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In the field of object detection, the relationship between traditional algorithms and neural networks
is an important and complex issue. Traditional algorithms often require manual design of features to
describe targets, involving feature extraction in terms of color, texture, shape, etc.; classifiers such as
support vector machines (SVM) and decision trees are generally selected to determine the existence
and category of targets. They have low computational complexity but their development tends to be
saturated. Neural networks, on the other hand, are end—to—end learning methods that automatically
learn feature representations in images, and have advantages in handling complex images and large—
scale data. Currently, the main pre—trained models used include Faster R—CNN, YOLO, SSD, etc., with
broad development prospects. As a downstream task of object detection, unsafe wearing behavior
detection possesses the overall characteristics of object detection tasks. In this study, we adopt
neural networks for experiments, and research and construct a worker unsafe behavior recognition
method based on computer vision technology from the perspectives of systematicness, real-time
performance, and refinement. The quality of the training dataset, network model architecture, and
other factors jointly determine the accurate detection results of wearing behaviors. We collected and
annotated a large number of images of workers wearing safety helmets and those not wearing safety
helmets, generating a high—quality training dataset containing thousands of images. We adopted a
network with robust performance in the field as the basic framework, refined the detection task of
unsafe wearing behaviors, analyzed the detection task for specific scenarios and situations, and
proposed a unique network module specifically for wearing behavior detection to achieve considerable
performance improvement.

object detection; neural network; unsafe wearing behavior; computer vision

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 037



RIS A SANFEARE | SCIENCE TECHNOLOGY AND SUSTAINABLE DEVELOPMENT

515

VLA LA PR AT A iR A TR RE IR AR AL T8I . 8T, TEIX—id e, Tbzeqxid i
oA R R, FrPoR G RN T EIRAEIIR O T — BT IRRI RIS, AEr7T, SREHA AR, AR RN AR

MLV EIRATRE SRS EI R, WSk RIS R M,

AU 5L LA fvgeds, N LA EBUA AR e e B T A

PRI X — A, VP2 LM VAT AR AN S SR TBE, DA 3 s 2 SR AN A IR AR o
EERT AN BRGNS . 25 MBUESER, Hit, SIABSMCRE BRI m A AR
G BEETININIE . EURMEH ., SIS BRIV AR, AR S B R L EIRA A R R SN OE T A

AR RABIFANRDS, S — T T A SANREA S SR A S AR Se,  DASEEIN VRS (3 T2 4 e
FATAEARAISENS . WA, Rl B X —HRTFEAGIA, BATARAER S T 2T ACERIFIN, B AIRBA T, 7

HHE A AR R AR DT R

—. FREFHT AN

AR e B R A RIRTT B (LA MR 2 2 AR 2 77
TEFRISEN, PRV EPRBEAIE SR, E S AT KU «

LRSS FEF . AU, R et Eck
W27, UGRS3

P ebE(t: At ORI Hit T TR ALRA N R
I, BIIEVIRE B B BTSRRI, ARSI L
R TR LA T I S e XU, s R I, FAE T K
A o

AR 2Tl S B LA T se e
AN EIRAIESR . RSP I EO e AT B SRS AT

PRI FEES: ARG AR AR AT RE SN se D TR
NGNS A b N A i B (70 T e S S A
FHEFEN TRV R T ITE R o

(R  — SO TR AT AR AR SRR, LAGRY AR
HRIZATEWI SN AR HOX L8 AR T BERE N AR e
AT, AT G 12

AHPRYL, S BN TR — TR, SRR
B2 st D AR A A XU o AR AR Y, (R
THBRZ A R e E, TR A, DA R
MIH e AR

. FREFETARMESHNSEIMAG &

FESEI AR il I B G SR A sh A m Ay, E ST S A
JRASEI 7304 5 i BB Bl e ) LB P O R T AR A, R TTHY
N R BRI RS A B A ) 20 W g N JRHB ] (SR BT
Gee s G, Bl BREE . BAREES B I AR ) o
FATEE TR = ST AT AR A A (40 MTCNN, SSD,
YOLO 4 ) SLEARx besenksh, HAMRGH S, Neeyiifs
PR FARRAATUHR A T (55, mT LA AR AS ) i 5 0 ) i
ATIEREIToA o 0 B NI AS: I 55 RE 8 Ao T i v o i A
FrE, TOFATEE T BARS AR, GEAED W S R I

