


50 Hwesome
Huto Projects for
the Evil Genius




Evil Genius Series
Bionios tor the il Genivs: 25 Brild-ii-Youre £ Projeces
Flectronre Clrendis for die Pl Gennes: 37 Lessonswith Projects
Flecironic Gudeons for the il Gendns: 28 Build-is-Yourself Projecs
Flevironic Sensors for the Tvil Cenfus: S Eleewrilving Projecn
S hwesonne Ao Projecs for dee Iovil Gatdis
Mechatronios for the Fvil Geptinese 23 Budd g-Yoorsell Projecn
MORE Flecironic Gadges Tor tie Lol Glenmness 40 NFW Breitd i-Yoonself Projees

23100 YEcerovontrofler Fooperivents for dre ool Gendns

123 Rohotios Experinnens for the Evil Gendees




50 Hwesome
Huto Projects for
the Evil Genius

GAVIN D.J. HARPER

MeGraw-1ill
New York  Chicaga San Trineesco Lishon
Fondon Madrid - Mexico Ciy Milan New Delhi
SwnJuan Seout Singapore . Svdoney Toronio




The McGrow-Hill compinies

Cataloging-in-Publication Data is on file with the Library of Congress

Copuright 2000 by The MeGraw-Hill Companics. Ine Al rights rescrved, Printel in the United
States of Amerce Exeept as permitted under the United States Copyight Act of 1970 o part of
this publication may be reproduced or disteibuted inany forme or by any meanso o stored o adaka
Fase or relries il system, without the prior sritten permission of the publisher.

L 2343678590 OPIXOPD 1098765
ESTEN 1437 14ARN25-0

Pl spentsoring cditor for tis book weas Juedy Bass and the prodiection sapen sor was Pamela A8 lon.
foves et i Fimes Fon by MacAflieer Pobdishing Services, £1C Tl arn divector e e coner wo
Anehoroe Lanidi.

Frissiedd wned Bovend S Quebaecor Didwegie
This bk = printed ansid-tree paper.

MuCGiraw-Hill books are available gt special quantity discounts 1 tse s prentims and sales pronne-
ticts, o For use in corporale rainmng proarins. For moce intormation. please winte to the Director
ol Special Sales, MeCiraw-H Profossional. Two Peon Plazic New YorkONY 921 220500 contied
vour loval ookstone,

Intormation contamed i this work has been obtained By The MoGraw Hill Conmpa-

gies, Tne. o8MeCiw THTT Trom sources Delivved o be reliable, However, nuither

MoCirw-EHI nor it authors guarmmitee the aceuracy or comploeteness al an mloamii-

tion published herein. and neither MeGiraw =TT nor s aathors shall b responsihle o

Ay errors, emissions, o Jantages acising ot of use of tis infarmation. Phis wark i

pubdishied with the umderstinding that MeGraw-HIL and s authors are supplving
o nbormation but are not avtempting 1o readee professional serviees Tsuch services arw
‘ roguirvd, the assistanee ol an appropriate protessional shoudd be sought,




To the late Ray Cooke, a wonderful man, thank you for
cverything vou taught me about electronics. T owe my passion
tor the subject (and most of my knowledge) to vou,

Ray ran the race with paiience, " Looking unto Jesus™
(see Hebrews, chaprer 12, verses | and 2).







Contents

Fareword xiil Two-Wire RGO Sensor
Acknowledgments X¥ (ISO-EGO Sensor) :
I et . Three-Wire GO Sensor (HEGO)
ntreduction Xyl Sensor) b
Chapter T Instrumentation 1 Four- Wire GO Sensor (IS0
Project | Constructing a Digital Gauge 1 FIEGO Sensor) I
You Will Need i Troubleshooting I
Tools | Qut-of-Car Testing and Inspeciion 1]
Project 20 Adding w Lamp Fature In-Car Testing and [nspection 12
Monitor 4 Project 6: Building ao Fypandable
You Will Need 4 VI Meter 12
Tools 4 YouWill Need (Per Channel ) 12
Circuit Operution 4 Tools |2
Construction +4 Project 7: Building a Digital Tachometer 13
Introducing . .. ‘the LM391x Series You Will Newd I3
ol 105 3 Tools 13
So How Do We Go About Building, Project 80 Adding u Voiee Iinunciator I4
a Digital Dashbhoard ... H You Will Need i
Terpe B ERVIEY St v e .
l-hll'l__‘ the I.,'\]_s)!‘lﬁ.ﬁ I fHectively in lools 14
Your Own Desipns 0
Project 3 Constructing a Simplo Chapter 2 Comtort Features 17
Voltmeter 7 Electric Door Mirrors Explained 17
You Will Need 7 Project 9: Installing Flectric Door
Tools 7 Mirrars [
Project 4: Constructing the Mixture You Will Nved 5
Meter < Tools I8
You Will Need N Project 10: Instalting lectric Windows 20
Tools Q Type T Altermarkar
Calihration Procedurc Y Window Kits
Mo T ALl
Troubleshooting 1} I-\p(‘”' ‘\“L‘],n,]‘“ kot
. B ) o Window Kils o2
Project 3 installing an 12GO Sensor i . i
. N ) _ Ivpe 3 Aftermuarket
Tools H You Wil Need N
Ome-Wire EGO Sensor 11 ey .
[ools 23
Moechuanical Installation 23
Contents vii




