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Safe Rope Target Detection Based on Improved YOLOVS
WANG Meng, GAO Shujing, ZHANG Junhu, LI Haitao

(College of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: In the process of industrial construction, the safety of workers has become an increasingly important issue, wearing
safety equipment such as safety rope is an important guarantee for the safety of workers during high-altitude operations. In the
process of modern production and construction, surveillance camera equipment are widely used to detect workers wearing safety ropes
and other equipment combined with artificial intelligence algorithm, but it is difficult for the safety rope to accurately identify due to
factors such as slender, changeable shape and environmental changes. In order to solve the above problems and ensure that the safety
rope can be accurately identified in different environments, an object detection algorithm based on YOLOV5S is proposed. Firstly, the
improved FasterNet module is used to extract the context information, and the improved multidimensional dynamic convolution is used
to preserve the more feature information in the Neck network. The WIoU _ Loss loss function is used to improve the positioning accu-
racy, and dynamically adjust the learning rate in the training process. Experimental results show that under reducing the computation-

al complexity, the improved algorithm improves the detection accuracy by 3. 0%, and mAP@0. 5 by 4. 3%. By the application in ac-

tual scenarios, the proposed algorithm can meet the requirements of real-time detection accuracy and speed in the project.

Keywords: safety rope target detection; YOLOv5; FasterNet; multidimensional dynamic convolution; WIoU _ Loss
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K. WRFRSRET B LBREl s, Krade T o 84
AT F AR, “emTaak, sk,
W o 5E ST YIRE S, LTSRN B R
O T AR S R A, R AR pR v AR S T e A R AT
FRTE, R BT b % AR T 5 X AR AL 32 BA 5 i 4R 5 X %
U/ NFFIE ) FRE, R AT B A B AL 5 000 5K, %R
8+ 1+ 1 MBI MINLRE .. Wiks . Wit =54,
3.2 X

AL FEF PyTorch fil CUDA HEZL#E Linux $#:4E
RGFHATHY, BAMBIIZBAE S YOLOVSs, HARR %K
A6 1 T B R R TRC SR 1 TR

1 EBTESH

SR hR A

BIERS Ubuntu 18. 04
CPU Intel(R) Core(TM) i7-12700KF CPU @ 3. 60 GHz
GPU NVIDIA GeForce RTX 4090
Python 3.7.1
PyTorch PyTorch 1. 10. 1+cull3
CUDA 11.3
CuDNN 8.2

3.3 EfEHIERR
AR R A ERE (P, precision), A #E (R,

recal) ., i+ & (GFLOPs). ¥ ¥ UEH JE (AP, average
precision) . FXIEE X {H (mAP, mean averge precision) .
SR (parameters) | P BRI (8] 75 Ry A 46 b5

Horpfesfy A mR gy A X000 0 (13 a4, P
FOREZ AP NMER A, TP FIn 22 248 10 E i 19 FEA
B, FPRRKEAZLL4H BRI LZ MM EE.
FN FR¥Z B NA R E 2B NHEARHE . R XIRE
A4 B AR Y A [ 3R

TP

P=4p<Fp (13)
TP
R*TP+HJ b

SEHHERR AR R (15), AP 258 B 10T Y1,
map E"J’A\\iﬁﬂﬂfﬁ (16):

1

Xup = J P(R) (15
hIp o

Mpp = ﬂT (16)

Xop RN E § ZEY IR AT B . K 2,
TEARSCSE R H L ToU BI{E A 0.5 M1 B AE R PEAT 46 45 »
FRAN mAP@O. 5, A (171 Xapeo o fUERSE | W
RAE ToU BI{E 2y 0.5 B 17 B 1
mAP@0.5 = "T
3.4 A%

