Najamuz Zaman

Automotive
Electronics
Design
Fundamentals

EXTRAS ONLINE %)\ Springer



Automotive Electronics Design Fundamentals






Najamuz Zaman

Automotive Electronics
Design Fundamentals

@ Springer



Najamuz Zaman

Additional material to this book can be downloaded from http://extras.springer.com

ISBN 978-3-319-17583-6 ISBN 978-3-319-17584-3  (eBook)
DOI 10.1007/978-3-319-17584-3

Library of Congress Control Number: 2015938697

Springer Cham Heidelberg New York Dordrecht London

© Springer International Publishing Switzerland 2015

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made.

Printed on acid-free paper

Springer International Publishing AG Switzerland is part of Springer Science+Business Media
(www.springer.com)


http://extras.springer.com
www.springer.com

Contents

1 Vehicle Electronics Architecture................c.coocoevviiiniiniinniiniicieeieee. 1
1.1 INtrOQUCHION . c..eiiiieiieeieete ettt ettt st 1
1.2 InStrument CIUSTET........cevieriiierierieeniieeieeite et eniee e enieesteenieesare e 2
1.3 Heating and COOlING .......cceecvierieriienieeieeiieeieenee st esee e eseesneenne 2
1.4 Arbag Safety ..ccceoviiiiieiecieteeeee e 2
1.5  Antilock Brake, Traction and Stability ........c.cccoeceeviienieniieenieniienne 3
1.6 POWer ASSISt STEETING ..ccuvevvieriieriieriieeieeiteeteeree e eiee st eaesre e 3
1.7 Avionics Fly-By-Wire (FBW)......cccoooiviviiiiiiiieniecieeeeeieeeeeiee 4
1.8 Automotive X- BY-WIr€......c.ccecueriiienieeiieniieeieenee et 5

1.8.1 Brake- By-Wire.......ccccuvvvuieniiiiieiieiieeieeieeeeeve e 5

1.8.2 Steer- BYy-Wir€ ....ccccoviiiiiiiiiiiiieiecieeeeeteeee et 6

1.8.3 Drive- BY-WIre ...ccccooviiiiiiiiiiiieiecieeeeeieeeeeee e 6
1.9 Tire Pressure MONitOTing ........ccceecveerieeiieenieeiieeneesieenieesieenieesveenne 7
1.10° MoOdUIES COUNL....evviriiieiieiiieniieeieesite e eitesteesieesreesieesaeeenbaesaneenee 8
1.11  Straight-Wire-Switch TOpologY ......cccvervirriiiiiieieiieeieeieeee e 9
1.12 Embedded FUNCHON .....cocevviiiiieniieriieeiecite et 11
1.13 A Conventional Radio.........cccevvveriiiiiieniiiiiiiiiieie et 13
1.14  An Embedded Radio........cccceevieriienieeiiiieeieeee e 13
1.15 Distributed Vehicle Architecture. ........coceevveervieeneeriieeneenieeniesieenne 16
1.16  Custom Built MOAUIES ........c.covvueriieniieeiiiie ittt 18
1.17 Modules Cross Compatibility .........ccceeevveerieriieenieeriieenienieeniesieenne 18
1.18 Integrating Dissimilar FUNCHONS.........ccceiriiiiiieniiiieeieeieeeeeieae 19
1.19 Integrating Identical Functions: A Universal Module ..................... 19
1.20  Key-Off Load CUITeNt.......ccceerieriiieriieeieeiieeieeniee e eiee e esieesne e 20
1.21  12V/42V Electrical Supply SYStem ......c.cevveervieeneeriieeniienieeniieniennne 21
1.22  Vehicle Input Sensors and SWItChes .........ccceevveeviiiriienieniiienienienne 22
1.23  Vehicle Output DeviCes.......c.covverriienieeiieiiieiieenieesieereesieenieesneenne 23
1.24  Vehicle Interior Lights Dimming........ccccceeveervvieneeriieeneensieenieniennne 24
1.25 H-Bridge Motor DIIVET .....cccueevieriieiieeieeiie ettt 26



vi

1.26

1.27

1.28

1.29

1.30

1.31

1.32
1.33

1.34
1.35
1.36

Contents
Communication Link ..........ccocoeveririininiininniniienieeneeeseeiene 28
1.26.1 Inter-Module Information Sharing...........cceceeeeveevverieennnn. 30
1.26.2 Diagnostics and TesSting .........cccceeveveervercieenieniieeneesieeeeens 30
1.26.3 Flash Programming and Data Download Features ............ 32
Microcontrollers Programming Options...........cccceeerveenervuenennennen. 36
1.27.1 One-Time-Programmable (OTP) .......c.ccccceveevieniiienicncnns 36
1.27.2 Masked Read Only Memory (MROM).........cccceevuverueennenn. 37
1.27.3  EPROM MicrocONtrollers ..........ccecveereerceeenueenueeseenveeneens 37
1.27.4 Flash EEPROM Microcontrollers...........ccoevervveereeruennnnn. 38
1.27.5 Stand-Alone Non-Flash Type EEPROM ..............ccccucn..... 39
Vehicle Programming........c..ccoeecvererieneeniineenenceneneencseeneeeennens 39
1.28.1 Embedded Systems Booting .......c..cccccveevveneenenienieneenncnne 40
1.28.2  Primary and Secondary Boot Methods .........c.cccccvervennnenn. 41
1.28.3  Vehicle Modules Programming..........c..ccccceceeeveneenieneenncne 42
1.28.4 Generalized Programming Procedure..........ccccceceeveneenene 43
Software Download Time ........ccccoeeveerernieneeneneinenieneneceneeiene 43
Vehicle Operating SOftWare ..........coceevveeiieenienieenieeieeee e 45
1.30.1  OSEK .ottt 46
1.30.2  AUTOSAR ..cooieeee ettt 46
High Level Software Context Diagram.........ccccceccevereencrvucnennennen. 48
1.31.1 DFD Ignition Processing.........cccccoccevereeneneenreneeneneennenne 48
1.31.2 DFD Battery Processing .........cc.ccoccevcreeveneeneneeneneennene 49
1.31.3 DFD Abnormal Shutdown ..........c.cceeeveenenienenienieneennenne 49
1.31.4 DFD Switch De-Bounce..........cccccoceevereeneneeneneeneneenienne 50
1.31.5 DFD Temperature SENnSOT ........ccceeeveereerrveereeniueeneessveeneeens 50
1.31.6 DFD Communication Bus ACtivity........ccceevvervveereeriuennnnnne 50
1.31.7 DFD: Watch Dog Timer.........cccceereuienieniiienienieenieesieeeeens 51
1.31.8 DFD Internal Self-Test........ccocceverernenernienieienieieneeiene 52
1.31.9 DFD Output DIivVer .......cccceevviernieriieniieeieeiieeie e seeeeeann 52
Background/Foreground Loop........ccccceceevieneeniincencnieencnicnenienen. 52
Modules Physical Placements...........cccceecveeniencieeneenieenienieeieennne. 54
1.33.1  An Airbag Module ........ccceevuirnieriienieniieieeieeee e 54
1.33.2  An Instrument CIUSEET .........ccoceevuererniereenienieieneeieeeeienne 54
1.33.3 Multimedia, LoCation.......cccccuvevivieiiiiiieieeeeieeeeeeeeeeeeeeeennne 55
1.33.4  Climate CONtrolS .......ccceevuireererienerieneeieneereneeieseeiene 56
1.33.5 Engine Controller..........coccueriernierieenienieeiiesieenieesieeeens 56
1.33.6  Anti-Lock Brake (ABS) Module ..........ccceeeeviiiiciieeeiieenns 56
1.33.7 Power Steering Module Location .........cc.cceceeeveveenieneennenne 57
Vehicle Harnesses ...c..oo.vevvereenerienienieneeieniceteecene e eeenie e 57
Overview Layout of Harnesses, Devices and Modules ................... 58
Case Study Nissan Quest., Mini Van Modules ...........ccccceeverueennnn. 59
1.36.1 Intelligent Power Distribution Module (IPDM)................. 59
1.36.2  ABS/TCS/VDC Control Unit ........ccceeevererenenenenieniennne 61
1.36.3 Supplemental Restraint System (SRS)......cccceeevvvrivrvieennnnne 61

