ADAS and Automated Driving Development
iIn MATLAB and Simulink
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Some common questions from automated driving engineers
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Some common questions from automated driving engineers

How can |
analyze & synthesize
scenarios?
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Analyze and synthesize scenarios

Real-world data workflows

Enables

l I I l open loop
Connect Visualize Label workflows
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Connect to recorded and live data
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f ) Laser Scan
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Forward Collision Warning | Work with Specialized ROS | Use HERE HD Live Map Data
with CAN FD and TCP/IP | Messages | to Verify Lane Configurations
Automated Driving Toolbox™ ROS Toolbox™ Automated Driving Toolbox™

Vehicle Network Toolbox™
Instrument Control Toolbox™

220186 | 2019 | 2019
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https://www.mathworks.com/help/ros/ug/work-with-specialized-ros-messages.html
https://www.mathworks.com/help/vnt/examples/forward-collision-warning-can-fd.html
https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html

Visualize vehicle data
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Visualize Sensor Coverage, - Annotate Video Using Detections in Display Data on
Detections, and Tracks | Vehicle Coordinates | OpenStreetMap Basemap
Automated Driving Toolbox™ Automated Driving Toolbox™ Automated Driving Toolbox™

2017 | 2017 | R20186
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https://www.mathworks.com/help/driving/ug/display-data-on-openstreetmap-basemap.html
https://www.mathworks.com/help/driving/examples/visualize-sensor-coverage-detections-and-tracks.html
https://www.mathworks.com/help/driving/examples/annotate-video-using-detections-in-vehicle-coordinates.html

Label sensor data with Ground Truth Labeler App

= Interactively label sensor data
— Rectangular region of interest (ROI)
— Polyline ROI
— Pixel ROI (semantic segmentation)
— Cuboid (lidar)
— Scenes

= Automate labeling with built-in
detection and tracking algorithms

= Register custom automation algorithms
= Register custom visualizations
= Export labels for verification or training

Ground Truth Labeler
Automated Driving Toolbox™

Updated 202 O
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https://www.mathworks.com/help/driving/ref/groundtruthlabeler-app.html

Visualize and label camera and lidar data

Visualize

multiple signals

4\ Ground Truth Labeler = X

=i Show/Hide Signals ¥ | Algorithm:
-

o O S| [ g IS = Load multiple time-overlapped signals

Session ¥ v Configure Automation Summary = Labels ¥

VIEW AUTOMATE LABELING

| ROl La:LeEIs | Scene Labels | video_01_city c2s fow_10s — L Eﬂars;qu;ce ) re p rese ntl n g th e Sam e SCE n e
™
o - Synchronously explore data

Label

To label an RO, you must first define one
or more of the following label types:

- Rectangle/Cuboid label
- Line Label

- Pixel label

Get Started with the Ground Truth Labeler
Automated Driving Toolbox™
Updated
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Visualize and label camera and lidar data

Interactively

label

4\ Ground Truth Labeler
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= Interactively label camera and lidar
data

Get Started with the Ground Truth Labeler
Automated Driving Toolbox™
Updated

2020
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Visualize and label camera and lidar data

Automate

labeling

LABEL

New
Session ¥

Open Save

4\ Ground Truth Labeler
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. | Aggregate Channel Features (ACF).

. 4 Detect people using
B Aggregate Channel Features (ACF).

Lane Boundary Detector r
Detect lane boundaries using bird's-eye view that
is estimated without camera calibration information.

Point Cloud Tempgual Interpolator
Estimate cuboids in fttermediate point cloud frames
using interpolation between cuboid ROIs in key frames.

ACF Vehicle Detector
Detect vehicles using

ACF People Detector

Point Tracker
Track one or more rectangle ROls over short
intervals using Kanade-Lucas-Tomasi (KLT) algorithm.

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

57 Add Algorithm
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[LAB EXIPO

=  Get started with built-in detection and
tracking algorithms

= Workflow can be extended by
registering custom automation
algorithms

Get Started with the Ground Truth Labeler
Automated Driving Toolbox™
Updated

2020
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Visualize and label camera and lidar data

4\ MATLAB R2020a - X
HOME Search Documentation »p
& . 8 @ &) & b & @ & &
6868 v & 7 & & b &
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App Apps  App  App Learner Designer Manager Clustering Fitting Pattern Recog... Series Learner
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€« Ha\E » C: » Program Files » MATLAB » R2020a » toolbox » driving ¥ drivingdata » v P
Current Folder [GM Command Window ®
Name- >> groundTruthLabeler
- ~
@ lidarSequence >> groundTruthLabeler
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A 05_highway_lanechange_25s.mp4

IJ timestamps
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Workspace ® ROILabelData:
Name = Value SceneLabelData:
[€ gTruth 1x1 groundTrut...