BRI GRrb, 58 9% AR 100 48, AT 5050
B LA 100 FEHF BRI B Zan B8, B I Sk B
FEARECH 32, BUEZWMARERE N 0.000 5, FHEHETH
0.8, BRI ZNy 0. 01, FETR )2 4= 20 K WU AE 6T 1R . 40
REGERMELE, RAasdew ol 58 B bk iE 4 &
BN NAE R, TRES IR, &8RRI ER
AR 3 1 B 1 8 A 2 BN 8 N B B FR . X R BER B
RO B R B R A, FRATTHS B R AR BN U
0.5, T T ZEmmat, RAYBEGFEES FXHETF 0.5
BF s Ao TN 45 SR A R s R, [ SGD ik 45
SGD f b #5 e S B, F i R B — B S8, SN
T/ ZARELE . IR R AL 7 iR
3.5 WHIBHF

T EAS SO S R R, R AT
5Y [0 8k w AW H AR/ U 58 ¥k 40 Faster R-CNN,
Feos™ | YOLOX 45852 B k47 X%F b 52 56, %k R 2 5 1)1 25
AR BB AR I A . e S B R, B mAP@O. 5,
HHEE., S50 PSR IR 5 4R

2 A, SRS H TR R E bR AR
A, b A R R IR S RE . mAP@0. 5 E yolox
H5.2%; fEHHER FLOPs M HRIEMR L E P, AXH
B AR 4 B IE 5 F yolox Fl Faster R-CNN, {H 25 i AN K,

an
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M. % ET otk YOLOVS (9% 448 B Ar 6 U - 49

5% 6 H ES
0.12
:|
®
H
9 50 100
Epoch/#:1k
(a) W1 FHHE[B] 458 K 5 L Pl
100 [ acemsrmrrmanmi= B edeePange® PR T
pS
=
g
E

0 50 100
Epoch/# ¥
(b) mAP@O. 5% L. I

B7 0 BCHEJRSEEA YOLOVS I 2R 7 il 2842 1k

L At A5 Y (74 3530 5 R S B D W) W R B R R A
TEMEE R AR R, A SCE A B T, L
B B2 AR 1 yolof B 2R 1. 3 ms, FPS L hiif 63. £343
K F . AR SCHCHEASE R TE I8 7E T M BB A 2 7E HE B BT 1 P
T FH A AL, 7E % 44 0 IR BT 55 A AT Y U AL
B 5 YOLOv3. YOLOv4 # H 4 T3 SR i .

F*2 M

e mAP |y opy | BB RIBTHE |
@0.5 /M | P /ms

atss 89.6 | 110.96 | 50.88 11.7 85.5
Faster R-CNN | 83.8 91.0 6.1 8.9 109. 3
Fcos 87.1 | 78.63 | 31.84 9.1 110.1

gfl 92.7 | 81.77 | 32.03 9.5 105. 8
yolox 92.6 13.4 8.97 6.1 165. 6
yolof 84.4 | 39.27 | 39.27 5.2 193. 8
YOLOv3 82.5 | 156.6 | 61.94 6.5 153.8
YOLOv3-SPP | 83.5 | 157.5 | 62.9 6.7 149. 2
YOLOv3-tiny | 80.1 13.3 8.66 4.7 212.7
YOLOv4 87.6 | 110.5 | 40.2 7.1 140.8
B Rk 97.8 13.8 6.12 3.9 256. 4

3.6 HRKIEAM
it — 25 B IE X YOLOvS #5851 1 e ik O 2% 19 A 201
AT TIH AL 86, FRATTA A LB AT 4 YOl 4R, RIS,
R BONRE M ZS RBUEBCT ¥ 8, k5 i BRI X % 4
ZEAOA I HERG N 94. 6%, H IR K 96.7%, FLOPs
12.8, mAP@O. 5 ik%] 97. 8%, SLHGLERXF HLANF 3 s,
#3OMRKR

7
Him G | HE AP o, ii’;ﬂi
i Y %/ % %/ %05/ %

B/ ms
YOLOv5 91.6 | 96.2 | 93.5 | 15.8 3.6
YOLOv5+ FasterNet 96.7 | 97.2 | 97.2 | 14.8 3.6
YOLOvS +Z 4 g 55 94.3 196.8]97.1| 15.3 4.0
YOLOv5+WIOU 94,7 1 96.7 | 97.5 | 15.8 3.4
:(V(I)(I)‘SVSJﬁggEZjJﬁ%*RJF 96.2 | 96.7 | 97.5 | 15.3 3.7

