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Abstract 

This thesis investigates the development of a flexible and interactive design configurator 

using NVIDIA Omniverse, with a focus on modular design integration, usability, and 

simulation validation. The study explores the platform's capabilities in building customizable 

3D configurations through Python scripting and the Universal Scene Description (USD) 

format. Two distinct configuration systems were developed: one for train components and 

another for fixtures. These systems demonstrate the adaptability of a modular codebase and 

user interface design within Omniverse. 

The research further evaluates Omniverse’s physics simulation tools by implementing a 

three-point bending test. While the visual representation of simulations is effective, the 

platform falls short in delivering scientifically accurate results. These findings suggest that 

Omniverse is more appropriate for visual prototyping and scene assembly than for 

engineering-level analysis or detailed design automation. 

Despite certain limitations, such as the lack of parametric modeling and precise assembly 

tools, the project concludes that Omniverse is well-suited for complex, modular visualization 

tasks and collaborative design environments. The thesis delivers not only configurators but 

also a structured development workflow and a manual to support future users in similar 

applications. 
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Nomenclature 
 

Abbreviation Explanation 

CAD 

USD 

CATIA V5 

DA 

HLCt 

KBE 

API 

SDK 

App 

GUI 

Computer-Aided Design 

Universal Scene Description 

Computer-Aided Three-dimensional Interactive Application V5 [1] 

Design Automation  

High Level CAD templates 

Knowledge-Based Engineering 

Application Programming Interface 

Software Development Kit 

Application 

Graphical User Interface 
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1 Introduction  
In this Chapter, the background, problem description, objective, thesis questions and 

delimitations are written and discussed. 

 

1.1 Background 

The increasing complexity of product design has led to a growing interest in digital tools that 

streamline the development process and automate repetitive tasks. As a result, design 

workflows have shifted towards configuration-based systems. NVIDIA’s Omniverse platform 

introduces a powerful environment for collaborative 3D design, offering flexibility and 

efficiency through its integration of advanced technologies. 

Built on the Universal Scene Description (USD) format developed by Pixar, Omniverse 

enables efficient management and exchange of complex 3D assets. It supports real-time 

interaction with Python scripting, which enables automation and customization, making it a 

strong candidate for modular product design. 

This project focuses on developing an interactive configurator with an emphasis on creating a 

flexible and user-friendly interface. By utilizing USD and Python within the Omniverse 

platform, the configurator aims to streamline the design process, making it intuitive for users 

to create and customize designs. 

In addition to interface development, the project also investigates Omniverse’s simulation 

capabilities by implementing a bending test scenario. This test will validate the platform's 

ability to simulate mechanical behavior accurately by comparing digital results with 

theoretical expectations. It provides insight into the reliability of Omniverse as not only a 

design tool but also as a platform for early-stage performance evaluation. 

By the end of this project, the resulting configuration system will demonstrate how USD and 

Python can simplify the traditional CAD-based design process, with a particular focus on 

improving usability and accessibility for users. 

 

1.2 Problem Description 

Traditional configurators often lack flexibility, since their predefined options limits user input 

and customization, which in turn constrain the design options. A solution to this is 

configuration, however most programs require experts or a higher level of education. The 

creation of configurations should be user friendly for newcomers and have an adaptable 

interface with a straightforward process. This project addresses these issues by developing 

interactive configurators within NVIDIA's Omniverse platform. However, this provides an 

additional obstacle, the NVIDIA Omniverse documentation and tutorials are unorganized, 

scattered and lacking, making it hard for future users to easily understand Omniverse and 

create a configuration.  
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1.3 Target Groups 

This thesis is relevant to multiple professional fields, particularly those engaged in design 

automation, configurators, and 3D modeling. Software developers and automation engineers 

working with Python scripting for CAD automation can benefit from the knowledge on 

integrating USD files and optimizing parametric or topological design processes. Similarly, 

manufacturing and industrial companies seeking efficient ways to configure and visualize 

complex assemblies may find Omniverse valuable for designing a system of systems, such as 

factory layouts and other large-scale industrial setups.  

Game developers and 3D content creators can also gain from this research. They may find the 

platform useful for asset management and scene configuration. Additionally, academia and 

researchers focusing on design automation or computational design can use this thesis as a 

reference to understand how Omniverse handles configurations compared to traditional 

parametric CAD tools. 

 

1.4 Objective 

The objective of this thesis is to develop an adaptable and interactive design concept 

configurator using the USD format within NVIDIA Omniverse. By leveraging Python 

scripting for automation, the configurator aims to enable users to design and customize more 

efficiently. The thesis will also demonstrate the flexibility of the codebase by applying it to 

multiple configuration scenarios, including both train assemblies and fixture components, 

highlighting the adaptability of the approach. 

To further validate the platform’s capabilities, a bending test simulation is incorporated to 

evaluate the credibility and accuracy of Omniverse’s real-time physics simulation. Along the 

way, the thesis will provide a clear understanding of how Omniverse and the USD format 

work, including the integration of CAD data from software such as Catia V5, Creo, and 

Blender. 

Additionally, the project will assess the configurator’s performance and scalability, 

particularly in handling complex morphological and topological design features. To support 

future developers, the project will also deliver a comprehensive manual that simplifies the 

process of getting started with Omniverse and guides users in building their own 

configurators and user interfaces. 

Finaly, the thesis aims to support future development by producing a step-by-step manual to 

simplify the process of building UIs and configurators in Omniverse, enabling others to 

replicate and adapt the workflow efficiently. 

 

1.5 Hypothesis 

Based on prior experience with traditional parametric CAD tools such as Blender, 

Dynamaker, Creo, and Catia V5, it was initially assumed that Omniverse would support a 

similar degree of low-level geometric modeling. Specifically, it was expected that design 

elements such as lines, points, and sketches could be directly created, manipulated, and 

controlled programmatically within the Omniverse environment using Python. No additional 

assumptions regarding the platform’s capabilities were made. 
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1.6 Thesis Questions 

TQ1. How does Omniverse work, and can different CAD programs be compiled in it? 
 

A written explanation and a concrete example of what information and steps are required in 

Omniverse to make a configuration. Furthermore, CAD in Catia V5, Creo and Blender will 

be examined to figure out how they can be exported and integrated in Omniverse. More 

specifically, what information and steps are required in Omniverse to make a configuration 

using different CAD files.  
 

TQ2. How well does the configurator perform in terms of flexibility and scalability within 

the Omniverse USD environment? 
 

This thesis aims to assess how effectively Omniverse handles design configurations using the 

USD format, focusing on performance and scalability. It seeks to explore the range of design 

options that can be created within Omniverse and evaluate how well the system manages both 

morphological (shape-related) and topological (structural or connectivity-related) functions. 

Additionally, this question delves into the number of steps required to create these 

morphological and topological design features, examining how streamlined and efficient the 

process is within the Omniverse environment. 
 

TQ3. Considering TQ1, how can the USD format be explored and implemented in 

Omniverse to create modular, configurable 3D models?  

 

This question focuses on the practical application of the USD format in creating modular and 

configurable 3D models within Omniverse. The thesis will explore how the USD format 

supports modular design, where different parts of the model can be customized or 

reconfigured easily. It will also assess the flexibility and ease of implementing such models, 

aiming to show how well the USD format can accommodate dynamic and customizable 3D 

assets, particularly in a complex design, where multiple components need to be easily 

adjustable. 

 

TQ4. How accurate are Omniverse simulations? 

 

Taking material properties, gravitation and other external forces into account, how well will 

the simulation comply with theoretical expectations? If the simulations are proven 

scientifically valid, Omniverse can be considered a reliable tool for engineering analysis and 

decision-making. In particular, it could serve as a dependable alternative to physical 

prototyping during specific stages of product development. 
 

1.7 Deliverables  

To improve the efficiency of design and customization, the configurator should fulfill the 

following requirement specifications: 

• Component Configuration: The system should allow users to configure different 

components in a generic manner. 

• Parent-Child Part Instantiation: When inserting one part into another, users should be 

able to specify which parent part the new part should be instantiated in. 



 

 

11 

• Customizable Positioning: The distance and rotation of the inserted part should be 

customizable and defined in a unique way for each instance. 

• Parent-Child Movement: Users should be able to move a parent part, and all 

associated child parts should follow the parent’s movement. 

• Minimized Clicks for Instantiation: The system should minimize the number of clicks 

required to instantiate each part. 

 

Additionally, to assist future developers, the following manuals will be provided: 

• A guide on how to install Omniverse and launch the USD Composer. 

• Instructions on how to download an extension from GitHub. 

• A tutorial on how to create a custom UI. 

• A guide on how to import USD files from Catia V5, Creo, and Blender. 

 

1.8 Delimitations 

The method will be designed to be as general as possible. However, due to time constraints, 

the scope of this concept design will be limited to public transportation trains, focusing 

primarily on demonstrating the applications and functions of Omniverse, and on simplified 

fixtures to showcase the codes general applicability.  

As the train itself is not the primary focus, its geometry will be simplified. Some train parts 

will be excluded from the design options, while others will be limited in scope, again due to 

time limitations. In addition to that the design of the fixture will also be limited to box joint 

fixtures with only five different beams and their respective joints. Nonetheless, there will be 

sufficient configuration options to meet the project's goals. 

Since Omniverse is a big platform with many kit app templates, the project will narrow it 

down to only one suitable app to use, read more about kit app templates in Chapter 2.    
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2 Theory  
This chapter presents the theoretical background and technical terminology used throughout 

the thesis. It covers topics such as modeling techniques, programming principles, design 

automation, and an overview of the software tools utilized in the project. 

