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Detection of yarn hairiness combining microscopic
vision and attention mechanism

TANG Jialu', YANG Zhongliang', ZHANG Song’, MAO Xinhua’, DONG Qinggi’

(1. College of Mechanical Engineering, Donghua University, Shanghai 201620, China; 2. Faculty of Science and Engineering, The
University of Manchester, Manchester M139PL, UK; 3. Beijing Chonglee Machinery Engineering Co., Ltd., Beijing 101111, China;
4. Zhejiang Shuangtu New Materials Co., Ltd., Hangzhou 201620, China)

Abstract: Broken ends of yarns are difficult to detect due to their small features, which are easily overlooked and con-
fused. To detect defects accurately and efficiently in the appearance of polyester yarn packages, an image acquisition
platform with a microscopic camera was designed, and a defect detection algorithm (CenterNet-CBAM) with an atten-
tion mechanism and feature fusion was proposed. Two types of confusing target images, yarn hairiness, and broken ends
were collected to design an objective model of CenterNet-CBAM, which was compared with four other object detection
algorithms, CenterNet, YOLOv4, Faster R-CNN, and SSD. The results show that the industrial microscope camera can
acquire the feature of yarn hairiness. The precision of CenterNet-CBAM for yarn hairiness and broken ends is 94.00%
and 93.57%, the recall rates are 86.75% and 92.16%, AP values are 92.93% and 92.91%, respectively, and the mAP val-
ues are 92.92%. Better results in defect detection compared to other algorithms demonstrate the validity of the experi-
ment method.

Keywords: object detection; micro vision; attention mechanism; yarn package; defect detection; illumination engineer-

ing; deep learning; feature fusion
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Fig.1 Image acquisition experimental platform
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Table 1 Microscope lens parameters

DI ON R 4¢ 1.2~1.8
Bx 1920%1080
AL 5 Bl /mm 2.4~36
TAERAES /mm 55~285
ESIO 30
E A= BMP/IPG
o Cc#:H
7 R /mm @40x100

#£2 CMOS H@HS#
Table2 CMOS camera parameters

R CMOS 1/2.7" OV2701 Sensor
B 1920x1080
HU RS /mm? 5.270%3.960
Wi/ 30
0 cH#:H
PR mm? 35x37x37
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Fig. 4 Results of key-point heatmap of hairiness
222 Bopetem Fik AR
1) R SF 2 1920%1080x3 K184 A Resnet50
W 2% gh k2803 convl F1 conv2 Y e Rt 4k 2,
AR SRR F
2) il IE TE R BB, FRAE IR F 280 1
1k (AvgPool) . fx itk (MaxPool) FIFL i PR AL AR
4% sigmoid 753 2 Mc(F), I (5) froi:
Mq(F) = oc(MLP(Avgpool(F)) + MLP(Maxpool(F))) =
O-(WI(WO(F;Vg)) + Wi(Wo(Fr.)) )
o o ()l sigmoid BTG PR MLP(-) i )2 1Y



%6 JEEWE, 55 8546 T O e AR B ML 9 B PRI 1k « 1213 -
H28 925 AT R W € RO, W, € RO, FLAL T3 oo TP -
TE, R A Relu J0G BREL, r HARIHE, C HiEIE ; 1TP+FN
Fe, S YAk s F,, ot KAk . AP = | Puoon(RIR (12)

Mo 5% AFEE F AR, 15 2 58 i 18 13 = K
FIEAE B R AE ] F: > AP,
F' = Mc(F)XF (6) mAP = "=‘k (13)

SHTBURCY 1RE S WA 8 N & (1 Sl s i B A
18 18 A9 AvgPool, MaxPool ., 7x7 £ F1Z F1E PR
BOh B, 15 AU M (F7); Mg(F)5 R AE B FAH Tfe
19 248 BUR B HTRRIE R P
Ms(F') = o (£ (AvgPool(F'):MaxPool(F))) =
o (P Frg Foa)
F' = Mg(F' )X F’ (8)
A fONERERAE; [ ] WPHERAE; F, WA
WE A Fy,, RS IETE R R R
b 7x7 BRI RN
3) B HRRE R Fr 4 conv2., conv3 15 3] 240%
136x512 WU4FAE )2 ; 4 convd 15 5] 120x68 x
1024 BIHFIEJZ 5 £ convs 155 60x34x2048 B HFAE
2 B JE A CBAM L, BRI (6) .
(7). (8) Ui7w, i I e ik RH PR FEAAE
4) B W20 FRAE R4S & o PR AR AR I, 38 i