Step |
Siep 2
Step 3
Step 4
Step &
Step b
Step 7
Step N
Step Y
Step 10
Leetrical Installation
Troubleshooting
Project 11 Installing Tieated Scats
You Will Need
Tools
Troubleshooting
Project 12: Installing a Lumbar Support
You Will Need
Tools

Instadlation Tnstructions for a Front-
Maounted Bladder

Installation [nstructions {or a Rear-
Mounted Bladder

Instatlution Instructions for a Seat
Pouch or Pump
[nstallation of Wiring
Troubleshooting
Chapter 3 Intelligent Functions
Project 150 Installing an Automatic Head-
[ Switch
You Will Need
Tools
Project 14 Instaliing Automatic
[Dip Beant Lights
You Will Need
Toolx
Project 130 Installing Simple Intelligent
Wipers
You Will Need
Tuols

Project Th: Constructing o Rain Sensor

fad
R ]

i
)

You Will Need
Tools
Project V70 Installing Advanced
Intelhigent Wipers
Principle ol Operation
You Will Need
Tools
Locating the Sensor
Elcctrical Installation
Troubleshivoting
Reselting the Raintronic
Reinitiatizing Raintronic
Advanced Intefligent Wipers i
Action!
Project 18 Installing Cruise Control
Salety and the Cruise Control
You Will Need
Tools
Electrical Installation
Troubleshooting
Entering the Diagnostic Mode
Festing the ResumeiAcceelerate
Button
Testing the Bruke Switel
Looking to the TFuture
Chapter 4 Sceurity and Safety
Project 19t Adding High-Lovel Mirror-
Mounted Indicators
You Will Need
Tools
Troubleshooting
Project 20: Adding Puddle Lights
You Will Need
Tools
Project 210 Installing o Toral Closure
Module
Projcet 22: Installing Central Locking
You Will Need
Tools

Installing Central-Tocking Motors

16
49
49

WA
e

N
h

Ll
A th

A

6l

viii

50 Awesome Auto Projects

for the Evil Genius




How 1t Works (2 Moemory s
Project 23: Instalting Teated Washer Motherboard Options S0
Jets 62 (ase Styvles RO)
You Will Need 62 Case Controls. Buttons. and TR 83
Tools 62 You Will Need 84
[stallation 63 Troubleshooting 84
Hydraulic Enstallation 04 Constructing Your Own Case/Modilving
Electrical Installation ol a4 Standard Projeet Cuse 84
Opceration 04 Motorhike PCS? 87
Project 24: Building a Homing Device 63 Other Car Computers [or Constderation 87
You Will Need 63 Chapter 6 Power Supplics 89
Tools 63 Spht-Charging Systens 8Y
PI"_’jL’“ 23 [nstalling 4 GPS Vehicle _ Project 300 Installing a Split Churger 90
Tracker 00 You Will Need 90
You Will Need 66 Tools 90
fools 07 How the Cirewit Functions O
Moechamcal Installation H7 o
[nverters 9l
[fectrical Installation 0 DC-10-DC Power Supplics 9]
Soltware Tnstallati f . . .
soltware Tnstallation V7 Startup and Shutdown Controllers 92
Software Conliguration or Project No 31 Connecting an Lixternal
Project 26: tnstulling o Reversing Device 1o
Camera 69 an OPUS Power Supply 93
You Will Need (Y You Will Need 93
Tools (Y Tools 4.1
Project 27: Installing a Rear-Obstacle BIOS Scttings 04
Sensing System v Operating System Settings 04
‘ou Will Nee 7t . . -
\I_UU i Reed { Electrical Installation 93
Lools ?U Opcerating the Power Supply Y0
Operating the 73 o .
perating the ROSS ” [toubleshooting u7
it MR Clomnsed Fueline T T
I H)Jt._l,l 28 Constructing Dome-Light | ATX Power Connection "
Dimmer Delay 73
Chapter 7 Display Technologies 99
Chapter 5 A Computer in Your Car 75 l. . pias _ 5
) . . B Display Technologies Y
Car Computer Basics 75 T . )
. e g Liguid Crystal Displavs Yy
AuwtoCom ACEX (3 76 o |
. : , How LOCDs Work Yo
Project 29: Installing the AuteCom ) . N
ACEX (3 76 Vacuum Fluorescent Displiavs Loty
You Will Necd 76 How VFIIN Work 10}
Tools 77 Dsplay Farmats L]
Building Your Own Car PC 78 Alphanumeric Displavs 10
MiniiNano 17X 75 Adding a text Display to Your Car PO 10
Processors 79
Lontents ix