Il pcSeqFolder ‘C:\Program Fil... fx >> ‘
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[2x7
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vision
table]
vision
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groundTruthMultisignal with properties:

.labeler.loading.MultiSignalSource]

.labeler.labeldata.ROILabelData]
.labeler.labeldata.SceneLabelData]

Export

labels

= Export to workspace or file

=  Enables workflows to customize
format of labels for integration with
other tools

Get Started with the Ground Truth Labeler
Automated Driving Toolbox™
Updated

2020
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Analyze and synthesize scenarios

Synthetic scenario workflows Enables
open loop and
Create scenes Model actors Model sensors closed loop
workflows

4\ MathWorks



Synthesize scenarios to test algorithms and systems

Scenes Cuboid
Testing Controls, sensor fusion, planning
Sensing Probabilistic vision (detection list)

Probabilistic lane (detection list)
Probabilistic radar (detection list)
Lidar (point cloud)

[LAB BXIPO &\ MathWorks



Synthesize scenarios to test algorithms and systems

Scenes Cuboid Unreal Engine

Ego-Centne View Scovana Carrem | ST

Testing Controls, sensor fusion, planning Controls, sensor fusion, planning, detection
Sensing Probabilistic vision (detection list) Monocular camera (image, labels, depth)
Probabilistic lane (detection list) Fisheye camera (image)
Probabilistic radar (detection list) Probabilistic radar (detection list)
Lidar (point cloud) Lidar (point cloud)

LAB BXIPO &\ MathWorks



Graphically author scenarios with Driving Scenario Designer

= Design scenes
— Roads, lane markings
— Pre-built scenes (Euro NCAP)
= Import roads
— OpenDRIVE, HERE HD Live Map
= Add actors
— Size, Radar cross-section (RCS)
— Trajectories
= Export scenarios
— MATLAB code, Simulink model

Driving Scenario Designher
Automated Driving Toolbox™

Updated 202 O
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

Synthesize driving scenarios from recorded data

Visualize Create ego Create target Simulate

video trajectory trajectories scenario

4\ MATLAB R201%a

HOME 0TS APPS LIVE EDITOR

0 INSERT VEW = =0 =
?Z":t Ed? ‘éorkspa;c: ; work » userpath » Examples » R2019a » driving » PlaybackScenarioExample v - I m po rt ro ad S fro m O pe n D R IV E

] omcseotmpers X[F - Simulate synthesized scenario :
> summary E L | ‘ = Create ego trajectory from GPS

This example shows how to automatically generate &

T T e e e | = Create target trajectories object lists

Helper Functions 120
helperGetEgoData 115 F
This function reads the ego vehicle data from a text 1ot | B = =
> Scenario Generation from Recorded
105
108 function [egoData] = helperGetEgoData(egoFil = 3 -
109 %Read the ego vehicle data from text file > g 3 \\ AN VehICIe Data
110 fileID = fopen(egoFile); o5 [y \ U \ i AR B —
111 content = textscan(filelID, '%f %f %f'); y - \-.‘ i \\. \ ‘\ “.' ) A\ N3 TM
112 fields = {'lat’,'lon’, 'Time'}; 9| | '\ \ \‘\\\ ’ X\ 1 A t t d D . . T Ib
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i < 85 AN \\ o I I l
114 fclose(fileID); i X A3
115 end 0 eo“'H\'\\“\\"
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helperGetNonEgoData X (m)
This function reads the processed lidar data from a
text file and converts into a structure. The
R T P A S e R T .
Comman d Window ®
<
10+ | Busy ot
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https://www.mathworks.com/help/driving/examples/scenario-generation-from-recorded-vehicle-data.html

Model sensors in cuboid driving scenarios

= Vision object detections
= Vision lane detections

- Radar detections

= Lidar point cloud

Cuboid Driving Scenario Simulation \| "\. :
Automated Driving Toolbox™ -

Updated 202 O 'Hi: .
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https://www.mathworks.com/help/driving/cuboid-driving-scenario-simulation.html

