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The amount of electronics in the vehicle
has risen dramatically in recent years
and is set to increase yet further in the
future. Technical developments in semi-
conductor technology support ever more
complex functions with the increasing
integration density. The functionality of
electronic systems in motor vehicles has
now surpassed even the capabilities of
the Apollo 11 space module that orbited
the Moon in 1969.
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Development of electronic systems

Not least in contributing to the success of
the vehicle has been the continuous string
of innovations which have found their way
into vehicles. Even as far back as the 1970s,
the aim was to make use of new technolo-
gies to help in the development of safe,
clean and economical cars. The pursuit of
economic efficiency and cleanliness was
closely linked to other customer benefits

Electronics in the motor vehicle

such as driving pleasure. This was charac-
terized by the European diesel boom, upon
which Bosch had such a considerable influ-
ence. At the same time, the development of
the gasoline engine with gasoline direct in-
jection, which would reduce fuel consump-
tion by comparison with intake-manifold in-
jection, experienced further advancements.

An improvement in driving safety was
achieved with electronic brake-control
systems. In 1978, the antilock brake
system (ABS) was introduced and under-
went continual development to such an
extent that it is now fitted as standard on
every vehicle in Europe. It was along this
same line of development that the elec-
tronic stability program (ESP), in which
ABS is integrated, would debut in 1995.

The latest developments also take com-
fort into account. These include the hill
hold control (HHC) function, for example,
which makes it easier to pull away on up-
hill gradients. This function is integrated
in ESP.
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Market volumes of electrics/electronics in Europe (estimates)
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Many kinds of new functions appear in
conjunction with driver-assistance sys-
tems. Their scope extends far beyond to-
day’s standard features such as Parkpilot
or electronic navigation systems. The aim
is to produce the “sensitive vehicle” that
uses sensors and electronics to detect and
interpret its surroundings. Tapping into
ultrasound, radar and video sensor tech-
nologies has led to solutions that play an
important role in assisting the driver, e.g.
through improved night vision or distance
control.

Value creation structure for the future
The latest studies show that the produc-
tion costs of an average car will increase
only slightly by 2010 despite further inno-
vations. No significant value growth for
existing systems is expected in the me-
chanics/hydraulics domain despite the
expected volume growth. One reason
here being the electrification of functions
that have conventionally been realized me-
chanically or hydraulically. Brake control
systems are an impressive example of this
change. While the conventional brake sys-
tem was characterized more or less com-
pletely by mechanical components, the
introduction of the ABS brake-control
system was accompanied by a greater
proportion of electronic components in
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the form of sensor technology and an
electronic control unit. With the more re-
cent developments of ESP, the additional
functions, such as HHC, are almost exclu-
sively realized by electronics.

Even though significant economies
of scale are seen with the established
solutions, the value of the electrics and
electronics will increase overall (Fig. 1).
By 2010, this will amount to a good third of
the production costs of an average vehicle.
This assumption is based not least on the
fact that the majority of future functions
will also be regulated by electrics and elec-
tronics.

The increase in electrics and electronics
is associated with a growth in software.
Even today, software development costs
are no longer negligible by comparison
with hardware costs. Software authoring is
faced with two challenges arising from the
resulting increase in complexity of a vehi-
cle’s overall system: coping with the vol-
ume and a clearly structured architecture.
The Autosar initiative (Automotive Open
Systems Architecture), in which various
motor vehicle manufacturers and suppli-
ers participate, is working towards a stan-
dardization of electronics architecture
with the aim of reducing complexity
through increased reusability and inter-
changeability of software modules.
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Task of an electronic system
Open-loop and closed-loop control
The nerve center of an electronic system is
the control unit. Figure 3 shows the system
blocks of a Motronic engine-management
system. All the open-loop and closed-loop
algorithms of the electronic system run in-
side the control unit. The heart of the con-
trol unit is a microcontroller with the pro-
gram memory (flash EPROM) in which is
stored the program code for all functions
that the control unit is designed to execute.
The input variables for the sequence
control are derived from the signals from
sensors and setpoint generators. They in-
fluence the calculations in the algorithms,
and thus the triggering signals for the ac-
tuators. These convert into mechanical
variables the electrical signals that are
output by the microcontroller and ampli-
fied in the output stage modules. This
could be mechanical energy generated by
a servomotor (power-window unit), for ex-
ample, or thermal energy generated by a
sheathed-element glow plug.

Function modules of an electronic system

Overview

Communication

Many systems have a mutual influence on
each other. For example, it may sometimes
be necessary to not only have the elec-
tronic stability program carry out a brak-
ing intervention in the event wheel spin
but also to request that the engine-man-
agement system reduce torque and thus
counteract wheel spin. Similarly, the con-
trol unit for the automatic transmission
outputs a request to the engine-manage-
ment system to reduce torque during a
gearshift and thereby promote a soft gear
change. To this end, the systems are net-
worked with each other, i.e. they are able
to communicate with each other on data
buses (e.g. CAN, LIN).

In a premium-class vehicle, there may

be up to 80 control units performing their
duties. The examples below are intended
to give you an insight into the operating
principle of these systems.
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