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Reproduction, duplication and translation
of this publication, including  excerpts
therefrom, is only 1o ensue with ouf prior
written consent and with particulars of
SOUrCe. llfustrations, descriptions,
schematic diagrams and other data serve
only for explanatory purposes and for pre-
sentation of the text. They cannot be used
as the basis for design, installation, or
scope of delivery. We accept no liability
for conformity of the contents wih national
or local regulations.

We reserve the right to make changes.

The brand names given in the contents
serve only as examples and do not repre-
sent the classification or preference for a
particular manufacturer. Trademarks aré
not identified as such.

The following companies kindly E.mnma
picture matter, diagrams, and other infor-
mative material at our disposal.

AUDI AG, Neckarsulm; Automotive
Lighting Reutlingen GmbH; BASF
Coatings AG, Minster; Behr GmbH & Co.
KG, Stuttgart; BorgWarner Turbo
Systems, Kirchheimbolanden; Brose
Fahrzeugteile Gmbh & Co. KG, Coburg;
Continental AG, Hannover,
DaimierChrysler AG, Stuttgart;
DaimlerChryster AG, Sindelfingen;
Dréaximaier Systemtechnik GmbH,
Vilsbiburg; J. Eberspacher GmbH &
Co. KG, Esslingen; ETAS GmbH,
Stutigart; Filterwerk Mann + Hummel,
Ludwigsburg; FHT Esslingen; T._‘mca.m?
berg Viiesstofte KG, Weinheim; Institut
fiir Betriebstechnik und Bauforschung der
FAL, Braunschweig; Knorr-Bremse SIN
GmbH, Schwieberdingen; MAN Nutz-
fahrzeuge AG, Minchen; Mannesmann
Kienzle GmbH, Villingen-Schwenningen;
NBT GmbH, Hannover; Pierburg GmbH,
Neuss: Dr.Ing.h.c.F Porsche AG,
Weissach; RWTH Aachen; SAINT-
GOBAIN SEKURIT, Aachen; Siemens
VDO Automotive AG, Villingen-Schwen-
ningen; TNO Road-Vehicles Research
institute, Delft, Netherlands; VB Auto-
batterie GmbH, Hannover, Volkswagen
AG, Wolfsburg; Zahnradfabrik
Friedrichshafen AG, Friedrichshafen.

Foreword to the 6th Edition

The history of the automobile’s develop-
ment is also an impressive documenta-
tion of technical innovations. New sys-
tems and detail enhancements make dri-
ving even safer and more comfortable,
and continue to reduce the environmental
impact by engine emissions and manu-
facturing processes. The 6th Edition of
the “Automotive Handbook” reflects this
development by including a number of
new subjects and complete revisions of
existing sections. Compared with the pre-
vious edition, the handbook has grown by
about 270 pages.

The “Automotive Handbook” is an im-
portant reference work with worldwide
distribution due to its up-to-date sections
that are worded concisely. It is intended to
provide an insight into the modern state of
automotive technology for engineers and
technicians, as well as those who are in-
terested in technical matters.

The authors in the 6th Edition are ex-
perts from the Bosch corporation, universi-
ties, and the automotive industry. They
have completely revised the contents of
this handbook, brought it up-to-date, and
expanded it with new subjects. We wouid
like to take this opportunity of thanking all
those involved for their cooperation.

in more than seven years the Automo-
tive Handbook has grown from a calendar
insert of 96 pages tc an extensive work
now with over 1,200 pages. In the mean-
time its circulation in several languages
total more than a million copies.

The new edition has a revised page lay-
out to provide better navigation for the
reader. The left page title indicates the
generic subject, while the right page tifle
is the chapter heading. The redesigned
and extended table of contents now con-
tains all chapters and sections. This will
help the reader to search for subjects

more easily.

The Editors

For your information

The following subjects have been
added since the 6th Edition:
Hydrostatics e Fluid mechanics e Mecha-
tronics e Coating systems e Frictional joints
& Positive or form-closed joints e Engine lu-
brication @ Emission reduction systems e
Diagnosis e Truck brake management as a
platform for truck driver assistance sys-
tems e Analog and digita! signal transmis-
sion @ Mobile information services e Flest
management ® Multimedia systems e De-
velopments methods and application tools
for electronic systems e Sound design e
Vehicle wind tunnels e Environmental man-
agement ® Workshop technology.

The following subjects have been to-
tally revised and restructured:

Basic equations used in mechanics e
Threaded fasteners e Springs e Air fil-
tration @ Exhaust-gas measuring tech-
niques @ Engine management for spark-
ignition (S1) engines (including Motronic
engine management) e Diesel-engine
management e Car radio with auxiliary
equipment e Vehicle antennas e Mobile
and data radio e Passenger-car driver-
assistance systems.