Model sensors in Unreal Engine driving scenarios

Monocular camera

— Image

— Depth

— Labels

Fisheye camera image
Lidar point cloud
Radar detections

3D Simulation for Automated Driving
Automated Driving Toolbox™

Updated 202 O
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https://www.mathworks.com/help/driving/ug/3d-simulation-for-automated-driving.html

Model monocular camera sensor in Unreal Engine driving scenario

Visualize Depth and Semantic
Segmentation Data in 3D

Environment
Automated Driving Toolbox™

2019

4\ MathWorks


https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html
https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html
https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html

Design with cuboid and Unreal Engine driving scenarios

Prebuilt scenes i Trajectories i Customize scenes

Cuboid Versions of 3D Simulation Specify Vehicle Trajectories Customize 3D Scenes for

Scenes in Driving Scenario Designer for 3D Simulation | Automated Driving
Automated Driving Toolbox™ Automated Driving Toolbox™ Automated Driving Toolbox™
2020 | 2020 | 2020
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html
https://www.mathworks.com/help/driving/ug/cuboid-versions-of-3d-simulation-scenes-in-driving-scenario-designer.html
https://www.mathworks.com/help/driving/ug/customize-3d-scenes-for-automated-driving.html

Design 3D scenes for automated driving simulation

4\MathW0rks- Products  Solutions Academia Support Community Events

RoadRunner

RoadRunner

Design 3D scenes for automated driving simulation ] . = 202 O

, § Request a free trial » 1 - . U pd a.te 1

~

External Simulators

4\ MathWorks




Design scenes with road, marking, and prop assets

Roads and markings
= Traffic signals
= Guard rails
= Trees
= Signs
Elevation data

Assets
RoadRunner™

R2020a

Update 1



https://www.mathworks.com/help/roadrunner/Assets.html?s_tid=CRUX_lftnav

Design scenes and export to driving simulator

Design
scenes

LR BRI HE NS Y VTS TRASRA [ ERE ) - Editroads
ant s = Edit road materials
= Add road markings

Exporting to CARLA
RoadRunner™

2020

Update 1



https://www.mathworks.com/help/roadrunner/ug/Exporting-to-CARLA.html

Design scenes and export to driving simulator

Export Import to

UESES simulator

Install plugin
Export from RoadRunner
Import into CARLA/Unreal

: Exporting to CARLA
Use CARLA Export Option E = I 7 ROadRunnerTM

2020

Update 1

4 Mativorks



https://www.mathworks.com/help/roadrunner/ug/Exporting-to-CARLA.html

Design scenes and export to driving simulator

= Move vehicle in automated driving
simulation

= Visualize pixels IDs for semantic
segmentation

!_ '
I
0
r
-
| |
4

Exporting to CARLA

: Jo I RoadRunner™
*ﬂ i S s e e M s I E Bzw Cireers Séemanilc Soomantaton (CilyScees Patiie 2 02 O
Update 1
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https://www.mathworks.com/help/roadrunner/ug/Exporting-to-CARLA.html

Export scenes to file formats and driving simulators

= Export to common file formats for

use in third-party applications

— Filmbox (.fbx), OpenDRIVE (.xodr)
— Unreal Engine®, CARLA = e
— Unity®, LGSVL =S\,
— VIRES Virtual Test Drive, Metamoto -
— IPG Carmaker, Cognata, Baidu Apollo
— Tesis Dynaware, TaSS PreScan

— Universal Scene Desctription (USD)

FBX
(meshes)

Exporting OpenDRIVE
RoadRunner™ (Semantics)
Ubdate 1

&\ MathWorks



https://www.mathworks.com/help/roadrunner/Exporting.html?s_tid=CRUX_lftnav

Integrate RoadRunner with MATLAB and Simulink workflows

RoadRunner Unreal Engine MATLAB & Simulink

Export scene

Bmmmmmg description
(.FBX, .XML)

RoadRunner Simulink
scene model
Import to |

driving
scenario

Import to Connect to

game game \

g OpenDRIVE

4\ MathWorks



Import, visualize, and edit OpenDRIVE files

Import

OpenDRIVE

”3 v WD DI L R - - Validate OpenDRIVE file
HRasehilvswdos Bl vEHEE oS3 . .