 

2.1 Object Oriented Programming 

Object-Oriented Programming (OOP) is a programming paradigm that organizes software 

design around data, or objects, rather than functions and logic. These objects represent real-

world entities and can contain both data and methods that operate on that data. In OOP, the 

key principles include encapsulation, inheritance, and polymorphism (see Figure 1), which 

allow for more modular, reusable, and maintainable code. This is done through the creation 

of classes and functions. [2] 

A class is a blueprint for creating objects and once a class is defined, you can create class 

functions (instances) of that class. The function of a class includes the code that specifies the 

structure and behavior (attributes and methods) of the objects that will be created from it. By 

encapsulating code within classes and functions, code collisions and naming conflicts are 

reduced. More importantly, this approach prevents unintended modifications to an object's 

internal state while keeping the code well-organized. [2] 

 

Figure 1: The keywords that describe OOP. [3] 

 

2.2 Computer-Aided Design, CAD 

Computer-Aided Design refers to the use of software for creating precision drawings or 

technical illustrations. In this thesis, CAD tools such as Creo, Catia V5, and Blender were 

used to design and prepare models for integration into Omniverse. As such, this section 

includes the key concepts and terminologies related to 3D modeling, along with an overview 

of the CAD programs used in this project. 

2.2.1 Parametric Modelling 

Parametric modelling is a design methodology that utilizes parameters—numerical values or 

constraints—to define and control the characteristics of a model. Parameters can represent 
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dimensions, angles, positions, or any other variable aspect of a design. The relationships 

between these parameters and the model components are defined using mathematical rules, 

which allows for dynamic updates to the model when parameters are adjusted. Design 

changes can thus be made without rebuilding the model. 

In parametric modelling, each component of a model is interlinked through mathematical 

relationships, ensuring that changes to one part of the model automatically affect related 

components. For example, if two elements are defined to maintain a fixed distance apart, 

adjusting the position of one element will cause the other to move accordingly. This 

interconnectivity supports consistent and predictable modifications throughout the design.  

2.2.2 Bottom-up 

In bottom-up modeling, the design process begins with creating individual components, 

which are then assembled together at the end. This approach is often ideal when working with 

a small team or individually, as it allows each designer to focus on specific parts without 

needing to consider the entire system at once. Each component is developed independently, 

with its geometry not typically influencing the design of other parts. This separation allows 

for flexibility and ease in making adjustments to individual parts without disrupting the 

overall design, making it a practical method for modular and scalable projects.[4] 

2.2.3 Top-down 

Top-down is a modeling technique where the focus is on the entire assembly rather than the 

individual components. In this approach, components are created based on the geometry and 

references of the surrounding parts within the assembly.  

One key advantage of top-down modeling is that references remain accurate and are easily 

linked, allowing changes made to one component to automatically update related parts. This 

approach also saves time by eliminating the need to redraw sketches for reference. 

Additionally, because all elements are contained within a single file, it simplifies the process 

of making edits and adjustments throughout the design. 

 

2.2.4 High Level CAD Templates 

High Level CAD templates, HLCt, is a modelling method that allows for the automatic 

generation of designs by using parametric templates. In other words, it works by utilizing 

predefined templates that contain a set of design and analysis parameters. Engineers or 

automated systems can then topologically select these templates based on the design 

requirements. Once a template is selected, its shape can be parametrically modified to suit the 

specific design needs. [5] 

This modeling method is similar to Object-Oriented Programming (see Chapter 2.2) in that 

both emphasize modularity and reusability. In HLCt, predefined templates allow for easy 

customization and reusability in various design contexts, much like how objects in OOP 

encapsulate data and methods, which can be reused and extended in different parts of the 

software. They apply these concepts in different domains (design vs. software development) 

but are technically similar. 



 

 

14 

2.2.5 Knowledge-Based Engineering  

Knowledge-Based Engineering (KBE) is an advanced engineering methodology that focuses 

on reusing engineering knowledge and rules to automate repetitive design tasks and improve 

efficiency. KBE systems use parametric modeling, algorithms, and decision-making logic to 

create intelligent and adaptable design workflows. Unlike traditional CAD modeling, which 

requires manual intervention for modifications, KBE enables automated design adjustments 

based on predefined rules and constraints.[5] 

2.2.6 Catia V5 and Creo Parametric 

Despite that Catia V5 and Creo Parametric have different developers and some distinct 

strengths tailored to their respective industries [1], there will be no major distinction in this 

thesis. They are comprehensive CAD software that can be used in various industries for 

product design, engineering, and simulation. They offer a range of tools for 3D modeling, 

surface modeling, and assembly design, along with advanced analysis capabilities.  

 

2.3 Design Automation (DA) 

Design Automation (DA) refers to the process of using computational tools and scripting to 

streamline and optimize design workflows. This process typically involves both 

Morphological functions and Topological functions. 

By automating repetitive tasks, DA enhances efficiency, reduces human error, and allows 

designers to focus on creativity and problem-solving rather than manual adjustments. When 

integrating DA with tools like Python scripting in Omniverse, designers can automate 

complex modeling processes, making it easier to create configurable and dynamic 3D 

models. 

2.3.1 Morphological Functions 

In the context of morphological functions, DA enables automated modifications to an object's 

shape, such as resizing, scaling, or adjusting geometric properties based on predefined 

parameters. Parametric modelling is particularly useful, where designers can generate 

multiple variations of a model without manually altering each version. This is done by 

creating relations with the design figure through equations and programing script (see Figure 

2). 
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Figure 2: The morphological method in a hierarchical structure.[7] 

 

2.3.2 Topological Functions 

For topological functions, DA facilitates the organization and connectivity of design 

components. This includes defining relationships between parts, automating structural 

adjustments, and ensuring that interconnected elements maintain their intended configuration 

(see Figure 3). In modular design, DA allows for flexible assembly and reconfiguration of 

components, improving adaptability and scalability.  

 

 

Figure 3: The topological method in a hierarchical structure.[7] 
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2.4 Omniverse Terminology  

This chapter defines key terms related to Omniverse that are used throughout the report. 

2.4.1 USD 

USD is an open-source framework developed by Pixar Animation Studios for the interchange 

and management of 3D graphics data. It is primarily used in the film, animation, and visual 

effects industries for rendering complex scenes. USD allows artists and developers to create, 

manipulate, and share 3D scenes and assets efficiently. Its robust features include support for 

large datasets, scene graph representation, layering, and non-destructive editing.[14] 

2.4.2 Omniverse Kit App Templates  

Omniverse Kit is the foundational framework for creating custom applications within the 

NVIDIA Omniverse platform. It provides a flexible, modular architecture designed to support 

a wide range of use cases, such as simulation, robotics, visualization, and 3D design. A key 

feature of Kit is the availability of App Templates, which offer ready-made starting points for 

building Omniverse applications.[8] 

These templates include essential user interface elements, standard tools, and core 

functionalities to quickly get an application up and running (see Figure 4). They help 

streamline the development process by providing a well-structured environment that supports 

extensions, scripting, and scene interaction. Developers can use these templates as a base to 

add their own tools, modify the layout, and implement custom workflows specific to their 

project. [8] 

Each template typically includes predefined menus, panels, and docking windows. They are 

built using Python and make use of the Omniverse Kit SDK, which provides access to a wide 

range of APIs for tasks such as UI control, USD data manipulation, and scene interaction.  

 

Figure 4: The Omniverse Kit SDK with the given window terms. [9] 
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2.4.3 API  

An API (Application Programming Interface) is a set of rules and tools that allow different 

software programs to communicate with each other. It defines how applications can request 

and exchange data, enabling developers to integrate external services, access system 

functions, or extend software capabilities without needing to understand the internal workings 

of the other program. For example, a weather app pulling real-time data from a weather 

service.[10] The general workings of the API in NVIDIA Omniverse can be understood from 

Figure 5.  

 

Figure 5: The applications to and from NVIDIA Omniverse Cloude system.[11] 

 

2.4.4 SDK 

An SDK (Software Development Kit) is a collection of tools, libraries, documentation, and 

sample code that helps developers create applications for a specific platform, framework, or 

service. It enables efficient software development by offering reusable code for common 

tasks, reducing the need to build functionality from scratch.[12] In the context of Omniverse, 

SDKs allow developers to build custom tools, automate processes, and extend platform 

functionality by interfacing directly with its services and components. 

2.4.5 Application 

An Omniverse App is built using a specific set of Extensions to enable a custom user 

interface and layout, with specific purpose and functionalities. Apps can also be created by 

using NVIDIA's own, other users or/and custom developed Extensions. Apps can range from 

simple 3D viewers to fully featured AI-powered toolsets. 

2.4.6 Connector 

An Omniverse Connector is middleware that enables communication between Omniverse and 

other software applications. It allows for the seamless import and export of 3D assets, data, 

and models across different tools and workflows. Connectors rely on USD (Universal Scene 

Description) as the common format, acting as a bridge to translate and transfer 3D data 

efficiently between platforms.[13] 

2.4.7 Prim 

Prim is short for "primitive," and is the fundamental unit in Omniverse. Everything imported 

or created in a USD scene—such as lights, meshes, and other assets—is a prim. Prims serve 

as containers for metadata, properties, and other nested prims, forming the building blocks of 

a scene.  
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2.4.8 Extension 

An extension is a uniquely named package that can be loaded during the runtime of the app 

or added later. It acts as a plugin that enhances the app’s functionality by introducing new 

features or improving existing ones.[13] 

2.4.9 SimReady Explorer 

The SimReady Explorer is an Extension that provides a 3D content browser for searching and 

previewing SimReady assets before adding them to the scene and Stage. It includes a library 

of over 1,000 ready-to-use SimReady assets that can be seamlessly integrated into the 

scene.[15] 

2.4.10  Stage  

The Stage panel in Omniverse displays all assets within the current USD scene. It organizes 

prims hierarchically in a parent-child structure, providing a clear and efficient way to 

navigate complex scenes.[13]  
 

2.5 Simulation Concepts 

This section introduces core concepts relevant to simulation tasks performed within NVIDIA 

Omniverse. These concepts are especially important when testing physical behavior and 

validating model interactions under applied forces. 

