
Spawn: A Web3-Enabled Intelligence Market for AI-Generated Games, 
Assets, and Autonomous Agents 

 
Abstract 
 
The game development ecosystem has historically relied on centralized benchmarking systems and 
predefined metrics that limit innovation and creative diversity. This paper introduces Spawn, a 
comprehensive platform that combines advanced AI generation capabilities with autonomous agent 
frameworks and Web3 technology. Through next-gen AI, Spawn enables instant generation of rigged and 
animated 3D models, sprite sheets, and vast open worlds, while its agentic framework allows users to 
create and own fully sentient game characters with sophisticated cognitive architectures and emergent 
behaviors. The platform leverages blockchain technology for decentralized ownership and trading of 
AI-generated assets and autonomous agents, establishing a new paradigm for digital creation and 
ownership in gaming. Our results demonstrate unprecedented acceleration in asset creation—reducing 3D 
character development from weeks to minutes—while achieving sophisticated levels of world generation 
and character autonomy. This creates a novel ecosystem where developers can rapidly prototype unique 
game experiences and users can create, own, and trade intelligent agents with genuinely emergent 
characteristics beyond traditional scripted behaviors.  
 
Table of Contents 

1. Getting Started 
○ a. Introduction 
○ b. Quick Start Guide 
○ c. System Requirements 

2. Creation Suite  
○ a. Spawn3D Modeller  
○ b. Sprite Generation 
○ c. World Generation 
○ e. Full Game Generation 
○ f. Lumi 
○ g. Web3 Integration 

3. Technical Infrastructure 
○ a. AI Models 
○ b. Prompts 
○ c. Fine-tuning 
○ d. API Usage 

4. Advanced Topics 
○ a. Browser Setup 
○ b. AR Experience 
○ c. Optional Tools 
○ d. Security 
○ e. Scalability 
○ f. Custom Integrations 

 



 

 

Getting Started 

a. Introduction 

Spawn combines advanced AI technology with Web3 infrastructure to transform game development. Our 
platform empowers creators to generate sophisticated game assets, create autonomous agents, and 
establish true digital ownership within gaming environments. Through next-gen AI models and tooling, 
Spawn enables instant generation of rigged 3D models, dynamic environments, and intelligent characters, 
while integrating blockchain technology to secure ownership and facilitate trading of these digital assets. 

The Democratization of Game Development 

The gaming industry has traditionally faced significant technical and creative constraints in asset creation 
and character behavior. Complex 3D modeling, animation, and AI behavior programming have required 
extensive time investments and specialized expertise. Spawn addresses these challenges through 
instantaneous AI generation of assets and autonomous agents, enabling creators to focus on higher-level 
creative direction and game design. 

Key Features of Spawn 

>_AI-Powered Asset Generation: Generate fully-rigged 3D models, animations, and environments in 
minutes rather than weeks, using advanced AI models. 

>_Autonomous Agent Framework: Create intelligent game characters with sophisticated cognitive 
architectures and emergent behaviors that evolve through player interactions. 

>_Web3 Integration: Establish verifiable ownership of AI-generated assets and agents on the blockchain, 
enabling secure trading and monetization. 

>_Comprehensive Tutorials and Support: Access a rich library of tutorials, detailed documentation, and a 
supportive community to guide you through every step of your game development journey. 

>_Cross-Platform Compatibility: Deploy your games seamlessly across multiple platforms, including PC, 
consoles, and mobile devices, ensuring a wide reach and accessibility for your audience. 

>_Asset Marketplace: Trade and monetize AI-generated assets and autonomous agents in a decentralized 
marketplace. 

>_Multiplayer Scaling: Support expansive multiplayer environments where AI-generated content and 
autonomous agents can dynamically scale. 

 
Technological Feasibility and Benefits 



 

Spawn harnesses next-gen technology to deliver a seamless and efficient game development experience. 
Our platform is built upon a robust technological foundation that simplifies the development process 
while enhancing the quality and scalability of the games you create. 

Core Technologies 

● AI-Driven Content Generation: Leveraging advanced machine learning algorithms for asset 
creation and optimization. 

● Cloud-Based Infrastructure: Ensuring scalability, accessibility, and collaborative capabilities. 
● Real-Time Rendering Engine: Providing high-fidelity visuals and instant feedback during 

development. 
● Visual Scripting System: Enabling complex game logic creation without traditional coding. 

Key Benefits 

● Reduced Development Time: Accelerate your game creation process with AI-assisted tools and 
streamlined workflows. 

● Cost Efficiency: Minimize expenses associated with traditional development tools and large 
teams. 

● Accessibility: Enable creators of all skill levels to bring their game ideas to life without extensive 
technical knowledge. 

● Scalability: Easily adapt your games for different platforms and growing player bases. 

Comparative Analysis

 

The chart illustrates the significant reduction in development time when using Spawn compared to 
traditional methods. For a simple 3D game that might include: 

● A basic 3D environment 
● A playable character with simple animations 
● Basic game mechanics (e.g., movement, jumping, object interaction) 
● Simple UI elements 
● Basic sound effects and background music 



 

Traditional development methods might require around 2000 hours (about 12 weeks of full-time work for 
a small team). This includes time spent on: 

● Learning and setting up development environments 
● Creating or sourcing 3D models and textures 
● Programming game mechanics 
● Debugging and optimization 

In contrast, Spawn's AI-powered tools and intuitive interface can reduce this time to just 100 hours (about 
2.5 weeks). This is achieved through: 

● Rapid prototyping with pre-made assets and templates 
● AI-assisted 3D modeling and texturing 
● Visual scripting for game mechanics 
● Automated optimization and cross-platform compatibility 

This 20x increase in efficiency allows developers to iterate faster, experiment more, and bring their ideas 
to life in a fraction of the time. 

Game-Changing Technology 
 
Spawn integrates AI and cloud computing to streamline game development workflows. The platform 
provides tools for rapid asset generation, autonomous agent creation, and scalable multiplayer 
environments, enabling both individual creators and teams to build complex games efficiently. 

 
 
These benchmarks demonstrate Spawn's significant performance advantages for several reasons: 
 
Game Type / Aspect Comparison 

Game Type/Aspect Traditional Development Spawn Platform 

Simple 2D Game Score ~2 Score ~10 



 

• Manual sprite creation 
• Animation frames 

• Basic game logic coding 

• AI generates sprite sheets 
• Instant animations 

• Automated game logic 
• Weeks of work reduced to 

minutes 
 

Complex 2D Game  
Score ~3 

• Extensive asset creation 
• Complex animation systems 

• Sophisticated game mechanics 
 

Score ~8 
• AI generates complex sprite 

variations 
• Procedural level generation 
• Automated game behavior 

scripts 
 

Simple 3D Game Score ~4 
• 3D modeling expertise required 

• Manual texturing 
• Basic physics implementation 

Score ~7 
• AI generates 3D models from 

descriptions 
• Automated texture creation 
• Automatic physics system 

implementation 
 

Complex 3D Game Score ~4 
• Extensive 3D asset creation 
• Complex animation rigging 

• Advanced game systems 
 

Score ~7 
• AI generates entire 3D 

environments 
• Automated character model 

creation 
• Complex interaction systems 
 

MMPORGs Score ~6 
• Massive content creation 

• Complex server architecture 
• Extensive systems 

Score ~8 
• Procedural vast world 

generation 
• AI-created countless assets 
• Automated complex game 

logic management 

 
Development Aspect Comparison 

Development Aspect Traditional Development Spawn Platform 

Asset Generation Manual creation by artists Instant AI generation from 
descriptions 

 

Procedural Content Hand-crafted levels and 
environments 

Infinite AI-generated 
variations 



 

 

Game Logic Manual codding and debugging AI-generated basic logic and 
systems 

Iteration Speed Manual rework for changes Instant AI regeneration based 
on feedback 

Scale Linear scaling with team size Exponential content 
generation 

3D Rigging  2-8 hours for basic rig 
Days for complex characters 

Complete rigging in 1 minute 

3D Animation  4-8 hours for basic walk cycle 
1-3 days for complex sequence 
1-2 weeks for full character set 

Complete animation creation 
in 1 minute 

Development Task Comparison 

Development Task Traditional Development Spawn Platform 

Rapid Prototyping 1-2 weeks for rigged, animated 
character 

Multiple iterations in minutes 
 

Character Variations Similar time investment for each 
variant 

Unlimited variations in minutes 

Animation Sets Weeks to build complete library Generate entire sets in minutes 

Iteration and Refinement Hours/days to implement feedback Instant regeneration with 
adjustments 

b. Quick Start 
 
The Spawn platform enables end-to-end game development through a sequence of integrated workflows. 
Users begin with account creation and Web3 wallet connection, then progress through AI-assisted asset 
generation, rigging, and animation. The Lumi framework allows for autonomous agent creation and 
behavior definition, while blockchain integration ensures verifiable digital ownership. Projects can be 
visualized in AR, exported to major game engines, and scaled into complete virtual worlds. The following 
steps outline the core development process: 



 

 
 

1. Create an Account 
● Visit spawntools.ai and click on the "Sign Up" button 
● Connect your Web3 wallet to enable asset ownership and trading 
● Fill in your details, verify your email address, and activate your account 

 
2. Generate Assets with AI 
● Go to app.spawntools.ai/3d to create 3D models instantly 
● Generate models, environments, and animations using natural language prompts 
● Create sprite sheets and 2D assets with AI generation 

 
3. Enhance with Quick Rigging 
● Use Spawn's AI rigging system directly in app.spawntools.ai/3d to automatically add skeletons 
● Apply smart animations through our animation interface 
● Fine-tune movements and export ready-to-use assets 

 
4. Create Autonomous Agents with Lumi 
● Access your agents at app.spawntools.ai/dashboard/live-agents 
● Define personality traits, cognitive patterns, and behavioral parameters 
● Test agent interactions in our simulation environment 

https://spawntools.ai
https://app.spawntools.ai/3d
https://app.spawntools.ai/3d
https://app.spawntools.ai/dashboard/live-agents


 

● Generate unique agent instances with customized traits 
 

5. Establish Digital Ownership 
● Mint your AI-generated assets and agents on the blockchain 
● Access our decentralized marketplace 
● Track provenance and usage of your digital assets 

 
6. Preview in Real World 
● Use our AR viewer to visualize assets in real environments 
● Test agent behaviors in augmented space 
● Share AR experiences with collaborators 

 
7. Deploy to Game Engines 
● Export to Unreal Engine, Unity, CryEngine, or Godot using our SDKs 
● Maintain Web3 connectivity for live agent updates and asset verification 
● Scale your world with dynamic content generation 

 
8. Build Virtual Worlds 
● Generate vast open worlds with coherent layouts and ecosystems 
● Populate environments with autonomous Lumi agents 
● Enable multiplayer interactions and agent-driven economies 

c. System Requirements 

System Requirements Overview 

Spawn leverages WebGPU for real-time 3D rendering and AI computation. The platform requires modern 
hardware configurations to handle concurrent AI processing, asset generation, and real-time visualization. 
Base requirements support standard development workflows, while recommended specifications enable 
optimal performance for complex projects and large-scale environments. System optimization focuses on 
graphics processing, memory management, and network stability. 

