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Industry trends drive MathWorks investments

MATLAB & Simulink
product family

Polyspace
product family

RoadRunner
product family

Detection Localization Tracking

Decision & ControlsPlanning

Scenes Sensors

Scenarios Dynamics

Code

C/C++

GPU HDL

Architectures

AUTOSAR

ROS DDS

Virtual Worlds

are required for

design and verification

Multidisciplinary Skills

are needed as teams are expected to

learn and apply new disciplines

Software

Safety, Security, 

Agility at scale
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Scene and scenario design answers a need

Scenes

Scenarios

Complexity and realism



44

MathWorks AUTOMOTIVE CONFERENCE 2022

Agenda

1. Introduction

2. Testing ADAS Systems

3. Cuboid scene and trajectory-driven scenario design

4. Photorealistic scene and logic-driven scenario design

5. Conclusion



55

MathWorks AUTOMOTIVE CONFERENCE 2022

Virtual testing framework for autonomous systems

Virtual Testbed

Performance 

Evaluator

Scenario 

Designer

Test Manager

Application

under Test
Metrics

Sensor 

Models

Scenarios
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ADAS system under test
Autonomous Emergency Braking (AEB)

▪ If driver fails to apply brakes in time, 

AEB system engages automatically 

to avoid or mitigate collision

Ego Vehicle Lead Vehicle

Forward Collision

Warning (FCW)

Time-To-Collision 

(TTC)

Partial Braking Full Braking

2nd stage
1st stage

TFCW TPB1 TPB2 TFB
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Explore test bench model
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Explore test bench model

Sensor Fusion 

and Tracking
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Explore test bench model

Decision Logic
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Explore test bench model

AEB Controller
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Explore test bench model

Vehicle 

Dynamics
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Explore test bench model

Metrics 

Assessments
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Explore test bench model

Actors and 

Sensor 

Simulation
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Automated Driving Toolbox
Overview

Labeling

Ground Truth

Simulation

Cuboid

RoadRunner

Unreal Engine

Algorithms

Detection Localization Tracking

Decision & ControlsPlanning
I/O

Read Data

Ground Truth 

Labeling
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Design Driving Scenarios

OpenDRIVE

OpenStreetMap

HERE HD Maps

Zenrin SD

Driving Scenario Designer App

Driving Scenario API

OpenSCENARIO

OpenDRIVE

ds = drivingScenario();

Driving scenario

• Roads

• Lane markings

• Barriers & guardrails

• Vehicle trajectories

Custom meshes

Automated Driving Toolbox
Cuboid Simulation
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Presentation workflow
Using the Automated Driving Toolbox

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation
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Load a pre-built scene into the app

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation
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Programmatic scenario variations

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation

nonEgoSpeed = 5m/s

nonEgoSpeed = 10m/s

nonEgoSpeed = 15m/s
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Add sensors to our ego vehicle

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation

Design sensor 

architecture
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Export scenario and sensors to Simulink 

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation

Automatic 

generation
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Run closed-loop simulation

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation

Actors and 

Sensor 

Simulation
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Run closed-loop simulation

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation
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Results from the simulation

Load scene
Scenario 
variations

Add 
sensors

Simulink 
Export

Closed loop 
simulation

Ego Vehicle Lead Vehicle

Forward Collision

Warning (FCW)

Time-To-Collision 

(TTC)

Partial Braking Full Braking

2nd stage
1st stage

TFCW TPB1 TPB2 TFB
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RoadRunner Product Family

Geographic Information System Files

HD Maps

RoadRunner Scene Builder

RoadRunner

RoadRunner Asset Library

OpenDRIVE

OpenStreetMap

Custom Assets

RoadRunner Scenario

OpenDRIVE

Third Party Simulators

• CARLA 

• Unreal Engine®

• Unity®

• Others
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3D Scene and Scenario workflow
Using RoadRunner tool suite and the Automated Driving Toolbox

