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1. Introduction 
 

1.1 Purpose 
This Software Design Document (SDD) outlines the architecture and detailed design of the 
Unfold3D software. The purpose of this document is to define and describe the structure, 
components, and design decisions that enable the software’s key functionalities, including mesh 
display, mesh simplification algorithms, user interface management, and the unfolding of 
simplified 3D models onto a 2D plane. The software will produce an output file containing 
instructions and data for a laser cutter, detailing how to cut the 2D plane for accurate reassembly 
into the original 3D shape. This SDD provides a design blueprint for developers to efficiently 
implement the system, ensuring it meets the desired functionality and quality standards. 
 

1.2 Document Conventions 
This document follows standard conventions for readability and clarity. Important terms, notes, 
or headings are presented in bold text, while requirements are prioritized using a standardized 
format to distinguish between critical and optional features. Generally, higher-level requirements 
inherit the priority assigned to related detailed requirements unless specified otherwise. Each 
requirement statement is also tagged individually for clear tracking and reference throughout the 
development process. 
 
Prioritization of requirements follows these labels: 

●​ Critical: Essential for the system’s main functionality. 
●​ Important: Necessary for full functionality, though not critical for initial release. 
●​ Optional: Nice-to-have features that can be considered for future releases. 

1.3 Intended Audience and Reading Suggestions 
This document is intended for the following audience: 

●​ Developers: To understand the technical specifications of Unfold3D, functional and 
non-functional, in detail. 

●​ Project Managers: To track the scope, timeline, and priority of features in development. 
●​ Staff and Users / Testers: Create test cases and provide an overview of the software’s 

functions and features. Also provide feedback for improving the functionality.  
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1.4 System Overview 
Unfold3D is designed to simplify and automate tasks for users, such as 3D model simplification 
and unfolding the simplified model into a 2D plane for the laser cutter. 
 
The software includes features such as: 

●​ 3D Model Viewer: Allows users to view the model that was loaded into the software 
●​ Mesh Simplification: Simplifies the 3D model by selecting parts of the model that need 

to be simplified for the laser cutter without compromising the main shape of the model 
Unfolding Process: Places the simplified model into a 2D plane. The output will be a file 
containing the model with instructions for the laser cutter on where to cut.  
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2. Design Considerations 

2.1 Assumptions and Dependencies 

Dependencies (Software): 

●​ Python 3.x for the integrated Blender software 
●​ .NET runtime environment for executing C# code 
●​ Blender for some additional functionalities such as unfolding a model 

Hardware Assumptions: 

●​ The GPU within the hardware of a chosen computer must support modern OpenGL such 
as 3.3 (core profile) or above. 

●​ The CPU within the hardware of a chosen computer must at least support concurrency for 
performance reasons and multithreading within the application. 

Operating Systems: 

●​ Any well-supported, modern OS that supports a .NET runtime will be appropriate: 
○​ Examples: Windows 11 
○​ Note: The macOS operating system and any Linux distros are unsupported since 

the integration of Visual Studio and Microsoft technologies is very poor. 

2.2 General Constraints 

This section outlines the primary limitations and constraints that affect the design and 
functionality of the software. These constraints result from the specific hardware, software, and 
operational environments in which the software will run. The constraints listed below 
significantly shape development priorities and influence design decisions. 

●​ Hardware or Software Environment: The software is developed and created solely on 
the Windows OS environment. It is incompatible with macOS or other operating systems, 
meaning Windows-specific features or functionalities may not perform or appear on 
non-Windows platforms. This limitation impacts design decisions by restricting system 
calls and libraries to Windows-compatible ones, focusing optimization on 
Windows-specific functionality. 

 
 
 
 



7 

2.3 Goals and Guidelines 

This section describes the primary goals, guidelines, principles, and priorities that drive the 
design and development of the software. These goals ensure the system meets user expectations, 
aligns with design principles, and adheres to project requirements. 

2.3.1 Mandatory Delivery Date 

The project was proposed to be submitted to the liaisons on November 22, 2024, for testing and 
feedback. This influenced project planning and prioritizing the main features of the software over 
non-essential features 

●​ Reason for Desirability: A fixed delivery date encourages effective project management, 
streamlined workflows, and a focused approach to feature development. This goal 
ensures the project remains on track, with the main features established to meet the 
deadline as well as get feedback as soon as possible from the liaisons 

2.3.2 Design Principles and Decisions 

The software was designed to automate the tasks that engineers and soldiers do manually, such as 
simplifying objects into simple geometric shapes.  Most simplification designs were applied in 
the algorithms that simplify the object loaded into the software. By automating the mesh 
simplification process and importing, the system promotes productivity… 

2.3.3 Scalability and Future Expansion 

The software is designed with scalability in mind, allowing it to incorporate new features into the 
software to further make the 3D model processes and algorithms more efficient. New features 
will be added once unit testing is included for this application 

2.4 Development Methods 

Generally, Agile methods were used for designing and developing the initial software. 
Documentation and development for the prototype were interleaved in weekly sprints. Beginning 
and concluding each weekly sprint were mandatory group meetings to discuss development 
progress and any requirement changes or clarifications. However, the Agile methods were not 
purely followed because of various reasons. For instance, there was no emphasis on TDD 
although that is planned for upcoming sessions. 
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3. Architectural Strategies 

3.1 Programming Language and Frameworks 

●​ Strategy: The system is implemented in C# using the .Net Framework for its strong type 
safety, rich library support and robust performance in GUI based applications. 

3.2 Reuse of Existing Software Components 

●​ Strategy: Existing libraries and APIs like Assimp, OpenTK, and g3 are reused to 
implement core functionalities such as model loading, rendering, and mesh operations. 

3.3 User Interface Paradigm 

●​ Strategy: The user interface is implemented using Windows Forms for ease of 
development and integration with desktop environments. 

3.4 Scene and State Management 

●​ Strategy: The system maintains the scene and application state using a combination of 
the Camera, Default State, and CommandHistory. 

3.5 Error Handling and Recovery 

●​ Strategy: The system employs try-catch blocks for managing runtime errors, especially 
during file I/O operations. The system also employs user-friendly error messages for 
input validation and file operation errors. 

3.6 Memory Management 

●​ Strategy: Memory management is handled by the .NET runtime garbage collector, with 
explicit cleanup of temporary files and resources.  

3.7 Rendering Optimization 

●​ Strategy: The rendering pipeline leverages OpenGL capabilities provided by OpenTK, 
with support for multiple rendering and shading modes. 
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4. System Architecture 
4.1 Entry Point 

See the next page for the diagrams. 
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5. Policies and Tactics 
5.1 Choice of which specific products used 

●​ IDE: The primary IDE used for this project was Visual Studio, chosen for its robust 
support of .NET development, including C# programming, testing, and debugging 
features, as well as a comprehensive set of built-in libraries. While alternative solutions 
were explored, such as using Python scripts within Blender, this option was ultimately 
deemed unsuitable due to limitations in functionality for specific project needs. 

●​ Libraries: This project used several libraries to enhance functionality and streamline 
development processes: 

●​ OpenTK: Used for 3D model visualizations and other functions. OpenTK 
facilitated the integration of OpenGL features within the .NET framework, 
enabling the implementation of advanced rendering techniques. 

●​ Assimp (Open Asset Import Library): Primarily used for importing and exporting 
3D models, Assimp provided robust support for a wide range of 3D file formats, 
allowing seamless loading and manipulation of complex 3D assets within the 
project. 

●​ Blender: A popular FOSS software acting as an environment used for computer 
animation and modeling. 

●​ geometry3Sharp: Open source C# library that is used for geometric computing. 

 

5.2 Plans for ensuring requirements traceability 
●​ Basic Flow of Requirement to Implementation: 

○​ Form the idea mainly by meeting with the stakeholder(s) 
○​ Elaborate the idea enough to become an official task item within our GitHub 

Projects board 
○​ Development & Testing feature implementing the required functionality 
○​ Verification of the derived feature either by a demo and / or by describing it 

 

5.3 Plans for testing the software 

5.3.1 Engineering trade-offs 

●​ The decision to initially use the C# language through the entire development 
process gives benefits of higher-level languages including hiding memory 
management details and more streamlined developer tooling at the cost of some 
performance. 

5.3.2 Coding guidelines and conventions: 
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●​ Code Formatting: 
○​ Use Allman brace styling for C# code. Specifically, braces are on their 

own lines for every method, struct, or class declaration. 
●​ Code Principles: 

○​ Modularity, single-responsibility, and low coupling keep code quality 
good: 

■​ Facilitates testing 
■​ Eases maintainability and changes 
■​ Eases understanding of the code 

○​ Priorities of the codebase: 
■​ Deliver working software! 
■​ Refactor between bursts of implementation 
■​ Document as much as possible 

●​ Code Practices: 
○​ Use OOP Design Patterns and idioms to improve structure and modularity. 
○​ Test as much as possible with the XUnit and Moq frameworks. 

 

5.3.3 The choice of a particular algorithm or programming idiom (or design 
pattern) to implement portions of the system's functionality: 

●​ Dependency Injection: Used to insert modular components with functionality 
into other components so that developers can easily do maintaining and testing. 
An example of this includes injecting a file-system instance into the application 
object before startup. 

●​ Service Provider: Used to split functionality of important system services such 
as file handling, rendering, etc. and allow their usage from an interface external to 
any component needing it. An example of this includes a logger instance kept 
within a services class for another component, SettingsWindow, to easily use. 

 

5.3.4 Plans for maintaining the software: 

●​ TBD 

 

5.3.5 Hierarchical organization of the source code into its physical components (files 
and directories). 

●​ Commands: 
○​ DeleteCommand class 
○​ ICommand class 
○​ MoveCommand class 
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○​ ReplaceCommand class 
○​ RotateCommand class 
○​ SetDeleteStateCommand class 
○​ SetMoveStateCommand class 
○​ SetReplaceStateCommand class 
○​ SetRotateStateCommand class 

●​ Controls: 
○​ DefaultState class 
○​ IState interface 
○​ DeleteState class 
○​ MoveState class 
○​ ReplaceState class 
○​ RotateState class 
○​ KeyboardController class (DONE??) 
○​ MouseController class (DONE??) 

●​ Models: 
○​ CommandHistory class (DONE??) 
○​ MeshSummary class 
○​ ModelExporter class 
○​ ModelImporter class 

●​ Rendering: 
○​ GeometryFactory class 
○​ GLControlHost class (DONE??) 
○​ Shader class 
○​ ShaderManager class 
○​ AppMesh class 
○​ Camera class (DONE) 

●​ Scripts: 
○​ “simplify” Python utility 
○​ “unfolding_script” Python utility 

●​ Utils: 
○​ FileSystem class 
○​ Logger class (DONE??) 

●​ Views: 
○​ LoadingWindow class (DONE) 
○​ SettingsWindow class (DONE) 
○​ MainWindow class (DONE??) 

●​ Top-Level: 
○​ (Unfold3D) App class 
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●​ NOTE: this list excludes any extra files within the repository such as build files, 
shader code, and project property configurations. 

5.3.6 How to build and/or generate the system's deliverables (how to compile, link, 
load, etc.) 

●​ TODO! 
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6. Detailed System Design 

6.1  DeleteCommand 
6.1.1​ Responsibilities 

Encapsulates logic of an action meant to target a sub-mesh of a rendered model to 
remove. 

​ 6.1.2​ Constraints 

There are two constraints. First, only the first sub-mesh intersected by the targeting 
raycast can be eligible for removal. Second, a history of deleted meshes is necessary for undoing 
deletes… If it becomes empty, no popping is allowed. 

6.1.3​ Composition 

Contains references to various interfaces of other components: IGLControlHost for 
rendering, ISceneManager for scene data, ILogger for any debug messaging, IRayCaster for 
targeting sub-meshes, ICamera for directing a view, and finally a Stack tracking sub-meshes 
removed before. The constructor initializes all these references and an empty Stack. The other 
two methods implement those of ICommand: remove a partial mesh targeted or add back a 
previously deleted mesh. 

​ 6.1.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.1.5​ Resources 

●​ N/A 

6.1.6​ Interface/Exports 

●​ See ICommand for action methods. 

6.2  ICommand 
6.2.1​ Responsibilities 

Provides a common set of behavioral methods for any command object representing any 
action within the application. 

​ 6.2.2​ Constraints 

Must be implemented by any child class. 