The foilowing subjects have been up-
dated, expanded and restructured:
Acoustics & Heat e Electronics & Sub-
stances e Materials @ Corrosion e Tribology
o Lubricants @ Fuels e Antifreeze and brake
fluid @ Chemicals e Heat treatment @ Motor-
vehicle dynamics e Motor-vehicle require-
ments e Internal-combustion engines e En-
gine cooling e Battery chargers e Exhaust-
gas system e Alternative spark-ignition
engine drive systems e Hybrid drives e Dri-
vetrain e Suspension e Wheels e Tires @
Braking systems e Braking systems for pas-
senger cars and commercial vehicles o Ve-
hicie stabilization systems for passenger
cars and commercial vehicles e Vehicle
bodies for passenger cars and commercial
vehicles e Lighting technology {with corner-
ing headlamps) e Instrumentation e Driver-
information system e Trip recorders e Park-
ing systems e Navigation systems @ Traffic-
control engineering e Electromagnetic
compatibility @ Occupant safety systems e
Comfort and convenience systems e Starter
batteries e Alternators e Starting systems.
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Basic principles of physics

Integrated analog circuits

— Basic structures:

Stabilized-voltage supply, stab ed-
current  supply, differential amplifier
components, switching elements, po-
tential shift, output stages.

- >nv:ommo:-onmzag ciasses:
Operational amplifiers (OP), voltage
regulators, comparators, timers, con-
verters, interface circuits.

— Special anaiog ICs:

Voltage references, wideband ampli-
fiers, analog multipliers, function gener-
ators, phase-lock circuits, analog fil-
ters, analog switches.

integrated digital circuiis
The spectrum ranges from LS| {simple
logic chips) through to ULS! (memories,
microcomponents).
geveral conditions must be met before
logic chips canbe combined within a singie
system: The power supply, logic level, the
circuit speed, and the signal transit time
must all be identical. This requirement is
met within the respective circuit families.
The mostimportant are:
_ Various bipolar types (e.g. TTL:
H«m:m._wﬁo?qu:mmmﬁoﬁ-_l..‘oo._ov
— MOS logic, in particular CMOS logic

MOS and CMOS chips make up more
than 99% of the production of integrated
digital circuits. Bipolar logic circuits are
only used in exceptional cases. Here, too,
CMOS devices are taking their place
more and more.

Semiconductor memories

Data storage includes the following opera-
tions: recording (writing, entering), storage
(data storage in the narrow sense), re-
trieval, and readout. The memory oper-
ates by exploiting physical properties that
facilitate unambiguous production and
recognition of two opposed states (binary
information). In semiconductor memoties,
the states produced are “conductive/non-
conductive” or _,o:mﬁma\%mo:mamg_.ﬂ the
jatter state relies on special propetties in
the silicon/silicon oxide oOF silicon ni-
tride/metal junction. In future magnetic
memory chips (FDRAM) will also be used.
They have small ferromagnetic areas inte-
grated on the chip. The direction of the
magnetic field is used to store information.

Serniconductor memories aré divided into
the two main categories of “volatile” and
“non-volatile”. Virtually all of them are man-
ufactured according to CMOS technology.

— Volatile memories (shori-term memo-
ries) can he read and over written any
number of times, and are therefore re-
terred to as RAMs (Random Access
Memories); the information content is
Tost when the power supply is switched
off.

— Non-volatile memo chips (long-term
memories) retain their data even when
the power supply is switched off; they
are also referred to as ROMs (Read-

Only Memory).

The chart on the facing page shows the
relationships and classification of the
most common types of memory chip.

Microprocessors and microcomputers
The mMicroprocessor represents the inte-
gration of & computer’s central processing
unit on a single chip. Microprocessor de-
sign seeks to avoid individualization in the
tace of large-scale integration, and the
units can be programmed to meet the var-
ied requirements associated with specific
operating conditions. There are two differ-
ent main groups of processor. A PC
(Personal Computer) uses CISC proces-
sors (CISC: Complete Instruction  Set
Computing). These processors are Very
versatile and user-programmabie. A WS
(work station) normally uses RISC proces-
sors (RISC: Re-duced Instruction Set
Computing). These processors are very
much faster for the specific tasks fre-
guently associated with WS use, but are
significantly slower for all other tasks. A
microprocessor cannot operate by itself: it
always acts as part of a microcomputer.

A microcomputer consists of:

— Microprocessor serving as CPU {central
processing unit). The microprocessor
contains the controller and the arith-
metic-logic unit. The arithmetic and
logic unit performs the operations indi-

cated by its name, white the controller
ensures implementation of the com-.

mands stored in the program memory.

— Input and output units (O}, whichi
control data communication with 50.

peripherals.

Electronics

Overview of semiconductor memory chips
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Safety and convenience

In" order to prevent injuries ca
airbags or fatalities to “out-of-po
cupants or to small children in child seats
with automatic child-seat detection, it is
essential that the front airbags are trig-
gered and inflated in accordance with the
particular situations. The following im-
provement measures are available for
this purpose:

1. Deactivation switches. These switches
can be used to deactivate the driver or
passenger airbag. The airbag function
states are indicated by special lamps.

2.In the U.S., where there are currently
approx. 160 fatalities caused by airbags,
attempts are being made to reduce ag-
gressive inflation by iniroducing “depow-
ered airbags”. These are airbags whose
gas-inilator power has been reduced by
20...80%, which itself reduces inflation
speed, inflation severity and the risk of in-
jury to “out-of-position” occupants. “De-
powered airbags” can be depressed more
easily by large and heavy occupants, i.e.
they have a reduced energy-absorption
capacity. It is therefore essential — above
all with regard to the possibility of severe
frontal impacts — for occupants to fasten
their seat belts. In the U.S., the “low-risk”
deployment method is currently pre-
ferred. This means that, in “out-of-
position” situations, only the first front-
airbag stage is triggered. In heavy im-
pacts, the fuil gas-inflator output can then
be brought into effect by triggering both
inflator stages. Ancther way of imple-
menting “low-risk” deployment with sin-
gle-stage inflators and controliable defla-
tion vents is to keep the defiation valve
constantly open.