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Import scene using Industry Standards
And customize it 

OpenDRIVE

Import

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Import scenario using Industry Standards
Or re-design it using RoadRunner’s logic editor

OpenSCENARIO

Import

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Import scenario using Industry Standards
Or re-design it using RoadRunner’s logic editor

Anchoring system in RoadRunner Scenario

• Position actor and waypoints relatively to an 
anchors

• The anchors allow reusability of the scenario 
within multiple scenes

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Interact with RoadRunner Scenario using its gRPC API
In MATLAB

RoadRunner

RoadRunner Scenario

API

(gRPC)

C++

Python

MATLAB
…

RoadRunner API

• Starting/Closing RoadRunner

• Change scenario variables

• Running scenario simulations

• Data acquisition such as 

trajectory and speed

• Export to OpenSCENARIO

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Leverage co-simulation to control vehicles’ behavior

Built-in 

Actors

RoadRunner Scenario connects with
actors in MATLAB, Simulink, and CARLA

Actors can read scenario states
• Action commands (path, speed, lane change, 

lateral offset)
• Pose and velocity of all actors in the scenario
• Dimensions of all actors
• Map lanes and lane boundaries

Actors write scenario states
• Their pose and velocity for each scenario 

simulation step

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation

Actors and 

Sensor 

Simulation
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Sensor 

Simulation

Vehicle 

Dynamics

Metrics 

Assessments

AEB 

Controller

Decision 

Logic

Sensor Fusion 

and Tracking

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Run closed-loop simulation

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Run closed-loop simulation

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation

Ego Vehicle Lead Vehicle

Forward Collision

Warning (FCW)

Time-To-Collision 

(TTC)

Partial Braking Full Braking

2nd stage
1st stage

TFCW TPB1 TPB2 TFB
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Generate scenario variations programmatically

The Euro NCAP standard 
recommends testing with 
scenarios by varying VUT and GVT 
speeds.

Create a RoadRunner Scenario variable:

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Generate scenario variations programmatically

Scene & 
Scenario 
design

Connect 
MATLAB to 

RoadRunner

Define 
behavior

Run 
Simulation

Scenario 
variation
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Export scenes to driving simulators and graphics engines

Filmbox

(meshes)

OpenDRIVE

(semantics)

▪ Export to common file formats for use in third-party applications
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Export scenarios to OpenSCENARIO

OpenSCENARIO

V2.0

OpenSCENARIO

V1.x

MathWorks is an ASAM Member 

and actively participates in the 

OpenSCENARIO 2.0 

Implementers Forum 

https://github.com/esmini/esmini  



5252

MathWorks AUTOMOTIVE CONFERENCE 2022

Partner with MathWorks to extend scenario workflows

Extend actor design workflows 

with MATLAB & Simulink

Extend verification workflows 

with MATLAB & Simulink

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to 

generate scenes and scenarios from your recorded data

RoadRunner Scenario
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Partner with MathWorks to extend scenario workflows

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to 

generate scenes and scenarios from your recorded data

Extend actor design workflows 

with MATLAB & Simulink
Actor design 

Workflows

Integrate

planning & 

controls

Integrate

sensors

Integrate

external

code

Verification 

workflows

Generate 

scenarios from 

recorded data

Generate 

scenario 

variations

Automate 

testing 

scenarios

RoadRunner Scenario
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Key Takeaways

▪ Design and test simple driving scenarios using Automated Driving Toolbox

▪ Use RoadRunner to create realistic 3D scenes 

▪ Design scenarios interactively using RoadRunner

▪ Perform co-simulation for scenario testing between RoadRunner and Simulink
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Call to action

▪ Explore examples available in the documentation

▪ Partner with MathWorks to extend scenario workflows

Autonomous Emergency Braking 

with Sensor Fusion

Autonomous Emergency Braking 

with RoadRunner Scenario

https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-sensor-fusion.html
https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-roadrunner-scenario.html
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