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Abstract

This paper primarily investigates a deep learning-based YOLOVS algorithm for
product recognition, addressing the existing issues in computer vision for product
identification and focusing on enhancing the efficiency and accuracy of the algorithm to
meet real-time demands. By presenting the background and significance, we highlight the
limitations of traditional product recognition algorithms and set our goal as developing
an efficient and accurate recognition system.

In the content and methods section, we thoroughly explain the principles of the
YOLOVS deep learning algorithm, including its network architecture, target detection
methodology, and training strategies. We also delve into the construction of the product
image dataset, detailing data collection, annotation, and preprocessing steps.

The chapter on deep learning model design delves into the foundation and
optimizations of the YOLOVS algorithm, such as network architecture adjustments and
loss function design. Experimental results showcase the model's performance across
various datasets, evaluated using metrics like precision, recall, and F1 score. We then
discuss the practical applications in retail (product auto-identification, inventory
management), and intelligent logistics (package sorting, cargo tracking), while
envisioning future prospects and challenges.

In summary, this study employs the YOLOvVS deep learning algorithm to achieve
efficient and precise product recognition, providing technical support for both retail and
intelligent logistics. However, we also acknowledge research limitations, such as dataset
size and algorithm stability in specific scenarios, suggesting directions for further

improving performance and expanding application areas.

Keywords: Computer Vision; YOLOvVS; Product Recognition; Deep

Learning; Retail Industry Applications
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L RGO RV HOR B N IEREA B i BUR b, SERR N IEREAR R HL] . 3X
AMMEFR K TR RN, 2R R U AR e . )
w1, fE— MR F, BRI 100 NS, HH B IR IR IR
A 904>, NKE A 90%.

LR i o /N W
TP/ (TP+FP)
Hrp TP (TruePositive) s&IERAIRETIEFEA%E, FP
(FalsePositive) JEfTRIRAMIAEAEE.

2. HAEIRIEH A LR N IEREA B B A, B IER IR R . 1%
BAMAIL T B E R EREA DI RE 7, RIEVEM e mtE. WiRAERTE HIE
(R, A 100 AN TR ERGR A, R RTR A 7R 80 AN, T[]
N 80%,

HEIREP AN
TP/ (TP+FN) ,
Hrp PN (FalseNegative) AAZRARBIERA I KIIEE AT E .

3. “FEIREFEIE (mAP) « AT THI 4 2] RS i 28 A0 44 [ SR A SR 1 A5 AL 1 Tt
SERINR—T7I, PIE A E AR, oV e AR I A AR ) SRR ) LS 4
VAL v 1 [EIHE A e, & e 4B b, RO IR
[ ARRRAH, R R R AR AR, DLMCRIG R P-R HhZk. 7E
P-R MM Z BT J7 X4 5 00 T-AL Frdl b7 DX 8] BT BBt g AN B D T2 R
XA RS B AP WEUE. % AP HIBUESHREE T H
DL A AT~ 28, tHE T R PR A R

1 N
mAP = NZAPi

BIFT B PIRERE M mAP. (6 SEERAEHIZFRERI , B HOIE B Ak
M pERAE BOY 0.5, —MRBAAIFEE ToU AjbbmTHIE 0.5 AT
AR U R BRI R 4558, H mAP 50 RoR.

FESEE T, T UM TR I A BGR TR AR &, B2 IR T H i SR i 2 4
PEAI AT . B, FEFFIREESE COCO b, HRT—L5eiti) yolovh AL AR{AT]
PLIA ] 40%LL_F ) mAP (meanAveragePrecision), iX/ANFEAR A& FIkE R K —Fh
e, 1T 2B RIS .
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LA VA EARPS, AT LA IS A SN SR RO TERE . T BESRER AR, &
Wt RVRAE A A5 . AR RE 2510 T A& NP ANAR SE I, MO SEE AL 5
o7 R BB X 2 25 B
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3 KIS R T

3.1 ¥ERext b 5

3.1.1 BRI AL 5 iR

IR E best.pt HEAT 5L, 155 PR HiZin N R s,

biil

L FTRRAL DT R AR AR TR, X yolovs S IR 4 SR BEAT AL A RE
BB o

FEINZRERES, mAPS0 VEJy— i F H ARt PP A T AR R Pk 2 1 &g
K5 1 mAP50:95 tBAEYIZRAYIEREH AWIHR T, U BB I Zh-30 Uk 1) 1 R
BRI o BN NI SR AT TN, S8 Y2545 2RI BUG IESE_ERCR Scdf

Objectness Objectness Classification Precision Recall
0.8 1.0
0.06 1 —— results 0.06 4 —— results 010
0.6 0.8
0.05 0.05 0.08
! !
0.04 0.04 0.06 041 f
0.4
0.04 ;
0.03 0.03 0.2
0.02 0.2 ;
0.02 0.02 000 . 0.0l . 001l '
0 200 0 200 o 200 0 200 0 200
val Box val Objectness val Classification MAP@0.5 mAP@0.5:0.95
0.045 {7 1.0 9
0.10
0.04 ] 0.040 0.8 0.8
] 0.08
0.035 os) 0.6
0.031 ] 0.030 0.06 ’
0.4
0.0251 0.4
0.02 1 0.04
0.020 5
0.02 0.2 0.2
0.014 0.015
. : : 0.00 % . 0.0 ; 00 .
0 200 Q 200 0 200 0 200 0 200

FERPESE ], G I8

IR R T B ) b 2 RS RN ZR S DL o 11

YOLOVS YIZRMf F B8 =ANJ7 I s FIHER 2% (box_loss). BE1E Bk
(obj_loss) ForZdiisk(cls loss), TEIZEE NG, WATLATE logs H3 FHEIE

RO TN GRG0 0 AR A TR 5 1 2

-14-



1.0 %
0.8
0.6
c
2
w
o
g
o
0.4
0.2
—— all classes 0.971 mAP@0.5
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Recall

3.1-1 kA
LA PR-curve SN, Uniml DUE B R AE B0 UE 4R b (2 (5 B e R R Oy

0.971.

