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Agenda

Time Content

8:30 – 8:45 Uhr Start

8:45 - 10:00 Uhr Introduction + Sense

10:00 - 10:30 Uhr Break

10:30 – 12:00 Uhr Plan + Act + Evaluation

12:00 – 13:00 Uhr Break

13:00 – 15:00 Uhr CarMaker & MXeval Workshop



Agenda



What is lateral guidance?

• The vehicle follows the course through a 
lateral intervention

• A camera detects the boundary lines and 
determines via the control variable, the 
strength of the intervention

• The driver must remain active all the time 

→ Level 2/3



Explanation LKAS  



Lane Change Warning



Motivation

Step towards autonomous driving

GIDAS, Datenbankabzug 12/2012, Pkw‐Insassen mit Verletzungsschwere
MAIS2+ in erster Kollision

Reduction of accidents

Spurhalteassistent:

Spurwechselassistent:

Sicherheitspotential (ADAC):

https://www.adac.de/rund-ums-fahrzeug/ausstattung-technik-zubehoer/assistenzsysteme/fahrerassistenzsysteme/


Classification

Warning 
ADAS

Intervening 
ADAS

Lane Departure Warning

Lane Change Assist

Lane Keeping Assist

Active Lane Guidance

Lane Change Assist

Interacts via warning (acoustic, optical, haptic), when 
leaving of lane is detected

Interacts via warning, when indicator is set and 
vehicle is on the lane nearby

Interacts via lateral intervention, when leaving of lane 
is detected

Detects course and keeps vehicle in the lane 
constantly

Executes lane change when indicator is set

In
crease in

 d
river relief



Procedure of lateral guidance

Signal processing, 

Sensor fusion

Vehicle status

Driving dynamics

Environment 

Sensor

Function Module

LKAS

Actuator

Status display

Control elements

Warning

Human Maschine 

Interface (HMI)

Warning systems Intervening systems



Lateral Control Function: Lane Keeping Assistance Systems

Lane Keeping Assistance System Active Lane Guidance

Desired
path

𝑀𝐻

Departure
left

Departure
right

Edge Guidance (Typ 1)

Desired
path

𝑀𝐻

Departure
left

Departure
right

Center Guidance (Type 2)



Motivation?



Motivation

Benefits: The current systems for lateral guidance are a step towards autonomous driving.  

Offside the known benefits of autonomous driving (benefits in personal mobility, more efficient 
transport, more free time, less workload) the current systems has the advantage of increasing the 
road safety and already reducing the driver workload a bit. 

Warning 
ADAS

Intervening 
ADAS

Lane Departure Warning

Lane Change Assist

Lane Keeping Assist

Active Lane Guidance

Lane Change Assist

Increases safety

Reduces driver 
workload

Safety

Comfort



Setting options for different cars

VW Golf 8: Travel Assist

Audi: Active Lane Assist BMW: Active Lane Keeping Assist

Tesla: Active Lane Assist

Mercedes C-Klasse: Lenk-Assistent 



HMI Concepts VW Golf 8

Hands on/off detection

System aktiv und bereit zu regeln

System regelt 
(korrigierender Lenkeingriff)



HMI Concepts Audi

ACC on

Edge Guidance

Center Guidance

Hands on/off detection

ACC on

Edge Guidance

Center Guidance



HMI concepts Mercedes



HMI concepts BMW

Hands on/off detection



HMI concepts Tesla

Lane Departure Avoidance

Emergency Lane Departure Avoidance

Driving between 64 and 145km/h



Regulations



Regulations

Legal Regulations

LKA soon mandatory 
(2024)Hands-off detection

Warning requirements

Standards / GuidelinesEuroNCAP

UNECE

ISO

Requirements for 
deactivation

Test methods
Steering override

Function requirements

HMI elements

Treshold values 

ay, SWT, jerk 



EuroNCAP Lane Support Systems (2015)

Test Scenarios



UNECE (United Nations Economic Commission for Europe)

UNECE Regelung Nr. 79: Limits for Lane Change Assist 



Sense – Plan – Act

SENSE PLAN ACT



Sense – Plan – Act

Sensor:

Control Path
Lane Keeping

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

camera, radar, lidar, maps, etc.

Driver,
Vehicle,
Environment



Sense – Plan – Act

For the lateral guidance the camera is the most important sensor!
Sy

st
em

Ef
fe

ct
s



Sense

Sense: The output of the camera sensor is a object list.



MobilEye as a Sensor System leader in automotive industry

(156) Mobileye 8 Connect™: Quick Tour of all the Features -
YouTube

(183) Mobileye 8 Connect™: Quick Tour of all the Features - YouTube

https://www.youtube.com/watch?v=mCuzt0ds_A8&t=191s
https://www.youtube.com/watch?v=mCuzt0ds_A8&t=191s
https://www.youtube.com/watch?v=mCuzt0ds_A8&t=192s


MobilEye 5 Safety and Connection Scheme

The perspective of the sensor system producer. 



