Table of Contents Page

T INFOAUCHION ...t 5
1.1 Problem Definition ............ocooiiiieiiiiieee e 6

1.2 ODBJECHIVES ... 7

1.3 APPFOCK ...ttt 8

2 Problem ANAIYSIS .......cooieiiriie e 9
2.1 Definition of Terms and Classification of Work .................cccccevriennin. 9

2.2 Autonomous and Connected Driving ...........ccocoerieiiieieeneesee e 12
2.2.1 Early History of Autonomous Driving ...........cccocouvieeeiienieenene. 14

2.2.2 Early History of Connected Driving.........cccocoeeiiiiiiiieinieee 16

2.3 Supportive Development TOOIS...........coocuiieiiiiiiiiiee e 17
2.3.1 Driving Simulation and its Applications.................cccceveieeeinens 18

2.3.2 Networked Driving Simulation and its Applications.................... 22

2.4 Complex Mechatronic Systems .........ccccovviiiiiiiiiciiicc e 28
2.4.1 Development of Mechatronic Systems .............ccoccoveiieinciienens 30

2.4.2 Specification Technique of Complex Systems...........c.ccceceeeeee 32

2.4.3 Systems Engineering and Systems of Systems ........................ 35

2.5 Problem Description ..........c.oovveeiiiiiie e 38

2.6 Design Framework Requirements ...............ccccceiiiiiiiinniinniinennn, 40
2.6.1 Requirements for the Procedure Model.............cooccoeoinne 40

2.6.2 Requirements for the SoS Configuration Software..................... 41

2.6.3 Requirements for Networked Driving Simulation Systems ........ 42

3 State Of the Art....ooiiiiiiee e 43
3.1 Driving Simulation Methods ............cccccooiiiiiiiiiii 43
3.1.1 Determining Fidelity Levels According to NEGELE...................... 44

3.1.2 Configuring Simulation Environments According to HASSAN...... 47

3.2 Networked Driving Simulation Utilizations ...................ccoconn 51

3.3 Networked Driving Simulation Facilities................ccccooeinn 53
3.3.1 Multi-Driver Simulation Lab at DLR .............ccoccoiiiiiniin, 53

3.3.2 Tokyo Virtual Living Simulation Labat NIl ............................. 55

3.3.3 Driving and Bicycling Simulation Labat OSU........................... 57

3.4 Evaluation and Call for ACtION.........c.ccooviiiiiiiiiii e, 59

3.5 SOIUtION APPrOACH ......oviiiiiiieiiiiieiie e 63

Bibliografische Informationen HE
http://d-nb.info/1159737932 digitalisiert durch |



http://d-nb.info/1159737932

Page 2 Table of Contents

4 A System-Level Design Framework for Networked Driving Simulation...... 67
4.1 Design Framework Components ............cccecccuvveeriiieeeciie e, 67

4.2 Procedure Model OVErVIEW ............cccoviiiiiimniiiiiiniiieeece e 69

4.3 Phase 1 — Networked System Specification ................cccceeeiirinnnnn. 71
4.3.1 CONSENS Workflow for Networked Driving Simulation ............ 71

4.3.2 Identify Environment.............cocoiiviiiiiie e 72

4.3.3 Define Application SCenarios............ccccceeveeeriieiiieeiieenieeeeees 74

4.3.4 Derive ReQUIrEMENTS..........uuueuiiiiiiiiiiiiiiieeieieeeeaeeiee e 76

4.3.5 Deduce FUNCHIONS........ccceeiiiiiiiieiiiiiceece e 77

4.3.6 Build Active Structure ..o 78

4.4 Phase 2 — System Components Analysis........c.ccccceevviiennineeennnneen. 80
4.4.1 Identify System Components...........coccouuiiiieiiiiniiiiiiieneeeee, 80

4.4.2 Describe System Components ..........cccoecveeernicriiniiieiiiiieeeene 81

4.4.3 Classify System Components...........ccceeimiiiiiniiiiiiniiie e 83

4.5 Phase 3 — System Databases Development ................cccoooiiinn. 84
4.5.1 Build System Databases for Solution Elements......................... 84

45.2 Fill System Databases with Solution Elements.......................... 86

4.6 Phase 4 — Configuration Methods Development ..................ccccceeee. 98
4.6.1 Simulation System Configuration Method..................ccoccei 99

4.6.2 Communication System Configuration Method....................... 103

4.7 Phase 5 — System Models Development.............ccccceeniiiiiiiinnnnnn. 108
4.7.1 Specify Configuration Sequence ................cccocoiiiiiiiiniiiinnnn, 109

4.7.2 Examine Network Behavior ............cccccceiiiiiiinieiiniiiciieees 112

4.7.3 Generate System Models ...........coociiieiiiiiiii 112

5 Implementation Prototype and Validation ................ccccccoiiiiinnnn. 117
5.1 SoS Configuration Software Development ....................ccciis 117
5.1.1 Main Operations ..........ccccvveeiiiiieiniiee e 117

5.1.2 Adopted Architecture ..............cccoeciiiiiiiiiiiii e, 119

5.1.3 Implementation Prototype..........cc.cccoveiiiiiiiiiiiiiii, 121

5.2 Example Application Scenarios and System Models...................... 122
5.2.1 Scenario 1 — Advanced Training with ADAS............................ 123

5.2.2 Scenario 2 — Demonstration of Autonomous Driving................ 128

5.2.3 Scenario 3 — Analysis of Advanced Traffic Strategies ............. 133

5.3 Design Framework Validation According to Requirements............. 139

6  Summary and OULIOOK ............cceeiuiiriinieiiiiii i 143
7 List of Abbreviations............coccviriiiiiiii 147

8  BiIblOgraphy .......c..ooooviiiiieiie e 149



