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➢ Definition: representing a physical entity that mirrors real-world conditions, processes, and systems[1].
➢ This thesis: 3D Modeling + 3D Simulation in Digital Twin
➢ Management of physical assets: monitoring, planning, analysis, prediction…

Requirements:
➢ High-Fidelity
➢ Low-Cost
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Introduction

Physical Digital

Digital Twins

Introduction

How can we achieve High-Fidelity and Low-Cost?

Question



3D Modeling and Simulation

Agenda

• Quick walk-through

• Basics

• Methods

• Evaluation

• Application

• Conclusion
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Quick walk-through
Preview
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constructing 3D-simulation model

Quick walk-through - Preview

Physical images White Model 3D-reconstructed Model

1. 3D Modeling

2. 3D Model → Simulation

    simulate dynamic operations

    predictive execution

Meshing texturing

Introduction Quick walk-through

My Master Thesis

3D-Modeling

3D-Simulation



3D Modeling and Simulation
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Basics

1. 3D Modeling Methods

2. Simulation Environment Integration
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literature review

Basics

Introduction Quick walk-through Basics

My Master Thesis

3D-Modeling

3D-Simulation

Natural Feature Extraction Image Matching Feature Matching Structure from Motion Depth maps estimation Meshing Texturing

3D Modeling Methods (image-based)

1. Multiview Geometry: SfM, MVS[2] 

  computer vision based

 sensitive to noise

2. DL-based Methods: Instant NeRF (NVIDIA Ominiverse)[3]

  rely mainly on neural networks

 high hardware requirements

3. Data-driven Modeling: Photogrammetry
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literature review

Basics

Simulation Environment Integration

         Factory IO[4]

          PLC logic testing

                Inflexible Customization

         Unity [5]

          Interactivity

           limited support for high-fidelity physical mechanism.

         NVIDIA Isaac[6]

          High-Performance Physics Simulation

Introduction Quick walk-through Basics

My Master Thesis

3D-Modeling

3D-Simulation



Methods

1. 3D Modeling: 

2. - create 3D model from images

2.   Simulation Environment Integration

      - used for predictive Execution



Methods

1. 3D Modeling: 

2. - create 3D model from images
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      - used for predictive Execution
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Photogrammetry

Applied Method

Natural Feature Extraction

Image Matching

Feature Matching

Structure from Motion

Depth maps estimation

Meshing

Texturing

Introduction Quick walk-through Basics Method Part 1
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Photogrammetry

Structure from Motion Depth maps estimation Meshing Texturing

Introduction Quick walk-through Basics Method Part 1

SIFT Features

applied for our use case
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Natural Feature Extraction Image Matching Feature Matching Meshing Texturing
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Photogrammetry

Introduction Quick walk-through Basics Method Part 1

applied for our use case

3D Point Cloud
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Photogrammetry

Incompletetexturing

Natural Feature Extraction Image Matching Feature Matching Structure from Motion Depth maps estimation

Introduction Quick walk-through Basics Method Part 1

applied for our use case

meshing

Raw 3D ModelWhite Model
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Manual Correction

Post-Processing

Solution: Texture Mapping

Different Transparency and Reflections

Introduction Quick walk-through Basics Method Part 1



Methods

1. 3D Modeling: 

2. - create 3D model from images

2.   Simulation Environment Integration

      - used for predictive Execution
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ISAAC Simulation Environment
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Simulation System Diagram

Integration into Isaac Simulation Environment

3D-Simulation System

Video

Simulated
Operations
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My Master Thesis

3D-Modeling

3D-Simulation

Static Integration

Dynamic Integration
Function Mechanism

Customized 3D Model          Built-in 3D Model template

Attribute_1: 
State Change

Attribute_2: 
Velocity

Attribute_3: 
Direction

  

+
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C1

C3
Painting
Station

C
2

C4

C6
Drilling
Station C

5

Inspection
StationC7

C
8

Start End

ISAAC Simulation Environment
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Simulation System Diagram

Integration into Isaac Simulation Environment

3D-Simulation System
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My Master Thesis

3D-Modeling

3D-Simulation

Static Integration

Dynamic Integration
Function Mechanism

Customized 3D Model          Built-in 3D Model template

Attribute_1: 
State Change

Attribute_2: 
Velocity

Attribute_3: 
Direction

  

Define Behaviors

+
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ISAAC Simulation Environment
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Simulation System Diagram

Integration into Isaac Simulation Environment

Video

Simulated
Operations
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My Master Thesis

3D-Modeling

3D-Simulation
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Some of the NVIDIA Jargon

