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An intelligent detection method for cold-rolled strip
deviation based on machine vision
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University , Qinhuangdao 066004, China; 2. National Key Laboratory of Metal Forming Technology and
Heavy Equipment, China National Heavy Machinery Research Institute Co. , Lid, Xi’ an 710032, China)

Abstract: The lack of measured deviation of the strip during cold-rolled process may cause problems of reduction in flatness the control
accuracy and strip breakage. An intelligent detection method for cold-rolled strip deviation based on machine vision is proposed in this
article. A lightweight network structure is constructed, which is based on classic network UNet for intelligent segmentation of cold-rolled
strips. The MobileNetV2 is used to replace the original contraction path of UNet and the channel attention ECA_Module is embedded in
the connection structure, which effectively reduces the amount of network parameters while enhancing the perception ability of target
features. The strip region segmentation model of the cold-rolled strip (SRS_M) can be obtained by training this network. The accuracy
indicators mloU and mPA of SRS_M could reach 98. 83% and 99. 36% , respectively. The running time of a single image is 40. 57 ms.
An intelligent detection model of strip deviation is formulated by combining SRS_M and edge position extraction algorithm. The 1 503
deviation sample data are collected through an edge detection device installed on site, which is used to evaluate the proposed method.
The results show that the absolute error of 92. 82% of the samples is within the range of +2 mm, and the absolute error of all samples is
within the range of £3.5 mm, which shows the effectiveness of the proposed method in this article.
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Fig. 1 Data acquisition process
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Fig.2 Selection of original and target coordinate points
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Table 2 Contructed structures of six different network
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4 VGG-ECA-UNet 99. 14 98. 06 98. 60 99. 58 98.99 99.29
5 Res-UNet 99. 14 98.17 98. 66 99. 81 98. 56 99. 19
6 Res-ECA-UNet 99. 16 98.19 98. 67 99. 84 98.52 99. 18
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Table 4 Comparison of complexity of the six models
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/MB  /(x107) /GFLOPs

MobileNetV2-UNet ~ 512x512x3  51.49 1.3432 53.417
MobileNetV2-ECA-UNet 512x512x3  52.28  1.3432  53.419
VGG16-UNet 512x512x3  94.97  2.489 1 225.970
VGG16-ECA-UNet  512x512x3  95.23  2.489 1 226.000
ResNet50-UNet 512x512x3 167.91  4.3933  91.983
ResNet50-ECA-UNet ~ 512x512x3  170.57  4.3933  91.996
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Table 5 Running time for a single image by six models
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6 Res-ECA-UNet 59. 84 16.7

ResNet50 A 455 74 i B A 8] 43 5] 35 2 T 117.30 ms Al

58. 85 ms, & MobileNetV2 ¥ 3 £ 1. 5 fi%, #x A ECA_

Module &5 155 70 4fi: 3 B 7] W& A5 38 A1, o b MobileNetV2 |
VGG16 F ResNet50 73 5 $2& 5 7 0.98 1. 14 F1 0. 99 ms,
BA RIS 45 AR R 4 MobileNetV2 T 5, [N T 2. 4%
PR B P ]

LR 5 RN 1 A2 2% B D) HE R ], T LA
I 2% Mobile-ECA-UNet Il 2k 73 FI| # 45 AY (9 25 5 P 8 B
O, BRI G ORAE, 15 Ry Ji5 2 14 4 b DX 388 4 B A
R0 SRS_M, Ji 45 g 2 4G LS VP AR

3 M REERN

3.1 s

223k SRS_M A5 i 75 2] 7y 145 431 45 R an i 10
LA H IO 2 B A, SRR N S v LA
HE 10 B T gm0 815 B, KRB #
it , A8 F5 BEBETEAR A 10 25 07 B PR B i, A R
#6 N,

P10 f5E71 SRS M r#L
Fig. 10 Segmentation results of model SRS_M
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Table 6 The edge position extraction algorithm for strip

Rz PUEE IVAC KN EER7S

Input: M., — &I EIR " AEHERE  h—JEFE R w5 5T w0, — OB IR SEPRIEE , G(i,)) AR R B ;
| Initialize . B 1 BE0fE w5 AR T SEVE RS % H L H,  Hy QU MTE G IEE 22 s ML BAR S ARG S'(0 = 1,2,3) .8, WA S T IT

HRERN AR = 1,v = 1;

1 1 3
o e | | e |2

3 for ¢ in range(3) :

