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Abstract: To enhance the performance of intelligent segmentation for piping and instrumentation
diagrams (P&.IDs), a lightweight segmentation network named P&.IDSeg-Net is proposed. First, a
channel-halved non-local attention module was designed to establish global dependencies in deep
feature space, addressing the structural confusion between pipelines and instruments. Second,
feature addition fusion was employed instead of channel concatenation for skip connections, further
reducing the parameter count and adapting to small-scale datasets. Then, based on the low-
grayness characteristic of pipeline regions in P&.IDs, a visual prompt-inspired grayscale mask
weighted loss was constructed to focus the network on key foreground areas. Finally, the P&.ID
_Pipe dataset was collected and manually annotated, and extensive experiments were conducted
on this dataset. The results show that the proposed P&IDSeg-Net requires only 2. 181 X 107
parameters, demonstrating significant lightweight advantages, while achieving a mean intersection over
union of 77.40%. Compared with mainstream segmentation methods, it achieves superior performance.
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Fig. 1 Local details of diagrams in P&.ID_Pipe dataset
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Fig. 7 Segmentation results example by proposed model
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Fig. 8 Visual results of performance for different methods

zkxb. xjtu. edu. cn




%5 31

FIR MR, 55 P&IDSeg-Net: — Filv i [6] 4535 {3 & Pl (1 42 42k £ 73 1) 9 2% 235

3.7 BELSH
N T VA AN T 5 1 A S B 0 2 o 0 R AR A
AP AR SCNS B NPT o B O A 2 B X
T TR A Z5 RNk 4 s .
4 RRF R IRE
Table 4 Complexity of different methods

5 ik SR /10° IR BERE/ 10
U-Net 31. 04 218. 65
%2 U-Net 124. 37 270. 74
H#JZ U-Net 7.70 166. 55
U-Net(&FEXMERD  17. 14 169. 78
CoANet 61.77 287. 77
Segformer 13.71 13. 76
TransUnet 88.07 111.10
P&.IDSeg-Net 21.81 31.03

KK FH, PRIDSeg-Net fL 75 2. 181 X 10" &
B, Tk F] 3. 103 X 10" 07 S8 B s, B %
e F oAb HEABE 7Y, e B 28 i R m AR A . A
b2 T .32 U-Net BT M % )JZHBE. SHES
ik 1,243 7X10%, V7 mids R EGR 2. 707 4 X 10, X
AR P K 12 U-Net BARZSEHAL N 7. 70 X
10°, T A B R o f5e /D ) fHL TR 038 BB R B0
1. 665 5X 10", 58 m M FF AN HAR , AT SCSE 56 R H
WEARR; UNet (& FESWEROEI AT &
FREEM G, SN 1. 714 X 107, 7% 4518 B 8k
AT 1.7 X 10", 3¢ B 3% 5 A4 R R A AR R AR 1 oA
FIT AR AR s AELATS 0 12 e ot 55 % 5 8 B 3 CoANet 1E Rk
FH 5 ) 3 1S ML A 0 4% L 0 A 4 ik () AR RE T L (EL
H 6.177X10" WIS H A 2. 877 7 X 10" (Y IF B
BRK, B 2R e s U-Net W&k TP 250k S, 280
HOA 3,104 X107, 37 fHis Bk Ek 2. 186 5X 10,
BIREE M fRT 0% B A L P&IDSeg-Net 16 % PRI #E -
MR IH A7 76 22 85 ; SegFormer 1F N % & 9% Transformer
AR, AR/ R E A RS E R
. SR, HORE B K B R 1 P&IDSeg-Net;
TransUNet & T-RllG M & 454, 250 1k 8. 807 X107,
TEABEECH 1,111 X10" & & T P& IDSegNet,
TR AR 2,

25 I, P&IDSeg-Net 75 4 £33 K B 450 56 199 [ 1),
PUER B 5 800 AT 5T B S0 T B i s A0 4 B A
F1 TR B T R BT B e S S B
BAFH TREERE WS .

