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Graphically author driving scenarios
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

Simulate driving scenarios into closed loop simulations

Automatic Emergency Braking

4\ MathWorks

(AEB) with Sensor Fusion
= Specify driving scenario

= Design AEB logic

= Integrate sensor fusion

= Simulate system

- Generate C/C++ code

= Test with software in the loop
(SIL) simulation

Automated Driving Toolbox™
Stateflow®
Embedded Coder®

By AEE : ‘ O
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https://www.mathworks.com/help/driving/examples/autonomous-emergency-braking-with-sensor-fusion.html

Automate testing against driving scenarios

Testing a Lane Following
Controller with Simulink Test

= Define scenarios as test cases

= Customize tests using callbacks
= Link test cases to requirements
= Manage test cases

= Run tests

= Automatically generate reports

Simulink Test™
Automated Driving Toolbox™
Model Predictive Control Toolbox™

4\ MathWorks

4\ Test Manager
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https://www.mathworks.com/help/sltest/examples/testing-a-lane-following-controller.html
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Synthesize driving scenarios from recorded data

4\ MATLAB R2019a - X

Scenario Generation from s || YO >

P EHgagE O C» work » userpath » Examples » R2019a » driving » PlaybackScenarioExample . '1}3‘
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= Visualize video [Summary |
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. . helperGetEgoData 115F
= I m po rt O bJ eCt I IStS This function reads the ego vehicle data from a text 110
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105
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https://www.mathworks.com/help/driving/examples/scenario-generation-from-recorded-vehicle-data.html
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Read lane attributes from HERE HD Live Map data

AT A [ - . . pounaganes
Use HERE HD Live Map Data HESHERT | —— tane Group comecors
. . . ' — Lane Groups

to Verify Lane Configurations ' . —6—Route

= Load camera and GPS data 3

= Retrieve speed limit

. . . 37°23'02"N
= Retrieve lane configurations
= Visualize composite data
P Red lines
represent lane
Automated Driving Toolbox™ , 8 . DisEHe
R2 O] 9 a 8 A | EstiHERE, Garmin USGS,
|NCREM'ENT P: NRCAN,
! any"ﬂav )
: el ‘ Esri (Japan, China (H
Esti, HERE, Garmin USGS, Intermap, 2 mmwa)p ok tser



https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html

How can | design with virtual scenarios?

Scenes Driving Scenarios (cuboid)

? e

Testing Controls
Controls + sensor fusion

Authoring Driving Scenario Designer App
drivingScenario programmatic AP

Sensing Probabilistic radar detections
Probabilistic vision detections
Probabilistic lane detections

&\ MathWorks'



How can | design with virtual scenarios?

Scenes Driving Scenarios (cuboid)

D
|
i

Testing Controls
Controls + sensor fusion

Authoring Driving Scenario Designer App
drivingScenario programmatic API

Sensing Probabilistic radar detections
Probabilistic vision detections
Probabilistic lane detections

Unreal Engine

Controls
Controls + vision

Unreal Editor

Ideal camera (viewer)

&\ MathWorks
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Simulate lane controls with vision based perception

Lane-Following Control with
Monocular Camera Perception
= Integrate Simulink controller
— Lane follower
— Spacing control
= Integrate MATLAB perception
— Lane boundary detector
— Vehicle detector

= Synthesize ideal camera image
from Unreal Engine

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Vehicle Dynamics Blockset™

R2018b
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Create region of interest labels and groups

Get Started with the Ground

&\ MathWorks

Truth Labeler
= Label rectangles
= Create label groups

Automated Driving Toolbox™

Updated 22019

4\ Ground Truth Labeler - mylabelingSession

Label Sublabel

« Vehicle

» Sedan

» BrakeLight

» Truck

» BrakeLight

» SportUtilityVehicle

» BrakeLight

| ||
|

o ] e ot s

A A RO | S (B

» Unknown

» TrafficSign

» Road

U Scene Label Definition 1

/1— -
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PaintColor Empty i
| [
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|
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
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Create sublabels and add attributes

Get Started with the Ground
Truth Labeler

= Label rectangles
= Create label groups
= Create sublabels
= Add label attributes

