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Abstract
Digitalization of HVACpiping and instrumentation diagrams (P&IDs)
is essential for advancing the intelligent transformation of building
systems and the building services industry. This work explores
Large Language Models (LLMs) for zero-shot P&ID digitization,
focusing on symbol detection. Three LLM-assisted approaches are
evaluated. The results show that directly applying LLMs to P&ID
digitization is highly challenging. By segmenting P&IDs into local
crops and pairing themwith the full diagram annotated with bound-
ing boxes to provide global context, the LLM achieves improved
symbol recognition. The findings highlight both the promise of
LLMs and the need for further refinement to enable reliable HVAC
P&ID digitization

CCS Concepts
• Computing methodologies → Knowledge representation and
reasoning; • Applied computing → Engineering.
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1 Introduction
Although Building Information Modeling (BIM) is rapidly evolv-
ing, Heating, Ventilation, and Air Conditioning (HVAC) systems
in buildings are still commonly documented through piping and
instrumentation diagrams (P&IDs). However, compared to other
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Figure 1: LLM-assisted approaches for HVAC diagrams digi-
talization

engineering domains, the building services industry remains at a rel-
atively low level of digitalization, where these HVAC P&IDs in most
existing buildings are typically available only as scanned images or
static PDF format. Converting HVAC P&IDs into machine-readable
formats is therefore a critical step toward enabling building perfor-
mance analysis, model-based control, and fault detection [4, 5].

At present, the digitalization of HVAC P&IDs is usually carried
out manually by domain experts. The process demands significant
time, carries a high risk of errors, and its reliability varies with the
proficiency of the expert. To address this, previous studies have
explored computer vision and deep learning approaches, including
Convolutional Neural Networks and Transformers, which have
shown promising results [2, 6]. However, such methods depend on
large annotated datasets that are expensive to create, while also suf-
fering from imbalanced label distributions and densely connected
graphical elements. In addition, HVAC P&IDs differ significantly
from other process industry diagrams in their frequent use of non-
standard symbols.

Recently, Large Language Models (LLMs) have demonstrated
remarkable success across diverse domains and applications from
natural language processing tasks to multimodal tasks, and their
use is also emerging in the field of building energy systems [1].
This work explores the capabilities of LLMs for HVAC P&ID digiti-
zation, with a particular focus on symbol detection under zero-shot
settings. To this end, we design and evaluate three LLM-assisted
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Figure 2: Visualization for zero-shot LLM-assisted digital-
ization. Blue boxes indicate DLD, while red boxes indicate
CA-SALD

approaches that progressively incorporate segmentation and con-
textual information. The comparison of these approaches provides
initial evidence of the opportunities and limitations of LLMs in
digitalizing HVAC P&ID, and offers insights into how to enhance
performance in P&ID digitization.

2 Methods
As shown in Figure 1, three LLM-assisted approaches are proposed.
Their details are described as follows: (1) Direct LLM Digital-
ization (DLD): DLD directly processes P&ID diagrams in image
format (e.g., PNG, JPG) as input, where the LLM applies chain-
of-thought (CoT ) reasoning to generate machine-readable graph
outputs (e.g., JSON, XML, RDF). (2) Segmentation-Assisted LLM
Digitalization (SALD): SALD first applies the Segment Anything
Model (SAM) [3] to segment P&ID diagrams into cropped symbol
regions (Crops). Each crop is then classified by the LLM into symbol
categories (Labels). The symbol labels with their bounding boxes,
and outputs from text and line detection modules, are subsequently
integrated by the LLM to generate machine-readable graph outputs.
(3) Context-Aware Segmentation-Assisted LLM Digitalization
(CA-SALD): Based on SALD, CA-SALD enriches each cropped sym-
bol region with the full P&ID diagram annotated with bounding
boxes (Context) to enhance symbol recognition.

3 Preliminary Results
The work presents initial efforts exclusively focusing on evaluating
the symbol detection module, the key component of the approaches.
A P&ID of an air handling unit provided by a Dutch building ser-
vices company was used to evaluate the three proposed approaches.
The diagramwas manually labeled using Label Studio [7] to provide
ground-truth data. For DLD, GPT-5 was applied, while for SALD
and CA-SALD, GPT-4o was used (with temperature set to 0).

Figure 2 shows the results of zero-shot LLM-assisted P&ID digi-
tization. CA-SALD achieves relatively accurate bounding boxes for
diagram symbols by leveraging SAM, whereas direct application
of LLMs, even state-of-the-art models (e.g., GPT-5), fails to local-
ize symbols precisely. Furthermore, DLD depends on lengthy and
complex CoT prompts to handle symbol, text, and line detection as
well as structured output generation. This one-step process lacks

interpretability and controllability, making DLD difficult to inte-
grate into practical workflows where human-in-the-loop oversight
is essential.

A common performance evaluation metric for symbol detection
is the Average Precision (AP) [6]. SALD achieves an mAP50 of
16.99%, while CA-SALD reaches 31.05%. It indicates that adding
annotated full diagrams as global context can enhance recognition
performance, although there remains considerable room for further
improvement. More specifically, CA-SALD successfully detects all
the Fan and Damper symbols, and improves the detection precision
of Filter and sensor (temperature sensor, humidity sensor and pres-
sure sensor) symbols. However, Coil, Heat exchanger, Humidifier,
Pump, and Valve symbols remain unrecognized (AP=0). This may
result from variations in symbol representation, for instance, a Heat
exchanger may appear as either a recovery wheel or a panel, or
from densely populated regions in the P&ID, where SAM struggles
to produce accurate segmentation.

4 Conclusion
This exploratory study shows that directly applying LLM to digi-
talize HVAC P&ID is highly challenging. Integrating segmentation
models improves symbol recognition, but performance remains lim-
ited without global context. By combining cropped symbols with
the annotated full diagram, CA-SALD achieves substantial gains in
mAP50, demonstrating that contextual information is essential for
reliable P&ID digitization. Nevertheless, several symbols remain
unrecognized, indicating the need for further refinement (i.e., few-
shot learning, fine-tuning, and LLM agents, etc.) and larger-scale
evaluation.
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