1.36.4 Body Control Module (BCM).......c.ccoceeviienienierieenieeeenn. 63



Contents vii

1.36.5  Sliding Door Control Unit (SDCU) .....c.cceovevvverreerreennnnn. 63

1.36.6  Engine Control Module (ECM)........cccceoereeeienienenecnnenne 63

1.36.7  Automatic Drive Positioner Control Unit (ADP)............. 65

1.36.8  Driver Seat Control Unit (DSCU)......c.ccceevvercreviierreennnnn. 65

1.36.9  Front Air Control Unit (FACU)......c.cceeeuverienciennienieennnn. 66

1.36.10 Transmission Control Unit (TCU)........ccceecvevvvvriveruennnnne 68

1.36.11 Combination Unit (CU)........cccceerrienieriiiiiienieeniesieeeeene 69

1.36.12 Input and Output Devices Audit.........ceceervercveereeriueennnn. 70
137 EXEICISE..eeeuviieririieeienieetietteie ettt st ete bt s ene s e s sae et ene 71

2  Fundamental Module BIOCKS ............ccccooviiiiiiiiiniiiiieiceeeeeeee 75

2.1 INrOQUCHION....ciiiieiieiiieeie ettt sttt seb e e baesaae e 75
2.2 Module Hardware Block 1: The Safety and Protection................... 78
2.3 Module Hardware Block 2: The Switched Battery..........ccccccveeunenne 79
2.4 Module Hardware Block 3: The Power Reservoir.........c.ccccoveeuennee 79
2.5  Module Hardware Block 4: The Power Supply ........cceceveveervencuenne 80
2.6 Module Hardware Block 5: The Ignition Switch, Start Interface..... 80
2.7  Module Hardware Block 6: The Ignition Switch Run

and AccessSory INterface........cvvveeriiiiieniiiiiienieeeeeeeeeee e 81
2.8 Module Hardware Block 7: Input Interface Circuits .........cccceeeuenne 81
2.9  Module Hardware Block 8: The Processing Power-...........cccceuune. 82
2.10 Module Hardware Block 9: Reset and Watch Dog Timer ............... 85
2.11 Module Hardware Block 10: The Program Storage ............cceeuenee 87
2.12  Module Hardware Block 11: The Critical Data Storage.................. 87
2.13  Module B Hardware Block 12: The Flash Programming Port ........ 88
2.14 Module Hardware Block 13: Specific Function Drivers.................. 88
2.15 Module Hardware Block 14: Communication Node .............cccuene. 89
2.16 Module Software Component 15: Application Software................. 91
2.17 Module Software Component 16: Primary Boot Loader.................. 91
2.18 Module Software Component 17: The Real Time Operating

System (RTOS) ....oeiiiiiiecieecieeeee ettt s 91
2.19 Module Software Component 18: The Network Operating

SYSEM (INOS) .ottt sttt s 92
2.20 Vehicle Interface 20C: Vehicle Alternator ...........cccccvevvercveereenuennne 92
2.21 Vehicle Interface: 20A Relays and Solenoids, 20B Battery,

and 20D Starter MOTOT ....cc.eevvieriienieeieenieeieente et esiee e eieesre e 92
2.22  Vehicle Interface 21: Vehicle Specific Input Functions.................... 93
2.23  Vehicle Interface 22: Vehicle Ignition Switch ........c..ccccevveviniennenns 94
2.24  Vehicle Interfaces 23: Vehicle Specific Output Functions............... 95
2.25 Vehicle Interfaces 25, 26, 27: Vehicle Modules...........ccccoevevevennnnne 95
2.26  Vehicle Interface 27: Diagnostics CONNECLOT .......c..coeevverveereneennenne 96
2.27 Outside World 29: Service TOOIS ........cccveerieriiienieriienienieeneeeeeenne 96
2.28 Outside World 30: Secondary Boot loader ..........ccccceevvercieeneennennne 97
2.29  Outside World 31: Software Development Tools...........cccceeruvenuenne 97
2.30  SUMIMATY c..viiiiiiiieeiie ettt ettt e sbeesaeesebeesaessbe e beesaneenne 98
231 EXEICISE..eeeureieeieniieieniieiieiteie ettt ete st ettt sbe et st et bt ebesaeenaeene 99