44 ik

(DA SCHE 1) PE-IDSeg-Net 9 £ 22 4 1 i e
KA EIESs . SIAAERRRE B B, BT T

zkxb. xjtu. edu. cn

) g% 114 R R A 8 B B 7, AR DR A5 45 A 3% 1k 1Y [
IF ST X T AR IR AR AE S 00 R S s R
PN Fil G AR A T DF422 20 A 7 R BR 3% 452, A 80k /b
fife i 2 S AL, B i 1 A TR R 32 B3 v iy
PERE s BT 7 HERD A 2%, 3 A A0 58 4 s HL A 5]
IXH) 28 5 A T I S DX, A AR A T AN A T

(A SOy e BORG BE 5 i Ak, B4 AR ]
1. AR g R 2% S50 2. 181 X107, A #K
F U-Net, TransUNet 55 F it 43 #FI A, S 80 5 B
HREAL, A B4 AL M Re  HF S 55T iR 2
12200 7E K BE 5 A B PR Z R IR TR B
5 AE M P AR RE i A o H A R4 G 1 5
Bafti.

ABIEFE AT Ry Tl P AR 45 48 Ak A BT 4t 4 2 2% L ok
St AT IR B8 I AL B I T AR R AR TR R AR
[ RE T .

S X .

[1] ISHII M., ITO Y. YAMAMOTO M, et al. An auto-
matic recognition system for piping and instrument
diagrams [J]. Systems and Computers in Japan, 1989,
20(3): 32-46.

[2] ELYAN E, GARCIA C M, JAYNE C. Symbols clas-
sification in engineering drawings [ C]//2018 Interna-
tional Joint Conference on Neural Networks (IJCNN).
Piscataway, NJ, USA: IEEE, 2018: 1-8.

[3] KUCHUGANOV V N, KUCHUGANOV A V,
KASIMOV D R. Clustering algorithm for a set of ma-
chine parts on the basis of engineering drawings [J]. Pro-
gramming and Computer Software, 2020, 46 (1):
25-34.

[4] MORENO-GARCIA C F, ELYAN E, JAYNE C. New
trends on digitisation of complex engineering drawings [J].
Neural Computing and Applications, 2019, 31 (6):
1695-1712.

(5] WZMK, EFE2, BRIk, L TIUAR- KGR L EER&

149 A5 v T A1 SRy P AR BT A R U5 vk [J/OL]. R ALE
2. (2025-05-15) [ 2025-06-01]. https: //link. cnki.
net/urlid/50. 1075. tp. 20250514. 1843. 016.
FAN Jiabin, WANG Baohui, CHEN Jixuan. Method
for symbol detection in substation layout diagrams
based on text-image multimodal fusion [J/OLJ. Com-
puter Science. (2025-05-15)[2025-06-01]. https: //link.
cnki. net/urlid/50. 1075. tp. 20250514. 1843. 016.

(6] wemle, Abak, ¥ T YOLOX Bikmy T
P AUAR BRI [T, B R SR, 2024, 42(3):
198-202.

ZHANG Yulong, LUO Zhuanggiang, SHI Lingfeng.




[T 7S S

EE

560 %

7]

(8]

[9]

(10]

[11]

(12]

[13]

[14]

[15]

(16]

[17]

AhSchR AR [J]. Digital Technology and Application,
2024, 42(3): 198-202.

BEEl, MERFI. B TR AE S ORI A D C Y H, 1 T
B FAF IR B AR [T]. P B Tk R 2 % 4k, 2025,
47(2) . 176-182.

HOU Kai, MEI Shiyan. Character recognition tech-
nology of power engineering drawings based on feature
extraction and template matching [ J]. Journal of Shen-
yang University of Technology , 2025, 47(2) . 176-182.
RICA E, ALVAREZ S, SERRATOSA F. Group of
components detection in engineering drawings based on
graph matching [J]. Engineering Applications of Arti-
ficial Intelligence, 2021, 104 104404.

XIE Liuyue, LU Yao FURUHATA T, et al. Graph
neural network-enabled manufacturing method classifi-
cation from engineering drawings [J]. Computers in
Industry, 2022, 142 103697.

A kT TR BE 04 B AT 4% P45 B0 31 R 1 B
g¢ (1], M HE S Ak, 2025(1) . 23-27.

WANG Wei. Research on mechanical drawing image seg-
mentation technology based on artificial intelligence [J].
Precise Manufacturing &. Automation, 2025(1); 23-27.
ZHANG Wentai, JOSEPH J, YIN Yue, et al. Com-
ponent segmentation of engineering drawings using
Graph Convolutional Networks [J]. Computers in In-
dustry, 2023, 147. 103885.

