HAVE it

Highly automated vehicles for intelligent transport

7th Framework programme

ICT-2007.6.1

ICT for intelligent vehicles and mobility services
Grant agreement no.: 212154

ey

The future of driving.

Deliverable D61.1
Final Report

Version number

Dissemination level
Lead contractor

Due date

Date of preparation

Version 1.0
PU
. | :
GmbH
30.09.2011

23.09.2011



HAVEit 23.09.2011
List of beneficiaries
Beneficiary | Beneficiary name Beneficiary | Country Date enter Date exit
Number short name project project
1 (coord.) | Continental Automotive GmbH CAG Germany 1 42
a) Coordination (CAGCO)
b) Architecture and Copilot (CAGAC)
¢) Chassis and Safety Controller
(fail-silent generic ECU), (CAGCS)
d) Automated assistance in roadworks
and congestion (CTAAA)*
e) Front sensing system (ADC)?
3 Volvo Technology AB VTEC Sweden 1 42
a) Automated queue assistance (VTEC)
b) Active green driving (VTEC)
c) Brake-by-Wire truck (V3P)*
4 Volkswagen AG VW Germany 1 42
5 EFKON AG EFKON Austria 1 42
6 Ibeo Automobile Sensor GmbH Ibeo Germany 1 23
7 Irion Management Consulting IMC Germany 1 13
GmbH
10 Knowllence KN France 1 42
11 Continental Automotive S.A.S. CAF France 42
12 Deutsches Zentrum fuer Luft- DLR Germany 42
und Raumfahrt e.V.
13 Ecole Polytechnique Fédérale de | EPFL Switzerland 1 42
Lausanne - Laboratoire de
Production Microtechnique
14 Institute of Communication and ICCS Greece 1 42
Computer Systems
15 University of Applied Sciences UAM Germany 1 42
Amberg-Weiden
(HAW AM-WEN)
16 Budapest University of BME Hungary 1 42
Technology and Economics
17 Universitat Stuttgart, Institut fur USTUTT Germany 1 42
Luftfahrtsysteme
18 Wouerzburg Institute of Traffic WIVW Germany 1 42
Sciences GmbH

! Automated Assistance in Roadworks and Congestion (ADAS and electric steering) was in responsibility of
Continental Teves AG & Co. oHG, Frankfurt, who was included as a third party assigned to beneficiary no. 1.
% The front sensing system pawvas in responsibility of A.D.C. GmbH, Lindau, who was included as third party

assigned to beneficiary no. 1.

® The EMB activities were partly in responsibility of Volvo 3P. Volvo 3P is organisationally connected to Volvo

Lastvagnar AB. Volvo Lastvagnar ABas included as Third Party assigned to partner no. 3, VTEC.

Deliverable D61.1

Final Report

Version 1.0



HAVEit 23.09.2011

19 Institut National de Recherche INRIA France 1 42
en Informatique et en Automa-
tique’
20 Laboratoire Central des Ponts et | LCPC France 1 35
Chaussees
21 Allemann Technologies Sarl ATS Switzerland
22 Siemens VDO Automotive AG SVvD Germany
23 Haldex Brake Products AB HLX Sweden 10 42
24 Explinovo GmbH EXP Germany 2 42
25 Sick AG SICK Germany 24 42
26 Institut francais des sciences et IFSTTAR France 36 42
technologies des transports, de
'aménagement et des réseaux

“ In the context of the joint research institute "La Route Automatisee" two third parties were assigned to partner
INRIA: Ecole Nationale Superieure des Mines de Paris (ENSMP) and Associationlgpdecherche et le
Developpement des Methodes et des Processus Industriels (ARMINES).

Deliverable D61.1 Version 1.0 iii
Final Report



HAVEit

23.09.2011

Authors

Reiner Hoeger, Continental Automotive
Holger Zeng, Continental Automotive
Alfred Hoess, Continental Automotive
Thomas Kranz, Continental Automotive
Serge Boverie, Continental Automotive
Matthias Strauss, Continental Teves
Erika Jakobsson, Volvo Technology
Achim Beutner, Volvo Technology
Arne Bartels, Volkswagen
Thanh-Binh To, Volkswagen

Hannes Stratil, EFKON

Kay Firstenberg, SICK

Florian Ahlers, SICK

Estelle Frey, Knowllence

Anna Schieben, DLR

Henning Mosebach, DLR

Frank Flemisch, DLR

Alain Dufaux, EPFL

Davide Manetti, EPFL

Angelos Amditis, ICCS

Irene Mantzouranis, ICCS

Heike Lepke, UAM

Zsolt Szalay, BME

Balint Szabo, BME

Philipp Luithardt, USTUTT

Michael Gutknecht, USTUTT

Nadja Schoemig, WIVW

Armin Kaussner, WIVW

Fawzi Nashashibi, INRIA

Paulo Resende, INRIA

Benoit Vanholme, IFSTTAR
Sebastien Glaser, IFSTTAR

Philippe Allemann, Explinovo

Fredrik Segld, HLX

Anders Nilsson, HLX

Deliverable D61.1 Version 1.0
Final Report



HAVEit 23.09.2011

Project Managers

Alfred Hoess

Continental Automotive GmbH

Siemensstrasse 12

93055 Regensburg, Germany

Phone +49 941 790-5786

Telefax +49 941 790 99 5786

E-mail: Alfred.Hoess-EXT@continental-corporation.com

Holger Zeng

Continental Automotive GmbH
Siemensstrasse 12

93055 Regensburg, Germany
Phone +49 941 790 92330
Fax. +49 941 790 99 92330

E-mail: holger.zeng@continental-corporation.com

Project Co-ordinator

Reiner Hoeger

Continental Automotive GmbH
Siemensstrasse 12

93055 Regensburg, Germany
Phone +49 941 790 3673
Fax +49 941 790 13 3673

E-mail reiner.hoeger@continental-corporation.com

Copyright: HAVEIt Consortium 2011

Deliverable D61.1 Version 1.0 %
Final Report



HAVEit

23.09.2011

Revision and history chart

Version
0.1
0.2
0.3
0.4
0.5

0.6

0.7
0.8

Date
2011-05-13
2011-05-22
2011-05-29
2011-06-02
2011-06-04

2011-09-18

2011-09-19
2011-09-22

2011-09-23

Reason

Initial template by Alfred Hoess

General part and SP2000 part included

Comments from coordinator included, SP3000 part included
SP4000 part included

SP5000 part included, reviewer comments included; final formatting and
final editing; submission to EC (note: deliverable draft version)

EC reviewer comments implemented, Joint System chapter updated,
minor editorial corrections

Conclusions updated, document sent to partners for final review

DSA chapter updated, final partner comments included, final editing and
formatting, preparation for publication

Final deliverable version submittet to EC; publication via project web

Deliverable D61.1
Final Report

Version 1.0

vi



HAVEit 23.09.2011

Table of contents

ReVISION @and NIiSTOrY Chart ........oeeii i e e e e e s e e e e e e e s et et e e e e e e e s e aanrrnnees Vi
LIz ol L= 0 olo] 1 =1 o] £ TP vii
[0 U= PSP PP PP PP OPTPPOOP X
1= o] PRSP RPUPRP XVii
EXECULIVE SUMIMIATY .eiiiieeiiiiiiieeee e e e e s siit et e e e e e e sttt e e e e e e s e sntteaeeeeeeesaanstaaaeeeaeesasssstaneeeeesssanstseneeeeeesesnnnsennnees XiX
N |V (o) 1Y (T o PRI 1
1.1 Accident CauSAtioN BNAIYSES ........cooiiiiiiiiiiiiie ittt e et e e e e ee e 1
1.2 Highly automated driving vision to improve overall Safety .......cccccccvvviiiiiieere e 3
2 o (o] 1= o ] o1 =Tt (1Y SRR 5
2.1  Three HAVEIt KEY ODJECHIVES .....ooeiiiiiiieee et 5
2.1.1 Development and validation of next generation ADAS functions as a co-system......... 5
2.1.2 Optimum system joining and interaction between driver and co-system ...................... 6
2.1.3 Development and validation of failure tolerant, scalable, safe vehicle architecture....... 8

2.2  Scientific and technological objectives: Challenges and functional clusters derived from the
three KEY ODJECHIVES ... . et 10
3 HAVEIt requirements and SPECIfICALION .........ccoiiuiiiiiiiiie e 20
3.1 Requirements ENQINEEIING ......ccooeiii i 20
3.2  The HAVEIt ArChIteCIUIE: 4 LAYEIS.....cccc i e e e 24
3.3 Highly automated vehicles for safety architecture validation .............ccccccoiviiiiiiiiiiiiicieeee, 26
3.3.1  Joint SYStemM driVer / CO-SYSTEIM ....uuuiiiiiiiiiie ittt 27
3.3.2  Brake-by-Wire TruCK........ooooviiiii 30
3.3.3  Architecture Migration DEmMONSIrAtOr..........cccooviiiiiiiic e, 31
3.4 Highly automated vehicles for public rOBAS...........ccueiiiiiiiiiii e 32
3.4.1 Automated assistance in roadworks and CONGEStION ..........occcveveiriiiieiiiiiee e, 32
3.4.2 Automated qUEUE @SSIStANCE .........cccveeiiiiiiee e 33
3.4.3  Temporary autOpilOt..........cooviviiiiiiiii 34
344 ACHVE GIreeN ArIVING ..coooeeiiiiiiiiie ettt ettt e s et e e e s nbe e e e e e 35
4 Horizontal Challenges: Safety Architecture Implementation ...........c.cceeiiiieiiiiie e 36
4.1 Challenge 2.1: Safety relevant ECUS: XCCs and CSCS.......ccoooiiiiiiiiii e 36
4.1.1 Chassis and Safety CONLIOIEN ...........euuiviiiiiiiiiieieieeieiireeeeeeeeereeerereereararerererererer————————. 37
I (O OSSPSR 43
4.2 Challenge 2.2: Communication: FlexRay, CAN, V2V, V2l .....ccooviiiiieeeeiceeiee e 49
4.2.1  FleXRay COMMUNICALION ........uuuuuieeeeieresesereseeessssesssesssssessssseesneesesresrserererererererer———.. 49
4.2.2  CAN COMMUNICALION ..ceiiiiiiiiitiiie e ettt ettt e e e e e et e e e e e e e s eaabe b e e e e e e e e annbeeeeeas 53
4.2.3 V2V COMMUNICALION ..eeieeeiiiiiiiiiieie e e ettt e e e e e s ettt e e e e e e s st eeeaeesssnnnteraeeeeeeseannnreneees 53
M SV b4 W @ . .11 o= 1o o S 56
4.3 Challenge 2.3: Actuators for by-wWire SYStemMS ........ccooooiiiii i 59
4.3.1 Brake-by-Wire actuators for the BbW truck (challenge 4.2) ...........ouvvvvevvevvveieveevennnnnns 59
4.3.2 Steer-by-wire for Joint System Demonstrator (challenge 4.1)........cccccevviiiiinniineennnnn. 67
S o T 11153 o o 1SS 74
5  Horizontal Challenges: Joint System Driver / CO-SYSIEM .......cocuiiiiiiiiiiiiiiiee et 75
5.1 Challenge 3.1 CO-SYSIEM ...eiiiieiiiiiiiiiie ettt ettt e e e e e bbb et e e e e e e sanbbee e e e e e e s e annbeeneeeaeas 75
5.1.1 Perception and data fUSION .........oooiiiiiiiii e 75
5.1.1.1 Low level fusion of Infrared laserscanners (SICK) .......ccccooiviiniiieiiniieeeennn, 75
5.1.1.2 High 1evel fuSION (ICCS) .....uiiiiiiiiiie ettt 80
5.1.2 Co-Pilot module of the JOINt SYSEM ......ccoiiiiiiiiiiiie e 87
5.1.2.1 Co-Pilot algorithms - driving strategy and trajectory..........ccocccuvveeeeeeinnniiiinnenn. 89
5.1.2.2 Coarse planning i the strategy leVel ..o, 90
Deliverable D61.1 Version 1.0 vii

Final Report



HAVEit 23.09.2011

5.1.3  The trajeCtory PIANNEN ..........oouii ittt e e e e e e nbnbeeeaaaeeeas 95

5.1.4 Command generation and validation...............cccooiiiiiiiiieiiic e 101

.15 SUMMAIY ittt ettt e e e e ettt e e e e e e ee e bbb e s e e et e e e bbb aeeeaeeeereaen 104

5.2 Challenge 3.2: Driver State ASSESSIMENT........ccuuviiieeeeiiiiiiiieee e e e e e ssseerr e e e e s sssrn e rreeeeesaennrnees 104
5.2.1 Special issues of driver state assessment in highly automated driving .................... 105

5.2.2 Driver State ASSeSSMeENt iN HAVEIL.......coooiiiiiiiiiie e 110

5.2.3 Validation of Driver State ASSESSMENT ........cccvviiiririrrieree e 114

5.3 Challenge 3.3: Joint System design i interaction between driver and co-system.................. 129
5.3.1 Structuring the use space: use cases and SCENATOS .........uuueeveeeiriiiiiiieeieeee e 130
5.3.1.1 The HAVEIt use space and its dimeNSIONS .........cccoocvveeiriiieeniiee e 131

5.3.1.2 From USE CASES t0 SCENATOS......uveeiureeirrierieresireesireesreeesree e e esneeesneenns 135

LTG0 2N o T | 3253 (=Y 4 T (=S o | o SRR 137
5.3.2.1 Human-Machine-Interaction design pProCess.........ccocoveeiiiiieeiiiiieeenniieee e 137

5.3.2.2 INEIfACe DESION ...eeeiiiiiiee ittt e 146

5.3.2.3 Interaction matrix for the Joint System demonstrator............cccccceeeeveiinvnnnnn. 147

5.3.3 Joint System validation StUdIES ...........ccoeriiiiiiii 149

5.3.4 Summary and conclusions for the final Joint System design ..........cccoceeeiniieeennne. 182

6  Vertical Challenges: Safety Architecture APPlICAtIONS.........ccoiiiiiiiiiiiii e 185
6.1 Challenge 4.1: Joint System DemMONSIFALOr .......cccoeiiie i 185
6.1.1 Configuration of the demonstrator vehicle......................c.cc 185

6.1.2 System validation by important USE CASES .........ccueiiiiiiiiieiiiiiie e 192

6.1.3  SUMMArY and CONCIUSION .......ciiiiuiiiieiiiiie ettt sttt 204

6.2 Challenge 4.2: Brake-Dy-Wir€ TIUCK ......cccceiiiiiieie et 204
6.2.1  System deSCriPLiON .....ccoeeeeeeeeeee e 206

6.2.2  Signal flow and PriortIES ........eiiiiiiiiie it 213

6.2.3 Description of the system fUNCHIONS ..........coiciiiiiiii e 218

6.2.4 System validation by winter tests in North Sweden....................ccc, 222

6.2.5 Pre-homologation ... 224

2 G T ©o ] o] 013 (o) PR 226

6.3 Challenge 4.3: Architecture Migration DEMONSLIALON ..........c.eeiiiiiiiieiiiiie e 226
6.3.1 Demonstrator configuration ..............ccooo i 226

6.3.2 AMD system validation ... 233

6.3.3  SUMMArY and CONCIUSION .......cooiiuiiiieiiiiit ettt e e 238

7  Vertical Challenges: Highly Automated Vehicle APPliCAtiIONS ..........ccveeiiiiiiiiiiiee e 240
7.1 Challenge 5.1: Automated Assistance in Roadworks and Congestion .............cccoeeeeeeeveeeeeennn, 240
7.1.1 Demonstrator configuration ... 241

7.1.2  SYStem VAlIAAtION......citiiiiiiiiiii e 249

7.1.3  SUMMArY and CONCIUSION .......ciiiiuiiiieiiiiie ettt ettt et e e 263

7.2 Challenge 5.2: Automated QUEUE ASSISTANCE.......cccoiiiieii e 264
7.2.1 Demonstrator configuration ... 265

7.2.2  SYStemM VAlIAAtION......oitiiiiiiiiii e 273

7.2.3  SUMMArY and CONCIUSION .......oiiiiiiiiieiiiiie ettt sttt e e e e 280

7.3 Challenge 5.3: Temporary AULO-PilOt ..........c.oooiiiiiiiii e 280
7.3.1 Demonstrator CONfIQUIALION ...........uuiiiiiiiiiiiie it e e 280

7.3.2  SYSteM VAlIdAtiON ... a e e 294

7.3.3  SUMMArY and CONCIUSION .......ciiiiiiiiieiiiiii ettt et eebee e e e nneeas 299

7.4  Challenge 5.4: ACtiVe Green DIIVING ......ocoiiiiiieiiiiiee ittt e e 299
7.4.1 Demonstrator CONfIQUIAtION ...........uuiiiiiiiiiiie et e e 299

7.4.2  SYStemM ValIdAtiON..........uveiiiiiee ittt a e 312

7.4.3  SUMMArY and CONCIUSION .......cioiiiuiiieiiiiii ettt st et enbee e e e nneeas 320

S I @ o Tod (U1 T LSS 321
ACKNOWIBAGEMENT ...ttt oottt e e e e e s e bbb ettt e e e e e s e ababe e e e e e e e e aanbnbeeeeaaeeesanrnbeees 322
Deliverable D61.1 Version 1.0 viii

Final Report



HAVEit 23.09.2011

R YT (=] (o1 X 323
(S YL (o PP 337
Deliverable D61.1 Version 1.0 iX

Final Report



HAVEit 23.09.2011
Figures
Figure 1: U-shape function between driving difficulty and driver performance .........ccccccoecvvvvveeeeennvccvvnnenn. 5
Figure 2: Automation levels considered in HAVEIit - the stepwise transfer of the driving task forms the

basis for optimum task repartition in the joINt SYStEM .........uevviieiiiiii e 7
Figure 3: System design for optimizing the task repartition in the joint system driver - co-system.............. 8
Figure 4: HAVEIt safety architecture SOftWare layers ..........coouiiio i 9
Figure 5: HAVEIt safety platform approach (built on the SPARC Project) .......ccccoceveeeeiiiccivieeee e, 10
Figure 6: Introduction of the highly automated driving migration path ...........cccccvveieiiiiiieeee e, 11
Figure 7: Structure and objectives of the different highly automated driving applications (challenges

(o 0153 =1 ) PRSP 17
Figure 8: HAVEIt work package structure and interaction between horizontal and vertical activities........ 19
Figure 9: Different steps of the requirements and specification Phase ............cccocvveeiiiiii e, 20
Figure 10: SADT view: Top-l evel functi on: ABring driver and v

di fferent | evel.s..of...aut.0mal. .00 ... 22

Figure 11: HAVEIt generic functional block diagram (basis WP4300) .........cccccoeeieieiiiiiiiiiicceeeeeeee e 23
Figure 12: Architecture migration demonstrator NEtWOork toPOIOgY..........ueeeiiiiieeiiiiiiieeriee e 24
Figure 13: HAVEIt overall DIOCK dIagram..........oooiiiiiiiiiiie ettt 25
Figure 14: Automation spectrum with different automation levels, sublevels and additional states .......... 28
Figure 15: Possible transitions within the automation SPECIIUM ..........cccoiiiiiiiiiiiiiir e 29
Figure 16: UML-based diagram for one specific transition of the AQUA System ..........cccccvviveinniieeennnne. 30
Figure 17: Brake-by-Wire truck arChiteCture OVEIVIEW ..........c..oeiiiiiiiiiiiiie et 31
Figure 18: Advantages of the CONIOI-COMPULETS .........uuuuuii s 36
Figure 19: Hardware architecture 0f the CSC ... ... s 37
Figure 20: Main components Of the CSC .........ii it 38
Figure 21: HOUSING @NQUIAET VIEW ......ccoiiiiiiieiiiiie ettt ettt ettt e et e e e e st e e s anbn e e e e nnnns 39
Figure 22: Basic AUTOSAR @PPrOACK .......uuiii s 40
Figure 23: AUTOSAR layered software arChit@CIUIe ...........cccooooiiiiiiiiic e 41
Figure 24: Development WOTKFIOW ............ooiiiiiiiiiiie e 42
Figure 25: FUll-redundant XCC ........oi oottt ettt ettt e e et e e e e st e e e s snbe e e e e annnes 44
FIQUre 26: XCC @SSEMBIY.......uuiiiiiiii s 44
Figure 27: XCC 1 sandwich configuration (10-board and CPU board) ...........cccoeioiiiiiiiiiiiiiiiiccceeecccceeen 45
Figure 28: HAVEIt development process for 2E SYSIEMS .......oiiiiiiiiiiiiiie e 45
Figure 29: USTUTTO.s...g.e.n.er.i.c..pl.at.f.ornm. ... 46
Figure 30: Overview of the software-layers of the redundancy management...........ccccceeeeiiiiiiiiiiceeeeeeeeenn, 47
Figure 31: Detailed software-layers of the redundancy management ...........ccccceeeeeieiiiieieiesessesse e 48
Figure 32: Segments Of @ FIEXRAY CYCIO.......uiiiiiiiie e 50
Figure 33: Frames: XCCS A AQUIEOALE ......o.ueiieiiiiiee ittt ettt et e bt e e s rabe e e e et e e e s aabeeeeennnns 51
Figure 34: Frames: SIMpPIeX-Aggregate A XCCS ... s 51
Figure 35: Frames: DUpPIEX-AQQregate A XCCS ... s 52
Figure 36: Frames: XCC A XCC ...ttt ettt ettt ettt e e rh bt e e e aabe e e e e bt et e e e snbe e e e e annns 52
Figure 37: Communication architecture of WP4100 steer-by-wire SYStem .........ccccceevriiieeiniieeesniiee e, 53
Figure 38: V2V COMMUINICALION ... .ueiiiiiiiiie ittt ettt e e ettt e e s st et e e e snbe e e e e snbe e e e s anbeeeeennnnas 53
Figure 39: Integration of the V2V units on the AQUA TtHUCK. .........cooiiiiiiiiiiiaa e 54
Figure 40: Mounting locations for the V2V units on the WP5400 DUS. ..o, 54
Figure 41: V2V Communication Module (left: housing, center: base board, right: IR board) .................... 55
Figure 42: Shape of CALM-IR BEAM........ccoiiiiiiiiiiie ettt et naes 55
Figure 43: V2V Communication Module - SW ArChiteCIUIe ...........ooiiuuiiiiiiie e 56
Figure 44: 4G Cube i COMPACE WIF€lESS FOULET .......eeiiiiiiiiiiiiie ettt ee e e e e e e e aee s 56
Figure 45: 4G Cube integrated iNt0 the FASCA ........coiiiiiiiiiiee e e 57
Deliverable D61.1 Version 1.0 X