6.2.3​ Composition 
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​ The only two abstract methods are Execute and Undo respectively meaning the normal 
action or its inverse action. For example, a delete command for a sub-mesh of a model should 
have an inverse (Undo) action that returns the sub-mesh to the model. 

6.2.4​ Uses/Interactions  

​ Only to be implemented by inheriting command classes. 

6.2.5​ Resources 

●​ N/A 

6.2.6​ Interface/Exports 

This interface exports itself. 

6.3  MoveCommand 
6.3.1​ Responsibilities 

Encapsulates logic and state for an action that relocates sub-meshes of a rendered model. 

​ 6.3.2​ Constraints 

Only two constraints exist: Movements must support 3-D directions and the undoable 
stack of movements must not pop when empty. 

6.3.3​ Composition 

Contains a reference to another component such as IAppMesh along with a “memento” 
stack containing past movement directions per sub-mesh… The memento stack provides an 
undoable history for Undo. 

6.3.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.3.5​ Resources 

●​ N/A 

6.3.6​ Interface/Exports 

●​ See ICommand for action methods. 

6.4  ReplaceCommand 
6.4.1​ Responsibilities 

Contains state and logic to replace a sub-mesh within the currently rendered model. 

​ 6.4.2​ Constraints 
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Only two constraints exist: Replacements must map from an existing index within the 
model mesh to another existing index. Also, the common memento stack must not pop 
when empty. 

6.4.3​ Composition 

Contains references to the ISceneManager, IRayCaster, IGLControlHost, and ICamera 
for usage of other services such as (re)-rendering of the model mesh and viewing said model. 
Also contains a memento stack to store undoable past actions for the command. 

6.4.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.4.5​ Resources 

●​ N/A 

6.4.6​ Interface/Exports 

●​ See ICommand for action methods. 

 

6.5  SetDeleteStateCommand 
6.5.1​ Responsibilities 

Encapsulates state and logic meant for an action which creates an action state object 
associated with sub-mesh deletion. 

6.5.4​ Constraints 

​ Undo must reset the state to a defaulted state, likely denoting a no-op action. 

6.5.2​ Composition 

This command state class is composed of references to other component interfaces for 
any rendering, the Camera, and a CommandHistory service alongside a MouseController 
instance. 

6.5.3​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.5.5​ Resources 

●​ N/A 

6.5.6​ Interface/Exports 

●​ See ICommand for action methods. 
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6.6  SetMoveStateCommand 
6.6.1​ Responsibilities 

Encapsulates state and logic meant for an action which creates an action state object 
associated with sub-mesh relocation. 

​ 6.6.2​ Constraints 

​ Undo must reset the state to a defaulted state, likely denoting a no-op action. 

6.6.3​ Composition 

​ Also contains a MouseController instance along with interface references to any 
rendering logic including Scene, Camera, and rendering utilities of OpenGL with raycasting to a 
sub-mesh. Finally, an interface reference to a command history is kept. 

6.6.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.6.5​ Resources 

●​ N/A 

6.6.6​ Interface/Exports 

●​ See ICommand for action methods. 

 

6.7 SetReplaceStateCommand 
6.7.1​ Responsibilities 

Encapsulates state and logic meant for an action which creates an action state object 
associated with sub-mesh replacement. 

​ 6.7.2​ Constraints 

​ Undo must reset the state to a defaulted state, likely denoting a no-op action. 

6.7.3​ Composition 

​ Contains a common MouseController for mouse-based control alongside interface 
references to other logic for OpenGL rendering, raycasting, the Camera, and the 
CommandHistory.​
​ 6.7.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.7.5​ Resources 

●​ N/A 
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6.7.6​ Interface/Exports 

●​ See ICommand for action methods. 

 

6.8 SetRotateStateCommand 
6.8.1​ Responsibilities 

Encapsulates state and logic meant for an action which creates an action state object 
associated with sub-mesh rotation. 

​ 6.8.2​ Constraints 

​ Undo must reset the state to a defaulted state, likely denoting a no-op action. 

6.8.3​ Composition 

​ Contains a common MouseController for mouse-based control alongside interface 
references to other logic for a SettingsManager, action state, and other rendering services 
common to other SetXYZStateCommand classes. 

6.8.4​ Uses/Interactions  

●​ Store in a CommandHistory object and execute or undo its action. 

6.8.5​ Resources 

●​ N/A 

6.8.6​ Interface/Exports 

●​ See ICommand for action methods. 

 

6.9 Scene Renderer 
6.9.1​ Responsibilities 

Responsible for rendering the active 3D scene in the editor, including mesh geometries, 
guide grids, and auxiliary visual helpers. It connects to OpenGL through OpenTK, 
translating application-level mesh structures into visual outputs. 

​ 6.9.2​ Constraints 

Must render efficiently to prevent frame drops or input lag. 

Must respect camera positioning, projection matrices, and lighting settings. 

All rendered data must be kept GPU-resident when possible for performance. 
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6.9.3​ Composition 

●​ Uses OpenTK for GPU-bound rendering operations. 
●​ Operates with injected references to: 
●​ Camera for projection/view 
●​ AppMesh for scene geometry 
●​ ShaderManager and GeometryFactory for draw routines 
●​ GridPlaneRenderer and Gizmo for visual guides 

​
​ 6.9.4​ Uses/Interactions  

●​ Invoked by GLControlManager and called in each Render() loop of the main 
application. 

●​ Receives the active scene list (via SceneManager) and camera transforms, then 
dispatches rendering logic for each object. 

●​ Applies OpenGL settings for depth testing, lighting, blending, and culling. 

6.9.5​ Resources 

●​ Vertex Array Objects (VAOs) and Vertex Buffer Objects (VBOs) allocated for 
each mesh 

●​ Scene-level objects loaded into GPU memory at runtime 
●​ GPU texture memory if any textured meshes are introduced in the future 

6.9.6​ Interface/Exports 

●​ void RenderScene(Camera camera, IEnumerable<AppMesh> meshes): primary 
render function 

●​ void Initialize() and void Cleanup(): setup and teardown of OpenGL 
buffers/shaders 

●​ Interfaces with OpenGL via OpenTK bindings 

 

 

6.10  Windows, SplashScreen 
6.11.1​ Responsibilities 

Overall, this component class is meant to model and implement the introductory GUI on 
software startup. Specifically, introductory information includes contributor names, the 
project logo, and credits for other assets including the orange, origami fox logo. 
Therefore, the sole point of this component is to briefly and aesthetically present this 
information in case the user needs to inquire with the developers or understand any 
introductory facts mentioned earlier. 
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6.11.2​ Constraints 

Visible Behavior: 

●​ The splash screen by definition appears first for its time duration. 
●​ The appearance duration is for no more than 10 seconds so that a streamlined user 

experience is given. 

6.11.3​ Composition 

Methods: 

●​ Constructor: initializes GUI components specific to the splash screen or inherited 
from parent class Form. UI elements such as the logo are then injected into the 
Form-style GUI. 

6.11.4​ Uses/Interactions  

 

The interactions with other code components are N/A since this class appears standalone. 

6.11.5​ Resources 

●​ Libraries: 
○​ Windows Forms GUI Library 

External Files (non-code): 

●​ Fox logo, licensed under CC by 4.0 
○​ Source: 

https://icon-icons.com/icon/fox-creative-craft-paper-origami/226504  

6.11.6​ Interface/Exports 

TBA​
 

6.11 About Us Form 
6.12.1​ Responsibilities 

Responsible for showing the credits for the development of the application 

​ 6.12.2​ Constraints 

 

6.12.3​ Composition 

​ ​
​ 6.12.4​ Uses/Interactions  

 

https://icon-icons.com/icon/fox-creative-craft-paper-origami/226504
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6.12.5​ Resources 

 

6.12.6​ Interface/Exports 

 

6.11 Loading Window 
6.11.1​ Responsibilities 

This module is responsible for displaying UI elements such as loading/processing onto 
the MainWindow to indicate progress and status messages of current operations. 

​ 6.11.2​ Constraints 

●​ Must be launched on the UI thread due to WPF threading model 
●​ Only one instance should be active at a time 

6.11.3​ Composition 

●​ WPF window that handles displaying progress and status messages to users 
during long-running operations 

6.11.4​ Uses/Interactions  

●​ Used by BlenderIntegration module to communicate progress of file processings 
●​ Used by MainWindow module to communicate progress of file downloading 
●​ Interacts with the WPF dispatcher to update UI from background threads 

6.11.5​ Resources 

●​ Relies on WPF UI-elements (ProgressBar, TextBlock) defined in XAML 
●​ Uses the main application window as its owner 

6.11.6​ Interface/Exports 

●​ Public methods: UpdateStatus(string), UpdateProgress(double) 
●​ Public properties: StatusHint, IsProgressIndeterminate 

 

6.12 Settings Window  
6.12.1​ Responsibilities 

Allows the user to configure the application to their needs through various aspects of the 
application. This can range from settings related to rendering, texture mapping, 3D model 
simplification options, and application behavior (saving paths or user defaults). This 
window will enable users to tailor the application to their workflow, improving usability 
and productivity.  
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​ 6.12.2​ Constraints 

●​ Must smoothly transition to/from MainEditorWindow with navigation buttons. 
●​ UI must be intuitive for the user experience. 

6.12.3​ Composition 

1)​ 2025 REVISION TODO!! 

6.12.4​ Uses/Interactions  

●​ Users access the Settings Window from the main menu 
●​ Returns the user to the MainEditorWindow using back button 
●​ Confirmation of changes/paths 

6.12.5​ Resources 

●​ JSON configuration file 
●​ Various dependencies within application 

6.12.6​ Interface/Exports 

●​ The Settings Window communicates with the MainEditorWindow through 
parent-child hierarchy 

●​ Updated settings are written to config file 

 

6.13 Main Editor Window  
6.13.1​ Responsibilities 

Main class responsible for rendering the primary 3D workspace and exposing user-facing 
features such as importing models, simplifying meshes, unfolding to 2D, and exporting 
SVGs. It hosts the OpenGL rendering context and facilitates interaction with scene logic 
through menus and bindings to MainViewModel. 

​ 6.13.2​ Constraints 

●​ Only .obj models are currently supported. 
●​ All operations and rendering are bound to Windows-specific components (e.g., 

WindowsFormsHost). 
●​ Must properly dispose of resources like OpenGL contexts on window closure 
●​ Users must interact through provided menus; direct manipulations in the 3D view 

are limited. 

6.13.3​ Composition 

●​ UI Layer: WPF DockPanel + Menu for commands; TreeView shows mesh hierarchy. 
●​ Rendering: WindowsFormsHost integrates OpenGL rendering via IGLControlHost. 
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●​ Dependency Injection: Injects ILogger, IGLControlHost, IBlenderInstaller through 
Initialize() method. 

●​ Validation Utilities: Handles numeric-only inputs for SVG page dimensions via custom 
PreviewTextInput and TextChanged logic. 

●​ Controls: Slider input for small mesh removal, various commands for simplification 
quality tiers, and dropdown menus for export format and methods. 

 

6.13.4​ Uses/Interactions  

●​ Binds UI elements to commands in MainViewModel using MVVM architecture. 
●​ Interfaces with SettingsWindow, BlenderIntegration, Logger, and GLControlHost. 
●​ Manages application lifecycle events (Loaded, Closed) for setup and cleanup. 
●​ Updates view in a manual render loop (StartUpdateLoop()). 

 

6.13.5​ Resources 

External Dependencies: OpenTK via IGLControlHost, Blender integration via 
IBlenderInstaller. 

6.13.6​ Interface/Exports 

●​ Exposes Initialize(IGLControlHost, ILogger, IBlenderInstaller) for dependency 
injection. 

●​ Hosts WPF UI and connects data bindings to MainViewModel. 
●​ Public access to camera and model controls through bound commands. 

 

 

 

6.14 Keyboard Controller Class  
6.14.1​ Responsibilities 

The KeyboardController class takes keyboard presses (W, A, S, D, Spacebar, Control) 
from the user and moves the camera from those button presses. WASD is responsible for 
moving in the XZ planes, Control Key (currently) is used for moving the camera down in 
the Y plane, and the Spacebar is used to move the camera upwards in the Y plane. 