Mobile Eye – HW Connection Setup

Mobile Eye camera 6 Series

Mobile Eye-watch

2A Fuses

CAN Sensor

Eye CAN

To Connection in Car

To Laptop for Cali / Config

CAN Sniffing cable

To MobilEye Camera

To Mobile Eye-watch

Camera connector
for Power & CAN

Audi Q7 – left side dash-board panel

CAN Sensor

MobilEye



Mobile Eye – CAN Messages Lane Detection

This is the CAN Message for the lane detection.



Mobile Eye – CAN Messages Lane Detection

This is the CAN Message for the object detection.



Sense

Sense: Here you can see the camera line detection object list.

BV1_LIN_01_AbstandY

BV1_LIN_01_BeginnX

BV1_LIN_01_Breite

BV1_LIN_01_EndeX

BV1_LIN_01_ExistMass

BV1_LIN_01_Farbe

BV1_LIN_01_GierWnkl

BV1_LIN_01_HorKruemm

BV1_LIN_01_HorKruemmAend

BV1_LIN_01_ID

BV1_LIN_01_Typ_02

BV1_LIN_01_AbstandY

BV1_LIN_01_BeginnX

BV1_LIN_01_EndeX



Sense

Sense: What can affect the quality of a camera sensor in a vehicle? 

camera
sensor

?Real scenario Object list / data



Sense

Sense: What can affect the sensor quality? Think about the signal flow. 

Brainstorming ca. 5 Minuten



Sense

Sense: What can affect the sensor quality?

Conditions:
• Light
• Traffic
• Vehicle
• Driver
• Weather
• Road

We have no information
about the algorithm of the
Object and Line Detection.



Sense

Radial and tangential distortion

Kmeid Saad 2019, Automotive Camera Modeling and Integration With Standardized Interfaces, PhD, S.48-49



Sense

Vignetting Effect

Kmeid Saad 2019, Automotive Camera Modeling and Integration With Standardized Interfaces, PhD, S.49-50



Components & Functions for ADAS/AD

Blur Effect

Kmeid Saad 2019, Automotive Camera Modeling and Integration With Standardized Interfaces, PhD, S.50-51



Sense

Flare and Ghost Effects

Kmeid Saad 2019, Automotive Camera Modeling and Integration With Standardized Interfaces, PhD, S.52-53



Sense

Spatial Noise

Kmeid Saad 2019, Automotive Camera Modeling and Integration With Standardized Interfaces, PhD, S.52-53



Tesla Autopilot 

Checking real world situation!



Tesla Autopilot 

Checking real world situation!



Tesla Autopilot 

Checking real world situation!



Comparison in different visibility conditions with Ground Truth

SensIndex | Line Detection Evaluation with KPI‘s

Vehicle: AudiQ5

Speed: 180 km/h

Road: A7

Radius: 1000 m

Camera: MobilEye

Environment:
• Sun / bright
• Fog / dark

-------- Ground Truth
-------- SENSOR FOG
-------- SENSOR SUN IDEAL



SensIndex |Road Measurement

A7 1000 meter curve with 180 km/h in sunny and foggy condition.



Plan

Break 10 min. 



Plan

Plan:

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



Plan

Lane Keeping Controller



Sense – Plan – Act Schematic

ACC Interface

Simple way to get Time to line crossing: tLC = dLC / vx*sin(ψ)              but Information about the track, like curvature, missing



Act

Act:

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



Act

CAM
LKAS
ECU 

Steering
ECU

Steering
Motor

Steering 
Column/Rack

IMotor
TSteering

Driver

Torsion 
Bar

Steering 
Wheel

Rack 
Position

Tsteering Wheel

Video image

SENSEPLANACT

An electrical power 
system is necessary

• Torque controlled
• Angle controlled



EPS Column 

Power Assist Motor

ECU – Electronic Control Unit

Torsion bar and angle sensor

Steering Systems

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

The steering system converts the rotary motion applied to the steering 
wheel into a change in the steering angle of the steered wheels



Steering Systems



Steering Systems – Steer by wire



Evaluation Method



Evaluation of Function

Subjective Customer Level 

Objective Level
Linkage Subjective & Objective

Subjective Expert Level 

1

1
.1

1
.2

1
.3 1
.4

A

A1

A2

A3

3 9 3 ?

