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Testing Approaches  for Robotic Systems

Open-Loop

Test

Closed-Loop

Test

Simulation

Real Robots

Field

Component-Level

Function-Level Tooling available

• GTest

• Pytest

Limited Tooling 

• launch_testing

• ? Scenario Execution
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Architecture

Declarative Scenario 

Description

OpenSCENARIO DSL 

(OSC)

Scenario Execution

Parser
Behavior Tree

PyTrees

System Under Test

LibrariesLibraries
Action Libraries

• OSC Declarations

• Python Implementations

• Return Code

• JUnit XML

Live View

Terminal/RViz

• ROS 2

• Nav 2

• Gazebo

• …

• Your custom library
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“… designed for verification and validation 

purposes to test safety and functionality of 

autonomous vehicles …”

“… designed for verification and validation 

purposes to test safety and functionality of 

autonomous vehicles any robotic system…”

Autonomous Driving

Domain Model

Domain Specific Language for Testing

Common Types

OpenSCENARIO DSL

OpenSCENARIO DSL

Key Facts 

 Human-readable/writable

 Supports Variation

 Widely Used

 Applicable to any robotics system
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Hello World Scenario
Comment

Action 

Invocation

Wait Directive

Import 

Library

Scenario 

Declaration

Composite

Variable 

Declaration
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Navigation Scenario

 Start Simulation/Nav2

 Initialize Nav2

 Request to navigate to goal

 If robot reaches position:

• Spawn Obstacle into Path

 Success Criteria: 

• Robot does not collide with 
obstacle

• Goal is reached
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Scenario Parameter Variation

Logical Scenario
Lidar Data Errors:

 Noise Std.Dev.: 0 to 0.7

 Data Loss:  0 to 70%

+

Concrete Scenario
Lidar Data Errors:

 Noise Std.Dev.: 0.4

 Data Loss:  10%

+

Abstract Scenario A navigating robot is able to localize 
itself using erroneous lidar data

Potential Scenario 

Count
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Scenario Parameter Variation Example

Scenario Variation

8x8 Concrete 

Scenarios

Scenario Batch 

Execution

Overall Test 

Result

+
64 ROS 

bags
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Scenario Execution for Robotics

Easy CI 

integration

ROS2 

realization

Compatible with 

simulations and 

physical robots

Modular 

implementation,

easy to extend

OpenSCENARIO DSL Action Libraries

Behavior Tree
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Questions?

github.com/IntelLabs/sce

nario_execution

GitHub

Frederik Pasch Florian Mirus

LinkedIn Profiles
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Try it out!

DocumentationGitHub

http://www.arxiv.org/a

bs/2409.07080

Paper

https://github.com/IntelLabs/sce

nario_execution

https://intellabs.github.io/sce

nario_execution/

http://www.arxiv.org/abs/2409.07080
http://www.arxiv.org/abs/2409.07080
https://github.com/IntelLabs/scenario_execution
https://github.com/IntelLabs/scenario_execution
https://intellabs.github.io/scenario_execution/
https://intellabs.github.io/scenario_execution/
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GazeboNavigation 2

Action Libraries

ROS 2

MoveIt 2 X11 OS

Docker Kubernetes PyBullet

To be continued…Helpers
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A Parameter Variation Scenario

Scenario File

8x8 scenarios

64 rosbags

External 

Analysis

Scenario batch 

execution

Scenario 

Variation
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“… designed for verification and validation 

purposes to test safety and functionality of 

autonomous vehicles …”

“… designed for verification and validation 

purposes to test safety and functionality of 

autonomous vehicles any robotic system…”

Autonomous Driving Domain Model

Domain Specific Language for Testing

Common Types

OpenSCENARIO DSL

Autonomous 

Driving

Domain Model

OpenSCENARIO DSL

Key Facts 

 Human-readable/writable

 Supports Variation

 Widely Used

 Applicable to any robotics system

Robotic Domain 

Model
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