Final Report

e hi

cl



HAVEit 23.09.2011
Figure 46: Communication architeCture fOr V21 .........oooi i 58
Figure 47: Interface between Joint System and Communication COMPONENt ...........coccvveerriiireerniieeeennnne. 59
Figure 48: SCM SCheMALIC [AYOUL ..........ooiiiiiiiiiiii e e e e e s e e e e e s s a e rr e e e e e e e e e annnennees 61
Figure 49: HAVEIt brake pedal communication PrinCiple ..........ccooiiiiiiiiiiee e 62
Figure 50: HAVE:it brake pedal and counterforce arrangement prinCiple............oocoveeriiiieeiniie e 63
Figure 51: HAVEit parking brake switCh prinCiple ..o 63
Figure 52: Functional switch board and communication t0 SCM .........cccccceeeiiiiiiiiiiee e 64
Figure 53: Slip-¢ curve comparison of c (EMB)~vSOABS pontioln.c..i..p.l..e65
Figure 54: EMB wheel end actuator prinCiple deSign. ........coouiiiiiiiiiieiie e 65
Figure 55: EMB wheel end actuator prototype Build .............ccoooiiiiiiiiii e 66
Figure 56: EMB wheel end electronics and functional Split..........cccccccuiiiiire e 67
Figure 57: Feedback actuator, clutch and SBW-VEhiCle...........ccooeiiiiiiiiiiei e 68
Figure 58: Extended Joint System Demonstrator SbW communication architecture ............c.cccoccveeennen. 69
Figure 59: Driver feedback actuator by TRW CONEKL .......ccoouiiiiiiiiiiiiie e 69
Figure 60: Feedback actuator integrated in VENICIE .............uvviviii i 70
Figure 61: Feedback actuator iNteQrated ...........ccccco s 70
Figure 62: Recorded position and torque data from driver feedback actuator..............cccccevvciieiniiieeennne. 71
Figure 63: Steering column (clutch and feedback actuator) integrated in the vehicle .............cccoceeee. 72
Figure 64: Electrical integration of electronicC MOAUIES...........uuu e 73
Figure 65: CAN architecture and ECUs in the SBW VERICIE ..o 74
Figure 66: Step response of the StEeriNg ACUALON ...........eoiiiiiiii i 74
Figure 67: Laser scanner SyStem arChit@CIUIE .........cooi ittt et 75
Figure 68: Typical laser scanner fusion system consisting of 3 SENSOIS ........cccccveiiiiiiiiiiiiiiiier e 76
Figure 69: Multi-layer technology enables pitch compensation and lane detection..............ccccceeeeiiiiiiennnn. 76
Figure 70: Laser scanner data proCesSiNg GraPh .........ocueeeeiiiiieeiiiiie ettt 77
Figure 71: The relative positioning of the host-vehicle to its lane and adjacent lanes (green) as well as the

guard rails (red) is based on on-liNe MaP data. .........ccueiiiiiiiieiii e 78
Figure 72: Tracked and classified road users, based on laser scanner data..........ccccccovvevvveeeneeeiiincinnnnnn. 79
Figure 73: Data Fusion SYStem ArChIECIUIE..........uuu e 80
Figure 74: EQO filter @algOrithm ..... ... . s 81
Figure 75: Lane filter algorithm ... .....cooo it 81
Figure 76: Tracker flIOW iagram.........ooouiiie ittt e st e s abn e e e aannes 81
Figure 77: Gate COMPULALION ........uuuuiiii s 82
Figure 78: Track fusion algOrithM ...... ... s 83
Figure 79: The 1SO 8855 COOItINALE SYSTEM ....cciiiiiiieiiiiie ettt ettt e e aeeas 84
Figure 80: Closest distance of objects in adjacent and ego lane (2 lane changes) .........cccooceveeviiieeennne. 84

Figure 81.:
Figure 82:

Closest distance of objects in adjacent and ego lane (Left overtaking of a standing object) ... 85
Closest distance of objects in adjacent and ego lane (Tracking of moving object in the same

lane and lane ChanQe) ... 85
Figure 83: Tracking of object (tracking of moving object in the same lane and lane change).................... 86
Figure 84: Lateral lane oOffSet @StIMatiON ITOF..........coiiiiiieiiiiee e 86
Figure 85: Coarse planning (manoeuvre level). Here, the next manoeuvre to execute is to change lane to

the [eft @Nd ACCEIBIALE .........veiie e 89
FIQUIE 86: MBNOBUVIE QIO .....eeiiiiiiiiiiiieie ettt e e ettt e e e e e s e s bbb et e e e e e e e e abbbeeeeeaeeesannbbbeeeaeaeeeannreneeeas 90
FIQUIE 87: IMBINOBVIE TMBE ......eeeeieie ettt ettt e e e oo ekttt e e e e e e e nbb et e e e e e e e s nnbbbeeeee e e e e ennreneeeas 92
Figure 88: Block diagram of the algorithm for manoeuvre tree computation ...........cccoccvieeiiiieenniiee e, 92
Figure 89: The fusion of the three manoeuvre algorithms ... 93
Figure 90: Manoeuvre grid and tree: longitudinal component of best action found by automation ........... 94
Figure 91: Manoeuvre grid and tree: lateral component of best action found by automation.................... 94
Figure 92: Manoeuvre grid and tree: valential of best action found by automation ..............ccccevvcieeennen. 94
Figure 93: Construction of the sequence of states in time iN PMP ..........cccoiiiiiiiiieee e, 95
Figure 94: Simplified partial motion planner block diagram ..., 96
Deliverable D61.1 Version 1.0 Xi

Final Report

Sl



HAVEit 23.09.2011

Figure 95: Simplified Partial Motion Planner trajectories in the HAVEIt JS Framework................coccuvueeee. 97
Figure 96: Example of @ 1ane Change...........oueii oo 97
Figure 97: Polynomial trajectory planner block diagram ..........cccceoiiiiiiiiiiie e 98

Figure 98: Polynomial trajectory planner trajectories in the HAVEIt Joint System software framework .... 99
Figure 99: The multi-criteria trajectory planner: the emergency trajectory (left, yellow), the optimal

trajeCtory (HGNT, GrEEN) ...ciii it e e et e e e abr e e e ennes 99
Figure 100: Consistency of the trajectory with the choSen ManoUVIe ............cccocvveiiiiiiii i 100
Figure 101: Number of spatio-temporal points that describe the trajectory .........cccccceveeiiiicciiieeee e, 100
Figure 102: A non-coupled longitudinal / lateral CONtrol .............ceveeeiiiiiiiiieeie e 101
Figure 103: Block diagram of computing vehicle action ProCESS ..........ccueiiiiiiiiiiiiiiiie et 101
Figure 104: Overview of coordinate system and tiMinNg ...........cooovieiiiiiiiee e 102
Figure 105: Displacement filter ........coi i e s e e e e e e s s s e e e e e e e s s snnrreneeeeeeeaannes 103
Figure 106: Displacement estimation algorithm ............cooiiiiiiiiii e 103
Figure 107: PI controller with anti-windup longitudinal controller architecture ..............cocccoviiieeiiiiieeens 103
Figure 108: General concept for driver State asSSESSMENT ........ccoiiuiiiiiiiiiee ittt 105

Figure 109: The HMI of the HAVEiIit system showing the
the night-time scenarios At r af fic jamo (ri.g.ht.)..i.n..t.hell& ali da

Figure 110: Example for time line of single outputs i Driver D11- 100P 6......cccooeiiiiiiiiiciiccccceeeeee e 122
Figure 111: Display of secondary task presentation in the middle console with joystick (left) and contents
of the hierarchical menu (Fght)........ooorr 124
Figure 112: Typical sequence of head rotation detection and classification .............cccoccceeiiiiieei e 127
Figure 113: EXample Of OCCUIALION ........uviiiiiiiiie ettt e et e e e e sbne e e e sereeeeenes 127
Figure 114: HAVEIit mind map of use space, scenarios, and demonstrator applications ........................ 131
Figure 115: Levels of automation and all possible transitions in the HAVEIt design space..................... 133
Figure 116: Transformation of use cases into testable SCENAIOS .........cuvviiiiiiiiiiiiie e 136
Figure 117: Scenari.o.. Ac.al. .. f.0.l. . .0 W0 e, 136
Figure 118:Scenarioc A mMi S S i N0 i@ iB.5..0 i 137
Figure 119: HMI-Workshop at DLR using the Theatre-Technique for discussing the HMI design .......... 138
Figure 120: Driver initiated deactivation of the level Highly Automated: Sequence diagram of the
interaction design in the Joint System demONSIIrator ..........cooiciviiiiiii i 139
Figure 121: Main state diagram for the Joint System MSU (Mode Selection and Arbitration Unit) ......... 145
Figure 122: Different interaction modalities for the communication between driver and co-system in the
Lo =TT TS o= Lo = RS 146
Figure 123: Predefined display components for HAVEit systems: The Automation Mode Display, the
Automation Monitor and the Message Field...............uuviiiiiiiiiiiiiiiiiieieeieieieeeeeeereeeeeeereeererenana. 147
Figure 124: Interaction elements on different modalities for the Joint System demonstrator .................. 147

Figure 125: Display design for the primary display of the Joint System demonstrator including the
Automation Monitor, the Automation Scale and the Precondition and Message Windows ... 148

Figure 126: Final display design for the demonstrator vehicles (from left to right: Joint System, ARC from

Continental, AQUA from VTEC and TAP from VW) ... 149
Figure 127: Four integrated automation levels that were tested in the Study ..........ccccoooeiiiieniiiiienens 152
Figure 128: Sequence of four trips wi.t.h..t.he. . AASBCO st a
Figure 129: Display element used for informing the driver about the current automation level............... 155

Figure 130: The HMI of the HAVEiIt system showing the st €
t

thenightt i me scenarios Atraffic j amo..(.r.i.g.ht.).162n
Figure 131: Display of secondary task presentation in the central console with joystick (left) and contents

at
he

of the hierarchical Menu (FGNL). ... 164
Figure 132: Drowsiness information and warning message (left) and take-over request for the HA group

as final step of the escalation strategy (Hght)........cooviiiiii e 167
Figure 133: Info message in case of distraction (attention request; left) and flashing LEDs in the

WINASCIEEN (MIGNL) ..eeeiiiiiie ittt e et e e et e e s s abbe e e e sbeeeeeanes 170
Figure 134: USEd tESE VENICIE .....coiiiii ettt e et e e e e e e s e bbb e ae e e e e e e aannnes 173
Figure 135: Integrated automation levels and transitions to the driver ..., 174
Deliverable D61.1 Version 1.0 Xii

Final Report



HAVEit 23.09.2011

Figure 136: Derived transitions for the integrated automation levels of TAP...........cccccciiiiiiiiie s 176
Figure 137: HAVEit Automation levels and transitions that were under research in the DLR study........ 177
Figure 138: Quality of understanding of the transition design for each prototype for accelerating up to
(above) and beyond 130Km/h (DEIOW). .......cuuviiiieiiiiie e 179
Figure 139: Assessment of the display concept for the highly automated vehicle (answers of 32 drivers;
L= T T = ) PSR 180
Figure 140: Evaluation of the highly automated vehicle (answers of 32 drivers; means +/- 1sd)............ 180
Figure 141: Evaluation of willingness to drive a highly automated vehicle (number of answers in each
(or= 1 (=T [o] gV (o] GRS V2o [ 1)V/=T =) I PO PP O PP PP PTPPPP 181
Figure 142: Demonstrator VENICIE FASCA .......ccoiiiiiiiiiiiee ittt e et e st e e e sbreeeeanes 186
Figure 143: Laser scanner component and its final position mounted below the beams ....................... 187
Figure 144: Location of the lane detection camera mounted above the rear mirror ............ccccceeeveeeiinnns 188
Figure 145: GPS receiver antenna mounted on the roof of the vehicle ...............cccoc, 188
Figure 146: Camera for direct driver State aSSESSMENT ........c.ueiiiiiiiiieiiriie et 190
Figure 147: Basic system architecture 0f the FASCAr ........c.c.uvviiiii i srene e 191
Figure 148: Test site in deserted military base near BraunsSChweig..........cccccovvviiiiiiiie s 192
Figure 149: Driving and detected obstacle (HA): VIdE0 SEQUENCE .......c..eeeiiiiiiiiiiiiiieeeiiieee e 193
Figure 150: Driving and detected obstacle (HA): Planned and real veloCity ............cccoveiiiiiieiiiniieecns 194
Figure 151: Driving and detected obstacle (HA): Planned trajectories, manoeuvre tree, and manoeuvre
o o SRR 194
Figure 152: Driving and detected obstacle - emergency brake in DA: Video sequence...........ccccceeeennn. 196
Figure 153: Driving and detected obstacle - emergency brake in DA: Planned and real velocity ........... 196
Figure 154: Driving and detected obstacle - emergency brake in HA: Video sequence...........c.ccceeeennee 197
Figure 155: Driving and detected obstacle - emergency brake in HA: Relative distance and velocity of
obstacle as determined by data fusion COMPONENT...........cceiiiiiiiiiiiiiie e 197
Figure 156: Driving in a lane avoiding right overtaking: Video SEQUENCE ..........ccccevviviiiiiiiiicieiieeeeee e 199
Figure 157: Driving in a lane avoiding right overtaking: Planned trajectories, manoeuvre tree and grid. 199
Figure 158: Driving and lane change: Vide0 SEQUENCE ...........eeiiiiiiieiiiiiee ettt e st e e e 200
Figure 159: Driving and lane change: Planned and driven trajeCtory ...........ccccceeieeeeeiiieeeenineeeesiieee e 200
Figure 160: Driving and activation not possible: Video SEQUENCE .........ccccceiiiiiiiiiiiiiiic e 201
Figure 161: Driving, driver unresponsive and transition to MRM: Video SeqUeNce ..........cccceeeeeeeeeeeeeennnn. 202
Figure 162: Driving, driver unresponsive and transition to MRM: Planned and driven trajectories ......... 203
Figure 163: Driving, driver unresponsive and transition to MRM: Planned and real velocity.................... 203
Figure 164: WP4200 Demonstrator, VOIVO FH12 4X2 TIUCK ........ciiiiiiiiiiecce e 205
Figure 165: Brake-by-Wire arChiteCture OVEIVIEW ............uuuuuiuiui s 207
Figure 166: Principle scheme of the EBA belonging to the blue network circuit............cccccoviieeeiiiennns 208
Figure 167: Function of wheel speed sensor. Each time a tooth flank passes the sensor it sends one
10 = O PP PTPRP 209
Figure 168:; SteeriNg @NQIE SENSON .......uu i s 210
Figure 169: Electric Brake pedal unit (left) and its installation on vehicle (right)..........ccccoeoiiiiiiiiiiiiiiiennnn. 210
Figure 170: Sketch of the electric parking brake switch. The handle moves the magnet and the sensors
(two showed on the picture) will sense its position (on/off). ............cccc 211
Figure 171: Parking brake switch installed in driver Cabin. ... 211
Figure 172: Drawing of the contents of the SCM including two batteries, SCM-card and PDM card. ..... 212
Figure 173: SCM Red and SCM Blue installed on Vehicle. ... 213
Figure 174: Schematic illustration of system signal flOW. ... s 214
Figure 175: Schematic figure showing the flow of FlexRay frames on the communication network. ...... 215
Figure 176: FlexRay signals coming into €ach aggregate ...........ocveveiiiiieeiiiiiee et sieeee e 216
Figure 177: The left most diagram show the relation between the pedal position and retardation
command. The principle function of brake assist is shown to the right. .............ccccccooiinien. 220
Figure 178: Brake torque on a axle in proportion to vehicle braking for a truck with trailer. ................... 220
Figure 179: The behaviour of the front wheel when braking on split friction surface..........cccccccceeeiiinns 221
Figure 180: Electro MechaniCal BraKesS............coiiiiiiiiiiiiiie ettt ettt e e sbeee e 223
Deliverable D61.1 Version 1.0 xiii

Final Report



HAVEit 23.09.2011

Figure 181: Summary statement of the TUEV report on pre-homologation of the HAVEit Electro

MechaniCal Brake SYSIEM ........u ittt e e e e e s e e e e e e e e e annes 225

Figure 182: Architecture migration demMONSIFALON ..........cuuiiiiiiiiee et 227

Figure 183: Reworked trunk layout for preSentation ............ccuueeieeeiiiiiiiiiiee s ccieeer e e e e s serreee e e e e e e ennnes 227

Figure 184: AMD implementation of longitudinal CONtrol............ccoooiiiiiiiiiiiiie e 228

Figure 185: Overview of the lateral control logic with P1 CONErol ...........cceeiiiiiiiiiiiiii e 229

Figure 186: Trajectories of subject vehicle (0) during normal system mode (0A, 0B, 0OC) and system
failure mode (FA, FB, FC). Trajectories of object vehicles (3,7). ... 230

Figure 187: Speed profiles of subject vehicle during normal system mode (0OA, 0B, 0C) and system failure
MOAE (FA, FB, FC). ettt bttt he et e e b et sab e e s bt e e sbbe e s abee e saneeans 230

Figure 188: The prediction of object trajectories according to legal safety ..........cccccceveeiiiiciiieece s 231

Figure 189: The prediction of phantom trajectories according to legal safety.........ccccccccvviiiiiieeneeiiinns 231

Figure 190: Longitudinal command of the vehicle on a speed profile ... 232

Figure 191: Lateral command of the vehicle 0N a trajeCtOry .........ccveei i 232

Figure 192: Command | ayer performance in use case f
activation of different..aut.omat.i.on..l.ev.el.234possi

Figure 193: Command | ayer performance in use case A
activation of different..aut.omat.i.on..l.ev.el.235possi

Figure 194: Command | ayer performance plot in the u
................................................................................................................................................ 236

Figure 195: Command| ayer per f or manc e DOuivingtdriver anresporsivetasdéransiteors e fi
to MiNiMUM RISK MANOBUVIEQ........uiiiiiiiie e iiiiee sttt e sttt e e st e e e st e e s sbbe e e e sbaeeessbaeeessbaeeesane 237

Figure 196: Highly Automated driving With the AMD ...........oooiiiiiiiiiie e 238

Figure 197 ARC software structure with Driver Monitoring and Mode Selection ...........cccccvvveeiiiiieeenns 242

Figure 198: Sensor beams in regard to surrounding ODJECES .........iiiiiiiiiiiiri 242

FIQUIE 199: OPLICAI FIOW. .. .uuuiiiiiiiiiii s 243

Figure 200: OCCUPANCY GIil.....cciiiiiiieiiiiiee ittt ettt e et e e e st et e e aabe e e e e sabbeeeesbbeeeesbneeeeane 244

Figure 201: Overlapping area of the BSD-SENSOIS ........utiiiiiiiieiiiiiee ittt e et eeesnbneee e e 246

Figure 202: Overlapping area of the ARS300 with left and right BSD SENSOrS.......ccccceeieviiiiiiiieicicceeeennn 246

