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Fast human pose estimation method for complex industrial
environments

ZHANG Ze-hui't, WU Fu-long2', LI Fan-ya', XU Xiao-bin', ZHANG Zhen-jie', SHAO Hai-bin®

(1. China-Austria Belt and Road Joint Laboratory on Artificial Intelligence and Advanced Manufacturing, Hangzhou
Dianzi University, Hangzhou 310018, China; 2. School of Electronic Information and Electrical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In recent years, behavior recognition technology based on human pose information has been increasingly
applied to worker safety monitoring. However, in complex industrial settings, challenges such as occlusion and limited
compu-tational resources have hindered existing computer vision-based human pose estimation methods from
simultaneously achieving high accuracy and low computational complexity. Thus, this paper proposes a novel approach
for rapid human pose estimation in complex industrial scenarios by integrating a quantization autoencoder with a
lightweight ResNeSt network. Furthermore, a cyclic weight transfer training method is proposed, which enhances
estimation ac-curacy by transferring weight parameters across backbone networks of varying sizes. The experimental
results demonstrate that the proposed method achieves accurate human pose estimation in complex industrial
environments, reducing the computational cost of the original model by a factor of four, thereby providing an efficient
and re-source-effective solution for real-time pose estimation in industrial applications.
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UL T R AR Sk .

®3  ARINZTETHRSHIT LRI EEER

LR NI AP AP AP® TS E(Flops)

PCT — 0.8689 1 0.9864 15.26G
FastPosel0l  #HLIIZE  0.5393 0.9649 0.5391 3.61G
FastPose101  CyclicTrain 0.884 6 1 0.990 1 3.61G
FastPosel52  HHIIZE 05033 09413 0.4411 4.84G
FastPosel152  CyclicTrain 0.8621 1 0.9860 4.84G
FastPose200  HHLUIZE  0.4995 0.9514 0.4579 6.01G
FastPose200  CyclicTrain 0.8428 1 0.9861 6.01G

HFEitHE =71, FastPosel01 fIEFPVF g B IK
# (Flops) 1A 3.61G, FastPose200 & 6.01G, ifj PCT
1AL [ Flops 1535 15.26G. A B W £, 45t
CyclicTrain 7592 Il 45 )5 1] FastPosel01, Hoph B H &
W&+ PCT #2, 1X R B, 38t CyclicTrain J77%, A
DATE fR 358 /MBS B A AR TH B0 RS 1) () R,k 380 8 2



8 = % 5

*OR

FxE
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BT RLR AP AP AP 15 & (Flops)
FastPosel01 0.8846 1 0.9901 3.61G
ViTPose-base™ 0.8258 09802  0.9358 18.54G
PEM-SCNet101®”  0.8577  0.9906  0.9554 8.49G
PEM-ResNet101® 08116  0.9898  0.9347 7.69G
RTMPose-1*" 0.8711 09901  0.9689 4.16G
PoseBH-VitBase™  0.8399 1 0.9536 18.5G

ik AR RS B R .

R SIS &5 I UE T CyclicTrain J5 7% 75 A
[ )]~ FastPose 584 b (A 2 M. %07 0@ 1 1E 7]
TR A M IE# BRI IEAR, 38 A0 AR A /N ST A A
IR aE AL, 15 FERE A8 PRI WL Sk, I 78 70 P AR R
SRR A B ) DR AR, AT SR AR
I T 37 5 A IORS FE A2 AL RE 7. 78 B2 PR 138
B, el AN RSP B AT 9120 N 25, s
CyclicTrain 77 V5Z B AR AL, 1% 7 A DR R /IME R
I U S50 1 [R) IR S5t 3 $R T 2, AR B A A Y A S
IR BRAT 55 v A 45 B R .
3.3 L2

AN 3T E g Tl B 4 ) 2k £ b
NAR LG TR BEAT T R LU B, B b T
FastPosel01 5 HAth 3= i 485 8 2 (i) (1) 22 5. B AR
P45 R 3R 4 Jror, Hf PEM-SCNetl01 55 PEM-
ResNet101 4377~ BL SCNet101 5 ResNet101 Sy
R 2% e S A A T AR,

