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_ MathWorks Toolchain for
Low-Velocity Maneuvering Development
at General Motors




The last hundred meters of an
autonomous drive entail unique
challenges: there is variability in
direction (reverse, three-point turns,
etc.) there are often no road

markings, no GPS signal, and no map.

This is where a Self-Driving Car is at

its most autonomous.




The goal of the Low Velocity Maneuvering (LVM) team at General
Motors is to drive the vehicle in GPS-denied environments with
high accuracy, to enable a variety of autonomous features.




In this talk we review our LVM development cycle, emphasizing
MathWorks tools utilization, starting from the architecture
management, models base design development, requirements &
testing coverage, MIL, SIL, HIL simulations and code generation

for multiple platforms.




* Fast development cycle: fast transition from proof of concept to production-mature
software

D eve | O p m e nt * Utilize the best of all worlds for simulation, development, validation and deployment:

P I’OCESS * CarSim for precise vehicle dynamics
* Unreal-based fisheye photo-realistic image rendering
IVI Otlvat | O n * ROS2 for visualization and debugging
* dSpace for real-time validation
* Simulink for Model-based design



Architecture

management
(System
Composer)

Feature Activation

Y e

Localization

Planning

e Py TR

Easy System and Architecture management — Model-based design approach

Diagnostics / Data Recording

Camp————

Control

Perception

Fovm TEE




Simulink/CarSim co-simulation (SIL

In-house full vehicle system simulation

PR
Simulation APA Models Sensors Models Set Configuration Eile Edit View Inset Tools Desktop Window Help

aildde @ 08 RE
D1
[Driverinput]

@ vs Visualizer - CarSim SOFTWARE IN THE LOOP

— . ——ma= SIL - OFFLINE - ‘

T
o = 0.35801 [deg] Disabled

File View Playback Plot Tools Help

2

AT = CeVTPR e_CPP_StatSuccess B Parking
[ Sidewalk H
[ Physical Object
— i ;
[CarsimlIn] L >
D. N
¢

CarSim Obstacle
m o "
- D1

[E=S1
i

O EgoRrEst 1P >
——— EgoOrientEst
*  EgoCG [Sn—
RearAxe X carSimOut
FrontAxie D3
Rear2FrontAxle L b
D3
2

wheelFL D1
wheelFR Driverinput] > o ( )
arsimin - —

PathPlan
— == PPGeoConstraints

— -~ OpSideGeoConstraints
-

O C-Parking-Spot

[ Parking-Spot
©  Final-Positon D1
Driverinput] === >
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RT HIL/Vehicle Validation —
co-simulation (Simulink, Dspace & CarSim / Vehicle)




Model and
Code

validation —

“White box”

Unit-test process flowchart using Test Manager for requirements coverage analysis

i Derive
System Derive SW High Level
Req. (DNG) Req. (MD)
"\
Hyperlinks \
C Code Code Gen.| | simulink Model | Simulink Test
(SRC) (SLX) Req. base Tests
: | [Equivalence Tests
! Compile _e*” i
L 4 -” I
Create SIL . ‘ :
Object Code » SIL Model :
(DLL) MATLAB :
E Report Gen.
@ Test Report
Jenkins

GENERAL MOTORS

Test Specification
Test Results
Equivalence + Coverage




Model Validation “Black box” (Monte-Carlo)

System-level module in the loop verification using Simulation Manager
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Run 1D « Status Progress Elapsed Time  Machine

18 Complated with wamings 100% 000434

20 Completed with wamings 100% 00013

P3| Compheted with wamings 100% 000108

Fr Comphirhid with wamings 100% 00:01;12

3 Comphabed with wamings 00 | 000

24 Comphatad with wamings T00% | D008

25 Complated with wamings 100 0001:13

26 Complated with wamings 100% 000413

27 Complated with wamings 100% 00:04:12
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Fy!) Comphiled with wamings 100% 0040115
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2 Complated with wamings 00 000119