Figure 203: WP5100 Mode SeleCtion UNIt...........uu s 247

Figure 204: Mode Selection Unit with state: Driver ASSISTE ........cueviiiiiiiiiiiiee e 248

Figure 205: Mode Selection Unit with state: Semi AutOMAated ..........cooiiiiiiiiiiii e 248

Figure 206: Mode Selection Unit with state: Highly Automated ...........cccoooiiiiiiiiiiiiiic e 248

Figure 207: ACC set speed adaption by SLA without vehicle in front............cccoooeiiiiiiiiiiiiiiiccccccce 250

Figure 208: ACC mode with SLA and vehicle iN froNt ... 250

Figure 209: Adjacent road 0N tESE TFACK ........cuuiiiiiiiiii et 251

Figure 210: Measurement Of adjacent FOAM .............uuuuuuu s 252

Figure 211: Lateral control between lines with hands Off ... 252

Figure 212: Longitudinal control while driving hands-off between lines...........ccccoiii s 253

Figure 213: Scenario: driving through a road CONSIIUCION ..........ocuuiiiiiiiiiiiiiiie e 254

Figure 214: Driving through a road construction in Semi Automated mode (position) ..........ccccceeeeeeiennn. 255

Figure 215: Driving through a road construction in Semi Automated mode (torque)........ccccoeeeeeeeieiiiennnn. 255

Figure 216: Driving through a road construction in Semi Automated mode with truck (position) ............ 256

Figure 217: Driving through a road construction in Semi Automated mode with truck (torque+SRR)..... 256

Figure 218: Lateral control path driving through the road construction in Highly Automated mode ........ 257

Figure 219: ARC internal parameters driving through a road construction in Highly Automated mode (1)
................................................................................................................................................ 258

Figure 220: ARC internal parameters driving through a road construction in Highly Automated mode (2)
................................................................................................................................................ 259

Figure 221: Curve overspeed scenario: The subject vehicle with the advanced HAVEit assistance system
is driving on a road, which has one curve with a curve radius ry,e and a distance dcyne

between the curve and the subject VENICIE. ..o 260
Figure 222: Curve overspeed radius CalCUIAtIoN ...........c..eiiiiiiiiiiiiiie e 260
Deliverable D61.1 Version 1.0 Xiv

Final Report



HAVEit 23.09.2011

Figure 223: Possible speeds as fuNCtion OVEr FAIUS...........uuiiiiiiieiiiiiiie e 261
Figure 224: Curve Overspeed function in deMONSIIALON ..........cccoiiiiiiiiiiiee i 261

Figure 225: Emergency braking scenario in roadworks: There is a forward vehicle which partially or totally
fills the same lane as the subject vehicle which is endowed with the HAVEit assistance
system. There may also be another vehicle in the lane next to the forward vehicle or next to

the SUDJECT VENICIE. ...t 262
Figure 226: Emergency Braking on standing ObStacIes ...........ccoveeiiiiiiiiiiiie e 263
Figure 227: HAVEIit ARC demonstrator and typical scenario with traffic jam while approaching a roadwork

................................................................................................................................................ 263
Figure 228: Prototype vehicle and SENSOr SETUP. ......ccoiiiiiiiiiiiee ittt e e e e eaes 265
Figure 229: Funnel shape for two different SCENANIOS .........cocuuiiiiiiiiie i 266
Figure 230: Snapshots from overtaking SCENAIIO ... ...c.ieeciiicuiiiieiee e e i s ciiirer e e e e e s s s sirerr e e e e e s s s snrreaeeeeeeeaannes 267
Figure 231: Longitudinal distance of selected target..........ccccuviiiiri i 267
Figure 232: Simple queuing scenario with vehicles on different distance.............cccccoviieiiiiiiie e 267
Figure 233: Overview of the longitudinal control in AQUA ... ....coi it 269
Figure 234: Longitudinal control dynamic behaviour with virtual target .............ccocvvvevee i, 270
Figure 235: Overview of the lateral CONLrOIIEr............u e s 270
Figure 236: Lateral coNtrol DENAVIOUT ............cuuiii ittt e e 271
Figure 237: Results from the verification of the HMI CONIOl ..........c.cooiiiiiiiiiii e 272
Figure 238: AQUA HMI, take OVEF FEQUESL. ......uuuiiiii s 272
Figure 239: AQUA ACHVALION. ......uuuiiiiii s 273
Figure 240: AQUA ACHVALION. ......uuuiiiiiii s 274
Figure 241: Driver display, AQUA NOt available. ...........coiiiiiiiiiiii e 274
Figure 242: AQUA GCTIVE. ...oouieiiiiiiie ettt e st e et e e e s bb e e e sabe e e e e aabb e e e e aabbeeeesnbaeeeesnbneeeeane 275
Figure 243: AQUA dEACLIVALION. ........uuiiiiiiii s 276
Figure 244: AQUA aN€ CHANQE. .......uuuiii s 276
Figure 245: AQUA [ANE ChANGE. ... ..oiiiiiiiiii ettt e et e e e sba e e e e nbbeeeeanes 277
Figure 246: AQUA lane change when vehicle in adjacent lane. ... 278
Figure 247: Warning, vehicle in DIING SPOL. .........uu s 278
Figure 248: AQUA MINIMUM FISK STALE. .......uuiiiiii s 279
Figure 249: AQUA HMI mMinimum FiSK STALE. ......ccoiiuiiiiiiiiiie e 279
Figure 250: TAP AEMONSITALON .......veiiiiiiiiee ittt ettt e et bt e e e sbb e e e e sabae e e e sabbeeeesabbeeeeane 281
Figure 251: Object detection by SICK IaSEr SCANNEN .........uuuuui s 282
Figure 252: Free area detection DY laSer SCANNEIS...........uui s 283
Figure 253: eHorizon and Map MatChing .........coooiiiiiiiiiii et 283
Figure 254: HandsOn Detection and itS CONFIAENCE ..........ccoiiiiiiiiiiiie e 284
Figure 255: Sensor Data FUSION arChit@CIUre..............uuuuiiii s 285
Figure 256: Target selection in the cut-in and cut-out SItUALION ..........ccooiiiiiiiiiii e 287
Figure 257: Mode SeleCtion UNIt.........oouiiiiiiiiiie ettt et e et r e e e e nbaeeeeaaes 288
Figure 258: LoNGItUdINAl CONLIOIET ... .veiiiiiiiee ettt e e e sbaeeeeeae 289
Figure 259: Time gap in the follow tO StOP SIHUALION ........uuuuiii s 290
Figure 260: Lateral CONIOIET...... ... s 290
Figure 261: Lateral Dehavior 0N the CUNVE..........ooiiiiii e 291
Figure 262: The TAP automation SPECIIUM ......ccoiuiiii ittt ettt et e e et e e e s sba e e e e sbeeeeeanes 292
FIQUIE 263: HMI CONCEPL ... eeieeieiiie ettt ettt e ettt et e e e s e okt b et e e e e e e e e e b bbeeeeeaeeesaannnbeeeeeaeeeaannnnes 293
Figure 264: Take-0Ver-ReqUEST IMESSATE ......ccii ittt ettt e e e e e s ettt e e e e e s e abbbeeeeeaeeesannnes 294
Figure 265: Software in the LOOP FramMeWOTK ...........cooiiiiiiiiiiiee ettt seaee e 295
Figure 266: Driving scenarios for a full TAP TEST.......cooiiiiiiiiiie et 295
Figure 267: TAP states and ego vehicle data for a full teSt...........cooiiiiiiii s 297
Figure 268: Object and lane data for @ full tEST ..........coooi e 298
Figure 269: Top view laser scanner visualization, with accompanying Video ..........ccccocveeeiiiiiieeeiiieeeenns 301
Figure 270: Object distance measurements for the scene in Figure 269 ...........ocoeeiiiiee e inieeeees 301
Deliverable D61.1 Version 1.0 XV

Final Report



HAVEit 23.09.2011
Figure 271: The vehicles used for V2V system VerifiCation ..o 302
Figure 272: Test route driven during part of the V2V communications testing ............cccoeeeviiieeeeiiineeennns 303
Figure 273: Graphs indicating the transmission of CAN messages transmitted in V2V testing .............. 303
Figure 274: Sensor data fusion arChiteCIUIE ............ueiiiei i e e e e ennes 304
Figure 275: Speed prediction as a function of distance. Blue line is predicted and red is actual. ........... 305
Figure 276: Speed prediction as a function of time. Blue line is predicted and red is actual.................... 305
Figure 277: Torque prediction as a function of diStanCe. .........cccceeiiiiiiiiiee e 306
Figure 278: Vehicle speed (left axis, blue line) and gas pedal (right axis, thick green line). .................. 307
Figure 279: Generated torque by combustion engine (left, yellow) and mass flow of fuel (right, green). 307
Figure 280: Electrical machine torque (left, yellow) and state of charge (right, green).........ccccccooveeeenes 307
Figure 281: Examplesof GUI 6s of t he..s.e.c.o.nd..v.e.r.s.i.on..........308
Figure 282: Example of the POPUP SratEQIES. .....uvuriiiiee it e e e e e e s s ee e e e e e s ennnnes 309
Figure 283: Example of the GUI for the post trip feedback SCreen. .........cccoviveiiiiiiii e 310
Figure 284: Hybrid driveline and prediction NOMZON VIEW.............ocuiiiiiiiiiiiiiiee e 311
Figure 285: Drivers view GUI and prediction hOrizon VIEW. ...........ccoiiiiiiiiiiee e ce e sssiireee e e e e 311
Figure 286: Haptic gas pedal iNStallation ... s 311
Figure 287: DIIVING SIMUIATOT ........iueiiii ettt e et e e e st e e e sabe e e e e abbeeeesnbreeeeane 312
Figure 288: Driving SIMUlator iNTEION SETUP.......cciiuiiiii ittt e et e et e e e sbreeeeanes 312
Figure 289: Predicted deceleration followed by acceleration. ...........ccccooiiiiiiiiiiiiiiiiiiic e 314
Figure 290: Predicted deceleration followed by acceleration, energy management. ...........cccccceeeeiiiennnn. 315
Figure 291: Driver coaching GUI with upcoming road signs and driver feedback. .............ccccceiiiennns 315
Figure 292: Driver coaching GUI with vehicle speed feedback............cccoeiiiiiiiiiii s 316
Figure 293: Driver coaching i post trip feedbacK. ... 316
Figure 294: Predicted deCeIEIatiON ... s 317
Figure 295: Predicted SPeed lIMIt. ........iuiiii ettt e et e e et e e e e nbbeeeeanes 317
Figure 296: Uphill (downhill) AriViING. .....veeiiiiiiieeeeee ettt e e sbeeeeeaae 318
Figure 297: Predicted uphill/downhill driViNg. ... s 319
Figure 298: Congested driving SItUALIONS. ..........uu s 319
Deliverable D61.1 Version 1.0 XVi

Final Report



HAVEit

23.09.2011

Tables
Table 1: Number of crashes, near-crashes and incidents for each conflict type (taken from 100 Car Study,
JLIE= T o] L= @ 20 ) PSRRI 2
Table 2: Classification and short notation of different tranSitioNS ..o 29
Table 3: EMB wheel end actuator and technical data............cccccoiiiiiiiiiiieiii e 66
Table 4: Commands from/to STEEIING ACIUALON ..........ciiuuiiieiiiiiie ittt 73
Table 5: Available parameters for online driver drowsiness and driver distraction detection dependent on
the current autoMAtioN [EVE............ooi i e e e e s 107
Table 6: Definition criteria for following too closely, bad lane keeping behaviour and driving too fast
(Brookhuis €t @l., 2003) .......uuuiiiieeeiiiiiiiiee e e e s s s re e e e e e s s s e e e e e e s et e e e e e e e s rr e e e e e e aanrraaeees 109
Table 7: Table of correlation for Drowsiness diagnNOSLIC ........cceeeiiiiiiiiiiiee e 115
Table 8: Diagnostic performances for the set of experimented drivers...........ccccccceeiiiiiiiie e, 116
Table 9: Evaluation of the DIM POSE QCCUIACY .......ccoiiuutieiiiiieeiiiiie ettt s et e s 116
Table 10: Table of correlation for DIM diaQNOSLIC...........uuuuririirieriieieeeeiereeeeeeeeaeereeeeererererererererer—————.. 117
Table 11: Evaluation Of the DIM DIiaQNOSHIC .........uuuuueiieeiiiiiieiieieseeresesssereresseaearerereeererereeerere—————.. 117
Table 12: Drowsiness detection quality provided by DSA Module.............ocooiiiiiiiiiniieeie e, 119
Table 13: Distribution of DMS drowsiness states in validation StUdy ..........cccccooviiiiiniiieenniee e, 120
Table 14: Distribution of DMS drowsiness confidence level in validation study.................uevvevvvvveeeeeinnnnn. 120
Table 15: Criteria for drowsiness-related abnormal driving behaviour used in indirect drowsiness
(aaTe] aT1 (0] o oo TSP PP TP PTPPPPPOPP 121
Table 16: Drowsiness states as observed by the KSS-selfrating and predicted by the direct monitoring
(DMS drOWSINESS OULPUL) ....uvveveviieeeeeteesesesessssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssnssssssssnsnnns 123
Table 17: Drowsiness states as observed by the KSS-selfrating and predicted by the indirect monitoring-
pl ease note that the indirect monitoring do
Lo Lo TV o 0 PRSP 123
Table 18: Evaluation of the performances of the DIM occultation algorithms.............cccccooviiiiiiiieennne. 128
Table 19: General classification of transitions between driver and automation .............ccccccceveeeviviivinnnnn. 134
Table 20: Transition design for the level Semi Automated: Driver accelerates up to and beyond the
SYSEEM SPEEA NMIL......eeeeeeiei et e e e et e e e e e e e bbb e eeeaeeeas 140
Table 21: Transition design for the level Semi Automated: Driver brakes ..............uvvvvvveveveveveveveiernnenennnn, 141
Table 22: Transition design for the level Highly Automated: Driver accelerates up to and beyond the
LSS (=10 0] 0 1= T= o N T o T R 142
Table 23: Transition design for the level Highly Automated: Driver brakes .........ccccccooviciivieineeeneiiciiene, 143
Table 24: Highly Automated: reaction of the HAVEIit demonstrators to lane change manoeuvres in level
[ 110|012 AU (o3 = =T o S 143
Table 25: Overview of the HAVEiIt use cases that were addressed in the studies of phase land Il ....... 150
Table 26: Overview of the HAVEit research questions that were addressed in the studies of phase | and Il
.................................................................................................................................................. 151
Table 27: Distribution of the answers of the eight drivers regarding the questions: How do you evaluate
such a highly automated vehicle that you teSted? ..........covvviiiiiiciii e 157
Table 28: Distribution of the answers of the eight drivers regarding the question: How much would you
like to drive such a highly automated VENICIE? ..o 157
Table 29: Expectations regarding the transition design in Highly Automated for accelerating up to (left
columns) and beyond 130km/h (right columns) (multiple answers were possible). ................. 178
Table 30: Configuration of demonstrator VEhiCle FASCAr.........coo it 186
Table 31: Set of available, releVant data ..................ueuiiiiiiiiiiiiiiiiee ... 190
Table 32: Scheme of the mode handling in the modules (PDM, HMI, ESP, and EBA) .............ccccceene. 217
Table 33: Description of the application degradation in the respective XCC ........ccccccovvvcivieeereeeieiicinennnn 218
Table 34: Command layer parameter MEANING .........oouiuuriiieeae et e et e e e e e aiberee e e e e e e aenbeeeeeas 233
Table 35: Maximum Torque depending on VENICle SPEEA ........coooiiiiiiiiiiiii e 260
Table 36: Description of the automation levels and system states of the TAP vehicle............ccccceenee. 292
Deliverable D61.1 Version 1.0 Xvi

Final Rep

ort

es

not



23.09.2011

HAVEit

Table 37: Transition between the automation levels and their preconditions .............occcuiieeiiiininiiiinen. 293

Table 38: Summary of output data from the SDF SYSTeM .......ccoiiiiiiiiiiiee e 304

Table 39: DCS USEI COMIMENTS .....ooiuiiiiriiesiieeaiee et e st st e e s e et e e s e e e ss e e ssne e s re e e s ne e e nnneesnneesnreesnreeennnees 313
Deliverable D61.1 Version 1.0 Xviii

Final Report



HAVEit 23.09.2011

Executive summary

HAVEit is an essential step forward to the realization of the long-term vision of highly automated driving
for intelligent transport. The project developed, validated and demonstrated important intermediate steps
towards highly automated driving. The results offer a high potential for exploitation within 3-7 years from
project end. In the longer term they also form the ideal basis to integrate further next generation ADAS
and drive train components that offer highly automated functionalities.

HAVEit significantly contributes to increased traffic safety and fuel efficiency for passenger cars, buses
and trucks. The significant HAVEit safety, efficiency and comfort impact was generated by three aspects:

@

(ii)

(iii)

At first a layered approach has been realized for the interplay between driver and the co-driving
system, which optimizes the task repartition between driver and co-driving system in monotonous
driving situations like traffic jams or long distance driving as well as in demanding situations like road
works. This approach for optimum task repartition between the driver and the co-driving system
takes driver alertness into account and forms the basis for all HAVEit applications addressing the
fact that 95 percent of all accidents are driver related and more than 22 percent are related to
missing driver alertness. Therefore, it is of utmost importance to ensure that the driver is in the loop
when required. It has to be ensured that he or she is able to react properly in a potentially critical
situation. Within HAVEit, a approach was be developed that is relatively new in automotive, but has
been successfully implemented in automation concepts of other domains like aviation: Instead of just
switching off an ADAS system in case of an impending potentially critical situation, a progressive
step-by-step-approach was used to transfer the driving task back from the automated system to the
driver. The interaction starts quite early in the event chain, i.e. few seconds before a potentially
critical situation occurs. It brings the driver back into the loop in advance of the critical situation and
provides him or her with the optimum level of automation and assistance needed in critical situations.

Secondly, a vehicle architecture scalable in terms of safety from fail silent to failure robust with
advanced redundancy management was developed and successfully implemented. A further impor-
tant focus of the architecture was enabling a rapid market introduction by usind technologies which
are close to series development (CSC). Therefore, for less safety relevant system components a fail-
safe ECU compliant with the Autosar standard and development methodology was developed and
implemented (XCC). The aim of this development was to perfectly match the needs and require-
ments of highly automated vehicle applications and to arrive at optimal system availability and
reliability. Addressing safety issues in a proper way in particular represents a key issue in steer-by-
wire (e.g. HAVEit Joint System demonstrator) and brake-by-wire vehicles (e.g. HAVEIit brake-by-wire
truck). In case of the brake by wire truck a pre homologation was done to prove the maturity of the
HAVEIit architecture approach.

The third measure aimed at developing and validating a next generation advanced driver assistance
systems (ADAS) directed towards a higher level of automation in comparison to the current state of
the art by integration of hitherto independent ADAS functions. HAVEIt implemented 7 pioneering
vehicle applications for both passenger cars and trucks aiming at improved safety and comfort as
well as improved fuel efficiency. The most important feature for support in terms of mental overload
is represented by the automated assistance in roadworks. Key features for driver support in terms of
mental under load are the automated queue assistance and the temporary autopilot. Finally, the
active green driving application based on the energy optimizing co-pilot contributes to safe and
ecological driving (of trucks and buses) by considering hybrid drive train and digital maps.

With these functionalities, HAVEit addressed the most important accident scenarios and ecological
needs.
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1

Motivation

1.1 Accident causation analyses

Accident analysis ATZ® show that 95% of the accidents are human related. Thus, driver support
on different levels offers high potential to achieve enhanced road traffic safety. The main error
prone behaviours are®:

Wrong estimation of control variables, command variables and constraints are resulting
from errors in parameter precision and the fact that a driver can only concentrate on just
one area at a certain time.

The driver provides just limited speed and precision in adjusting the control variables.
Additionally, especially in physical driving borderline situations, the average driver does not
have the requested capabilities to undertake stabilizing driving maneuvers.

Inexperience, the failure results particularly from critical un-known situations in which the
driver has no automatisms or rules available and the time-to-collision is too short to allow
him or her to mentally go through different action alternatives (such as braking, steering
etc.).

Fatigue, drowsiness, complacency or other motivations/activities in parallel to the driving
task detract driver attentiveness and reduce the driver's environment perception capabilities
(environment perception acted out with the required accuracy or timing). Recent studies
conducted in France for example, demonstrate that drivers who are going through a divorce
have a quadruplicated accident risk. It is also fully accepted now that using a mobile phone
while driving drastically increases the accident risk. The driver's emotional state, cognitive
distraction and fatigue are generally characterized by an evolution of the driving style and
the driving performance.

