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Detection of smoking behavior in park security based on deep learning
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Technology University,Beijing 100192, China; 2. Mechanical Electrical Engineering School, Beijing Information Science and

Technology University,Beijing 100192, China)

Abstract: Aiming at the hidden security risks caused by some mobile workers illegally smoking in no-smoking areas of
the park, a deep learning method for smoking behavior detection combined with human bone key point detection and
improved YOLOV7 cigarette detection was proposed. The method first extracts the coordinate information of the key
points of the human body through OpenPose, calculates the ratio of the distance between the hand, nose and neck, and
the angle between the hand, elbow and shoulder, and determines whether the smoking posture is met. Then, the
improved YOLOv7 algorithm is combined to detect whether there is a cigarette in the image to finally determine
whether there is smoking behavior. The improved YOLOv7 algorithm introduces a global attention mechanism
module, strengthens the semantic and position information, uses transposed convolution to improve the upsampling
method, reduces information loss, and adopts the MPDIOU loss function to enhance the accuracy of the regression
results and improve the detection accuracy of small cigarette targets. Through experimental tests. the accuracy of this
method reaches 95.45% , which can effectively detect smoking behavior.
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Fig. 1 Smoking detection process diagram
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Fig. 2 Human skeleton diagram
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Fig.3 Network structure of OpenPose algorithm
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Fig. 4 Schematic diagram of angle
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Fig. 5 YOLOv7 network structure diagram
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Table 1 Comparison of ablation effects of attention
mechanism modules
i P/% R/% M. /%
YOLOv7 88. 20 87. 46 92.71
YOLOv7+CBAM 91. 86 90. 71 94. 21
YOLOv7+CA 90. 40 90. 41 93.12
YOLOv7+GAM 92.62 92. 47 95.69
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Table 2 Comparison of different improvement methods

%
15 Y P R M ,p
YOLOV? 88. 20 87. 46 92.71
YOLOv7+GAM 92. 62 92. 47 95. 69
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YOLOv7+MDIOU  90. 31 92. 62 95. 27
A A ik 94.12 94. 87 96. 85
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Fig. 10 Comparison diagram of mean average precision

2 XWRITS5SH

2.1 ZRHEEHEE

SRR A PR BT IC B AN SR 3 TR .

HI T2 T B WA S AR AT S ARSI 4R e L R L 7
N E S Z P Sl 200 AW, B S A IR 2

R3I LRRBRE

Table 3 Experimental environment configuration

28 [
CPU Intel(R) Core(TM) i7-12700
GPU NVIDIA GeForce RTX 3090
RGNS Windows 10
A Python 3.7
2 S HE R Pytorch 1.13. 1
i3 3 55 CUDA 11. 6

1 min, H P & A SR S R — e B 1. 534k,
XF 200 A4 S AR AT i T - AL Al 38 AR S B 4 b B4R
it 1 500 3K M AL YOLOVT 48 S2AG I A3 4

AT KB ITEN e b TR A KRR P 3

F2E R, BRBIAEH R AP AR R My, W2
(&)~ U FR,
TP + TN
A*TP+TN+FP+FN &
TP
P=9pFp 0
TP
R= TP +FN (10
1
A, = J P(r)dr (1)
0
.
DA
M,y = ':‘C 12

Ao TP 2278 K D 2 B0 52 A7 48 IR AT Jhy i R AR it
TN AW 2 A A7 75 B4 S5 47 T8 WX AT Ry 09 B AR 4
i, FP RR S 52 AN TEAE (BRI A W AR A7 A G B 7 5L
fit, FN 3278 3 50 A7 A0 AR R I R R A2 A2 W KR AT S I
AHR, C FREHE.
2.2 BEESENFESERAH

g T A R AR 45 2 K N ) U 44 R T Ay v L A SO R
Fe A » A BE B I 2 FE AR P . 3l X B0 1 R o i 5
WEE L 2 B2 W Ak T R AR 25 s T - B e s SR B S
BRSNS EN I - SN TF - EELRES
AN JE B S /IN T — AN BRI, T A IR R A DU A s 5 15
VoA BIAE g o s FARE BRME R B . F MR R 3 A 4 5 4%
P G SR B LAl - <o HRBH/NERIA B <o, W
) 7 AEAE W B AE 75 W 2 S AN A FE R AR B

ot A R AT 308 4 32 ot Ak T, DA, vl s B S it o 3E £ I A
SRR RN AN 11 R, B 11 Ca) % 1 1 2 IR 0 i
IS B A 0 M S G Ak T BT 11 Co) Ko R W 5 T T B0
FUN = BN walll L E AR (18 P [ @ R A7

X S 8 M 4 SR ARG — 2B A B, ) o Bl BO(E R o A
FPOXE B B ITE v R R R DGR A BE R O LA - 2SR
i Ak il 26 P, S R0 N B R B 1 R AT 4 .
K12 frs .

o« 77 o



T # K

5 ¥

(b) SRS E1E

(b) Movement during smoking

2

A

(a) WIHATBN1E
(a) Action before smoking

(o) BIEEFE
(c) Action after smoking

B 11 I Bl R s i

Fig. 11 Example of smoking action frame
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Fig. 12 Curve of ratio r as a function of frame number
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Table 4 Comparison of effects of different

parameter settings

Eike ro Bo /() A% R/%
1 1.2 40 88. 14 82.23
2 1.0 60 87. 36 81. 26
3 1.2 60 92. 60 90. 94

Y AU A SR A 2 S A i A R L B
Xof A 5] A B A B AR 4R 5 H AT AE A 1Y — 26 32 R O vk AT X
oL 5 fis .

TP 1A R A OpenPose BT E F 3 8T 1Y
A % B 150 mm, &% 2 FhJ7 B AlphaPose B9 IE 25 H
1510 5% 135 A SO [R) 1) S B s B A LU A TSR B B . PR 3R



MOREATRAFINERZH BB A LN

5 15 i

x5 AEFEHERI

Table 5 Comparison of results from different methods
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Table 6 Comparison of different algorithms

LAY Map /% FPS
Faster-RCNN 82.59 27
YOLOVSs 89. 42 59
YOLOv5s—+ /N B AR A J2 91.45 56
YOLOv? 92.71 62
YOLOv7+ Decouple Head 93.19 58
YOLOv8n 90. 84 63
MR YOLOv? 96. 85 65
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Table 7 Comparison of model testing results before

and after YOLOv7 improvement %
A A R
YOLOv7 88.79 86. 34
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