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Motivation

▪ Generate a “Digital Twin” of interesting real-world scenarios

▪ Use the digital twin for the closed loop algorithm regression 

testing

▪ Evaluate the performance of features/ functions long before 

the software is released

▪ Use it in CI/CD pipeline to ensure the software quality
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What is “Scenario Harvesting” ?

▪ A workflow to create scenarios from 

recorded sensor data and HD map

– GPS, IMU, Camera, RADAR, LiDAR, etc.

▪ RoadRunner Scenario runs the 

simulation and exports the scenario 

to OpenSCENARIO®

▪ The exported OpenSCENARIO is 

used for validating ADAS/AD 

software stack

Recorded sensor data from test drive

ADAS/AD Software validation

Scenario Harvesting

OpenSCENARIO

https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html
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ADAS/AD Software validation with OpenSCENARIO®

Simulink

(docker)

Sensor

Model

Vehicle

Dynamics

Simulink

Test

Scenario

Variations

OpenSCENARIO

ADAS/AD 

Software stack
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“Scenario Harvesting” from recorded sensor data

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Sensors

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

Sensor 

Detections
Tracker

ego trajectory

@ world coord

OpenSCENARIO

ego

non-ego

The LiDAR sensor is an instrumentation sensor, not the onboard sensor.
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Workflow
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Non-ego 
Trajectories

Scenario 
Generation

Scenario 
Validation



7

MathWorks AUTOMOTIVE CONFERENCE 2023

Workflow

Ego 
Trajectory

Non-ego 
Trajectories

Scenario 
Generation

Scenario 
Validation



8

MathWorks AUTOMOTIVE CONFERENCE 2023

Create scene from GPS route and HD map using
RoadRunner

Scene Build Tool

gps

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

gps

Imu

laneData

Sensors

RoadRunner

https://www.mathworks.com/help/releases/R2023a/roadrunner/ref/scenebuildertool.html
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GPS and IMU fusion for estimating ego trajectory

gps

HD map

Scene Build Tool
RoadRunner

HDMap

getMap
RoadRunner

insfilterAsync

Sensor Fusion and Tracking Toolbox

startend

Lane boundaries
GPS+IMU fused 

trajectory @ 10ms

GPS route @ 50ms

gps

Imu

laneData

Sensors

GPS & IMU fusion

https://www.mathworks.com/help/releases/R2023a/nav/ref/insfilterasync.html


10

MathWorks AUTOMOTIVE CONFERENCE 2023

Lane detections processing

gps

HD map

Scene Build Tool
RoadRunner

HDMap

getMap
RoadRunner

gps

Imu

laneData

GPS & IMU fusion

Lane Tracking

Sensors 1
2 3 4

Start Ground Truth lane = 3

Lane detections from camera

Windshield Camera
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3

Ego localization using lane detections and road map

1
2

Lane number →

Lane info

3

2

1

2

3Ground truth lane number 

Current time



laneHeading

Ego pose

(before)

Fused ego trajectory

3



Lateral Offset from lane center

Ego pose

(after localization)

→ Localized ego trajectory

RoadRunner
HDMap

GPS & IMU fusion

Lane Tracking
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Ego localization by lane detections and road map

Map 
with GPS route

ego trajectory

after localizationbefore

Lane
Detection

Windshield Camera
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Import ego CSV trajectory to RoadRunner Scenario

Write CSV 

trajectories

Import 
scenario

Sensors

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

ego trajectory

@ world coord

ego

https://www.mathworks.com/help/releases/R2022b/roadrunner-scenario/ug/import-trajectories-from-csv-files.html
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Run simulation with RoadRunner Scenario (before vs. after localization)
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Workflow
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Add non-ego vehicles to the scenario

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Sensors

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

Sensor 

Detections
Tracker

ego trajectory

@ world coord

ego

non-ego vehicles

The LiDAR sensor is an instrumentation sensor, not the onboard sensor.



