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High-frequency Workpiece Image Recognition Algorithmwith
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Abstract:To improve the low recognition accuracy of high —frequency workpieces under different illumination conditions in
industrial scenes, an image recognition algorithm of high — frequency workpieces with self — adaptive illumination change is
proposed. The channel attention module is used to enhance the features in the image that are insensitive to illumination change,
so as to reduce the influence of light source illumination on the recognition results. Based on ResNet50 network, two branch
networks are constructed to extract global information from the whole image and local information from the effective region, where
the effective region is obtained by the weak supervised region detection module. The recognition results of the two branch
networks are fused to achieve the image recognition of high—frequency workpieces. The experimental results of multi—type high—

frequency workpieces show that the algorithm can adapt to the change of illumination and improves the recognition performance of

high—frequency workpieces under complex illumination conditions, with 94.8% recognition accuracy.

Keywords: light change; workpiece recognition; attention mechanism; regional detection

0 5§

UTARR BB B i ol 4 5% U T O 9
S e i A 7 1) AR 2T A Bl Ak K S
Tl AR = R AR B T T
PEAE DA 2 B 19 B B4 F 3 o A
TR I EGRREA , AACA] LB R
AL BRAE T A 7 R B 2 BRI 3 T LA S g AR
AN T A Sh e s R Refl, E— 2 ik 55 T
v 3 20250 R AR A PR B T I LA
TR 1) TR Z R 2% HAE R Z R
2) AR TAF 2 18] 22 580/ 5 3) AR R4 K
LEEMIEI AR, NI, X TR T A

EE&WB . 014 BT E S AT H (2021 YFN0020)

SERIBEFEATIA B R A ]
PR B AR AE Tl 453k i A B )12 B
FIYT E NS E B T 2R AR ST R AR T
B, SCBRT 6] #8517 — M ik 7 45 BUpp 28 R 2%
( convolutional neural networks, CNN) TSR R
PEPUNGTEE: SCIR[ 9 148 s T —Fh B T 0 e
3453 HT (principal component analysis, PCA ) 137 £F
1] ML ( support vector machine , SVM ) ' (&R
ST FRGE SCHR[ 11 421 T —Fh 253 SRR i
A4 B 4 W 2% ( multi — branch feature fusion
convolutional neural networks, MFF—CNN) i F &
R AR F 37028 SCHR[ 12 ] 32 1 1 Beatk i
Inception V3?5 Xception'" F T 4240 5% B2 4%

E—IEEB N A (1999-) , B INARFEE N BUEHE5EA , WF5E 05 o AL as s  FRAL B, sunclwlkq@ 163.com,

- 227 -



- BE5AYL -

TN, - B iE IR ALY B9 A B AL IR A ok

PEARG . EIRSE e —E TR L RERS s O IR
RSTRGIEE SR A (BT ST B PLRCE 2 R A
XL R AN R T A 22 [ 22 B,
PROHCTIETA 08 FH T B A B SEBin T A
T RS 2O IR A CR RO
DL AP SRy S A 14 2 i AR A BT 2 Ak PR 19 T
1) B DX 431y ) AL, S0 T T 48 Ak, AR S
A — b B 3 RO B A e A PR 5
P, HEIEFET ResNet50' ™) R45 15 o fifi 38 i
TE BB GRS R 1 2 5 TR RS AR
fiE, FR2eid £ M SRR — D2 RIRsasR A
SR TS5 W Bt DX ARG A B o i1 30 S48 R AL AR
PRBN TR0 2R I, I AE R B UR 5 A
o3 S P25 F AT B — A JR RS 45 R 5 fi i AR 32
Rl A B HR IS PSP A RSB TR 5
WA RN 5 2R TAFRARE M T IR BE R