2.5.1 Physics  

In Omniverse, physics simulation is enabled through a dedicated physics engine that supports 

rigid and soft body interactions, gravity, collisions, and constraints. Components can be 

assigned physical properties, such as mass or friction, and defined as static, dynamic, or 

kinematic. 

2.5.2 Mesh 

A mesh defines the surface geometry of a 3D object using a network of vertices, edges, and 

faces. In simulation environments, mesh quality directly affects the accuracy of results. Finer 

mesh and higher resolution allow for more detailed deformation and stress visualization, 

which is critical for analyzing deformation, stress distribution, and dynamic interactions. 

However, higher resolution meshes require greater computational power and may reduce 

performance during real-time simulations. 

2.5.3 Material Properties 

Material properties define how objects behave under physical forces. In Omniverse, these 

include parameters such as density, elasticity (Young’s modulus), and Poisson’s ratio. 

Correctly defining these properties is essential for reliable simulation outcomes. 
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2.6 VS Code 

Visual Studio Code (VS Code) is a free code editor that enables developers to write, modify, 

and build applications in various programming languages. VS Code is not included with the 

NVIDIA Omniverse app and needs to be downloaded separately. 

 

2.7 Live Link and Live Sync 

A live link refers to a dynamic connection between different software tools or platforms, 

allowing real-time data exchange and synchronization. When a "live link" is established, 

changes made in one system (like a coding or simulation platform) automatically update in 

another software (like a 3D modeling tool) without needing to manually export and import 

files.[16] 

Live sync on the other hand, is more about ensuring that the actions in one tool (e.g., 

changing a 3D model in a CAD program) are mirrored or synced exactly in another tool (e.g., 

a rendering application) instantly. Live sync is a specific type of live link, but while live link 

maintains a constant connection, live sync is often more about the immediate update of visual 

changes.[13] 

 

2.8 GitHub 

Git is a free and open-source distributed version control system.[17] It enables multiple 

developers to collaborate on the same project at the same time without overwriting each 

other's work. Each developer can create a local copy of the repository using git clone.[18] 

GitHub is an online platform that simplifies the process of uploading, downloading, and 

sharing Git repositories.  

 

2.9 Autodesk Revit Connector 

The NVIDIA Omniverse Revit Connector is a plug-in that provides users with a toolkit to 

live-sync and transfer model data to an NVIDIA Omniverse Nucleus server. This enables 

Revit users to access rendering capabilities through Omniverse applications and allows them 

to open, edit, and synchronize their models with any application that supports Omniverse 

Connect.[19] 

 

2.10  Box Joint Fixtures 

Box joint fixtures are specialized tools used to hold and align interlocking parts with box 

joints (see Figure 6) during assembly or processing. They ensure that each piece fits together 

precisely, providing stability and repeatability in tasks like welding, gluing, or machining. By 

keeping components securely in place, these fixtures help streamline production, reduce 

errors, and maintain consistent quality across builds. 
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Figure 6: The left figure is a complete example of a box joint fixation assambled, while the 

right figure shows more intricate part of how the beam and joints assambles.[20] 

 

2.11  Three Point Bend Testing 

The three-point bend test is a method for determining the bending behavior of materials under 

a centrally applied force. In this project, the primary interest lies not in failure or material 

strength, but rather in the degree of bending, i.e., the vertical deflection of the plank at its 

center when subjected to a known force. 

The test setup involves supporting a beam (or plank) at two points and applying a force at the 

midpoint using weight, see Figure 7. As the force increases, the beam deflects downward, and 

the amount of this deflection provides insight into the flexibility or stiffness of the material. 

For a beam with rectangular cross-section and subjected to a centrally applied force, the 

midpoint deflection 𝛿 is given by [21]: 

𝛿 =
𝐹𝐿3

48𝐸𝐼
 

Where: 

𝐿 = Length of the span between supports (m) 

𝐸 = Young’s modulus of the material (Pa) 

𝐹 = Applied force (N), for adding weight:  

𝐹 = 𝑚𝑔 

m = Mass of the object at midpoint (kg) 

g = Gravitational constant, 9.81 m/s2  

𝐼 = Second moment of area (m⁴), for a rectangular cross-section: 

𝐼 =
𝑏𝑑3

12
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𝑏 = Width of the beam (m) 

𝑑 = Height (thickness) of the beam (m)  

This formula allows for the estimation of how much a beam will bend under a given load, 

provided its dimensions and material properties are known. 

 

Figure 7: A schematic figure of a bending test without the plank.[22] 

 

2.12  Pseudocode 

Pseudocode is an informal, high-level description of a computer program or algorithm. It uses 

a structured format that resembles programming languages but is not bound to any specific 

syntax or language rules. Instead, it focuses on logic and flow, making it easy to understand 

for both programmers and non-programmers. 

 

2.13  System of Systems  

System of Systems (SoS) refers to a complex integration of independent systems that work 

together to achieve broader objectives. These systems can operate autonomously but are 

connected to create a more significant and collaborative structure. In the context of this 

thesis, SoS can be used to design and manage large-scale industrial systems, such as factory 

layouts, supply chains, or other interconnected infrastructures.  
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3 Method  
This chapter presents the methodology used to develop the configurators, define the design 

scope, integrate CAD models, and evaluate the simulation capabilities within NVIDIA 

Omniverse. The process was structured into five main phases: pre-study, modeling, 

implementation, testing, and documentation. 

 

3.1 Pre-study 

The project began with a pre-study aimed at identifying which components and functions to 

include in the configurator, establishing the project goals and desired outcomes. This phase 

also included a technical investigation of NVIDIA Omniverse and its support for the USD 

format.  

In parallel, CAD programs such as Catia V5, Creo, and Blender were reviewed to evaluate 

how well their outputs could be converted to and integrated within the Omniverse 

environment. The study further explored Omniverse extensions, SDK tools, and available 

application templates to identify suitable platforms for UI development and configuration 

scripting. 

3.1.1 Component and Function Selection 

To clarify the project's direction, a design requirements list was created, particularly for the 

train configuration, which was a greater design challenge with many components and 

complex designs. 

The components used in the configurators needed to be easily recognizable and with enough 

notable variety to effectively demonstrate the flexibility and capabilities of Omniverse. So, 

the first step was to have all relevant components identified and compiled into a table before 

looking into whether these components could be sourced from existing libraries, online 

repositories, or needed to be custom designed. In the latter case, appropriate strategies for 

modeling and conversion were developed.  

The component list was later revised to reflect technical limitations and insights gathered 

during the pre-study. Based on this deeper understanding, the focus shifted to function-driven 

design with minimalistic number of components. This in turn led to a new table that featured 

ground functionalities for testing, primarily derived from the deliverables listed in Chapter 

1.7. As for the testing components, a train structure and a chair were selected to initiate the 

testing and code validation. 

3.1.2 Navigating Omniverse’s Complexity 

The first step involved reviewing general information about Omniverse on its official 

website. However, the resources were fragmented and often redirected to multiple subpages. 

To gain a clearer understanding of the platform and its terminology, various tutorials were 

reviewed. These tutorials, while informative, mostly emphasized aesthetic features such as 

material textures, lighting, and color properties, and were less helpful for configuration-

specific tasks. 



 

 

23 

Due to Omniverse having many different applications, the tutorials on how to operate the 

program were often chaotic and overwhelming for a beginner. Consequently, additional 

research into Omniverse Apps and documentation, as well as community forums, was 

conducted. 

3.1.3 App Selection 

With multiple applications available in Omniverse, a systematic approach was adopted to 

select the most suitable app for the project. Initial screening focused on identifying apps that 

supported Python scripting and component assembly. After narrowing down the list, a deeper 

study and further evaluation with the same focus points was made to determine the most 

appropriate application for the project's needs. 

 

3.2 Modeling Technique 

This section describes the origin of components, as well as the modeling approaches used in 

external CAD programs and how they were adapted for configuration within Omniverse. 

3.2.1 Library Assets and Modeling in CAD 

For the train, the outer structure and seats were prioritized as initial test elements. The outer 

shell was sourced from Omniverse’s SimReady Explorer and modified to remove the interior 

and hide the roof for better visibility. Lighting was added inside the train for better scene 

visibility. The seats were taken from a bus model also found in SimReady.  

To test complex design conversions, a perforator, previously modeled in Creo using a top-

down approach, was selected. The model included all morphological methods by using 

parametrization, scripted dependencies, and mechanisms to assess how much of this 

complexity could be retained after conversion to USD.  

For the fixture configurator, a joint component was designed in Catia V5 and converted to 

USD. Following this success, the remaining fixture parts were created using a bottom-up 

design method with parametric relations. The basic form of the fixture components could 

therefore easily create the remaining simple geometrics to save a collection of different 

beams, plates and screws. An abstract Blender model, kept intentionally simple for time-

efficiency, was also included. 

3.2.2 Train Assembly through Scripting  

For configuration purposes, the components were imported and assembled using Python 

scripting to enable automatization of the process. The components positions and transitions 

were parameterized through coding to enhance flexibility and to automate adjustments within 

the scene.  

The train assembly functionalities such as child-parent relations and distances were 

implemented according to their priority. Additionally, recurrent parts and layout logic were 

organized into high-level CAD templates, HLCt. This modular structure allowed 

configuration scripts to adapt to updates without affecting the rest of the system, facilitating 

maintenance and iteration. 
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3.2.3 Code Structure Planning  

The codebase was organized into functionally distinct classes referred to as "Windows" (see 

Chapter 4.2). Each class contained placeholders for expected features, inspired by the 

Knowledge-Based Engineering (KBE) principles. Logical grouping and modular design 

improved code clarity, reduced repetition, and simplified debugging, making it maintainable 

and easier adaptable.  

3.2.4 Omniverse Specific Code Sources 

During the initial understanding of Omniverse, it was found that basic operations are 

recorded, and their equivalent Python scripts can be extracted from the Omniverse 

“Commands” window using the "Selected commands" button. The user’s actions can 

therefore easily be converted to code, copied and then modified. This function was used in as 

many applicable situations as possible and was the initial go to during the coding process. 

