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Foreign Object Recognition Based on Coordinated Attention and Atrous Convolution

WANG Chun-Lin, WU Chun-Lei, LI Can-Wei, ZHU Ming-Fei
(College of Computer Science and Technology, China University of Petroleum, Qingdao 266580, China)

Abstract: In the industrial production of factories in China, belt conveyors play an importéﬁt role. However, in the
process of transporting materials, wooden boards, metal pipes, large metal'sheets, etc. are often mixed into the materials,
causing damage to the conveyor belt of the belt conveyor and Ieading to huge economic losses. To detect irregular foreign
objects on the conveyor belt, this study designs a new foreign object detection method. It proposes a single stage foreign
object recognition method based on coordinated attention and atrous convolution to address the issues of insufficient
image feature extraction ability and rélatively small network receptive field in traditional foreign object detection
methods. Firstly, the network utilizes the coordinated attention mechanism to make the network pay more attention to the
spatial information of images and enhance important features in the images, improving the performance of the network.
Secondly, while extracting multi-scale features from the network, the static convolution of the original network is
transformed into an atrous convolution, effectively reducing the information loss caused by conventional convolution. In
addition, the study also uses a new loss function, promoting the property of the network. The experimental results show
that the proposed network can effectively identify foreign objects on the conveyor belt and effectively complete the
foreign object detection task.
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F2 SRR E
WhE [
R4 Ubuntu 20.04
B NVIDIA Tesla P100 GPU
WAF 128 GB DDR4
PELiEs Ny PyTorch 1.9.1
WFE S Python 3.7
THRPLZ CUDA 11.7

2.3 1FNIERR

ASFRI S OAT 55 B O B AR 2 1 3 4 () 7
AR, BT DU HE (4 47 B 2 SR B4 UUE T1E5
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A X TE] ) AP B 0 Sk 48 J5 B 3518 ; APso 24524
IoU KT 0.5 B}, 45 (1) AP H; APs 15 U2 ToU KT
0.75 ItF, 4411 AP fH. AP CT-YIKEFE) 1A [F1 3 (recall,
R) FIVHEH R (precision, P) THH M3k, AP (KRR, ¥
B O 265 10 G RS 5 . BR b 2 A, FRANTIE A T
FPS b5 A 5 0 2% (A I T4 2, FPS (3 3002 1s 1)
ERF 5] (5] o Py Ak 2R £1%) P
24 LWBEH

PATEIG I S HN 3R 3 Fios, Britbz oh, A 148 H
BEMLERFE T % (SGD) Ak 2% DL R 4R 5% 358 8 (1) 5 2] 6.
A, BRI T Warm-up~ 43 ZH A T 5 E AT 1)
REFe5h (EMA).

W5 (72 A ), 3) SERE o (SR AR HUE SR+ e A A
ot g, SEIR G R 4 Fior, Hr, OM K R LA
7, CAFN fRFEASCHEH ) CAFN BLAY. Y AR R R A %L
PEHE, LR AR B 1o (/2448 #r), RO /AR EHE 14
5 (EF).

K4 BRI (%)

Ji OM CAFN AP APs APs

\ — 41.4 67.0 50.5
Y

— N 418 674 51.3

— 687 | 834 5.1

Y+LR v 8/7 - !

— g VN 692 84.2 78.0

— 4. 4 4.
Y+LR+RO | 'J 64.3 87 4>
L = \ 69.7 91.0 76.7

SIS Kl
batch size 128
epochs . 600

backbone out channels 3 [64, 128, 256, 512, 1024]
[256, 128128, 256, 256, 512]

learning rate ¢ 0.0032

neck out channels

2.5 WEphzk o

{ H CAFN L8 7R A B0 S5 9 58 4 b &t
600 MR IIIZE G, loss ARSI 7 Fis.
Bl AT LA i, 0k #h S 7R F AR I 2R B, #002k A
118 A 2 R3] 0.7 /£ 4, LA K 580 4 epochs #5
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12 |
1o |
0.8 |
0.6 '\“\fm
04 |