MW TEE S e

b
/ ”\

LR,

DI BRE A AT T SR 1 3 N, O EL R 3 B T U
R
1 AXHEE
1.1 Bfk%EH

ARSCHIT B Y ) ' R A B e A ]
BUUN BB aNIE 1 7R, Sk 2l 3 M
RZH N T AR 555 R DX G A e A
OPRA R, WK TR RER 1 BAE
TR R AT B i R e 5 3 T R 4%
ResNet50 42 8 £ J2FHAE IR M, FIRBIS5 5 P8R
5383 B DX A 00 A6 e o AR AR 4 R IRTAR 1, A
ZAFFEEM, IR T AR RS 1, PR A —
A3 SR8 T T T BRI A B A 2 0 2 AR
BIEER P, 5 B M 23 SRS RSB Bl 5 P73 52
AU ZE R 13 B R A BN SR P

S SR AR
T % " ResNetso —(2)
N\ v
i AFEAE Hin AR
IATHI AR e
T2
SR K gk P ZIPFIERE M,
mwﬁ; " fEHEIE M, ey
= \“ ma >—(P)
A B % W% N
. Y
|
v R
JRBIERL,
> ResNet50
E1 ARNEEES

1.2 @EFEHER

Tl A = R AR T A MR B 32 3D BRAS A
S RRAS A S R B, SRR & A4 B
SeBE IS HDEER A RS niE 2 s, Wi
ELRERE T S Sy A R 45 B BURRAE | e EE IR

(a) FrCBEM T AR EI%

(b) FBASE R T HEREIR

RO PBCREAE , X LA v 501 s 40 1 4 2 il
R eIk EA TG B AR R R AR SCR
P8 T8 1 3 R R 50 A PR AR A, I 1
HA R €0 DT 7S (AR TR PR B, B R] 2 A3 5
WEE) .

(c) EEA LI TR

B2 ARAREFGHTHEHEIGHER

- 228 -



- BE5AYL -

IRA, - BRI EACH B9 LA BRI Sk

SKAER ) T R4 RGB =18 % (814
A HEEE A 26 R AR W K 5 R
A ) €038 3 5 A % e IR AR AL AR U 9 5 L
3 R AR S oS A S PG v i e
SRR B 2 8] AR B OC R AR 5 i
220 (175 3K A Bh3RBUCEEA B R AE I T A RRAE
S FFAR AR L AR R A B R AE 3 GE
ARG, ST 224 17 P 5 AT 45 AS ) A 23 €
TIF3EIE , fifi S I8 AR 1k 1 5 i o /N . A SO
FCHAEE 90 26 L 33 T R0 8 B 2% >, i 3 BR

L€

EEPS o e [ signoid [t
%A{ Tt

3 iR

RSO TR 2 R 8T, 2R 42 )R
AN g Rbn o 22 Ak R A 4B AR
T 4 O T R R A Rz X P T RO
FHE—E R DUGRERIEEE L 2RER,
HAA AKX

: ZEQ (1)

HXWiT o=

m __
z =

‘ 1 H 14 o
ZS:K/HXW,;Z'IOC_Z) (2)
A w e RO ASRAER; € H FT W 5350k
PR A R 3 5 v B N 5
2 A IR ad ik e s B 3 74
JfF BERAERE T . B ok & 0 AR 1) —
AR E I 25 R REIEE E S N RR A AN W > (1)
W EG" e RO Flg® e RO™  # ST IE M A %L
IR 2R ASRASHE A TR R d A DG
g"=o(F, (")) (3)
g =0(F (")) (4)
K F ()R F (- ) N—4EE R o ()
K sigmoid FREL,
HE TR A B i AR b R
SCAEEEAERE b Y IR R AL, 45 20 5 0k 0 a1
i y e ROV,

y=2®g" ®g" (5)
AP @R ZmE R,

1.3 554 E XigHa R
M TR T AR B 2 2R A 22 S/, AN

T ] 25 S 2 IR E R B X I,
I, AR SR P 5 W X Sl A e 5 i T 4%
FA S 2 T I, DR THR e L 1
PP €2 X T /7% , TR 6 4 0 48 K Rk B
FLH
B, B ET R4 ResNet50 A= hl 4 i A K
TR0 22 A M, 95 07 4 38838 190 5 F A
M E R M, . IR ITE T, M,
(A TEZIH—1k 310,17,
]‘/\4 . _ME(i)_ME,min 6
E(L)_ ME,max_ME,min ( )
XMy M A RM (i) H K R /NG
LR, M, HARE R
B T EREHHLE B, SRS AR 0, 1
FREF 25%25 K/NRERIEIM,
ME=bilinear(]|/\4E) (7)

