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Some common questions from automated driving engineers

How can | How can | How can |
visualize vehicle detect objects In fuse multiple
data? Images? detections?
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Some common questions from automated driving engineers

How can |
visualize vehicle
data?
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Examples of automated driving sensors

Radar-based
object detector

Vision-based

object detector

Inertial
measurement
unit

Lane detector

MATLAB EXPO 2017



Examples of automated driving sensor data
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Visualize sensor data

Image Coordinates Vehicle Coordinates

Image
coordinates
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Visualize differences in sensor detections

Image Coordinates Vehicle Coordinates
_ e & lidar
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Explore logged vehicle data

- Load video data and corresponding mono-camera parameters

>> video = VideoReader ('0l city cZ2s fcw 10s.mpéd')

>> load ('FCWDemoMonoCameraSensor.mat', 'sensor')

- Load detection sensor data and corresponding parameters

>> load('01 city c2s fcw 10s sensor.mat', 'vision','lane', 'radar')

>> load('SensorConfigurationData.mat', 'sensorParams')

= Load lidar point cloud data

>> load('01l city c2s fcw 10s Lidar.mat', 'LidarPointCloud')
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Learn more about visualizing vehicle data
by exploring examples in the Automated Driving System Toolbox
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Birds-Eye Plot

Segmented Point Cloud
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Visualize Sensor Coverage,
Detections, and Tracks

Annotate Video Using
Detections in Vehicle
Coordinates
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Ground Plane and Obstacle
Detection Using Lidar

Plot object detectors
In vehicle coordinates
— Vision & radar detector

— Lane detectors

— Detector coverage areas
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= Transform between
vehicle and image
coordinates

= Plot lidar point cloud
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Some common questions from automated driving engineers
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How can |
detect objects In
Images?
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How can | detect objects in images?

Object & - —N

detector B
Classification \

Left Classification
Bottom | [ eft

Width | Bottom
Height | width

Height
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Train object detectors based on ground truth

Train Object

detector detector

Classification §
Left \
Bottom
Width
Height

Classification
L eft

Bottom

Width

Height
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Train object detectors based on ground truth

Train Object
detector detector

Ground Truth

Design object detectors with the Computer Vision System Toolbox

Machine Adgregate Channel Feature trainACFObjectDetector
Learning  Cascade trainCascadeObjectDetector
R-CNN

_ _ , trainRCNNObjectDetector
(Regions with Convolutional Neural Networks)

Deep
Learning Fast R-CNN trainFastRCNNObjectDetector

Faster R-CNN trainFasterRCNNObjectDetector

MATLAB EXPO 2017
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Specify ground truth to train detector

How can | create w

ground truth?
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Train
detector
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Object
detector
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Specify ground truth to train detector

Ground Truth

Labeler App mmmg Ground Truth

Train
detector

A MathWorks:

Object
detector
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with point tracker

Automate labeling based on a manually labeled frame

4\ Ground Truth Labeler

Load Save
v v
FILE

P Car

ROI Label Definition

; EEJ Define new ROI label

Scene Label Definition

EDJ Define New Scene Label

Default Layout ~ Y9orthm:

, B B &
-~ Temporal Interpolator v
o &4 Zoom OUt 1 show RO Labels [ Temporal Interpolator v/
Labels v ") Pan % Show Scene Labels | ACF Vehicle Detector
- Detect vehicles using
w!OQE_ VIEW

OCurrent Frame

@) Time Interval

» SunnyDay

» LaneChange
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Add Label

Remove Label

06.75310
Start Time

- — Aggregate Channel Features (ACF).
| 05_highway_lanechange_25s.nm

Point Tracker

Track one or more rectangle ROIls over short I’\Y
intervals using Kanade-Lucas-Tomasi (KLT) algorithm,

Temporal Interpolator
Estimate ROls in intermediate frames using
interpolation of rectangle ROIs in key frames.

