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Abstract: To solve the problem that the low defect detection accuracy on fiber laminated surface in Automated
Fiber Placement(AFP) process based on visible images influenced by poor light source, low texture contrast of
prepreg and other factors, a method for defect detection of laminated surface infrared images in AFP process
based on improved CenterNet was proposed to improve defect detection performance on laminated surface in
AFP process. First of all, due to the limit on hardware configuration of IPC, and large amounts of parameters on
CenterNet model, lightweight MobileNetV3 network based on ASFF was utilized as the backbone network of
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AFP-CenterNet model to construct an anchor-free and lightweight detection model and reduce the number of
network parameters and the occupancy of storage resources. Then, as for solving the bandwidth parameters of
Gaussian kernel function, a method of adaptive adjustment of bandwidth parameters according to the aspect ratio
of ground-truth bounding box was proposed to reduce the number of negative samples and loss error.
Experimental results reveal that the improved AFP-CenterNet owns 90.2% AP in defect detection accuracy on the
AFP infrared data set, 12.9 MB in model memory capacity, and 52 ms in detection time of a single sheet.
Compared with the original backbone of CenterNet, detection accuracy of AFP-CenterNet is slightly worse than
that of DLA-34, almost same with that of ResNet-101 and 7.7% higher than that of ResNet-18. Moreover,
compared with DLA-34, ResNet-101 and ResNet-18, the model capacity of AFP-CenterNet decreased by 83.2%,
93.6% and 78.6% respectively. As for comparison with typical anchor-based network such as SSD and YOLOV3,
AFP-CenterNet owns higher detection accuracy with specific 9.6% and 8.3%, and lower model capacity
respectively reduced by 85.1% and 94.5%. Time spent on defect detection of AFP-CenterNet is nearly half that of

% 50 A

CenterNet, SSD and YOLOvV3 without using GPU to accelerate.
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to filter feasible boxes
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HRAE GT box K9 Lb [ 18 1 18 %% e i e 510 119
W 58S B A R D TR AR, B AR 2k iR
2. HEHRAE GT box 19K 58 LA fff FH R JE 1500 i
ST PG [R50, 5T 6(a) T 7 2 fit FH [ R S50 5F ) 47
., &L 6(b) T 7 S (o FFRRG [520 790 000 s () 175 0 o 7B R TIE 1T
FTHEFN GT box (952 LK T 0.7 (i 5 T 5K figk th A
INEEAR W SE S 8o, = /30

(a) HEHIBIE Rl sE 250

(a) Use circles to solve bandwidth parameters

(b) FETIHGRLR Ay 6 S 4%

(b) Use ellipses to solve bandwidth parameters

6 Mk a5 SRR T i

Fig.6 Improved bandwidth parameter solution method

2 HiEREMLIGIIE

2.1 R& AFP SHERMELASMNE &
2T AN G B S R H AR AN 5 22 ) ) 3R

7 (a) Bl R (b) 7SFI AFP G2 R M BLUGLT SbEIE

Fig.7 (a) Data acquisition platform; (b) Infrared images of six typical kinds of AFP laminated surface defects

MR AE 1500 5K AFP #ff 2 R w20 ANEUR, &5
e AE A Shar dfl o B2 b oR 48 (R th T ELA B
O TR 7= A R b AR A B, TR A A T —
T AR, FLh S A B 1 5 L 838 5K . X AFP 41
HMNEMGIEATARE JG , GEtt /S ZE BB A 500 51 R - 24
(1053), [A] Bt (1227), #L 5% (1431), #4 4% (957), KL

22 B LA EHR R R 22, 0800 U A 2 Tl
RSO B T, JIR A S 2L E A
BUBRSCR, i 20 e B b AR B 5 2 B A X E
FERA AT R WG RS . AFP Z1 ANEE R &1 & K
FH K s £ A 5, WO R Sy v AT, Ik
KT HIA K 2000 W, HEAESE G, 4 P4 KT I = 18] i1 B
B 0.6 m. 1B Ry 2008, SR AE B B O et
FHHLIELSJE: Xenics 2 F] Y Gobi-640-GigE K I 21 4MH
BL, 73930640 x 480, 1570 ST 17 pum, AL TAF i
JE ] 2 —40~60 °C, 5 KA %Ky 50 Hz, R HUE N
55 MK (30 Hz, 300 K, F/1). %4l R4 & WK 7(a)
FiR o

ZURA R | AR | 2SRV AR T
VESEE A, Sl C 2 rh i BRI L TR #5448
B 5% R 9L BFL SRR MR GRIG, 45540
HMANLR BB, SCrh FZRFR A 7(0) PR
7N Pk B 25 AL, A0 45 A1 ok W) (foreign objects). [H] P
(gap). ¥4 (puckering). il (bubble), F 55 (twist) Fll
B2 (missing tow). ZLANEMG Y R RN 22 BS54 5%
e o X R AR I G, (E IS e R P B i
BB/, O T AR UERT AL 22 S I A M, SCroR
W5