For other more advanced features, they were developed either by modifying available APIs in 

the app, other users GitHub extensions, or by scripting them from scratch when no suitable 

outsourced code was found. Omniverse documentation and community contributions were 

used as additional resources and to overcome limitations in official tutorials. 

 

3.3 UI Layout and Design 

An initial sketch of the layout of the UI was created based on the desired functions listed 

from the pre-study. However, the whole process was iterative, with additions and subtractions 

of the functions as new knowledge and inspiration came to light. The basis of most of the 

layouts was primarily downloaded from GitHub as extensions and then remodeled to 

accommodate the desired functions.  

As for most of the design of the UI (such as button sizes, colors, etcetera) was either 

outsourced from other creators from GitHub or code samples from the Omniverse website. 

All those designs and layouts, except the Align extension, lacked functionality and were not 

specifically suited for the configuration purpose. They had thus a major remodeling, while 

the Align design was reused with only slight alternation in functions before being integrated 

into the main and multifunctional UI shown in Figure 26. 

 

3.4 Implementation 

During implementation, configurations were assembled in the Omniverse application. 

Components imported as USD files were initially manually initiated and assembled before 

being linked via Python scripts for automation and to handle dynamic transformations such as 

positioning and rotation. SimReady assets were utilized to incorporate predefined USD 

models, while custom models were converted from CAD formats. Each functionality was 

prototyped in separate UI modules, tested, and then merged into the main UI configuration.  
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3.5 Testing and verification 

Testing was conducted in two areas: validating the Python code and UI logic, and assessing 

Omniverse’s functionality in simulation and configuration tasks. During the ongoing testing 

of the simulation, some additional tests were added to fix and understand unexpected 

findings. 

3.5.1 Code Testing and Integration Strategy 

An iterative testing process was used to validate code snippets (see Figure 8). Each new 

function was first tested in isolation by using separate Python files and sometimes separate 

UI. Only after successful validation were the functions integrated into the main codebase. 

Additionally, the UI modules were built incrementally, allowing for quick rollback in case of 

failure. As for larger interdependent function changes, backup versions were maintained to 

prevent data loss.  

 

 

Figure 8: The iterative approach during code creation.[5] 

 

3.5.2 Three Point Bending Test 

A three-point bending simulation was performed to assess how accurately Omniverse could 

replicate deformation under load. The test involved a stainless steel plank supported by two 

fixed beams with a central roller applying pressure (see Figure 11). The simulation was set up 

according to the following steps: 

1. Creation of Geometry: 

o A rectangular plank with defined dimensions. 

o Two supporting beams to hold the plank.  

o Joints to join the beams and the plank connected. 

o One loading roller over the middle of the plank  

2. Creation of Material Properties for Stainless Steel (see Figure 9): 

o Elastic modulus (Young’s modulus): 193 GPa (193 × 10⁹ N/m²) 

o Poisson’s ratio: 0.30  

This determines how much the material expands/contracts under stress. 

o Density: 8000 kg/m3 [23] 

o Elasticity Damping: 0.1 (Used for the ground impact.) 
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3. Physics Settings: 

o Add weight to the roller. 

o Make the roller a rigid body with colliders preset. 

o Add Deformable Body for the plank and set the created Steel material as the 

plank’s physics material. 

o Make the beams collidable, but fixed and unmoving, by only adding colliders 

preset. 

4. Finer Mesh for the Model: 

o Use initially mesh at 30. The plank would then appear as Figure 10. 

5. Run Simulation: 

o Ensure sufficient solver position iterations to reduce errors generated during 

position correction.[24] 

o Run the simulation and observe the bending behavior visually. 

o Measure the bending by subtracting the minimal distance between the ground 

and plank with the post simulation distance 

At the end, the simulation results were verified by comparing a general overview of how well 

it seems to match the expected reality.  

 

Figure 9: A screenshot in Omniverse of the physics window set as a Stainless Steel material. 

 

 

Figure 10: The plank after it was set as a deformable body with mesh size 30. 
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Figure 11: Assembly of the plank carried by four beams and connected by joints. Slightly 

above the plank is a weighted roller. 

 

3.5.3 Troubleshooting  

The simulation performance was unexpected and thus prompted further test and 

troubleshooting. The first step was to research through Omniverse websites and forums to 

find a solution to the problem. When that gave no result, the troubleshooting progressed 

based on knowledge of material properties and previous experience from other CAD 

programs. It was done by primary setting unrelated variables aside, i.e. the roller was 

temporarily removed, and continue the testing with the following parametrical adjustments: 

1. Instead of density of the plank, a low mass was added. This was to see if the weight 

was miscalculated somehow and was therefore weighing down the plank. 

2. A higher elastic modulus was set to ensure that the stainless steel behaves like a stiff 

material rather than a soft one. 

3. Different mesh was tested to see whether the finer mesh was overwhelming the 

computation, or the rough mesh somehow caused a problem. The rough mesh 

problems usually lie in that they cause unpredictable deformation since there aren’t 

enough vertices to distribute the stress. This problem didn’t seem to align with the 

issue at hand, but at this stage, some seemingly irrational and random changes that 

could easily be tested would not be overlooked just in case a solution could be found. 

4. A higher solver position iteration was added. The higher value gives more accurate, 

stable results, especially in complex or tightly packed systems.  

5. In a last attempt, the plank’s stiffness was changed to the maximum value and the 

plank had even the gravity removed.  

 

3.6 Documentation and Knowledge Transfer  

Due to the lack of centralized learning resources for Omniverse, a comprehensive manual 

was created to support future developers. It includes detailed instructions for importing CAD 

files, building UI components, scripting configurators, and managing USD scenes. The 

manual is intended to streamline onboarding and make Omniverse more accessible for 

configuration-based design projects.  
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4 Results  
This chapter presents the results of the research and the three different projects. It includes 

findings from pre-studies, configurator development, UI design, and simulation validation. 

The first subchapter contains the resulting choices made based on the research. The second 

subchapter explains the graphical user interface, GUI that interacts with the user to create the 

train configuration and its underlying functions. The third subchapter describes the exchange 

process from one configuration to another and the additional UI functions that were 

developed. Finally, the last subchapter presents the results from the bending test simulations 

and explains the different parameters used. 

 

4.1 Research and Testing of Omniverse  

Two distinct types of research were conducted during the initial phase of the project. The first 

focused on understanding the capabilities and limitations of NVIDIA Omniverse, including 

its supported tools, file formats, and platform behavior. The second examined the API 

compatibility and data transferability between Omniverse and external CAD software such as 

Catia V5, Creo, and Blender. 

The outcomes of these investigations are summarized in the following subchapters, which 

cover the selection of a suitable app template, the process of integrating CAD data, asset 

management strategies, and the challenges related to precise distance measurement between 

components within the Omniverse environment. 

4.1.1 Omniverse Kit App Selection 

Omniverse offers 20 different kit app templates, each designed for specific use cases, ranging 

from Autodesk Revit and Blender to USD Composer and Isaac Sim. Based on the 

configuration coding and component composition criteria, four promising apps were 

identified: USD Composer, Code, Isaac Sim, and USD Composer in live sync with Autodesk 

Revit. 

Further research into Isaac Sim revealed that it was mainly made as a robotics simulation 

toolkit. It was designed to simulate, develop, and test robots in photorealistic, physically 

accurate virtual environments.  

The USD Composer is a scene layout and configuration tool in NVIDIA Omniverse. It lets 

users precisely place, arrange, and manage 3D components using the USD format, with 

support for grouping, referencing, and versioning. Combining USD Composer with 

extensions makes it easy to create and manage multiple configurations while keeping scenes 

organized and scalable — perfect for technical design and system layout tasks. 

In comparison, Code is an app specifically to help develop kit code and extensions. However, 

both Omniverse Code and USD Composer are possible to be used for both general 3D 

workflows and extensions. Thus, it was recommended by Omniverse community manager to 

go with the latest version [29] and since Code is a little older than the latest version of 

Composer it took priority between those two.  
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As for the Autodesk, it could not be scripted with or without the live sync, so the main 

purpose of the synchronization with USD Composer was destroyed. This was the same for all 

other connectors, such as Blender and other available applications. 

Through this evaluation, it was concluded that USD Composer had the most suitable 

foundation to create configurations and was thus used throughout the project. 

4.1.2 USD Conversion 

It was confirmed through research and pre-studies that Omniverse can only use USD and Zip-

compressed USD formats in its scenes. However, Omniverse provides a CAD converter SDK 

application, allowing CAD files from programs such as Catia V5, Creo, and Blender to be 

converted into USD format. This enables efficient integration of externally designed 

components.[30] 

Simple Catia V5 and Blender geometrics were created in their respective program and a past 

Creo part file was also used to convert to USD and shown on scene (see Figure 12). The step 

to convert the different files to USD is straight forward and explained in Chapter 4.1.3. In 

addition to this, it was discovered that the converted CAD files have their local coordinate 

system at the same place as the CAD programs. Aside from that, no other connection or 

calculations follow along, i.e. things such as movable parts and parametric don’t get 

integrated in omniverse.  

 

 

 
 

Figure 12: Converted and imported figures from Catia V5, Creo part file, and Blender. They 

are displayed on the scene from the left to the right in respective order. The first one is a 

component from the joint in the fixtures, the second is a perforator, and lastly an arbitrary 

spheric model. 

 

Another discovery was that Omniverse has a live link with VSCode. Any changes that are 

made in the code (such as modifying a script that controls the UI layout) will automatically 

update in Omniverse. This ensures that both the code and the software are always aligned, 

making the development process more efficient by removing the need for repetitive updates 

and data transfers. 
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4.1.3 Prims and CAD Converter 

This subchapter concludes the result that is partially from pre-study that includes imports of 

prims and conversions, and partly from intuitive trial and error. This result is used both as a 

method in creating the configurations but also for the last instruction manual mentioned in 

Chapter 1.7. 