3. *Intelligent airbag systems”. The intro-
duction of improved sensing functions
and control options for the airbag inflation
process, with the accompanying improve-
mentin protective effect, is intended to re-
sultin a gradual reduction in the risk of in-
jury. Such functional improvements are:
- Impact severity detection by improve-
ments in the deployment algorithm or
the use of one or two upfront sensors
(see the system diagram in “Restraini
System Electronics”) instalied in the ve-

hicle’s crumple zone (e.g. on the radiator
cross-member). These are acceleration
sensors which facilitate early detection
of impacts that are difficult to sense cen-
trally, e.g. ODB (Offset Deformable
Barrier crashes, offset against soft crash
barriers), pole or underride impacts,
They also allow an assessment of the
impact energy.

~ Selt-belt usage detection

— Occupant  presence, position and
weight detection

~ Seat-position and backrest-inclination
detection

— Use of front airbags with two-stage gas
inflators or with single-stage gas infla.
tors and pyrotechnically triggered gas-
discharge valves {see also “low-risk” de.
ployment method)

- Use of seat-belt tighteners with ocoy-
pant-weight-dependent belt-force |im.
iters

— CAN bus networking of the accupant-
protection system for communication
and synergy utilization of data from

“slow” sensors (switches) in other Sys-
tems (data on vehicle speed, brake -

operation, seat-belt buckle and dooy-
switch status) and for activation. of
warning lamps and transmission of dj-
agnostic data.

For transmission of emergency calls after
a crash and for activation of “secondary:
safety systems” (hazard-warning signals,
central-locking release, fuel-supply pump.
shutoff, battery disconnection, efc.) the

“crash output” is used (see figure “Airbag .

control unit 9”).

1039

Occupant salety systems

Side airbag

Function

Side impacts make up approx. 30% of all
accidents. This makes the side collision
the second most common type of impact
after the frontal impact. An increasing
number of vehicles are therefore being fit-
ted with side airbags in addition to seat-beit
tighteners and front airbags. Side airbags,
whichinflate along the length of the roof fin-
ing for the purposes of head protection are
designed to cushion the occupants and
protect them from injury in the event of a
side impact (e.g. inflatable tubular Sys-
tems, window bags, inflatable curtains) or
from the door or the seat backrest (thorax
bags, upper body protection).

Operating concept

Due to the lack of a crumple zone, and the
minimum distance between the occu-
pants and the vehicle’s side structural
components, it is particularly difficult for
side airbags to inflate in time. In the case
of severe impacts, therefore, the time
needed for impact detection and activati-
on of the side airbags must be approx.
5..10 ms and the time needed to inflate
the approx. 12 I thorax bags must not ex-
ceed 10ms.

points on the body), side-sensing acceler-
ation sensars, and which can trigger side
airbags as well as the seat-belt tighteners
and the front airbags.

Components

Acceleration sensors

Acceleration sensors for impact detection
are integrated directly in the control unit
{seat-belt tighteners, front airbag), and
mounted in selected positions on both
sides of the vehicie on supporting struc-
tural components such as seat cross-
members, sills, B and C-pilfars (side
airbags) or in the crumple zone at the
front of the vehicle (upfront sensors for
“intelligent airbag systems”). The preci-
sion of these sensors is erucial in saving
lives. Nowadays, those acceleration sen-
sors are surface-micromechanical sen-
8ors consisting of fixed and moving finger
structures and spring pins. A special
process is used to incorporate the
“spring/mass system” on the surface of a
silicon wafer. Since the sensors only have
low working capacitances (= 1pF), itis
necessary to accommodate the evalua-

10 Bus architecture (CAN),

Electronic impact-protection system “Restraint Systemn Electronics™ (RSE)

1 Afrbag with gas inflator, 2 iVision™ passenger-compariment camera, 3 OC mat, 4 Upfront

sensor, 5 Central control unit with integral rolfover sensor. 6 Bolt™, 7 Psripheral pressure sensor
(PPS), 8 Seat-belt tightener with propellant charge,

9 Peripheral acceleration sensor (PAS),
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Safety and convenience

Biometric systems

Functicn

“Biometric systems” have the task of de-

termining or confirming the identity of per-

sons on the basis of “biometric” features.
At present about ten biometric processes

are known, including

— fingerprint identification,

— face identification,

— iris identification, and

— voice identification.

Biometric systems in moior vehicles
Fingerprint identification is becoming es-
tablished in automotive applications since
criminology has developed a fundamentat
understanding of the technigues of finger-
print distinction.

As fingerprint identification will in future
replace passwords on computers, in time-
management and access-control sys-
tems, and on mobile phones as well, the
development of sensors and algorithms
has already become widespread. Due to
the confined space available on board a
motor vehicle, there is also limited space
for installing the sensor.

Biometric features

Biometric features are features that are
uniquely characteristic to a particular per-
son. They may either be physiclogicat
features {such as the pattern of a finger-
print) or behavioral characteristics (such
as the way a person walks or writes
his/her signature).