The 100 Car Study® reveals very important facts as well:

Driver Inattention: Nearly 80 percent of all crashes and 65 percent of all near-crashes
involved driver inattention just prior to (i.e. within 3 seconds) the onset of the conflict. Prior
estimates have been in the range of 25 percent of all crashes. In 2/3 of all accidents with
distraction involvement, the source has been identified:

46.7% objects outside the vehicle
22.5% operating radio / CD
17.3% passenger
6.8% moving interior objects
4.1% eating, drinking, smoking
2.4% phone calls

Rear-End-Striking Crashes: Visual inattention was a contributing factor to 93 percent of
rear-end-striking crashes. In 86 percent of rear-end-striking crashes, the headway at the
onset of the event was greater than 2.0 s. Most near crashes involving a conflict with a lead
vehicle occurred while the lead vehicle was moving.

Driver Drowsiness: Contributing factor in 20 percent of all crashes and 16 percent of all
near-crashes, while most current database estimates place fatigue-related crashes at a
much lower percentage (i.e. under 10 percent) of all crashes. Driving dozily increases an
i ndi vi ducabhdoscrashaiskiby four to six times. Engaging in secondary tasks that

® Automobiltechnische Zeitschrift, ATZ, 01/2007, year 109, p638
® The 100Car Naturalistic Driving Study, Phase-IResults of the 100 Car Field Experiment, Repiart DOT HS
810 593, April 2006
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require multiple steps or eye glances away from the forward roadway, increases the risk by
two to three times. Certain behavior has increased the risk of involvement in a near-crash
or crash. Reaching for a moving object increased risk nine times, looking at an external
object 3.7 times, reading 3.4 times, applying makeup 3 times and dialing a hand-held
device 2.8 times. Looking away from the forward roadway for long glances at inopportune
moments, increases the crash risk by two times in comparison to an alert driver.

e Table 1 summarizes the results from the United States 100 Car Study in terms of numbers
of crashes, near crashes and incidents.

Conflict Type Crash | Near-crash | Incident
Single vehicle 24 48 191
Lead vehicle 15 380 5783
Following vehicle 12 70 766
Object/obstacle 9 6 394
Parked vehicle 4 5 83
Animal 2 10 56
Vehicle turning across subject vehicle path in opposite direction 2 27 79
Adjacent vehicle 1 115 342
Other 0 2 13
Oncoming traffic 0 27 184
Vehicle turning across subject vehicle path in same direction 0 3 10
Vehicle turning into subject vehicle path in same direction 0 28 90
Vehicle turning into subject vehicle path in opposite direction 0 0 1
Vehicle moving across subject vehicle path through intersection 0 27 158
Merging vehicle 0 6 18
Pedestrian 0 6 108
Pedalcyclist 0 0 16
Unknown 0 1 3

Table 1: Number of crashes, neaicrashes and incidents for each conflict type éken from 100 Car Study,
Table RO.3)

Between 1999 and 2001 deaths resulting from accidents involving trucks accounted for around
16% of all road accident fatalities in the Netherlands’. This means that approximately one in
every six deaths on the road was caused by a collision with a truck. Similar figures were
reported In 1998 from Great Britain®:HGVs® were involved in 17% of all road accident fatalities
despite making up just 7% of the traffic on the roads of Great Britain. This demonstrates the fact
that HGVs are more likely to cause a fatality when they become involved in an accident than
other vehicle types. According to the European Road Safety Observatory, only 13 % of the
fatalities in accidents involving vehicles were occupants of HGVs. Other vehicles involved in
these accidents suffered a majority of the fatalities (59 %)™. All these facts show the necessity
for measures which reduce the involvement of heavy trucks in accidents.

"SWOV (2003), Cognos, SWOV, Leidschendam, NL in On track!

Results of the trial with the Lane Departure Warning Assistant system (2004), Ministry of Transport, Public Work
and Water Management, AVV Transport Research CeRtr#erdam

8 TRL Project Report Fatalities from accidents involving vehiekesnds, causes and countermeasures, Dec 1999
®HGV: Heavy Goods Vehicle

\web site : http://www.erso.eu
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Safety can be improved by these three factors: infrastructure, vehicle and driver. As 95% of all
accidents are driver related, the HAVEIt project aims at the third factor. Two measures for driver
improvements are feasible:

e Improving the reliability of the driver, e.g. by feedback monitoring. This has been
successfully demonstrated by the projects AIDE, SPARC, AWAKE etc.

e I ncreasing the substituti on -toer-raamespordiingitovae r

b o1

hi gher degree of automation with first-demon

t e rinmEaning intervention in critical scenarios.

While SPARC focused mainly on the short-term substitution (typically less than half of a
second), HAVEIit aimed at extending the working range with integration of longer term
substitution (up to few seconds), thus leading to a higher level of automation and furthermore to
the transition to short-term substitution.

The problem of driver inattention reported by the 100 Car Study was addressed in HAVEit by
the realization of a co-system, which takes the driver state (e.g. drowsiness) into account and
implements a step-by-step transfer of the driving task from the highly automated system back to
the driver. The problem of the high number of crashes, near crashes and incidents for different
conflict types was addressed by the HAVEIt highly automated vehicle applications.

1.2 Highly automated driving vision to improve overall safety

HAVEIt supports the necessity of higher integration and more reliable and driver sensitive
support and intervening safety functions to improve road traffic safety. HAVEIt, thus, represents
a significant step towards higher road safety by combining intervention and substitution models.
The HAVEIt consortium interprets the long-term "Highly Automated Driving" vision in following
sense:

The key actor in safe driving must be the driver. Everything has to be done to optimize her or
his performance; therefore we built the automation centered on the driver. Taking into account
that the need for assistance strongly depends on the varying performance level of the driver, the
need for a dynamic balance or flexible task partition between driver and automation becomes
obvious. A higher degree of automation in this context means to support the driver in mono-
tonous driving tasks (e.g. queuing on crowded motorways, continuous lane keeping) as well as
in highly demanding tasks like driving through the narrow lanes in roadwork areas. Automation
must be designed in a way that different degrees or stages of support can be flexibly produced
(ranging from mere warning up to a temporary auto-pilot etc.).

e One of the key issues is represented by finding the optimum way for sharing the driving
task between the driver and the highly automated system. If the driver is allowed to be out
of the loop for a few seconds, he or she needs to get a few seconds time to get back into
the loop to react properly (i.e. to continue driving) in case the highly automated system
detects a scenario that cannot be handled automatically. Current state of the art systems
and other research systems warn the driver in such cases and just switch off, thus leaving
the driver alone in the critical situation, in some cases even without prior warning. In
HAVEit, a novel approach was followed to overcome this problem: A step-wise strategy
(starting sufficiently in advance of an up-coming situation that might not be handled
automatically) was developed to give the driving task back to the driver to ensure that the
driver is really capable to react accordingly to the driving situation. Due to its safety
relevance, the optimum task repartition in the joint system driver / co-system (i.e. auto-
mation system) has been identified as one key objective of this project and is considered to
be a horizontal activity.
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e The multi-stage concept for optimum task repatrtition in the joint system was made available
to the vertical application activities aiming at different innovative safety and comfort
functions.

e Systems aiming at a higher degree of automation and at safety definitively need to include
the possibility of intervention to avoid a collision or mitigate a crash in case the driver is out
of the loop for a dedicated moment. To take this safety requirement into account, highly
automated vehicle applications need to integrate some kind of minimum risk maneuver, e.g.
emergency brake function.
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2 Project objectives

2.1 Three HAVEIt key objectives

To support the vision of highly automated driving, three key objectives (sorted according a top-
down approach) were derived to achieve the targeted safety benefits:

2.1.1 Development and validation of next generation ADAS functions as a co-system

Safety problems in driving arise from two sources: From the driving situation itself and from the
current performance level of the driver. Assuming a U-shaped function (see Figure 1) between
driving difficulty and performance, a fundamental relationship discovered 1908 already by the
psychologists Yerkes and Dodson'!, research has shown that the need for assistance arises at
least in two different scenarios.

driver underload driver overload

vigilance / drowsiness multiple task danger

(®Y A

@
need for assistance

—

Figure 1. U-shape function between driving difficulty and driver performance

In case of monotonous driving, mental underload will lead to decrements of vigilance and in
consequence to dangerous situations. In case of highly difficult situations (like driving in the
narrow lanes of roadwork areas) symptoms of stress will result in a deteriorated performance.
Highly automated driving is a promising way to avoid both difficult regions and is therefore
directly linked to traffic safety. The third component of highly automated driving tries to keep the
driver on the optimal performance level as long as possible by facilitating the normal driving
task.

Therefore, one key objective of HAVEIt is represented by the development and validation of
next generation ADAS functions (based on a co-system) directed towards a higher degree of
automation in particular to support the driver to arrive at a higher level of safety, i.e. reducing
accidents.

' Yerkes RM, Dodson JD (1908)The relation of strength of stimulus to rapidity of hafeitmation”. Journal of
Comparative Neurology and Psycholatfy 459 482 http://psychclassics.yorku.ca/Yerkes/Law/
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2.1.2 Optimum system joining and interaction between driver and co-system

Up to now, automated systems are switched eithei
of systems integrating different functions like HAVEit. If one part of the integrated system shows
malfunction or reaches its system limits, the remaining parts of the integrated system may still

work correctly or must only be degraded in part. The same holds true for the driver. There may

be an intention for maximum automation in some situations, whereas partial assistance may fit

better to other driving situations. Also, different alertness states of the driver (e.g. sleepiness)

may prohibit switching in a highly automated mode. Therefore, the basic idea of HAVEit is to

define different degrees of automated driving which can be selected according to the needs of

the driving task.

On the one hand, offering different adaptable degrees of automation is not trivial. On the other
hand, this is already working successfully in a lot of non-car vehicles. As a first example,
imagine a modern aircraft. Besides automation, there is one main reason why aircrafts are
usually safer than cars: There is a second entity, a second brain in the cockpit. A co-pilot, who
checks the actions of the pilot, who can take over certain tasks to relieve the pilot in case flying
would wear out or bore the pilot (left side of the U-shape), or overload the pilot (right side of the
U-shape). In aircraft with only one pilot, the role of the co-pilot can be performed by an
advanced electronic system or electronic co-pilot (e.g. Champigneux et. al. 1989, Flemisch &
Onken 1999%). Co-pilots in cars, e.g. in rally cars, usually do not drive themselves, but the
comparison can still be exploited and used for technical systems in cars and trucks that act like
aviation co-pilots. Car prototypes were demonstrated e.g. in (Hassoun et al.1993") or (Holz-
mann 2007"%). Another important inspiration for HAVEit came from other base research project
that once again started in aviation and went to automotive: In the H-Mode project, the highly
automated vehicle is not compared to a co-pilot, but to intelligent animals like horses, These
animals are are not so intelligent as a human, but very skilled in movement, have own
preservation instincts, and can be cooperatively controlled in a spectrum between more directly,
with a tight rein, and more indirectly with a loose rein (e.g. Flemisch et al. 2003, Goodrich et al.
2006'°, Flemisch et. al. 2011").

In the HAVEIt project, experience from the above mentioned examples is used carefully and

blended with more pragmatic approaches: HAVEit vehicles will of course not be as intelligent as

a real co-pilot or as real horses, but will contain a sophisticated co-driving system (named co-

system in this project) that can, in limited driving situations, perform a higher percentage of the

driving task automated (i.e. highly automated). The co-system is usually dependent on the

driver to allow, supervise and/or participate in the automated behavior. If well designed, driver
andco-systems form an ideal s y mbiveobetiersand safer thahariynt Sy
of the two partners would be capable alone. One essential key to such a successful com-

bination of human (driver) and automation (co-system) lies in the proper design of the tran-

sitions between lower and higher degrees of automation.

Flemi sch, F.O.; Onken, R: The Search for Pilotés | de
Assistant Military Aircraft CAMA, HCI International, Munich, 1999

3 M.Hassoun, C.Laugier (Lifia) and D.Ramamonjisoa, N.LeFort (Heudiasyc): "towards Saifeg drivtraffic
situation by using an electronic copilot" Proceedings of the IEEE Intelligent Vehicles Symposium, Tokyo Japan, pp
84-89, July 1993

4 Holzmann, Frédéric: Adaptive Cooperation between Driver and Assistant System, Improving Road Safety.
Springe, Berlin, 2007

> Flemisch, F.O.; Adams, C. A.; Conway S. R.; Goodrich K. H.; Palmer M. T. ; Schutte P. C.:Nib&phor as

a guideline for vehicle automation and interaction; NASASI®003212672; NASA Langley Research Center;
Hampton, Va, USA; 2003

'8 Goodrich, K.; Flemisch, F.; Schutte, P.; Williams, R.: A Design and Interaction Concept for Aircraft with
Variable Autonomy: Application of the #Mode; Digital Avionics Systems Conference; USA; 2006

" Flemisch, F.; Bengler, K.; Bubb, Heiner; Winner, H.; 8t R.: Towards a Cooperative Guidance and Control of
Highly Automated Vehicles: HMode and Condudby-Wire; Submitted to Human Factors Special Edition
Automation in Vehicles, Ed. Natasha Merrat & John Lee; 2011
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Driver Automation

Driver Semi Highly
Assisted autom. autom.

Figure 2: Automation levels considered in HAVEit- the stepwise transfer of the driving task forms the basis
for optimum task repartition in the joint system

In HAVEIt, over a couple of iterative design and evaluation cycles, three different levels of
assistance and automation were selected: 1.) Driver-assisted, where the driver is in full control,

but the co-system supports with a light assistance e.g. during lane change. 2.) Semi-Automated

/ ACC+, which integratesthe fAcl assi cal 06 and myystems. 8)MHighlyiasta-i cat e
mated driving, where the co-system does most of the driving, but the driver is still in the loop

and can take over the driving task anytime (see e.g. deliverables D 33.3'%, D33.6").

The rationale of the development is shown in the figure above. In addition to the definition of
meaningful stages of automation, special care has to be given to the transitions between stages
in both directions. These transitions may be initiated by the driver with respect to his or her
intention or by the co-system with respect to the needs of the situation.

To achieve the above key objective, existent ADAS functions were integrated and expanded to
a joint system driver / co-system whereby driver and co-system are considered as "observer"
and complementary of each other. A mode selection and arbitration unit allows selecting the
adequate automation mode (also by means of substitution and active intervention) and decides
about the most suitable driving command. The main idea behind this development is illustrated
in Figure 3 below.

Based on her/his mental representation of the driving situation and her/his driving intention, the
driver gives a command which is processed through the mode selection and arbitration unit
before being executed via the drive control. On the other hand, based on the sensor
representation of the driving situation, the co-system develops its own system command
strategies (all safe maneuvers, see block co-pilot in the diagram), which are also fed into the
mode selection and arbitration unit.

In addition, the mode selection and arbitration unit (MSU) gets information about the current

state of the driver as well as about the state of the co-system. Driver 6 s st ate is mai nl
by the degree of attentiveness, of activation state and of his or her awareness about the

situation and the automation state of the joint system. But the state of the co-system in terms of

sensors and system reliability, error level and system limits must also be taken into account by

the MSU before deciding which command should be executed. The result of this process is a

safe motion vector which then will be sent to the execution level to be performed. Both, the

driver and the co-system must be informed about any change of the automation mode (internal

state) and the environment (external state).

~

Obviousl vy, the degree to which the driver is #fAi
system, are key determinants in the joint system. The state of the driver strongly modifies the
decision about the action (e.g. in case of drowsiness the joint system will try to rely more on the
commands of the system and start actions to bring the driver back into control). In the same
way, quality and quantity of the feedback about the final action are adapted to the state of the

'8 Flemisch, F.; Schieben, A.(Ed.): Validai of preliminary design of HAVEit systems by simulation (Del. 33.3).
Public deliverable to the Edommission; Brussels; 2010
9 Schieben, A.; Flemisch, F. (Ed.): HAVEit Del. 33.6., 2010
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driver (e.g. in case of overload the feedback has to be weak, in case of underload strong).
Evidently, difficulties may arise if the stage of automation is changed (transition problem). Up- or
downgrading the automation must be represented to the driver as well as to the co-system.
Adequate measures must be developed to guarantee that each actor in the joint system has
sufficient mode awareness.

1 1
! . Environment sensors| | Vehicle sensors|!
: Driver I
1
| — 7 U .
1 river . 1
: monitoring ﬁ Sensor data fusion I
1
1 1
4l 0 |
i HMI '
Driver state Co-Pilot |
assessment S |
=
&
<
L
Mode selection unit X
1
) 1
automation level 1
1
. L 1
Command generation and validation |
| e e - - - - - 1
motion control vector
Drivetrain control
Steering Braking Engine Gearbox
actuator actuator actuator actuator

Figure 3: System design for optimizing the task repartition in the joint system driver co-system

Therefore, the next key objective of HAVEIt is represented by the design of an optimal inter-
action and task repartition in the joint system driver / co-system. Special emphasis has to be
given to the assessment of the degree to which the driver is in the loop and possible counter-
measures to bring him/her step-by-step back, e.g. in case of oncoming situations which the
highly automated system may not be able to handle on its own.

2.1.3 Development and validation of failure tolerant, scalable, safe vehicle architecture

In case of the need for strong, fast and accurate actuation (e.g. in an emergency braking situa-
tion in curves), in many situations smart actuators (e.g. activated by the emergency behavior of
the co-system) are superior to most humans. To further improve traffic safety, HAVEit therefore
followed a third main objective: The development and validation of a safe and flexible architec-
ture combining redundant, failure tolerant (so-called XCC?) and fail-safe, scalable automotive
ECUs (so-called CSC?') communicating via suitable automotive bus systems (FlexRay, CAN) to
arrive at both better economical use of resources, improved safety and higher overall vehicle
reliability.

20 X -by-wire Control Computer
%1 Chassis and Safety Controller
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The redundancy management in the XCC platform forms an abstraction-layer between safety®”

and functionality. Safety thereby can be characterized via integrity”® and reliability?*. The soft-
ware layers can be visualized as shown in Figure 4. The platform approach is illustrated in

Figure 5.
W {Application 1 ‘ [Application 2} @ F

Functional Control-SW

Application-Management

Sensor/actuator resource-management, application (partition) i control, ...

Platform-Management

Management of the redundant control-platform, ...

Redundancy
Management

10-Management

Interactive data-consistency

oS

Scheduler, Device-Drivers, Partition-Management, ...

Driver

Vehicle Chassis Suspensio

Sensor- Braking Steering Assistanc Integrated
State Control n
failsafe : Functions Functions E Telemetric
Cbserver Arbitration Functions .
Functions
Au . @SAH Runtime Environment (RTE)
System Services
. Complex
ECU Abstraction Dl

Microcontroller Abstraction

Figure 4. HAVEit safety architecture software layers
a) fail-tolerant XCC system (for safety critical actuators) and
b) fail-silent CSC systerf? (for joint system implementation, AUTOSAR compatibility)

With respect to safety®, the key tasks of the redundancy management can be split up in
failure?’ treatment (management of checking redundancy), based on interactive data consis-
tency and failure tolerance (management of operational redundancy). Only in case that the
checking redundancy is working properly, the operational redundancy can be used. The

%2 safety Describes a state in which risk is lower than the boundary risk. The boundary risk is the upper limit of
the acceptable risk; it is specific for a technical process or state (ARP 4754).
2 Integrity: Attribute of a system or an item indiicsy that it can be relied upon to work correctly on demand
(ARP 4754).
% Reliability: The probability that an item will perform its intended function for a specified interval under stated
conditions (ARD 50010).
% Failure detection in the CSC system is achieved by hardware redundancy means.
% operational functionalities as contiséquencing of the communicatiaesp. energglusters or the higlevel
controHunctions are not take into account within tbgpter.
%" error: An omission or incorrect action by a crewmember or maintenance personnel, or mistake in requirements,
design, or implementation (AMC 25.1309).
failure: An occurrence, which affects the operation of a component, part, or elementatitican no longer
function as intended, (this includes both loss of function and malfunction). Note: Errors may cause Failures,
but are not considered to be Failures (AMC 25.1309).
fault: A physical condition that causes a device, component, meateo fail to perform in a required manner;
for example, a short circuit or a broken wire (ARD50010).
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guantification of the corresponding required detection and monitoring rates in order to reach the
reliability per function can be done using a Markov model®. This can also be used to derive the
degree of operational redundancy based on a given board reliability of a single control

computer.
I Operational
Scalability Reliability

Integration of

N ) T N »Simplex Minded Designed
) lappli| [Appli| |Appli| [Appli Applications
ﬁ 1 2 n
ek
4
% — steering actuators
0 — -
a braking modules
——-
— aggregates / actuators

\.

