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Recently, the automation of the production process in factories is being pro-
moted strongly in order to improve the quality of products, increase the efficiency
of the production process and also improve the safety of factory workers. In the
automotive industry, casting methods are generally used to manufacture wheels
from an alloy of aluminum or magnesium because of the possibility of making com-
plex shapes that would be otherwise difficult or uneconomical to make by other
methods.

However, one of the disadvantages of the casting method is the casting
product may not be completely solid and there are many cavity defects that exist
inside of it. Depending on the amount and location, these cavity defects will be
able to affect the safety quality of automotive wheels, which is very important
because of the fast running automobile. Because of that, manufactured wheels
require internal inspection before selling to customers.

The most used internal inspection method is a visual examination using
wheel X-ray images. The X-ray imaging process gives a grayscale image of the
product. In that grayscale image, white pixels represent the thickness of the wheel.
Thus, where the color suddenly goes darker than its surroundings has the possi-
bility of being a cavity defect. The inspector will detect the cavity defects base on
that definition. However, inspection is required for a large number of automobile
wheels, and the results differ depending on the skills of inspectors. For these rea-
sons, automation of automobile wheel internal inspection became very necessary.
Despite the conduction of many kinds of research, visual examination stills remain
as the solution of this internal inspection because of the ambiguous definition of

cavity defect. Therefore, high-efficiency technology is very needed.



In the past few years, deep learning technologies have been attracted atten-
tion because of its potential for efficiency. This study considered applying a deep
learning model called Mask R-CNN, which is one of the instance segmentation
methods and can detect objects at pixel-level, to the cavity defect detection inside
the wheels, in order to automate the product internal inspection process. As first,
we divided the wheel X-ray image, which has a very large size, to smaller images
by applying a small sliding window on it. We also set the stride of this sliding
window as its half size to increase defect-contain-data and prevent miss when in-
ference. Then, using human-checked mark data as ground-truth, we conducted
two experiments.

The first experiment is aimed to confirm that Mask R-CNN can detect cavity
defects from wheel X-ray images. Although our target is cavity defects only, these
defects exist inside of the wheel. Accordingly, using one wheel type, we compared
two models that were trained from data with defect-only labels and data with
defect-and-wheel labels. As a result, with test data set of the same wheel type, we
confirmed that either model can detect cavity defects from wheel X-ray image as
human-level, and the model that trained from data with defect-and-wheel labels
is better because of the reduction of overdetection. However, because of training
on just one wheel type, the results on other wheel types are not good enough.
Therefore, we knew that the detection efficiency is depending on wheel type and
proposed to create a dedicated model for each wheel type.

However, labeling data for ground-truth is required time and human re-
sources so there is a trouble of lack of data. For that reason, the second experiment
is conducted as a solution for the lack of wheel data. We tried to fine-tune from a
model that trained for one wheel type to a model for a different wheel type with
less training data. As a result, we found that the number of data required learning
can be reduced to below one-sixth, and detection efficiency equal to or higher than
that of the dedicated model can be achieved.
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DIELHVENTWS, X BTIRE LS4 — VEBHRIZAREGRTH 5. HRNOH
W RETH D, B Bo T3 HTTIESBOEINHE LoTwd, 2D
&, M11DEDXHI AL DIBEMEIAIKS 22 L5, 2FNREOEI N
BUICH 22 L AR TH RN, FEERZNE2HER L THEOME
ERZMET 2, Lo L, £ET A v ECoHBMEX, AL ZEEENEZ
Zt, REDOEEICHN L THRENKERZ L EOMERD 5. S oIHEBEORER
2 & D EHbEiF R E AL D 2 L0 s, WHEE EIEO I LDXHEETHD, BWIcX 2
BEOHILO = — XDBEE > T 3,

FREMMICBI T 2RI > » T, FICHEO X #f CT Wigmidz M L 72458 [1]
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HEH A A —L D X SRR % 7201758 [5] diTbitied’, Ko7z w» X SR &
T 570, BEICHHEERE-> TS,

HEIH R A — L OFRBEMEOMER & LT, BEROEEDPHME TR W E13F
Zb6hs, LT, AA—0ND XREERTOHRIT TRHIZL ) ar2icBi kst
ChHy LA RV, HEEXPEOMELD/NSTFTHRTH 200 T LIFIE-
EDERTE VALY, MHNOKEICHEL2 52 5. GETE, 74— 7—=v7
() 2 Ao 7 BEERREREMNMED S N Tw» 5, ZIUIBEFEOEIR T — 2 ISk L
TavBa—¥z24¢EI¢8MiTchs. 207D, HRVPHUBICELZIN TV AL
TORBERE T IVHIMERTE 2 HRERH D, T4 =77 —=v 7k ) sFEBEHD
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Lo L, HEHE R A —)VIdERL 2B LIRS D, Z2 L TBEICHDO R A —L
DHEFEINTED, 2TOHA = VHICHIETE 2 €T I)VOERIZIER IR &%
Zbsb, ZLT, ¥EOLDICKEDT —IBRBETH 5720, T—F¥ AR EOfE
bdh 5.



H1E U oI

1.2 WHEBEMN

AT, AEDPHERL 28RO T = 2 v, BEHE S A —L O X SRE#HRIC
Mask R-CNN[6] £ \»9 T4 =77 —=v 7T N2EAL, SBECHREZ AHIC
BT 22 E2HET. £, 2TORA —VFEADHIGIZOWT, &h A — LfEE
FAETVOEREMRIELE L, T—IARDOWEE L CTHEBEEEZ S L2 RE
L, 20T =9 BTEST =L G EAES LIZZNU EORBEZ HIET,

