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The automotive service industry is characterized by a high dependence on technical 

documentation, including OEM manuals, repair instructions, diagnostic trouble trees, and 

component specifications. The primary challenge is knowledge fragmentation and the difficulty of 

gaining rapid access to relevant information during the diagnostic process. This paper discusses an 

approach to developing a decision support system for automotive service technicians based on 

Retrieval-Augmented Generation (RAG) utilizing vector databases for the semantic search of 

technical information. 

 

The proposed architecture is based on a combination of information retrieval 

mechanisms and generative models. At the core of the RAG approach lies the 

principle of augmenting a large language model's (LLM) response with external 

knowledge sources, which enhances accuracy and reduces erroneous or fabricated 

answers (hallucinations) [1]. 

To validate the efficacy of the proposed approach, it is crucial to analyze RAG 

against alternative methods of domain adaptation, specifically the fine-tuning of large 

language models on technical manuals. While fine-tuning embeds domain knowledge 

directly into the model’s parametric weights, it suffers from three critical drawbacks 

in the automotive sector: high computational cost of frequent updates, vulnerability to 

catastrophic forgetting, and the inability to provide strict source citations for 

generated diagnostic steps. In contrast, the RAG architecture completely decouples 

the knowledge base from the language model. This allows for dynamic, real-time 

updates to the document registry (e.g., adding a newly released car model's manual) 

without retraining the underlying network, while ensuring absolute source traceability 

for the technician. 

The technical implementation of the system involves multi-stage data 

processing. In the first phase, technical documentation from various automakers is 

collected in PDF, HTML, or structured database formats. Next, text segmentation 

into logical fragments (chunking) is performed, which preserves the contextual 

integrity of instructions and procedures. 

Each fragment is converted into a vector representation (embedding) using 

neural models, specifically transformer architectures, which enable the encoding of 

the semantic meaning of text in a multidimensional space. A similar approach to 

constructing sentence embeddings is described in detail in the Sentence-BERT  

model [3]. 

The resulting vectors are indexed in specialized vector databases, such as 

FAISS or Qdrant. FAISS provides high-performance nearest neighbor search across 
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large vector datasets due to optimized indexing algorithms and the utilization of GPU 

computing [2]. 

Furthermore, the justification for using vector databases lies in overcoming 

search latency. A traditional exact search scales linearly (O(N)) with the number of 

document chunks, introducing unacceptable delays during real-time diagnostics. By 

leveraging Approximate Nearest Neighbor (ANN) search, the complexity is reduced 

to logarithmic time (O(log N)). This ensures that even when scaling the database to 

millions of documentation fragments, the system maintains sub-millisecond retrieval 

speeds with high accuracy, proving its operational viability for automotive services. 

During system operation, a user query formulated in natural language (e.g., 

“unstable operation of the BMW N46 engine during cold start”) is also converted into 

a vector. Next, a search for the most semantically similar fragments in the vector 

database is executed based on cosine similarity or L2 distance metrics. 

The retrieved fragments of technical documentation form a context that is 

passed to the large language model. The model then generates a response in the form 

of a structured technical explanation or a step-by-step diagnostic algorithm. This 

approach eliminates the need for the model to possess direct "knowledge" of specific 

automotive systems, as it operates exclusively with up-to-date external data. 

A key advantage of the RAG approach is a significant reduction in generative 

errors (hallucinations), which is a typical issue for large language models operating 

without an external context. By leveraging the retrieval component, the model is 

constrained to verified information from the knowledge base, thereby increasing the 

reliability of its responses [1]. 

In the context of automotive service, this is of critical importance, as diagnostic 

errors can lead to incorrect repairs, additional expenses, and damage to vehicle 

components. Therefore, the integration of semantic search significantly reduces the 

time required to access relevant instructions and enhances decision-making accuracy 

at the technician level. It is also worth noting that the use of vector databases ensures 

system scalability. Even when processing hundreds of thousands or millions of 

documentation fragments, search performance remains high due to Approximate 

Nearest Neighbor (ANN) search algorithms implemented in FAISS [2]. 

Thus, the proposed approach enables the transformation of traditional archives 

of technical documentation into a dynamic knowledge system that combines semantic 

search with the generative capabilities of language models. This establishes a 

foundation for next-generation intelligent assistants in the automotive industry, 

capable of functioning as interactive, real-time decision support systems. 
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