Interfaces efficiency
Figure 5: HAVEit safety platform approach (built on the SPARC project)

The degree of checking and operational redundancy is thereby not only dependent on the
criticality of a function but also on the basic concept of the vehicle:

e advanced driver assistance with mechanical backup (e.g. electric steering actuator, joint
system modules): use of fail-safe CSC ECUs and Autosar methodology

e advanced driver assistance without mechanical backup (e.g. steer-by-wire and brake-by-
wire actuators): use of failure-tolerant duo-duplex XCC ECUs

With these three key objectives HAVEIit paves the way for higher levels of automation by
integrated ADAS functions and significantly contributes to improved road traffic safety. More-
over, the unique and flexible architecture with open interfaces is ideally suited to integrate
additional functionalities by adding software modules (e.g. based on of a standardized runtime
environment, such as AUTOSAR).

2.2 Scientific and technological objectives: Challenges and functional clusters derived
from the three key objectives

The three key objectives presented above were broken down to challenges which were
clustered according to their nature: technological challenges were grouped in two so-called
horizontal clusters. Results achieved from them were made available for all highly automated
vehicle applications, which were organized in two so-called vertical clusters, see Figure 6.

8 R. Reichel: Flight Control SysteriisFly-By-Wire, ati Automatisierungstechnik, Volume: 52, Issue: 2004,
pp: 588i 595, Oldenbourg Wissensdteverlag GmbH

Deliverable D61.1 Version 1.0 10
Final Report



HAVEit 23.09.2011

Functionality
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Fully automated driving tasks
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based on joint system interaction
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* Project is part of the 6th European

Framework Programme (2004-2007) ArCh|teCtU re Mlgratlon Path

Figure 6: Introduction of the highly automated driving migration path

"Horizontal" clusters leading to results to be included into vertical applications:

e Cluster 1: Integration challenges (for reasons of clarity not outlined in Figure 6).

e Cluster 2: Implementation of the failure tolerant, redundant, flexible and scalable safety
architecture aiming at improved traffic safety and at suiting the needs of future
safety systems, i.e. highly automated functions.

e Cluster 3: Situation adaptive, optimized task repartition and interaction in the joint system
driver - co-system aiming at improved safety.

"Vertical" application clusters:

o Cluster 4: Joint system and safety architecture validation: Validation of the innovative Joint
System interaction in a generic car ("rapid prototyping" approach as a first step).
Improved ergonomics and safety for vehicles on the basis of the scalable,
failure redundant XCC 2E architecture and on the basis of the scalable, fail-
silent CSC concept to be extended in HAVEIt towards automation capabilities.
Further intention was to show the migration path to the new HAVEIt architec-
ture.

e Cluster 5: Highly automated driving applications suitable in public traffic for continuous
driver support and improved road traffic safety and efficiency.

Obviously, these five technical clusters mark migration paths in two directions (see Figure 6):
Migration in the safety vehicle architecture direction (horizontal axis) and migration towards
higher levels of functionality (vertical axis). Both migration directions are linked: Considering e.qg.
the cluster 5, in case of t systemf woulds stop \aockings mt o r
contrast, a vehicle equipped witha f aul t tol erant HAVEIi t archi
redundancy management to overcome at least some failures, thus being able to continue
driving. Using the HAVEIt mode selection and arbitration unit in case of an actuator failure the
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ADAS function would be decreased gradually but not stopped (e.g. not allowing the highest
automation mode as a potential further actuator failure would require faster reaction of the
driver). Different steps in both architecture direction (horizontal axis) and automation level
direction (vertical axis) are expected in the direction of "highly automated driving".

HAVEIit also defined which levels of architecture integration are required depending on the
levels of automation (corresponding to the different vertical clusters) to overcome correctly the
risk of failures. Consideration of relevant scenarios lead to the simple rule: The higher the level
of automation, the higher the safety and failure tolerance requirements. Accordingly, the arrow
in the background of Figure 6 is pointing to the right top of the illustration is indicating the overall
migration path.

The challenges assigned to each functional cluster are briefly described next.

e Horizontal cluster 1: Integration challenges

This cluster comprises integrating activities common for all technical tasks:

Challenge 1.1: Requirements and specifications

One of the main issues consisted in the definition of the functional specifications and of an
agreed and validated set of specifications. HAVEit cared for the systematic collection and
tracking of any requirements throughout the project. Work in this challenge included the
design of gener al systems str uc-tcargyest eemdg
just one example). The different levels of automation were defined as well as the relevant
factors (both from the driver and the co-system) which are used to select the automation
level. Feedback strategies were developed both to maintain and to get back mode aware-
ness of the driver.

Challenge 1.2: Derivation of the overall safety architecture:

Based on and partly in parallel with the definition of requirements at the different system
levels partners developed the common overall system architecture. In the meaning of a top-
down-approach, partners further agreed on a common architecture including common inter-
faces and protocols from the top system level down to as much as possible subsystem and
component levels (e.g. vehicle architecture, co-system architecture, sensor system archi-
tecture, processing architecture including communication matrices), thereby forming the
basis for all further technical developments in this project.

Challenge 1.3: Application optimization and validation

Having achieved first highly automated functionalities, partners entered the common opti-
mization and validation phase of the project. Close cooperation helped to foster the
common understanding and the sharing of key knowledge achieved in terms of the various
horizontal and vertical activities and second to prepare for the common, final demonstration
of the validation vehicles (during the final event in June 2011).

e Horizontal cluster 2: Safe vehicle architecture implementation

This cluster covered the development of the safe and scalable vehicle architecture. The
results were made available to all vehicle applications:
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Challenge 2.1: Development, integration and verification of a safe control platform

a) Failure-tolerant duo-duplex platform for safety relevant actuators (XCC with integrated
redundancy management)

On the basis of the SPARC results, duo-duplex ECUs (so-called XCCs) were developed
and provided for the x-by-wire actuators (steer-by-wire in WP4100 and brake-by-wire in
WP4200).

Out of the platform-requirements the XCC platform functional description can be generated
and broken down to the HW/SW co-design. As in HW and SW just functionalities can be
realized, it is the task to transfer all functional and safety requirements to pure elementary
functions and to allocate those to HW and SW. A challenge within this work package
resulted out of the task to provide an optimum platform for different validation vehicles with
a high degree of configurability and scalability. Therefore, an intelligent configuration me-
chanism was developed to derive out of a database the full configuration data for the
platform consisting out of the central platform computer, subsystems, the overall communi-
cation network(s) and the test-bench.

Having integrated this platform, the high-level control functions (for steer-by-wire in the
WP4100 passenger car and for brake-by-wire in the WP4200 truck) could be linked to the
redundancy management. The integration verification then took place first in the lab and
afterwards the platform was integrated in the vehicles and the functional tests could start.

b) Fail-silent platform for safety relevant modules, e.g. the joint system (CSC, AUTOSAR
compatible runtime environment)

Based on the partners' strong product experience in the field of chassis and safety systems,
a powerful ECU was developed and offered to all partners. In particular the CSC platform
was used for the joint system integration, as - based on the AUTOSAR runtime environ-
ment - it represents the ideal platform for the easy integration of software developed by
different parties on the same ECU.

Challenge 2.2: Communication

This challenge has been planned to precisely define the overall communication common for
all HAVEit highly automated systems. As explained above, this step is required for the full
configurability of the individual systems and the possibility of an easy exchange of software
modules between partners. Due to the safety relevance of the HAVEit applications and the
large amount of data to be handled, FlexRay communication was required in addition to
CAN communication.

HAVEit functionalities and in particular most future HAVEIit+ applications can benefit from
the incorporation of communication channels to exchange relevant information with other
vehicles and infrastructure. Suitable communication channels (hardware, software and
protocols) have already been developed in other projects, e.g. CVIS. HAVEIt adopted these
existing modules to the HAVEIt architecture to be compatible to widely accepted commu-
nication standards. Both, directional IR V2V and non-directional RF V2I communication
channels were integrated. In the HAVEit architecture V2V and V2I communication channels
are considered as additional sensors.

Challenge 2.3: Fast, smart and reliable actuators

The development of smart, intelligent high speed actuators for the application challenges
4.1 and 4.2 and 5.1 described below was considered a further horizontal challenge. Inno-
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vative steering actuators including control strategies are required for improved ergonomics
for drive-by-wire applications (e.g. challenge 4.1 with 2E actuator providing no mechanical
fallback during normal operation).

Novel brake-by-wire actuators, electro-mechanical wheel brake (EMB) actuators utilizing
the principle of self-enforcement for generating brake force, are a development to a higher
level of maturity. The brake system was integrated in a truck and be pre-homologated for
the first time for use on public roads (challenge 4.2). Compared with state of the art
pneumatic brake systems, stopping distance was significantly reduced. Further, EMB
reduced the energy consumption during the braking sequence.

e Horizontal cluster 3: Situation adaptive, optimized task repartition in the joint system
driver - co-system

To achieve this key objective, for optimum task repartition between driver and co-system,
an innovative situation adaptive interaction concept was developed and implemented which
takes driver intention, driver attention, vehicle status as well as the co-system command
vector into account. Using probability measures to assess confidence of both driver and co-
system command vectors, a combined vehicle command vector is calculated ensuring safe
and stable reaction of the vehicle on the one hand and allowing the stepwise transfer of the
driving task from the highly automated system back to the driver or vice-versa in case of an
imminent situation. As mentioned above, such adaptive cooperation in the joint system is
considered as a key issue for future safety systems.

To achieve this key objective, three challenges were identified:

Challenge 3.1: Co-system

One input channel of the mode selection and arbitration unit is represented by the co-
system command. Parallel to the driver, a co-system integrating the ADAS functionalities
provides this safe command. Furthermore, this co-system has a cognition model similar to
the real driver. A perception layer by means of sensors and data fusion module provides an
environment model to the knowledge layer. Similar to a real driver this layer performes like
a multi-agent system which integrates different control tactics for different situations. The
co-system needs to monitor itself to define a confidence value for the mode selection and
arbitration unit like for the driver. However, a self estimation was developed here directly by
combining information from the data fusion (a-priori knowledge) and matching rate of the
functionality patterns (in situ knowledge).

Challenge 3.2: Driver in the loop assessment

The second input channel is assigned to the driver state information. Both direct (e.g.
monitoring the driver vigilance with a camera system) and indirect measures (evaluating
driver activities, such as history of pedal, steering activities, vehicle behaviors) were
combined to achieve the required high confidence level for the driver vigilance information.

Relevant dimensions are on one hand attentiveness, drowsiness and stress level of the
driver, on the other hand the driverdés ment al
tion caused by daydreaming etc.). Methods and parameters to assess the degree the driver

is in the loop were developed.

The development also needed to include dangerous test scenarios (falling asleep, critical
traffic situations). Therefore, driving simulators needed to be used as a development tool,
e.g. simulation software SILAB (from WIVW, driving simulators of DLR, VTEC and VW).
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Challenge 3.3: Joint system design and validation

It is further essential to understand the driver command and maneuver: Why does he react
in a specific way in a certain scenario? An environment model needed to be developed and
implemented for this purpose. Understanding the driver intention allows the generation of
important expert knowledge which in turn can be used for the further optimization of the co-
system.

From the previous challenges it was concluded that the interaction between the elements of
the joint system hads to be designed according to the degree the driver is in the loop. This
includes information about (1) the relevant dimensions of system and situation awareness,
(2) the methods to assess this awareness, and (3) measures to keep the driver in the loop
and accordingly countermeasures to bring him/her back step-by-step into the loop in case
he is not (sufficiently early before a situation escalates that might not be handled by the
highly automated system).

Offering different degrees of automation also means that transitions between these levels
will occur. Therefore, special emphasis was given to the mode awareness, i.e. the driver is
always aware about the current level of automation.

After having developed and validated the algorithms for optimum task repartition in the joint
system by simulation means, these were made available to the vertical applications (semi-
automated driving tasks in public traffic).

e Vertical cluster 4: Flexible and scalable safe vehicle architecture

The vehicle architecture migration path is outlined in the horizontal axis of Figure 6. The
use of a "conventional system architecture" is not well suited for the development of cluster
5 applications. For the long-term vision of automated driving additional architectural featu-
res are required.

The second step in terms of a failure tolerant architecture is represented by the "1E/1M
architecture" (i.e. having full electronic control over actuators but a mechanical fallback
solution) This steps give the necessary degrees of freedom to realize the HAVEit functio-
nality and is reliable enough due to the fact that HAVEIt requires to have the driver in the
loop.

For full by-wire application a so-called 2E architecture is needed. Because there is no
mechanical fall back the control electronics and the power supply to the actuators must be
designed failure tolerant. In SPARC a first proof of concept for the 2E integration has been
achieved (by using a duo-duplex ECU architecture).

To validate the architecture migration path including scalability, within HAVEit different
architecture integration steps were demonstrated for different highly automated vehicle
applications. To achieve HAVEit's third key objective, challenges 4.1, 4.2 and 4.3 have
been defined to validate the scalable safe vehicle architecture and its safety and econo-
mical benefits:

Challenge 4.1: FASCAR - Extended joint system demonstration, JSD

One challenge in developing the HAVEIit approach is represented by the parallel deve-
lopment of two crucial points: The development of joining of and interaction between the
driver and the co-system; and the development of the hardware architecture for implemen-
tation. To avoid the development risks that failures will be first detected in a real vehicle
very late in the process we introduced a generic experimental car (FASCar) where initial
implementations can be pre-integrated and tested right from the beginning of the deve-
lopment process and closely tied to the evaluation in the simulators.
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Another challenge in developing the HAVEIt approach was that in the horizontal activity of
joint system design and validation, a generic concept was developed and then tailored to a
couple of realistic applications in the vertical activities of the vehicle demonstrators. This
activity had only a chance if the generic joint system could also be integrated, tested and
demonstrated in a test vehicle before it was tailored down to the realistic applications.

The FASCar from DLR was optimized for this iterative development cycle. Its software and
hardware architecture were compatible with the simulator environments, and ready to host
preliminary versions of the safe HAVEit vehicle architecture as early as possible, so that
integrations and demonstrations could be shifted with minimal distance between the initial,
generic architecture and the final redundant architecture.

As mentioned earlier, this generic vehicle was also used for the validation of the 2E steering
activities for drive-by-wire applications to show extended possibilities for improved ergono-
mics by a proper design of the steering feedback.

Challenge 4.2: EMB-Truck i Brake-by-Wire for public roads, BbW

This vehicle is the logical extension of the development done during the SPARC project.
After having shown the feasibility of EMB for every kind of road vehicles and the reliability of
a drive-by-wire platform, the next step was to prepare x-by-wire components for pre-
homologation.

Based on the Haldex brake actuators developed in challenge 2.3, the EMB system replaced
the current pneumatic actuators to brake the vehicle. Very important in terms of safety is
the fact that a heavy vehicle using an EMB system achieved a shortened stopping distance
of 15% in average compared to existing systems on the market. To further develop the
system towards public road operation was an essential step to commercialize this new
technology, which will make automized stop and go more comfortable and save enegy,
because there is no need for permanently provide compressed air for the pneumatic
brakes.

The resulting vehicle (installation and integration of the truck was done jointly by Volvo 3P
and Haldex) was used to build a safety case and to start the pre-homologation procedure to
operate the system on public roads. Pre-homologation was done in close cooperation with
subcontractor TUEV Nord, Germany.

Challenge 4.3: Architecture migration demonstrator, AMD

While challenge 1.2 covered the derivation of a safe vehicle architecture and related paper
work, challenge 4.3 was dedicated to the prototypic realisation of the architecture aiming at
first at the demonstration of migration steps to bring the new highly automated systems into
products and at second to show the integration of basic HAVEit functionalities into the
vehicle in a safe and economic way by making use of the flexible and safe architecture
derived in challenge 1.2.

The control flow of HAVEIt (see Figure 3) forms the basis of this demonstrator and is com-
mon in all HAVEit vehicles. The architecture was developed using a top-down methodology,
intending to achieve a structure being basically independent of the exact functional content.
A common motion control vector was defined as the interface between the command layer
and the execution layer which are generally independent of the underlying vehicle platform.
While for most other HAVEIit demonstrators a couple of PCs were used to realize the joint
system, the architecture migration demonstrator is based on control units that are closer to
the market, i.e. wherever possible the generic fail-silent ECU developed within HAVEit
challenge 2.1 was used.
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e Vertical cluster 5: Highly automated driving (in public traffic) aiming at continuous
driver support and improved road traffic safety

This functional cluster includes the development and validation of 4 innovative safety,
comfort and active green driving applications:

Highly automated driving

/ AN

Safety Energy optimization,
enhancement emission reduction
VOLVO Active Green
Bus Driving (Energy
Driver overload Driver underload Optimizing Copilot)
(demanding driving tasks) (monotonous driving tasks)
Automated Assistance VOLKSWAGEN Temporary
in Roadworks Car  Autopilot
(and Congestion)
VOLWVO Automated
Truck Queue
Car Assistance

Figure 7: Structure and objectives of the different highly automated driving applications (challenges
cluster 5)

Challenge 5.1: Automated assistance in roadworks and congestion, ARC (passenger car

application)

This application is directed towards highly automated driver support in particular when
driving through a roadwork area. Special challenges for automated driving through a road-
work area are narrow lanes and curves, ambiguous lane marks, changing speed limits and
other vehicles driving closely next to the own vehicle. In case the vehicle aside moves
laterally just some 20cm, the lane may become too narrow so the own vehicle needs to
intervene quite hard. To cope with this potentially very critical situation, the experimental car
needed to feature emergency braking functionality.

Automated assistance in roadworks and congestion integrates different automation func-
tionalities and levels. In particular when driving through the narrow lanes of roadworks
special care needs to be taken on the transitions between the different automation levels
and on the evaluation of the system limits. Obviously, the complex roadwork scenarios
bring todayob6s state of the art sensing technol

Challenge 5.2: Automated gueue assistance, AQUA (HGV application)

Automated queue assistance supports the driver in motorways and rural roads by integra-
ted longitudinal and lateral control (thus representing a new generation of automated cruise
control). In reality this means that the system continuously supports the steering, accele-
rating and braking of the vehicle.

The level of automated control is continuously adapted based on the state of driver, vehicle
and environment. At the highest level of automation the system autonomously handles
steering, accelerating and braking to keep the vehicle in the correct lateral position in the
lane, at desired speed and at a safe distance to other vehicles. In particular, this is possible
in low speeds and dense traffic down to a complete vehicle stop. The system functions and
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supports the driver also in non-congested situations and higher speeds but the level of
automation is determined by the performance of the perception system and user accep-
tance.

Challenge 5.3: Temporary auto-pilot, TAP (passenger car application)

The temporary autopilot system developed in HAVEit integrates three different levels of
functionalities: pilot functionality (hands-off driving), e.g. driving in a traffic jam; assisted
driving (hands-on driving, driver in the loop), i.e. driving in normal traffic mode, e.g. driving
when traffic jam terminates; and intervening safety functions, e.g. driver initiated emergency
braking.

To achieve these high and complex functionalities, a dedicated sensor platform needed to
be developed. It comprises a set of ultrasonic sensors which detect other vehicles and
pedestrians in front of the ego vehicle, a front view and a rear view mono camera for the
detection of lane markings, a 77 GHz radar sensor for the detection of vehicles, a laser
scanner for the detection of vehicles and pedestrians and an electronic horizon, e.g. for the
detection of speed limits.

Challenge 5.4: Active green driving, AGD (energy optimizing co-pilot, bus application)

The intention of the active green driving application was to use a "forecast" on the vehicle
movement over the next period of time (e.g. 30 seconds) to optimize the powertrain control
of the hybrid bus. Hybrid buses are of particular importance in urban areas. It is anticipated
that there will be "zero-emission" zones in city centers. In that case, even buses and trucks
need to operate with zero emission in these areas.