2 = Import and visualize

= Edit roads and scene

= Export to common driving simulator
formats (including OpenDRIVE)

Importing OpenDRIVE Files
RoadRunner™

2020

Update 1

4\ MathWorks


https://www.mathworks.com/help/roadrunner/ug/Importing-OpenDRIVE-Files.html

Analyze and synthesize scenarios

Real-world data workflows
Enables

l I I l open loop
Connect Visualize Label workflows

Synthetic scenario workflows Enables
open loop and
Create scenes Model actors Model sensors closed loop
workflows

4\ MathWorks



Some common questions from automated driving engineers

Perception

Planning

How can |
design & deploy
algorithms?
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Design and deploy algorithms

Planning & control workflows

Motion Decision Longitudinal Lateral
planning logic controls controls

4\ MathWorks



Design controls and decision logic for ADAS

Adaptive Cruise Control
(longitudinal control)

Adaptive Cruise Control with

Sensor Fusion
Automated Driving Toolbox™

Model Predictive Control Toolbox™
Embedded Coder®

2017b

Lane Keep Assist
(Lateral control)

Lane Keeping Assist with Lane
Detection

Automated Driving Toolbox™
Model Predictive Control Toolbox™
Embedded Coder®

R2018a

Lane Following
(longitudinal + lateral control)

Lane Following Control with
Sensor Fusion
Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

!72 O] 8 9

4\ MathWorks


https://www.mathworks.com/help/mpc/ug/adaptive-cruise-control-with-sensor-fusion.html
https://www.mathworks.com/help/mpc/ug/lane-keeping-assist-with-lane-detection.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Design planning and controls for highway lane change

Synthesize
scenario

g J— 3
K d il » O [ [ &
Add Add Goto Step Pause Step 'REPER | Defauit 3D  Export
aaaaaa

250 1

€ 200
x

100 -

= Specify road and target vehicle
trajectories for scenario in MATLAB

=  Read scenario from Simulink

= Visualize open loop trajectories with
Driving Scenario Designer

Lane Change for Highway Driving
Navigation Toolbox™

Model Predictive Control Toolbox™
Automated Driving Toolbox™

Updated

2020
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https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

Design planning and controls for highway lane change

Design
planner

= Specify terminal states candidates

g s : = Determine optimal trajectory in
j o plommm— Frenet coordinates

2 [Highway Lane Change Test Bench |
& T LaneChangeControler ~ “ Ego kwleﬁs‘mn«m‘s‘Zl
RePorOnpat ey
L epunonms N - EgoVelocity (is)  TMeGsp  Lateral Jerk Longiudinal Jerk

Accoleraton

Planner o] ’ o ]

a F— Lane Change for Highway Driving
{ -t Navigation Toolbox™

Model Predictive Control Toolbox™

S Automated Driving Toolbox™

d—— Updated

«
Ready View d\os’\osu(s 102%  _______ autofo deds) z : 2 :

4\ MathWorks



https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

Design planning and controls for highway lane change

Design
controls

= Design lateral and longitudinal
controls with Model Predictive
a Control
B -] _Llireese
Lanes L y
- =@ S . Controls _ o
= - o N ﬂ Lane Change for Highway Driving
—o ] e Navigation Toolbox™
B B ’ | . ] Model Predictive Control Toolbox™
) A Automated Driving Toolbox™
" B e Updated

Ready View diagnostics 102% auto(odeds) : ! O : ! O

4\ MathWorks



https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

Design planning and controls for highway lane change

Model

dynamics

= Model ego vehicle dynamics with
dynamic bicycle model
I a e Cone Oranes TestBoner i = Example can be extended to
- _ Ego vehicle included higher order vehicle
. el | dynamics dynamics
B < [ Lane Change for Highway Driving
= R s S Navigation Toolbox™
i “ e | .- k(] Model Predictive Control Toolbox™
I ,,'"’“"‘;m Automated Driving Toolbox™
oo e N Updated

) :
Ready View diagnostics 102% auto(odeds) 2 O 2 O

&\ MathWorks


https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

Design planning and controls for highway lane change

Visualize

results

P— el = = Plot candidate trajectories
7l Il S - Plot selected ego trajectory

= Plot trajectory history

a0 Change Test Bench |

LaneChangeController

H]
L RefPointOnPath Acceleration

20

Lane Change for Highway Driving
Navigation Toolbox™

[ izData]

| - Model Predictive Control Toolbox™

o - . Automated Driving Toolbox™
| @ F Updated

2020

&\ MathWorks

X (m)
<}

-20 +



https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

Design planning and controls for automated parking

Design Deploy to
planner & controls ROS 2 node
| | |.|I|u f:rTapl |.| | ‘ i [Automated Parking Valet: ROS 2 node for Path Planner |
- 1
(“‘* e 5
- S .
Automated Parking Valetwith = Automated Parking Valet with
Simulink | ROS 2 in Simulink
| Automated Driving Toolbox™
Automated Driving Toolbox™ ROS Toolbox™
: Embedded Coder®
R2018a 2019