(1 862), SN (656). #1500 5KAR TE 1 f 21 41 & 1%
FAVE J5 Sl 5 S AL 1) B 46
22 EENIGHRERMSHIZE

B 48 B VE I 5% 1 Labellmg %t AFP 21 4h &I {5 i
TrhniE, 13 E4RME COCO #% =X 1) AFP 2T AN Hs 46
e BEE R 3R =2 YIZRME | IR AR 4R, Hef3i]
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7201, BIIZREE 1050 5K, SAE4E 300 K, 4R
150 5K, WHEAE A% AFP-CenterNet 457511 Zhid
B REIA SO, S B A T S B 1k U 25

K A1 Windows10 #2/F R 4t , I HHLNAT N 64G,
AbFRZHELE O Intel Core i7-9700K, 524 NVIDIA
GeForce RTX 2080, 7% i % > #E 42 ffi F Pytorch 1.2.0,
CUDA 10.0, CUDNN 7.4.0,

it FH /Nt 2 BE AT BT B R DI A A, HE R /)N
B E R 50, $EAT /L B I Sk, W 0R 2F 2 R O 1.25%
1074, Bifi 5 AR B Z2 AN W Y B AR o SR, B i
R 0.9, IR 140 4 epoch, £EBE 5 1~ epoch i
AT — Bk . B T P 4 4 R E 2R AT 4 A5 TR
P, T R A BT Ak B 384 x 384, U 4y Hh
P RS RN R96 x 96, Xif i ARG FEZ, Al FH Bl
PLBHES | 4k, BT HEA T E G o
2.3 FMHERR

XF T+ AFP ffj 2 3% T R b A 0 1R B, 5 55 I 4%
AT Py o A B RSB, R) B Pl T A 7 n TR T AL
B P 52 B0 PR, 5 2 2% SR 45 B A o ) 3SR
MFF o

AFP Fds 52 3 8 jlibn i COCO Hudig 4% X, itk
K COCO B4 M AP, APS0. AP75 fE g KDkG
5. COCO E#i 4 T A 1Y) AP (Average Precision)
ZRIA A mAP (mean Average Precision), TN EEA i} 3
A WUFpIE L FP (False Positive) 27~ Uil H — N AN
TEMIW) IR | FN (False Negative) 72 7 3 A il 2 477 7
RUMIA . TP (True Positive) & 7~ IE B T 21 77 76 1 4
& . TN(True Negative) & 7~ 55 72 1E 8 #0035 & .
Precision R 7R A4 G 2 3K A4 1E 8 U0 0 44 1 A%
BN R AR 4K, A=K (9) k.

B TP(1)
TP()+ FP(1)

A s LR W H FRAE A GT box A9 38 IF Eb I {H,
AP50 %Rt =05,

G 000 S8 SR D B gt A T s e 60 A S 000 114 hot
(Frames Per Second, FPS) 7E NiT 645 .

3 EWERENN

YLk}, AFP-CenterNet %25 i 348 140 4 epo-
ch, RS 2 A% AR U Bl = 8] 1 e 348 Ak L Gn ] 8 i
7N o PRATTEIEACFNZE 30 4 epoch B 45t e {E 1 T R 0E

©

FERGE /N, RN T 1S, HEATZRIX . BRI
ik B 60 U, R AH I 4 /N T 1, AR AR IR BS
80 B, 451 A FEACRFF AL, I H N ZRdit e F 50k 4
RIEAME . DL G5 REY], AFP-CenterNet 5 7 1)
P AH REAETE — o AR B A IS, 28 RE A8 34 3]
TN AROR, BARE N,

_

0 20 40 60 80 100 120 140
Epoch

[ 8 HRAH AR £ A

Fig.8 Graph of changes in loss value

Loss-epoch

— Validation loss
—— Training loss

Loss
— 0 WA WL

43 9 LA DLA-34, ResNet-18 il ResNet-101 1 Jy
CenterNet [ H 1 % £ F1 3C 7 #& 5 #9 AFP-CenterNet
P 28 BT AT I 2, fiff FH AR I COCO Sl 4 i P-4
b, 76 AFP Z0 AN 04 4 1 04 K I &5 SR X6 L 1% 4 4n
F 1R

M FE 1 B0 IE 7T A1, AFP-CenterNet [ 2% 455 7 (1) #6
MRS AP BERSIA ) 90.2%, BEAIK T LA DLA-34 R T
I 4% 1) CenterNet P 2%, {HJ2& Fll ResNet-101 FEAFFF,
J H F1 ResNet-18 #H [t it 7.7%. 9K L1 DLA-34
F1 ResNet-101 A8+ M £ 1 CenterNet [ £ (14 Kz I
FERG 5T AFP-CenterNet, {H-2 4653 EF 1, AFP-Center-
Net #5518 T —1%. AL, AFP-CenterNet [0 25 151 41 75
i A1 L DLA-34, ResNet-101, ResNet-18 Sy & T M 4%
[} CenterNet [ 25 455 U AH EL 43 I FEAR T 83.2%. 93.6%
1 78.6%, W KM A T 31 S MLAE 2 FILAE it B2 IR 1
FHE DL

