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Vehicle Dynamics in context of Advanced Driver Assistance 
Systems and Automated Driving.

ADAS Master WS 21/22
Lecture 8 
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The vehicle motion dynamics is a result of external forces & moments 
and leads to internal forces & moments!
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Lateral Dynamics: Stationary and transient behavior

Stationary Behavior

ax = 0 Vx = const.

ay = const.

ax ~ 0

ωz = const.Transient behavior

Stationary behavior dH = const.

IddHI

𝑑𝑡
> 0

IdayI

𝑑𝑡
> 0

IdωzI

𝑑𝑡
> 0

Vx = const.
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Lateral response tests to evaluate transient behavior 

Frequency Domain:
- Step Steer
- Stochastic Steer Input
- Triangle Impulse
- Sine Steer (continuous cycles, sweep)

Time Domain:
- Step Steer
- Sinus Steer (one cycle)
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Lateral response tests to evaluate transient behavior

1. steering wheel input

2. vehicle response motion

3. steady state

4. 90 % steady state

5. 50 % level

A. Response time

B. Peak response time

Key
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Slowly increase steer test (SIS) an option for steady state circular driving and 
identify maneuver parameter
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V= 80/100 kph constant SWA Gradient < 13,5°/s

SWA at 4m/s² used for steering angle identification
• Step steer (4m/s²)

• Sine steer (4m/s²)

• Sine with Dwell (3m/s²)

• …
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Lateral response tests to evaluate transient behavior

Test Condition
Speed: 100 kph
Steer Input: Sine 0.2 – 4 Hz
ay:  0.4 g 
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Chassis components and functions – axle & suspension

Lateral response tests to evaluate transient behavior
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Lateral response tests to evaluate transient behavior
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Bode Diagram: Amplitude Gain

Project: TME Research Study

Vehicle: Auris_Suspension.car

Test: Sinus Sw eep 0.2-3Hz

Date: 2011/05/04
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Simulation Study - Using Suspension from Golf

Yaw Rate Gain vs. Frequency

Delta Yaw Gain Peak 

Yaw Gain (steady)
Agility

Yaw Gain Peak
Agility / Safety

Eigenfrequency
Safety



Kempten University of Applied Sciences317 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis components and functions – axle & suspension

Bode Diagram: Yaw Rate Phase

Project: TME Research Study

Vehicle: VW_Golf_Reference

Test: Sinus Sw eep

Date: 2011/05/03
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Parameter Study for K&C, spring, damper, roll bar

Test Condition
Constant Radius: 100 m
Speed: 0 – max kph
day: 0,1 m/s²/s

SWA, ay , Yaw, Radius: steady state condition

Find the sensitivity of parameters such as

• Roll bar stiffness 

• Spring, buffer

• Toe change front / rear (K&C)

• Camber change front / rear (K&C)

•…Analysis Steady Circular Driving

Steady Circular Driving 1

Test Condition
Speed: 80 kph
Steer Input: Sine 0.2 – 4 Hz
ay:  0.4 g 

Find the sensitivity of parameters such as

• Mass/Mass distribution / inertia   

• Roll bar stiffness 

• Damper 

• Tire side slip stiffness

• …
Analysis Sine Sweep

Sine Sweep 2
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Vehicle dynamics behavior is impact by numerous components

Brake System

• Actuation
• Hydraulic
• Caliber
• Disk
• Valves
• …

Vehicle Dynamics

Vehicle Bodies

• Masses
• Dimension
• Inertia
• Stiffness
• …

Suspension, K&C

• Axle
• Spring
• Damper
• Stabilizer
• Bushing
• …

Steering System

• Rack
• Column
• Wheel
• Power Unit
• …

Tires & Wheels

• Tire
• Wheel
• TPMS

Powertrain System

• Engine
• Clutch
• Transmission
• Driveline
• …

Controls

• Brake Control (ESC)
• Steering Control
• Suspension Control
• Drivetrain Control
• Engine Control
• …

Aerodynamics

• Vehicle area
• Coefficients
• Wings, under-

floor
• …

Chassis control 
systems are the 

actuators of ADAS/AD
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Chassis control principle and systems

Control Path
Fahrer – Fahrzeug -

Umgebung

Controller Actuator

Sensor

Control value

Reference
Input

Feedback loop

w(t)

e(t)
u(t) us(t)

d(t)

y(t)

yM(t)

Control deviation

-

Actuating value
(calculated)

Actuating value Disturbance variable

• Antilocking System (ABS)

• Traction Control (ASR)

• Electronic Stability Program (ESP)

• Steering Control (EPS)

• Roll Bar Control (ARS)

longitudinal control

longitudinal control

lateral control

lateral control

Vertical / lateral control

• Air Suspension Control (

• Continuous Damper Control (CDC)