Predefined prims (USD assets) relevant to the project were readily available in Omniverse's 

SimReady Explorer, an organized library that allows users to browse and drag-and-drop 

assets into scenes [15]. Additionally, CAD files can be accessed through the Content browser 

(see Figure 13) and it was found that they could be imported similarly via drag-and-drop. 

When attempting to import non-USD files, a pop-up prompt appears (see Figure 14), offering 

to convert the file. Upon confirmation, the file is automatically converted to USD format and 

saved in the same directory as the original CAD file. This streamlined workflow simplifies 

the integration of custom-designed components.  

 

 

Figure 13: The content browser from Omniverse that is connected with the Windows 

Explorer. The marked file is a beam figure from Catia V5. 

 

 

Figure 14: The pop-up window for file conversion in Omniverse. 

 

4.1.4 Prims’ Distance in Omniverse 

Through tutorials [31] and hands-on experimentation, it was found that Omniverse lacks an 

intuitive and precise tool for measuring various distances between geometrical references. 
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The built-in measuring tool does provide for measurement of minimum/maximum distance 

between primes, however any other measurements are only approximately valued, since 

selecting exact reference points—such as edges or faces—is not straightforward within the 

interface.  

For any other accurate distance measurement, users must rely on known dimensions of the 

prims and their relative distances to their respective centers of gravity. By combining these 

values with the global coordinate positions of the prims, the actual distance between two 

surfaces can be manually calculated. For example, if x1 and x2 represent the half-widths of 

two beams and the global positions of their centers are known, subtracting x1+x2 from the 

total center-to-center distance yields the surface-to-surface gap, represent as x (see Figure 

15). 

  
Figure 15: A black global coordinate system and colored local coordinate systems embedded 

in separate beams. The distance between the beams is indicated by a red x, while the offsets 

from each beam’s center of gravity to its surfaces are labeled by x1 and x2. 

 

4.1.5 How Configuration is Done in Omniverse Compared to CAD 

Configuration workflows differ significantly between traditional CAD environments and the 

Omniverse platform (see Figure 16). In CAD software such as Catia V5, the instantiation of 

predefined geometry (e.g., via PowerCopy) typically follows these steps: 

1. Create a new part. 

2. Rename the part. 

3. Copy references from the parent component. 

4. Paste references into the new part. 

5. Instantiate the PowerCopy with selected parameters. 

This process is highly interactive and parameter-driven, relying on embedded geometrical 

references and parametric logic. 

In contrast, configuration in Omniverse is code-based and revolves around the use of USD 

files. The typical process includes: 

1. Design the component in an external CAD program and save it as a file. 
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2. Convert the CAD file to USD format using Omniverse's CAD converter. 

3. Write a script to instantiate the component into the scene. For example: 

 

   path_of_prims = "C:/Users/diako981/Omniverse/Simulate_fixtures/USD/" 

   def create_prim(parent_prim, prim_name, file_name): 

       stage = omni.usd.get_context().get_stage() 

       prim = stage.GetPrimAtPath("/World/" + parent_prim + prim_name) 

       prim.GetReferences().AddReference(path_of_prims + file_name) 

   # Example usage:  

   create_prim("Beam", "", "beam.usd") 

   create_prim("Beam/", "plate", "plate.usd") 

 

In this example: 

• path_of_prims defines the directory where the USD files are stored. 

• file_name is the name of the USD file to be instantiated. 

• prim_name sets the name of the new prim as it will appear in the Stage. 

• parent_prim specifies which existing prim in the hierarchy the new component will be 

parented under. 

 

Figure 16: Two flow diagrams that show the initiation steps of Catia V5 and Omniverse. 
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This scripting-based approach requires more setup but offers greater flexibility once the 

initial structure is established. However, it lacks the parametric interactivity of traditional 

CAD software, making rapid prototyping more time-consuming. 

4.2 User Interface 

The User Interface (UI) consists of four primary windows (see Figures 17 – 22). At the top of 

all windows, there are Undo and Redo buttons designed to track user actions. These buttons 

operate as follows: 

➢ Undo: Reverses the most recent action. For example, if seat03 was added, pressing 

Undo removes that specific seat. The action is then stored in a separate list called 

"redo_actions" for potential reapplication. 

➢ Redo: Retrieves actions from "redo_actions" and re-executes them, restoring the 

previously removed element to its original position. If "redo_actions" is empty, a 

message will appear stating, "There isn’t anything to redo".  

This functionality ensures efficient error correction and seamless user interaction while 

maintaining design flexibility. 

 

4.2.1 Window 1: Add Objects 

The first window (see Figure 17) is labeled "Add Objects" and is used to add prims to the 

Stage and scene. The Prim Path field displays the currently selected prim(s), indicating which 

elements will be affected by the configuration.  

To enhance usability, added prims are automatically placed in logical positions. For example, 

wagons are aligned in a row for seamless arrangement. Additionally, seats are placed on top 

of the wagon specified in the Prim Path field and continuedly added in a row unless a seat is 

selected in the Prim Path, then the seats would be placed depending on the position menu. 

The position dropdown menu (labeled “Front”) provides placement options: 

➢ Wagons: "Front" and "Back" 

➢ Seats: "Front", "Back", "Left" and "Right" 

Additionally, seats can be rotated 90° clockwise using the “90°” button. These features 

simplifies the process of adding and positioning prims quickly. However, for creating a large 

number of identical prims, the array in Window 4 is a more suitable alternative. 

The last function of Window 1 is the Reset button, located in the bottom-left corner. It 

removes all added prims and restores all UI values to their default settings. 
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Figure 17: The first window of the UI, called Add Objects, and its design. 

 

As for the hidden functions of this window, the added objects’ orientation was based on their 

size and their expected placement, this to minimize the number of clicks for each 

instantiation, i.e., the next wagon of the train was added in accordance with where the last 

one was, i.e. the wagons were placed in a row to resemble a train. The same was for the seat, 

however, they were instantiated with space in-between to accommodate leg rum and common 

functionality. Other functions were added as well in this step. The HLCt was mostly used for 

assembling the components of this nature.  

 

4.2.2 Window 2: Orientation 

The Orientation window provides controls for adjusting the position, rotation, and scale of 

selected prims along the x-, y-, and z-axes (see Figure 18). Any modifications made in this 

window apply to all prims listed in the Prim Path field from Window 1. When selecting a 

prim, the prim’s current orientation gets displayed in the window.  

Users can change values either by double-clicking a number and entering a new value 

manually or by clicking and dragging the mouse left or right to adjust the value dynamically. 

This intuitive interaction makes it easy to fine-tune prim transformations, offering both 

precision and flexibility. When the orientation changes are decided the “Change” button is 

used to apply the change.  

 

Figure 18: The second window of the UI, Orientation. 

A hidden function in this window was in the position and scale. When a relocation for e.g. a 

wagon is made, the position gets saved, and all the next added wagons would be instantiated 

accordingly after this one. In addition, all the children to the parent part that gets relocated 

moves with the parent. The scale of e.g. the wagon changes the wagon size and the next 
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instantiation takes that into account and moves to accommodate the change so that a 

continuous train is created.  

 

4.2.3 Window 3: Align 

The Align window allows multiple prims to adjust their position, rotation, or scale to match 

another selected prim. For example, it can align all chairs in a row with a specific chair, table, 

or any other prim listed in the Prim Path. The Target field displays which prims will be 

affected by the alignment, ensuring clarity before applying any changes. If there aren’t 

enough selected prims an error message will be shown in this window instead of the window 

layout (see Figure 20). 

Users can choose to align objects in three different ways: adjusting their position, matching 

their rotation (see Figure 21), or scaling them to the same size as the reference prim. These 

transformations can be applied along one, two, or all three axes (x, y, and z) based on the 

selected buttons (see Figure 19). The "Align to Target" dropdown menu further refines the 

alignment, specifying how and where the changes should take place. Lastly, the apply button, 

which just applies the change according to the chosen parameters. 

 

 

Figure 19: The third window of the UI, Align. In this window x, and y are chosen in. 

 

 

 

 

Figure 20: Align error message. 
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4.2.4 Window 4: Array 

The array function creates stated amounts of instances of a prim and places them in chosen 

directions. The amount is stated under “Count” beside the 1D, 2D and 3D labels, and the 

direction is decided under “Translate” (see Figure 22). The x, y, and z positions indicate the 

space between the instances created in those directions.  

The rows with 1D, 2D and 3D labels indicate different arrays, i.e. 1D is the first array 

created, 2D is similar to applying 1D and then chose all the applied 1D prims to create a 

second array. The third row, 3D functions the similar to the second row, it takes the 

arrangement of the first two to create a third array. The main point of these functions is to 

ease the configuration, but it also helps with visualizing any created arrays before applying 

the change. The input values make changes in real time in the viewport and the changes are 

therefore seen before they are applied.  

The “Apply” button applies the inputs and if another prim is chosen before applying the 

array, the prim to be instantiated will change to the new chosen prim. The only other button 

in this window is the "Reset All" button, it is in the top-left corner and resets all values in the 

Array window back to zero, restoring the default settings. 

 

Figure 22: The fourth window of the UI, Array. 
 

Figure 21: The Align window when the Rotate button is pressed, and the z-axis alignment is 

unchecked.  
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4.3 Fixture 

This chapter features a description of the fixture’s components and UI, it also includes a more 

in-depth explanation of how the UI differs from the train UI. Furthermore, for better 

understanding a pseudocode for instantiating and assemble the fixtures is described in the last 

subchapter. 

4.3.1 Fixture Components and Structure  

The design of the fixture was based on another research (see Figure 23). The box joint fixture 

was simplified into five sized beams (see Figure 25) and simplified joints. The joints were 

constructed of two plates with a hole in each corner, and four simple screws (see Figure 24).  

