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Visual Detection of Minor Gear Defect Based on Deep Learning
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Abstract: The optimized Mask R-CNN network based on deep learning is used to visual detection of the tiny defects on
gears. Firstly, by comparing the detection effects of five kinds of residual neural network, resnet-101 is selected as the
image sharing feature extraction network. Then, the detection rate for missing tooth is correspoﬁdiﬁgly improved by
eliminating the unreasonable 3x3 convolution of feature map P; in the feature pyramid network. Finally, in order to
effectively train the region proposal network, the appropriate anchor size and“aspect ratio are set according to small
fluctuation of annotation box in the designed sample labeling scherﬁ@. The optimized Mask R-CNN network eventually
achieved 98.2% detection rate for missing tooth on gears. .

Key words: deep learning; tiny defects; gears; residual neural network; feature pyramid network
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SRR Z R AT AL ST s 2 B B AR,
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FE T o4k 1) Mask R-CNN 4 56 S o £ 0 77 72 ] |52 FH 2]
SR 7K 25 L U L B B R AL B 7 AT R
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S PUHR 5 T FH AR 22 AR 22 I 28 A D SRR AR R
B ) 6% P A 0 2 SR, SR I 7% % 2] 57 :0% Mask R-
CNN W28 3T IR, L8 WIURALE LT coco HUHf 4R
WIZRAF BIIBCE. DIZREEE N 200 7k, SRiibrd A~ 4L
79500 A, MHAEE P EE oy 150 7K, 24308 1800 1,
BRIG A 280 A, Rl £ SR Ak 2.

K25 PER AN I £ L 25 R E AL

TP/ RGN EL 7 [l 2ok A 22 (%)

ResNet-18+FPN 232 0.829/82.9
ResNet-34+FPN 246 0.879/87.9
ResNet-50+FPN 251 0.896/89.6
ResNet-101+FPN 259 0.925/92.5
ResNet-152+FPN 263 0.939/93.9
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FHERE CTENG BHESE B 10Umay)
P, 32° 1:2,1:1,2:13 1
P, 64; {1:2,191, 2:1} 0.5
P, 1282 (1:2,1:1,2:1} 0.125
Ps 256 {1:2,1:1,2:1} 0.03125
P 512° {1:2,1:1,2:1} 0.007 8125

THR A ST HEHE 5 FRERER ToU $0E 5 15 & 18
B 0.7 i bLAL, ToU KT 0.7 A HERS 73 Bl — AN 1
FR2E, ToU BB /T 0.3 FIHSHEBE 20 FL — S SObR2E, A
T 0.3 5 0.7 Z A HHER: B & 77, R 3 15X
B Py REAE B B E 2 4 20 e IEFR2E, 83 X 43 i 1A
5 (R AE SR AT A8 JE A8 45 D1 ik DX 330 2% f 451 AR ALk
B ERAK. VI ZR55 DX I 26 (1) 451 2% pR H

1

Nieg

1
LApi ) = 5= ZLcls(pi,p;f)m Zp?Lreg(mf)
(5)
Hor, L AR F
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e, 1, AR HREHEAT WA I 5 M R HEF 4 A
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OIERE AL AR, (730K (L L WSS, 4 RAE R B
TOARAERE, i O, Ly BRSO X526 B MUK L FEAK,
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1

L= dssz4og1—p»1 (7)
R, Ny AHEL I L BE p, [FIHG [F 5, A Ad LR
W ERAR, p; NS, LI EAE 7 39300 AT 5kt
fige e X 48 X 28 3347 )1 5.