4 for v in w:

5 if G(H, ,v) = 255.
6 v— S

Output: FEWESE H)  H, Hy (RAFAHM AL ERES S = 15,55,

Sut(e=1,2,3)

AT PR AT LA F 3 AN [ 5 o 5 B 1485 A or
BESG S =18),8,,,8, 1, FHEd(6) 15 3 A
S B M I G I B

! '
Pop = le J
4
1
P\lr = \;Sln J
4

(6)

Aee=1,2,3;P, JRAEMAR M LS008 P, Jtl
S b T
B2 B R A

1
5=7(P(,p+Pd,-‘2w) x—= (7)

b & b Bt i 5o, AOR SRR SEBRA B 50 2h
BRI



62 e

W R ¥R

a5k

3.2 EiRiE

Wt A DI B RY SRS_M I b 0 ek 6 ) A5
TG R, AT LSS BN v LA o 0 i Bk RS B G, A
TARANIE 11 R

IR 58 15 RAR I JUR PR

v

X R )35 AL AR AT B IE

'

T ERIR 2 R 512x512K/0

v

F R A BIEISRS M

'

HESRS_M TN 45 S N i A B
(Gl el

'

B e 2 B

P11 ¥ LAt e i e Gy v A
Fig. 11 Overall process of cold-rolled strip deviation

detection method

5, R AR I 1) G R S A (R AR 1R
BL) , SERERAE A EGEAR It 2 FAIL; SR 5 1AL
XTI 4 [ b PG EE A 7 T P, 5 AL 355 35 L I A
R IEERAE R UG R T IR AR SR J5 1 Ak 31 ) P {5
AE SRS_M H i HHE B4 RIS S A0 43045 58 5 6 A B 4 S
By A\ B A B O LRSI A v H S A R
3.3 ELBIEIE

e PR I B A — L T LT AME I 1 10 GG 24
B 12 R, A EARIES R AL AP
A3 IRHINAT b 22 A S  RE 5 Zead A B RCR # AN =
FORAS, B 2T 030 i it ke B B0 R AR SR 0 R
2 W/ s, A SCERMG R AL TR 30 fps, Ry 07 8 9 2 iE
TTEE AN L, 23 T BCREAS SR AR A D156 8 A2 23 i 514
AT AV A, ¥ H AR A7 4 SDD _ Dataset %4 42, It
1 503 MEEAKE

FIHAS ST AT LIAS: 8] SDD_Dataset B #3153
{8, SDD_Dataset 71581H 5 B SE (SR 2% &) B9 Xt
2 SN s 13 frs. B 13(a) K 1 503 ANFEA 4 B f
VA S B SE XS e, = AIBT AR BAE, 1E T BT
LARFEIE, v LB BT RS B S W ZoE By
GARGE . 13 (b)) 8 B AT REA B 31 (E 5 EL A [A]
B & %o R 22 BN PR, 4 N IR 28 3R R RE AR SR P

LAME RS D BRI R B

12 ZEAME AR D A I 52 W)
Fig. 12 Physical picture of edge detection device

based on infrared sensor

15¢

o A
10+ —— A
E St .
i TP,
E ool "gt‘“g ,.}P“'?‘u,
= 0 Fe iy
= sl ' Bﬂu
{lA
»
,10 L
,15 n I I 1 1 1 1 L
Q ,.LQB N bQB q’QQ \QQQ\,LQQ\ O
FEAK R
(a) IR TS E A SHE
(a) Line chart of calculated value and actual value of deviation
4 -
— 35
3 k
2 k
1t
E 1
o
K
=1
2,1
,3 k
-3.5
-4

Q ,LQQ D(QQ (&Q %QQ \QQQ\,LQQ\ D(QQ
PEAR G
(b) #fm B THEAR S TS AL iR
(b) Scatter plot of absolute error between calculated value and real value of deviation
700
600
500

%400

=
=300

*4“*3 2 -1 0 1 2- 3- 4
A xR /mm
(c) VB FEA LR 1% 5 43 A
(c) Histogram of absolute error distribution for all samples
P13 A SCO7 i i et 3 LB S L SAE 5 R0 L
Fig. 13 Comparison of the deviation result between calculated

value and the true value



9

Bt 25 BT HL OLE 0¥ LA A i 0 RE AN U5 v 63

900~1 100, 5 13(a) #&#W) 4, H 1 503 MEARF-H
AN ERIZEA R 1.063 4 mm,, &l 13 (c) N IrAHEA L X%
F03 A O, TR A — 2 DL B0 0 R AR 4 X R
F1E+1 mm,92. 28% AYFEA 4 R 22 {H I 7E 2 mm, I H.
FIFAREAS 26 R 22 B 76 £3.5 mm 2 [], fE A% 35 2 A4 77
3.4 StEgEHAENES T