● Operating System: Windows 10 or later, macOS 10.15 or later, Linux (Ubuntu 18.04 or later) 
● Processor: Intel i5 or equivalent (Intel i7 or higher recommended for optimal performance) 
● Memory: 8 GB RAM (16 GB recommended for large projects) 
● Graphics: Dedicated GPU with at least 4 GB VRAM supporting WebGPU (e.g., NVIDIA GTX 

1060, AMD Radeon RX 580) 
● Storage: At least 100 GB of free space; SSD recommended for faster load times 
● Internet Connection: Stable broadband connection (minimum 10 Mbps) 

Performance Optimizations 

● GPU Driver Updates: Current graphics drivers are essential for accessing the latest WebGPU 
enhancements and optimizations 



 

● Hardware Acceleration: Browser hardware acceleration, as detailed in the Setup Guide, enables 
optimal performance 

● Resource Management: Limiting active applications maximizes available CPU and GPU 
resources for processing 

● Network Configuration: Wired Ethernet connections provide enhanced stability and throughput 
compared to wireless networks 

● Browser Optimization: Minimizing active extensions and tabs reduces browser resource 
consumption 

● Memory Allocation: Chrome browser settings allow for increased memory allocation to the 
Spawn platform 

● Asset Optimization: Implementation of optimized 3D models and textures improves loading 
times and rendering performance 

 

Creation Suite  

a. Spawn3D Modeller 

Spawn3D Technical Overview 

The browser-based interface processes natural language inputs through a series of specialized AI models 
to generate 3D assets. The generation pipeline integrates multiple neural networks: a text encoder for 
semantic understanding, a geometric synthesis network for mesh generation, and specialized networks for 
UV mapping and rigging. Each generated asset contains: 

● Optimized mesh topology with quad-based geometry 
● Auto-generated UV layouts with optimal texture space utilization 
● Anatomically-aware skeletal structures with joint constraints 
● Pre-configured blend weights for mesh deformation 
● Parametric animation controls and inverse kinematics setup 
● PBR material definitions with automatic texture maps 
● LOD variants for performance optimization 
● Export-ready data structures for major game engines 

The system maintains coherent topology across variations of the same model type, enabling consistent 
animation retargeting and modification. Real-time mesh validation ensures manifold geometry and proper 
vertex normal orientation for rendering. 
 
Core Models and AI Enhancement Pipeline 

The platform provides multiple specialized models for different asset generation approaches: 

Base Generation Models 



 

● spawn-lift-002  
○ Full character pipeline with rigging and animation 
○ Anatomically-aware mesh generation 
○ Integrated animation system (walk, run, shoot, hurt) 
○ Advanced weight painting and skeletal constraints 

● spawn-lift-001 
○ Text-to-3D model generation 
○ Optimized for creative exploration 
○ High-detail mesh output 
○ Rapid prototyping capabilities 

Specialized Conversion Models 

● image-dreamfest-004 
○ 2D-to-3D photogrammetry conversion 
○ High-resolution texture extraction 
○ Photorealistic material generation 
○ Automated UV mapping 

● ply-accent-001 
○ Point cloud optimization 
○ PLY format specialization 
○ Lightweight geometry processing 
○ Visualization-ready outputs 

Asset Library 

● objects-Spawnverse-004 
○ Pre-built 3D object database 
○ Ready-to-use asset collection 
○ Consistent topology standards 
○ Production-ready materials 

Enhancement Models 

● Audio Generation (Open Use) 
● Environment Generation 

○ 360° environment creation 
○ Flat background synthesis 

● Geometric Processing 
○ 3D shape refinement 
○ Polygon optimization 
○ UV automation 
○ Texture synthesis 



 

All models maintain commercial safety through controlled training datasets and output validation. The 
system integrates these models through a unified pipeline, enabling seamless transitions between different 
generation and enhancement stages. 

Unparalleled Speed in 3D Model Generation 

Comparative analysis and market testing demonstrates a significant reduction in model creation time: 

Traditional 3D Pipeline (120 hours) 

● Manual mesh modeling: 40-50 hours 
● UV unwrapping and texturing: 20-25 hours 
● Rigging setup: 20-25 hours 
● Weight painting: 15-20 hours 
● Animation configuration: 10-15 hours 

Spawn3D Pipeline (10 minutes) 

● Text-to-mesh generation: 2-3 minutes 
● Automated UV and texture synthesis: 2-3 minutes 
● AI-driven rigging: 2 minutes 
● Automated weight distribution: 1-2 minutes 
● Animation system integration: 1 minute 

The 720x acceleration in production time enables rapid iteration cycles and parallel asset development 
workflows. This optimization particularly impacts character asset pipelines where traditional methods 
require multiple specialist workflows. 

Core Interface Functionality 

Primary Features 

● Asset manipulation interface with procedural controls 
● Real-time rendering pipeline with PBR material system 
● Comprehensive asset library with standardized formats 
● Dynamic scene composition tools 
● AI-assisted optimization framework 
● Advanced material parameter controls 

Material and Visualization System 

● PBR material editor with metalness/roughness workflow 
● Wireframe visualization mode for topology analysis 
● Atmospheric effects including volumetric fog 
● Advanced visual post-processing (Bloom, Sepia) 
● Multi-channel texture management 



 

Scene Management 

● Configurable navigation gizmo system 
● Precision transform controls (position, rotation, scale) 
● Hierarchical scene organization 
● Dynamic lighting system (ambient, directional, point) 
● Advanced shadow mapping 

Technical Capabilities 

● Material editor with complete PBR workflow 
● Lighting and shadow parameter controls 
● Animation system integration 
● Physics engine implementation 
● Real-time preview rendering 

Export Pipeline 

● Industry-standard format support: 
○ STL for 3D printing workflows 
○ FBX for DCC tool integration 
○ GLTF/GLB for web and real-time engines 

● Automated optimization for each format 
● Material and animation data preservation 

b. Sprite Generation 

Spawn’s Sprite Generation system provides a robust, layered approach to constructing 2D characters from 
customizable parts. Leveraging open-source artwork (e.g., the Liberated Pixel Cup base assets) and an 



 

advanced layer-mapping engine, developers can rapidly prototype characters with unique body types, 
outfits, accessories, and animations. This section explores the data structures, generation pipeline, and 
technical underpinnings of the Sprite Generation module, highlighting how Spawn orchestrates 
multi-layer sprite assembly and animation sequencing. 

 

Layered Architecture & Data Model 

1. Multi-Layer Composition 
○ Each character sprite is composed of multiple layers (body, hair, clothes, accessories, 

etc.). Layers stack in a specific z-position order so that, for instance, a belt draws over 
pants, while a cape draws behind the torso. 

○ The figure below (derived from Liberated Pixel Cup references) shows a base body plus 
various equipment and features layered on top. 

2. Data Structures 
○ ILayer: Defines each asset layer with a zPos (render priority) and separate image 

references for each body type (male, female, muscular, etc.). 
○ ISpritesheetMap: Groups all layers under a named entry (e.g., “Warrior_SpriteSet”) with 

a master list of variants, whether the layer should match body color, and optional preview 
rows. 

○ BodyTypes: Enumerates valid base body forms (e.g., "male", "female", "child", 
"zombie"). 

○ CharacterTraitsType: Enumerates all possible clothing, hair, or accessory categories (e.g., 
“hair”, “armour”, “belt”), ensuring the pipeline knows how to place them. 

3. Layer Enforcement 
○ The layering logic ensures no conflicts (e.g., no body hair layer behind the body). If a 

user selects multiple items that occupy the same layer, the system either merges them or 
respects a higher/lower zPos. 

 

Body Types and Trait Variants 

1. Supported Body Morphs 
○ Developers can toggle a variety of base shapes—male, muscular, teen, pregnant, etc.—to 

handle age, gender, or stylized physique. 
○ Each base shape has unique pixel outlines and shading. 

2. Trait System 
○ Items like beards, ears, horns, or tails are handled as separate “trait layers.” 
○ Clothing items (jackets, capes, shoes) similarly occupy distinct layers, letting artists 

easily swap appearances without re-drawing entire sprites. 
3. Dynamic Color Mapping 

○ Certain layers can be tinted at runtime (e.g., hair color, body color) to allow variation 
without duplicating assets. 



 

○ match_body_color in ISpritesheetMap indicates if a layer should adapt to the user’s 
selected palette (e.g., for skin-matching prostheses). 

 

Animation Sequencing 

1. Base Animations 
○ Typical actions include idle, walk, run, and attack, each with a set number of frames. 
○ A preconfigured constant (e.g., ANIMATIONS = ['idle', 'walk', 'run', 'attack']) ensures 

consistency across sprite sets. 
2. Frame Counts and Layout 

○ By default, each animation state has a known frame count (idle: 4, walk: 8, etc.) for a 
total sprite sheet. 

○ For example, an “idle” loop might occupy frames 0–3, “walk” 4–11, and so on. 
○ Sprite generator code (e.g., in updateSpritesheetMap()) automatically calculates these 

offsets and updates the JSON definition with start/end frames, frameRate, and loop vs. 
one-off settings. 

3. Orientation / Directions 
○ Many 2D game frameworks use Up, Down, Left, Right rows in a sprite sheet. For 

instance, WalkAnimation.Up = 9, Down = 11, etc. 
○ Each row in the final PNG corresponds to the character’s facing direction, simplifying 

usage in tile-based or top-down projects. 
4. 64-Pixel Frames 

○ Spawn standardizes each animation frame to 64×64 pixels, ensuring consistency across 
various layering and equipment combos. 

○ This also helps align with engine or scripting logic that expects uniform frame sizes for 
bounding boxes and collision. 

 

Sprite Generation Pipeline 

1. User Selection / Prompt 
○ Developers or players select body type, hair style, clothing, accessories, plus any color or 

trait variations (e.g., “blue coat,” “long brown hair,” “scar on left eye”). 
○ Alternatively, the AI can auto-generate a character concept from textual prompts (e.g., 

“fierce barbarian with a bear pelt cloak”). 
2. Layer Assembly 

○ Data Fetch: The system retrieves all relevant layers (ILayer entries) that match the user’s 
body type and chosen traits. 

○ Composite Draw: Layers are composited in ascending zPos. If any layer references 
match_body_color, it is tinted to the chosen palette. 

3. Animation Stitching 



 

○ Each layer provides multiple frames for each animation state. The pipeline merges these 
frames with the correct offsets, producing a unified sprite sheet. 

○ The tool automatically handles missing frames by either skipping them or using fallback 
data (e.g., if an accessory doesn’t have a “run” frame, it remains static or is omitted 
during the run animation). 

4. Output 
○ Sprite Sheet (PNG): The final composited frames are exported as one or more PNG files, 

with rows for each direction and columns for each animation frame. 
○ JSON Metadata: A JSON (or custom format) specifying each animation’s frame range, 

frame rate, repeat behavior, plus a record of which layers were used. 
○ Import/Export Hooks: The user can import a JSON configuration to recreate the same 

layered character or export a new JSON for others to use or modify. 

 

Advanced Features 

1. Procedural Variation 
○ Developers can generate random characters by selecting random traits from the 

enumerations, randomizing color palettes, or injecting AI-based constraints (e.g., “only 
desert-themed attire”). 

2. Condition-Specific Layers 
○ For example, injuries (like WoundArm, WoundEye) can appear only if a certain 

gameplay condition is met (the character is hurt). 
○ This approach supports dynamic sprite transformations in real time. 

3. Integration with 2D Physics or Bone-Based Tools 
○ While Spawn defaults to frame-based animation, it can integrate with 2D skeletal/bone 

systems if the developer merges the final sprite sheets into advanced tools like Spine or 
DragonBones. 

4. Localization / Customizable UI 
○ A user-facing generator can be easily localized by hooking up the trait labels to an i18n 

resource file. This ensures the same system can power an in-game character creator in 
multiple languages. 

 

Performance & Scalability 

1. Batch Compositing 
○ For large-scale generation (e.g., hundreds of NPC variations), Spawn can batch-process 

layer merges, caching repeated combinations (like “standard guard uniform”). 
○ GPU-accelerated composition frameworks (e.g., WebGPU for in-browser) can handle 

real-time previews in a fraction of the time required by CPU-only solutions. 
2. Sprite Sheet Streaming 



 

○ If used in multiplayer or web-based contexts, the final PNG or JSON can be streamed 
incrementally. 

