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SUMO: Simulation of Urban Mobility
CARLA: Car Learning to Act
Both are open-source simulation software
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Developing Simulink co-simulation with SUMO and CARLA

* Introduction of SUMO and CARLA

* The motivation to develop this plug-in tool
» Capabilities and performance

» Benefits and use cases

 Summary
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SUMO

Simulation of Urban MODility
https://eclipse.dev/sumo/

An open-source traffic simulation package
2D, fast simulation, convert/import real world
map data
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CARLA

« Car Learning to Act

 https://carla.org/
« QOpen-source simulator for urban driving

CARLA * 3D, model ADAS sensors , support
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Running

Courtesy of Quantum Signal Al, LLC
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| .
Connect and co-simulate
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Ford Automated System

Simulation Toolchain - : _
S_ Electrified Virtual Vehicle

. Function — .
* Run as server/client in Ct++ Collision Avoidance s[ Gg@g}
river Support
* Connect through TCP/IP (GRio) Comielley
« Provide APIs in Python/C++ o

Simulink Corporate Vehiclée
Simulation Program
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Motivation to develop the plug-in tool

A generic toolbox in Simulink
Co-simulate SUMO/CARLA with Simulink without coding =

SIMULATION DEBUG MODELING
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Easy to control simulation and access actors
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Use the plug-in tool

Launch the server

Add a Client block in the
Simulink model to make it a
client

Pressing “Run” in Simulink will
connect the server and run the
co-simulation

Use Get/Set blocks to
read/write actor properties

SUMO (mask) (link)
Co-simulate with SUMO
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Implemented by MathWorks Consulting Services. Learn
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More functions to access actors

SUMO (mask) (link) Co-simulate with CARLA
Co-simulate with SUMO SUMO (mask) (link) Implemented by MathWorks Consulting Services. Le
Implemented by MathWorks {Co-simulate with SUMO https://www.mathworks.com/services/consulting.
more at https://www.mathwo Implemented by MathWorks Consulting Servicd | Parameters
Parameters more at https://www.mathworks.com/services/| | Kind: |Actor.GetTransform I ——
Kind: |Configure.Client Parameters Sampl Actor.Dfestroy Implemented by MathWorks Consulting Services. Learn
. : — Actor.DisableConstar more at https://www.mathworks.com/services/
Sampl Vehicle.Add Kind: |Configure.Client -1 Actor.EnabIeConstanl consulting.
Vehicle.ChangelLane Vehicle.GetPersonNumber Actor.GetAcceleratio
-1  |Vehicle.ChangeSublane Sampl Vehicle.GetPosition get t|Actor.GetActorAngul{ Parameters
Vehicle.GetAccel -1 Vehicle.GetPosition3D ReturnActor.Getlocation | Kind: Client.GetClientversion
Client |vehicle.GetAcceleration Vehicle.GetRightFollowers rec|evgActor.GetTrans_form §C|ent.GetC|IentVerSIn
; : S . Actor.GetVelocity Client.GetServerVersion
Addre VEh!Cle'Gemcc_umUIate Client vehicle.GetRightLeaders ® Re \ ctor SetEnableGravl -1 Sensor.Camera.CustomSegmentation
vehicle. GetActionStepl Addre: Vehicle.GetRoadId * S€ Actor.SetLocation Sensor.Camera.Depth
Port EVEhiCle-GEtA"DWEdSPe Vehicle.GetRoute Refere Actor SetSimulatePh{ get._cSensor.Camera.InstanceSegmentation
Vehicle.GetAngle Port EVehicle_GetRoute]:d (1] CAActor.SetTargetAngu !‘Qetur_nSensor.Camera.RGB _ _
Order Vehicle.GetCO2Emissio Vehicle.GetRouteIndex ot Actor.SetTargetVelod ¥ersiCeensormamera.Semanticegmentation
: e . . pyt ibcarlz :
Vehicle.GetCOEmission| Order Vehicle.GetRoutingMode Actor.SetTransform | ynexp(Sensor.Radar
Config Vehicle.GetColor Vehicle.GetSecureGap (CENAREEITEE] |, o Vehicle ApplyControl
Vehicle.GetDecel Config Vehicle.GetShapeClass Vehicle.EnableCarSim
Vehicle.GetDistance Vehicle.GetSignals Referegengc:e.geﬁornq;nfsox
H ;i . ICAEICE.E utoplio
Vehicle.GetElectricityCc Vehicle.GetSlope [ ]horW0r| d.GetSpectator
Vehicle.GetSpeed World.SpawnActor