​ 6.14.2​ Constraints 

Previous Limitations were that if glInvalidate (a function to re-render the scene) were 
called after transforming the camera position, it would not move when the mouse 
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controller is also used (specifically the middle mouse interaction). The current solution 
implemented is using glInvalidate in the Main Editor Window class. 

 

6.14.3​ Composition 

​ Methods: 

●​ OnKeyDown 
○​ Get the keyboard input events when the key is pushed down and check if it 

is in the keyStates map. Store its corresponding key state and set isMoving 
to true if detecting any input. 

●​ OnKeyUp 
○​ Take the keyboard input events when the key is up and check if it is in 

keyStates map and set that key state to false. Sets isMoving to false if all 
keystates are false. 

●​ MoveCamera 
○​ Responsible for checking the key states to determine which direction the 

camera moves, rendering its new position per frame 
●​ GetDeltaTime 

○​ Returns the delta time 
●​ DecelerateCamera 

○​ Applies deceleration to the camera when at least one key is not pressed 
●​ IsMoving 

○​ Returns the bool value isMoving 

 

​
​
​ 6.14.4​ Uses/Interactions  

The Keyboard controller class interacts with the camera to update its position depending 
on the keyboard presses. OnKeyDown and OnKeyUp are assigned to 
glControl.KeyDown and glControler.KeyUp events respectively.  

 

6.14.5​ Resources 

System.Windows.Forms, OpenTK, System.Drawing, System.Collections.Generic, 
System, SystemDiagnostics 

// Will add descriptions soon 

 

6.15.6​ Interface/Exports 



27 

N/A 

 

 

6.15 Mouse Controller Class  
6.15.1​ Responsibilities 

The Mouse Controller class is responsible for taking the mouse inputs of the user and 
having it interact with the environment. Dragging Right Click allows the user to move the 
camera in the vertical plane. Scrolling the middle mouse wheel allows the camera to 
move in the forward or backward direction. Left click allows the user to interact with the 
mesh. 

​ 6.15.2​ Constraints 

As stated with the Keyboard Controller class section, the middle mouse button press 
would prevent movement using WASD in the Keyboard. The solution implemented was 
to call the GLInvalidate function in the Main Editor Window. 

 

6.15.3​ Composition 

 ​ Methods: 

●​ SetState 
○​ Sets the current state of the Mouse Controller to the new state 
○​ Called in the Main EditorWindow 

●​ GetState 
○​ Returns the current state of the Mouse Controller 

●​ OnMouseDown 
○​ Read the Mouse Event Args for Mouse input and set the last mouse 

position to the location of e. Depending on Mouse Button pressed, it will 
set isPanning or isYawingAndPitching to true or delegate to the current 
mode. 

○​ Attached to the MouseDown of glControl 
●​ OnMouseMove 

○​ If isPanning is true, move the camera in X and Y plane. If 
isYawingAndPitching is true, it will rotate the camera in X and Y 
directions. Otherwise, delegate to the current mode 

○​ Attached to the MouseMove of glControl 
●​ OnMouseUp 

○​ On release of the Mouse input buttons, set either isPanning or 
isYawingAndPitching to false or delegate to the current state 
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○​ Attached to the MouseUp of glControl 
●​ OnMouseWheel 

○​ Responsible for moving the camera forward to back from where the 
camera is facing when using the scroll wheel.  

○​ Attached to the MouseWheel of glControl 

 

​
​
6.15.4​ Uses/Interactions  

The Mouse controller class interacts with the camera to update its position depending on 
the mouse input. OnMouseDown, OnMouseMove, OnMouseUp, and OnMouseWheel are 
assigned to the glControl. 

 

6.15.5​ Resources 

●​ Libraries: 
○​ System.Windows.Forms 
○​ System.Drawing 

 

6.16.6​ Interface/Exports 

IState 

 

6.16  Blender Integration Class 
6.16.1​ Responsibilities 

The Blender Integration class is responsible for the unfolding process for handling any 
matters related to the Blender application and its library. Functions by running a 
command-line interface within the OpenTK project to interact with the Blender 
application through a script named unfolding.py to load, process, and export back into the 
project. Captures standard output and error messages from Blender back to the projects 
console window to provide developers insight and analyses of debugging outcomes. 
Handles process control to run Blender in background mode. 

6.16.2​ Constraints 

Termination: A 30-second timeout is set for the Blender process. If Blender takes longer, 
it is terminated to prevent holdup excess resource usage. 
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Storage: The class does not handle storage directly, but large models or outputs may 
require additional memory. 

Error Handling: Specific errors such as ZeroDivisionError and model size-related issues 
are caught or filtered to continue operations as intended; all other errors trigger 
termination. 

Dependencies: This class relies on Blender being available at a specific path relative to 
the application's base directory. 

6.16.3​ Composition 

●​ RunBlenderScript: Manages Blender process initiation and output/error capture 
●​ ForceTerminateBlender: Uses system commands to kill the Blender process if 

necessary 
●​ ExtractRunfimeError: Parses error messages for specific known runtime errors 

that can be handled without stopping execution 

6.16.4​ Uses/Interactions  

This component interacts primarily with Blender and the MainEditorWindow class to 
pass user inputs from the OpenTK user interface, then into the BlenderIntegration class to 
send that information to the unfolding script. 

6.16.5​ Resources 

Relies on Blender and operations system commands for process termination. No explicit 
concurrency control, but forced termination could interfere with other instances of 
Blender if they are present.  

6.16.6​ Interface/Exports 

●​ RunBlenderScript excluding model parameters 
○​ inputModelPath: string containing the path to the model 
○​ outputModelPath: string containing the path to the exported model 
○​ scriptPath: string containing the path to the Blender python script 
○​ errorMessage: string capturing output/errors that displays to the project UI 

●​ ExtractRuntimeError 
○​ error: string containing the error traceback from the Blender console 

window 

6.17  Blender Unfolding Script 
6.17.1​ Responsibilities 

The Blender Unfolding Script is solely responsible for automating the 3D model 
unfolding process using Blenders API. This component imports a specified 3D model, 
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sets up export parameters, and exports an unfolded version onto a 2D plane in either SVG 
or PDF format.  

6.17.2​ Constraints 

●​ Assumptions 
○​ Blender is installed with access to the export_paper_model addon 
○​ The input and output paths, along with document parameters are correctly 

passed through the command-line arguments 
●​ Limitations 

○​ Document sizes, margins, and output formatting must adhere to Blender’s 
internal handling of units in meters 

○​ Models will always be exported at a 1:1 scale, meaning the exported 
dimensions of SVG or PDF will match the real-world dimensions 
according to the virtual model dimensions  

○​ The ability to correctly export models on a 1:1 scale without disrupting 
scale and paper dimension is impossible as the addon cannot wrap while 
maintaining model scale and paper dimensions smartly 

●​ Error Handling: The script checks for valid file paths before importing and adjusts 
export dimensions based on specified limits 

6.17.3​ Composition 

●​ get_command_line_args(): Parses command-line arguments sent from the 
BlenderIntegration class 

●​ clear_scene(): Clears any existing objects from the Blender environment 
●​ install_addon(): Ensures the necessary addon is active 
●​ import_model(): Imports the specified model 
●​ unfold(): Configures and performs the unfolding process, then exports the result 

6.17.4​ Uses/Interactions  

This script is invoked from the C# project, passing parameters through the command-line 
arguments, and interacts with the Blender API to access the paper model addon to 
import/export. 

6.17.5​ Resources 

Relies on Blender and the installation of the export_paper_model addon. Large model 
imports might lead to memory limitations; Blender can crash or fail if resources are 
exceeded. 

6.17.6​ Interface/Exports 

●​ Command-line Interface: Accepts input model path, output model path, filename, 
document width/height, and export format 

●​ Primary Exports: Provides unfolded models in SVG or PDF formats 
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6.18  SVG Editor Class 
6.18.1​ Responsibilities 

The SVG Editor class is responsible for handling segmentation and exports of SVG files 
into smaller panels as desired while retaining model scale, correcting the limitations of 
the Blender Unfolding Script. Additionally, the class supports exporting SVG panels into 
a combined PDF document by rasterizing each SVG and appending it as a page in a 
target PDF file. 

6.18.2​ Constraints 

●​ Limitations 
○​ Using the .NET SVG library we can use the transform method to add 

rectangle shapes around the perimeter of the SVG panel to act as a 
margins without interfering with the model being unfolded 

●​ Convention 
○​ Panel width, height, and margin values must be provided in millimeters 

and converted internally to pixels 
○​ Exports the original SVG files obtained from Blender Unfolding Script 

along with the panels 
○​ Output panel files follow the naming convention of ​

“filename_panel_page{pageIndex}_{x}_{y}.svg” 

6.18.3​ Composition 

●​ SVG.NET library: A third-party library of the NUGET packages used to parse, 
manipulate, and export SVG content 

●​ PdfSharpCore: Used to create PDF documents and draw rasterized SVG content 
onto pages 

●​ Transformation: Internal logic applies scaling and translation to retain proper 
scaling and panel coordinates 

●​ Relationships: The module leverages the SVGDocument, SVGElement, and 
SVGTransformCollection for SVG manipulation and XGraphics, XImage, and 
PDFdocumentt for PDF output 

6.18.4​ Uses/Interactions  

The SVGEditor class is called by the MainEditorWindow to pass parameters from the UI 
and interacts with the Blender Integration class to obtain the SVG files needed to perform 
editing. Unit conversion is done internally to convert meters to millimeters due to the UI 
and Blender utilizing meters as their default. The ExportToPdf method is invoked after 
panels are generated, to create a consolidated view in PDF form 

6.18.5​ Resources 
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Memory is used to load, manipulate, and store temporary SVG documents during 
processing and the SVG.NET library is used for SVG manipulation. There are no race 
conditions as this is a single-threaded implementation. 

6.18.6​ Interface/Exports 

●​ ExportSVGPanels excluding file paths 
○​ pageIndex: Identifier for the current page id being processed. Important 

for scenarios involving large models resulting in multiple SVG files, 
requiring the class to be called multiple times. Without an identifier, the 
files would be overwritten on each call 

○​ panelWidthMM: Width of each panel in millimeters 
○​ panelHeightMM: Height of each panel in millimeters 
○​ MmToPx: Constant that contains the ratio to convert the units in 

millimeters to pixels 
●​ ExportToPdf 

○​ svgFile: Path to the SVG file to rasterize 
○​ pdf: Reference to an openPdfDocument object to which a new page will 

be added 
○​ Returns true if successful; false otherwise 

6.19  Camera 
6.19.1​ Responsibilities 

The Camera component is essential for viewing the 3D world in the software application. 
It manages how the 3D model is displayed on the screen. It also allows the user to view 
and move around the camera to check another part of the model 

6.20.2​ Constraints 

●​ Limitations 
○​ In order to prevent the camera from flipping over and distorting the view, 

the pitch property is clamped between  -89° and   89° and the FOV 
property is also clamped down between 1° and 90° to ensure that the user 
has a realistic point of view 

●​ Considerations 
○​ It was also considered to dynamically update the camera’s position and 

orientation so that the user interaction is smooth and efficient 
●​ Assumptions 

○​ Position, Yaw, Pitch, and AspectRatio are intialized correctly 

6.19.3​ Composition 

●​ Position: Defines the camera’s location in the 3D space 
●​ Orientation Vectors: 
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○​ Front: Direction the camera is looking at 
○​ Up: Upward direction for the camera 
○​ Right: Perpendicular to the other two 

●​ Orientation Angles: 
○​ Yaw: Rotation around the Y-axis 
○​ Pitch: Rotation around the X-axis 

●​ Field of View (FOV): Vertical field of view angle 
●​ Aspect Ratio: Width-to-height ratio of the viewport 

6.19.4​ Uses/Interactions  

The camera interacts with Rendering components to provide view and projection 
matrices for rendering. It also works with input handlers to update the orientation and 
position dynamically. The Camera is used by the Rendering engine to position and orient 
the view in the 3D space. RayCasting uses the GetProjectionMatrix() method from 
Camera to determine which parts of the scene are visible for that component 

 

6.19.5​ Resources 

●​ Relies on OpenTK for calculations and mathematical operations 

6.19.6​ Interface/Exports 

●​ GetViewMatrix(): Returns a Matrix4 representing the camera’s view matrix 

●​ GetProjectionMatrix(): Returns a Matrix4 representing the projection matrix 
based on FOV 

●​ UpdateVectors(): Recalculates direction vectors based on the camera’s current 
position 

 

 

 

 

7. Detailed Lower level Component Design 

7.2  LoadingWindow 
 

7.2.1  Classification 
Class 
 
7.2.2  Processing Narrative (PSPEC) 
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Responsible for displaying a status window to show current progress and textual status 
during lengthy operations. It supports both indeterminate and determinate progress bar 
modes and safely updates the UI from non-UI threads using dispatcher checks. 
 