○ Clients only request relevant frames or partial sets, optimizing bandwidth for large or 
diverse character sets. 

3. Update Mechanisms 
○ The provided script snippet (updateSpritesheetMap()) automates merging new traits or 

animations, so developers can easily expand the library without redoing base logic. 

 

Example Use Cases 

1. RPG Character Customization 
○ Players pick from multiple body shapes, hair styles, and clothes in an RPG, generating a 

personal sprite sheet for combat, overworld travel, and cutscenes. 
2. NPC Generation at Scale 

○ Procedurally populate a city or tavern with distinct NPCs by randomizing layers: 
different hats, body types, or color tints. No two sprites look identical. 

3. Strategy/Simulation 
○ In a top-down strategy, different soldier units have visually distinct armor or weapon 

layers. The pipeline quickly composes new variations for each faction. 

c. World Generation

 

Spawn’s world generation module is designed to produce large-scale, immersive environments—ranging 
from simple 2D tile-based levels to complex, fully realized 3D open worlds. By combining procedural 



 

generation with advanced AI-driven terrain synthesis and content orchestration, the system enables 
developers to rapidly prototype entire worlds or refine specific locales with minimal manual intervention. 
This section details the technical architecture and workflow of Spawn’s world generation pipeline, 
emphasizing how next-generation AI techniques integrate with traditional procedural approaches. 

 

Architectural Foundations 

1. Procedural Base Layer 
○ Noise Functions & Layered Geometry: Spawn begins with classical procedural 

generation algorithms (e.g., Perlin noise, simplex noise, or Voronoi diagrams) to sketch 
the coarse shape of terrain—e.g., mountains, valleys, rivers. 

○ Multi-Pass Compositing: The system applies multiple passes to refine topology (e.g., 
adjusting slope constraints, smoothing ridges). 

○ Adaptive Resolution: Terrain detail is scaled dynamically based on game design 
constraints or hardware limitations. 

2. AI-Enhanced Terrain Synthesis 
○ Generative Terrain Model: Once a procedural “shell” is established, a specialized AI 

model (trained on real-world heightmaps and curated synthetic data) refines local 
features. For instance, it can carve realistic riverbeds, add erosional patterns, or sculpt 
more organic coastlines. 

○ Geospatial Semantics: The model also considers high-level constraints such as climate 
zones, average humidity, or underlying geology to ensure the environment is believable 
and coherent. 

3. Biome & Ecosystem Allocation 
○ Global Biome Mapping: Spawn’s generative system partitions the terrain into major 

biome zones (e.g., desert, forest, tundra), factoring climate metrics and user preferences. 
○ Local-Level Variation: Within each biome, micro-variations (e.g., forest glade, rocky 

outcrop, swamp edge) are introduced to add diversity and reduce repetitiveness. 
○ AI-Based Vegetation/Flora Distribution: A generative adversarial network (GAN) or 

diffusion-based approach is used to place vegetation, ensuring local ecological 
plausibility (e.g., certain trees near water, desert shrubs in arid zones). 

 

 Key Components and Workflow 

1. User Prompts & High-Level Constraints 
○ Developers can provide text-based prompts (e.g., “A volcanic island with lava flows, 

thick jungle at lower altitudes, and stormy skies”) or specific numeric parameters (map 
size, moisture levels, altitude constraints, etc.). 

○ Spawn’s orchestration engine parses these constraints to initialize the procedural pipeline 
and guide the AI generation stages. 

2. Terrain Generation Pipeline 



 

○ Noise & Topology Initialization 
■ Uses layered noise functions to generate a rough heightmap or tile-based layout. 
■ Large-scale features like mountain ranges or lake basins are introduced at this 

stage. 
○ Refinement via AI Synthesis 

■ A specialized terrain model corrects or refines features to appear more natural 
and consistent. 

■ E.g., adding realistic erosion lines, smoothing abrupt transitions, or sculpting 
unique geological formations. 

○ Biome Segmentation 
■ The system overlays biome boundaries based on altitude, temperature, moisture, 

etc. 
■ Each biome segment is tagged with attributes (foliage density, fauna type, 

resource availability). 
3. Object & Prop Placement 

○ Sparse vs. Dense Placement: Spawn dynamically manages object density—ranging from 
a sparse desert with occasional cacti to a dense forest with fallen logs and undergrowth. 

○ AI-Driven Prop Distribution: For each biome, the system references curated libraries of 
rocks, vegetation, ruins, or other props. An AI model decides location and orientation, 
factoring collisions, vantage points, and user-defined “points of interest.” 

4. Structural & Cultural Elements 
○ Autonomous Settlement Generation: Optional generative routines can create villages, 

fortresses, or city layouts. AI heuristics or diffusion-like methods can define roads, 
building footprints, and district zoning. 

○ World Lore Integration: By referencing world “lore tags” or user-provided cultural 
constraints, the system can adapt architecture styles, place story-relevant structures, or 
seed quest hooks across the landscape. 

5. Dynamic Weather & Lighting 
○ Spawn includes a weather and lighting layer that can be driven by physically-based sky 

models or AI-driven climate simulations. 
○ Regions might have dynamic storms, day/night cycles, or periodic events (volcanic 

eruptions, eclipses) to enrich gameplay. 

 

AI Model Details 

1. Generative Networks 
○ Heightmap Refinement: Typically uses a diffusion or VQ-VAE–style model trained on 

topographical data, enabling realistic shaping of landforms. 
○ Object Placement: A separate “scene-assembly” model is used to decide where to place 

vegetation, rocks, or man-made objects. This model can learn aesthetic and functional 
patterns from real-world references or curated game worlds. 

2. Constraint Enforcement 



 

○ The system ensures critical design constraints are upheld, such as maintaining navigable 
paths, ensuring gameplay logic (e.g., not placing lakes at unreachable altitudes), or 
respecting performance budgets. 

○ If an AI suggestion conflicts with constraints (e.g., placing a structure inside a cliff), a 
conflict resolution pass corrects or rejects that suggestion. 

3. Training & Fine-Tuning 
○ Spawn’s generative models can be fine-tuned with custom datasets, letting developers 

cultivate unique aesthetics—for example, stylized cartoon worlds or hyper-realistic 
medieval landscapes. 

 

Integration with Lumi Agents 

● Spontaneous Region Population: Lumi agents can dynamically settle or explore newly generated 
terrains, establishing outposts or discovering resources. 

● Agent Memory: Agents remember generated landmarks and can reference them in dialogue, tie 
them to quest lines, or mark them as significant. 

● Ecosystem Feedback Loop: Agents can manipulate the environment (chop trees, pollute water), 
which triggers minor regeneration or world updates, providing a cyclical interplay between 
AI-driven environment changes and NPC behaviors. 

 

Scalability and Performance 

1. Hierarchical World Partition 
○ The system employs hierarchical levels of detail: global, regional, local, micro. Large 

worlds can be generated in “tiles” or “chunks.” 
○ Allows asynchronous or on-demand generation while the player explores, preventing 

excessive upfront load times. 
2. GPU-Accelerated Generation 

○ Where possible, GPU acceleration speeds up AI inference for terrain shaping and object 
placement. 

○ Parallel tile computations let multi-core or multi-GPU setups handle expansive worlds. 
3. Caching and Streaming 

○ Once a tile is generated, it can be stored or streamed to clients in a networked scenario. 
○ Ensures consistent experiences in multiplayer contexts or large-scale open-world games. 

 

Validation and Iteration 

1. Procedural Playtesting 



 

○ Automatic analysis can detect unreachable areas, unbalanced resource distribution, or 
environment anomalies (e.g., floating trees). 

○ A debugging suite highlights or modifies areas that require manual designer input. 
2. User Tuning & Regeneration 

○ Designers can freeze certain regions they like (e.g., a hand-crafted city) and regenerate 
surrounding wilderness until satisfied. 

○ Fine-grained controls let them tweak local parameters (more/less water, adjusting forest 
density) and re-run local generation. 

3. Performance Metrics 
○ Track generation time (ms or seconds per chunk), memory usage, and final polygon count 

(for 3D) or tile complexity (for 2D). 
○ Provide cost vs. fidelity trade-offs to ensure the environment meets target frame rates. 

 

Example Applications 

1. Open-World RPGs 
○ Large, dynamic continents with diverse biomes, population centers, and procedural 

quests. 
○ Real-time expansions or ephemeral events (volcano eruptions, floodplains) to keep the 

environment fresh. 
2. Survival / Simulation Games 

○ Resource-rich or harsh biomes that push the player to adapt and traverse varied 
conditions. 

○ AI-based fauna distribution that fosters natural predator-prey relationships. 
3. Casual / Mobile Titles 

○ Smaller tile-based worlds where lightweight or partial AI generation can add variety. 
○ Prefab-based city builders or puzzle environments with random layouts for replayability. 



 

e. Full Game Creation 

 
 
Spawn’s AI-Powered Game Generation module functions as a holistic platform that transforms ordinary 
language prompts into fully playable, production-ready games. By leveraging advanced natural language 
processing, AI-driven asset creation, and automated code generation for popular engines like Phaser and 
Excalibur, Spawn automates what traditionally has been a highly manual and time-consuming pipeline. 
This section provides a deep dive into Spawn’s architecture, workflow, and technical components, 
illustrating how every phase—from user prompt to final cross-platform deployment—is orchestrated by 
advanced AI systems. 

 

Prompt-to-Playable Game Pipeline 

Spawn’s core mission is to interpret user-submitted descriptions and requirements (the “prompts”) and 
systematically convert them into functional game projects. This pipeline is composed of multiple 
AI-driven modules, each with specialized roles: 

1. Natural Language Processing (NLP) Layer 
○ Semantic Analysis: Employs large language models to extract core game attributes 

(genre, mechanics, style) from user descriptions. 
○ Design Schema Mapping: Matches user-specified constraints (e.g., “fast-paced arcade 

shooter,” “medieval platformer”) against known game design patterns (movement, 
inventory systems, scoring mechanisms). 

2. Asset Generation Engine 



 

○ Procedural Visuals: Uses GANs and diffusion models to create character sprites, tilesets, 
and backgrounds based on user-chosen themes. 

○ Animation Synthesis: Dynamically generates sprite animations or skeletal rigs that reflect 
character movement constraints (run, jump, idle). 

○ Audio Composition: An AI-based music and sound effect synthesizer ensures the sonic 
identity complements the visual style and gameplay context. 

3. Code Generation Module 
○ Engine Selection: Automatically recommends Phaser (JavaScript) or Excalibur 

(TypeScript) based on the user’s technical preferences or project needs. 
○ Game Logic Orchestration: Produces optimized code that implements the user’s desired 

mechanics, from physics-based collisions to pathfinding. 
○ Design Patterns & Best Practices: Ensures generated projects follow established patterns 

(component-based architecture, data-driven approach) to maintain code clarity and 
performance. 

4. Deployment Layer 
○ Cross-Platform Builds: Packages the game into web-ready formats (HTML5), mobile 

apps (iOS, Android), or desktop executables (Electron). 
○ Performance Tuning: Implements resource loading strategies, GPU-acceleration where 

possible, and platform-specific optimizations. 

 
 

Key Components and Workflow 

1. User Prompts & High-Level Constraints 

● Text-Driven Specifications: The developer or designer provides a prompt like: “A retro-themed 
2D platformer where the hero fights aliens in neon-lit cityscapes.” 

● Contextual Parameters: Spawn’s NLP system parses these statements, identifying crucial 
elements such as “2D platformer,” “retro theme,” “alien enemies,” and “urban environment.” 

