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membership called "comfortable whereas20 ) (.might he I percent and 30 T might he 0 per-
cent..Mem Iberships could Include -icycold,. "Cold," 'ec oL- corn l.," warmi," fand "hol." This thin k--
ing process fuzzifies the input temperature analog signal into numerical values that are attached
toe ach membership. The user setpoint temperature is also divided into membership functions
The user setpoint temperature input is also fuzzified. Figure 19.16 shows the ambient and user
setpoint memberships graphically Other inputs, such as outside temperaturehumidity, solar
radiatione.,coul also be incorporated to produce a high-performanceH HVAC system.Once
the inputsignals have been fuzzifiedtie first of tree parts ofa fuzzy design has been completed.

A second part ofthe fuzzy designis to assignmembership funtions as shown in Fig.19,17
to ihe output control signals. In this exampleonlythe healer side is shown.The output mem-
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FIGURE 19J6 Fuayv input memberships.

bership, functions are classified as singletoans, which only gives one value per memrber"hip This
approach trades prision o mmory irm

The third par(l 01 3 futzyV desgn s te mina i lere nitm, hod 1o establikh i ules. A
matinx representation of Ohe input ndoutput me)mberships and ru'cs is helptul shoi in
Fig. 19A 1. The matrinit is( Petlmned by the input membeishup quantity, which is 5 for the

use.r s elpuint and 6 for the mbnt temperature, Thus means a total of 30 rules repossible (S

x 6= 210),rfe designer selects ihich output memberslip f unction 'ccui frs t eah input nmem-
bership function.

Fuzzi logi< developmnent tools are available that can simulai~ kh ui sg ls pro
gramming, design tools simplf teoting the program's pellorrnanarce befilw produtlion. A 3-D
interactlive graphic display allows the designer to visualiv evxainune the input to o utput rela-

tionships, irregularities can be tecd bA- and COrnL(ed bef'ore the first prolotipe Is buill

The avillabily of integrated ul7Vdeign sofiware for per.,onal canmputers lli the- volem

engmneer to ealluate (11 fuizzy Jewign aipproach,
In summary, the fuz71 deston ,i me thod requires,, the input data to be appliled to the input

memnbershilp functions or fu/7thed. Inokingth rulle it to the luzz7thed data, and, finalilygen-
cli;an output or deluziditation bsdupon ihe ruk s and output function type. The fulzy
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FIGURE 19.17 Fuzzy output memberships.

design can be modified with common-sense rules and rule strengtswhereas the convention I
algorithm design method may require modificanons at the most t asic assembly codelevels

19.4 MISCELLANEOUS LOAD CONTROL REFERENCE

19.4.1 Current-Sensing Power FETs

Internal current-sensing power FETs can be used for current sensing, but their implementa-
tion may require some additional considerations. The current-sensing power FET device is a
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normal power FET transistor with a very small portion of its active dce area set aside for a cur-
rent mirror To use its current-sensing ability, an external resistor is connected between the
current mirror output and the Kelvin output The voltage drop across this resistor will be
directly proportional to the device's current level when the device is operated in the active
region. Choosing the correct value of the sense resistor is importart to maintain an accurate
drain current-to-sense voltage ratio over wide temperature ranges and when the unit is oper-
ated in the full ON or ohmic region.

When operating in the full ON region, the current mirror network changes from a constant
current mode to a voltage source mode. This mode change occurs becausethe forward
transconductance of the current mirror FET cells is decreasing due to the lower drain-to-
source voltage.The result lowers the mirror current level to the sense resistor during full ON
conditions when the load is connected between the drain and Ve.

By selecting a sense resistance value that is less than 10 percent of the ohmic or rM(ON)
value, the current mirror accuracy can be maintained, For example, if the current-sensing
power FET device's rDS(ON) is 0,16 ohm and the current mirror ratio is 1800, the rI(ON)
will be about 288 ohs (0.16 x 1800= 288). Therefore, a sense resistor value of less than 28
ohms is required. If a lower rDS(ON) current-sensing power FET device is used, for exam-
ple, 0.026 ohm, and the current mirror ratio is 950, a sense resislor of less than 25 ohms
should be used.

The use of an amplifier stage is still required to boost the current mirror's output signal
level, which is similar to atraditional current-sensing network thai uses very low resistance
values (0005 to 0.1 ohm). A low-cost operational amplifier (op-amp), LM324A, for example,
will give fair performance over wide temperature ranges.The inputoffset voltage range of the
op-amp will be a determining factor in the overall accuracy of the utrrent-sensing power FET
circuit desin because of the low-millivolt current mirror signals. Instrument-grade op-amps
can be used when higher accuracy is required.The op-amp circuit layout should be connected
in close proximity to the current-sensipower FET's Kelvin and mirror output pins to min-
imize external noise pickup.

19.4.2 Overvoltage, "Load Dump," Reverse Battery

A hazard to any automotive electronics is reversed power supply connections. The power
FET's internal rectifier will become forward-biased and will turn on the motor or lamp load.
The FET's power dissipation will increase about 5 times normal since its voltage drop is now
about 1 volt instead of the nominal 0.2 V. A standard bipolar transistor does not have the
internal collector-to-emitter rectifier, but it still willsuffer from a reversed power supply con-
dition.The emitter-base junction avalanches at around 6 to 8 V, and the base-collector forms
a rectifierTherefore, the typical bipolar transistor is cooking itself into oblivion with about an
8-V drop while conducting about IA of lamp current. Mostauto manufacturers specify that
any electronic or electrical deviceust be able to withstand a reverse battery connection The
exact magnitude of the reverse voltage requirement varies per mrnufacturer, but the worst
caseseeeis to be -24 V for 10 mi. This requirement isespecially troublesome when the load
requires aninductive kickback clamp rectifier, and eithera pover FET or bipolar transistor is
used asthe loaddriver The power transistor's intrinsic rectifierand the load rectifier become
forward-biased as shown in Fig .19. The result? The clamp rectifier fails by shorting, the
transistor shorts, and then the fuse may blow unless the rectifier or power transistor blows
open first.A simple reverse battery isolator relay can be used to ard againstincorrect bat-
tery polarity connections. This simple 'elay has been incorporated in the power supply line.
which will open the line in the event of a power supply voltage reversal or ifithe power supply
should exceed 32 V

There are several other hazards for 12-V vehicular electronics that have to be considered
These can be divided into two groups:minimum/maximum operational voltages and voltage
transients.
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The typical power supply voltage operating range for nonengine functions is 8 to 16 V
Most nonengine vehicular loads areeither lamps or motors,and these types of loads will [uic-
lion in some proportion all the way down to near zero voltage when controlled by simple
switches, When electronic control circuits are used with these loads, a power supply voltage
threshold level occurs, and the load abruptly stops functioning.This threshold level normally
takes place between 3 to 8V and is dependent upon the control circuit's biasing networks and
internal transistor technologies. The important criterion is that the electronic control should
behave in a stable fashion when the power supply voltage varies between nominal levels and
zero. A smooth transition during power supply on/off conditions in the electronic designs can
be implemented with some form of hysteresis element for the analog portions and a low-volt-
age interrupt/reset for MCU/digital circuits.

ease-Collector
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Voltage transients tend to be either high-energy, up to 125-V levels, or low-energy, high-
voltage spikes The alternator "load dump" voltage spike ranges from about 85 to 125V for a
duration of approximately M secondThis voltage spike is of a high-energy nature because of
the alternator's lowsource impedance.By using Zener-type rectifiers in the alternator in place
of the alternatos normal rectifiers, the load dump voltage can be clamped to under 40V.

High-voltage transients are generated by the fast turnoff of high-current inductive loads,
such as air-conditioning compressorclutchesThe polarity of high-voltage inductive kickback
spikes depends upon the control switch configuration. Adding a rectifier across the inductive
load to clamp the turnoff voltage spike will affect the mechanical performance of some
solenoids, actuators, or relays.The mechanical turnoff will slow down, As the solenoid's mag-
netic field collapses, a countervoltage is generated that in turn, causes the magnetic field to
reverse, which speeds up the solenoid's turnoff action. The insertion of a back-emf rectifier
clamps or shunts the counter voltage, and therefore minimizes anysignificant reversal of the
magnetic field. Using back-to-back Zener rectifiers across the inductive loadthat are selected
will allow satisfactory mechanical turnoff action, and yet will proteci the power electronics.

Another form of electrical stress that the motor control system has to sustain is ESD or
electrostatic discharge.The ESD is normally encountered in the manufacturing cycle, but can
occur in the application. To minimize ESD, the control shafts, switch handles, user faceplate,
etc.. should be designed to dissipate ESD through a ground path eway from the electronic
module.

19.4.3 Microcomputer I/O Line Protection

Voltage transients on MCU input or output (I/O) lines can cause the MCU to fail, Figure
19.20 shows three different methods to contain excessive MCU input or output line voltage
spikes.

Single input line protection is accomplished by a 51-V Zener clamp to contain positive-
goin transients and a Schottky rectifier for the negative-going transients The Schottky recti-
fierdoes have temperature problems at both ends.At 125 C.itsleakage current mayreach50
gA when the input line is at a 5-V level Therefore, the input signal may lose 50pA of current
to the Schottky which may reduce its voltage level too much for the MCU input port to
respond properly.Anoher problem occursat cold temperatures.At -40 'C, the forward volt-
agerisestabout 047 V, which is getting close toth-.50-V m'ximmlevel specificationfor
most HCMOS-type microcomputer chipsAsimple RF low pass filter network is alsoagood
idea to incorporate on each input He.he RC network will minimize problems from high-
energy RF fields and will limit excessive current levels fromflowingthrough the MCU'sinter-
nal substrate.

Multiple input lineprotection uses two Schottky rectifiers per line for clamping positive-
and negative-going voltage transients. A single 4.7-V Zener is used as a common clamp to all
input lines.

MCU output line protection uses a resistor, capacitor, Zener, and Schottky rectifiers. The
resistor is connected in series to the load, and will therefore have to be sized to drop about 5
to 10 percent of the nominal load voltage.The resistor's main function is tolimit reverse cur-
rent into the MCU in case the output line is raised above Vdd or below Vss, and no other
protective devices are used. Adding a small value capacitor at the load output will help min-
imize RFIat the expense of reducing switching time from the MCU.Adding a Schottky and
Zener rectifier to the MCU output line will protect against both negative- and positive-going
transients.

Adding program traps in the MCU software will help to restart the MCU in the advent of
a software crash.Experiments have shown MCU-based electronic modules that fail (program
crashes, and MCU locks up until hardware restarts it) due to high bursts EMI or Rwill still
perform. butat reduced throughput, when software traps are used. One method uses atrap
consisting of three NOP instructions followed by a JMP to RESET instructionThesetraps
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are used after loops or subroutines.Ihesesoftware traps,in addition to a watchdog timer if the
MCU has this feature, will help in catching an out-of-control program.

The location of the watchdog timer reset instruction code is also important. If the watch-
dog timer is reset from within an interrupt routine, there is a possibility that the program
could still be out of control. but that the interrupt vectors could still be working, and will
therefore not reset. A good place to locate the watchdog update code is in a main program
path rather than in an interrupt routine.

The PCB or thick-film design layout affects the NPU's reliability in terms of overvoltage
transients. The clamping networks should be located physically close to the input socket pins
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and common. The MPU common traces should not be in the path of any voltage-clamping
networks, It may also be a good idea to place an inexpensive metal shield around the MPU
PCB area to protect against RFI and ESD problems.

19.4.4 Wire Size Reference

Most wire tables onlygive basic weight, dimensions, and dc resistance-A more complete ver-
sion would include straight-line inductance as shown in Table 19,2. Unlike resistance which
adds in a linear proportion to its ength,inductance adds up on a logarithmic scale

19.5 FUTURE LOAD CONTROL CONCEPTS

Higher integrated or more complex semiconductor power devices are available for specific
load controls that can justify the extra cost of these smarter powerl tpesThe tradeoff is that
the extra internal circuitry in the device usually limits its application tospecific loads.

TABLE19.2 Wire Gage Resistance and Inductance

Dia., Dia., Ohns per L of 25 mm L of 305 rrm L of 914 mm
Wire 4 mm in 305 mm (f) (1 in), 4H (1 ft), gi (1 yd), gH

1000 MCM 29.261 1,1520 0X000008 .)03 .182 .746
500 MCM 20.650 0.8130 0.000016 004 .203 .810
250 MCM 14.605 0.5750 0.000031 .006 224 .873

0000 1L684 0.4600 0.000049 .007 .238 .914
000 10.404 0.4096 0.000062 .008 245 .935
00 09.266 0.3648 01XXX078 .008 .252 .956
0 08.252 0.3249 0.0098 .009 .259 .977
1 07.348 0.2893 0.000124 .010 .266 .999

2 06.553 0.2580 0.000156 .010 273 1.019
4 05.189 0.2043 0.000248 011 287 1.062
6 04.115 0.1620 0.000395 .012 .301 1,105
8 03.264 0.1285 0.000628 .014 .315 1,147
10 02.588 0.1019 0.000999 .015 .329 1.189
12 02.052 0.0808 0.001589 .016 .344 1.232
14 01L628 0.0641 0 002526 .017 .358 1.274
16 01.291 0.0508 0.004016 .018 372 1.317
18 01.024 00403 0.006386 .020 .386 1.359
0 0.812 0.0320 0.010154 .021 .400 1401

)2 00.644 0.0254 0.016139 .022 .414 1.444
24 00 511 0.0201 0.025671 023 428 1.486
26 00.405 0.0159 0.040818 .024 .443 1.529
28 00321 0,0126 0.064914 .025 457 1571
30 00.255 0.0100 0.103093 .027 .471 1.613
32 00.202 0 000 0.164095 .028 .485 1.656
34 00.160 00063 0.260891 .029 .499 1698
36 (1127 0.0050 0.414849 .030 .513 1.741
38 00.101 0,0040 0.659695 .031 .527 1.783
40 00.080 0,0031 1.048548 _033 .542 1.825

4 LphtD. =length in meters D= length in mm .p= resistivity017241 per pm = mm im). (Ref:Uowm orive Handbook, 2d
ed, Bosch, 1986, pp.1-76-177.)

LpH= (0.0002 L)*(IN(21/(D/2)) -0.75). L = length in im, IN= nat.log., D= dia. inmm, (Ref:ARRL Hundbook, 1988, pp.2-18)
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Some form of more intelligent brake indicator system mayhelp minimize the classic chain
vehicle crashes that occur in poor driving conditions. One possible method using electronic
switchedtop lamps would involve a rate of closure detector sysiem to determine if the vehi-
detsspeed issaef lo objectsahead of it.If the closure rate isunsae, the stop ghts could he
actlvated to alert tiing (or ailgating) drivers to a pending accident

19.5.1 Fully Integrated Power Devices

The concept of putting the MC Iand power drivers on one piece of silicon is viable at limited
power levels andbreakdown voltages. The MC68HC05V MCU is but one of several seri-
conductor industry examples of thistechnology

GLOSSARY

Charge pump A icuit that usualy consists of an scillator driing logic gates that yield
out-of-phase signals that are applied toa rectifier voltage doubler network The harge pump
circtit can be integrated into MCUs and oth power analog interated circuits

Current mirror A design that generates asignal whose level isrdectly proportional to
another current level. The current mirorconcept is used in current-sensing power MOS-
FETs.

Electromagnetic interference (EMI) I'nwianted magneticalli coupled voltages that alfect
the normal operation of electronic sysems EMI Is aproblem w ien high-energy circuits are
in close proximity o high-ipedance senso, or any lowenergy electronic control circuit.
EMI asooccurs in a wiring harnessnc wire conducting a high-energy pulse in this harness
will couple the pulse into the other harness wires, Tisted wire pairs are often used to mini-
mizec MI susceptbility.

Freewheeling rectifier A rectifier that is connected across an inductive load or transistor
switching device to suppress the voltage spike generated when the load is turned off.

H-bridge A design utiling four power devices that are connected to reverse the voltage
across both terminals of a load. H-bridges are used for bidirectional motor controls.

Half H-bridge A design using two power devices that arc connected in series from the pos-
itive power supply bus to commonand a load terminal connected to the transistor's middle-
connection.Tvhalfl H-bridges can make a full H-bridge.Treehalf H-bridges are commonly
used in three-phase motor controls.

Intrinsic rectifier A rectifier that is inherently part f a semiconductor design. Most power
\MOFET transistors have a drain-to-source rectifier that is formed b the nature of the
MOSFET design structure. In battery-powered designs the intrins icrectifier is a concern dur-
ig reversed battery hookups.

Loaddump The effectof disconnecting the Ioadf roman alenator runnIng at full power. in
automoive equipmeit thIs condition can he caused by intermittent battery connections when
the alternaltor is applying maximum current to the battery. When the load is abruptl discon-
nected, the alternator control circui trshuts off the field current,but this current takesup to
Ys to decay, and allows the alternator to produce aoltage much higher than its nominal
value, up to 125V in some asesThisanormal volage tracks thefield uarent decay.

Pulse-width modulation A common control signa modulation method used in dc speed
controlsThe signal's frequency is fixed at a rate of 100 Hz to21 klIbut its puse width is var-
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ied from 0 to 100 percent. The variable pulse width, in effect, acts like a variable voltage
source when driving most automotive type loads.

P-channelMOSFET Usually a power transistor that requires a negitive gate-to-source con-
trol voltage of 3 tot10V P-channel MOSFETs are normally connected between power supply
positive bus and the load, and can operate from a positive voltage bus.

N-channelMOSFET Usually a power transistor that requires a positive gate-to-source con-
trol voltage of to 10V N-channel MOSFETs are normallyconnected between common and
the load,and operate from a positive voltage bus.The gate input characteristicsare capacitive
with gate power loss occurring during the switching edge transition period.

Radio frequency interference (RFl) High-frequency signals of sufficient magnitude to
influence the normal operation of electronic systems. RFI sources from automotive equip-
ment include spark plug arcing, de motor brush arcing. electrical contact switching, and fast
transitional voltage pulses from power electronic circuits.

Saturation A power transistor's forward ON region normally defined as when an increase in
drive input voltage or current has little effect upon further reducing the transistors forward
ON voltage. Saturation regions vary from less than 0.1 to over 3 V depending on the transis-
tor technology and design

Zenerrectifier A semiconductor rectifier device that is designed to operate in a reverse bias
nande. When the reversevoltagereaches the Zener voltagethe device abruptly starts con-
ducting current.Zenerrectifiers areused forshunt voltageregulators.vervoltage protection.
and voltage level detectors. Zener rectifiers are also designed specifically for high-powervolt-
ageIransient suppression. These devices are constructed to handle very high momentary cur-
ren~t levels.

Note

Based in part on the article by Richard Valentine."Don't underestimte transistor-based lamp
driver design," DN, June 7. 1990, pp 119-124.
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CHAPTER 20
INSTRUMENT PANEL DISPLAYS

Ronald K. Jurgen, Editor

20.1 THE EVOLUTION TO ELECTRONIC DISPLAYS

In the early autorobileyears cars had analog displays that contained minimal information,
usually just carspeedand oil pressure. As the use of electronics increased in cars dramatically
from the late 1970s onhowever, the traditional mechanical or electromechanical analog dis-
playswith a circular dial face and a pointer began to be challenged by newer technologies.1he
major ones included gas discharge or plasma displays.vacuum fluorescent displays (VFDs)
liquid crystal displays (LCDs), cathode-ray tubes (CRTs), and more recently, head-up dis-
plays (HUDs). These newer technologies made it possible for car makers to'give drivers a
broad spectrum of information, including sophisticated graphics.

In 1978, the first production electronic digital display, a gas plasma device, was used in the
Cadillac Seville; in 1984, the first standard equipment production LCD cluster was used in the
Chevrolet Corvette;and in 1985. the first full-color CRT was used in a production vehicle, the
Toyota Soarer.'

The initial rush by car makers to use electronic displays has now abatedsomewht
Drivers, in many instances, did not take kindly to overkill with electronic displays-any more
than they did to electronically generated voice messages-and today's use of displays tends to
be more conservative, In fact, one approach fast gaining popularity is electronic analog dis-
plays rather than strictly digital ones.

This chapter will describe typical electronic displays used in cars. It is not intended to be
all-inclusive. That would bhebeyond the scope of this handbook. But the display examples
given are representativeof what can be found in cars today.

20.2 VACUUM FLUORESCENT DISPLAYS

One of the most widely used electronic displays is the vacuum fluorescent display It was first
used in autornotive clocks and has since been applied in other ways including audio systems,
air conditioning/hearing,message centers, and head-up displays.Its popularity stems from fea-
lures that include availability of a variety of colors, high luminance, low voltage operation
reliability,and long life.

The basic structure of a modern VFD, Fig.20 1, consists ofa cathode, grid, and anode, The
tungsten-wire cathode emits thermal electrons that are accelerated When a positive voltage is
applied to the anodeandgrid.The phosphor-coated anode emits a blue-green light when

20.3
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struck by the emitted electrons Other colors such as yellow-green, green-yellow, yellow-
orange, orange, and red-orange colors,obtained through the use of optical filters, can be used
independently within the same display.Thick- or thin-filmscreens are used to shape the phos-
phor pattern in any desired mariner. VFDs produce maximum perceived brightnessat low
input power.

front Glm

Exhaust Tube

GottefOxide 
Cathode

(Filament)

fl c ood

1gif1StandInganrd
Anode Wiring

Glass Substrate

Insuaton Coaing

FIGURE 20.1 The basicstructure of a vacuum fluore;cent display.
(Reprnted wiperission from SAE S-858 0991Sociey of Automno-
tiveEngineers, bic)

Initial VFDs were single-digit displays Multiple-digit displays followed and now single
large-scale VFDs contain multiple functions such as speedometer, fuel and temperature
gages. trip odometer, turn indicators, and warning signals.

A typical application of VFDs was in the electronic instrument panel on the 1985 Chrysler
LeBaron.The VFDs are controlled (Fig. 20.2) by a Motorola MC6805R3 8-bit HMOS,sin-
gle-chip microprocessor with internal analog-to-digital converters, Another microprocessor, a
4-bit device, is used to generate a high switching rate for the center display in the instrument
panel

20.3 LIQUI CRYSTAL DISPLAYS

LCDs areluids consisting of organic compounds whose molecular orientation rotates polar-
ized light by 90 degrees as light passes through the material When an electric field is applied
to the fluid, its moleular orientation is altered as is its polarizing ability.The change is visible
in reflected or transmtted light and can be used to form predetermined patterns or characters

Mou
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FIGURE 20.2 Vacuum fluorescent displays and their driving circuits as u1ed in the 1985 Chrysler
LeBaron. (01984 IEEEi

There are three general classes of liquid crystals called nemati.smectic and coleswriJIn
nenaic liquid crystals.the molecules are lined up in one dimensionout have random order in
the other twio directions. In smectic liquid crystals the ordering ol the molecules is similar

except that it is much higher In chocsteric liquid crystalsihe molecules stack inlayers that

have a twist and tilt that gives themolecules spiral onfiguration.
Certain chemical substances applied on top ofthe two electrodes of a liquid crystal display

orient the longaxes of the moleculLs sothat they line up parallel to the surface of the glass

plate.The display cell isassembled sothatthe longaxesof the moleculeson thetop plateare

oriented it 90 degrees to the direction ofthe molecules on the bottom plate.The molecules
between the plates assume aspiralconfiguration.

Apolarizer isplaced on topof the displaycellWhen light enters the liquidcrystal region

of the displaythe direction of polarization is rotated as the light travels along the spiral con-

figuration. A second polarizer behind the bottom plateisoriented to allow the light with its

altered polarization to pass throughThe display then appearsbright to the observer.An elec-
tric field applied across the display cell, the molecules realignwith their long axesparallel to

the direction ofthe field.The polarized lightentering thecell s no longertwisted andthe sec-

ond polarizer cuts off the liht passing through the liquid crystal. Theobserver sees a dark

In what is called a dichroic LCD, no polarizers are used. but a dichroic dye is combined

with the liquid crystal material.'The dye molecules combine with the liquid crystal molecules

I~

1

I
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20.6 DISPLAYS AND INFORMATION SYSTEMS

to produce unique spectral absorption characenstcsWith no voltage applied, the dye
absorbs certain avelengths of the incident ambient biht and the observer sees a colored
background. When the display is activated, the osrversees colorless display elements
agaist the colored background.

In simple liquid cystal displays containing only a ew sevn-segment characters, each
numerl is addressed ba tivating the appropriate segments to form a specific numeral-But
for more complex displays consisting of many picture elemerts (pixel) that are twisted
nernaticellsthstypeofaddressingis too cumbersome and matrx addessin isusedinstead.
The pie are turned on b yapplingtvolage to both their row and their column electrodes
rather than duiectly to the mdividual Pixels.

20.4 CATHODE-RAY TUBE DISPLAYS

Although the cathode-ray tube (CRT) has found wide success in a variety of applications
including televisionreceivers, instrumentsand radar and medical equipment, it has been far
lesssuccessfulin theautomotive field. Some of the reasonsfor its lack of impact are the
amount of spaceneeded behind dashboards to house the CRT, possiblewashed-out imagesin
sunlight, lack of instant-on capability,and possible safety hazards from x-ray exposure.implo-
sion, and high voltages."

Despite the difficulties that CRTs present to car makers, ther have beenlimited applica-
tions in cars over the years in several General Motors cars and in some Ford Motor Company
models. in 1986, for example, the General Motors Corp. introduced a CRT-based display
called a Graphic Control Center in 1986-model Buick Rivieras.7 The center combined diag-
nostic with control functions in an integrated information system and handled inputs from 7
to 10 microprocessors with the actual number dependent on the number of options on the car.
The center could be used to call up information on the CRT in the basic areas of climate,
radio, trip monitorand gages, in addition to diagnosticsinfortionThedisplay for each area
would appear as a -page"of information. In some cases,there would be more than one page,
starting with the general and proceeding to the mor specific.

When theignition key was turned on, a summary page would appear displaying key infor-
maton from al the basic areas. To access more detailed infomation, the driver simply
touched an appropriate spot on the screen. A Mylar switch pane positioned over the screen
used ultrathin wires encoded by rows and columns to send signal to the control circuits.

Although General Motors had CRT systems in the Riviera ond subsequently the Buick
Reatta and a somewhat similar system in the Oldsmobile Torouado and Trofeo, they were
eventually dropped. One of the main drawbacks was that the driver had to take his or her eyes
off the road in order, for example, to tune the radio.The Oldsmobile system improved on the
Buick version in this regard by careful placement of some of the more commonly used con-
trols so that the driver could activate them while still looking at he road. But car buyers, by
and large.never became convinced that the CRT system was necessary or desirable.

A possible comeback for the CRT may be in the offing when automobile navigation sys-
tems take hold (see Chap. 29). Many of those systems use CRT to provide the driver with
usef urip information.

20.5 HEAD-UPDISPLAYS

A head-up display (HUD) is aptly named since it allows viewing of data superimposed on the
driver's visual field with his or her head up HUDs have been used in the military aircraft
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industry for over 20 years and more recenth have had limited application in automobiles. A
main advantage of a lUD in a car is that the driver need not constantly reLoc is or her
eyes as when switching them from the road toconventionald ashboards and back again.The
first applications in production automobiles were in the 1988 Nissan Silvia model and in spe-
cial editions of the 1988 Oldsmobile Cutlass Supreme

One of the first HUDs ppearincars was in 1988 when (he Oldsmobile Cutlass
Supreme Indianapolis 500 Pace Car and its 54 replicas were equipped with the systems This
was followed by offering the HUD as an option on the 198 Oldsmoble Cutlass Supreme and
on the Pontia cGrand Prix.lose systemsweredeveloped jointly by General Motors engi-
neers from the Hughes Aircraft Corp., Delco Electronics Corp., and C-P-C Engineering.
HUDs continue to be ffered today h General Motors on some models.

The heart of the original GM system was animage source-a custom-designedhgh-inten-
sity. blue-green vacuum fluorescent tube made by Futaba Corp.of America. High brighess
was made possible by keepingthe cathode energized at allt imes and the electrodes at higher
voltages than would he used in vacuum fluorescent tubes for conventional purposes.

Thesysmworks asfollows.Speedand other s'nsor inputs are processed by an elec-
tronic module which then sendssignalsto the vacuum-fluoresc nt tube to activate seg-
ments of seven-segment numbers or graphic symbols in the tube. Optical elements then
project the lightfrom those energized segments onto the windshield of the car.The driver
sees virtualimages that seemingly float n space near the front end of the car (Fig20.3)

FIGURE20.3 This head-up display,showinga virtual irnage of car speed, was stan-
dard on General Motors'PontiacDivision's 1993tBonneville SSEi and isavailale as
in optiont on the Bnnevile SSE and on all Grand Prix models. Information that is

projected onto the windshield includes vehicle speedturn signa indicator, high-
hearn lightscheck gages warning,and ow-fuel alert

The images can display car speed in either mi/h or km/hleft and right arrows for turn sig-
nal indications, a headlight symbol for high-beam indicator, and a gas pump for low-fuel
warning.