It is a big challenge to optimally control the complete system in order to achieve the best
balance between saving energy and providing optimal power. Regarding overall fuel con-
sumption of the HAVEIt active green driving concept, according to the evaluation results
achieved in HAVEit, fuel and CO, reductions between 6-8% beyond the reduction by a
normal average hybrid citybus can be achieved. This number is depending on the urban
driving cycle and on the driverbds driving

According to the clusters of challenges derived to achieve the HAVEIt key objectives, each
cluster has been assigned an own sub-project, while each challenge in a certain cluster has
been assigned a work package. Consequently, 5 technical sub-projects result from the 5
HAVEit clusters. These were accompanied by a 6™ sub-project covering management tasks.
The links between the different horizontal and vertical work packages of the HAVEit Integrated
Project are summarized in the matrix shown in the figure below.
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3

HAVEit requirements and specification

3.1

Requirements Engineering

To fulfill the needs of all challenges relevant for highly automated vehicles, HAVEit defined and
run through a very structured requirements and specification phase. Due to the size of the
integrated project HAVEIt and its organisation in horizontal and vertical subprojects leading to a
manifold of links between partners and results to be exchanged, the consortium has agreed on

a tool based methodology to derive requirements and specifications. The requirements and
specification phase was split into a sequence of steps illustrated in in Figure 9.
| Highly automated vehicle application |
Function definition |
L’{ Use Cases |
I—' Function and component
requirements, SADT (D11.1)
L" Component specification (D11.2) |
Mapping of (logical) components to
physical processing units (FBD)
—’I Definition of internal contact functions |
—’I Definition of external contact functions |
—* Definition of interactor contents and data
rate estimation for each interactor
—* Assignment of external contact functions to
physical links (e.g. CAN bus), E/E architecure
L" Architecture specification (D12.1) |
Communication, protocols (D22.1) |
Figure 9: Different steps of the requirements and specificadn phase
a) According to this top-down methodology, at first the HAVEIt highly automated functions
were defined in detail: Joint System Demonstrator (JSD), Brake-by-Wire Truck (BbW),
Architecture Migration Demonstrator (AMD), Automated Assistance in Roadworks and
Congestion (ARC), Automated Queue Assistance (AQUA), Temporary Auto-Pilot (TAP)
and Active Green Driving (AGD). Second, a set of common and application specific use
cases was derived, which form the basis for the definition of test cases and test
scenarios for system validation at project end.
On this basis the partners defined and agreed on a common functional structure for all
highly automated systems. Functional requirements for all HAVEit applications have
been structured using the so-called SADT (Structured Analysis and Design Techniques)
technique that presents the information flow between the different functions and sub-
functions. Interactors are introduced to handle the information exchange between the
different functions. Figure 10 presents as an example for the SADT view of the HAVEit
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top-level function:iBr i ng dri ver and vehicle from A to
|l evel s of automationo.

Results achieved at function level are described in detail together with all use cases in
HAVEI t deliverable report D11.1 #dAFunction de
deliverable is available for download from the project web www.haveit-eu.org.

b) Dedicated components needed to realize the functions were defined. According to the
employed methodology, these are organized in a so-called component tree. A generic
block diagram has been derived for all the required components. The component tree for
example includes sensors, HMI elements and actors, but also more intelligent compo-
nents like processing blocks for the driver state assessment (DSA), or the mode
selection and arbitration unit (MSU) required for switching between different automation
levels. Resulting from this step, a detailed specification document was generated. A
public wversion of this deliverabl e (D11. 2 i
download from the project web.

c) An assignment of the processing blocks (components) to physical processing units
(ECUs) was made. For instance, a generic ECU (CSC? platform) includes the DSA.
This physical processing unit including the DSA software is used in the same way for
several HAVEIt demonstrators, e.g. JSD, AMD, ARC, AQUA and TAP.

d) According to the chosen methodology, the physical processing units were arranged in
the merely hardware oriented functional block diagram (FBD). Due to the fact that each
of the seven HAVEIt demonstrators realizes different functionalities, there are differen-
ces in the sensor systems and also in the physical processing units. To consider such
differences, it was decided to start with a generic FDB and to generate the vehicle
specific FBDs from that. An example is given in Figure 11 which presents the functional
block diagram of the architecture migration demonstrator The FBDs are described in
det ai l in HAVEiIit deliverable D12.1 fAArchitect
available.

e) Function blocks included in the SADT view the exchange of information utilizing so-
called interactors. An interactor includes one ore more parameters, e.g. vehicle speed,
acceleration, yaw rate etc. The list of interactors used in the HAVEiIt systems is included
in D11.1. Within this step, the interactors which include clear specifications for all
information required or delivered from each function block need to be mapped to links
between the physical processing units. In the tool methodology used in HAVEIt these
links are called contact functions. In HAVEit we distinguish between internal contact
functions (this means contacts inside a certain processing unit, e.g. the CSC ECU) and
external contact functions (these are contacts outside the processsing unit).

f) In this stage all data to be transferred by means of the so-called external contact
functions are known from the interactor specification. On basis of the data rate required
for each external contact function, a mapping of several contact functions to a certain
bus system (physical link, such as CAN or FlexRay) can be made, thus defining the bus
system for each demonstrator vehicle.

Again, the architecture migration demonstrator network topology shown in Figure 12
serves as an example for this methodological step. Internal contact functions will not
cause traffic on the bus system, thus can be neglected for the bus load estimation.
Internal data rates can be very high, thus will not cause any transfer problems. Detailed
results from these steps are presented in the architecture deliverable D12.1.

29 CSC: chassis and safety controller (&ilent ECU)
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Figure 10: SADT view: Top-l evel function: #@ABring driver and vehicle from A to B
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g) Finally, the communication protocols (e.g. CAN matrices, FlexRay communication etc.
can be fixed. Results are presented in
communication availabl eo.

As public version of requirements, specification and architecture deliverables are available, in
this document we intend to set the frame just by including a brief functional description of the
different HAVEIt demonstrators. For more detailed information, the reader is kindly referred to
HAVEIit deliverables D11.1, D11.2 and D12.1. Consequently, the next sections provide a
description of the HAVEIit highly automated vehicle applications introduced above by the two
application clusters. All applications were realized and demonstrated in relevant use cases and
scenarios during the HAVEIt final event on June 21-22, 2011 at Volvo Proving Ground Hallered,
Sweden.

Environ- CsC CsC CsC CsC HMI

ment ECU1 ECU2 ECU3 ECU4 ECU

Sensors (C1.3) (C2.1) C2.2,2.3) (C2.4) (C4)
CANZ2 (HAVE:it)
CAN1 (HAVEit)
Drivetrain CAN

GW dSpace PT BS ST

ECU Auto- ECU ECU ECU

(C1.2) box (C3.1.2) (C3.1.3) (C3.1.4)

Vehicle CAN
Figure 12: Architecture migration demonstrator network topology

3.2 The HAVEit Architecture: 4 Layers

During the function definition and requirements phases, the global HAVEit structure was defined
and agreed for all HAVEIit demonstrators. It consists of four layers:

e Perception layer®

e Command layer

e Execution layer

e Integration of the driver in the automation loop (HMI layer)

According to these layers, the SADT view of the HAVEIt systems was structured (see section
4.2.1 in D11.1). This structure is also reflected in Figure 13 below, which illustrates the highest
level information flow common to all HAVEit applications. One key issue of research in the
HAVEiIt project is the optimum task repartition between driver and co-system. Both parts need to
understand and supervise each other to arrive at acceptable highly automated vehicle appli-
cations. Components deeply involved in this interaction are combined in the so-called "Joint
System" framed with a red dashed line in Figure 13.

®¥Note: I n HAVEiIit V2V and V2l is considered as

scanners, cameras).

Deliverable D61.1 Version 1.0 24
Final Report

HAVE

senso
communication channels (both IR and RF based) as well d®and environment senso (e.g. radars, laser



HAVEIt

23.09.2011

Driver 1 I
interface : . Environment sensors | | Vehicle sensors :
components X Driver 1| Perception layer
1
to assess the : : @ @ I
driver state and | Driver Sensor data fusion 1| forreal-time scene
to inegrate the : Monitoring | it
neg i = 1| recognition
driverin the auto- |, l/L Q |_| @ i
: | )
mation loop Y : |
1 Driver state Co-Pilot S
1 assessment =l
Command layer — @ Mmaneuvers, o :
T i
| {} T trajectory <
; ! Mode selection arbitration unit T
to define maneu- |1 31
ver, trajectory and | | :
automation level |, @ automation level \VAR
andto generate |1 :
the safe motion : Command and haptic feedback generation 1
control vector | 1
ﬁmotion control vector
Execution layer Drivetrain control
to perform the @
safe motion Steering Brakes Engine Gearbox

control vector

Figure 13 HAVEit overall blo ck diagram

Perception layer (C1)

The intention of the perception layer is to collect information about the external environ-
ment and the vehicle. Different kinds of sensors are used in the HAVEIit demonstrators
for the detection of the environment, e.g. radar sensors (front, rear and side), lidar
sensors, camera sensors and communication (vehicle to vehicle, vehicle to infrastruc-
ture). Required information concerning the vehicle state is achieved by various vehicle
sensors, e.g. wheel speed and acceleration sensors, yaw rate sensors as well as further
signals provided by the ESP, for instance. The information of all environment and vehicle
sensors is checked for plausibility and merged into the data fusion module.

Integration of the driver in the automation loop (C4)

One key element for the command layer is represented by the perception system. The
other key element is given by the driver who needs to be integrated in the automation
loop. His/her commands are collected by different HMI elements (e.g. buttons). The
information concerning the automation level and the overall system status is presented
to the driver, e.g. by audible, visual or haptic means.

Command layer (C2)
The HAVEIit command layer essentially consists of following parts:

o0 Copilot component: First, the driving strategy needs to be defined (e.g. a deci-
sion, whether to slow down behind a preceding vehicle or to overtake, is requi-
red). Second, the most suitable trajectory to continue driving is to be calculated
(considering vehicle stability issues and information about the environment from
the perception layer).

o Driver activities were recorded and assessed in order to derive information about
the driverods alertness (indirect dri
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driver monitoring system was installed that evaluates the driver state in a direct
way. Both channels, direct and indirect driver monitoring, were merged to attain
more reliable information about the driver's alertness (e.g. vigilance, distraction)
and his/her possibilities in the automation loop.

0 Mode selection and arbitration unit, MSU: On the basis of the copilot system on
the one hand and the driver commands including the results of the driver in the
loop assessment on the other hand, the mode selection and arbitration unit
decides about the most suitable automation mode. In case a change of the
automation level is the consequence, suitable transition strategies (including the
interaction with the driver) were established.

o Command generation and validation: Based on the copilot trajectory to be
followed and the information about the automation level to be used as well as by
considering direct driver control (e.g. emergency brake), the vehicle command is
calculated. This command leads to the so-called secure motion vector (longi-
tudinal and lateral vehicle control commands). Final plausibility checks (and com-
parison with the physical limits, e.g. in terms of vehicle stability) are applied
before the motion vector is transferred to the execution layer.

e Execution layer (C3)

The main task of the execution layer is to execute the longitudinal and lateral control
commands given by the secure motion vector. To realize these commands and with that
to control the vehicle drive train, the execution layer get access to the engine manage-
ment, brake and steering systems (so-called actuators).

Concerning safety requirements, it is necessary to notice that in comparison to all layers
mentioned before, the cycle periods are much shorter (typ. 10 ms). Furthermore, as the
driver is not able to intervene on this level, the safety requirements are much higher.
This especially applies to demonstrators that were equipped with by-wire actuators (i.e.
WP4100 with steer-by-wire and WP4200 with brake-by-wire).

o In HAVEIt, these stronger safety requirements for the execution layer in WP4100
and WP4200 were considered with the use of so-called XCCs i control units
providing a duo duplex architecture, suitable redundancy management as well as
dual channel FlexRay communication between the safety critical components.
Overall, this concept results in a fail-operational execution layer.

0 The execution layer in all other demonstrators was realized using fail-silent
components, i.e. the Continental CSC i Chassis and Safety Controller.

3.3 Highly automated vehicles for safety architecture validation

As described before, the HAVEIt idea of smart intelligent vehicles does not only rely on the
development of new functions, the interaction with the environment and with the behavior of the
human driver but also significantly on the availability of new actuatorsand the appropriate
architecture For this reason, the entire system consisting on the vehicle itself, the human driver
and new technical components becomes more complex and unforeseen effects might occur.
Due to this condition, it is beneficial to make use of rapid prototyping methods and tools in the
project.

Therefore, two vehicle platforms are available in HAVEIt to prove the capabilities of the
developed by-wire technologies and the appropriate architecture solutions. The first one is the
DLR steer-by-wire vehicle FASCar which performs easy integration methods of new technolo-
gies and allows replacing the driver's inputs on gas, brake and steering by software commands.
The second one is a truck provided by Haldex and Volvo 3P that was equipped with a brake-by-
wire system.
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With both vehicles the idea of developing and demonstrating the safety architecture compo-

nents was fulfilled in a convincing manner. These components are hew sensors and actuators,

the joint system (driver / co-system) as additional driving authority and of course safe data

concepts like the FlexRay bus system or the redundant control architectures. In order to show

the strong migration potenti al of t heardhitedtueec h n o |
mi gration demonstratordo was defined, wh irotthe- r eal i
art automotive control units.

3.3.1 Joint system driver / co-system

The joint system development and validation includes two related aspects:

¢ The formulation, discussion and validation of the joint system ontology (common language)
and principles, that can be commonly understood and applied throughout the HAVEit
project The joint system ontology and principles include:

0 The automation spectrum with defined levels of automation.
0 The transitions between the levels of automation.

o The dynamic task reallocation including automation initiated transition based e.g. on
the driver state.

o0 The multimodal driver interface strategy.

¢ The design, implementation and validation of a generic joint system demonstrator. It was
implemented and tested in simulators and in a couple of test vehicles. The joint system is
built of:

0 A perception layer including the vehicle sensors to the outside environment and to the
driver.

o A command layer including an intelligent co-pilot system and a mode selection and
arbitration unit (MSU). The co-pilot is based on command generation utilizing trajectory
and maneuver based automation.

0 An execution layer including the controllers for longitudinal and lateral control. This
layer includes experimental controllers with special regard to the stability in automation
transitions.

0 A driver interface including the primary driving task interface like steering wheel and
gas pedal, and specific HAVEiIt interfaces like automation level switches.

The automation spectrum

The automation levels that are important for the HAVEit project were mapped on a spectrum of

automation (Figure 14). The spectrum is on the left border defined by the | e v e | ADriver
which the driver has full manual control over the vehicle, and on the right border by the level
AFully automatedo, in which the automation <cont

levels of assistance and automation and their sublevels lie in-between. The spectrum can be
seen as a mapping of different degrees of driver involvement in the driving task. In the following,

the automation | evels and their subl evel s as wel
ri sk assndatieai |l ured are described.
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Failure State

Driver Automation
Off Driver Semi Highly
Assisted Autom.  Autom.
Feedback Support Long. Lateral on Hands ;o

Minimum Risk State

Figure 14: Automation spectrum with different automation levels, sublevels and additional states

Description of the automation levels

e Driver only: This is the left border of the spectrum in which the driver has 100% manual
control over the vehicle (only the classical driver assistant systems like ESP, ABS etc. are
operational). Driver-Assisted: A | ev el in the automation spectr
AiSe-mmut omat edo.

Feedback: A sublevel inthe | evel fassistedo. This include
system like acoustic, visual or vibratory lane departure warnings and parking assistance,
but not yet direct intervention of the automation with the primary driving task.

Support: Asublevelin t he | evel flassisted". The provided
provided by the "Feedback" sublevel. Additionally, the system intervenes directly during the

primary driving tasks, if the current vehicle situation is considered to be too dangerous by

the system. Functions are lane keeping support, emergency braking and avoiding of

objects, for example.

For reasons of easier understanding and avoidance of mode confucion, automation levels
Driver only and Assisted were combined to the automation level Driver Assisted.

e Semi-automated: Automation of about half of the driving task. One example is the Adaptive
Cruise Control (ACC), where the complete longitudinal control is done by the automation
(subl evel: ALongitudinal o) . Ot hgeSysterasxthampah e s ar
al most do the complete | ateral contr ol of t he
longitudinal support was subsummized into

¢ Highly-automated: The highest automated level of the HAVEit system where automation for
longitudinal and lateral vehicle guidance is combined, but where the driver is still involved in
the driving task by monitoring the system. Automation level Highly Automated is devided
into two sub-levels:

0 Hands on: During highly automated driving the driver is not allowed to take away his
hands from the steering wheel (e.g. at higher speeds).

0 Hands off: During automated driving the driver is allowed to take away his hands from
the steering wheel (e.g. while driving in congestion).

It becomes clear that the border between Hands on and Hands off is quite complex, consi-
dering e.g. the duration for how long the driver is allowed to take off the hands and the
reactions of the automation if the driver takes the hands off too long.

e Additional States

o Off: the automation is completely switched off (Joint System is by-passed).
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o Minimum risk state: a state of the vehicle that the automation might try to reach in case
the automation is no longer capable of performing a certain level of automation. There-
fore, the driver needs to take over. In case the driver does not take over in an
appropriate time span, the automation might try to reach the safe state with the
minimum risk, e.g. by performing a safe stop of the vehicle.

o Failure: a state which is reached if the automation works incorrectly or does not work at
all, e.g. due to a hardware or software failure. It is clear that the occurrence of this state
has to be minimized. To minimize this technically and scientifically, the automation
spectrum has to include this state explicitly.

Transitions between automation levels

The transition of control is defined as the changing of an automation level to another whereby
the driver or the automation gets more control over the vehicle depending on the automation
levels.

Driver initiated transitions

Driver Automation

Driver Semi Highly

Assisted Autom. Autom. g

Feedback Support Long. Lateral on Handeggse

R AAL Y

Automation initiated transitions
Figure 15: Possible transitions within the automation spectrum

Transitions can be classified by their direction toward a higher automation level and toward
lower levels of automation. These different types of transitions are included schematically in
Figure 15. Arrows above the automation spectrum stand for transitions initiated by the driver.
Arrows below the spectrum are used for transitions initiated by the automation. The directions of
the arrows indicate if the transition is classified as transition towards automation or transition
towards the driver. Both aspects can be integrated in a short notation (Table 2):

Short Notation DA A DA A D;ia A Da A
Direction of Ttroavczlr?jc;n Transition
transition ) towards the driver
automation
Initiation by driver by automation by driver by automation

Table 2: Classification and short notation of different transitions

For the transitions between different automation levels, HMI concepts had to be defined. To
keep an overview over the complex human-automation interaction, we used a UML-based
diagram to bring out the main interactions in a time line. Figure 16 shows this timeline for one
specific interaction between the driver and the automation at the beginning of a traffic jam. The
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grey vertical lines describe who has control over the vehicle. The light grey line stands for longi-
tudinal control, the dark grey line for lateral control. The arrows indicate the interaction and
communication flow and show which interaction elements are planned (e.g. acoustic warning).

Traffic jam
n o _® %
Ber m

Traffic jam, road type: highway, leading vehicle present————)»

—Icon AQUA available————

driver presses HAVE it button——)»

€ Sound Aeep,beepfi& visual messag

| _driver modifes system behaviour via ga
pedal

Traffic jam has cleared

——A ake overfirequest

I——driver takes control

Figure 16: UML -based diagram for one specific transition of the AQUA system

Application description

The application Joint System can be regarded as a second driving instance in parallel to the
human driver. It generates a driving motion vector that will be then converted in demand values
and sent to the engine, the brake system and the steering actuator in the execution layer of the
DLR demonstrator.

3.3.2 Brake-by-Wire Truck

To improve the effectiveness of the braking system and to open new degrees of freedom for
automation, a new brake design with an appropriate architecture was developed. The key
targets for this vehicle are:

e Shorten the braking distance by up to 15% compared to state-of-the art pneumatic
brakes. New actuators are required to achieve this goal (electronic brake actuators EBA
for service and parking brake).

e Because the structure and the system have to fulfill the requirements of the ECE 13
regulation, the application must be carried out in a way that provides opportunity to
perform the pre-homologation of the structure and system independently. Clarification of
guestions on pre-homologation of the brake-by-wire system for use on public roads was
an important topic addressed in HAVEit (together with TUV Nord, Germany).
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To demonstrate the BbW system, and the communication between the system components
(even in case of failure), a Volvo FH12 4.2 truck was equipped. The Haldex EMB system is an
electrically controlled brake system for trucks, intended for actuation of electromechanical disc
brakes that control the clamp forces by an electric motor. The system has a redundancy in that
it has four brake pedal sensors, four sensors on the parking brake handle and there are two
communication circuits and two power circuits; see the overall architecture in Figure 17.

The system provides the basic brake system functions such as service braking and parking
brake, and automatic blending of brake force from retarders. Further, it has functions for preven-
ting wheel lock during service braking or engine braking or excessive wheel spin during
acceleration. There are also directionally stabilizing functions implemented preventing under-
and oversteering.

Red
FlexRay RED Sige EED> Power fTom RED Power DSTUOUI0N Manager

B
e FlexR3y BLUE Side WD Power Yom BLUE Power Distrubution Manager

e-
e FlexRay Star Coupler '
'
A 1 Ekectical Signal <
'
..... .
'

-----

(~FR®.3+01]

EBA ParkingBrake

EBA ServiceBrake

Figure 17: Brake-by-Wire truck architecture overview

3.3.3 Architecture Migration Demonstrator

A vehicle automation system as developed within the HAVEit project can contribute a lot to
higher traffic safety, improved traffic efficiency and less environmental pollution. The more
HAVEit vehicles are on the road, the more overall benefits will result. The purpose of the Archi-
tecture Migration Demonstrator in HAVEIt was to show a possible migration path of HAVEit
technologies towards mass production. For this purpose the basic idea was to start with an
architecture common in series vehicles and to realize as much functions as possible using
embedded automotive electronics and to connect them using standard automotive bus tech-
nology.