18

MathWorks AUTOMOTIVE CONFERENCE 2023

Add non-ego vehicles to the scenario (using LiDAR data)

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Velodyne

LiDAR 

(VLS128)

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

PV-RCNN
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Tracker

ego trajectory

@ world coord

ego

non-ego
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Overall architecture of PV-RCNN

▪ Point Voxel-RCNN (PV-RCNN) for accurate 3D object detection 

from LiDAR point clouds

PV-RCNN

detector
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Extract Vehicle Track List from Lidar Data

PV-RCNN

detector
trackerJPDA Track-list

https://www.mathworks.com/help/driving/ug/extract-vehicle-tracklist-from-recorded-lidar-data-for-scenario-generation.html

LiDAR 
point clouds

3D bounding boxes, Mx9 
(x,y,z, length,width,height,roll,pitch,yaw)

Velodyne

Lidar 
VLS128

Tracks

Lidar Toolbox

Automated Driving Toolbox

Sensor Fusion and Tracking Toolbox

https://www.mathworks.com/help/driving/ug/extract-vehicle-tracklist-from-recorded-lidar-data-for-scenario-generation.html
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Windshield Camera vs. Lidar Tracks 

▪ Lidar detections were limited to ~60m as we used pre-trained PV-RCNN detectors.
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Add non-ego vehicles to the scenario (RADAR only)

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

RADAR
non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

JIPDA Smoother

ego trajectory

@ world coord

ego

non-ego

Detectors
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Radar detections processing

RADAR JIPDA Smoother

non-ego

Detectors

Classification

Dynamic vs. Static

Guardrail detector

Ghost Removal

Clustering

(DBSCAN)

Sensor Fusion and Tracking Toolbox
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Non-causal JIPDA tracker

Joint Integrated Probabilistic Data Association

Online tracking Offline tracking

Sensor Fusion and Tracking Toolbox

▪ Non-causal JIPDA tracker uses future measurements to improve the data 

association
– Offline multi-object tracker

– Resolves ambiguities more efficiently than an online tracker, e.g., trackerJPDA

– Reduces false tracks and generates smooth tracks

JIPDA Smoother

https://www.mathworks.com/help/releases/R2023a/fusion/ref/smootherjipda.html
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Non-causal JIPDA tracker

▪ Algorithm:

– Runs an iterative data association at each time step until the final time step, 𝑡𝑁.

Joint Integrated Probabilistic Data Association

Forward tracking 𝑡0 𝑡𝑁𝑡1 𝑡2 𝑡𝑘−1 𝑡𝑘 𝑡𝑘+1

Forward tracking Backward trackingpredictBackward tracking

Fuse forward & backward 

predictions

Associate fused prediction 

& detections

iteration

detection Forward 

prediction

Backward 

prediction

fusion 

Rauch-Tung-Striebel

(RTS) smoothing

Sensor Fusion and Tracking Toolbox

JIPDA Smoother

https://www.mathworks.com/help/releases/R2023a/fusion/ref/smootherjipda.html
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Offline Radar Tracks vs. Windshield Camera 
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Add non-ego vehicles to the scenario (Camera + RADAR Fusion)

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Camera + 

RADAR

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

ego trajectory

@ world coord

ego

non-ego

Detectors Fusion Algorithm
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Lidar/Radar/Fusion Tracks

Fusion track

Radar track

Lidar track

Lidar point cloud

Lane detection

by camera



29

MathWorks AUTOMOTIVE CONFERENCE 2023

Lidar/Radar/Fusion Tracks vs. Windshield Camera 

▪ Lidar detections were limited to ~60m as we used pre-trained PV-RCNN detectors.
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Sensors used for Digital Twin

▪ Most of our vehicle logs will contain the onboard sensors 

only such as RADAR, Camera and vehicle GPS.

▪ LiDAR sensor is used in special instrumentation vehicles 

(used for benchmarking purpose)

▪ Plan to use “offline RADAR tracker” with Camera & Map 

fusion for the scenario harvesting
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Workflow
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Workflow
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Add non-ego vehicles to the scenario

actorprops

actor info
@ world coordinate

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Sensors

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

Sensor

Detections
Tracker

ego trajectory

@ world coord

ego

non-ego

support package

Automated Driving ToolboxThe LiDAR sensor is an instrumentation sensor, not the onboard sensor.

https://www.mathworks.com/help/releases/R2022b/driving/ref/actorprops.html
https://www.mathworks.com/matlabcentral/fileexchange/117450-scenario-builder-for-automated-driving-toolbox
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Generate target trajectories in world coordinate