M 4 B 25 AT LUE A R R R 1% T
W s 4 EYERERIAF A N & 2 . Bk
1M &, FastPosel101 7 7% 1l 45 #x I 35 38 Bt e fC 4
fE. H AP X F) 0.8846, APS0 5 APTS A HIN 1 5
0.990 1, 7£ fRAIE = K5 B2 1 R I, TH S8 AU 3.61G,
& Z & T ViTPose-base(18.54G) 5 PEM-SCNet101
(8.49G) TR, I B m T E AR S R ENL
. AHEL 5, RTMPose-1 BL/E T 43 FabR B R ILELT,
B & ARk FE TS & A T FastPosel01; ViTPose-base 1E
oy = AR fR bR B R ILAR, (R HHR R R, HE DA
T A2 Tl 37 556 0 Si B R0 B U 52 PR A 85 1 oK
PEM-SCNet101. PEM-ResNet101 Fil PoseBH 25 1% 7Y
TENG E 515 2 8 FE 7 T YA J FastPosel01, H7E
5% TVAE 55 A 1 3 PR AR G B

25 L ATIR, FastPosel01 7E 4 & 511 5H X% 2 [A]
SEHL TR, BE A BTS2 PR Tk IR
PR =R BE AT S P, R R 4 Tkt T RA
3 1R
3.4 RSN

AT BRI UE A SCHTHE 7 b & OGBS L)
A R, AHE ResNeSt B+ W 2% & Ak 4 i 25 DL &
CyclicTrain VI ZREME. Nk, Wit 17— RFITH LR,
DA EE 73 A1 AS [RIASE B oef 462 08 1 e (1) R AK R . i A7
LR IR H 8 T B AR BT, A E 558
3.1 R B SRER S RN 5 .

5  AEEHEE EBE BTS2
. w=ib e Ny
2GS P Y2 TR s AP 15 & (Flops)
ResNet101 R CyclicTrain ~ 0.8116 3.52G
ResNeSt101 X CyclicTrain 0.5765 3.45G
ResNeSt101 \ LN 0.5393 3.61G
ResNeSt101 v CyclicTrain ~ 0.8846 3.61G

5 Fw, ANEEHE AR RE A T R
R, 1, TEA R AL G AL 48 5 I SRR 261 T,
B T 2% i ResNet101 £ # /y ResNeSt101 J&, 5
UK AP B 0.8116 $2TF % 0.8846, 3% ] ResNeSt H
G173 2H 38 7 = AL R % 1 5 OC HE AR [X 35
(RFAE R IKBE 1, M AE Tolk 3% 5t b 3k 159 50 i 1 9%
B RUE SRS B R, FEAH R B T 2% 5 CyclicTrain
TSR, R Bk B AL g A 88 5 B A M BE 0 R PR
(AP H1 0.884 6 B#Z 0.5765). X 1t B B Ak 4 AL 28 7E ik
DHFETUR  IRFFR S — 8y B A EEAE
H, JEHAEAFTE MR R 5 A4 15 S, AR L (¥ 5 4
FHoTRE & . B o, B CyclicTrain B #5556
W& 5, 7 AP M 0.8846 % % 0.5393, A8 KiE T
B, 2281 CyclicTrain 15 RUE MR 1 /MR BLRFIE R IL BE
7152 BRI 1) 8, 3@ i i RO AL I kB S5 R T T AR
B2 Ak e R0 S A TN AR 1k

LR EFTIR, BT M4, Eigmides 5 CyclicTrain
VI S W 20 5 A5 Y 1 e 4 B A AN T B AR A
Hrh, B 4tS 4 5 CyclicTrain X4 BT+ i
23, 1f] ResNeSt 5 T W 26 Il i3 — 2D 3 5 1 158 1)
R RRRE R R
3.5 &EMEMT

N4 TH A FastPosel01 76 8 24 T MV 3R 85 rh (1)
T R AT, AR MRS 5 % B AR AR AN T Tk AR A
& pEEREAT 24T
351 EEGE T RERS T
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2R N E EEVEAT AR AY (HTEE RS RE ), R R AR e
P4 EL AR 90 N TCETY (0%) B2 Y (0-20%).
R (20-40%) F7™ H B (>40%) DYk, L5025
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PRER R
0.8773 0.8074

R TCIESY
FastPosel01 0.9783
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M 6 7] LLE H, FastPosel01 1E AN [A] 8 4 25 2%
TR FFR R AP, RIH OU R S . e
FEAE R RS 4 T, AP AT %4 10.3%, RI{E/E
FEE IR SEAT T, AP A IRFFAE 0.8074, K PIBIAIGE
% B L b S SK SR AR AR A R A BT

XOPhEHEE 3 AR T DL BT AL (1)
ResNeSt H T M2 [1] Split-Attention HL | G& 4% H i& 5
b TR A 0] UL X SSCREAE, AT AR ARG 8 124 DX sk s >R 1Y)
WS P (2) AL YmAG #S 1 2 token TUAR W15
BB TE FR 43 SQ B o5 5 R B LR, A7 R R FH o
token [ )5 #8 4 F M5 B S BLE A L5 I AT S B .
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R A TS R
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TAENY I 5 2 % IR, B4R O I8 %R AR
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R BB AR A8 Sk B 51 R i e IR AR .
SR 56 UFASE R TE A [R] 5 B S T 08 A 1, AR i
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FastPose101 0.8846 0.8818 0.8855

M 7 8] LLE ), FastPosel01 £ GHBAR AL N (1Y
PERE LT IR FEAS 8, AP (N AE R R W 25 1R T 5 2
0.3%, TEREOT MR 251 T L g A T, KI5
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() &85 A U, AT A ARG IR 3 i R 143 &
k.

