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A Study on Concrete Deterioration Detection Based on Periodic Bridge
Inspection Guideline for Concrete Road Bridges by Deep Learning

[ Abstract]

Kosuke AOSHIMA

The vast amounts of social infrastructures in Japan, centering on facilities constructed during
the period of high economic growth, are reaching their designed average lifespan of 50 years. It
is predicted that the proportion of such facilities will increase at an accelerated rate in the future.
Furthermore, due to the retirement of skilled technicians and the decline of the working-age
population, a shortage of professional civil engineers is becoming more concerned. Whereas,
under such social trends, it was set under the law in 2014 that among road structures nationwide,
bridges and tunnels shall be periodic inspected by close visual inspection for every 5 years. The
revision of this regulation largely increased the burden on the government of cities, towns and
villages, as it requires a larger amount of budget and manpower than ever, especially under the
deflation progressing financial situation in recent years. Reducing maintenance costs becomes an
urgent issue, especially for road bridges which own an enormous number of facilities that making
up a large proportion of the maintenance cost of infrastructures. Therefore, I decided to study the
technology that contributes to cost reduction, focusing on the "inspection” that is the starting point
of the maintenance cycle consisting of the processes of inspection — diagnosis —
countermeasures — recording.

In this study, in favor of labor saving in bridge inspection, the research results of concrete
deterioration detection according to images recognition were summarized. This thesis consists of

6 chapters, and the main content of each chapter is as follows.

[Chapter 1: Introduction]
The current status and issues of infrastructure maintenance in Japan were summarized, as well
as the previous research results regarding concrete deterioration detection by images recognition.

The purpose and focus point of this research and composition of this paper were narrated.

[Chapter 2: Classification of deterioration images by deep learning]

As a basic examination of concrete deterioration detection by deep learning, I examined the
classification of deterioration image classes. In addition, because of concern about the black box
problem, which is one of the problems of deep learning, I also worked on the confirmation by
visualizing the judgment basis when classifying test data. As a result, by using deep learning such

as transfer learning for object recognition technology to improve accuracy, the image of the
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concrete deterioration is focused on an appropriate part in the image, and it was verified that not

only the types but also the rank level of deterioration can be classified.

[Chapter3: Object detection and segmentation by deep learning]

The classification, as an easy task for image recognition, was appropriately performed.
Therefore, in Chapter 3, I discussed the object detection and segmentation detection, which are
tasks with increased several levels of difficulty due to the identification of the target object's
region in addition to the classification. The main purpose of this study is to detect pixel-by-pixel
segmentation, a method with high suitability for concrete deterioration detection is selected, and
the improvement method for higher detection accuracy was discussed. Specifically, this method
conducts object detection in advance that detects the deterioration in bounding box, and then
performs the semantic segmentation detection under 2-class classification (deterioration of the
type detected by object detection and background which means normal concrete surface). With
this method, it is possible to obtain more appropriate detection results according to the evaluation
in the actual inspection than when the semantic segmentation of multi-class classification is
performed collectively.

On the purpose of application for actual infrastructure inspection, it is necessary to minimize
the occurrence of false negatives detection. However, the application of object detection and
segmentation detection to concrete with a variety of deterioration by image recognition is still in
high difficulty. Therefore, in the following chapters 4 and 5, the complementary technologies for

segmentation detection as is the main axis in this study that discussed in Chapter 3 was examined.

[Chapter 4: Utilization of depth images for deterioration detection]

Detection method that uses depth images that have depth information in pixel units in order to
eliminate the uncertainty in the deterioration region detection due to object detection was
investigated, which is the front stage of the segmentation method. Though the application of this
method is limited to the deterioration in which at least a certain amount of unevenness occurs on
the concrete surface, it was verified that adopting depth image can detect the bounding box more
easily than statistical learning of deterioration features and locations from a large amount of
human-labeled training data.

Additionally, since the depth image can get a scale per pixel based on the depth information
and the view angle of the camera device, the processing method to evaluate the deterioration
quantitatively was also discussed. Through a series of studies on depth images, it was proved that
the RGB-D camera, which can acquire the depth image in addition to the conventional RGB

image, is an effective device for labor saving and improvement of visual inspection.



[Chapter 5: Deterioration detection using anomaly detection method by deep learning]

As another complementary technology, anomaly detection method by unsupervised learning
using images of easy-collecting regular concrete was examined. The anomaly detection method
adopted both AnoGAN applying deep learning generative model and DOC applying deep learning
discriminant model. It was validated that with this method, regions suspected of abnormalities
can be detected by screening in a wide area image with multiple deterioration, and false negative

can be complemented.

[Chapter 6: Summary]|

This chapter summarizes the study results obtained from Chapter 2 to 5, and describes the needs
for further research on the labor-saving technology for bridge inspection.

As the results of this study, by using image recognition technology based on deep learning, it
is applicable to detect concrete deterioration defined in the periodic bridge inspection guideline,
such as peeling, reinforcement exposure, water leakage, calcium leaching and cracking, as well
as the classification and levels of deterioration. Furthermore, the complementary technologies

that can minimize errors in practical application were developed.
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OB L. —olk, FERFEHETVOHNEUSNOE &, BHOMKEEAIEEET
IR AR & LCTIEA L, DS O7=0IZSVM (R — h T ¥ —~< ) O
FEHETN~NODANNZETO FIETHD. b D —2IF, Fine-tuning & FEIXN 2 FIET, 41
HIXEEFEHLET VOB OEEELEZZFDOEEM, BP0 GEE LE L TYZ%
ZATINE LT BRI HMNET D FIETHD.
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ECS IR

g=7 g(g|7 8| %
A a2 #la| ) # | 2
j] 5A JA > = ﬁ 3& 2 - - IA A
(-] # | & (I 7 7 | & || 7 # || &
B E|g B E| g | R
N rO¥E
e exn wae P8 (D) 227
FEICLIEMOREEARD i = DT
BREETHAEL otn
. (W)
a) FEihHaE L LTHER
 BEEEHLY FO—) |
= = |[= [ Y e
F--} ! = —_— 1 " 1 1 " [N 1
A || 7|7 || ) TS NN -SSR
z kY ARG - -iataly EiE s
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ol all L. ol L ﬁ‘ mimiE "
N J
' £ 2 7l 2lle y BO*E
FE-LSBHORLRAD AR EIE] » SR
5 'y =HIN=) -
s AE AL Y

$TC LB BEOKAEHD
HEZT S

b) 7LD BEFE (Fine-tuning)

2-8 EBRFEOME

ABFIECIE, KEBUE@{GT — % &~ FmageNetx %% L7-€7 L% 4 & IZFine-tuning
ZiTo7=. CNNTIE, ANEITEWEClE=T v VEORKR O FEEA T S 5
DR L, HWABIZITWE TIEYES A7 OEETT — 2 (R U 72 R i & h 5 8
MIZHDEINTWNDEY., 207, HAURBIZEWEIZB W TFEEZITV, T VOFEHM
AT o T2, AWFZEIZ 51T % Fine-tuning D F 2 E2-912 7~k
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Block1 Block2 Block3 Block4 Block5
AN R INGEEE RN EEEE R HAE
»zsalj—bsaz!j—b;asasa;ai—»zsa;a;aﬁ—»asaﬁﬂg—bﬂagﬁﬁ»
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10004 5 X
N J J Lk -]

<

N
AMEN TL SImageNetDE B HE R EROHBET—2TEE mY#z

~ ~ O~

$EHORAEHE COBHOHBEELT
TDFFEH BEEHETHIAR

Block1 Block2 Block3 Block4 Block5 New Block

glz|7 |z\=|7| (=|=|2|2|7|] [=|z|2|2|7] |z|z|2|2|7

2y 2l ] 4| A 7|y ol FAEA Ed D) 4 R )
»:a:a,—»:aaa.,—baa:aza:a, Y FA P ES B 5 EAESESES B

7 || A 1| 27 7 || & (| 7 7 (| & | 8 || 34 | 77 H NG| 3| 74 | 7 9| 44 | 7+ | 77

R R(gl (=™ || (S| W% gl [E|R|=|=|g] |®|%|%]|%|z

N 85 RIZ

— ~ — E VIRIZHE

ANBITELE: HAORBITGELEE:

(ERFTON RS EZEHRH) (BRTOERICFHEL - EZE/H )

2-9 KRBAEIZH TS Fine-tuning DEHA

2-2-3 SRR

7T A5 BT, ATTEHEIZ DWW TRLBEDIRRE, kDT — 2 IRk H % W iEmixup & 1T
72 o T2iKHE &, Fine-tuning® i 2 fl 7+ & o¥ TR2- 1R T 557 — 2 DFEZ4TW, I
fEYERE D) EIZ DWW THRGREZ 1T o 72, CNNIZ X 5 0 Tlid, B2-4h o HEICks W T,
87 7 AXLNENOHEMRNE &L LTHRLN, TOMRPRNERD 7 T A% T
WRD7 TAL LTS, HF7—AOERIRIT, BK2-10128 4R AT O ATl

K2-1 VSRAGEOBRFT—R

R EH

TF—4 T—4

e %R H 3R

g ($E3K) (mixup)
F—A1| ROE - - -
T—R2 T—HUE ($EE) OH - ([ J -
4r— A 3| Fine-tuning DH ([ J - —
4 —A 4| Fine-tuning+ 7 —4% 55k (HE3E) o o —
4r— 2 5| Fine-tuning+ 7 — 43 #5538 (mixup) [ ] — o
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FB2E FEZTBICLKHITEKREBDY 5 RA04E

FRAYSA

Positive Negative

(PRIBEN ) (PRRERL )

HBE =154
TP FN

Positive

(EfY 5 RAB )

(True Positive) (False Negative)
Negative %ﬁﬁ RBfE
= Y
(ERTSRH ) (False Positive) (True Negative)

2-10 ;ERT%I (Confusion Matrix)

AT T2 REATHN 137 F 2D R E L Db DT, EL pETEZHE (|
HUR [EEMER] =TP, (TP+FN)), #o> THB LA (AREIEFE=FN/ (TP+FN))
EHMDZENTED. FT—ADNEMREZIRFTHOEATERLZ S O % R2-2~2-

i, B —AD7 T APNFRPLR2-TIORT. £z, TRELOERO 7 — A B8
B rE2-11~2-1812/7~7 7. F2-11~2-18I2 L 5 &, Fine-tuning® EJfilz L v, FHLEROK
g 7o EAA R Sz, FATEEICH O TV DImageNetd 7 — X & v ML, — &2 8K
DT =4ty hTarys ) — OEREORKR 7 AFTEERTHARL. L, A
TNZEWE TIT O HIWHRZR R oL, 2<BZR27 72 TChdar 7V —ro
TR T 2FEBICBNTO T ORERBHELATHD. 2, RIS, CNNOFEE T
IWMEARAFYER TR <, FRICEET T — 2 D WGE1E, @5E oMl oL 6 HiEh)
RUMEA 525 2 ENBEEL IR TNDEY., ZOANDL b, BEEOKRE RN LIZHE
LicbDEEZOND.

T — ZYLERIZ OV, Fine-tuning& OFHA G HOHE TIIR2-7TE L UR2-161Z A 61
2 E9ITAK « EBEAIKdTHBLERE R T L2, fhatkiom EAR 0, %)
PEDSHERR C & 7.

F 72, mixuplZ OV T, HIEHICBIREEZ S L) ICFEET 2LV 5 ER D S
FetE» &, WK - dEfEa DI K OVRIEE - $RAEE O X5 IZRFE O ZER TRRE O X3 &
V7 IANS BTG E EN DG LTiE, ZoaERMFEINTR, EkoT
—ZIRIF EDHRITHFE N oTo. Sk, REOERD 7 7 ANDHDOMHEDE
WCIRELTHERT 2%, MHAFEEZ LRLEEFETORIMELERTHETZU.

TAROFEFHIZ L > THFOIXS DX EH DM, 57 —ATIE, 7 — A4DFine-tuning
+ T = HILRDEMD, KFEDOERLE XOREROEE CHERENEESHEE 27,
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KBFHEAIRIZOWTIE, 87 7 AD P TR b HIRNKL, 7 —A4TH% Th o T-.

