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Abstract:  To address the problems of incomplete unimodal feature representation and low image-text

fusion efficiency in construction safety hazard identification for hydropower projects, an intelligent image-
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text multimodal intelligent identification method was proposed. First, 12 categories of construction safety
hazards were defined according to hydropower construction characteristics, and an image—text multimodal
dataset was established. Second, bidirectional encoder representations from transformers ( BERT) model
and vision transformer ( ViT) model were employed to extract hazard text and image features respectively.
GFN was then introduced to dynamically adjust the contribution of image and text features and capture
cross-modal correlated feature information, while a multi-layer perceptron was used to improve
classification accuracy. Comparative experiments were conducted to verify the model “s accuracy and
reliability. The results show the method optimizes the contribution of multimodal features by enhancing
identification stability. The multimodal hazard identification accuracy reaches 84.99% , representing an
improvement of 1.73% over the text-based model and 12.24% over the image-based model.. The

proposed approach outperforms existing benchmark models in hazard classification and improves the

robustness of intelligent hazard identification.
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Table 1 Classification characteristics of construction safety hazards in hydropower engineering
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Table 2 Image-text multimodal dataset of construction safety hazards
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Fig.1 Framework of image-text multimodal identification for construction safety hazards
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Table 3 Sample size of multimodal experimental data for construction safety hazards
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Fig.3 Loss comparison of multimodal models
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Fig. 4 Recognition effect of hazard types for comparative models
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Table 7 Differences in F,—score of comparative models

SRR IRRIE , 5 JESUAR S MG 2 (8] () S, #4
B SCZ RS R R BB A R ] BERT A HS AN ViT

Bl B R TR BRI SOK  FRRHFE, 51 A GEN T
i e e e S RRERLA R MLP SCBIX T 4 R S R A
HEEMHGE | 0.9259 | 0.7633 | 0.9240 0.909 3
REBUIN 42K
ful LR | 0.908 6 | 0.8347 | 0.909 2 0.9152
JoiRHER | 0.8917]0.8752 ] 0.9204 | 0.9218 2) I PR | SRS Y AR R R X6 AR
HUiE | 0.8750 | 0.8024 | 0.9361 | 0.8750 By R P SCARTE B iR il v BT R 23 AZ O S ig
BYEHHL | 0.7747 | 0.606 6 | 0.8336 | 0.8750 P TSR 35375 T G T 22 4 B 28 PR SCHAE B 4b
UPEL | 0.7763 | 0.7228 | 0.7572 | 0.7812  yuspempp: GEN MRV A 9 D AL ST 56
BAHIR | 0.7662 | 0.6762 | 0.7662 | 0.766 2 , - \
EAbEATE | 0.8454 | 0.5637 | 0.8502 | 0.857 1 i BRI B R B A SRR T 1. 73% , 4%
ZagiE | 0.7833 | 0.5222 | 0.6000 | 0.5222 ali UG HE T 12. 24%
PiRsTd: 1 0.4492 1 0.3381 | 0.6190 | 0.6762 3) GFN T 45 052 T 2o 455 25 M 70 7 X gl o 1R 2
HAbsi | 0.3955 ] 0.3352 | 0.4837 | 0.4010 L R B RE R R SR M R T K i TR
WHREES | 0.1981 | 0.2789 | 0.4446 | 0.307 7 L2 o S P AR ) o B B R ELAT
. i, T—%, BREERAREEE %*TT%@@
3 & i

1) R TR T a5, R 12 M T %

Wi LR BUA—E Y A8, S — Ak T e Al S AL
D4 T 12 5 it T2 A B B AR S A VR RE L

RBVFEMRIETSALI]. KDKREBFIR, 2025, 44(4): 42-49.

liary correction methods for categories of potential safety hazards in

hydropower project construction[ J]. Journal of Hydroelectn'c Engineering, 2025, 44(4) . 42-49.

BYLEEM[)]. PEZENFZZER, 2024, 34(12).

CHEN Shu, WANG Dianxue, YANG Yingliu, et al. Semantic matching model of potential safety hazards in hydroelectric

nal, 2024, 34(12). 40-47.

& % x o
(1] PKFRR,BEE, 5 KBLERILZERE
LU Bing, CHEN Shu, CAO Kunyu, et al. Auxi
(2] FRR, TEZ2, BN, E KBIEEILZZREE
40-47.
project construction[ J]. China Safety Science Jour
[3] $%BBIUVU,/§@”-& B‘Ueﬁﬁ Z IIBTORE %

KEWTDI—JEWK%JIEHBJf WRRHESELI]. KANZIR, 2025,



- 112 -

hoE T e B ¥ % iR H364E:
China  Safety Science Journal 20264F

(4]

(5]
(6]

(7]

(8]

(9]
(10]

(11]

(12]

(13]
[14]
(15]

[16]

56(4) . 519-530.