Design with

nonlinear MPC

| Parking garage ,

_Ijl_l_l-'- T
10 2 30 a0 50
X

60

Parking Valet using Nonlinear
Model Predictive Control
Automated Driving Toolbox™
Model Predictive Control Toolbox™
Navigation Toolbox™

2020

4\ MathWorks


https://www.mathworks.com/help/ros/ug/automated-valet-using-ros2-simulink.html
https://www.mathworks.com/help/driving/examples/automated-parking-valet-in-simulink.html
https://www.mathworks.com/help/mpc/ug/parking-valet-using-nonlinear-model-predictive-control.html

Design and deploy algorithms

Perception workflows

: Obiject tracking & L
Detection . Localization
sensor fusion

, EXIPO

4\ MathWorks



Deploy deep learning networks

NVIDIA GPU Intel MKL-DNN

|

Code Generation for Object Generate C++ Code for ~ Code Generation for Semantic
Detection by Using Single | Object Detection Using YOLO | Segmentation Application on
Shot Multibox Detector | v2 and Intel MKL-DNN | ARM Neon
Deep Learning Toolbox™ Deep Learning Toolbox™ Deep Learning Toolbox™
GPU Coder™ MATLAB Coder® MATLAB Coder®
2020 | 2019 | 2020

4\ MathWorks
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https://www.mathworks.com/help/deeplearning/examples/generate-cpp-code-for-object-detection-using-yolo-v2-and-intel-mkldnn.html
https://www.mathworks.com/help/vision/examples/code-generation-for-object-detection-using-single-shot-multibox-detector.html
https://www.mathworks.com/help/coder/ug/code-generation-for-semantic-segmentation-application-by-using-unet-on-arm-neon-targets.html

Track-level Fusion of Radar and Lidar Data

3-D Detegt
Lidar elinelivg : : Fuse
boxes 3D cuboid 3D cuboid Tracks
. of clustered tracks tracks
Point detections _
cloud 3D cuboid
tracks
2-D
Radar

2D rectangular

tracks
Unclustered _ _
detections Track-Level Fusion of Radar and Lidar Data

Automated Driving Toolbox™
Computer Vision Toolbox™
Sensor Fusion and Tracking Toolbox™

2020

4 Mativorks



https://www.mathworks.com/help/fusion/examples/track-level-fusion-of-radar-and-lidar-data.html

Fuse lidar point cloud with radar detections

Synthesize

scenario

= Create scene
\ = Add actors
= Add lidar point cloud sensor

Front View Top View

p & - Add radar detection sensor
= g = 3

Rear View \\\ m

=
Track-Level Fusion of Radar and Lidar Data
=gl (3 Automated Driving Toolbox™
\“\\ Computer Vision Toolbox™
» Sy Sensor Fusion and Tracking Toolbox™

2020
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https://www.mathworks.com/help/fusion/examples/track-level-fusion-of-radar-and-lidar-data.html

Fuse lidar point cloud with radar detections

Detect

lidar

Front View (Time Step = 37 )

Lidar

Remove ground plane
Segment and cluster detections
Fit bounding box to clusters

Track-Level Fusion of Radar and Lidar Data
Automated Driving Toolbox™

Computer Vision Toolbox™
Sensor Fusion and Tracking Toolbox™

2020

\B EXPO 4@\ MathWorks


https://www.mathworks.com/help/fusion/examples/track-level-fusion-of-radar-and-lidar-data.html

Fuse lidar point cloud with radar detections

Front View (Time Step = 67 )

/A.* =
\\ \

Rear View

Lidar

= Design conventional joint probabilistic
data association (JPDA) multi-object
tracker

= Track vehicles during lane change with
interacting multiple model unscented
Kalman filter (IMM-UKF)

Track-Level Fusion of Radar and Lidar Data
Automated Driving Toolbox™

Computer Vision Toolbox™
Sensor Fusion and Tracking Toolbox™
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Fuse lidar point cloud with radar detections

Front View (Time Step =91)
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Rear View
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Close-up Display