Automated Driving Toolbox™

Updated R2019a

4\ Ground Truth Labeler - mylabelingSession
Attributes and Sublabels
= Sedan
Label Sublabel e r [ BrakeLight
« Vehicle : — Aftributes — =
» Sedan |
— I1sOn
» BrakeLight i Empty X
T Em
» Truck | T,u:ty
» BrakeLight i:: M
» SportUtilityVehicle | B
) BrakeLight i //\\
» Unknown i 1 .
b TraficSi . Add attribute
rafficSign
—Sublak
e et to sublabel
y 00.00000 00.00000 25.00000 25.00000 @ i@ @ @ @] ‘ Zoom In Time Intery
U’ Scene Label Definition l Start Time Current End Time Wax Time | [
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Create polyline labels and add attributes

Get Started with the Ground

Truth Labeler

Label rectangles
Create label groups
Create sublabels
Add label attributes
Label lane markings

Automated Driving Toolbox™

Updated

2019

&\ MathWorks

Y

[ ROI Label Definition |

4\ Ground Truth Labeler - myLabelingSession

Label Sublabel  Attribute

» Vehicle

b TrafficSign

v Road

» Asphalt

» LaneMarking

2 r

, 00.00000 00.00000 25.00000 25.00000 HE\ [ ‘E\ @ ‘@‘ oo e e

U Scene Label Definition

=

| start Time Current End Time Max Time

[

LaneMarking
Atftributes

LaneType

LaneColor

Attributes and Sublabels

Empty v
Empty
Unmarked

Doublegolid

Dashed
DoubleDashed

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

Create pixel labels

4\ MathWorks

4\ Ground Truth Labeler - mylabelingSession

Get Started with the Ground
Truth Labeler

= Label rectangles

] Create Iabel groups :Vehicleeaaam
= Create sublabels it
= Add label attributes > Asphal 1o

» LaneMarking

= Label lane markings
= Label pixels

Automated Driving Toolbox™

N
Label pixels 1/f "
0

00.00000

Current

25.00000
End Time

25.00000

Max Time

| (i<l |1 ] o)

Updated R2019a v o

[ Asphalt

— Attributes

No attributes defined for ‘Asphalt

| [

| Attributes and Sublabels

Pixel labels cannot contain sublabels.
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Create scene labels and groups

Get Started with the Ground

Truth Labeler

= Label rectangles

= Create label groups
= Create sublabels

= Add label attributes
= Label lane markings
= Label pixels

= Label scenes

Automated Driving Toolbox™

Updated R2019a

4\ MathWorks

4\ Ground Truth Labeler - mylabelingSession

LABEL PIXELS

CVEW

W

| [ Scene Label Definition | .
Define new scene label
®) Current Frame m
_) Time Interval M
Road
I P“ Straight |
I » Offramp |
» Roundabout 0
» Weather

Create scene label
groups

00.00000 00.00000 25.00000 25.00000
Start Time Current End Time Max Time

ficolficr e

Scene Labels

| CJstaight
‘ Offramp

[ ]Roundabout
[ Jovercast
[—Jsunny
[C—_—Rain
C—Jsnow

Zoom In Time Intery

[ Asphalt

—Attributes

No attributes defined for ‘Asphalt’

| [

Attributes and Sublabels

Pixel labels cannot contain sublabels.
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
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Import custom automation algorithms

Automate Attributes of Labeled

TOTEES T ootings  Run  Stop UndoRun  Accept Cancel
_ —
ObleCtS | | 05 highway lanechange 25s.mp4 | || Attributes and Sublabels | Vehicle Detectio

= Import automation algorithm into

Il Vehicle
Ground Truth Labeling app Atriutes
= Detect vehicles from monocular Distance 538878
camera "
= Estimate distance to detected " Review |
hicl proposed
venicles  attributes

= Run automation algorithm and
interactively validate labels

Sublabels
No sublabels are defined for "Vehicle'.

Automated Driving Toolbox™

R2018b

18


https://www.mathworks.com/help/driving/examples/automate-ground-truth-labeling-for-semantic-segmentation.html

Design detector for lidar point cloud data

Track Vehicles Using Lidar:

From Point Cloud to Track List

= Design 3-D bounding box
detector

= Design tracker (target state and
measurement models)