The advantage of biometric systems Is,
firstly, for the greater convenience of the
user. Since biometric features are part of
a person’s individuality, they are carried
by the person at all times, i.e. they cannot
be forgotten or lost. There is no need to
carry a key or a transponder card.

Secondly, they offer the advantage of an
attainable enhancement in security. Since
biometric features are intrinsic and unique
to a particular individual, they can neither
be deliberately given to others nor stoien
in the traditional sense of the word.
Therefore, a high level of reliance can be
placed on whether the vehicle really is be-
ing driven by a known driver.

Enrollment

In order to be able to recognize a user, a
biometric system must first of all learn the
fingerprint pattern of that person. This pro-
cess is known as “enrollment”. It involves
the user placing his/her finger on a finger-
print sensor that generates a grayscale
image {typical size: 64,000...96,000 pixels
at a resolution of 8 bits/pixel).

Using signal-processing algorithms, g
processor calculates the characteristics
features within that image, e.g. branches
or hodal points in the line pattern. The bio-
metric system then stores these features
— but not as an actual fingerprint pattern —
in & permanent database, typically in an
EEFROM memory (capacity requirement:
250...600 bytes per fingerprint),

When the biometric system checks a per-
son’s fingerprint pattern the next time, it
again identifies the characteristic features of
the fingerprint and then searches the data-
base for a matching set of features. If it finds
amatch, the person is recognized as an au-
thorized user.

Typical applications

Many vehicles already have programma- .

ble seat-adjustment functions. The ¢on-
trol panel typically has three numbered
rnemory buttons, which can be assigned

to three different drivers, and a teach:in -
button. The drivers of the vehicle will have -
to select a memory button for each driver:
and then remember which button con- -
tains their own settings. The number of -
drivers that can use the system is limited:

by the number of memory buttons.

The use of a biometric system- signi
cantly enhances the level of personalized
convenience. A fingerprint sensor .re-
places the memory buttons for the pro-
grammable seat-adjustment system: in
stead of pressing a memory button to re-
call his/her personal settings, the' driver
places a finger on the sensor. .
Since biometric features are intrinsic o
a particular individual, the biométtic sy
tem can always identify a particufar dri
reliably and apply the correct. petso
settings. : L

i volume and tone setlings could be se-

:. a n_‘m,.:,ocm;\ unknown driver places
:.m\:mq finger on the sensor to store
histher personal settings, the bicmetric
system automatically performs an enroll-
ment sequence and then memorizes the
current settings. Once a driver is known to
Em biometric system, only the current set-
tings are stored.

. ﬁ:m.m%mammm for the user lies in the
simplified  human-machine interface.
Cmmﬁm no longer have to agree on the al-
location of memory buttons, nor do they
have to remember which button is theirs.
In ma_o_m_o:_ the maximum number of
users Is not limited to the number of mem-
ory buttons available. Ultimately, the num-
ber of users is limited by the biometric
m,<mﬁm3.m memory capacity for user identj-
ties and personal settings.

nmao:wzumnoz can be extended beyond
seat-adjustment, mirror-adjustment ~ and
steering-column  adjustment functions.
Theoretically, all configurable vehicle sys-
tems can be connected to the biometric
perscnalization system. It could be
.oo:om_,\mgm to personalize air-condition-
ing and automatic-transmission settings
(sports/economy). For the radio, a set of
personal favorite stations and preferred

lected, while there could be a list of favorite

“destinations for the navigation system,

Similarly, if the vehicle has configurable

Qmm_u_mu\m._ a driver’'s personal preferences
.qoq the display elements could be recalled.

In the case of self-teaching assistance
- systems which adapt to the driver's dri-
. 1ving patterns, the “last known settings” re-

garding driver characteristics could be re-

- trieved by the personalization system be-
fore starting off,

Biometric systems can also be used even
before starting the engine as a means of
mpiementing a vehicle immobilizer and
L .@ vehicle access. Vehicles equipped
EE this technology could then be driven
- entirely without the use of keys. With re-
- Gardto the use as a vehicle immobilizer, it
has riot yet been definitively Qm:..o_:.
Strated that the same degree of security is
attainable as with the
. dér-based immobilizers

present transpon-

2 Skin with fingerprint pattern

3 Additional LED lighting,

4 D.c:.nm\.mumw bundle,

5 Light-sensitive imaging sensor.

Biometric systems

For vehicle-access applications

sors for identifying ﬁ:mvm:@mﬂn:% _Wmm_mmqo
would have to be integrated in the v o
cle’s outer skin. The technical onm__mmrwl
is then to design a sufficiently ﬁmms%z ;
sensor system that is adequately vaﬁx
tected against external conditions S0 thy
effective usability is guaranteed at o
fimes ~ including in winter. r0|

LL

Eam.mﬂii sensor based on Direct
Jﬁ%@ﬂ Scanning (DiOSTH) (example)
a S imaging sensor with fi j
b) Detail noerip.
T Ambient light,
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Safety and convenience

Driving-assistance
systems

Critical driving situations

On average, someone dies every minute
somewhere in the world as a result of a
traffic accident. Bosch pursues the aim of
reducing the frequency and the severity of
accidents by developing active and pas-
sive driving-assistance systems. Driving-
assistance systems aim to make the vehi-
cle capable of perceiving its surroundings,
interpret them, identify critical situations,
and assist the driver in performing driving
maneuvers. The object is, at best, to pre-
vent accidenis completely and, at worst, to
minimize the consequences of an acci-
dent for those concerned.

