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Introduction

« ASAM standards within the Simulation domain have been driven by automotive industry need for testing and
developing on-road ADAS/AD functions

« ASAM standards apply to other application domains, particularly as scenario-based and simulation-based testing
becomes more prevalent

« Offroad Applications Areas - Landfill, construction, agriculture, and mining
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Motivation for the Activity

Interest in offroad applications
« Landfill

« Construction

» Agriculture

* Mining

« Military

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

Offroad Applications Ideation Group

« ASAM OpenX standards for offroad applications
» Ideation Workshop

® February 23’ 2023 Multi/vehicle
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Characteristics of Offroad Applications

» Potential beneficial features
* restricted public access
« controlled environments
« clear understanding of other traffic participants
« smaller Operational Design Domains

« Offroad application requirements
* vehicle-terrain interactions
« complex terrain and vehicle dynamics
« working in close proximity with other vehicles
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Offroad Challenges

 Complex 3D terrain
* Representation of the subsurface
« Soil strength, density, temperature, water content
» Effects on mobility
» Surface materials (including link between appearance and
physical characteristics)
* Vehicle-terrain interaction and material dynamics
* Mud and water spray
 Mud and snow deformation
« Accumulation of material on vehicles

« Object representation T e R N e T
- Vegetation and other natural obstacles 1 :
* Meshes, materials, physics

« Weather conditions

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




Operations and Activities

Based on where the activity is happening

Movement on the driving

MATLAR 4
SSIMULINK

Go around? .
Drive over?

« Navigation
 Interaction with objects

Movement outside the

driving plane

R MATLAB 4
s e T T CSIMULINK

’ v : -

Loading a veicle |

Kaibab National - Fi 9(488 . jpgl[Photograph],
5 20 88679 "
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Manipulating material

Excavator Simulation Model - https://www.mathworks.com/matlabcentral/fileexchange/11 92 68- excav ator-design-with-simscape

MathWorks Webinar on "Design and Simulating Autonomy for Construction Vehicles", https://www.mathworks.com/videos/design-and-simulating-autonomy-for-cons truction-vehicles-16 7906654190 3 himl
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https://commons.wikimedia.org/wiki/File:Grassland_Restoration_2019_(48867911186).jpg
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Proposed Approach
Exercise the Standards
Offroad Applications Concept Project

Hypothesis: Current standards do not adequately support requirements for offroad applications

Identify gaps

|dentify offroad Define Implement T Propose

2 Derive
application use example example standard development

requirements - : i
cases scenarios scenarios support project
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Exercising the Standards

Use cases and requirements for offroad applications

ldentify gaps
In current
standard
support

Identify offroad
application use

Define Implement
example example
scenarios scenarios

Propose
development
project

Derive

cases requirements
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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 B Autonomy Developer Test Engineer System Integration Engineer {§l Site Manager




Exercising the Standards

Example Scenarios to Investigate Level of Support

|dentify gaps
In current
standard
support

Identify offroad
application use
cases

Define Implement
example example
scenarios scenarios

Propose
development
project

Derive

requirements
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Scenarios

« Basic Navigation (Moving from Point A to Point B)
* Following a Path
* Finding a Path
« Carrying a Load
» Using Sensors to Respond to the Environment
« Navigating without GPS
* Vehicle Interaction
* Following a Lead Vehicle
» Environmental Effects
* Interacting with Traffic
* Incorporating drones — ground-air vehicle teaming
* Loading and Hauling
«  With a Hauler
« With an Excavator
« Evaluating Fuel Efficiency

& ASAM



Finding a Path

Basic Navigation (Moving from Point A to Point B)

Global Path Planning Local Path Planning

Find a path from a start positionto a Define what vehicles should do in
goal position that is obstacle-free and certain situations, such as running into
satisfies operators’ requirements an unexpected obstacle

& ASAM

MathWorks Webinar on "Design and Simulating Autonomy for Construction Vehicles", hitps://www.mathworks.com/videos/design-and-simulating-autonomy-for-cons truction-vehicles-16 7906654190 3.htm!



https://www.mathworks.com/videos/design-and-simulating-autonomy-for-construction-vehicles-1679066541903.html

Following a path requires handling unexpected objects

Go around?
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Following a Path

* Evaluate the performance of the path following algorithm in
an environment characterized by soft soils

 Define safe velocity profiles for the controller

* Define metrics for path planning and following such as safe
distance from obstacles

& ASAM

MathWorks Navigation Toolbox Example -


https://www.mathworks.com/help/nav/ug/offorad-planning-on-digital-elevation-models.html

Using Sensors to Respond to the Environment with/without GPS

* Requirements for Perception Systems

Restart Scene

* Defining different Operational Design Domains
(ODDs) for off-road scenarios

* Define sensor failure and edge cases - maintaining
localization in case of loss of sensor data