= Generate C/C++ code for
detector and tracker

Sensor Fusion and Tracking
Toolbox™

Computer Vision Toolbox™

2019

&\ MathWorks

4\ MATLAB R2019a =
HOME PLOTS APPS EDITOR PUBLISH VEEW & B9 = Q) @lf-;—ar:h Documentation p
[QlFindFies | <g nsert (Sl fx [g] = A Insert State = = C L.=| &stepin
{E 2 E [z compare v | S GoTow Comment % %z %3 % % & nput / Output ~ £ £ > G Stepout  Function CallStack: W
New Open Save Lo 4B ik Insert Insert System Breakpoints  Continue  Step L HelperBoundingBoxDe... ¥ Quit
v v ¥, mv | “Fnd - Indent fj B Property v Method v . Analyze Block v - b [¢1 | Run to Cursor Debugging
FILE | NavicaTe | DI | SYSTEM OBJECT BREAKPOINTS == DEBUG
< % H ﬁ ﬁ » C: » work » userpath » Examples » R2019a » driving_fusion_vision » TrackVehiclesUsinglLidarExample »
Current Folder ‘ Workspace Z Figures - Figure 1
L [ TrackVehiclesUsingLidarExample.m ‘ HelperBoundingBoxDetector.m \ + | | 7F{gure1 777\
a7 ‘ -
48 ﬁ?} methods (Access = protected)
49 = function [bboxDets,obstacl¢
50 $ Crop point cloud
51@ [pcSurvived, survivedIn
52 % Remove ground plane —
53— [pcObstacles, obstaclell —
54 $ Form clusters and ge
S detBBoxed = getBoundin
56 % AssembllgetpBoxes: 6x10 single matrix = v
57 —% h)boxDets
2 end Columns 1 through 4 X-Center
L [ e Y-Center
60 -end = = =
o 12.8921 22.6758 46.8280 21, Z—Center
| K —3.9148 —=3:7233 —3.5872 0.
Length
Command Window, 0.7299 0.6966 -0.6705 0. h
K>> pcshow (pcobstacles) 2.8747  2.6390  0.0816 2. Width
fx x>> 1.7510 1.7391 0.8562 1.6446 Height
S 1.0838 0.5916 0.0068 0.5503
lm~| 2 usages of "bboxDets" found | HelperBoundingBoxDetector / steplmpl Ln 57

Col 13

19


https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html
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Design tracker for lidar point cloud data

4\ MATLAB R2019a

Track Vehicles Using Lidar:
From Point Cloud to Track List

» C: » work » userpath » Examples » R2019a » driving_fusion_vision » TrackVehiclesUsingLidarExample »

" . Ego Vehicle Display
D - D Raw point cloud Segmented ground
" eS I g n 3 bou n d I n g bOX Ob;tacles Vision field of :iew
[ 1Bounding box detections | |Bounding box tracks
detector £

= Design tracker (target state and
measurement models)

= Generate C/C++ code for
detector and tracker

Visuaze
) ) detections and
Sensor Fusion and Tracking tracks

Toolbox™

Computer Vision Toolbox™

2019

20


https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html

Generate C/C++ code for lidar detector and tracker

Track Vehicles Using Lidar:
From Point Cloud to Track List

= Design 3-D bounding box
detector

= Design tracker (target state and
measurement models)

= Generate C/C++ code for
detector and tracker

Sensor Fusion and Tracking
Toolbox™

Computer Vision Toolbox™

R2019a

4\ MathWorks

v MATLAB SOURCE

Function List Call Tree

= #) mexLidarTracker.m -
fx mexLidarTracker

= HelperBoundingBoxDetector.rI
fx HelperBoundingBoxDetecl
fx assembleDetections
fx cropPointCloud
fx getBoundingBoxes
fx removeGroundPlane

i fx steplmpl
[ £ helperCalcDetectability. m

£+ halnar™aleNatactahilibe
4 »

¥ GENERATED CODE

[ Es Source Files -
; ﬂAssignmentCostCalculalor.

1an

+3 HelperBoundingBoxDetecl

4

SUMMARY

Build Configuration:

Code

4\ MATLAB Coder Report Viewer - C:\work\userpath\Examples\R2019a\driving_fusion_vision\TrackVehiclesUsingLidarExampl

b\

LidarTracker\html\report.midatc

W mexLidarTrackerm |

| mexLidarTracker.m [10-17] === mexLidarTrack({ v |

if isempty(detectorModel) || isempty(tracker) || isempty(dete

“ PECSISLENL UETECTUMTIOUET LIdtKEer UETECTEDIETIauKSINpuT Curmem -

% A bounding box detector model.

detectorModel =

assignmentGate =
confThreshold =
delThreshold = [
Kr = 1p-G-*

HelperBoundingBoxDetector(. . .|
['XLimits',[-5@ 75],...
['YLimits®,[-5 5],...
[‘zLimits',[-2 5],...