OCbih b oKL, [RK - EREAKe) EWIFHii e & bic TOWbIL) L LTH
PN AT O ZIRT, B E LTOENGTDOREEAT D720, Ebbh—hor 7 x& L
TOHSEITEH L VWG N H-Telod B2 b5, o, FK - A Ke-268i71 & DOFR
kil b 2 <, BEMAEZIRIANS ED T T2 WO BAIcER LD EE R 5
oD, B, WK - AKX, 77— A3L 7 —R4L OB TOHBEROM LR KE
Mo7o/ 7 AT, Fine-tuningZ D7 — X PLEED MR N KENWEBZ6NH T Ehn, #
fi7 — 2 O T LIk, BEOmERKNLEEZEZLND.
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2-3 HIETRBLDAIRILIC &k D FEER

2-3-1 Grad-CAM

W, 7T A58 AAT O BRICHE B LI o b 2170y, DB OV T ORMGEZAT
STz EREEEERICB T 2HEO—2IL, FENLGLNIZET VL 8, THI,
BE AN EZAT R o2, MROBIMEFH CEXRNE NI T T v 7Ry 7 AREN
XFond. BEREONSEFICENTE, ZoOX ) AT LT, HIBrR L A B AR5
HIDDFENZHIRBEINTND., TN DOREFIEOHR T, RFRETIE, 77 AD
SHEICEBNT, HH L TWAHHIREZ a3 5 & ) F5#8 % A3 % Grad-CAM (Gradient-
weighted Class Activation Mapping) % W\ THFEA 1772 > 72. Grad-CAM |%, T X 7
—Z% CNN ~ANLTZBRIS, 7 7 ABFHICEDL ETORFE~ Yy 7OHFLHOES W%
BHL, ZOEHEZVEHRL TN SV FEICEY, E— by 7ORO KT, 7
T AR E L Ltk T e b b B A KT 25 il Th 5.

2-3-2 WIRILHEER

EEWRDOT FZADT A NT—=H2IZx LTY T AREEIT>BED, Grad-CAM (2L 5
FIRTAR L O vl AR R &2 &' 2-8 (ZoRT. FIEE - kB EEH e LISMTE, Fine-tuning 21772 -
TWRW7—A 1, 2 & Fine-tuning {778 5> 72— A 3~5 Ti, WfEICHEm N > T
BV, 22ffilCkT5BEROMERN LEETD.

2R3, 4, BROGHEE - SATEEN d SRR - AR d IS — 2 5 TiE, R
TR IIE LT, 7T ADOKHEICHFSG LTS Z ERPRICENRTERY, @mulcs
BTN ETHBENTWD Z ENEMT O, HIEE - SR d &K - BEHE
AR d X, 7—A 3, 4 TIXEMZ 7 21T 2 HEMENIZIE 100% TH 2 DITxt L
T, mixup CTF—Z ZILE L7 — A 5 TITHEMBEDONELL Tl 2 FH T 50%LL T &7
S>THEY, HEALTVWDHHEEEY] T, HENBIKE 272 &I R Tl
%, HEE - SEmEEHbIAK - FEHEGIKY, c T 7B We T 7135 — X 5128V T
r— A 4 3B O HEMER QAR TIXR SR WA, d T o 7 TR L) E e R MK
TLTWD., F—R 5B\ THIEE - SdR d LK - BEEEA K d OHE RS SR A
oD, FEORSD d THLHZ END, EMORSE LR FIORKSE O mix
EELT —HIRE R ST LI BRI ZGZATEHEL R T bDLEEZLND.

TSR EITHRIK T, Y—A NI NBTr—A2 T8I TAPS I T A, Fr—A 3N
L7 —RA4 T8IV TAH 67 T AIZHONT, 2-11~2-18 ([T HERAm ELTW
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L. 2L, F—A2IZOWTOT A M7 —ZIZxT % Grad-CAM O ARG R T, #
B - SR EE T e LISME 7 T A OFBNCBRZRNESICER LTRY, HEME S EfEO
7T ACODOWTE LM E £ TR > TRV, F—R 2B 5T —ZILiROZhE
1, B 2-11~2-18 (/R T4 ME L CIE T2 28, FIHEERAFEA 3R & S Tuvd CNN
ZBWT, 227 ) — MEROBEHRIZBIT 5 H 55 ZHEMEDD [0 IR S & i T &
HETNERSTWRWED EZEZ HILSH. Fine-tuning 21T > 72 BEBEDO S — 2 3 T, X
IR Ay ) — MEROBEBGOREAZ BB CE5ET L Loz &R, TR
7 — 2%t % Grad-CAM O G R, EMED 7 T AW THIEMSRA R L2l
EROTZZENBEMITOENTND. F—R3 &r—24 LHOERIE, ETLVOEN
—E LV EIC R ol ECOBBROBEDOELTH Y, ARERY LMD Lo
STEMREELEZEZBND.

UTIZ, 8FBD7 7 ADZNENICONWTHIRT S

(1) VUDbN

=21, 2°Ci, BEBEAEICERLTHT, OWDILOEA KWEZ I DWW T
HEHEEDOERALTEY, B 7R T L EMREILZr—A 1 T5EHFE, 7r—2A
2TAFRBLEVIEMARHERTHS.

Fine-tuning #1772 > 7=/ — A TlE, 7 —2A 3, 4, 5 OWFH LR O MEBIC RIS
ALTkY, EE7 T RHT HHEMREIZTS—A 3 T 97.23%, 77— R 4 T 99.92%,
=5 T9470%E VTG EmWHEEMRKTO I MLONENTH Y, WY 2R Thoh
TWb. r—2A3, 4, 5TliX, OUODLNOEHSPRbEELZEKE - Tk, W)
REEIICEH L7 BT, TOWbI EH5BL TS Z 2 EMIT L AHER R TH S.

(2) %IB - AT c

r—A 1T, EGREERICER LTRY, B2 7 AT 5 HERSR I REE & 72
STeb DD 28.16% LKL, SEDHEIZZ LT, Fr—2 2 TiE, 2R EBERRW
EICHER LCTRY, EMI 7 AT 2HEMEILIFZATHLN, r—A 1 LR
W OHEIZ 2 Y PEILZR 0.

Fine-tuning 21772 o727 — A TlE, 7 —2A 3, 4, 5 DWW b LR O M A IS
HLTEY, EfEr 7 RAkT 20 EMEIL —A 3 T 98.87%, 7 —A 47T 100%, 7
— A 57T 8881%LWNTIbEWVHEMETD | MONEALTH Y, WEIZR 38R T T
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W5, 27 U — FOHBER S OBRBEIKO A ZEFEH L CBY, @YRMHEKICER Lz
e, THEE - @ c) OB LTWAZ LAEMITLANGLERTHS.

(3) %lak - HKAHT|H d

=21 T, <R VEIKICE R LTERY, ER7 T AT 5 HEREIT 5
FH ChoTz. r—A2TiE, - BRHJELOEHLEB L TVDR, KPEFa<H
FBARWVWEEKICER L TRY, L7 7 20T 2 ERBIIREGMHLE R0 DD
27.75% LM<, DEOHEIZZ G PR,

Fine-tuning #1772 o 7o/ — A TIL, 7 — A 3, 4 L HICER OB A MEICER LTE
v, IEfiE7 T ATxT D HEMRIZ S — A 3T 99.94%, 7 — A 4 T 100%E VT EE
WHIEMESRTO IO TH Y, WORSEPITONATND . S I8 DD 23 i

WA LUHEEE 2> THY, SHoRH ESMmEADa 7 U — hOHBEERSICEH
L7z b©, THBE- St dl E0HEL V0D Z 2B o abiERTHH. 7 —
A5 T, S TR a7 U — FORBERS OEBIZER LTRY, EffF7 7RI
T DML THIEE - BRAFTE M ¢l @ 52.51%ICk < 2 & H T41.14% TH - 7=, [ HEE -

PR d) TSRO mEe, TRIBE - BRAEEL o) LRBRICa 2 Y — FORIBER Y %
BATWDZ LD, mixup 12K DT —XILEOREE, FFHEORX T NBEERIZ/ZR -7
b &b, ERkoT— 2RSS T H2EAMEITIR O o7,

(4) RIBt - HKEFTH e

DR & B2 V) Fine-tuning #1772 > TV a2 —Z 1, 2128\ T, 2RO mHEK
WZAEBRLTERY, Y T 23 2 HEMRIT T —A 1 T61.46%, 77— %2 TI1.11%
EVWTNHEWHEEMETCO I MOIRMLTH Y, WY e A ThbiLTnD.
Fine-tuning #1772 > 727 — A 3,4, 5 I2BWVTH, RO ZHMICEB L TEBY,
Efif 7 7 Ak D HEMRIT 7 — A 3 T 100%, 7—A 4 T 100%, 77— A 5T 99.94%
EVTNEEWHIEMRETO IMOIEM TH Y, WORSE M ThlTnd. S HITEk
OB EPE LW NGB LUICHEKE 2> THY, SkihoF LWER & 8k )E L
Dary J— hORBEMIICER LTz 1T, THIBE- SkhfEte) LWL TWWDIZ L%
AT A BUERE R TH 2.
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(5) mK - ERERIK c

r—A 1T, EREEICERLTRY, Efifr 7 AKT 2 HEMREIT4HFDTH
ol —A2 T, BREBBRAVEICER LTEY, Eff7 7 21239 20 E
FIX6HFERAT, r—A 1 LEBRICHDHOHEICZ LT,

Fine-tuning 21772 > 727 — A TiX, 7 —A 3, 4, 5 DWF b 2RO K 2 I 4
HLTHY, Eff7 7 RATHT HHEHREIL—A 3 T 71.56%, 77— A 4 T 99.56%,
r—A 57T 68.5%EWVWTHb@EWVEHEMETO I MOIEN TH Y, #E72aER Thi
TWs. a7V — o ARRBRHTEEREROAZEH L THY, @Yl E
HUL7 BT, TRAK - BBEGK el ERBL VDI EE2EMTILAHRILBERTHS.

(6) WK - HRERIK d

F—A 1T, BERAEERICERBLTEY, Eff7 7 23T 2 HEMEIZ2HEB L2
STb OO, BEOEEICEZ YT ARV, r—2 2 T, WG K ORI 2 S
HLTWDA, REFEBEBRRWVEIICER LTEBY, EM7 7 2263 5HE MR
E3FRLERSTEBOD, Fr—2A 1 LREERICOFEOHIEIZZ L IR0,

Fine-tuning {772 > 727 — A TIX, 7 — A 3, 4 L LIZZEROEKZMMEICER LTEH
0, EfRY T AKT D HEEMFRIL T —A 3 T 98.54%, 7 —A 4 T 9823% L VT b
BVHERETO LMLONEL TH Y, #UI2 083 Thh T\ 5. EEEA K O 5
DB UL oo TR, WEHEAIKIZHIREICAE B Lz BT, TR - 5#8EA K d
EFILTWAL Z R LR R TH D, r—R 5 TlE, EREAIKOH
A H L TWER, KRETEEBRRVWEIKICER LTRY, EfY 7 X248 T
D HeRIE TR - EBEAIK ¢ @ 45.25%ICIR<S 2FHA T A283% TH-72b DD, 7D
HIEIZZ YL 20, mixup (K27 — X HEBROFER, FFEEOHE 2 TR ERIZ R 72
b &b, EROTFT— 2RSS T BT O o7,

(7) WK - EEERK e-1 (DB D)

=2 1T, BRSO BIR RV EER A DI BB eR A AR LTRY, Eff
7T AT HDHERRILTHER Thotz. 7 —A 2 TiE, WG IR OIS % — i
HHLTHDR, REFIESERARWVEIZER LTEY, ERY T 22k 24 EM
FiZ4 /A TH ST
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Fine-tuning #1772~ 727 — A TiX, 7—A 3, 4, 5 OWF b EIROHEIK % IS
HLTHY, EfEr 7 RAKT 5HEMEIL—A 3 T61.37%, 77— A 47T 100%, 7
—A57T95.73% L VTG EWHEMEKETO I fLDNEML TH v, BEIZR R Thi T
W5, EHERIKOBTIE 3 O T, M RoTzD b b OIRO R 2258 55 03 e b 52
BUT-f L oo CThY, @YIZRHKICER L BT, TRAK - EBEAIK e-1 (DB 5) )
ERFELTWD Z EAEATIT D bR R TH 5.

