


Map & Scenario

Rendering

Physical

Sensor Model
Environment

Simulation

Stochastic

Sensor Model

Vehicle Model
AD/ADAS

Function

Logics Model

Traffic Model

3D Models & Materials

Proprietary Interface

File Format

ASAM OpenDRIVE & OpenSCENARIO

Simulation Interface

ASAM Open Simulation Interface (OSI)

glTF & OpenMATERIAL

https://github.com/LudwigFriedmann/OpenMATERIAL

https://github.com/LudwigFriedmann/OpenMATERIAL


Rendering

Physical

Sensor Model
Environment

Simulation

Stochastic

Sensor Model

ASAM

OSI::GT

glTF & OpenMATERIAL

(3D Models & Materials)

ASAM

OSI::SD

Logics Model

https://github.com/OpenSimulationInterface/open-simulation-interface

https://github.com/OpenSimulationInterface/open-simulation-interface
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.gltf

Scene

• Nodes

• Meshes

• Materials

• Extensions

• References

.bin

Vertex data

• Positions

• Normals

• Texture coords

Animation Frames

Skins

.png/.jpg/.bmp

Textures

https://github.com/KhronosGroup/glTF

https://github.com/KhronosGroup/glTF


car.gltf/.bin

glTF: 3D Geometry, Rendering

PBR (Metallic-Roughness)

OpenMATERIAL:

Asset Info & Model Specs

- Semantic Information

- Coordinate Frames 

- Node Hierarchy

- Animation

- Quality Requirements

- …

iron.gltf

rubber.gltf

glass.gltf

OpenMATERIAL: Material Models

Frequency-specific sensor

material properties

OpenMATERIAL: Validation Tools for 3D Models & Materials
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Wheel Coordinate Frame

Origin (OWheel) Geometric center of the wheel

x-axis (xWheel) Collinear with the vehicle longitudinal axis, 

pointing forwards

y-axis (yWheel) Completes the right-handed coordinate system

y-axis (zWheel) Perpendicular to the x-axis, pointing upwards

xWheel

zWheel

OWheel

yWheel Wheel Neutral Position

Rx=0 Camber at neutral load conditions

Ry=0 Rim logos horizontal, readable

Rz=0 Straight running

Tz=0 Suspension deflection at neutral load 

conditions

https://github.com/LudwigFriedmann/

OpenMATERIAL/tree/master/model_

structure

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/model_structure
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/model_structure
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/model_structure
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https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/model_structure

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/model_structure


Visibility

Primary rays (raycasts)

Lighting & Shadows (Light 

Distribution)

Light rays

Reflections

Reflected rays

Opacity/Translucent Objects

Refracted rays

• Ray tracing forms the basis of modern rendering and sensor simulation

• Key concept: Bidirectional Reflectance Distribution Function (BRDF)

• Physically Based Rendering (PBR) approximates BRDFs

s
in

g
le

re
n
d
e
r

lo
o
p



• Defined by National Bureau of Standards (USA, 1977)

• Models specular reflection, diffuse diffraction and refraction

• Many different models (from visually plausible to physically accurate)

• Physical modeling requires physical material properties

𝐵𝑅𝐷𝐹 = 𝑓 𝜃𝑖 , 𝜙𝑖 , 𝜃𝑟 , 𝜙𝑟 = 𝑓 𝑳, 𝑽

𝐵𝑅𝐷𝐹 =
𝑑𝐿𝑟 𝜃𝑟 , 𝜙𝑟

𝑑𝐸𝑖 𝜃𝑖 , 𝜙𝑖
=

𝑅𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑖𝑛 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑽

𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑖𝑛 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑳
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Image: N. Gebhardt. Einige BRDF Modelle.

irrlicht3d.org/papers/BrdfModelle.pdf
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▪ teapot.bin/

teapot.gltf

3D Model

gold.gltf

Sensor Material

refraction.gltf

Data Lookup

n-n 1-n

Local/remote storage

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_reference_link

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_reference_link
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Rendering materials are typically designed for

visual plausibility, not for physical accuracy!



≈ 390-700 nm

▪ N [-]

▪ C [-]

N = n + ik

N: Complex refraction index

n: Refraction index

k: Absorption coefficient

i r

N
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https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_material_parameters

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_ior_data

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_emissivity_data

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_material_parameters
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_ior_data
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_emissivity_data


≈ 3.893 mm (77 GHz) to 1.249 cm (24 GHz)

▪ εr [F/m]

▪ μr [H/m]

▪ R [μm]

εr = ε1 - iε2

ε1: Real part

ε2 : Imaginary part

0≤ μr<1 Diamagnetic materials (vacuum, nitrogen, copper, water) 

μr>1 Paramagnetic materials (oxygen, air)

μr»1 Ferromagnetic materials (iron, ferrite, cobalt, nickel)

tan δ = (-) ε2 / ε1

δ: Dissipation factor

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_material_parameters

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_permeability_data

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_permittivity_data

https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_material_parameters
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_permeability_data
https://github.com/LudwigFriedmann/OpenMATERIAL/tree/master/glTF_extensions/OpenMaterial_permittivity_data
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https://github.com/LudwigFriedmann/OpenMATERIAL-Validation

https://github.com/LudwigFriedmann/OpenMATERIAL-Validation
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