● Pattern Matching: The pipeline references an internal library of game design templates, retrieving 
known best practices for platformers (tile-based levels, jumping mechanics) and visual references 
for “retro neon.” 

2. AI-Powered Asset Generation 

2.1 Sprite Creation & Character Design 

● GAN/Diffusion Models: Trained on expansive datasets of pixel art, modern vectors, or 
photorealistic images, these models produce sprites that match the specified aesthetic. 

● Animation Sequencer: The generated characters or enemies can be rigged with idle, walk, attack, 
or special ability animations. Spawn’s system ensures consistency in frame counts and anatomical 
proportions. 

2.2 Environment & Level Layouts 



 

● Procedural Map Generation: For tile-based platformers, the system uses noise functions or 
advanced tile auto-generation to place platforms, obstacles, and background elements. 

● Theme Enforcement: The environment is tinted or stylized according to the prompt. For example, 
neon outlines, glowing windows, and futuristic backdrops for a sci-fi city. 

● Dynamic Arrangement: AI heuristics consider gameplay flow, difficulty curves, and user-defined 
constraints (e.g., “start easy, ramp up difficulty every two levels”). 

2.3 Audio & Soundscapes 

● Dynamic Music Composition: A specialized AI module composes loopable tracks that reflect the 
game’s pace. Faster tempos may be used for boss levels; calmer motifs for puzzle segments. 

● SFX Generation: The system synthesizes or selects from curated libraries for events like jumping, 
collision, or collecting items, matching the retro neon aesthetic (e.g., 8-bit styled beeps, laser 
zaps). 

 
 

Code Generation & Integration 

1. Smart Game Logic Synthesis 

● Mechanics Blueprint: Once the user’s desired game mechanics (platforming physics, projectiles, 
item pickups) are identified, Spawn weaves these into a blueprint that outlines classes, objects, or 
entities. 

● Engine-Agnostic Core: At a foundational level, the logic is written in a generic style. A 
subsequent pass modifies it to match the chosen engine’s API (Phaser or Excalibur). 

2. Phaser Game Generation 

2.1 Engine Features & Configurations 

● Rendering Pipeline Setup: Automatically configures WebGL or Canvas fallback, optimizing for 
the target platforms. 

● Physics Engine Integration: Depending on gameplay style, the system can choose Arcade 
(simpler bounding-box collisions) or Matter.js (rigid bodies, constraints). 

● Scene Management: Creates boilerplate for multiple scenes (main menu, level select, gameplay, 
game over) with consistent state transitions. 

2.2 Generated Components 

● Optimized Update Loops: Ensures minimal overhead by culling off-screen sprites or updating 
only relevant objects each tick. 

● Collision Handling: Spawns pre-built collision groups for platforms, enemies, and the player, 
hooking up associated callbacks for game logic triggers (e.g., losing health, collecting 
power-ups). 



 

● Audio Integration: Ties into Phaser’s audio management system to load and play AI-composed 
tracks or effects with real-time volume and pitch controls. 

3. Excalibur Game Generation 

3.1 TypeScript Integration 

● Type-Safe Architecture: Generates strongly typed classes and interfaces, aligning with 
Excalibur’s entity-component-system approach. 

● Advanced Collision Systems: Takes advantage of Excalibur’s robust collision detection for fluid 
interactions, especially in platformers or physics-heavy titles. 

● Debug & Profiling: Scaffolds code to leverage Excalibur’s built-in debugging tools, which are 
essential for fine-tuning performance and behavior. 

3.2 Scene Graph & ECS Patterns 

● Scene Graph Management: Automatically organizes in-game objects (actors, UI elements, 
particle emitters) into hierarchical nodes. 

● Behavior Components: Distills typical gameplay routines (AI pathfinding, chase behavior, jump 
logic) into reusable components that can be attached or detached from entities on the fly. 

 
 

Cross-Platform Deployment 

1. Web Platform 

● Progressive Web App (PWA): The build includes service workers for offline support, manifest 
files, and responsive layouts, ensuring the game feels like a native app when installed. 

● CDN Integration: Optimizes loading by storing assets on a content delivery network, reducing 
initial download times and improving global performance. 

● Browser Compatibility: Automatic polyfills and transpilation ensure smooth operation across 
major browsers (Chrome, Firefox, Safari, Edge). 

2. Mobile Deployment 

● Native Wrappers: Spawn packages the web-based code into iOS (via Xcode builds) or Android 
(via Gradle builds) wrappers, exposing device-specific APIs for touch, accelerometer, or 
notifications. 

● Performance Profiling: Evaluates frame rates, memory usage, and CPU load on various mobile 
devices. Adjustments (e.g., reduced texture sizes) are applied when necessary. 

● App Store Integration: Generates metadata files, icons, and bundle identifiers, streamlining 
submission to Google Play or the Apple App Store. 

3. Desktop Publishing 



 

● Electron Apps: Converts web projects into cross-platform desktop executables with file system 
access, native menus, and auto-update modules. 

● OS-Specific Optimizations: On Windows, direct integration with .exe installers. On macOS, .dmg 
packaging with code signing. On Linux, AppImage or .deb builds. 

● Resource Management: The system ensures that large assets are preloaded or streamed, 
preventing excessive CPU/GPU usage during gameplay. 

 
 

AI Model Details 

Generative Networks for Assets 

● Texture & Sprite Synthesis: A specialized diffusion model merges “style tokens” from the user 
prompt (e.g., “pixel art,” “futuristic,” “dark fantasy”) with typical game asset patterns. 

● Animation Sequencing: The system may use a separate temporal GAN or keyframe-based 
approach to produce consistent, smoothly looping animations. 

Code Generation & Validation 

● Linguistic-to-Logic Mapping: NLP extracts relevant verbs (jump, shoot, dash) and translates them 
into method stubs and event handlers within the game loop. 

● Constraint Enforcement: If the user demands a certain performance threshold or memory budget, 
an iterative pass ensures the generated code avoids superfluous computations or excessively large 
data structures. 

Training & Fine-Tuning 

● User-Specific Styles: Developers can upload image sets or style references, prompting the models 
to fine-tune on niche aesthetics (e.g., “hand-drawn watercolor,” “16-bit SNES era”). 

● Mechanics Catalog: Over time, Spawn refines how it implements known game mechanics, 
building an ever-growing library of best practices for puzzle logic, AI adversaries, or UI patterns. 

 
 

Validation and Iteration 

Automated Testing & Feedback Loops 

● Procedural Playtesting: Spawn simulates gameplay scenarios (e.g., AI test agents trying to 
complete levels) to ensure that collisions work, goals are achievable, and the difficulty curve is 
appropriate. 

● User Review: After the first build is generated, developers can provide textual feedback 
(“Enemies spawn too frequently,” “Increase jump height by 20%”), which the system then parses 
to regenerate or adjust code/assets accordingly. 



 

Collaboration with Other Systems 

● Integration with External Tools: APIs allow hooking Spawn into existing developer pipelines 
(JIRA, GitHub, custom game editors), enabling continuous updates and version control. 

● Iterative Refinements: Each subsequent iteration refines visuals, gameplay, or performance using 
the developer’s feedback, ensuring an agile game development cycle. 

 
 

Scalability and Performance 

Hierarchical Resource Management 

● Incremental Asset Loading: Large games benefit from lazy-loading assets as the player 
progresses, reducing initial memory footprint and load times. 

● LOD Techniques: For complex 2D or pseudo-3D projects, Spawn can generate multiple 
resolution versions of sprites or backgrounds, switching them dynamically to balance quality and 
performance. 

Parallelization & Streaming 

● Concurrency: Spawn can run multiple generation tasks (sprite creation, audio synthesis, code 
assembly) in parallel, capitalizing on multi-core CPUs or distributed cloud architectures. 

● Cloud Deployment: For large teams or AAA-level complexities, the generation pipeline can be 
distributed across servers, ensuring rapid iteration cycles without local machine bottlenecks. 

f. Lumi: Autonomous Agent Framework  

 



 

Lumi is Spawn’s advanced framework for creating highly autonomous and adaptive game agents. Unlike 
traditional NPCs defined by finite, scripted behaviors, Lumi agents leverage large language models 
(LLMs), memory systems, and emergent behavior to deliver deeper interactivity. This section provides a 
technical and conceptual overview of Lumi—its architecture, cognitive features, animation integration, 
and recommended workflows—while preserving sensitive or proprietary details. 
 
A. Agent Architecture 
 
1. High-Level Overview 
 
Lumi agents are built on a layered cognitive architecture designed to replicate human-like reasoning, 
memory, behavior planning, and full animation control in games. Each Lumi agent comprises: 
 

1. Core Reasoning Layer (CRL) 
○ Manages planning, goal-setting, and dialog generation through large language models. 
○ Accepts prompts, user instructions, and situational context to formulate agent responses 

or actions. 
 

2. Memory & Contextual Layer (MCL) 
○ Maintains short-term context, long-term memory, and contextual retrieval. 
○ Stores previous interactions, personal details, and world knowledge in a scalable database 

+ vector store. 
○ Allows agents to recall relevant information or adapt behaviors over time. 

 
3. Emotion & Personality Layer (EPL) 

○ Applies emotional states, personality traits, and role filters to raw LLM outputs. 
○ Produces more consistent personalities, mood shifts, and emotional continuity across play 

sessions. 
 

4. Tooling & Action Layer (TAL) 
○ Interfaces with external “tools” (e.g., Discord messaging, blockchain calls, 3D generation 

requests). 
○ Allows agents to execute tasks in the virtual or real world, retrieving data or performing 

operations. 
○ Integrates with game engine hooks to manipulate in-game objects, dialogue events, or 

animations. 
○  

By separating these layers, Lumi can coordinate complex tasks (e.g., remembering a conversation from 
last week, analyzing an item, calling a Web3 function) without exposing raw system internals or 
credentials. 

2. Modularity and Extensibility 

Lumi’s architecture is designed to be modular. Each layer is independently extendable: 



 

● CRL can be swapped with improved LLMs (e.g., GPT-4, fine-tuned models) while preserving the 
agent’s existing memory and personality. 

● MCL can integrate new memory strategies—like short-term memory windows or advanced 
summarization—without altering the agent’s core logic. 

● EPL is easily expanded with new emotional states or advanced trait systems. 
● TAL can adopt custom tools for your game engine, specialized APIs, or in-game economies. 

 
 

B. Cognitive Systems 

1. Memory & Learning 

Memory in Lumi is split into three key elements: 
 

1. Short-Term Context 
○ Recent user interactions and immediate observations (often stored in ephemeral data 

structures). 
○ Used for quick access to the last few lines of dialogue or the most recent environment 

changes. 
 

2. Long-Term Semantic Memory 
○ Larger logs of agent interactions, events, and personal knowledge stored in a database 

(e.g., Supabase) and a vector store (e.g., Pinecone). 
○ Indexed embeddings allow the agent to semantically recall relevant history using 

approximate nearest neighbor searches. 
○ Summaries condense older chat logs, ensuring memory retrieval remains efficient as 

conversation length grows. 
 

3. Adaptive Summarization 
○ Periodic summarization tasks create condensed “conversation summaries” or “topic 

clusters.” 
○ Summaries store key topics, user interests, or recurring points—keeping the agent from 

forgetting critical information while preventing performance bottlenecks. 
 

In practical terms, Lumi automatically updates these memory banks whenever an agent interacts with the 
environment or a user, distilling the conversation for efficient retrieval. This empowers agents to 
“remember” details over extended play sessions without storing every line of dialog in immediate 
short-term context. 

2. Personality Generation 

Lumi supports a personality definition that shapes how each agent processes information and responds. 
Personality frameworks include: 
 



 

● Trait Configuration: Extroversion, agreeableness, humor, curiosity, hostility, or any custom 
dimension. 