SO XIS IR, RPRE— R 22 g R TR AE A i
FR RO, SRR A2 & Gl T A AR T 55 1 B AR T
Ko HRBIRGE L GHATARBII T HOMEE | SCRM SRR, ok
RGN A5 SEREE A0 Mask R—-CNN | A B B AT AEE
PR BT OpenPose $L¥k . 8B AL B I A P41 ) LSTM
W25 S A B £ FL R A

BB R 2 A A TR £ R B R B AR A
e e

(—) iEEE

TERR A B B, BRATMF BRI AR T T 2T 14
o BURENIZRFSFIG S, JCGRE . L. AR E
SRS, DRSS A ] S Sl i Sk,
RS RE S N APl B R, TR B A, TESRINE
BT, AR/ EHHE AR 2 EELERIYANEE], R
RIS B AR AR AR N S . AR AR, o LS B (i
GRS, RIS G B A e RS EEBIAARTEL, i
FORFIM 22208 B AR, (AR R ARG N, 25 sk
MR R, SRR RS PR B, XA BT
WA AS B, Horp, TRELE AR AR, TER R
SNFE TR, R 5 2 AR TR AR i)
FIEREIL. ATl e . B, Hiil. AR EURY
SREARY TR, PR T RE . ARSI TP A
G, TR, EAMAER,

(=) MsgEs

TEEFT BARRESS I, 45T RRAE F 3 3% > B AR H
HI R PAEAE . BB A R4 (CNN) 88052 Z I EUR G 11
AP R, AR STk, S, DS EER. %
12 EERANIRIET KT S METTHEZE (Receptive
Field) , (HHAESE S Z A BRI, X7 )T W 45 BE AR RS
G TR R NEAREEIEFS, AEHE A& &z 5
KON, TERFE RS A PR m At R AR ge
AR EHEER, LR EAREE RS IREE Y , X
MBS TR ZR PIRSZ TP R E N G240 R, R s—
HORI B, B RS AS FLIE plsme, A R /N2 B A T

038 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



SEEG AR, —LE HARSI AL SN T HIHE ( Anchor Boxes) F
THHERIATLE],  DASE GO N AN R RO R IR I H bR, IR A5
TUTE BRI, RREALEEZ R HAR, B A B R AN,
B R EL ., JREe e 750 4 A B R s B S5 . 7
AR ERAT AR, R GBS 1078, e METR
FEHR N H AR 25 SR SE R . 1R e T T TR T R F R
i, MO R G B S A

TEHAS IS, RS R PR AR 2R B
FRar SRR HARE A o IX PR A i 2k et TR B T H bR
TR I 2 bR, AU SRR b 4328 H AR R 2 o7
EARAIOC T, EARsT 2R AR 28 UL 4L ( Cross—Entropy
Loss) , MTH R A2 143 M 5 L R 1 22 5t
P TFARAEIXIS, THEHZERIRA Re, BFRE A AR
JHSFER L1 #8122 p8%0 (Smooth L1 Loss) , PSRN HFRL
FEAE B T 5 S PR B 2 [ 28 e 0 TN X, 5
HIHEAFRAT IR L1 8, HRilsi S i ol 7325
PRRFE LR AR, FEYIZid R, U RaEd %
& (back propagation ) FIRE TSI EHEEIUSH, Py
AR RRAL, X — R, BALA Mt Lk g, (1A
WA BT BE AR . 50K eRALTE ARSI (T 55 A
YGRS AL RS 73, BA SRR ST A far S G ib 5
B E AR SS

F b A8 30 /Y P O 48 1 42 8 R A B2 (Precision) | 44 []
% (Recall) . F143 %1 (F1 Score) . #E#4 )5 (Accuracy) .
IoU (Intersection over Union) . mAP ( Mean Average
Precision ) . HH#HF3 (Recall) J&— TPl 22550858
ROTEbR, ROl AR m CHURE” A5 T A IERR IR
B TEREASER: o5 SEBR IERR AR LB, B 1 BB TERE AR Y
BEGRETT . 1oU S BRI R R &, SRl g HARIX
5 S hR BRI AR L B A, i T s L AE
HEEREE . mAP & PIRSENAIME, H T4 A A
FH Ertine, ©HF B T AFZEAIRE A EE, mAP
TWHEW N F] Precision—Recall HiZHIF T, RS Hi it ToU Al
mAP {EREEIHMTEIR,

