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Motivation for the Activity

Offroad Applications

« Landfill

« Construction
« Agriculture

* Mining

« Military

* Recreational

* Other
* Forestry
 Space
« Warehouses
« Harbors

 Maritime

P. Cant, 2020, [Titan_FT35_FarmWise: pg][Photograph], e
https://commons.wikimedia.org/wiki/File: Titan_FT35_FarmWise3.jpg, CC-BY-SA-4.0.
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https://www.flickr.com/photos/royluck/5556779421/

Use Cases Driven by Personas

« What kind of simulations do users want to build for offroad applications?

Vehicle Developer

Autonomy Developer

Test Engineer

System Integration Engineer |

Site Manager
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Technical Requirements Driven by Use Cases

Vehicle Developer Y Autonomy Developer 9 Test Engineer W System Integration Engineer (Wl Site Manager




Operations and Activities

Categorizing activities

Vehicle Movement Manipulating the Environment

Excavating a pit

S
Go around? . ¢ -
Drive over?

« Navigation
* Vehicle-terrain interaction
 Interaction with objects

nipultg material

Excavator Simulation Model - https://www.mathworks.com/matlabcentral/fileexchange/119268-excavator-design-with-simscape

MathWorks Webinar on "Design and Simulating Autonomy for Construction Vehicles", https://www.mathworks.com/videos/desion-and-simulating-autonomy-for-construction-vehicles-1679066541903.html @‘ ASA I v I

Kaibab National Forest, 2019,[Grassland Restoration 2019(4886791186).jpg][Photograph], https://commons.wikimedia.ora/wiki/File:Grassland _Restoration 2019 (48867911186).jpa, CC-BY-SA-4.0.



https://commons.wikimedia.org/wiki/File:Grassland_Restoration_2019_(48867911186).jpg
https://www.mathworks.com/videos/design-and-simulating-autonomy-for-construction-vehicles-1679066541903.html
https://www.mathworks.com/matlabcentral/fileexchange/119268-excavator-design-with-simscape

Scenarios

Moving from Point A to Point B
1. Following a Path
2. Finding a Path
3. Carrying a Load
4. Using Sensors to Respond to the Environment
5. Navigating without GPS

Vehicle Interaction
6. Following a Lead Vehicle
7. Dealing with Environmental Effects
8. Interacting with Traffic
9. Incorporating Drones / Ground-Air Vehicle Teaming

Load and Haul
10. Loading a Hauler - Hauler
11. Loading a Hauler — Excavator
12. Evaluating fuel efficiency



https://www.flickr.com/photos/royluck/5556779421/

Offroad Challenges

Environment

Complex 3D terrain

Soil Properties

« Soil strength, density, temperature, water content
» Mobility and excavation

Object representation

* Vegetation and other natural obstacles

* Meshes, materials, physics

Weather conditions

Sensors

Sensor modeling and surface materials (including link between
appearance and physical characteristics)

Occlusion of sensors

* Mud, snow, dirt in the air and on camera lens

Vehicles

Vehicle-terrain interaction and material dynamics
* Mud and water spray

¢ Mud and snow deformation

« Accumulation of material on vehicles




Concept Project ASAM OpenX in Offroad Applications

GOAL

» Evaluate the need for extensions to existing standards or development of new standards to support
modeling and simulation of (a) vehicle mobility in off -road conditions and (b) earth moving for
digging, loading, and hauling

Ideation Working Group Current Progress
A ]

|
ldentify gaps
In current
standard
support

Define Implement
example example
scenarios scenarios

Propose
development
project

Identify offroad Derive
application use cases requirements

Kickoff Project Review  Offroad Extensions
Workshop Finalized Project Proposal
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Project Activities

Project Coordination

Reqw.re.ments ‘ ASAM Standards
Definition / /

Other Relevant
Standards /

Proprietary

Implementations / Offroad Applications

Development
Project Proposal

Findings and

Gaps in Standards Recommendations

Scenario Scenario 1 Scenario 1
Selection Description Evaluation

Scenario 2 Scenario 2
Description Evaluation

Scenario ... Scenario ...
Description Evaluation

Project Review /

& ASAM



Standards

* ASAM OpenX Simulation Standards
« OpenCRG
 OpenDRIVE

XML 1.0 Schema

UML 2.5.1 Standard

SAE J3258
SAE J3164

«  OpenSCENARIO
« OSI

ISO 3166-2 ASAM OpenDRIVE

ASAM OpenSCENARIO

1SO 21448
1SO 34501

° OpenODD I1SO 8601

ISO 34502

 OpenLABEL

ISO DIN 19111
ASAM OpenCRG

I1SO 34504

[IIIIIIIII

. OpenMATERIAL — ASAM OpenLABEL
« OpenTEST
i ASAM OpenXOntology
« External related standards - Terrain, drivable area, and materials SO 8855
* Landxml 1.2 (infra model 4.0.4) IS0 23150 ASAM OSI ASAM OpenODD
° ISO 15143-4 FMI 2.0
e |SO 7334
e  EMESRT PR5A
°© 15021815 | NATOAMSP-06 | [ LandxML | | ]
e |SO 6165

*  NATO AMSP-06

* Proprietary solutions
* e.g., Algoryx agxTerrain implementation

Proprietary Methods + Technologies

& ASAM



Project Activities

Project Coordination /

Requirements 8 ASAM Standards

Other Relevant
Standards

Proprietary
Offroad Applications

Definition

Implementations e
Gaps in Standards 9 : Development
Recommendations :
Project Proposal

Scenario Scenario 1 Scenario 1
Selection 4 Description Evaluation

Scenario 2 Scenario 2
Description Evaluation

Scenario ... Scenario ...