1.3 X DA

ARERSLOELIEROED TH 5, 52 FHTIE, AFSCTH B AERIC DWW T
W2, FEI3ETIR, EBRTHOEIA =L X BRERT— 212 owTHHEL, 7—
TERE LT R T DOHFEIZOWTHRN D, 5 4 FETlE, ARIFZE T - 2RI
DWTHRZ, BARWIZ, T FOUEE, HORIHEGEEZSHHL, J—Dh A —)LiE
DEADOFERFEITV, SFROME R 2 ERT 5. £, EEDO KA —LFEADK
IGDEERZIT, BEEEZHVEZEICEDP BT =Y ETHL T — YB3 % i
HERAEDL LR ZNL EORPIISTE L I L 2MEET 5. HBHETIE, INnE
TICHRZZANE, WRZ2F LD, fmrids.
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ARETIE, KX THEHT2HEBEL 2 205>V THERS, 2.1 fiClk, iR
FRICOWTHNT 2, 22T, BAAAZ2—F )%y P 7 =212 THER
%, 2.3 fiCl, AFSCTHA L 72 Mask R-CNN & WEEN 5 ET NI DOWBTIHRNS,
2.4 fiCl%, WBAEIC omfﬁ«% 2.5 fiTlE, WG TRfibNnTn?
COCO 7—%+t v b ZHNT

2.1  [EIfERERE

WS &, WEO T2 S REDER T 2 L, NRY 2 @ik 25 TH 5.
ANEIZE S TREEIZESTOW3DREMTHL20ZFRETL2DIXEBTH LN, av
Ea—%—Itt>T, BHBRIZMPES> T 202 8F T2 DIEFICHEL V., BHERO
WEZ a2 Ea—FICHRIE 5 DI1F 1960 FER0 S HAED ST 2

WG DR DY A 7 \ZHEIETH Y, ANBREREDH T ITVIET 20 %
WAl AMETH 5. AlexNet[7] EMFIENLBAHAAHR =2 —F LRy FT7—7 (2.2
fiiz M) o T VBEHEGEEF 2 7T A FTH %, ImageNet Large Scale Visual
Recognition Challenge (ILSVRC) TER; L 72 2012 £ 5, WifRSEICHIT 72T 4 —
T ==V T DFEIFIIEAEBAAA=Z2—TF N2y P T =7 %RXR=ZAL LT3
%%w?%bw9jm HEROFFREEN AL D BT Ly H 2% [10, 11]. Lo

MRS T, MRS L THEET LA 7Y =7 b¥MbZiEmT 270, §
% IO T 2ALEERD 2V, I 618, WERPIEEFET 2546 TH LTS
TERWVWIELH D,

ZNZMRT 572012, WERBEEOMAEIED S niTw 5, Ykt &, AJih
BICMIBFET 202 Tldal, ZoMELHNT2EMichs. i, HEOY
EORHFEL TONIRT 2720, HMLENTH L., BHRAARZ 2 —F N1y F 7 —
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7% N— 2L TYHRBIN S 2 7 121 7ok 4 e TOVHBEIFE S e, FREITIZ
R-CNNJ[12], Fast R-CNNJ[13], Faster R-CNN[14], You Only Look Once (YOLO)
[15], Single Shot MultiBox Detector (SSD) [16] &> ETNAHH %, Fast R-CNN
X R-CNN O #E TdH D, Faster R-CNN I Fast R-CNN O ®ETH %, Faster
R-CNN (& YOLO & SSD X b WK 232202 % 238, BEEPRORVET L TH S,

- book: 0611
/ |

[X] 2.1 Faster R-CNN DOfEHRG1, EWikZ LRy 7 2132 0RO ME L £ T
Ry 722D EOXFINEIZDOUED 7 5 R &L FELEMZRTH 3. (Faster R-CNN D
S [14] 2551 H)

] 2.1 1% Faster R-CNN ORI %2~ d, 2z i3 &, Faster R-CNN X[ Ic
WL THET 2UEROMEPRETE S 2 LR TE2, LirLl, AFHESL —L
DFHEBHFEICRN LT, BROMEL T TR, BHROBROFFEL 2wk,
Faster R-CNN @ & 9 Wik E T VTl Aot eE 26005,

HRRHR T, WHEREBOZISICHL WIRATIZA VAY VAR T AT =Y ay
ThDH. RO X5, ANBHRICEET 2MEoMELZ BRI L, X6 ICPE»E
BT 2B ERTEIRMTH S, A VAV AT AVF— 3 Tl 2017 I
J& X 7z Mask R-CNNJ6] & MHEN 2 € FADBRENICH STV 5, Mask R-CNN
PEDA VAZ VAR T A F—2a VDETNRIZEAEZNE2SEIILELDT
HY, ZNLIMIZFEZEED 2019 FICHHFE L 2T TV [17] b H 5%, Mask R-CNN
DHFFELEEDIEN TS, 2070, Mask R-CNN Z2fHw2 2 £ kb, HEfH S
A4 =V OFHEFIREZ R T2 2 L 2T 5.
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(c) Wikm d) A VAZ VAR T AYF—>ay
X 2.2 WRSHE, YEKEH, A VATV AT AT — a vyOHIK,

22 BHRAHZ1—FILRXY TV

BAHAA=2—F )% v F7—7 (Convolutional Neural Network: CNN) &, [
BRBHERERICAS HONTVEIETALTH S, BHRIAARZ 21—V 2y P T =713
FICBHARE, 7= v TE, EfGHE, G353 20WMar oI NG, BEARA
AJED AR D L ER~y 7 Thh, ZDANITERFARUEZ T > TR
ZHIB L, BE L G BB L il 5. 77— vV EIEE B RA A E
DEBICHKESN, BRIAAFEE LY Mk, BRrARBONES Y v 7Y
YITBHILICKD, ETNVDRI A= RWAT UM L s, BEELRHEE
T2, &fAEIEAAAREE =) vy ETHRINENF~y 72087 %,
BAHAAA= 2 —F )V Fy b7 — 7 I ZEFERFRECE IS,
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221 BHAHE

BAAAREIZ ONN Tl b EELESTH Y, HAMEIIK 2.3 <R T., A
A hxwxd (diFFrFVE) OHBEEANELTEZS. BRAABIEY A X
hy X wgxd®D74NVTTHET S, KL, BARARUHDID, 74 LV5 AT
HRDF » 2VEIE L R\ & wid ke,