02 | ‘ L
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Loss
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7 CAFN FRI 4 AR Ak il 28

2.6 HIRIEIRLIG R AT

SN T E BB B 5 P A M, BRATTAE DR 2 D 45
AT CAFN P2 43 755 3 Fh 540 14 5 5 450 T 10 20 s Ak
177 925, 3 MR S R L O 1) A Ha 1 g, B
18 F SR UGB 425 2) A A0 A7 AR 48, BRI JER 46 30 5 + K 3

M 4 sRITLLE H, i R FIAHRLE £ CAFN
RAY, 225 HoHfm 38 5, OSSR P RS RS P2 3 A 4R T
Bt xof BR A AR AR 2 (A 5 oty A0 B R /e A e B 1 ik
(B SE T, AT D A B 4, TR GG B AL (Y AP
BINT 27.3%, APso 3T 16.4%, AP 3G T 24.6%;
A5 P 56 R4 s ek 1 B AR S, AR T R s Hodis
£, JFURMERL AP B0 T 22.9%, APsy 31T 20.0%,
APs SN T 24.0%; S5 A SCHE H ) CAFN 24, 2447
5 P D5 2 5 8 R A A T 346 o 1 K AR I, AT
i R UR HdE 55, CAFN MZE 1 AP 800 T 27.4%,
APso HIAIIT 16.8%, AP7s HATIN 1™ 26.7%, 1 il 52 B it
SoE P B B2, AL T UG AU 4, CAFN 45 (1)
AP 11T 27.9%, APso HHII T 23.6%, AP, #1117
25.4%. M TERTCLA Y, A S AT (0 SO0 R T (R
3.

2.7 FEIMLEITEL 54

K 5 MR 6 fios, FA 1L A Faster-RCNN. Mask-
RCNN. YOLOv6-S LAz DETR iX 4 Ffi [ 2% 5 3 A/ 14
H ) CAFN 284 7E S P 8die 4 LA K A JE 8 48 COCOo
AT T N EES2ES . Faster-RCNN 2 — ffr 3 R 5 [X 3§,
(R FR N 48 7325, Mask-RCNN &g 2451 Az il e ot
(1) 43 B HERD, 80 I 4 F 1 33 AT Bl L3 24 R 48 v ) 2%
HIE B, YOLOV6-S $&HH 7 — /N T = 2 v] B ik
SR ET LA PAN $0 01 E ARAS I N 2%, 125755
U b SF-A7 1 928 V)0 FE S5 0RG BE, DETR $2HH 7 — FhJi
T Transformer F*) ity 21 Sty FETASE I X 2% . 30 3 5 3K L X 2%
BEAT X EE S, AIF B ACFN AR R 7E AN A0 0] S 2 A AT
55 UL KA S8 B RRREIIAT 55 L i 2.

Software TechniquesAlgorithm #1F4i AR« F%: 183

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20244 55334 3

X5 AEMEESMN RYEEE ERXS s
Model AP (%)  APs (%)  APy;5(%)  FPS
Faster-RCNN 524 74.1 60.8 —
Mask-RCNN 63.5 86.3 70.8 —
YOLOV6-S 64.3 87.4 745 260
DETR 68.9 90.0 715 22
ACFN 69.7 91.0 76.7 235

*£ 6 AFRIMBIEAILEIEE COCO L iyx s

COCO val 2017
Model AP (%) APy (%) AP (%)  FPS
Faster-RCNN 21.2 41.5 — —
Mask-RCNN 37.1 60.0 39.4 —
DETR 4.0 62.4 442 28
YOLOV6-S 35 60.4 475 358
ACFN 438 615 476 304