 

Figure 23: A CAD image representing a box joint fixture.[32] 

 

The fixtures components are represented in Figure 24, and show all components needed for 

configuring a variety of fixations. There are a total of five different beams, three different 

plates and three different screws.  

 

Figure 24: The five different beams and their accompanying plates with the corresponding 

screws. 
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The beams respective joints are assembled with different components depending on the 

beams size and for the rectangular cross-section beams, the direction of the joint is also of 

importance. For how they are assembled can be seen in Figure 25. 

 

Figure 25: The five beams and their respective attachable joints. For those beams that have a 

rectangular cross section, their additional joint is placed in front of them.  

4.3.2 How the UI Fixation Works 

The generic automatic instantiation based on KBE calculations can be understood by the 

following steps that describe and explain the creation of a fixture and the needed UI 

decisions: 

1. Choose the direction and a beam size in the scroll down menus (see Figure 26). 

2. Initiate a beam by clicking “Add” in the Beam section. 

3. The direction of the beam can be changed 90° in the x, y and z direction through the 

three buttons in the “Rotate” row. If no beam is chosen beforehand the latest added 

beam gets rotated. (Joints on the beam will also rotate in correlation with the beam.) 

4. Placement and size can be changed if desired in the Orientation window. 

5. Choose the beam direction the joint will be facing and pick a beam to add the joint in 

(if no beam is chosen the joint will be initiated in the last beam created). 

6. Initiate the joint by clicking “Add” in the Joint section. 

When adding a joint, a complete assembly is not initiated, it is instead two plates and four 

screws that get added in accordance with the KBE script.  

When the plates are initiated, they use the inputted beam size and the side of the beam to 

decide the plate size. This information is also used to determine the plates’ location, since 

they are placed through calculating their local position with the beam as origin of the 

coordinate system. 

Following the plates, the screws also consider the beam size, and the chosen side of the 

beam, this was however used to determine the length of the screw. Additionally, the 
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screws take the plates placement into consideration to get into the right positions in the 

holes.  

All components get added into a parent prim as an assembly of a joint and can be moved 

together without considering each individual component’s position and displacement. 

Furthermore, the whole joint is a child prim to the beam it is initiated in, so when the 

beam gets moved, the joint will move along.  

This process is hidden in the code and not seen by the GUI user, and the only thing the 

user needs to think about is the placement of beam and where on the beam the joint 

should be placed.  

7. Repeat the process until the number of beams and joints is as desired, there can be 

more than one joint for each beam. If the same beam or substructure is desired the 

Array window is a good choice of function. 

8. The beams and joints can be aligned through the Align or the Orientation window. 

For a whole overview of the UI see Figure 27. 

 

 

  

Figure 26: The window to add beams and joints and customize some features.  
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Figure 27: The whole UI of the fixture. The UI is divided into five windows and titled 

subsections for easier understanding and usage. 

As an example of a fixture an airplane wing was fixtured, see Figure 28. To create the whole 

wing fixture, only three different beams, two different plates and three different screws were 

used as components.  
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Figure 28: The wing fixture, encompassing the wing, beams, plates and screws USDs. The UI 

to create fixtures is represented to the right.  

 

4.3.3 The UI Exchange Differences 

The second configuration reused the code from the first with the following corrections: 

1. The cad file names and the file path to them were changed to the prims for the fixture. 

This change includes the changes of the path in where they would be initiated, i.e. it 

decides whether the prim is to be a parent or a child. 

2. Window 2 to 4 are generalized and did not need any adjustments, window 1 however, 

controls witch prims to add, and the functions needed to manipulate the prims for a 

smoother operation, it was thus modified (see Figure 26). More details about the 

changes are written in Chapter 4.3.2. 

3. An additional function in Window 1 was the three 90° rotational buttons which was 

created by coping the 90° button from the train configuration three times. The reused 

code was only altered to exchange the rotational axis to the UIs corresponding 

displayed axis. 

4. For each added seat there was a static distance from the predecessor, the same 

function was used with another distance value in each added beams and joints 

placements. The distance was adjusted to initiate the prims in closer proximity so that 

the beams could directly be joined together, and the joints could easier be picked and 

grabbed as well as not let the following initiated joints be initiated too far out of the 

beam’s length. 
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4.3.4 Pseudocode for Fixtures 

The logic used to adapt the configurator from trains to fixtures was built with reusability in 

mind. The pseudocode outlines the function structure, parent-child relationships, and the 

input-handling strategy used to instantiate and position fixture components. A detailed 

version of this pseudocode can be found in Appendix 9.5. 

 

4.4 Bending Test 

The three-point bending test was simulated using stainless steel as test material and modeled 

within a virtual physics environment according to the methods described in Chapter 3.5.2 and 

Chapter 3.5.3. The objective of the simulation was to observe the deformation behavior of the 

material under bending conditions.  

The result from the first simulation showed that the plank sank before the weight even hit. 

The plank behaved like it was made of jelly instead of steel. Thinking that the fault lied with 

the plank’s weight or its stiffness, a new test was conducted with zero mass instead of 

8000kg/m3 density and an additional one with density but max stiffness, Young’s modulus. 

These changes did not change the outcome, the plank still sagged.  

All the mentioned parameters in Chapter 3.5.3 were tested and all gave the same result with 

some small sagging differences. The parameters with the most effect on the simulation were 

the solver position iterations and the mesh resolution. The max value for the solver position 

iteration is 255 (see Figure 29), and the higher the value the stiffer the plank would be.  

Additionally, the max simulation mesh resolution is 64, but when used the plank in the 

simulation would go haywire, i.e. the plank would wriggle like a snake or suddenly drop 

through the fixture. A better result was obtained when the mesh resolution is set on the initial 

standard value 30, however, even then it would sag down without any added force or prompt.  

 

Figure 29: The set up of the bending test and prior to running the simulation.  
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5 Discussion  

This chapter provides a critical analysis of the project outcomes, reflecting on the 

methodology, results, and challenges encountered. It discusses the integration of different 

work packages, evaluates the usability of the developed UI, examines the scalability and 

adaptability of the code, and assesses Omniverse’s simulation capabilities. Additionally, 

reflections on initial assumptions, modeling limitations, and potential improvements are 

presented to provide a comprehensive view of the project’s achievements and limitations. 

 

5.1 Design Planning vs Platform Capabilities  

The design requirement list was a crucial early step that outlined the necessary configurator 

functionalities and prioritized characteristics. It was intended to clarify project goals and limit 

scope, minimizing the risk of running out of time. 

The initial approach was systematic, inspired by [25]. However, in retrospect, the pre-study 

phase should have started with an in-depth exploration of Omniverse’s capabilities. Due to 

early misconceptions (as discussed in Chapter 1.5), the design process advanced further than 

what was ultimately useful. A clearer understanding of Omniverse’s constraints at the outset 

could have saved significant development time. 

Although the goal of the pre-study was to make informed design and function decisions based 

on Omniverse’s abilities, the fragmented documentation and lack of centralized resources 

posed considerable challenges. Navigating numerous redirects and outdated links hampered 

efficient keyword searches and learning. As a result, most of the study of Omniverse 

consisted of trial and error directly within the platform. 

 

5.2 Reflections on Initial Assumption  

The initial hypothesis, informed by experience with traditional parametric CAD tools such as 

Blender, Dynamaker, Creo, and Catia V5, assumed that Omniverse would support low-level 

geometric modeling. This included expectations of being able to program and manipulate 

basic design elements such as lines, points, and sketches directly within the environment 

using Python. 

As a result, early development focused with HLCt in mind, on manipulating design logic 

from existing geometries, for example, attempting to programmatically adjust the length of 

chair legs or modify specific components within a model. This was based on the assumption 

that Omniverse would allow for parametric control similar to traditional CAD environments.  

Furthermore, Omniverse script modeling in conjunction with HLCt would have ensured 

seamless computation, allowing for quick assembly and adjustment of complex models. By 

using HLCt to reduce manual operations and increasing automation, it would have 

significantly enhanced both the speed and more importantly, the flexibility of the design 

process. 

However, through the course of the project, it became evident that Omniverse is not intended 

for parametric, sketch-based modeling. Instead, its strength lies in scene configuration and 
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high-level manipulation of pre-existing components using USD files. Omniverse is optimized 

for arranging and automating complex assemblies rather than creating them from raw 

geometry. 

This realization challenged the original hypothesis and necessitated a shift in both workflow 

and expectations. The development approach had to pivot from attempting to build from the 

ground up to leveraging existing assets and focusing on configuration, automation, and 

interface design. 

 

5.3 Modeling Technique 

The wide range of library assets in SimReady Explorer, combined with the organized 

categorization of each asset through multiple labels, made it easy and efficient to use. 

For the design of the convertibles, it was decided to be some simple figures and one advanced 

to test out the functions. Since the design choice of the advanced CAD part wasn’t of great 

importance, using a former made perforator in Creo with relatively many parts and 

dependencies was an optimal choice to test the translation to USD.  

The choice of using a joint part saved design time in later stages, additionally the start of only 

one part, was to see if converting was indeed available and no time was wasted creating all 

parts only to find out it wouldn’t be convertible.  

5.3.1 Modeling in CAD  

The optimal modeling approach for CAD components in other CAD programs would have 

been a top-down CAD model, where the configuration would combine both direct and 

parametric modeling.[26] 

The top-down method is particularly well-suited for this project since many model parts are 

interdependent. Individual components adjust to fit within their respective sub-assemblies, 

which in turn adapt to changes in the overall assembly. This approach ensures a smooth DA 

process and maintains proportionality throughout the final assembly.[27] 

However, Omniverse’s reliance on USD files prevented the direct creation of parametric 

models[28]. It does have simple predefined three-dimensional figures, such as cubes, cones 

and cylinders, but even then, modifications could only be achieved by scaling or 

repositioning entire prims. Consequently, fine-grained morphological adjustments—such as 

altering only the windows of a wagon—were impossible without rescaling the entire object. 