In critical driving situations, fractions of
a second are often decisive in determin-
ing whether an accident occurs or not. Ac-
cording to various studies, approximately
60% of rear-end collisions and virtually a
third of frontal impacts could have been
avoided if the driver had reacted only half
a second earlier. Every second accident
at an intersection could be prevented by
faster driver reaction.

At the end of the 1980s, when the vi-
sion of highly efficient and partially auto-
mated road traffic was presented as part
of the “Prometheus’ project, the elec-
tronic components for this task was notin
existence. However, the highly sensitive

sensors and extremely powerful micro-
computers now available have brought
the “sensitive” vehicle a step nearer io re-
alization. Sensors scan the vehicle's sur-
roundings, and systems generate wam-
ings based on the objects identified, or di-
rectly perform the maneuvers required.
All this takes place at those decisive frac-
tions of a second faster than even a fully
attentive and experienced driver would be
capable of.

Causes of accidents and

possible action

In 2000 a total of more than 91,000 people
were killed in road-traffic accidents in
Europe, the U.S.A. and Japan. The result-
ing cost to the various national economies
totaled more than € 600 billion.

The fact that the capabilities of many
motorists are overburdened by the com-
plexities of road-traffic situations is borne
out by recent stalistics — in Germany, for
example, there were 2.37 miliion road ac-
cidents in 2001, 375,345 of which re:

sulted in personal injury. In nine out of teny -

cases, the cause was human error.

A statistical analysis of accident causes

outside built-up areas in Germany {see

figure) shows more than a third of the to-"

tal number are caused by drivers charig-
ing lanes or unintentionally failing to keep
in lane. Systems which can see the “blirid

spot” and lane-change alarms offer ‘a:

means of reducing the number of acck!

1 Total fatalities (thousands), 2 Pedestrian fatalities,

Fataiities (a) and cost to the economy (b) resulting from road-traffic accidents in 1998

, 3 Personal injury, 4 Damage to property.

a b
50 200
000} { 1 bn €
40 - ] 180 -
m 0L 120
B Z
o
jol
ksl O
g oot 80 -
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100 40
0 0
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Qm.:a caused in this way. About another
third of accidents result from “rear-end-
ing” and frontal collisions.
Oo__“mwo:-smq:_,:@ systems can repre-

sent a first line of defense in combatting
such accidents. A second level can be
provided by collision-avoidance systems
which actively intervene in the control of
the vehicle. A first step in this direction
has already been taken through the de-
velopment of ACC (Adaptive Cruise
moazor see P. 1058 and P, 1060). N

_ Accidents involving pedestrians and at
intersections have a high level of com-
E.mx_? Only networked sensor systems
with  scenario-interpretation capabilities
can master such complicated accident sit-
cm:o:m.. This is one of the issues currently
occupying researchers.

Applications

D:s_.:@-.mmm_.ﬂm:om systems with muitiple

applications (see figure) can be divided in:

- wmﬂe systems aimed at preventing
accidents, and

- comfort and convenience systems with

_jn .“ozm.a:j aim of “semi-automated
driving”.

* " Afurther distinction is made between:

- active systems which intervene in vehi-
cle dynamics, and

L= ummmzn. ie. Saq._.:m?m systems, which Colfision / /! ersecton
do not intervene in vehicle control, F with object Frontafimpact
Collision with pedestrian L

Driving-assistance systems
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Oo=<m=mm_._nm and safety functions
Passive safety (lower left quadrant of di
gram) consists of features for _mmmm:_.:mu
the consequences of accidents, such ag=

precrash functions and pedestrian-pro- .
tection features. x

mvaﬁsm for driver support without il
tervention in vehicle control represent x5
precursor to vehicle-handling functions =
Such systems merely warn the driver o%
recommend maneuvers.

.

h.m:mm.m of accidents outside built-up

areas in Germany in 2000

1 Changing lane, 2 Failure keep in lane,

3 mmmvmau__:@ 4 Frontal impact, 5 Collision

with object, 6 Collision with pedestrian,

7 Collision at intersection, 8 Other.
Faiture to

SRR e
keep in lane ;

Rear-ending

Other
Changing
lane __~ __ 3

Automatic

g Navi- B
4 gation

Allround  gadar
<mmmE:~< 77 GHz )

—

Vehicie control

. assistant

S
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Safety and convenience

Virtual safety shield

Close-range sensors can form a “virtual
safety shield” around the vehicle. It can
be used to implement a number of func-
tions. The signals from that safety shield
firstly warn the driver of potentially dan-
gerous situations, and secondly, it acts as
a data source for safety and convenience
systems. Even the driver’s “blind spot'can
be monitored by these sensors.

“

Video sensors

Video sensors perform a major role in dri-
ving-assistance systems because they
specifically assist with the interpretation
of visual information (object classifica-
tion). In the near future, Bosch will be able
to offer this type of sensor for use in vehi-
cles. This will open the way for a wide
range of new functions.

Rear-end video sensors (in their sim-
plest form) can assist the ultrasound-
based Parkpilot system during parking
maneuvers.

Greater benefit is offered by a rear-end
camera if the detected objects can be in-
terpreted by image-processing software
and the driver is alerted in critical situa-
tions. Such a situation might be one
where an intended lane change would be
dangerous because a vehicle is ap-
proaching fast in the outside lane.