TE s 1) SIS R BN I, BT LUK M, R
TN — LRI RE 1) o

H
V, =X M(i,W)
i=0

W -
V, = 2 My(H.))
AV, FV, 55 kT 25 18] 58 B A BE T A1)
— Y gE A RE TR 1)
AV, A, 42 0 T A0 9 B ) i R [R D R

RERE A

Egy = z V(i)

i=0

' (9)
Efy = 2 V(0

J=x

A E[0 W] ) & b A JT R A RE I A
Elx, @ x, | RIS SEEE &, B x, P IXIHESR
B — D y e LA R G i R IX
Sy o A T AR R /S ELYG R AN 2R A
Elx, %, ]/E[0: W]>y
Ely, © 5, 1/E[0: H]>y
SRIG R R R AL 3h 5 H0% X8
SERE T A AR [ oo, @ o, ) RIS BE S B4R BR [y,
v, o IJE R HBBHLHIAR 45 2 0 FAR PR«
Xy, 5y, ) TR IR R T i 7 AR Ry A
FEFIA MR A5 B[R] I 25 R At i e P
XI5 B AR 1, .
14 SHEREEEHR

8 5 553 M DX ARG AR B BE 8 45 A 40 (L 14

(10)

£ 229 -



- BE5AYL -

IRA, - BRI EACH B9 LA BRI Sk

JEER IS B2 T A R R AE U 43 4T 55 o
PRI, ik b [ 25 G T PR AG Jm i 5 L A
SCR Ay SRl AR I 1 s TR

ARSCITHRE R op, T 3 T R AR
EBH UARBOAR TR RUBE /9 TAFR-AE . AT
43 32 W 24 % ] — 2R A A AN [ B U8R, AR ST
SR 43 3 Rl A BRI 53 3 (TR 5 45 L L 3k
— R I AR R S AR B K P ot
BRI

P=pP +AP, (11)

APy 2R G A 2 iR S5 2R P, R
Je S Pl 44 A X 45 1 R 45 2R s D AR AU AR
[7 73 SN A SR P A

2 ZWERSHMH

2.1 LIGHEE

AR SCAF SR ) S 90 R >R 19 25 T8 BT A 7 1)
T AR S, R kL T 20 000 K = A5 TR
G WS B B A B AR O A 20 N T
P, o BRI TR 1 000 5K E&, &k
EUR RT3 3 822%2 702 18 3 5 #4454l S %
7 3EYHLBIREHLA L 14 000 5KF0 6 000 5K (1) 7
AT A PRV ZH R I 5 A RN BB
2.2 XWEE

SCHG T W ML EC & W R CPU K
Intel(R) Core (TM) i5-10400F, GPU & NVIDIA
GeForce GTX 1660 SUPER, iz 17 N 1% 4 16 GB,
Windows10 R 4t & 3K ] Python3. 6, Jf &
PyTorch1.2 ¥R 2% 2JHESL  CUDA 10.2 IR 2%
WL IR, 2% S50 8 AR SCME FH ImageNet
R TII GRALE RAE  4% 8 Adam 1E A AL
At , % I 22 SCIR 4 2% A 45 2% pR 8K, bateh size
B N 32, EARRE & Ry 50 IR, EAR IR 24 2 R
WItR LR 107, J% AR 20 IRBRLL 10,
2.3 iRRBIMERERT L I8

R T IIEAR SCHE 1 R AT R R B
AITFUINRCR K I 5 o 2 A B A T 0 L S0
XoF H A 5 « ResNet50 | 3 T 45 FH b 28 0 2% 11
WU N (i0 0 WorkNet-2) | J& T3
2] ) 3 Bl R 55 R B 2 (iE h MFF -
CNN) FE T B 35 R A 2 I 465 110 25 1 31 B v
(1A AP—Xception) . SZEGZE RN 1 PR, & 4
JIE 7R SR AR SCARE TR 285 SR ARV I

