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'3) NCAP_example.rrscenario | Project_Beta10 | MathWorks RoadRunner R2022a — O X

File  Edit

vz o

Ro

- ZOXH%IEE

- [BlhepiZkih{E

= Euro NCAP
(1Bl 5= 5/- [ hE th 2k . £

clothoid-arc-clothoid) ‘."“' - _ B

2D Editor | Logic = A
Circular Arc Angle

W suidin vehicle Te ulan ement CompactC

l ar

n —

n /‘w. \

n PickupTruck  Sche

| | —

Output | Library Bro
Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes. MathWorks®
T T
Part 1 (clothoid) Part 2 (constant radius) Part 3 (clothoid)
] E=600m - Testspeed o iRl End Rodivs B2 Anglec | Start RadiusR2 | End RadiusR2 | Angled | StartRadiusR2  End RadiusR1 | Angle o
- 200m [m] [m] [deg] [m] [m] [deg] [m) [m] [deg]
25 - = 10 km/h to Farside 1500 9.00 E?.EZ 9.00 9.00 48.76 9.00 1500 20.62
= Trajectory of pedestrian dummy H-point A o ﬁ A
- Axis of centerline of Vehicle under Test K RP R == 15 km/h to Farside 1500 11.75 20.93 11.75 11.75 48.14 11.75 1500 20.93
G=100m

tances B 20 km/h to Farside 1500 1475 21.79 14.75 1475 46.42 14.75 1500 21.79
Dummy H-point, start to 50%-impact
Dummy acceleration distance (walking) . E=9.50m " 10 km/h to Nearside 1500 8.00 22.85 8.00 8.00 4430 8.00 1500 22.85
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Scenario Edit Tool | Right click to create new routes or insert nodes inte existing routes. MathWorks®
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</Event>

T ~ e
PRET R IR [
nt_Vehicle2_2" priority="overwrite'"> =
=" 5peed Actxon Vehxcle2 " = —

tionDynamics dynamicsS
<SpeedActionTarget>

\I'1 .)( </nony 11 ; tion>

!! .“ ﬁﬂ!ﬁﬂ gﬁ

gc
<ConditionGroup>
<Condition name="
<ByEnti

</TriggeringEntitie
crntltyr ondition>

P S P Dy LT DU, prpss

https://github.com/esmini/esmini

B1 do parallel:
ego.drive () with:
along (sedan__ route)
speed (l6.66mps, at: start)
serial:
cut-in__wvehicle.drive () with:
along (sedan2 route)

84 speed (S5.5mps, slo
859 until (cut—in;_ﬁfry ﬂ‘\

[E8]

OpenSCENARIO
V2.0

S I T Y

B eran vemecie]  MathWorks2ASAME R,
T opeea (15apa) ERRES

R iaeil (ego. cime OpenSCENARIO 2.0
| WiTieis

Export to ASAM OpenSCENARIO R2 02 20 \§ J
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Simulink.ScenaricSimulation | Create access, and conirol scenario simulation

~ Actor Modeling

7£Automated Driving Toolboxs 21t T MATLAB

5 P v convertToStruct Convert actor to MATLAE structure
APIl, 3E£I¥RoadRunner Scenariot®[
get Get scenario or static attribute of actor
getAction Get actions associated with actor
getAttribute Get runtime attribute of actor

setAttribute Set runtime attribute of actor

" Lj:ﬁiu 175 Eiﬁ I 28 ge-ﬁ-t 'i;:ut; Return stathic attribute of actor
" }Aiﬁ Rlﬁ'ﬂyﬁ/‘r’{klu
» MIARIZEERBESS5ENEHGS obj

.m5cenarioSimulationHd]l =

=< NEL Simulink.ScenarioSimulation.find{ ...
- AFEEARESSERS
25 % )\ % = reh 'ScenaricSimulation’, "SystemObject', obj);
[ ]

[6)1% = 3R &5 Errorgi Warning

obj.mActorSimulationHdl

Simulink.ScenarioSimulation. find{ ...