TEPEAE B R

©) —p —y

AT TANK Fit~>7 o

hxwxd he X wp X d hp Xwp, X 1 hpy X Wy, X 1

X 2.3 BARAAEOH, (BAIAAEEIZ ® TET)

BHAAREEIZ 2.4 DX I, 74N ICHIDTHEIANOBEEZEEL, 2O
ZEET S, ZOHETIANIYEBEZANTDO FICBEIL 23562 THO AT DEEICH
LTI, Ry, X W, X 1 DR~y 7036 3,

112|113 ]| 0
2|10 ([1 (13 1|10(2 14]15|12
302|902 ® 013]6 —_— 1011313
1(1(1]0]3 312(1 1711720
012 |13(2(1

24 BHRAAHEOH. (BARIAATHREIZ @ TEY)

B~y 70F Y 2NV EIZ7ANIEICEDZEDL S, HlE LT, BARAARED 7 4
WY1 DEE, B~y 7O0H A RF hyy Xw,, X 1 THH, 74 NVTED6 DY
&, B~y 7094 X3 h,y, X wy, X6 E72 5,
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¥/, K~y 709 A4 ZZATTOY A X, 7405 DY AR, 741V DEDE
FFETH % stride (AFFAF), ZLTEXRNNT 4 V72 TH50E)0THlROLN
%, G, F~ey TEATNOF AL ABFALICH S X HI, ¥a 7y v 7279 (K
2.5). 2D, BARAREIT7 4 VI DY AR, 74 V8, AL T4 FRZFTRT
ZEDBNTH S (BT x 7, 64, stride 2).

@|l0|0|(o|o0|0|o0

@|1|2|1|3]| 0|0 7 (13| 6 17| 9
@|2|0(1|1|3 |0 1(0e]2 16|14|15|12|16
0|3|0|2|0|2]e ® 03|09 —> [12(10(13|13|13
@|1|1|1|e |30 3121 5 (17|17 (20|17
elo|2(3|2|1]e 2 (9|10]13| 3
o|o|o|o|0|0]|0

X 2.5 ¥ua X574 70, 5x5DANERIZER ST 4 v 7 &2fTWv», 3x3D
T ANY TRABALMBL T5 x5 DHIBEHO NS, (BARAAAEKITZ ® TRT)

RIC, 1o NIRE~ y TIRIERIEN & AT % 72 & (TG PALBI B c L 247 9
BIfEIE ReLU (R (2.1) X 2.6) OBEIRWESbNTED (18], 2z FHT
2DNR—RINTH %,

Relu(z) = max(0, x) (2.1)

f(x)

2.6 ReLu B¥%&.
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222 T—=UVIJE

F—=) v @M, HEOAR, XEVMHR, EFTLD.T X —YBEOHIKT
Hy, BHRARBOR %Yy 7Yy 0T 5, 77— v VTEIZERARE
EFRRICZ7ANVZ ERAPIA FRFREL, ANIHLT74 V8 %@L THIT 5.
7= v 7B IR AHIE O RKEEZ H 19 % max pooling (lRAK 77—V v 7)) R
{fbnsg, £, 7=V 7EOHITDOY A ZDBATIDN7127 5 & 91T stride 1%
W2 TREI NG,

16 | 14
12 | 10
ﬁ
5 17
2 9

2.7 2 x 2 max pooling, stride 2 D4,

2.7 1% 2 x 2 max pooling, stride 2 DHITH 2. KD X Hic, 7=V v 7L
AEHDF v ZNVBUIE L 2\, Fhe, T— VU TTED T 4 VFIERT X —F 2k
729, FEICIVBMT2EAD BV,

BHAHZ 2 =Ty b7 =TT, HEOBRARELE 7=V v JTETHK S
N5 DR I AR O E 2 52 5 R A o 0 E A TR O B g R
vy 7THY, THEDAN LS,
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2.3 Mask R-CNN

Mask R-CNNI6] & 2.1 i TE &k L Wit & 2 712 f1) 72 Faster R-CNN 12#)
o227 (MEBHEFET 28) 2RI 2802 E8NML CUELLETLTH S,
L 72235, Faster R-CNN & [FIRRIC AHGICEAAE T 2 Wik © & 2 lagit o’
b5, IoIL, WELLTTICIOYEDRA 7 HERTE S (X2.9).

2.9 Mask R-CNN Of55841. (Mask R-CNN D [6] 75 51F)

A aY vl 2 5y K
SR R ZHERE «~ A7 1K
L RPN L
'd \ ) 'd \
A /
(ROI)
N R—V % | Ry RHEE m
FobT—5 L Tﬁ
/ % <A /
I'd T ' ~IRFAT— Vo
At Kitr o7 \L . J Hi {4
THIS R

2.10 Mask R-CNN O#§ii, RPN (% Region Proposal Network DM,
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12

Mask R-CNN OMHE XX 2.10 1233 B8O THD, "Ny I R—v 2y b7—7 ],
MRegion Proposal Network (RPN)j, ZLC I~y Fxy F7 =27, D320 70y
2 end, Ny 7 R=y 3y b7 =7 Z AN SR~y RT3,
RPN (3 Z DR S VMR DBHAES 2000 (NV YT v IRy 7 R) 2RRT 5,
~NYy P2y P77 =2 RPN BRELZETDONRI Y T4 VT RYy ZJ AN LT F
A ET O, MEEH#EL, SAZEZERLCHENTE, Ny 7 R—v 2y P —
7, RPN, ~v Fxv b7 —7 OFtlOMIEIZLIT 0 2.3.1 fiii, 2.3.2 fi, 2.3.3 fiT
fEaid %,

231 NyIiR—VxYyb~I7—29

Ny JR=V 32y b7 =27 3 BICERDOB ARG S B S 1, AJTHHR DR
ZH T 2 %8 24243 %, Mask R-CNN O30T 50 J& £ 7213 101 BOEAA
AJEPOREREIND 2y b7 =2 2L Tz, 2Ry b7 —7 BRIZiHi&HRs
Y27 TELASN TS ResNet[10] EMFIEN 2 BAAAZ2—F L7y FT—2
DRI TH D, HEIEOREIAMI Y BOERBGONLETILTH S
(2.1 fifi).

