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I dedicate this book to my father, André Paret, who passed away many years ago,

and who, wherever he is now, will surely be smiling wickedly to himself when he finds

that X-by-Wire solutions are about to be introduced in the car industry in a few

years’ time. He was a pioneer in mechanical and electronic systems for civil

aviation, and, more than fifty years ago, brought such expressions as

‘fly-by-wire’, ‘level 5, 6 and 7 multiple redundancy’, ‘reliability’, ‘lambda’,

etc., into my childhood and teenage years.

Now the circle is unbroken. Life is always beginning again!

DOMINIQUE





Contents

Preface xi

Acknowledgements xv

Part A CAN: from concept to reality 1

1 The CAN bus: general 3

1.1 Concepts of bus access and arbitration 3

1.2 Error processing and management 8

1.3 Increase your word power 12

1.4 From concept to reality 12

1.5 Historical context of CAN 14

1.6 Patents, licences and certification 19

2 CAN: its protocol, its properties, its novel features 25

2.1 Definitions of the CAN protocol: ‘ISO 11898-1’ 25

2.2 Errors: their intrinsic properties, detection and processing 54

2.3 The rest of the frame 71

2.4 CAN 2.0B 76

3 The CAN physical layer 83

3.1 Introduction 83

3.2 The ‘CAN bit’ 86

3.3 Nominal bit time 90

3.4 CAN and signal propagation 94

3.5 Bit synchronization 106

3.6 Network speed 116

4 Medium, implementation and physical layers in CAN 125

4.1 The range of media and the types of coupling to the network 126

4.2 High speed CAN, from 125 kbit s�1 to 1 Mbit s�1: ISO 11898-2 131

4.3 Low speed CAN, from 10 to 125 kbit s�1 142



4.4 Optical media 166

4.5 Electromagnetic media 169

4.6 Pollution and EMC conformity 169

5 Components, applications and tools for CAN 179

5.1 CAN components 179

5.2 Applications 199

5.3 Application layers and development tools for CAN 215

6 Time-triggered protocols – FlexRay 231

6.1 Some general remarks 231

6.2 Event-triggered and time-triggered aspects 232

6.3 TTCAN – Time-triggered communication on CAN 233

6.4 Towards high-speed, X-by-Wire and redundant systems 236

6.5 FlexRay 242

Part B New multiplexed bus concepts:

LIN, FlexRay, Fail-safe SBC, Safe-by-Wire 273

7 LIN – Local Interconnect Network 285

7.1 Introduction 285

7.2 Basic concept of the LIN 2.0 protocol 287

7.3 Cost and market 301

7.4 Conformity of LIN 301

7.5 Examples of components for LIN 2.0 302

8 Think ‘Bus’, think ‘Fail-safe SBC’, ‘Gateways’ . . . 313

8.1 Fail-safe SBCs: their multiple aspects and reasons for using them 314

8.2 The strategy and principles of re-use 334

8.3 Demo board 335

8.4 Gateways 337

8.5 Managing the application layers 338

9 Safe-by-Wire 343

9.1 A little history 343

9.2 Safe-by-Wire Plus 345

9.3 Some words of technology 347

10 Audio-video buses 359

10.1 I2C Bus 359

10.2 The D2B (Domestic digital) bus 360

10.3 The MOST (Media oriented systems transport) bus 364

10.4 The IEEE 1394 bus or ‘FireWire’ 371

viii Contents



11 RF communication and wireless mini-networks 377

11.1 Radio-frequency communication: internal 377

11.2 Radio-frequency communication: external 381

11.3 Wireless networks 394

Conclusion 399

Part C Appendices 401

Appendix A. CiA (CAN in Automation) 403

Appendix B. Essential references 407

Appendix C. Further reading 411

Appendix D. Useful addresses 413

Index 415

Contents ix