« Single Simulink block, dropdown list for functions, link to open-source document
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Synchronize SUMO, Simulink and CARLA

m X
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[_) On Destroy
Data
SUMO — \epicl G -
SN0 CARLR CARLA
Data Sensor Data
& Configure.Client Synchronize Configure.Client
& Synchronize SUMO and CARLA

| Data Editor
Re:

« SUMO handles vehicle traffic
« CARLA handles visualization and sensors

« Simulink pulls vehicle data from SUMO, pushes to CARLA



'Synchronize SUMO, Simulink and CARLA
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 Co-simulation
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Support large scale simulation

CARLA server can
be launched on
many platforms.

CARLA
TCyserver TCP/l

across « Support cloud

machines and platform

platforms

\

(CARLA Client from

synchronization

Simulink is the Other CARLA

Client, e.g. from
Scenario Runner

CARLA
orchestrator. Client 1

CARLA
Client 2
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g-in for CACC development

CarMaker

Simulink
Host Speed

Courtesy of

Ozgenur Kavas Torris

me Gap: SHORT
MalnpnEE  ons

Ford R&AE
i - | | Co-simulation environment
= R Host Vehicle Dynamics
SUMO Simulink ot CarMaker

+  Realistic traffic - -
« Map *  SUMO plug-in +  High Fidelity Vehicle Dynamics
*  Infrastructure to Vehicle (12V) _* Vehicle Control Features (ACC, _ + SoftSensors

communication o CACC, CAD, ISA) Host Vehicle Controls +  Visualization
*  CV2X communication messages *  CV2X communication interface

Co-ordinated Adaptive Cruise Control (CACC) is developed in Simulink

Require Infrastructure-to-vehicle (12V) and Vehicle-to-Vehicle (V2V) communications
Enable to use SUMO traffic simulation to develop CACC

Easy to set up and access multiple target vehicles in SUMO

Easy to simulate the interactions among multiple vehicles with CACC 1
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'Use CARLA plug-in for simulation at Mcity

MCIty https://mcity.umich.edu/

Quantum Signal Al, LLC
https://quantumsignalai.com/

LEADING THE MOBILITY TRANSFORMATION

File Tools View Simulation Help ~
VO Q]
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Courtesy of Quantum Signal Al, LLC
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Bring CARLA Sensor data to Simulink

File Tools View Simulation Debug Desktop Window Help 4
@ CarlaUE4 = O X semanticView File Edit View Insert Tools Desktop Window Help ~
N =
. - Sensor.Radar: Frame 6749
| e F 4 -
o &
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InstanceView rgbView 4
5| & File Edit View Insert Tools Desktop Window Help
Sensor.Lidar: Frame 6749
-
1,
e
e
= =)
Running Magnification: 100% 1:512x512 T=2.000 Running Magnification: 100% RGB:512x512 T=1.600
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Summary

A plug-in tool for Simulink has been developed.

Enab
Simu
Enab

e to co-simulate SUMO/CARLA and
Ink with ease
e easy access and control of the co-

simulation
Support ADAS sensors, multi-platforms/cloud
platform

SUMO

= 4

SIMULINK® CARLA
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Working with the Mathworks Consulting Services

* Broad experience
* High competency
* Excellent quality

e EXxcellent service
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