7, B2 27— VOYETO ROBIEEERE LN 701, Ny 7 Hh—v %y
I 7 — 2 Tld Feature Pyramid Network (FPN) [19] bEA I LT 5%, FPN (3,
B MOEGREZHA I sy 7y 7P—%77F % (K2.11) ZfHL, B —-R27—
VDA SEEATT — VDR~ v 7R EFTE %,

RELT 7 by 7y
Bk [~
} Hesie
/“j;7 ' e
/// | :
it

2.11 Feature Pyramid Network.
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2.3.2 Region Proposal Network

Region Proposal Network (RPN) [14] D AJNIMEBE DY A XD TH D, 2D
BRICHEDAAE T 288 (N7 YT 4 v TRy 7 R) LWETH LR (Ra7) %
vy FTHIIT 5. RPN oHjd s (Region of Interest: Rol) &MES. AJJ
R ISR EBAEAE T 2G5 E3E DO Y T4 v IRy 7 R RO v
J1&0 5%, Mask R-CNN Tl&, RPNDOANB Ny 7R —v %y P =7 TR6NE
R~y 7’ Th 5.

237 VAR

\ /

]

KIEDT v H—

2.12 Region Proposal Network.

AR % 2T B 72 DIC, AJNCA 74 FEEZBHT S, ZOBBIATDnx n
DA ZPHE T L D ERITTOR~ v 71 Z 8, ZoR~y T 2004
e N v T v 7Ry 7 ZANE (reg) &E08E (cls)) ICATTINS, 2D
Hd&EiEn xn DERAAREE 25D 1 x 1 DEFAAREIL ORI NS,

AT TIE, [ CHEBICEBROMEBHERE T 2 S H 57:0, 1 DDA I A
FEDONETIE, EEOGEMEELZIRET 2. 1 2OBTORKBEMEE £ EIKE L,
ZORTHARADVERLE L kHORYy 72 (7 A—EWE) Z RPN DOAJIE LTH
RRCALBE S 2, ZDORHC, NV T4 v 7Ry 7 ARYREOHE N EEOT7 v h—D
JERE % R T kx4 DfFFICTH Y, FEEOEDIEIANT VA= L TYkTdh 20
EIDPDARATZET kX 2DITHTHL., 7V HA—DHLIEFATA FEOHLTH



2 F AWITEDIE L 7 2 Al

D, #4%1z7—w(€7«»ﬁ)a7x&7HkWQ%§)@&@zma
RPN %283 2121%, &7 V=124 TV 790 (WEPUETROD) Z1ER
T2, XRTFL T TV A—1E 12D VLRy 7 2 LT IoU (4.2.1 fizSK) 23
ELEVH LLBTEEDO IRV ERYy 22120 LTIoU B 07T U ED7 vy h—Th 3.
FHTATTVH—IEETDINVRY 7 AR LTCIoUB 03U TFTD7 v Ah—E7
5., ZNDNDOT VA —IFEEIHER L e,

FELDEHE T, RPN TOHEEMEIZN (2.2) T,

L({pi},{t:}) = _N }:I@sp“pz-+A E:p Lieg(tint?)  (2.2)

Teg

ZTTC, i ENYFTOT Y A—DA YT Y I ATHY, p 13Z2D7 =0k
ThHDHIERHEEL T ff%%;%@7«w®% STHY, RYTA T 7V A7
51, FHT47%60TH5, iﬁ%ttﬂﬁ/T4/7$/7X®u T
RT A — &MLtﬂﬁbwT%b BEARST A T 7oA —=IZWTE7)LRy 7 A
DHLDTH 5. ﬁﬁﬁ@fﬁ%LclS(pi,pi) Fr7uez2rvrabE—%2fHL, XvrT4 v
TRy 7 AR OBRINE Lyey(ti,t7) = R(t; — t7) €95, 72721, RIZ[13] TEH
L 7z Smooth L1 & M:IN 2 4HKBIE (R (2.3) &K 2.13) THS. 72, piLieg D
BWREIANY T4 v IRy 7 AR OBRIE RS T4 77 v A—DH (pf =1) Taf
HEN, RATAT TV A—DEHEIZ0E%S (pf =0). 22DHRIE Nys & Nyoy
TIEBULI N, N TRNT Y AIND, Ny 13Ny FHARTHY, Ny 37V =D

BTH 5,
0.5x2 ifjz| <1

|z| — 0.5 otherwise (2:3)

smoothy(x) = {

f(x)

X 2.13 Smooth L1 ®H%
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N YTy TRy ZAEPRETIE, UMTDOLHI37 X—=71{LT %,

te = (T — Z4) /Wy ly = (Y — Ya)/ha
by = log(w/wa) th = IOg(h/ha)

ty = (" — 24)/Wa tqj = (Y~ ¥Ya)/ha
ty, = log(w” /wq) t, = log(h* /ha)

(2.4)

7220, oy, wEhIEKRY 7 AFLOEREZDIE, @I THH., x, x4 13
ZNZFIHEELIERY IR, PV =Ry JARAETRVRY 7ATHS (y, w, h b
FER)., ZHUIT v =Ry ZAZEL DTNV ERY 7 ANDOEIFELEZ 5N D,

233 AYRXYRIND—Y

Mask R-CNN O~y Fx v b7 — 7 3B DOERALE L 2G> oK S 1,
RPN TIRE I N/ & TCOMEBRICN LT 7 7 298, VBT, <A 7HERE2T
9. AR ORHEE m x m ORI~y ZTICEHL, ~y P32y b7 =713 2 DR
2y 7R 2OOHNICT T L EEEREIIANT 2 EICXOMkoRy 7 AB X0
oI ALZDOWRPBONS., 7o, KEMHEEICNL T2 7 A58, Y 7 A
EENAT L THBOBAARED» 62532y b7 — 7T AV EREZITY. 77 A%
L ATEHEE DKL RPN oK EFERTH D, v A7 ERDBRIZNAFY 70
ALy btubE—%2HHL 7.