Project 32 [nstating a USB lext LCD 10

Instructions [or Installing a UISB

Text 1.CD 101
You Will Need 101
Tools 101
[ostructions for [nstalling o Parallel
Port [.CTY 102
You Will Need 12
Tools 12
Inveriing Your 1.OD Display HO4
You Will Need 1004
Toals [0
Eull-Color 1L.CDxs 115
VOA Displays 106
Compaosite CIV-OUITTY Displays 106
Mounting Options 116
Praject 33: Installing a Dashboard
Flip-Out 1.0 Iy
You Wilt Need (047
Touls [(}7
Project 34 Installing a Flip-1Down LCD TS
You Will Need TR
Touls [
Instalfation Procedure T
Headlining Method 10N
Roof Panel Mothod 109
Project 35 Instatling L.OCDs in Your
ETeadrests 1049
You Will Need 1045
Tools 110
Chapter 8 Input Devices 113
Project 3oz Installing i Touchsereen 13
Troubleshooting 116

Project 37: Instatling o Rotary

Conmrroller 17
Traubleshooting 117
Manwa! Installation 117
Windows 2000 Ulkers bI&

Project 38 Controlling Your Car
Computer
Lising o Mobhile Phone 1S

You Will Need
Tools
Installation Procedure
Phone Front Confieuration
Project 39: Controlling Your Car PC
Using a PDA
You Will Need

Tools

Chapter 9 In-Car Audio
Tape Adapters
Project 40 Constructing a Tape
Adapter
You Will Need
Tools
FM Modulators
Project 41 Constructing an FM
Modulator
You Will Need
Tools
Project 42: Connecting to Auxibiany
Inputs
Connecting Divectly to an Amplilicr
Project 43: Setting Lp an [n-Car
surrouid Sound
7.1 Sound Positioning
In-Car Audio Troubleshooting
Chapter 1t Storage Devices
Hard Disks and Car PCs
Interfaces
IDE ANTA (Paralle]l ATA}
External Hard Dyisks
Optical Storage
Slot-Loading Drives vs, Trav-T.oading
Dirives
Laptop Drives v Full-Stze Dirives
Solid-State Storagpe
Moemory Card Readers
Projecet 44 Installing an [ Device
in Your Car PC

124
124

50 Awesome Auto Projects

far the Evil Genius




Parallel ATA 137 Tools 136
You Will Need |37 Getting Stanted 1536
Tools [ 37 Creating Your Personalized

Seriul ATA [ I8 Dashbourd 157
You Will Nued 139 Troubleshooting I35
Tools [ 30 Diagnostic Trouble Codes

Troubleshooting 139 Faplained o5

A Note on Uloppy Disk Drives 140 Chapter 14 Wireless Connections 175

Chapter 11 Specech Recognition 141 Infrared 17
Speaker-Dependant or Speakcr- Project 45 Building an IrDa Inertacee 176
Independent Specch Recognition 141 You Will Newd [t
Hirdware-Based and Software-Based Toals 177
Speech Recognition Systems [41 Bluctooth 77
lsolated 142 (3SM 7S
Conneeted 142 Using Your Maobile Phone in Your
Continuous (42 Car IR

PO-Based Speech Recopnition Systems 142 GPRS 7S

NaviVoice 144 AGSM (30 178

Project 45: Building a Speceh WiEUWireless LANRO2 |y 178

Recopnition Moduale [ The SU2H Wireless Networkine

Circuit Operation 146 Specification Family % L7

Speaker-Tndependent How Daoes the Wasceide
Recoenition 147 Antenna Work? [ 80
Troubleshooting 147 Project 49 Building & Cantenna I
Chapter 12 GPS 149 You Will Newd I8

What Is (G PS? 119 Croine Turther ... (82

How Docs GPS Work? 119 Project 30 Gome Wardriving 83

Which G IS Deviee? 149 You Will Need |83

What GPS Softwire? 130) Chapter 15 Car PC Software I8S

Project 46 tnsialling a GPS Mouse Y Centraluse IS5
You Will Need 151 FrodoPlyer &6

Iternal Construction 152 Modia Ingine LG

Selective Availability 153 Mobile Tmpict 156

Chapter 13 Onboard Diagnostics 155 l.\-’lnhilu Media Contre I
Introduction to OB 155 S Soltware 8
Project 47: Unlocking the Scerets of Il.)c.\li[mlt![' N

