnostic validation

A
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HISTORY

* Prior to the current engine generation, all 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 I know it will work when we test in the car...

A s
l-=ﬂﬂa EQ‘
2009 2014 2015 2016 2017
h % -
CAE Engineers Sil Pilot on Server Ramp up to Pilot with
use Silver to current automation 100 users, Explorative
run plantmodels . and . now also in tests on next
Engine education more Engine plattform
plattform projects
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UNIT TESTING AN ENGINE CONTROL MODULE

* The Software 1n current generation
ECMs 1s structured into around 250
modules

* Unit tests are required to ensure
software quality and compliance with
industry norms (e.g. ISO 26262)
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CODE INSTRUMENTATION: MOTIVATION
?E%-: A

y e y
y(t) = A(B(u(®))) y() = A(m(D))

* Functions in the ECU are made * Unit tests need to be
up of smaller units during applicable to subfunctions

the design phase * Values need to be injected

* These Subfunctions are not into the i1nput vector of each
represented 1n generated code subfunction
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CODE INSTRUMENTATION: SIGNAL ALIASES

void Module(void){

[...]
Instrument /* Calculation of templ in subfunction B */
templ = temp2 + temp3;

/* Usage of templ in subfunction A */
yl = templ * m2;

/* Assignment of templ to ml */
ml = templ;

Detect [...]

Code generators tend to use temporary, local variables

Analysis 1s needed to determine cases where such a temporary
variable is always equal to a measurable signal

Value injecting needs to take into account all aliases of a given
input
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FOUFAS, ANDREASSON, HARTMANN, JUNGHANNS - PRESENTED AT THE EMBEDDED WORLD 2018 EXHIBITION & CONFERENCE



REQUIREMENT BASED TEST (MOTIVATION|

* Traditional Unit Tests rely on a small amount of scripted
scenarios

* Every requilrement is assoclated with a fixed set of stimulil that
should result in the wanted behavior

* In large systems 1n a continuous environment 1t 1s hard to
achieve a sufficient test coverage

* To solve this problem, tests are defined as Requirement Watchers
which are decoupled from the stimulus
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REQUIREMENT BASED TEST (WATCHERS)

Stimulus Pool

Requirement watchers are defined
through preconditions and expected
behavior

h 4
;' E WHENEVER  Pressure Cntrl is Active
EXPECT Desired Pressure
= " =IE : = 1 = WITHIN 10s
L B L 2 All requirements can be monitored
Requirement Definition “t all fimes
Unit Test Module Test Integration Test

Watchers are independent of the
scope of the test

large number of stimuli )( large number of watchers

=> ensure high test coverage
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SIL SOFTWARE PROCESS

i A DLL of our SW components is created

. A text file specifies the System Under Test, can be
the whole SW, a set of function, one function or a
subsystem of a model

. Test cases are extracted from the developers Silver
database

@ TestWeaver Setup Generation [=][= =]

Projects Experiments Build steps

Vlgn S VeProtNe_Nolnterface 1. Cleanup build
[VeProtNe python |

VelgnAdp

by

) x:ig:gf _cumulated_code_coverage_
#31 triggered by SCM started 5 hours ago VlgnFinal
VelgnRtdMS
VclgnRtdTDC
VelgnTot

SilverDLL VelnjCntrCmpn
age 20 min 10 sec VelnjCntrntk
: VelnjFuCut

i

Init

Ic

Generation
go  42min 12 sec
. VelnjMode
SilverDLLTest VelnjPrmCmpn
5 min 38 sec 4hoursago 58 min 54 sec VelnjPrmintic
VeProtCoom

SilverDLLTest VcProtExh -
VeProtin
mm_ </ [ RebuldsuTinterioce |

] >

[ New Project ] Browse directory
040_a_RunHilTest_SP_SSP
Ly [ Open in TestWeaver ] | [ Run Experiments ] [
040_a RunHilTest SP_SSP

Ahourzago 21 min 18 sec [ Refresh I Verify Experiments ]
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SIL SOFTWARE PROCESS

. Test cases are expressed in Python

. Run TestWeaver Light on a Jenkins test server as a
nightly build

. Code coverage is measured by using CTC++ from
Verifysoft and reported as HTML

Virtual ECU

control software tasks
fix-point C code
one function per task

adapter

compile

attach to
process to
debug

scheduler
to run
tasks

Commit Build Test Stage Deploy Dev/QA...

CANape
INCA
measurement
and calibration

—— > Continuous Integration/Delivery —»

Development
4

Code
Commit

<
MOF
CSV
Production Test &2 %
server 4
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CONCLUSIONS =)

The presented method of code instrumentation provides a
way to design tests and requirements for arbitrarily
small units inside a large system

By ensuring reusability and independence of requirement
definitions - watchers, they can be applied to many test
— stimuli

The cross product of many watchers and many stimulil
ensures high test coverage

A high test coverage 1s essential 1n order to guarantee
high quality software
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WAY FORWARD

. We are currently expanding our
range of plant models, so that
the developers can use closed
loop simulations.

. We have started with Explorative
Tests, where the stimuli is
automatically generated.

. We are adding more Additional
ECUs

Engine,
Sensor and
Emission
Models

@ Silver

Aftertreatment
systems LNT

DPF

SCR

ECU C code

iz

Vehicle Model

‘.' Test Weaver
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