LA

‘ActorSimulation’, “SystemObject', obj);
obj.mActor.pose = ...
cbj.mActorSimulationHdl.getAttribute( ' Pose’);

obj.mActor.velocity =
obj.mActorSimulationHdl.getattribute( 'Velocity ') ;

&

Simulate RoadRunner Scenarios with Actors Modeled in MATLAB 2022

RoadRunner Scenario, Automated Driving Toolbox™
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Scenario
Messages

Scenario
Messages

Speed Action Follower
Behavior

Path Action

Path Action Adapter

Speed Action

Speed Action

All Actor Adapter
Runtime

Self Vehicle
Runtime

|

- ZEMATLABH SR BES5EEENE
IRMEITA

- KEEMATLABHHEIS 5# 5RoadRunner
ScenarioF & 5&

- TEFARMHER

Speed Action Follower with RoadRunner Scenario

Polyline Self Actor
Evaluator Runtime

#\ MATLAB R2022a - prerelease use

o O B Sompee-| P € (¥ |

 Find v
New Open Save g print » GoTe CODE ANALYZE SECTION  Pause Step Stop
- v v ~ [ Bookmark ¥ -

FILE NAVIGATE o i RUN

<@ Tl & » D b Gitlab * roadrunner-scenario-adt-intro * SpeedActionFollowerWithRRScenario * -
P4 Editor - D)\GitLab\roadrunner-scenario-adt-intro\SpeedActionFollowerWithRRScenario\SpeedActionFollowerWithRRSce!

’\' SpeedActionF i ioE: le.m \ SpeedActionFollower.m |+ |

248 % at a rate of 3 m/s2 until it achieve same speed as LeadCar. - Q

249 %%

250 % Start the scenario and wait for the simulation to complete.

251 rrSim.set('SimulationCommand', 'Start');

252 while strcmp(rrSim.get('SimulationStatus'), 'Running')

253 pause(1);

254
255
256 % Read the logged data using the get method of |Simulink.Scenari
257 % object.

I}258 data = rrSim.get('SimulationLog');

259 %%

260 % Use the |helperVisualizeSpeedFollowerVelocityProfile| function
261 % simulation results.

262 hFigResults = helperVisualizeSpeedFollowerVelocityProfile(data, 1
263 %%

264 % Close the figure.

265 close(hFigResults)

266 %%

267 % Examine the simulation results.

Workspace Current Folder Command Window
fx >
. - Metadata | Attributes | Simulation
| Busy| Zoom: 125% windows-1252  |LF script |ln 254 cCol 4

RoadRunner Scenario, Automated Driving Toolbox™
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— EFARIREErrorgiWarning
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Automated Driving Toolbox/RoadRunner Scenario

Simulink

Aerospace Blockset

Audio Toolbox

v Automated Driving Toolb

Driving Scenario and
RoadRunner Scenario
Simulation 3D
Vehicle Control

Control System Toolbox
Data Acquisition Toolbox

AUTOSAR Blockset Reader
Communications Toolbox
Communications Toolbox HDL Support A= J
Computer Vision Toolbox

o

X RoadRunner Scenario

Sensor Modeling
O

RoadRunner Scenario

RoadRunner Scenario
Writer

Simulate RoadRunner Scenarios with Actors Modeled in Simulink
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Trajectory Follower with RoadRunner Scenario Test Bench |

Simul

Reference
Pose
Vehicle

Controls Dynamics

20 Editor | Logic

Speed Action

Actor Poses

[P

oA D
Simulation Tool
4\ MATLAB R20222

EDITOR VIEW

L At userpath » work » Examples » R2022a * autonomous_control » TrajectoryFol ampl v 0
Workspace Current Folder Command Window @

= . [===] S 5

% |rrSim| is the |Simulink.ScenarioSimulation| object. Use this object 17
- \ [y 1 2 im| is th imulink iosimulati b his obj

3 BN - % set variables and to read scenario-related information. 146 rrSim. set("Simulation -9
Ty . 147 while strcmp(rrSim.get("SimulationSt "Running")
3% Simulate RoadRunner Scenario

\ . 7= s . e 0 ) o 148 pause(1);
% When |egoBehavior| is unspecified, the ego vehicle uses the built-in

iy ) o VES % When |egoBeh 1 pecified, the ego vehicl he buil e cnil

I [N AN I I 1 I ~ 15N I % behavior of the RoadRunner scenario. Clear the |egoBehavior| variable 150 3