viii Contents
3 Fundamental Blocks Topology............cccooceeviiriiiiniiniieniieiecieeeeeieeae 101
3.1 INtrOUCHON . ..couiiiiiiiriieicitee ettt 101
3.2 Safety and Protection ..........ccceceerierrieenieiiiienieeieesieeseesee e sne e 101
3.3 POWET SUPPLY ceouviiiiieiieiiteteeeee ettt ettt e 103
3.3.1 Electronic SWitch ST......cccocervininiiniininiiienieneniciceieiee 105
3.3.2 Low Pass Filter ......ccccoevvueniiiiiniiiiiniiicniecieneeiceeceeeeiee 105
3.3.3 ReEGUIALOTS ..c.ueevieiiiiieiinieeteetenicete ettt 105
3.3.4 POWeEr RESEIVOIT . ..coueeiiriiiiiiiiiiiicreeeniecesteeseee e 105
3.3.5 EMC FAerS ...oveiiiiieieieietececeieteeeeee e 106
3.3.6  Software COMPONENL .......coverrrreerieriieriieeieenreeieeieesveenaeens 106
3.4  Battery Power SWItChing ......cccceevieriieeniiiiiienieciiesieeeesre e 107
3.5  Sensor Power SWitChing .........cccocverviieniiiiienieeiiesieeeesie e 108
3.6 Ignition Switch Interface.........cccooveeveeniiiiieniiciecieeeesie e 109
3.7  Input Interface ArchiteCture.........cceevveerieeiiieniieeiienieeeesie e 110
3.8 Specific-Function DIIVer.......ccccoviiiiiieniiiiiienieciiesieeeeste e 110
3.9 Low-Side DIIVeT ...cccuooieriiiiiiiiieierieieeteeeeeeteeeeee et e 112
3.10 Pulse Width Modulated DIiver ..........ccocceeveerieriieenieeieenieeeeeieenne 113
3,11 Watch DOg TImer .....cc.eeviiriiniiiienienienieeienieeteseeteseeeere et 114
3.12  ReSet TOPOIOZY .eeevuveeeieriieiieeieeiie ettt ettt ettt sane e 115
3.13 Digital Communication ArchiteCture..........cccceeveevvereeveeneeneneeneenne 117
3.14 CAN Communication Node Architecture..........cccoeeueeveerverreencnennne 118
3.15 CAN Protocol Controller..........coccecuerereeneriieneeieneeieneeeeneeee e 119
3.16 Controller Area Network TransCeiver.........coceveveerieeneenieeneennennne 120
3.17 CAN Bus Implementation Strategies..........cccceeeecveneevueneeneereeneenne 121
3.18 CAN Bus Voltage Levels ......cccceviirieeniiiniienieciiesieeeesre e 123
3.19 CAN Bus Software COMPONENLS ......eeerererreerrerrreenieerieenieerieeniaennne 123
3.20 Battery Voltage MONitoring .......c.ccecevervuenerienenieneeieneeeeneeneennes 126
3.21 Abrupt Power Failure..........ccoooeeiiiiiiiiniiiiieieciesieecesee e 126
322 EXEICISC..couriruieutinieeiinieenienitentesitestesite st st sete st e ite st et sbeeseesbeeneesaee 127
4 Power Delivery and Functional Attributes.................cccccovviiniiinnnnnnn. 135
4.1 INErOAUCHION.....couiiiieiiriieieeiteeete ettt 135
4.2 Power Delivery MechaniSm.........cccceevueeviercieeneeniieenienieeieesveeieene 135
4.3 Type 2 Modules Operation............cceeevueereersieeneenieeneenieeeneessreenneens 136
4.4 Type 1 Modules Operation............cceeevueereercieeneenreeneenieeenieesiveenneens 138
4.5  Type 2 Modules Vehicle Life.........ccoovevieiiiiinieniieieniccie e 139
4.6  Module Functional AtribULES .........cevvveevieriiierieniieieeieeiee e 139
5 Fundamental Blocks Design..............ccccooviiviiiiiiiniiiniieiiieesceeeeiee 143
5.1 INtrodUCHION.c..coveiiieiiiieicetecete ettt 143
5.2 Battery Switching Block Definition..........coccevereevenienenicnicnecnienne 146
5.2.1 Abstraction Level 3: A Short Description ...........ccccceevveenee. 146

5.2.2 Abstraction Level 2: A Simple Block Diagram
with @ Truth Table ..o 147
5.2.3 Abstraction Level 1: Designed Blocks and Interfaces.......... 147
5.2.4 Abstraction Level 0: Switched Battery Schematics.............. 148

5.2.5 Temperature Envelop Testing ........c.ccceceveeviereenieneenieneennenne 151



Contents

53

54

5.5

5.6

5.7

5.8

ix

Ignition Start Sensing Block Definition...........ccccceceviiiiinininennns 151
5.3.1 Abstraction Level 3: A Descriptive Statement ..................... 152
5.3.2 Abstraction Level 2: A Simple Block Diagram

with @ Truth Table ..o 152
5.3.3 Abstraction Level 1: Designed Blocks and Interfaces.......... 152
5.3.4 Abstraction Level 0: Ignition Switch Start Schematics......... 152
5.3.5 Bias Point ANalySiS......cccceerceeerieerieriiienieeieenieeieeieesveeieenn 154
5.3.6 Temperature Envelop Testing ........c.ccceceveevvereeneneenieneennenne 156
Sensors Power Switching Block Definition...........cceceeevueereenveennn. 157
5.4.1 Abstraction Level 3: Descriptive Statement .................c....... 159
5.4.2 Abstraction Level 2: Sensors Switch Block Diagram

with @ Truth Table ..o 159
5.4.3 Abstraction Level 1: Sensor Switch Designed Blocks

and INterfaces......coevveeniivieniiiinccceec e 160
5.4.4 Abstraction Level 0: Sensor Switch Schematics .................. 160
5.4.5 Bias Point ANalySiS......cccceereeerieerieniiienieeieenieeieesiee e 161
5.4.6 Temperature Envelop Testing ........c.ccceceveeveneenieniereneennenne 164
Low-Side Output Device DIiver .......cocceecvverieecieineenieeie e, 165
5.5.1 Abstraction Level 3: Descriptive Statement ......................... 165
5.5.2 Abstraction Level 2: A Low-Side Driver Block Diagram

with @ Truth Table ..o 165
5.5.3 Abstraction Level 1: Low-Side Driver Designed Blocks

and INterfaces......cooevveevirieniiienicccec e 166
5.5.4 Abstraction Level 0: Low-Side Driver Schematics .............. 166
5.5.5 Bias Point Analysis Low-Side Switch Is Off....................... 168
5.5.6 Bias Point Analysis: Low-Side Switch Is On....................... 169
High-Side Output Device DIiver .......c..coocveeveneinenienenicienieiee 170
5.6.1 Abstraction Level 3: Descriptive Statement .................c....... 170
5.6.2 Abstraction Level 2: A High-Side driver Block Diagram

with @ Truth Table.......c.coceviiiiniininiccce e 171
5.6.3 Abstraction Level 1: High-Side Driver Designed Blocks

and INterfaces......coevveeviriieniiiinieccec e 171
5.6.4 Abstraction Level 0: High-Side Driver Schematics.............. 172
5.6.5 Bias Point Analysis: High-Side Switch-On............ccccueune.. 173
5.6.6 Bias Point Analysis: High-Side Switch Cut-Off................... 174
5.6.7 Simulation Analysis: High-Side Switch ........cccccocveviniennine 175
B+ Detection BIOCK........coevveniriininiiieiiecicccecccecceee 176
5.7.1 Abstraction Level 3: Descriptive Statement ......................... 176
5.7.2 Abstraction Level 2: B+ Detection Block Diagram

with @ Truth Table ..o 176
5.7.3 Abstraction Level 1: B+ Detection Designed Blocks

and INterfaces......cooevveevirieniiienicccec e 177
5.7.4 Abstraction Level 0: B+ Detection Schematics.................... 177
5.7.5 Temperature Envelop Testing ........c.ccccceveevveneenieneenieneennenne 178
B+ Monitoring BlocK ......c.cccoevieniriininiiiniieiiieieceesceceeeee e 179