(8) MK - HeBERIK e-2 (85i1)

=21 T, RRUAOELS BRRWEBICER LTERY, EEZ 7 2254 %4
EHERIZ2ER 2o b 00, FEOHFEICZYMHIT 2. F—R 2 T, KO
G —EHAERLTVDD, REFEBEBRRVERICER LTRY, Eff7 7 21kt
LHIEMRIZ2EH LT, 7r—A 1 LRI EOHEITZ ST 720,
Fine-tuning {772 5727 — A TlX, 7 —A 3, 4, 5 OWTIHEIROMEIK % eI A
HLTHY, Eff7 7 RRT5HEMREIL—A 3 T 7831%, 77— 4 T 97.19%,
=25 T87.60% & WNT LG EWHIEFRTO I fLONERLTH v, W2 32T h
TW5. WKDEHZOH TS, FHITORAWEHSRR LB LILERE - THY, il
U pfEilc A B L7z BT, TRK - WFEEA K e-2 (87F) ] E B L TWDH Z & 2EMNIT D
AR TH 5.
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%£28(1) BRYSADTFRAFF—4I(2F B Grad-CAM [Z & BARILRER (2D 1)

HFRROTRERE
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%2-82) £UVFADTARALT—ARIZxT S Grad-CAM [T X Za[RILER (FD 2)

LI RO TRILRE |
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2-4 FEO

ARETIE, BEPEICLD a7 U — bOERRIORLERG & LT, ZIREigo
T AT OWTHE 21T o7, KREIZBT HMaNC XY, UToREZH LN L.

(1) WEIETFEZ A E UTo i TR W R d KOS AL IR o i 52 5 2 200 7 — # 12
AWTh, BEERICLDEBO 7 T ASEICEWNT, BROFEELFREDX S
GO TN STl ECEWRKETHEMMTALZ LW LN L.

() a7V — hOERICHETDHAT — & B+ 3R BETRVWEATYH, 24
IZOWTOHFEAIFEEFAET VE ROV TEE Y (Fine-tuning) (2 . FEE D
O ERRND ZEEH LM LTz,

6)%E?%®%ﬁ@—omfiy&ﬁy&x%%ﬁéﬁ6néﬁ,%zb?—&mﬁ
L TGrad-CAMIZ & U 43R5 0> 75 H SEB 0 Al AL 217 72 o 7o R, ) 7238853 1278 B
L7 LT 7 AGBOHEZ1T>T\W5H Z LAl L7z,

LFREOMR IV, HFEEEICLIWKEEEN WS 2 LT, a7 U — hOER
B2 T, BEBNOBEYZRHSICER L BT, ZROEEHOZRZ2 L TRIEDX

DL EO THEIS SEEITAL 2 EBREETE 2. HkOBE 217 5 Wik LT
B TAT =T avid, 77 AGEIV VG ERENS A7 Th DS, OB &
WATHI 8 B VNI BEMEIC 7 7 A0 HEEIT ) TRZ(R5. KAEOMREEZEE X T, KET
XS EREL R AR I 7 AT —va il 27 U —FOER
B o HEIC W THRE 21T 9 .

Fo, BWETFEIZLD7 T A0BIE, BRBRSEOEINE 2B C O mifg 2 IR
ERREOHW 21T OB, XEY— L ELTHIFATE L EZOND.
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#

3)

4

5)

6)

7)

8)

9)

28 SEXM
AB T F— RRF, 7Y A K2 K% ImageNet Large Scale Visual Recognition

Challenge (ILSVRC), http://image-net.org/challenges/LSVRC/, (5 #&F4'% H :2020.03.01)

Deng, J., Dong, W., Socher,R., Li, L.-J., Li, K.and Fei-Fei, L. : ImageNet: A large-scale
hierarchical image database, [IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), pp.248-255, 2009.

LeCun, Y., Boser, B., Denker,J., Henderson, D., How-ard, R., Hubbard, W. and Jackel,
L. : Backpropagation applied to handwritten zip code recognition, Neural Computation,
Vol. 1, No. 4, pp.541-551, 1989.

Krizhevsky, A., Sutskever, 1. and Hinton, G. E. : ImageNet classification with deep
convolutional neural networks, Neural Information Processing Systems, pp. 1097-1105,
2012.

LeCun, Y., Bottou, L., Bengio, Y. and Haffner, P. : Gradient-Based Learning Applied to
Document Recognition, in Proceedings of the IEEE, Vol. 86, No. 11, pp. 2278-2324,
1998.

Simonyan, K., Zisserman, A. : Very deep convolutional networks for large-scale image
recognition, arXiv: 1409.1556v6, 2015.

Zhang, H., Cisse, M., Dauphin, Y. N. and Lopez-Paz, D. : mixup: Beyond Empirical Risk
Minimization, arXiv: 1710.09412v2, 2018.

Hlest - REE AL =2 — TV Xy NU— 2712 XD EG AL & iR,
B WA (E P BN JE S, Vol. 115, No. 146, pp. 55-59, 2015.

Selvaraju, R. R., Cogswell, M., Das, A., Vedantam, R., Parikh, D. and Batra, D. : Grad-
CAM: Visual Explana-tions from Deep Networks via Gradient-based Localiza-tion, [EEE
International Conference on Computer Vision (ICCV), pp. 618-626, 2017.
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F3E ZFREFTISLIAMEREEEIUEITAT—3aY

3-1 HEFT—2 DHER

W2EIZEBWT, B 7 I ASEIIHOWTIE, —EDORENGELNT. EgENS D
a7 ) — MEROBE OO, S SICHIEND & DOEFITIERMAEEL TV D D
EREIEIMLENDH L. T T, KRETH, WERHTIEL I A T —va U RiE
EHNT, 2RO E CE/HET D EREFT OB D F X7 ICHOWTHREF 21T 5 .

7T ANEOEMT — 21X, AT x OWBIZR LT, 77 AEROTVEIERy &
L7e_7 T S S, 2L T, MM FEEICEY, B x OANICHLT, 7T Ry
EHAT LB ERMCHE L T\, 07, IR O BT — 21X, AJx O
fpioxt LT, MM (Y7 VB ORIER®R) &2 0BB#Eko 7 7 A& EM y &
LT Tk END. £, 7 AT —va VOEAIT — 1%, AJx OB
LC, [EEOMHEEE &7 BV HEN TRy LCEHg & ORI a0 GmD 7 7 A % IEfif
y & LIeXT S D. £ LC, fmaEtPEIC K HEE T %L, Wi x O AN
R LTC, 77 ANBEERAKD 7 7 AN THBEES 50X E 7 VM TRy L
A y L LTI T ALY, Z AT OGS ENEE LRSS, B3-112, Fh
TNDHATIZEBT HHET — % DRERRIZ DWW TRT.

BT — % OIERIZEE L CIE, 7 —ZICkt L TRl 2 M A TR E L TR 5357
JT—=va vy EMHENAIEEEITOLERH L. AT x OEBICR LT, XT ERDHIE
ey OFERZERE LTHET L. REFEOHMO Y FEHTIE, B2-11TRLE T3
) OBEBEOEBOANB LM £ 0 x — y ORMOHETE, THER OB OE(4
DAT B X OHEGRAS RO INEABRIATONDR, Z07 77— a rOEEIIANT
WCEDMEENRME LoD, T/ T—varyORhix, 77 A58, ikkit, €72
T—varvk, ZA7OBEEL L BIZHERL, FRICWER O IR O FEEEE &,
BT AT =2 g OB O KBS ORI KRR T E T 5
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piy b
(Xa1 9 Ya1)™ X425 V02
Xa1 [ Xa2 Xp1 Xp2 -
a = v X
= Va1 : o i
.! u 55 BBk R
s Va2 [/ =
Yn

il”l”l““

Vb2

DR IRk - BT Hid
SR Hat - Bk AR E Hd v SESA 1

Y (Xp1 5 V51) ™ (Xp2 5 Vp2)
ABx: Ahx:
- B - EIfR
IEﬁX 3 . EfEy:
FSRIL (9T RHER) " ST (52 EEDWHR)
- SERAEBDOSIRNIL (VS ATER)

aMERE (ERDY 5 RAH8) bkt (EREFDBRELEZDI 5 X75R)

W - SAA R

L B

AN x:
- E{§

IEfEy :
 EROEEEL SR B TR AU ES
 EAL R0 B EDSA L (HS5AER)

T AVT—Yay (BEROEEHHEETDY S X D)

3-1 EBREBHICETIHET—2 DEMR
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3-2 REBFBICEHPYKiEH

3-2-1 YAERBREOBE

WiARH (objectdetection) & 1%, BN DXI% LT 5WE%E, ZOWIKIZHET S
M ChHie & & BT T ADOGEEITY, WEBENO L 22X OELRWIKNR G > T\
MmEWVD, (LELY T AEFRKICR#TIMETHD. ZoNET D HEEEKT, Y
VT 4 7Ry 7 A (bounding box) & FEIZILTWD. Mk OMFsEIL, MEREL T
Tu—FOBENG, TR CESmiE) LERE2oMT 28], T=RoBRE O #®
WA TH DR EWE RIS 28], THREIRO 7 7 2@+ Wik Zmitd 250
B D3 DICKPITED E SN TS D ITAFEOREEE N Tk & 72 o 72 IR O iF
JETIE, TO3FERO MG D 7 7 ACBT 2MEE BRI 28] BNHLRT
—<wlhoTRY, AMETHELETEar 7 U — MEBEYOERKBIEL, Zhigi%y
T5.

PR ORFFE I, BN Z RS & L7oFE 2 s < bl il Eh T & 7.
1990 AL LI, 7 7 A0 & FERIS, BiEH O mRTORME~SY MLt L
T FIEIC K D0 EZAT O FIER R & o 7o, SFDRFTEE & 7 2 W A5l eIk
DR, HOLHFEOY A AOHERE —EO 7 B/VHEMN TR T A RS THEIBEIRE
TEATAT 4 T4 RUkE, HONLOWIKDS L &% %2500 L C ko itz
B OSATBIRMIRRIEEIC L W ITbN . 0% 2010 HCLIRIE, BRI L5 Tk
DERER>TND.

@8 X 2RI o E O FEIL, R-CNN (Regions with CNN features) 2|2 {&
% EZANRKEU. R-CNN UL, 2005 25 2012 ISR S A2 BGFEF#R D = T ¢
T = > PASCAL VOC Challenge (Pattern Analysis, Statistical Modelling and Computational
Learning Visual Object Classes Challenge) YD W[ F — &% & v MIXk4 25 2012 FRf D
mAP CEX#E AR AP OR 7 7 ADNY)) OmfEs 30%0L ki Exw7-2 & T %
WOTEMEABHTETH D, 2013 FI21E, L KEELRBE®RT -2ty FE2H0D
ILSVRCOIZEWT S, MEBH O X A 71T 2307 4 va YRR E N, RxIZ
B2 FERRAFEINDL & L HIZ, REOBESCHELM L LT TnD. 3-21z,
ILSVRC 23T 2 W R H D JEE & O RARIZ DOV TR T,
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80% 73.2%
70% | 66.3%
L I 62.1%
ﬁw%-
0 s0%
g 20% L 37.2%
o0 |
g 30% 22.6%
g 20% |
B o |
0%
2013 2014 2015 2016 2017

3-2 ILSVRC & [T 2 MikiEH DB EBIE O Ri#E

3-2-2 FEBEIZICLI2MHABRE
R EC X 2WIRKIIE, R-CNN 12325 L, UEBZ<OFEPREINTND
R-CNN O FJl & LTiE, Selective Search”% DY IR EAMIEORE FIEIC IV o
B OW G A, TNHE—2FT D CNN IZASNL, ENEhOFEERICOWTERY L~
%4 SVM bl 72 7 7 ACHET 5 TRZR T, MHATHhILD. R-CNN L b
SHROTECH D LD, XY EmE CEEESRMEBREFENMERS ATV D, EBEY
BZ L 2R O F R FIEITONTER 3-1 1TR 7.
INGDOFEOT e —F L LTE, R&EIEpEMEE ERBEICS T 65, R-
CNN, SPPnet®, Fast R-CNN”), Faster R-CNN® X3 AR & L TRINEZIT O FIETHS.
PERREI 2 22 L 721210, T OBEMBEE S G2 miE LTy 7 A0S, mEmithk
DA IE 21T > CTHE K (bounding box) 23R E S 41 5. Z4Z%F LC, YOLO?, SSD'?,
YOLO v2'V, YOLO v3"WiZEIURRIE L LT 21T 5 FIETH L. EMlifk L 7 7 2 %
TR L%, BREREEEERL, TRICHT 2MIEZTT> THIBOREEZIT D .
ZOT T a—FOREEO—oF, M TR, B eEEZ R LR ORI
HRRFICFE T D720, BROBEEEZAHTELH0THDL. 202 LIk by, ZRHE
Woarr ) — MK ORRR A R/ NRE Lie, BEOmWRIEAEIGFTE 5.
ZO®HL, SREBHLOVFEIRA LHEINTEY, A47% L ZATIE, M2Det"?,
EfficientDet'¥, YOLO v4"ERER I TN 5D
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BIE