2T 3 UE anchor-free 57 7 A B T 5 T il o 150
A TR AE (14 R 507 LA A (R 1 B, Sl 4y S 4l
T SSD 1 YOLOV3 {5 vy A6 1 14 i BU 5332 H1 AFP-
CenterNet #F 17 FL#C, 76 AFP 21 AN £ b B A ) 5
B 2 FiR.

3 Hre 2 H s W] A, A SSD. YOLOV3 A I,
AFP-CenterNet K Il A% B 43 51 &5t 9.6% F1 8.3%. 3
Tt ST E A B 62 A A0 Rk G B R A T g
TEAHERT T3 e A AR (B R 5 s 8 B
Z5 5 W) [N 2% A L S R RRG DR BB A B/ . A1 SSD,
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Tab.1 Detection results of CenterNet and AFP-CenterNet on AFP infrared data sets
Network model AP AP50 AP75 Time/ms FPS Memory/MB

CenterNet(DLA-34) 0.727 0.926 0.753 81 12.3 77.0
CenterNet(ResNet-101) 0.693 0.904 0.728 93 10.7 204.0
CenterNet(ResNet-18) 0.626 0.825 0.647 31 322 60.3
AFP-CenterNet(MobileNetV3+ASFF) 0.694 0.902 0.731 42 23.8 12.9

xR 2 FEIMKEBIE AFP 5MIIRE FRIGIIZER

Tab.2 Detection results of different network models

% 3 AEIMEHERIZE CPU IRE TR0 iN ik BE
Tab.3 Detection speed of different network models

on AFP infrared data sets only using CPU
Network model APS50 Model memory/MB Network model Time/ms FPS
SSD 0.806 86.5 SSD 537 1.8
YOLOvV3 0.819 235.0 YOLOV3 451 22
AFP-CenterNet 0.902 12.9 CenterNet(ResNet-101) 425 23
AFP-CenterNet 235 4.2

YOLOV3 #H L., AFP-CenterNet W 2% ¥ B (1) N 12 25 &
fh 12.9 MB, 73| AR T 85.1% 1 94.5%.

SEBR Tl AR 77 v, R 280 T AR HLAE 1 e A BR
JEHEAREA GPU s 56, XA E 0L T B4
VR 2 55 7 ) b LR 2 B BR ], 75 BEAE (A CPU Y
B 7 45 18 52 i AFP 6 123 3% TR P A AT 55 . 3% 3
JIF 7R AN CPU b BRI, AN (7] 5 25 155 AU 7F AFP 21
MRS A2, R

g B 3% 3 i B s AT, F1 SSD. YOLOV3,
CenterNet(ResNet-101) A L, AFP-CenterNet £ CPU ¥}
BN, Bk R I JEE 3 G 5 302 ms, 216 ms Al
190 ms. 7E{UA CPU i35 T 5 SSD, YOLOV3
F1 CenterNet (ResNet-101) #f k., AFP-CenterNet H. £
HIT I P T I 34

I 9 Ff7nJ& AFP-CenterNet [ 2545 7 AFP 414k

(a) BRELAMEIG

(a) Original infrared image

(b) ZLAMEIG AN 25 5L

(b) Detection results of infrared image

() ANFHEREN B CHE AT . MZE AU IR ez . 5 . ~OlL. RS, ShRY)

(c) Keypoint heatmap corresponding to the six kinds of defects: gap, missing tow, twist, bubble, puckering, foreign objects

KR Ay RIS

Fig.9 Detection results of single frame infrared image

20210011-9



ISk A2

% 10 47

www.irla.cn

H 4 b rY) SRR I 25 S . 1R 9(c) SR N b R T B
XiF o 1) S AT B, NZE A, AR (B B k22 |
A S RSN, FoR I SNBSS A
7S PR R i 1.1, 5.2, 7 Fl O,

4 4

xR FH AT DG RS AG I AFP 4 J2 26 10 (i3 15F
ZICIR A2 | UL 20 SURIAR B RE o L A5 X HL BE AR
S DR S, S B R DUORG BE IS, 4 b — O T
CenterNet [} AFP 4l /2 3 T8 £1 41 45 Bk e A 0 32k o
2% [& CenterNet Z BUEC i P K i T ¥ HLAE 74 ic & A
PR, SCrh &t A % i 2L X 4% MobileNetV3 Fil ASFF H if
o R AE Rl A AR A T R 4%, F EE 4% i 9% anchor-free 46
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P GT box K 5 b 17 385 I I i 7 A% eR 50T 98 S50k
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