5.8.1 Abstraction Level 3: Descriptive Statement ......................... 179



Contents

5.8.2  Abstraction Level 2: B+ Monitoring Block Diagram

with a Truth Table ........cccoovieeiiiiiiiiieeeeeceeeeeee, 180
5.8.3  Abstraction Level 1: Designed Blocks and Interfaces....... 180
5.8.4  Abstraction Level 0: B+ Monitoring Schematics .............. 180
5.9  Input Signal Senor BIOCK .........cceciiniirciiiniiiiiieieeieeiesie e 181
5.10  ReSEt BIOCK ...uviiiiiiiiiiieieciieeeee ettt 182
5.10.1 Abstraction Level 3: Descriptive Statement....................... 183
5.10.2 Abstraction Level 2: Reset Block Diagram
with a Truth Table ........cccoovieeiiiiniiiieie e, 183
5.10.3 Abstraction Level 1: Reset Block Designed Blocks
aANd INtEIfaCes ....ovveeiieeiieieeieee e 183
5.10.4 Abstraction Level 0: Reset Block Schematics.................... 184
511 ReVErse Battery ....cccuieieerieeiieiieeieeiieeicete sttt e 186
5.11.1 Abstraction Level 3: Descriptive Statement....................... 188
5.11.2  Abstraction Level 2: Reverse Battery Series Diode
Block Diagram with a Truth Table..........cccoceeveiriennnennee. 188
5.11.3 Abstraction Level 1: Reverse Battery Designed
Blocks and Interfaces........ccceecveeeiienieeiieenienieeree e 190
5.12  Power Supply BIOCK......ccceiviiiriiiiiiiiieiienie ettt 195
5.12.1 Abstraction Level 3: Descriptive Statement....................... 199
5.12.2  Abstraction Level 2: Buck Convertor Block Diagram
with a Truth Table ........cccoovieeviiiniiiieeeeceeeeeee, 199
5.12.3  Abstraction Level 1: Buck Convertor Topology
DemOnStration..........c.eeeveerieenieeiieenieeeeneesreeniee e esiee e 200
5.12.4  Abstraction Level 0: Buck Convertor TI TPS40200
SCHEMALICS ..veeuvieiiiieiieeieeree et 204
5.12.5 Boost Convertor Block Diagram with a Truth Table.......... 206
5.12.6  Abstraction Level 1: Boost Convertor
Block Schematics........oocueeviierieeiiienieeieeieeeeee e 207
Lincoln Motor Company: Case Study 2015 Lincoln—MKC................ 209
6.1 INErOAUCHION .. .eevueieiieiiieie ettt sttt e enee 209
6.2  Lincoln Motor Company 2015 Lincoln Brand MK C ..................... 211
6.3 MKC Communication Backbone Architecture.............ccecveruvennenne 212
6.4  Body Control Module (BCM)......cccoovuiriiinieiieeiienieeneeeie e 212
6.5 Restraint Control Module (RCM) ........cccceevviiiiiiiiiiiieeiieeeeeeeee. 212
6.6  Instrument Panel Cluster (IPC) .........cccooveieiiiiiniiiecieeeee e, 216
6.7  Park Aid Module (PAM) .....cooiiiieieieieieeeceecneeese e 216
6.8  Tire Pressure Monitoring System (TPMS).......cccccevviiiniencieineenciennne 217
6.9 Shift by WiIre SYStem ........ccceeviiriiieniieiieie ettt 218
6.10  In-Vehicle INVETLOT .......covveriierieeiieriiecieeee ettt 218
6.11 Powertrain Control Module............ccoouevviiiniiiiniieniiniienienie e 220
6.12  Cruise Control Module (CCM) .....cccueeviiiieiiiieeiiee e 220
6.13  Steering Column Control Module (SCCM) ......ccccovvvveriercieeneenienne 220
6.14  Collision Avoidance SYSIEM .......ccccevvereieerieriieeniesiienrenieeneeeaeenee 222



Contents xi
6.15 Blind Spot Monitoring System (BLIS) .....c.ccoocenerneniinenieiinicniene 222
6.16  Climate Control SYSEIM ....cccueerveriieenreeieenieeieeneesieeseesteesieeeaeenee 222
6.17 Passive Anti-theft System (PATS).....cceceeviiriieniiiiieienieeeeeieene 224
6.18 Lane Departure Warning..........cccceeeveererveereeneneeneneenieneeneneennenne 224
6.19  Battery Charging .......c..ccoeeveeviirieninieneecneeeseeeseesreseete e 225
6.20 Anti-lock Brake System and Stability Control...........c.cceecveerrvennenne 225
6.21 Exterior Lighting SyStem ........cccccoirvienernereineneeenieieneeieneeiene 226

7 Module and Vehicle EMC Compliance................ccccccevviienieniiieneeninennne 227
7.1 INtrOdUCHION .c..couiiiieiiiieicetetcetec ettt 227

7.1.1  Radiated Emissions (RE).........ccccoceeevviiiniiiiiiiiieeiee e, 228

7.1.2  Conducted Emissions (CE) ........ccccoevvuvviiiiiiiereeeceeiineeeeeenn, 229

7.1.3  Radiated Immunity (RI)......ccocevviiiniiniiiinieniieiecieeeeee, 229

7.1.4  Conducted Immunity (CI)......cccecverieriiernienieeienieeeenne. 229

7.2 Automotive Radiated EmMiSSion .........ccecceeviirvieeniiiniienienieeneeeieene 230
7.3 Automotive Conducted EmiSSion ......c.cceccereevierersieneeneneeneneeniene 231
7.4  Automotive Radiated Immunity........ccoeeeeviervieeniieniienienieeeeeieene 231
7.5  Automotive Conducted Immunity ..........cocceervveenirrciieniieniieenieniennne 231
7.6 Automotive Radiated Emissions Testing .........c.ccccccveevverienienecnnenne 232
7.7  Automotive Conducted Emissions Testing .........ccccceceevvervevienecnnenne 236
7.8  Testing RF Radiated Immunity Above 400-3,100 MHz ................. 236
7.9  Testing Radiated Immunity Bulk Current Injection Method ........... 238
7.10 Cellular Phone Immunity TestS.......cccuevvuierieirieenieiiienienieereeeieene 239
7.11 Testing Conducted IMMUNILY .....cccveerrerriierieiieenie et 240
7.12  Testing Automotive Conducted and Coupled Immunity.................. 240
7.13  Immunity Tests Operational Classifications............ccceecvereveervenuenne 246
7.13.1 Operational Classification 1 .........cccceeveeriervieenieriieeneennnn. 246
7.13.2  Operational Classification 2.........cccceecveerierieeneenveeneenne. 246

7.13.3 Operational Classification 3.........ccccceevveerieriieeneenieeneennne. 247
7.13.4  Operational Classification 4..........c.cceeeveeveervieeneencieeneenne. 247