FAWIAR SO R 5L G )T R TERE2E S, BEH 3 Fh
26 AL 55 MR 4 80 D T A 5 b, A0 4 3 B Jr ik
A9 OTSU 7%  FE T RIS H A K-means 357 Fl13E T X
BT X S A KT L O ORI S 5 5 R Y O
% —%F 3.3 911 SDD_Dataset 45 8 #4756 00E , 7+ H.
FT A SE3 Y1 Intel 5 9300H CPU, 16 GB & 4T N 17 Fil
NVIDIA GTX 1660ti GPU V- 55 L7, SLInss sk 7
Few , H T A 7 % 0 T R A ) XA T Sk b
Pt i A THAAL, DR 3R 7 v AR SC O 9k OF S8 4 3L [R) R
F3 5 mAHEm,

x7T AXFESEGEHEERES L
Table 7 Performance comparison between the proposed

method and traditional methods

M1 2% 7 AT LAFE H, OTSU 333 Y SF- 34 4 31 I (7] B
B, AL A 8.3 ms, {H 3T 5 (1 B fw o OF ¥ iR 25 55 #
79.7 mm, Y] OTSU 5835 To vk E 8 431 th 148 (4 2l
MK, A SCRIFSE 5 44 TG 4330 R 5 b R S5
g, H L ¥ Komeans iR P RLHERE N 2,
K-means B EFHiR 254 38. 2 mm, b OTSU B 4 Br
REALG, (LT 357 i P () B S 3, X3 E K B TR
AR RESZ A UM B S5 a S AR, R 7 T A
KL K FEEARR o [ FHMERE, TTRLE HH o
(B R 25 B AR (RTH 550 48 4 B8 1, = B0 ¥ 4
PRIFAIIE A, 2 o (5 N 48 I, PR 24 5.2 mm, H
LH Aok S 247 B o ) 2 28 5 ) 342, 2 ms, i B X B K
ST DATE R B I T A B — E R
WA SR 20 1.1 mm, BERT Lk 3 Fhor
2, 00 HOF Y4 B R AU 42,9 ms, HHBE AT O, AR SC
T AR T AL 5 e R R b B R 3 RE A A
B e Z5ORG 0 ¥4 LAY b 0 A
3.5 WM mES

H A #8 4 ¥ 5L WL AL BC A A A A o 2 i g S
CPC, MR 451 14 T B v O B i o Xo) FF S AL 45 1 o7 B E AT

ix -y AR /mm FHIHERR ]/ ms P T CPC %R 3 A Al w S AT HLA 7 RS AL
p— o . PR FL R ) PR T 5 5 MTE TR 3 6%
%, CPC RGRFRANIE 14 Fr s, v] 8 i3 A 3005 ¥ X 45
fomeans 2 2 BARETE TR, — ELK 0 B4 B 2 2 B, B0 T
a=15 82.4 46.2 BAEE A E A HLAL B B RO RO, I 2 A
PR =30 2.6 105.3 A A 15, R 5 5 1 28 A
a=48 5.2 342.2 R ZR G, 5 8 o W 2 G807 80 2 g B4 T LAS I 2 Ay
A 1.1 4.9 AL E 221 P
it
PATHLEAL B R B} +
AL HrEmEr e BUERRE -1 W R ST o ARSATHLR
WIS brhL B R F————— +
CkxrE) [V o

K14 CPC RGLJsH
Fig. 14  Schematic diagram of the CPC system principle

LEA Y BT B 0 O e 2 L HERE MR AR SCRS: DR
B8 27 T A AL 4 5 1 3 A A 15 (a) B,
SWIBIE RS FRBGHAR  AH R T A A T B, 2
BAEOAT 2L 5 AV T8 19 R EHEIE T 0, MiA% sl Ay
Lk WA 8 1 T B RE T T 0, e g 0 A 5% T AL o

