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A complex integration of electrical, 
mechanical and control system

Basic elements of mechatronic system
output input
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Mechatronic sophistication in automotive vehicles is 
increasing. For example, Mercedes S-Class  employs at least 
70 networked ECUs (electronic control units).Ten years ago, 
most automotive vehicles had three ECUs.



Key successes for all is in sensing 
e.g.:

• Steering/Pedal Angle Sensor
• Pressure sensors for Powertrain / 

Braking
• Position Sensors for Headlight 

Control
• Gyro Sensors for Stability Control



SENSORS
Throttle position

Intake air temperature
Manifold air pressure
Mass air flow (MAF)

Fuel pressure
In-cylinder pressure
Coolant temperature
Crankshaft position
Camshaft position

Engine speed
Engine knocking

Exhaust gas oxygen

ACTUATORS
Fuel injection

Idle speed control
Ignition timing

Multispark timing
Dwell angle

Valve timing (VVT)
Camless valve actuation
Exhaust gas recirc. (EGR)

Turbo boost
Transmission control



Breaking and stability control systems

Anti-Lock Braking System
Electronic Brake-Force Distribution System

Traction Control System
Electronic Stability Control Sytem



During emergency braking, ABS automatically cycles
tire slip around point of maximum braking efficiency



ABS consists of:

• Wheel speed sensors

• Valves

• Pump (hydraulic unit)

• Control unit

Are used to determine the 
acceleration or deceleration of the 
wheel.These sensors use a magnet 
and a coil of wire to generate a 
signal. The rotation of the wheel or 
differential induces a magnetic field 
around the sensor. The fluctuations of 
this magnetic field generate a 
voltage into the sensor. Since the 
voltage inducted on the sensor is a 
result of the rotating wheel, this 
sensor can become inaccurate at 
slow speeds. The slower rotation of 
the wheel can cause inaccurate 
fluctuations in the magnetic field and 
thus cause inaccurate readings to the 
controller.

The valves within an ABS serve three distinct 
functions. The first function
of the valves is to open and allow the hydraulic 
fluid from the brake pedal
or the pump to reach the braking system. The 
second function of the
valves is to maintain the current pressure 
provided to the braking system.
This is accomplished by closing the valve to resist 
further pressure from
the brake pedal. The third function of these 
valves is to reduce the amount
of hydraulic pressure at the braking system. This 
is accomplished by
opening the valves to allow the hydraulic fluid to 
be released from the
braking system.

The pump in the ABS is used to restore 
the pressure to the hydraulic
brakes after the valves have released it. 
A signal from the controller will
release the valve at the detection of 
wheel slip. After a valve release the
pressure supplied from the user, the 
pump is used to restore a desired
amount of pressure to the braking 
system. The controller will modulate the
pumps status in order to provide the 
desire amount of pressure and reduce
slipping

The entire system is observed 
and manipulated by the ABS 
controller.



• Braking causes a dynamic weight transfer to the front wheels, 
depending on vehicle construction (geometry), decleration and 
aerodynamic drag

• EBD is adjusting the break-force more to the front wheels
• EBD bases rear wheel control on slip rather than pressure
• EBD is operating before ABS, altough they share the same 

hardware

If the break-force 
distribution  is 

50:50 (F:R), the 
front wheels will 

lock first



• Limits the torque applied to wheels to prevent spinning
• Shares the electro-hydraulic brake actuator and the wheel 

speed sensors with the ABS
• Methods to achieve traction control:

1. Brake one or more wheels
2. Delay or suppress spark to one or more cylinders
3. Reduce fuel supply to one or more cylinders
4. Closed throttle 
5. Actuate boost control solenoid in turbocharged engines

• Brake-only systems are simpler, but less functional



• ESC works in the background and continuously monitors 
steering and vehicle direction

• It compares the driver's intended direction to the vehicle's actual 
direction

• Today considered the most important safety feature since the 
seat belt, studies show ESC reduces fatal car accidents by about 
35%

• National Highway Traffic Safety Administration (NHTSA)
requires ESC on all new light passenger vehicles in US after
2012



ESC’s sensors:

• Steering wheel angle sensor

• Yaw rate sensor

• Roll rate sensor

• Lateral acceleration sensor

• Longitudinal acceleration sensor

• Wheel speed sensor

Determines the driver's 
intended rotation.

Measures the rotation rate of the 
car. The data from the yaw sensor 
is compared with the data from the 

steering wheel angle sensor to 
determine regulating action.

Similar to the yaw rate sensor in 
design but improves the fidelity of 
the controller's vehicle model and 
correct for errors when estimating 
vehicle behavior from the other 

sensors alone.
A simple accelerometer

Similar to the lateral acceleration 
sensor in design, but provides

additional information about road 
pitch and also provide another 

source of vehicle acceleration and 
speed



• The following figures representing the typical mistakes by the 
drivers

• Both of understeer and oversteer can occurs at low speeds if 
the surface is slippery 

figures courtesy by BMW AG.
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