7.14 Module Wire Coupling Tests .........cocererruereereneerenienienienieneeniene 247
7.15 Module ESD TeSt .....ooiiiiriiiinieniinienieeicneete ettt 250
7.16 Module Conducted Immunity TestS ......ccceeveerrveererrciienienieerieeieenne 252
7.16.1 Fixed Frequency Noise to B+ .....cccocvveviivnirniieenieiiceeeee, 253
7.16.2 B+ Voltage Fluctuations........c..ceceeeevueneeneneencrneenennennn. 254
7.16.3  GND Shift to B+ ..couooiiiiiiieieeieceeeceeeeie e 255
7.16.4 Controlled B+ Threshold and Transient Noise................... 256

7.16.5 Load Dump PulSe........cccceecvirvieriiieniinieeieeieeee e 256
IIAEX ...ttt 259



Chapter 1
Vehicle Electronics Architecture

1.1 Introduction

Early designs of automobiles used to have very little electrical content with very
few electrical parts, a bunch of connectors and a couple of harnesses with simple
electrical layouts. There were no microprocessors, or so to speak, no embedded
software. As a result of the growing needs and wants of the customer, car manufac-
turers, government regulations and the availability of the analog, digital and micro-
processor based integrated electronics kicked off the successful launch of an internal
combustion engine controller; a fairly sophisticated, mission critical, real-time com-
puter located under the hood. The success of engine controller spawned the devel-
opment of many critical vehicle functions by utilizing the embedded design like
automatic transmission and vehicle cruise control. An automatic transmission is an
intriguing combination of fluid dynamics, mechanics, electro-magnetic and
electronics —managing the power transfer between the engine and the gear train for
optimal vehicle motion. The real challenge for this design is the precise control of
hydraulic valves and the sensitive torque detection mechanism to select the optimal
gear-speed. The cruise control is a function that manages the engine throttle to
maintain a constant vehicle speed selected by the user. An advanced version of
cruise control has been recognized as an adaptive cruise control that adapts to the
speed of a slow-moving vehicle ahead of you by automatically reducing your vehi-
cle speed to maintain a safer distance. The radar detection based sensors are used to
measure the vehicle speed moving ahead of you. An intriguing feature of auto parallel
park assist is a glowing example of incorporating electronics, electric motor steer-
ing, and object detection sensors. The function of auto parallel park assist is an
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impressive feature in a manner that it assists the driver to do parallel parking in a
vacant, even tightly-spaced parking spot by relinquishing the steering wheel control
to the embedded controller, the only example of hands-free reversing. At the end of
the vehicle maneuvers, you will find yourself safely parked between the cars.

1.2 Instrument Cluster

This is the most visible device of any vehicle. It displays information such as the
vehicle speed, fuel quantity, engine temperature, engine rpm and gear position,
among other features. It used to be a ‘dumb’ display with dial-pointers coupled
mechanically to the mechanical sensors—but today —it has turned into an intelli-
gent embedded device that has a direct ‘hot line’ to the engine controller, and a few
other modules. It conveys critical early warnings and cautions to the driver by means
of dial pointers, visual displays, audible tones and telltales. Added features include,
but are not limited to: seat-belt status, fuel consumption computations, oil change
warnings, tire pressure information, multiple trip mileage logging, and operational
status monitoring of other vehicle systems.

1.3 Heating and Cooling

The heating and air conditioning in a typical vehicle requires an engine driven air-
conditioning compressor pump and a speed-controlled blower motor to distribute
warm and cool air through air outlet registers. Is there a reason for electronics or
embedded design to be added to this simple application? The answer is both yes and
no, depending on the type of vehicle or manufacturer. Some HVAC (Heating
Ventilating & Air Conditioning) systems are simple and do not require embedded
controller, but some require an embedded controller to provide better system perfor-
mance, enhanced temperature control, additional informed-display, system self-
tests, diagnostics, troubleshooting features and more.

1.4 Airbag Safety

Fatal car accidents and crashes triggered the need to improve passenger road safety.
The airbag, a cushion of air in a bag, can protect the occupant from accident impact
if opens in timely moment. The decision to trigger the airbag firing circuits that
deploy the airbag to save the occupant’s life must be made within a fraction of sec-
ond to mitigate the impact of a potentially deadly force. Today in the world of
embedded design, it is possible to trigger the airbag firing circuits with the aid of a
microcontroller by utilizing the vehicle movement sensors, impact detection mech-
anisms, and complex deterministic software algorithms. Here rests the need of
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airbag embedded software, electronics and positional accelerometers packaged in a
separate mechanical housing attached to the rigid vehicle chassis. Further interfaces
to the airbag module are seatbelt position sensing circuits, sophisticated airbag fir-
ing mechanisms and a backup power supply. The airbag system is safety-critical
equipment, and in the realm of automotive electronics it enjoys the highest level of
fault-tolerant system with least possible dependency on other vehicle resources due
to nature of its intended safety task.

1.5 Antilock Brake, Traction and Stability

If you live in a place where snow is second nature, then you are the right candidate
for a vehicle with an anti-lock brake mechanism. Antilock brake systems can miti-
gate undesirable vehicle slip movements during icy and slippery conditions that
pervade this season. This slippage occurs when one drives on slippery road condi-
tions and applies brakes that tend to lock one or more wheels due to the low traction.
The loss of even traction—on top of a slippery road—causes the vehicle to spin out
of control. In order to control the wheel skidding motion, the skidding-wheel brake
must be released swiftly and automatically to prevent the vehicle from going out of
control. Indeed, that is the function of a typical antilock brake system. The antilock
system performs tasks to avoid wheel locking conditions while the brakes are
applied, and it does this automatically by measuring the angular velocity of each
wheel, thereby calculating the potential slip conditions. An anti-locking brake sys-
tem is composed of sensors which are able to sense the rotational speed of each
wheel, perform computations based on parameters like vehicle speed and vehicle
attitude and then use the solenoid controlled valves to apply and release respective
brakes to counter the wheel locking conditions. The mechanism provides self-
governing, single or multiple wheel brake control without any efforts from the
driver as long as the brake pedal is pressed.

This has been made possible by virtue of an embedded controller developed to
support a powerful closed-loop control algorithm along with the system compo-
nents mentioned earlier and a motor controlled pump to generate the brake pressure
hydraulics. An added feature within this domain of sensors, augmented by few more
devices has been recognized as traction control where it helps to maintain and
enhance the vehicle stability.