YANG Yangrui, PAN Shifeng, LIU Xuemei, et al. Multimodal knowledge graph collaborated with large model fordecision
recommendation of water projects risk response[ J]. Journal of Hydraulic Engineering, 2025,56(4) ;. 519-530.
SKEHE, KEZ R RER, 5. BTN IASHRERAZZTNRAIRIN[)]. PELZENFFR, 2025,
35(2). 144-151.

ZHANG Zehui, ZHANG Qianlong, XU Xiaobin, et al. Unsafe behavior recognition model of high climbing workers based
on vision[ J]. China Safety Science Journal, 2025, 35(2). 144-151.

ZHONG Botao, SHEN Luoxin, PAN Xing, et al. Visual attention framework for identifying semantic information from
construction monitoring video[ J]. Safety Science, 2023, 163 DOI.10. 1016/]. SSCI. 2023. 106122.

FANG Weili,LOVE P E D, DING Lieyun, et al. Computer vision and deep learning to manage safety in construction:
matching images of unsafe behavior and semantic rules[ J]. IEEE Transactions on Engineering Management, 2023, 70.
4 120-4 132.

PR, K8, =, 5. EFonBTNRFIBKB Lig LLEIOSMMRBMER[)]. PELZERNFFIR, 2024,
34(9) . 19-26.

CHEN Shu, ZHANG Chao, CHEN Yun, et al. Model of identifying entities of safety specification for hydropower
engineering construction[ J]. China Safety Science Journal, 2024, 34(9) . 19-26.

BiE— LER,B,%5. KBLERLLZEREBIMGTIAEEDETIAL]. KIDRBFR, 2024, 43(11)
114-124.

ZHOU Jiayi, ZHENG Xiazhong, TIAN Dan, et al. Multi-label text intelligent classification method for construction safety
hazards of hydropower projects[ J]. Journal of Hydroelectric Engineering, 2024, 43(11). 114-124.

LIU Jiajing, FANG Weili,PETER E D L, et al. Detection and location of unsafe behaviour in digital images: a visual
grounding approach( J]. Advanced Engineering Informatics, 2022, 53 DOI.10. 1016/j. aei. 2022. 101688.

B R, 80K, & §§%'ﬁfﬁi§ﬁE'M(%I&ﬁ‘@lﬁ%ﬂ%luEﬁﬂ‘#ﬂ MRTAEL)/OL]. TABAZZR . BRRE
R 1-11.[2025-05-28]. https : //kns. cnki. net/kems2/article. himl.

TIAN Dan, XU Renle, SHAO Bo, et al. Automatic identification method for construction safety hazards in hydropower
engineering with enhanced feature expression[ J/OL]. Journal of Hohai University: Natural Sciences Edition: 1-11.
[2025-05-28]. https ://kns. cnki. net/kems2/article. html.

FREM, KR, KB, 5. BETBRSIRDMNZEETREMSHBESBR/OITIAL)]. BEITSAIR
KR, 2024, 8(7). 67-76.

CHEN Yansong, ZHANG Le, ZHANG Leihan, et al. Multimodal sentiment analysis method based on cross-modal
attention and gated unit fusion network[ J]. Data Analysis and Knowledge Discovery, 2024, 8(7) . 67-76.

WANG Yiheng, XIAO Bo, BOUFERGUENE A, et al. Proactive safety hazard identification using visual-text semantic
similarity for construction safety management J]. Automation in Construction, 2024, 166. DOI. 10. 1016/]. autcon.
2024. 105602.

KIM H,YI J S. Image generation of hazardous situations in construction sites using text-to-image generative model for
training deep neural networks[ J]. Automation in Construction, 2024, 166. DOI.10. 1016/ j. autcon. 2024. 105615.
AREVALO J, SOLORIO T,MONTES M, et al. Gated multimodal networks[ J]. Neural Computing and Applications,
2020, 32(14) . 10 209-10 228.

CAO Kunyu, CHEN Shu, CHEN Yun, et al. Decision analysis of safety risks pre-control measures for falling accidents in
mega hydropower engineering driven by accident case texts[ J]. Reliability Engineering & System Safety, 2025,261 .
DOI.10. 1016/j. ress. 2025. 111120.

TIAN Dan, LIU Hao, CHEN Shu, et al. Human error analysis for hydraulic engineering: comprehensive system to reveal
accident evolution process with text knowledge[ J]. Journal of Construction Engineering and Management, 2022,148(9) .
DOI: 10. 1061/ ( ASCE) CO. 1943-7862. 0002366.

EEE N %Lﬁfifi (1987—) , 3 IACZ I R T A gl TR, SRS T7 1o
K H THEE GRS . E-mail . nbwpdp@ sina. com,



