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Scania: Model-Based Design for AEB Sensor Fusion Development
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Scania: Model-Based Design for AEB Sensor Fusion Development
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Continental
Ground Truth Labeling and Algorithm Training 

for Traffic Sign Recognition Systems

Source: Traffic sign recognition for driver assistance systems  (MAC Germany 2015)

Tool Chain
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BMW Autonomous Driving R&D
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Common Questions from Automated Driving Engineers

How can I 

visualize vehicle

data?

How can I 

design and verify 

perception

algorithms?

How can I design 

and verify

sensor fusion?

vehicle
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Examples of Automated Driving Sensors

Vision-based 

object detector

Lane detector

Radar-based 

object detector

Lidar

Camera

Inertial 

measurement 

unit
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Camera (640 x 480 x 3)
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Examples of automated driving sensor data

Vision based 

lane detector

Vision Detector
SensorID = 1;

Timestamp     = 1461634696379742;

NumDetections = 6;

Detections(1)

TrackID:        0

Classification: 5

Position:      [22.61 -0.43 2.24]

Velocity:      [-9.86  0    0]

Size:          [0      1.75 0]

Detections(2)

TrackID:        1

Classification: 5

Position:      [22.8  3.12 2.24]

Velocity:      [-9.37 0    0]

Size:          [0     1.8  0]

Radar Detector
SensorID = 2;

Timestamp     = 1461634696407521;

NumDetections = 23;

Detections(1)

TrackID:       0

TrackStatus:   6

Position:      [56.07 17.73 0.34]

Velocity:      [-8.50 2.86 0]

Amplitude:     3

Detections(2)

TrackID:       1

TrackStatus:   6

Position:      [35.35 19.59 0.34]

Velocity:      [-8.02 4.92 0]

Amplitude:     3

Detections(3)

TrackID:       12

TrackStatus:   5

Position:      [57.69 3.13 0.34]

Lane Detector
Left

IsValid:       1

Confidence:    3

BoundaryType:  3

Offset:        1.68

HeadingAngle:  0.002

Curvature:     0.0000228

Right

IsValid:       1

Confidence:    3

Lidar (47197 x 3)

-12.2911    1.4790   -0.5900

-14.8852    1.7755   -0.6475

-18.8020    2.2231   -0.7396

-25.7033    3.0119   -0.9246

-0.0632    0.0815    1.2501

-0.0978    0.0855    1.2561

-0.2814    0.1064    1.2575

-0.3375    0.1129    1.2650

-0.4611    0.1270    1.2572

-0.6184    0.1450    1.2475

-0.8369    0.1699    1.2319

-14.8815    1.8245   -0.6478

-18.8008    2.2849   -0.7403

-25.7134    3.0970   -0.9265

Inertial Measurement Unit
Timestamp:  1461634696379742

Velocity:   9.2795

YawRate:    0.0040
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Learn More About Visualizing Vehicle Data
Explore Examples in Automated Driving System Toolbox

 Transform between 

vehicle and image 

coordinates

 Plot lidar point cloud Plot object detectors 

in vehicle coordinates
– Vision & radar detector

– Lane detectors

– Detector coverage areas
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Examples of Perception Algorithms

Pedestrian Detection

Vehicle Detection

Object Detection: Locate and 

classify object in image or video. 
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Workflow to Train Detectors

Images Ground Truth Object

detector

Train

detector

Label Ground 

Truth

Machine Learning 
Deep Learning
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MATLAB Tools to Train Detectors

Images Ground Truth Object

detector

Train

detector

Label Ground 

Truth

imageDS = imageDatastore(dir)

Easily manage large sets of images
- Single line of code to access images
- Operates on disk, database, big-data file system
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MATLAB Tools to Train Detectors

Images Ground Truth Object

detector

Train

detector

Label Ground 

Truth

Automate Labeling of Ground Truth 
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MATLAB Tools to Train Detectors

Images Ground Truth Object

detector

Train

detector

Label Ground 

Truth

Use same ground truth to try different detectors.

Machine Learning
 Cascade Object Detector
 Aggregate Channel Features 

Deep Learning
 R-CNN
 Fast R-CNN
 Faster R-CNN

Single Line of Code to Train Each Detector 

E.g. 
trainCascadeObjectDetector

trainFasterRCNNObjectDetector
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Designing Perception Systems

Computer Vision Algorithms for Automated Driving 

Pedestrian Detection

ACF and HOG/SVM based  (pre-trained)

Vehicle Detection

Deep learning and ACF based (pre-trained)
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Designing Perception Systems

Additional Computer Vision Algorithms for Automated Driving 

Vehicle detection 

with distance estimation 

using mono-camera 

Lane Detection and Classification

• RANSAC-based lane boundary fitting 

• Lane boundary visualization
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Designing LiDAR Processing Algorithms
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Ground truth labeling to evaluate detectors

Ground truth labeling to train detectors

Images Ground Truth Object

detector

Train

detector

Ground Truth

Labeler App

Images
Object

detector Evaluate

detections

Ground truth
Ground Truth

Labeler App

Detections



22

Example of Vision System Detection

How can I verify this 

detection is correct?
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Learn More About Verifying Perception Algorithms
Explore Examples in Automated Driving System Toolbox

 Evaluate detections 

against ground truth

 Extend connectivity of 

Ground Truth Labeler App

 Label detections with 

Ground Truth Labeler App
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Example of radar and vision detections of a vehicle

Vision detection
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Example of radar and vision detections of a vehicle

Radar detection
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Example of radar and vision detections of a vehicle

Can we fuse detections 

to better track the 

vehicle?
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Euro NCAP TEST PROTOCOL  Scenario Generation 

Car-to-VRU Nearside Child (CVNC) 

 a collision in which a vehicle travels 

forwards towards a child pedestrian 

crossing it's path running from 

behind and obstruction from the 

nearside and the frontal structure 

of the vehicle strikes the pedestrian 

at 50% of the vehicle's width when 

no braking action is applied. 

5 km/h

20-60 km/h
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Learn More About Sensor Fusion
Explore examples in the Automated Driving System Toolbox

 Design              

multi-object tracker 

based on logged 

vehicle data

 Synthesize 

driving scenario

to test 

multi-object tracker

 Generate C/C++

code from algorithm 

which includes a 

multi-object tracker



32

Automated Driving System Toolbox 

How can I 

visualize vehicle

data?

How can I 

design and verify 

perception

algorithms?

How can I design 

and verify

sensor fusion?

vehicle
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