As shown in Fig. 20.4, the image is projected from the image scurce onto the car's wind-
shield by mirrors.A proprietary optical design keeps the image in the correct aspect ratioThe
driver can adjust both the brightness and the vertical location of the image but the horizontal
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FIGURE24).4 General Motors'heald-up display usesan image projected
onto the windshield ofhe car but the driver sees a virtual image of the pro-
lected information positioned atthe front of the car. 1Z8Q /ElLE

location is fixed Making it variable would require expensive vanable-agnificaion changes
in the system optics.

20.6 ELECTRONIC ANALOG DISPLAYS

Despite the proliferation of electronic digital displays in cars.many drivers still prefer analog
displays To satisfy this need while at theaime time taking advantge of advances in electron-
ics, many car makers have introduced electronic analog displays.'These displaysdespite their
dependence on electronic circuits, present the driver with essentielly the same type of display
as in the electromechanical speedometer, for example

Some car makers have seized the opportunity to offer Iheir cLstorners unique analog dis-
plays. One notable example is the high-precision electronic analog display in the Toyota
Lexus LS 400 Called a combination meter. Fig.205,it uses a smcked-filter glass to cover the

Image-retenred type
L!I ME 9 TAC $rJ war ngand Indicator lights

Water Tachomeler Sht positon Speedometer
temperature Indicato ights Fu't gauge

Warning or Indicatorlights
In the dia panel Odometer Twin-i meter

FIGURE20.5 Toyota's Lexus LS 40 has a so-called combination meter that pre-
sents analog displays that are eletronically activated, F19 IEEE)
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entire display area that is blacked out when the ignition switch is turned off. Cold-cathode
tubes containing mercury gas light the light-transmitting diIpanI.When powered. the tubes
emit a white lightto illuminate the dials when the ignition switch is turned on.

The speedometer, tachometerfuel gage, and water temperature gage all have self-light-
emitting needles consisting of cold-cathode tubes with a sealed-in mrixture of neon and xenon
gases that emit white light whenenergized. A cabletess speedometer driven by a moving coil
indicates speed based on pulse signals from the transmission speed sensor.

20.7 RECONFIGURABLE DISPLAYS

What may be a future trend in displays was presented at the Society of Automotive Engineers
annual meeting in Detroit, Mich., in 1993. A reconfigurable automotive display system was
described that displays multifunctional information on a dot matrix fluorescent indicator
panelArn advanced -bit microcontroller with real-time processing capabilities is used in the
system to perform display refreshing, keypad scanning, and serial communications.

The dot matrix display in the system is a vacuum fluorescent type composed of an 80 by 16
matrix of pixels in a 9.85-mm-high by 50.5-mm-long graphics area.Two lines of 13 characters
each can be displayed using a 5 by 7 font.The syster can display text messages of different
sizes,locations,and font types as well as graphics symbols.The advaitage is that several fixed
segment display systems can be replaced with a single dot matrix displaysstem to cut costs
and packaging space.
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CHAPTER 21
TRIP COMPUTERS

Ronald K. Jurgen, Editor

27.1 TRIP COMPUTER BASICS

Trip computers have evolved over the years fromsimplesystems that estimate only the distance
that can be traveled with the remaining fueltosophisticated systems that also offer such fea-
tures as instantaneous and average fuel economies,amount of fuel used,average speed, amount
of fuel remaining, estimated time of arrival, oil life indicator, and diagnostic capabilities.

211.1 Basic System Configurations

A simple distance-to-empty system such as thatshown in Fig.211 has transducers that con-
vert distance and fuel quantity into time-varying voltages or currents. Electronic signal pro-

Distance
Transducer

Voltage or Current
Proportional to s

Electronc
Signal I C j

Processing
Oisplay

Voltage or Current
Proportional to

t uantit
Transducer

FIGURE 21.1 Elements of a basic distane-o-emptv system
Reprintedwihpermion fromSAE Technicel Paper 80024C @1980

Sociev ofAtomoive Engieers. Inc
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21.2 DISPLAYS AND INFORMATION SYSTEMS

cessingoperates on those voltages or currents to produce a distance-to-emptyestimate that is
formatted for transmission to a display device.

A basic trip computr, shown in Fig. 21.2, in addition to ditance-to-empty, computes
instantaneous fuel consumptionverage fuel consumption, and average cruising speed.
Through use of a sequential selectorbuttonthe driver causes the readouts to appear in order
on the display.

SttowSignal{c Con05

FueliConwfmplion

Spe e d/ D; Ionce ------ OF

togic Display

AverAge Speed

FIGURE21.2 Asimple version of abasic trip computer. (Reprir red with penission
pennmSAE TechnicatloPper 810302 01981Socy ofAooive Engineers, Inc)

21.1.2 A Full-Function Trip Computer

A full-function trip computer, shown in Fig 21.3,2 incorporates many more functions. The
driver can feed information into the computer at the beginningof a trip-distance to destina-
tion. for example.During the trip, the driver can request specific information.

21.2 SPECIFIC TRIP COMPUTER DESIGNS

Different car makers have taken various approaches to trip computers for their car models
over the years. Two selected examples follow.

21.2.1 The General Motors Trip Computer

The General Motors Trip Computer was first available as a high-:ost option on the Cadillac
Seville in 1978.The computer's principal four parts are a function-select keyboard, the central
processing unit (CPUl), the displays, and the interconnecting special wiring. The CPU trans-
lates the various engine and vehicle sensor inputs into the appropriate information needed by
the driver and also provides constant speed and fuel displays, generator system information,
and diagnostic features.

A block diagram of the bus-oriented CPU designed around the Motorola M6800 micro-
computer family with N-channel, 8-bit parallel processing is shown in Fig. 21.4. A 16-bit

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



TRIP COMPUTERS 213

Di~plo

FTorgit Anrg

Li.- 1111
1111T;.

(todk empTr

FIGURE 213 A full-sizebasic trip computer.Reprinted with permissin ffrom SAE
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address bus provides addressing capability of up to 65,536 word locationsThe ROMs hold the
instruction op code and the control program data.The RAMs provide software registerssoft-
ware accumulators,and a stack area for the control program.

The trip computer containsseilf-diagnosts.When a light-emitting diode on the outside of
the computer caseis lit, it indicates certain 1ilures. example, ifafter sampling the critical

9 V of the A/D chip multiplexer channel, a failure is noted, it is flagged and saved in the
RAM for servicing by the minor loop. Fig.21.4, and then activates the LED on the computer
case by way of the discrete POG

21.2.2 Ford's Second Generation Tripminder

Ford Motor Companys 1932 Tripminder was a second-generation vehicle trip computer It
performs computations on fe input variables to generate the functions available to the
driver. It was avallable in threeversions-high mid, and lowee-fus e In the Continen-
tal, Ford of Europe Granadaand FordMeicuryThunderbirdR 7, spectively

A biok diglram of the Tripmierhrdware isshown in Fig. .0ad software architec-
ture in Fig 21,5 1 'The 8050 microprocessor could support 4K of irternal ROM and 256 bytes
of keep-alive RAM used or trip-log ntions

Computations are petformed on five input variables. ne of them, time, is produced by a
precision crystal oscillator internal to the Trpminder The others are sensed from the vehicle
environment. The European and high-serlies versions have a distance-to-empty eature
requiring a fuel-tank-level input. Driving rane available is based on the amount of fuel left in
the tank and the historical fuel economy of the cu

Fuel flow information is acceptable in two forms, In carbureted engines, fuel flow data is
providd Ib uel lowsensor installed in the fuel line just ahead of the carburetor.The sen-
sors output of 48,000 pulses per gallon is recorded in an8-bt event counter in the interface
integrated Lcuit In fuel injected engmesa buffered form of the fuel injector signal is sent to
the event counter to determine the number of fuel injector firings that occurred during a sam-
ple peiod.The sianal is also sent to an interval counter to determine the total on time of the
fuel injector.

Speed informationomes ftrom either an electronic speedometer or from avaiable reluc-
tance speedsensor installed line with the speedometer Tabl The dla onsists f8000
pulsesper mile and is recorded in an event counler

The TIC integrated circuit performs fundamental system contril and timekeeping opera-
tions aswell as the data conversion functions for the sensor inputs. It is a CMOS device that
must be continuously powered At midnight, when the time clock registers roll over, the TIC
circuit automatically starts up the microprocessor to update the software calendars. The TIC
circuit alsocontinuously monitors the accessory input signal and he clock keyboard button.
Sequencing on and 01t of the power supplies is controlled by thefICcircuit to make certain
that the microprocessor is initialized correctly and that the keep-alive memory in RAM is not
accidentally written into during power supply transients.

21.3 CONCLUSION

Trip computers vary from relatively simple versions to complex designs that give the driver a
wealth of information. Some trip computers also provide a means for on-board diagnostics
(seeChap.22).What atrip computer can do depends on how manysensor inputs are fed to it.
But tie bottom line,as with any automotive component.is cost tied in with perceived value to
the customer.
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CHAPTER 22
ON- AND OFF-BOARD
DIAGNOSTICS

Wolfgang Bremer, Frieder Heintz, and Robert Hugel
Robert Bosch GmbH

22.1 WHYDIAGNOSTICS?

The desire for greater safety,driving confort.and environmentalt copatibility is leading to a
rapid increase in electronic control units and sensors in upper class, medium-sized,and com-
pact vehicles.Additional functions and their corresponding equipment in todays cars createab ewildering tangle of cables and confusing functionalconnectionsAsaresultithasbecome
more and more difficult to diagnose faults in such systems and to resolvei hem within a rea-
sonable period.

22.1.1 Diagnostics in the Past and Today

On-board diagnosis has been lmited thus far to a few error diSplays and fault storage
achieved by relatively simple means It has been left more or less to each manufaclurer to
decide 1 owhatextent diagnosi would be carried outDignos iaLays means the working
together of man and machin andc sisliessentially ofhree major components: registratuin
of the actual condition, knowlede of the vehicle and its nominal condition, and statey-
how\ to find the smallst ehngeableeficilent component by means ocombiningand com-
paring buth the nominal and aculconditions.

Al three points are inseparably connected. Only the means to t end have aned over
time.The oldest and simplest method of diagnois is tha done whih the help of our sense
organs but the limits of this kind of dgnosisarehvious in fact, the objectie in the dvel-
opment of diagnostic techniques is thee tension of human abilties with the aid of diagnostic
toos in order to be able to measure more precisely and more directly, tocompare more objec-
tively, and to draw definite conclusions

The development o control tethntiques esentialydetermined by the following items:
the development of automotiveengimeering the structureo f works lops--that isessentially
the relation between the costsoflabor and materias and the development ofelectronicsand
data processing

For a longi le, motor diagnosis was limited to ignition control and timing In the 1%9s,
new exhaust-gas measuring Instruments for fuel injection adjustmen were developed,but the
mechanic sllhad to make the diagnosis In the198 the introdu ilon of electronics in the
vehicle was followed by a new generation of reasuring instrumenis in the workshops. Not

22.1
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FIGURE22.1 EvOlution Of diagnos ic te e1qiprnenIT

onl were separate measuremets ornbined w aniprehensie test procedures. but also the
infomationabout the nominal on ition ul thevehicew asoedin a data memorl A view
of the dev elopmentshwlln inFi22 1

As d m dmoreelctronic systems wre added tocars. the more difficult i became o
determineheactual condition in case of a defect. Soon a multitude of connecting cables and
adaptles were required i reach the necesaineasuring points. Moreover there was an
inceasingamount of inlrmation needed t make an efflective diagnosis. In the majority ft
wokshops diagnosis is cartied out s shown in Fig 212. The most important test points of

FIGURE 222 Prcenentay diagnosicroincor instaflation in avehicle.
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control units and sensors are tied to a diagnostic connector which is plugged into the measur-
ing instrument with a corresponding adapter for the. respectivev hicle Because of the per-
rmanentli earsingamount ofelect onic functionsit isnecessary toV Jelop connectors with
more and more conats Iti cident that tiI method soonw Ill bcome IunieId.

Modernecironicin vehiclessupport diagnosisby comparimthe registered actualy al
ucs with the inteinailystored nominal values with the help l control units and thir self-diag-
nosis, thus detectingf aults. Byi nternnecting the measuring instrumentsa etlk J surve of
the entire condition of thee hicleisavaiale and anintelligent on-hoddiagnosticsst1em
is able to carr]uta J moe1 prclS dilse 11d1ordeinlcaliati ooft lkedfect]With the help
ofan inteconncionland sa nildr of theint 1e1rfacel ing otheet enl tester the
maiy differen( complex and expenlve adapters haveco supeifluouUs.Modern diagnosis
will look like what is shown in Fig.22

FIGURF223 Furet dignosik connecior insaitiin in a veIicle.

Instead ofamultiplicity of adapters there is only a single standardized interface.provided
by the diagnostic processor.By means of interconnection, the diagnstic processor is provided
with all available data and the condition ofthe vehicle is knovn. With the help of the diag-
nostic processor, the external measuring instrument has access to th measuring and diagnos-
tic values of the sensors and is able to directlyreachtheactuator for measuring purposes

Such a diagnosis also demands a certainchange in the functional structure of a vehicle
Correspondinghierarchicalmodels have already been presented'

22.1.2 Reasons for Diagnostics in Vehicles

Which are the most important reasons for diagnostics as demanded and desird in todavs
vehicles?

Existing Diagnostic Problems. A number of diagnostic problems must be resolved

*Early diagnostic iniormation was related only to single components and controlunits In
case of a defective comprehensive system, every unit, compuner t, sensor, and connecting
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cable of the stemhadt b be tested and conr(oled. hisw as a very ime onuming and
experlisiveprocess

* Bcause of the single component and control unit checks it was impossible to analyze all
the additional Jt correlated with aparticulardeect

* In the case of a deect in single sensors ouits, the car was often inoperable.Taking into
consideration all available information about the vehicle, it is possible to use alternative
parameters and proceduresin order to achieve at least a so-called limp-home function and
sometimes continue the use of the vhicu under onl sihtyImited operating conditions.

* Usually therew was only a lobal error displat withan tenambilous warning ight avil-
able forthedr dn i ers desire more Jtaled iormation and espealliguidhlines for
what prcedures should be ollowied

* The multitude of adapterabesplgs. Jiagnostic equipment.and communication inter-
laces in a workshop hasbecoies o complk that the efetienesdcreased dramaticaliv
with the repair es Ieasing disproportionally

New LegalProposals. Worldwide new legal proposals and goternmental regulations [.g.
California Air Resources Board f('ARB).On Board Diagnostics II (OBDII), Environnmerital
Protection Agency (EPA} are forin manufacturers and subcouractors to seek more prof-
itableffective and convincng diagnosis of vehicles,

Serial DataNetworks. New serial data networks for the connection of control unitsand
vehicle body componentsinstalled in the vehicle,offer the possibility of absolutelynewopt
mumapproaches and even anticipate maintenance and diagnosis up to the introductionof
autodidactic data processingsystems and external data bases.i'

International Initiatives for Sandardization. Initiated by legislative and governmental
demands for better diagnostics in the area of emission control. initiativesfor standardization
in the entire diagnosticfield in vehicles were launched during recent arstoachieveworld-
wide standardization of tools, interfaces, connectors, and protocols.

22.1.3 Diagnostic Tasks in Vehicles

In order to mninim znthe number of defects or even to completely avoid them, a hicle
requires regular checks. In case of an inevitable defect, a clea and directed diagnosis is
required and has to be followed by a prompt, reliable, and incxpensive repair herore
appropriate diagnostic sstems are being developed considering the following argets simpi-
fication of maintenance ault indicatlion intime, guilneslor the driver in case of a defect,
and safer and asterrepais with the help of a spe aic ault indication.

In addition l technicalconsideratons enronmentalspects are now heing taken into
consideration as reflected in thediagnost oe pts. In thefutue, only perfect systems will
be accepted,in order to keep evironmental pollution to a ninimun. It is understandable,
thereforethatlegislators insist on casdmontoring standards, particularlyfor exhaust-
reltied components

As;n exanpl of the new monitorn standardsconsider the requirements of CARB
and EPA in the nited Slates and the resulting consequences for diagnosis.At the moment
the extent of such adetailed monitoring has to be a compromise between the different
requirenents and the possible technical and economical solutinus, but the environmental
aspectsw ill gain more and more importance. The increased amount of available data will
certainly permi a considerably highe rate of in-depth fault localizaon and will alsoallow
clear atilt identification withoutinteractive outside interientior HIaitn knowledge of the
functional interlatontships and accesso all essentialdata,a picture of the defect can be
created with the help of individual pieces ofinforationThedriver and the workshop can
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then be provided with appropriate instructions. In this context, on-board expert systems are
being considered.

For an effective and successful diagnosis today and in the future the folowing tasks and
targets can he defined.

Fault Storage with Boundary Conditions. A very important aspect of modern diagnosis is
the clear and reliable analysisof the respective faultDuring the self-diagnosisit is absolutely
necessary to store not only the respective fault information but also all relevant marginal
parameters in the control unit, e.g., ambient temperature, velocity, engine speed, engine
knock, and so on. The additional data can be stored when a defect occurs as well as durin
specified intervals around the moment of a defect. Such additional data is called"freeze
frame"data.

Fault Localization. Mechanics must be able to locate a defective control unit quickly and
then determine which component of that control unit is at fault so hat it can be replaced.

Data Correlation, Recognition ofImminent Faults. A large amount of data useful for the
analysis of a vehicle is now available and even more will be available in the future.These data
will have to be evaluated and compared with the help of modern data processing techniques,
including fuzzy logic, neural networks, autodidactic systems, and expert systems. These tech-
niques will not only enable the diagnosis of theactual condition of the vehicle but will also
determine future maintenance needs. As a result, the reliability and availability of a vehicle
will be increased and the possible consequences of a defect kept to a minimum.The driver can
also be forewarned about imminent problems and can then take appropriate steps before
starting on a trip.

Parameter Substitution. The breakdown of a sensor in modern dignostic procedures is not
necessarily followed by a lack of the respective information.After having diagnosed a fault, the
diagnostic computer-with te aid of the available information-is often able to compute an
auxiliary parameter to replace the original one. As a result, either a limp-home condition is pos-
sible or else the nominil function can be assured but under slightly limited conditions Simple
examples for such a calculated parameter are vehicle speed (considering the gear and the syn-
chronous speedor the antilock braking information,or the data of the nigationsem),motor
temperature (considering the outside temperature and the operating time),and the amount of
remaining fuel (considering the last actual fuel content and the calculated consumption).

Providing Guidelines. As mentioned earlier, a diagnostic system has to provide clear infor-
mation to the driver in case of a defect. A global warning indication is not sufficient The
driver needs to learn the extent of the defect and its consequences byappropriate textgraph-
ics,or synthetic voice.In addition, the driver needs to be told the steps that have to be taken
(e.g.,"refill cooling water,""minimum speed to the next service station, risk of engine break-
down, "stop, brake system out of order").

The diagnostic monitoring system can also be used. if there is no service station nearby, as
a substitutional off-board system. The defect is then localized by an interactive working
together of the indicating system and an appropriate input medium.

External Diagnostic Access. For off-board diagnosis. the diagnostic system of the vehicle
has to provide a standardized access to all relevant components, control units, and stored
information. This standardized access might also be used by the vehile manufacturer, legisla-
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tor,apphcatio Iengineer and the end-of-the-line programmerhfle access iselft s to be con-
irolled with the help of an appropriate mechanism to prevent pos-ible abuse.'

Logbook Function. The control unit or the diagnostic computer of the vehicle is supposed
to store every repair that has been carried out in the format of a logbook. It should contain
the time and name of the workshop, every exchanged and newly installed element, every
inspection carried out. and so forth

22.2 ON-BOARD DIAGNOSTICS

The more complex automobiles became, thegreater the number of electronic systems and the
more difficult became the registration of the actual condition in case of a defect,To reach the
necessarymeasuring points,many connectingcables and adapters were required.In addition,
much data about the different systems and their working together was needed to allow a sys-
tern-specificdiagnosis.Modern elecitonics with self-diagnosis supports the servicemechanic
by registrating the actual values, comparing them with the nominal values,and diagnosing
faults that are stored for repair purposes Actually, the internal functions are checked when-
ever an ECU is turned on.

First. the checksum of the program memory ischeckedtogether with its function and the
correct version.Then a read and write test of the RAM cells is performed. Specialperipheral
elements (e.g.,AD converters)are also checked within this test cycle. During the entire oper-
atling time of the vehicle. the ECUs are constantlysupervising the sensors they are connected
to. With the help of an adequate interpretation of the hardwarecontrollersare able to deter-
mine whether a sensor has a short circuit to ground or hattery voltage,or if a cablet the sen-
sor is interrupted. By comparing the measured values and the stored technical data, a
controller is able to determine whether the measured values exceedthe limits,drift away,or
are still within the tolerablelimitsThecombination of information provided by other sensors
allows the monitoring for plausibleness of the measured values.

Sensors are tested similarly to the way actuators are monitored for short circuits or inter-
ruptions of cables.The check is carried out by measuring the electric current or reading the
diagnostic output of intelligent driver circuits.The function of an actuator under certain con-
ditions can be tested by powering the actuator and observing the corresponding reaction of
the system Ifdiscrepancies to the nominal values are diagnosed, the information is stored in
aninternal fault memory together with relevant outside parameters,e.g..themotortempera-
ture orfthe engine speed. Thus, defects that appear once or under certain conditions can be
diagnosed. If a fault occurs only once during several journeys, it is deleted.The fault memory
can be read later in the workshop and provides valuable information for the mechanic

In case of a detected defective sensorthe measured values are replaced by nominal values
or an alternative value is forned using the information of other sensors to provide at least a
limp-home function.

With the help of an appropriate interface, a tester can communicate with the ECUs, read
the fault memory and the measured values, and send signals to the actuators, In order to be
able to use self-diagnosis as universally as possible, manufacturers aim at the standardization
of the interface and the determination of appropriate protocols for data exchange.

Another task of self-diagnosis is the indication of a defect to the driver. Faults are mostly
indicated by one or more warning lights on the dashboard. Modern developments aim at
more comprehensive information using displays for text and graphicswhich provide priority-
controlled information for the driver Legal regulations concerning exhaust-gas gave rise to
an essential extension of self diagnosis. The control units have to be able to control all
exhaust-relevant functions and components and to clearly indicate a defective function or the
exceeding of the permissible exhaust limits. Some of the demanded functions require an enor-
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mous amount of additiona instructions: therefore,the extent of self-diagnosis alreadv reaches
up to40 percent of the entire software of the control unit.

22.3 OFF-BOARD DIAGNOSTICS

The continual increase in the use of electronics within the broad range of different vehicles
represents one of the major challenges for customer service and workshop operations Mod-
em diagnosis and information systems must cope with this challenge and manufacturers of
test equipments must provide instrumentsthatareexibleandeasytohandle. Quickandreli-
able fault diagnosis in modern vehicles requires extensive technical knowledge,detailed vehi-
cle information, and up-to-date testing systems.

Due to the different demands of the service providers, there are many different test
equipments on the market. They can be subdivided into two main categories: handheld or
portable instruments and stationary equipments. Handheld instrurients are commonly used
for the control of engine functions like ignition or fuel injection and the request of error
codes of the electronic control units (ECLJs). Stationary test equipment, on the other hand,
coversthewholerange of function and performance checks of the engine,gear, brakes.chas-
sis.and exhaust monitoring.

Most of the common testers are used for the diagnosis of the enine The Bosch MOT 250,
for example, offers the following functions:

* Engine speed by means of the top dead center (TDC) transmitter, cylinder I or terminal I
signal

* Ignition tining with TDCsensor or stroboscope

*Dwell angle in percent, degrees, or dwell time
* On/off-ratio in percent

*Injection timing or other times measured at the valve or other suitable measuring points
*Electric cylinder balance in absolute or relative terms
*Voltage to ground or floating potential Including lambda-sensor voltages or dynamic volt-

age at terminal I

*Current with two test adapters for maximum 20 A and 600 A
*Resistances from milliohms to megohms

*Temperature with oil-temperature sensor

For most variables, a maximum of four blocks of measured variables can be stored and
recalled one after the other. Twelve blocks can be stored for the cylinder balance function. A
digital storage oscilloscope records and stores up to 32 oscillograms of ignition voltages.alter-
nator ripple, and current or voltage transients in the electric or electonic systems.Two RS232
interfaces are provided for documentation purposes and data exchange

For repair,serviceand maintenancemany different manualsand microfiches are stored in
the workshops. It is a time-consuming task to collect all the necessary information,especially
when vehicles of different makes have to be repaired.To avoid unnecessary paper,informa-
tion and communication systems among workshopdealer,and manufacturer are built upThe
corresponding manuals have to be standardized and distributed on electronic data processing
media, preferably on CD-ROMs.

Every garageor workshopequipped with the appropriate datasystem (basically a tester
connected to a PC). will receive servicing aids and updates via telephone line or by periodic
receipt of updated CDs, A committee of the SAE is preparing rules for the standardization
of manuals. There are already published draft international standards (DIS) for terms and
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definitions (11930) used in the manuals, for diagnosticcodes/messages (J2012), or electronic
access/service information (J2008) (seethe following). Most of the available test equipment
is capable of storing operator manuals within its memory and offers menu-guided assis-
tance to the service personnel. Automatic vehicle and component identification by the
tester and the availability of corresponding data at the workbnch eases troubleshooting
and repairs.

22.4 LEGISLATION AND-STANDARDIZATION

22.4.1 CARB, EPA, 0BD II

The following is an abstract of the California Air Resource Board (CARB) Reulations for
On-Board-Diagnosis two(OBDII):

All 1994 and subsequent model-year passenger cars.ight-duy trucks, and medium-
duty vehiclesshall be equipped with a malfunction indicator light (MIL) located on the
instrument panel that will automatically inform the vehicle operator in the event of a
malfunction of any power train component which can affect emission and which pro-
vide input to,orreceive outputfrom the on-board computer(s) or of the malfunction of
the on-board computeris) itselfThe NIL shall not be used for any other purpose.

All 1994 and subsequent model-year passenger cars, light-duty trucks,and medium-
duty vehicles required to have MIL pursuant to paragraph above shall also be equipped
with an on-board diagnostic system capable of identifying the likely area of the mal-
function by means of fault codesstored in the computer memory2liese vehiclesshallbe
equipped with astandardized electrical connector to provide access to the stored fault
codes. Starting with model-year 1995,manufacturers of non-complying systems shall
be subject to fines pursuant to section 43016 of the California Heakh and Safety Code
for each deficiency identified, after the second. in a vehicle model. For the third defi-
ciency and every deficiency thereafter identified in a vehicle model, the fines shall be in
the amount of $50 per deficiency per vehicle for non-compliance with any of the moni-
toring requirements .

SYstems to Be Monitored

OBD 1lFwctons These include catalyst monitoring, misfire monitoring, evaporative
system monitoring, secondary air system monitoring, fuel systems monitoring, oxygen sensor
monitoring,exhaust-gas-recirculation (EGR) system monitoring, and comprehensive compo-
nent monitoring.

Catalys. Legal requirements (CARB excerpt):"The diagnostic system shall individually
monitor the front catalyst or catalysts which receive untreated engine out exhaust-gas for
malfunction. A catalyst isregarded as malfunctioningwhen the average hydocarbon conver-
sion efficiency falls between 50 and 60 percent"

Technical solution: In addition to the oxygen sensor upstream the catalyst, another sensor
is mounted downstrean.

A properly working catalyst shows a storage effect so that the oscillation of the lambda-
controller appears damped at the downstream lambda probe. A worn-out catalyst has a
reduced damping effect and the signals of up- and downstream sensors are equivalent.

The ratio of the' ignal amplitudes is a measure of the conversion efficiencyThe electronic
system that controls the fuel injection monitors these signals together with other relevant
engine conditions to derive the catalyst efficiency.
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Mis/ireDetection. Legal requirements (CARB excerpt): "TO avoid catalyst damage, the
diagnostic system shall monitor engine misfire and identify the specific cylinder experiencing
misfire." .

Technical solution: Misfire can be caused by worn-out spark plugs or defective electrical
wiring. Unburned fuel reaches the catalyst and may destroy it by overheating. Even the least
amount of misfire rates influences the emission and therefore single misfire events must be
detected.

The speed of the engine is measured very precisely. In case of misfire, the momentum,
which is normally produced by the combustionis lacking.Thus abncrmal variations of speed-
changes at steady state conditions may be considered as misfire. To distinguish clearly
between misfire and other malfunctionscomplicated calculations have to be carried out.

If a certain percentage of misfires within 200 or 100 revolutions is detecteda fault code is
stored in the control unit and the fault is indicated to the driver

Oxygen Sensor Legal requirements (CARB excerpt):"The diagnostic system shall mon-
itor the output voltage, the response rate, and any other parameter which can affect emission
and all fuel control oxygen sensors for malfunction"

Technical solution: The control unit has a special input circuit for detecting shorts or
breaks and monitors the switching frequency of the control loop.