• Electronic Differential (EDC)

• Torque Vectoring Control (TVC)

Vertical control

Vertical control

Long/ lat control

Long/ lat control
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Audi Talk – Chassis technologie from rigid axle to intelligent chassis

Audi TechTalk: Fahrwerk 
In the second edition of "Audi TechTalk", the Audi experts take a closer look at the subject of chassis. Work on a 
vehicle dynamics processor of the future and recuperation management as a new aspect of the chassis are just two 
aspects of this edition of the online dialogue format.
https://www.audi-mediacenter.com/de/audi-techtalk-13047

https://www.audi-mediacenter.com/de/audi-techtalk-13047


Kempten University of Applied Sciences322 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis controls and functions (1)

Hydraulik Brake system and brake control systems

https://www.youtube.com/watch?v=ugtrRmyPSfE

Classification of braking systems

• Service brake system (BBA - Betriebsbremsanlage)
The service brake system must be operated in steps can and 
usually consists of two brake circuits. 

• Auxiliary braking system (HBA-Hilfsbremsanlage)
The deceleration achievable with the secondary braking system 
must be at least half the size of the BBA.

• Parking brake system (FBA-Feststellbremsanlage)
The parking brake system must be able tocan maintain a slope of 
20%. 

• Continuous braking system (DBA -Dauerbremsanlage)
Continuous braking systems are wear-free brakes for longer 
steady-state braking of commercial vehicles and buses.

https://www.youtube.com/watch?v=ugtrRmyPSfE
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External and internal force ratio of a brake system

External force ratio

𝑖𝑒𝑥𝑡 =
𝐹𝑆𝑃
𝐹𝑃

Wheel brake force

𝐹𝐵𝑅 = 𝐹𝑃 ∗ 𝑖𝑒𝑥𝑡 ∗ 𝐶
∗
𝑟𝑤
𝑟𝑑𝑦𝑛

External force ratio

𝐶∗ =
𝐹𝐵𝑆
𝐹𝑆𝑃

Brake disk characteristics

𝐶∗ =
𝐹𝐵𝑆
𝐹𝑆𝑃

=
2µ ∗ 𝐹𝑆𝑃
𝐹𝑆𝑃

= 2µ
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ABS – Antiblockiersystem (Antilocking System)
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Hydraulik Brake system and brake control systems

https://www.youtube.com/watch?v=GHt0u_7abvs https://www.youtube.com/watch?v=CzEBVdZeyQs

https://www.youtube.com/watch?v=GHt0u_7abvs
https://www.youtube.com/watch?v=CzEBVdZeyQs
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Electronic Stability Program (ESP)
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Electronic Stability Program (ESP)

ECU and Hydraulic Actuator

Wheel Speed Sensor

Steering Wheel Sensor

Yaw Rate
Lateral Acceleration

Sensor 

Sample “Added Value Functions”
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Steering System
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Steering system – Electrical Power Steer (EPS) EPS apa (axle parallel) 
dH, MH

Steering wheel

Steering column

Cardanic joint

Pinion

Steering Rack

Power Assist Module

ECU

Ball joint Bellows

Track rod

Moment and Angle 
Sensor

12

2

Permanent AC Motor with 
positioning sensor

Motor gear disc

Gear belt

Bolt circular gear box

Steer rack

1
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Steering system – Electrical Power Steer (EPS)

EPS Column 

EPS Dual Pinion

Power Assist Motor

ECU – Electronic Control Unit

Torsion bar and angle sensor
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Rack an pinion steering system

https://www.youtube.com/watch?v=DC6Opx_3EUo

https://www.youtube.com/watch?v=DC6Opx_3EUo
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EPS Basic Functions

Boost Curve

Inertia 
Compensation

Yaw- / Steering
Damping

Active Return

Road Disturbance

Rack End Stop

+ Limiter
Assist

Steering 
Torque

Steering 
Angle

Steering 
Torque

Steering 
Speed

Steering 
Speed

Steering 
Angle
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EPS functions and test maneuver for validation

Yaw Damping

Boost Curve

Inertia Compensation

Active Return

EPS

Basic

Enhanced Features

Torque Overlay Interface

Pull/Drift Compensation

Park Assistance

Road Disturbance

Rack End Stop

Active Nibble Compensation

Lane Assistance

EPS-Functions Test Maneuver (sample)

Slowly Increase Steer (20 – 160kph

Sine Sweep (0 – 120 kph)

Sine Sweep/Step Steer  (0 – 120 kph)

Bending Curve

Uneven Road /Single Events

Steer at Standstill

Weave Test (40 – 120, 2,5 – 40°)

Parking Tests

Road Shake Test (uneven/even)

Lane Keeping Tests

µ-Split Test
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EPS functions and test maneuver for validation

▪ end stop control
▪ high speed damp control
▪ motor save function
▪ on- center control 
▪ active friction controller
▪ active return control
▪ active inertia comp. 
▪ pull & drift control
▪ active road slope control
▪ side wind control
▪ road disturbance rejection
▪ active nibble compensation
▪ active steering support (e.g. µ split)
▪ park assist functions…
▪ ….