Your Automobile’s Central Nervous IGuidancerRouus LY
Svstent RN Delorme Strect Athas LIS A 2005 i 59
Introduction 33 Co-Pitin [Of}
You Will Need 156 Microsolt Streetsand Trips INY
Contents xi




Autoroute 190

Microsoft MupPoint 191
Other Programs 191
Epilogue 193
Appendix A 195
Appendix B 199
Index 201

Xii B0 Awesome Auto Projects for the Evil Genius




Foreword

I hive been lucky to have worked on several
prestigious ciar projects, ranging {rom Ford Tran-
it to Aston Martin DB7. Although my general
interest was on the materials side. 1 can't help
but appreciate the advance that clectronics have
made. Welcome to the “sophisticated car elec-
tronies.”

Take one subject. engines. The davs of being
i position to correet a probiem under the
bonnet are now a thing of the past, Problenis are
now detected via advanced electronic enging
management systents and they are analvzed and
decoded (o give the reason for the problem,
Flasy!

The subject of electronies governs nearly all
cars. Transmission systems on several cars taday
have a o tly-by-wire ™ system that governs gear
change, similar (o that found on Formula One
(ETy cars today. This s no accident. FE cars are
seen by the public as being on the cutting edge
ol vehiete technology. Car companies that oper-
ate today are multinational and cover the globe
and o range of car vpes, Audif VW Tor instance,
1s one compuny that people see onlv one part of’
The general public may not know that the same
company also controls Lamborghini, Bentley,
SEAT and Skoda. And Tor the last S years. Audi
has run and won (nearly) every LeMans race.
Car buyers want Lo see these evolving perform-
ance techinologices transierred to their four-
scater saloon. and they are willing 1o pay a
premium for that privilege.

Advanced electronice sensors sire used Lo give
the driver information about the radio station,
the CD irack, the bass/treble control. and the
parts of the car where music may be required
and at what volume. Tire pressures are moni-

tored to make sure that the information is avail-
able to the driver. Interior temperature control
1s monitored for the comfort of all passengers.
The list of the reles electromies plays in vehicle
manulacturing today is endless.

Cravin Harper is the perteet guide and otfers
the recader an excelient overview on the topic of
sophisticated electronies. 1 lirst met Gavin about
a vear apo and was mmpressed by his level of
knowledpee and motivation, Gavin has sinee
been introduced to several high-tech specialist
motor manufacturers who have requested his
help. T eannot praise him highly enough.

I'wish him all the best with his endeavours
and feel privileged 1o have known him,

Stephen Scarborough

Fareword
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Intrucluu:ticln'

Rapid adviances in electronices have led ta the
maodern automobile becoming inereasimgly
sophisticated. T the past 3t or o years, with (he
erowth of the microelectronic techinology indus-
frvowe hiave seen o massive expansion in the
number and complexity ol elecirical deviees
used in the automohile.

Although a couple of decades apo.a mobile
telephone would 1ill the trunk of a car and cost
the same as o smali house. today the same acees-

sory s commonplace and s i the paim of vour

hand.

Car entertaimment has risen from vacuumn-
tuhe-based radios to the dizzyving heights of
modern DV navigation svstems and multinme-
diventertainment. This has been made possible
by the advent of solid-state devices and the inte:
arated cireint.

Vehicle desten is now more exciting than ever
hetfore. and the wealth of opportunitics created
by n-var electronies is being exploited by manu
fcturers to sell their new maodels, There is no
reison why this technology should not be within
the reach of the home mechanie. car-modeler. ar
kit car butlder,

This hook aims to demystify some of the
sophisticated technologres that are presently
cmploved it Tuxury automobiles and make them
aceessible to the home-clectronics hobbyisg,

With cars increasingly hased on networks and
huses and with so much integrated into the ¢fec-
troee control gy (1CUS) U S becoming diffi-
cult for people to modily thetr car’s electronics
syatent. [his book amis to make some ol the
sophisticated functions thal are commonly
achieved through microctectronies allordabie
and within the reach ol Joc Public. The book s
not intended 1o be o comprehensive relerence

plece, ot is it presenptise i the application of

Us ¢ircults, Tnstead. 1 is writlen (o be as open as
possible inits approach so as fo be a starting
block Tor big plans.

In writing it 1 have (ricd 1o jnclade as many
link~ 1o usetul Webh sites as possible. Thae the
book as i springhourd for obuinming more com-
prehensive information.

This hook has heen written Tor evervone who
loves to tinker with cars, fronn the Kiccar builder
(o the weekend mechante.

[ hope vou enjoy it and gain as mueh fun (rom
constructing the projects as hove.

Introduction
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