% use the built—-in behavior. 151 % Use the |helperVisualizeVelocityProfile| function to visualize the
152 % velocity profile using the SDI. The |helperVisualizeVelocityProfile|
. . [N N L MENRY —_ ) ) . e 153 % function also plots lane centers and the ego vehicle trajectory. The
rL % , IIApp.setScenarioVariable ("egoBehavior"”, )z 154 % |helperVisualizeVelocityProfile| function takes |rrSim|, the ego actor
= I u I -LX-L X 1 g — I S y Connection status: 1 155 % ID, and the signal name for SDI as inputs.
Connected to RoadRunner Scenario server on localhost:49327, with client s I B e ot Corsint o e
Y Y —_ XY 'Y —_ 3 157 elperVisualizeVelocityProfile(rrSim,1, "Built-in
E ~ * A} %lj f E I—ll D \ Sz >> i 158 hFigSDI = Simulink.sdi.snapshot;
KIZ T F (SKPRE : =L -
- s ~ ~ -/ Busy | Zoom: 90% [uTr-s I3 | script /tn 146 col 40

- (FEMXLEER

Trajectory Follower with RoadRunner Scenario
RoadRunner Scenario, Automated Driving Toolbox™ R2 02 2 a
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*i TrajectoryFollowerRRTestBench - Simulink - O X

SIMULATION DEBUG MODELING FORMAT

TrajectoryFollowerRRTestBench

TraJECtOWF‘)"OWEFRRTeStBI ["&] Block Parameters: Path Actions X

RoadRunner Scenario Reader
Reads the selected topic type from RoadRunner Scenario

Model Browser
p e

g
Parameters
Path Action Topic Category |Action 7]
Action Type |Path Following -

Change Behavior Parameter
Filter |Self |Lateral Offset
Path Following

Sample time |speed Change

Ioi Lane Change i
- New Self

Vehicle
Pose
E] Block Parameters: Self Vehicle Runtime e E] Block Parameters: New 5Self Vehicle Runtime X
ReadRunner Scenario Reader e L B T :H}o
r. | Reads the selected topic type from RoadRunner Scenario Writes selected topic_type to RoadRunr_'ler Scenario. Before you use this block, load the e
P - - ses by using the load function
v =
= Parameters BusVehicleRuntime N
; v = ActorRuntime
o§|_ Topic Category | Actor L gory [Actor 7]
@ Al Actor Runbime Actor Type |"'I'E|"|i':IE ActorlD la |\||"E|"Iide - |
] . =— Pose
[ﬂ Topic |Veh|de Pose lhicle Pose - |
2 Fiter | Self == Velocity
» | E .
— AngularVelocity
Read FixedStepAuto
Y = NumWheels ?
= WheelPoses
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Controls Dynamics

New Self
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Self Vehicle Pose
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L
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Velhicie Runime
RefPose :) %‘ ’
1 SteerCmd
CurrPose StearCmd ! Self Actar Runtime
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¥
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\
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Direction Controller SteerCmd
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SIMULATION MODELING
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C] TrajectoryFoIIowerRRTestBench 4 -

Model Browser

| Trajectory Follower with RoadRunner Scenario Test Bench |
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Path Reference

Pose

Rt Posion  Cuboid Pasiion

posionEmar b———————p

Action
Adapter

)

[RelPose] P dPase % hpacingEmar 3

Ve h iCl e Laleral Metrics
Dynamics

(oT

Palh Actions

ENU to NWD

Reference Pose on Palh Co ntrO|S

New Self
Vehicle

Cubakd Pase RR Pose

r » [ @ | ] NWD le ENU
J | | |
Sl Vihicle Runfime ACt | on
SteerCmd
) Adapter
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Lateral d
“ | Direction Controller SteerCmd
Stanley |
Accel
psi—»—
‘ ’—3 Curvature AccelCmd Front F
Decet | '
Al Aelor Runlime CurrvawRate DecelCmd FF—-3
=T 1 FRE—»T
CunSteer II'—< Vehicle Body 3DOF Single Track
W mdot
Lateral Contralier Stanley Direction
D Simple Drveline & Brakes
RefVelocity
AceelCmd
CumVeIoety | ongituinal
Controller | 4
Dirction e fnietae FixedStepAuto
DecelCmd p
Reset
Longitudinal Controller Stanley