R EATIA, @ MRS 5 ' R AR A P T T ) 23
25 R B, FastPosel101 FEE 2= Tk 5th B4 H
)& e 5 F e . AR R B0 AR AN R AL T3 2%
PN IR B R 2, N HAE SR Tolk 22 4 I I R 4t
HR R B8 1 AT SRR

4 ZEWRARKRILE

ASCHEH T —Fh T ResNeSt101 H P 45 14
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PEH BT R Ay S R EE L RV R, B
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FUERAE SIRAE G R BN E. W10 25 BRI, AU AL iy
H R AS OB RURHIE BB A B8 HF = 2 AT R BIME
% Aok, BATE 3 — DT AR RS T4
J, R T ) ol 22 4 AT R S KU VR4l R 4,
SIS 2 RN B 2 A TR SR AT R .

S & CH#k (References)

1]  fefiiE—mnl. 2023 4 E A THE Mk &SR] AL
H fEA I E — ], 2024,

(Wei Hua Supervision Department I. 2023 National
Chemical Accident Analysis Report[R]. 2024.)

[2] Park J, Kim H. A case study to address the limitation of
accident scenario identifications with respect to diverse
manual responses[J]. Reliability Engineering & System
Safety, 2024, 251: 110406.

[3] Khan M, Khalid R, Anjum S, et al. Tag and IoT based
safety hook monitoring for prevention of falls from
height[J].
104153.

[4] Misra S, Roy C, Sauter T, et al. Industrial Internet of
Things for safety management applications: A survey[J].
IEEE Access, 2022, 10: 83415-83439.

[5] RELE, PSR, 1R EN. BT 221 AR5 5 AT AR

5 RS FU 3k R (3], B S R 3R, 2024, 39(8): 2484-
2501.
(Zhu H L, Wei P J, Xu Z G. Research progress on
skeleton-based human abnormal behavior recognition
and detection[J]. Control and Decision, 2024, 39(8):
2484-2501.)

[6] FERE, T, b, S5 LT RN B M iR E
PNARAT R IR BRI [T]. 42 81 5 P 5K, 2023, 38(6):
1541-1550.

(Nan J, Ning C F, Jian Z H, et al. A lightweight model
stochastic

Automation in Construction, 2022, 136:

for human activity recognition using
configuration networks[J]. Control and Decision, 2023,
38(6): 1541-1550.)

[71 Cheng J P, Wong P K, Luo H, et al. Vision-based
monitoring of site safety compliance based on worker re-
identification and personal

protective  equipment


https://doi.org/10.1016/j.ress.2024.110406
https://doi.org/10.1016/j.ress.2024.110406
https://doi.org/10.1016/j.autcon.2022.104153
https://doi.org/10.1109/ACCESS.2022.3194166
https://doi.org/10.13195/j.kzyjc.2023.0451
https://doi.org/10.13195/j.kzyjc.2023.0451
https://doi.org/10.13195/j.kzyjc.2021.1767
https://doi.org/10.13195/j.kzyjc.2021.1767

10

# # 5

*

R FXH

(8]

(9]

[10]

[11]

[12]

[14]

[13]

[16]

[17]

[18]

classification[J]. Automation in Construction, 2022, 139:
104312.

Yang X J, Weng C Y, Jiao L, et al. ATD-GCN: A human
recognition human-robot

activity approach  for

collaboration based on adaptive skeleton tree-
decomposition[J]. Robotics and Computer-Integrated
Manufacturing, 2025, 95: 103019.

LiuTY, Weng CY, Jiao L, et al. Toward fast 3D human
activity recognition: A refined feature based on
minimum joint freedom model (Mint)[J]. Journal of
Manufacturing Systems, 2023, 66: 127-141.

skper, R, £, & FE TR AR R AT
PR SR 7 9 4R D). ) S vk, 2022, 37(1): 14-
27.

(Zhang X P, Ji ] H, Wang L, et al. Overview of video
based human abnormal behavior recognition and
detection methods[J]. Control and Decision, 2022, 37(1):
14-27.)