2.4 ERBFEYH

WA, AV =%y FOERICEDEE T—yOMEEI, a2 —F%ED
QUELH P 7Sl S 4, BRI B CORRIZIE A B RoTw3, BRAflibNhT
WAHF—% &y FE 120 K, 1000 7 5 A D ImageNet 7 —% € v FTHH, ZD
F—=%%ty b ZMHEHT LEEGEHK T T A D ILSVRC TEBE L 2T AN &
AHD, ZNHDETNVIE, FEAEEBOENPOREZ T4 —7 7=V 712k 5E
FTILTHY, ANMUDIEIZERAAREE 77— v VTETHBEL SN, RZICHZEIE
BEEOET N BNTH L., REDEOH NIV A XE 7 7 ABEFL 20, mk
225 2BHOEOHNIIANTORE~y 77 ThH D, ZORBOBEIDEBRILEEEZLD
2 (BEOEMAEEOLAZZORDOBEOM NI~y 7Tb2). T4—77—
VT DETIVIZE S & R FRICEE T 50, RUKBESIETE 3.
BEOE» S INEETIVHDT, ImageNet 7—% £ v b D 120 T % 2
B 21T EREBIEE IS5, thoF—5ky F2HEHT 2551, B34 0T —
ey MMIHEH VD, RUPSETLZREELTHEETEILELEY, 20
R bz, FEEADET N> SEBEE &) iz T %,



o AR DOILE L 7 2 A5k 16

%%?ﬁki b HHIRTHE L7 2 L2 BoFBIc R, WA I E LT
. BEEE T, MEOYEBETLO L LLIETXRTOEAZHSTDET
:ﬁm?6;k?%%.%%%%%ﬁﬂ?mi,%%%@%mﬁﬁéuk@@%,
T= PP THOEVCKEEDET VPR NAHRBH 5. HlE LT, HEHHE
BCELZET NN 7y 7R L LD E 95 L ZWIDHTE YD 5. HE
BT E 2 €7 OVIIR M NG L BEHBIEICRL T 5, Py Z7I1dHE
e L [ARRICRD Y CH 2720, HEHEIOEWE#E2Ffi>oTwa tEZon, HEHE
DETNVDOEAZDVED T v 7 DT —F THIAETIUL N7 v 705 TE 5 L9
7% 5,

25 COCOF—4%tvh

COCO (Common Objects in Context) 7—% & v I [20] 3¥ERH, 27X v
F—yayv, ¥—RAVE, ¥ aviiIis—Y A —ILDOTF—F Ly T
HhH, v47uV 7 EP2015FREINT—Y Ly FTHD. 2O DA T I
VI, koA v AY 21500 L T —F#1x 20 TKDA LD D 5. YR
Wk, LAY T2 a v IR TIET—IBPRLLREAfbRTHET—F 1y
FT®H 5. Faster R-CNN, Mask R-CNN % EDE7)LiZ COCO 77—t v +%fli
HL7%. Z2D7%, Mask R-CNN Z{fif{§ 2 & ZlX, HpDT7—%% COCO 7—%
Ly FD7H—~<vy MIEHTE I LN RINTDH 5.

(b)) ¥ A VFT—2aryDIN)L
X 2.14 COCO 7—=%+%t vy kD,



BI3E

T—51ER

ARETE, RFCHFEHLEZT =22y FcowTikiRs, 3.1#iTlE, S4—I1LD
FT—F LT = EITOWTIHRRS, 32HiTlE, ZEHD-ODT—FERIZDOWTHIA
95,

Ml

3.1 iR —=ILT—%
3.1.1 RA —)LiEf&

AR CTHH L 22 R A —VEBRIZ LISk LEL ) IR — Lo X fiEiRTH
D, 31177, K31 (a) ZhA—A2oiE L TNLLZH®ER (7ViligR) ©bH
D, 3.1 (b) 13ZDHBIH L CEREFTICABDBR~>—27 2 Al b (v—72
ZIVHGR) THD, ZDLIRTNVEGKE—7 7VEBKIZLI oDy FERD, 7
VBRI FER E T A PHEL, =7 7 VH{RIZ 7 RVICT 3,

312 IRA—IEET—TH

RA = VIERA R H 5. KX DIA — LT —% T3, &% 21 BEO KA —
VR DH L. FA—NT—=FNTIE, 77 »%DH BKK, BMC, AZN, BGD,
AZQ, BMB EWMEEN LR A —VETH D70, EBRTEZNSDHA —VFETT-
o, Fh, ¥PETAIDLD, S —NVT—=%Z¥ERET A MHIZTT, #H&61F
YEH, TAMTHZNZENSE, 2HTHD, FNFDT—FEIFEI1LICEL, ¥
PRIZ 3.2 128,
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" E—
-
" —
-
§ o—
-
o—;
-
o E—
el

(a) w4 =N D7 Vil

NN

(b) =—7 &N’ 7 Vil
3.1 FA—1D7 LT,

31 FA—NHEET—SHK.

FA =% T—=%%X vy M FEM TAMH
BKK 300 240 60
BMC 260 208 52
AZN 180 144 36
BGD 155 124 31
AZQ 150 120 30
BMB 150 120 30
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7 — 5 1Ek

3 H

e

HOTOTOL vy

TULUUUNELULLLLLLLL

(f) BMB

(e) AZQ
3.2 KT % R A4 — VDI,

(a) BKK
(d) BGD




FHI3E T IR

32 751

X 3.1 (a) DI %7 )VEEEDH 4 Rl 4000 x 2560 TH 5., ZDH A AT, ED
EFILTHEEVBNEETH 5720, 7NVHEL DI LE&KICT YL, COCO F—
Ty bDT7x—=<y MIEL TIRY VI TEIEDPRETH S,