1 9 3

9 3 9



Layer Model – subjectiv Layer

HMI
(Operation / Visualization / Monitoring / Warning)

Track guiding 
quality

Edge guidance Driver interaction Availability Sense of security Strain reduction
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Subjective Questions by using eval app

Fragenkatalog
• HMI
• Fahrerkooperation
• Fahrperformance
• Entlastungsgrad
• Sicherheitsgefühl
• Verfügbarkeit
• Gesamt
• Ranking



Results of subject study

Fragenkatalog
• HMI
• Fahrerkooperation
• Fahrperformance
• Entlastungsgrad
• Sicherheitsgefühl
• Verfügbarkeit
• Gesamt
• Ranking
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Boxplot diagram



Measurement Method

• Bill of material:
1. Inertial measurement unit (IMU)
2. Differential-GPS Modem (DGPS) → +/- 2cm
3. Measurement steering wheel (MSW)
4. Dashboard Symbol Detection
5. Bus + CAN Interface
6. Manual binary Trigger (optional) 3

4

1
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Measurement Equipment

• Required Channels:
• Accelerations

• Velocities

• Rates

• GPS-Positions for every POI

• Steering Torque, Angle, Speed

• LKAS Status

• Signal color and warning signal (UN/ECE R79)

• Bus Signals (optional)

• Sample rate const. 100 Hz

• Video data synchronized (optional)

Yaw

Roll

Pitch

dH, MH



Test Conduction

Impression of Test Conduction 



Procedure of objective evaluation

  nsi er maneuver an  KPI‘s

Set up measurement devices and 
check everything

Execute test drives

Preprocess recorded data

Define evaluation routine to get 
KPI

Evaluate data

Develop or choose relevant of existing evaluation procedures 

Check functionality of each measurement device and correct 
setup of the data aquisition system

Also safe meta data

• Renaming
• Shorten data
• add information out of Ground Truth method

Choose routine or build up evaluation script

Rethink output. Does it make sense. What does the value 
mean



Evaluation

Localization Calculation Evaluation/Rating



Ground Truth Method

Road knowledge is very important! Exact positioning & heading data is the 
basis for objective evaluation criteria

ADMA

Precise positioning of the vehicle within 
the Ground Truth lane

Ground Truth
map storage

Ground Truth
measurement



Ground Truth Method

Road survey sensors: DGPS, IMU and stereo camera. 

DGPS/
RTK

Camera

IMU 



Ground Truth the road measurement data to CRO data

Road Survey IMJ & Video 
Data

Evaluation

P0
M0

P0P1

P1
P2

P2P3

P3
P4

P4P5

P5
P6

Y

Global common reference

Global position, 
heading Ego

Global Ground Truth
position, heading

189 km
Adrive Roads

Motorway
500 – 10000m

Highway
250 – 2500m

Cross Country
20 – 500mRoad Data Processing



Ground Truth Method

Scheme of the used structure CRO (a) and based grid-map (b)



Layer 1: relative metric data (increment, curvature, radius, 
azimuth angle, road width, cross slope) 

Each CRO layer contains different data.

Ground Truth and Camera Evaluation

Layer 3: road object data (longitude, latitude, elevation, 
distance x, distane y, hight, shape, colour, key
descriptor, road signs ID) 

Layer 2: road object data (longitude, latitude, elevation, 
distance x, distane y, hight, shape, colour, key
descriptor, road signs ID) 

Layer 0: absolute geographical data (longitude, latitude, 
elevation)



Ground Truth Method

Combination of layer-based map material and regular grid.

https://www.linkedin.com/posts/adrive-living-lab_gettoknow-cromaps-measurement-activity-6826828744540344320-VzQV?utm_source=linkedin_share&utm_medium=member_desktop_web

https://www.linkedin.com/posts/adrive-living-lab_gettoknow-cromaps-measurement-activity-6826828744540344320-VzQV?utm_source=linkedin_share&utm_medium=member_desktop_web


Ground Truth Method

LD CRO Road Measurement - Zubringerstraße – IFM - Memmingen



Ground Truth Method

B1
9

A
7

B3
08

P4
P3
P2P3
P2
P1
P0P1
P0
M0

Motorway
500 – 10000m

Highway
250 – 2500m

Cross 
Country

20 – 500m

B2
95

A
8

L11
80

Lane 
Localizatio

n
Lane 

Change

Lane 2

Lane 1s

Road 
Localizatio

n

Road 
Bearing
Angle

(Azimut)

Road 
Curvature

Road 
Cross 
Slope

6. Cross 
Slope
Modul

CRO Services Report

CRO Road Map



GT Mapping Toolbox - MXeval

Workflow
• Import data into toolbox
• Select output channels
• Select Vehicle Data
• Start



GT Mapping Toolbox – Output Channels

Lane Change to the left



Use Case: Active Lane Change

Initiierung

Time
• t_0 
• t_start
• t_lane_cross
• t_lane_change_en

d
• t_end_boundary

Signals
• Indicator
• SWA
• D2CL
• Yaw Rate

Lane Change to the right



Curve Cutting Gradient

A positiv Curve Cutting Gradient means the vehicle cuts the curve.

A negativ Curve Cutting Gradient means the vehicle is driving through the curve on the outer side.

Used in the MXeval test: Free Run



Workshop

Think of possible maneuvers and KPI’s to evaluate Active Lane Change 
Assistance (ALCA) (15 minutes)

1. What maneuvers can be performed →making sketches

2. What are possible parameters for objective evaluation  → chose 
measuring devices?

Consider efficient and resource-saving execution



www.hs-kempten.de/ifm
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