As such, the chosen design technique used in other CAD programs would have no effect on 

the end results in Omniverse. 

On the other hand, while traditional parametric modeling would have been better suited for 

highly dynamic designs, Omniverse’s method simplified assembly-level operations. In some 

cases, it allowed faster scene adjustments despite reduced modeling flexibility. 

5.3.2 Code from Omniverse  

While the code from the “Commands” window in Omniverse was very useful, it has many 

malfunctioning code snippets (see Figure 30), some of them seem to be only computable by 
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omniverse administrators. Those code snippets were mainly code that import and utilize 

Omniverse’s private archives and libraries and are thus unusable for ordinary users.  

 

Figure 30: An example of an unusable code snippet from Omniverse. 

 

5.4 The Testing and Verification Process 

Creating a blank UI and Python files was simple and straightforward. The new Python file 

offered the same advantages as Object-Oriented Programming (OOP), enabling efficient 

coding with minimal scrolling and searching, while also reducing the risk of code collisions. 

The main benefit of using a new UI, instead of just adding another class, was that it facilitates 

faster testing and verification, which was especially helpful given the number of iterations 

needed. Additionally, this approach divided the functionality and integration of the code into 

two distinct parts, making it easier to troubleshoot and resolve issues. 

  

5.5 Application Choice 

The USD Composer app template served as the foundation for building the configurator. It 

enabled rapid implementation of UI windows, component manipulation tools, and seamless 

integration of Python scripting. Starting with a template that closely matched the project’s 

needs allowed development efforts to focus on functionality enhancements rather than basic 

setup. 

The application selection process, based on elimination, was fast and efficient. By choosing 

an app more suited to the project's purpose, unnecessary prearranged SDKs and APIs were 

avoided, reducing information overload and keeping the project focused. 

This approach offered the advantage of avoiding extensive, time-consuming experimentation 

and provided a more direct path to achieving the project's goals. However, a notable 

drawback was the possibility of overlooking functions or alternative solution strategies that 

might have been discovered through a broader exploration of other available applications. 

Overall, while the focused selection process kept the project on track, a slightly broader 

exploration might have revealed additional functionalities or more efficient workflows. 

5.6 Integration of Different work packages 

The different work packages can be easily compiled into Omniverse (see Chapter 4.1.3). 

However, while parametric and direct modeling methods allow rapid design creation and 

modification, Omniverse only imports finalized models, resulting in the loss of parametric 

features. Consequently, design flexibility within Omniverse remains limited, restricting 

dynamic modifications. 
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5.7 UI and Usability  

Beyond the primary usability features described in Chapter 4, this section discusses the 

underlying design decisions and evaluates how the GUI met the deliverables set forth in 

Chapter 1.7. 

5.7.1 Add Objects 

Considering the inability to design in Omniverse, and the lack of data and parametrization 

translated to USD, design alterations and thereby HLCt, was not used much in this project. 

Even though it didn’t show its full potential as its main use is for design atomization, having 

HLCt principles in mind was nevertheless still useful in assembling the configurations. 

In the absence of the ability to design objects, a function to instantiate premade prims was 

made instead. A feature of this function was to minimize the number of user interactions 

required to instantiate each part. It did so by taking the sizes of the objects and their desired 

3D distance at instantiation, this accommodates the assembly when adding general 

components, creating an intuitive system. The initiated parts could be coded either as 

independently or as child parts. The code was constructed in a way that eased the 

modification of this attribute, by simply adjusting the path for the instantiation. 

When instantiating one child part into a parent, users can specify which parent part the new 

part should be instantiated in, for example when initiating a chair, the wagon chosen is the 

wagon the chair would be initiated in. If a parent is not specified, new objects default to the 

latest created parent, ensuring logical assembly behavior, in this example the chair would be 

instantiated in the latest created wagon, this holds true even if the last created object was 

another chair.  

Through the different wagon and seats components, it can be seen that the system can allow 

users to configure different components in a generic manner. Additionally, the component 

choses in the UI are adaptable, as was shown when changing the train assemblies to fixture 

configurations. 

5.7.2 Orientation 

The orientation enables users to freely customize the positioning as desired in Chapter 1.7. 

Furthermore, when a parent prim is moved, its child parts follow accordingly. This linkage is 

not restricted to the changes applied in the UI but also includes any manual transformations. 

This significantly simplifies scene reorganization and enhances user experience. 

5.7.3 Align and Array 

The Align window improves scene organization by enabling prims to align based on position, 

rotation, or scale across specific axes, which gives visually coherent layouts. The Array 

window enables efficient duplication and distribution of prims across the scene. To quickly 

revert any array adjustments, the "Reset All" button in the top-left corner quickly restores all 

values to their default settings, promoting intuitive adjustments. 
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5.7.4 Seat and Fixture Rotations  

While the 90° button rotates seats efficiently, this function could also be performed using the 

rotation values in the Orientation window. However, a 90° rotation is a commonly required 

adjustment, making this dedicated button a useful shortcut for the user. 

The multirotational function in the fixture UI is made from the same principle as the 90° 

button rotation in the train configuration and created for the same reason.  

 

5.8 Code Reusability and Adaptability  

The developed code is evaluated for its ability to adapt to different use cases, including the 

transition from train to fixture configuration. Additionally, a reflection of the flexibility of the 

solution is made. 

5.8.1 Code Adaptations 

The required code adaptation to switch from trains to fixtures was relatively smooth, 

requiring changes in only one UI window. Adding new functionality to the UI is also 

straightforward, it involves defining a new function and could be integrating into the UI with 

minimal disruption.  

The UI was changed to better adapt to creating fixtures, for example the additional 90° 

rotation in all axis’ shortcut weren’t needed for the train. Such rotations weren’t commonly 

used for the train components. Without needless shortcuts the UI could have stayed the same, 

the code however would still require minor adjustments to instantiation paths, placement 

logic, and parent-child relations, but overall, the transition showcases the system's flexibility 

and reusability. The exchange of configurations through code in Omniverse was easy, 

adaptable and efficient. 

5.8.2 Improvement Possibilities 

Considering that the goal of the fixation configuration was to test the adaptation exchange, an 

extended period of time to make the UI more user-friendly wasn’t of priority. Some functions 

were thought out and initiated on a separate code script and UI, for example the placement of 

the initiated joints, which could be placed to position in accordance with the beams to be 

connected. This was however halted since it went out of the scope of the test’s intended 

purpose. This did prove though, that such functions could be implemented with ease, which 

further reinforces the robustness and adaptability of the system. 

 

5.9 Performance and Scalability 

This section evaluates the performance of the developed configurator and Omniverse's ability 

to scale across different design contexts. While the system supports flexible configuration 

through modular scripting and dynamic part handling, the overall scalability is hindered by 

limitations in precision assembly tools and the lack of parametric modeling support. The 

following subsections assess these aspects in more detail, including Omniverse’s applicability 

for CAD-based design automation and the challenges encountered during simulation 

accuracy testing. 
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5.9.1 Evaluating Omniverse for CAD Design Automation 

Compared to CAD programs like Catia V5, Creo, and Blender, Omniverse has poor 

scalability for complex design automation tasks largely due to its reliance on the USD file 

format. These limitations become particularly apparent when attempting detailed assemblies 

or parametric adjustments.  

That said, Omniverse offers some unique advantages. One of its strengths is the ability to 

seamlessly swap parts—provided their dimensions are known—which can streamline 

configuration processes. More significantly, Omniverse benefits from a robust asset library 

and an impressively flexible API that supports conversion from a wide range of CAD 

formats, making it a powerful integration platform.  

However, a major drawback is the absence of fundamental geometrical references such as 

planes, sides, and corners. This makes precise component alignment unusually cumbersome 

for a CAD-oriented tool. Positioning two prims relative to each other's surfaces becomes an 

unusual ordeal for a CAD program and is far from intuitive. Users are often left with two 

challenging options: manually measuring distances without reliable references, or calculating 

placements based on known part dimensions and their center of gravity in both local and 

global coordinates. While technically feasible, both approaches are inefficient and complicate 

the assembly process considerably. 

5.9.2 Simulation testing and accuracy  

Applying principles from Knowledge-Based Engineering (KBE) and High-Level CAD 

Templates (HLCt) enables faster and more accurate assembly of beams and joints. By 

positioning joints in relation to the two beams being connected, the assembly process 

becomes more streamlined. Precise positioning is particularly important in simulations, as 

overlapping or misaligned prims can significantly distort results. 

This concept was successfully tested in a separate UI. However, due to the time required to 

design a new GUI and integrate the code into the main program, it was not implemented in 

the final version. The decision was also influenced by the fact that the proposed functionality 

overlapped with the existing Align tool, which already supports position initiation relative to 

other assets. Despite this, the code’s modular architecture allows for easy future integration 

of such improvements if needed. 

 

5.10  Design Automation and Limitations  

Unlike traditional CAD software, Omniverse does not support parametric modeling, 

restricting the ability to modify individual design features. For example, resizing a wagon 

window independently is not possible; the entire wagon must be scaled.  

In response to Research Question 3, it can be concluded that Omniverse does not support 

direct design generation. It imports pre-existing designs either from within Omniverse or 

from external sources. This limitation reduces design flexibility and configurability. 

Despite these challenges, topological organization functions in Omniverse are handled 

efficiently. Additionally, code snippets can be easily exchanged via GitHub, supporting 

collaborative development. 
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The general main drawbacks of Design Automation (DA) include: 

• Limited opportunity for engineering creativity due to predefined choices. 

• A small design space because of restricted model generality. 

• Limited options for ongoing maintenance and modification. 

Nevertheless, the structured codebase and Omniverse’s modular platform make it easier for 

future developers to extend and enhance the existing framework even with limited 

programing and configuration knowledge. 