● Speech Patterns: Dialect, formal vs. informal style, presence of slang, cultural references, etc. 
● Emotional Tone: Agents can have baseline emotional dispositions (e.g., cheerful, grumpy) that 

shift under specific triggers. 
 

These traits interleave with the agent’s raw LLM outputs, ensuring that even identical tasks or queries 
yield distinct results per agent’s personality. Developers can define personality traits via text-based 
templates, numeric trait scoring, or more advanced modeling. 

3. Emotional Intelligence 

Rather than relying on simple state machines (e.g., “Agent is happy,” “Agent is sad”), Lumi employs: 
● Dynamic Mood States: Weighted emotional states that shift based on dialogue content, game 

events, or recognized triggers. 
● Social Dynamics: Changes in emotions when encountering certain players or performing group 

tasks—allowing emergent social behavior. 
● Expression Hooks: Game engines can tie the emotional state to facial expressions, gestures, or 

voice lines. 
This approach creates more organic, natural interactions where an agent’s emotional tone can evolve over 
time. 

4. Emergent Behaviors 

Because Lumi agents can combine memory retrieval with dynamic emotional/personality shifts, 
unexpected or emergent behaviors may arise. For instance, two Lumi agents in a persistent environment 
might debate a topic, referencing prior conversations while forging new alliances or conflicts—all without 
explicit developer scripting. 

 
 

C. Agent Development 

1. Creation Process 

1. Define Agent Profile: Choose a base personality, skill set, or domain knowledge. 
2. Configure Memory: Set up a Supabase or comparable backend with a vector store (e.g., Pinecone) 

for semantic recall. 
3. Set Tools & Capabilities: Decide what external “tools” your agent can call—like 3D generation 

endpoints, a blockchain wallet, or game-specific functions. 
4. Initialize & Test: Prompt the agent with initial conditions, then test responses in your game 

environment to ensure consistent personality and memory usage. 
Developers can iterate rapidly by adjusting personality traits or hooking up new tooling for advanced 
behaviors. For instance, you can add a “weather API” or “quest generator” tool, letting the agent 
spontaneously reference real-world data or create side quests. 

2. Training & Simulation 



 

● In-Engine Simulation: Run your agent in a test environment with NPC collisions, item 
interactions, or voice lines. Observe how it reacts to events or user inputs. 

● Conversation Replays: Feed recorded chat logs into Lumi to see if it properly retrieves relevant 
memory and displays consistent attitudes. 

● Automated Validation: Write scripts to check for logic consistency, such as ensuring an agent 
referencing an event can recall who participated in that event. 

●  
Over time, your agent “learns” from repeated interactions, building a larger memory graph that can be 
used to refine or debug emergent behaviors. 

3. Behavior Programming 

Although Lumi primarily relies on generative AI for decision-making, developers can program constraints 
or guardrails: 

● Instructional Overlays: Hard constraints that override purely generative outputs in certain 
contexts. 

● Role and Domain Restriction: Agents might “know” they are a merchant, so they always respond 
with price quotes and inventory knowledge. 

● Chain-of-Thought Filtering: For performance or content safety, you can mask or limit the agent’s 
reasoning steps, ensuring only game-relevant text is returned. 

Behavior programming offers a balance between free-form emergence and necessary gameplay structure 
(e.g., quest logic, economy rules). 

4. Integration Guidelines 

● Game Engine Hooks: Expose certain in-game events (e.g., “agent took damage,” “player 
approached,” “agent discovered an artifact”) as input to Lumi. 

● Network Calls: The agent uses secure endpoints for advanced operations (e.g., storing memories 
in the vector DB) but keeps sensitive environment variables hidden. 

● Scalability: Larger games or MMOs can shard memory databases by region, or batch-summarize 
chat logs to keep retrieval costs manageable. 

 
 

D. Multi-Agent Systems 

 

When multiple Lumi agents coexist in one environment, synergy and complexity increase: 
 

1. Social Dynamics 
○ Agents can “perceive” each other and store social impressions in memory. 
○ Enables alliances, rivalries, or cooperative tasks. 

2. Group Behaviors 
○ Agents can form short-term squads or parties, coordinate combat, or collaborate on 

puzzle-solving using in-game signals. 
○ Emergent group decisions if each agent individually “votes” or references shared goals. 

3. Economic Systems 



 

○ Integrate a Web3 or in-game economy where each agent has a wallet or resource ledger. 
○ Agents independently trade, buy, or manipulate markets, each with unique motivations. 

4. Emergent Narratives 
○ Dynamic storytelling emerges from unscripted agent dialogues and conflicts. 
○ The game world evolves as agents remember alliances, hold grudges, or become 

quest-givers. 
For massive simulations, a cluster-based approach can handle persistent multi-agent memory, while local 
caching keeps the system responsive during gameplay. 

 
 

E. Animations and Rigging 

 

Lumi agents are not just sophisticated in dialogue and decision-making—they also support fully rigged, 
animated 3D character models. By integrating with Spawn’s creation pipeline (or your own 
rigging/animation toolkit), each Lumi agent can be visually expressive, reflecting emotions and intent 
through movement: 
 

1. Standardized Rigging 
○ Agents come with a consistent skeletal hierarchy and blend weights automatically 

generated by Spawn’s 3D tools or your existing asset pipeline. 
○ In-engine retargeting ensures consistent poses across different skeletons, letting you 

easily reuse animation clips. 
2. Animation Mapping 

○ Emotional states (e.g., “angry,” “happy,” “surprised”) can trigger corresponding facial 
expressions, body gestures, or even unique idle loops. 

○ High-level AI cues (like “thinking” or “calculating”) map to subtle, context-appropriate 
animations in the game engine. 

3. Adaptive Layering 
○ Agents can layer multiple animations—e.g., a default idle + small gestures for speaking. 
○ A personality layer might add quirk animations (e.g., shifting weight, glancing around, or 

fidgeting when bored). 
4. Event-Driven Hooks 

○ Game events (taking damage, discovering a secret, receiving new data) can trigger short 
reaction animations or transitions to a new emotional baseline. 

○ Network-safe messages ensure synchronization in multiplayer environments. 
 

Through these animation hooks, Lumi agents deliver a truly embodied presence in your game. They 
seamlessly connect emergent AI behaviors with visual fidelity, whether they’re conversing with players, 
reacting to in-game events, or idling in character-specific ways. 

 
 
F. Key Advantages of Lumi 



 

 

1. Truly Emergent Gameplay 
○ Agents transcend basic script triggers and can spontaneously invent dialogue, tasks, or 

group dynamics. 
2. Scalable Memory 

○ No more “forgetful NPCs”—Lumi agents keep track of personal history, user 
interactions, and game states over time. 

3. Intuitive Tooling 
○ Developers define only the functionalities or “tools” they want an agent to use; the 

agent’s LLM-based reasoning handles the rest. 
4. Personality-Driven Experience 

○ Rich personalities, emotional states, and a memory-based approach produce consistent, 
lifelike characters. 

5. Visual Immersion 
○ Fully rigged and animated 3D models enable both expressive facial/body gestures and 

real-time feedback to players. 
6. Easy Integration 

○ Plugin-friendly design for standard game engines (Unity, Unreal, Godot, etc.) and Web3 
backends ensures minimal friction. 

 
 

G. Bringing Lumi Agents to Life 

 

1. Design the Agent’s Purpose 
○ Is it a vendor, a companion, a quest-giver, or an antagonist? 
○ Provide a minimal set of hints and personality traits that guide emergent gameplay. 

2. Configure Memory & Tools 
○ Decide how extensive memory should be, which environment events to track, and which 

tasks the agent can perform. 
○ Example: “This agent can post to a game discord, mint an NFT, or generate new items 

using Spawn’s AI models.” 
3. Iterate & Playtest 

○ Observe how the agent’s emergent behaviors evolve under player input. 
○ Adjust personality, memory retrieval policies, or conversation constraints as needed. 

4. Scale to Multi-Agent Interactions 
○ Introduce multiple Lumi agents for dynamic group behavior, forging unscripted alliances, 

trade, or even betrayal. 
5. Fine-Tune Animations 

○ Link each emotional or contextual state to corresponding idle, action, or reaction 
animations. 

○ Adjust blend times, transitions, and layering to achieve smooth, immersive results. 
 



 

Lumi redefines non-player characters by granting them an evolving memory, emotional intelligence, fully 
rigged/animated bodies, and the ability to perform complex in-game or external operations. This fosters 
deeper player engagement and emergent storytelling. While Lumi’s under-the-hood codebase involves a 
robust interplay between LLM prompts, memory databases, animation mapping, and specialized “tool” 
handlers, the architecture is designed so that you only need to define the agent’s capabilities, personality, 
and animation hooks. Lumi agents then autonomously handle the details—providing a next-generation, 
player-driven narrative experience. 

g. Web3 Integration 

 

Spawn’s Web3 integration module establishes a robust, decentralized framework for digital asset 
ownership, licensing, and monetization, leveraging blockchain technology to transform how AI-generated 
content is created, traded, and utilized across the gaming ecosystem. By marrying NFT minting with 
automated royalty distribution and dynamic licensing, Spawn ensures a frictionless and transparent 
lifecycle for AI-generated assets—be they 3D models, environments, or autonomous agents. Below is a 
detailed exploration of the architectural underpinnings, core components, and workflow of Spawn’s Web3 
integration, emphasizing how next-generation blockchain features intersect with AI-driven content 
creation. 

 
Architectural Foundations 

Creator Ecosystem 



 

● AI Asset Generation 
Creators use Spawn’s AI tools to produce a wide range of digital assets—sprites, 3D models, 
level elements, or entire environments. 
These assets are bundled with contextual metadata (creation date, usage constraints) that travels 
with them when minted on-chain. 

● Agent Development 
Spawn’s Lumi agents, featuring advanced cognitive and behavioral routines, can also be 
“tokenized.” 
Autonomy, memory, and skill progression are captured as part of the agent’s data, forming a 
persistent record of how each agent evolves. 

● Environments 
Comprehensive world designs—terrain, lighting configurations, interactive elements—can be 
packaged for tokenization. 
This empowers creators to sell or license entire game “worlds” or level packs, bridging traditional 
asset distribution with blockchain ownership. 

NFT Minting & Rights Management 

● Tokenization Pipeline 
Once assets, agents, or environments are created, Spawn’s minting process converts them into 
NFTs, embedding essential metadata and ownership details. 
A robust validation layer ensures no duplicates or unauthorized versions are minted, maintaining 
asset integrity. 

● Ownership & Licensing 
Smart contracts verify rightful ownership, track historical transfers, and manage licensing terms. 
Creators can define granular usage rights: personal use, commercial distribution, derivative 
works, or time-limited access. 

● Decentralized Asset Marketplace 
A built-in trading system allows peer-to-peer exchanges, auctions, and bundle sales. 
Smart license checks automatically enforce usage constraints before an asset changes hands. 

Blockchain Layer 

● Multi-Chain Support 
Spawn supports minting on EVM-compatible networks, giving creators flexibility in transaction 
fees and platform adoption. 
Metadata is typically stored following established standards (ERC-721, ERC-1155, or custom 
protocols), ensuring broad compatibility. 

● Verification & History Tracking 
Each NFT’s on-chain record includes creation timestamps, previous owners, usage logs, and 
licensing history. 
This chain-of-custody ensures accountability and transparency in both asset provenance and 
usage rights. 

● Smart Contract Enforcement 
Automated conflict resolution: if a usage or licensing agreement is violated, the contract can 



 

freeze or revoke access to an asset. 
Royalty splits are also handled here, guaranteeing that every transaction triggers the correct 
payout to creators and collaborators. 

