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Seatbelt Behavior Detection of Vehicle Occupants
Based on Improved YOLOVSs
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Abstract: The detection of seatbelt wearing behavior of vehicle-borne personnel plays an important role in ensuring human life
safety. Aiming at the low detection accuracy of seatbelt worn by vehicle occupants in complex environments, an improved detection
method based on YOLOv5s is proposed. The detection method takes YOLOv5s as the basic network and improves on it. In order to
improve the ability of the depth model to extract feature information, the receptive field of the network is expanded by using the re-
ceptive field RFB module. and the hybrid receptive field is obtained by using the multi-branch structure of the RFB module. Adding
the efficient channel attention (ECA) modules to make the entire network more focused on extracting the feature information. The
loss function of the original YOLOv5s is replaced by the EIOU to further improve the detection accuracy of the safety belt. The exper-
imental results show that compared with the original YOLOv5s network, the mean average precision (mAP) of the improved network

is increased by 2. 2%, and the precision by 5. 1%. The improved network has a good enhancement effect, which shows the effective-

ness of the method.
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H 2 LA v F A, RAY YOLOVSx B iR s, (HR

2 W g R

Bk AR/ % | R/ Y | mAP@0.5/ )% | ALE/MB

SSD 71 78.6 76.3 93.6
YOLOv3 73.1 76.8 74.6 182
YOLOV5I 79.5 78.4 80. 1 97.7
YOLOv5m 78.8 78.6 78.8 45.8
YOLOv5x 84.5 76. 1 79.6 210. 6
YOLOV5s 82.5 75.9 80. 4 14.5
YOLOv5n 81.2 73.6 79.1 7.5

A A B ST E A 40 YOLOvSs,  H AL S04 3 4 3t 4% S0 iF
FAM %, T SSD #l YOLOv3 Joif J8 45 v F8 ik J2 3 2546 1 ks
BB YOLOvVSs, LA THM 4 M SREWEZ, X F
AWML, YOLOVSs 15k 3 il % 45 4 e i 3%
3.4.2 HESIEHSLERT

N T IE WA R A R, IR ECA EE bk
I F] Backbone W%, i A SPPF #i#5i, CSP1_1J5.
FEEMA SE. CBAM, CA. SimAM %13 & Jy ¥l 5 Ht
APAFEL SRS, SCEREE RS 3 Wi, AR YOLOVSs 4%
SR BB AR IR B, (R A A mAP XTI A
ECA BB > B 5% M1 1. 4%, BRIA ECA Bk)5. #
0 R A D 24 A T A AR T I e A R B,
n CBAM 1 CA #ik, HEMER, IR, mAP HHPTE
Fro FrLhs K ECA 12 L i 2 ok 9 2% o 42 7 L1 ik
k.

£33 RA R RIS B X LS 3

ik Efggiéffigifi FPS | f/MB
YOLOvVS5s 82.5 75.9 80. 4 400 14.5
YOLOv5s+SE 83.1 73.9 80.7 370 14.5
YOLOv5s+ CBAM 83.9 72.7 79.9 238 14.5
YOLOv5s+CA 86 71 79.9 370 14.5
YOLOv5s+ SimAM 80.9 74.2 81.5 256 14.5
YOLOv5s+ECA 87.5 74.5 81.8 370 14.5

3.4.3 MR AL IR X L

HJ 7 RM EIOU 45126 BRETE AR S 5t T A0 M, AR 3¢
P YOLOvSs iy W25 Jeilh 4 I 9 26 o (9 458 2k o 28 CTOU %
# ok EIOU, 3f8] AT SloU LK Alpha-ToU W Ffi i 25 o %4
5ILEAT X B AR A B R AT AT ok A, SEER A R
sk 4 Fios . ] Alpha-ToU $ 2% bR %23 15 31 55 B 9 460
., HJEIL mAP HZ 1 EIOU X 2. 626, Xk SloU 45}
KRB, H omAP, S R I WA g . rkL,
45 2% B BCE ok ETOU X2 0 2% 1 32 FH 350U o i 2%

R4 BGRTRSR sREO L S 5

Bk E/{i? E/%;h‘ 'gé];i FPS| #1/MB
YOLOvV5s 82.5 75.9 80. 4 400 14.5
YOLOv5s+SloU | 88.4 | 72.7 | 81.6 |263| 14.5
YOLOv5s+ AlphaloU| 80.2 | 71.5 | 79.4 | 410 | 14.5
YOLOv3s+EIOU | 88.0 | 75.5 | 82.0 |357| 14.5

3044 THFh SR

XTI 4% YOLOvSs, ASSCH W T 3 Btk ik J5 5. #f
ECA W& B i3 I 2 Backbone [6 2% Hr i J5L 1 2% Hh Y 454
KRB EIOU 45 B4, F REB BRI E] Backbone
W2 BRIA S B3 SRS LR A B S R 3 R S R
A [ e BB Rl S 0 LA SR USRS PR . SR g SRR
TENNAE T 738 T8 B ECA AL BRI, ff B 5G 32 155 A
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Hbzr, HmAPEBKT 1. 4%, fEfEROARRNES; &
JE ) 245 5% R K CIOU 4y EIOU, (157 4 48052 7% 3R 5%
e 2% BE T RIURS o A5 T AN H bR, mAP {E3 K
T 16%, BRI T 5.5 H TR 4N 2 55
(R s TR — 2 it o IO 45 1) R 5 BB T AT A 20, R
M5 REB LR, %M 21 mAP 64 T 1.3%0., HA&
HEARGE R T 8. 900, MM AP By 414t 2l SR AN TR 280
MIPE T, RZORE 3 R U I 3% R 2% v, o omAP {H 2
w T 2.2%, BRI T 5. 1%, il GBS, JiF
IR AR AT NER ZNC RE M WD R i €

RSO

o TR | ALK | mAP@ FPS L

/% /% |0.5/% /MB

YOLOv5s 82.5 | 75.9 | 80.4 |400]| 14.5

YOLOv5s+ECA 87.5 | 74.5 | 81.8 |370]| 14.5

YOLOv3s+ EIOU 88.0 | 75.5 | 82.0 |357]| 14.5

YOLOv5s+ RFB 91.4 | 70.6 | 81.7 |385]| 17.5

YOLOvSs+ECA+EIOU| 83.4 | 71.3 | 81.3 |370]| 14.5

YOLOvSs+ECA+RFB| 87.1 73 81.7 | 358 17.5

YOLOvs+ECA+ 87.6 | 74.4 | 82.6 |358]| 17.5
EIOU-+REB
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