1.6 Power Assist Steering

Power steering is not new for vehicles requiring power-assist steering efforts during
turns and maneuvers. It is a system based on the fluid dynamics torque characteris-
tics utilized in the steering system to assist the driver in steering the vehicle by
uniform optimum efforts. The hydraulic steering system uses the engine-driven
pump to create hydraulic pressure to realize the vehicle power steering efforts.
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Fig. 1.1 Conventional mechanical system. Source: Boeing: Fly-By-Wire Flight Controls (B777:
Public Domain Publications)

At higher vehicle speeds, the steering system adds low power assistance whereas
more power assistance is added when the vehicle is moving slowly or parked.
Automotive manufacturers have been working on two different topologies to
develop an advanced steering system. One works on the principal of hydraulics flow
metering and the other uses a high torque electric motor. Both topologies could be
augmented by embedded design. Development has not stopped here. OEM’s are
now debating to disconnect the complete mechanical linkage from the steering col-
umn, and wish to steer the vehicle by means of electrical motors and actuators. The
fully integrated system will not have any mechanical linkages but rather it will func-
tion by utilizing the electronic sensors, motors, actuators and an embedded design.
A buzz- word in the automotive industry ‘x-by-wire” has been used to classify such
systems that utilizes electronic sensors to capture the customer commands and con-
trols the vehicle systems with the aid of actuators and motors by incorporating
embedded design.

Before we explore more on ‘x-by-wire’ systems, let’s review the concept of ‘fly-
by-wire” which was introduced much earlier than ‘x-by-wire’ systems. Historically
the word ‘fly-by-wire’ was first coined in Avionics design segment (Aviation
Electronics) where it refers to the flight control surfaces like ailerons, elevators, and
rudder—controlled by actuators and commanded by computers, when a pilot issues
the command by moving the control yoke or rudder pedal. In essence, the pilot input
goes to the sensors and not directly to the conventional mechanical linkages attached
to the control surfaces.

So, what is a conventional mechanical system? A conventional mechanical sys-
tem is drawn in Fig. 1.1. The mechanical linkages are attached to the cables and
move control surfaces proportional to the pilot’s command. The mechanical feed-
back allows the control surfaces to achieve the applied requested position.

1.7 Avionics Fly-By-Wire (FBW)

Unlike conventional mechanical systems, fly-by-wire systems do not use mechanical
linkages that need to be attached to the pilot controls. Instead, the pilot commands
go to the electronic sensors and are transmitted as a proportional electrical quantity
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Fig. 1.2 Avionics fly-by-wire system. Source: Boeing: Fly-By-Wire Flight Controls (B777:
Public Domain Publications)

to the respective electronics interface unit that digitizes the signals. The digitized
signals are then fed to the primary flight computers where the appropriate process-
ing is done. Once the processing is furnished, the computers then sends the electri-
cal commands to actuate the actuators that move the control surfaces to the required
desired position. The feedback mechanism monitors the operation of control sur-
faces. A simplified block is shown in Fig. 1.2

1.8 Automotive X- By-Wire

Conventionally, vehicle controls such as the brake, steering and acceleration are
mechanically connected to their relevant systems. The brake pedal is attached to the
brake system, the steering wheel is coupled to the steering system, and the accelera-
tor pedal is linked to the engine throttle by means of mechanical linkages or cable.
The basic design philosophy behind ‘x’ by wire in the minds of automotive OEMs
is to remove the mechanical linkage between the driver and the systems, and use
electrical controls to perform all functions. The ‘x-by-wire' is the buzz word, which
harnesses all three systems, namely Brake, Drive or Steer. Buzz words like ‘Brake-
by-wire’, ‘Drive-by-wire’ and ‘Steer-by-wire’ and are often synonymously used for
this purpose.

1.8.1 Brake- By-Wire

A brake-by-wire is the concept of using electrical actuators to actuate the brake
pads. The concept is sketched in Fig. 1.3. The brake pedal is no longer coupled
directly to the brake system, but rather it is connected to the brake pedal sensors.
The sensor transforms the electrical signal to the proportional brake pedal demand
and feeds it to the embedded controller. The embedded controller drives the electri-
cal actuators to push the brake pads. A feedback is required to know the rate of
deceleration that is furnished by the aid of a wheel speed sensor.
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Fig. 1.3 Automotive Brake-by-wire (BBW)
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Fig. 1.4 Automotive Steer-by-wire (SBW)

1.8.2 Steer- By-Wire

The steer-by-wire (SBW) is the concept of steering the vehicle with the aid of an
electric motor. The steering wheel position sensor senses the steering position,
transmits electrical demand to the embedded controller. This enables the software to
drive the motor to steer the wheels. The wheel position sensor transmits the feed-
back signal to the embedded controller to perform the closed-loop functions. Please
see Fig. 1.4 for a one possible solution.

1.8.3 Drive- By-Wire

The drive-by-wire is the concept of using an electric motor to control the engine
throttle and remove the mechanical linkage to the throttle. One possible solution is
shown in Fig. 1.5. It is similar to preceding example. However, the control-loop is
sensing multiple parameters of the throttle-position sensor, the engine torque and
rpm to verify and validate the intended operational command by the customer.
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Fig. 1.5 Automotive Drive-by-wire (DBW)

The OEM’s are debating whether or not to disconnect the complete mechanical
linkage from the steering wheel. However, it is a safety-critical issue that requires a
federal safety board review and approval. It is worth noting that the aerospace
industry still kept the mechanical linkages in the fly-by-wire systems as a back-up
safety should there is a complete fly-by-wire system failure.

Another intriguing application in the field of steering controls is the rejuvenation
of a 4-wheel steering system. The initial concept, developed many years ago, has
lately received more attention due to easy accessibility of advanced embedded
design tools and software that could be used to develop better systems. The 4-wheel
steering system augments the driver’s efforts in a large wheel-base vehicle to reduce
turning radius and maintain better stability control.

1.9 Tire Pressure Monitoring

The increased roll-over accidents involving a number of fatalities had triggered seri-
ous concerns by the federal government agencies. Low tire pressure was blamed as
the major contributor to many unfortunate losses of life. The US congress passed an
auto safety bill called the Transportation Recall Enhancement Accountability and
Documentation act (TREAD) mandating the National Highway Transportation
Safety Administration (NHTSA) to develop a safety standard for the OEM’s to
install the tire pressure monitoring system. The vehicle manufactures were then
given a time period of 3 years to complete the TPMS installations. The 3 years
deadline that expired in 2006 had forced the OEMs’ to implement the tire pressure
monitoring system in vehicles sold across the United States of America.

The tire pressure monitoring system uses two different topologies to calculate
the tire pressure and alert the driver for a low tire-pressure warning: (1) indirect
method; and (2) direct method.

1. The indirect-method measures the angular velocity of each tire and computes the
circumference of the tire and compares it to the pre-defined tire circumference
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known previously at an accurate inflate radius. By knowing the difference of
radius the embedded software calculates the tire pressure.

This method employs continuous software tasks to measure the rotational tire
speed of all four tires in order to compute in real-time the tire pressure. In real
world it is extremely slow and time-consuming algorithm.