- 230 -

x1 AREENIHRANER

(=R EUR S/ ok ERRBI/EK WS/ %
ResNet50 6 000 4 818 80.3
WorkNet—2 6 000 5 370 89.5
MFF-CNN 6 000 5424 90.4
AP—Xception 6 000 5472 91.2
AR 6 000 5688 94.8
AR 0.03 1.0
B
C
D
E 004 0.8
F 0.03
G
=H
:lzz 1 0.03 0.6
=
)—/ K
ﬁ\( }V,lom 04
N
(0]
P .
o 007 - 02
R
S
T 003

ABCDEF GHI JKLMNOPQRST
T2

B4 AXHEZHMREREERE

M SRS R T DUE AR SCRR
EUG N PE g P L T Ao b5k, A LT
ResNet50, WorkNet — 2. MFF — CNN #1 AP -
Xception , A SCHEE 73 HIH HERA 428 5 T 14.5 4
T 5.3 NE S 4.4 NS 3.6 N E 2
o M 4 s g 25 b ml LUE T A SCR XS
BB R AT AR A R AR TE 90% L) |
24 HEESEEELR

AR ST $R A A R B YO B E y, TRE T
T4 JRy G B BOA R DX 8 ) KN, i — 25
W TR HERR 2, ok, =0 (11) iS4k
o FT A B BE S e 5 I 285 X5 AN [) 43 32 N2

TR Y0 (RN, 2 3T AFRRAE R
BRR 2 a0 R 59 3 (K, o 2> i1 )
BICE R T H LW R FRAE, B, #Hm IX
W R E— S e Z N, T E
S AR B, 5250 v el T R e F A 430
BHO0.6 F1 0.4, ML ye {0.60,0.65,0.70,
0.75,0.80 | B g 450 T 44 Ao TR 31 o 232, S o 445 SR
= 2 fR,



S 5EHL - IARKLE -

B S P A FH IR TAF B AR ok

F2 HEyBWXNIHEANERBZ M

R4 REMRERIS R 2% 1 BE B 720

y HYHUE HERR/ %
0.60 92.4
0.65 94.1
0.70 94.8
0.75 93.5
0.80 92.6

M2 T DU Y BEAE R0 30 B AR A0 3
R HEBRARSEAWHAR THIR I AW T B, 2 BIE y
90.70 IF, AR SCR IR E T R EERE, NI, A
SCHEHR y = 0.70 1 0y e 28 O 4R35 G 1] I AL

T VAT D1 DA XSS SR AR
e, S K Ty 8 0.70 w0 KT A BURTRIME
PSR X fm A0 AP ) DU v R, SR A5 SR
KPR,

R3 FEHETFp A HKNMIHARLE RO
wA YA HER R/ %
w=10,1=0 92.2
w=0.9,1=0.1 92.5
u=0.8,1=0.2 93.0
w=0.7,1=0.3 93.6
u=0.6,1=0.4 94.8
w=0.5,1=0.5 93.1
u=0.4,1=0.6 92.7
w=0.3,1=0.7 92.3
u=0.2,1=0.8 91.9
w=0.1,1=0.9 91.4
w=0,A=1.0 90.7

MR A LIEH, Y u=0.6,A=0.4 I}, &
BT ARSI T e TR R, B w 9 080/)N
HUA IBER, T AR B 35 R B R A, X g2 [
ﬁﬁ?@ﬂﬁﬁ%@%@é‘ﬂﬂ* LD TR %
TA> S 1 R 25 TOTE AT AR . M B/ A
BERT, 75 7 28 AL A I8 X e DX sl DA T 5 B80T A
R, I, AR SCGEI u=0.6, 4 = 0.4 15 1
NEE S ACETINE Y@

2.5 HRLKIG

T B ESR I A A5 ISR HROGT I £ R 11
Wi, ZE PR B ResNetS0 I 45 () S fily I, 3 ik 42 il 48
AR A T B T AL IR, S IR A R AN SR 4
FiR .