 
Key Components and Workflow 

1. NFT Asset Creation & Registration 

1. AI/Agent Generation 
Creators produce AI-driven assets (3D models, textures, Lumi agents) or entire environments 
using Spawn’s suite of content creation tools. 

2. Minting 
○ Instant NFT Creation: A single click or automated trigger packages the asset or agent 

data (including textures, behaviors, or 3D geometry) into a blockchain-ready format. 
○ Metadata Enrichment: During minting, Spawn appends additional metadata such as 

creation date, licensing preferences, and AI generation parameters. 
3. Rights Specification 

○ Granular Permissions: Spawn’s interface guides creators in setting rules: “Allowed for 
commercial use,” “No derivatives,” “Time-limited license,” etc. 

○ Automated Enforcement: Once minted, these constraints become part of the on-chain 
record, enforced by the underlying smart contracts. 

2. Marketplace & Trading System 

1. Asset Discovery 
○ Advanced Search: Users can filter assets by genre, style, rarity, or price. 
○ Recommendations: AI-driven curation highlights trending assets or newly minted items. 

2. Trading Mechanics 
○ Decentralized Exchanges: Peer-to-peer trades without the need for central intermediaries. 
○ Auction & Fixed-Price Sales: Support for English auctions, Dutch auctions, or direct 

“buy it now” purchases. 
○ Bundle Deals: Creators can group multiple assets (e.g., environment + agent + item pack) 

into a single transaction for added value. 
3. Licensing Options 

○ Time-Based: Temporary usage in a project, after which the asset reverts to the creator’s 
control. 

○ Usage-Based: Pay-per-interaction or pay-per-download, tracked via smart contract 
analytics. 

○ Geographic Restrictions: Option to restrict usage to certain markets or regions. 
○ Revenue Sharing Agreements: Royalties for collaborative assets or multi-contributor 

projects. 

3. Game Integration 



 

1. Asset Deployment 
○ Loading Mechanisms: Games built with Spawn’s engine layers can directly pull 

tokenized assets from the blockchain, verifying usage rights in real time. 
○ Lifecycle Management: If an asset license expires, the game’s runtime will block further 

usage automatically. 
2. Agent Embedding 

○ Cross-Game Compatibility: Lumi agents, minted as NFTs, can be used across different 
Spawn-powered titles without losing progress or unique behaviors. 

○ Evolution on Chain: Agents’ skill growth and personality changes get periodically written 
back to the chain, preserving continuity across multiple sessions or projects. 

3. Environment Loading 
○ Shared Worlds: Decentralized ownership of entire environment packs allows multiple 

developers to load the same world with consistent geometry and rules. 
○ Scalability: Large environments are chunked or streamed, ensuring efficient loading 

while preserving blockchain-verified authenticity. 

 
Economic Layer 

Revenue Streams 

● Primary Sales 
Creators earn immediate revenue from initial NFT sales of newly minted assets or agents. 

● Secondary Markets 
Ongoing royalties are generated from each subsequent resale, ensuring perpetual revenue for the 
original creator. 

● Licensing & Rental Income 
Time-limited or usage-based agreements yield recurring revenue, automatically tracked by smart 
contracts. 

● Bundle and Subscription Models 
Packaging multiple assets or offering premium collections on a recurring subscription basis 
expands creators’ earning potential. 

Royalty & Revenue Distribution 

● Automated Splits 
Smart contracts handle payments to multiple collaborators, distributing proceeds based on 
agreed-upon percentages. 

● Real-Time Visibility 
A transparent dashboard shows exactly where each royalty payment originates and how much is 
owed to each collaborator. 

● Cross-Platform Royalties 
If an NFT is used in third-party marketplaces or partnered games, the same royalty rules apply, 
aggregating earnings back to the creator’s account. 



 

Collaboration and Co-Creation 

● Joint Asset Creation 
Multiple creators can team up to produce a single NFT, with each contributor’s share encoded in 
the asset’s smart contract. 

● Version Control 
Blockchain-based records track revisions or updates to an asset, preventing version conflicts and 
clarifying who contributed what. 

● Community Voting & Governance 
Spawn’s ecosystem can incorporate decentralized decision-making, letting the community vote on 
which assets should be featured, licensed, or updated. 

 
Scalability, Security, and Performance 

1. Layer-2 Solutions 
○ Reduced Fees: Minting and trading are optimized through sidechains or Layer-2 networks 

to cut gas costs and improve transaction speed. 
○ Batch Operations: Bundling multiple mint or transfer operations in a single transaction 

lowers on-chain fees. 
2. Interoperability 

○ Cross-Chain Bridges: Assets minted on one chain can be migrated or mirrored onto 
another, preserving both the NFT’s metadata and ownership. 

○ Open Standards: Adheres to widely adopted NFT protocols, ensuring broad compatibility 
with external wallets, explorers, and marketplaces. 

3. Security & Validation 
○ Smart Contract Audits: Regular third-party audits and bug bounties bolster contract 

reliability. 
○ Permissioned Access: Fine-grained controls limit who can mint certain assets, ensuring 

authenticity and preventing fraudulent listings. 
4. Performance Monitoring 

○ On-Chain Analytics: Real-time tracking of marketplace volume, average transaction 
speeds, and user engagement. 

○ Off-Chain Scaling: Where feasible, Spawn handles intensive operations (e.g., rendering 
large 3D previews) off-chain, while critical ownership data remains on-chain. 

 
Validation and Iteration 

● Automated Governance 
Regular protocol upgrades can be voted on by token holders or stakeholders, refining fee 
structures, feature sets, or integration layers. 

● User Feedback Loop 
Creators and buyers can submit improvement proposals or bug reports directly to the platform, 
ensuring iterative enhancements. 



 

● Real-Time Asset Verification 
If counterfeit NFTs or unauthorized derivatives appear, the system automatically flags and 
quarantines them, pending manual review. 

Technical Infrastructure 

 

a. AI Models 
 

Base Generation Models 

 

spawn-lift-002 
 

spawn-lift-001 
 

Advanced character generation pipeline with 
integrated rigging and animation capabilities. 

● Full character pipeline with rigging and 
animation 

● Anatomically-aware mesh generation 
● Integrated animation system (walk, run, 

shoot, hurt) 
● Advanced weight painting and skeletal 

constraints 
 

Versatile text-to-3D model generation optimized 
for creative exploration and rapid prototyping. 

● Text-to-3D model generation 
● Optimized for creative exploration 
● High-detail mesh output 
● Rapid prototyping capabilities 



 

Specialized Conversion Models  
 
 

image-dreamfest-004 ply-accent-001 
 

Advanced 2D-to-3D conversion model with 
photorealistic output capabilities. 

● 2D-to-3D photogrammetry conversion 
● High-resolution texture extraction 
● Photorealistic material generation 
● Automated UV mapping 

 

Specialized model for optimizing and processing 
point cloud data. 

● Point cloud optimization 
● PLY format specialization 
● Lightweight geometry processing 
● Visualization-ready outputs 

 

Asset Library 
 

objects-spawnverse-004 

Comprehensive pre-built 3D object database for rapid game development and prototyping. 

● Pre-built 3D object database 
● Ready-to-use asset collection 
● Consistent topology standards 
● Production-ready materials 

 

Enhancement Models  
 
Audio Generation (Open Use) 
Create immersive soundscapes and audio effects for your game environments. 

● Procedural audio generation 
● Ambient sound synthesis 
● Sound effect creation 
● Music composition assistance 

 
Environment Generation 
Generate stunning and diverse game environments with ease. 

● 360° environment creation 
● Flat background synthesis 
● Procedural terrain generation 
● Dynamic lighting integration 

 
Geometric Processing 



 

Optimize and refine 3D geometries for improved performance and visual quality. 

● 3D shape refinement 
● Polygon optimization 
● UV automation 
● Texture synthesis 

 
360 Environment (HDRI) (Open Use) 
Create high-quality, 360-degree environment maps for realistic lighting and reflections. 

● High Dynamic Range Imaging (HDRI) 
● Realistic environment lighting 
● Seamless 360-degree panoramas 
● Compatible with various rendering engines 

 
Flat Background (Open Use) 
Generate high-detail flat background images for 2D games or UI elements. 

● High-resolution background creation 
● Diverse style generation 
● Customizable themes and moods 
● Seamless tiling options 

 
Boost Polygon (Open Use) 
Optimize 3D models for improved performance without sacrificing visual quality. 

● Polygon reduction 
● Topology optimization 
● LOD (Level of Detail) generation 
● Performance-focused enhancements 

 
Realistic Texture (Open Use) 
Apply high-detail, photorealistic textures to 3D meshes. 

● High-resolution texture generation 
● Material property mapping 
● Seamless texture tiling 
● PBR (Physically Based Rendering) compatible 

 
3D Shaping (Open Use) 
Create and modify geometric 3D shapes for various game development needs. 

● Procedural shape generation 
● Boolean operations 
● Mesh deformation tools 
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● Parametric modeling capabilities 

b. Prompts 
 
Understanding Prompts in Spawn 

Prompts are instructions given to AI models to generate specific outputs. In Spawn, well-crafted prompts 
are crucial for: 

● Guiding AI-generated 3D models and assets 
● Ensuring consistency with your game's style and theme 
● Controlling the complexity and detail of generated content 
● Optimizing performance by reducing unnecessary computations 

General Prompting Best Practices 
 

● Be Specific: Include details like shape, style, size, color, materials, and theme. 
● Use Clear Adjectives: Words like "intricate," "ornate," "futuristic," or "rustic" set strong 

expectations. 
● Provide Context: Mention the overall purpose (e.g., "for a fantasy game" or "for sci-fi 

environment"). 
● Avoid Redundancy: Repetition can confuse the model. 
● State Key Function or Role: Describe the purpose or function of the asset. 

Example (Basic Prompt) 
 
 

A small medieval cottage with a thatched roof, wooden beams, and a stone 
chimney, set against a rural backdrop. 

 
Tip: Adding usage context such as "game-ready asset," "VR experience," or "animated short film" helps 
the model match your pipeline needs. 
 
Advanced Prompt Techniques 
 

● Style References: Mention known aesthetics (e.g., "Pixar-like," "Ghibli-inspired," 
"hyperrealistic," "low-poly"). 

● Visual Mood or Theme: Describe the atmosphere (e.g., "dark and eerie," "bright and whimsical"). 
● Functionality & Interactivity: Specify moving parts or interactive elements. 
● Negative Prompting: Use negative prompts to exclude undesired elements. 

Example (Advanced Prompt) 
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A steampunk-inspired airship with brass and copper details, large balloon top, 
rotating propellers, and a Victorian interior cabin, set in a dystopian fantasy 
world. 

 
Negative Prompting 
 
Use negative prompts to clearly exclude undesired elements: 

 

"Negative prompt": "cartoonish, low-poly, cell shading, untextured" 

 
Remember: Use negative prompting sparingly and only when needed to avoid recurring unwanted 
artifacts. 
 
Advanced Prompt Usage 

 

Modifying Model Parameters 
 
Spawn allows advanced parameters to refine your results: 

● guidance_scale: Controls how strongly the system follows your prompt. 
● max_steps: Sets iteration count for better detail. 
● seed: Fixing a numeric seed helps reproduce identical outcomes. 
● avatar: Set to true for riggable human characters. 