▪ Power tests of steering support
▪ Turn-in ability
▪ On-center handling
▪ Pull behavior
▪ Drift behavior
▪ Straight running precision
▪ Steering wheel return ability
▪ Torque cut off
▪ Parking comfort
▪ Slalom performance
▪ Lane change performance
▪ Nuerburgring test (Fuchsröhre)
▪ Catch-up behavior
▪ Starting behavior
▪ ….

▪ High/Low Voltage
▪ Controller stability in different 

situations
▪ Sensor signal cut / interrupt
▪ Sensor offset / drift error
▪ Sensor noise error
▪ Sensor signal jump
▪ Failure moment
▪ CAN failure
▪ Starting condition
▪ Short cycle
▪ Loose contact
▪ Diagnostic messages
▪ Interface and (lost) communication 
▪ …

FailSafeTests Function Tests Performance Tests
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Sample Function and Test: Catch-up during virtual vehicle test → Slalom
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Sample Function and Test: Pull-Drift Compensation (PDC)

PULL DRIFT

dsy

SWT = Steering wheel torque            SWA = Steering wheel angle

• The driver has to pull steering torque to drive 
straight ahead

• This steering torque is measured and 
automatically supported to reduce the drivers 
effort  

• The vehicle is drift off the center line.  The 
vehicle response with a yaw rate

• The yaw rate is measured and a steering angle 
support is applied to reduce the yaw rate to 
zero. 

Control Steer

MH, Initial

MH, Compensation

MH, Initial

MH, Compensation

Free Steer
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On-Center Steering Behavior

COMFORT

• Subjective: Steering Effort Center Point 

• Objective: SWT / SWA Effort at YawRate = 0

SAFETY

• Subjective: Straight running behavior 

• Objective: YawRate Response at SWT = 0

PULL DRIFT

dsy

SWT = Steering wheel torque            SWA = Steering wheel angle
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Steering On-Center Evaluation: On-Center Handling Test (ISO 13674)

Criteria: Stiffness Criteria: Steering Effort 
at Center Point

Comfort Criteria

Criteria: Steering 
Precision

Safety Criteria

Criteria: Steering 
Torque Build-up & 
Turn-in Feeling

Criteria: Straight Running Behavior = Drift
Saftey Criteria

Criteria: Steering Effort On-Center = Pull
Comfort Criteria
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EPS Steering Model and related parameter
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Lateral Control Function: Lane Keeping Assistance Systems

ACC Interface
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Lateral Control Function: Lane Keeping Assistance Systems

Desire
d

path

𝑀𝐻

Departur
e

left

Departure
right

Edge Guidance (Typ 1)

Desired
path

𝑀𝐻

Departure
left

Departure
right

Center Guidance (Type 2)
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LKAS driving maneuver catalogue for public road and proving ground

• Free Ride Test
• Lane Change Test
• Transient Test
• Hands-Off Test at FSB
• Driver Feedback Test
• Stationary Cornering as Drop and 

Performance Test
• On-Center Handling Test
• Step Steer Test

Driving ManeuverRoad Catalogue & Maneuver Definition Vehicle Measurement

Benchmark vehicles w/o bus 
access: 
• Genesys ADMA IMU
• Kistler Steering Measurement 

Wheel
• System Status at Instruments
Vehicles with bus access:
• CAN/FR Bus Signals

e.g. Object List

maneuver catalogue_LKAS_V2-1_KR.pdf
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Accurate location of the vehicle in the lanes and vehicle motion evaluation

Driving behavior with active LKAS. 
Drifting around the midline and 
breaking through the right lane 
boundary.
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All Wheel Steering System
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All Wheel Steering System

Front Steer

All Wheel Steer

Front SteerAll Wheel Steer

Steering in the opposite direction of rear wheels to achiev

a small turning circle
Steering in the same direction of rear wheels to achiev stability
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All Wheel Steering System - Principle of Action

𝑚, 𝐽

𝑀

𝑚, 𝐽

𝑀
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Active suspension control with CDC – Continuous Damping Control

Acceleration 
Sensors

Active Damper

Damper 
Valve
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Active suspension control with CDC – Continuous Damping Control

Roll Bar / Stabilizer

ECU

Electro mechanic Actuator

Air Suspension

Buffer

Rebound Spring

Air Volume

CDC System

Air Valve
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Groundhook principle for longitudinal & lateral dynamics

az < 0

Sz (HA > 0
Sz (VA) < 0
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