The use of a front-end camera is neces-
sary to implement functions for pight-vision
enhancement, for instance. To this end,
the system illuminates the road ahead of
the vehicle with infrared light. A display
shows the image recorded by an infrared-
sensitive camera. Visibility is enhanced for
the driver without dazzling oncoming vehi-
cles, and obstructions and hazards can be
identified more quickly in the dark.

A day-and-night sensitive front-end cam-
era allows several assistance functions.
For example, Bosch is currently developing
systems for lane-detection and road-sign
recognition based on this technology.

The “lane-detection system” can iden-
tify the lane boundaries and the lane di-
rection ahead. If the vehicle is about to
move out of its lane unintentionally, the
system alerts the driver. At a later stage,
Bosch is planning tc expand lane detec-
tion into a lane-following_assistance sys-
tem which can move the vehicle back to

its lane by actively turning the steering
wheel. Combined with ACC, this will
make an ideal system for relieving driver
stress in stop-and-go traffic.

Another function that makes use of
data from the video sensor is “road-sign
recognition”. This system is capable of
recognizing (“reading”) road signs (e.g.
speed-limit or no-overtaking signs). The
instrument cluster then displays the last
road signs recognized.

The front-end camera also assists the
ACC sensor by providing the capability
of not only measuring the distance from
an object, but of classifying it as well, By
combining the video system with long-
range radar, there are synergetic benefits —
the visible range of the ACC is extended
significantly, and object detection is even
more reliable.

Video technology will initially be used in
information-providing  driving-assistance
systems. Current video sensors are still g
long way from imitating the capabiiities of
the human eye in terms of resolution, sen-
sitivity and light-intensity response. How-
ever, advanced methods of image pro-
cessing combined with recently devel-

oped dynamic imaging sensors aiready -
demonstrate the enormous potential of

these sensors.

CMOS technology with nonlinear lumi-:

nance conversion will be capable of cov-
ering a very wide range of brightness dy-
namics and will be far superior to conven-

tional CCD sensors. Since the brightness

of images in the automotive environment
is not controllable, the dynamic range of
conventional imaging sensors is inade-
quate; for this reason, highly dynamic im-
agers are required.

The video signals from the camera in a

video system are transmitted to an image -
processor which extracts individual image -
features (see figure and schematic: dia-:

gram). This information can also:be sent
over a data bus to other ECUs or:infor=
mation units (HMI: Human. Machine
Interface), where it can be used as the ba:
sis for initiating intervention in: veéhicie
control or for driver information. e

Driving-assistance systems
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Sensor-data fusion

To ensure that assistance functions are
as fault-resistant as possible but remain
capable of detecting and classifying sev-
eral objects simultaneously, the signals of
multiple sensors must be combined and
analyzed. Sensor-data fusion allows sys-
tems 1o create an overall, realistic picture
H the vehicle’s surroundings. In this way,
information about the vehicle’s surround-
ings is much more reliable than if it was
detected by individual sensors.

_ Future driving-assistance systems will
Incorporate the functions of gradually
more sensors and actuators and will have
more complex connections to other vehi-
cle systems. Bosch is developing all the
components and functions based on
the “Cartronic” system architecture (see
P. 1066) and intends to network all control
and regulation tasks in the vehicle. It con-
sists of a clearly structured function archi-
tecture and modular software with open,
standardized interfaces.

Summary and outlook

The development of sensors for detectin
the vehicle’s surroundings is progressin
ata ﬂm.mﬁ pace. New functions are quickl
being integrated according to their rele-
vance to safety and convenience. X

Close-range sensors represent thdll
next milestone in this development, The
will form a “virtual safety shield” mqoc:m.m
the vehicle and provide the signals that©
will firstly alert the driver to potentially critlda
ical situations, and secondly act as a data
source for active safety and convenience
systems.

At the same time (and as the high-
performance sensor chips become avajl-
able for volume production), video sen-
sors will enter the world of automotive
technology and open up a multiplicity of
Opportunities. This will open up the way
R_: information systems that are based on
highly complex image analysis using
high-performance processors and which
can be used as data sources by several
driving-assistance systems.

Principle of a video sensor showing examples of functions J

Image recorder

()G

Image processing

Actuators/Communication

Own position in tane,
fane camber angle,
distance to objects,

refative speed of objects,
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road signs,
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Environment mode!
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information and communication ,ﬁ

Data processing
and communication
networks in motor
vehicles

Requirements

Highly sophisticated state-of-the-art open-
loop and closed-loop control concepts are
essential for meeting the QmBm:Qm.@
function, safety, environmental ooB.UmaU__-
ity and convenience associated with ..:m
wide range of automotive subsystems in-
stalled in modern-day vehicles. mmsmoq_m
monitor reference and controlled vari-
ables, which an electronic control unit
(ECU) then converts to the signals re-
quired to adjust the ﬁ_zm_..oozqo_ ele-
ments/actuators. The input signals can be
analog (e.g. voltage o:mqmoﬁm.:mzo atpres-
sure sensor}, digital (e.q. switch position)
or pulse-shaped (i.e. _:8:32_0.: content
as a function of time, e.g. engine-speed
signal). These input signais are processed
after appropriate conditioning Sxmﬁ_:@“
amplification, pulse-shape modification)
and converted (analog/digital), preferably
by digital signal-processing methods.