Example Parameter Usage 
 

{ 
  "prompt": "A futuristic mech suit with neon accents and heavy armor plating", 
  "negative_prompt": "low-poly, simple geometry, cartoonish", 
  "guidance_scale": 7.5, 
  "max_steps": 50, 
  "avatar": false, 
  "seed": 42 
} 
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Using Spawn with JSON Bodies 
 
Spawn endpoints typically accept JSON bodies for advanced usage: 

 

# Example cURL usage with spawn-lift-002 
curl -X POST "https://spawn.your-domain.com/api/spawn-lift-002/generate" \ 
  -H "Content-Type: application/json" \ 
  -d '{ 
    "prompt": "A grand marble statue of a winged lion, highly detailed,  
               with an ornate pedestal", 
    "negative_prompt": "cartoonish, low-poly", 
    "guidance_scale": 8, 
    "max_steps": 70, 
    "avatar": false, 
    "seed": 2025 
  }' 

 
Prompt Examples and Structuring 
 

Here are some example prompts with recommended structure for different Spawn models: 

Standard (spawn-lift-001 / spawn-lift-002) 
 

Prompt: "A giant stone golem with glowing runes etched into its arms,  
         standing guard in a barren wasteland." 
 
Negative Prompt: "cartoonish, friendly, low resolution" 
 
Notes: 
- Guidance Scale: 8.0 
- Max Steps: 60 
- Seed: 31415 

 
 
PLY Format (ply-accent-001) 
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Prompt: "A detailed forest scene with tall pine trees, scattered rocks,  
         and dense undergrowth in a realistic style." 
 
Export: "PLY" 
Notes: 
- Guidance Scale: 6.5 
- Negative Prompt: "flat, simplistic textures" 
- Steps: 40 

 
 
Image to 3D (image-dreamfest-004) 
 

{ 
  "image_path": "/path/to/my_cottage_reference.png", 
  "export_video": false, 
  "sample_steps": 75, 
  "seed": 1234 
} 

 
The system will reconstruct or infer geometry from the image reference. Provide additional textual 
instructions if needed. 

c. Fine-Tuning 

Fine-tuning AI Models in Spawn 

Understanding Fine-tuning 

Fine-tuning allows you to customize Spawn's AI models for your specific game assets and style 
requirements. Our fine-tuning process is optimized for game development workflows, focusing on: 

● Style-specific 3D model generation 
● Custom texture and material creation 
● Game-specific asset optimization 
● Consistent art direction across assets 

Supported Models 
 

● spawn-lift-002: Full character generation pipeline 
● spawn-lift-001: General 3D model generation 
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● image-dreamfest-004: 2D-to-3D conversion 
● ply-accent-001: Point cloud processing 

 
Fine-tuning Process 

 

1. Dataset Preparation 
 

{ 
  "training_data": [ 
    { 
      "model_path": "path/to/model.glb", 
      "style_reference": "path/to/reference.png", 
      "parameters": { 
        "style": "low-poly", 
        "genre": "fantasy", 
        "target_platform": "mobile" 
      } 
    } 
    // Add more training examples... 
  ] 
} 

 
2. Configuration 
 

{ 
  "base_model": "spawn-lift-002", 
  "training_config": { 
    "epochs": 1000, 
    "batch_size": 4, 
    "learning_rate": 1e-5, 
    "style_weight": 0.7, 
    "content_weight": 0.3 
  } 
} 

 
3. Training Process 
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POST https://api.spawntools.ai/v1/fine-tune 

 

Monitor training progress through our real-time dashboard or webhooks. 

d. API Usage 
 
Authenticating with the Spawn API 
 

To use the Spawn API, you need to authenticate your requests using an API key. Follow these steps to get 
started: 

1. Sign up for a Spawn account at https://app.spawntools.ai/dashboard/profile/settings 
2. Navigate to the API section in your dashboard 
3. Generate a new API key 
4. Use this API key in the Authorization header of your requests 

 
Example: Authenticating a Request 
 

curl -X POST https://api.spawntools.ai/v1/models/generate \ 
  -H "Authorization: Bearer YOUR_API_KEY" \ 
  -H "Content-Type: application/json" \ 
  -d '{ 
    "prompt": "A futuristic city skyline", 
    "model": "spawn-lift-002" 
  }' 

 
Replace YOUR_API_KEY with your actual API key. Never share your API key publicly or commit it to 
version control. 
 
Core API Endpoints 

Spawn offers several core API endpoints for game asset generation and management: 

1. Model Generation 
 
Generate 3D models using various Spawn models. 

 

https://app.spawntools.ai/dashboard/profile/settings
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POST https://api.spawntools.ai/v1/models/generate 
{ 
  "prompt": "A medieval castle with high towers", 
  "model": "spawn-lift-002", 
  "format": "glb" 
} 

 
2. Texture Generation 
 
Generate textures for existing 3D models. 

 

POST https://api.spawntools.ai/v1/textures/generate 
{ 
  "model_id": "m123456", 
  "style": "realistic", 
  "resolution": "4k" 
} 

 
3. Asset Library 
 
Access and manage your generated assets. 

 

GET https://api.spawntools.ai/v1/assets 
GET https://api.spawntools.ai/v1/assets/{asset_id} 
DELETE https://api.spawntools.ai/v1/assets/{asset_id} 

 
API Usage Best Practices 

 

Follow these best practices to optimize your use of the Spawn API: 

● Rate Limiting: Respect the rate limits to avoid service interruptions. Current limits are 100 
requests per minute per API key. 

● Error Handling: Implement proper error handling and retries for failed requests. Use exponential 
backoff for retries. 
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● Caching: Cache API responses when appropriate to reduce unnecessary API calls and improve 
performance. 

● Webhook Usage: For long-running operations, use webhooks instead of polling for status updates. 
● Compression: Enable gzip compression in your requests to reduce bandwidth usage. 

Example: Implementing Retries with Exponential Backoff 

 

async function makeRequestWithRetry(url, options, maxRetries = 3) { 

  for (let i = 0; i < maxRetries; i++) { 

    try { 

      const response = await fetch(url, options); 

      if (response.ok) return response; 

      if (response.status === 429) { 

        const retryAfter = response.headers.get('Retry-After'); 

        await new Promise(resolve => setTimeout(resolve, (retryAfter || 1) * 
1000)); 

      } 

    } catch (error) { 

      if (i === maxRetries - 1) throw error; 

    } 

    await new Promise(resolve => setTimeout(resolve, Math.pow(2, i) * 1000)); 

  } 

  throw new Error('Max retries reached'); 

} 

 
 



 

Advanced Topics 

a. Browser Setup 

Follow these detailed instructions to set up your browser for an optimal experience with Spawn. We'll 
guide you through enabling WebGPU, updating your browser, and adjusting settings for maximum 
performance. 

Supported Browsers: 

● Google Chrome 
● Mozilla Firefox 
● Microsoft Edge 

Google Chrome Setup 

1. Update Chrome 
○ Ensure you have the latest version of Chrome installed. 
○ Click the three dots in the top-right corner. 
○ Go to Help > About Google Chrome. 
○ Chrome will automatically check for updates and install them. 

2. Enable WebGPU 
○ Type chrome://flags/#enable-unsafe-webgpu in the address bar and press Enter. 
○ Find WebGPU and set it to Enabled. 
○ Click Relaunch to restart Chrome. 

3. Enable Hardware Acceleration 
○ Go to Settings > Advanced > System. 
○ Toggle on Use hardware acceleration when available. 
○ Restart Chrome if prompted. 

4. Clear Cache 
○ Press Ctrl + Shift + Delete (Windows) or Command + Shift + Delete (Mac). 
○ Select Cached images and files. 
○ Click Clear data. 

Mozilla Firefox Setup 

1. Update Firefox 
○ Ensure you have the latest version of Firefox installed. 
○ Click the menu button in the top-right corner. 
○ Go to Help > About Firefox. 
○ Firefox will check for updates and install them. 

2. Enable WebGPU 
○ Type about:config in the address bar and press Enter. 
○ Click Accept the Risk and Continue. 



 

○ Search for dom.webgpu.enabled. 
○ Set it to true by clicking the toggle button. 

3. Enable Hardware Acceleration 
○ Go to Options > General > Performance. 
○ Uncheck Use recommended performance settings. 
○ Check Use hardware acceleration when available. 
○ Restart Firefox if prompted. 

4. Clear Cache 
○ Press Ctrl + Shift + Delete (Windows) or Command + Shift + Delete (Mac). 
○ Select Cache. 
○ Click Clear Now. 

Microsoft Edge Setup 

1. Update Edge 
○ Ensure you have the latest version of Edge installed. 
○ Click the three dots in the top-right corner. 
○ Go to Help and feedback > About Microsoft Edge. 
○ Edge will automatically check for updates and install them. 

2. Enable WebGPU 
○ Type edge://flags/#enable-webgpu in the address bar and press Enter. 
○ Find WebGPU and set it to Enabled. 
○ Click Restart to relaunch Edge. 

3. Enable Hardware Acceleration 
○ Go to Settings > System and performance. 
○ Toggle on Use hardware acceleration when available. 
○ Restart Edge if prompted. 

4. Clear Cache 
○ Press Ctrl + Shift + Delete (Windows) or Command + Shift + Delete (Mac). 
○ Select Cached images and files. 
○ Click Clear now. 

Additional Tips 

● Disable Unnecessary Extensions: Extensions can sometimes interfere with browser 
performance. Disable any extensions you don't need while using Spawn. 

● Use a Stable Internet Connection: A wired Ethernet connection is preferable for stability and 
speed. 

● Keep Your System Updated: Regularly update your operating system and drivers, especially 
your GPU drivers, to ensure compatibility and optimal performance. 

● Clear Browser Data: Regularly clear your browser's cache and cookies to prevent performance 
issues. 

● Close Unnecessary Tabs: Having many tabs open can consume system resources. Close tabs you 
don't need to free up memory. 



 

b. AR Experience 

AR Experience Guide 

Spawn's Augmented Reality (AR) capabilities allow you to visualize your 3D models in real-world 
environments using our Progressive Web App (PWA). This guide will help you install and use the AR 
Experience app on your device. 

Installing the AR Experience PWA 

Follow these steps to install the AR Experience app on your device. The process may vary slightly 
depending on your platform and browser. 

On Android Devices (Chrome) 

1. Open Chrome and navigate to https://app.spawntools.ai/ar. 
2. Tap the menu icon (three dots) in the top-right corner. 
3. Select Add to Home screen. 
4. Confirm by tapping Add. 
5. The app will appear on your home screen. Tap the icon to launch it. 

On iOS Devices (Safari) 

1. Open Safari and navigate to https://app.spawntools.ai/ar. 
2. Tap the Share button (square with an upward arrow) at the bottom of the screen. 
3. Scroll down and select Add to Home Screen. 
4. Tap Add in the top-right corner. 
5. The app will be added to your home screen. Tap the icon to launch it. 

On Desktop Browsers (Chrome, Edge) 

1. Open your browser and navigate to https://app.spawntools.ai/ar. 
2. Look for the Install button in the address bar (it may appear as a plus icon). 
3. Click on the Install button. 
4. Confirm the installation prompt to add the app to your system. 
5. The app will launch in a separate window and can be accessed from your applications menu. 

Using the AR Experience App 

After installing the app, follow these steps to visualize your 3D models in augmented reality: 

1. Launch the AR Experience app from your home screen or applications menu. 
2. Sign in with your Spawn account credentials if prompted. 
3. Allow the app to access your camera and motion sensors when asked. 
4. Browse your available 3D models within the app. 

https://app.spawntools.ai/ar
https://app.spawntools.ai/ar
https://app.spawntools.ai/ar


 

5. Select a model you wish to visualize. 
6. Point your device at a flat surface to place the model in your environment. 
7. Use touch gestures to scale, rotate, or move the model as needed. 
8. Take screenshots or record videos to share your AR experiences. 
9. Explore different environments and lighting conditions to see how your models appear in 

various settings. 

Troubleshooting Common Issues 

● App Not Installing: Ensure you're using a compatible browser (Chrome for Android, Safari for 
iOS). Clear your browser cache and try again. 

