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= Software & System Development Process
How will we achieve the goal of developing an autonomous vehicle?

= Design Decisions
What do we have to consider?

= Quality Assurance Activities
Are we still on the right way?
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= June 2006. Hey, there‘s an interesting upcoming competition:
Let's build an autonomous vehicle. ©

Traffic Scenarios
Agile Software Engineering
Requirements Extreme Programming
Waterfall-Model
V-Model Configuration-Management
Release—ManagenEﬁm how?
lterative Development Cycles
Quality Assurance
Unit Tests
Real Vehicle Tests Bug Tracking
Record Raw Data
Tight Schedule Visualization
Fixed Deadlines
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Important basic conditions:
» fixed and tight schedule by DARPA - NO re-negotiation

= collaboration of five institutes of the faculties for mechanical and
electrical engineering as well as computer science

= vehicle is the bottleneck

Important implications:

= planning backwards

= early integration of hardware and software modules
= early escalation of arising problems

= ,Ensure the software is running in the lab before changing it on the
vehicle!"



) Software & System Development Process

N\f{ T =

I| I'., f |
W&

Slide 6

Malin principles behind our iterative development cycle:

and plan work packagr ‘efine Fit Criteria®“.
Check requirements‘ Implement functionality.
fulfillment and release

Fig. 1: Iterative development cycle.

Analyse requirements

the hard- and software.
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= Design Decisions
What do we have to consider?
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e DOs:
« prefer simple and robust solutions
e use standards where possible
 modularize tasks and reuse parts
e Integrate continuously and release often
 document your changes for traceability

= DON'Ts:
e reinvent the wheel bﬂi

,Premature optimization is the root of all evil.*  [2 rosx1 [ xeromsi |
' |

| Hardware

Fig. 3: Caroline's layered
software architecture.
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- : S 011010, 1"+,
Main software architecture traits: 5 .
= |ean middleware (threading, template || c
o () o ©
module patterns, transparent ERIBE S || R
communication using different 2l e Q|2
media,...)
A A A
= concurrent thread-safe pipeline concept — - §
(parallelized producer/consumer)
= separation of concerns (layered “o%00keC RTXchange
modules for abstraction & A ; ——
encapsulation) 4 POSIX.1 _ Xenomai
= composable code (stand-alone -
Hardware

applications & linkable libraries)

Fig. 4: Caroline's layered software architecture in detail.
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= Quality Assurance Activities
Are we still on the right way?



Slide 11

Overview of an iterative development cycle:

Analyze
requirements.

Requirements 'I

:

Design virtual test
drive.

< documents |
Test drive
——p specification F—

Necessary

No

A 4

validators available?,

Yes—Pp

and validators.

A 4
Implement test Implement
case using test | | software functions
drive specification fulfilling

requirements.

Design and
implement missing
validators.

v

Test software
functions against
test drive
specification.

Test drive
specification
fulfilled?

No

Test drive
specification
fulfilled?

Plan real vehicle

Yes

A 4

test drive. 4-‘

Software & System Development Process

YesP

Build new
software release
on car computers.
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Setting up system simulation:

Merge when this gap = 10 sec

Analyze requirements.

—
e — | Requirements 'I
nay documents
requirements. |
o ' Test drive
Design \(lriua\ test specification | —
drive.
A
Implement test Implement
Necessary ) case using test software functions N
alidators available?, ve drive specification u > fulfilling i
and validators. requirements.
y ¢ Fig. 5: Requirement set by DARPA.
N'O Test software
functions against No
Design and test drive
implem_ent missing specification. Test drive Build new
validators. specification Yes-{ software release
fulfilled? on car computers.
Test drive
specification
fulfilled?
Ye ) Plan real vehicle
test drive.
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Quality Assurance Activities

Setting up system simulation:

Design a virtual test drive.

Requirements

Apalyze < docu
requirements.
v /
N / Test drive
Design virtual test ‘ .
. > specification  f—

Implement test

Necessary Yes) case using test

alidators available?,

drive specification
and validators.

No

A 4

Design and
implement missing

4

validators.

N.
NO

A
Implement
software functions |
fulfilling h

requirements.

v

Test software
functions against
test drive
specification.

Test drive
specification
fulfilled?

Test drive
specification
fulfilled?