IMU Data
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Hauling a Load

Basic Navigation (Moving from Point A to Point B)

* Define the impact of carrying a load on the vehicle's
interaction with the terrain and impact on controller
performance

 Assess whether adjustments in acceleration, braking,
steering is required due to increased weight and altered
center of gravity

 Assess slipping, tipping, sliding or immobilization
 Assess whether the vehicle can successfully reach the goal

without rollover or loss of material while optimizing
transportation time, fuel consumption, and tire wear.
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Vehicle Interaction — Following a Lead Vehicle

Loading and Hauling

« Definespeed and relative distanceto bein optimal ranges

* Thevehicleuses local sensor data to determineiif the soil is soft
such that the follower vehicle should deviateinits
path sufficiently to avoid damage to the roadway or becoming
stuck.

Goal: V_ego=V set
Ego Car

Safe distance Lead Car

Relative distance

=3

- - -
Speed Control
Goal: D_rel =D _safe safe distance
Ego Car Lead Car
oty . oo [l
-

Spacing Control
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Dealing with Vegetation

« Many tasks require interaction with different levels of
vegetation
» Infrastructure inspection
« Logging
» Site clearing
« Agriculture

g 60

- Effects on — | -~ YRR (R
« Perception ' | . s
+ Mobility
« Tasks

* Object representation
* Physics
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https://commons.wikimedia.org/wiki/File:Grassland_Restoration_2019_(48867911186).jpg

Dealing with Environmental Effects

« Effect of weather and environmental conditions such as
rain, fog, dust, snow, etc. on vehicle’s perception and
mobility

Mask

Camera Soiling Occlusion Effect

MISSISSIPPI STATE UNIVERSITY.
CENTER FOR NCED
VEHICULAR S

& ASAM




Interacting with Traffic

» Define traffic negotiations
* Requires simulation of the second agent

» Define constraints such as traversable space and width
for the vehicle

Video courtesy of Mathworks.
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Incorporating

Drones — Ground-Air Teaming

Data Collection

Preprocessing

Map Generation

Pose Graph Optimization

[ ~—E
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Loading and Unloading Material

Vehicle Interaction

* Define abilityto positionthe vehicle next to
the hauler, to manipulate the material,and to
load the hauler

* Define ability to successfully load the hauler
in an optimal time without tipping or colliding
with the hauler

* Requiressimulation of the hauler, models of
articulatingarms and buckets

e Requiressimulation of the manipulation of
the material
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Loading the Vehicle

Video courtesy of Algoryx.
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Evaluating Fuel Efficiency

» Site development and management
« Evaluate fuel use
* Determine optimal placement of depots,
consider different power options (gas, diesel,
electric, hybrid, etc.)
* Fleet management and task assignment

100
80 4
60
40 4
« Environmental effects on vehicle powertrain and

fuel efficiency
« Travel on slopes, soft soils

207 -

T | — T
0 20 40 60 80 100
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Scenarios

« Basic Navigation (Moving from Point A to Point B)
* Following a Path
* Finding a Path
« Carrying a Load
» Using Sensors to Respond to the Environment
« Navigating without GPS
* \ehicle Interaction
* Following a Lead Vehicle
» Environmental Effects
* Interacting with Traffic
* Incorporating drones — ground-air vehicle teaming
» Loading and Hauling
«  With a Hauler
« With an Excavator
« Evaluating Fuel Efficiency
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Exercising the Standards
Finding Gaps in Current Standards

Identify gaps
In current
standard

support

Identify offroad
application use

Define Implement
example example
scenarios scenarios

Propose
development
project

Derive

cases requirements
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Interconnected Standards

UL 4600

XML 1.0 Schema SAE J3259
SAE J3164
UML 2.5.1 Standard

ASAM OpenDRIVE ASAM OpenSCENARIO
ISO 3166-2 / . P \ ISO 34501
h ~
ISO 8601 <~'<

— ‘
H ISO 34504
ISO DIN 19111
ISO 34503

ASAM OpenCRG ASAM OpenLABEL

[EEE 754

ISO 8859-1 \
ASAM OpenXOntology SAE J3016 (2021)

ISO 23150 ASAM OSI ASAM OpenODD

FMI 2.0
ASAM OpenMaterial
T ASAM




ASAM OpenDRIVE + OpenCRG + OpenSCENARIO

Defining the Environment and the Scenario

Static road network dynamic scenario
description description
1 Ry 1] Scenario
— — — — description,
: | + : [ m g | Withdynamic
& .
& and static
L
content
ASAM OpenDRIVE® ASAM OpenSCENARIO®

[0..%]