“Prims”: used for define Entity

➢ Workpiece Material

➢ Conveyor Belt

“Ominigraph”: used for define Behavior

➢ Start, Stop

➢ Velocity Control

Define Dynamic Behavior of the 3D-Component 

Dynamic Integration

Introduction Quick walk-through Basics Method Part 1 Method Part 2

“Transform”, “Physics”: used for define Attributes

➢ Position, rotation, scale

➢ Mass, friction

“Relation”: used for define Interaction

➢ Collision Detection

➢ Connection

Physical Simulation → Physics Laws
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Material Flow + Production Processing

Operation Validation

Introduction Quick walk-through Basics Method Part 1 Method Part 2

Painting Station

Drilling Station
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Operation Calling

Predictive Execution

Introduction Quick walk-through Basics Method Part 1 Method Part 2

Command:

  Send an empty pallet from the initial station to the final station.

Start → End

Python: 

 transport(empty_p,C1,C8)
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PhysX Physics Engine

Advantage of Isaac

High-Fidelity

Introduction Quick walk-through Basics Method Part 1 Method Part 2

Start → End



Evaluation

Quality of the 3D Model
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Limitation: Uneven Surface

3D Model Quality Optimization

Uneven Surface

EvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2
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                    Low Resolution

27

Limitation: Uneven Surface

3D Model Quality Optimization

High Resolution

EvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2

Better Camera

Noise = bad feature Lack of Information = no feature



Introduction Quick walk-through Basics Application ConclusionEvaluationMethod Part 1 Method Part 2

07.07.2025University of Stuttgart, IAS

 
                    Low Resolution

28

Limitation: Uneven Surface

3D Model Quality Optimization

High Resolution

Better Camera

Manual Correction

EvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2
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Technical Criteria: Errors
Low-

Resolution

High-

Resolution

Manual 

Optimization

Roughness

Conveyor Belt 2.378mm 1.202mm (0)

Model Surface 2.498mm 1.089mm (0)

Straightness 0.505mm 0.850mm (0)

Parallelism 0.237° 0.213° (0)

Levelness 0.895° 0.825° (0)

Cost 3h 3h 10-15h
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Comparison

Evaluation Criteria of 3D Models Optimization

EvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2

How to quantify the quality of 3D model?

Question
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Comparison

Evaluation Criteria of 3D Models Optimization

old new

Belt Roughness
2.5mm

1.0mm

Straightness
1.0°

Parallelism

Technical Criteria: Errors
Low-

Resolution

High-

Resolution

Manual 

Optimization

Roughness

Conveyor Belt 2.378mm 1.202mm (0)

Model Surface 2.498mm 1.089mm (0)

Straightness 0.505mm 0.850mm (0)

Parallelism 0.237° 0.213° (0)

Levelness 0.895° 0.825° (0)

Cost 3h 3h 10-15h
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Application

Anomaly Detection by Comparison with Camera Data

(used by another work)
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Anomaly Situations:

• Material Mismatch

• Human Interference

• Conveyor Failure

• Wrong Trajectory
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Anomaly Detection

Applied in Anomaly Detection and Analysis Using Simulated and Real-Time Video Data with Vision Language Model (MT-3834)

Video Comparison

Simulation model

predictive & dynamic

NVIDIA isaac

Automation facility

Simulation 

rollout

Camera image 

capturing

Anomaly 

detection
(CV methods)

Comparison

Anomaly 

analysis
(V-LLM)

[0:05] “The workpiece is 

not loaded correctly.”

Command:

transport_workpiece(“exit”)

ApplicationEvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2
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Anomaly Situations:

• Material Mismatch
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Anomaly Detection
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Anomaly Situations:
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Anomaly Detection

Applied in Anomaly Detection and Analysis Using Simulated and Real-Time Video Data with Vision Language Model (MT-3834)

Video Comparison

Simulation model

predictive & dynamic

NVIDIA isaac

Automation facility

Simulation 

rollout

Camera image 

capturing

Anomaly 

detection
(CV methods)

Comparison

Anomaly 

analysis
(V-LLM)

[0:05] “The workpiece is 

not loaded correctly.”

Command:

transport_workpiece(“exit”)
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Summary and Outlook
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• Pipeline: Physical Facility → Digital Twin

• high-fidelity 3D models → highly reliable Simulation & Production Planning

• To predict command execution

Future Research

• Scalability: more complex tasks

• Enable anomaly detection based on Simulation Model

• LLM Integration
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Conclusion

Application ConclusionEvaluationIntroduction Quick walk-through Basics Method Part 1 Method Part 2

Python: 

 transport(empty_p,C1,C8)
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2. Uneven Surface

3D Model Quality Optimization

Before After
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