By means of a second lambda probe behind the catalyst, it is possible to monitor the
lambda probe in front of the catalyst for its correct position. A lambda probe which is subject
to an increased temperature for extensive periods may react slower on variations of the
airfuel mixture, thus increasing the period of the lambda-probe regulation. The diagnostic
system of the control unit controls the regular frequency and indiates slow sensors to the
driver by means of a warning light.

Heated sensors are monitored for correct heater current and voltage by hardware means
within the control unit.

Evaporative System. Legal requirements (CARB excerpt):'The diagnostic system shall
control the air flow of the complete evaporative system. In addition, the diagnostic system
shall also monitor the complete evaporative system for the emission of IC vapor into the
atmosphere by performing a pressure or vacuum check of the complete evaporative system.
From time to time, manufacturers may occasionally turn off the evapaorative purge sVstem in
order to carry out a check."

Technical solution: At idle position, the canister purge valve is activated and the lambda
controller is monitored foritsreaction.For leak detection of the evaaorative system, the out-
put to the active carbon filter is shut off and the canister pressure is decreased to about -15
kPa.Then the complete system is turned offand the pressure within ihe canstris monitored
for variation with time.The pressure gradient, together with other paiameters like the amount
of fuel, may indicate possible leaks.

Secondary Air System. Legal requirements:"Any vehicle equipped with any form of a
secondary air delivery system shall have the diagnostic system monitor the proper function-
ing of the secondary air delivery system and any air switching valve,'

Technical solution:The lambda controlleris monitored for correLated deviations whenthe
secondary air flow is changed.

FuelSystem. Legal requirements:"The diagnostic systemshall roniror the fuel delivery
system for its ability to provide compliance with emission standards."

Deviations of the stochiometric ratio which last for a longer time are stored within the
adaptive mixture controller. If these values exceed defined limits, components of the fuel sys-
tem obviouslydo not correspond to the specification.

Exhaust-Gas Recirculation (EGR) System. Legal requirement:"The diagnostic system
shall monitor the EGR system on vehicles for low and high flow rate malfunctions."

Technical solution: (1) At overrun, the fuel is cut off and the ER valve is completely
opened. The flow of exhaust gas to the manifold raises the manifold pressure, which is
recorded and allows statements about the function of the EGR valve. (2) Another possibil-
ity is to control the increase of the manifold intake temperature when the EGR valve is
opened.
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In a conclusion to the previously described OBD 11 requirements and technical solutions,
we can define the following four quality demands for electronic cntrol units:

* Guarantee for exhaust-gas-relevant components with repair costs >$300 for seven years or
70,000 miles for all 1990 and subsequent model-year vehicles (CARB)

* Guarantee for exhaust-gas-relevant components with repair costs >$20) for eight years or
80,000 miles for all 1994 and subsequent model-year vehicles (EPA/Clean Air Act),

* Gu'rantee protocols in case of areclamation rate of exhaut-gas-relevant components
higher han 1 percent (CARB).

* Recall of vehicles in case of a calculated reclamation rate of more than20,00t ppm within a

period of fiveyears/50,000miles(GARB)

22.4.2 International Standardizations

Because of the manifold requirements on modern diagnostics, the nationaland international
standardization committees soon came to the conclusion that with thehelp ofappropriate
and, if possible,international agreementsabout protocols, connectors, tools and auxiliaries,
the process of diagnosis can be standardized, thus reducing time and costs.

Figure 224 showshow, in a standardized graphic, control units anddignostic tools are
connected anddiagnostic data exchanged.

Diagnostic Jedrnic .

OjstIces 14 O14 enrsese
C-rn MU -Jl-oto Cainy uwcaticnF

FIGURE 22.4 Standardized estiiig link according toie OSI model.

For datexchange,electronic systemsare structured and described according to a seven-
layer model (OSI modelopensysteminterconnection)developed by the ISO (International
Standardization 0rganization). Everyunit connected to a data network can be structured
with the help of this model-control units as well as diagnostic tools.

The diagnostic services that the controller may use during the diagnostic process are reg-
ulated in the seventh layer. Diagnostic service means definite instructions, which actuate
determined a ansandardizeddiagnostic procedures, e.g "start diagnostic session," "read
diagnostic troublecodes,""read freeze frame data,"and so on.There are different sequences
of bits andbytes code forsuch instructions.On the hardware level (plugs,cblespotentials).
the sequences are finally transmitted from unit to unit. The ISO and the SAE (Society of
Automotive Engineers) developed corresponding standards in the area of service definition
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TABLE 22.1 ISO DianostieServices

Diagnostic malagement

StartliagnosticLeion

Stopfliagnosdlekswlan
SetunttyAectAs
ltkrPreseit
EcuReset
Re ad~euldentitication
DisabicNorinalMessageTransmision
EnableNormalMesayceransmision

Data transmission

ReadDataBioal ldentiie.r
ReadDataBGloubalidentifstr
ReadDnemorvByAddres t
WaTeDataIvLocanldenth er
HrnteDataBybloballdanter
HritMcmornBy4Jdrew
SetDataRates

StopRepeatedD aaTransinutn

lnput outputcoitrl

inputOutpuiCntrolByloballdentifier
InputOrtputeCtrolByLocalidentifier

Stored dat tran m ss on

ReadNumberOfiaunostclloubieCodk
ReadDiagoteieTroubkCode
Read~iagnustie frauhler>JesBvtatus
Rcadstaouigienost.lraubkfodes
ReadreezeframeData
(learDitanosticinformation

Remote ivation of routine

StatlRoutineByLoealide nth
StartRoutinety4Jdres
StfpRuineom ica alldentifier
StopRourineBy4ddress
RequestRoutineRutsB L oaidentifi er
RqueseRoutineResultsl vAddress

U pload Jdownland

RequestDownload
Requestl pload
Transferbata
Request~ransferExit

as well as inthe area of communication.Table 22.1 shows the diagnostic services as proposed
by the ISO.

Figure 22.5 presents the determined standards with sonecessential technical details as
developed for the field of communication.

Unfortutnately the whole spectrum of available standards has become very complex and
difficult to use, The following explanations try to provide aunified system fortthe existing
standards in the area of dianosis.
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FIGURE22.5 In-vehiclenetworks.

Figure22.6showsageneral model for diagnostic conepts he three mainiel compre-
hensivel dscribe the whole area of diagnostics The three levels are hiearchicallyi truc-
tured closce linked toether with flowing transition from one level to the other. Although
there a ertain similaritiles between thi model and the sevenlayer model of the Sboth
models do not correlate.

The upper level comprises the elements, which are essential for the user or generator of
diagnostic applications The term "user" includs the driver, thelegislator, the mechanicand
the manufacturer.This upper level can be subdivided into three main fields of activities:user

I
FIGURE22.6 Mode for dignoa concept.
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interface, strategy, and diagnostic data. Although presented as layers, these activities do not
correlate hierarchically, but each is associated with a service or group of services.

The "user interface"describes how information flows between the user and he diagnostic
service. This includes a functional description of scan tools.handheld testers, monitoring sys-
tems, and so on.

The term "strategies" stands for strategic detals, which are esential for the diagnosis or
repair of a vehicle,including communication accessdlagnostic data and ifrmation

The term "diagnostic data"incudes the data that are necessary for tdiagnsitself1he
details coneerning parameters. tiouble codes and so on are descried here

The intermediate leel descrbtes the diagnstiscrvices, definin a set of services nd a set
of commandsforgenel purpos., which allow the diagnosis of a vehicle. The set of com-
mands is supposed ( ocer the needs of users concerning repair and maintenance as
described by the strategies and diagnostic data

The lowest level deals with the communication area. It describes every technical detail that
is necessyfor communication anid provides the informaion about howt o start communica-
tionion) It also specifesthe appropriate Baud ratethe sutable protocol, and the
necessarhardware (connector, cable,and so on.

This modelo ffers a general description of the essential tids of diagnostic interest and
allows the categorizationof all SO and SAE standardization activities I the three main lev-

ls of the diagnosticconcept model.
Figures 227a nd 22.8 are presented in the sme graphic form (three-evel structure)They

proide a summarof theconcrete standardization activities of the SAE and ISO Figure 2.7
shows the eustingstandards or dratsoautotivedJ nosisf or general purpose.

The usern terface forgenera purposes is undned The SAE J2186 (Data Link Security)
and the AE1008 J (Electronic Access/ServieInformation) are strategic documents, though
most stragies are not standardized and diagnostic data is described il documents SAE
J2012 (Diagnostic Codes and Messages) and SAF 12190-2 (Parameters-in preparation).

On the lv e of diagnostc services, the stmdardizationactvitis can be divided in two
fields called service deiniion and seice implemention. The term service definition
describes a setof useful diagnostic services, which enable the user to run a diagnosticsession

FIGURE 22. Reakaionfor genera auomomive diagnosi
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FIGURE22.8 Realizaion for CARB and EPA require'ments.

idependenlv of the knowledge of any technical detail it ihe communication area as
described in the level below.

Ths setof diagnostic services for general purpose can now hb mapped on different proto-
cols. Any bit representation of the ditrent services can be built upT shis icalled service
implementation At the moment, there are two implementatio isavailable, the SAE JI190
(Diagnostic Test Modes) and the KWP 2000 (ISO Draft: Kevwoi d Protocol 2000 The lowest
level (the Communication level) shows the standardized details of communication such as the
data formats and [lie physical layers:e.g.the KWP 2000 uses the physical layer of ISO 9141
or ISO01 41-'the SAF J2190 uses the SAE J1850 Class B network (ISO/DIS 11519-3) It is
shown that communicatoncan also be built up with a CAN or a VAN network.

Figure22.Sshwshe standardization activities for the special requirements of the CARB
and the EPA using the samie three-level-concept.

The user interface, genericscan tool.is standardized within he SAEJ978including the
SAEJ2205 (Expanded Diagnostic Protocol) and the SAE 12201 (Universal Interface) Soic
aspects the diagnosticstrategy are described in the SAE 121 6(Data Link Security), the
SAP 120(8 (Electronic Access/Service Information), and some in the regulations.The diag-
nostic data is described in the document SAE i20l2-Diagnosti Codes and Messages.

The level of diagnostic services defines one SAE J1979 standard-DiagnosticTest Modes,
This standard is a closely linked combination of a service definiton and a service implemen-
tation (referring to the SAE as "modes').

In the field of communicalion, the possiblc networks are described in the SA J151
((lass B Data Network) and theISO 19141-2 (CARB Requirem-Mts for Interchange of Digi-
tal InformaIoln).

A standard for the physical connector (SAE J1962) has also been developed. Figure 22.9
shows the status ot diagnostic standards for trucks and buses and for passengr car: in Europe
and in the UnitedSates, It shows also a time schedule for e developmentstandards. A
comparison of thecomunicaon and diagnosticservices levels has alreadybeenreazed.
The titles ofthe different SAEand ISO numbers areshown inTables 12 and 223,where all
ISO and SAE papers, relant for diagnostics. are listed. Table 213 offersa detailed list of
trucks and bus activities (1939).
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FIGUR 22.9 SLs of diaInostic slaidards.

22.5 FUTURE DIAGNOSTIC CONCEPTS

As yet, most vehicle manufacturers have installed a diagnostic connector in the engine com-
partment in order to offer essential electricsignals for diagnostic purposes. Due to the multi-
tude of different equipments and philosophies of car makers, the connectors have different
shapes andcontact arrangements.Thereforeaworkshoplhastokeep a lot of different expen-
sive cables and adaptors instore.

For future diagnosticsystems, the connection between control unit and vehicle is supposed
to he realized with the help of a standardized connector. A c-nnectur for the legally
demanded exhaust-gas diagnosis was defined by an SAE draft (J1962), concerning form, con-
tact arrangement,and installation position.(Fig.22.10)

With this connectorand a so-called generic scan tool,anyone is able to read the faull-mem-
ory in regard to exhaust-gas-relevant defectsThe interconnection of the control units allows
the access to the entire electronics of the vehicle,

The necessary protocols are partly defined and developed further in standardization com-
mittees of the ISO. At the moment, thereare twoactual standards available:

L ISO 9141-2: Determination of the requirements on hardware and communication proto-
cols.The requirements on hardware are essentially determined by the maximum Baudrate
of data transfer and the maximum number of control units simultaneously connectedvith
the diagnostic cable.

Communication is started by means of a trigger address, and is followed by a synchro-
nization byte of the control unit(s). which is necessary for the automatic setting of the
Baud rate.The trigger address calls either a particularcontroluiitorafunction,thatmay
also addressseveralcontrol units.

After transmission of the synchronization byte, the control unit waits for the tester to
set the Baud rate,then sends two key-bytes that inform the tester about the suitable data
transfer protocol.The tester responds with the last inverted key-bytein order to confirm
the correct receipt.The connection between tester and control unit is now established.

22.15
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TABLE 22.2 ISO and SAE Document:

IS09141 Road Vehiles-DiagnosicSystem-Requirements for Interchange of Digital Information
ISO/DIS 9141-2 Road Vehicles-DiagnosticSystem-Part 2: CARB Requirements for Interchange of Digital

Information
ISO/DIS 11519-1 Road Vehiles-Low-Speed Serial Data Communication-Fart 1: General Definitions
ISO/DIS 11519-2 Road Vehicles-Low-Speed Serial Data Communication-Fart 2: Low Speed Controller

Area Network (CAN)
IS DiS 11519-3 Road Vehicles-Low-Speed Serial Data Communication-Fart 3:Vehicle Area Network

(VAN)
ISO/IS 11519-4 Road Vehicles-Low-Speed Serial Data Communication-Fart 4: Class B Data Communica-

tion Network Interface (11850)
ISOIDIS 11898 Road Vehicles-Interchangeof Digital Information-Controller Area Network (CAN) for

High-Speed Communication
ISO/WD 1429 Diagnostic Systems-Diagnostic Services Specification
ISO/WD 14230 Diagnostic Systems-Keyword Protocol 200 (3 parts: 1:Physical Layer,2: Data Link Layer,

3:Implementation)
SAE11213/1 IR Glossary of Vehicle Networks for Multiplexing and Data Communications
SAE J 1583 IR Controller Area Network (CAN), An In-Vehicle Serial Communication Protocol
SAF J 1587 RP Joint SAE'FMC Electronic Data Interciange Between Microcomputer Systems in Heavy-

Duty Vehicle Applications
SAE J 1699 RP J 1850 Verification Test Procedures
SAE 11708 RP Serial Data Communications Between Microcomputer Systems in Heavy-Duty Vehicle

Application
SAE J 1724 Vehicle Elcetronic Identification (NewTask Force)
SAE 3 1850 RP Class B Data Communication Network Interface
SAE3 1930 RP Electrical/Elecironic Systems Diagnostic Terms, Definitions, Abreviations and Acronyms
SAE11939/xx Truck + Bus, Details next page
SAE ) 1962 RP Diagnostic Connector
SAEJ1978 RP OBD I Scan Tool
SAE J1979 RP E/E Diagnsticest Modes
SAE3 2(0 RP Electronic Access/Service Information
SAE.1 '012 RP Diagnostic Trouble Code Definitions
SAE 1 2037 IR Off-Board Diagnostic MessageFormats
SAE J 2054 IR E/E Diagnostic Data Communications
SAE J 2056/1 RP Class C Application Requirement Considerations (Part 2: iR Survey of Known Protocols

Part 3; IR: Selection of Transmission Media)
SAE J 2057/1 JR Class A Application/Definition (Part 3: IR: Class A Multiplexing Sensors,Part 4: IR: Class A

Multiplexing Architecture Strategies)
SAE J 2106 IR Token Slot Network for Automotive Control
SAE 3 2112 JR Diagnostic Technician Ouestionnaire Summary
SAE 1 2178 RP Class B Data Communication Network Messages (Part 1: Detailed Header Formats and

Physical Address AssignmentsPant 2: Data Parameter Definitions, Part 3: Frame Ids for
Single Byte Forms of HeadersPart 4: Message Definition 'or Three Byte Headers)

SAE J 2186 RP E/E Data Link Security
SAE J 2190 RP Enhanced E/E Diagnostic Test Modes
SAE J 2201 RP Universal Interface for OBD 11 Scan Tool
SAE12205 R? Diagnostic Specific Functionality Protocol
SAE 3 2216 RP Application of the Clean Air Act Amendment of 1990 (Section 207, Paragraph M5)

RP= Recommended Practice, IR= Information Report
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TABLE22.3 SAETiruckandBusDocuments

RP Serial Control and Communication Vehicle Network (Class C)
Truck and Bus Control and Communicatfor Vehicle Network (Class C)
Agricultural Fquipmeni Control and Communication Network
PhysicalLayerx refers to a specific version
Physical Layer,250 kBaud,Twisted Shielded Pair
Physical Layer,125 k~aud.Twisted Pair
Physical Layer,250kaudTwiisted Pair wit Ground
Physical Layer. IMBad, Fiber Optic
Physical Layer.50 k~aud, German Agricularal
CAN 29 Bit Identifier Data Link Layer
Network Layerx referstoaspecific versiM
Truck + Bus Network Laycr
Transport Layerxrefers to a specific version
Session Layer, x refers to a specific version
Presentation Layer.x refers to a specific version
Application Layer, x refers to a specific verion
Truck.Bus.Agricultural and Construction Equipment Application Layer
Virtual Terminal
Application Layer-Diagnostics
Network Management
Tractor-Trailer-interface

\1 9G99G9/

MI011UCG DD)

PIN# Assignment

1 discretionary
2 BUS + Une of SAE J1850
3 discretionary
4 Chassis Ground
5 Signal Ground
6 discretionary
7 K ine of SO 9141-2
a discretionary
9 discretionary
10 BUS - Uneof SAE J850
11 discretionary
12 discretionary
13 discretionary
14 discretionary
15 L Line of ISO 9141-2
16 Unswitched Vehicle Battery Positive

Note. Assgnment of pis 1.3, 6, ,9, 11, 12,13, and 14
Is ell to the discretion of 10e vehicle manufacturer

FIGURE 22.10 SAE J162 diagnostic connector

SAE J 1939
SAE 19391/01
SAE J 19392
SAE J 1939/i1x
SAE 1939/11
SAE J 1939/12
SAE1939/13
SAE J 1939/14
SAE J 1939/15
SAE J 1939/21
SAE J 1939/3x
SAEJ 1939/31
SAE J 193914x
SAE J 1939/x
SAEJ11939/6x
SAE J 1939/7x
SAE J 1939/71
SAE J 1939/72
SAE J 1939/73
SAE J 1939/81
SAE11939/??

! I
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2. Inwerface according to the LSAE1850 (Class B Da VConnunicaiNetwork beface):
The SAE11850 defines means and methods for serial data exchange for autonotive appi-
ation at the physicaland data link layer of the OSI model It is usedfornetworkedss-

tems and for diagnosticpurposes.
Two implemenaLtions are characterized: pulse-width modulation (PWM) at 41.6 kbps

transmitted on twistedpair wires, and variable puke-width modulation (VPM) at 10.4
kbps, transmitted onasingle wire 2

A generic scan tooasmentioned.therefore, has to handle the three different interfaces.
A new protocol, Keyword2000, is prepared by the ISO comminees. It is supposed to com-

bine the protocols that have been used up to now.
With the introduction of more and more diagnosticfunctions and networked systems in

the vehicle, the functional structure will he modified (Fig,22 1),

FTGURE 22.11 Loical strucure forfturdianos.

A diagnostic processor on top ofa hierarchical structure of functions has access to every
system via the network.t 1can request status information of the functions of the levels below,
or of the sensorsand actuatorsand receiveswarningmessages if problemsare detected by the
self-diagnosis of the different subsystems.The diagnostic processorservesasaman-machine
interface to the driver and as a gate to the outside.It is the only secure access to the entire sys-
em of the vehicle.

GLOSSARY

CAN Controller Area Network (standardizedprotocoldeveloped by Bosch fornetworked
systems).

CARB Califrni Air ResourcesBard

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



(ON- AND OFF-BOARD DIAGNOSTICS 22.19

CD-ROM Compact disk read only memorya data storage medium.

DIS Draft International Standard.

ECU Electronic control unit.

EGR Exhaust-gas recirculation,

EPA Environmental Protection Agency.

Freeze frame Faults stored toetheri Ith ious reled parmeers

HC Hydrocarbon,

ISO International Standardization Organization.

SO 9141-2 Standardizedprotocol for data exchange between ECUs and testers.

Lambda controller Electronic system for controlling the air/fuel ratio

Lambdasensor Asensorforair/fuelratio(oxygensensor)

MIL Malfunction indicator lamp (indicates emission-related faul.s to the driver).

OBDII On Board Diagnostics II.

Off-board diagnosis Diagnosis performed by means outside a vehicle.

On-board diagnosis Diagnosis performed by means within a vehide.

OSI Open System Interconnection.

PC Personalcomputer.

PWM Pulse-width modulation.

RS 232 Standardized data link (hardware).

Scan tool Small tester that can be connected to the diagnostic connector to interrogate
emirssion-related fault codes.

SAE Society of Automotive Engineers,

TDC Topdeadcenter.

Terminal onnection to a signal related to ignition timing.
VAN Vehicle Area Network (French proposal for network protocol).

VPM Variable pulse-width modulation.
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CHAPTER 23
PASSENGER SAFETY
AND CONVENIENCE

Bernhard K. Mattes
Eleinal Engieer
Rober asch (b//

23.1 PASSENGER SAFETY SYSTEMS

Electronicallycrontrolled passenger safety systems, Such as air bags, seat belt tensioner, and
rollover sensor systems.help toavoid injuries or to reduceinjury severity in anaccident. If the
passengercompartment cell is not too heavily deformed, then thesesystems are effective in
minimizing the acceleration or load forces acting on the vehicle occupants. During a rollover
accident, therollover protection system helps provide the necessary survival space.Inan open
vehicle, a rolloverbar,as well as protection elements such as extending headrests behind the
rearseats, considerably increase occupant safety.

Such occupant protection systems are also classified as passive restraint systems,since (e
protective function isindependent of any active contributionbythepassengers

23.1.1 Air Bag and Seat Belt Tensioner Sensor Systems: Principle Sensor
Function and Timing Sequences

The functional components of electronically controlled air bag and seat belt tensioner initia-
tion consist of crash detection sensors.signal processing, squib triggering,and system moni-
toring.Whereas a vehicle ina crash situations rapidly decelerated by contact with an external
obstacle, the occupants continue to move forward until restrained or contact within the vehi-
cle occurs (steering wheel,windshielddashboard,or other rigid structural parts).Air bags and
seat belt tensioners are designed to reduceimpacts of passengers within the vehicle

The igniter (squib) activates the pyrotechnical inflator used for both air bag deployment
and seat bell tightening.Thesensor range comprises an angular sensitivity of '3' to the Ion-
gitudinal axis. Normally, electronic sensorunits contain one or more accelerometers with
main sensitivity along the longitudinal axis.

Crash conditions demand a timely activation of restraining devices.11 isequally important,
howeverthat they arealso released only when required.

Depending on the kind of collision (Irontal, oblique.oset, pole, underride, etc.) the trig-
gering time must becalculated correctlyso that the allowed forward displacement will notbe
exceeded by the time the air bag is inflated or the seat belts are tesioned.

23.3
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23.4 SAFETY, CONVENIENCE.ENTERTAINMENT, AND OTHERSYSTEMS

In most casesthe allowable forward passenger el with an ui bag system is 12.5 cm (5-
inches rule). For seat belt tensioning systems. the acceptable disAlacement drops to about I
cm. Approximately 30 rim are required to inlate airbags.and the time required to tension a
seat belt with a pyrlechnically activated seat belt retractoris approximately 10 ns.Thustrig-
ger commands must be given by the time the maxirnallyallowable forward displacement ill
be reached minus the activation time of the respective restraining device Effective injury pre-
vention requires timely firing based on detection of acceleration or deceleration crash signals
and their processing by the crash discrimination algorithm or electromechanicalsensor.

Different crash-sensing schemes are shown n Fig23.1.

1 MediankAi crash sensor

2 ELeciroiccrash sensor

3 Wamng lamp

3- 5 .3 ---- 5 4 Drier aibag
4-- .6 4- -2+6 5 Passenger aitbag

6 Dianosts
eawgy resewv
(saling senso)

Mu paint aec- Snge point
mechaic sensing eteconic sensing

FIGURE 23.1 Crash-sensing schemes-

23,1.2 Multipoint Electromechanical Sensing Systems or Distributed Air
Bag Systems

A distributed air bag sensing system or multipoint electromechanical sensing system consists
of two to four electromechanical crash discrimination sensors, strategically mounted in the
vehiclescrush zone, plus an additional arming sensor mounted in the passcngercompartment
inside an electronic control unit including diagnostics, energy reserve, and voltage converter.

Sensors. Two typical types of electromechanical sensors are based on the ball-in-tube
respectively or the rolanite principle.The function of the ball-in-tube sensor is shown in Fig.
2312.A ball held in position by a permanent magnet begins to move if the inertial force acting
on it due to the vehicle's deceleration exceeds the magnetic restraining force. A narrow air
gap between ball and tube results in viscous airdamping and integration behavior of the rel-
ative motion. Upon reaching the other end of the tube, the gold-plated ball closes a mechani-
cal switch.

(losure of at least one of the sensors located in the vehicle's crsh zone and simultaneous
closure of the arming switch inside the passengercompartment d rectly connect the igniters
to battery plus and minus and initiate air bag deployment.The two-staget pssenger inflator is
ignited in series.A transistor turnsontheignition current for thesecond stge approximately
10 to15 ms after the first stage.This delay time provides a softer passenger bag inflation and
slower pressure increase inside the passenger compartmen.

Such electromechanical spring mass sensorsobey second-ordcr differential equations of
motion. Parameters likerestraining magnetic force, damping factor. mass of the ball and
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FIGURE 23.2 Bai-ube sensor,(CounesY Breed Terimlogi1sr1'nc

travel distance determine the sensor's dynamic characteristics nd have to be designed
according to the vehicles crash behavior

lhe function of the rolamite sensor is as follows.A sheet metal spring band wound around
a metal cylinder keeps the roller in its rest position as long as the retaining spring force is big-
ger than the inertial force acting on the roller cylinder. The rolling of the cylinder over the
convex guide is thus kinematically constrained by the guide and the spring to translation
along the guide's surface. After having reached or exceeded a specified travel distance, the fir-
ing contact is closed.

Normally, the arming sensor inside the diagnostics and energ) reserve module is of the
same type as the discriminating sensors used in the crush zone.

The advantage of such systems is that the discriminating sensors can be installed in front
end positions where high acceleration amplitudes can be sensed in early stages of impact. Dis-
advantages range from no crash prediction capabilities, no sensor "stuck open" indication in
the field,high cost and installation expense,as well as no seat belt lensioner function.

Diagnostics and Energy Reserve Module. A system readiness indicator is legally required
for air bag-equipped vehicles (with the exception of all-mechanical systems).This means that
air bag system-readiness has to be constantly monitored. Electroric diagnostics and energy
reserve modules periodicall perform the following diagnostic functions:

Monitor This diagnostic function includes the following checks:

* All ignition loops for too high or too low resistances
* All ignition loops for leakages to battery plus or minus
* External crash discrimination sensors for continuity (there is a d:agnostic resistor in paral-

lel to the contact),for cable harness short circuits to battery plus rground,and for too long
contact closure (longer than I s)

* Internal arming sensor for continuity and for too long contact closure
* Warning lamp output for shori circuits to battery plus or minus and for interruption
* Energy reserve capacitor(s) for correct voltage(s) and capacitance(s)

Control, This diagnostic function includes the following checks:

* Battery supply for too low and too high voltage
* Internal regulated voltage inormally= 5 V) for too low or too high level

Diagnostics interface for short circuits
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After the initialization phase at power turn-on, the folowine checks are done once:

* RAM, ROM.EEPROM-read check
* Watchdog check
*Output transistor check for 2d passenger stage (if it exists)

Each fault type is characterized by a special fault code and stored into EEPROM after being
judged as faulty here are different modes of fault assessment and different degrees of fault
tolerance.

Fault Clock. State-of-the-art diagnostics and energy rese e modules have one fault
clock countingthe elapsed time of the faults total.But thereare alsomoduleswithindivid-
ual fault clocks for each fault type.

Storage capacity of the fault time counter normally includes So0 to100 with a time reso-
lution of I to 5 min.

Crash Recorder The sequence of crash-relevant events like closure of discriminating
sensors,arming sensor, battry oltaglevel,energy reserve vollage, turn-onof powerstages
(if existing), can be stored in the EEPROM.This can be done in the form of time-discrete
snapshotsof systemconditions for approximately10to20 msbefore and approximately30

to30msafterdeployment.Advancedcrash recorders also store acceleration and deceleration
values of sometime period before and after the firing moment. This is done toget informa-
tion about impactenergyofreal-world crashes.

