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Abstract

Complex maintenance and repair tasks in human spaceflight (HSF) missions demand high precision and
rapid access to vast amounts of technical documentation. Traditionally, astronauts rely on manual searches
through flight manuals or delayed support from ground control, which becomes a critical bottleneck
during time-sensitive operations. To address this, a fully offline-capable hybrid framework was developed,
integrating computer vision with Retrieval-Augmented Generation (RAG) to provide real-time, context-
aware assistance. Designed for the strict operational demands of space habitats, the architecture utilizes
a multi-stage pipeline orchestrated via LangChain.

Initially, a fine-tuned YOLOv5 model performs real-time object detection on live video feeds to isolate
and classify specific spacecraft components. This visual identification acts as the deterministic trigger for
the retrieval phase. The mission’s technical manuals are pre-processed, tokenized into semantic chunks,
and encoded into high-dimensional embeddings stored within a localized vector database.

Upon component detection, LangChain formulates a targeted query to execute a similarity search
across the local vector index, instantly retrieving the most relevant documentation. The system then pro-
cesses this retrieved context through the open-source Qwen3-VL-8B, an advanced Vision-Language Model
(VLM) deployed directly on edge-computing hardware. By analyzing the visual state of the hardware
alongside the exact technical context, the VLM formulates precise, step-by-step operational procedures.
This methodology minimizes mission-critical human errors and significantly reduces time-to-information,
thereby providing a robust edge-deployment strategy without relying on Earth-based proprietary APIs.