7.2.3  Interface Description 

​ This class exposes: 
 

●​ UpdateStatus(string message): Updates the status label text 
●​ UpdateProgress(double progressPercentage): Sets the progress bar value (0-100) 
●​ StatusHint: Bindable string to indicate status 
●​ IsProgressIndeterminate: Bindable boolean to toggle progress mode 
●​ PropertyChanged event: Notifies bindings of property changes 

 
7.2.4  Processing Detail 
Uses WPF data binding to reflect property changes in the UI, and relies on the dispatcher 
to ensure thread-safe UI updates from background processes. Toggles/Property/Updates 
are triggered via public methods callable from other components. 
 
7.2.4.1 Design Class Hierarchy 

●​ Inherits from System.Windows.Window 
●​ Implements INotifyPropertyChanged 

 
7.2.4.2 Restrictions/Limitations 

●​ Cannot be used from non-WPF environment 
●​ Relies on the dispatcher for thread-safe UI operations 

 
7.2.4.3 Performance Issues 

●​ DispatcherHelper.DoEvents() is used to force the UI thread to process pending 
messages during very short background tasks. This intentional delay ensures that 
messages are readable rather than being skipped over rapid execution 

 
7.2.4.4 Design Constraints 

●​ Must initialize DataContext for binding to work 
●​ Should be owned by the main application window to behave modally 

 
7.2.4.5 Processing Detail For Each Operation 

●​ UpdateStatus(string) 
○​ Checks for UI thread access, uses Dispacther.Invoke if necessary 
○​ Sets the Text property of StatusText 

●​ UpdateProgress(double) 
○​ Skips update if IsProgressIndeterminate is true 
○​ Clamps progress value between 0 and 100 
○​ Uses dispatcher for cross-thread access 

●​ StatusHint (Property) 
○​ Notifies the UI of changes through OnPropertyChanged 

●​ IsProgressIndeterminate (Property) 
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○​ Controls whether the progress bar shows as indeterminate 
 

7.3  SettingsWindow 
 

7.3.1  Classification 
Class 
 
7.3.2  Processing Narrative (PSPEC) 
The SettingsWindow class is responsible for the graphical settings UI in UnBox3D. It 
allows users to view and update application preferences such as rendering styles, control 
sensitivities, window size, and system behaviors. 
 
It dynamically binds text box and checkbox controls to individual configuration keys 
through a validation and mapping system. Inputs are validated in real-time and visually 
flagged as valid or invalid. All user inputs are written back to the SettingsManager, which 
handles file persistence. 
 
The window initializes via an Initialize() method that injects core dependencies (ILogger 
and ISettingsManager) and is normally hidden on startup, only appearing when 
summoned via the main application interface. 
 
 
7.3.3  Interface Description 
There is no specific interacting interface of this class with any other one. Even the 
dependent references to a SettingsManager and Logger will be hidden from external 
classes. 
 
7.3.4  Processing Detail 

●​ There is some processing performed by this class to display and manipulate 
application settings for the user. Specific processing includes serializing and 
deserializing the settings to / from a JSON file used by the software. 

 
7.3.4.1 Design Class Hierarchy 

●​ N/A 
 
7.3.4.2 Restrictions/Limitations 

●​ Only valid settings values can be accepted such as OBJ, STL, or DXF for 
exportable file formats. 

●​ All inputs must be lexically validated similarly to how regex pattern matching 
validates strings: 

○​ Integers must satisfy (DIGIT)+ 
○​ Floating point numbers must follow the regular expression 

(DIGIT)+.(DIGIT)+ 
○​ “wordy” inputs must follow the regular expression (ALPHABETIC)+ 
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7.3.4.3 Performance Issues 
●​ N/A 

 
7.3.4.4 Design Constraints 

●​ The settings menu must be able to submit form values for newly saved settings. 
●​ The following types of settings must be covered: 

○​ General / Application 
○​ Assimp 
○​ Rendering 
○​ UI 
○​ Units 
○​ Window 

 
7.3.4.5 Processing Detail For Each Operation 

●​ Initialization by constructor: 
○​ Sets up input validation listeners for each UI widget, mappings from UI 

element names to setting properties, and bind references to a settings 
manager alongside a logging utility. 

●​ Input Validators: 
○​ IsValidWordInput: considers a textual input valid iff the string is 

non-empty and alphabetical. 
○​ IsValidRealNumberInput: considers a textual input valid iff the string 

represents a floating-point number with digits before and after the point. 
○​ IsValidIntegerInput: considers a textual input valid iff the string represents 

a non-floating-point number, specifically a non-empty sequence of 
decimal digits. 

●​ Navigators: 
○​ BackButton_Click: Saves any user-inputted settings with the 

SettingsManager, hides the settings window, and finally re-displays the 
main window. 

●​ Event Handlers: 
○​ TextBox_InputChanged: updates the corresponding setting property in the 

SettingsManager by the labeling name of the textual input. Also uses the 
input validator IsValidWordInput to highlight green / red for valid / invalid 
strings. 

○​ TextBox_PathChanged: updates the corresponding setting property in the 
SettingsManager by the labeling name of the textual input similarly to the 
InputChanged handler. Also uses validators to highlight the corresponding 
control. 

○​ CheckBox_Toggled: updates the corresponding boolean setting property 
to the checkbox by the SettingsManager. Also uses validators like the 
previous two methods. 

 

7.4  MainEditorWindow 
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7.4.1  Classification 
Class 
 
7.4.2  Processing Narrative (PSPEC) 
MainEditorWindow acts as the central UI for UnBox3D. It sets up and manages: 
 

●​ The OpenGL rendering space via WindowsFormsHost 
●​ Menu commands bound to MainViewModel 
●​ Viewport updates and rendering loop 
●​ Input validation for unfolding parameters (width/height) 
●​ User interaction with the mesh list, simplification commands, and Blender 

installation 
 
The component’s lifecycle is carefully managed, handling initialization, render loop start, 
and cleanup. 
 
 
7.4.3  Interface Description 
This class exposes: 
 

●​ Initialize(IGLControlHost, ILogger, IBlenderInstaller): injects critical services 
●​ Event hooks: Loaded, Closed, and menu command events (Settings_Click, etc.) 
●​ GL host setup via openGLHost.Child = (Control)_controlHost 
●​ UI bindings routed through MVVM (MainViewModel) 
●​ View-updating logic through StartUpdateLoop() 

 
7.4.4  Processing Detail 
This class sets up the main editor which includes the camera and scene renderer which 
allows you to see the editor. Additionally, it also sets up menu items in a tool strip which 
gives the user the ability to load, edit, and process models. 
 
7.4.4.1 Design Class Hierarchy 
No class hierarchy applies since there are no child or parent classes. 
 
7.4.4.2 Restrictions/Limitations 

●​ Only accepts .obj model format 
●​ Uses Windows-only UI libraries (WPF, WindowsFormsHost) 
●​ Tightly coupled with external services (Blender, OpenGL) 
●​ Requires injected dependencies to function 

 
7.4.4.3 Performance Issues 

●​ When removing small meshes, moving the slider causes framerate stuttering 
because of the graphical computations often changing. 

 
7.4.4.4 Design Constraints 
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●​ The UI must be simple enough as to not cause significant mental overhead for the 
user. 

●​ The rendered scene of the 3-D model must be continually rendered through a 
session of use. 

 
7.4.4.5 Processing Detail For Each Operation 
 

Operation Function 

Window Load Starts Blender setup via LoadingWindow 
and initializes GL rendering 
(MainWindow_Loaded) 

Window Close Cleans up GL resources and logs closure 
(MainWindow_Closed) 

StartUpdateLoop Manually re-renders OpenGL context using 
Render() every ~16ms 

MeshThreshold_ValueChanged Updates simplification threshold in 
MainViewModel and applies logic 

NumericTextBox_PreviewTextI
nput 

Ensures valid numeric input for page 
width/height 

NumericTextBox_LostFocus Normalizes empty inputs to zero 

Settings_Click Opens SettingsWindow and hides main 
window 

Command Bindings (XAML) Triggers commands like ImportModel, 
ReplaceSceneWithBoundingBoxesComman
d, ExportUnfoldModelCommand, etc. via 
MainViewModel 

 

7.5  KeyboardController 
 

7.5.1  Classification 
Class 
 
7.5.2  Processing Narrative (PSPEC) 
The KeyboardController class handles global keyboard input events to control camera 
movement and system-level shortcuts in UnBox3D. It listens for key presses (W, A, S, D, 
Space, Shift) to translate the camera in six directions using its local axes (Front, Right, 
Up). It also listens for the Escape key to trigger a clean application shutdown. 
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This controller is injected with a reference to the active ICamera and hooks into the 
application's KeyDown and KeyUp events at runtime, specifically targeting 
MainWindow. It plays a central role in enabling intuitive navigation through the 3D 
scene. 
 
7.5.3  Interface Description 
This class composes into the MainWindow class as a member providing key-based 
control. 
 
7.5.4  Processing Detail 
This class sets up logic that handles key presses to do various actions. Some actions 
affect the camera movement, so some handle on rendering state is used to “zoom” 
inwards or outwards. 
 
7.5.4.1 Design Class Hierarchy 
No class hierarchy applies since there are no child or parent classes. 
 
7.5.4.2 Restrictions/Limitations 
The camera movement must remain smooth despite micro-variations in any computating 
or rendering times. 

●​ NOTE: the delta time algorithm is used to ensure this behavior. 
 
7.5.4.3 Performance Issues 
N/A 
 
7.5.4.4 Design Constraints 
N/A 
 
7.5.4.5 Processing Detail For Each Operation 

 
Operation Description 

KeyboardController(camera) Constructor that registers KeyDown and KeyUp event 
handlers to the application's main window and stores the 
injected camera reference. 

OnKeyDown(e) Handles W, A, S, D, Space, and LeftShift keys to move the 
camera in 3D space based on its current orientation. Moves 
are scaled by a fixed cameraSpeed. 

Key.W Moves the camera forward along the Front vector. 

Key.S Moves the camera backward along the Front vector. 

Key.A Moves the camera left along the negative Right vector. 

Key.D Moves the camera right along the Right vector. 
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Key.Space Moves the camera up along the Up vector. 

Key.LeftShift Moves the camera down along the Up vector. 

Key.Escape Gracefully shuts down the application. 

OnKeyUp(e) Currently a stub for future expansion; intended to handle key 
release events. 

 

7.6  MouseController 
 

7.6.1  Classification 
Class 
 
7.6.2  Processing Narrative (PSPEC) 
The MouseController class manages all mouse-driven interactions within the UnBox3D 
viewport. It supports camera manipulation through panning, zooming, and yaw/pitch 
rotation, all driven by real-time mouse movement and button input. It also routes mouse 
events (e.g., click, drag) to the currently active interaction IState, enabling features like 
mesh selection, dragging, and scene interaction. 
 
Mouse behavior is configurable through user-defined sensitivity settings, and all 
interactions are relative to the ICamera’s current orientation and position. The controller 
is tightly integrated with the rendering context (GLControlHost) and uses the IRayCaster 
to support context-aware selection actions in various tool states. 
 
7.6.3  Interface Description 
This class interfaces with the MainWindow class by composition. It specifically exists as 
a member providing mouse-based control. Also, the service functions of the 
SettingsManager are used for setting camera sensitivity factors that are used with 
movement by the mouse. 
 
7.6.4  Processing Detail 
This class encapsulates and does setup for logic handling mouse controls. A read-only 
handle on rendering state is used to smoothly manipulate the camera movements based 
on mouse control state and the delta time algorithm. 
 
7.6.4.1 Design Class Hierarchy 
No class hierarchy applies since there are no child or parent classes. 
 
7.6.4.2 Restrictions/Limitations 
The camera movement must remain smooth despite micro-variations in any computating 
or rendering times. 