Static road surface
description

ASAM OpenCRG®
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ASAM OpenDRIVE

Defining the Environment and the Scenario

Reference
Line

=
A -

Features

roadid=3

3 3
2 \ 2

roadid=2 -1 S 1 roadid=1
1 § .,/ft::ld' &4 A

Junction id = 2

<road rule="RHT" length="100.0" id="1" junction="-1" >
<link>

<predecessor elementTypes"junction” elementIds"2" />
<successor elementType="road" elementId="3" />
</link>

roadid=4
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ASAM OpenCRG

CRG road surface
CRG reference line XY overview map CRG road XYZ map (in curved XY grid)
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ASAM OpenSCENARIO
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scenario sut.my__scenario:

ID=-2 %Em %E ---------- g - carl: vehicle
ss 55 Vrsvs = 20kmh )
car2: vehicle
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1 TRIGGER do serial:
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ASAM OpenLABEL

Ground truths Predictions
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ASAM OpenODD

ODD Features

 Paved Road

* Right hand traffic

« Country Road

* No visibility limitation due
to weather or time of day

« All possible traffic

4 participants

Scenario Database R — | e Animals

1000s of scenarios
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ASAM OSI Open Simulation Interface

ASAM OSI driving function

simulation ASAM OSI

A
Lad
= ‘1 4
L |
Environment @ @ Automated

g Sensormodel S

Environment | SensorView | environmental | SensorView SensorData . SensorData )
[ simulation effect model Sensor model Logical model Function
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OpenMaterial

* Material measurement
» 3D Model structure

« Data structures

* OSI sensor view plugin

. True Negatives

True Positives

. False Negatives
B ralse Positives
# LIDAR

230 m0 a7 o0 on
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Existing Standards

Terrain, drivable area, and materials

e Terrain, drivable area, and materials

Landxml 1.2 (infra model 4.0.4)
ASAM OpenCRG

ASAM OpenDRIVE

NATO AMSP-06

Algoryx agxTerrain implementation

NATO AMSP-06

Addresses mobility modeling and simulation tools for military vehicle
operations.
Modernizes modeling and simulation for probabilistic mobility predictions of
ground and amphibious vehicles.
Enhances interoperability, portability, and extensibility of models.
Addresses uncertainty quantification.
Includes verification, validation, and benchmarking approaches.

A Potential Interoperability Approach / Workflow * 24 attributes for describing soil

e~ = o F . characteristics.

- & o * Representationof complex3D
p- we = .0 terrain.
GIS Data Layers Geodatabase g NRMM / Raster Dataset ° ReCO mme ndatlons for 3 D
s T xyz @ . . -
~ i multibody dynamics modeling of
\ vehicles.

i « Descriptionof environment
Suoimmtenn’ [} OPrpm—— requirements for modeling

Map Product g Results Raster Raster Dataset in MBD Model

sensors forintelligent vehicles.
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Existing Standards

Terrain, drivable area, and materials

e Terrain, drivable area, and materials

Landxml 1.2 (infra model 4.0.4)
ASAM OpenCRG

ASAM OpenDRIVE

NATO AMSP-06

Algoryx agxTerrain implementation

Algoryx agxTerrain

Algoryx’s AGX Dynamics physics simulation toolkit.

agxTerrain implements a deformable terrain model.

Symmetric 3D grid data structure with overlapping surface height field.
Supports digging, push/pull, and grading operations for bulldozing, wheel
loading, excavation, etc.
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Scenario Evaluation

« Documentation of requirements driven by offroad application
« Evaluation of current ability to meet requirements with current standards

* Ableto meetrequirementwith current standard
* Unable to meetrequirement with current standards

* Unable to demonstrate proprietary capability Unsupported requirements
«  When met, documentthe standard, method, and grade level of support « Soft terrain — deep tracks deformation
* When not met, identify potential standard that could support, possible definitiol

« Estimate overall level of support for offroad applications Possible solutions

« Extend OpenDRIVE with 3D terrain elements
and soil characteristics

: OR
Requirement Standard - New OpenTERRAIN or OpenOFFROAD

Modelling of navigation of heavy machinery on soft terrain (deep tracks) N NA standard
Model vehicle perception as it traverses an offroad environment

Y oSl
Model effects of terrain and soil properties on vehicle-terrain interaction and
mobility/dynamics including loss of traction, slip Y Open CRG 2
Overall Support

66% : 2.5
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Summary

* Introduce offroad applications
* Motivation for exploring usage of OpenX stan _
» User stories for offroad applications
« Offroad features and requirements
* Proposed approach for concept project -
« Discussed scenarios for evaluation
» Relationship to relevant standards
* ASAM OpenX Standards
e Otherstandards
* Evaluation approach
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