3 R4 SIS [ — N ; =-__ 2
FRZBILLAMABES L UET AV T— a3 Y
x 31 REFBICLOIVERBREOELFIE

TR ON g ikttho TR
33 i
AN SN iiv7] kel ik Voo 0% WUROFFE
7=
Soloative Search B 0> AIATR |CNNIZED T % OO U7 | CNNAF R A AR |7 % O BRI k GRU2000 D
2D v |mEEIzRY, Fo L |OBIBORBE L, Zh |55 A—8 RO, B 8 IS TIRBICONNIZE B R
MRCNN 2 oo |ONN [ONNRRRUEE | e f e By BUBSVM)IZA ) | &) ~bbit B 57ob, HEAE
LTroRE Pl o
CNNIZEDIHR AR DBIRA | CNNFFRURMSHIB MO | W5 ARz L TONNIZES
=N OFHEIRE AL, & |37 A—% Ol i, W, ¥ [ FEdniha 1528 T, 1
SPP- Selective Scarch” G iihkiE |HUBEHIORE A SPPIZE > |&) N[l BB PTREOOBR % i
21 O |mieAsk |ONNONNREBUR |gepisiskn, 25 RIEAEL |TRIMVIEL, BmRy— .
RO PR IV ORI ) J N (BB
SVMIZANLTYF 2%
bl
Wik Selective Search” ik [ROI(Region of Interest; BLUMII) 77—V 712X >THRAI | Wit A AIZHL TONNIZES
et CNNRFEME stz by, 25 2icikfrl |BEHCRZBONNEURE IE ROKURICEIRUI. | [Kidiiia 17528 T, (1
p st ) TR R A SR T, FCN (Fully Convolutional Network; S84 Bt AA T | 350 BTN O A% fif
RO 5% TN AT RO F 5 2Rz fMES R (3.
CNNFBi:  |FCN B TOSRSHEHTE RO AT,
Wil Ak CNN CONNE§fgit  |RPN (Region Proposal ROI (Region of Interest; BMER) 77—V X > THAMIE |l ik hli & PRRE 2 3
|tk BB b — | BRHC R BCNNEF BRI RO LR | (IZEDAFSZLT s (1, 121, 3]
Faster g |CNNK#fE (RPN a7 2) TOEBIZEY, 25 K| T, FCN (Fully Convolutional Network s 52438t AiAA R b (OIETH D! Bulirbso T
MrenN - rovwmmm (FLRCBAIRE IR, |7—2)I AL TR DN FH 2SRRI M [ RI7RHI TSR G0k
T FCN DT TOFR MR AD L& FINAZ15. etk 2L, AELRED)
A Z:l';‘ HIB AR i) G2 Bl
Wi {52 2 BIL I VY RITHUT, 2RISR ASHIE | 41U TREA RN
Jo (ATRIRORE LA DA R KM , ZLTITRE T | ELIAS, HIEASE & FL
SIYOLO * |Wifgsx NN |77 —-— . 3.
Bl et KB ik MO PRESF 2D FWERESL, BIRLISELTf>TY
SRy LRI b R
FRNTIORY NI DIRIO B BRET, %2 OR7 =N D |[SIEDEET, (41K
H5R CNNHHy ISR U THIME S S 2D P EAT, Ak |abkhbz g2l
l61SSD 1 \wifgltk N T - T BHRNOBIEOIEI T B AT IO B
JAZ 3 KOS AR (> i HEE.
_ JEAMIT[S B, PERESEIZED, (4| ORISR
nYO0 wligan  fren 772 S SUCHLT, F—8 e MR I 28 7L TO| L6 DM LIS %
v P S, OVF AT Ny RO, |
JEARINT| T2 ER. PERBYGRIZED, (71X HE
81 YOLO Witk FCN DA o [TWZRLT, SoftmaxtHBABHAY ZT Y ZMBHIEBLT |HME FLIAS, Ko L&
v i DI, 3ODRIEBA—)L TORIRD FIHCLOIERE |5,
2%,
[ mmeEemucos e
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3-3 ERBHADHEBRHEFEDER

3-3-1 #H®EEH

(1) BRAFZE

PR O FIEICOWT, SEEBEYRO Z D07 7 a—F T 0 TR 2 1T
5. SHEREE L TR 21T 9 FEIC DWW CidFaster R-CNNZ, [RUFRIE S Uit &
179 FEICHOVWTIRYOLOVIZZNENRE L L, b ZODOFEEZ AV TERKR M
ORFZITH) Z & Lz, FHICEL L, 2Ro7 IA5HICBWTHELNTZME X
0, MEDFEE L, T—FHEBLOFEEALAETANOHEONL A EASOIEH

Faster R-CNN /%, R-CNN & Fast R-CNN & [AlERIC, RO BEMEL OBRE D%, %
WEE D 7 T A EEITD 2 BREOKREFIETH LS4, B 3-3 1757 RPN (Region
Proposal Network ; fHBEZE 1 > FU—2) OBEANIC LY, 7T A5 T Th < WikfE
W OWR BIRIEFE T o M, BT 2 FIEL TR 5. A&k % CNN IZ
AN LR ETH SR8~ 7% RPN ICA S L7=2#%IZ, k HOEEF: (Anchor)
T AL AF v SETHEROBEMEBEZRET L. HREEOR#M~ v 7L RPN
AT EMEROBEME KD LED A a7 LG EokHE~) %2 FCN (Fully
Convolutional Network ; e E2EAIAALLR Y FT—7) I AHL, BEITARAEZFD T TR
ThHMEFER L OMERHEKZ EET 5.

K 3-3 Faster R-CNN @ F £ E R 16

58



EIE FEFBICLHAVAEBREESIUVETAT—a Y

YOLO v3 1%, MR i OERE & D 7 7 A 0% 4 1 B TRIFFIZAT O
HFETHD., AN LcliBE 7 ) v ReECHE L, &erdulz il &3 250k
fifEIE (Anchorbox) ZELE L, BAHFHBOREE (MES LI DA 37 Lk Lokt
JERS) I BEMEBOMIEEZIT Y. MIKE ST N ZEI 0 Anchorbox (IZEBWT, B ¥
ATF 4y 7BIREHEALTEZ 7AAaT7T 2 TRILT, &I, D877 ALZ2D
7 T ATHHMFERS LOERHEKEZEST 5. YOLO X, KENIEFKLIZZY v RIZ
o TR ZAT 5 1o IZWIRD X — v DIV E WV D RED S 27273, YOLO v2
MODEBWERD—D, 3 DORRLHA—)LTOMRMIZEY, YOLOV3 TiI/haw
MIRIZ L RSN ATEE L 78> TW A, YOLO v3 O FiEME X 2 K 3-4 1287 .

YOLO v3 network Architecture

K 3-4 YOLO V3 DFEMER 7

(2) %7 —4

WK B 28T — % TlE, 7 7 ASEMOHNT — % Th 2 Hif§ & Efig 7~
JTIMZ T, R DAFAET 2 MR O R G WS B & 70 5 2SR EE T O 6 HY D W GEE
KL T, ROy I ADEICAWET =%y hERUEBICKH LT, HO2LHHE
B RR EAERE LY, EMOERHEE (Ground-truth bounding box) & {4 o #H ik
ICOWTOERDEM Y T ADREEIT > To. ZRDPSHE W TR Fas o+ 5
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L9 G aicid, EMOBIEMHIKZ MBI 08 L TERRD R EBN O K2 5O 51K
WERDEDITHRERAT- T2, T —FIERIE, BERP.OOEE S 5 L TAELA DX
A T-> T, UFITHE L.

3) TRALT—4

ik, B 3-512R-T T A M= o RIS K DI 21T S . mgRIE, 7
7 AR LEARROBEBR TH Y, BgEPORENILOBEHEK TH L. £z, AN
THWMNE, 77 A5EETITN T 7 AL E2OHEMETHS TN, WikEHTIE, %
NS TRIOF#EE (Predicted bounding box) 23> % .

3-5 FRbT—4

3-3-2 HmH#HER

Faster R-CNN & YOLO v3IZ X 2 28 KB AE (X, 1IEfE7 7 X & P2 7 2 & DIE#K,
TH 7 T 2 EMFR X OUEM OB ER & TR O EKO2>OEIR O Eig ) Bb
WZE ORI EITo72. 77 ADHEICEE LTI, CNNIZ L 527 7 A5 & FEkIC, 87 7
ADENENICKH T HHEMENFETE SNDD, TOHTEMEBNRRERD T TANT
M7 Z2ATHD. 200 EEBOEL Y B41X, TIoU (Intersection over Union) & U9 K] 3-6
R ALE R E ORI R 2 R E T 5 2 LIS L VT 2. T, ToUA0.5LL ETHIIE
Baf7ePRINITONT BT 25 Z &R0,
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Area of Overlap
(ANB)

Area of Union
(AUB)

ToU =

A: Ground-truth bounding box
B: Predicted bounding box

X 3-6 loU (Intersection over Union) W& X A

Faster R-CNN & YOLOV3IZ K 5 =7 U — FAERK HARS R 2 B3-710m 4. 2R ok
EAT-T24ER, WHFhoT 2 hF—ZI12BW\WTh, Faster R-CNN & YOLO v3O R 7 D F
BT, T ZANEMR7 7 AL —H L., SEHAWET A M T —2I2kLTIE, Bl
IR (False Negative) (X245 U722 o 723, K - #HEA K c® B 12 %t 9~ % Faster R-CNN
IR D RIBIZB T, EMIE OB &5 2 5N DMy 2l - BEfEAIKd & 3 2 330

(False Positive) 238 o7z, [Efg7 7 A L FHIlZ 7 R L OIERE, THlZ7 7 ZHERRIZD
W, PIEMICREREITAE TR o728, SHEOZRD 5 HIFEDO AR TYOLO v3
DT T T ZHTEMRDTTR5% U Em WEE & 720, YOLO v3D 77 2338 T AL 72 55 2R
Th ol

ToUIZ DWW I, WK « WA K cD ~Faster R-CNN D J5 23 i UM C, Ik« el K e-
1 & HIEE - BB HHAIXREOME & e o720y, 26 DAADSTHEDZIRIZ >V T, YOLO
v37A3Faster R-CNN% K & < E[A] 57z, ToUIZ 2 23VE U7 SE O AR O R HFE R D 5 b F1H -
Bhin g HeZ Br < 4D 2R TiE, Faster R-CNNIZ L 2 FRIOERMEE X, EffOFRRHE
WAk U TR/ N R L 72 o TN DL D VRAUZ DWW TR, ROM< 72 2O EJ7H
5y, WK - WEBEA K e-202 DWW TR AR/ A3l < 72 o TV B BR D B S T &
TWRWZ EIZE Y, IoUDMEIZENELT TWD. ik « BElEAKe- 112D\ CiE, MR
VRS TR T NS 23T LTV B 28R R LT, BRSO KEE S 5 L9
\CIEME DA 2 EEIC 0 EI L TRIE L TWnie. 207, RO FiLE HICIRKT
IR 21T > CloUD Tl & L CIFEFH CTd - 7223, Faster R-CNNIED b & 4R O£ X
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DY A ZWPNS L RDEHEOA TSy 2, FIRRICHH TE TW7220y. YOLO v3D 1272
WHELDO—DE LT, 300RMRD A — LV THRIHEZIT) ABNFTFOND. 20z itk
v, K0S WEOBREOREEDR EAM G TWD Z LD, YOLO v3DH K
DOFFEDREENEN I -T2 B2 BND.