Wang X M, Yu H L, Kold S, et al. Wearable sensors for
activity monitoring and motion control: A review[J].
Biomimetic Intelligence and Robotics, 2023, 3(1):
100089.

Sadeghi S, Soltanmohammadlou N, Nasirzadeh F.
Applications of wireless sensor networks to improve
occupational safety and health in underground mines[J].
Journal of Safety Research, 2022, 83: 8-25.

Digo E, Gastaldi L, Antonelli M, et al. Real-time
estimation of upper limbs kinematics with IMUs during
typical industrial gestures[J].
Science, 2022, 200: 1041-1047.

LiJ, Liu X F, Wang Z L, et al. Real-time human motion

Procedia Computer

capture based on wearable inertial sensor networks[J].
IEEE Internet of Things Journal, 2022, 9(11): 8953-
8966.

Wang B C, Song C, Li X Y, et al. A deep learning-
enabled visual-inertial fusion method for human pose
in occluded human-robot collaborative
assembly scenarios[J]. Robotics and Computer-
Integrated Manufacturing, 2025, 93: 102906.

B, TRK 5, BARIE, & —FhET 2R EN =
S N PR AT TP B B[], #4015 W3, 2025, 40(12):
3704-3712.

(Hu N, Zhang J H, Wei X T, et al. A 3D human pose
estimation model

estimation

based on multiple hypothesis
interaction[J]. Control and Decision, 2025, 40(12):
3704-3712.)

RVL, B, RO T A AT ORI 2 1 X Eh
SRR [T]. #2165 L5, DOL: 10.13195/) kzyje.
2025.0793.

((Song C, Qian H, Wu D. Multi-semantic dynamic graph
convolutional networks for skeleton-based action
recognition[J]. Control and Decision, DOI: 10.13195/
j-kzyjc.2025.0793.)

Wi, ok, 52, &5 BT 2RS40 Rl A 1 R L
a NI A EBINTT VL], #2815 P 3K, DOL: 10.13195/
j-kzyjc.2025.0504.

[19]

[20]

[21]

(22]

(23]

[24]

[25]

(271

[28]

[29]

[30]

((Chen B, Wang B, Zhou Y, et al. Prediction of
rehabilitation robot's joint angle based on multi-modal
data fusion method[J]. Control and Decision, DOI:
10.13195/j.kzyjc.2025.0504.)

LiuTY, Weng CY, Huang J, et al. A lightweight future
skeleton generation network(FSGN) based on spatio-
temporal encoding and decoding[J]. Knowledge-Based
Systems, 2024, 306: 112717.

Boldo M, De Marchi M, Martini E, et al. Real-time
multi-camera 3D human pose estimation at the edge for
industrial  applications[J].  Expert with
Applications, 2024, 252: 124089.

Geng Z G, Wang C Y, Wei Y X, et al. Human pose as
compositional tokens[C]. 2023 IEEE/CVF Conference
on Computer Vision
Vancouver, 2023: 660-671.
Zhao Z H, Alzubaidi L, Zhang J L, et al. A comparison
review of transfer learning and self-supervised learning:

Systems

and Pattern Recognition.

Definitions, applications, advantages and limitations[J].
Expert Systems with Applications, 2024, 242: 122807.
Yu X, Wang J, Hong Q Q, et al. Transfer learning for
medical images analyses: A survey[J]. Neurocomputing,
2022, 489: 230-254.

RERE, 1D RIR, 550, 45 N REAR 27 o] PR AR Y
F) Tl B ——3HL . AR S PR ], 2 5 P,
2024, 39(9): 2833-2857.

(Zhao J C, Feng L J, Yue J Q, et al. From zero-shot
learning theoretical model to its industrial application:

Motivation, evolution and challenges[J]. Control and
Decision, 2024, 39(9): 2833-2857.)

Lin T Y, Maire M, Belongie S, et al. Microsoft COCO:
Common objects in context[C]. Computer Vision —
ECCV 2014. Cham: Springer, 2014: 740-755.

Xu Y F, Zhang J, Zhang Q M, et al. ViTPose: Simple
vision transformer baselines for human pose
estimation[J/OL]. 2022, arXiv: 2204.12484.

Liu J J, Hou Q B, Cheng M M, et al. Improving
networks with self-calibrated
2020 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Seattle, 2020:
10093-10102.

He K M, Zhang X Y, Ren S Q, et al. Deep residual
2016 IEEE
and Pattern

convolutional
convolutions[C].

learning for image recognition[C].
Conference on Computer Vision
Recognition. Las Vegas, 2016: 770-778.
Jiang T, Lu P, Zhang L, et al. RTMPose: Real-time
multi-person pose estimation based on MMPose[J/OL].
2023, arXiv: 2303.07399.