‘MinDetectionsPerCluster’,1,...
‘MeasurementNoise’,eye(6),...
‘GroundMaxDistance’,0.3)}

[1e 18@]; % Assignment threshold;
% Confirmation threshold for h
% Deletion threshold for h&&o

% Falca-alarm rate nar uni®t un

[7 10];
g 10];

‘SegmentationMinDistance’,1.6,...

% min
% min
% min
% min
% min
% mea
% max

374 « I

& Code generation successful

Generated on:  24-Mar-2019 14:59:22
Build type:  Static Library
Toolchain:

/1 % measurement
// 'mexLidarTracker:10' detectorModel = H¢
// 'mexLidarTracker:

// 'mexLidarTracker:

// "mexLidarTracker:

// "mexLidarTracker:

// ‘mexLidarTracker:

// ‘mexLidarTracker:16"

// 'mexLidarTracker:17’
detectorModel].GroundReferenceVector[] =
detectorModell.GroundReferenceVector[a] = ¢
ldetectorModel.GroundReferenceVector[R2] =| ¢
detectorModel . GroundMaxAngularDistance| =| ¢
detectorModel .MaxZDistanceCluster| = 3.0j;
detectorModel .MinZDistanceCluster| =| -3.0;
detectorModel .EgoVehicleRadius| =|3.8);
detectorModel.isInitialized| 5 0}

etectior«

v

'S (0)

Microsoft Visual C++ 2017 v15.0 | nmake (64-bit Windows)
Faster Builds

[ va

.

14
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https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html

Design trackers

Multi-Object Tracker

_ Association &
Detections Track

Management

Tracking
Filter

From various sensors at
various update rates

= Multi-object tracker = Linear, extended, and

= Global Nearest Neighbor (GNN) tracker unscented Kalman filters
= Joint Probabilistic Data Association (JPDA) tracker = Particle, Gaussian-sum,
» Track-Oriented Multi-Hypothesis Tracker (TOMHT) IMM filters

» Probability Hypothesis Density (PHD) tracker

Automated Driving Toolbox™
Sensor Fusion and Tracking Toolbox™

R2019a

4\ MathWorks

22
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Design extended object trackers

Extended-Object Tracker

Extended Object Tracking
. . . - A vision @ radar [ lane [ track (history) | A vision ® radar [lane [ track (history)|
= Design multi-object tracker / .\
- Design extended object trackers | . ' g
- Evaluate tracking metrics N | |
- Evaluate error metrics e LD
= Evaluate desktop execution time y 4 , i \
E @ E of I
Sensor Fusion and . | | - |
Tracking Toolbox™ ’ m
Automated Driving Toolbox™ . | | .
Updated 20]9 -5040 o Y(am) - o 15 10 5 Y?m) 5 -0 15 15 10 5 Y(om) -5 10 15
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Design path planner

Automated Parking Valet
= Create cost map of environment

= Inflate cost map for collision
checking

= Specify goal poses
= Plan path using rapidly exploring
random tree (RRT?*)

Automated Driving Toolbox™

R2018¢

4\ MATLAB R2019a

‘P HQ A

FIGURE

Current Folder

[ ParkingValetExample.m ”-Il +]

721
722
123
224
A5 =
726
727
T2 o
29| =
730
731 — %
7
733
734
735
736
737
738
739
740
7 =

I <

1 Workspace |@ Editor - ParkingValetExamplem & X
sl
$ Get current pose and velocity of t
currentPose = getVehiclePose (vehicl
currentvel = getvVehicleVelocity (ve

-end
% Show vehicle simulation figure
closeFigures;

showFigure (vehicleSim) ;

keyboard % Pause in debugger

%%

$ An alternative way to park the vehicle
$ spot. When the vehicle needs to back t
% needs to use the Reeds-Shepp connectic
% path. The Reeds-Shepp connection allow
$ planning.

% Specify a parking pose corresponding t
parkPose = [49 47 -90]1;

“"~| Waiting for input

» C: » work » userpath » Examples » R2019a » driving » ParkingValetExample

Search Documentation pe)

il B3 Figures - Automated Valet Parking
g ‘ Automated Valet Parking ¢

4\ MathWorks

|| | ]| | |Y I |Y| |Y| | I
10 20 30 40 50 60

X

70

Command Window

Jx k>>

<>
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https://www.mathworks.com/help/driving/examples/automated-parking-valet.html

Design path planner and controller

Automated Parking Valet with
Simulink
= Integrate path planner

= Design lateral controller (based
on vehicle kinematics)

= Design longitudinal controller
(PID)