SerialLDiagnosicnerace. EEPROM content (type of unit, fault codes, fault time, crash
recorder) can beretrieved via a bidirectional diagnostics interface, Initiation of communica-
tion~diagnostics conceptandsoftware depend on the car manufacturer's requirements.

Energy Resere andVorage Converter If battery supply is lost in a crash,ignition func-
tion and crash recorder storage is maintained by the energy reserve. This backup supply is
performed by oneor more capacitors (acting asenergy reservoir(s).For theignition loops,the
energy reserve is wired or with vehicle battery voltage. For the monitoring circuits part, the
energy reserve is switched on to the voltage regulator inputin cas of too low battery.Survival
time of such components ranges between 0.1 and 1 s,

There are systems with an individual energy reserve for each ignition loop as well as one
for the monitoring circuit. In such systems, there is no loss of function for the rest of the igni-
tion loops and the crash recorder if one loop gets short circuited in a crash and its energy
reserve capacitor is discharged.

A step-up converter keeps the energy reserve(s) charged up to voltages nominally higher
than battery voltage (eg.,CE1 V 22 V to V. = 35 V)

23.1.3 Single-Point Electronic Sensing Systems or Central Air Bag
Systems

With single-point electronic sensing systems (or central air bag systems), the electronic con-
trol module is located in thepassenger compartment. There are no external sensors in the
crush zone. The electronic circuitsincludeacceleration sensors, signal-processingalgorithms,
diagnosticsoutput stages,energy reserve.and voltage converter.

Historical Evoluion. Production of single-point sensing electronic air hag units started in
190. Thisfirst concept used a strain gageacceleration sensor and a mercury switch as "arm-
ing" or "safing" sensor. The signal processingwas performed by analog integration of the
acceleration signal and resulted in a value related to velocity change during the impacta so-
called Av-value.

If Av exceeded a vehicle-specificallysetthreshold and the mercury switch was closed, then
the restraining devices were triggred.The firstsystems comprised three electronic components:
sensor.analog circuitryand diagnostic unit"voltage converter unitand energy reserve unit
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In the beginning of 1987.another analog integrating system went into production and con-
sisted of two electronic components: sensor and diagnostic unit, and voltage converter and
energy reserve unit. This was the first air bag sensor system based on using a piezoelectric
accelerometer,and contained a microcontroller only for monitoring functions.Storage of fault
codes, fault clock, and crash recorder in an EEPROM were included as well The unit was
designed for triggering the driver air hag.as well as the driver and passenger belt tensioners.

Mid-1987 marked the production sart of the first air bag sensor unit with a digital single-
point sensing algorithm. With this systerm, all the functions could be integrated into one box.
Figure 213 shows a block diagram of this unit.
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For rediundancy aainstinadvertent de-
pliylent, this uit wasa two montroler
design(parallel processing) and containeda
mercury switch as armaing sensor. In 99, this
mercury switch was replaced by a reed switch

Current Sysems The key features of a sin-
gle-pointair bag electronic control unit
(ECU) are the accelerometer, the digital sin-
gle-point sensing algorithm, the degree of
Sfunction availability, the safety aItainst inad-
vertent release,and the degree of fault toler-
ance of the system.

Elecronic Accelerometers.
Piezelectriccceleromers Current ac-

celerometers have been upgraded and are
robustagainstelectromagnetic interferences.
Dual-channel accelerometers exist thatdeliver
differentialmode output signals and offer the
posiblity to design all-electronic airbag'20mn' ECUs and remove the need for theuntestable
mechanical armin sensor. Inverse polarity of
the sensor signals allows the unit to distin-

FIGURE23.4 Pietolecarc acelIeromcLr BSA 6. guish from comnon mode signals whichcan
result from electrical disturbances. Figure 23.4
shows a dual-charnelaccelerometer.

Diagnosis of the electrical function of these sensors can be performed after initialization,
and, thus, function reliability and system readiness are monitorable. Other piezoelectric
accelerometers contain mechanically deflectable sensing elements, (e~g.by piezoelectric actu-
ators).for verification of system integrity.

MicronamcidnedW ' acelfromers. Micromachined accelerometers can be mounted directly
on the printed circuit boardThe required interface circuitry is included on the same chip with
the monolithic capacitive accelerometer High linearity is guaranteed by closed-loop opera-
tion. This means that the movable beam is always electrostatica ly centered by a feedback
voltage proportional to deflection (=acceleraiondeceleration).Themeasurement range is
±50 g.For self-test.the functional beam is electrostatically deflected.

Single-point sensing algoritio. Different types of digital crash-sensing algorithms are
currently in use.The samplingrate of the acceleration signal varies between 0.5 and 1I m.

Mathematical manipulation of the crash signal (differentiationmultiplicationintegration)
and release threshold variation by software allows an early discrimination of different impact
types (frontal, oblique, offset, pole, underride). Furthermore,application of the appropriate pre-
diction model for forward displacement and determination of the correct trigger point is possible.

Digital sensing algorithmsincrease the possibility both to detect problem crashes such as
underrides with perceiveddamage, and to distinguish between deployment and nondeploy-
ment impacts.This showsa dislinct improvement over hardwired analog integrationsystems.
The digital approach allows the end of line programming of sensitvity parametersfordiffer-
ent car models.Thus sensitivity parameters areprogrammed into the EEPROM of the micro-
controller which allow the use of the same ROM-mask for differentcar types.

Electroniccontrolmodies. Today,state-of-the-artECUs usea one-channel acceleration
sensor and an arming sensor in series to the output stages. Such units are a mix of electronic
and nechanical control.The first all-electronic single-point sensing ECU went into produc-
tion in mid-1992. This module incorporated a dual-channel electronicaccelerometer and no
mechanical safing switch.Figure 235 shows theblock diagram of a state-of-the-art electronic
control module.
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AC-firing. Normally squibs are fired with a de puse (dcfiring).The first unit with ac-
firing went into production in mid-1991 With ac-firing there is a capacitor inside the squib
connector in series to the squib. This capacitor is periodically charged up and dischargcd so
that a firing is only possible with alternatingcurrent (ac-firing).

AC-firing was introduced because of faults occurring in the vehicle periphery (outside the
ECU). Typical faults consist of short circuits in the air bag module (= squib + inflator + bag +
cover) by metal (splinters), defects in the contact unitfor the driver air bag (= clock spring).
and short circuits in the harness.Igniters are very sensitive to short current pulses (3 A for 60
ps can be sufficient to fire the air bag)

The main benefit of ac-firing is an immunity to all short circuits to dc-vehicle voltages with
and without the ECU, as well as immunity from inadvertent deployments with all types of
static ECU defects.'The danger of false triggering is reduced because the push-pull output
stages can only fire if activated with the correct asynchronous sequence of pulses by the
microcontroller. A microcontroller disturbance inadvertently producing such a pulse
sequence is highly unlikely.

A disadvantage of the current ac-firing system is the more complex ignition loop diagnos-
tics required in [he ECU.These diagnostics have to monitor the resistance and capacitance in
the loop

23.1.4 Rollover Sensors

Convertibles can overturn in almost any direction (although a backward turnover around the
lateral axis is riot very likely). Thus a rollover sensor unit has to sse in practically every
direction in the horizontal plane.The kind of sensing and the signal evaluation times arethe
differences between rollover and air bag sensor units. A rollover acc:dent has to be detected
within approximately 200 ms; the activation time of the mechanical protection device takes
approximately 300 ms.
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he followine rollover sensing coneptsarused The first concpt (UR8= herrollse-
\s) went into production in 99omnidirectional tilt switchI Ic ojUionith rear-axle
switches, andloneitudin1al andt lacceleroietes.Th ies arc h ine onesas used for air
bag ECUs.

The till switch consists of a rockerc linder with a permnent magnet mouitied on top. A
Hall-ICplacedinth f the the switchsense rocker cylinders positionlTie dicninlatiion
threshold can e adjusted to the desired ale.g .221)

Rear-es itches openif onoe o thholl 1 Iax of the veh I icJe completely unloaded,
[his1means that a potential vehicle iollver is tidicalebnd a\ Jir borne wheel.

The sistem cannot release the rollver protection deice eg .the rollover bar) if the
IrepLL1ctive rear wheel cannot move any more because_ Of a flldrdf orfled during impact.T
avoid t ,isand for redundancy purpose,the sensor unit alsosen sil ie)st acceleration in every
hoizota4 lirection ft contaialo igipitudilnal and alte r11 pileDciric accelerometer
whose sinls aresquredandadded Exceeding the releasetheshold of approximately 5g
causesactivationofth1eroloerprottionc lement(s) loced behindthe rear seatsDissein-
sor alsounlocks the central locking sstem after a vehlek rollover.

Rear-axle switches are onew a providea redundant signal for the rollveindication
Another sstem URS8 L/roll-S'hla1-Svs i bn) is on acombnation thre "spirit

le elisors opticalYlycl \ d EDs and photot anslstoihtbarries 0anda vertical
gravittionsw1i1tchningoaagnletaspring, ald a red cotact

Twoo fthele eld sensofrsare mounted ±52 to the horizontal pane andese overturning
Ioundtill vehice's longitudinal axi They also close if an acceleration graiter than 1. 3 is
ce Tedf orlofr than8i0 nisT 1third-level sensoris Inclined by 80' to the hozontal plane

andsense overturni aound ( lateralaxisin the forward directionThissen1sor closes for
anaceleratiekeeing57 g for more than NOnis.

The reed cInet atin the vertical acceleration switch is closed after the vehicle loses ground
contact, ince it is no longer possible to sense gravityi n the vehicle if it is airborne. Tus, a
spring itharestoring force of approximately 10 perteln t 't 11o1 f mget's normal weight is
enough to move the magnel over the re d contactnc ausits c lurT he oller protec-
tion is then Activated after a delay app mate y310is Th! actlvation can be initiated
either b one of the levelsensors or b lvertical ccedltionswitch

A reiase of the rollover protecion equipment in (ihease of a backward turnover around
the vehiclea tealaxis would rquTirea nadditional fourth-level sensor in the sensor unit.

23.1.5 Tire Pressure Control Systems

iresmust have the correct pressure in order to provide expected driving performance like
thetransfer of high breaking or lteral adhesion forces to the road surface. They nust have
good aquaplaning properties, which also depend on the tire pressure. In addition to saiy
considerationsimproved economy can be expected since low tire pressure generally
increases rubber abrasion and fuel consumption.

Electronic tire pressure control systemsalertthedriverincaseofpressureloss.Lwpres-
sure indication is performed using a reference pressure switch mounted in the rin which com-
pares the tire pressure with the reference pressure in a box hermetically sealed by a
hligh-grade steel diaphragm. A contact opens if tire pressure falls below the reference pres-
sure.T hmperature dependancy of the pressure switch is negligible since the temperature of
tire air is practicallyidentical totemperatureof referenceas,

A ligh-frequency sensor nounteld on the axledetects if the pressure switch is closed, At
each pass.the closed pressure switch contact activates a serial resonance circuit by energy
absorptn out of the ale-mounted liigh-frequency transmitter. So, rotation can only be
sensed if the tire pesre is high enough.

An ECU lo each wheel compares transmitter signal with wheel rotation signal of a rota-
tion sensor. As there is a defined relation between these signal anyd eirepancy within a
specified driving distance can be detectedand tihe driver warned,
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23.2 PASSENGER CONVENIENCE SYSTEMS

23.2.1 Electromechanical Window Drives

Thcreare three different systems currently in use,

Liftl echanism System. An electric gear motor drives a spur gear meshing in a gear seg-
ment.This segment acts on the window lift mechanism.

FlexibleCableSystem. An electric gear motor drives a system of flexible cables to lift the
window.

Stiff Cable System. An electric gearmotor is connected with the window via a tension and
compression stiff cableThis cable is driven by a toothed wheel,

lWindow Lift Motors. The limited space inside the door requires window lift motors with a
flat design. The lift mechanism consists of a self-locking worm gear system, which keeps its
position if not intentionally activated and which must resist trials to open the window by
force.An elastic claw clutch provides good damping behavior.

Window Life Controls. Activation isperformed usingrocker swiches,
Best driver comfort results from a combination of windowdrives and the central door-

locking system. Here the windows are either automatically closed after leaving andlocking
the vehicle, or they are driven to a designated ventilating position. Such an automatic system
requires the use of a driving force limiting or jamming protectior.This protection must he
effective duringupward motion of the window within a range of 200to 4 mm before the upper
window stop.

iamming force must not exceed 100 K and the rise of force must remain less than 10
N/mm Hall sensors monitor the rotation speed of the lift motors. If a speed decrease is
detected, the rotation direction is immediately reversed. A complete window closure is
enabled by turning off thejamming protection just before the window is driven into the door
gasket.Thusthe motorcan be drivenjust to blocking (if necessary,. On this occasion,initial-
ization of the window position is done.

An ECU for all window lifts can either be mounted centrally.or the electroniccontrols can
be integrated into the window lift motors in order to save harness expense Such drives would
be preferable when used in conjunction with bus systems

23.2.2 Electromechanical Sunroof Drives

State-of-the-art sunroof drives incorporate the functions of a lifting and sliding root Lifting or
sliding motions are initiated by electronic or electromechanical controls. Electromechanical
controls include mechanical interlocks of limit switches which allow thec osed sunroof toh e
opened or lifted. Reversing the polarity of the drive motor lower or closes an opened or
lifted sutroof In case the sunroof control is connected to a cntral lockingsystem.thenan
electronic unit with jamming protection would beadvantageous

Additional functions such as preselectable position control,closing if demanded by a rain
detector,and data bus connection can be realized with low extra expense.

The permanent magnet drive motor has a rated output of approximately 40W and iscou-
pled to a worm gear unit. Sunroof motors have a thermal overload protection implemented
by thermal circuit breakers. The sunroof is moved either by flexibl: cable drives or by con-
tractiontension-stiffcables. It must he possible to close the sunroof using simple on-board
tools in case there is a failure of the electrical system.
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23.2,3 Electromechanical Seat and Steering Wheel Adjustment

Electricallyadjustablesealsareespeciallywellsuitedfor vehicles frequently driven by differ-
ent persons of various size. After each driver change, the seat can be adjusted to best fit the
newdriver's requirements.

Up to five motors per front seat allow the following position changes:heiht adjustment of
front edge of seat plane, height adjustment of rear edge of seati plane, longitudinal adjustment
of seat, tilt adjustment of back rest,and height adjustment of hedrest.Electric motors drive
gear units via flexible shafts for longitudinal and vertical adjustments of the seat.

There are seat adjustment controls currently on the market with programmable non-
volatile memories, allowing a readjustment of the seat to positions stored in the EEPROM.
Adjustments of the external mirror and the height of the seat belt guide can be programmed
as well, according to individual demands. Furthermore, seating comfort in passenger cars is
improved using electromechanically adjustable steering columns and tiltable steering wheels.
The adjustment is performed via a self-locking gear unit with an electric motor and is inte-
grateddirectlyintothesteering column. Adjustment can be achieved by manual activation of
a position switch,or by connection to the programmable seat memory unit.

23.2.4 Central Locking Systems

Central locking of the doors, trunk lid, and tank cap is done either by pneumatic or electro-
motor driven actuators.

With the pneumatic system a bipressure pump provides the over- and underpressure to the
system.To achieve this, the pump is driven by an electromotor in both rotation directions.The
system can be operated from different locations central position switch driver door lock,pas-
senger door lock,and trunk lid lock.

All-electric motor-driven central locking systems are based or the same concept.A small
electric motor with reduction gear drives to position a bar for cloing or opening the lock.

In case of power loss, it must be possible to open the doors with the mechanical key or with
the internal door handle. On central locking systems with integrated theft alarm, opening is
only possible with the mechanical vehicle key.

There are central locking systems which can be operated by ultrasonic remote control
These systems offer keyless closure or entry and thus high operational comfort.

23.2.5 Reverse Parking Warner

Thesystem consists of an ECU, LCD, and sensors, It is equippe ithultrasonic transmit-
ter/receiver sensors using the echo depth sounder method. Bursts of ultrasonic waves at
approximately 30 kHz are transmitted for 30 ms.The travel time of the first echo signal gives
information about the distance to the obstacle.

Upon shifting into the rear gear, the system is activated and completes a self-check by
turning on all display characters for a specified short time period and checking the ultrasonic
sensors. A space up to 0 to 160 cm behind the vehicle is observed and divided into different
warning sectors.The most critical distance is an obstacle within 30 cm. In this case. the optical
display flashes and the acoustical warner gives a permanent signal.

23.2.6 Emergency Light Flasher

An ECU turns on the blinking lights.Synchronous flashing of all binkers of a vehicle must be
possible with the ignition turned on or off A specific control lamp to indicate the status of the
emergency light flashers must be included inside the vehicle. Usually this lamp is integrated
into the onoff switch.
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GLOSSARY

Accelerometer inetial deflection of this sensing element results in an electric signal pro-
portional to acceleration or deceleration of thevehicle.

Airbag Gas-filledcushionforimpactenergyabsorptionotvehicleoccupantsduringacrash

Allowable forward displacement Forward displacement of the ocupont which is allowed
before the restraining device has reached its full protection capability.

Arming sensor An electromechanical acceleration switch integrated in the electronic con-
trol unit located inside the passenger compartment Activation of the restraining device is
only possible if the arming sensor completes the triggering circuit.

EEPROM Electrically erasable and programmable read only memory

Energy reserve Backup power supply for the restraining system in case of battery loss.

Forward displacement Forward travel of the occupant during a crash which occurs until
there is contact with the restraining device orvehicleinterior,

HallIC Integrated circuit containing a Hall sensor plus appropriate evaluation circuitryThe
Hall sensor delivers an electric voltage proportional to the magnetic field strength by which it
is affected.

Igniter Electrically activatedinitiationelementfortfiring ofaninflator.

Inflator Gas-producing unit for air bag inflation or activation of seat belt tensioner.

Piezoelectric Materials, e.g.,special ceramics, which have the capability to convert nechan-
ical deformation into electric signals (voltage and/or charge and vice versa, are known as
pieioelectric materials

RAM Random access memory.

Reed contact Mechanical,magnetic-field-sensitive switch,hermetcally sealed inside a glass
tube.

Restraining device Air bagseat belt,and seat belt tensioner

ROM Read only memory.

Saingsensor Anotherexpression for aringsensor

Seat helt tensioner Pyrotechnically or spring-activated device to tighten the seat belt during
a crash.

Squib Electrically activated initiation element for firing an inflator (another expression for
igniter).

Voltage comerter Electronic device to keep the ener reserve charged tip toa olitage nor-
mally higher than batter voltage.

Watchdog Electronic circuitfor checking the correct flowofthe icrocontroller program.
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CHAPTER 24
ANTITHEFT SYSTEMS

Shinichi Kato
Manager, Electronics Design Section No.
Nissan Motor Co, Ltd.

24.1 VEHICLE THEFT CIRCUMSTANCES

24.1.1 Vehicle Theft in the United States

In the United States, the number of thefts from vehicles exceeds the number ofactual vehi-
cles stolen. A much larger profile is given to stolen cars, however. ecause of the economic
losses suffered by car owners and the tie-in with stolen cars and drug abuse and other crimes.

The number of vehicle thefts in the United States has increase] continuously to a 1991
level ofapproximately 1.7 million.The ease with which thefts can be carried out,the light pun-
ishments given to car thievesand the ready availability of car theft tools and information on
how to use them, has led to a systematic network of organized car -rimes and the establish-
ment of black markets for both stolen cars and parts

24.1.2 Vehicle Theft in Europe

By 1992, the number of vehicle thefts in France, Germany, and the United Kingdom totaled
L08 million. a radical 64 percent increase since 1988. The breakdown of communism in east-
ern Europe.adding to the existing black market for vehicles and spare parts, the trend toward
joyriding in stolen vehicles, andother social problems similar to thse in the United States,
have all been contributing factors in the increase.

24.1.3 Vehicle Theft Worldwide

The United Kingdom has the largest incidence of vehicle theft followed in order by Australia,
Sweden, the United States, and France.

24.1.4 Reasons for Vehicle Theft

The reasons for vehicle theft vary from country to country and between different areas of the
same country. In the United Kingdom and Australia, for example, joyriding is the cause of
most auto thefts.In the United States, on the other hand. the theftof vehicle contents ranks
highest.

24.1
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24.1.5 Methods of Entry

In the United States,"slm-jims" (isimilar dcvices to unlock car doors and gain entry are the
most popular among car thieves.Vehicle contentscan then beremoved or the steering lock
broken and the vehicle hot-wired and driven awayTheusc ofoughly ground ceramic has
recentlv gained popularityovertraditionalmethodsofbreakingwindowssuchashammersor
spring-punches becauseof ceramic's ease of use and lack ofnoise when used.

With the advent of keless entry systemsdevices totsteal"lhecode while the driver oper-
ates the keyfob and transmit it back when the thief chooseshave been developed and readily
available to the aspiringthief

24.2 OVERVIEW OF ANTITHEFT REGULATIONS

The total cost to the ubicofvhiethefts in the UitedSites alone is estimated at $8.3 bil-
hon per year, taking into account the vehicle and insurance losses and the expense of police
time.Due to these economic pressures and spiraling vehicle-theft-related crime, regulations
are now beintroduced to help protect the vehicle-buying publcandinsuranc companies.

24.2.1 Vehicle Security Regulations in the United States

Three ipes of vehicle security regulationsexist in the United Sties

* The vehicle must be fitted with an audible warning that operates when the ignition key
remains in the ignition and the driver's door is opened.

*A s vehicle theft is not consistent among vehicle types and different areas of the country.11
states (Florida, Illinois, Kentucky, Massachusetts, Michigan, New York, New Jersey, Penn-
sylvania, Rhode Island,Texas,and Washington) have introduced regulationstodeduct5to
I percent from insurance premiums if vehicles are equipped with certain antitheft systems.

*The Vehicle Theft Act(1986) makes it mandatory for vehicles with a particular theft rating
or above to have specified parts of the vehicleclearly marked

Although this places acost burden on car makers, they do not need to mark parts on vehicles
they equip with antitheft systems approved by the National Highway TrafficandSafety
Administration.

24.2.2 Vehicle Safety Regulations in Europe

The United Kingdom. In an attempt to improve vehicle secuity, insurance companies in
Europe define the effectiveness of individual antitheft systems. For example, in the United
Kingdom, Thatcham (a survey division of the Association of B-itish Insurers) classifiesall
vehicles with regard to their antitheft worthiness. This is done oi a points basis. with points
awarded as shown in Fig.24.1

Effective in 1994,Thatchan criteria indicate that the two mest important attributes of a
vehicle security system are a two-way mobilizer to prevent theft of the vehicle and interior
sensors to deter unauthorized entry and theft from the vehicle. Any vehicle judged to have
adequate antitheft devices gets significant savings on insurance premiums, thereby offering a
powerful incentive to car buyers.
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89 points: I
2 0 poi fis

20 ponns
20 points

40 points

0Electronic parmmmo izer(6 50

O etrn.L o h in.z 0 0 , tool a cess20)

O.Ign lock good(40) Door lock secunt(20)

Dead Lock(40) Door lock suppoat(20)

Lock mec access(shielded)(40) Othermensure(89)

FIGURE24.1 UnitedKingdomsThatcham pointsystemwlich a s i poaintstoNariou
antitheLt devices

Germany. In Germany, the country's largest vehicle insurer is Allianz.It announced the pol-
icy detailed in Table 241 wherebyheavyFinancial penalties are introduced to encourage car
owners to ensure that their vehiclesmcct security standardsThese penalties existin the form
of 10 percent premium increases and only 90 percent repayments iorn insurers in the case of
a stolen vehicle that has no antitheft systems. As in the United Kingdom, the application of
antitheftsystems is likely to spread as more customers demand more secure vehicles from car
makers.

TABLE24.1 Allianz Insurance Company Antilieft Policy

Timing Scope Antitheft svstetr impact noncompliance

07/01/93 Vehile to be ited with Immobilizer step 1: In case of theft claim,
aftermarketsstem interrupt at least 3 systems customer only gets back 90

*Starter circuit percent of car value

*Fuelsupply
*Ignitionsystem
* Other system

01/01/95 Standard fitment for all Immobilizer step 2:engine
new registrations management operation

(electronic code)

24.3 A BASIC ANTITHEFT SYSTEM

A basic antitheft system. Fig. 242, must do three things: sense unauthorized entry into the
vehicle or unauthorized movement of the vehicledetect unauthorized attempts to start the
vehicle or to disarm the alarm system, and upon detecting any unauthorized act actuate an
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C:] C Uniauthorized entry

Sensors

Input I nput
Control -

Method of arming

Door lock with key

Remote door lock

Key with transponder

Delqyed arming after

ignition is switched 'off'

Hiddenswitch

Method of disarming

Door unlock with key

Remote door urJock

Key with transponder
Hidden switch

G
Method osensing

D Door jam switch

* Hood Switch

Trunk switch

Door unlock detect
switch
Key cylinder switch

Invader detect

Sensor by ultrasoniu
or radar
Sensor for broken
window glass
*Cfr in vehicle
attuce Sensor
Vibration sensor

*ID check signal

Alarm

Flashing headlamps
lHazard flashers
Horn

Siren

Pager

Irmmobilization

Starter cut
Fuel pump

13nition
Engine control

FIGURE24.2 Thebasicstructureofoanntitheftsystem.

alartoand inhibit the vehicle from starting. Many vehicles now include visual indication in the
form of stickers or flashing lights to indicate that they are cquipped with anantitheftsystem

Antitheft systems use active and passive armng systems.In an active system, the drivercani
arm the system with an ultrasonic or infrared keyfob orby throwing a hidden switch. In a pas-
siVe arming system. operating the door key switch tomatically trms the system when the
driverleaves the vehicle. Insurers in the United States feel that the passive system is more
effective and.consequently give a larger insurance premium deduction for vehicles equipped
with such systems.Two thirds of all vehicle security systems are passive, while amost all fa-
tory fit systems fall into this category
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24.3.1 Unauthorized Entry Detection

A \tmperswitch detects any abnormal forces applied to the door and trunk lock key cylin-
ders, while make-break switches sense opening of all apertures. Ultrasonic beams inside the
vehicle can detect the vibration fron broken glass ormovement within the car. The trigger
level of theseunits is particularly sensitive, because too low a level can lead to false alarms.

24.3.2 Alarm and immobilization

Alarm activation is indicated by the sounding of the car horn or siren combined with the
flashingof the vehicle'sheadlights and taillights.A recent innovation has been the application
of radio pagingsystems to indicate stolen vehicles.The vehicle isalso immoblizedby causing
an interrupt in circuits vital tovehicle operation such as the starter rrotor,fuel pump.and igni-
tion systems.

24.3.3 A Typical System Example

The following explanationrelates to one of the more popular[veh le alarmconfigurations
shown in Figs.24.3 and Fig.24.4.Abnormal conditions or unauthorized entries aredetected as
inputs fromdoor.hood, and trunk switches, Ignition switch, and ultrasonic sensors. henany
of theseconditions occursthe horn sounds and ihe vehicle's lights lash for a predetermined
period (usually one to three minutes).

A circuit example using a custom integrated circuit is shown in Fig.24A A how chart of the
system operation is shown in Fig.24.5.

Door ILOh- ,- Trnk d udock swjch

Doolockw Door dock sensor Trunk room Inip

Door key cylsnder tunper switch D it wch
Dr Uniock sensor

Door witch

iii e vJnirg cotol lirut .o

4 0Door onrlock senser

0Dor lock switch
o Door unlock switch

Horn IDoor key cyirder amper
\ wttch

-L Horn relay
irirbicor relay - [F] Door vorc sensor

in power door jTheft warning rtjy I- Dear wen
lock Accnor Theftwaming coural0uL (ForUSA I

FIGURE24.3 Cimponent part' and harnes conector loca on for an anti Narnine serfn.
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FIGURE 24.4 Circuit diagram of an antitheft system using a cus-
tom IC.

24.3.4 Immobilizer

Because of the frequency of false alarms activated by oversensitive invasion sensors, vehicles
with alarms sounding are increasingly being ignored by people in the vicinity.Therefore,as a
deterrent to vehicle theft, unauthorized entry detection systems alone are no longer consid-
ered effective by insurance companies.They prefer-and reduce premium reductions accord-
ingly-to have, in addition, an immobilizer to electrically or mechanically disable the vehicle
unlessit is correctly disarmed.