AERAE T AR FR B S, A B A b O 17 8 19 15 B
TS BB WA 15(b) B, 52 200 5 A 45 A
HRAOE (5 FEPARIEALT) |, I B IEAT AR 22 ] 2544 ™
F AR (DR, 2 PRI o O SR AR SRS ) e
5w ABUE R R ST, W)l 3 i — [A)



64 & f A & ¥ M a5k
0 10,
501 0 i 0 " i
e . fw ol 3
00 R mu gy m
| Fm_m 20 F
z 300
g S 10F
R B
k4 200 LS
0
100 “10k
=emlil L . L Al 20 | 1 1 L L
0 5 10 15 20 25 5 10 15 20 25
BIES BES
(a) g S IE A (b) IR S> Aii

(a) Distribution of original pressure values

(b) Distribution of flatness

1S SRS TR U Ay e (e RS B H

Fig. 15 The detection pressure and corresponding calculation flatness of flatness meter under deviation state

4 £ ®

AR —FP I AL AR IS H A A998 SLAHE A B
BRERI Ty ¥, SR Tolk S s AL R A4 L 4 A 7= ]
15 | ) Z AL AR J S HR T 11 2 (R MH6 A 5 3500 155 400
A, HR R IE R Tl A 7= T R, X2 L) UNet [ 45 0t
T A ek 5 8 7 —Fh Mobile-ECA-UNet M %%, %
W28 E A LE T A9 AE BE 4845 mloU Al mPA 43 53K 8] T
98.83% 1 99.36% , M 5k & 1% Ay F ¥y #fE B A 8] A
40. 57 ms, BRIR/IMUAT 52.28 MB,, )5, il it Bz 24
B T GG IR AR AS A 0 A e ST SR I A SO 3, A
SCTFERAE 1503 AMFEAR L FR 4 %R 22 0 1,063 4 mm,
JFH 92. 82% FEAR ML XA ZEIFE£2 mm , R EPFEA B 4
KR 22 HIFE£3. 5 mm , AT DU L SR A PR R

275 3k
(1] EREXMRT KB, 55 9Bkl 018 B il B

LHTFEERE[T]. #9%k,2023,58(9) :2-14.

WANG G D, LIU ZH Y, ZHANG D H, et al. Steel
enterprise innovation infrastructure ( SE II ) and its
research development[ J]. Tron and Steel, 2023,58(9) :
2-14.

XA R KA, TP, 5. AN FLALE IR T 4 Ui
AL BESOE P R GE[)]. ML TR~ 41,2017,
53(12) .87-93.

LIU HM, LIUJ, YU B Q, et al. Entire roller wireless

shape meter and intelligent shape control system for cold

(2]

steel strip mill[ J]. Journal of Mechanical Engineering,
2017,53(12) :87-93.

TR RARIE Tk, 4. R SRR SR i e {E
SHPPCE U A BR [T ], AR 03RS I, 2021,
42(3) :192-200.

(3]

[4]

[5]

[6]

(7]

[8]

(9]

YU H X, ZHANG T Y, ZHANG SH, et al. Fast
recognition and elimination of the interference signal
caused by bending deformation of the whole roller
seamless flatness meter[ J]. Chinese Journal of Scientific

Instrument ,2021,42(3) ; 192-200.
sz REEXL, 28I 58 , 55, S sl iR AR TR (S & 5 3

SRAL]. BA M THAR,2011,39(12) :31- 33,
43.
HAO L, DI HSH, GONG D Y, et al. Working principle

and application of air bearing shape meter [ J]. Light
Alloy Fabrication Technology,2011,39(12) :31-33,43.
GUAN B, ZANG Y, HAN X H, et al. Cold-rolled strip
steel stress detection technology based on a magnetore-
sistance sensor and the magnetoelastic effect [ J .
Sensors,2018,18(5) ;:1638.

o, EPE kIS A5 BOGEELARH R AROE A
JPERBIIEL]. ERALEK,2005(4) :17-19.

YANG X R, WANG K SH, ZHANG B, et al. Study on
laser profile measurement in hot rolling [ J].
Machinery,2005(4) :17-19.

XN, 2248, TR, 45, H B BRI & &
GE[J]. MERBFTE 4R, 2003 (5) :60-63.

LIU J, JIANG L H, WANG CH S, et al. Study on linear
laser system for steel strip flatness control[ J]. Journal of
Iron and Steel Research,2003(5) :60-63.

AH L, M, ERE A FRALHLZH =5 5 B H e 7 )
APEHlEORBESE[T]. 4L89,2022,39(1) . 78-83.