 

5.11  The Bending Test Evaluation 

The initial verification of the simulation results involved a qualitative comparison with real-

world expectations. A second phase was planned to compare simulation outcomes against 

theoretical deflection values calculated using classical beam theory. If the initial test results 

had shown reasonable alignment with expectations and calculations, additional test cases with 

varying plank lengths and materials would have been used to assess consistency and 

robustness. 

However, the results of the first simulation revealed significant discrepancies. The three-point 

bending test produced deformations that clearly deviated from theoretical expectations. As a 

result, the methodology was shifted toward troubleshooting. This involved further research 

and attempts to adjust parameters in pursuit of physically plausible outcomes. 

Even under standard gravity conditions and prior to the application of additional loads, the 

simulated steel plank exhibited exaggerated deformation. Given the material’s high Young’s 

modulus (193 GPa) and relatively low weight, this behavior was physically implausible and 

pointed to a fundamental flaw of the Omniverse simulation.  

Additionally, the limited simulation mesh resolution within Omniverse restricted the model's 

bending ability, making it impossible to produce accurate deformation curves. Notably, the 

simulation results appeared to improve when increasing the “Solver Position Iterations” 

parameter, despite this parameter having no direct relevance in practical mechanics nor beam 

theory. This further suggested that Omniverse’s simulation engine prioritizes visual 

plausibility over scientific accuracy. 

Ideally, simulation results would have been compared against theoretical calculations, and 

further tests would have been conducted using alternative materials and dimensions. 

However, due to the evident inconsistency in the initial output, further simulation testing was 

deemed unproductive. The extent of the deviation invalidated meaningful verification or 

calibration efforts. 

These findings underscore Omniverse’s current limitations in mechanical simulation. While 

effective for visual approximations and scene interaction, it is not suitable for engineering-

level physical analysis or validation. 
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6 Conclusion 
Omniverse provides a structured and efficient environment for managing and visualizing 

complex designs, particularly when multiple components need to be adjusted within a scene. 

Its ability to integrate various work packages and streamline object placement makes it a 

valuable tool for certain applications (TQ1, TQ3). However, its lack of parametric modeling 

and limited design flexibility pose significant challenges. 

If a project requires adaptable designs with specific design requirements, Omniverse may not 

be the best choice, as it lacks the ability to modify individual components dynamically. 

Instead, it relies on predefined USD files, restricting customization. Additionally, the absence 

of traditional CAD referencing tools, such as planes and constraints, makes precise assembly 

more difficult (TQ1, TQ2).  

Moreover, the bending test revealed significant shortcomings in Omniverse’s simulation 

engine. Despite accurate input parameters, the system failed to deliver physically reliable 

results, highlighting that its physics capabilities are currently better suited for visual feedback 

rather than quantitative engineering analysis (TQ4).  

Despite these limitations, Omniverse excels in organizing large-scale projects with multiple 

elements, offering a fast and structured workflow. Its efficient UI and scripting capabilities 

allow for automated adjustments, which makes it a viable option for projects focused on 

scene-based configuration rather than intricate part modifications and accurate simulations 

(TQ2, TQ3). 

Additionally, the live link functionality enables rapid feedback and debugging, which gives 

an advantage for creating larger sensitive programs. Layout placements and arrangements of 

large system of systems, SoS, would therefore be ideal for the work in Omniverse USD 

Composer and other similar applications with extensions (TQ2). 

In conclusion, if specific design flexibility and detailed mechanical validation are required, 

Omniverse is not the ideal tool (TQ1, TQ4). However, for projects involving complex 

assemblies, collaborative visualization, and configuration-based workflows, it proves to be a 

powerful and efficient platform (TQ2, TQ4). The project also contributes a replicable 

workflow and accompanying manual that can assist future developers in leveraging 

Omniverse for similar use cases. 
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8 Appendix 
The subchapters in this appendix provide supplementary materials that support the main 

content of the thesis. They include detailed instructions and user manuals for getting started 

with NVIDIA Omniverse and developing user interfaces. Additionally, the appendix presents 

the pseudocode used for generating fixture configurations, serving as a reference for future 

implementation or adaptation. 

8.1  How to Convert a CAD file to USD 

Instructions for converting CAD files to USD format are provided in Chapter 4.1.3. This 

section explains how CAD models can be imported into Omniverse using the built-in 

converter, including the drag-and-drop method and conversion prompt. 

 

8.2  How to download NVIDIA Omniverse Kit 

1. Go to: Workstation Installation — Omniverse IsaacSim latest documentation 

 

2. Choose Direct Link: Windows 

3. Go to downloads and double press the downloaded file. 

4. Press “Run” 

5. Logg in with your omniverse account 

6. Write password and press “Log In”  

7. Press “continue” on the License agreement. 

8. Press “continue” on the DATA COLLECTION 

9. Press “continue” on the SETTINGS 

10. If you get the following: 

 

Press “Retry” 

You should now have the following:  

https://docs.omniverse.nvidia.com/isaacsim/latest/installation/install_workstation.html#:~:text=Workstation%20Setup.%20Ensure%20your%20local%20workstation%20meets%20the


 

 

55 

 

11. Go to “Exchange” 

12. Press Enterprise 

13. Choose Omniverse Kit 

14. Install and wait a couple minutes 

15. Go to Library 

16. Press “Launch” and wait a bit. 

 

8.3  Instructions on how to download extensions from GitHub 

Search and open “Command Prompt” in start 

Write: 

1. X: (Or use dir to find out where you downloaded the program) 

Create a new folder named Omniverse: 

2. mkdir Omniverse 

If you wrote the wrong folder, go back by typing “cd”: 

3. cd Omniverse 

Write “git” to clone the extension and then the Webb link to the GitHub extension: 

4. git clone https://github.com/NVIDIA-Omniverse/kit-extension-sample-ui-window 

(Example of an extension, use own preferred link.) 

Navigate to cloned Directory by writing cd: 

5. cd kit-extension-sample-airoomgenerator  

(Should be the map that contains the extension.) 

6. link_app.bat  

Wait for approximately 2 min. 

 

https://github.com/NVIDIA-Omniverse/kit-extension-sample-ui-window
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8.4  How to create a UI window 

A tutorial for creating a UI window in NVIDIA Omniverse is available on the official 

documentation site under the title “UI Window”: 

https://docs.omniverse.nvidia.com/workflows/latest/extensions/ui_window_tutorial.html  

This guide provides step-by-step instructions for building and customizing user interface 

components using Python.  

 

8.5 Pseudocode for Creating Fixture 

BEGIN Extension SimulateFixturesExtension 

  ON startup:  

    DISPLAY a window titled "Create fixtures" 

    INITIALIZE default variables: 

      - asset path 

      - transforms: translate, rotate, scale 

      - counters: count_beams, count_plates, count_bolts 

      - direction flags: left, right, front, back 

      - list of created plates 

      - original beam length 

 

    DISPLAY UI:  

      - Beam size input field (default: "175x175") 

      - Beam length input slider 

      - Directional buttons: Left, Right, Front, Back 

      - Action buttons: Create Rest, Create Copy, Delete All 

 

  FUNCTION create_obj(prim_name, file_name): 

    IF prim does not exist in scene:  

      DEFINE it as Xform 

    ADD reference to corresponding USD file from assets 

 

  FUNCTION move_object(name): 

    APPLY translation, rotation, and scale to the prim 

 

  FUNCTION get_prim(beam_size):  

    MATCH beam_size: 

      RETURN proper prim_name based on size 

    ELSE: 

      SHOW error dialog and mark beam as invalid 

https://docs.omniverse.nvidia.com/workflows/latest/extensions/ui_window_tutorial.html
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  FUNCTION set_rigid_body(name): 

    ADD rigid body component with convex hull shape to given prim 

 

  FUNCTION collider(name): 

    ADD static collider to prim (currently unused) 

 

  FUNCTION group_toghether(list_of_prims):  

    GROUP specified prims together 

 

  FUNCTION direction_plate_1(beam_type, beam_scale, y_offset): 

    DETERMINE plate position/rotation based on beam type and direction flags 

    UPDATE scale, translation, rotation variables 

 

  FUNCTION direction_plate_2(beam_type):  

    DETERMINE secondary plate and bolt configuration based on beam type 

    UPDATE translation, rotation, bolt type, and scale 

 

  FUNCTION create_plates_and_bolts(beam_type, beam_scale=1): 

    GET beam path using get_prim() 

    FOR current beam type and direction: 

      - CREATE two plates (primary + secondary) 

      - POSITION them using direction_plate_1 and direction_plate_2 

      - CREATE and POSITION bolts inside the primary plate 

      - UPDATE internal counters 

      - ADD rigid body to the main plate 

 

  FUNCTION create_setup(beam_size): 

    VALIDATE beam using get_prim() 

    IF valid: 

      CREATE beam object 

      ADD rigid body to beam geometry 

      UPDATE beam counters 

 

  FUNCTION create_next_setup(): 
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    PREPARE next beam setup by restoring beam counter 

    CALL create_plates_and_bolts for current input beam 

    RESTORE useful beam counter 

 

  FUNCTION create_rest_in_code(): 

    // Build predefined structure 

    CREATE and transform two beams (100x175) with plates/bolts on front side 

    CREATE and transform third 100x175 beam similarly 

    COPY initial 175x175 beam 

    MOVE it to correct location 

    GROUP created plates on each side 

    ADD rigid body to the groups 

 

  FUNCTION create_copy(): 

    COPY previously created beams and groups 

    TRANSFORM all copies to a new position/orientation 

 

  FUNCTION delete_prims(): 

    LOOP over max 6 beam sets: 

      DELETE all beams and groups based on naming patterns 

    RESET counters and clear plate list 

 

  FUNCTION clicked_enter(input_model): 

    PARSE input beam size 

    CALL create_setup() with input 

 

  DIRECTION FUNCTIONS (left/right/front/back): 

    SET respective direction flag to True 

    CALL create_next_setup() 

    RESET flag to False 

 

END Extension 

 