●​ NOTE: the delta time algorithm is used to ensure this behavior. 
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7.6.4.3 Performance Issues 
N/A 
 
7.6.4.4 Design Constraints 
N/A 
 
7.6.4.5 Processing Detail For Each Operation 

 

Operation Description 

MouseController(...) Constructor that injects dependencies (ICamera, 
ISettingsManager, IRayCaster, etc.) and subscribes to all 
mouse-related events on GLControlHost. It also loads 
camera sensitivity settings from the config. 

SetState(newState) Updates the active IState instance to enable interaction 
mode switching (e.g., neutral, select). 

GetState() Returns the current active IState object. 

OnMouseDown(e) Handles input based on the button pressed:• Left: passes 
event to state• Right: begins camera panning• Middle: 
begins yaw/pitch rotation 

OnMouseMove(e) Calculates mouse delta since last frame and:• If panning: 
shifts camera laterally/vertically• If rotating: adjusts 
camera yaw/pitch• Otherwise: forwards event to active 
IState 

OnMouseUp(e) Resets flags for panning or yawing when corresponding 
mouse buttons are released. 

OnMouseWheel(e) Zooms the camera in or out based on scroll delta and 
configured zoom sensitivity. 

PanCamera(delta) Moves camera right/up relative to screen-space delta and 
pan sensitivity. 

AdjustCameraYawAndPitch(delt
a) 

Applies delta movement to update the camera’s yaw and 
pitch values using sensitivity settings. 

AdjustCameraZoom(delta) Moves the camera forward or backward along its Front 
vector using scroll input. 

CalculateMouseDelta() Computes the difference between the current and 
previous mouse position, used to control movement. 
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7.7  BlenderIntegration 
 

7.7.1  Classification 
Class 
 
7.7.2  Processing Narrative (PSPEC) 
The BlenderIntegration class is responsible for executing external Blender scripts via the 
command line to perform automated mesh operations such as unfolding or format 
conversion. It builds and runs a subprocess using the specified script and model paths, 
passes custom CLI arguments (e.g., dimensions, file names), and captures Blender's 
standard output and error streams for logging and error handling. 
 
This class acts as the bridge between UnBox3D and Blender’s Python scripting API, 
enabling advanced geometry processing without requiring user interaction with Blender 
itself. It also includes logic to forcibly terminate Blender if it becomes unresponsive, and 
parses error messages to detect common failure causes such as invalid geometry or script 
exceptions. 
 
7.7.3  Interface Description 
This class integrates into the MainEditorWindow class by composition. 
 
7.7.4  Processing Detail 
All processing is done within three class-level (non-instanced) functions: 
RunBlenderScript, ForceTerminateBlender, and ExtractRuntimeError. 

●​ RunBlenderScript: launches a Python script in the integrated Blender application 
with running diagnostics. 

●​ ForceTerminateBlender: Attempts to kill a launched Blender task. 
●​ ExtractRuntimeError: Returns any status message from a running Python script 

for logging purposes. 
 
7.7.4.1 Design Class Hierarchy 
No class hierarchy applies since there are no child or parent classes. 

 
7.7.4.2 Restrictions/Limitations 

●​ All errors occurring in the Python Blender script must be caught and handled. 
●​ If the script stalls, it must be terminated after 30 seconds. 

 
7.7.4.3 Performance Issues 
N/A 
 
7.7.4.4 Design Constraints 
Currently, this class must not be instanced for usage because all important states depend 
on the integrated Blender program. This implies that only static methods are used. 
 
7.7.4.5 Processing Detail For Each Operation 
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Operation Description 

BlenderIntegration(logger) Constructor that injects the ILogger dependency used to track 
script execution and error reporting. 

RunBlenderScript(...) Main method that constructs and launches a Blender 
subprocess using CLI arguments (model paths, export 
parameters). It captures stdout/stderr, applies timeouts, and 
optionally extracts detailed error messages. 

ForceTerminateBlender() Executes taskkill /F /IM blender.exe to forcibly close any 
hung or long-running Blender processes. Logs any output or 
errors during termination. 

ExtractRuntimeError(error) Parses Blender’s standard error output for known runtime 
failure patterns (e.g., unfolding failure or script crash) and 
returns human-readable error messages. 

 
 

7.8  SVGEditor 
 

7.8.1  Classification 
Class 
 
7.8.2  Processing Narrative (PSPEC) 
Responsible for processing SVG files exported from the Blender integration module. This 
class ensures the segmentation of 2D models into user-defined panel sizes while 
maintaining scale and adding optional margins. It also supports rendering individual SVG 
field into bitmap images and embedding them into a combined PDF document for final 
output 
 
7.8.3  Interface Description 
This class integrates into the MainEditorWindow class by composition. 
 
7.8.4  Processing Detail 
The SVGEditor class primarily handles the processing of SVG files to create segmented, 
properly scaled panels with optional margins. The main function, ExportSvgPanels, 
performs the following steps: 
 

1.​ Load SVG Document: Reads and parses the input SVG file using the SVG.NET 
library. 

2.​ Unit Conversion: Converts dimensions from millimeters to pixels using a 
predefined ratio (MmToPx). 

3.​ Panel Calculation: Determines the number of panels required in both X and Y 
directions based on the panel dimensions and margins. 
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4.​ Segmentation: For each panel: 
5.​ Applies translations to align elements within the panel boundary. 
6.​ Creates a new SVG document for the current panel. 
7.​ Export: Writes each panel to a separate SVG file with a structured naming 

convention. 
 

The secondary function, ExportToPdf, performs the following steps: 
 

1.​ Load and Parse: Opens the input SVG file and parses it into a SvgDocument 
2.​ Rasterize: Converts the SVG into a raster image using the Draw method 
3.​ Embed: Adds a new page to the given PdfDocument, sets its dimensions based on 

the image, and draws the image on the page 
 

7.8.4.1 Design Class Hierarchy 
No class hierarchy applies since there are no child or parent classes. 
 
7.8.4.2 Restrictions/Limitations 

●​ Margins are currently implemented as offsets rather than true buffer areas, which 
can lead to cropping of elements near panel edges. 

●​ The class does not handle rotation or optimization of panel placement, which may 
result in increased material usage during real-world assembly. 

●​ Large SVG files with dense content may result in high memory usage. 
○​ PDF fails to output segmented cuts when SVG files are too large 

■​ Fallback implemented is to use the generated file from 
export_paper_model when SVG files result in MemoryException 

 
7.8.4.3 Performance Issues 

●​ Memory Usage: Processing large SVGs or models with intricate details can cause 
significant memory consumption. 

●​ Export Speed: The function processes panels sequentially, leading to potential 
delays when dealing with large or complex SVG files. 

 
7.8.4.4 Design Constraints 

●​ Panel dimensions, including margins, must not exceed the maximum supported 
paper or laser cutter dimensions (e.g., 4x8 meters). 

●​ Outputs must adhere to a consistent scale and naming format. 
●​ The system relies on the SVG.NET library, which introduces dependencies and 

potential limitations in processing speed. 
 
7.8.4.5 Processing Detail For Each Operation 

●​ Input Parsing: 
○​ Use SvgDocument.Open() to read the input SVG file. 
○​ Extract dimensions and elements from the SVG. 

●​ Dimension Conversion: 
○​ Convert user-defined dimensions and margins from millimeters to pixels 

using a constant scale factor (e.g., 3.779527 mm to px). 
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●​ Panel Creation: 
○​ Calculate the number of panels needed in both X and Y directions based 

on available dimensions and margins. 
○​ For each panel, determine its offset and create a new SvgDocument to 

represent the segment. 
●​ Transformation Application: 

○​ Apply translation and scaling transformations to the copied elements to 
align them within the panel. 

●​ Export: 
○​ Write the resulting panel to the output directory using 

SvgDocument.Write(). 
●​ PDF 

○​ Render SVG as a bitmap using svgDoc.Draw() 
○​ Save image to memory and insert into a new PdfSharpCore.PdfDocument 

page 
○​ Write the image using XGraphics.DrawImage() and update the document 

 

7.9  Logger 
 

7.9.1  Classification 
Class 
 
7.9.2  Processing Narrative (PSPEC) 
The Logger class is responsible for writing diagnostic and runtime messages to a 
persistent log file. It supports different severity levels (Info, Warn, Error, Debug, Fatal) 
and handles file rotation to prevent unbounded log growth. The class is designed to be 
thread-safe and interacts with an abstract IFileSystem for file operations, enabling easier 
testing and mocking. 
 
Logging plays a key role in application stability and maintainability, allowing developers 
and testers to track errors and runtime behavior over time. 
 
7.9.3  Interface Description 
This class implements the ILogger interface, exposing the following methods: 
 

●​ void Info(string message) 
●​ void Warn(string message) 
●​ void Error(string message) 
●​ void Log(string message, LogLevel level) 
●​ void Debug(string message) 
●​ void Fatal(string message) 

 
All methods write messages to the log file, prepending each entry with a timestamp and 
severity level. 
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7.9.4  Processing Detail 
 
7.9.4.1 Design Class Hierarchy 
Implements: ILogger interface 
Depends on: IFileSystem (custom abstraction over file I/O operations) 
 
 
7.9.4.2 Restrictions/Limitations 
The LOG files created must not exceed a count of 5 or a storage of 5 MB. 
 
7.9.4.3 Performance Issues 
Rotation and deletion of old log files may introduce I/O latency if log activity is frequent 
 
7.9.4.4 Design Constraints 
The methods must be static since the I/O state and logic is contained within the C# 
standard library. Alternatively stated, all file processing is done by such functions rather 
than the Logger itself. 
 
7.9.4.5 Processing Detail For Each Operation 

 

Operation Description 

Logger() (ctor) Initializes logging directory and sets log file name and size 
thresholds 

Log() Main entry point that formats log line, checks file size, and 
rotates if necessary 

Info()/Warn()/Error() Shorthand methods for common log levels 

RotateLogs() Moves current log file into .0 archive and renames older ones 
(.1, .2, etc.), deleting excess files beyond the max archive 
count 

WriteToFile() (via 
IFileSystem) 

Appends text to the log file; this is where the actual I/O 
happens 

 

7.10  SettingsManager 
 

7.10.1  Classification 
Class 
 
7.10.2  Processing Narrative (PSPEC) 
The SettingsManager is a singleton-style component responsible for loading, updating, 
and saving application configuration data using a structured JSON file. It supports nested 
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settings organized by module (e.g., rendering, UI, units) and provides thread-safe access 
to retrieve or modify values at runtime. The manager ensures that default values are used 
when no settings file exists and logs all operations for traceability. 
 
This class acts as a centralized service for runtime configuration and is critical for 
supporting customizable behavior in areas like camera control, rendering preferences, and 
file export paths.The SettingsManager is a singleton-style component responsible for 
loading, updating, and saving application configuration data using a structured JSON file. 
It supports nested settings organized by module (e.g., rendering, UI, units) and provides 
thread-safe access to retrieve or modify values at runtime. The manager ensures that 
default values are used when no settings file exists and logs all operations for traceability. 
 
This class acts as a centralized service for runtime configuration and is critical for 
supporting customizable behavior in areas like camera control, rendering preferences, and 
file export paths. 
 
 
7.10.3  Interface Description 
This class integrates into some important classes such as Renderers, Managers, and other 
classes of graphical logic by composition. 
 
7.10.4  Processing Detail 
 
7.10.4.1 Design Class Hierarchy 
This class is a standalone “Singleton” which allows only one instance to exist. Thus, no 
class hierarchy applies since inheritance is disabled by a sealed specifier. 
 
7.10.4.2 Restrictions/Limitations 

●​ There must not be a race condition when changing settings from any threads. 
●​ JSON is the best option for a settings data format. 

 
7.10.4.3 Performance Issues 
No major performance issues have been found so far, but a mutex-based Lock alone has a 
very slight chance to lead to a slight performance hit: threads must contend over which 
can execute the critical settings code at a time. 
 
7.10.4.4 Design Constraints 

●​ A lock is mandatory to ensure synchronized access of the settings data. 
●​ The Newtonsoft JSON library is used based on its flexibility and rich feature set. 

 
7.10.4.5 Processing Detail For Each Operation 

 

Operation Description 

SettingsManager() (ctor) Initializes loggers and file paths; creates default settings if none 
found 
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LoadSettings() Loads settings JSON from disk, deserializes to JObject 

GetDefaultSettings() Builds an in-memory default configuration based on categories 
(App, UI, Rendering, etc.) 