Now that most vehicles are equipped with electronic engine control units, car makers feel
that they provide thebest means for immobilization. This is accomplished with three basic
driver interfaces for arming and disarming (Fig24,6 ):

An ID code input to the ECU by means of a keyboard, which may be separate or combined
with another electronic dashboard device such as the radio
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AnIDsignal transmittedbyrakefoit)receiveranddecodingfilin the vehicle
* An ID signal received fmmnatransponder built into the ignition key

The transponder built into the ignition key is the most recent innovation (ig247). The
ignition key contains a t rapoder device.Areader unit is installed in theve ,hicleclseto the
ignition key cylinder. A power pulse" is transmitted bydtiereader'santnnashortlyate
the ignition key isinTserted into the lock. This power-pulse is receivedasene)(rgy bytIhe
trnspondrand stored in acapacitor. The power ISthenused totIrlinsmianID code sinamlbacktothle readerTere aderdentifies the received si lsuhIzeonoadif autho
ruzed, enables the ECUtostAart the vehicle.
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FIGURE 24.6 Three methods for arming and disarming an
antitheft system.
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FIGURE24.7 A blockdiagram ofa typical antitheft system incorporating a transponder built into the
ignition key and a reader unit installed near the ignition key cylinder.
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CHAPTER 25
ENTERTAINMENT PRODUCTS

Tom Chrapkiewicz
P/zulps Senotu-ndilrs

25.1 FUNDAMENTALS OF AUDIO SYSTEMS

The purpose of an automotive audio system is to present a realistic illusion of a musical event
While this chapter is concerned primarily with automotive audio systems, it is appropriate to
cover some of the basics of audio systems and the human auditory system.

25.1.1 Characteristics of Sound

Sound has a dual nature:i may be considered a physical disturbance in a medium such as air,
or it may be onsidered a pschophysical perception resulting from nerve impulses stimulat-
ing the acoustic cortex of the brain In audiowe are vitally concerned with both.The earitself
determines the quality of sound signals, but the sound is carried to the ear through physical
stimuli. Acoustics is the branch of physics that deals with this transmission of sound in a
medium to the ear.ihe complex relationship process that relates stimulus and sensation is the
field of psychoacoustics.

Basic Acoustics. For sound to be transmitted from one place to another, a medium is
requiredthat haselasticityand inertia. Air has these characteristics, as do other materialssuch
as water,steel,woodetc. When an air particle is moved by something vibrating, it moves,pass-
ing on momentum to adjoining particles as it strikes them.The original air particle is then
pulled back toward its equilibrium position by elastic forces residing in the air. Any particular
air particle vibrates about its equilibrium position. receives momentum from collisions, and
passes momentum on to other particles, which pass it on to others, and so on. Consider a wave
traveling through a pond of water. The wave progresses through the water, but each individ-
ual water molecule remains at (relatively) the same location.The aciual transmission of sound
through a medium is a type of longitudinal wave propagation.

The velocity at which an acoustic wave moves through a med um is dependent on that
medium. The velocity of sound in air at standard temperature and pressure is approximately
344 mis This is considerably slower than the speed of light (3 x 10 m/s)Table 25. givesthe
velocityof sound in different media.

Any audible sound is of an alternating character with a characteristic frequency and ampli-
tude. As this sound moves through the air. it has a particular wavelength, determined by its
frequency and propagation velocity. The wavelength is calculated as:

25.1
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TABLE 25.1 The Speed of Sound in Various Media

Media Speed of sound, s Speed of sound .t/s

Air,21 :C 44 1,12q
Fresh water 1,480 4356
Salt water,21 C, 3.5% salinity 1.520 4,987
Plexiglass 1,800 5.906
Woodsoft 3350 10,991
Fir timber 3800 12,467
Concrete 3,400 11155
Mild steel 5,050 16568
Aluminum 5,150 168
Glass 5.200 17,0t0
Gypsum board 600 22310

f
Thus, a sound with a frequency of 1000 Hz has a wavelength of about 0.344 m.

25.1.2 Characteristics of Audible Sound

Amplitude Range of Sound. Obviously, sounds can he very loud or very quiet Since bhe
range of levelsof sound is so largealogarithmic scale is used.The unit of this measurement
level is the Bel (amed after Alexander Graham Bell).The threshold of hearing is about 20x
10 Pa (I Pascal - I Newton per square meter)yThe threshold of pain is over lJ) Pa.This rep-
resents a ratio of over 5 million. [n logarithmic terms, this ratio if 5 million is log (pl/p2) or
about 6.7. Since one Bel represents a rather large difference, the decibel (or one-tenth of a
Bel) is usually used. So.a ratio in decibels (or dB) is 10 xlog (plIp)Alsosincthe square of
sound pressure is proportional to acoustic power.we use 20 1 l(pl/p2)lThus, the dvnain
rangeas s called, of the human auditory system is: 20 x log (100/20 10 ) or about 134 dB

Frequency Range of Sound. As mentioned, any sound has a characteristic frequency The
average range of the human auditory system is from 20 Hz to 20 k~z.This represents a wave-
length raneof 1.72 cm at 20 kHz to I12 m at 20 Hz. A particular sound does not consist of
all frequencies within this range,but only one or (usually) several frequencies (recall Fourier)
Also, the human auditory system does not respond equally to all frequencies. The human
auditory system is most sensitive at about 3 kHz, Some well-nown frequency ranges are
detailed in Fig. 25.1.

25.1.3 Basic Psychoacoustics2

The Human Hearing System. The human ear is commonly considered to have three parts
the outer, middle,and inner ear."The sound is gathered and modifiedy the pinna, directed
down the auditory canal,and terminates in the tympanic membrane(eardrum),The ear canal
is about 0.7 cn in diameter and about 3 cm long.Notice that a quarter-wavelength of a wave
3 cm long is 2870 Hz, which is near the frequency at which the human auditory system is most
sensitive. The other side of the tympanic membrane faces the middle ear. The middle ear is
filled with air, and air pressure equalization takes place through 'he Eustachian tube opening
into the pharynx (throat) so that static pressure is the same on both sides of the eardrum.
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Fastened to the tympanic membrane is one of the ossicles. The three bones1 of the ossicles
form a lever,the end of which excites the oval window of the cochieaThe cochlea is filled with
an incompressible liquid which carries the sound waves. The cochlea is lined with hair cells
(about 25,000) that send nerve impulses to the brain.The cochlea is basically a mechanical-to-
electric transducer.

25.1.4 Psychoacoustic Phenomena

Localization. In localizing a sound, our ear and brain mechanismutilizes several types of
angle-dependent data.Due to air absorption.there are the amplitude differences between the
sounds arriving at the two ears. Since our ears are 8 or 9 inches apart, there is a time delay
between sounds arriving at the two ears.

There are also differences in the spectrum of the sound entering the two ears. These dif-
ferences are caused by reflections on the pinna and head diffraction It has long beenbelieved
that both ears are necessary for localization, but more recent studies have shown that listen-
ers can be trained to localize with only one ear. Ear canal easurements have shown fre-
quency nulls around 8,2 kHz.This implies a reflected wavewith a delay ofabout 61 ps.In an
audio system with multiple loudspeakersthe ear senses multiple sound sources.The auditory
system uses the timing and spectra clues to localize the apparent sound soures., In addition
to the real sources (the loudspeakers),the auditory system creates virtual sources between
the real sources.This effect is known as imaging.The image (sometimes also referred to as the
sound stage)isused by media producers to enhance the aural experience of the listener.

EchoPerception. As noted previously, time delays of less than hundreds of microseconds are
utilized as localization clues in the hearing system- For delays much greater than this, but less
than about 50 ms, the auditory system integrates the energy,and perceives a fullersound than
without the delaysThe precedence effect refers to the fact that if a delayed signal reaches the
listener from a different direction within50 is of the firstthe apparent sound source isstill in
the direction of the original signa. For delays greater than 50 ms, the listener perceives a dis-
crete echo. Additions ofechoes are uscd in room or hall simulation (seeSec 25.4.2).

25.2 A BRIEF HISTORY OF AUTOMOTIVE ENTERTAINMENT

It Is most curious that the gdesion of both radio broadcasting a id the automobile occurred
almost simultaneously In 1885. Karl Bent produced the first automobile at Mannheim Ger-
many. Itw as poweredbya spark-ignited gsoline engne In 1886 Professor Heinich Het of
Karlsrule Polytechnic in Germany demonsrated the trnsmission of electromagnetic energy
from a spark.

The first automotive entertainmentsy stemw was installed in 1926. illiamM Heina filed a
patent Sept 16,1926, for a Portable Radio Apparatus." It was issued aspatent 9,626.464 on
April 26, 1947,Thc patent made no revolutionary claims, but iterved as a model tor many
future installations Unsubstantiated reports Jnic ate th Radio Aulo Ditibutors and All
Anerican Mohak had offered automotive radios in 1926, lany milestones in radio broad-
casting had aready occurred. In 1910,Rspark-gap transnission tests of the Chalners-Detroit
Motor Car Company and the 1915x perimentsof DeForest and Sarnoff led to the first broad-
cass of the Detroit StationS K(later to becomeW I)on Aug20z20 and the broadcasts
of KDKA on Nov. 2,1920 (calier known asSX K)

Tic radio circuits of the day were based on vacuum-tube designs and onsequently
requied high voltages and power consumption. By 1931, the dynamic loudspeaker (which
w\as pioneered by Magnxin [ In 1928) was installed in automobile (This is the fundamentally
the:ne type oflodspeker used today) This offered quite an advantagesinece arlier elec-
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trodynamic loudspeakers had quiescent current consumption of abouti A. Tremendous
growth had occurredleading to 1930Bythat time many manufacturers of automotive radios
were in existence: Automatic Radio Manufacturing Company, United American Bosch Cor-
poration, Carteret RadioLaboratories, Inc., Crosley Radio Corportion, Charles Hoodwin
Co.,Galvin Mfg.Corporation (later to become Motorola),National CompanyPhico-Transi-
tone, Pilot Radio & Tube Corporation Sparks-Withinton Company and The United States
Radio & Television Corporation.

The predominant medium of transmission to the automobile was via the AM band, Whil
FM had been in existence since 1940, it was not until 1957 that the first FM radios wcrc
installed in automobiles.The year 1 966gave usthefirst OEMinstaationof-racktapplay-
ers after a joint effort among Ford Motor LearManufacturing, otorola, and RCA. liswas
the medium of choice through the early 1970s, only to be replaced by the more rugdoi-
pact cassette (see Sec. 21531 on Media). There were other short-lived intermediate media
such as vinyl records and other obscure tape cartridges. Their lift and breadth of application
were very limitedalthough theypaved the way forthe media of today. Modern media such as
the compact disk have limited installation rates.The medium provides superior performance,
yet is not nearly aspo arcssette nof media may rest with
the digitalcompact cassette (DCC) or the MiniDisc (MD).

25.3 CONTEMPORARY AUDIO SYSTEMS

An audio system could more correctly be called a high-fidelity sound reproduction system.
The goal of any audio system, be it in an automobile, home,or movie theater,is to reproduce
anactualorintended acoustic event. Most commercially availablerecordings(cassettecom-
pact disc,or LP record) are recordings ofactual acoustic events--thatis. all performers per-
forming together interacting with each other. Modern multitack recordingtechnology,
however, has removed this restriction from the artists. The intended or virtual event that is
captured may have never really occurred;it may bean imaginary event in the mind of the pro-
ducer. A duct may be performed with the singers separated by many miles and even years.
Modern digitalsignal-processing (DSP) technology has allowed the artist to create not only
virtualeventssuchas this, but also virtual performers that have not ever performed a piece

The first audio system was invented by Thomas Edison between AugustandDecember
1877."This hand-cranked system consisted of a grooved metal ylinderamouthpiec, nd
tin foil as the recordingmedium. The indentations in the foil cylinder were ananalogrepro-
duction of the sound wavesimpressed on the foil.These analog indentations were of averti-
cal or"hill-and-dale" nature. By 1896, EnileBerliner developed the disrecording system,in
which thesound wasstoredon a flIat disc as lateralgrooves in thesurface of thedis.This basic
method has remained in use to this day (1994) on records otherwise known as LPs (although
LPs are increasingly difficult to find). By 1926, the recording and playback of these discs had
been transformed from a strictly acoustical systemto an electrical system. In 1931, Alan
Blumlein of Columbia Laboratoriesconductedexperimentsin stereo reproduction of sound
(from the Greekstercos, meaning solid).Thesesystems required two information channels
and early attempts to do this on a disc ailed.By 195,comimercialy available steorecords
became available These had the two channels of information stored in the two walls of a sin-
gle groove. It was not until the 1970s that stereo records became universal and the older,
monaural records were no longer produced. During thissame time period, the systemof mag-
netic tape for audiostorage w as being developedfirst inGermany in the 1940s and imported
to the United States by the Ampex CorporationThis system stores one or more channels of
information in analog form onanoxide- or metal-coatedplastic tape.This system is still in use
today in theform theanalog cassee(originally called the compact cassette).The compact
cassette was developed in the late1960sby Philips Corporation for use in dictation equipment
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and was shortli thereafte adapted toaudosstem usage. In the late 1970s, Philips and Sony
Corporation began developnent of the compact dis svstemThis was the first consumer sys
tem to use a digital storage mediumTe informaon isstored indigital form using an optical
medium. By the late 198Rs the compact disc was the dominan formatin dollar sales. In the
early l990s,there were several competing digital audio recordig formats [digital audio tape
(DAT), digital compact caette (DCC), and recordable minicompact d )for the home.
lhoughitisnot etc ear which one wil doinate the market.

Atpicalaudio syste controls a stereo sigal which is obtained from any medium such as
a radio broadcasttne(AM,M,etc.). turnta (record plaiyer),casset tapeor compact
disc. hese media contain two discre channis (left and riht,' of sound ideally thereis an
infinite amount of separaltion b'tween these two channel, but the human audiory sstem
cannot distinguih separaion beyond about 25 dB. In actual recordings, the information eon-
Iained in these twochanne is usually ver sinilar, ut differeit dependine on thetaes of
the musicann OdproduceLr.The difference in the twochannels is what gives recordings vastly
di ffets paialcharaicteritics.

Typically, these two channels are fis procesedby the voluine tone, and bance controls
and are ultimatell transformed to an acoustic signal at the lodspeakrsThe aing signal
lei in a modern audiosstem are about-1dBu (where 0d3u is 0775V), or about 03V
RMSwithv erlittl curent capality(on the order of milliamperes). This is what is com-
monly referrto as ahn-ice e/ signal.Aiter the power amplifirstage,the signal is at alevel
ofabout I t0 Vwilh a curreni tcapabiliof upto 0A. Recall hat these analoRsignals have
a-l ito 20-kHz bandwidth anda90-dB dynamic range. Digitlsignals in a consumeraudio
sste(h1iL currentlyrare hLit gal11go pularity), are about 0.5 V peak-to-peak requiring

abadwidth of about 4me pebitsperecln

25.3.1 Media

AM andAM Stereo. Amplitude modulation is defined as the process of changing the ampli-
tude of a high-frequency carrier in accordance with the amplitude of the signal to be trans-
mitted. Commercial AM broadcasting in the UnitedStates is within the carrier band of 530 to
1600 ki0. When there is no signal to be transmitted, the carrier is of a constant frequency and
amplitude. When an audio signal is to be transmitted, the amplitude of the carrier is modu-
lated in accordance with the amplitude of the audio signal.Within the 530- to 600-kHzh and,
eachAM station is spaced10 kiz apartiThis allows for a maximum audio frequency of about
10 kHz to be transmitted.Thus, the AM media is lmited to a maximum transmitted signal fre-
quency of 10 kHz and a dynamic range of about 40 dB Primary markets for AM are news, talk
radiosportsand limited music broadcasts.The nature of the AM system allows for easy cor-
ruption of the amplitude envope from atmospheric noise,electromagnetic interference.and
lightning:'

Experimentation as early as the 1950s and 1960s by Philco and CBS proposed AM stereo
broadcasting. Thesesystems were not compatible with existing monaural systems and were
consequently rejected by the Federal Communications Commission (FCC).By the late 1970s,
several competing and compatible AM stereo systems were proposed.The most notable com-
petitors were Harris. Motorola, and Kahn. The system that is in widespread use today is the
Motola C-Quanm System."

FM and FM Multiplex Stereo. Frequency modulation is defined as the process of changing
the frequency of a high-frequency carrier in accordance with the amplitude of the signal to be
transmitted. Commercial FM broadcasting inthe United States is within the carrier band of
88to l08 MHzWhen there isno signal tobe transmitted,the carrier is of aconstant frequency
and amplitude.When an audio signal is transmitted, the frequency of the carrier is modulated
in accordance with the amplitude of the audiosignaL Notice that the amplitude of the trans-
mitted modulated carrier is of a constant amplitude at all times. See Fig.25.2 for an example
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of a typical signal and the resultant carrier in an FM system.WitIn Ihe88- to 108-MHzband,
each FMstation is spaced 200 k~lzapartThis allows for a maximum audio frequency of about
15kH7 to be transmitteThsthe FM medium is limited to a maximum trasmitedignal
frequency of 15kHz.Primary markets for FM ave been music. Ihe nature of the FMsystem
provides fora very robust noise-reetransmissionsince any amplitude irregularitis of the
receivedsignalcan be ignored. Any interference which may causeamplitude irregularities can
therefore be eliminated.

*114

FIGURE 25.2 Signal and/ M l

Thec Frequency M'vodulation Mlultiplex (FM MPX) system was developed in the early 1960s
as an extension of the existing FM~ systemn. Channiel-spacing is miaintained at 2001kHz incre-

met.A sum signa thism of the left and right channels (L + R I, is frequency modulated on
the carrier frqunc exc i s in the monaural systen, A 194k12 pilot at 10` perce nt modula-

inlvlinicaJtes th reec of a stereo signal.A difference sigral (L-R) Is modMulated about

I ,[ C C CI C -

it suppressed subcarrier of 38 kHz.Thje FM srtereo tuner circuit demodulates and decodes these
signals and outputs the left and right audio sIanals for firther audio processing.The audio sig-
nals are limited to ua t5-kz bandwidth and a dynamic rae of greater than 60edB

FM Reception Difficulthies. Due to the relatively high carier frequency, FM broadcast
receptin Is less susceptible to the interference and poor reception of AM systems However,
FM revelincan he limited by inal e in which is coironly called multipath di-
torinl. an utipatth leftarih oslsf of FM t signal encountered when a direct and
reflected signalsimultaneously arrive al the receiverout of phase and cancel, resulting in a
loss of signalSince in an automotive receiver,the receiver is constantly moving through these
null zones the familiar spitting soundresults, A method for corpensating for these signal
lossesis what is called a diversityantenna systenThis isa systemofw or more antennas in
extreme locations on the vehicle. Since the antennas will he more than one half-wavelength
apart.at least one of them will not be in a null zone.The tuner then monitors the signal con-
tent at allantennas and switches to the antenna with the bestsignal.Antenna switching can be
accomplished in less han 30 ps of detecting uLtipath interference.l b eliminate antenna
switching noise, the switching can be synchronized with the zero crossings of the audio sig-
nal.II

The second most common FM reception problem is ignition noise t "This problem con-
tinues to increase as automotive ignition systems become increasingly complex.This problem
isc xacerbated by the fact that conventional methods of eliminatin.high-frequency radiation,
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such as resistance wires and grounding straps, do not eliminate the problems in the FM fre-
quencv band.

The circuit that detects and eliminates ignitioniscisknownbyseveraldifferentnames:
electronicignition suppression (EIS). interference absorption circuit (IACand noise
blanker (NB). Strategies for detectingiginition noise pulses vary greatly amongmanufactur-
ersThe noise-blanking system may momentarily mute the audio signal or perform some type
of piecewise linear approximation to the signal being repaired.

Analog Cassette. The analog compact cassette (commonly known today as the cassette) is
based on conventional multiple-track stereo analog magneticrecording technology.' The
cassette asweknow ittodaywasdevelopedin1963 by Philips Corporation primarily as a dic-
tation medium. Advances inmagnetic tape formulations and the advent of the Dolby" B
Tpe Noise Reduction System transformed thecassette into a high-fidelity music storage
medium.Modernc assette playerscan achieve a dynamic range ol over70dB and a frequency
responseapproaching20 kHz. Through the early 1990s, the cassette continued to be the
largestrevenue-producing medium for prerecorded music. More recent advances such as
improvednoise reduction systems and improved tape formulations are continuing to extend
thelife of this robust magnetic medium.Asa resultofitsmaturity and ruggednessthecassette
continues to be the most popular musiccarrier for automotive applications.

Compact Disc. The flindamental technologythat led to the development of the compact disc"
began in the 1970s at Philips Laboratories Thecompact disc format as it exists today was code-
veloped in 1980 by Philips Corporation and Sony Corporation.The basic system is an optical,
noncontact system, which is also used for video (laser disc), information storage (CD-ROM),
interactive media (CD-1). photo storage (Photo-CD),and other applications (CD-V.CD-G).

The playback system for a compact disc is composed of two basic subsystems: the servo
and control system and the audio data processingusystcn (Fig.253).The data is read from the
discvia a laser diode pickup.The focus and trackng of the pickup is controlled via the closed
loop servo control system. The audio information is stored in digital form at a sampling rate
of 44.1 kHz (early proposals called for a rate of 44.056 kHz for compatibility with existing
video storage formats) with a resolution of 16 bits.1his provides a dynamic range of over 90
dB and frequency response to 20 kHz.111is digital bitstream is stored as a continuous spiral
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track begining at the center of the dise.The data is interleavej throughot the disc to pro-
vide robustness to errors due to scratches or dust. To further minimize errors.a Cross Inter-
leaved Reed-Solomon Code (CIRC) is used. Due to the overhead required for interleaving
and error correction, the raw bit rate from a compact disc isabout 4 megabitsper second.The
ultimate output of a CD system canbea sterco analogoulput and/or a digital bitstream out-
put.This digital output has been error-correctedand can be in oe of severalforms The most
common are the IEC` "serialformat which is also known as SPDIF (Sony-Philips Digital
interface Format) or S.The IEC Format is transmitted via asingle wire or possiblyvia a fiberoptic cable.The S format contains separate data.bit clock.and word (LR) clocksignals

25.3.2 Signal Processing

Frequency Response Modification: Tone Controls and Graphic Equalizers and Loudness
Compensation. Personaltaste is certainly an important aspect in the enjoyment of any
audio system Given that thelistener is presented with a music source that isfsomewhatf at in
the frequency domain, that listener may still prefer to accentua:e (boost)or attenuate (cut)
certain frequency bands.The bass and treble controls provided on most ofeven the simplest
automotive radios provide the user with the flexibility to do this.The bass control can either

I Li L

. -20

FIGUREZ2S4 Basstrehiechariaerisrtc-

75

We

boost or cut the lw-frequency extreme of the
audio spectrum the treble contro canboost
or cut the high-frequency extreme of the
audio spectrum. Figure 25.4 shows the re-
sponse of a typical set of bass and treble
controls- For furt wer frequency content modi-
fication, a graphic equalizer provides greater
flexibility and control over the audio spec-
trun. This device divides the audio spectrum
into several bands and allows boost or cut
within these bands. Figure 25.5 shows a com-
posite response of a typical graphic equalizer.
The type o frequency response alerations
described here are user-adjustable. Many
automotiveaudio systems, particularly the
higher-end systens, employ Fixed equaliza-
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IoP nhihl olp.1nsates fort e acousticso (f
VOSI thvehiceinerilor.'Ths type of telielc-spe-

!h1 equalization is notadjustable bythe user,
Sbutc ertainiy pru-ides an impoi sound

qualtyinthevehile(seeVehicleAcousticsin
Sec.25.l.3).

Given the nonlinear esponse of the human
Spear to hanges in level (recall the amplitude

responsecurves), in\ usersfind iti riable
to hv the a udistem ullomtiNyco Cr11n-

10 0I 1k 10 100 petJeCfor hedecLeasillgeititof lie

FREQOENCY I ear at u lowfrequencit l Uheloudnesaureis

FIGURE25.6 Loudinessoharacteisii atypefautomaic low-frequency bost1.At
F lower settingsothe volume control, the lo-
frequiec' itpuL of tles stisliautomati-

call boosted.hFi has the added benefit in an automotieenir iment inthat a siLficant
portionof the ise floor1in an automohilecabin islow frquence (e Fig. 25.6 for atpical
loudness chadraceritiC). Sniclo udnss cllaracisilso110 ko bo1st tie high frequencies a
lower volumesettings.The loudnessfuction is often rired into the audio system and can-
not be defeated by the user

20 Dynamic Range 1dodification; Compressors

WESHOLD OF and Limiters. Given the extreme capabili-
0MnTaG /lies of digital med a such as the compact disk.

compressors andor limiters may be installed
;i -- -- - ithe audio system. In order to limit these

xcurlon, a imiting circuit maybe applied
seeIig. 257 for the transfer function of a

typical limiter), Note that in this example
transfer function for a signal above the

0i o threshold a -d changeminInput level will
NFI - 0 rsult ina 1-dBc .hange in output level,

FIGURE 25.7 LimeThaacie Widedynamicrangeresultsinmusicwith
both extremeiil loud and extremely quiet
passags Given that the noise loor in an

automobile vironment is about 50 dB quiet passgesbow that level will not be heardA A
compressor will not only make the louder sounds quieter, but will abo make the quieter
sounds louder,tus bringingthe low signal levels above the noise floor Limiter ard compres-
sor functions mabe user-switchable or hardwired on by the systemrmanutacturer.

PowerAmplifiers. For thei stenerinperceives ound, the air mustb compressedThetrans-
ducer that accomplishes this the loudspeaker The power amplitirsIn the audiosystem are
responsible for providing the relatively high curintdrive to these loudspeakers. Modern
automtive audiosyistens haie ixormore separatec hannel amplifiers, each of which maybe
required to provide up to 24 W. In order to achieth:e power levels with an autombile
vot1age source oflabout 14 V circuit techniques such as bridge-tied-load (BTL) ar used.4
Other techniques on tehorizon promise more efIent deliver of power,

25.3.3 System Considerations

Signal Distribution, In the earliest days of automotive audio systems,the output of the
radio was a simple loudspeaker signal which drove the loudspeaker directly, Modern systems,

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



I \T§ C N I\\ \ fPRODItTSi 25.11

with multiple tuners and speakersrquienew signal distribution for sial distribution. ur-
thir, the automotive audiosy stel alldy hav e other essentil po alpltionsothes ysT located
ouside of the traditional location in the instiumenrpanel For inancerecent systems locate
the tuner dIreli t theantenna to reduce osses the antenna wiring o.to reducetheR
loses in the speaker wiring and connectors, audio ampiiers w ll beo ncated at or near the
loudspeakers.is siting also minirzes the weight of lengh gh-gae wiring to the loud-
speakers

With these requirements it isn oruired that sistem suppiersdistinbute audio andps
sibly RF signalsthoughot the chicle DepCndingo nthe no. envionmentol the hicle,
this may require somethingmore elaorate than thc o dstandard 14 gate leth of stranded
wire. Audio signas with a bandwidth of 20 kHz and nomin d1 peak -to-peak amplitudes of 3 V
must be distributed ith creat care Alternatives are balanced signald Jrivers dMinga twisted
pair of wires wdllih ma havean interal shieldThetwitedwir andhield minimizenoise
couplinito thewire Then a eceiingamplifier with good common mode rejection ratio is
used to cancel out any nose pickup hat may have occured

With increased digitiation of the automotive audio systemit isworth considering dis-
tributing the signal idigital form2' (se Sec. 25.41 on Mediaand ec 25,4 on Future Trends).
This provides a most robust method of distributing the signal wihlout ConCern for noise
pickup Thedtitnbuionnmedia can he wire or tiber optic able Ifa wire is used,a shielded
cable should be used to prevent radiation from the signal cable,

Standards are being proposed which nay lead tocontroliforiation being simultaneously
transmitted along with the diital audin obtstream.2 Thus, signal and control infrmation
share the same signal distribution media.furlher leningthe weigh and cost impactsof mul-
tiple interconnects.This isanextension to the SPDIF standardwhich wou provide for the
automotive audio system components to be tied ogether via a 'ring' not unlike a business
computer network.

Vehicle Acoustics (Vehicle Cabin Characteristcs). The interior cabin of a vehiclepresents
a nost challenging acoustic environment.The small cabin dimensins producestandingwaves
which cause peaks and valleys in the low-frequency acoustic response of the vehicle interior.
The highly absorptive materials (carpeting, seal material) combined with highly reflective
glass, generate frequency responseabberations across the audio f equency band.It should be
noted that when making acousticmeasurements on a vehicle,one must not rely onspot mea-
surements. The response at any one point in the interior volume is quite irregular, and the
response at various points throughoutthe interior volume can var greatly Itis recommended
that some type of averaged response be used to give an accurate view of what the response at
various points in the interior trulyis

Several techniques can be used to combat problems in vehicle acoustic problems. Acousti-
cally transparent materials for speaker grilles are essential. Some common senseis easy to
apply here: Carpetingis not acoustically transparent. Loudspeakers aimed at the listener's
ears rather than pointed at a reflective surface (or within a mep pocket) provide a more
acoustically transparent response. Manypremium or high-level audio systems provide fixed
equalization, which is usually applied in the head unit or power amplifier signalprocessing
sections.This equalization is ideally the mirror image of the vehicle cabin responseresulting
in a combined response Ihat is near flat.