Fio, ARHEB X OHESO - BMNIC L <ITh2WEmEciE, &L mibtixgsny
NIRRT DN, ars ) — MEROKRIEEZITO>HAEIE, BRThDa 7Y — MRIK
m L MRS T HARIIMEL Lol E VL. 2ok, sFEERE T, B
ORI L TEEDELDIOTIERWNEEBEZLTWED, WO TFEEbIZa Y
7 U — MR KT 2 RAGRRR I 5 o 7o

ROV T AT, Ty 7T TRELIEE D7 7 ZADEROBDFEET D BB A
RIS, ZHT DI T AOHEEAT>Te. RUZETIE, BIROZ T A5 L RO #
25t U TR AT ORI 24T o 72728, EBEOSREB~OWMAICEE L CiX, R
BNITIRIET DEBOEIRICHONWT, ZNETNOMHEKEFZ YT 57 T A& 31T
ERTNTRERV. ZoRNL S, ZEROMEOBEIZHIEAWEET, 350585 A
r— VTR EITS 2 &N TEHYOLO V3L, BIROBHICKHT 2N EmWVES 25
o, LinLRns, MEREIZEIERSNE R ThD10, k2T — & % HHi
T=ABLOT AT —=ZIZBMLT, BilZ XV EREICTH7000mEE2ERQ TN
CLEBIETHS.
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RBFEICL2PHEBREE I UEIT AV T—V 3

BIE

3-7 Faster R-CNN & YOLOV3 2k bV sy ) — FEKRBEHER
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3-4 FEBEIIZELBEITAVT—ay

341 wTAVT—a OHE

v AT —3 3 (segmentation) &IE, FEECCEMENEULL U 72 5853 BEITZ {5 A Sy
ET 20 TH D, FTFEOBEGIAIETIE, BEENOXR LT 500 &1 5o tEikZ 5 E
LTCE VB AVEMTRE#ET S L BT T ADSEEITY, BN LIy
ERFEosTWEHNEWD, fHlkE 7 7 AZERFICRIET 24 X7 2 FZENICEW®RT 5.
BT AT =2 a VOFEIZONTE, < bHa DR FERRERESI N TE 2.
1990 FERETE CI, “MEMAERR =y DRl LRSS oD B AR HY 7 QAL BR B AT 23 HT ) B
TET2D, 1990 FERL L LR IZH G D BERRC 7 7 7 0 v b WE O fai b 12 5 <
JLBR AR G & 2572, 2 LT, ILSVRC T CNN R7EHZH£ 072 20124, 7 AT —
TarTH CNNICL VLN HM~ y 720D L DR SN, DIETRE2
BIZEDFERERERSTWD. OEORWI AT ThLET AT — a3 VI,
EEIE A2 BT DI A BT 2 & EX 5N TR, REFE L2 FESRES
AVTCUBE, oo s 27 L ARRICHBORE DN a2 B L Tn 5.

3-4-2 T AUT—=a DHEE

T AT —vaE, BT 4 v 78T AT — 3 3  (semantic segmentation) ,
A ARZ AT AT — 2 a » (instance segmentation), /N ST 4 v I BT AT —
=3 (panoptic segmentation) ® 3 DICHHIND. HEFEELEHWEZFEIZLY B
YTA TR TACT = a U EEHETEITED L) IT o TR, K &ML
VAL AR T AT = a CET AR b RAIC R o To. ET2, 2018 4RI, B
TAVITRT AT =2 a b AV AE VAR T AT = a U EKRE LIEHZ /RS A
JELT, R T 4w I BT AT —aryNBEAINTE.

v T Ay IR T AT = a X, WKDO s T AT @SR 21T 5 08, WL
7T AOWIERPEEEE L CTHEET 256, 206 2 EAINITIEEEHE T X 720 (B’ 3-8(b) S ).
FRIZHLT, AV AF AR T AT —a i, EWEA v AZ A ERIBL TR
FAUTF—varTHEZ7T, WL T ZAOMENEE L THEETLIHATYH, Wik
D1OTOEERETUY T T, ThbEEEI &ICEkSE T2 (B 3-8(c)zH).
Fio, AVABLVARRT AT —va sk, KT MRS L CoRBEIROBKRT A
1TO0, Bxr T4 v 787 AT —va i, SROYIKRLANADOE FITH L THARE
OO ZIT). LT, N/ TT 4y 7T AT—vaid, fVAFX R
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AT =g EARRICHEE D L OFEBRSGEEIT o2 BT, BExr T v 2T R
YT =y a v L RRRICZERE R E ORI O FiCx LT b RER O EIR O 24T
7 (B 3-8d)BM). E~rT 4 v v AT —ra ik, BBEOKE T L~ EK
B72 7 ZADEY Y TEHHE L TWVWDADICKH LT, fVAXVABT AT — g
W, A—D7 7RZBTLERRLA L AZ 20X EZHNE L TEY, RCEZ AL
T2 arThoThbT 7u—FORNLAAI THD.

a7 U— hOEROBRHTIE, 87207 7 AOERPEE: L CHEETLIHAIE, £
O Z RN ST L CRMTI2LERN L0, FL 7 7 AOERNBEET LIV &
VIZHFIEL TV TS, RS L ORI ARARTH Y, EHICRET D 2 & Mg
. D72, AB#ESe, HOBBERE~OEHZ A A —Y LeRZ@my—r 0 X 57,
A VARB AR T AT = a AKXV KT E OB EI 21T O MEENE WS XY
CITEEN RS, ko XY, a7 V- boBROBIL, BEvrT vk
JAUT—va KD FEERERE L THRHEIT) 2L E L.

K38 AT —a3 DNEE 0
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35 ERBHADEITAVT—L a3 FEDOER

3-5-1 BRAFEDEE
(1) LEEFMmZEIT S Fi&

LERITIE, BT 4 v sk S A Ty a s FikE, T —FOFHEIZLY
RN TR, TRETEM), TFCN L], @ 3 DIt k&L Tw
5.

FCN (Fully Convolutional Network) 221%, B~ T 4 v 787 AT —3 a v Ol
BRI S & T o T= LT, BEHMRmN 3 255, 1| SHIZEMEEEBFEE LRV X
v T — 7R E LT2 R8T, ANBEBOY A XEEET 282722 < 2ol lo OEE O
WS A X ~OXFEBFRE & 72 o 7z

2 RAE, BAIABBOHRNZEEOMRBEOSGEEY 7 kN7 v YTV 7
L CEAIABRINE 21T 9 Wi A AZE (deconvolutional layer) O THD. 7 v 74
YT ENE, EBOY A X TE T AT a URERER TS0, BAIA
@ e 7=V T THEIN LT RS~ > T OIEREAT H W TH 5. lH OB IA KT
TV TR B E T T ORNATOND N, Ty T T T ORICE
FIABZAT O b, WBEALR TN TND.

3 RAIE, BAIALOEYIRLIZEY RS ezt c& 2Kk, 77—V 7o
IR LIZ KD 2@ E RN Kbt T £ ) CNN OEEIZH LT, AF% v
THREBRH LR THD. 77—V 07517 2 LIk - C, (#2484 RN
LTRSS 7 4 v # — TR RSB B D K 5127 0 2 BEENIRNR 55, (il

39 FCNO®y kT —4 & 22
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THHELWEREZRSTLE Y. 207D, ANBITEVE TR Th o (L@ 1F#
28, DB IS E TR IC 22 > TV 7 — U V7 BIC X DAL E T O AL
7 T A TIIMIROMERS Y A XD EE B F 0 Z T Vil ¥ — Rk w 5
TEHN, B A T —a TR E 7 BVHEA TOEBHHORE DR TIC SRR 5.
FIT, #EAXTy LT =Y T EEANAALANRAZIEDL T LT, BOEA~RERINL
EERAERESE, REETRETHLEEIT>TWVD.

INHED3ODEIE, FCNLRZRICE W TY, £ OFETHMA S LZ. ARIFZETIT
W FE O I 1L, FCN DO FEOT NG, KR FIETH D SegNet?, U-
Net?”), PSPNet?® 3 FiEa x4 L LTITH. LU NICKEFIEOMEIZ >V TIT.

a) SegNet

SegNet DR 72 51X, Encoder-Decoder #51& O£ T d % . Encoder-Decoder it 1%

ATy LTz {4 % Encoder (£ 7-{b#k) 1 K VKRR IT O FEFRBLUCZEH# L 72412, Decoder

(BB Mb#) ([ZX 0 ADEHGIZM B DL E i L /-l 4 £l T2y NV —27 Th
%. SegNet I%, Encoder rv bV —7 & ZICxfIT 5 Decoder rv bV —7, %I
HETRND I T A THT 0B 2R TRENRE 7 AT =2 a vpdElasnb
kize> T (F3-10 2 ).

Encoder Tid, BAIALEIZ L 2 EG o KR oMt L, 7=V 7RI X 5 KRT
— VT T YT ) TRET SN, ERRRIC 2R 2D SETHE# A
JERE L7z A — VAR ZE I R 2 et O JF I AR FE L T <

Decoder TlZ, Encoder (2 X o T B AWK DT & K E 7R (LE1F # & £ SRR
JEDORHE~ v 7T LT, WROFEM & ZERB R R L2 R 2280 L, DG EDFr
W~ v 7B D2 OMERIIET D E 7 B /UE~ORIGAHT 24T 5. BIRIZIE
ERRGEDOR M~y 7T v 7 h TV T L, TORICEBIALNIZITH Z LIT X
ST, WKOKZ ZVBARICHIFEL TR AT —va VREROM N %217 5 .

72%3, SegNet DA X v 7#i#i TlX, Encoder TOHRKNT— U ¥ ZHIZRIF I N K
F=D o TA T A (EDOE T BABEKMETH S T2 OMERH) 2%, Decoder (2
kS, Ty 77U 7K ENn 5. FON T, HHBORE~ v 72k 2k
FLTHEZELTWERED, AV DEHENRKE o720, SegNet Tl K7 —VU 7
ATy ADQHOERLTHZ LY, mEbBIOE AT V(LZR>TWS.
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Convolutional Encoder-Decoder

Output

RGB Image + Batch Normalisat w Segmentation

X 3-10 SegNetDFv bT—V#EE D

b) U-Net

U-Net & SegNet & [fl# @ Encoder-Decoder #i& Td 5. SegNet O A & v 7 Hifit Tl
BRT—=V oA 0T v A%k L TMNEICETAHERZMAEL TWDHDICH LT,
U-Net T~ v 7 REEZRE L CTMEICET2EREMAEL TWVD. i~y 72
KEHRET D728, U-Net iE SegNet [IZIL_RTETANKEL LY, FVELDAEY %
WEET 5. F, FCN O RAX v THHE CTlL, i O WA XD JE ONLE 84 Bt 70 R
M~ ZITHEA LTV =Dk LT, U-Net %, Encoder ® % H1[l]JE CH I & % R~
v Pk, KIS T DA XD Decoder DJE DR~ » ST EEEKE LTS, (B 3-11 &
)

K 3-11 U-NetDHy kT—2EE 24
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c) PSPNet

PSPNet (Pyramid Scene Parsing Network) &, Hijit® 2 % & [Al U Encoder-Decoder 1%
ETHD. Frifld, MBELBLITIZERLILT 50O LRE LT, A%y T
fit T1d72 < Dilated & A A 2% T % fi &, Encoder & Decoder @ [ {Z PPM (Pyramid
Pooling Module) ZiBML TWLHHTHD.

YT AT =y a T, IREMZRERPGE LN D KIS MO BERER LR LT
W, 7=V Tk FT BT T EIT5>T CNN OXERZIRITHE L HIT
R~ » 7 OMRBEZ IR T SR WAENLE L 2 5. 77—V 7Tk, ZRMICE#R
EEHL TN Z & TRRBZ)IAT TAHADHEREZMVIATLZ ENTEDLLIITRD
DS, FRAREE IR T LRI ESE R OB E 2D, 20728, Ao 2 FETIE, AF
v TR VT ANBISE N EORBE AN TEL2 L5107 52 LT, Kbivicfit
B L 2RIONERS 2 [E ST\ 5. —J7, PSPNet Tid, Dilated & Z3A % T
VW% . Dilated BA AL, 7 4V H —DREIFRNIENZ &R EFEE 2R 5 2 &2 A
T, 7=V T a0 BE LRWT & BIREREIE T2 5722w, 20 Dilated & A 1A A THill
H U~ » 728, PPMICATIEN 5.