321 ZIVEROTID LU

ZIVHEROY ) B LIZOWTE, 7 VBRI he x w, DA T4 FERZBH I, ZOD

W2 7 VBHROFEZH I LT =225, LaL, 1 KD 7 VEBICHELE
?%%%@ﬂi#%~&&m%w ZDA T4 FEDMEEMOBENFIZZNZI h,./2
Ewe/2 YA RXDF e L, M33DXHICUID g, 7)VEHRICT X b 24T B,
T—= D X ) ICBEENE h./2 & w./2 ZEBELTATA FEZBEL 2236, 20
BICNLTT A P27, JHUIIRET ICHE T 2R OBINRN 213 %720 T
b5, AT74 FBOYA ZX1F 128 x 128 12 L 7%,

e 2= S|
1< =3
- |

o 1322
>  PF=Esl

- a8 .
1. =21
I:=5]
1 =5

X 3.3 7)NE&HEOUIDHL,



H3I® T—FEK 21

FEDOHEICED, 1D 7 VHEED S 2418 DO T — ZHEY ) e 3, ~—72
7 OVIHHR & [FARIC he X we DR (=—27H{R) IO L, 70LE LT3,
A = VHZNFNDOT— Y HEROEIIFR 3.2 1IT£ T,

#3.2 HECHEHTE A —ILEDF— ¥ G

At S pey M HHZ LD \%%%b@
TSRO | T YR
BKK 240 562212 18108
BMC 208 497936 5008
AZN 144 343124 5068
BGD 124 206227 3605
AZQ 120 286862 3298
BMB 120 288272 1888
322 BET—YDINUYY
COCO 7—=% 1y FD7 4 —=v MIEHT 57 ®IT pycococreator[21] &\ 9

V=NV TE. 2OV —NLDARRICED, TXVDEDIKELL 2uPfko < 2
7 2ERT 2D B, ZDID, FT—FHBIH L THRA —VERD & R
DNRALFVR AT ZERT 5. XA F VA7 ZOEBGERL A4 X0 RE&HT
HbH., NAFYV2ARTITE, NROVEIZACEE, HTRIZBOEFETERT, K 3.4
DI, BRIEIT—IVHBRICNT 2 — 2 lROKR~—27 ZFHL, w4 =5
VI FEAE 30 DL EiC L

COCO 7—=%+ty FD7 4 —~v MIEHT 2RI, FYERITEEDOE THET
205, NAFVYR AT DIEREZIREET 57 DI, pycococreator Y — )VOEHIZ LD,
ZDOVAY S ABICEMRMT 2. 2D, BHEROEBIICHEET 2IEFIT/NI VR
7—7;§@%&<&5_a@@%._mir—&wbmtwﬁg,%%ﬁwem,

— Y HBRICIEF NI VR~ —7 DRI N2 TH D, 20X I REHRIZEND
%S, T OHHLL LHRD D OEGIZBIRD S 223, Mask R-CNN OFEEIC 13
W W EEZ 5N D,



H3I® T—FEK 22

< A7k
> A= P

7 — Al

7 T3

X 3.4 FA—NEFHBEDONLFY 27 DR, R A —IVEBS O iR D He 3 B
DI-DITEML 7=,

3.5 T=2HUIDHLDOBIZ, SBEPY SN TITTITNI VR =7 BRI N
57 —FMWR, T—F 74—y MY —VOFHICLD, TDX)HTULIE
F—y T x—v FEHB L B,



B 4E

ARFETIE, KXo FERICOWTIAR S, 4.1 fiTl, 7T IUHEEICOLTE
N5, 42 iTiE, HOZIHEiAEICOWTHAT %, 4.3 ffiTld, Mask R-CNN %
FOTH—D R A =) VEIEH L, HEHES A —L o X SRl o 858 H o nlEg ik
ZHERT B EBICOVTIBRS, 44T, A—DF AL —LETHEELETALE M
W, HEDFA —NVRICT A 2T, EEICEHL 20 A A — Vo #FFR T o\
REME 2 WER T 2 BRI O W TR S, 45 fiTl, BB AEZHC A LW T =2 KT
LT =% VETNERAED L IEZNLL EORBEAZTTG T 2 FEBRICOWTIAR S,
4.6 fifiClE, B EECURIELE DT — Y HEBGT 2 ERICOWTHRS,

41 EFIIEE

KX CHEALENy 7R =2y P 7 =7 DOWE&E X 50 8D ResNetb0 TH D,
v b7 — 7 EEIRE 4118 T, RPNDZAIA FEDY A RXE3x3THY, 2D
O A 13 5121 L7z, £72, (8, 16, 32, 64) D4 DDA =)Lk (0.5, 1, 2)
D3ODTARY FHEHFEHL, 1 ODA 74 FETIZ 127 v A —%24ERT 5 X
AICREL, RPT AT TV A= ZHT 477 A—D IoU DREfEIZZNZ40.7,
03, NFVRAHEAAN=1ICL/, ~y P2y F7 =271 41137, 7TV
SCHR [22] ZFIFH L 72,

23



#£4.1 Ny 2 R—v 2y F7—27 O,

JE& % 3
convl 7 X7, 64, stride 2
3 x 3, max pooling, stride 2
- 1x1, 64 -
conv2_x 3x3, 64 | x3
- 1x1, 256 -
- 1x 1, 128 -
conv3_x 3x3,128 | x4
- 1x1, 512 -
- 1 x1, 256 -
conv4d_x 3x3,256 | x6
- 1x1, 1024 -
- 1x1, 512 -
convh_x 3x3,512 | x3
-1 x 1, 2048 -
/ — 5%
7X7
| X256 1 1024 1024
— KT R
RoI /
|l 1ax14 ||1ax1a| || 28x28 |[28x28
|| X256 || X256 X256 i XN
X4
_///// | 1 V&

X 41 ~y P2y b7 —7 0, RANZBEAAAES L BEEEEEZ T
HITDEAAARIEIZ2Xx2THD, BRHOETOEAAAEIZI X3 TH5, Biug
TOWEMALEIEE ReLU TH D, N IZ7 7 A TH 5.