A 4

Plan real vehicle

test drive. 4'|

Fig. 6: Design virtual test drive (RNDF+MDFs). In this
example: Test area A.

Yes—pi

Build new
software release
on car computers.
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Setting up system simulation:

Quality Assurance Activities

Analyze

requirements.

Design virtual test

Requirements
documents.

Test drive specification

drive.

Necessary
alidators available?,

No
A 4

Design and

Test drive
specification

Implement test
case using test
drive specification
and validators.

4

implement missing
validators.

(ISO-AO print out).

—

A
Implement
software functions | _ N
fulfilling N i

requirements.

v

Test software
functions against
test drive
specification.

Test drive
specification
fulfilled?

Test drive
specification
fulfilled?

YesP|

Y e

Plan real vehicle
test drive.

CarOLO -

Ubersicht StoryCards

(MS13-SC01, MS13-SC02 und MS13-SC03)

Beschreibung:

Meilenstein
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>
Simulator s

13
13. Méarz 2007

Kameragestiitzte Fahrt auf Rundkurs,
sensorgestiitztes Ausweichen und E-
Stop

Campus Sud

Vorraussetzung ist das Bestehen des vorigen Szenarias!

« Caroline fahrt autonom mit einer Geschwindigkeit von
8 - 15 km/h kameragastutzt in der auBeren Fahrspur
den kompletten Rundkurs, ohne die Fahrspur zu
verlassen

« Caroline fahrt autonom mit einer Geschwindigkeit von
08 - 15 km/h ohne Fahrspurerkennung nach RNDF
auf ein Hindernis zu und weicht diesem aus.

« E-Stop funktioniert gemaB Anforderungen

Beschrcibung Vecantwertich

ehat Srvis it maleher TP, it (St nrnsmenac

o m = W B W B R 8 5
93 w3 | ma 13 | @3 W3 153 %3 63 a3

9= Micht angsfangen. 1 = Koraipier, 2 = Implemartiert, 3 = Getesiet im Testbeti. 4 = Im Fahvzug in Betrih genommen, § = 100% erclgreich im Fahvasuy getestet

Fig. 7: 1SO-AO print out of test drive specification.
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Setting up system simulation:

What are validators?
Design and implement

validators Imagine they are virtual DARPA
referees:

Requirements
ULl documents. -I

requirements. |

/ = They check compliance with traffic

» specification ~§— rUIeS-
\T< = They measure distances to

A
Implemgnt test Implementl O bstaC I eS .
Necessary Y case using test | ) software functions No
alidators available?, drive specification fulfilling
d validators. requirements. M M
/ - = = They check timings.
N'O Test software . . .
e = They evaluate using penality points.
implement missing specification. Test drive
validators. specificatio
fulfiled? m
Test drive
specification

fulfilled?

What is the difference to an a priori
"= defined optimal route the robot
should follow?




Quality Assurance Activities

Setting up system simulation:

Imagine the following situation:

X m length.

Fig. 8: Passing a stationary obstacle.
Even if T3 is the optimal route due to the smallest lateral forces, T1 and
T2 are allowed as well. This example could alternatively checked
using thresholds (indicated by blue lines).
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Setting up system simulation:

But, imagine another situation:

Fig. 9: Following or passing another vehicle.

In this example, v, <Vv,. Thus, the robot can either overtake the other
vehicle, simply follow the car or choose a completely different route
by dynamic re-planning. In this case, many solutions are suitable.
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oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Setting up system simulation:
Validators...

»= can be used to check compliance with a given set of constraints I
(timing, geometrical relations, logical constraints, ...).

= can be applied interactively or unattendedly.

= hold: Vv v e Yq: Ifail led(v) after a system simulation S in case of
no error, where VW is the set of validators applied to S and failed:
Y - bool is a method checking for any penalties for evaluation.

= are from the technical point of view a reporting interface that can be
used online during a running system simulation or offline by post-
processing dumped simulation data.
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Setting up system simulation:
-q D V _ Here is the intelligent part of the naive
JIntelligent Simulations®... simulation component.

= need a kind of intelligent components. Imagine following scenario:

Fig. 10: Robot has passed dynamic vehicle A.

» Robot B has passed vehicle A. A should follow its own behavior rule
set but must consider the behavior ofrobot B: It must not collide and
must switch to follow-mode if necessary.
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= Quality Assurance Activities

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Setting up system simulation:
Intelligent components...