PPM TIi%, Encoder THlIH L2~ v 7IZx LT, #HEDOAXA 7 — L TiRKT—V
TaiTo TENEND AT — NV TIRATR#E~ v 72155, PPM THEBEEORHE~ v

TNE, BHRIAFIIREAT 5 721412 Encoder T2 w DR~ v 7 L [R— DV A X\
T oIk, #EE TIIORE~ 7L L, KRIE ZR I HR & R TR 7 1 i
Dl 7 & Feo 1o~ v 7 &7 . BRI, Z O LR~ v 7Tk L TEAA
HETOCEY U T A v I 8T AT = a v ORERESD.

(a) Input Image (b) Feature Map (¢) Pyramid Pooling Module (d) Final Prediction

K 3-12 PSPNet®#y k7 —4 & 25
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(2) mETEH
a) HEHT—4

BT AT = a VOBENT — 21X, AT x BRI LT, [EEOHEKE L B
HAL TRy LG s 2 OXRSHEBOOHD 7 7 A2 Effy & LI-_X7 THREN5.
T—2%y bDIL, K20%% MO IZDDOT AT —FE LIz, K7 TADT —
B E R 3-2 1T

X oy D FEE A& 4y 8] U2 EAFE {413, labelme? W5 A > F —F v b ETAB S TH
LY =N ' HWTHER ZAT 272, 457 7 ZADERIBLUSMNET, R 1 7 T ADHR L LT,
HRONRFIIE U727 7 ADOMMEITIT > T, #HEiT — X Oflz & 3-3 127 .
¥, BEORMLEE LT, ASHEGIT 2 EHBLBE, AT G I K OVE i g &
12 240 X240 7 B ~DEAGEY A XDH—%21T-> T\ 5.

K32 BUVSADT—EH

ox F—H % _
HhiF—5 | FALF—F s

VTbh 120 30 150
I - BRfvEEHC 120 30 150
HIEE - BrfiEad 120 30 150
HIEE + B te 120 30 150
K - R R e 120 30 150
Wk - AR d 120 30 150
WK EEEAKe-1 D55 120 30 150
oK - GEEERIRe-2 ST 120 30 150
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& 3-3 HENT—% DB

OOH i

[128,128,128]

Phiigile

fE {ll "Jixl

K o HEEEA T IK -1

[128, 0,128]

[ 0,128,128]
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b) T—% Hik

BT — 22T, +aRTr —F2&TIE AW, FEICEL T — IR E21T
St T ZYEOEIMEEMRFET 5720, —UIOWMEE 21T T4 O T — 2 K
TITo7c TR ), FEEGQBIZ L 2T — XLk E21T 72 [ 7 —2PEik1)), S HIT
B AT T — ZIER(D) ERERT, 7 U X AT ~EWMCHB O D I 2B (ST
[F—HZYLsR(2)) O 3 7 —ATHBZIToT. T —FINEORHENE L FK 3-4 1TR-7T.
AL B DN L, BRI DN TIE-30 FE~+30 ORI, SEATBENC DWW CIEmig o
MDA XOEIG TZILI 0.0~0.3 OFPH, JEK - M/ OV TIHFEFE 0.7~1.3 D
AT, TNENT U F D2 N F =T OBE S ETmg 2 ER LTz, 7 — Z IR(2)
DH o ~EHIE, 05~1.5 OFPATT X LMZEGEON L S 2 EZ D077, L
O ToE 6 NE— L LTeb DR, EARKIEEET 14 FICIEREE2ITo72. 72
B, TROOEBMIIZENT, BENICEARSNEE LA, MlEziThbPic
TOEEOREE LT, T—XILEOEHI 2R 3-13 1277 .

&34 THHROLEAR

BN E
R nais L (EEOTF—7 %)
— T +BIEE2N R—Y +SPATRREI2N A=V +EK « HEIN2NE—))
— GG+ BIEE2N 2= +SEATREEI2N A=+ LK « /NN B—=Y)
ToYWRR) | kg — ALkl — UG
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FiTisEn

B 3-13 T—4HIRD XS]

c) TDth

FHEFEZ, F2ETHRXTZK OBRERIEEZH VNS Z L &L, k=3 & LTHAT—
A D23 EFET, 13 ERGET —% L LT, 3EIORERIEZIT> TEHIZL D 3T 2
—HERETDH. HEWICRE LT NR T A =2 ZHWEET VLY, TARNT—XIZ
X LR AT O .

BEtr — 2%, gk - S E B X OURK - EEAKIZOWT, BROBEDOT 7
b O THE RN RENE WD RIZERT 572012, & 3-5 17T L ITEKDOH
FERNZAT>7=. CASEL i TOWbiv) %, CASE2 i [HIH - k@) %, CASE3 X
MK - AR Zxtg e LTV 5.

&35 RET—R

P, CASE1 CASE2 CASE3
27 5 253 5) 47 < 25 %5) (65272 245 %H)

OUbh [
HIEk - SrZHC o
Faf - SefmEEHd o
FIE - Bkt te o
K - A K o
ek R Rd o
Rk « EEERKe-1 D65 o
K - B Re2 BT o
Hit [ [ [ ]
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PR 21T 5 K FEOFHEH R NT A —Z1L, RIBICHRTHETRELXIT>7. F
HEREMHOREDRNEE CTh > 72728, Fine-tuning |I1T> T2\,

=36 BFEDEIELGNTA—4

HH SegNet U-Net PSPNet
Epoch¥{ 30 30 30
f;%g: SN AdaDelta Adam MomentumSGD
SRR ﬁ%:gﬂ%u B— ﬁ%x%gu v— iﬁlgﬂi‘gu v—
{ﬁ(ggg? SoftmaxPB% SoftmaxBa%L SoftmaxBa%L

(3) BAFEMDEE
a) FHEi R 4R

v A T — v a VEERIZOW T OREMIIE, Mean loU (Mean Intersection over Union) %
ANWTITON L OB EHTH 5. ToU i, X(DTERKESNDHA—="=TF v TFRT, £ %
JVEAL O S FE T O IE i 2R (Accuracy) & EKT 5. fllx OWEH{RIZEIT D loU &7 7 A f
W) L7z Average loU %, S BHIZEY 7 AT LIfED Mean ToU & 72 5. 7272 L,
AWFFEIZBNTIE, DT 2527 7 2AEDR DR, @WE L R D5 RIZHOWTO [oU 23
VIl & e T D BRIC KB & 72 5 728, Mean loU TR 21T 5 & 2SR ARk o Hi s F 12
OWT ORI A RHARE L 725, 2072, FEKRD U ICEHR L TEHMEZ1T> 2 & & L
7.

TP
IoU = (1)
TP+FP+FN)

(
ZIZT, TP THEELETEHER] 077207 8L%E, ELL HEETIHE
Wl 7RG E LY 7 B
FP . THREFLETHERUN O T RO ELVE, BoT IR ET
BHER] OV T A LY Bk
FN:TRELTEIERI O/ TAOE I ELE, fRoT IREELETEIE
RS O T RZHFE LT 7 BV
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b) T fffif& R

HTFHEORERICBIT DI R 2R 3-7~3-912, HFTED 2y —ADT — L LED
RARAEO SR A & 3-10 12777, Mean loU 1E, WITFHOERIZEB W TS, U-Net 28
RbmWERE R, EMNOERICERT 5 &, WA - EHEAIKDO ¢ BT d D4
PSPNet 288 & ToU M EWRER & 72 o 7223, ZH LSO ZIRIT U-Net 2385 b & WO &
Rol. BFREOTF—FIEQOEMETOR IS AT — a Ui Rop % E 3-14 TR
T loU OFMEZ T T2, a7 U — e —fRRHEBUC 3 L TR R 722
WHEIKZ X 5 L W) RE 2728V T, U-Net DFEKDORBL ) OBAER L THRNS.

T— PR, & 3-7~3-9 12" T X 912, PSPNet D ONo4, SegNet I - ki
# e, SegNet 35 X TN U-Net DK « lFffE A K e-2 LISMZ DWW TIE, ToU OREEERY 722 |
DR SN, U-Net DHERNT — Z LMD Y 7 AT —2 a UiEROF %2R LT-K 3-15
ZBWTYH, ZOEIHMICHNL TV D, PATBE), [EliE, LK - fihs L OELAK
RIS K O EERE ST LD, MBEFRNEERERL D2t~ T4 v 7k
TAUT =2 aAlB0T, LD EicoRlok-botEXLND. £, T
AT =ZICHWEERIT, REREDEZHET, HESCHESNIEIETHLZ L
B, Hr~EHTHMBEGON DL SEZESEDLZENENERDEZXTN, T—4
R E F—ZHEEQ)E TIE, FEHD WVITHEOLERICE VEL N R0, P/
MIER O o7, &2 — AT Mean loU 23 & 72 > 72 U-Net IZBWTIE, OO
WCIET — 2R, R - S CI1ET — # IERQ2), e-2 Z#BR< MK - EREA K T
X7 — ZHEHEQ2)DS, FALEIL IoU BmWER & e o7 BT —2cxt LT, AJIOHi
LBR & U CIEBUBEE 21TV, ZEHPFII ANy FIEHULEZIT > T A2, T o ~2EHo
ARBFERICHEVEBE Lo b0EEbb.
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#& 3-7 CASE1 (VUbhh) 12D TOHLEEETl#ER

. ToU
Fik A - -*r“—(él?)mﬁ -’r‘—é?)ﬂiéﬁ
Hat 0.995 0.995 0.995
SegNet OUbh 0.000 0.035 0.032
Mean IoU 0.498 0.515 0.514
e 0.995 0.996 0.996
U-Net [636)pY (¥ 0.019 0.298 0.163
Mean IoU 0.507 0.647 0.580
et 0.995 0.995 0.995
PSPNet [636)pY ¢} 0.000 0.000 0.000
Mean IoU 0.498 0.498 0.498

XHFF  SFEFOHZKIE

F 3-8 CASE2 (R - #FFEEt) ITOVWTOHOHEMGERE

IoU
Tk HH mm | T EHE Ty
@ 2)
FL3=3 0.852 0.880 0.890
¢ 0.049 0.405 0.415
SegNet d 0.050 0.386 0.397
e 0.564 0.629 0.664
Mean IoU 0.379 0.575 0.592
W 0.435 0.888 0.902
¢ 0.000 0.501 0.560
U-Net d 0.000 0.506 0.557
e 0.253 0.649 0.704
Mean loU 0.172 0.636 0.681
HE 0.834 0.868 0.880
c 0.130 0.383 0.496
PSPNet d 0.185 0.474 0.421
e 0.481 0.634 0.675
Mean loU 0.408 0.590 0.618

KFRF  SFEPORKE
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# 3-9 CASE3 (K - #EBAMR) 2D TOLLEFHIER

loU
Fk HH 7 ==
o Ty | TR
(5] (2)
Hat 0.922 0.938 0.939
c 0.073 0.280 0.325
d 0.079 0.200 0.150
SegNet
e-1 0.001 0.310 0.323
e-2 0411 0.488 0.448
Mean IoU 0.297 0.443 0.437
Hat 0.922 0.944 0.945
c 0.081 0.33 0.344
d 0.001 0.282 0.353
U-Net
e-1 0.000 0.257 0.361
e-2 0.439 0.532 0.502
Mean IoU 0.289 0.470 0.501
R 0.916 0.933 0.935
c 0.025 0.347 0.349
d 0.010 0313 0.363
PSPNet
e-1 0.000 0.158 0.203
e-2 0.269 0.458 0.396
Mean loU 0.244 0.442 0.449

XFF  SFEPORKIE

& 3-10 FFED loU DERXEDLLERR

ToU

R BH SegNet U-Net PSPNet

— Hi 0.995 0.996 0.995

2 OUbHbh | OUbh 0.035 0.298 0.000

© Mean loU 0.515 0.647 0.498

Hi 0.890 0.902 0.880

o ¢ 0.415 0.560 0.496

o | k- d 0.397 0.557 0.474
S| SkmdEgh

e 0.664 0.704 0.675

Mean IoU 0.592 0.681 0.618

it 0.939 0.945 0.935

¢ 0.325 0.344 0.349

2 Ak d 0.200 0.353 0.363

S| EEEAK | e 0323 0.361 0.203

e-2 0.488 0.532 0.458

Mean loU 0.443 0.501 0.449

¥ TFT=2mERW0), | FT—2HKRQ), FF  IFEFOKKE
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[IRATIIYS

A JJ 4

: 0.000

Ny — RN
T ALT—ar n:,’, ’41

PSPNet

[oU : 0.000

:0.796

[oU :