SaveSettings() Writes current in-memory settings to the JSON file 

GetSetting<T>() (2-level) Retrieves a setting from a top-level category and key 

GetSetting<T>() (3-level) Retrieves a setting from a nested category within a parent 
module 

SetSetting() (2- or 
3-level) 

Updates a specific setting, saves the file, logs the change 

Logger.Warn/Error 
fallback 

Logs missing keys or parsing issues to help debugging 

 

7.11  unfolding_script.py 
 

7.11.1  Classification 
Python script file 
 
7.11.2  Processing Narrative (PSPEC) 
This external Python script is executed within Blender by the BlenderIntegration class to 
automate the unfolding and export of 3D models into 2D documents (PDF or SVG). It 
receives CLI arguments passed from UnBox3D, including model paths, export 
dimensions, and output format. 
 
The script performs the following high-level tasks: 
 

1.​ Parses CLI Arguments: Extracts all relevant data like input/output paths, file 
name, page size, and format. 
 

2.​ Scene Setup: Clears the Blender scene and loads the target .obj model. 
 

3.​ Addon Installation: Automatically installs the export_paper_model Blender 
extension from the official repository (if not yet present). 
 

4.​ Unfold Configuration: Sets up the paper_model parameters (page size, scale, 
limits). 
 

5.​ Export Operation: Calls Blender’s bpy.ops.export_mesh.paper_model with the 
configured parameters to save a flattened version of the model to a user-defined 
path and format. 
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The output respects real-world measurements by exporting in meters (as Blender units), 
and it disables default margins, stickers, and numbers — leaving those responsibilities to 
the SVG export pipeline. 
 
 
7.11.3  Interface Description 
This script is used as a utility by the BlenderIntegration class. 
 
7.11.4  Processing Detail 
On script startup, the function get_command_line_args will be run. First, the 
command-line arguments to the script are consumed and processed into a dictionary 
containing the equivalent data. This dictionary is then forwarded to the main and unfold 
functions. Within the main function, some other values besides model export paths are 
kept. Within the unfolding function, the paths are specifically unpacked from the 
resulting arguments. 
 
After the arguments are passed successfully, the Blender scene is cleared of any template 
items first. Second, the export_paper_model addon is activated within this application. 
Finally, the model is loaded from an external location and then unfolded by the unfold 
function. The resulting 2D schematics are then written in separate files of pages to the 
specified directory. 
 
7.11.4.1 Design Class Hierarchy 
This script does not contain any classes since it is written in a procedural manner. Thus 
this subsection is N/A. 
 
7.11.4.2 Restrictions/Limitations 
N/A 
 
7.11.4.3 Performance Issues 
N/A 
 
7.11.4.4 Design Constraints 
Arguments to the Blender script must be validated appropriately either within it or 
externally from it. 
 
7.11.4.5 Processing Detail For Each Operation 

 

Operation Description 

main() Entry point of the script. Coordinates execution by calling 
clear_scene(), installing the add-on, importing the model, and 
initiating unfolding/export. 
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get_command_line_args(
) 

Parses Blender’s sys.argv to extract custom CLI arguments 
passed after --. Returns input/output paths, filename, dimensions, 
and export format. 

clear_scene() Clears the current Blender scene by selecting and deleting all 
existing objects. Ensures the workspace is clean before import. 

install_addon(name) Uses Blender’s experimental extension system to install the 
export_paper_model add-on from the official repository if not 
already installed. 

import_model(filepath) Uses Blender’s built-in .obj importer to bring in the 3D model 
from the specified path. Logs success or failure. 

unfold(output_path) Configures the paper_model export parameters (size, margin, 
format), then calls Blender’s export operator to generate a 2D 
unfold file (PDF or SVG). Also applies transformations to 
normalize the object orientation. 

 
 

7.12  Gizmo 
7.12.1  Classification 
Class 
 
7.12.2  Processing Narrative (PSPEC) 
The Gizmo class provides 3D axis-aligned visual aids for model orientation and 
manipulation in the scene. It renders three orthogonal circles (aligned to X, Y, and Z 
planes) using OpenGL, acting as rotation or alignment guides. The gizmo is also 
interactable — it detects ray intersections to determine user interactions such as intended 
rotations or axis-based selections. 
 
This class supports usability and visual feedback in 3D space and improves spatial 
reasoning for users working with models. 
 
7.12.3  Interface Description 
Public methods: 
 

●​ Gizmo(float radius, int numSegments) – constructor with circle resolution 
●​ void SetCenter(Vector3 center) – sets position of the gizmo in world space 
●​ Vector3 GetCenter() – gets current center position 
●​ void RenderGizmos() – draws X/Y/Z aligned circles 
●​ bool RayIntersectsGizmoCircle(Vector3 rayOrigin, Vector3 rayDirection, Vector3 

axis) – detects if a ray intersects a specific gizmo ring 
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No external interfaces are implemented. The class is used by rendering systems (e.g., 
SceneRenderer) through composition. 
 
7.12.4  Processing Detail 
 
7.12.4.1 Design Class Hierarchy 
Standalone class (no inheritance) 
Composed into SceneRenderer or any visual subsystem that calls RenderGizmos() 
 
7.12.4.2 Restrictions/Limitations 
Rotation is fixed in plane per axis; no arbitrary orientation 

 
7.12.4.3 Performance Issues 
 
7.12.4.4 Design Constraints 
Must be rendered within an active OpenGL context 

 
 
 

7.12.4.5 Processing Detail For Each Operation 
 

Operation Description 

RenderGizmos() Calls RenderCircle() for each axis, with different colors and 
plane alignment 

RenderCircle(axis, width) Draws a ring aligned to a specific axis at the current center 
position 

SetCenter(center) Updates the gizmo’s location in 3D space (with Y-Z axis flip 
adjustment) 

RayIntersectsGizmoCircle() Determines if a ray intersects the ring based on plane 
projection and radius check 

GetCenter() Returns the current world-space center position of the gizmo 

 

7.13  GridPlaneRenderer 
 

7.13.1  Classification 
Class 
 
7.13.2  Processing Narrative (PSPEC) 
The GridPlaneRenderer class is responsible for rendering a ground-plane grid in the 3D 
scene to assist with spatial awareness, alignment, and scale perception. The grid is 
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composed of evenly spaced lines along the X and Z axes and rendered using OpenGL 
primitives with configurable size and resolution. 
 
This class uses a custom shader program and handles its own vertex buffer setup. It is 
used by the SceneRenderer or related visualization classes and is typically rendered 
beneath or around 3D models. 
 
7.13.3  Interface Description 
Constructor: GridPlaneRenderer(string vertexShaderPath, string fragmentShaderPath) 
 
Method: void DrawGrid(Matrix4 view, Matrix4 projection) – draws the grid 
 
Method: void Cleanup() – releases OpenGL resources 
 
No interfaces are implemented, but the class internally uses the Shader utility class from 
UnBox3D.Rendering.OpenGL. 
 
7.13.4  Processing Detail 
 
7.13.4.1 Design Class Hierarchy 
Standalone class 
Composed into SceneRenderer for grid overlay functionality 
 
7.13.4.2 Restrictions/Limitations 
Transparency blending and depth handling are currently commented out 

 
7.13.4.3 Performance Issues 
High line counts (large _gridLines values) can slightly impact performance 

 
7.13.4.4 Design Constraints 
Requires valid vertex and fragment shader paths at construction 
Must be rendered inside a valid OpenGL context 
 
7.13.4.5 Processing Detail For Each Operation 

 
Operation Description 

GridPlaneRenderer() Initializes grid vertex data and loads shader 

InitializeGrid() Creates VBO and VAO and uploads line vertices for XZ plane 
grid 

GenerateGridVertices() Generates line coordinates based on grid size and resolution 

DrawGrid() Uses the shader program, sets view/projection matrices, and 
renders all grid lines 
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Cleanup() Deletes the VAO, VBO, and shader program to free GPU 
resources 

 

7.14 AppMesh 
 

7.14.1  Classification 
Class 
Implements: IAppMesh, IDisposable 
 
7.14.2  Processing Narrative (PSPEC) 
AppMesh encapsulates a mesh object within UnBox3D, combining data from both the 
Assimp and g3 libraries. It manages mesh geometry, color, edges, and OpenGL buffers 
required for rendering. It supports three core simplification strategies (Edge Collapse, 
Decimation, Adaptive Remeshing) and rebuilds OpenGL data accordingly. This class 
provides all necessary methods to transform, simplify, and visualize individual meshes 
within the application scene. 
 
7.14.3  Interface Description 
Implements the following from IAppMesh: 
 

●​ Accessors 
○​ GetG4Mesh(), GetAssimpMesh() 
○​ string Name, int VertexCount 
○​ float[] Vertices, int[] GetIndices() 
○​ List<Vector3> GetEdges(), bool GetHighlighted(), Vector3 GetColor(), 

Quaternion GetTransform() 
○​ int GetVAO(), int GetVBO() 

●​ Mutators 
○​ SetColor(Vector3), SetHighlighted(bool) 
○​ Rotate(Quaternion) 

●​ Simplification 
○​ SimplifyEdgeCollapse(), SimplifyDecimation(), 

SimplifyAdaptiveDecimation() 
 

 
7.14.4  Processing Detail 
 
7.14.4.1 Design Class Hierarchy 
Implements: IAppMesh, IDisposable 
 
Composed of: Assimp.Mesh, g4.DMesh3, and OpenGL buffer handles 
 
Uses helper class MyReducer (custom extension of g4.Reducer) 
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7.14.4.2 Restrictions/Limitations 
OpenGL context must be valid when calling rendering-related setup methods 
(SetupMesh) 

 
7.14.4.3 Performance Issues 
Mesh simplification may be computationally expensive on large meshes 

 
7.14.4.4 Design Constraints 

●​ Supports vertex data with or without normals 
●​ Vertex format: 3 floats (position only) or 6 floats (position + normal) 
●​ Uses OpenGL VBO, VAO, and EBO for rendering 

 
7.14.4.5 Processing Detail For Each Operation 

 
Operation Description 

AppMesh() Initializes mesh data, populates vertices/edges, sets up 
OpenGL buffers 

SetupMesh() Creates VAO/VBO/EBO and configures vertex attributes 

SimplifyEdgeCollapse() Reduces triangle count using MyReducer, then refreshes 
buffers 

SimplifyDecimation() Applies fixed edge-length decimation and updates mesh 

SimplifyAdaptiveDecimation() Uses Remesher to iteratively simplify based on geometry 
bounds 

RefreshAssimpMesh() Converts DMesh3 into Assimp.Mesh (vertices, faces, 
normals) 

Rotate(Quaternion) Applies quaternion rotation to internal transform 

Dispose() Cleans up OpenGL resources and clears internal lists 

 

7.15  SceneRenderer 
 

7.15.1  Classification 
Class 
 
7.15.2  Processing Narrative (PSPEC) 
The SceneRenderer class is responsible for translating application-level 3D model data 
into OpenGL draw calls. It is called repeatedly within the rendering loop to update the 
viewport based on the current state of the scene. 
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This class integrates with UnBox3D’s rendering architecture through GLControlManager, 
drawing each AppMesh object using shader programs and OpenTK buffers. It also 
includes visual helpers like a grid plane and gizmos to assist with positioning and spatial 
awareness. 
 