()

3BT FoREE, RT3 8 12068256,

240%136x128 . 480x272x64, J 3| 5 R HF $2 B 72
R AR P P AT R AR Rl A

5) MCHR BURRAE v SR BT 25 5, X AN RRE )2
FH Y TR 3 B R R4 B 480%272 A X 8, A4
DX I AEAE — N RFAE 5, SR A AR 0 o Y& AE
XA DX 3k, T2 800 R XA REAE S5 R E

6 ) F| F AR 2 - 47 3 W& FUAR A5 #4 )) [- 7
DU s A T RN B8 = T 2%

7) TN 2 S g A, B T, A RS A
480x272x2, Horp i 5 —4EAC R W 4 A1 & P 2 1
BE, T A W R A LA S R i Fh 2S5 o
ST 45 5 R 480%272x2, AR F WA v B B R
1 A 1 PR RS T v T 4 SRl 480%272 %
2, AR M FTIX AR 56 07 [ T HE ) 5 F R
223 MK FHE

PRI E S 3 A58, A RAE N

Laee = Li + Agize Lsize + Aot Loge )
1 Lo N CenterNet 8461 2 pR &L Lo~ #4718 4
85 Lape M U8 R BUK 5 Lo A R0 25 O B8 12 40 % 5
Asize Ao R EL, 435014 0.1 0 1,
2.2.4 MR AR

AR SR RS B BE (precision) . A [ (recall),

AP {H 1 mAP {EAE A 1 P E F8 A5 -

TP
P=— (10)
TP + FP

s POIRE L 3 ROV A 101 585 TP Sy IE A A I AE 5
FP N RAGHE s FN N I AL HE 5 pamoonn (R) A XS P-R il
LR ATV 1AL B s dRE S AR 3 19 07 ST B 1
P-R 2N J7 11 B mAP AR 3R W 2R R A
I AP A

3 B W 3B M 0y AU A N 5E e

R 22 9F A2 R 425 mm, NN 140 mm,
JEEE Ny 123 mm, 22 RWHRSEAEARE b, 77 i b 5y
T ] 22, SR 22 FNAZTE 22 1) He il JsUR) o T
e E e, FRBIE A, BT EW . Wl
W JE T SOGH A, NG IRBUR, 8 5 O' UR RR
B 7= IR A 23 7 A e, 5 RO 2
B . SR R T P R AOL BN, S T
SRR BRI 5 o
3.1 BRMRERELRE

TE 12 i A S5 A A AR AE DL, X HEAS [) Ol AR
R IR RCR, A0 TE S B .

L N A el B A

WY W A w U

| R —

K, {
--

(a) JoIGHE (b) ik () =z

(d) =5E

(e) 15%

5 StEREEXTL
Fig. 5 Comparison of light intensity



<1214 - O R

S S 517 &

2850 Lo AL S B B AR R AT LUAR Y,
FE R S KT E IR FAHR AR B AT, H bR e N
HW . HATGE s, B RPIE s s, R EA
B 52 . BITORE SR, BB R AE AR R,
ASH) T

XF EEAS TR B T D' X BE S 3R (R R g, 3 b
% T IR 5 RGB 38 18 B {5 T8 i — {8 1k 1 15 2=
SIANBIE . P R T L, SR AT R
SEYRIE, 77 T SO T B R 6T 2 B
45— WY, HOBEERAE X (0 % 5 W A U, ik
AT R U A X A 0 8 SR AR R e O 3,
’l 6 Frs .

--

(a) £ (b) ¥
B 6 NI

Fig. 6 Comparison of lighting colors

X e A R B 7 SO0 AR BICR B2, B3
MR BT 2 YO T e TR S i 0, I 3 T A D
A 1o B Py S S5 s AT S AR LR LI . O IR Y
FAY 24 % LU RE, 2 H bR X &, DAGE 3 i
HAE RS BIRRAE .t T S AR B
TR AR, 24 70 PR T 1 A0 B SR T, D A 00 2
WARZE Z !, Wi 7 Bz .

N Ny

(a) F 7 HE B (b) K37 HR A
&7 BEREAAITEE

Fig. 7 Comparison of lightening mode
KT DR X T IBORE AR S, B 1) D R e
B PITE BT R, BRI IR LR 22 . AR B

TULBBITOC)E, MEEfE A K, B R R
IS, NGB, ik 8 Birs .