0.623

[ol

0 0.562

314 TRAMT—RIZHTEETAT—2 a3 VEERDOH
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A4

4 it \
s i )
] |“ /l
L
loU : 0.022 | loU : 0.121
“ - »> o
[ LoU : 0.000 | LoU : 0.900

[oU : 0.000

ol 0.821

A-L
\ |

r

0.000 [oU : 0.691

[oU : 0.000

3-15 U-NetlZ&kdEFT A TF— a3V ERDH
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SegNet & U-Net (%, & & 1T Skip ##c & £ Hl L 7= Encoder-Decoder #i& Tdh 523, A%
v 7° &R T Decoder [ZTETIE#D, SegNet 1Tl KT —V v I AT v I ADHTHDD
WXL T, U-Net (ZRHET 29 A XOFFE~ v 7 2IETHDH. D72, U-Net DA,
AE Y O RIZRE < 225205, Decoder (23 THIRDFEM & 22/ 72 K £ D ITIC
3 2 MEILZ . SegNet 13 F I EFLM{%, U-Net (L I2 =BG % 224
LTSNy N =27 ThD. BMED LI ITENENM L IEMIEBIRET S
BT, EFAEBEIE AT —Ya T HHEBOBERNAARCTH L. TD7=
W, UNet TiX, AFVOHHABSELY LY RILDOT 4T 4 — L&A SO
EATO ZERBEMELILETARGOMEBMONT-bDEEZEx NS, ZDOZLlE, =
Y7 U= ROERBHR, 227V — k&0 —HEAR IR U CER 2SR AR 22 28R
AR X D EVWHE T, EABBICBIT AT —varti@misitnn,
SegNet L0 & U-Net D RO EWERER-oTmbDEEZOND. £z, 3-14
OBl OB - SLFHFEH o, WK - WEREAIK d B X ORK - BEBEA K e-2 TRONLD &
9212, SegNet [T U-Net £V &7 7 ADGBH#MMNEL Ao NS - 7-.
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—a T AMRITA L TV, 2ok, Ik PEEBIC LT, BTORM T
% Encoder |Z i.37. CC, Decoder Z BN L THHOIEM & EMEHROE L EIT
AutoEncoder & [FIEROMREIZ LV, EF WG 2B LcmEz2EksE s L Lz &
LT, AnoGAN & RIERIZZESEIRIC L2 REHEKOE /A T —va V& FE LT
DOC ~D RO 7 A v T — v a VRO INF k2R 5-3 12731,

e a4 54

5-3 DOC~DEE|EOEI A T—2 a3 UBEEDMAE
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5-2-2 HERAEER
(1) BEERO7DEEHKR

WA aTE, BEGT —FOREHEO LA 2K T EERITOENE T, AnoGAN &
DOC & TIIHEHHELE LA RS,

AnoGAN IZB T2 BF 2 a7 AOIE, RICE W HEET 5.
A(x)=(1-2)-R(x)+4-D(x) (D
R(x) = Z‘x—G(zy )‘ (2)

D(x)=Y|f (x)-1(6(z,)) ®

ZIT, Rx) FIXQTEREAE AL ANEE (T A FEG) x &AEREE Giz,)L DO
ORI PEZRE LIk EZA 2T Thb. GR)IX, BWIEEE z ZEfk#a GIZAT
LTROLNDAEREBREBERT D, 2 ([JIBEZEMOSGMHND T o Z AT ) o 7S
NIz zIZHOWT, RIEZ7 0t 2 Z2f CEFBEIC R LU L2 EREG Gz,) b
DI SNTBELETH S, D) 1TXQ)TEHE SN LB D O FREEH»
DA U7 R EOEICE T 2 A DG x & AEREHE G(z,) & O OIFFEBNEZ JE L 72wk
BIA 2T T, f(ONIATNTKHST DakAlas D O EE» O R EL2 T 285 CTH 5.
¥, R(DHO A ER VAR o1 & L

DOC IZBIT 2R EAaT Sy X, XKMLV EEIND.

S, =f(e(x)e(n).g(x).2(t)) 4

ZZTC,x IANEB (T A ME), t 1TFEICHW X —F Y b T — % OIEFEE,
SOOIy F 7B, g (IFANTHIET 2ENENORBERB THL. KEICEBT
LRI, AAVER AT OO E > TH D LOF (Local Outlier Factor) W&~ v F 7
BB W7z, LOF 1%, 7 — 2 M OERED O ZEMIC 1T 2 RATHIZR T — ¥ O 2 #EE
L, ZORHBEIZER L THNERNEZITO FIETH D, HEIZL>TT—Z D0
DERY, FEOBMEZREST DI ENPNETH D L O REMERSFMH I L THIET
X250, LOF ORHTH 5.

i 7 = — X2 B T 2D, EFREHE 88 L Mimi 780 K DOZN LD FIED i A
a7 OFEERMR AR 5-4 1InT. Ak, IEFEEREREEGOY I AEICKRE IR

115



BOE REBEFBICLIIEERMFEIZAVLERKREORE

DWRHY, AR TATIZAIT OO EERREETd o 72728, Ml 4 e =5 B,
Ml A 2 37 & U7 nARic X0 BEf R/l U7z, MREEBoEs, 7
NS FICEENICHERE B EEST D/ RN T AN v 7DD TH D,
T —FIVEEHEE 2 72, DOC TIZIEH B DO A 27 ME S HUT oA L CIEH & B
WA IZX ) TE TWDOIZ% LT, AnoGAN TILIEH & Fw o0 [X 53 23 A BRI 72 437 i %
IR AL TERY, EFEEEORSOMBEIICBNT, AR FERE 2o72

a) AnoGAN

b) DOC

K54 BEEXOAT7OHN—RILBEHTEIZLZ 0
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(2 EREENOEIAVTF—La iR

KU TADRFEEIL DO 7 A T — g UAERO— %K 5-3 I8 F. AnoGAN TIZ,
Bk o 7 A T —va Y EPABRICITATCEY, EWEZICR L CiERHE AT
SHTWARW. 72721, HIEE - SAEEH d OB W TIIFTREE &, RIEE - SRR

EBRIZBWTIET a — 2784, ZHEBICBWTERZILREL TS, FHE(E
IHTREE ST 2 — 7R o TV DR S E 7o, ARER TIETO XS 2ilnE
TEHRATETWRVWOT, FHT—Z 2 RESE TERBBORAEZLZ LI TV LR
5.

ZHNIZX LT, DOC TidfdEa/e=a 7 U — FEOEHEZ U 7 VAR TE TVWRN D
EMD, ENEBICBITLI RS A T = a VIZRFICITA TV AV, DOC (* TIEF
LU DIERECAE R LB EORE 21T o TV o e), BREA a7z o0 T
MEW ) & T8y 2oL CRELZITA. LML, BBOENKEZ B L
L7 Rfm TRz, EFRBGROFEZEME 222 28 EFETETHARNLD
EEBEZLND.

x£53 BISAOREEBOEITAVT— 3 UHEROH
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5-2-3 BERAFEICEDETILOMERETE

AT, 522 HICBWTRHEAITOREBLORFEHKO S AT —va vk
17> 72 AnoGAN & DOC O ZNZ T DOV THERERHM 21TV, W FIEDFRMEIZ DV TEE
HMaiTo.

(1) ROC BR#RIC & % &F{l

BAIZ, ROC Hif#f (receiver operating characteristic curve) (2 0 &£ D IEEIZ SN T
A2 1To7-. ROC HifiZ, BEAZ 2L S ¥t ZDOBEBMESE (False Positive Rate : X
fifl) & ELREESR (True Positive Rate : Y i) 02 {bZ 7y hLicbDTHS. (AL
B ML, &R 5-4 (RTIRFATII LV RE SN LHEET, BEBMHERILFP/(FP+TN), =
HPE#RIX TP/(TP+FN) TR SIS . BEERIE NEW ] DEMTH L LD ERE-> T
MEH ) LHE LICES, BB TRE ) NEMTHLb021EL TRE ) &H
ELLEHETHL. BENRET VT, MEsT TRE ) LHET ZHBBIERMMEL,

& 5-4 RBRETTH

FRAYSR
Positive Negative
(PRGRY )  (PRAEES )
B =13k
TP FN
BY (True Positive) (False Negative)
XIELWRERM XBamRh
R Higt
FP TN
ER (False Positive) (True Negative)

5-5 AnoGAN & & U DOC ™ ROC HhfR
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BREBNOIELL TR CHETL2EBEENEGVET L THD. 77 7Hd ROC i
& X #hcPHEN &P IL, AUC (area under curve) &PFEIEN 2 BERAMISOIEIE L 725
T, 0205 1 OHFEOEE 72D, Z D AUC O 1IZIEWIE L, BIGERMEL 72
HEECHS CTHEBEERG VB CTHL Z L2 EKL, REMmAMOEENFmVET
V& 72 % . AnoGAN 6 UV DOC @ ROC fhi#f 4 B 5-5 12759, AnoGAN 7% AUC=0.88,
DOC 7% AUC=0.97 T Z ORI T 5 A s OPEREIL, DOC O 3 EM TH > 7.

(2 MERHEORLUE

WKIZ, t-distributed Stochastic Neighbor Embedding!® (LLF, t-SNE & #397) (12 X 0 iz
L7l R (o OB IZ S W TRl 217 - 72, t+-SNE (X, "Ik By & L CTkocH!
WAAT O FIET, ERESMICESLT T —FICLY, @mkoc%Em EoFELEZ, 2 &
JCFE T2 3 WIC DR ICZE M L OB M DAL FIETH D, D t-SNE Z AN T,
TN D F1EO R H R OB 2 ok L 72/ R 2 R 5-6 1IZRT.

a) AnoGAN

b) DOC

5-6 t-SNE [k HHIHKFHEDAIRILER
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DOC I, Fine-tuning #17>72 EC, V77 Ly AT —& b ffi o TR EIH 078 %
fToTCWnb. 20w, TIER) & TERE | BSHBH0E S 7R CRME O 23T
A2 TCWD. ZHICH LT, AnoGAN (X, TIEHF | D27 T AN &2 ] L 724K 58 T D R
AT 2 TRV, AnoGAN D BE 2 2 7 1%, B AIFSRLELE & Red D I LE D
2ODHETHR SN TWVDN, ZHIZEY, BEBOIFFELENEIERMEE > TEHT,
B 2a7 EOTES | & TR | EORGBAHBEICR->72 b0 LB Z 55 . AnoGAN
BROZOSAFE 107 8T, EHEGSRE 3 o SMBU A~ 0 5] o W
Z<ABND. ZNHOREFICEIT DEBIT, WEFRESCHTER D HRRER — ST
W5, —F, arz V) —  MEEMOREIIE, HEESRESOREEMNL, 2027 ) —h
O GFHPDEREONBGRIEENHAY THD. T, EFER 127 T AL D%H
T, EHECEBEREEEOMMBAITI I, KV EBOT X O NRLELEZD
ns.

(3) BFEDHME

AnoGAN & DOC %, =7 U — b OZ8 AR T ] S B 72 R o FEli i 45 4 & 5-
5177 . BBAERDET LV THD GAN ZX—R L L72 AnoGAN & HRREICE B L7 FF
Wit 217 5 DOC & TiE, IERBEGORM AR Z G AR OERICKE RERD
L. TOY, BEEEOY AT =y a VLD EROBRBIZE WV TIE, AnoGAN
CEMER S D, L, EREBICENT, H#ESLKEBLOF a—2 &0 L)
IR OFERIZOWTTAR LENTE LT, ENEgIZHB W TRFEEE LT
BT AUT = a rENLERERSTWDS. ZDD, BT AT — a DR L
LT, TEH] 2 TRE] PEeRERICHET 2 TRALETHS. ZORICENTE,
MEH ] & TR &2 BB BE L7k CREE O Ml 23T 2 T %5 DOC (2 BN
NdHb.