= Simulate closed loop with
vehicle dynamics

Automated Driving Toolbox™

2018k

4\ MathWorks

'i AutomatedParkingValet * - Simulink

File Edit View Display Diagram Simulation

Analysis

E Automated Parking Valet

File Edit View

Insert  Tools Deskiop Window Help

Nede|@/0&8| & E

- -—le['iEiJ @« 5 f @E -@lv%v;d
AutomatedParkingValet
@ |[*aAutomatedPariingValet b
=
-
Beharvior
Planner
mmmmm
SpeedC:
Help
Gaal
uuuuu

10

20

40

30 50 60 70
X

v @8

i l“"‘"E

]

i *
-
e~
Ratvl
|y frassianiesmaman
d Sart
I_' gl Vaticsaina
AccaiCd

Copyright 20172018 The MathiWarks, Inc.

Visualzason

Ready

T6%

auto{ode45)
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https://www.mathworks.com/help/driving/examples/automated-parking-valet-in-simulink.html

Generate C/C++ code for path planner and controller

Code Generation for Path
Planning and Vehicle Control

= Simulate system

= Configure for code generation

- Generate C/C++ code

= Test using Software-In-the-Loop

=  Measure execution time of
generated code

Automated Driving Toolbox™
Embedded Coder

2019

&\ MathWorks

[*]

186
187
188
189
196
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
286
207

// model step function
void stepo();

// model step function
void stepl();

// model terminate function
void terminate();

// Constructor
AutomatedParkingValetModelClass();

// Destructor
~AutomatedParkingValetModelClass();

// Root inport: '<Root>/Costmap’ set method
void setCostmap(costmapBus localArgInput);

// Root inport: '<Root>/GoalPose’' set method
void setGoalPose(real T localArgInput[3]);

27


https://www.mathworks.com/help/driving/examples/code-generation-for-path-planning-and-vehicle-control.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Design lateral and longitudinal Model Predictive Controllers

Longitudinal Control

Adaptive Cruise Control
with Sensor Fusion
Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R2017b

Lateral Control

Lane Keeping Assist with

Lane Detection
Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R2018a

Longitudinal + Lateral

@
i
1

Lane Following Control with
Sensor Fusion and Lane
Detection

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

29


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

4\ MathWorks

Train reinforcement learning networks for ADAS controllers

Train Deep Deterministic Policy
Gradient (DDPG) Agent for
Adaptive Cruise Control

= Create environment interface
= Create agent

= Train agent

= Simulate trained agent

Reinforcement Learning Toolbox™

2019

4\ Reinforcement Learning Episocde Manager

Episode Reward

Episode Reward for IACCMdI with rIDDPGAgent

Training Progress ( 07-Jan-2019 12:19:41)

Episcde Information
Episode Number 139

Episode Reward -T8.7726

Episode Steps 600
Episode Q0 -39.4411
Total Number of Steps 111086

Average Results

Average Reward -252 5519

Average Steps 600
Window Length for Averaging 5

Training Options

Hardware Resources for Actor and Critic CPU CPU

Diodoo o

500
—=— EpisodeReward
—*— AverageReward
0 — * — EpisodeQ0
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https://www.mathworks.com/help/reinforcement-learning/ug/train-ddpg-agent-for-adaptive-cruise-control.html

4\ MathWorks

Some common questions from automated driving engineers

Simulation Integration

ROS CAN
ezl Vo

Cross Third
Release Party

How can |
Integrate
with other environments?
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Integrate with ROS

Replay logged

ROS data

102 Time Series Plot:/odom Properties
1 T T T T T T T T
05 ]
w 0r
2
=
[
a
E 0.5H
£
a
=)
L
AF
50

205 2051 2052 2053 2054 2055 2056 2057 2058 2059 206
Time (seconds)

Work with rosbag Lodfiles
Robotic System Toolbox™

Connect to live

4\ MathWorks

Generate standalone

ROS data

ROS Node
&
ROS Node .
it :
‘ ' ROS Node

Exchange Data with ROS
Publishers and Subscribers

Robotic System Toolbox™

ROS node

pu
@ Configuration Parameters: RobotController/Configuration (Active)

* Commonl| ly Used Parameters

= All Parameters |

Select:
Solver
Data Import/Export

Generat

I
plementation 0 Device details

Hardware bcard:llRDbat Operating System (ROS) - ]l 9
Code Generation system target file: ert.tlc

Device vendor: [Genenc v] Device type:

