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Abstract
Diagnostic Bayesian networks (DBNs) offer effective and inter-
pretable solutions for HVAC fault detection and diagnosis (FDD),
yet their practical construction and deployment require substan-
tial manual effort. The work proposes a retrieval-augmented LLM
framework to achieve robust and automated DBN generation. Pre-
liminary results demonstrate that the proposed framework effec-
tively mitigates hallucinations and significantly improves the struc-
tural quality of the generated DBNs.

CCS Concepts
• Computing methodologies → Knowledge representation and
reasoning; • Applied computing→ Engineering.
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1 Introduction
Fault detection and diagnosis (FDD) in HVAC systems plays a vi-
tal role in building management systems by reducing unneces-
sary energy consumption and ensuring that indoor environmental
performance meets design expectations. While data-driven FDD
methods have gained increasing attention, their adoption in the
building industry remains limited due to the scarcity of high-quality
labeled datasets, challenges in model generalization, and concerns
regarding their “black-box” nature.
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Figure 1: Retrieval-Augmented LLM Framework for Robust
Automated Generation of HVAC DBNs

Diagnostic Bayesian networks (DBNs), as a probabilistic graphi-
cal model, offer effective, robust and interpretable symbolic FDD
solutions for HVAC systems [4]. However, constructing and deploy-
ing DBNs in practice is a time-consuming process, as it typically
requires system-specific analysis of HVAC configurations, manual
design of rule-based fault symptoms, and careful specification of
conditional probabilities [7, 8]. These efforts further rely on engi-
neers with interdisciplinary expertise spanning HVAC systems and
probabilistic modeling or programming, which creates substantial
adoption barriers.

Recently, large language models (LLMs) have demonstrated re-
markable progress across a wide range of domains and applications.
In the building industry, LLMs have shown growing potential in
supporting tasks such as engineering diagram digitalization, auto-
mated energy model development, indoor air distribution design,
and energy retrofit assessment [3, 5]. In our previous work, we ex-
plored the feasibility of using LLMs as an assistant to automatically
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generate DBNs for HVAC systems [2]. Although the results demon-
strated the strong generative and reasoning capabilities of LLMs,
the generation process was highly stochastic and occasionally in-
complete, resulting in the omission of key diagnostic symptoms.
More critically, hallucination effects were observed, , where incor-
rect or non-existent symptoms were introduced. To address this
challenge, this study proposes a retrieval-augmented LLM frame-
work that systematically integrates domain knowledge and HVAC
fault reports to mitigate hallucination and enhance the robustness
of automated DBN model generation, thereby improving the HVAC
FDD performance.

2 Method
The proposed retrieval-augemented LLM framework is illustrated
in Figure 1.

First, domain knowledge retrieval aims to provide reliable and
domain-specific information to ground LLM reasoning. HVAC-related
documents, such as fault reports and technical manuals, are first pro-
cessed through text extraction and segmented into symptom-level
knowledge chunks (manageable units). These chunks are embed-
ded and stored in a vector database. Given a target fault scenario,
semantically relevant knowledge (potential symptoms) is retrieved
via similarity search.

Then, ontology-based prompt engineering is designed to structure
LLM inputs and outputs in accordance with domain semantics and
DBN requirements. HVAC piping and instrumentation diagrams
(P&IDs) and control documents are mapped to an ontology repre-
sentation that captures HVAC components, connections, and signal
variables.

Given the retrieved potential symptoms and ontology-based
prompts, LLM-driven DBN generation module automatically gener-
ate specific DBN structures and parameters. To ensure reliability,
an automated output validation module is introduced, including
schema integrity validation to check schema compliance and busi-
ness validation to verify the basic plausibility, including consistent
node definitions and normalized conditional probability tables. If
validation fails, error information will be generated and fed back to
LLM, enabling iterative refinement of the DBN generation process.

Finally, DBN evaluation is conducted through structure analysis,
parameter analysis, andHVAC FDDperformance assessment.When
the generatedDBN fails to satisfy the requirements, human-in-the-loop
refinement can be incorporated to facilitate expert validation and
adjustment.

3 Preliminary Results
In this work, an air handling unit (AHU) of an office building in the
Netherlands is selected as the test case. Domain knowledge from
Brains4Buildings project reports, and relevant literature [6–9] is
integrated using LangChain [1]. Knowledge chunks are embedded
with OpenAI embeddings and stored in a Chroma vector data-
base, enabling semantic retrieval to support retrieval-augmented
DBN generation. The ontology representation and predefined DBN
schema are heuristically designed and encoded in a JSON-based
format. GPT-5.2 is the selected LLM to perform DBN generation
to diagnose four common AHU faults, including heating coil valve
stuck at higher position (HCV Stuck-P), heat recovery wheel stuck

Table 1: Structural comparison of generated DBNs

Approach 𝑁𝑠 𝛼𝑠 𝜌𝑠 𝑁𝑐 𝛼𝑐 𝜌𝑐

LLM-only 11 54.5% 60% 21 28.6% 42.9%
Retrieval-augmented LLM 9 100% 90% 13 84.6% 78.6%

at low speed (HRW Stuck-N), supply fan stuck at low speed (SFS
Stuck-N), and supply air temperature sensor positive bias (SAT
Bias-P).

Table 1 presents a structural comparison of the DBNs generated
by the LLM-only approach and the proposed retrieval-augmented
LLM framework, using an expert-predefined DBN structure as the
reference. The LLM-only approach generates a larger number of
symptoms (𝑁𝑠 ) and fault–symptom connections (𝑁𝑐 ). However,
symptomprecision (𝛼𝑠 ) and connection precision (𝛼𝑐 ) are only 54.5%
and 28.6%, respectively. These results suggest that a significant
portion of the generated symptoms and fault–symptom connections
are incorrect or hallucinated in the LLM-only approach.

In contrast, the retrieval-augmented LLM framework produces
fewer but more reliable diagnostic structures. Although the number
of generated symptoms and connections is less, the proposed frame-
work achieves significantly higher precision, reaching 100% symp-
tom precision and 84.6% connection precision. Moreover, symptom
recall (𝜌𝑠 ) increases from 60% to 90% and connection recall (𝜌𝑐 )
increases from 42.9% to 78.6%, thereby reducing the risk of missing
diagnostically relevant symptoms.

4 Conclusion
This work demonstrates that the proposed retrieval-augmented
LLM framework can effectively mitigate hallucination and improve
the quality of generated DBN structure for HVAC systems. Further
analysis on generated DBN parameters and FDD performance will
be conducted in the future.
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