(=) FLEFEHITARNIZE

BRI FAESRTIY SR T S B S, B
W& BFRp ARG, X DSBS E G, BT DUy

243t

Hlo FE NG EEE—E WAL B, BOAAGIAE (R 2 o] 2 A T
W) I X A S, TN EUR AT I B A 1 E X
HE DL (region proposal ) 772, #REICATREAL S HARAIaE X
Wo —SET77% (Faster R-CNN) fif IR EESES] MR BLiE
A XA, LR 150 10 P IR 2 S T e g [ 18 [X AU TARFALE
TRHL, R H ROy BA X A5 B R [, AE3REBUE R,
LB 4 (CNN) AURHMIEE 2 A AR AL, AL
TRHLGERL,  AEAH 22 265 11 2 A 6 4 A2k DI A R R T 4325
Wl 1 IR AL SR JEN M B FR, 8 DU 43 S B0 AT S R ]
AL (SVM) FIAEREE . W TR 2N & BiRn s XL,
BE— P REAH O BARAIARNE X T ) F AR SS, g
S HARLARE R AahR, B NS B CE i b i s 2,
TEEACEIN B, WAl BRI SUE B TS 402, T RB AU ARAR
KAEIH (NMS) |, PAHBRICARIAAE, SR BA R EEE
HIME. it Bl i e 2825 4, 2 —40 S Hiral,
EOREAE I AE

W6 H bR U 5T B K e, B ARSI 7 R A BRI
R AT, — BB B (single—stage ) f&ill &, a0
YOLO ( You Only Look Once) F1 SSD ( Single Shot Multibox
Detector ) , IO MZEEEH, Wefoeids KRR, 3 2RIE fr
R 38— B S RAGE TR P, B SR e A U A B s O
TR

N

N2 & AT I & —TET VUL AR 5T SR
HIRHEN T, EFEf e LIFA B AL e e, B ReE
SCRSEMGER, T BRI 2888, RETRENS BBl A
AIGHRA, FERINRBUAE G2 ERIFT N . R ERE
FEEERAE, TUCE, FARRA , RHMEFRI, A2 @A T3
WY, — BARMEIA e AT, ARG EE S
il A R A 2 T . N2 @ g T O RN S AR A 254K
BRI ESGHS), HAE L e fIZ@ i By . ERE LA
TAPERIEE Y, I S R 5 TR SRS, RGeS A
BRI 20 JRAFRIL, SNSRI R e e H 4 4
Do (Y 2 2 7 e SR T U P S e A S R A W
Lh,

(1] s, ] SRR L 7R I G 53 2 B ARSI, Fl 25 (D). SHERLTR S L 2017,53(13):34-41.

[21 K | Boc | B | A BARSIT BLiA (). REERETB 2020, 25(04):629-654.

[3) Bbhi | 209k | SEZESE | REEAES] BARKGIUTY Bk M FEZRLRA (). WOk 5 el FA2it 2 | 2020,57(12):59-74.

[4] A3 . EET I HR T AR 22 AT IR BT 215 (D). 4k, 2019.D01:10.27266/d.cnki.gqhau.2019.000219.

[5] (A5G | Sl . AT RBROARAED AR AT B R A B (7). ThE 22 2222247, 2019,29(01): 7-12.D0I1: 10.16265/j.cnki.issn1003-3033.2019.01.002.
[6] ERIT | Mt | MR | BRSO EVE BR A BRI (). Hh R S RE44R L2023, 33(10): 16-22.

[7) 248 | SRar St PGS | BT RN A G ST IRES SRR A7 IR ). hE %2Rl 2025, 35(03): 28-35.

(8] R MEE | ERIL AL SR G e S TR FIRST 1. 22 2 REE24 |, 2023, 33(06): 1-8.

(9] 7R, MR BERRATSS | ARG B RN R AR S TR ). lhZeeHoR |, 2024,26(07):1-5.

[10] 3Kt , 2Rt | XURSE | BT 2UsdR R A ST 22 & T2 R4, 2023, 33(10): 23-30.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 039



	不安全穿戴行为检测算法技术研究