Instead of realizing the HAVEIt architecture using prototyping equipment, the goal of this
demonstrator was to build the HAVEIt Joint System with automotive standard electronics, in
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this case the Chassis and Safety Controller (CSC) from Continental. There were three major
challenges in the development of the Architecture Migration Demonstrator (AMD):

1. Bring the mostly PC developed HAVEIt applications to run on the embedded CSC plat-
form

2. Adapt the functionality, bus communication and network structure to cope with the rela-
tively small bandwidth of a CAN bus

3. Set up the communication network compliant with the AUTOSAR methodology

In addition, the common HAVEiIt architecture had to remain largely unchanged. The further
development of the architecture was a time consuming process, since thousands of signals had
to be defined, checked and managed. Special software tools were developed to enable at least
a partly automated processing of the extensive architectural data.

The base vehicle, a Volkswagen Passat, was equipped with actuators controlled through CAN
bus interfaces. Longitudinal and lateral controllers were developed to accept the HAVEIt Motion
Control Vector to actually drive the car. Two Continental ADAS sensors - a radar sensor and a
mono camera - allow the lateral and longitudinal automation within one lane. Accordingly, the
set of use cases demonstrated with the AMD during the final event was a subset of the Joint
System Demonstrator use cases described in deliverable D11.1.

3.4 Highly automated vehicles for public roads

In addition to the previously described vehicles to validate the HAVEit system architecture, four
different highly automated vehicle applications for demonstration of HAVEit functions on public
roads were developed. The highly automated driving applications give the driver continuous
support to improve road traffic safety and fuel efficiency.

Depending on the situation and the driver load class, different assistance systems are imple-
mented to support and partly substitute the driver or even more to intervene in time when the
driver is not fully capable to handle the respective traffic situation before the situation becomes
dangerous. The mental driver load is split into classes; overload situations (e.g. intensive
situations with increased driver workload like lane changes or roadworks) and underload
situations (e.g. monotonous driving situations like in congested traffic).

The vehicles were equipped with numerous sensors to monitor the complete surrounding of the
vehicle and the driver. Sensor technologies used are laser, radar, electronic horizon, cameras
and also other state of the art sensors. The environment perception information from the co-
system is also used to further improve the reduction of fuel consumption and CO. in the active
green driving application.

The following sub-sections describe the different assistance systems included in this HAVEit
application cluster.

3.4.1 Automated assistance in roadworks and congestion

Functions developed for the ambitious goal of automated driving have to have a high level of
robustness and must be easy to use for the driver. The goal of the automated assistance in
roadworks and congestion (ARC) was to expand highly automated driving in roadwork areas on
highways. Entering the road works and driving for longer distance in the road works area is
very challenging for the driver. Some drivers even feel fear while driving close to vehicles in the
adjacent lane.

The vehicle speed is automatically adapted to the statutory speed limits and the vehicle is kept
in safe distance to front and side vehicles and stationary objects. In case the system can not
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handle the situation, e.g. missing or destroyed lane markings the driver is advised to take over
at least part of the vehicle control again. According to the HAVEit approach, a stepwise transfer
of the driving task was applied. If the driver does not react properly, the system will decelerate
the vehicle according to the situation. In case a very critical situation inside the roadwork
occurs (e.g. a vehicle in the right lane coming too close to the own vehicle) due to the low
distances to other vehicles and the narrow lanes, the system may have to intervene, e.g. by
emergency braking.

An integrated approach of the lateral and longitudinal control is used to adapt the speed and
the lateral position of the vehicle. The environmental perception is enhanced in robustness,
which is necessary due to the higher transition times from automated to normal driving mode.
The driver awareness is included into the control strategy to adapt the automation level to the
driver.

Available lateral control algorithms which are based on lane mark detection are very robust
already. Also longitudinal control algorithms like ACC work very well for moving obstacles or
those who have moved before. Problems occur, if lane markings, moving and standing obstac-
les interfere with each other. To react properly, detailed information about the vehicles' environ-
ment and the driver awareness has to be gathered and the control strategies have to be
adapted to the situation.

In situations out of the system boundaries, the control will be handed to the driver. If the driver
does not react in time, the system will decelerate autonomously. Main differences to available
lateral and longitudinal control systems are:

e System adaptation to driver awareness

e Several automation levels

¢ More Use-Cases are regarded

¢ Detection of generic obstacles

e Detection of speed limits

¢ Blind spot detection

¢ Integration of longitudinal and lateral control algorithms

¢ Integrated warning and intervention concept for longitudinal and lateral automation

3.4.2 Automated queue assistance

Automated queue assistance supports the driver on motorways by integrated longitudinal and
lateral control (thus representing a new generation of automated cruise control). In reality this
means that the system continuously supports the steering, accelerating and braking of the
vehicle. Increased safety is achieved by combining the task of the driver and this support
system. The purpose of the automated queue assistance is to relieve the driver of the mono-
tonous tasks associated with driving a truck in low speeds and in congested traffic situations,
hence driver-underload situations.

A high level of automation requires a high level of perception around the vehicle. To meet these
requirements, the vehicle was equipped with numerous sensors using sensor technologies such
as laser, radar and camera to monitor the complete surroundings of the vehicle and the driver of
the vehicle.

The level of automated control is continuously adapted based on the state of driver, vehicle and
environment. At the highest level of automation, the system autonomously handles steering,
accelerating and braking to keep the vehicle in the correct lateral position in the lane, at desired
speed or at a safe distance to other vehicles. In particular, this is possible at low speeds and in
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dense traffic down to a complete vehicle stop. The system supports the driver also in non-
congested situations and at higher speeds and here the level of automation will be determined
by the performance of the perception system and user acceptance. The system continuously
assesses its own ability to handle the situation and to transfer the control back to the driver if
needed. Special attention is paid to the development of safe transitions between semi-
autonomous control and driver control of the vehicle. Strategies were developed to always keep
the driver in the loop.

3.4.3 Temporary autopilot

The Temporary Auto Pilot (TAP) is a passenger car application which supports the driver on
motorways and motorway similar roads with different levels of automation in longitudinal and
lateral control of the vehicle at speeds between 0 and 130 km/h. The Temporary Auto Pilot is
fundamentally intended to support the driver in monotonous traffic situations like traffic jams or
monotonous long distance driving from A to B where she/he can experience work underload
which can lead to a lack of focus and increased accident risk.

In the highest level of automation steering, accelerating and braking is completely managed by
the Temporary Auto Pilot. This highest level of automation is offered to the driver only if certain
boundary conditions are fulfilled, e.g. the vehicle is driving on a motorway with less than 130
km/h. If these boundary conditions are not fulfilled, a lower level of automation will be offered to
the driver.

ALower | evel of aut omati ondo means tdeaystens like
Adaptive Cruise Control and/or Heading Control. This concept guarantees the upward compa-
tibility of existing driver assistance systems with the Temporary Auto Pilot. On the other hand
the concept of a stepwise change on the automation level is a promising approach for a
transparent system, where the driver is always aware of what he is responsible for.

For every level of automation the driver is always capable to override the Temporary Auto Pilot.
The driver is still responsible for her/his car and therefore has to monitor the system. The
Temporary Auto Pilot is not capable of managing every possible critical situation. Therefore, the
driver has to be attentive and ready for an intervention.

To increase the safety and reliability of the system at the highest level of automation special
measures are taken. These measures are validation of sensor information, driver state monitor-
ing and emergency braking function.

The validation of sensor information reduces the risk of false information about the environment
which might lead to false decisions. The driver state monitoring reduces the risk in situations
where the driver does not comply with his duty to be attentive and to be ready for an inter-
vention. The emergency braking function reduces the risk of situations where an intervention of
the driver is necessary but the driver does not react appropriately.

The TAP consists of five major functions:

o Pilot Function: automated driving on the freeway (automated longitudinal and lateral
control), while driving hands-off

ACC (Adaptive Cruise Control): assistance in longitudinal control only
HC (Heading Control): assistance in lateral control only

Emergency brake

o O O O

Minimum Risk Maneuver
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3.4.4  Active green driving

The active green driving application differs from the other applications in HAVEit because the
driver always controls the vehicle. Nevertheless, a suitably designed Human-Machine Interface
(HMI) is used to coach the driver with the aim to reduce the fuel consumption and pollutions. In
the long-term vision of highly automated driving, fuel reduction strategies will be important
inputs to the autonomous driving system in hybrid vehicles.

The intention of the active green driving application is to foresee the vehicle movement over the
next period of time with the aim to reduce the fuel consumption. In general, it is possible to save
fuel also in vehicles with conventional powertrains by predicting the future vehicle movement; a
skilled vehicle driver selects proper gears based on visual traffic information intercepted by the
eyes. In hybrid vehicles, there is an even larger potential in saving fuel since there is more
flexibility in the control task of the hybrid powertrain. Besides selecting proper gears, the internal
combustion engine (ICE) can be switched either on or off. Furthermore, there must be the
choice of how to construct the partition between the available power sources, namely the ICE
and the electrical machine.

The green vehicle application was demonstrated in a Volvo bus consisting of a parallel hybrid. It
has been demonstrated that this powertrain concept can reduce the fuel consumption con-
siderably. The demonstrator bus in the green vehicle application was equipped with sensors
covering the area in front of the vehicle to foresee the vehicle movement in the longitudinal
direction. The Volvo bus in HAVEIt also was equipped with several perception sensors to
foresee the vehicle movement. The preview information from the sensors was used in the
powertrain controller where decisions such as powersplit between Diesel and electric machine
and Diesel on/off are determined. With the preview information it is possible to plan ahead and
to better make the decisions mentioned above.

There was a great challenge in the green vehicle application on how to use the new perception
sensor information to improve the fuel consumption. The research performed within the green
vehicle application pushed the current state-of-the art hybrid powertrain solutions to a further
level, paving the way for autonomous driving including fuel consumption aspects.

For evaluation pruposes only, the green driving application can be turned on or off. When it is
off, the new sensor information will not affect the powertrain controller and the selection of
gears, the on/off behavior of the ICE and the split between the powertrain power actuators will
be based on the usual hybrid powertrain sensor information. However, when it is on, the new
sensors and the prediction capability will affect the control and reduce the fuel consumption in
different scenarios, as described section 3.2.4.2 of deliverable D11.1. An HMI supports the
driver with information, which - if carried out - lead to lower fuel consumption and discharge of
CO..
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4 Horizontal Challenges: Safety Architecture Implementation

In this section, results achieved within the fra
are described in detail. To summarize:

o Challenge 2.1: Safety relevant ECUs
o Challenge 2.2: FlexRay and CAN communication

e  Challenge 2.3: Actuators for by-wire-systems

4.1 Challenge 2.1: Safety relevant ECUs: XCCs and CSCs

Within the vehicle architectures of HAVEIt (see Figure 6) we distinguish 1E/1M architectures
(means one electronic system and one mechanical system) and 2E architectures (two electronic
systems; no mechanical system). The first one constitutes the current solution of the automotive
industry as an answer for the question how to provide computer based vehicle control. 1E/1M
architectures provide the benefit that the E-system is only an add-on to the particular socially
accepted M-system which usually enables the driver to control the vehicle even in cases where
the E-system is lost. Nevertheless, especially for advanced driver assistant systems (ADAS)
which allow the driver to get out of the loop at a certain level, the malfunction of the E-system
needs to be safely detected to prevent the vehicle from getting out of control on one side and to
request the driver via the particular HMI to take over control on the other side. For the HAVEit
demonstrator vehicles this particular need is satisfied by the fail-safe CSC ECU.

With growing complexity of the automation level, fail-safe behaviour might not be enough. This
is the case for specific vehicle systems which compulsory need to remain computer controllable,
even after a first fault (e.g. to satisfy the requested safety) or vehicles being autonomously
controlled (fully automaitraddadtrdatearl swi)jt hbhaoutwia
back solution. This is only possible, if each required component is available at least twice
(including the E-system). Within HAVEit, the XCCs only constitute the hardware fundament for
provision of an efficient 2E architecture. This needs to be completed by the redundancy mana-
gement softwvare whi ch provides the required fiintelligen

All'in all the CSC ECU and the XCC ECU are performing quite similar from the hardware point-
of-view. In general, both ECUs apply redundancy i mainly a self-checking pair of CPUs i for
safely detecting failures. The main difference between them is the strictness with which the
particular redundancy is applied. The redundancy of the XCC is applied in a stricter manner
than the redundancy of the CSC. In consequence, the XCC constitutes the safer but more
expensive solution, while the CSC provides a suitable solution for near future serial production:
providing necessary safety functionality for functions where the driver can take over in case of
failure and therefore fail silent is an adequate strategy. So for each single system, which is
intended to be built within HAVEiIt an analysis has been performed.

CSC XCC

Strict application of redundancy -

Economic pricing h_ £

Closeness to serial production

Figure 18 Advantages of the controlcomputers
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4.1.1 Chassis and Safety Controller

System overview

The CSC electronic control unit provides scalable microcontroller performance in order to
implement different vehicle functions concerning chassis control, driver assistance systems as
well as safety functions. Communication is provided optionally using FlexRay or/and CAN.
Additionally, the CSC ECU acts as a scalable integration platform for inertial sensors for vehicle
dynamics. Figure 19 shows the principal assembly of the CSC electronic control unit. It mainly
consists of following components.

KL30

O_ > )
VP / > »1 Suppl
WakeUp oW Sysht.em pply 1/0
o— Chip
<—»] SPI1/ERR/RESET
KL31 (MSC2) LD LED
/0 driver 0
MCU FLEXRAY
FlexRay
FR Phys. layer —O
(SPACE2FB30)
OPTION
=) SPI2
Ax/Ay/Az
Rollrate
XY100A 59 SCA3100 =
Yawrate ADC
Z125A (12bit) =
1

Figure 19: Hardware architecture of the CSC

e The microcontroller MCU with redundant cores and on chip memory executes the
application software.

e The system chip MSC2 provides power supply and safety features.

e Three CAN communication interfaces and the FlexRay interface connect the CSC elec-
tronic control unit with the other systems in the vehicle.

e The following sensors are part of the hardware, but are not used in the HAVEit project.

0 The sensors for yawrate, rollrate and pitchrate allow for sensing the angular rate on
all three axes, x- y- and z-axis.

0 The acceleration sensor allows for sensing the acceleration on all three axes, x- y-
and z-axis.

They main components together with their placement on the PCB board are illustrated in Figure
20. The CSC is based on Motorola microcontroller SPACE 2FB30-M. Main features of this ECU
are 3 MB flash memory, 160 kB RAM. The ECU allows maximum clock frequency of 150MHz
@T, = 105°C.
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Microcontroller:
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Figure 20: Main components of the CSC

The system chip MSC2 B.0 is an application specific integrated circuit that provides several
features for the function of the electronic control unit. The main purposes are providing power
supply for the microcontroller and sensors, and monitoring of common cause failures of the
microcontroller.

Three CAN communication interfaces are available on the printed circuit board and accessible
via the interface connector. Initially, the system architecture was specified with two high speed
CAN interfaces. Discussions about the interactors and first estimations of bus load, however,
showed that there is a necessity for a third CAN interface. This additional requirement has been
taken into account during the development of the final version of CSC hardware for the HAVEit
project.

The housing consists of an aluminium ground plate which provides mechanical fixation to the
vehicle body and is also used for thermal power dissipation. The printed circuit board is fixed
with screws to this metal plate. The cover is made of plastic material and is snapped in to the
fixations of the ground plate. The cover is not intended to withstand mechanical stress. The
CSC fulfills protection degree I1P4/0, covers an ambient temperature range from -40°C - + 85°C
(assuming mounting recommendations are adhered) and humidity up to 70% rel.

The CSC ECU acts as a scalable integration platform for safety improving functions. It provides
scalable microcontroller performance in order to implement different vehicle functions concer-
ning chassis control, highly automated vehicle applications as well as safety functions. Further-
more, the ECU measures the vehicle dynamics like turn rates and acceleration around all axes.
CAN or FlexRay interfaces are available for communication with other systems in the vehicle.
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The electronic design of the CSC follows ASIL D specification in order to fulfil safety require-

ments.

Cover (plastic)

Ground plate (Alu)
Connector — \ e

Figure 21: Housing angular view

AUTOSAR concept and methodology

AUTOSAR is used as a common software infrastructure to achieve the technical goals
modularity, scalability, transferability and re-usability of functions. The following diagram (see
Figure 22) shows a reduced overview of the AUTOSAR approach:

AUTOSAR SW-C

The AUTOSAR Software Components (AUTOSAR SW-C) encapsulate an application
which runs on the AUTOSAR infrastructure. The AUTOSAR Software Components have
well-defined interfaces, which are described and standardized within AUTOSAR.

SW-C Description

For the interfaces as well as other aspects needed for the integration of the AUTOSAR
Software Components, AUTOSAR provides a standard description format, i.e. the
Software Component Description (SW-C Description).

Virtual Functional Bus (VFB)

The VFB is the sum of all communication mechanisms (plus some interfaces to the basic
software) provided by AUTOSAR on an abstract, i.e. technology independent, level.
When the connections between AUTOSAR Software Components for a concrete system
are defined, the VFB will allow a virtual integration of them in a quite early development
phase.

System Constraint and ECU Descriptions

In order to integrate AUTOSAR Software Components into a network of ECUs,
AUTOSAR provides description formats for the complete system as well as for the
resources and configuration of the single ECUs. These descriptions are kept inde-
pendent of the Software Component Descriptions.

Mapping on ECUs

AUTOSAR defines the methodology and tool support needed to bring the information of
the various description elements together in order to build a concrete system of ECUs.
This includes especially the configuration and generation of the Runtime Environment
and the Basic Software on each ECU.
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¢ Runtime Environment (RTE)

From the viewpoint of the AUTOSAR Software Component, the RTE implements the
VFB functionality on a specific ECU. The RTE can however delegate this task to the
Basic Software as far as possible.

e Basic Software: The Basic Software provides the infrastructural functionality on an ECU.

VFB view
SW-C SW-C SW.C SW-C
Description Description Description Description
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Figure 22: Basic AUTOSAR approach

AUTOSAR requires a common technical approach for some steps of system development. This
approachiscalledt he AAUTOSAR Methodol ogyo. AUTOSAR
the Software Process Engineering meta-model, or SPEM for short. In the context of the
AUTOSAR methodology only a very small subset of SPEM is actually used. The following
subsections describe the appropriate graphical notation.

Work Product

A work product is a piece of information or physical entity produced by or used by
an activity. Several specific kinds of Work Products are defined for the AUTOSAR
methodology, e.g. XML-Document, c-Document (for source files in the language
C), obj-Document (for object files), or h-Document (for header files).

Activity

An activity describes a piece of work performed by one or a group of persons.
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Guidance

Guidance elements are associated with activities and represent additional infor-
mation or tools that are to be used to perform the activity.

Ll bl

AUTOSAR layer model

In AUTOSAR the ECU software is abstracted and sub-classified as basic software (BSW) layer,
runtime environment (RTE) and application layer (see Figure 23).

Application Layer

AUTOSAR Runtime Environment (RTE)

—
.

Microcontroller

Figure 23: AUTOSAR layered software architecture

The Microcontroller Abstraction Layer (MCAL) is the lowest software layer of the Basic Soft-
ware. It contains inter n a | driver s, which are software modu
internal peripherals and memory mapped €C extern

The ECU Abstraction Layer interfaces the drivers of the Microcontroller Abstraction Layer. It

also contains drivers for external devices. It offers an API for access to peripherals and devices
regardless of their |l ocation (eC internal/ exterrt
of interface).

The Services Layer is the highest layer of the Basic Software which also applies for its rele-
vance for the application software: while access to I/O signals is covered by the ECU
Abstraction Layer, the Services Layer offers

e Operating system functionality

e Vehicle network communication and management services

e Memory services (NVRAM management)

e Diagnostic Services (including UDS communication, error memory and fault treatment)
e ECU state management

The RTE is a layer providing communication services to the application software (AUTOSAR
Software Components and/or AUTOSAR Sensor/Actuator components). The software archi-
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tecture style changes from @Al ayeredin to ficompo
Software Components communicate with other components (inter and/or intra ECU) and/or
services via the RTE.

Model based development

A couple of steps are required in terms of the AUTOSAR methodology to start the development
of an application software component and to integrate it later into the system.

The goal for the workflow summarized below is a model based application development on an
embedded ECU. The following picture (see Figure 24) shows the steps from a software
component design to an executable which can be flashed to the ECU.