= follow primarily their default behavior rule set (e.g. arrive at
Intersection when the robot stopped for at least five seconds at its
own stop line).

= must consider the behavior of other elements if they are part of a
long-term system simulation.

» should be used very wisely for setting up system simulations with
reproducible results - decompose traffic scenario into smaller
parts.
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Components of a system simulation:

Simulator .
Application I
. . . Simulator Factory
Simulation’s engine. _/ \_
gy 1 1y 1
Simulator View Object Components
Factory Factory Factory
creates :; creates,’ ' creates ,"
1 ,,,’ //,,/' . ’
Model ~1\+ o
P i 1 y
“l" View [ —| Components Group

e

Dynamic Object

4&

Static Object

Car — 1

Motion Behaviour

L/%umenf view

of the entire

n

or a part of Component

the ;/mu/a tion’s Simulation's

environment. components, i.e. real
Behavior rule set-based subsystems ,
Lintelligent" parts of processing synthetic

the environment.

data or validators.
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// Prepare "USB stick™ for getting RNDF and MDF.

Setting up system simulation:

Acceptance_USBStickService *usbstick = new
Acceptance_USBStickService(sRNDF.str(), sMDF.str(), 1);

Putting everything
fogefhe/": EX@CUfab/e // Create Al service. 50/")‘0 o
e 1 1€ST drive specification. | AcoeptanceAiservice “ai it Coppery Tire,

el documents.

. Acceptance_AlService(m arge . S/ ’a, //7)‘ /776/7 fS’s

- // Create Simulator service.
Design virtual test Test drive
drive. specification  f— Acceptance_SimulatorService *simservice = new
Acceptance_SimulatorService(m_argc, m_argv);
A
Tt s e e— L1111 777777777777777777777777777/7////777/7/77///////////7777
Necessary case using test software functions N R R
alidators available?, Yesp drive specification u > fulfilling i // Timeout validator.
and validators. requirements. Validator_TimeOut *valTimeOut = new Validator_TimeOut(2350);
A
¢ valTimeOut->startService();
No
Test software g . . = -
_' e ZgEins No simservice->getSimulatorObjectValidatorObserver()
_ Desianaigy test drive —>addvalidator("'SimulatorView-0", valTimeOut);
[mplem_ent missing specification. Test drive
validators. specification
fulfilled?

// Checkpoint validator.

Test drive
specification
fulfilled?

Validator_PassCheckpoint *valPassCheckpoint = new
Validator_PassCheckpoint(sMDF.str(), sRNDF.str(), 2);

Plan real vehicle
test drive.

Y e
->addValidator(*'SimulatorView-0", valPassCheckpoint);

4-‘ simservice->getSimulatorObjectValidatorObserver()

// Start simulation.

simservice->startService();
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Quality Assurance Activities

Setting up system simulation:

Analyze

Now, every developer can work
independently and safely implementing
the software function for the

requirements.

A 4

Design virtual test

Requirements
documents.

drive.

Necessary
alidators available?,

No

A 4

Design and

Test drive
specification  f—

A

Implement test
case using test
drive specification
and valid:?mrs:

4

implement missing
validators.

Implement
software functions
fulfilling

reaiiremeants
CarOLO WiSuslisation Application

Fle Fiter FlterGroup View fxira Window

Filtar. State
EmerRer (12.. connacted |
TajectonMe... connected
Graphvisuall.. cannect ad
Laneriter (1. deconnected
Egorusionob... connected
AlPclygonsfl., connected
EgofusionGt.,. connactad

Dslete fiter |

h required traffic scenario.

T

System simulation

soft

runfinteractively
SN

= [ERUTITET]
Date| Bearbeiten Ansicht Terminal Bater Hilfe:
‘berger@zelos:~$ cd Car0LO-old/CaroLO _
berger@zelos:~/Car0OL0-old/Car0L0S pice -n 19 cook STVOIYSIC=1 acceptance
/* /home/berger/Car0L0-old/Car0OL0/Howto. 1ist */

Compiling

Revision: 9119

doing valgrind testrun

strip actorics deploy

Link Library libactorics.a

strip libactorics.a

strip nightvision deploy

Link Library libnightvision.a
strip libnightvision.a

Build simulater acceptanceTest.cux
Link simulater acceptanceTest

Developers !

by independent GUI application).
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Setting up system simulation:
But furthermore, these system

simulations can be executed Acceptance test
automatically, e.q. for every bugbuster server.
e Requremel S commit, right before important =
%I milestones, ...