AT HER

4.2 FHEAE

Mask R-CNN ZHw23 Z & &0, ANBIRICHERIEET 209 DT TlER
{, B ONE, WIRLVEETE S, 2070, FHBRO —REDIMNHIE L 72 5,
KX TlE, Tidd IoU 8 L ¥ Precision & Recall 2 i\ CEEMG L 7=,

421 loU

IoU (Intersection over Union) X 2 2Dt v F DEMEEZEXITHETHD, 29
v b OHEAIIHN L CTHEEAOFETIHHET S, 2200y M2 A, BET 5L,
IoU 33X (4.1) DXk HICEHET 5, IoU OHPHIZ 0~ 1 TH D, EOHBR, 77
L, AL BHliinZBEADOEAEIZIU=1L%k2,

AN B
oU(4, B) = 8 - (4.1)

X 4.3 IZP I LT IoU OFMHEGETH 5. ATk, AMPHETANR
Tl —20%I7LEL, 1 DO7IVEERIZHLTIRL AT EETADBERL 72
< A7 (R~ A7) EDIoU ZEtH L TT A MNHDT—% %y b DTl 5.

(a) HEES (b) A
4.2 EEGEREAZMNVS A L B22o0%y FD IoU DFFFEIE,

T/, MHREBHOD, TR 7P INHETH S IoA &, R~ AV
DIEfREL 7-#AETH 5 IoB bEIMEL CHEiT 5. IoA, IoB DEMHEGHEIZFZNZNnA
(4.2), X (4.3) 17,

ToA(A, B) = 2 3 B (4.2)
1oB(A4,B) = 20 B (4.3)
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B ~ =1

RDONG Y Fa TRy 7 ZSFERTET.

4.2.2 Precision & Recall

IoUZMHWBZEIZED, TRV RAT EER A7 DELYEZEETS 2 ENT
E, ZOBEPEN 1TIGED W6 RWESD» LD, HOEZDEKRDIA X —Y LT v,
LT, TAMHT=22y DV IoU 03 L 04 DETADHZEL, 04D
ETNVIZ03DET NI ROEELZR > T 2208, BAENICEI RS A SHh, 20
0.1 DEFMZERT 200056 % 0, Z2D7%®, ToU &3iZ, Precision & Recall
DR FEEE b 3EM L TR 535 & L CRIT %, Precision (&€ 7IVA3HE L 72§45
ISR L CIEME L 728650 (IEMESESE) DEIG 2K L, Recall 137 XV OHRICHTY 5 €
TIUVDIERFHFEOEGTH D, X (4.4) &30 (4.5) DX HICEHET 5. Precision &
Recall D#IFHH 0 ~ 1 THH, mEOTTBRW,

Precision = ISR O (4.4)
CETDM L RO '
LM DEY
Recall = S~ L OBEROK (4.5)

72720, ETNVOIEMHROERE, BETO0 ST <1) 2o, ERvRA7 L%
PUIRT 27V 27 LD ToU Z5lH L, ToU 23BE T DL EZ S IEMREER & 55,
AT, Precision & Recall ORIl T 1% 0.2 12 L7z, 7 V% 1 ISR L T2
DEDT A DD -6, 5 DOFHIEREZEIHE L, BRICETDOT A MO 7 )L
DY %GR L CRHii T 5.



AT HER

4.3 [E—7RA —ILEADBEARER

REEIL, T—HDPR Lo L %R A — )L TH 3 BKK &4 — %\, Mask
R-CNN Zi#H L CHEHE S A — 1O X Sl & OB o naett 2 Ml 3 % %
Bch b,

431 %

BKK &4 — Vo7 —2liGowic, #3dH 2 10000 4, $HH7 L2 10000 %7
VI LTERL THARAAR, FET—4% L, Mask R-CNN €7 LVZHEL, 2050
ETNEREELL, BTV, BREZBERL2WEED, 2EHT—FI3HRDO I X)L
DHRET S, EFN 213, $HEBIFA —VORICEET 2720, SR EFA — Vil
D7 XN EHRT—FIZ A>T 5, O RS IEE 4.2 1CRT. BAROYIME
13 Xavier ¥% [23] TfT o> 7.

# 4.2 [F—AA — VD FERD S,

71 ETI2
BT —% HEHLOD A BEHLE R A — L
rs o 2 3
THT—SH 7 ¥ 8 512 20000 2
HRDH Y7L 1:1
IRy 78 1000
FEAT TSIy 100
Ny FH AR 16
ATy THA R 0.001
SR B AL T Adam|[24]




AT HER

28

432 HERBIUEER

2o90FFNEZH, BKK A4 — LD F A FHO 7 Vil 60 #lc 7 A F #f1- 7.
FERIXX 4.4, FEHRENIX 4.5, X 4.6 IZRT,

1

0.813 0.808

0.8
0.608 9.599
0.6
0.4 2-431

0.4
0.313

0.2
0.114 0.1259.114 I

. HNN

EFL 1 EF)L 2

mIoU mIoA mIoB Precision mRecall

4.4 BKK HA —VOfEHR,

X 4.4 755, ToUIZDWT, 7V 11X0.114, €7V 212 0.313 THH, ToA IZD
WT, BTV 11E0.608, €TV 21X 0.599 OFEREVPE LN, £/, ToB TlX, €T
V1130125, EFI)L 21204 THDYH, Precision & Recall lFETINV 1 EETINV2 Z
NZ0.114, 0.813 £ 0.431, 0.808 2MF o7z, ET N 21T, EF7L 1 & ToA
& Recall 3o 32 B3, ToU, IoB, Precision O /1€ TV 2 D3IEFEIICEINLT
Wb I EDPHERTE B,

ETNL EETN2D Recall 1ZZ211Z410.813 £ 0.808 TH 5. 2% b, AMH
PTCHERR L 728523 80% i C& - L w2 %, Zduc, K45, K46%2R2E, 7R
IR L TOTNDE TN THEEREITICKIG L TWwWb 720, AROHEED L LT
BHBHRTE R EEZ OGNS, ZD®, Mask R-CNN 23 Z Lickh HEH
FA =D X SRR SR EZ M CTE 2N H 2 LR TE S, 72, X146
DIRE % HauE, TV 1IETETL2 X DERENL W N3, Znk)
RIS KEICHEL, 7V LICHIEEL TET IV 2 DJild ToU, IoB, Precision
DR, 2D, $BRERA VT2 HA T —% & L TEE L 72770580 z2 K
T 22 EDMERTE 5,



(a) AJ7i (b) 7L (c) ET V1 d) 712
X 4.5 BKK R A —)LOFERE] (ZHEGR) .