● AR Features Not Working: Make sure your device supports AR functionality and that you've 
granted necessary permissions (camera, motion sensors). 

● Models Not Loading: Check your internet connection. If the issue persists, try restarting the app 
or your device. 

● App Crashes or Freezes: Ensure your device's software is up to date. Close other running apps 
to free up resources. 

● Sign-In Issues: Verify your Spawn account credentials. Reset your password if necessary. 

c. Optional Tools 

While Spawn requires no coding and offers a comprehensive suite of tools, integrating optional software 
can enhance your game development experience. This guide introduces various optional tools that 
complement Spawn's capabilities. 
 
AI Development Tools 

Enhance your Spawn workflow with these complementary AI tools for asset generation and agent 
development. 

● Stable Diffusion WebUI: Generate custom textures and reference images for your 3D assets. 
Setup Guide 

● AI Framework Libraries: Python libraries for experimenting with custom agent behaviors and 
model integrations. Explore options like transformers, attention mechanisms, and natural 
language processing tools. 

● Hugging Face Transformers: Access pre-trained models for specialized agent capabilities. 
Get Started 

3D Creation Tools 

 

While Spawn handles most 3D generation automatically, these tools can help with custom adjustments 
and optimization. 

https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://huggingface.co/docs/transformers/index


 

● Blender: Industry-standard free tool for manual mesh editing and animation refinement. 
Download Blender 

● Mixamo: Additional animation resources compatible with Spawn's rigging system. 
Access Mixamo 

● Houdini Apprentice: Advanced procedural modeling and effects for complex game environments. 
Free License 

Development Environment 

 

Optimize your development workflow with these essential tools for working with Spawn. 

● Visual Studio Code: Recommended editor with AI/Python support and debugging tools. 
Download VS Code 

● PyTorch: Essential for custom AI model development and integration. 
Installation Guide 

● Docker Desktop: Container management for AI services and agent deployment. 
Get Docker 

Game Engines 

 

Explore different game engines that work well with Spawn's AI-driven tools and asset generation 
capabilities. 

● Unity: A versatile engine that works seamlessly with Spawn's AI-generated assets and agent 
systems. Excellent for both 2D and 3D game development. 
Unity Learning Platform 

● Unreal Engine 5: Perfect for high-fidelity games utilizing Spawn's advanced 3D generation 
capabilities. Features powerful built-in tools for stunning visuals. 
Learning Resources 

● Godot: Open-source engine ideal for indie developers. Great for prototyping games with Spawn's 
AI-generated content. 
Getting Started Guide 

Learning Resources 
 

● Game Development Courses: Platforms like Coursera, Udemy, and GameDev.tv offer 
comprehensive courses on game development fundamentals. 

● Asset Creation Tutorials: Learn how to work with and modify AI-generated assets through 
tutorials on platforms like YouTube and ArtStation. 

● Game Design Documentation: Resources like Game Developer Magazine and Gamasutra provide 
insights into professional game development practices. 

https://www.blender.org/
https://www.mixamo.com/
https://www.sidefx.com/products/houdini-apprentice/
https://code.visualstudio.com/
https://pytorch.org/get-started/locally/
https://www.docker.com/products/docker-desktop/
https://learn.unity.com/
https://dev.epicgames.com/community/learning
https://docs.godotengine.org/en/stable/getting_started/introduction/learning_path.html
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d. Security 

Security Overview 

Ensure the safety and integrity of your Spawn implementation with our comprehensive security measures. 

Multi-layered Security 

● Comprehensive protection at every level of the stack 
● End-to-End Encryption: Secure data transmission and storage 
● Advanced Authentication: Robust user authentication and authorization 
● Access Control: Fine-grained permissions and role-based access 

Authentication & Authorization 

● API Key Authentication: 
○ Secure your API requests using API keys. 

 

# Example API request with authentication 
curl -X POST https://api.spawn.ai/v1/generate \ 
  -H "Authorization: Bearer YOUR_API_KEY" \ 
  -H "Content-Type: application/json" \ 
  -d '{"prompt": "Hello, Spawn!"}' 

 

● OAuth 2.0 Integration: 
○ Implement OAuth 2.0 for secure user authentication. 

 
 

// Example OAuth 2.0 flow 
const oauth2Client = new OAuth2Client( 
  YOUR_CLIENT_ID, 
  YOUR_CLIENT_SECRET, 
  YOUR_REDIRECT_URL 
); 
 
// Generate the url that will be used for the consent dialog. 
const authorizeUrl = oauth2Client.generateAuthUrl({ 
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  access_type: 'offline', 
  scope: 'https://www.googleapis.com/auth/userinfo.profile' 
}); 
 
// Handle the OAuth 2.0 server response 
app.get('/oauth2callback', async (req, res) => { 
  const {tokens} = await oauth2Client.getToken(req.query.code) 
  oauth2Client.setCredentials(tokens); 
  // Store user info and tokens in your database 
}); 

 

Encryption 

● Data-at-Rest Encryption: 
○ Spawn uses AES-256 encryption for all stored data. 

 
 

// Example of encrypting data before storage 
const crypto = require('crypto'); 
 
function encryptData(data, key) { 
  const iv = crypto.randomBytes(16); 
  const cipher = crypto.createCipheriv('aes-256-gcm', key, iv); 
  let encrypted = cipher.update(data, 'utf8', 'hex'); 
  encrypted += cipher.final('hex'); 
  const tag = cipher.getAuthTag(); 
  return { 
    iv: iv.toString('hex'), 
    encryptedData: encrypted, 
    tag: tag.toString('hex') 
  }; 
} 
 
// Usage 
const sensitiveData = 'Your sensitive data here'; 
const encryptionKey = crypto.randomBytes(32); 
const encryptedResult = encryptData(sensitiveData, encryptionKey); 

 



 

● SSL/TLS Encryption: 
○ All API communications are encrypted using TLS 1.3. 

■ Automatic HTTPS redirection 
■ Regular SSL/TLS certificate rotation 
■ Support for the latest cipher suites 

Compliance & Regulations 

● GDPR Compliance: 
○ Implement GDPR-compliant data handling: 

■ Data minimization: Only collect necessary data 
■ User consent management 
■ Data subject access rights: View, edit, delete 
■ Data breach notification procedures 

 
● SOC 2 Compliance: 

○ Implement SOC 2 compliant processes: 
■ Regular security audits and penetration testing 
■ Comprehensive logging and monitoring 
■ Strict access controls and user management 
■ Disaster recovery and business continuity planning 

Security Best Practices 

Enhance your implementation with these best practices: 

● Regular Security Audits: 
○ Conduct regular security assessments to identify and address vulnerabilities: 

■ Perform automated vulnerability scans 
■ Conduct manual penetration testing 
■ Review and update security policies regularly 

● Incident Response Plan: 
○ Develop and maintain a comprehensive incident response plan: 

■ Define roles and responsibilities 
■ Establish communication protocols 
■ Regularly test and update the plan 

e. Scalability 

Scalability Overview 

Spawn's architecture is designed to scale seamlessly, allowing you to handle increasing workloads and 
user demands without compromising performance. 

Horizontal Scaling 
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Add more machines to your Spawn cluster to distribute the load. 
 
 

# Example docker-compose.yml for a Spawn cluster 
version: '3' 
services: 
  spawn-node-1: 
    image: spawn/server:latest 
    environment: 
      - SPAWN_CLUSTER_MODE=true 
      - SPAWN_CLUSTER_NODES=spawn-node-1,spawn-node-2,spawn-node-3 
  spawn-node-2: 
    image: spawn/server:latest 
    environment: 
      - SPAWN_CLUSTER_MODE=true 
      - SPAWN_CLUSTER_NODES=spawn-node-1,spawn-node-2,spawn-node-3 
  spawn-node-3: 
    image: spawn/server:latest 
    environment: 
      - SPAWN_CLUSTER_MODE=true 
      - SPAWN_CLUSTER_NODES=spawn-node-1,spawn-node-2,spawn-node-3 
  load-balancer: 
    image: nginx:latest 
    ports: 
      - "80:80" 
    volumes: 
      - ./nginx.conf:/etc/nginx/nginx.conf 

 

Vertical Scaling 

Increase the resources (CPU, RAM, storage) of your existing Spawn servers to handle larger 
workloads. 
 
 

// Example spawn.config.json 
{ 
  "max_concurrent_requests": 100, 
  "memory_limit": "16G", 
  "cpu_limit": 8, 
  "cache_size": "4G" 
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} 

 

Optimization Techniques 

● Caching: 
○ Implement caching to reduce redundant computations. 

 

import { createClient } from 'redis'; 
 
const redisClient = createClient(); 
 
async function getCachedResult(key) { 
  const cachedResult = await redisClient.get(key); 
  if (cachedResult) { 
    return JSON.parse(cachedResult); 
  } 
  return null; 
} 
 
async function setCachedResult(key, result, ttl = 3600) { 
  await redisClient.setEx(key, ttl, JSON.stringify(result)); 
} 
 
// Usage in your Spawn implementation 
const cacheKey = `spawn_result_${prompt}`; 
let result = await getCachedResult(cacheKey); 
if (!result) { 
  result = await spawn.generate(prompt); 
  await setCachedResult(cacheKey, result); 
} 

 

f. Custom Integrations 

Unlock the full potential of Spawn by seamlessly integrating it into your existing workflows and tools. 
Our flexible integration options allow you to harness the power of AI-driven game development in your 
preferred environment. 
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Integration Overview 

Spawn offers multiple integration options to fit seamlessly into your development workflow. Whether you 
prefer direct API access, language-specific SDKs, or game engine plugins, we've got you covered. 

● RESTful API: Interact with Spawn using our comprehensive RESTful API. 
● SDKs & Libraries: Use our official SDKs for popular programming languages. 
● Game Engine Integrations: Seamlessly integrate Spawn into popular game engines. 
● Webhooks: Receive real-time updates and trigger actions based on Spawn events. 

API Integration 

Our RESTful API provides direct access to Spawn's powerful features, allowing you to integrate 
AI-driven game development into any application or workflow. 

Authentication 

To authenticate your API requests, include your API key in the Authorization header: 

 

# Example API request with authentication 
curl -X POST https://api.spawn.ai/v1/generate \ 
  -H "Authorization: Bearer YOUR_API_KEY" \ 
  -H "Content-Type: application/json" \ 
  -d '{ 
    "prompt": "Generate a 3D model of a futuristic spaceship", 
    "format": "glb", 
    "style": "low-poly" 
  }' 

 
 

SDKs & Libraries 

Integrate Spawn into your projects with our official SDKs, available for popular programming languages 
and frameworks. 

● Python: Perfect for data scientists and AI researchers. Get Started 
● JavaScript: Ideal for web and Node.js developers. Get Started 
● C#: Great for Unity and .NET developers. Get Started 
● Java: Suitable for Android and enterprise applications. Get Started 

Example: Using the Python SDK 
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# Example: Using the Python SDK 
import spawn 
 
# Initialize the client 
client = spawn.Client(api_key="YOUR_API_KEY") 
 
# Generate a 3D model 
response = client.generate_model( 
    prompt="A futuristic spaceship", 
    format="glb", 
    style="low-poly" 
) 
 
# Save the model 
with open("spaceship.glb", "wb") as f: 
    f.write(response.content) 

 

Game Engine Integrations 

Seamlessly integrate Spawn's AI-powered tools directly into your favorite game engines with our custom 
plugins and extensions. 

● Unity: Create AI-generated assets and worlds directly within Unity. Learn More 
● Unreal Engine: Harness the power of Spawn in Unreal Engine projects. Learn More 
● Godot: Enhance your Godot games with Spawn's AI capabilities. Learn More 
● CryEngine: Integrate AI-driven content creation in CryEngine. Learn More 
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