7.15.3  Interface Description 
Exposes the following interface methods: 

●​ Initialize() – sets up OpenGL shaders and buffer objects 
●​ RenderScene(Camera camera, IEnumerable<AppMesh> meshes) – renders all 

visible meshes in the current frame 
●​ Cleanup() – frees GPU resources when the application shuts down or the scene is 

reloaded 
 
7.15.4  Processing Detail 
 
7.15.4.1 Design Class Hierarchy 
No inheritance: Composed into GLControlManager and called from MainWindow 
indirectly via Render() 
7.15.4.2 Restrictions/Limitations 

●​ Must be used within an OpenGL context created by GLControlHost 
●​ Scene must be preprocessed (e.g., simplified) before rendering for optimal 

performance 
 
7.15.4.3 Performance Issues 

●​ Rendering many high-poly meshes may degrade performance without mesh 
simplification 

7.15.4.4 Design Constraints 
●​ Must bind correct shaders and set camera matrices before drawing 

7.15.4.5 Processing Detail For Each Operation 
​  

Operation Details 

Initialize() Loads and compiles GLSL shaders, prepares geometry buffers 

RenderScene() Binds the active shader, uploads camera matrices, then iterates over all 
AppMesh instances to draw them using VBOs and VAOs 

Cleanup() Deletes all GPU-bound buffers and shader programs 

Grid Rendering Renders a flat XZ grid using GridPlaneRenderer (optional toggle in 
settings) 

Gizmo 
Rendering 

If enabled, draws axis-aligned helper widgets using Gizmo 

Error Handling Errors during draw calls (e.g., invalid mesh data) are logged but skipped 
to avoid frame drops 



56 

 

7.16  SceneManager 
 

7.16.1  Classification 
Class 
Implements: ISceneManager 
 
7.16.2  Processing Narrative (PSPEC) 
The SceneManager class manages all mesh objects currently active in the scene. It acts as 
the authoritative controller for the ObservableCollection<IAppMesh>, allowing meshes 
to be added, removed, replaced, or cleared. It also supports geometry operations such as 
calculating mesh centers, dimensions, filtering by size threshold, and generating 
simplified bounding box meshes to replace detailed geometry. 
 
This class is central to model editing workflows, such as mesh simplification, deletion, 
and visualization, and is tightly integrated with the UI and rendering components of the 
system. 
 
7.16.3  Interface Description 
Implements ISceneManager, exposing: 
 

●​ ObservableCollection<IAppMesh> GetMeshes() 
●​ void AddMesh(IAppMesh mesh) 
●​ void DeleteMesh(IAppMesh mesh) 
●​ void ClearScene() 
●​ void ReplaceMesh(IAppMesh oldMesh, IAppMesh newMesh) 
●​ void RemoveSmallMeshes(List<IAppMesh> originalMesh, float threshold) 
●​ Vector3 GetMeshCenter(DMesh3 mesh) 
●​ Vector3 GetMeshDimensions(DMesh3 mesh) 
●​ List<AppMesh> LoadBoundingBoxes() 

 
 
7.16.4  Processing Detail 
 
7.16.4.1 Design Class Hierarchy 
Implements: ISceneManager 
 
Depends on: IAppMesh, AppMesh, DMesh3, ObservableCollection<> 
 
Composed into: likely used by MainViewModel, MainEditorWindow, or UI logic 
 
7.16.4.2 Restrictions/Limitations 
Assumes all mesh geometry is based on DMesh3 
Bounding box replacements skip meshes named "GeneratedCylinder" 
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7.16.4.3 Performance Issues 
Large mesh collections may incur cost when iterating for bounding box generation 

 
7.16.4.4 Design Constraints 
Must maintain visual consistency by tracking all scene mesh states centrally 
Uses ObservableCollection<IAppMesh> to support UI binding for live updates 
Calls into GeometryGenerator.CreateBox() to produce simplified visual substitutes 
 
7.16.4.5 Processing Detail For Each Operation 

 

Operation Description 

AddMesh() Adds mesh to the tracked list if non-null 

DeleteMesh() Removes mesh from list if present 

ClearScene() Empties the scene mesh list 

ReplaceMesh() Replaces a mesh in-place or adds if not found 

RemoveSmallMeshe
s() 

Filters scene mesh list based on their size relative to a global 
max-dimension threshold 

GetMeshCenter() Calculates mesh center from AABB bounds 

GetMeshDimensions
() 

Returns full-size dimensions (width/height/depth) from center 
outward 

LoadBoundingBoxes
() 

Replaces detailed meshes with simplified bounding boxes (except for 
cylinders), returns list of replacements 

 

7.17  Camera 
 

7.17.1  Classification 
Class 
Implements: ICamera 
 
7.17.2  Processing Narrative (PSPEC) 
The Camera class defines the user’s viewpoint in the 3D environment, allowing the 
application to simulate perspective and orientation. It tracks position, orientation 
(pitch/yaw), and field of view (FOV), computing the corresponding view and projection 
matrices required for OpenGL rendering. 
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This class is updated dynamically via input controllers (keyboard/mouse) and is used by 
the rendering engine to define how the scene is viewed. 
 
7.17.3  Interface Description 
Implements ICamera, exposing: 
 

●​ Properties: 
○​ Vector3 Position 
○​ float AspectRatio 
○​ float Pitch, Yaw, Fov 
○​ Vector3 Front, Up, Right 

●​ Methods: 
○​ Matrix4 GetViewMatrix() – returns view matrix (camera look-at 

transform) 
○​ Matrix4 GetProjectionMatrix() – returns perspective projection matrix 

 
 
7.17.4  Processing Detail 

 
7.17.4.1 Design Class Hierarchy 
Implements: ICamera 
 
Uses: OpenTK's Vector3 and Matrix4 types 
 
Standalone class, composed into SceneRenderer, MouseController, etc. 
 
 
7.17.4.2 Restrictions/Limitations 
Pitch is clamped between -89° and +89° to prevent camera flipping 
 
FOV is clamped between 1° and 90° for realism 
 
Field of view, pitch, and yaw are internally stored in radians for performance, but 
exposed as degrees 
 
7.17.4.3 Performance Issues 
No built-in animation or easing; movement is externally controlled 

 
7.17.4.4 Design Constraints 
Assumes a Y-up coordinate system 
 
Uses OpenTK math library for vector/matrix operations 

 
7.17.4.5 Processing Detail For Each Operation 

 
Operation Description 
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GetViewMatrix() Returns a Matrix4 look-at transform based on Position and 
orientation vectors 

GetProjectionMatrix() Returns a perspective projection matrix using current FOV and 
aspect ratio 

Pitch, Yaw, Fov Set Clamp and convert input degrees to internal radians; call 
UpdateVectors() 

UpdateVectors() Recalculates Front, Right, and Up vectors from pitch/yaw angles 

 

7.18  CommandHistory 
 

7.18.1  Classification 
Class 
Implements: ICommandHistory 

 
7.18.2  Processing Narrative (PSPEC) 
The CommandHistory class manages a stack-based record of executed commands in the 
UnBox3D application. It supports the Command design pattern, allowing for reversible 
actions like delete, move, or replace to be undone by storing a history of ICommand 
instances. 
 
This component is central to the undo/redo functionality of the application. Each 
command pushed to the history stack can later be retrieved and reversed using its Undo() 
method (defined in the command object itself). 
 
 
7.18.3  Interface Description 
Implements ICommandHistory: 
 

●​ void PushCommand(ICommand command): Adds a new command to the top of 
the stack. 
 

●​ ICommand PopCommand(): Removes and returns the most recently executed 
command from the stack, or returns null if the stack is empty. 

 
No external dependencies beyond the ICommand interface. 
 
7.18.4  Processing Detail 
 
7.18.4.1 Design Class Hierarchy 
Implements: ICommandHistory​
 
Utilizes: System.Collections.Generic.Stack<ICommand> 
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7.18.4.2 Restrictions/Limitations 
Commands must implement the ICommand interface 

 
7.18.4.3 Performance Issues 
No significant performance impact expected, even with many commands due to Stack 
operations being O(1), extremely fast 

 
7.18.4.4 Design Constraints 
Used as a local, in-memory history — not persisted 
Commands should encapsulate their own undo logic; CommandHistory simply stores 
them 
 
7.18.4.5 Processing Detail For Each Operation 

 
Operation Description 

PushCommand(c
md) 

Adds a command to the top of the internal _history stack 

PopCommand() Removes and returns the top command from _history, or returns null if 
empty 

 

7.19  GLControlHost 
 

7.19.1  Classification 
Class 
Inherits: GLControl 
Implements: IGLControlHost, IDisposable 
 
7.19.2  Processing Narrative (PSPEC) 
GLControlHost manages the OpenGL rendering surface and the connection between 
UI-level WPF/WinForms integration and low-level OpenGL drawing. It initializes the 
OpenGL context, shaders, camera, and input controllers, and is responsible for rendering 
3D scene content and visual elements (grids, lighting, meshes). 
 
It encapsulates all OpenGL setup logic, event hooks (load, paint, resize), and manages 
rendering calls to the SceneRenderer pipeline and additional visuals like lamps and the 
grid. 

 
 
7.19.3  Interface Description 
Implements IGLControlHost: 

●​ void Render() – triggers repaint 
●​ int GetWidth(), int GetHeight() 
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●​ void Invalidate() – invalidates GL control 
●​ void Cleanup() – frees OpenGL state and resources 

Additional methods: 
●​ SetRenderMode(RenderMode mode) 
●​ SetShadingMode(ShadingModel model) 

Event handlers (internally used): 
●​ GlControl_Load, GlControl_Paint, GlControl_Resize, and mouse input handlers 

 
7.19.4  Processing Detail 
 
7.19.4.1 Design Class Hierarchy 
Inherits: OpenTK.GLControl 
Implements: IGLControlHost 
Composed with: Camera, SceneRenderer, MouseController, RayCaster, 
KeyboardController, GridPlaneRenderer 
 
7.19.4.2 Restrictions/Limitations 
Assumes shaders exist at paths "Rendering/OpenGL/Shaders/shader.vert" and 
lighting.frag 
Must be initialized on the same thread that owns the OpenGL context 
 
7.19.4.3 Performance Issues 
Frequent buffer generation during GlControl_Load could impact load time 

 
7.19.4.4 Design Constraints 
Depends on ShaderManager, Camera, and SettingsManager to load configurations and 
shaders 
Tightly coupled with MainWindow, SceneRenderer, and controller systems 
Requires event-driven repainting to sync UI rendering with OpenGL updates 
 
7.19.4.5 Processing Detail For Each Operation 

 
Operation Description 

GlControl_Load() Initializes OpenGL buffers, shaders, camera, input controllers, and 
grid renderer. Loads settings from JSON 

GlControl_Paint() Clears screen, renders 3D scene, grid overlay, and lamp object using 
OpenGL 

GlControl_Resize() Updates OpenGL viewport and camera aspect ratio 

SetRenderMode() Stores user-selected render mode (e.g., Wireframe, Solid) 

SetShadingMode() Sets current shading technique (e.g., flat or smooth shading) 

Render() Triggers UI repaint (which calls Paint) 
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Cleanup() Resets GL state by unbinding buffers and shaders 

Mouse Event 
Handlers 

Routes mouse input events to MouseController for camera and 
selection interaction 

 

7.20  GeometryGenerator 
 

7.20.1  Classification 
Class (Static utility class) 
 
7.20.2  Processing Narrative (PSPEC) 
The GeometryGenerator class is a static utility responsible for programmatically 
generating common 3D geometric primitives: boxes and cylinders (including rotated 
versions). It constructs both Assimp.Mesh and DMesh3 objects for use with the 
UnBox3D mesh pipeline and wraps them into AppMesh objects with appropriate face 
and vertex data. 
 
These meshes are typically used for visual simplification, bounding box generation, or 
geometric replacement (e.g., cylinder substitutions for wheels). 
 
7.20.3  Interface Description 
All methods are static: 
 

●​ AppMesh CreateBox(Vector3 center, float width, float height, float depth, string 
name = "Box") 

●​ AppMesh CreateCylinder(Vector3 center, float radius, float height, int segments) 
●​ AppMesh CreateRotatedCylinder(Vector3 center, float radius, float height, int 

segments, Vector3 direction) 
 
Each method returns an AppMesh instance with filled geometry buffers. 
 
7.20.4  Processing Detail 
 
7.20.4.1 Design Class Hierarchy 
No inheritance 
Depends on: Assimp.Mesh, g4.DMesh3, AppMesh 
Composed into: SceneManager (for bounding box replacement), possibly user-driven 
simplification UI 
 
7.20.4.2 Restrictions/Limitations 
Meshes are generated in local coordinates, centered at center parameter 

 
7.20.4.3 Performance Issues 
Rotation logic in CreateRotatedCylinder() uses per-vertex transformation with 
quaternions, which may be inefficient for large meshes 
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7.20.4.4 Design Constraints 
Requires vertex normals to be manually accumulated and normalized in CreateBox() 

 
7.20.4.5 Processing Detail For Each Operation 

 
Operation Description 

CreateBox() Generates 8 vertices and 12 triangles for a box centered at a 
location with configurable size 

CreateCylinder() Constructs a vertical cylinder using segments to define 
resolution and creates top/bottom caps 

CreateRotatedCylinder() Constructs a vertical cylinder, rotates it toward an arbitrary 
direction, re-centers it, and returns the mesh 

NormalizeNormals() Normals are accumulated per vertex across faces, then 
normalized and applied to Assimp.Mesh 

AppendTriangle() Each triangle is added to both Assimp and g4 meshes to 
maintain consistency 

 

7.21  RayCaster 
7.21.1  Classification 
Class 
Implements: IRayCaster 
 
7.21.2  Processing Narrative (PSPEC) 
The RayCaster class computes 3D rays from 2D mouse positions and performs 
intersection tests against scene geometry. It converts screen-space mouse coordinates into 
world-space rays using inverse projection and view matrices from the camera. These rays 
are used to determine which mesh (if any) the user has clicked on. 
 
