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Abstract; In order to effectively identify the unsafe behaviors of construction workers in high-altitude
environments, a recognition model based on MCT-GCN was proposed. Firstly, a data preprocessing
module was designed to convert video surveillance data into three-dimensional skeleton data. Secondly, a
tri-component dynamic adjacency graph convolution was constructed. It integrated learnable structural prior

topology, channel correlation adaptive topology, and relative position encoding topology to dynamically
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build adjacency matrices adapted to different actions. Furthermore, a multi-scale separable temporal
convolution was proposed to decompose standard convolutions into deep temporal convolution and point-by-
point convolution, thereby independently modeling the temporal characteristics and spatial distribution
characteristics of construction workers” actions. Finally, experimental verification and comparative analysis
were conducted on both public datasets and a self-built dataset of workers” unsafe behaviors. The results
demonstrate that the proposed model outperforms existing methods in terms of recognition accuracy and
cross-scene generalization. On the self-built dataset, the model achieved a peak recognition accuracy of
95.8%, significantly enhancing the detection of workers ~ unsafe behaviors in complex and dynamic
construction environments, and making a significant contribution to the development of intelligent

monitoring and control in the construction industry.
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Fig.1 Construction workers” unsafe behavior recognition model
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Fig.2 Data preprocessing process
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Fig.3 Skeleton extraction results
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Fig.4 Ternary dynamic adjacency matrix structure
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Fig.5 Multi-scale separable temporal convolution structure
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Fig. 6 Accuracy curves of each stream on the training and test sets
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Fig.7 Visualization results of construction workers” unsafe behavior identification

F Al MCT-GCN AH#EF 3 it iR B R AR it T
WA G 247 RGeS g Re 2= 7 K H S
ST-GCN'") 3 18 2% 4 b 40 1k GCN ( Channel-wise

GCN, CTR-GCN )™ #i
Shift GCN""*" 45 50k 5 vk X e, 25 9 L3 3, il
7, MCT-GCN HYTRBIMER L F] 95. 8% , HHEL T fix

Topology  Refinement



hoE e B o e

- 26 - China  Safety

Science

H36%:
20264F

Journal

A ST-GON'™™' # Tt 11.2%, Al & Hr 1)
ShiftGCN'"* A1 F 42 25 2. 8% , k.45 H-4iE B MCT-GCN
FESAE AT ARy i 2w RE, A B TR
T % 4 AR A BRI T S8

%3 IARRTABIBERRNARE

Table 3 Recognition accuracy comparison on

P AT R 2Em) LRI TR R IR BB TT . JEHRS
FTHLS A ARIX 2 AR DL 50w 9 B A AR AR fR £
RAFRIIINRE ST . BRI REREAT R T Sk i 2
[ (4 Sy s T L] 56 2% S HERBIN TR 2R AL 1 B A AR, 7
FTRLGR B AR T2 AR Xt Sk 350 1) (o7 B A I [a] 4 2 I
SARRE | 38 AR TSk T T 3l 1 0 2

the worker unsafe behavior dataset PR R T 7 S SR 7 X I T i R s, R —
ele e SRR T H . MCT-GCN it = e 3 A 4B 2
S i BB AET I Sk 00 5 53 5
Y— 93:0 Z IR S 18] SC R HEAT 8 1 L O 285 1 22 RUBE I
CTOo os s P2 BUBRAS RN ) RUBE T 01T 446725 1L, AT
AKX 2 KA AL AL B3 S AR
ZEFRSIIEZRAL, TEIX 2 PR By SR E R
FREIIKF] 95. 7% , HE— LYk 1 HOT 4ok BE 470 22
S RALfE

1E A3 T AN LT R L0 4 Fhifsirl
ARG FERE (A 8) , DA WL W B AT THEAS R AT N
N AR BIRE 225 . 45 R, MCT-GCN 7&

TR

e o0

T 100% 100%
LR 0%

60% WRIZEUBR| 00 R 0%

=

0%& Teai%] 00 0%

; 20 * Wi 43 51 ; RO

A W SR O il W TRERE O Wi Wl 1T fHE WY AR O

FE EK FE gﬂ e gﬁ b= gﬂ
(a) ST-GCN (b) CTR-GCN (c) ShitGCN (d) MCT-GCN
8 BRIARZRETAHIRANER
Fig. 8 Identification results of construction workers” unsafe behaviors
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