Report and history accessible for
everyone using web portal Trac.

Test drive
specification  §—

runs per commit
and evaluates

Design virtual test
drive.

‘ System simulation

Implement test Implement . '
Necessary case using test software functions . 4 = [Ee [
. f Yes—Ppf . P T e [, ==
alidators available?, drive speqﬂcat[on fu_lf[[llng . . Falall Huarieien Ansichb) Tormikal Raiters i
and validators. requirements. ’ 7
vy ; Inteqrated SCM & Project Management berger@zelos:~5 cd Car0L0-old/Car0LO
— = ; . = : = - berger@zelos:~/Car0OLD-old/Car0LOS pice -p 19 cook STVOIYSIC=1 acceptance
Filename sre/simulator testsuites/acceptance 'ai CampusSued_StaticObstacles_Passing 01.h /* /home/berger/caroLo-old/CaroLo/Howto, 1ist =/
11 Akzeptanz Test C”“‘Pl?mg
- - Revision: 9119
Resultat: fehlgeschlagen doing valgrind testrun
N CampusSued Dynamic Replanning 01 [Stfip actorics deploy
YA A sofn-ink Library libactorics.a
I [encsprecnend der DARPA-Anfo i - Cés‘t”"p l;bactgr%cs.a
e Gzanarin mit blocki strip nightvision deploy
Description aiiia TETushs AUSSALRAIE von. S Link Library libnightvision.a
strip libnightvision.a |
Al: CampusSued DviaiicRenlanning (RNDE— e Build simulator acceptanceTest.cxx |
Inpnlea AI: CempusSued DynamicReplanning (RNDE-Maker-Projekt) i st te i ptanteTest
‘rmhm) Zeitlimit ueberschritten.
Validator(StayInLane) Die Fahrspur wurde eingehalten.
:‘7 lid “'M Enos 'l] Checkpoinc: 4 CC[—‘-‘.E.E.Z‘L, —iee.sss, 0) wurde nicht erreiche.
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Would be nice, but
unfortunately not used
in the DARPA Urban
Challenge...

Setting up system simulation:

Finally: Use system

simulation with real-time

data in vehicle-in-the-
asal reuremens [} Joop fests.

documents.

| Vehicle-in-the-loop:

_ = Reuse validators for measuring
wecrea i distances to obstacles, ...

\T\ ] = Enrich real environment with virtual

Implement test Implement

meusngtest | L Jsomaro urcons | obstacles or vehicles for generating

and validators. requirements. . . .
A T more complex traffic situations.
N'O Test software
functions against No
Design and test drive
implement missing specification. Test drive
validators. specification

fulfilled?

Test drive
specification
fulfilled?

Plan real vehicle

S "
ve test drive.

Fig. 11: Caroline in test area A - real vehicle test drive.
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oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Conclusion and outlook:

= Simple and robust solutions should be preferred — for processes,
tools, hard- and software.

= For testing the quality of software, an extensible software
architecture is mandatory for reusing software modules as stand-
alone applications or as part of an integrated system simulation.

= | Intelligent Simulations* are only one part of an integrated quality
assurance process - real vehicle tests can not be substituted but
complemented and improved.

» Further work should elaborate the requirements- and constraints-
DSL besides design patterns for embedded system simulations.



Dilbert on software guality:

Questions?

--------------------------------------------------------------------------------------------------------------------------------------------------------------

.

1T LOOKS LIKE WE'LL
RELEASE OUR NELJ
PRODUCT OM TIME,
DESPITE ITS MANY
DEFECTS.

www.uniledmedia.com

R T

WENVE MINIMIZED THE
ECONOMIC TMPALT OF
THE DEFECTS VIA AW
ADVANCED BUSINESS
PROCESS CALLED "HOPING
WNOBODY MNOTLCES

Aaghp B 9906 United Feature Syndicate, Imo.iNYL]

AND WEVE DOUBLED
OUR FROTECTED TMCOME
BY MODIFYING OUR
ASSUMPTIONS!

BLOT OF
THIS JOB 13
MENTAL
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