MR LL B HE S, BT AR 3 HE T RE A 8 K R
32x32(1 5), (A R ~F A 32x32 HERHE 295 20 fic 15 A
2, AR BRI AE IS A RS Fh A CHE (20x10) B, SIS
] 3232 [ HEAE BB K11 ToU {509 0.4, BE A
o R RIS 2 55 T (5 DX 3 R0 4% (11 5, AR L —Ff
ANAFAE AT oF 52 107 B 473 SR 0% 1 [X 35k 19X 44 1| 5 11, 3
T i) 0 ) e 2% 5 R 2 1 A Mask R-CNIN ) 45 B 5
IR 2. E10F DAL o], K 1] S5 AR ARTERE A RER RS
BONHHER BN RSE, KB S PR B 1 5B 2 K
JEE B NAHHE (1 B KR E, DUMG 3Ry b, A AE R SH AL
NN 2010, T LA 121 F4HAE 58 s b, 5 FH 00 3 /N HE
T 20%20, S RHHE R ST 9 32x32. [RIFERHEAS T
(HSRE ML £1:2, 1:1, 2:1} B 98 /& bl 034N 2 URRRAE
BEAE R ST oy Be B Il an ke 4, R 4 TP IOESHE R ~HR &
TR AR RST T PR, AT S B0 g 2 X35 b
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F4 RRHRBRPRAE TR S S

IR HAE U HE 5 1 L
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L=Lcis + Lyox + Liask (8)
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FA E 4 38 1 T Bk B B 4. R A RS dE o 1 Oy
AR A BB P2 . 360 FERAPLIES: . AR InkE
MUBER M 7 0] IR AT V- B8 S BEMLIE 54 20 7 S
Mask R-CNN\ % AEfign [R5 W AE AL E . ek R
£ PRI SR VTR R ATR AN, A D0 BE AL 2 g
SR R 0 4 Xt A MR N 7 TP A A e MR
PRPE. AR SIS VTR B B SR 41— 273%265(18 %)
RGB BE&, &H AR E 7.

7 BRAFEARER

(2) brvETg St

YIZREEAEH VGG Image Annotator (VIA) BE47hx
VE, WSS A TG RN json S, TR T Vi 58 G A
VERE, BETH PR bRIE 7 5, AN R I bRy 7 S8 F %
N EVEEAE RS, 75 1 P BN RN R AT R, 285
TR, BEXT AR R KA GG S A G
AN G M TR IR G 2 1R A SRS S SR B I A (W 8).
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FIFHTT % 1 N33 Mask R-CNN [/ 28 764 5 ) 531
T3 TAFAE—AN ), %o T N U e, L0 B
DI BARSKRUL, — A JUAME = Ui ik g, Hox
TR RN T A R T8 1, AT SO 6k 25
Gy BWE, KA GG T H B A SR T & 2 Xk
Ba 308 7 AT A, W0 L LU 7E B2 AR PO 285 B 9% VR il
RBE A B, 145 4b T4 2 G BB vT DARE A Il He k. PR
FlbRyE 7 RAE G S R AR, RETRE N
P B AR AT A R R GONERUTG 5 5 A A R A
Lo To B B 2200, B B 2B, HARE TAE =R R, 1
J7E 2 AR TR 1T S N SR, AR T
PRSI A AT 20, T B X BRI TIE— 2K, B
Z oy K. CRAFEARARTE TAE & DL W 28 kil 25 2R 2% &,
BEX I/ INBR BT 5, SEBR FH 28 2 FhRE A bR T 28

K8 BRAFEAKRE

4 S 54T

FRAEHZH RN 2% K 1] ResNet-101 5 FPN (414, I
BEET coco B HE TR 1) X 285 B TR A AE S A, i
PG I R 18 10 1A 50 00 B 0t I 2 AR kAT 1T 7% 2

1. SERYIZRAE A 200 SR BUNG U R, B IISS:

N 273%265 [ —i#iE RGB Ei, ik ii i RB %= a
— N R R ) RS ﬁﬁ%&ﬁﬁ%@ﬁé‘ﬁ%’l\ﬁ
i FRLE F i/ B, R 1 4575 36 700 i [ B 5
b RO 6 L () /N R A 3R A T A

2 KBS 1080Ti KK %5 %% % Mask R-
CNN P2 R E 47 Il 2%, 2~ 247 11 GB. Python i
7% 3.6.0. Tensorflow-gpu fix 4% 1.6.0. Keras iz 4% 2.1.6.
W) 2 — PR AN ZR s B 7k B8, — > epoch iEARIR
M 100 K, 43— epoch k2 Ja, NI
200 Tk BG4 B REAT T — IR EEIN LR, S8
epoch ¥ &4 500 IR, F)IIZR5E— epoch, 14 it f5 —
UOEARINZR15 2N B KA PR AFAE H &, & 500 X

epoch 2R )5, B3t i Mask R-CNN [ 2% 451 2 {H 15 3
RS, A tensorboard X 43 2 bR £l 28 AT BoR,
WKl 9.