2. The direct method uses the tire pressure sensors installed on each tire. The sensor
uses self-contained long-life battery (5—10 years) to power the senor electronics
mounted on each tire. The battery operated sensor measures the tire pressure and
transmits that information by modulating the data over radio frequency carrier
(global G5 or G6 band) to the receiver. The transmitter is positioned inside the tire
or mounted at the tire valve-stem. The receivers are positioned inside the vehicle
electronics module. The data transmitted over the RF signal includes coded infor-
mation proportional to the tire pressure with proper wheel identity. All four tire
pressure sensors installed on each tire sends-out the identity information of the
installed wheel location. At the receiving end, the embedded controller or the
vehicle electronics module with the aid of an RF receiver decodes that informa-
tion, and then processes it to alert the occupants for the low tire-pressure cautions
and warnings. The cautions may include an aural sound, chime or a message
displayed at a convenient location to warn about the low tire pressure.

1.10 Modules Count

So far we have captured eight major electronics and embedded design applications
related directly to vehicle function. These are summarized below:

. Engine Controller

. Transmission Controller

. Instrument Display

. Heating, Ventilation and Air-conditioning Controls
. Airbag Deployment

. Anti-lock brake

. Power Steering

. Tire Pressure Monitoring

03N LN A~ W~

As listed, a minimum of eight microcontrollers are needed to implement all of
the vehicle-related functions, assuming the fact that we intend to develop eight sep-
arate modules.

At this time you might want to ask a question: Why would we need eight micro-
controllers? Why can’t just one single processor like in today’s personnel computer
and the windows CE Operating system by Microsoft or any other real time operat-
ing system (RTOS) to implement all automotive functions?

The answer is not that simple, and requires thorough understanding of many
factors like module functionalities, module installation locations, safety, redun-
dancy, wiring lengths, operating zones, harness routing schemes, and realization of
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a powerful real time operating system. All of these factors must be understood in
great detail before finalizing an informed decision on a single computing architec-
ture. By the time you finished reading this book, you may be able to conclude by
yourself the answers to this question and many others you might have.

Here is another quick question you might like to ask at this moment:

Is this all for embedded functions in a typical vehicle?
— The answer is a definite no.

Every vehicle has door-locks, window-glasses, window-heaters, wiper-motors,
headlamps, tail lamps, turn signals, interior lights and numerous other functions.
Automotive manufacturers have assigned a separate module to integrate all of these
functions by incorporating electronics and embedded controllers. Sometimes all of
these functions are called out as vehicle-body-functions. In the early days of auto-
mobiles, these functions used to be ‘straight-wire-switch’ topology where a lamp is
connected to the battery through a fuse with a switch. However, in advanced auto-
motive electronics architecture, it has been integrated as an embedded function
requiring hardware and software-tasks that has to be developed and deployed.

Additional features like motorized-seats, temperature-controlled seats, motor-
ized side-view mirrors, solenoid-operated door locks, solid-state lamps, motorized-
sun-roof, and reverse parking assistance—collision avoidance, lane change warning
and smart headlamps have been implemented as embedded functions. These embed-
ded functions add value and customer convenience like when the customer turns
remote keyless entry to lock or unlock the vehicle, or utilizes the dimming switch to
control the interior lights or invokes the remote car starter.

1.11 Straight-Wire-Switch Topology

The rule of thumb, ‘straight-wire-switch’ topology was the ‘old fashion’ way of
doing things and embedding a function is a new paradigm. Nevertheless, before you
decide to jump on to the embedded-functions bandwagon, make sure that the cost
and time-to-market is not an issue and that your customer is willing to pay the price
so the function is not just a lamp on the vanity mirror.

A ‘straight-wire-switch’ topology is shown in the Fig. 1.6, where the battery
power feeds the lamp in-series to a fuse with a switch. When the switch was placed

Fuse

— )y Head
— Lamps

Battery

Battery+ Switch

Fig. 1.6 ‘Straight-wire-switch’ Topology
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at a closed position, the lamps turned-off, and when it was switched to an open
position, the lamps turned-off. The fuse protects the wiring and battery against
faulty conditions. For example, an excessive current draw due to a short-to-ground
condition. The fuse ‘blows’ if the current exceeds its rated value after a pre-defined
period of time, thus opening up the circuit to avoid catastrophic damage to the active
components, which may cause fire or turn into a safety hazard.

In the early day of automobiles, almost all electrical contents in a typical vehi-
cle like window-glass-motors, defrost heater, door-lock-solenoids, turn signals,
headlamps, and many others—have traditionally used 'straight-wire-switch' topol-
ogy. However, this has changed over the past couple of years in the highly com-
petitive market, where the customers are willing to pay the price and are ready to
accept the changes.

United States of America, Japan, Europe, and Australia are examples where
tough competitions have forced OEMs to adapt to the embedded functions.

The embedded functions have been realized and generally categorized in the fol-
lowing areas:

* Engine controls, Power Train and Cruise Controls
» Safety, Security and Comforts

e Driveline & Axle

* Motion, Stability and Chassis Control

* Radio, Audio, Video and Navigation

e Consumer to Automotive Interface

It is interesting to note that the automotive market in developed markets intro-
duced advanced concepts much earlier than the developing or emerging markets.
Some good examples are adaptive cruise controllers and 3D GPS navigation sys-
tems, which have successfully been introduced in Japan earlier than many other
market segments.

Some of the concepts and designs have been embedded as a result of homologa-
tion requirements. For example, the European market has the homologation require-
ments of maintaining the headlamp-beams aim toward way-points, and must not
aim unnecessarily upwards or downwards while the vehicle is travelling through an
uneven terrain. The European regulation requires that the headlamps aiming must
be compensated throughout the entire phase of vehicle upward or downward move-
ments due to uneven terrain. Indeed, in order to furnish headlamp aiming tasks, a
motorized headlamp assembly with vehicle pitch-attitude sensor is required to work
with an embedded controller.

Another intriguing example is an auto-parking feature to demonstrate the use of
image processing sensors to furnish the parallel parking capabilities. Recently an
adaptive headlight feature has been introduced where the headlights turns before the
vehicle turns in order to show the way-points ahead of you in advance. Just on the
same principle collision avoidance, and lane departure warnings have been added in
automotive domain.

The list of advanced and intriguing features goes on.
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Some parts of the world where technology, life style, marketing strategy, target
customers and the industrial infrastructure have not grown matured enough to
handle advance automotive electronics functions, the ‘straight-wire-switch’ topol-
ogy has still its merits.

If you happen to live in a place where automotive electronics is a ‘never heard
before!” phrase with a shrug, then you have an entire new market segment waiting
to take up the challenge. If you wish to accept the challenge and have desire to
introduce embedded functions to attract a customer’s attention then you might want
to research how to generate value added results by selecting the functions that could
generate real tangible results.

Historically, automotive radio was the most visible and interactive introduction
to the customer, and by its nature, added for convenience to the customer. However,
the tangible results were achieved when the engine controller was introduced. The
engine controller had not only facilitated the engine to work and operate efficiently,
but also relieved customers from the recurring engine maintenance cost.