TR SmEE X S

B R g PO0R/%
X X X 80.3
vV x x 92.2
vV vV x 93.7
VvV vV vV 94.8

T xRN A R AR B Vs R IR

MR 4 s g Repal LUE ), e £
2% ResNet50 FJEAE [ hn A G I8 3 8 B
HERRIETE T 11.9 AN 3 a5, 33X R W 0 26 B A7
A Tw) 2 €0 388 1 R i A SRR BE ), S il T OB IR
AR SE , SE A AR A BRI TR A T A R R Y
FRRAE 5 SR 5 A 555 M IXSmAGr A Be  oE R E —
AT T 1.5 AN 23 s, 33X B R 28 A R Ak 5
LT DO B A RIX B, BE % 52 THRU Y TERR
B I m R O SR G B e R R — 2D BT
T LIAA R, XRUEE 2 RE B RE
ELRBUSHE T = i T AR RO P fE
2.6 TFIHRLSEIE

T S UE R 4 B A R e R — D
[ FENLIE IR — SR AT T A R . S TR
TSR 2 A ) AR A 2 S N TS T S
FIFFERY PTG E

MBS ] U 5 SO AT S L, ot
Je PR A TN OGE T & 5 A T 25 5%
DX, PRI, BT S 030 125 RE A% B B3 DX 1 B i 1Y)
TR, BT T M RTUITERE

(b)) Stk

5 EERAFETIRL

(a) fIA (c) it

3 HiE

ARSI T — 7l A 3 O RS A B4 i A
PGB, B eidad 5 | AGH I i 5
58 1 2% AR 4R HURE 7, B T DR HR AR fl Xt

- 231 -



- BE5AYL -

IRA, - BRI EACH B9 LA BRI Sk

P AR SBCR BRI 5 SR S5 A6 A2 ) 22
/IR A SR P 555 M DX A 00 A B 48 2R T
P D SR 38 R 5 J5 5 25 3 SRl B
0 268 A7 A5 HASUAET A7 1) 42 JRy R A ) R ARRAE . S
a5 R 5 R 1) ResNetS0 [ 4% A1 He , 48 5C
SR T AR ER RIS T 14.5 4 E &
A BA IR RHESRIGE ), A, 5 2R EIR
PN LU | AR SCAR0 0k v A A R 31 oy %%
WAy —EREE T, SEERERUEN] 1A SO
A RO AR T — 2D R S 0O I 28 45 4
RSB
5% H
[1] ZHOU JZ,WEN X. Research on influencing factors and
multiple driving paths of intelligent transformation in
China ~ s manufacturing industry [ J ]. Journal of
Computational Methods in Sciences and Engineering,
2021,21(5) :1561-1573.
[2] ZEE ] 7R AF R, 45, ik T AU 22 I 4% 5 0
PN ZHRAT]. AEHURS Ashikin T4
A ,2021(8) :40-43.
[3] SKRLBF, PNAK I, DB Jia . TAFTE RO & ik =4k
FHERBITNRELT]. BOLAGE ,2021,42(5) :133-137.
[4] MARCATO M. The Made in China 2025 amid
hyperglobalization: upgrading, intangible assets, and
[ J]. Economia e

internationalization  strategies

Sociedade, 2022, 31, 355-384.

[5] ¥, BRBH, 23k, 4. 05400 2% W B 0 e M AR IR 2
PRI T]. MU 5 A 81k ,2023,52(1) .
30-33,47.

[6] DUAN S L,YIN C C,LIU M M. Recognition algorithm
based on convolution neural network for the mechanical
parts [ C ]//International Workshop of Advanced

Manufacturing and Automation. Singapore: Springer,

2019.337-347.

[7] LECUN Y, BOTTOU L, BENGIO Y, et al. Gradient -
based learning applied to document recognition [ J].
Proceedings of the IEEE,1998,86( 11) ;2278-2324.

