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ăAutonomous driving is the 

simplest engineering task*

*On a newly built German highway,

at 12am when the sun shines from above,

in summer at approx. 20 ÁC and 10% humidityéó
(Unknown sensor -fusion engineer at Robert Bosch)

Preface
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CourseInformation

Lecturers: {ȊƛƭłǊŘAradi(St106)
¢ŀƳłǎ .ŞŎǎƛ ό{ǘмлсύ
hƭƛǾŞǊ ¢ǀǊǃ  ό{ǘмлрύ

Credit: 5
2 hrs. lecture/weekSt321B (here) 
2 hrs. lab. /weekSt121-122 (!!!)
2 midterm exams (Week7 and 14)
Assessment type: exam
Grade: 
0.25*(midterm1+midterm2)+0.5*exam

Literature: Thrun, Sebastian, Wolfram 
Burgard, and Dieter Fox.Probabilistic 
robotics. MIT press, 2005.

Connected Courses on AVCE:
ïControl theory and system dynamics
ïVehicle dynamics
ïAutonomous robots and vehicles
ïLocalization and mapping
ïComputer Vision Systems
ïMachine vision
ïetcΧ



Vehicular Sensors, providing original data

ωVision, Radar, Lidar, Ultrasonic

ωAppearance, Motion, Disparity, Distance, Shape etc.

Vehicle and Object Detection (and tracking)

ωSensor Fusion, Data association, Topology and roadside objects etc.

ωVehicle model, dynamics, filtering etc.

Situation understanding

ω.ŜƘŀǾƛƻǊ ƳƻŘŜƭǎΣ ƳŀƴŜǳǾŜǊǎΩ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀƴŘ ǇǊŜŘƛŎǘƛƻƴ

ωProbabilistic future modeling

Layered approach for the environment perception framework
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ÅDetecting static and dynamic objects

ÅRelative Positions

ÅRelative Speed

ÅClassification

Å0,5-250 m range

ÅChanging environment(lights, humidity, dust)

ÅMultiple types of objects (material, color, shape)

ÅChallenging

Purpose of environment sensing



A Slight Remark on ASIL

ÅASIL - Automotive Safety Integrity Level

ÅSafety Integrity Level used in IEC 61508

ÅISO 26262 - Functional Safety for Road 

Vehicles standard

ÅRisk=f(Severity , Likelyhood , 

Controllability )

ÅMore to come in ăSafety and Reliability

in the Vehicle Industryó

Severity (S):

S0No Injuries

é

S3Life-threatening

Exposure (E):

E0 Incredibly unlikely

é

E4 High probability

Controllability (C):

C0 Controllable in general

é

C3 Uncontrollable



ÅSolely Camera based systems?

ÅBased on human driving, could be feasible

ÅRoad traffic is the most dangerous form of 

transportation, most accident is caused by human 

error.

ÅAn automated system need to provide higher 

safety level.

ÅImprovement: Sensor fusion

ÅAll parts of the environment are surveilled by 

multiple sensors.

ÅRedundant

ÅConfidence

ÅCan eliminate the weaknesses of each sensor

ÅHigh and low level fusion

Increasing the Level of Automation



ÅMost important sensor of the ADAS 
systems. (Some say)

ÅFunctions 
ÅLane detection
ÅLane departure warning

ÅLane following

ÅLane change

ÅObject detection, classification and 
tracking
ÅAdaptive Cruise Control

ÅCollision avoidance and warning 
systems

ÅRoad sign and traffic light detection
ÅWarning systems

ÅCruise control

ÅEnergy optimization

ÅParking

ÅNight vision

ÅPros
ÅDetailed information on the 

environment

ÅShape and colour detection

ÅCons
ÅSensible to lighting and dust 

conditions

ÅDepth of field detection with mono 
camera is a challenge

ÅHigh computational needs

Camera



Typical camera functions



ÅAnother important sensor for ADAS

ÅFunctions
ÅObject detection and classification
ÅAdaptive cruise control
ÅCollision warning and avoidance

ÅPros
ÅLow sensibility to weather conditions, not sensible to light

ÅFor safety critical applications

ÅSmall size and low price

ÅCons
ÅObject classification is hard

ÅReflections can cause disturbance

Radar

CƻǊǊłǎ: Mathworks, Inc.



Radar Object Tracking Example



ÅPrimarily for comfort functions. New systems are eligible for safety critical 
functions

ÅFunctions
ÅAutomated Parking systems
ÅParking spot finder
ÅParking

ÅBlind Spot warning *

ÅLow speed cruise control
ÅTraffic jam assist

ÅPros
ÅCheapest

ÅEligible for safety functions

ÅCons
ÅLow range

ÅSensitive to dust

ÅLow speed

ÅAccurate localization is a challenge

Ultrasonic



UltraSonic Mapping



ÅLaser scanning for distance, 2D or 3D point cloud.

ÅFunctions
ÅReference measurements

ÅObject detection and classification

ÅLane detection

ÅRoad state

ÅPros
ÅAccurate high resolution measurement

ÅLow sensibility to weather

ÅCons
ÅExpensive

ÅLight absorbing materials cause problem

ÅMirrors cause problem

LIDAR



LIDAR Object Detection Example

1 Velodyne5  SICK lidars



Commercial solutions

CƻǊǊłǎΥ ¢ŜȄŀǎ LƴǎǘǊǳƳŜƴǘǎ LƴŎΦ