04 r

A

02 b | N

01 b K“‘*‘\

Loss

B e T

0 100 200 300 400 500
Steps

9 KRR 2

5 SEGsE R

BRI 25 S A PR 10, b b £ A 20 9
Mask R-CNN W £ 46 1 45 52, A 5 F 285 fe 1k 2
HE2 J5 19 Mask R-CNN 26K 125 5. AT 10 fR 1
G SV LA Y, S o P A B B AT A A B
TR AT A ) ]~ 5 B 4 066 PR B RE R ST, 7T LA 7
T, e e b 6 ) R R, S SR 9 R P A
A B ) S 14 0 47 SN AR . SR ) b A SR
U5 ERR ORI, 0 e, AN 11 ek
G . R Tt 2 5 AT T A kAT W2
Mask R-CNN 0% 242 i 5 2508/ Ho kel 0 e
F 5. % 5 13, 25T ALK Mask R-CNN F46 % L
FA 1k Mask R-CNN W45, Stk 42755 T 5.7%,
A2 T 0.057, F IR S H U H 25 Bk E] T
0.982 5 98.2%. F|H Ltk i) Mask R-CNN /A 48 3174
TVIFELE 5 AGYGIR A, 7T R ZRAEE— 5 o b 439, 1
B R AR T 2 T R AE 23 ), E— 2 R 1 L
S R R R, RN R S AL G R b
BLER 2 SR HEAT T LA, RSB T 0.4 AN E 4

6 4iiE

K FAL IR ) Mask R-CNN-H AxAa: I 94 28 A AL AT
DT 1 6 F /0N Sl R AT R, i e IR A T S
Tty U T V5 S5 R R 38 AT AR B X — v
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R AIC 328 PO 5 2 o 28 ) 2% 5 0 AR AE B2 BIUGRE R AT D0 AL Y
PR <81 3 W 28 JEAT 45 5 /R 9 L SRR SR IR 4%, fit
A5 IR 2% AL TR e 98 B 4 3t o 20 BN BRI R IE R
B IR R AT KEEG A B TAE, A 20 % 7
A 58 UG AR B 7 550 /N i s PR AR kAT A B O A i
JRA) R 22, HL AT SE B SR v R A AT T 7 L I A e ek

/NGRS, B e 0 ARSI T B R B KT 1%
HATIEMIE, O/ BRI — e @ Sk e — IR E
it JE TR B R AR I R AR X HL B BB, SR A
AKRIEAE R LI S T AR ok R 2. REM &
B LI BRE A, DR A A B T DA 2t e I AR
ST R £ AR,

K10 AN R AR

B11 RRRAE R

RS IME R

GRE R HHERE  H EIER R

T WM RE %)
KA, {322, 647, 1287 2567, 5127} 280 259 0.925/92.5
PALE, (20°,23%,26%,29%, 32" 280 275 0.982/98.2
o6 KT
Ao I 752 WHIZ (%)
BT EUG A FE 5 S Ry ) AL 97.8
FF Nt ) Mask R-CNN FA2% 515 98.2
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i
12 1 b e 5] St 7 B R R B T (20171L.3009)
DL R A 48 i FEA% BT REIT 5 rh O X5 AT 9 ) S 4

S Rk
15K GR, B0, B30 N T e AR K 8 K B B 90 45
R HLIE, 2009, 30(2): 4-7. [doi: 10.3969/j.issn.1003-
0794.2009.02.002]
2 AW RT N TR IR B 5 S . s dm P B 1 5 4
#, 2019, (7): 115-117. [doi: 10.3969/j.issn.1006-4052.2019.
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