YOLOV5+ FasterNet+-WIOU | 96.4 | 97.0 | 97.6 | 14.1 3.
YOLOv5+ FasterNet + £ 4t 3
SEM

BIGHRCRIR 96.6 | 96.7 | 97.8 | 13.8 3.9
Mt JE S YOLOVS MhRE2 | +5.0+0.5|+4.3| —2.0 | +0.3

wl

95.8196.9|97.2 | 13.6 3.8

R RS B LT S5 7R B H Y E fh SE IR
o, e E YOLOvSs B9 3T M 2%, f#i i} PConv #l PW-
Conv 254 1) FasterNet Bl )5, BRI B &KL, F
B ERS R F0 mAP (HEAH — €87, 245685, it
A — W, T HARGRRE S T 2.8%, mAP@O0. 5 4
FHT3.6%, HKE RSN T 0. 4 ms; KR pREK
hJE Sk CIoU _ Loss ¥t WIoU _ Loss J5, HERGRIE S
T 3.1%, kK RSB T 0.2 ms, B jF AT
T TAEEPI A & 0y Oy X HEAT S5, B w4~ 45 He Al
BT AR AE R R mAPE FA L REIET, BT
AW IMA, ERAFEEEE Fmas —EmEn.
BUA IR PI A A B mAP {5 S 42 & — BB mAP g
FHE, BR mAP(H5 SRMUGE 22 R K, (B 7R
#, FLOPs DA K HESLBR B A A R A 221k

BRI ET A, 3 R G IR A AL . AT
YOLOVS JF B # A — & B i 3, e ny itk 3 i b
YOLOvS 7EiR B F4RE 7 3.0%, FHRERF T 0.5%,
mAP@O. 5 3275 T 4. 3%, PASKEEH B BE R I T 0. 3 ms,
SEARIETH BN T 0.3 ms, AL IH W B 52 BRAE Mk o FE v iy
SEEF R IN P AE 55 T oK ELAR A MERR R ARG B R P .

ST R0 H A B R T O S B PR 2E R, WLAR
CHEFT S X N R B ] SRS AU RR A T iy & 248, 3
FEBUR Z: 5 Gk ik B2 00 B0 AT K, 23 3R IR A
PG RARL, RUEZERWE 8 ran. RIEE 8 () WA
B, AERRICLBHE NI, Sk 05 1k B AR
REEEOR, MAMKMWLLE S5 ANYERESN, AR LRE
AP SR R E RESHER: NE 8 (b H L
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By TERBIE LT . OIS R E TR ROk B TR 60O
FEWA T A/NEYER T AR AR R JE AR H bR B 4R E $2
BCRE AT WS 4R v . AE A8 S o 3t DR 8 18] 4 20 R B %
g, Al RIS I A5IE . ot e Y 2 R T RS AE A R
SR S A RUR PR RE . Rt Rk RE S U MO 1 AN [
Gyt A AT 55

| button5 0.79
y ' A4 h 5

(b) Bl B
B8 IiEZ: R

4 HRIE

AR W IFEAN YOLOVS Bk, ARSCHr2 i M7E £ T
P 2% Hh i Ji] FasterNet BLHe, BB ROt it &, BRARAE
B R, MR E R R RIS EET
A MEIAGPL AR A R S R AR SR IR ). B S AR
KRB WIoU _ Loss, 2 FAE i 11 05, 50 455 78 o
PRSI, TR E R R, 2k Bk a0 R Y HE AR R AR
T BGHE S BSRE AT DL R X NG A 4 0 TR RS R R SR
I R R N 7 N =D O Rl - 1 | B 07 N W T 2 A )
G IR RUR . A SRNG k SEATT T AT $ 1 8 A 4 1 0
ERR SR, B — 20 3% 5 R0 M AR O A S5 BRIk S5 TR T R
EM .
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