11 Mrannlalod wilh ursinm =" MR
SIMULATION DETAILS
Run ID B Parameters || Timing Info || Diagnostics
B, e
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Adding vision
perception to
system simulation

Photorealism



Requirements:
Fisheye Image
Generation




S

Iremen

imulated
Weather Effects

Requ
S
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Ground Truth ' ‘




Requirements:

Recording and
Visualization




Photorealism (Unreal Engine Interface

e Setup

R Modes
s T
) v @
Recently Placed - | . t itBP_Light

Em 0 S 2 ?

| Basic |
Lighs T ! e - @

Cinematic

Empty Paw > a
Visual Effects A Simulation 3D Scene Configuration1

Geometry Point Light

Volumes

All Classes

scenario
Actors [vehW]

Cuboid Scenario
670 actors
etails ® world
- pctor CuboKTOIDSImUENon v L \‘\
“AclariD: 1 &5 —
AddNew'~. X Import [BSaveAll & % Content » Suburbs » Maps » 0! - o

Yritters v ([EEENGE

Map Build

Interface with Unreal Engine enables state of the art photorealistic images in a variety of scenarios




Fisheye Image Generation

Get Camera Image

Simulation 30 Fisheye Camera

Send Camera data via ROS

sensor_ magaimage
bk

Bus H b gosa
icameraTrentimage
i

Unique ability to generate fisheye images from Unreal
(configurable intrinsics and extrinsics)
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Ground Truth

preparpotins

—— =

= haatersamp ramssse

S Y e—

HLSL inks Curvaitangh

[« Figure 2 — O X [4] Draw Scene Waypoints _ o x
File Edit View Inset Tools Desktop Window Help
Neade 3| 0ENE
Trajectory Send Ground Truth Pose via ROS
[n} . a
nd point
s
smoothed trajectory | I
®  user waypoints
-10
=
E -1 5[- o
=
20 F
T
-25 -
<304 I I Lﬂﬁ it I I I a
-10 -5 0 5 10 15 20 S O A ) 10 ;J( 10 20 30 40
X[m] Y: Outside Axis (m)
Export to workspace

Generate route in MATLAB / Simulink and execute in Unreal
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Recording & Visualization

Send Camera data via ROS

sensor_msgs/Image

4,—> := height
height
—,—P = width
width
'—b encoding
encoding

encading SL_Info_ CurrentLength ] = ——#:=encoding_SL_Info.CurrentLengt

# blankMsg

oreparelmagelisbigendian #{ = is_bigendian
stepfl———————1 ol giep Bus > b
g T » i :
| limg — im ata feameralfront/im

1 = data fron ‘ left_camera_link
data_SL_Info_CurrentLength s
—l—b data_SL_Info.CurrentLength

preparelmageMsg

tront_rght il

= fer.st;
front_left_misdle_
stamp_nanosec] »| := header.stamp nanosec H front_left_faf\sonar_link
[ limg_frame_id] 5 P := header.frame_id . front_left_iaser_link
l'l g_frame_id_len] = P = _frame id _SL_Info CurrentLength

Broadcast sensor data and ground truth in standard ROS2 messages; utilize debugging and visualization tools
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ORB-SLAM3: Map Viewer

i,

[TIFol Low Canera | . .
Camera View
Top View - |

& o [T'show Points

i [ Show KeyFrames.
g 2
I_ShDI Inertial .Grap
__lLocalization Mode
Reset C
JIStep By Step :
IPs: 3313 datshaes: S8
] , S 2 ; 00:35.85 3
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Wrap up

Using MATLAB/Simulink we were able to quickly:

* Manage
* Architecture management using System Composer

* Develop
* Control System
* Vision Perception System

e Validate

* Requirement-based and back-to-back testing using
Simulink Test

* Deploy
* Code generation

Next Steps:
* Unify control and vision development platforms

* Move to Adaptive AutoSAR architecture




MathWorks and GM Collaborative Effort

Thank you!



