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Project Overview 

This project develops a mixed-reality conversation support system that provides real-time 
translation, concept clarification, and AR visual overlays on the Meta Quest 2 headset. The 
system integrates Speech-To-Text (STT), Gemini translation/explanation, Text-To-Speech 
(TTS), and Unity-based AR overlays, with a FastAPI backend that coordinates all modules. 

Our goal is to reduce conversational barriers caused by language diSerences and uneven 
background knowledge, enabling smoother, more inclusive communication in multilingual 
and cross-disciplinary contexts. 

 

Executive Summary 

Our project addresses a common barrier in multilingual and cross-disciplinary 
communication: participants often struggle with unfamiliar terminology, diSerences in 
language proficiency, or gaps in background knowledge. These challenges lead to 
hesitation, misunderstandings, or reduced engagement. 

We proposed an AI-driven mixed-reality system that supports conversation in real time 
through speech recognition, English and Spanish translation context-aware explanations, 
and augmented-reality overlays rendered in the Meta Quest 2’s Passthrough environment. 
Using the Gemini API, the system provides both translation and concept clarification, while 
AR visuals help reinforce understanding. 



Initial results demonstrate smooth end-to-end processing, clear translations, readable AR 
overlays, and real-time feedback. This system shows promise for multilingual education, 
collaborative STEM work, and accessibility use cases. 

 

Problem & Requirements (O1) 

Problem Statement 

ESective communication requires shared language and shared background knowledge. In 
multilingual or cross-disciplinary environments, participants may not understand key 
terms, domain-specific concepts, slang, cultural references, or technical vocabulary. 
These gaps create: 

• Misunderstandings 
• Awkward pauses 
• Lower participation 

We aim to build a system that supports real-time, natural conversation without requiring 
users to pause and manually translate or look up definitions. 

Context & Stakeholders 

• University students 
• Multilingual teams 
• Educators and classroom environments 
• Cross-disciplinary collaboration groups 
• Visitors, tourists, or individuals with limited English/Spanish proficiency 

Functional Requirements 

• Speech-To-Text transcription 
• Real-time translation (English <-> Spanish initially) 
• Real-time concept clarification (definitions, summaries) 
• AR text overlay in Passthrough 
• Bidirectional communication between Quest 2 <-> FastAPI backend 

Non-Functional Requirements 

• Low latency 
• High transcription accuracy 
• Readable AR placement and typography 



• Secure API communication 

Constraints 

• On-device limitations of Quest 2 
• Network dependency for Gemini API 

Success Criteria 

• Stable end-to-end pipeline 
• Accurate translation and clarification 
• Smooth AR rendering with minimal delay 

Prioritized Backlog 

1. STT <-> Backend pipeline 
2. Translation module (Gemini) 
3. Concept clarification module 
4. TTS output 
5. AR overlay rendering 
6. Language detection 
7. UI/UX refinements 
8. Error handling & fallback behavior 
9. Data formatting  
10. Logging and performance metrics 

System Overview & Architecture (O2) 

System Summary 

The system combines Speech-To-Text (STT), Gemini-powered translation and concept 
clarification, Text-To-Speech (TTS), and AR overlays in Unity to provide real-time, context-
aware conversational on the Meta Quest 2. 

The pipeline: 

1. User speaks -> STT converts speech to text 
2. Backend receives text and detects the language 
3. Gemini API generates either (a) translation or (b) simplified explanation 
4. Backend returns processed text 
5. Meta Quest renders AR overlay + plays TTS audio 

Architecture Diagram 



• Meta Quest 2 Headset 
o Unity APP 
o Passthrough AR 
o HTTPS client (send/receive JSON) 

• FastAPI Backend 
o STT endpoint 
o Translation + Explanation endpoint (Gemini) 
o TTS endpoint 
o Routing + orchestration 

• Gemini API 
o Translation model 
o Context clarification (definitions, summaries) 

• Audio + AR Output 
o TTS audio playback 
o AR text overlays anchored in Passthrough 

Key Technologies 

• Meta Quest 2 (Unity, Meta XR SDK) 
• Unity UI Toolkit for overlays 
• FastAPI backend 
• Gemini 2.0 API (translation + explanation) 
• Google Speech-To-Text  
• HTTP/HTTPS JSON messaging 
• Android Build Pipeline for Quest deployment 

 

Proposed Solution 

 

 

 



 

 

Core Capabilities 

 

System Architecture 

 

 

Discipline-Specific Depth (O6) 

Algorithms & Data Structures 

• Language Detection: lightweight rule-based + model-assisted method to switch 
between English and Spanish 

• Translation/Explanation: Optimized Gemini prompt templates for fast responses 
• AR Text Placement: Unity world-space canvases anchored to head pose for stable 

overlays 

Architecture & Patterns 



• Modular Backend: STT, translation, clairifcation, and TTS run as separate FastAPI 
endpoints 

• Producer Consumer Model: Headset sends text; backend returns processed output 
• Async Processing: FastAPI async routes reduce blocking and improve latency 

Engineering Evidence 

• AR overlay readability 
• STT accuracy tests in quiet vs. noisy settings 

 

Implementation Notes (O2) 

Flask Server: 

 
Translations and Images 



 

 



 

 



 

Unity Path on GitHub 

• Includes assets, packages, and project settings 

https://github.com/IxD-Lab-FIU/capstone-2-fall-
25/tree/66d0c1737ae4c61e5c0bd123d0580906b77e4075/unity 

GenAI Branch 

https://github.com/IxD-Lab-FIU/capstone-2-fall-25/tree/GenAi 

Testing & Evaluation (O3) 

Testing Strategy 

• Unit tests: 
o API endpoints 
o JSON schema validation 
o Prompt formatting 

• Integration tests: 
o End-to-end STT -> backend -> Gemini -> TTS 

https://github.com/IxD-Lab-FIU/capstone-2-fall-25/tree/66d0c1737ae4c61e5c0bd123d0580906b77e4075/unity
https://github.com/IxD-Lab-FIU/capstone-2-fall-25/tree/66d0c1737ae4c61e5c0bd123d0580906b77e4075/unity
https://github.com/IxD-Lab-FIU/capstone-2-fall-25/tree/GenAi


o AR overlay rendering 
• Performance tests: 

o Latency measurement at each top 
o FPS maintenance in AR view 

• User Evaluation: 
o Early testers rated clarity and usefulness of AR overlays 
o Translation accuracy validated across sample dialogues 

Security, Privacy, Accessibility & Compliance (O5) 

Security 

• All communication uses HTTPS 
• No audio or text is stored 
• Backend validates all incoming requests 

Privacy 

• No user data is retained 
• Speech context is never logged 
• Gemini API requests avoid persistent identifiers 

Accessibility 

• AR overlays designed with high contrast 

Ethical Considerations 

• Careful handling of cultural and colloquial language 
• Prioritize inclusive support for multilingual users 

Deployment & Operations  

Deployment Workflow 

1. Unity build -> Android APK 
2. Install APK on Meta Quest 2 
3. Launch FastAPI backend 
4. Configure Quest app with backend URL 
5. System ready for speech stream and AR display 

Operations 

• Backend supports 



• Unity log accessible via Quest Developer Hub 
• Monitoring includes API latency and backend uptime 

Limitations & Future Work 

Current Limitations 

• Limited language support (English/Spanish only) 
• Relies on cloud APIs 
• AR overlay layout is simplistic 
• Concept explanations may vary with prompt phrasing 

Future Work 

• More languages and dialects 
• Improve AR visualization (icons, diagrams, animations) 
• On-device translation for lower latency 
• Emotion or intent detection 
• User-defined vocabulary or glossary 
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