Ray casting is essential for mouse-driven interaction such as selecting, highlighting, or 
replacing 3D objects. The class supports triangle-level intersection testing and returns the 
closest intersected mesh when applicable. 
 
7.21.3  Interface Description 
Implements IRayCaster: 
 

●​ Vector3 GetRay(): Computes a normalized 3D ray vector from the current mouse 
position. 

●​ bool RayIntersectsMesh(ObservableCollection<IAppMesh> scene, Vector3 
origin, Vector3 dir, out float distance, out IAppMesh clickedMesh): Checks 
for ray-triangle intersections across all meshes in the scene. 



64 

●​ bool RayIntersectsTriangle(Vector3 origin, Vector3 dir, Vector3 v0, Vector3 
v1, Vector3 v2, out float distance): Implements the Möller–Trumbore 
intersection algorithm. 

 
7.21.4  Processing Detail 
 
7.21.4.1 Design Class Hierarchy 
Implements: IRayCaster 
Composed into: MouseController (for selection) 
Depends on: ICamera, IGLControlHost, IAppMesh, DMesh3 
 
7.21.4.2 Restrictions/Limitations 
Mouse position is obtained from global Control.MousePosition, which may vary across 
screen DPI settings 

 
7.21.4.3 Performance Issues 
Ray intersection tests run on every triangle of every mesh — may become slow with 
large scenes 

 
7.21.4.4 Design Constraints 
Requires valid OpenGL projection and view matrices from the active camera 

 
7.21.4.5 Processing Detail For Each Operation 

 
Operation Description 

GetMousePosition() Retrieves mouse position relative to screen 

ConvertToNDC() Converts screen coordinates to normalized device 
coordinates 

HomogeneousClipCoordinates
() 

Converts NDC to clip space 

ToEyeCoords() Applies inverse projection matrix to convert to eye space 

ToWorldCoords() Applies inverse view matrix to convert to world-space ray 

RayIntersectsMesh() Iterates through all triangles in scene meshes and tests for 
intersection 

RayIntersectsTriangle() Performs ray-triangle test using Möller–Trumbore 
algorithm 

 

7.22  Shader 
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7.22.1  Classification 
Class 
 
7.22.2  Processing Narrative (PSPEC) 
The Shader class encapsulates OpenGL shader creation, compilation, linking, and 
uniform management. It reads GLSL shader code from files at runtime, complex vertex 
and fragment shaders, links them into a program, and provides a clean interface for 
enabling the shader and setting uniform values.​
​
The class allows other parts of the application to use shaders without repeating low level 
OpenGL setup logic. It also caches uniform locations to minimize overhead during real 
time rendering. 
 
7.22.3  Interface Description 

●​ Shader(string vertPath, string fragPath) – constructor that compiles and links the 
provided GLSL shaders 

●​ void Use() – activates the shader program for rendering 
●​ int GetAttribLocation(string name) – retrieves the location of a vertex attribute 
●​ void SetInt(string name, int data) 
●​ void SetFloat(string name, float data) 
●​ void SetMatrix4(string name, Matrix4 data) 
●​ void SetVector3(string name, Vector3 data) 

 
These uniform setter methods update shader variables at runtime. 
 
7.22.4  Processing Detail 
 
7.22.4.1 Design Class Hierarchy 
Standalone class (not implementing an interface) 
Used by: ShaderManager, GLControlHost, SceneRenderer, GridPlaneRenderer 
 
7.22.4.2 Restrictions/Limitations 
Shader file paths must be valid; no fallback or default shader logic exists 

 
7.22.4.3 Performance Issues 
Uniform location lookups are cached once during construction for improved runtime 
performance 

 
7.22.4.4 Design Constraints 
Shader source must follow GLSL 3.3+ syntax 
Uses layout(location=X) attributes in shaders or requires explicit calls to 
GetAttribLocation() 
 
7.22.4.5 Processing Detail For Each Operation 

Operation Description 
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CompileShader() Compiles individual GLSL shader; throws if failed 

LinkProgram() Links compiled vertex + fragment shaders into a program 

Use() Activates the linked shader program 

SetInt/Float/Vector3/...() Sets shader uniform variables by name using cached location 

GetAttribLocation() Returns location of a named attribute in the shader 

 

7.23  ShaderManager 
 

7.23.1  Classification 
Static Class 

 
7.23.2  Processing Narrative (PSPEC) 
ShaderManager is a singleton-style utility responsible for loading, caching, and providing 
access to core shader programs used by the rendering engine. It lazily initializes and 
stores two key shaders — one for lighting-based rendering and another for unlit (lamp) 
rendering. This design prevents redundant shader compilation and centralizes shader file 
paths for easy maintenance. 
 
The manager ensures that all rendering components (e.g., SceneRenderer, 
GLControlHost) use the same instances of shader programs for consistency and 
performance. 
 
 
7.23.3  Interface Description 
Public static members: 
 

●​ Shader LightingShader: Lazily loads and returns the lighting shader from 
"shader.vert" and "lighting.frag" 

●​ Shader LampShader: Lazily loads and returns the lamp shader from "shader.vert" 
and "shader.frag" 

●​ void Cleanup(): Clears cached shader instances (optional shader disposal) 
 
 
7.23.4  Processing Detail 
 
7.23.4.1 Design Class Hierarchy 
Static class 
Uses: Shader (custom shader wrapper class) 
Consumers: GLControlHost, SceneRenderer, any component that needs GLSL shaders 

 
7.23.4.2 Restrictions/Limitations 
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Hardcoded shader file paths (Rendering/OpenGL/Shaders/...) 
 

7.23.4.3 Performance Issues 
No reloading or hot-reloading support for shader changes during runtime 

 
7.23.4.4 Design Constraints 
Provides global access to shaders — assumes consistent use across the application 

 
7.23.4.5 Processing Detail For Each Operation 

 
Operation Description 

LightingShader Instantiates a new Shader with vertex + lighting fragment shader if not 
already cached 

LampShader Instantiates a new Shader with vertex + flat fragment shader if not already 
cached 

Cleanup() Clears static shader references for memory cleanup; optionally could 
dispose them explicitly 

 

7.24  App (Application Entry Point) 
 
7.24.1  Classification 
Class 
 
7.24.2  Processing Narrative (PSPEC) 
App.xaml.cs serves as the main entry point for the UnBox3D WPF application. It 
initializes the dependency injection (DI) container using 
Microsoft.Extensions.DependencyInjection, wires up all core services, models, views, 
and controllers, and starts the main UI loop by displaying MainWindow. 
 
On shutdown, it performs cleanup tasks such as conditional deletion of export files and 
disposing of shared resources. 
 
7.24.3  Interface Description 

●​ protected override void OnStartup(StartupEventArgs e): 
Sets up the DI container, resolves MainWindow, injects dependencies, and shows 
the main interface. 

●​ protected override void OnExit(ExitEventArgs e): 
Optionally deletes export files based on user settings and disposes the service 
provider. 

●​ private ServiceProvider ConfigureServices() 
Registers all singleton services, including: 

○​ Core utilities: ILogger, IFileSystem, ICommandHistory 
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○​ Rendering: Camera, SceneRenderer, GLControlHost, RayCaster 
○​ ViewModels: MainViewModel 
○​ UI windows: MainWindow, SettingsWindow 

 
7.24.4  Processing Detail 
 
7.24.4.1 Design Class Hierarchy 
Inherits: System.Windows.Application 
Entry point defined via WPF App.xaml 
Bootstraps services via ConfigureServices() 
Launches MainWindow as the primary view 
 
7.24.4.2 Restrictions/Limitations 
Assumes service registration is successful 
Cleanup steps only targets .obj and .mtl files in a hardcoded export directory 
 
7.24.4.3 Performance Issues 
Dependency injection adds minor negligible startup time 
 
7.24.4.4 Design Constraints 
Tightly integrated with MVVM architecture 
Services are registered as singletons to ensure global state consistency 
 
7.24.4.5 Processing Detail For Each Operation 

 
 

Operation Description 

OnStartUp() Builds the DI container, injects services into 
windows and view models, shows the UI 

ConfigureServices() Registers all project services and factories 
into ServiceCollection 

OnExit() Optionally deletes .obj/.mtl files from export 
directory if user setting is enabled, disposes 
the container 

 
 

8. Database Design 
N/A 
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9. User Interface 

9.1  Overview of User Interface 
Describe the functionality of the system from the user’s perspective. Explain how the user  
will be  able to use  your system to complete all the expected  features and the  feedback  
Information that will be displayed for the user. This is an overview of the UI and its use. The 
user manual will contain extensive detail about the actual use of the software. 
 
When using the application, the user will see a toolbar and a rendered 3D workspace where the 
user can view/edit 3D models. 
 
The user can press the menu item from the toolbar to perform actions like: 

●​ Import Model 
●​ Simplify Model 
●​ Export (unfold) Model 

 
Additionally, the user will have tools available such as move, delete, rotate, undo, and lock mesh 
when the user needs to manually simplify the model to their needs. 
 

9.2  Screen Frameworks or Images 
These can be mockups or actual screenshots of the various UI screens and popups. 
 
Splash screen: 
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3D Workspace: 

 
 
 
Menu Actions: 
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(Import and export model)
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(Simplify model)
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75 

(Unfold and Export Model)
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Settings Window:

 
 
Hierarchy:​
​
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Reduce Mesh Complexity (Simplify):​
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Replace With:
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Unfold:​

 
 



80 

Delete:​

 
 
About Us Page (WIP): 
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9.3  User Interface Flow Model 
A discussion of screen objects and actions associated with those objects. This should include a 
flow diagram of the navigation between different pages. 
 

1.​ User opens application and sees splash screen 
2.​ User clicks on file menu button and imports model 
3.​ User adjusts settings on the Edit tab with Replace all Meshes with Bounding Boxes to 

Simplify. 
a.​ (Optional) Replace any specific mesh with a basic shape in hierarchy 

4.​ User clicks on the unfold menu button, sets settings, and exports it. 
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10. Requirements Validation and Verification 
 

Requirement Name Implementation List Verification Method Satisfied? 

Automated Model 
Unfolding 

UI: Main Window: 
MainEditorWindow.c
s 
Logic: Scripts: 
unfolding_script.py 

Manual check of 
Github repo & demos 

YES 

Blender Integration Logic: Main 
Window: 
BlenderIntegration.cs 

Manual check of 
GitHub repo & 
demos 

YES 

Implement Scene 
Saving / Loading 

Logic: 
FileSystem.cs? 

Manual check of 
GitHub repo 

YES 

Implement Gizmos 
for Mesh Rotation 

- - NO 

Implement (Edit) 
Undo / Redo 

- - NO 

Add User Controls Logic: Views classes 
& XAML files: 
MainWindow, 
SettingsWindow 

Manual check of 
GitHub repo & 
demos 

YES 

Add Texture Mapping - - NO 

UI Enhancements Logic: Views classes 
& XAML files: 
MainWindow, 
SettingsWindow 

Manual check of 
GitHub repo & 
demos 

YES 
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11.  Glossary 

1.​ Acronyms: 
a.​ TBD: To be determined (at a later time) 
b.​ N/A: Not applicable / irrelevant 

2.​ Terms: 
a.​ Graphics: 

i.​ Model: a 3D digital schematic for an object 
ii.​ Wireframe: outlines of the digital geometry representing a model 

iii.​ Mesh: a collection of primitive elements for a Model e.g vertices, 
primitive shapes such as triangles, etc. 

b.​ General: 
i.​ Repo: a shorthand term for a GitHub code repository. 
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