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Objectives
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1) Key Achievement (ECA)

Classification of Road Conditions using Machine
Learning

¥ Data recording to get training data for the neuronal network
¥ Train a Deep Neural Network able to recognize different road condition

attime t

camera

egoVelocity

yawRate

distance to preceeding vehicle
Storage
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The Classes to be detected on the Lane

wetness Snow
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33 33
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Water-Layer Snow Road Surface
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Example Video:
Classification of Road Conditions

Focus on Dry/Moist/Wet/Flooded.

Notice: Curves are not considered.
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2) Key Achievement
1550-nm-Lidar prototype with 4 layers

Receive optics for
1550 nm

1234567891

1550 nm APD arrays with
4-layer Lidar @ 1550 nm filters from Oplatek

Transmit optics
with beam forming

Receiving adjustment setup



Exhaustive fog chamber testing
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Test Environment in Fog Chamber

Fog penetration @Visibility Range 55m
Reflectors and Persons walking around
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Work on Data Fusion Lavyer

Environment Model

Sensor Layer
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4) Key Achievement
Multi-Object-Tracking using Fusion Lidar/Camera at
a crossing in Ulm

¥ Uncertainty measures available for position, orientation, velocity, yaw-rate
and existence of object-class.

¥ Green boxes represent objects detected with existence probability above 90%
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6) Key Achievement
Grid-Map using Fusion of Lidar / Radar
Video-Information for documentation only

¥ Grid occupancy probabilities: dark represents free, white occupied, grey
unknown regions

¥ Colored lines represent dynamic cells, the length code the velocity and the
color the direction of movement relative to the own vehicle
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7) Key Achievement
Probabilistic Object Recognition

¥ Clustering of disparity image with an adaptable threshold depending on
semantic information and confidence values

¥ Uncertainty measures for position, orientation and existence

ID 3
62.43%
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8) Key Achievement
Simulation Framework

Validation Input

e T I " Understanding and Planning layer

Orverall

Function: ACC + LKA

System
Performace
nssesument
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Example of realized augmented Sensor
Models for Simulation Framework

Road Sign Sensor Traffic Object Sensor Road Line Sensor Map Sensor
Detected driving path points
@

: e
Sign Type
Sign Value @< Relative
-q_ Target incidence

Target s Nearest point lativel position X

Relative position X

Sensor frame

Ego-vehicle frame Ego-vehicle fr Ego-vehicle fram Ego-vehicle frame

Ambient Sensor Infrastructure Sensor

Wheel radius

Time / Day iheetepsec

Vehicle acceleration

Air Density

7 4 Vehicle rotation
2:: ::'e's"s'::_tey Visible satellites
Aif Temperature stesring angle

Receiver position Lat
Receiver position Long
Receiver position Height

Acceleration pedal
Brake pressure

Wind Velocity

Ambient temperature Tire pressure

Road State Receiver velocity

Visibility
Sky State
Brightness

Receiver heading

Driving mode

Traffic State Turn indicator

Engine speed
Gear number
Drivetrain torque
Vehicle range

Precipitation State
Precipitation Intensity

Road Condition
Road Temperature

Ambient temperature
Road Friction

Earth frame
System condition
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