With modem semiconductor 60:3209\. \
powerful microcomputers can be inte-
grated on relatively few chips together i
with their accompanying program and
data memories, and special Um:nj@m_
circuits designed specifically for real-time
applications. ) . ‘
Modern vehicles are equipped with
20 to 60 electronic control units, e.g. for
engine management, >::_onx .mﬁmxi@
System (ABS), and #ﬂm:ma_mm_o:-ms_.n
control. Improved performance and addi-
tional functions are obtained by mSSEo.
nizing the processes controlled by the in-
dividual ECUs and by mutual real-time
adaptation of the respective parameters.
An example of this type of function is trac-
tion control (TCS), which reduces the
drive torque if the driving wheels spin.
Originally, data exchange between the
ECUs (in the example cited above,
ABS/TCS and engine management ) took
place via separate wires. Ioém<m; this
type of point-to-point connection is only syjt-
able for a limited number of signals. The in-:
troduction of automotive-compatibls com-
munication networks for serial transmis-
sion of information and data cmz,am:.
ECUs has expanded the data transfer ca-
pabilities and represents the logical devei-
opment of autonomous “microcomputers”
in motor vehicles. o

Signal processing in the ECU

] j i ve circuil ifier, filter,
iyital Is, 2 Analog input signals, 3 Protective circuit, 4 Ampiifier, A Lo
m Whmwhﬁ_\wﬂ%@% mb_@\,__m\ m@:% _uhnmm&z@. 7 D/A converter, 8 Circuit breaker, 9 Power amplifier.

Manipulated and

Electronic control unit (ECU)

ECUs developed for use in motor vehicles
all have a similar design. Their structure
can be subdivided in the conditioning of
Input signals, the logic processing of
these signals in the microcomputer, and
the output of logic and power levels as
regulation or contro! signals (see figure).
Digital input signals

Detect a switch position or digitaj sensor
signals (e.g. rotational-speed pulses from
a Hall-effect sensor).

Analog input signals
Signals from analog sensors
Sensor, pressure sensor).

(lambda

Pulse-shaped input signais

Signals from inductive wheel-speed sen-
sors. After signal conditioning, they are
then processed as digital signals.

Initial conditioning of input signals
Protective circuits (passive: R and RC cir-
cuits; active: special surge-proof semi-
conductor components) are used to limit
the voltage of the input signals to accept-
able levels Aonmﬂm::@ voltage of the mi-
crocomputer). Filters remove most of the
superimposed noise from the useful sig-
nals, which are then amplified to the
microcomputer’s input voltage.

.wmm:m_ processing

ECUs generally process signals in digital

Data processing and Communication networks in mator vehicles

Manipulated and controlled <m1mc_m.m

Manipulated and controfleq variableDin
the output module provide the requigsd
signals or power levels for peripheraf &P&
ators (e.g. electric motors for seat adjust-
ment, power windows or Power-asgisteq
steering). Cireuit breakers and amplifiers
raise the microcomputer’s Output-signa
ievels (0..5V, a few MA) to the power fev-
els required for the actuators concerned
(e.9. up to 100 A for short periods for
engine cooling).

Architecture

The structural building blocks are assem-
bled in hardware platiorms or moduylar kits
by using identical components (chipsets),
These modules are also _.:Qmmmm:m:\
used for multiple applications {e.g. engine
management for gasoline and diesgl
engines).

The same procedure js also suitable for
function modules for control algorithms,
which then become modular, reusable
components within the overall system,
Essentially, there are two elements that
are important for WSU_Q:@E_.:@ this type
of methodology transfer:
~ A concept for configuring and structyr-

ing functionality within the vehicle

(CARTRONIC).

o . ' variables . form. Rapid, periodic, real-time signalsare Communication networks over which
Signal conditioning  Signal processing 823__3. - . processed in hardware modules specifi- ECUs can interexchange information.
Input signals Microcormputer Output signals cally designed for the particular function.

R Results, e.g. a counter reading orthetime  The building plan for assembiing func-
B of an event, are sent in registers to the tions, network hardware and software is
. 2CPU for further processing. This proce- referred to as the architecture, System ar-
b = +. dure substantially reduces the CPUs in- chitecture describes the entirety of the
T .| 2 B : - terrupt-response time (us range). structural and dynamic characteristics of
B " The amount of time available for calcu- distributed systems.
B 6 “ lations is determined by the controlied
% System (e.g. milliseconds in the case of
B ] > B iengine Management) The software con-
2 - 7 tains the actual controj algorithms.
B 3 B 4 5 - Depending on the data, almost any logical

2 . N > | B - operation can be implemented, and any

o data records can be stored and pro-

. Lessedin the form of parameters, charac-
teristic curves, or multidimensional pro-
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Multimedia systems

Multimedia means the combination of dif-
ferent media. All known media are inter-
networked and are available for use.

Various sound and information sources,
and communication installations can form
a common mobile driver-information sys-
tem consisting of radio, cassette player,
CD player, phone, navigation and traffic
telematics equipment, and even com-
puter, video player, and TV.