20



MathWorks AUTOMOTIVE CONFERENCE 2022

AESimulinkF 1Y B shiig A X 25

[ Highway Lane Change Planner RR Test Bench | .
N File Edit View Inset Tools Desktop i
357 Deds |@0ERE
r 40
J / 45_j
25
oadRunner Scenari "/
L datare a Je —
r a - D
J & » 3 A
2 Q il
Path Action » DSE 2
If Actor Runtime Writer s é
sl
A A 0 » ~ 2l
r CA EgoA H!
D L
J P0ose [TAW] >— Targe
AlAclorRuntime [ R [ ] | Pannerranams
play Maplnf
PlannerParams
trics As ssment
viz_data
Highway Lane Change Planner
[P]
[TAW] —{ TargetActorsWorld
HelperPlotHLCPlannenWilhRRScenario
(9T Self Pose \ Sk
RefPathLanelnfo
Self Actor Runtime Read
Visualization
Gopyright 2021 The MathWorks, Inc.

- WA BENHMXIEE
- EXEAERERRTEIELE
- BRI R LIRS B T

Highway Lane Change Planner with RoadRunner Scenario 2022
RoadRunner Scenario, Automated Driving Toolbox™, Navigation Toolbox™ |

21


https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-with-roadrunner-scenario.html

MathWorks AUTOMOTIVE CONFERENCE 2022

ZCARLAFIZ IR BESEEHFEY=

RoadRunner CARLA
Scenario

T = LN LI AN Y Rl o e o T
P A B MmOl X L HA’ vVeses oSS

Az EZNE xR T2

% HCARLA

IQVI_%R 7—?—;\%7135%

hE#S=

Cosimulate Actors with CARLA ) 202 2 P

RoadRunner Scenario
22


https://www.mathworks.com/help/roadrunner-scenario/cosimulate-actors-with-carla.html

,— MathWorks AUTOMOTIVE CONFERENCE 2022
£ FHRoadRunner Scenario, &itF{AEEEEsIENN A=

" C R ERE R RIEE
R ERES S . ERRMEETE SR
. BIRERRIUGREY

S 4% OpenSCENARIO v2.0
5OpenSCENARIOHY#EO £ 4 % OpenSCENARIO v1.x
S\ 3k H OpenSCENARIO v1.x By%113E

OpenSCENARIO

kA imull + {E MATLAB HiRiH3siB 8 5&1TH
Ei Egﬁ;ﬁ%; MmN 7E Simulink AT ZIBS 5 EITA
o - ECARLAFEHRZBSS5EITA




MathWorks AUTOMOTIVE CONFERENCE 2022

EMathWorks&1E, ¥y RIIERTE

I B {EH MATLAB & Simulink
E’JB_}_IVE/AJE

RoadRunner Scenario

I E{E R MATLAB & Simulink
MBS E5E G TIERTE

Bt ZMathWorks T2, :EPoCEA!= 518k, 3 BRoadRunner Scenario T{E#IE. R20220

24



MathWorks AUTOMOTIVE CONFERENCE 2022

5MathWorks&1E, I RIIERTZE

M SRR : - B EAIER
SRt s B EE '

%mil—l* nj:';‘-':f\-ﬁ':’u \\ e X gl\'_&ﬂ{—ﬁﬁg <FuncticnMame=

C Callar

Bt ZMathWorks T2, 3XEXPoCEA!55iffR%, 3 ERoadRunner Scenario T{ER1E. R2022CI
2

5



MathWorks AUTOMOTIVE CONFERENCE 2022

Hewnchord

SCZERIE RELER

RS BIRIRE

26




,— MathWorks AUTOMOTIVE CONFERENCE 2022
£ FHRoadRunner Scenario, &itF{AEEEEsIENN A=

" C R ERE R RIEE
R ERES S . ERRMEETE SR
. BIRERRIUGREY

S 4% OpenSCENARIO v2.0
5OpenSCENARIOHY#EO £ 4 % OpenSCENARIO v1.x
S\ 3k H OpenSCENARIO v1.x By%113E

OpenSCENARIO

kA imull + {E MATLAB HiRiH3siB 8 5&1TH
Ei Egﬁ;ﬁ%; MmN 7E Simulink AT ZIBS 5 EITA
o - ECARLAFEHRZBSS5EITA




2022 MathWorks
hEREFS

Thank you

/} MathWorks'

© 2022 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered trademarks of their respective holders.