▪ Generates target trajectories in world coordinate from tracklist and ego 

trajectory

actorInfo = actorprops(tracklist,egoTrajectory)

where, 
egoTrajectory ego trajectory in world coordinate
tracklist target track list in ego coordinate
actorInfo actor trajectory information in world coordinate

𝐷𝑡 = 𝐷𝑒𝑔𝑜 +ℝ𝑒𝑔𝑜 ⋅ 𝑑𝑡

where, 
𝐷𝑡 : target position in world coordinate
𝑑𝑡 : target position in ego coordinate
𝐷𝑒𝑔𝑜 : ego position in world coordinate

ℝ𝑒𝑔𝑜 = ℝ𝑧ℝ𝑦ℝ𝑥 : rotation matrix of ego car

target trajectory
ego 

coordinate

x

y z

ego trajectory

X

Y

world coordinate
Z

𝐷𝑒𝑔𝑜

𝐷𝑡

𝑑𝑡

actorprops

Automated Driving Toolbox

https://www.mathworks.com/help/releases/R2022b/driving/ref/actorprops.html#d124e70326
https://www.mathworks.com/help/releases/R2022b/driving/ref/actorprops.html
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Write target trajectories to CSV file 

actorprops

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Sensors

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner

HDMap

getMap

Sensor

Detections
Tracker

ego trajectory

@ world coord

ego

non-ego

Write CSV 

trajectories

Import 
scenario

actor info
@ world coordinate

https://www.mathworks.com/help/releases/R2022b/driving/ref/actorprops.html
https://www.mathworks.com/help/releases/R2022b/roadrunner-scenario/ug/import-trajectories-from-csv-files.html
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Import CSV trajectories to RoadRunner Scenario
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Run Simulation with RoadRunner Scenario created by Fusion Tracks
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Export ASAM OpenSCENARIO from RoadRunner Scenario

https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html


41

MathWorks AUTOMOTIVE CONFERENCE 2023

Validate exported OpenSCENARIO from RoadRunner Scenario

RoadRunner Scenario

OpenSCENARIO

https://github.com/esmini
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Validate RoadRunner Scenario with Windshield Camera 

Windshield CameraRoadRunner Scenario
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Recap: “Scenario Harvesting” from recorded sensor data

gps

Imu

RoadRunner
gps

GPS & IMU fusion

laneData Lane Tracking

Ego localization

by lane detections 

& road map

Sensors

non-ego trajectories

@ ego coordinate

HD map

Scene Build Tool
RoadRunner
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getMap
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Tracker
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OpenSCENARIO

ego
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The LiDAR sensor is an instrumentation sensor, not the onboard sensor.
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Key Takeaways
Scenario Harvesting from Recorded Sensor Data

▪ We could successfully generate the digital twin data from the 

vehicle logs utilizing the Automated Driving Toolbox and Road 

Runner.

▪ Non-causal tracker helps us generate highly accurate digital twin 

reference data utilizing MathWorks Toolbox.

▪ Any standard simulation tools could use scenarios created using 

the Road Runner.

▪ Digital twin data generated utilizing real-world scenarios will be 

very useful for the regression testing the ADAS/AD algorithms. 
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Learn about new features for Scenario Generation
Lidar Toolbox

RoadRunner Scenario

Automated Driving Toolbox

Sensor Fusion and Tracking Toolbox

https://www.mathworks.com/help/releases/R2023a/driving/ug/extract-vehicle-tracklist-from-recorded-lidar-data-for-scenario-generation.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/ego-vehicle-localization-using-gps-and-imu-fusion-for-scenario-generation.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/ego-localization-using-lane-detections-and-hd-map-for-scenario-generation.html
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Learn about new features for Scenario Generation
Lidar Toolbox

RoadRunner Scenario

Automated Driving Toolbox

Sensor Fusion and Tracking Toolbox

https://www.mathworks.com/help/fusion/ug/introduction-to-JIPDA-smoothing.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/generate-roadrunner-scenario-from-recorded-sensor-data.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/generate-scenario-from-recorded-actor-tracklist-and-gps-data.html
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Thank you

Please contact us with questions

Krishna Koravadi 

(krishna.koravadi@aptiv.com)

Seo-Wook Park 

(spark@mathworks.com)

mailto:spark@mathworks.com
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