Radar

= Design extended object tracker with
Gaussian Mixture probability hypothesis
density filter (GM-PHD)

Track-Level Fusion of Radar and Lidar Data
Automated Driving Toolbox™

Computer Vision Toolbox™
Sensor Fusion and Tracking Toolbox™
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Fuse lidar point cloud with radar detections

-Front View (Time Step = 69) Lidar

N :\?52:\
DI

Rear View Close-up Display

F2

-Radar

= Design track level fusion
= Visualize

Track-Level Fusion of Radar and Lidar Data
Automated Driving Toolbox™

Computer Vision Toolbox™
Sensor Fusion and Tracking Toolbox™
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Fuse lidar point cloud with radar detections

Assess

metrics

~ Missed Targets | ~ GOsPA | - Assess missed tracks
= Radar = Assess false tracks

all used] | = Assess generalized optimal sub-pattern
30 | - assignment metric (GOSPA)

— e

Metric

False Tracks

15 | . Track-Level Fusion of Radar and Lidar Data
Automated Driving Toolbox™

of ' Computer Vision Toolbox™
| | | | | Sensor Fusion and Tracking Toolbox™
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Time step
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Design object tracking and sensor fusion algorithms

Generate code

Measure
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ime step : X (m) ! Time Step
Introduction to Tracking Metrics ¢ Tuning a Multi-Object Tracker |  Generate C Code for a Tracker
Sensor Fusion and Tracking 5 Sensor Fusion and Tracking i Sensor Fusion and Tracking
™ ! !
Toolbox | Toolbox™ | Toolbox™

MATLAB Coder®
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Design localization algorithms

Inertial fusion of

IMU & GPS

Position (meters)

y(East)y 2 2 x(North)

Estimate Position and Orientation | Monocular Visual Simultaneous Design Lidar SLAM Algorithm

of a Ground Vehicle Localization and Mapping ~using 3D Simulation Environment
Sensor Fusion and Tracking (SLAM) Automated Driving Toolbox™
Toolbox™ ; Automated Driving Toolbox™ ; Computer Vision Toolbox™
| Computer Vision Toolbox™ Navigation Toolbox™
2019 | 2020 | 2020
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Design and deploy algorithms

Planning & control workflows

\le]i{e]g Decision Longitudinal
planning [o]o][e! controls

Perception workflows

Obiject tracking &

Detection .
sensor fusion

Lateral
controls

Localization
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Some common questions from automated driving engineers
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How can |
Integrate & test
systems?
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Integrate and test systems

Integration workflows
MATLAB & C/C++ CAN FMI
L Python
Simulink GPU ROS FMU
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Integrate with hand code and other tools
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MathWorks

Over 150 interfaces to 3" party %
modeling and simulation tools

Partner
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Integrate vision detection, sensor fusion, and controls

Model scenario
& sensors

Integrate
algorithms

Model

dynamics

vehicles

Sensors

—
Target

- —

p
¢y Do G P Stop T ]
op =] = 4 @ b %} 2]
New 1l Save by || o Add signal [T Normal Step p Data  logic  Bird's-
v & Prin Browses @ Fast Restart Back v rward | Inspector  Analyzer  Scope
FILE UBRARY | PREPARE . SIMULATE IEW R =
<@ HighwayLaneFollowingTestBench 3
@ | %a HighwayLaneFollowingTestBend L4 g
Q g
a - -
I —————
= [ Highway Lane Following Test Bench } [ ewry eyl
=} Acceleration (m/s*2)
L7}

Vision
processing Controls
and i ® dynamics

decision logic

lane_boundanes l

Ego vehicle |

Copyright 2019 The MathWorks, Inc.

[gvﬁgiv

114%

ode23tb

= Create Unreal Engine scene

= Specify target trajectories

= Model camera and radar sensors
= Model ego vehicle dynamics

= Specify system metrics

Highway Lane Following
Automated Driving Toolbox™

Model Predictive Control Toolbox™

Updated 202 O
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Integrate vision detection, sensor fusion, and controls

Simulate

system

= Visualize system behavior with
Unreal Engine

= Visualize lane detections

= Visualize vehicle detections
= Visualize control signals

= Log simulation data

Highway Lane Following
Automated Driving Toolbox™

Model Predictive Control Toolbox™

Updated 2 02 O
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Integrate and test systems