[alala 1 Nl il filala s el

CESSAR CT TargetLink / CESSAR CT RTE Generator Embedded Build
Embedded Coder

Model based ECU lntegratlon
Rt - SW-C connections Generate RTE Compile and link
development
- Com data mappings

.arxml .arxml

.arxml

.elf; .s19

SW-C ECU extract RTE config

o TargetLink Source R . Executable
description
P export / code BSW libraries

Figure 24: Development workflow

o Workflow step 1: SW-C design

In AUTOSAR the complexity of the application software is encapsulated in Software
Components (SW-C). Accordingly, the first activity is the software component design
with CESSAR-CT. An AtomicSoftwareComponent (SW-C) must be defined with all
interfaces, ports and data types for an application software. For the model based
development the SW-C description must be exported. For this exchange AUTOSAR has
defined a meta-model based data exchange format. This data exchange format is
commonly accepted in the automotive industry.

e Workflow step 2: model based development

The model based development starts with an import of the software component
description into Matlab/Simulink. The comprehensive AUTOSAR XML format is used for
exchanging work products between CESSAR-CT and Matlab/Simulink. Now the
development of the software component internals can be done within the Simulink
model. At the end the ARXML description of the software component must be exported
and the C code for the model must be generated (for example with the Embedded
Coder).

o Workflow step 3: ECU integration

In this step the ARXML description of the software component must be imported to
CESSAR-CT and the system (VFB) integration must be done. For the import the
AUTOSAR model files (*.arxml) must be copied to the CESSAR-CT project and re-
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named to *.ecuextract. Afterwards a refresh of the CESSAR-CT navigator is necessary.
Now the different SW-Codes have to be connected with each other. Also the commu-
nication mapping must be done. All runnables within the ECU integration must be
mapped to the OS tasks. For the mapping of the runnables or for the communication it
could be necessary to update the OS or COM configuration.

o Workflow step 4: RTE generation

This activity generates the run time environment (RTE) of an ECU. Before the RTE is
generated, a validation with RTE validator is strongly recommended.

o Workflow step 5: embedded build

The last step is the embedded build. Within this step the new SW-C and the generated
RTE must be added to the embedded build environment. This step involves compiling
the code and linking everything together into an executable. At the very end the output of
the embedded build has to be flashed with the download tool to the ECU.

In HAVEit AUTOSAR methodology has been used to implement the Joint System to several
CSCs provided by Continental. The driver state assessment was developed, realised and tested
by WIVW, before complete units were delivered to the partners. The other components of the
Joint System were implemented and tested by Continental, IFSTTAR and DLR. The Architec-
ture Migration Demonstrator features the whole Joint System implemented on CSCs using
AUTOSAR.

412 XCC

System overview

The XCC is a fully redundant ECU (see Figure 25). It is built of two similar lanes, each
constituting an independent computer by its own. The two lanes of an XCC are mainly applied

to realise redundancy. Each operation is performed twice in an XCC: first in lane A and in

parallel in lane B. The results of the cross-checking of the operation results are used to detect
failures. Having detected a failure, USTUTTOsSs r
this failure accordingly, which might be for example the passivation of the faulty component and

the reallocation of its functionality within the processors.

Figure 25 shows the principle assembly of the XCC. The XCC is realised by two independent
circuit boards, the so-called »CPU-board« and the »|O-board«. Beside the reduction of the XCC
dimensions this design allows a systematic building set for future developments since for
example the 10-board can be easily adapted to upcoming needs concerning communication
interfaces without a redesign of the overall XCC. Figure 26 shows the XCC boards including
their major components.

The particular components being applied for the depicted assembly are the CPU (MPC 5567
running at 132MHz with internal FlexRay communication controller), FR CC (Motorola MFR
4310), 32 kB EEPROM and 2 MB SRAM.

Thie figure below indicates the sandwich constr
178 mm x 195 mm x 40 mm (length x depth x height). Since the housing does not provide
protection against water or dust, the XCCs need to be installed inside the passenger compart-

ment at a position with lowest possible vibration load.
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Figure 25: Full-redundant XCC
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Figure 26: XCC assembly
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Figure 27: XCC i sandwich configuration (I0-board and CPU board)

Software architecture and configuration process

To establish the 2E architecture into the vehicle market it must obtain at least the same safety
standards as the conventional mechanical vehicles. This leads to the consequence, that single
electronic components are mostly not sufficient for adequate replacement of the according
mechanical components. Therefore, redundancy needs to be applied. By introducing redun-
dancy, new challenging tasks appear by the need of providing consistency and by managing the
interaction between the redundancy components.

Within the SPARC project a working 2E platform concept was already shown. The implemen-
tation of the SPARC software was almost completely done by hand. To overcome this enor-
mous task, a lot of effort had to be made to provide not only the required functionality but also to
avoid errors as best as possible. A lot of time had been spent to find errors and rectify them.
Therefore, already within the SPARC project, first approaches of introducing configurability were
made, to simplify and accelerate the development of dedicated software modules and T in
addition T to increase its quality. The basic idea was the provision of generic software modules,
which needed to be verified only once. These software modules could be configured by a
predefined set of parameters to fulfil the particular functionality.

Within HAVEit this approach was driven much further. Not only the number of configurable
software modules was increased but also a process / tool-chain was developed to systemati-
cally collect and manage the required configuration parameters. The procedure for HAVEit is
shown in Figure 28.

> time
Development of a generic approach to specify, configure and Specific prototype application
verify highly safety-critical X-by-Wire multiapplication within the HAVEit project
platforms based on the SPARC results/ experience
STEP 1: Process- STEP 2: Implementation ‘ STEP 3: Application
Definition (generic implementation
SPARC (theoretical vyork) within the LAB) HAVEit
System-analysis with prototypes
respect to scalability and
configurability.
DLR-veficle
VolvolHaldex-veficle
Figure 28 HAVEit development process for 2E systems
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By analysis of the software modules being used in SPARC, functionality and configuration
parameters for the modules was identified. In addition, effort was made to identify configuration
parameters for the USTUTT test-bench software. After that a generic process was defined to
manage the systematic collection and usage of these parameters (STEP 1). Subsequently, the
mentioned process was implemented by the development of a tool-chain (STEP 2). Finally, the
pl atform software for the vehicles AJoi ntbySyst el
Wire Truck, BbWo (WP4200) wackaingSTEPa3). ed by applyin

Software Concept

a) Generic Platform

The Aintell i gent oplatfaenm (see Eigue R29) is theeso gakled eentrial plat-
form core (CPC). Within the CPC the applications (e.g. control laws) are executed and in
parallel the redundant components as well as the overall platform behaviour is managed.
This CPC is scalable depending on the need for computing power and the request for a
specific safety level the whole platform should reach. For the HAVEIt project the CPC is
assembled out of two XCCs. These XCCs are connected to two asynchronous FlexRay
buses, respectively. Each XCC will be synchronised with only one of the FlexRay buses -
so called FlexRay (Own).

Side Red F——————— = I
C

PC
& | I — FlexRay Red

—

FlexRay Blue

Side Blue

Figure 29: USTUTTO6s generic platform

In addition to the CPC the generic platform contains aggregates (AGGs) like sensors,
actuators, interfaces, providing the inputs, actuation and outputs required for implemen-
tation of the particular system functionalities. Aggregates are connected to only one of the
FlexRay buses. Based on the FlexRay bus an aggregate is connected to, or an XCC is
synchronously running, respectively, the whole platform can be separated into two sides:
side red (associated with the FlexRay bus »Red«) and side blue (associated with the Flex-
Ray bus »Blue).
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b) Software Layers

The software being executed within the XCCs can be illustrated by the different layers as
shown below (see Figure 30). The applications (Appli) representing the control laws consti-
tute the topmost layer. Every application is complemented by a related application manage-
ment (AppMa), which covers the application and system specific management issues. The
latter takes influence to the control of the application cycle as well as the administration of
related aggregates. So, an individual adaptation to the actual platform conditions is ensu-
red. Each application, together with its related application management is capsulated in an
individual partition, separated from all other applications (incl. related AppMa) and the
redundancy management. Altogether, the collection of applications and application mana-
gements represents the system functionality.

System(1) System(1) System(N)

Appli(1) Appli(2) Appli(N) Functionality-
Dependant

Database

Vehicle-
Generic

Figure 30: Overview of the softwarelayers of the redundancy managment

The platform management (PlaMa) constitutes the next layer within the XCC software
concept. Based on information about the platform and the ability of the XCCs to perform the
system functions, the PlaMa determines the overall platform operation mode and the re-
configur at i on-XQGCf Thardfoee, itiisMttendedeby the failure management and
consolidation.

The software layers mentioned above are separated from the integrity and communication

providing layers by a database. This database embodies a shared memory concept. While

the integrity- and communication layer takes care of a consistent and trustable database,

the PlaMa and Application layers access this integer data as the basis for their execution.

Thus, the database on the one hand repd efsreams
the firedundant worl do. On the other hand-it pr
tion of functionality and safety.

Within the integrity and communication layer, the generation of the consistent and reliable
database is realized. For this purpose, the integrity and communication layer covers moni-
toring, voting and communication. The OS-layer provides very basic software functionality
of the XCC (operating system) as well as the access to the XCC hardware components
(driver / driver handler). Further, the OS-layer provides the partition management which
prevents time and memory violation of the mentioned partitions.
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c)

Management of the Software Layers

Within the HAVEIt project, applications (control laws ...) are delivered by the project part-

ner s. Therefore, configurability of the applic

Similar statement holds for the according application management (AppMa). Although
these software modules are created by USTUTT, the content is application specific. Altoge-
ther, the function dependent layer is excluded from the configuration process. Nevertheless,

the AppMa <constitutes the interface between

generic Aplatform worl do. | n dhatrthe AgpMaepnotides
at least the minimum compatibility with the generic interfaces of the lower layers.

The tasks of the PlaMa - as well as the integrity- and communication layer can be split into
the following software modules (see Figure 31): Platform management (PlaMa), Failure
management (FailMa), Consolidation module (CoMo), Module input / output (MIO) and
Message-Router (MsgRouter).

System(1)

by by Ay

Database

| S | S by

Figure 31: Detailed softwarelayers of the redundancy managment

The voting and monitoring mechanism within the integrity- and communication layer is loca-
lized within the MIO. Especially for the FlexRay communication, MIO is used to be
separated into a low-level MIO (MIO-LL) and a high-level MIO (MIO-HL). MIO-LL examines
the redundant incoming FlexRay messages in whole to provide one single, trustable
message for further processing. In addition, MIO-LL delivers failure requests concerning the
FlexRay messages and the FlexRay buses themselves.

The message router unpacks the dedicated signals out of the voted incoming FlexRay
message and checks, whether the signals are within their specific binary range or not. The
other way round the message router packs an amount of signals into a particular FlexRay
message which is intended to be sent. Again, this software module also delivers failure
request in case of detected problems.

After unpacking the single signals by the message router, MIO-HL creates one single, trust-
able signal value including information about t he signal s6 avail
redundant signals. In addition, failure requests are created in case of detected problems.

Such MIO-LL and MIO-HL together provide the integrity of the incoming data. Therefore, it
is indispensable for the MIO to have detailed information about the platform architecture,
the particular redundancies and the signal types. Additionally, information about the integri-
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ty of the connected modules and the type of incoming message frames are required to
configure the MIO respectively.

The failure management collects and interprets the different failure requests raised by the
particular software modules. Its output is a clearly reduced collection of failure classes.
These failure classes are consolidated between the two lanes of each XCC and timely
confirmed within the consolidation module. Outcome is a collection of trustable, inter-XCC-
consistent failure classes.

The platform management reconfigures the whole platform as well as the behaviour of the
own XCC based on the consolidated failure classes and the outcome of the AppMas.

d) Configuration Process Concept

To simplify the configuration of the above mentioned software modules and to enhance the
quality of the software development for platforms, a generic configuration process was
developed and implemented as meta-tool framework. The basis for any software develop-
ment is the development of a platform concept (architecture), providing not only the
expected functionality, but also the required safety. Based on this platform design, the
configuration process tool-chain was applied to implement the according redundancy
management software.

To develop a generic configuration process it is necessary to generate a special automa-
tism for the software configuration. Therefore, a standardized framework is necessary to
provide a high amount of reusable software parts in case of changed platform architecture.
For the different software modules described above there are different developing tools
which fulfil the special needs of each software module in the best way.

The platform architecture and the configuration process employed are described in detail in the
HAVEIi t deliverabl es D21. 1 ACSC and XCC hardwar
ASoftware and conf iegpur atviadrd aprl cecde s sr ecsgprecct i vel y.

4.2 Challenge 2.2: Communication: FlexRay, CAN, V2V, V2|

421 FlexRay communication

This section provides a short overview of the principles of FlexRay communication. Within
HAVEIit, FlexRay was applied in the vehicles of WP4100 and WP4200 for the safety relevant
steer-by-wire and brake-by-wire functionalities.

FlexRay is a time deterministic communication bus system with a predefined cycle time. Within

the bus system, for each node a specific time slot is defined during the design process, in which

the node gets exclusive write access to the bus. These time slots recur cyclical. By this means,

the point in time in which a specific message shall be transmitted via the bus can be predicted

exactly. Otherwise, therewith the faulty absence of a message can be surely detected. By
defining specific time slots for each node, t he
sarily fully occupied. Therefore, FlexRay divides its cycle into a static segment (fixed time slots)

and a dynamic segment (dynamic time slots), see Figure 32. For the safety relevant functiona-

lities of WP4100 and WP4200 we focus on a safe and deterministic communication. Thus, the

dynamic segments were not utilised in HAVEit.
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Figure 32 Segments of a FlexRay cycle

The use of time slots for the bus communication presupposes that all attached nodes operate
with the same (global) time bases, i.e. synchronous. In order to maintain the basic principle of
safe communication, the synchronisation takes place locally in a fault-tolerant manner. Each
node adapts its local clock using cyclic time messages, provided via the static segment of a
FlexRay cycle. In general, FlexRay communicates via two physically separated channels
(channel (a) and channel (b)). In principle, these channels may be used for the simultaneous
transmission of two different messages. However, in HAVEIt they are used for redundant
transmission of identical messages to increase the availability of the communication.

In general, the frames described above are not only sent once in a cycle. Since the FlexRay
buses as well as the XCCs are built up redundantly, certain frames are sent by different lanes,
via different buses and channels. To enhance readability of the lower defined frames, the
principles for redundant communications are examined separately within this section. For more
information on the XCCs, please see the HAVEit deliverables D11.2, chapter 5.2.3, and D12.1,
chapter 5.2.

Communication principles

XCCs 4 Aggregate

The FlexRay bus is built by two FlexRay channels. Each aggregate receives its data from each
lane of each XCC via both channels of the particular FlexRay bus, the aggregate is connected
to. Therewith, each aggregate receives the following eight FlexRay frames:

e XCC1/Lane(A) A Channel a A Aggregate
e XCC1/Lane(A) A Channel b A Aggregate
¢ XCC1/Lane(B) A Channel a A Aggregate
e XCC1/Lane(B) A Channel b A Aggregate
e XCC2/Lane(A) A Channel a A Aggregate
e XCC2/Lane(A) A Channel b A Aggregate
e XCC2/Lane(B) A Channel a A Aggregate
e XCC2/Lane(B) A Channel b A Aggregate

The redundant i nformation is used to enhance

Deliverable D61.1 Version 1.0 50
Final Report

t

he



HAVEIt 23.09.2011

FR(Ch(a)) - - .
FR(Ch(b)) . R
o Ige o ollod|lo
I I
XCC1 XCC 2

Figure 33 Frames: XCCsA Aggregate

Aggregate 4 XCCs

Each aggregate sends its data to the XCCs via both channels of the attached FlexRay bus. In
case of simplex aggregates, this leads in total to the following two frames:

e Aggregate A Channela A XCCs
e Aggregate A Channelb A XCCs

FR(Ch(a)) . . . C
FR(Ch(b)) [ . . . !
v | ‘ \4 v ‘ \4
XCC1 XCC 2

Figure 34: Frames: SimplexAggregateA XCCs

In case of duplex-aggregates, each aggregate sends the following four frames:
e Aggregate / Lane(A) A Channel a A XCCs
e Aggregate / Lane(A) A Channel b A XCCs
e Aggregate / Lane(B) A Channela A XCCs
e Aggregate / Lane(B) A Channelb A XCCs
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Figure 35 Frames: DuplexAggregateA XCCs
XCC A XCCs

Since XCCs are connected with both FlexRay buses, they transpose their data via both
channels of both buses (see illustration in Figure 36). Regarding the duplex configuration of
each XCC, this leads to eight FlexRay frames:

e XCC1/Lane (A) A FlexRay(Red, Channel a) A XCC2
e XCC1/Lane (A) A FlexRay(Red, Channel b) A XCC2
e XCC1/Lane (A) A FlexRay(Blue, Channel a) A XCC2
e XCC1/Lane (A) A FlexRay(Blue, Channel b) A XCC2
e XCC1/Lane (B) A FlexRay(Red, Channel a) A XCC2
e XCC1/Lane (B) A FlexRay(Red, Channel b) A XCC2
e XCC1/Lane (B) A FlexRay(Blue, Channel a) A XCC2
e XCC1/Lane (B) A FlexRay(Blue, Channel b) A XCC2

FR(Red, Ch(a)) [ . A .
FR(Red, Ch(b)) I . " .
= \AJ ‘vv
XCC1 XCC 2
| \
6 6 ? AA HALA ﬂ
FR(Blue, Ch(a)) | L= 2a =
FR(Blue, Ch(b) | . | |

Figure 36: Frames: XCCA XCC
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4.2.2 CAN communication

In order to motivate CAN communication issues and the required CAN-FlexRay gateway, again
the by-wire actuators in HAVEit (steer-by-wire for the Joint System Demonstrator, WP4100, and
brake-by-wire for the BbW Truck, WP4200) are used as an example. Figure 37 presents the
communication architecture of the steer-by-wire system. The communication architecture of the
WP4100 demonstration vehicle is based on FlexRay; however, since some components are not
available with native FlexRay interfaces, connections to these units are realized using CAN. In
order to achieve a more deterministic behaviour, the CAN buses are implemented as private
point-to-point connections numbered CAN1 to CAN5 in Figure 37.

Joint System Vehicle-CAN
CAN1 CAN2 CAN 3
| |
| | |
Gate- Gate- Gate-
way way way
CAN 4
Gate- | _ _ . _ .. _._._._. Steering —
T way Actuator
Platform Gee sc )
Aluen
: Gate- Clutch
way Switch 2
K Gate- Clutch Clutch
way Switch 1
T
Platform
e GCC sc Gate- Feedback
Aeddn = | 2 | > | b—em——— " ke imimi i ]
‘ / way CANG Actuator

Figure 37: Communication architecture of WP4100 steetby-wire system

4.2.3 V2V Communication

In HAVEIt, vehicle-to-vehicle (V2V) communication was to be applied to the demonstrators of
WP5200 (Automated Queue Assistance, AQuUA) and WP5400 (Active Green Driving, AGD). The
V2V communication module of a HAVEit demonstrator communicates with one dedicated
communication module of another demonstrator vehicle.

Figure 38 V2V communication
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The V2V system consists of two hardware components: a front and rear transceiver. These
stand-alone units include the optics, processing and CAN hardware all in one package. There-
fore, only power and CAN lines must be routed to these units. This simplifies the installation on
the vehicle. When selecting mounting locations, it is important to consider several factors, e.g.
approximate optical alignment with any vehicles it will communicate with, remaining relatively
free from dirt and water spray and not be exposed to mechanical damage. The selected
mounting positions of the V2V units for WP5200 (AQUA truck) and WP5400 (Active Green
Driving bus) are shown below. During mounting of V2V units, it is important to ensure approxi-
mate optical alignment of the sensors.

Vehicle integration

Integration of the V2V units on the AQUA truck is shown in Figure 39.

R P

Figure 39: Integration of the V2V units on the AQUA truck.

Figure 40: Mounting locations for the V2V units on the WP5400 bus.
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The units were mounted high on the vehicle, as this location is most appropriate to allow optical
alignment on both the AQUA truck and AGD bus. The front unit was properly integrateded into
the upper headlight mounting. The rear unit was mounted at the top of the rear cargo door,
using the door locking mechanism as a mounting point.

Integration of the V2V units on the WP5400 bus is shown in Figure 40. The rear unit was
installed on the mesh above the engine compartment and the front unit was mounted inside the
upper part of the windscreen.

Hardware architecture description

The V2V communication hardware is placed within a square metal housing. This metal housing
fulfils all requirements for temperature range and outdoor mounting. The metal housing provides
gadgets for the mounting of the components. The front plate of the V2V communication module
contains the lenses for the wireless Infrared communication.

Figure 41: V2V Communication Module (left: housing, center:base board, right: IR board)

The electronic hardware of the V2V communication module has three main components: Con-
troller board, base board and infrared board. The controller board is the brain of the V2V com-
munication components. This PCB is equipped with an ARM-9 pController and the required
memory chips. The pController hosts the software modules of the V2V communication board.
The base board forms the backbone of the component. Controller board and Infrared board are
connected to this PCB. The base board contains the chips for the CAN communication interface
and the CALM-IR ASIC. The CALM-IR ASIC was developed by EFKON and contains the CALM
Infrared communication protocol as specified in the 1SO 21214 Standard.

Figure 42: Shape of CALM-IR Beam
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