OTSU N. A threshold selection method from gray-lev-
el histograms [ J]. IEEE Transactions on Systems,
Man and Cybernetics, 1979, 9(1): 62-66.
HOJJATOLESLAMI S A, KITTLER .
growing: a new approach [J]. IEEE Transactions on
Image Processing, 1998, 7(7): 1079-1084.

LONG J, SHELHAMER E., DARRELL T. Fully

convolutional networks for semantic segmentation[ C]//

Region

2015 IEEE Conference on Computer Vision and Pat-
tern Recognition (CVPR). Piscataway, NJ, USA:
IEEE, 2015 3431-3440.

NOH H, HONG S, HAN B. Learning deconvolution
network for semantic segmentation [ C]//2015 IEEE
International Conference on Computer Vision (ICCV).
Piscataway. NJ., USA: IEEE. 2015. 1520-1528.
RONNEBERGER O, FISCHER P, BROX T. U-Net:
convolutional networks for biomedical image segmenta-
tion [ C]J//Medical Image Computing and Computer-
Assisted Intervention-MICCAI 2015. Cham, Switzer-
land: Springer Publishing.  2015:
234-241.

CHEN L C, PAPANDREOU G, KOKKINOS I, et

al. Deepl.ab: semantic image segmentation with deep

International

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

zkxb. xjtu. edu. cn

convolutional Nets, atrous convolution, and fully con-
nected CRFs [J]. IEEE Transactions on Pattern Anal-
ysis and Machine Intelligence, 2018, 40(4) . 834-848.
ZHAO Hengshuang, SHI Jianping, QI Xiaojuan, et
al. Pyramid scene parsing network [C]//2017 IEEE
Conference on Computer Vision and Pattern Recogni-
tion (CVPR). Piscataway, NJ, USA. IEEE, 2017.
6230-6239.

LIU Ze, LIN Yutong, CAO Yue, et al. Swin trans-
former: hierarchical vision transformer using shifted
windows [ C]//2021 IEEE/CVF International Confer-
ence on Computer Vision (ICCV). Piscataway, NJ,
USA: IEEE, 2021: 9992-10002.

XIE Enze, WANG Wenhai, YU Zhiding, et al. Seg-
Former: simple and efficient design for semantic seg-
mentation with transformers [ C]//Proceedings of the
35th International Conference on Neural Information
Processing Systems. Red Hook, NY, USA. Curran
Associates Inc., 2021: 12077-12090.

KIRILLOV A, MINTUN E, RAVI N, et al. Segment
anything [ C]//2023 IEEE/CVF International Confer-
ence on Computer Vision (ICCV).
USA: IEEE, 2023: 3992-4003.
RAVI N, GABEUR V, HU Y T, et al. SAM 2: seg-
ment anything in images and videos [EB/OL]. (2024-10-
28) [2025-06-25]. https: //arxiv. org/abs/2408. 00714.
CHEN Tianrun. ZHU Lanyun, DING Chaotao, et al.
SAM-adapter: adapting segment anything in underper-
formed scenes [ C]//2023 IEEE/CVF International
Conference on Computer Vision Workshops (ICCVW).
Piscataway, NJ., USA: IEEE, 2023. 3359-3367.
WANG Xiaolong, GIRSHICK R. GUPTA A. et al.
Non-local neural networks [ C]//2018 IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition.
Piscataway, NJ, USA: IEEE, 2018 7794-7803.

JIA Menglin, TANG Luming, CHEN B C, et al. Vis-
Vision-ECCV

Piscataway, NJ.

ual prompt tuning [ C J//Computer
2022. Cham, Switzerland: Springer Nature Switzer-
land, 2022 709-727.

MEI Jie, LI Roujing, GAO Wang, et al. CoANet:
connectivity attention network for road extraction from
satellite imagery [J]. IEEE Transactions on Image
Processing. 2021, 30: 8540-8552.

CHEN Jieneng. LU Yongyi. YU Qihang, et al. Tran-
sUNet: transformers make strong encoders for medical
image segmentation [C]//2021 Interpretable Machine
Learning in Healthcare. San Diego, CA, USA. ICML,
2021. 1-13.

(4% TH M)