2.8 JHRESEI R SR
AT, AT 28 AT T I AL SR, BN AR S —
JLHRH T 3 ANEHT A, BT LA IRAT—IREAT T 7 B IR]
2 G 1R Y e S R O A S R R B A A Y
HS 0 B JFAE N 45 2 b, SRAIE B IRAT 9 AR R 2 A
R, SEie s L ZE 7, Hirf CA 8% coordinate attention
B, Atrous FREZIAHIR, CloU AT IR 2K R L.
MF 7 R LLE H, 2498 coordinate attention 15
He. atrous block #iH DL & CIoU@iUJD]\@JH%EP
AP HA S T 2.2% 1.4% %, AP, 73 AR
7 1.0%- 0.2%40. 6%3AP75 SSRARE T 0.1%. 0.3%;
AR AR RS, AR AT £ 25

MF 5 TR H, FEAN 44k -, DETR Jﬁ%%ﬁx&ﬁ’]

P14 42 D) Transformer g3 i 45 4 1110 25, ﬁﬁuwhz?“

JEARTE, FA152 H ) CAFN *ﬁi%%wﬁ%dﬁi&fmm
B, LR SRR, AT %,
ACFN HAITE AP | AP+ AP75 X3 Mabr EXR R
IR, ATTAIE R T ACEN R 4 76 AN U S 06 AT 5%
R R

M 6 W LUE Hh, FEA LIS COCO |, DETR
R A2 LA Transformer SAFERM 45 #4) O P25, BT DA B AR A
I &35 B v EL 2 R I B2 AR 42, 1 H DETR W28 R A
AP fEbR T ACFN W%, HAh AT W45 (1 T A Fa b
BKT ACFN 2%, GiE B FRAT T2 H 1 N 28 78 H Ardar il
fE55 EJCH IR ks FE H bR A EAR TG 4% . % 6
S5 8 SRAIE B R AT THR HY 9 CAFN M AEAL 45 H brks
AT 55 bt 2.

(b) OM+CA

K8 Krlg R AT AL sE G

(a) OM

MEER PR LUE il F s Ak T BRI %
I, R AN [ R R i N 21 0 2% o, A U ROR A 3R T,
LACHTA R EER NN B R 46 rh AL RSCAS SCHR HY )
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L7 HRLSEE (%)

R ] B TR 25 A L

CA Atrous CloU AP APs, AP
x x x 64.30 87.40 74.50
\ x x 67.50 88.40 74.60
x v x 66.70 87.60 74.30
x x N 67.30 88.90 74.80
\ v x 68.20 89.40 74.50
N x N 68.60 90.10 75.80
x v N 68.90 89.50 76.10
N v N 69.70 91.00 76.70
2.9 WMLERATMLLLE

AL SEE R 25 R A 8 Fra, Horb, OM AR
IR CA fX3 coordinate attentl&'l &ﬁ%l |: Atrous fCF#
AR ; CAFN ﬂ%lﬁﬁt&&ﬁ CAFN #i% /530
E‘]L—Fﬂﬁ% ?MTHE’JE%E@, VEPUR T/

(c) OM+Atrous (d) CAEN

CAFN LAY, K R e 105 2 ker ) H AR 5 408
IR AL 22 5 B0 /IN IS, AT H P 2R A 00 20 R AR AR X
By
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BT A% G 5 0 R X 28 06T S5 ) S R AE B B R
JIAS TR R A5 I 25 2R 1 10 8 D R 452 2 v B 5 FE AN
ATHN Y 0] R, FRAT T3 HY T ACFN 4%, Hodv, coordinate
attention ALK 2% 8045 EAR A B IE = S, ff
BEAY R DLSE 47 1 3R A5 R 1 2 T AL BAS S, X0 T 57
YIRRBIME S R Ui EEME . SIEHR T Harel
¥R AZEY, B LAAT DR 47 H By 1k 5 0 Re AE 1 25 2K
CloU MR A H A% &, BT UAA T &4t Iou
5% R B B (1 1 e

SO0 48 AR, 38 96 ) 4% (1) 4RFE R ERE 7 LA K DRk
RFEAE B O, A AT DAR G b A e S 0 10 1Y)
] /R, [F PEAE G0 H AR RN 55 B A B e,
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