Hardware board settings
Operating system options

Base rate task priority: 40

Target Hardware Resources

e a Standalone ROS

Node from Simulink

Robotic System Toolbox™
Simulink Coder™
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https://www.mathworks.com/help/robotics/examples/exchange-data-with-ros-publishers.html
https://www.mathworks.com/help/robotics/examples/work-with-rosbag-logfiles.html
https://www.mathworks.com/help/robotics/examples/generate-a-standalone-ros-node-in-simulink.html

Call C++, Python, and OpenCV from MATLAB

Call C++

IIEti:I IIII#EI

Import C++ Library
Functionality into MATLAB

MATLAB®

R2019a

Call Python

tw = ...
Py . textwrap.TextWrapper (...
pyargs (...
'initial indent', 'S, ...
'subsequent indent','$ ', ...

'width', int32(30)))

Call Python from MATLAB
MATLAB®

R2014a

4\ MathWorks

Call OpenCV &
OpenCV GPU

cv: :Rect
cv::KgyP01nt N
cv::S1ize
cv::Mat
cv::Ptr

Install and Use Computer Vision

Toolbox OpenCV Interface

Computer Vision System Toolbox™
OpenCV Interface Support Package

Updated R2018b
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https://www.mathworks.com/help/vision/ug/opencv-interface.html
https://www.mathworks.com/help/matlab/matlab_external/what-you-need-to-import-cpp-library-functions-into-matlab.html
https://www.mathworks.com/help/matlab/matlab_external/call-python-from-matlab.html

&\ MathWorks

Call C code from Simulink

Create buses from C
structs

Call C code Test and verify C code

typedef struct {
double coeff;
double init;

—P CoastSetSwIN CoastSetSwOUT

fault_T fault: RejectDoublePress
)src mean_filter dst> } params_T; —P{ AccelResSwIN  AccelResSwOUT -
' C Function Caller
C Caller v [ Base Workspace _l\'laaenf:ce (if:glype v AGGREGATED COVERAGE RESULTS
N -TEZ:;—T —init double ANALYZED MODEL DECISION CONDITION MCDC
L —fault  Enum: fault_T 7 R = = =
—init | 72l Retectboublepress.c 1007 1007 100%mm—-
—fault
Bring Custom Image Filter Import Structure and Custom C Code Verification
Algorithms as Reusable Enumerated Types with Simulink Test
Blocks in Simulink Simulink® Simulink Test™
Simulink® Simulink Coverage™

R2017b R2017a 2019
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https://www.mathworks.com/help/simulink/slref/simulink.importexternalctypes.html
https://www.mathworks.com/help/simulink/slref/bring-custom-image-filter-algorithms-as-reusable-blocks-in-simulink.html
https://www.mathworks.com/help/sltest/examples/custom-c-code-verification-with-simulink-test.html

Connect to third party tools

4\ MathWorks

152 Interfaces to 3 Party

Modeling and Simulation Tools
(as of March 2019)

T e 0 )

MathWorks

W

Pariner
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Cross-release simulation through code generation

Previous Release

Integrate Generated Code by

Using Cross-Release Workflow on———)

Generate code from previous =)
release (R2010a or later)

§
At

Import generated code as a —

block in current release
Tune parameters
Access internal signals

Current Release
Embedded Coder

4\ MathWorks

crossReleaseImport

R2016a
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https://www.mathworks.com/help/ecoder/examples/integrate-generated-code-using-cross-release-wWorkflow-ed7ac5629629.html

4\ MathWorks

Some common questions from automated driving engineers

/—

Perception Simulation Integration

Planning

Cross Third
Release Party

Synthesize scenarios Discover and design Integrate
to test my designs in multiple domains with other environments

Control
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&\ MathWorks

MathWorks can help you customize MATLAB and Simulink for your
automated driving application

.l
' VOYAGE - \
R 5 2\
¢
b -
¢
"
Voyage develops MPC  Autoliv labels ground Ford tests algorithms with
controller and truth lidar data synthetic Lidar data from
Integrates with ROS - Joint presentation with Autoliv Unreal Engine
2018 MathWorks Automotive - SAE Paper 2018-01-0043 - Joint paper with Ford
Conference = 2018 MathWorks Automotive

SAE Paper 2017-01-0107
Conference
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MathWorks supports you in the development of your application

=  Advance vour skills with MathWorks Training

= Achieve results faster with MathWorks Consulting

4\ MathWorks
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https://fr.mathworks.com/services/training.html
https://fr.mathworks.com/services/consulting.html