Multimedia broadcasting

The digital audio broadcasting systems
developed in recent years (DAB, DRM) al-
low the transmission of any type of data at
high bit rates so that the radio of the past is
currently developing into a genuine multi-
media system for the future. It permits
transmission of audio data {music, news),
textual information (messages), and video
data (from individual images through to
TV broadcasts). With such capabilities,
DAB becomes DMB (Digital Multimedia
Broadcasting). This is illustrated by the fol-
lowing conceivable examples:

Traffic and travel information

Traffic and travel information may encom-

pass the following services:

— Traffic announcements may be trans-
mitted as audio (synthetic voice), or as
text, or map extracts (on a display).

— TMC or TPEG-coded traffic announce-
ments may be transmitted for navigat-
ion devices, thus allowing dynamic
route guidance. In addition, updated
digital road maps may be transmitted to
ensure that route guidance by naviga-
tion systems is based on information
that is completely up-to-date.

— Travel guides may use maps to provide
directions to vacation destinations, or to
business appointments, and offer infor-
mation about the locality, the hotel,
(photos, room prices, and vacancies),
local events, parking facilities {with de-
tails of parking lots with free spaces),
filing stations, timetables, local stores,
etc. Along with the information about
the “Points of Interest” (POI), details of
their focation (references) may also be

transmitted so that the navigation sys-
tem can locate them automatically with-
out any driver input.

Transmission of text and images

Text data is an extension of radio broad-

casts, and may contain a large amount of

additional information, such as title and
composer of a music track currently being
played, information about the present sta-
tion tuned, including phone number/ad-
dress to request additional information, or
even an electronic program listing. The

DAB standard offers the following modes

for transmitting text:

— Station name and type.

— Dynamic |abel for the station, the speed
of the label is controlled by the trans-
mitting station.

— Interactive text pages in HTML or XML
format, which can be displayed in vari-
ous formats.

Mobite internet

Combination with mobile communication
media, such as GSM and UMTS, permits
interaction with servers on the internet so
that interactive services can be offered.
Wireless Application Protocol (WAP) is
the name of the internationally estab-
lished protocol which links the two worlds
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Muitimedia systems

The Internet is an open medium or market-
place for users and information providers
and has a wide variety of services for the
mobile consumer. intemational bodies,
such as the Open Mobile Alliance (OMA),
the World Wide Web Consortium (W3C),
or the International Engineering Task

Force (IETF) define interfaces and proto-

cols so that the new services can be used

anywhere at any time:

— A hotel or restaurant may encode its
geographical coordinates on its web-
site so that they can be accessed by a
navigation system. This would then di-
rect the driver automatically to the de-
sired destination. A reservation inquiry
could be made and confirmed in ad-
vance over the mobile radiocommuni-
cations channel,

— Vehicle functions, such as remote diag-

nosis and remote maintenance sup-
port, could connect automatically to a
service center via the Internet in case of
a breakdown or accident. The service
center would then produce a diagnosis
of the vehicle's condition, and accom-
pany the vehicle to the workshop, or in-
form the breakdown assistance or
emergency services.

- Future traffic management systems will
take account of traffic flow in city areas
as well. The number of organizations
involved will be so large that coordina-
tion over the Internet will become nec-
essary, as this is the medium accessi-
ble to everyone. Traffic flow in selected
areas will be shown online on graphical
Q_m.b_mw\m“ or will be distributed in ma-.
chine-readable form as network lists.
The navigation system will then be able
to use this information to compute the
best route.

— In addition, other specially prepared
services may be accessibie over the
Internet. This include e-mails, e-com-
merce, or news, weather, and sports
announcements, or online transactions
with banks, hotels, cinemas, or travel
agents.

— With the ever shorter development cy-
cles in the fields of information and
communications technology, software
updates via the Internet will allow the
longer-lasting components of motor ve-
hicles to be kept up-to-date.

together.

The aim s to integrate the various com-
munication elements such as navigation
system, car tuner, mobile radiocommuni-
cations, digital audio broadcasting, and
Internet.

For mobile access to the Internet from-a
motor vehicle (or on board a train}, it must
be possible to receive over the air inter-
face, even when traveling at high speeds.::
In addition, there is certainly a challenge
in meeting the demands for consistent In--
ternet-access quality while moving be-
tween city and rural surroundings, with
the resulting wide variations in transmis-’
sion conditions. v

Mobile internet services {examples)

a) Traffic-holdup maps (with forecast), b) Parking information and i i
. ) ma _ , ; parking guidance system,
¢} Dynamic navigation, d) Public transport information, &) Camera maoammw traffic ma:m\z,o;

f) information about events.

‘ b
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Automotive Handbook

All about automotive engineering in a pocketbook

The 6th edition has been completely revised.
Here are some of the contents you can expect:

Spark-ignition engine management (revised and updated)
Vehicle safety systems for passenger cars

(with new ABS and ESP functions)

Driver-assistance systems

Dynamics of lateral motion (basic principles for ESP)

On-Board Diagnosis, OBD (legal regulations and implementation)
Electronic commercial-vehicle brake management as the platform
for driver-assistance systems

Analog and digital signal transmission

Multimedia systems

Development methods and processes (hardware and software
development tools, sound design, vehicle wind tunnels)
Environmental management

Publishers:

Robert Bosch GmbH is one of the world’s largest
automotive suppliers. The large number of applications
for patents and utility models is impressive proof of the
company'’s leading position in automotive engineering.

Reference work ISBN 0-7LA0-15L3-8
for studies and
everyday practice.
i a 4
ISBN 0-7680-1513-8 2liebosio=es
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