GU T, WANG H T, WANG Q, et al. Research on the
control technology of high strength steel strip deviation
and breakage in PL-TCM [ J]. Steel Rolling, 2022,
39(1).78-83.

PR, B FH4 Zegdrh S5 S8 I =1 i BT FLAR
T e AR e R R MER [ 1], FLAN, 2021,

Heavy



9

Bt 25 BT HL OLE 0¥ LA A i 0 RE AN U5 v 65

[10]

[11]

[12]

[13]

[14]

[15]

[16]

38(3): 1-8.

BAIZH H, LI X J, LI J ZH, et al. Overview of key
technologies for industrial production of ultra-thin and
wide high quality cold rolled strip [ J]. Steel Rolling,
2021,38(3) :1-8.

Wks AL he SRR S, 2250 AL FLARTE B
ST EEERI[T]. BBk ,2012,47(8) :43-47.

YANG Q, HE AN R, GUO D F, et al. Analysis and
control of strip wedge in 2250 conventional continuous hot
rolling[ J]. Tron and Steel ,2012,47(8) :43-47.
TR kBB A, S LR TR I = (R T A
Bt SN T]. HLBKCT R “# 4R, 2011,47 (4)
58-65.

WANG P F, ZHANG D H, LIU J W, et al. Research
and application of the flatness measurement calculation
model on cold rolling mill [ J]. Journal of Mechanical
Engineering,2011,47(4) .58-65.
I AL, e, 55, — R T AU AR I A v2 4L
TR B AR B R 5 5 CN201410487793.4 [ P 1.
2016-08-24.

HERY, GUTQ, XU F, et al. A method for automatic
deviation detection of cold rolled strip based on flatness
detection; CN201410487793.4[ P].2016-08-24.
HUDAR B A, . AR SUB IR T2 9] 1
E O OS5 W WM WO R T k.
CN201610113436.0[ P ]. 2018-11-06.

CAO ZH H, QIN D W, ZHANG Y, et al. A method for
strip width and deviation detection based on radical force
measured by flatness meter; CN201610113436.0[ P ].
2018-11-06.

FIRIE, A, BUA A A T AROE S I B 1Al
FA R BRI 1 . CN202011485673. 2 P1. 2021-11-
09.

WANG D CH, XU Y H, DUAN B W, et al. A method
for deviation detection of strip based on flatness data:
CN202011485673. 2[ P].2021-11-09.

WA S0, AR HRROR  AF. MR AR IR R S ik
WSS R SRR S, 2013,32(3) 1 117-
119,123.

PAN J W, TONG SH ZH, SHAO CH X, et al. Design
and realization of inductive centre sensing system|[ J].
Transducer and Microsystem Technologies,2013,32(3) .
117-119,123.

i JURE, SRR, mhaR. R A T S8 B I )
MARGE[T]. RS AR SE,2020,39(12) :106- 108.
MENG F CH, FEI SH W, HAN Q. Metal strip edge
tracking wrong system [ J ].
2020,

edge winding servo

Transducer and  Microsystem Technologies,

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

39(12) ;106- 108.

JEIZE  RATRE. AR A RG], AGER
AR ,2010(9) :40-41,44.

ZHOU C, SONG ZH K. Application of ultrasonic in web
guiding system [ J ]. Instrumentation Technology,
2010(9) :40-41,44.

XIFE IRAC ERJR 5. PUE AL 1T AR X PR R 5t
WS R, 164 A 801k,2020,44(1) :48-54.
LIU Y, XU D, WANG X CH, et al. Application and
research of the asymmetric measurement and control
system in hot rolling [ J ]. Metallurgical Industry
Automation,2020,44( 1) :48-54.

XIPE, TR, 2, 45, Bt AL AL 2R 18] 80 O 00 422
RGOSR [T]. & A 31k, 2020, 44 (6)
43-49.

LIU Y, WANG X CH, YANG Q, et al. Research and
application of strip running deviation measurement and
control system between strands of hot strip mill [ J].
Metallurgical Industry Automation,2020,44(6) :43-49.
CARRUTHERS-WATT B N, XUE Y Q, MORRIS A J.
A vision based system for strip tracking measurement in

2010 IEEE

Mechatronics  and

the finishing train of a hot strip mill[ C].

International ~ Conference  on

Automation, 2010, 1115-1120.