(b) EFN1 (c) T2
X 4.6 BKK &4 — LOFERF (7 Vi) .

433 F&&bh

AREBTIE, HEHES A — Lo X B2 5 Mask R-CNN % H\v, BKK 4 —
ww%—&@%fw%$§L BKK &4 —)VIZT A Fzfrot, fiRED, AR X

ICHER AR CE 2 HEDYH 2 LR L. T, SBHROARERHKAT -2 LT
5a%%rw;b%%a$ — Vi 2 b7 — % & U CH 2 708 2 T
XL ERMERRL



AT HER

4.4 BERA—ILEADEHER

4.3 fficlx, Mask R-CNN ZH\w23 2 & ick D, H—DhA —LflD7T—5 CTHH)
HA A — LD X SBEERD S RN TE L 2 L 2R L. LL, S —ILDOH
HEmEOHILEHINE L7z, 2TORAL —LVEICHIETER VL EVIT AL, Z
DI, REEIZ, 43HICBEVTH DR —LVEO T —F CEEH LT T L 2EK

DHRA —w@@%—ym%xk%ﬁm,#%Kﬁ%b&m$4—w@®%%@&@ﬂ
A % fERR

441 4

4.3ffioe TN 2 (LI, BKK €7V EMEER) 2L, AZN, AZQ, BGD, BMB,
BMC A A — V2T R F 2475 7=,
442 HRERBLUEER

BKK &5 %M\, AZN, AZQ, BGD, BMB, BMC &4 —LDF—FIZF A b
Ao LRSI A7 ISR T, 7, RO E AL 72 BKK 54— D
R EALTHD,

1

0.825 0.808

0.8 0.726
0.599
0.6
@.503 0.473
0.433
0.383
0. 3170 339
0.0
% 0I%B%I @49

BGD(31) AZQ(BO) BMB(BO) BMC(54) AZN(36) BKK(GO)
mIoU mIoA mIoB Precision mRecall

X 4.7 fioH A — LFEOFEE, Mlilz A4 — L& E LD, FHIMNOETFIET A b
TS 2 7 VRO ETH 5.
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4.7 25 BKK H 4 — )VOFERICHR, D F A —VEOKEIZR S 1E%w», L
2L, BGD A A — LD TIZ, ToA & Recall DfEIZH 3 FRERDNETIZ R W I 28

HTED, BT, AZN 54— D Recall 13 BKK &4 — L X hEWLIEERE SN
2. 201, BKK A4 =V TH¥ELEET L THMDO KR — LEOFHHICR L T
HHLEERETE2Z L% L5023, ToU, IoB & Precision 2MEWEEH & LT,
WAL W2 L L, ZORA —VEFEOBEPBINTE RV ENEZOND, %
72, TAMTHHT 2 K4 =LK E BKK K4 —)LOIFIR & OBEfRIC & b SR
DERLEZZELEZONS, ZHUIHOVLTIE, K48 275, BKK A4 —ILDOBIR
IR, BGD A A —VORIFMDO F A — VL D MR T A v 2 FE>TE D, B
WD DI% {, FHEMPNZE A EZDEFITHET 57-9, BGD F4 — L DOFERDIS -
EBHRABWI LR TE S,

CORRED, EFLOBERFA —VOWIRICIRE T 5 2 EDERTE 2, &C
DEA = NVFEADRIGICOWT, BTDRA = LD T =Y TETNVEERT S 2 L
DEZLNDBD, T —VIIA LEENH Y, 2 L THEDHHD KA — LHFEF
INt7D, T=IBERICESTLE). 201D, FFA4 —NVHHEHE TV ZAF
BL7-ADRRWwEEZ NS, £FETA4 v TR, AT TED KA — LFEICH
LTHEZIT)I 2RO NE 0D, K4 —VEEHETLVEZMEHT S 2 &30
BZWEEZ NS,

443 F&&

AEETIZ, BKK ®EF V2w, BKK b &0EBO AL —LEICT A b %2>
7o, R LD, BKK €7 VIO R A — VEEOSEHD H 2 RIS T 208, MEIX
TANCHAT 254 = VEOIRICIRTET 2 2 L MR TE 72,
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I

4

LRIV

AAMAMAMAR UG U]

T o010

() BKK

4.8 FA—NLFEOIIR, (BKK EF L THOT A b fGEHRIE)

(e) AZN

(d) BMC



F4wE FR

45 EBFERR

4.4 8T, TETNVOEEDT A P THAT 254 —VEOBIRICEKET 5 2 L %21
AL, BTORA, = VFEICRIEZSE 27201213, KA —VEEHT T ILVOERD
WETH S, LrL, FBICHER I NLOERITIZABOFRHBAARTHY, &
A = VEBEIZBEEAEAMZ T k), KEDYET =9 21FRT % 2 & I13IEH
WL 2o T 3d, 2070, EFETA Y ECHBNE L HEREZ 1T L 7 —
YEEBTLIEDHENTHL EEZ NS, L, HERED LD, KFH4(—)L
FICH L THLZBREREPRVET VOBETH 5720, RERIE, F4—1LDT—
SARRDOMNHEE L, BKK EFNLE2R—ZIC L TEHEBYEEZHV5Z &2k, AZN
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