Jeong U, Freer J, Baek S, et al. PoseBH: Prototypical
multi-dataset training beyond human pose estimation[C].
2025 IEEE/CVF Conference on Computer Vision and

Pattern Recognition. Nashville, 2025: 13466-13476.

fEE RN

SRIFEHE (1994-), 33, BIETE 0, 1 4, 2R 507 18N

TRV . W12 W7, E-mail: zhangtianxia918@163.com;


https://doi.org/10.1016/j.autcon.2022.104312
https://doi.org/10.1016/j.rcim.2025.103019
https://doi.org/10.1016/j.rcim.2025.103019
https://doi.org/10.1016/j.rcim.2025.103019
https://doi.org/10.1016/j.rcim.2025.103019
https://doi.org/10.1016/j.jmsy.2022.11.009
https://doi.org/10.1016/j.jmsy.2022.11.009
https://doi.org/10.13195/j.kzyjc.2020.1428
https://doi.org/10.13195/j.kzyjc.2020.1428
https://doi.org/10.1016/j.birob.2023.100089
https://doi.org/10.1016/j.jsr.2022.07.016
https://doi.org/10.1016/j.procs.2022.01.303
https://doi.org/10.1016/j.procs.2022.01.303
https://doi.org/10.1109/JIOT.2021.3119328
https://doi.org/10.1016/j.rcim.2024.102906
https://doi.org/10.1016/j.rcim.2024.102906
https://doi.org/10.1016/j.rcim.2024.102906
https://doi.org/10.13195/j.kzyjc.2024.1162
https://doi.org/10.13195/j.kzyjc.2024.1162
https://doi.org/10.13195/j.kzyjc.2025.0793
https://doi.org/10.13195/j.kzyjc.2025.0793
https://doi.org/10.13195/j.kzyjc.2025.0793
https://doi.org/10.13195/j.kzyjc.2025.0793
https://doi.org/10.13195/j.kzyjc.2025.0504
https://doi.org/10.13195/j.kzyjc.2025.0504
https://doi.org/10.13195/j.kzyjc.2025.0504
https://doi.org/10.1016/j.knosys.2024.112717
https://doi.org/10.1016/j.knosys.2024.112717
https://doi.org/10.1016/j.knosys.2024.112717
https://doi.org/10.1016/j.knosys.2024.112717
https://doi.org/10.1016/j.eswa.2024.124089
https://doi.org/10.1016/j.eswa.2024.124089
https://doi.org/10.1016/j.eswa.2023.122807
https://doi.org/10.1016/j.neucom.2021.08.159
https://doi.org/10.13195/j.kzyjc.2023.0924
https://doi.org/10.13195/j.kzyjc.2023.0924
https://doi.org/10.13195/j.kzyjc.2023.0924
mailto:zhangtianxia918@163.com

ExH RIFHE & @e A4 T kg ARES ek bt 77 ik 11

REW (1997-), B, Wit AL, EEFF TR EAWL
4, E-mail: 232060333 @hdu.edu.cn;

ZEILAE (2004-), Lo, ARRFAE, 32 BT TT AL
4, E-mail: lify_st@163.com;

IRIRIE (1980-), 5, 4%, 18 L, 3 B0 5T 07 M) 0 8 fe

{5 Bl & 5iEHEHERE, E-mail: xuxiaobin1980@hdu.edu.cn;
EIRA (1989-), 3, BIAF 50 5, &, FZRF T A

EIEAL, {5 B4, E-mail: zhangzhenjiel017@163.com;
AR (19xx-), 55, BIWFFC L, 4, EEB R TT198

HEBRMAEE. EHTL AR, E-mail: shore@sjtu.edu.cn.


mailto:232060333@hdu.edu.cn
mailto:lify_st@163.com
mailto:xuxiaobin1980@hdu.edu.cn
mailto:zhangzhenjie1017@163.com
mailto:shore@sjtu.edu.cn

	0 引　言
	1 预备知识
	1.1 量化编码器
	1.2 迁移学习

	2 人体姿态快速估计方法
	2.1 工作流程
	2.2 模型结构优化
	2.3 循环权重迁移训练

	3 实验与分析
	3.1 实验环境及实现
	3.2 实验1
	3.3 实验2
	3.4 消融实验
	3.5 鲁棒性分析
	3.5.1 遮挡场景下的性能分析
	3.5.2 光照变化下的性能分析


	4 结论及未来工作
	参考文献