There is an easy way to demonstrate the frequency respone irregularities caused by
reflective surfaces:listen to someone talking with their hands cupped around both sides of
their mouth, as they would dowhile shouting, or have that person hold two hardcovertext-
bookson eitherside of theirmouthwhile talkingThe nasal type of soundexperienced isdue
to the reflections within the hands or books.

A more subtle experience while listening to an automotive audio system is that of the vir-
tual acoustic image.A note on imaging is appropriate here.PresuIably, one has experienced
the virtual image formed while listeningto ahome audio system. Any musical material that is
produced equally from the left and right speakers of a properly set up audio system will
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appear to come from a virtual loudspeaker midway between the two real speakers.The ideal
acoustic image within a vehicle would be front arid centerwith the musical instruments spread
across thevehicle interior. Due to the nonideal placement of the loudspeakers, the image in
the vehicle may appear somewhere in the floorthe back seatr some other nonide loca-
tion.Asimple approach-although often difficult to execute-to combat this problem is to
locate the loudspeakers at or close to ear level and direct them at the listener's cars. Further-
more, in a vehicle,(heistener(s) are never located centrally between the loudspeakers.An
interesting approach to fixing the noncentral location of the listener is to apply delays appro-
priate to center the image)

25.4 FUTURE TRENDS

The future of automotive audio systems proves to bei most eecitig. Driven by the rapid
increase of inre powerful microcomputers, new communicationtechniques, improved media,
and data storage techniqus, thesystems will changedrasticallythrough the end of this mi-
lennium.

25.4.1 Media

Radio Broadcast Data System (RBDS). The Radio Broadcast Data System is an extension
of the Radio Data System (RDS) which has been in use in the European community since
I984.The system allows the broadcaster to transmit text information at the rate of abouI 1200
bits per second, The information is transmitted on a 57-kHz suppressed subcarrieras part of
the FM MPX signal'

RBDS was developed for the North American market by the National Radio Systems
Committee (NRSC).a joint committee composed of the Electronic Industries Association
(EJA) and the National Association of Broadcasters (NAB).Theossibilities for applications
of text transmission to the vehicle are numerous. For instance, song title and artist, affic,acci-
dent and road hazard information.stuck information,or weather.nemergency situations the
audio system can be enabled to interrupt thecassete, CD, or normal radio broadcast toalert
the user, then return. Currenty there are at least 50 FM stations in the United States trans-
mitting and testing the RBDS system:"The system is not quite mature as of this writing. but
it is anticipated to mature rapidly over the next five years.

Digital Audio Broadcast (DAB). Digital Audio Broadcasting is designed to provide high-
quality, multiservice digital radio broadcasting for reception by stationary and automotive
receivers.It is being designed to operate at any frequency up to 3 GHz.The system as being
investigated has been developed by the Eureka 147 Consorium.This system is being demon-
strated and extensively tested in Europe. Canada, and the United States. The system is a
rugged,yet highly spectrum- and power-efficient sound and data roadcastingsystem.It uses
advanced digital techniques to remove redundancy and perceptually irrevelant information
from the audio source signalthen applies closely controlled redundancy to the transmitted
signalforerror correction (seesection on recordable media that follows).The transmitted
information is then spread in both the frequency and the time domains so a high-quality sig-
nal is obtained in the receiver, even under severe multipath propagation conditions.The fea-
lure of frequency reuse will permit broadcasters to be extended, virtually without limitusingadditional transmitters, all operating on the same radiated frequency. A common worldwide
frequency in the L band (around 15 GHz) is being considered, although some disagreement
still exists.2uThe implemenation of DAB is inevitable.The only question is when.
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Recordable Media. Reentadvancesinrecordingtechnologiesanddigitalsignalprocssing
have driven the development of to competing recordable media formats:digital compact
cassette (DCC) and MiniDisc.The digital audio tape (DAT) has not been forgotten, but its
position as an automotive mediumis dubious.

Digital Compact Cassene The DCC wasinvented by Philip; as he marriageof the co-
pact cassetteand compact disk quality digitalaudio.Market forces of existing libraries of ana-
log cassetteswere deciding factors in developinga physicalycompatible format. A DCC
player can also play analog compact cassettesAlthough very similar physically, construction
and recording techniqueused in the DCCis vastlydifferent from theanalogcompactcassette.
The DCC isa stationary head magnetic recordingsysteusing nineparallel tracks each 185
mm wide. To achieve these miniature dimensions. the DCCrecord/playbackheadassembly
calls on thehigh-tech thin-fim head technology already ve proveninmultichannelprofes-
sional recording. In order to accommodate playback of analog compact cassettes, the head
unit also provides analog heads (Fig.258)

In order to achieve high-quality digital audio ina limited bandwidththe DCC relies on the
psychoacoustic propertiesof the human hearing systemThe DCCsystem compresses the dig-
ital audio data according to the masking properties of the human hearing system.The thresh-
old of hearing referred toiealier in this chapter is a static chracteristic and is actually a
dynamic threshold.The characteristics vary with the type of sound presented to the ear (Fig.
25,9), When the ear is presentedwith a relatively loud sound, it annot detect a quieter one.
This phenomenondepends on the relative frequency and amplilude of the signals involved.
Philips has developed the precision adaptive sub-coding (PAS) technique which implements
in high-speed digitalsignal processing (DSP) circuits the maskingpropertiesofthehuman
hearing system. The system detennines what portion of the and ble spectrum the listener is
able to hear and dedicates signal processing and compression algorithms to store that portion
of the signal most efficiently 'Testing has shown that the DCCsystem is actually capable of
storing digital audio data to a better resolution than the compact disc.

Eight of the nine tracks contain all the PASC and error correction data. The ninth track
holds mainly track and timeinformation.similar to the compact d sc.The PASC data is spread
across the tape in a checkerboard pattern that increases the system's robustness against
dropouts.This technique issimilar totheinterleaving of data used in the compact disc. Cross
Interleaved Reed-Solomon Code (CIRC) protects the data against further errors. Like with
the compact disc, a significant portion of data can he lost withoutaffecting the data output

Digital track distribution
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FIGURE25.8 DCChead assembly.
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extra information capacity becomes
available for more precise coding of (B)

FIGURE 25.9 Hearing threshold.

(Fig. 25.10).1be data storage requirements of the DCC require a digital bitstream of a maxi-
mum of 353 kilobits per second.This is as compared to the uncompressed bitstream which has
a data rate of 1.4me bits per second This is a data reduction of four times.Notice that this
requires a significant amount of computational power.Special-purpose.hardwired digital sig-
nal processors are used to accomplish the decoding task in real time (see Fig.25 11 for a block
diagran of and Table 25.2 for specifications of a complete DCCsystem).
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FIGURE25.10 DCC data storage. A block as largeasthe circle,or an entire rack can he lost without affect-
ing data recovery.
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TABLE25.2 Digital Compac(Cassette Technmal Speci ications

Achiei~ble aud~rio wa

Number of channels Stereo
Frequencyrare at fs 48 M7 '-20.000 Hz

atfs=441k-iz 5-20,000Hz
atfs=32kHz 5-14,59)H7

Dynamic range >105 dB
THD (including noiset >95 dB
Wowand flUtter Quartzcrystal precislon

Signal formnar
Sampling frequencies 48 kHz.44.1kI-Lz.32 kl7
Coding PASC
Audio bit rate 384 bitsls (at 48 k-lz)
Error correction systems Cl. C' Reed-Solomon block code

Modulation system 8-10 (ETM)
Pre-emphasis Optional

Recording time Up to 2 x 45 min (D90)
Provision for 2 x 60 min (1120)

Tapetype (Video) chrome or cquivalent
Tape width 3.78 mm

Tapespeed 476 cm/s
Number of tracks 8 digital audio. I subcode
Track width >185 pm
Track pitch 195 ni

MiniDisc (MD). The MiniDisc" was developed by Sony as a combination of the compact
disc and a recordable medium.The recording technology used isa magneto-optical (MO) sys-
tem.The form factor of the medium is very similar to a common 3.5-in floppy disk.he encod-
ing technique in principle is similar to the PASC system. The encoding technique employed
here is known as ATRAC. The MD is certainly a rugged portabe medium, although subjec-
live testing indicates that the response of the MD ATRAC system is not quite capable of
encoding compact disc quality sound.

PASC
-- - - - - - --- Error

ND 1 correction
k encoder/ Head

decoder amps
Head

In Digital - Subband Standard
encoder/Out in/out i ter - decoder

Channel
mod 8, demod

K *-

Sciernatic diagram DCC

FIGURE25.11 Complete DCC playback system

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



2516 SAFETY.CONVENIENCE.ENTERTAINMEN[IAN DOTHERSYSTEMS

25A.2 Signal Processing

DigitalSignal Processing Technology. Currently, we are within a radical changein signal
processing in all fields of consumer and industrial electronics.The proliferation of sound capa-
bilities in the commonplace personal computer is a testamen to this change, with further
improvements and functionality coming yearly Driven by the requirement of increased fea-
ture content and the rapidly reducing price ofhigh-speeddigital semiconducorswe will truly
see a radical change in signal-processing architectures through the end of the centur. Con-
sider that the price of a state-of-the-art programiniable digial signal processor (DSP) inte-
grated circuit in 1980 was hundreds of dollars.This part could perform on the order of 1 to 5
milion instructions per second (MIPS).>Today,a state-of-the-art programmable DSP is cer-
tainly less than one hundred dollars, with numerous units available for five dollars. Further-
more, today's DSPs will support advanced features such as shared memory, parallel
processingandhigh-level language support. Weare beginning to see further levelsoffun-
tional integration whereby formerly external functions such as analog-to-digital converters,
digital-t-analog converters, and memory management units are integrated directly on the
DSP Simutaneously,these parts are exceeding 50 MIPS Additional advances are being
made in integratingfixed function digital logic on the DSP.The result is that future DSPs will
be tailored to specific tasks with further reduced cost. Current sae-of-the-art integrated cir-
cuitmanufacturingtechnologies are at the 1-micron feature width.Trends indicatethat this
will be approaching (and likely surpassing) the 0.5-micron levelwithin the nextdecade.Thus,we can expect a quadrupling of functionality in the samesilicon diearea.

Automotive Audio Applications Certainly the impact of the rapid advances in DSP tech-
nology on automotive entertainment systems will be far reaching.The initial impact has
already happened in the area of simple audio signal processing. Numerous aftermarket and
OEM offerings contain room emulation orHall effect features, Similar to the effect available
in home entertainment systems,thiseffect simply emulates the reflective and absorptive
propertiesofvariouslisteningenvironmentsintheautomohileThe usercan thenexperience
the ambience of a jazz roomstadiumorconcert all. HereDSPis anenablintechnology.
While room emulation can be done in analog technologyit is rrost expensiveand performs
poorly. Given the sampling frequency of 44.1 kHz of most digital audio mediathe DSPmust
be capable of processing the signal data within one sample pecrod (about 27 gs)This is rela-
tively easy with available DSP chips.The proliferation ofdigitanedia furthers this enabling.
Analog media must first be converted to digital before the inal can be processed in the dig-
ital domain. Given that a medium (DCC MDor DAB) istSin a digital form, processing
the signal immediately is straightforard; no conversion is nceary. Adiscussion of the rel-
ative merits of analog versus digital signal processing is beyond the scope of this discussion.
The significant features of digital signal processing are accurate designresulseaseoffeature
addition and extension, predictable quality, and ease of manufacturability. Consider the re-
quirement for the addition of adding particular equalizer characteristics to an analog radio
that does not have the equaizr feature installed. Considerable redesign is required to add
the analogcomponents required to achieve the equalizer functicn In a DSP system, adding
the equalizer function is simply a matter of adding the proper algorithms in the coding of the
processorto achieve the desired signal response

With the rapid increase i- speed of DSP circuits, the amount of signal processing that can
be done with the DSP is rapidly increasing. Speeds of commercialy available DSP chips are
such that they are capable of processing the multiplex signals of an FM receiver. Now the
methods of combating multiplex distortion and other reception problems are transferred
from the realm of analog circuitstotheimplementation of DSP algorithms.This movement of
the processingtowards the front end of the receiver will continue. Processing the radio fre-
quency signaldirectly seems to be just over the horizon

The signal-processing capabilities of automotive entertainment systems have seen a many-
orders-of-magnitude increaseand have been driven by the fact that, today, transistors are less
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costly than stapks Consider that in 1930 we had radios with six vacuum tubes. Bfore the
year 2000 we will have audio systems with multiple control riiroprocessors and multiple
DSPs totaling the equivalent of hundreds of thousands oftransistorsperformingcalculations
on the order of G IPS(10instructions per second)

GLOSSARY

Acoustics The study of the generaion, transmission, and reception of sound.

Analog signal A signal in which the information of interest is communicated in the form of
a continuoussignaLThe magnitude of this signal is proportional (or analogous) to the actual
quantity of interest.

CIRC (Cross Interleaved Reed-Solomon Code) The encoding process used for playback
error correction in the compact disc playback system.

Digitalsignal A signal in which the information of interest is communication in the form of
a numbert The magnitude of this number is proportional to (within the limitations of the res-
o(ution of the number) the actual quantity of interest.

Digital signal processing (often abbreviated DSP-as a verb).The processing of analog sig-
nals which have been converted to digital form The processing usually involves repeated
additions and multiplications.

Digital signal processor (often abbreviated DSP-as a noun). A monolithic integrated circuit
optimized for digital signal-processing applications. Portions of the device are similar to a con-
ventional microprocessor.The architectureis highly optimized rthe rapidrepeated addi-
tions and multiplications required fordigital signal processing.Digitasignal processors may be
implemented as programmable devices or may berealized asdedicated high-speed logic.

Dynamic loudness compensation A type of loudness compensation which is dependent on
the actual signal level rather than the position of the volume control This is greatly enabled
through the use of digitalsignal processor integrated circuits.

Equalization The modification of the frequency response of a system.This may be done to
compensate fordeficiencies in the transmission/reception system or based on thesubjective
rcquirements of the user

Loudness compensation The characteristi of an audio svste nto boost the low- and (some-
times) high-frequency components of an audio signal This is to compensate for the human
ear's decreasing sensitivities at these ends of the spectrum. The amount of boost is usually
dependent on the position of the volume or level control. See also Dynamic loudness con-
pensation.

Monaural Traditionally refers to an audio signal that has only one channel of information.
Also may refer to the signal component in a stereo transmission which is common between
the two (left and right) channels. Aso commonly referred to as tnono,"

Multiplexstereo The system standardized in the early 1960sto transmit and receive astereo
signaL This system was designed to be compatible with existing FM systems which were
monaural. See text for detais

Psychoacoustics The study of the interaction of acoustics and the human hearing and brain
systems
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Signal A fluctuating quantity that is proportional to some physical quantity. In the context
here, the signal is usually in the form of a voltage or current.See also Analog signal and Dig-
italsignal.

Signal processing Modification of the time or frequency characteristics of a Signal.

Stereo Classically, from the Greek stereos, meaning -solid."Traditionally refers to an audio
system which has two or more independent channels of audio information, Atypical stereo
system consists of primarily a left and a right channe Modern surround sound systems con-
tain from four to as many as seven channels of information.

Sound A vibratory disturbance in the pressure and density of a fluid or in the elastic strain
in a solid. with frequency in the range of about 20 to 20,000cycles per second,capable of being
detected by the organs of the human hearingsystem.
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CHAPTER 26
MULTIPLEX WIRING SYSTEMS

Fred Miesterfeld
ClaYsler Comporation

26.1 VEHICLE MULTIPLEXING

Production and proposed passenger vehicle multiplexing and data communications networksyslemswill be thoroughly examined in this chapter.The systems covered arethose methodsthat arerelevant to the electronicengineerwho has the assign ent of applyingi utipexingtechniques to high-volume production. In passenger vehicle design, cost is the universalmethod of determining whether or not a design will be put into production.If a multiplex net-work design can beappied while delivering functional improvements at a system-cost saving,then this design is the most likely network design to be accepted.
The SAE Vehicle Network for Multiplexing and Data Communications (Multiplex) Com-mince has defined' threeclasses of vehicle datacomniunication networks:
ClassA Apotentialmultiplexsystemusage where vehicle wiringis reduced by the trans-missionand recepion of multiple signals over he same signal bus between nodes thatwould have ordinarily been accomplished by individual wires in a conventionally wiredvehicle.The nodes used to accomplish multiplexed body wiring typically did not exist inthe same or similar form in a conventionally wired vehicle.
Class B. A potential multiplex system usage where data (e.g.,parametric data values) aretransferred between nodes to eliminate redundant sensors andother system elements.Thenodes in this form of a multiplex system typically already existed as stand-alone modulesin a conventionally wired vehicle.
Class A potential multiplexsste usage where high data rate signals. tpicallv asso-ciated with real-time control systemssuch as engine controlsind antilock brakesaresentover the signal bus to facilitate distributed control and to further reduce echicle wiring
TileClassB network is intended to be a functional supersetof the Class Anet k'i Le, theClass B bus must he capable of communications hat would periim all of the funcions of aClassA bus.11 feature prtes the use of the same bus forall Class A and Class Bu nlionsor an alernate configuration of bothl sesth a garwa device In a similar manner, the('lass C bus is intended as a functional supeeof the Class B bus.Generlly, this section will deal only with the requirnements for the lowest thee laers ofthe sevenlayer ISO open system interconnects(Ol) model (Ref ISO 745) These laers indescendineorder are the network layer data link layer, and the physical layer

26.1
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26.11 Background of Vehicle Network Architectures

A wide variety of network topologies'can be envsioned by network designers11emessage
structure described i this section is very flexible and useful inexchanginifomation
between network nodes.The following discussiondJcribes two network architectures which
are likely configurations that can use this messagedefinition se a single-network architec
ture and a multiple-network architecture

The selection would be application-specific and, thus it is the system designers choice as
to whihnetwork archiectures to use It should be noted that the hardware that supports
these two message structures is generally not interchangeable. It recommended that care he
taken in choosing which message definition to use, because the seection is generalli irre-
Tersiblebecause of hardware limitations.

Hleader Selecion. The header field (header) is a one-, two-, or three-byte field within a
frame and contains information about the message priority. mesage source, target address,
message type,and in-frame response.'ie multiplenetwork architecture isusually associated
with thesingle-byte header protocol. Figure 26.1 (1) illustrates the header byte as themessage
identifier ID), which is primarily usedfor funcional "broadcast -type messagesandimplic-

ly deines all the required informaion about the message. It is unnecessary to specify the
source or destintinon of unctional-type messages. Reception becomes the exclusive responsi-
bility of the receiving node. Figure 26 1 (2) also illustrates header bytes, which are primarily
used for physical-type messages~and has two bytes:the first is the D and the second is the tar-
get address.

ID Data 1 . . .

L. Header for Functional Message Frames

ID Target T Data1I

2. Header for Physical Message Frames

FIGURE26.1 inge-byteheaderprolcol.

The sinle-network architecture is usually associated with the nultipe-byte header proto-
col, shown in Fig.26.2.The first byte of theframe defines the priority and message types, func-
tional or physical

LPriority/Type Target Sore Data1 I

FIGURE 26.2 Munpl-hue he ider protoco

Architecture Selection. Consideration mustbe given by the network designeras to whether
a single-network architectureor a multiple-networkarchitecture is preferable for an applica-
tion. For example, a mutiple-networkarchitecturecould be based on one network optimized
around data communication (Class B) protocol requirements, and another network opti-
mized around sensor type (Class A) multiplexing requirements.The Class13 network may be
characterized such that low latency isa significantrequirement of :e protocol and where the
short functional type of messagescan mosteffectively be usedA Class A netwrk could han-
dIe the vehicle's event-drivenmultiplexing requirements.See the next section on ClassA net-
working for more information on Class A multiplexing considerations.
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Without recard toeither the header or architecture selectionin Class B commiunicaions
tile networkconsists of the interconnection of intelligent nodes such as an engine controller,
a body computer.a vehicle instrument cluster, and other modes. Such a network normally
does not significantly reduce thebase vehicle wiring but provides an intermodule data corn-
munications capability for distributed processing The data shared betweenmodules may be
repetitive in natureand sometimes requires handshaking between modules or acknowled-
ment of data reception As a result of handling the repetitive da and response-typedataa
network can be optimized around functional addressine. Functional addressing sends data on
the network. which can be received by one or moreinode withat t regard to the physicalloca-
tion of the module but only by their"interest"in those specific functions In general the trans-
miutingnode does not care whichifany,.nodesreceive thedata it issending.When physical
addressing isrequired in a data communications network (Class B), it is usually for vehicle
maintenance purposes andcan beeasilyhandled withoutreducinginetworkbandwidth.

Tie nature of Class A multiplexingreqiresthe intercnnection of limited intelligence
nodesoftensimply sensors or actuators. TheseClass Anetworks can significantly reduce the
base vehile wiring as well as potentially removeredundantsensorsfromthevehicleThedata
shared between nodes in this case are generally event-drivenin nature, In most vehicles, the
number of event-driven signals predominates, hut they are only needed infrequentlv The
messageto "trn headlampson," for examplecanbeeasily seen as event-driven. Because
thesemessagesare infrequent (only sentonce whenthe signal changes) they generally
require acknowledgmenteitherwithinthe same message ora separate handshake/response
message,

The single-network architecture carries both (he Class A and Class B rnessages on one net-
work and the Multiple-bte header has the advantage of having nore bits available for use in
assigningmessageidentifiers, priorities, message types, etc Thei haracteristics of both time-
criticalandevent-drivenmessages must be accommodated on a essagc-by-message basis.In
general.thislevel of complexity will need the flexibility of the multiple-byte headerstructure.
It shouldh e clear that bt network architectures must he cost effective for the application
and thespecificnodes on each network.

Themultiplenetworkarchitecture tends to separate the Class A messages from the Class
B messages and optimize each network and node interface for the specific characteristics of
each networkclass The time-critical messagescould be exchanged on one network, while the
event-drivenmessagesare sent on another. For example, the data communication (Class)
repetitive messagescan be handled on one network and the sensor and control (Class A) mul-
tiplexing requirements on anolher network.lis architecture requires both networks towork
tocether to achieve the total vehicle network qurernents.If information is neededbetween
the muhiple networkscare must be exercised to meet the needs feach of the networks.This
concept of multiple networks is not limited to two. but can be extended to several separate
networks ifdesired.

Class 4 Network. Class A multiplexing' is most appropriate for low-speed body wiring and
control functions.The example most often used to illustrate the benefits of Class A multi-
plexing is the base exteriorlighting circuit -owever, this example is the hardest function to
cost-justify. The base exterior lghting system is extremely simple and very low cost. A multi-
plex network applied to this lighting system could result in increased wiring complexity and
cost. Data integrityin the lighting system can be a stringent reqiirement for Class A multi-
plexinge.g, asingle-hit error that results in headlights "off" when they should he "on," Ade-
quate data integrity in a Class A multiplex network isa constraint and bit-error checking may
be required.

In the future, the results could change if new features.such aslov-current switching or
lamp-outage warning, becamearequirement or new lamp technology. such as smart bulbs
became a reality. In general,theaddition ofnew featureswillplayamajorrole asto when and
how multiplexing will become a cost-fectivesolution.
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Other Driving Forces. The design of vehicles to minimize manufacturing complexity is a
major force that will lead to architecture partitioning development.The properly developed
multiplex architecture can be veryeffectivein reducing the nuber of parts in the assembly
plants and built-in testability can substantially reduce vehicle build test time.

Example Class4 Systems To illustrate how a Class A muliiplex network could be used
to simplify the vehicle wiring situation, consider the vehicle thet alarm system shown in Fig.
263. Although this example does not represent the epitome in theft alarm features, it does
illustrate the nonmultiplexed condition The horn actuator and the sensor switches are all
wired directly to the theft alarm module.The module is then armd by activating the dash arm
switch.The module can be disarmed by either the driver door k y switch,passenger door key
switch, or the trunk key switch. When the moduleis armed, the horn is sounded when the
hood, door, or trunk is tampered with.

DRIVER DOOR PASSENGER DOOR
Door Switch I a Door SwitCh
Key Switch Key switch

LEFT REAR DOOR RIGHT REAR DOOR
Door Switch WDoor Switch

Hood Switch 14 Trunk Switch

Dash Arm 
Trunk Key Switch

Vehicle Morn

Ground

FIGURE26.3 Vehidethellalarmsten.

The vehicle theft alarm system shown in Fig. 26.4 illustrates a near-optimal configuration
of a Class A network, The sensors and actuators ar integrated with the multiplexing elec-
tronics so that they can communicate over a single wire to the theft alarm module.The inte-
gration of electronics into the sensors and actuator improve sensor diagnostics because the
sensor status and condition can be reported back to the controlling module.The integrity of
the sensor status and condition can he linked to the mechanical operation of the sensor This
level of switch integrity cannot be achieved with normal switch-biasing methods- In a theft
alarm system, there is an added benefit: the sensor condition can be used to set off the alarm
and foil the tampering of a would-be thief.

The /0O requirements support T-tap connections, which can be highly automated in the
productionof wiring harnesses, reducing the wire bundle size and eliminating dual crimps.
The. configuration also supports the concept of adding sensors or actuators as the option
requires without changing the theft alarmmodule configuration to support the optional fea-
turesThisexpandability feature allowsthe cost of the option to drive thesystem cost.

To show how this configuration is flexible and easily expandable. consider the example
condition in which some versions of theft alarms are built as originally described, but an
upscaled version is offered as an option in which the unit is armed by the driver locking the
doors. To support this option, the dash arm switch would be eliminated and the driver door
lock switch would be configured with the integratedswitch multiplex at a different address.
The same theft alarm module's software could then reconfigure itelf without hardware mod-
ifications.

There are approximately seven sensors to every actuator in i real vehicle body system.
This theft alarm system is typical with 1 sensors (switches) to one actuator (horn).
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Hood Power

Switch

Vehicle Horn
Dah Arm

car ~ ~ ar Moduleescon

IER DOOR RISGR DOOR

Door Switch Door Switch

Trunk Key Trun)
8 itchswitch

FIGURE26.4 Multiptexed vehicle theft alarm systrm

The sensors and multiplexing electronics can he integrated into the switch component.
This configuration eliminates separate wiring and mounting of the multiplex module- Some
component manufacturers have even been working on two wire signal and ground) sensors
in which the power to run the sensor has been supplied by the multipex signal. For an exam-
ple componenisee Sec,263.1,These sensors have been designed toinclude the multiplex cir-
cuit integrated with the Hall effect device in the same T92 size packageThe multiplexer
portion is very small and requires approximately 300 logic gates.

The actuator driver and multiplexer can similarly be integrated into the horn or motor.
This configuration also reduces wiring and mounting complexity.Actuators normally require
more power then sensorsand usually require three wires signal, power and ground. How-
ever,somemanufacturers are developing a method to eliminate nie of these wires by placing
the signal on the power wire.

Class B Data Communications. The vehicle system designer now has many architecture
partitioning options. A primeexaiple is when to integrate manfeatures into a module or
when to employ a dedicated node. Care must be taken or the partitioning strategy may not
achieve optimal results. The issue is much more complex when vehicle multiplexing is
involved in this partitioningstrategy.The most popular networking strategy is the Class B sin-
gle-network architecture. However, this architectural strategy does not always result in an
optimal solution.

A hypothetical vehicle will he described to illustrate this point. Figure 26.5 illustrates the
part ofa datacommunications network that contains a body computer, an instrument cluster,
and amessage center.In this example, all the sensors that feed the network enter through the
body computer

As illustrated in Fig.26.5, all sensors are wired directly to the body computerThis exam-
ple showsthat for a base vehicle with only a small amount of electronic content,where all the
sensors are directly wired to the body computer, the wire bundlesca ze nd number of connec-
tor pins is attainable.As additional features are made standard, either by consumer demands
or governmentregulations, it becomes more and moredifficult to implement the required sys-
tem.This added complexity is due to the tremendous number of interconnecting wires from
sensors to the modules.The build complexity and troubleshooting problems make this option
a limited solution for this partitioning strategy.

The Class B single-network architecture strategy would sAlve this complex problem by
adding a sensor node and reducing the number of interconnectin wires. Conventional sen-
sors are connected directly to the node which serves as a gateway to the other modules over
the Class B data network.Figure 26.6illustrates the dramatic reduction in the number of cir-
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ENGINE COMPARTMENT INSTRUMENT PANEL
Coolant Level -Headlamps on
Brake Fluid Low Fuel
oil Level Wiper switch

Trans. Fluid . Key-in Switch
Washer Fluid Seat Belts

Bood Ajar

DRIVER DOOR PASSENGER DOOR
Door Handle o Door Kandle
Key Cylinder Key Cylinder
Door Closed Door Closed

Door Ajar IDoor Aar

Body
Computer

Bus

- Ground

InrIen
Massage

Center

FIGURE 26.5 Data comrnniication network with bod computer, intUrMIntL IusIer and mssa ceeIJr.