Description Evaluation
Project Review /
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Simple Scenario




Simple Construction Scenario

Scenario Components
Test Article
Vehicle
Sensors
Hardware
Controllers
Scenario
Environment !/
Topography —
Soil Properties /
Road \
Cover \
Object
Agent -
Conditions
Networks
Obijective




Simple Construction Scenario

Scenario Components
Test Article
Vehicle
Sensors
Hardware
Controllers
Scenario
Environment
Topography =
Soil Properties !
Road \
Cover \
Object
Agent -
Conditions
Networks
Obijective

Heightfields, meshes, and
voxel maps




Simple Construction Scenario

Scenario Components
Test Article

Vehicle

Sensors

Hardware

Controllers
Scenario

Environment

Topography /\/ content, temperature, depth,

Soil Properties

Road

Cover

Object

Agent -

Conditions

Networks
Obijective

/ Mobility and Manipulation
Deformable surfaces
Layers of Soil Data
Soil type, density, moisture

Youngs modulus,
Cohesion, friction angle,
dilatancy angle

wclusions — rocks, vegetation, ...




Simple Construction Scenario

Scenario Components
Test Article

Vehicle

Sensors

Hardware

Controllers
Scenario

Environment 4

Topography — 4

Soil Properties Physics for Interaction
Road

Dynamic, deformable,
o / breakable objects
Object
Agent - -
Conditions

Networks
Obijective




Simple Construction Scenario

Scenario Components
Test Article

Vehicle

Sensors

Hardware

Controllers
Scenario

Environment 4

Topography — 4

§0|IdPropert|eS Conditions affect the
Oa environment, the vehicle, and

the sensors

Cover
Object
Agent = .
Conditions
Networks

Obijective




Possible Interaction with Other Standards

* OpenMATERIAL
* Materials
« For terrain, cover, objects, agents, ...
« Affected by Conditions — dry, wet, very wet, frozen, etc.
« Varies by Sensor — visual, IR, LIDAR, RADAR, etc.
» Affected by state — deformable terrain, snow, etc., ruts in mud, etc.
* Obijects
 Interactive physics, deformable and breakable objects
« For terrain, vegetation, objects, ...
« Affected by vehicle interaction, wind, etc.
* OpenDRIVE/OpenCRG?
« Terrain patches with soil properties
« For mobility, excavation, ...
« Affected by Conditions
« Material — Condition Consistency (e.g., wet soil should look wet to cameras)




Vehicle Definitions

&7 !
Oy
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Digging into other Scenarios

Moving from Point A to Point B
1. Following a Path
2. Finding a Path
3. Carrying a Load
4. Using Sensors to Respond to the Environment
5. Navigating without GPS

Vehicle Interaction
6. Following a Lead Vehicle
7. Dealing with Environmental Effects
8. Interacting with Traffic
9. Incorporating Drones / Ground-Air Vehicle Teaming

Load and Haul
10. Loading a Hauler - Hauler
11. Loading a Hauler — Excavator
12. Evaluating fuel efficiency



https://www.flickr.com/photos/royluck/5556779421/

Project Activities
Looking Ahead

Project Coordination /

Reqwr e.”.“ems ASAM Standards p=
Definition

Other Relevant
Standards [

Proprietary A
o Offroad Applications
Findings and Development

Implementations

Gaps in Standards :
Recommendations :
Project Proposal

Scenario Scenario 1 Scenario 1
Selection Description Evaluation

Scenario 2 Scenario 2
Description Evaluation

Scenario ... Scenario ...

Description Evaluation
Project Review /
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ASAM OpenX in Offroad Applications

DELIVERABLES

« Example offroad scenarios and documentation.
« Documentation of requirements driven by offroad application
« Evaluation of current ability to meet requirements with current standards
» Estimate overall level of support for offroad applications

» Create a concept document for extensions and/or standards for supporting offroad applications
» Offroad extension project proposal

: Identify gaps
Identify offroad Derive Define S, In current

Propose
example example standard development

SCENArios scenarios support project

application use cases requirements

‘ Aug 24 Nov 2 Mar ‘2
Kickoff Project Review  Offroad Extensions
Workshop Finalized Project Proposal
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Daniel Carruth

Associate Director

Center for Advanced Vehicular Systems
Mississippi State University
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