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Helmet-wearing recognition algorithm for coal mine

underground operation scenarios
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Abstract:  To improve the accuracy of miners” helmet-wearing recognition in coal mine underground
operations, a helmet-wearing recognition algorithm was proposed based on human posture analysis and
machine vision system optimization methods. First, Single Shot MultiBox Detector (SSD) was used as the
basic model of multi-target identification. The squeezed neural network ( SqueezeNet) was used to reduce
the model parameters to develop an efficient recognition model, which improved the recognition accuracy of
the miners” helmet and maintained the balance between the recognition accuracy and the calculation speed.
Then, a multi-person posture estimation algorithm was used to locate the joint points of each miner and
determine the miners” complex behavioral status. Finally, the upper limb nodes of the target were extracted

based on fusion model of multi-target recognition and multi-person posture estimation, and then the helmet-
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wearing condition was determined by the spatial topological relationship between the upper limb nodes and

the helmet frame. Moreover, 3 000 pieces of image data were selected to validate the proposed method’s

performance. The results indicated that the machine vision system can optimize the hardware and sofiware

configuration to improve the system’s performance. Furthermore, the identification accuracy reached up to

91. 1% , which was much better than that of the latest helmet-wearing recognition algorithm. Therefore, the

proposed system in this study can meet the requirements of helmet-wearing recognition accuracy for

underground coal miners.
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Tab.2 Experimental comparative analysis

———
ik ;ﬁgf/ e

Jjgia A7 91.1 AN A ERAT R
YOLOvS 86. 8 SR Y
YOLOv7 85. 1 & RYANA YA

SR Y Faster R-CNN 86. 6 ] Kl 4 AT A

Al A4 HTIR) YOLOv4 87.9 AR 4T A
i YOLOvS 87.2 S TRVAN VA
£ 56 YOLOVS 85.7 {3k 37, AB ST
Faster R-CNN 84.3 &L AN YA
Vibe-DPM 80 A 57 Ae ST

1) FrHEBng iR ER A 3 91. 1%, BH i
T YOLOv8 ) 86. 8% ,YOLOv7 K 85. 1% , 355 Faster
R-CNN A 86. 6% , Fill 52254381 YOLOv4 1) 87.9% ,



hoE e B o o

- 244 - China  Safety

Science

343
20244F

Journal

it YOLOVS 1) 87.2% , 2 35K B YOLOVS 1 85. 7%,
Faster R-CNN [#) 84. 3% il Vibe-DPM ) 80%

2) EFXT BRI AR 7 B T 2 A g il s R ) [ R
Jr & WY RE 2 SRR, BCiE YOLOVS Fil £ 5K B
YOLOvS ¥ tb YOLOv7 (1) 32 51 o o ) &, oo if
YOLOVS #£ % 5 F YOLOvS,

3) 5% Y Faster R-CNN FlEl & ZE &0 1)
YOLOv4, N2 J8 T B 488 N 4 A MR A U,
Y B v m TR R B, L RS A T Y
YOLOv4 {UR T3 ir§2 583 345 17 Faster R-CNN
BAAEH BT YOLOVS B3R SR B

4) HEE T FTR EUR R R s 550 il 2 i B
B YOLOVS Fl YOLOvT MU AIH B, iR
T NARZEASTN 142 A MR R L, AN AUE —
A B ARSI ) {8, I AU NS 53T, 2 e )
SIKEEE
2.3 REBABREBHNERE

H b 3R AT R . i i B VAT TV v A R
RBHE T 8. 9% WY& MRS AL, I, SCrh g
RGN G 100 K1 O HAAL, FIARYE o (E 1L
ARG b ny . R, E
SO RN S5 A 48 R G Al A B B, B AT
oA AR B AT B AT RIS E T
7T WS RS AR R R R IR T S5 Ty
XEEERBItERE . S5, R RGNS EOL S,
{145 Squeeze it fLJ5 19 SSD # = ¥4, 6.9 HI
AlphaPose Z81% , TERAMIAZE R b %6 1—16 X
SR B, B AR AR B B

0.14

os —— S
ot T
= 008 [
o 0.06 F
0.04 F

0.02

1 7 131925313743495561677379859197
RE

EH10 RENARH IETHER
Fig. 10 Changes in 9 after system application
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Tab.3 Comparison of the performance of the three

models in target recognition
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Fig. 11 Test results of helmet-wearing test
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