E' ineNode

Instrjrren
Cluater

)riverDoor Passenger Door
Node Node

T Door Handle

Key Cylinder
Center Door Closed

e- Door Ajar

FIGURE26.6 Data link with body computer, instrumn dusctr.memsg cen.er, and hree-snsr nodes.
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cuits required. This method is effective in reducing the number of sensor wires connected
through "crunch points" such as the bulkhead or door hinge. This reduction in wiring, how-
ever, is obtained at the expense of three added sensor nodes.

Class B multiplexing is a very useful technique for reducing mane of the problems encoun-
tered by the automotive system engineers. This section will demonstrate that in man situa-
lions the multiplex strategy, shown by Fig. 26.6, leads to a less than optimum system
architecture.Itis highly desirable to have a multiplexing architecture whichwouldpermitthe
use of smaller module connectors,reduce the number of wires crowding through the congested
areas.andattain a solution without introducing more modules to mount,wire,and service

Engine 'omparnentNode. In this hypothetical example. it may be desirable to inte-
grate the node with theengine controller module, which would reduce module count and
wiring circuits at the same time.The integration solution is not always possible because the
engine controller already has an uncontrollably large module co inector and would add a sep-
arate part just to cover an option.

Door Nodes In this hypothetical example, the best location for the door node would he
inside the door (See Fig. 26.7). By placement inside the door, the number of circuits through
the door hingeis minimized,but without making further improvements the same wiring Com-
plexity insidethe door still exists.These further improvements generally could integrate the
electronics and mechanics into a single package.

Be ttg rj 3G 5oir R~n

Ground

Doar RandLa

Key Cylinder
Door Closed BilICDoor Ajar Ground

FIGURE 26. A dnver door node

GeneralNodeEConcerns General nodeconcernsinclude the following:

* In order to achieve minimum cost, nodes tend to become aplication-specific and not
generic because they usually can cover only one feature product.

* To cover more than one product, nodes tend to become intelligent and employ a micro-
computer, and may negatively impact the system cost and complexity.

* Using conventional sensors remote from the node does not nornally improvesensor diag-
nostics; e.g., the node cannot tell if the sensor switch is off or if the wire is disconnected.
Refer to the previous section, -Example Class A Systems," tr a discussion on switch
integrity.

* The door node illustrated in Fig.267, and nodes in general.car be effecive in some wire
bundle size and weight reduction but further improvements are possible with Class A sen-
sor/actuator networking.The number of connector pins for the systern can also be reduced
with Class A networking.

Multiple NetworkArchitecture. The multiple network architecture is the second strategy
that solvesmany of theseconcerns.Thisarchitecture requires the dzvelopment of many types
of specialized network hardwarecomponents to efficiently handle each application. These
components ar connectedtogether by agatewayon the Class B network fordiagnostics pur-
poses. Figure 26.8 ilustratesthislocal area network (LAN] solutioi.
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ENGINZ COMPARTMENT
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Door AjOr Door AjAr
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Wiper Swich,

Kwy-in Switzh usadlamps on
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network for sensors.

Multiple network architecture strategy requires the integration of eletronics into the sen-
sorsactuators, and motors so tha Ithey can communicate over a Igle wire into the module
that utilizes them. Since the sensor and actuator components contain the added multiplex
electronics, the separate installation and wiring ofthe multiplex module is liminated, Unlike
the single-network architecture strategy.the integration of electronics into the sensors.actua-
tors,and motors normally does improve sensor diagnostics because the sensor status and con-
dition can be reported back to the controlling module.This method makes use of a Class A
LAN without adding components to the vehicle system.

Figure 26.8 shows that the Class A LAN eliminates the need for the engine compartment
node andtwo-door Sesor module while still reducing wiring at he crunch points.1The muli-
plex architecture shown in Fig.26.8significantly simplifies the same system shown in Fig.266.
This simplification is made possible by separating the Class B intermodule communicaions
network from the Class A sesor-to-module communications.

The Class A LAN connects all the multiplexed components ir parallel. The 1/O require-
ments support T-tap connections, which can be highly automated in the production of wiring
harnesses.This configuration reduces bundle size and eliminates dual crimps. The configura-
tion also supports the concept of addingsensors or actuators, as the option requires without
changing the body computer configuration to support the option.This add-on feature alows
the option todictate the cost and not the cost of the added node dominating

The two different Class A networks using multiplexed sensors are shown in Fig.26,8 and
Fig.26.9 and illustrate a body computer flexibility trait that is not available in the other archi-
tectural approachesThe typical basevehicleusing the ClassA network is shown in i.26.9.
The body computer in the base. medium, and premiumvehicle systems all have the wiper
switch,seat belt switch, headiamps on,ow fuellevelkey-inignitionswitch,ClassAinterface,
and the Class B multiplex interface.Thistraitacross option rates allows additional inputs to
be connected without modifyingthe hardware inthe bodycomputer.

Unlike this hypothetical situation just usedforillustration purposesarealvehiclewill
have several actuators aswell assensorsconnected to the bodycomputer.Asitwas previously
discussed, there are approximately seven sensors to every actuator in a real vehicle body sys-
tem. For illustrative purposes, 14 sensors and one actuator (wiper motor) were shown in this
example.The principles shown,however,apply similarly to any nunber of actuators.
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ENGINE COMPARTMENT
aner fluidc owerrnror
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FIGURE 26.9 Base vehice with Class B data link, body coputerinstrument
clustermessageceter,and Class A network for sensors

Class C Real-Time Control The Class C network is the least mature networkndconen-
sus 0 opinion on requirements does not yet exist. Experts cannt agree on many faces and
many of the requirements are controversial. Many automotive engineers beheve that anade-
quate statistical latency achievable with a bit-by-bit arbitration-basedmedia access protocol
is sufficient for real-time distributed Class C multiplexing. Others believea token-passing
media access protocol is required because a maximum latency is guaranteed, becausewithan
arbitration-based media access only a statistical maximum latency is achievablethere are still
others who argue that both the arbitration-based and token-passing media access is not good
enough for hitly looped distributed processing because both metods have too great a vai-
ation in latency time They argue that a time-triggered media access method is required
because the network variations in latency should not affect tightly looped processingtimes.
Other factors such as required data rates and the physical media type also remain openI It is
clear that more research and development is required to resolve tese questions,

26.2 ENCODING TECHNIOUES

The data encoding technique has a significant effect on the radiated EMI. In order to achieve
the highest possible data rate,it is important to choose a data-encoding technique that has the
fewest transitions per bit with the maximum amount of time between transitions and bit-syn-
chronized so that invalid bit testing can be effective. PWM, for example, has two transitions
per bit with Vbit times between transitions.NRZ has a maximum of one transition per bit but
is increased to provide for synchronization.Some of the disk drive encoding techniques such
as modified frequency modulation (MFM) are synchronous with fewer than one transition
per bit.(See Table 26.1 for a comparison chart of a selection of encoding techniques used in
vehicle multiplexing.)

The variable column in the table describes an attribute whereby the transmission time fot
data byte is a variable quantity depending on the data value VPWLtand Bit-Stuf NRZ both
have variable byte repetition rate (data variability)

Some of the bit-encoding techniques synchronize on transitions that fall on or within the
bit boundaries, 10-bit NRZ, Bit-Stuf NRZ, and E-MAN all employ added transitions for syn-
chonization (clock synchronizalion).
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TABLE26.1 Comparison of Muliplexing Bit-Encoding Techniques

PWM VPWM 10-BitNRZ Bit-StufNRZ 1-MAN E-MAN MFM
Variable No Yes No Yes No No No
Synchronizing Yes Yes No No Yes No Yes
Arbitrates Yes Yes Yes Yes Yes Yes Yes
Transition/bit 2 1 1 -25 51M015 <2 <1.25 1
Max data rate 7.1 K 11.2 K 13.5 K 166 K 84 K 13.5 K 16,8 K
dBV <PWM Base 9 11 14 5 11 15
Oscillator tolerance ±29 +2 21o 51% ±9.7% ±29.2% ±9.7% ±10,7%
Integrity Perfect Good Fair Fair Perfect Fair Superb

All of the encoding techniques considered are capable of bit-by-bi arbitraton.This is not
comnonrl recognizedwith someof the encoding techniques e.g.MFM and will be addressed
in Sec 26.2.7 (arbitrate) Bit-by-bit arbitration is calculated on the number of tranionas per
bit of data.

A suitable data-encoding technique should not generate excessive levels of EMI, and this
consideration is a dominating challenge in makinganencoding choiceTheCISPR Standard*
is usually considered adequate.This factor determines the maximum allowabledata raw of the
encodingtechnique, in order to maintain a level of EMI below the CISPR standard break
point, i.e..-60 d8V at 500 kH iThe values predicted in Table 26.2 used the same technique
described in the next section.

Equation (26.1) in Fig. 26.10 can be used to predict' the EM I levels radiated by a single
wire in a vehicle wiring harnessThe technique was used to calculate and plot a Fourier series
of a sample trapezoid wave to determine the values given in TaIbe 26 2.The calculations
assumed a 10.4 Kbps data rate al a 42 percent factor of the mininum feature size (minimum
pulse width) to determine the rise time. Consider the trapezoidl wave shown in Fig. 26.10.
The shortest rise time (42 percent of shortest putse width),shortest pulsetimeand fastestrep-
etition rate should yield the worst-case EMI in BV The actual measured EMI will be a few
dBV better than the calculated dBV because the output driver frequency bandwidth does act
as a low-pass filter (EMI below PWM (dBV <PWM)].

CISPRD/'O2 (Secretariat) 19 Sepit989 Radiated Ernissirns Anriena& Prowe Test Document has been gener-
ally interpreted by mcst RF engineers tospecify abreak point at 500 k of -0I dBV

2r
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There arc a number of hardware constraints that affect network synchronization andsci-
latOr (olerance. The values given in Table 26.2 are calculated without considering thesecon-
straints becausethey are not generally considered a factor for evaluating encoding
techniques. For all encoding techniques, the same nominal bit rates or aiverge bitrate,asin
the case of VPWMwas usedThe small decrease in data rates for 10-Bit NRZBit-Stuf NRZ,
and E-MAN.due to the added bits for synchronization, is normally neglected; i.e.. Baud rate
was used.

The technique used by the receiver to detect a synchronizing transition plays a role in
determining oscillator tolerance. Many different sampling or integration techniques could be
used for a comparison, but for the sake of obtaining a reasonable judgment.for the encoding
techniquesunder consideration,a very simple pulse width counter technique wasassuned.A
125 percent of minimum pulse width (PW min) was assumed for variabilityinintegration
time (IT).The maximum time for synchronization was either the maximum pulse width(nom-
inal) or time (nominal) between synchronization transitions.

Equation (26.2) in Fig.26.11 yields the natural oscillator toleiance for the encoding tech-
nique Figure 26.11 illustrates the maximum fast clock and minimum slow clock that can
determine the logic value, either a "I" or a "O". for the symbol decoded by the symbol
decoder. The IT is the time of uncertainty in determining the pulse width The example
demonstrated is for PWM encoding technique.All the other encoding techniques follow the
same method.The actualtolerance would be affected by the application and the specific hard-
ware used in the networkThe variabilities introduced by the specific hardware will he needed
to adjust parameters in Eq.(26.2) in order to find thecfinal nodeoscillatolerance.

<- PW max ><-PW min->

Nominal Clock
(Logic"'1)

<-PW min-< PW max -

Nominal Clock
(Logic"0")

<- PW max ><--PW lin->I

Fast Clock
(Logic "1")-

<- PW min ->I< P: Max

Slow Clock
(Logic "0")

Pr M max - P mm - ITPI pmax±~m + 26.2ti

FIGURE 26J1I Example of oscillaior Icoerane calculaiton

There are generally three types of oscillators used with vehcle multiplex circuits: quartz
crystal for very tight oscillator tolerances; ceramic resonatorsfor low-cost, tight tolerances
and fast startup time;and RC oscillators forvery lowcost and very fast startup time at a very
loose oscillator tolerance.

The noise filter used is usually a digital filter or some type of sampling process. RC filters
are usually not used because they are not precise enough.Forall of the encoding techniques,
a 12.5 percent of minimum pulse width was used for IT in calculating the oscillator tolerance.
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In a single-wire network, ground offsets between nodes cause an added received pulse-
width variability.This condition is especially acute when trapezoidal waveforms are used to
reduce EMI. Figure 2612 illustrates the pulse-width timing (T) variability introduced by
ground offset.Thispulse-width variability must be accounted fo because it causes a reduction
in minimum pulse widthand anincrease in maximum pulse width, thus having the effect of
reducing oscillator tolerance,

Max

Offset NOM

Min

FIGURE 26.12 Groundoffset on pulsewidh timntg

The output drivers are the source of another pulse-width variability.The effect is thesame
as with ground offset only not nearly as acute,The problem is caused by line drivers used to
permit arbitration having a longer delay time when going from the active to passive state than
from a passive to active condition.

Data integrity is judged on a scale from poor, fair.good.,superb, to perfect Data integrity is
generally considered to be affected by the EML The ambient levels of EMI in a vehicle are
very low This condition must remain in order to operate a communications receiver (con-
sumer radio) in a vehicle. The problem is that very high levels of "bursty" noise for a short
period at random intervals can completely disrupt multiplex communications for the duration
of the noise. The only other effect of this bursty noise is a barely noticeable pop in the radio
speaker. During these events, data integrity is compromised. 'lTe accepted practice for data
communication (Class B) multiplexing is to simply detect this data corruption and throw out
the full message rather than try to recover the data. This practice is acceptable because the
amount of corrupted data compared to noncorrupted data is considered negligible,and/or can
be retransmitted without causing bus bandwidth problems

A thorough noise immunity study is very complex, and the criteria for judging would con-
sider many factors.If something is known about the noise environment and the detector hard-
ware, as is the case with the automotive situation, a study of datr integrity may be useful. For
the purpose of this discussion, assuethat the criteria for judging which data-encoding
method is acceptable is mainly dependent on its natural ability to detect corruption. Also, the
corruption detection ability is often determined by the interface hardware capabilityand its
message-handling protocol.

A number of validation tests can be performed on the message level Bit-error algorithms
such as a parity bit, checksum, or CRC are the most common test Also, some protocols can
perform message length by either message type or defining the message length in the data.
These and other message level tests are independent of the bit-encoding method and should
not influence data integrity of the bit-encoding technique.

The natural ability of the encoding technique to detect corruation is known as invalid hit
detection.Usually three types of data integrity factors are considered for vehicle multiplexing
because the effects of EMI environment are basically known:

L Lowpassilteing. For this factor, the data bit is passed through a low pass filter, i.e. an
integrator; the longer the shortest pulse durationthe more effective the filtering.

2. The bursty noise detection test checks for a short duration of EMI.
3. Two independent data bit tests confirm valid data PWM.for example. has two unique sam-

ple periods per bit and both periods must complementeach other.
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26.2.1 Pulse-Width Modulation (PWM)

The PWI encoding technique' is composed of two sample periois or phases (TI and T) per
bit,as shown by Fig.26.13.PWM encoding has the advantage that the time per bit remains con-
stant, but has the disadvantage ofgeneratingmt ENI because it has two transitions per bit.
This timeper phase of PWM also affects the generatedEMI noise and, to ninirmize the EMI
effect,one phase time is usually defined toh e two times the other phase time in duration

Active

Passive

T,   Ta T T,

Bit Logic Value "0" "1"

FIGURE26.13 PWM encodeddata.

ArbiraionofPWL. PWMhas the ability to perform bttby-bit arbitration. Figure 26.14 illus-
trates that a "O"hit dominates and takes priority when bit-by-bit arbitrating over a logic "I".

Active
Logic "O" Bit Pas e

Active
Logic "Il bit Pas e

Results: Logic Active
"o" has priority
over a logic "1" Passive

FIGURE26.14 A logic"arbirating wilta lgkc

DataIntegrity ofPW1I. Consider a hardware sampler that has the capability of detecting (1)
transition and (2) phase (0) every sample window,as shown in Fig.26l5The samplerstarts sam-
pling at a transition, then sequentially samples window 1, window 2, and then window 3 If a
transition is not detected by window 3, then data has been corrupted and the message is thrown
out.When this type of sampler is used for PWM encoded data the sampler would sample five
windows per bit and yield dual transition and phase information per bit. The transition and

Window 1 2 3

Error 1 + 0 X X
Short 0 1 + X
Long 0 0 + 0

FIGURE26.15 A three-window sampler,
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phase information must be consistent for a correct PWM encoded data or corruption would be
assumed and the message will be thrown out. If at any time atransition ofeither phase is
detected in Sample window the data hasbeen corrupted and tie message is thrown out.

PWM encoding is judged to have very good "perfect" invald bit-testing capabilities even
though the effectiveness of the low-pasS filter is poor. Otherwise, it stwo of the three (e.g.,
dual periods confirmation of data and burst noise) validation tests. PWM is "perfect" encod-
ing technique used in vehicle multiplexing when data integrity has the highest priority. How-
ever, this encoding technique has multiple transitions per bit and would not allowoperlion
at data rates near the natural EM limits for single-wire or twisted pair transmission media.

26.2.2 Variable Pulse-Width Modulation (VPWM)

VPWM (sometimes referred to as VPW modulation) is avariation of PWM. Normal PWM
has two phases per bit as shown by Fig.26.16. iis illustrated as a passive short and T2 as an

Scombinationisdeinedas logic"bitNotic that a logic "O" bit takes pri-
ority when arbitrating over the opposite pattern of a passive long and an active short.

bit n-1 ->I<- bit n -- bit n+1
Active

Passive
TJ T2

FIGURE 26.16 A PWM encoded logic "O" bit.

One of the most attractive features ofVPWM is that the pulse-width variability introduced
by factors such as ground offset and output driver timing variabilities can be added to the
pulse-width timing without severely reducing the oscillator tole -ance.

Arbiration fVPWL VPWM encodes each phase as a data bit. Figure 26.17 illustrates a
passive short arbitrating with a passive long. Figure 26.18illustrates an active long arbitrating
with an active short. In both cases, a logic "0" takes priority over a logic "bit Therefore,
arbitration using VPWM data encoding can be achieved.

A passive Short Active
is defined as a
logic "0" bit Passive

A passive long Active
is defined as a
logic "I" bit Passive

Results: A passive Active
short has priority
over a passive long Passive

FIGURE26.17 Apasriveshortarbitratingwithapassivelong

VPWI is utilized by SAE J1S50; ix.it uses a pulse width of64 ps for a short and 128 s
for a long and approximates the same average data rate (10.4 Kbps) as regular PWM using a
pulse width of 32 gs forashort and 64 ps fora long.The VPWM minimum pulse width for a
short is 64 s and permits a rise time of 16 ps for T as illustrated in Fig.26.12. Compare this
risetime to conventional PWM where a 32-ps short permits only an 8-s rise time.The result
of the proportionally longer rise tirie and wave shaping is an approximate 9-dBV improve-
ment in EMI over PWM.The disadvantage of VPWM encoding s that the data rate per byte
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An active long Active
is defined as a
logic 0 bit Passive

An active short Active
is defined as a
logic "1" bit Passive

Results: An active Active
long has priority
over an active short Passive

FIGURE26.18 An active long arbitrating with an active short

transmitted will vary in time depending on the data value. The microcomputer interfacing
transmitter/receiver polling rate withVPWM is required to be less than = 512 p per byte,
whereas with PWM less than- 768 ps per byte is required.

Data Integrity of VPWM. VPWM has good data integrity by sampling up to three times
every pulse width as shown in Fig. 26.15. The sampler is designed to detect a transition and
phase (0) every sample window and have an average number of 2.5 samples per bit.If at any
time a transition of either phase is detected in sample window 1, the datahas been corrupted
and the message is thrown out

The sampling sequence is initiated by a transition of either phase A short symbol is then
sensed by not detecting a transition (0) in window I and detectinga transition (1 + 0) and
properphase in window 2.Sampling in window3 is a"don't care'(X), because sampling is ter-
minated and the procedure is repeated.Window 3 is actually window I on the next sampling
sequence.

A long symbol is likewise sensed by not detecting a transiton (0) in window 1 or 2 and
detecting a transition (I+ ) and proper phase in window 3

The proper phase detection, when a transition is sensed, is used to ensure that the
sequence does not get scrambled. It is also used to define which logic level, l" or "O", has
been received,

VPWM has beenjudged to have"good" data integrity because low-pass filtering of the data

pulse width is good.Every transition is validated by an error-sampling windowand pulse dura-
tion measurements are validated by the proper phase test,i.e.,twoof the three invalid bittests.

262.3 Standard 10-Bit NRZ

This is an asynchronous serial 1/0 (standard UART) 10 bits-per-byte of data. A start bit and a
stop bit are added to provide data byte synchronization.The standard UART used in RS232
is bit-ordered least significant bit (LSB) first Figure 26.19 illustrates this 10-bit NRZ wave-
form. Vehicle multiplex networks that use 10-bit NRZ make use of the available hardware
that have this asvnchronous 1/0, i.e., the serial communication- interface (SCI) available on
many microcomputers.

START DATA STOP

7 1 23 4 -6 7 7
FIGURE2619 A10-bitNRZiwaveform(LSBfirst).
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Arbitration of 10-Bit NRZ. Figure 26.20 illustrates 28H fr transmitter #1arbitrating
with 44H from transmitter #2. An active "0" is defined to win arbitration over a passive "J".
Take note that bus has a 28H on it and, therefore, transmitter #2 shuts off its output when it
tries to transmit bit #2This loss of arbitration action is the usual method employed by all arbi-
trating protocols

START 0 0 0 1 0 1 0 0 STOP
1

XMIT #1 0 1 2 5 6 7

o 0 1 0 0 0 1 0

XMIT #2 0 3 4 5

00 0 1 0 1 0 0

BUS 0 1 2 3 46 70
0

FIGURE2.20 Arbitration of a 10-i NRZ network.

Data Integrity of 10-Bit NRZ. The bit-synchronized sampling technique used for PWM
andVPWM could be used for 10-bit NRZ encoded databut it would be much more complex
because it could be guaranteed to synchronize only on the sto-to-starttransition It would
not sample only one bit, it may have to sample all eight.The normal technique is to use a start
bit detector to sense a valid start bit and then sample all eight of the data bits sequentially.

As with all decoding techniquesthe data is passed through a low-pass filter. However, fil-
tering for NRZ is cry effective because of the long data pulse duration, 10-bit NRZ encod-
ing has been judged to have "fair" data integrity, mainly because the addition of a transition
between the stop bit and start bit is not unique in the sequence and the detector hardware
could get scrambled. Adding an nvalid bit detection for bursty noise between databits would
improve the data integrity, but it could not validate every bit.

26.2.4 Bit-StufNRZ

Bit-stuffing is another way of synchronizing NRZ encoded data.'The concept is to insert a bit
(i.e., two transitions) after a specified number (X) of bits of contiguous "I" or'0" bits and if the
X + 1 bit is the samelogical value as the other contiguous bits.The proper number of contigu-
ous bits is chosen asa compromise between the oscillator tolerance and the genrated EMLThe
higher the number of contiguous bits before inserting a stuff-bit, the btter ih synchronizing
oscillator tolerance must be, but the lower the EMI. There is also a receiver decoding complex-
ity consideration with bit-stuf NRZ.Figure 26.21 illustrates waveform used by CAN for X= 5.

The number of stuff-bits in a frame is dependent on the data value, and the transmission
time for a data byte is a variable quantity depending on thisdata vlue.A number of the fac-
tors used to evaluate bit-stuf NRZ require a knowledgeof theaverage number of data bytes
per stuff-bit (see Fig.2622). This averae number can be derived because the nature of a data
bit in a message has equal probability oL being a Il" or "".

Arbitration of Bit-StufNRZ As with all arbitrating encoding methods, the bit-stuf NRZ
transmitter utilhes a driver that has an active state and a passive state,thereby supporting bit-
by-bit arbitration.
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ORIGINAL BIT STREAM
(TRANSMITTER)

BIT STREAM ON BUS

ORIGINAL BIT TREAM
(TRANSMITTER)

BIT STREAM ON BUS

0 1T 1 11 11 1 0 0LSixth Contigious"1"
0 1 1 1 1 1 0 )L

LOpposite Bit "Stuffed" in Stream

0 P,0 0 0 0 0 0 O 100

Sixth Contiguous "O1

0 0 0 0 0 0 0 110 10 P,

LOpposite Bit "Stuffed" in Stream

FIGURE26.21 NRZbit-siuffing.

The probability of there being a stuff-bit before B, in the
stuffing algorithm where X = 5 is as follows:

B0, B* * B -** *B

0
1/32
1/64

when i
when i
when i

<5
= 5

F(N) = No. of BYTES/STUF

FN(N) where

nPionAT -
=No. of Bits

2 = No. of BytesB

lim F(N) = 8
NV-

F(12) = 8.348

FIGURE26.22 Derivation of average numberofstuff-bits

Data Integrity Bit-Stuf NRZ. The bit-synchronized six-window sampling technique illus-
(rated in Fig, 6,23 could be used for bit-stuf NRZ encoded data and would be guaranteed to
synchronize on the stuff-biL. It must accommodate sampling from one to five data bits sequen-
tially.All bits of data prior to sampling a transition are assigned the same logic level as the
level detected by transition and phase detector. If transition is detected in window f1, which
is due to bursty noise, the message would be thrown out. This detector could somewhat
improve the data integrity, but it could not validate every bit.As with all decoding techniques,
the data is passed through a low-pass fiter. However, filtering for NRZ is very effective
because of the long data pulse duration

Bit-Stuf NRZ encoding has been judged to have "fair"data integritymainly because the
addition of a synchronizing stuff bit is not unique in the sequence and the detector hardware
could get scrambled.
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T 'T r "v

Window
Data

Error
Bit 1
Bit2
Bit 3
Bit 4
Bit 5

1

0
0
0
0
0

2
D,

x
1+

0
0

0

4
D,42

x
x

1+0
0

0

x
x
x

0
0

5
Drt3

x
x
x
x

0

FIGURE26.23 Asix-window sampler

26.2.5 L-Manchester (L-MAN)

The L-MAN encoding technique is composed of two sample periods of opposite phases per
bit, as shown by Fig. 224. L-MAN eneoding has the advantage that the time per bit remains
constant but has the disadvantage of generating more EFI be(ause it can have an average of
one-and-a-half and maximum of to tr'nsitions per bi.

CLOCK

Active

Passive

Bit Logic Value tOll "1"l

FIGURE26,24 L-MANencodedsynchronizingbits.

A transition from active to passive level will be decoded asa logic "O"and a transition from
passive to active level will be decoded as a logic"l". A synchroizing transition is always gen-
erated in the center of the bit period but may not be generated at the beginning of a bit
period,depending on the dataAs illustrated by Fig2.25,when there is a "O"to "I" or"1" to
"O"data sequence the transition is not generated.

CLOCK

Active 0 1 I1[0 0 0I1i 0

Passive
Data 0 1 1 0 0 0 1. 0
FIGURE 26.25 One byte of L-MAN encoded data.

D,,,

x
x
x
x
X
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Active Arbitration of L-AIAN. Figure 26.26 illus-

trates how a lgic"0" arbitrating with a logic
Passive " always wins arbitration.This situation is

Xmit #1 Logic Value true because the active portion of the signal
overides the passive portion and also shuts

Active off the output of the passive contender
Xmit #2 before it woul become active.
Passive

Data Integrity of L-MAL Consider a
three-window sampler that has the capability

Active of detecting ac transition (1) and phase ()
every sample window as shown in Fig.26.15.

Passive The circuit starts sampling at a transition and
then sequentially samples window 1 window

Bus Logic value I 2, and then window 3. If a transition is not
FIGURE 26.26 Atoic "0'atimiuita tgic detected by window 3, then data has been
,,I. corrupted and the message is thrown out.

When this type of sampler is used for L-
MAN encoded data, the sampler would sam-

ple four to five windows per bit and yield complementary transition and phase information
per bit.If D, and D, have the same logic level-.e.,sors"-then a transition must not
occur at the bit boundary or a corrupted data would be ass med and the message will be
thrown out. if at any time a transition ofeither phase is detected in samplewindow lthedata
has been corrupted and the message is thrown out.

L-MAN encoding is judged to have verygood "perfect" invalid hit-testing capabilities
even though the effectiveness of the low-passfilter ispoor.Olherwise, it has two of the three
validation tests:dual validation of data hyproper periodsat the bit boundary and bursty noise
test every bit, L-MAN has "perfect" encoding technique used in vehicle multiplexing when
data integrity has the highest priority However, this encoding technique has multiple transi-
tions per bit and would not allow operation at data rates near the natural EMI limits for sin-
gle-wire or twisted pair transmission media.