»  Add Algorithm

& Refresh list

-

06.75310 25,00000

] ] ]
Max Time

14.54546

Current End Time

Track region with
Point Tracker

Zoom In Time Interval

4\ MathWorks
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Ground truth labeling to train detectors

Train Object
Ground Truth detector detector

Labeler App mmmg Ground Truth

Ground truth labeling to evaluate detectors

Object —
detector Detections o

detections

Ground Truth e v
Labeler App
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Customize Ground Truth Labeler App

4\ Ground Truth Labeler - gtlCustomizations

= Algorithm: oPET] 1 :
Default L t U ]
- Default Layou {5 = d)

T || Select Algorithm v
N DS . Automate  View Label Export
7 Show Scene Labels (&) Configure Automation e i
VIEW | AUTOMATE LABELING | SUMMARY  EXPORT ry

Add custom image reader with
groundTruthDataSource

i
@ Custom Reader

LABEL DEFINITIONS

Label Definitions

SESSION

3 Session
| [ |

Scene Label Definition

EE] Define New Scene Label

Current Frame Add Label

Time Interval Remove Label q
|

00.00000 09.00000 10.20000 10.20000 @ E E @ @

End Time Max Time

Before you can label a scene, begin by defining
a Scene Label. Start Time Current
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Customize Ground Truth Labeler App

4\ Ground Truth Labeler - gtlCustomizations

- H & &, Zoom In

E Default Layout

= Y - o

Algorithm:

Lo v

[E Select Algorithm v]

Track one or more rectangle ROIs over short

4

| Scene Label Definition |

EDj Define New Scene Label

Current Frame Add Label

Time Interval Remove Label

Before you can label a scene, begin by defining
a Scene Label.

q

Temporal Interpolator
Estimate ROIs in intermediate frames using
interpolation of rectangle ROIs in key frames.

¥ ACF Vehicle Detector
i Detect vehicles using
4 Aggregate Channel Features (ACF).

+ Add Algorithm

&, Zoom Out Show ROI Labels
Load Save Import i
v v Labels ¥ ﬂPan J Show Scene Labels = Point Tracker
FILE MODE VIEW
| ROI Label Definition \ 01_city_c2s_fcw_10s.
ED] Define new ROI label
P Car l ':'
F Pedestrian ':'
b StopLight i
P Lane I ==

00.00000 09.00000

4|

intervals using Kanade-Lucas-Tomasi (KLT) algorithm.

Add custom automation algorithm
driving.automation.AutomationAlgorithm
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Start Time Current End Time Max Time

e I
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Customize Ground Truth Labeler App

4\ Ground Truth Labeler - gtlCustomizations

4\ Figure 1: Point Cloud Pla.. — O X
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K I_ | :

Scene Label Definition

EE] Define New Scene Label

Current Frame Add Label

Time Interval Remove Label q
|
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Before you can label a scene, begin by defining

a Scene Label. Start Time Current End Time Max Time




Learn more about detecting objects in images

by exploring examples in the Automated Driving System Toolbox

R Sy e

LOAD DEFINE SET LABEL
Video, Image Sequence, ROls and Scene Label Definitions Interval and Controls  Rectangles & Lines
or Custom Reader

Define Ground Truth Data for
Video or Image Sequences

Lo
I CIHCINIED)

Automate Ground Truth
Labeling of Lane
Boundaries

driving.connector.Connector class
Connect Lidar Display to
Ground Truth Labeler

= Label detections with
Ground Truth Labeler App

MATLAB EXPO 2017

« Add automation algorithm

for lane tracking

= Extend connectivity of
Ground Truth Labeler App

4\ MathWorks
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Learn more about detecting objects in images
by exploring examples in the Automated Driving System Toolbox

Xo
Train a Deep Learning Track Pedestrians from a Visual Perception Using
Vehicle Detector Moving Car Monocular Camera
= Train object detector « Explore pre-trained = Explore lane detector
using deep learning and pedestrian detector using coordinate
machine learning transforms for mono-
techniques

camera sensor model
MATLAB EXPO 2017
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Some common guestions from automated driving engineers

How can | How can |
visualize vehicle detect objects In
data? Images?

MATLAB EXPO 2017

How can |
fuse multiple
detections?
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Example of radar and vision detections of a vehicle

:]L:HQ k X -\':*:.‘T:"@\'Qﬂ‘{' @) D E] a @
Image Coordinates e Coordinates

A vyision
® radar

Can we fuse detections
to better track the
vehicle?