Testing workflows

l : I : I Functional I Code l
Requirements Automation
assessment assessment

S Mattvorks



Automate testing for highway lane following perception and controls

Link to

requirements

B S - Author and associate

BOE BE e el

. .
e re rements and scenarios
= ul I
View: |Requirements ~ [search | Type: Functional  ~
Index D Summary Index: 3
v [ HighwayLaneFollowingTestRequirements Custom ID: [#3 |
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@9 #10 scenario_LF_03_Curve_LeftLane S m/s in 3" ne
@& 10 #11  scenario_LF_04_Curve_RightLane b fa
[HW = 50m i
r |15 m

Highway Lane Following

-am— | Automated Driving Toolbox™
' i.< Model Predictive Control Toolbox™
Keywords: ~f

Simulink Test™
Simulink Requirements™
Simulink Coverage™
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Automate testing for highway lane following perception and controls

Automate

tests

woHdfe T 5 P

¢
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FILE EDIT RUN
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= Automate test execution and
reporting
= Execute simulations in parallel

Automate Testing for

Highway Lane Following
Automated Driving Toolbox™
Model Predictive Control Toolbox™
Simulink Test™

Simulink Requirements™

Simulink Coverage™
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Automate testing for highway lane following perception and controls

ASSess

functionality

.
= ASSess system metrics
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Automate testing for highway lane following perception and controls

Integrate

code

= Generate algorithm code
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Automate testing for highway lane following perception and controls

ASSess

code

l_— " Assess functionality

N o e ie e Sl L - Assess code coverage

FILE EDIT RUN RESULTS ENVIRONMENT | RESOURCES v <
[[Test Browser [T Results: 2020-Mar-2319:47:52 % [j\ StartPage
Filter results by name or tags, e g. tags: test H Y » SUMMARY
o
~ Resulls: 2020-Mar-23 19:1752 100 FAGGREOMED GOVERAGERESULIS
~ 5 HighwaylaneFollowingMetricAssessments e Create a coverage report from coverage results to justify or exclude missing coverage. The filters and updated coverage values will be displayed with this result.
~ (3 Test Scenarios e ANALYZED MODEL o REPORT SMMODE  COMPLEXI  DECISION BXECUTION  FUNCTION FUNCTIONCALL
» [&) scenario_LFACC_01_Curve_DecelTarget @ [ LaneFollowingDecisionl ogicAndController siL 31 91% mm— 020 wmm— 00% w—100% — .
» [ scenario_LFACC_02_Curve_AutoRetarget @ [ LaneMarkerDetector @ SIL 1239 T4% wemmm—s 85% w——— 03 — B8 —— Auto m ate Te Stl n q for
» [ scenario_LFACC_03_Curve_StopnGo ~ © Enscive; grrRIDdd cop L I 3 100% m—100% m— 100% m—100% m—
» [5) scenario_LFACC_04_Curve_CutinOut ° lusolve_0itQzk7x.cpp t 12 86% wemm—54% w—100% w—100% — . .
» [5] scenario_LFACC_05_Curve_CutinOut_Tool @ mec_calculatehessian_SSQTVERA.con . 24 91% m— 06% m—100% w—100% — H Iq hwav Lan e FO | |OWI n q
» (&) scenario_LFACC_06_Straight_StopandGol. @ mpc_checkhessian_lidi2Rug.cop & s 30 19% = 30% 100% mm—30%
» [5) scenario_LF_01_Straight_RightLane ° mpc_plantupdate_OkNoQpoP.cpp L I 24 100% m—100% s— 100% —100% — l A o ™
e e T utomated Driving Toolbox
» (&) scenario_LF_03_Curve_LefiLane ° RS R e
B e i | Model Predictive Control Toolbox™
NAE
There are no coverage filter files applied )
. : Simulink Test™
o VAl
Name Results: 2020-Mar-23 19:17:52

- Simulink Requirements™
Simulink Coverage™

2020

| AB EX &\ MathWorks

o Add emove [ Updat



https://www.mathworks.com/help/driving/examples/automate-testing-for-highway-lane-following.html
https://www.mathworks.com/help/driving/examples/automate-testing-for-highway-lane-following.html

Integrate and test systems

Integration workflows

MATLAB &
Simulink

Testing workflows

Functional Code

Requirements Automation
assessment assessment
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MATLAB and Simulink enable automated driving engineers to...

Perception

S %Y .

Control

analyze & synthesize  design & deploy integrate & test
scenarios algorithms systems
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