26.2.6 E-Manchester (E-MAN)

E-Manchester, or enhanced manchester, utilizes an L-Manchester encoded data bit for svn-
chronization combined with three bits of NRZ encoded data bits. Figure 26.24 ilustrates the
L-Manchester synchronizing bit values and Fig. 26.27 is an illustration of four bits of E-AN
encoded data.

clock

Bit Logic
Value 00O" "1I Ho tt1i

NRZ NRZ NRZ MAN
Active

Passive

FIGURE26.27 Fourbisof E-MANcencadeddaa bits,

Arbitration of E-MAN. When arbitrating. an active (logic "O") takes priority over the
opposite pattern (logic "1") for both the NRZ bits and [ie MAN encoded synchronization
bit.This domination of a logic "(Pover a logic"1" is easily understood for the NRZ encoded
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portion of an E-MAN encoded byte The dmInance of a logic 0" snchionization bit, which
seemsconfusincan be easilyrealized b consideing the fact that the active portion of the
signal oerrides the passive portion and also shuts oil theoutput of the passive contender
befoeIt would becomeacive

The main advanageo F-MAN over PWM or VPWMis that the shortest pulse width at
1014 Kbps is = 768 s, and pIrmits a 42 percent rise time of 32.3 ps compared to a 32 Ps short
and 13s rise tinr with conventional PWN.The result of the p-oportionallv longer ie time
and wave shaping is n approinate 1l-dhV improvement ii EMI ove PV1. Another
adiantageo- EMAN ov.r VPMis that the data rate per bt transmitted isconstant. he

uicrocomputer transmitterircevLer pollin rate with E-MAN is required to be a constant of
lessthan= 768s per te.

Daa Integrity ofE-MAN. I the same sampling technique is used for E-MAN as was used
for the bi-stufNRZ case, it is capable of detecting (1) a transition and (2) a phase (0) every
samplewindowThef -MAN sampling hardware can sample up to six times every pulse width
as shown inFig.26.23

The sampling sequence is initiated by a transition of either p ase. If there is a transition (1
+ ) in window 2, then the value of D, is determined by the logic level and phase.

If there is a transition (1 + ) in window 3in thesamplingsquence. then D,= D,, and is
determined by the logic level and phase.f thereis a transition (I +) in window 4 in the sam-
pling sequence, then D,= D, D,,, and is determined by the logic level and phase.

If there is a transition (I+4) in window 5 in the sampling sequence, then D, = D, I = D, .
and is determined by the logic level and phase.The value of D,,., is determined by the phase

(0) because it is the L-MAN encoded bit and will be confirmed by a transition (1 in win-
dow 2 on the following sampling sequence.

If there is a transition (I )in window 6 in the sampling sequence.then D,, = D,±
and is determined by the logic level and phase.The value of D,,, is determined by the phase

(#)because it is the L-MAN encoded bit
The L-MAN encoded bit is not unique in the sequence and the detector hardare must

keep track of where the L-MAN bit should be, because if a transition (I + 4) for the L-MAN
encodedbit falls in a window other than window 6, then the value of D,, 3 is determined by
the phase (0) of the transition.

E-MAN encoding has been judged to have "fair" data integrity, mainly because the L-
MAN encoded bit is not unique in the sequence and the detector hardware could get scram-
bled. If a transition is detected in window I, an invalid bit was detected, which helps data
integrity but it could not validate every bit.Aswith all decoding techniques, the data is passed
through a low-pass filter.However.filtering for E-MAN is very effective because of the long
data pulse duration.

26.2.7 Modified Frequency Modulation (MFM)

Modified frequency modulation (MFM).a modulation technique developed during the latter
1960s. was usedin disk drives and is adaptable to vehicle multiplexing.The advantage of uing
the MFM encoding technique is that it would be synchronous with an average of 075 and a
maximum of I transition per bit.The encoding technique pern-its a transition rise time that
can be maximized and wave-shaped to significantly reduce EM. Disk drives have a similar
requirement where the modulation technique allows pulses to be recorded on a disk at maxi-
mun density. The diagram shownin Fig. 26.28 demonstrates one method of applying MFM
encoding technique toa data communication network.

The rule for encoding simply causesa transition at the data time when the data at that time
slot is a logic"".A transition is also generatedat the clock time dot when the data before and
after the time slot was a logic "O (or two -O-s in a row)
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Bit #
Time
Data

Waveform

7 6 5 4 3
C D CD C C DC C D C

1 1 0 1 0

2
D C
0

1
D C
0

0
D C
I

D = Data Pulse C = Clock Pulse

FIGURE26.28 M11aencodedbvreoldaa

Arbitration of IF. A equirementfor vehicle multpleing s that the data (ro one
device shall bit-b-bil arbiLrate ththe data from another deitcThe arbitration bit-order-

ing is defined MSBf irstand01 lhas the highest priority.Tik upport arbitration, the output
driler is defined and designed tohave anactivesuit that has prioit Over a passive state. Fig-
ure 26.29 denonstrates the four encoding rules that can he used to generate awaveform "A"
that always wins arbitratioi.

Rule 1 - Waveform "A":1
If the previous bit was
a passive "0", coding the
next bit as a "O" will
always dominate.

Waveform "E"
Active
Passive
Waveform "A"
Active
Passive

o 1D

o 0

Results "A" Wins Arbitration

Rule 2 - Waveform "A":
If the previous bit was
an active "0", coding the
next bit as a "1" will
always dominate.

Waveform "b"
Active
Passive
Waveform "'
Active
Passive

C D C D C

0 1

Results "A" Wins Arbitration

Rule 3 - Waveform "A":
If the previous bit was
a passive "I", coding the
next bit as a "Ill will
always dominate,

Waveform "fi"
Active
Passive
Waveform "A"
Active
Passive

C D C D C
1 0

1 1

Results "A" Wins Arbitration

Rule 4 - Waveform "A":
If the previous bit was
an active "1", coding the
next bit as a "0" will
always dominate.

C D C D C
Waveform 13" 1 1
Active
Passive
Waveform "A" 1 0
Active
Passive

Results "A" Wins Arbitration

FIGURE@,29 Thefujulesforwinninwartraion
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Assume that the existence of four rules for winning arbitration demonstrates that it is pos-
sible to convert data intoa form that will correctly arbitrateThis assumption means that data
can be encoded into a different byte, which will have to bedecoded back after arbitration.
Applying the four rules, the process required to code a '" in the original byte to win, and a
"l" to lose, is:start with the MSB, move toward the LSB, i.e. left to right When encoding,
make sure all the"sencountered are of the typethat will wiiarbitration i.e., Rule 1 and 4.
When a "I"is encountered make sure the type of 0" that will be following the previous bit
will win arbitration over the "l"in the present biti.e., Rule 2 and 3.For eachI"encountered
in a row, make sure the other byte that has the same bits up to that point, but now has a "0",
will win arbitration with that "".

Encoding and decoding of data into an MFM ormat an be accomplished by hardware in
the interfacecircuit. A two-step process is required. First the data bytes to be transmitted
must be translated into the correct form for arbitration using the rules ilustratedbyFig.26.2$.
The operation of the MFM encoder depends on a starting value of a dominant "I" which is
provided by the start of frame (SOF).

After the data is translated into the correct form for arbitration, it can be encoded by the
circuit.The data is then ready to be transmitted by the 10. The received data requires the
reverse sequence of first decoding by the circuit and then tranlation into the correct binary
form. Translation can be accomplished by the circuit.

Data Integrity ofMFM. The MFM encoding receiver samples up to four times every pulse
width when starting at a data transition, and up to three times every pulse width when start-
ing on a clock.as shown in Fig 26.30.

--'V ITI 7r 7 % -1

11 1

Window 1 2 3 4
Clock D, C Do j
Data C D, C D,

Error 1+4 X X x
Bit 1 0 1+ X X
Bit 1 0 o 1+0 x
Bit 2 0 0 0 1+P

FIGURE26.30 MFM data integrn capability

The sampling sequence is initiated by a transition of either phase.The sampler can detect
a transition (1 + 4) of either phase in ever) sample window.Tle following sequences begin
with a transition in a data window:

1. If next I+ in data window 1, then an error has been detected
2. If next 1+ in data window 2, then the value of D,= 1
3. It next 1 + in data window 3, then the value of D, = 0 and l = 0.
4. If next I + in data window 4, then the value of D, = 0 and C, =

The following sequences begin with a transition in a clock window:

1. If next I + in clock window 1, then an error has been detected.
2. If next 1 , in clock window 2. then the value of D, U 0 and D),.= 0.
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3. If next 1 + in clock window 3, then the value of D, 0 and D,, = L
4. If next 1 + in clock window 4, then an error has been detected.

MFM has been judged to have very good ("superb) data integrity because, as with
VPWM encoding, every transition is validated by an error-sampling window and a proper
phase test. Also, when transitions fall in windows 3 and 4 for data and in 2and 3 for clock, the
value of two data bits issensed One sampling confirms the previous, thus improving data
integrity capability. With MFM decoding technique, the data is passed through a low-pass fil-
ter, However, filtering for MFN is very effective because of the long data pulse duration.

26.3 PROTOCOLS

Table 26.2 describes the protocol sections.' These descriptions appear in the order in which
they are discussed for each protocol.

The following describes the intent of the various sections of the protocol characteristics.
The applicationsection briefly identifies the application for which the protocolwas

designed to serve.: military, aircraft, industrial, land vehicles, and trucks. The affliatonsection
identifies the organization(s) that originally developed the protocol,specified the protocol,or
which now endorse the protocol.

The transmisswn media section describes the physical medium generally associated or
required by the given protocol:single-wiredual-(parallel) wire, twisted pair. twisted pair with
shield,dual twisted pair,and fiber optics.

The physicaliucrface section describes the basic circuitry used to connect the nodes to the
network. In some cases, the schematic of a typical interface may be shown, In others, a refer-
ence to a geneally known interface technique may be made, This section may also include
additional data about aspectsof the interface not readily shown.An example would be that
receiver nodes synchronize to the signal from a transmitting node, or that receiver nodes
adjust their receiver clock to the received datasignal

The bit encodhng section describes the way inwhichthe logical bits,"1"s and "O"s, are trans-
lated into signals on the transmission medium by the physicil interface (NRZ, PWM, and
MANCHESTER).

The network access section describes the method used to award the communication net-
worktoone of the nodes for the transmission of amessage:master/slave, token passing, and
CSMA/CD.

The message format section describes the fields that make tip the basic message(s) used in
the protocol. This includes the order, name,and size of the fields

The handshaking section describes the interaction of nodes within a network in order to
effect a transfer of data.This may include such things as negative and positive acknowledg-
ment,and in-message acknowledgment.

The error derectiomanagement section describes the types of errors the protocol detects
and the recovery techniquesit uses: wrong message length and CRC.

The fattolerance section describes the ability of the protocol to continue operation. pos-
sibly at a degraded level, when various parts of the physical laver or medium of the network
on which the protocol is operating fails (i.e., node connections are broken, bus wires are
opened, bus wires are shorted to ground or to vehicle battery voltage).

The data rate section identifies the maximum data rate supported by the protocol.
The framing overhead section brietly shows the amount of nondata overhead i.e., framing

overhead,associated with the given protocol If possiblethe crlculation of overhead is shown.
Because some protocols offersignificantly different message formats and/or message sizes,
several overhead calculations may be necessary to give an accurate picture of the range of the
protocol's overhead requirements.

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



2a
C

.22

C-C)

uc

LJ" ~

C

+2

+2 2
U <

'2
C-

a ~
= '2
.2 -
a <

C)

Z

2:

b-IU
H

C,

U

C

Z 2

ou

-Es

2 F-U

a
'2
C)

~2

9.2

C).

-:2

-V

C

U

2

Vt

I
a

'2
C)

'2

a
'2

C)

H

N
-E,

O)

Ui

C)

C)

2
U

2

C)
U

C

C
C
U

C)
C

2
'C
-A

o ~
a -

- '2
CC) C)

C C2

&~ .~ &- 7 C

C)

-5C) C)

I-,

C)C,.4 z> "SC) 7. U

C) N22 C) C

'SC
- 2 Cl

~ a -m~ 'P
- F-E~ ~'1

+2

4

'2

11

+2

'-C

A

S
+2 '2
C)
"'2

L -~

A r -- a
C) Z

- I"

a
.2

-C,
C

a
2:

~ '2
C) -

a
2:

C) -
~A '2

a
2:

2:

N

00

2:

C)
.2

C)
C)

'2

,2
-- C)

C)

-a
2.

C
2

'2

C'S

CC
-I-U

-- a
C
7-

a
+2
2:

2

2
~t

+2 A.
A -a
C) CC--

- 2 CC
A tA- 2rfl

A 2- C)~C)~
C) *'-C a~ a-j

2: A A,

+2 ~
AC ~C 7 7 ;4-

a .2 z
.4= +2 -2
a2 ~ ~

2 3 CC) C)+2

a- -~,,~F
-"C) 

2 .C~ ~ ~ ;c '2:
CC) ~ tC~ ~C2 ~&
~- 2

a

C-C)

-z7

NJ
2:
Zr

"Ita>
CI -

Cs

i.~ 212 C) U
C A

-- 2
tI:

'2
C)

C
Z

7

'2
C)

2
7

'2
C)

a
- A

~1 7.

C)

C)a

2
7

'2
C)

C)
7

oi

$A~
P

K

~4U ~

U

N
C

U
zK
-C

C,

U

C)

2:
-C

('C

'2
C)'Ca-

A
C)-:

C;-
7-

C

a
C)
AC
C)

C)

2
C
a

NJ

N

w
-I

C
I-

26.24

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



MULTIPLEX WIRING SYSTEMS 26.25

The latency section describes the factors that affect the delay between the availability of a
message to be transmitted and the beginning of the reception o;'that message by the intended
receiver.

The power reduction section has general information abou any modes of operation that
require less power than normal operation. As a minimum, this section identifies the lower
power level(s). It also includes a brief description of the criteria used in transitioning to the
lower power mode(s) and to return to normal power mode.Some of this information may be
device-version-specific and will be so identified.

26.3.1 Automotive Bit-Serial Universal Interface System (A-BUS)

Application/Affiliation. Designed for automotive applications byVokswagenAG.

Transmission Media. Not specified.Single-wiresugested.

Physical Interface. Notspecified.

Bit Encoding. NRZ with eight samples/bit, which means each sample is th the length of
the bit. A valid bit has to have either four orsix complementary samples (see Fig 26.31)This
choice of either 4 or 6 matching samples is a user selectable function.

8 SAMPLES

TM CLOCK

X 1 1 1 1 1 1 1

x x 0 0 1 1 VALIx 6 1 1 1
x x x x x 0 I

K x K K 0 1
x x x x x x0

FIGURE 26.31 NRZ wih eight sampes/it.

Network Access. Network access is achieved by acontention process that occurs through
the end of the identifier field using anondestructive bit-by-bil arbitration operation.

MessageFormat, MesagelenigthIs constant and conists of Istart bit, Ibit (N/DAT) indi-
cating whetherIt is adata message or acommand message, anlI -bit identifier. 16 bits of data,
and 2stop bits (ST PO, STPI ). Further detail is provided in Fig. 26.32. Twodifferent types of
messages are possible: thvdaaimssage and the commandmessag. Command messages may
he usedto ensurehat afollowigcommand will not be accepted on the bus until the receiver
has read the cmma nd. The ABS [Caneprogrammed inavay that every following com-
mand will not be accepted on the bus until the master controller unit has read the command
last received.In this case, no comniands are lost,

Handshaking. Negativea',cknowledgment by receiver aftere rror is detected. Any receiving
device that notices aprot(.o orror notifies all other bus members by puling down the STP1
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26.26 SAFETY CONVENIENCE.ENTERTAINMENT,AND OTHER SYSTEMS

BUS IDLE NC/DAT

1 11 16 2

START IDENTIFIER DATA STOP BUS IDLE

£01010 ID9 D 0 lS14 13 D 0 0

IDENTIFIER FIELD

015 D14 013 012 011 010 09 D8 07 D6 05 0D 03 D2 D1 DO

DATA FIELD

STPO STP1L

START BIT STOP FIELD

FIGURE 26.32 Message format.

bit If the STPI bit is low, the message is regarded as invalid by all members There is no
required or dedicated positive acknowledgment.

Error Detection Management. The transmitter and receiver monitor the bus for errorsThe
transmitter reads its own message back from the bus and compares it with the message that it
intended to send.The receiver detects four different types of code errors by sampling the bus
and when it has not been possible to compare the samples.

Starl-Bit Error, This occurs when it has not been possible to generate a start bit at the
beginning of the transmission process.

Transmit Error. A transmit error is monitored when, during a message transmission, the
value read back was not equal to the value sent out a total of Y times* conseutively between
the arbitration and STP1 bit.

Receive Error A receive error is monitored when,during a message reception. an error
has been detected a total of X times* consecutively prior to the STPI bit,

Short Circuit. This occurs when no logical "1" has been read for a period of 256 clock
pulses after a high to low transition.

FaultTolerance. Notspecified.

DataRate. Maximum specified bit rate= 500 Kbps.

Framing Overhead The message length is 31 bits; 16 of these are data, To transmit four
bytes of data, two messagesmust be sent. Using the formula:

OVERHEAD FRAMING
MESSAGE (FRAMING + DATA)

Approximate framingoverhead/message calculated is:(15+15)/((15+16)+(15+16))= 48%.

Xand Yare programmable values (to 8.16, and 32). In the presen implientatioitese error occurrences are
stored in a status register and cause an iterrupt.The sender tries to send a messge for 8 to32 times before it is recog-
nized as an error.
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\LIlIP EXWIRINGSYSTEMS 26.27

Latency. The ABLIS protocol uses nondestructive bit-by-bil arbitration in contention to
determine bus access.In the case of t or more nodes beginning transmission simultane-
ously,the message with he highest priority will winthearbitration and continue transmission,
As a result,the maximum latency for the highest priority message is the number of bits in the
maximum lenth rnes'age multipled by the timeper bit.A 31-bit message will require 64 ps
at 500 Kbps. Lower piority messages may encounter additional delay in the event that they
lose arbitration.Their latency maye determined based on a statistical analysis of the system,
bus load, priority, and other.

Power Reduction Mode. The power consumption of the ABIS IC can be reduced by using
the sleep mode. In this mode, the oscillator is turned off and the power consumption is
reduced to 10 to 100 pA, The sleep mode is initiated by the host microprocessor The IC will
wake up either by a reset or by bus activity. but will go through a reset in either case.After the
reset it will take about 50 ms for the oscillator to work properly: e.g., the first message works
as an "alarm clock," which implies it is not received completely

26.3.2 Controller Area Network (CAN)

Application/Affiliation. Both standard (S) and extended (E) message formats are
intended for automotive in-vehicle applications.An ISO draft!standard and an SAE nforma-
tion Report'have been published.

Transmission Media. Not specified. Most of the announced production-intent systems use
a wire-shielded or unshielded bus Fiber optic systems using CAN have been demonstrated.

Physical Interface. User defined. One specific implementation is defined in Bosch presen-
tations and documents to ISO.

Bit Encoding. NRZ (Nonreturn to Zero) with bit-stuffing (see Fig. 26.33). Logic level is
constant forentire bit field, i.e.,either"l"or "O".and bitof opposite state is inserted into bit-
stream by a transmitter if five contiguous bits of the same state are seen. Receivers remove
the inserted bit from the bitstream,resulting in restoration of the oriinal data stream Imple-
mentations are programmable to allow either three or one samples per bit and specify the
location of samples within a bit.

ORIGINAL BIT STREAM 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 0 01
(TRANSMITTER)

Sixth Contiguous "1

BIT STREAM ON BUS 01 1 1 111 1

Opposite Bit "Stuffed" in Stream

FINAL BIT STREAM 0100 1 1 1t 1 1 1 0 01 0 0
(RECEIVER)

"Stuffed" Bit Detected By Receiver

FIGURE26.33 NRZbit-stuffing.

Network Access. Contention using nondestructive bit-by-bit arbitration. Any node may
transmitif the bus is idle. In the case of simultaneous transmissions, arbitration is resolved
through the value in the identifier field.The message priority is defined in the identifier. Each
message has a unique identifier, and, as a result,a unique priority. These identifiers/priorities
are defined by the user, ie., the system designer.
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26.28 SAFElY, CONVENIENCE.ENTERTAINMENT. AND OTHER SYSTEMS

Alessage Format There are primarily three message types: data frame (see Fi. 2634),
remoteframe(see Fig.2635),error frame (see Fig.2636).and overload frame(used in events
where individual node has not had complete time tostore messagesee Fig.26.37)

Bus Inter
Idle DATA FRAME Frame

Space

L Data Field L End of Frame

C"ntrot - Field hck Field
Arbitration - Field CRC- Field

Start of Frame

FIGURE2634 Dataframe.

Bus Inter
Idle REMOTE FRAME Frame

Space

CRC End of Frame
Control Ack

Start of Frm

FIGURE26.35 Remoteframe.

Data Frame < ERROR FRAME - inter Frame Space

6 0-6 8
L Error De imiter

Part of Error Flag
from Station Y

Error Flag
From Station X

FIGURE 2636 Error frame

End of Frame or
Error Delimiter or
Overload Delimiter < ERROR FRAME - - Inter Frame Space

6 0-6 8
L Overload Delimiter

L Part of Overload

Overload a From Station Y

From Station X

FIGURE2637 Overloadfrane

Hfandshaking. Handshakingis provided within the message via either positive or negative
acknowledgment. Positive acknowledgment is provided by a dedicated two-bit field in the
messageframe; one hit for acknowledgment and one bit for delimiter AR nontransmitting
nodeswillconfirm uncorrupted message reception by transmitng a' dominant bit inthis
dedicated field.As a resul, the transmitting node receives confirmation that themessagewas
receiveduncorrupled and does not have independent acknoledgments from individual
nodes.Negativeacknowledgmentis provided through the error frame.SeeFig.26,34 for addi-
tional detail.
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Error Detection Management. All nodes monitor all messages.If an error is detected within
a message, then the node(s)detecting that error destroy that message by transmitting an error
frame.The result of this error frame is that all nodes (including the transmitting node) know
that an error has been detected within the present message. 'Ihe transmitter will retransmit
the message at its next opportunity through normal bus access arbitration. Error-checking is
provided on CRC, message length. message format, and bit level and timing. The message
length is specified in the control field.

Fault Tolerance. Protocol is intended to treat all node address faults in the same manner.
Fault confinement is provided by each node constantly monitoring its performance with
regard to successfuland unsuccessful message transactions. Each node will act on its own bus
status based on its individual history As a result, graceful degradation allows a node trans-
mitter to disconnect itself from the bus. If the bus media is sesered or shorted, the ability to
continue communications is dependent upon the condition anc the physical interface used.

Data Rate, Bit rate of up to I bits.

Framing Overhead Maximum message length, which is the maximum time between mes-
sages,is 11 bit times for standard format and 131 bit times for extended format, i.e.. IIIand
131 gs at I Mbps. For the highest priority message, if a message has just begun and the mes-
sage in question is queued up, the latency will be 111/131 psand 222/262 ps maximum until its
transmission is complete

The maximum time between messages with four bytes data is 79 bits for standard format
and 99 bits for extended format.Please note that this includes interframe space.For a message
transmitting four bytes of data, using the formula OVERHEAD/MESSAGE = FRAM-
ING/(FRAMING + DATA), the approximate framing overhead/nisage calculated for stan-
dard format is 47/(47 + 32) = 59%. For eight data bytes,the approximate franming
overhead/messae calculated is47/(47 +64) =42%.For extended format,it is67/(67+ 32)=
68% and 67/(67 + 64) = 51%, and does not include bit-stuffing.

Latencw The CAN protocol uses nondestructive bit-by-bit arbitration in contention to
determine bus access, In thecase of two or more nodes beginning transmission simultane-
ously, the message with thehighest priority wil win the arbitration and continue transmission,
As a result, the maximum latency for the highest priority message is the number of bits in the
maximum length message multiplied by the time per bit. In other words, it will have 11 bit
times or I1 ps at I Mbit/s for standard format and 131 bit times or 131 ps at 1 Mbit/s for
extended format. In the event that thev lose arbitration, lower priority messages may
encounter additional delay.Their latency may be determined bused ona statistical analysis of
the systemi.e., bus load, priority,andother.

Power Reduction Mode. Notspecified.

26.3.3 Digital Data Bus (021

ApplicationlAffiliation. Digital data bus is a product of Philips for use in audiolvideo com-
munications,computer peripherals, and automotive.

Transmission Media

Twisted pair

Physical interface

Differential floating pair (see Fig,26.38)
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26.30 SAFETY CONVENIENCE, ENTERTAINMENT AND OTHER SYSTEMS

to logic

V suprOy

T - RjICtbT!:7
~~TuT

UNI

,4 ~Ci Cd

FIGURE16,38 D23phsica interface

Bit Encoding

Pulse-Width Modulation (PWM), The general bit format i composed of four sections:
the preparation period, the sync period, the data periodand the stop period.The duration of
the periods and the bit is dependent on the speed of the bus and the type of the bit.The speed
of the bus is determined during contention. Low speed is dominant. There are three speeds
possible.The general bit format is shown in Fig.26.39.

-> Preparation <-
Period

<- Data -> <
Period

-I -______

I < - >
Synchronization

Period

FIGURE26,39 Pulse-width modulation bit format.

Network Access. Access is achieved by contention using nondstructive prioritized bit-by-
bitarbitration.Competing nodes arbitrate first on the mode in w-ich the node will operate in
a three-bit field, where low mode is dominant. All nodes in a common mode then arbitrate
based on the unique address bits of the competing masters. Low address is dominant. The
mode designates the speed at which the bus will operate during the message transfer A unit
may use the bus for one time slot.The amount of data transferred in the time slot depends on
the speed mode determined during arbitration.

MessageFormat. The frame consists of six fields, A parity bit follows the master.slave, con-
trol, and data fields. An acknowledge bit follows the slave field, control field, and the data
field. An end-of-data bit follows each data byte.The total length of the frame is 47 bits. See
Fig. 26.40 for the frame.

Handshaking. Handshaking is accomplished with positive acknowledgment in the transfer
message.No reply from the slave is interpreted as a negative acknowledgment.The mastercan
retry the message provided time remains in the slot.During every transfer, there are three dif-
ferent acknowledgebits:after the slave address,after the control its,and after each data byte

A master has the ability to lock a slave node to its addresshaving the effect of disabing
the node from communicating with any other master on the network.This is done when a data

- Stop -
Period

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,557,540



MULTIPLEX WIRING SYSTEMS 26.31

P P A PA EPA

Start Mode Field Master Field Slave Field Control Field Data Field
Bit Field n Bytes

P = Parity sit
A = AcknowLedge Transmission
E = End-of-Data Bit

FIGURE26,40 Six-field message forma.

transfer exceeds the time slot and the master must arbitrate again for the bus to complete the
data transfer.

Error Detection Management. Error checking is performed through odd parity on the slave
address, control field, and after each data byte.The acknowlecge bit in the transfer message
will not be transmitted by the addressed slave if there is a parity error, the speed mode is too
high. there is a timing error, slave locked to another master, or the receive buffer is full

Fault Tolerance Fault tolerance for nodes is not specified.

DataRate. The maximum bit rate is IMbpsThree different tr.insmission speeds are allowed.

FramingOverhead The total frame size is 34 bits including interfrme separation. In speed
mode 1, 32 data bytes can be transferred from master to slave, Therefore, the percentage of
overhead is 34/(34 + 256) = 11.7%.

Latency. D2B allows for threedifferent speed modes for transmission and arbitrates on the
address of the competing nodes once in a speed mode. Therefore, a low-priority node may
experience high latency times vs. the average. Latency is also aTected by the ability of a mas-
ter to lock a slave node; a locked node will not respond to any messages. In certain situations,
this could degradethe overall performance of the system.

Power Reduction Modes. Power reduction modes are available for the bus controllers

26.3.4 Chrysler Collision Detection CD), SAE J1567

Application/Affiliation. The serial communications netwerk and bus interface special
function integrated circuit' was developed by Chrysler Corporation and issuppliedcommer-
cially by Harris Corporation. The interface IC was intended to provide a simple, yet relable.
data communications network between members of a distributed processing vehicle multi-
plex system.The communications protocol chosen minimizes the software support overhead
requirement oif the modules onthe multiplex bus.

Transmission Media. Conventional 120-ohm automotive duaI twisted pair >1 twistlin.

Physical Interface. The differential transceiver is a serial intface device which accepts dig-
ital signals and translates this information for transmission on E two-wire differential bus.The
transmitter section, when transmitting, shall provide matched constant current sources to the
bus "+" and bus "-" drivers (Refer to Fig. 26.41) sourcing and sinkingcurrent, respectively.
When a logic"O"is supplied to the-transmit data"input, the differential amplifier shall cause
the bus "Y" driver to provide source current and the bus "-" driver to provide a matched cur-
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