MATLAB EXPO 2017
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Fuse detections with multi-object tracker

Image Coordinates Vehicle Coordinates )
| & A vision
807 ®e ’ ® radar
—lane
\
0 ¢ °
LS UE \

Vision and radar \_\
detections )
to be fused /

20 0 -20
Y (m)
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Synthesize scenario to test tracker

Top View

Synthesize
scenario to
test tracker

Chase Camera View

MATLAB EXPO 2017

Bird's-Eye Plot
Time = 2.8 (sec)

60

A vyision
® radar
40 - road
20 | 4
E ! f
-4
=20
]
-40 +
-60 ' : :
40 20 0 -20 -40
Y (m)
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Test tracker against synthesized data

Top View Bird's-Eye Plot
Time = 2.8 (sec)
Ii ’ Y A vision
20 [ ] * radar l
- : road |
15t i ® track '
« (history)
n 10 ¢ 1
1
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. \/
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Track multiple object detections

Multi-Object Tracker

Object Track

_ Tracking
Detections Manager

Filter

Time Time

Measurement State
Measurement Noise State Covariance
Track ID
* Assigns detections to tracks - Predicts and updates state of track Age
* Creates new tracks « Supports linear, extended, and 's Confirmed
* Updates existing tracks unscented Kalman filters Is Coasted
e Removes old tracks

MATLAB EXPO 2017
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Examples of Kalman Filter (KF) initialization functions

Multi-Object Tracker

Object Track

_ Tracking
Detections Manager

Filter

Linear KF Extended KF Unscented KF

(trackingKF) (trackingEKF) (trackingUKF)
Constant velocity initcvkf initcvekf initcvukf
Constant acceleration initcakft initcaekt initcaukt
Constant turn Not applicable initctekf initctukf

MATLAB EXPO 2017
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Fuse and track multiple detections from different sensors

Multi-Object Tracker

Radar
Detections Track

Kalman

§_ Manager Filter
Time .(_‘%
\P/0I5|t|_(:n %-? Time
elocity
E Object Detections State
Time State Covariance
Vision Measurement Track ID
Detections Measurement Noise Age
Is Confirmed
Time _ _ - Is Coasted
Position « Typically unigue to application and sensors
Velocity « Map sensor readings into measurement matrix

MATLAB EXPO 2017 Specify measurement noise for each sensor
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Explore demo to learn more about fusing detections

Multi-Object Tracker

Radar
Detections Track
Manager

Kalman
Filter

19%9ed 1938[90

Forward Collision Warning
Vision Using Sensor Fusion
Detections product demo illustrates

» Packing sensor data into object

detections
’ Inltla!lzmg Kalma_'n fll_ter Forward Collision Warning
« Configuring multi-object tracker Using Sensor Fusion

MATLAB EXPO 2017
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Virtual scenario generation

= Specify driving scenario and roads

= Add ego venhicle

= Add target vehicle and pedestrian actor
= Play scenario with chase plot

= Create birds eye plot to view sensor
detections

= Play scenario with sensor models

MATLAB EXPO 2017
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Simulate effects of vision detection sensor

Range Effects

0 Longitudinal Position 0 Lateral Position
" ]
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Range Angle
measurement measurement
accuracy accuracy

degrades with consistent
distance to throughout
object coverage area
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Occlusion Effects

- Longitudinal Velocity

Scenario Time (s)
[=2]

Error (m/s)

Partially or
completely
occluded
objects are not
detected

Road Elevation Effects

40 50 60 70 80
" Longitudinal Position o Lateral Position
*  Eror

8

Ground Truth Range (m)
& 8 B

Range (m)

g8 B

3

Error (m) Error (m)

Objects in coverage area may not be detected because
they appear above the horizon line

Large range measurement errors may be introduced
for detected objects

‘ MathWorks
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Learn more about sensor fusion
by exploring examples in the Automated Driving System Toolbox

vented v & Seetye s Q » =
v g ’*\h
| [ My I s
9" uxmmmguw;.mu.;unm l - l
: '
.‘ ' 2 Teme Steg : £ .‘ :
Forward Collision Warning Code Generation for Sensor Fusion Using
Using Sensor Fusion Tracking and Sensor Synthetic Radar and Vision
Fusion Data
= Design - Generate C/C++ = Synthesize
multi-object tracker code from algorithm driving scenario
based on logged which includes a to test
vehicle data multi-object tracker multi-object tracker
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The Automated Driving System Toolbox helps you...

Visualize vehicle

data
Plot sensor detections
Plot coverage areas

Transform between image
and vehicle coordinates

MATLAB EXPO 2017

Detect objects In
Images
Train deep learning
networks
Label ground truth
Connect to other tools

Fuse multiple

detections
Design multi-object tracker
Generate C/C++
Synthesize driving scenarios
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