1.12 Embedded Function

Embedding a lamp function requires an embedded controller, embedded software,
and an electronic-switch to supply battery-power to the lamp. The software code,
stored inside the controller, adds intelligence to perform extended functions such
as fused-lamps detection, system faults, and automatic switching of the lamp. As
can be seen from Fig. 1.7, the embedded controller is controlling the headlamp
directly, and the switch is only used to signal the embedded controller to turn on/
off the headlamps. Recall in a ‘straight-wire-switch’ topology the switch was
directly connected to the battery, fuse and the headlamps. However, with an embed-
ded application, the headlamp turn on/off- switch is no longer connected to the
battery instead detected by the intelligence of the microcontroller. The intelligence
then uses an additional electronic-switch to control the headlamp to be turned-off
and turned-on.

Also note how the power to the headlamps is drawn directly from the battery.
Later, we will explore why this direct power-drive to the headlamps is controlled by

Battery+
e |
|_Fuse | |
s R Embedded Electronic B Head
»  Controller Switch Lamp
Switch SRS .

Fig. 1.7 An embedded functional block
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the embedded controller as well. Indeed, embedding a function does add complexity,
but with more benefits. The benefits in the longer run are helpful and intriguing.

A brief overview of embedded functions verses its overheads are tabulated in
Table 1.1. As summarized in the table the activities of product development
cycle have many overheads. There are tasks and challenges for the development
team to define hardware & software requirements, system interfaces, write code,
and struggle through hardware and software integration process to prove that the
product is working as intended. While the electronics team is performing these
tasks, the mechanical design team has to enclose the electronics in a proper fit,
form and finish.

When the design meets the needs and wants of the intended function, and a
prototype module is available, then it is tested at various test set-ups and finally
connected to the vehicle interfaces by using wiring and connectors. Testing, veri-
fication and validations are conducted at the basic module level and then carried
up to the vehicle level. At the vehicle level, weight and space is also a significant
factor. The wiring and connectors are mandatory requirements to realize a mod-
ule’s physical installation so that it could be connected to the vehicle interfaces
and other harnesses.

However, nothing is free in the design and development world, so cost and time
are additional factors one has to consider before switching to embedded paradigm

An interesting application of embedded lamp function is the auto-lamp function,
where the headlamps can be turned-on automatically when the ambient light condi-
tion falls below a certain lighting threshold. Additional benefits of embedding a
function includes, but is not limited to, system fault-detection, fused-lamp detec-
tion, self-test and automatic lamp shut-off. Please see the Table 1.1 for an overview
of head lamp embedded features verses overheads.

If it is desired to use High Intensity Discharge (HID) type head lamps, then the
embedded controller can be fitted with HID drivers, and when it is desired to use an
array of light emitting diodes (LED) then it will have to be driven by LED drive
circuitry. An interesting feature of lamps or LED’s is its light dimming control. The
light dimming control of lamps, or LED’s, requires modulation to the power driving
pulses. Hence, in any application of lighting, if it is desired to control the light dim-
ming control then the embedded controller should be fitted with Pulse Width
Modulated (PWM) drive circuitry to control the lamp intensity. The pulse width

Table 1.1 Head Lamp embedded features verses the overheads

Head lamp embedded features Overheads

¢ Fault detection — Design — Development
e Automatic lamp control — Hardware —  Software

e Automatic shut-off —  Weight — Space

* Fused-lamp detection. — Wiring — Connector

¢ Software Function/Upgrade — Test — Validate

e Self-test



1.14 An Embedded Radio 13

modulation is manageable with the aid of an embedded controller and a piece of
software code. The LED headlamps and tail lamps have already been introduced in
the automotive industry, and are increasingly showing strong market demand for
variety of automotive applications. A strong presence of cockpit-related applica-
tions are indicating that the vehicle instruments and lighting systems will eventually
be using high-power LED’s even for exterior lights in a typical vehicle.

1.13 A Conventional Radio

The passion of embedding automotive functions had grown so strong that today
sound features of a car-audio like volume, base, fader, treble and balance are no
longer simple analog-type applications—rather all the sound functions of a decent
car-radio are carried out by the digital signal processors (DSP) with the assistance
of an embedded controller.

In order to present a comparison of a conventional radio verses the embedded
radio, a block diagram of a conventional radio is shown in Fig. 1.7. As can be seen
in the block diagram, the RF (Radio Frequency) tuner is connected to the antenna in
order to capture the radio frequency signal energy. The tuning knob connected to the
tuner is used to tune the incoming radio signal (FM 98.5 or 105.1 ... radio station
for example). Once the station is tuned to the desired channel, the carrier frequency
is demodulated, and the signal is fed to the intermediate frequency (IF) amplifier.
The signal is then fed to the audio power amplifier to drive the speakers. The
switches and knobs control the audio sound features by adjusting the gains and tun-
ing frequencies using variable active or passive components, which are basically
connected to the tuning circuits and amplifiers. The dials and pointers are the status
information for the user to know the station tuned, volume level and band.

Note the absence of microcontroller, Digital Signal Processor (DSP) and how the
sound features are controlled by switches and knobs—connected directly to the
power amplifier.

1.14 An Embedded Radio

As stated earlier, the embedded-radio sound functions are carried out by software
with the aid of a Digital Signal Processor (DSP) and a microcontroller. Both, work-
ing as a team with other peripherals, furnish all the functions associated with a radio
drawn in Fig. 1.8. The software plays a huge role in an embedded radio. Software
tasks are shared by the DSP and the microcontroller. The signal-processing, math-
intensive calculation tasks and powerful stored algorithms are executed by the DSP;
however, the control over all other peripherals including user interaction is managed
by the microcontroller. The embedded controller on one hand interacts with the
user, and on the other hand communicates with the DSP, programmable radio fre-
quency (RF) tuner, audio power amplifier and other peripherals.
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Fig. 1.8 A conventional radio

It is interesting to note that the user controls like power On-Off switch, station
tuning and volume controls are inputs to the microcontroller, and are no longer
directly connected to the tuner or the amplifier, which is different than what has
been done in the conventional radio. The radio station-tuning is achieved by sending
digital commands to the programmable tuners. The signal filtering, audio and radio
processing is primarily performed by the digital signal processor

The customer requests, in the form of key-presses and knob-adjustments, go
directly to the microcontroller as depicted in Fig. 1.8.

The output of the DSP feeds the audio amplifier either through a pre-amplifier or
directly to the power amplifier, which drives the speakers. Now, the question comes
to your mind:

How do I see which station I tuned to? How do I control other settings like vol-
ume, base, treble, balance, fader and more?

The answer to this and many other user interactions and requirements are
resolved by adding a switch-matrix and a display. The switch matrix allows the
user-commands to be read by the microcontroller. The display shows the status
of adjustments, thereby enabling the customer to dynamically interact with the
radio functions. The block diagram of an embedded radio is shown in Figs. 1.8
and 1.9.
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