LEMOS A D F, DE SILVA . A R, FURTADO E C,
et al. Positioning error estimation of steel strips in steckel
rolling process using digital image processing[ C]. 2017
IEEE Industry Applications Society Annual Meeting,
2017.1065-1072.

LEMOS A D F, DE SILVA L. A R, NAGY B V.
Automatic monitoring of steel strip positioning error based
on semantic segmentation[ J]. The International Journal
of Advanced  Manufacturing 2020,
110(11/12) :2847-2860.

MR B, R4 B Mg, A B K R A 1 PL 4R
LiDAR 5.z CNN i UpEI[ )] AR, 2023,
44(7) .282-295.

CHEN R X, WU J, ZHAO X M, et al. CNN semantic

segmentation of airborne LiDAR point cloud considering

Technology,

long-tailed distribution[ J]. Chinese Journal of Scientific
Instrument ,2023,44(7) :282-295.

B, TR R . ST A HI A IR K AL
ST EEETEL )], ARSI, 2023, 44(2) 1 238-
247.

CAO W ZH, WANG T G, XU B, et al. Research on
water level detection of ship lock based on semantic
Journal of Scientific

segmentation [ J |]. Chinese

Instrument, 2023,44(2) :238-247.



66 O % 2 i a5k
[25] BXBIH,R—4. FETHLER LT A R s B A 0 7 vk [32] . WAL ARG BB [T]. H T
BRFCIEIELT]. AUARINFR4,2022,43(1) ;198-219. i, 2018(14) :48,127.
ZHAO L Y, WU Y Q. Research progress of surface WANG Y B. Analysis of the principle of correction
defect detection methods based on machine vision|[ J]. system for cold rolling production line [ J]. Electronic
Chinese Journal of Scientific Instrument,2022,43 (1) : Test,2018(14) :48,127.
198-219. [33] CRAE. TR L2 CPC/EPC i
[26] RONNEBERGER O, FISCHER P, BROX T. U-Net: 1], i A 3h1E,2020,44(4) :63-69.
Convolutional networks for biomedical image segment- SONG ZH. CPC/EPC optimization based on staggered
ation[ C]. International Conference on Medical Image layer defects of cold rolled strip [ J]. Metallurgical
Computing and Computer-Assisted Intervention, 2015, Industry Automation,2020,44(4) :63-69.
234-241. TEEE T
n Mt RN e A e £
[27] SIMONYAN K, ZISSERMAN A. Very deep convolutional Bufafs, 2019 45 FRIEACH R A KA
P I S g Ay 25 i
networks for large-scale image recognition [ J]. ArXiv AL, B a“lzmjt%@j:l@hi’ FRT
I SHL RN
preprint arXiv;1409. 1556, 2014. hﬁmj\jm{%ﬁ}i LA IE L,
[28] HE K M, ZHANG X Y, REN SH Q, et al. Deep E-mail :bwduan1 @163. com
) . . . . Duan Bowei received his B.Sc. degree
residual learning for image recognition[ C]. Proceedings
. from Dalian Jiaotong University in 2019. He is
of the IEEE Conference on Computer Vision and Pattern
. currently pursuing his Ph. D. degree at Yanshan University. His
Recognition (CVPR), 2016.770-778. . . . . . .
main research interests include image processing and machine
[29] HOWARD A G, ZHU M L, CHEN B, et al .
vision measurement.
Moi)).illenefs‘; Efficiint .convolutionz;l )r(l‘eural ne‘tworksX .for FHRE GRS ) 2000 48 T 11 K
mobile vision applications [ J ]. ArXiv preprint arXiv: e R i B L S B,
703 04861, 2017- EFGEIT 6 0 LA 5 B
L30] SANDLER M. HOWARD A G, ZHU M L, et al S A L ) B
Mobilenetv2: Inverted residuals and linear bottlen- R
ecks[ C]. Proceedings of the IEEE Conference on E-mail : wde-731@ 163. com
Computer Vision and Pattern Recognition ( CVPR), Wang Dongcheng ( Corresponding author ) received his
2018:4510-4520. Ph. D. degree from Yanshan University in 2009. He is currently
[31] WANGQ L, WU B G, ZHU P F, et al. ECA-Net: an associate professor in the school of Mechanical Engineering at

Efficient channel attention for deep convolutional neural
networks[ C]. Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition ( CVPR),
2020:11531-11539.

Yanshan University. His main research interests include strip
product quality detection and control for rolling and finishing
process and intelligent theory and technology of strip rolling

process , et al.



