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Abstract

While the convergence of Artificial Intelligence (AI) and Mixed Reality (MR) technology is gaining prominence in user interac-
tion research, conventional text-centric chatbots face clear limitations in visually-driven MR environments. This study proposes a
novel multimodal Retrieval-Augmented Generation (RAG) architecture that simultaneously processes both voice commands and
images to overcome these challenges. The proposed architecture utilizes ColQwen2.5 as its retrieval engine and GPT-4.1 nano
as its vision and generation engine. It operates by retrieving the most relevant context for a user’s multimodal query from an
in-memory vector database, which is built in real-time from PDF document contents, and subsequently generating a final answer
based on this retrieved information. To validate its utility, a chatbot based on a BMW vehicle manual was implemented in a
Meta Quest 3 environment. Experimental results showed an average response time of 2.46 seconds. Notably, the performance
difference between text-only retrieval with explicit references to car parts (e.g., "trunk”, CR 99.3%) and multimodal retrieval us-
ing demonstrative pronouns (e.g., ’this”, CR 94.6%) was merely 4.7%, clearly demonstrating that visual information effectively
resolves linguistic ambiguity. This research shows that the multimodal approach not only complements the limitations of text but
also enables effective information retrieval even when users do not know the exact terminology, providing important implications

for building practical MR-based retrieval systems.
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Figure 2: Multimodal RAG Architecture
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Figure 3: Database Construction Workflow
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