3.2 SEWER

4w E5RE
4.1 R Ss

4.1.1 FEHRBR

ARWFFEIET yolovs IREESASIHELL, BRI HBIT  H — i e B 7 i AR
SR, T TR SR A SEPEATHERA I . RN EINT yolovs FLEIA
FENL], #on 7 AR R BT AR eSS, i 2w I 2. 2520
LR & AL 2 REFMALA], IXERPEAETS yolovs FEALPRRT bt BRI e B =
R H Akl g

FERETOUAL S BT T, AT R R B S5 R s, X yolovs ARAYHEAT T
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FEXITE IR B, CRREHAR T R IRE S 0 R MG IE . 45155 eR B DAL DL S S 1
SRAMS T, ARG R TR R R AT N iz AR ST, SRR, &
HALIE I yolovs AR 2 A1l i BB AE 48 B TERERILIL S, JCHAERG A
=V IRENCIE S5 £i= Al wer 2l AN 2 15V o

FERIEEEAETT I, LB IF St 1 — &0 d B R BRI SRETT %
BRI ZREE BN 2 R, VBRI RAFUINZREEE 1 IR SEAkAitt o X Sde 70
REFEIAT MBEAT 1 AHEE 7T, 38 I 5 B 0 R A 8 BB AL 2 M 1 s ok,
AT TR 5% 58 i B BRI OR

e LR FUR, AW FUAUIGIE 13T yolovs IR EE S~ T HIR R Al 5
IRAE S PR B B AT AN S A, SE OV B2, I A IR AR R 5
Bk, AT SRR R R OB ER SCREBER BT, AEAERE. B
REMIL S5 I 2 R R

4.1.2 HFFTRRH

FEARFLRE T, REZT yolovs TR ] M ah R SR DL 7B R
PR AERA I, (BRI E N RIRIEAA L . 32 FRT 20T H i Hdh 2
WA, R ARE A FridE— P I0E . RE CAZ AN REWE 17 KSR &
| SREVROIEERYIES NS TpubL U N B/ S S IR -6 ae Sk ko R S ]
AT AT AR A BRI JUHAE VU BT T S/NARE i, T RE S PRI ZRAE AR A
AT BRI RO T B

SR RIRMEZAL. FahEE S E A ARE AR T, SRRRILAT RE
Pzl X B i TR 2 ST AE Y ZRI BOR BETE 70 i Il A SE P N3 3 T
A B0 o R A5 B T SR8 0 R 8L e 1]t 2 5 Wi B892 A SR 1 2SR i 0 37
= NHIRIL

AT BARAEIE T yolov5 IR wh IR BT HIERAS 1 — e ke, (EAESIRERY 7S
AN5EHE « BRARLAE B 2375 T DA SEIN R RORE S5 00 T A ORI 5], IX AL AT
NG BRI FARAE T B8 75 R4
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4.2 RRBIFURE

4.2.1 HiEHRERFA

FE R R SRR T, FE T yolovs HUREE S EARIL L T 82
IR 77, SR10T, 9 1 Fr8ARTHEAERE, ARRAIHIEFE AT LA 2> BEHEAT IR
ANRR o AR i, w] DA BB R L S ST FUR Al i &
Mgt RO SR, TR, FIN fRfre 2
RS A TRARE L, AT i A SIS 1 S s P L 3 B 3K

R Rl — R RENS A RERTHRBIBCR I HR T B X AFZ IR AF
B A RFIEAS SREAT IR LR, R DUSE S M A e v s LR IO A BRR T AN 2 R |
IR R, B AR A R I N (R AR RE T . A0, S5 A RIRAFER
A0 W AT R AR AR U SGI R, T2 R ORHE R S AL, DA SR AR
Iz AL RE 7120,

2 ROERTIN MR RO AR B3 % 7 R A Rag 4 [24]. @5
Z ROZAST AL, (AR RE NS AE A R R IR A2 BT T XS e b dE AT A, BRI BLRA
FRES . NG RIRE ah, WREREHEE AL EE RS . KT IR o 454 Anchor-free By
HENSWHESEBOR, AT I 2 THE ARG HTIR T, SEBL &R RS RS dh Y
Rt iR o

A AT S5 A A R L RIS TR R DL e 2 RO R RIE HY . 7
HRFRIIIEET yolovs MR IRMIEIEIERE, AWrih o8 HAE & KR 5= P

4.2.2 MRS

B VR 2 ) HR M PUR R R, w8 S O 5L O A T E I U 2 T A
RN F[25]. AT, S A kT ok, SRR TR EEE A R, 6T
U0 B B LIX R %, WATEREBURIIIG LN o 4G IX SR TR, Fk
YERERISR T 7 1) EAFE B S M AR BT, DARRARTH B AS, DLRCR
2 REER M EAR SRR ER L . PREE S IR R B C O RS,
MobileNet. ShuffleNet /%%, BURIEMRS fumdtiTia ., B R 8dm ik
iy, WA, TSRS B BRI S ENIEEE, N
B2 FR N 2N & b BIE R B IR AL mT e
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e it VR SRR AR M R 5 R, (R R T I 1 22 Pl Sl A B Bk
B AT S, S IX LR B AS 2A RO o, IR R R SR I RE T3 Tt
B AHED
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