LEXY, AnoGAN I X BT AT —2 3L DOC O [1ER) & TR ORI %
DFR3 2 2 & T, EWmGEAWERERNFIECLDBIFRar 7 ) — RO
MEBTELHEEZXT.
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% 5-5 AnoGAN & DOC (& R#E R DT 1E

AnoGAN

EWEGROR AT Z ) 7OV
FHERTE TV,
5y BT B O TIHIE A B M O &
A UF—va it T3,

(L&Y EREZBMT 5 &

ERIZEITS
BERaEEn
L% EVEV

IEREROREER ) TOVREG
R TE TR,
5y I B W TR AL B fHbL O &
TRA T =V a AT TR,

MEX] & TR¥] o227 0510
J3 Bk HS A HHIE

ME¥] & TRE] OZ2a7ontio
o NI A8

MER#] & TRE] OB EOS O
S BlEDS A

27 Z AR DRRAL, 75 AN
Di/MEz B Lic B ToR s shh
PIZ TS,

AUC=0.88T, HERmizoMakixk
BRI,

AUC=0.97T, R¥EBmMEGOLERRIIE
HIZE.

BEEBROR T A TF—Ya 3Tz
TWAD, 227 BLOEHEIZOWV
T, TIE¥] & TRE] Z23HRicS
BETE TV,

Z a7 BLORERIZOWT, [TIE
Wl & TR Z gz o<
X TVBH, Wil Uckis
DFEFIIT 2TV,
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5-3 ERAMDIRAE

5222 HIZEBWT, EFEGEHNCFZEICESSEFERMCEL =207 U — FMERD
BHIZOWT, —EORRAE LN, £LT, 5-2-3 HTIX, ZOMROFMEIT,
BRI O DO FEGRTHONWTHHA EZITo72. £ 2T, 5-3 #iTIE, WHMEMRMHRIZE
B KB 28OV THRAEEEAT D .

5-3-1 #RIENE
(1) BEEG~DOEERMFEERORN
5-2 HiCIE, FREREEE TR L2 H— 27 7 20RO ZBEET D i 5 Rk
Wokmmaito7z. LinL, EBEORBREF~OMTICE L TX, IR 72 s IR
TET HEBOERIZONT, ENENERMT DLEND L. LI~ B 5T
BB ORN AR 5-7 IR T. ETHOICT A MNEHBE 7D v RIRICHBEIL, ThEh
Dy EIE G (LT, A7) %, AnoGAN & DOC OB IFIZAIIT 5. AnoGAN T
X, EWEGEORTER LIEARBICE > TERSZETE L7 2 i & O
RV e AT —va U&7, DOC T, ZHICIV S EFEBORKE T X b
HREOREE DO~y F vV TCRERATEZRETH. 2 LT, RTOBREMAE SET,
a7 U —FERPAEC WD ELOKREEZDELVHNOLREROE T AT —2 3

Y EAT .

Z.
<
o
<

X 5-7 LEBEBAOEREHREMFEZERHOR
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(2 BMENEE

DOC |2 £ 2 & icxt3 2 Bl itg, &1 o Ra 2 a7 BNEERECH 2 H,
BIELL ECh2Mc L T 2 e L. BER, 2807 A M7 —2Iicx LT, FiE
AL S IR O B GMER L HRMER OB OB R» OREEZITo 7. BEE L1k
SEBOEBLER L HEEROHEB AR 5-6 (ISR L, H— 3 VEEHEEIC LD I
Bozxa7oskEBEOMRER 5-8 ([277. BfEE u+rl o & LIZRMETIE, %0
OEFEBICIENT TRE) LFHEL TR, BREEN432% Thoeh, 430

*5-6 BMEZXELSELRORBEREAREROELDOHES

1 | 2 [ 3 |« | 5 | 6 | 7| s 9
B | EE S L
‘ HIBE - SRR WK+ SEHET K IEfF
OUbh — IR L
c d e c d e(M55) et
3.3% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% | 56.8%

+ 1 3 94.6%
uw g 6%
Har | 96.7% | 100.0% | 100.0%  100.0% | 98.0% | 100.0% | 100.0% | 100.0% | 43.2%

4 ¥ | 30.0% 5.0% 4.0% 0.0% 3.0% 5.0% 1.4% 1.1% | 93.2% 03,79
uw (o)) N
Wae [ 70.0% | 95.0%  96.0% 100.0% | 97.0% | 95.0% | 98.6% | 98.9% 6.8%

s EX | 61.7% 7.0%  12.0% 0.0% 9.0% | 21.0% 1.4% 1.1% | 97.7% §7.29
nw g 7.2%
W | 383% | 93.0%  88.0% 100.0% | 91.0% | 79.0% | 98.6% | 98.9% 2.3%

: BEEER, : EREfER

H A7 DIFH{E
EDEFEXAT DN

5-8 W—RIEEHEICLSDMEBEOER
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E LRI, ARBRMERIZ68%E TR L. £/, 27 U — FOLREZIZOWN
TiX, BEZ v+1o b LIS TIE, ELS TR SHELEEBMERERN R T ZIC
DNTIEE 100% T, #+30FTEFTEH, ORbLNLSAD Y 7 A1E, WTiLh 95%LL
LR UEORRLY, MEZ 430 TR RYBTHDLEHM L. 2721,
OO D X9 272 28 R1%, MOmAZRIEN Y 2R OZ8 R E i L CRFE A2 T2
TWMEL 725 TnD. 207D, BE «+1 0 TIX 96.7% Th o T2 HEESEN, 4430 T
1% 70.0%F TIRTFLTWD. BHIZRZR AT 2720120, MEY ORNFICIEC T
BiEZ T 5, H5W0ITEALOREZMN LTURELZ EIF52F0OXICNLEEE X 5
ns.

5-3-2 RIALHER

PC Hi®D M7 & MM CTIXY) B | XIS, 8k % 1Oz i A K O H 23 B H0os 248 L
TWOH G2 e LT, IRBE A~ IO\ T ORGEEZIT > 72, I 5§~ o
HifE S % & 5-7 12" 7.

EBE, IS, AICE RS R A SRR IS L EROEROER AR L
THBE, TNENERLTND. ZOMNREERO BRI T, KEHMIZ 9 5H,
FRE I 6 EILT-2 54 BAOBEBE AN E L.

BT, 2 DORERMTFIEOZTNZNOMEM OEREREZEZ R LTS, AnoGAN
DFEFTIL, HIEE - SR &K - EEEAIK O S & HIZ, FH & BT OB, B
HrE KB OER b2 7 AT =22 LT 5. DOC DFERTIE, £BNLVOERFE AT
EORELCRY, REEHFTHBME (4+30) U EORAIT T, FREBFFICA 27 21E
Moleu+5 o L EDAaT eV THS. ZRVEL TWDHHEEIT, WIFhd «+50 L
Eozra7lihoTEy, BEMHEE L THRICHENZITZ TS, L, #igHo
VU R D FAMT & BT OBETES, G0 d 5 A MO S £ +5 o L EDO A 27 L L T
L. FEHEBRIZIZHEE RG> T DB G G OR, 20X ) ki mofkH i
NHRF o EBIIEA TN WD, REZa72@G<FdMiLzbneBEZHND. &
DIEED WV 1T 5 £ 010, FEHBBICZHEREFHBREZED T, Z0 X5 RH
BT HREEZ TITHMENRDDH. ZOMMOEME (False Positive) L 72t /bid, BE
AT N u+3 0k b u+5 o R CTh o728 T, BEIZB AT DODOMIIEH WA 3T
IR L T2 nWiEikTh 2. BEE LiF T o X2 e Z2im SR 0nstin e T
DT EBAEETHDHH, B LICHEKRMBEE 72 5 nikiv (False Negative) (2D
RN D AR D DH. REIZEB T 2O B, WEREHLWNEE7 AT —v g
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il RO IRAIC KT 2 HiZED FEB TH 5720, BRI 4 b 7o TR AT
s R NP B

TEIE, 2 FIEOFMAZME SR Th D, LML DOCICE W CHEA B =&
NDORFEFDE T AT — a UREREBSLT- S mig T, AT VTIRETAIC
L0 ENR LIZEBRTH D, R TH D [FPITERD X 212V R o508,
BAERANLTH D [FN] FAEC IE TR

LLEX Y, AnoGAN & DOC 24252 & T, a2 U — MEROFEE A B i
A AT ENTE., WENES RIERH B %2 AW EIC L5 BERm, Wik
HbhoWEt 7 AT =2 a VEHAROZROB IR ZMTARETH 5 Z & BRFET
.
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R 57 LEERIIHTIRERMOBARZR

0.291: -0.258 -0.297 -0.355 -0.429 0.000

0.240 -0.259 -0.033 -0.211

0.077 -0.129 -0.264 0.060 0.107
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54 FL&H

KETIE, FIETHRAEZIToTZMBEDOE 7 AT — 3 U FEOMENRTE LT,
EH G2 AW ZEIC X2 R RAMOBEMIC OV TR E1T o 72, AEICBIT 5 /R5!
WZED, UToRZH LT LT,

() =7 U — MO EGIZ, FHE o 1 625 20 050 2 o s 8l i A
HEOXHM, bORER—SNIZEBETERY. L, 20X ) Z2EEICK LT
b, WEEEOERET AV EIGH LIZAnoGANZ W= B maic kv, a7 U —
FOEREIROBRBZITAD ZEPMHRTEZ. 2120, FEEBLIOREF A =T
DA % ffeRs L 7o fE R, 1B & B &2 IR X3 2 PERR 1T+ 40 K HE T Id e v,

(2) EIEZE OFWAETT VEIGH L7ZDOCIE, 7 7 AMEMZ R KIZ, 77 ANS#E
B/ANET RSO EZSRET L2 Licky, WK, v -0 MEFE] &
MY OB ZITA5 2 L EH NI L, 2L, @Bz B E LIFrEED
M T 2728, BRI D 2R BEE OB AR I 43 e K HE T I 7200,

(3) AnoGAN & DOCE AL E ALV TIE, Wifg2 5 0 R HE ORI R +2TH S
B, BT 228 T, a7V — FOBREMZENCIAD Z LR TE 2. #
BOZEWRDPIRIET 2 IR ~OE H 217 o 72 /5%, B HIEEAE Led, BitiE
NEFESEPICERFEBR LR T2, EVEEGEEHOWEERBYEICL DB
MR, MBS D VIEE A T — g ViAo ERBERNE R TETH
HZ W BENT L.

BEBAMOMMIZONT, SBOBLERRS. AT 3 — 7 Bi% 2 50l
LT, AnoGANTIZZNHARBLLEBZ AR TE o7z, £ LT, DOCTIEA
DI O ELTENE GBS s LT, BE 2 a7 2 < il L. S 2 i
THEDICIE, EHREEOT =4 O LT - EBINSE T, BERMOMEIEEL L
DZENEFE L. REIZBT HMETOHGR 7 = — ATk, REHEMAA=2 7 U — M
DHOEG 2 N7, JBFRE S EAEEBGICH L TE, Bk~ T v 787 AT —
VarziiMlicar sV — MNaLS OO~ 2 7, & D WITTRERER 2 VT —E
B EOWEOHEE~ A7 SELFEOMIENNLETH L. F, REHmTix, 2R
DY FAGEETIFATARY. 2D, ZEWLIEIZR 5, DOCIZLY THE] &
HIE SRS LT, B EDORWA A7 ThHD 7 7 ARFEZCNNICLVITH Z &
LHEROND.
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INET, 4277 OEFHLDOEIT~DRED S T U e TUHE R B B~ D BAT 23 et
ENTEEN, BROEBEEZDODRILIZONTIE, BVEEESZRSERR LT
ol EgNL0a 7 ) — OO UbREIIE, £ < OEEICL > T *
v, =Rk, 72 & 21X bRV TIHE TEG T DI X 520K 0 B 8k H %
DEES N T, ERIZHOWTIT A B HE O OBEANIITE > TR o7z,

TO XD 2@ OT, FR2SFEOELR@E R K ORFEEEIC LD RIS A
Y7 I e Ry MRS - BARGIS ] OFERRED, FR30ED LAREATIC L D TAIZE
R UIERE A T v 2AOMFICET D HFEMZE ] ORGSO AN &
W, BRARIZBT 5 BB EEITEA~OBHEREE->TE TS, LrL, BRoOA
B BT O AT T, A 7 T OERRE WD FEEOVERL D B G Y B
RENdDH, TON—RLEIIVTTHIERRERBEL->TNS.

ABFZECIE, WBREYSREEICHEL L7228 E1T o & & bic, ERRoiEisa
GO RBEF~OEM % B2 T, T 2 /e B oBRa 21772, fHERES
SUREREICYEIL U 2 2R L, BRI, BREMSRERECHES N2 2 )
— FOEROBEEHEBRBEOK S L ED THM I E LT, €7 AT —va UV FIEICE
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