[8] GAT R L, CAI J R, WANG S Y. Research review on
image recognition based on deep learning[ J]. Journal of
Chinese Computer Systems, 2021, 42(9) . 1980-1984.

[9] &, BT, J T4 PCA FI SVM A9 Z (U5 43
RARLG[T]. PR T RS A 3116,2021(4) :21-23,26.

[10] CORTES C,VAPNIK V. Support—vector networks[ J ].
Machine Learning,1995,20(3) :273-297.

[11] 5K & A R 2B R, 45, JE T IR ) 1Y R
o B UUNEIE[T]. B #, 2021,42(4)
572-580.

[12] Ak, H R, 25 300 45, SEFRlcilb 5 AU 2 o) 45 [
U] ASGREOR 5 14 ,2022(5) - 82-87.

[13] SZEGEDY C, VANHOUCKE V, IOFFE S, et al.
Rethinking the inception architecture for computer
vision[ C]//2016 TEEE Conference on Computer Vision
and Pattern Recognition ( CVPR). Las Vegas, NV,
USA. IEEE,2016.2818-2826.

[14] CHOLLET F. Xception: deep learning with depthwise
separable convolutions[ C]//2017 IEEE Conference on
Computer Vision and Pattern Recognition ( CVPR).
Honolulu,HI, USA ; TEEE,20171800-1807.

[15] HE K M,ZHANG X Y,REN S Q,et al. Deep residual
learning for image recognition [ C ]//2016 IEEE
Conference on Computer Vision and Pattern Recognition
(CVPR). Las Vegas,NV,USA: IEEE,2016.770-778.

[16] WANG Q, HUANG W, XIONG Z T, et al. Looking
closer at the scene: multiscale representation learning
for remote sensing image scene classification[ J]. IEEE

Networks

Systems ,2022,33(4) .1414-1428.

Transactions on Neural and Learning

IS HEA 2023 - 07 - 10

J\WAVAVIVIVAVAVAVAVIVIVAVAVAVIVIVIVAVAVAVIVAVAVIVIVIVIVAVAVAVIVIVIVAVIVIVIVAVAVIVIVIVIVAVAIVIVIVAVAVAVIVIVIVAVAVIVIVIVAVAVIVIVAVAVAVIVIVIVIVAVIVIVIVAVAVIVIVIVAVAVAVIVIV AV VAV IV AV VY

(k#5200 )

5% ik

(1] FAEA, THEAS, B, 25, W5 AR LR PR R 16 TE A
FEER[ ], 2ol TARAR ,2022,22(2) :59-75.

[2] B Mok, ERite. RS HBATEMD
FEPLBE G E ik (1], JRsh - MK 52 W, 2014,
34(5) .832-837,973.

[3] iz, 2, A5 4R , %, J5 T =AU AL (1) 1+ 0 W
MARTTHEBIEE[ 1], sl 5 i, 2020,39(1) .
43-43.

[4] MOLAS, T HE. ARFIZEH I 425 T 45 G 5 i 2T I B
AU IE ik [J]. TR S5, 2022,39 () 1),
153-157.

[5] 2R iRBkEE WA, %5, S8R I YA T
B 7 T A B E i [ ], BR Bl TR 43R, 2016,

- 232 -

29(4) :594-602.

[6] WU X, KOZLOWSKI T. Inverse uncertainty quantification
of reactor simulations under the Bayesian framework
using surrogate models constructed by polynomial chaos
expansion| J ]. Nuclear Engineering and Design, 2017,
313.29-52.

[7] #8048, Kriging #10 RACHLAL AL FE 2t [T ]
fiizs 242, 2016,37(11) :3197-3225.

[8] “FAFIE gk SCAe | R Se. AN PR 45k 0 Al i A S
SR ()], BT R M (A R B
fR) ,2024,52(9) :81-92.

[9] WK, UG RAEA, 5. 2T WL AL 575 5 00
G IE A B S5 R 5 AR [T ] PR3 5 iy, 2019,
38(16) :71-76,99.

Fes HHA.2024 -10- 16