1 3 e
w7 % E ____.-sr‘.”

(a) Hiat (b) XL
B8 KTEEXTLL
Fig.8 Comparison of number of lights
il kAN ) A R B FTOEROCR R H, —AE AR
PRAL PR, e BOCTRTE 15°07 B A IRGS ROCR B £,
K9 fir s

(a) 0°

(b) 15°

B9 EERABEXLL
Fig. 9 Comparison of lighting angles

Zig BRSE, A R RIS 1
MOFTET, 4G WA A OO EAT T MR
ROR AL JEU 1 BV 8 LED SE T 5 2 f 3%
I A 150977 AT, FTOGAE AR W M IE 7,
W85 5 22 27 1) 3 .09 B P 5 T B9 1 68 LED Dt
U2 Mse 5 22207 0 FAT B0 BB, A 10 B .
TEIX BRI DL T, B 22 F B8 e B B I, R AR
GEM, X LR

(©)30°  (d)45°  (e) 60°

B 10 ERHRZER
Fig. 10 Hairiness image labeling
TPER AT N AR, K 3BOue 3 0 &) 43 A
Wk | T PT Ad, J 2I  vEAR A BAG FRUE A T



% 6 FE i, 5 A5G WAL AN R D ML Y B SR Ay v <1215+
5E o hRTETERER, HEFE Pascal VOC T B, 100 -
Fie B 22 f 1) ST 28 AL, 8 Tl 2 IO AL R 4R 80|
(0 R AT O 8, bR 25 R 45 | BR A LR RN < ol
FEAS, B e WA S BRI 532 3 F, 5300 ki A ;Eg
Wik | B PRI EMR, A1 1614 5%, sk 3 % d0f
Bz, g4 8:1:1 i IIERAE | JiEdE | IAR T LE o 201
%3 REEGHE S
Table 3 Number of images acquired ik 0 20 40 60 80 100
A%
FAEITES W2k EH TCHE it (a) W2k P-R ik
HEARL 501 543 570 1614 100
32 BEEXHEER s \‘
SCER X T CenterNet, YOLOv4, Faster R-CNN § 60
SSD Ui I 25 3 H4 B 0 57 0 . 44 0 P 00 2 £ .l
B, YGRS 4 P,
4 AMEEIESY 2
Table 4 Training parameters of four algorithms . . . . )
0 20 40 60 80 100
YIkBr B Epoch Batch_size Learning_rate A% ‘
—— 00 5 x10° (b) &M P-R ik
MRTRB B 1500 ] 1x10™ B 11 CenterNet-CBAM = EIFJiRFI 4 R

X LY CenterNet 47104k, 7F Resnet50
W 2& Hhoim A CBAM BEE FIRRAEfl A o U 2S5k
Wk s fimn.

& 5 CenterNet-CBAM iJl| &5 %5
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Table 6 Identification results of CenterNet-CBAM %

B R P AP (mAP)
W&k 94.12 93.20 93.94
FP 86.09 90.28 91.96

SR 90.11 91.74 92.95

Fig. 11 Identification results of CenterNet-CBAM
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Table 7 Identification results of CenterNet %
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: ; ; b , & 9 Faster R-CNN EHBI iR FI L R
0 20 4% GES /062 80 100 Table 9 Identification results of Faster R-CNN %
(b) TH P-R ik Bl R J3 AP (mAP)
12 CenterNet # 8! §9iR B 45 Witk 68.24 85.93 74.83
Fig. 12 Identification results of CenterNet B 5473 72.11 61.03
43 YOLOV4iRFIZER SR H 61.49 79.02 67.93
YOLOv4 s2 5525 A& 8 fran, B A R 100
XA R AR AL AR, Gl 13 7R . YOLO R T wl
T e A3 DX B 7 v, 38 2 R ] R R 4 ok A .
T IS 56 v L 5 b T A T i, /DN R 5 oOf
. =
%* 8 YOLOv4 HEHIAFIZE R 20l
Table 8 Identification results of YOLOv4 %
I R P AP (mAP) 0 2.0 4‘0 6.0 8.0 160
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H IR/ % Fig. 14 Identification results of Faster R-CNN
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Table 10 Identification results of SSD %
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B 13 YOLOVA B IR 5I 5 P 28.90 53.85 40.63
V3 ARSI IA AT S ELTE 43.58 5112 50.63

Fig. 13 Identification results of YOLOv4
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Fig. 16 Detection effect comparison of different algorithms
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