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Abstract: Tmage classification by machine learning has already established a variety of excellent results. The
classifications of machine learning models are not always understandable for human, so that many researches
are trying to visualize areas positively cotributing a classification in an image. However, negative contribu-
tions, which are important to diagnose an medical images, have not been paid attention. We propose a new
analysis technique named DiDA to visualize positive and negative contribution areas in an image, using sets
images with small difference to the original. An image masked along the grid is input to a target machine
learning model and its result is compared with the result of the original. Positive and negative differences
are represented as different colors in an analyzed grid image. Multiple grid sizes are used for visualizing
contributing areas precisely. We applied the DiDA to classifications of optical coherence tomography (OCT)
images by mechine learning. The results were checked by a doctor and we found colored areas in resulted
images shows appropriate points for diagnoses.
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M1 JCOANEGE )y FIZXEYY) 1 Afd>v A7 LCEG
Fig. 1 Original Image and Masked Images along to Grids.
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Fig. 2 Mapping Color and Intensity to Each Grid According
to the Difference of Confidence Values of the Original

Image and Masked Images.

7%x7 11x11

21x21

B 3 [UANEG, FUSEET VIS L TCERSN:, 7))y F
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Fig. 3 Three DiDA Grid Images in Different Grid Sizes to One

Input Image (Red and Blue Grids Represent Positive

and Negative Contributions).
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kBRI (1)

Fig. 5 DiDA Mixed Images for Fundus Images Obtained by OCT in DiDA View (1).

4 8O0 7 1) v F¥ 4 XD DIDA Grid Image 2° 5 A & L7z
DiDA Mixed Image
Fig. 4 DiDA Mixed Image: Combination of Eight Grid Images
in Different Grid Sizes.
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X 5 (X DiDA View OWEFITH 5. 4 D DOW{EITR
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L72EEE OB W LA 3 2053 (ZO¥EI1XEIZ, Dry
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S X BETH (2)

Fig. 6 DiDA Mixed Images for Fundus Images Obtained by OCT in DiDA View (2).

ZNENOHFEUH L, K (EoFGHES) L (B
FHEG) W3, WETHEHSGE) S H LN — T
SRLTWD Z D505, X5 OW{EROIEHIETH
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2A|] TEERLTWAS, normal IZxF L TlEEED DO H M
EoTwa, [MERE] ST 280%5855] L33 %
bt (S PDIRE] LMRTLIENTEL.

X 6 I2ftio 4 2OBI%RT. K5 OB ED, HEE
DA OZW A LT LA a7x L Tw
BIERI A fhE L7z, IRKEBICEEL L R nEICL o T,
FHITRETH S ) WHVWAMEICG 25D T, EiD720
DFW 2T TR {, BENOFHBFER, M1t
THOHEMBLLAULHT AL EZONS.

5. RMEMENREEDRE

Hi 3 THR L7z X 9 7% DIDA Mixed Image 1%, 4L 72
A EMEDESIZL ) T L AT 77— 510 & )38
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IR CTRY R IEHA DIDA ICX DV RENTWE D E )
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ZoufrE LT, 5, 6 THIF7BICEL T, FET—
¥ D5 NIAFT Z4T 5 IRBOEM TH 2 HEH 5D 1AM
HRAE L 7. %% DIDA THUR L T\ IS AT A7
W ABORL Yy MEeBBLEAHL T0D I EITHERT
&7, ZITREDI B 3 ODERIZOVTHIT S,

5.1 EMEMBERZEMY (Dry AMD) OFEI

B 5 OFEBNZ A LEEMIIE Dry AMD & HIBF L, bk
13 Dry AMD & RA DA 7HEH L TWA, ZOMi§
(/) 12DV TIERAS Dry AMD &Il L7284 > Mg,
EE P RAFED TEOW L o TV ARG THL., Ih
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ORI R T & FEAT NI Y] B B B WK O EB 4 1A 2,
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7 MR SE B & IRAE IR
Fig. 7 Retinal Pigment Epithelium (RPE) and Choroid.

(720 $TEBALRT Ao TBY, IREEEOHENE
DHEl{BoTWwWbeEn) ZETHA, Dry AMD DI
BWTIE, ZOEELE L R HBEREM L, FEiar Dot
OB EE ISTEVWITRTHL L IAFRTWE. —F,
RA & (25 2H), F SITHIROZEIC & % I
ftelTwbeEZHND,

Dry AMD DM TIIIRMIEDI % { % > TV 555D
EHRRREHEL > Twh, ZOHESICEAL CEMT [E
L TWho722Y, Dry AMD THILUIMRMEEDSS - &
FEHAL L TV BREBINS <, 2 DREFI ONRKIEIE 3514404 |
LIRRTWAS, DDA ICX D EFERICEARTWETHAH
WAL STV LRI EEZ NS,

5.2 EBFE (ME) OfEf

B4 6 (a) IXEERIZY ME &M% % DT EBITH 5. ME
FEELTE G CHEORE 2 R T REHEOLRTH
0, FFHEOEICNE AN () OBRMPTRE &b 2%
9 & CME (ZNAREEPTITNE) LIEEN 5. ERiOFWIE,
ME (3328 5N 2 DSFERTPHE CTla %, HEDED T
Ehv, LW bDTHDL. HSE TIEME & CME T
Hr2sEli, kT BRVO (RIEEHIR S FAZERE) L)
EEREATHIIL T,

EAETHbI TS, CME OWifg (G205 28 EB) T
JRFTEYIC 58 { ARt TR S T B B2 2SR 13 BiE ©
v L - EaETH S, ME OWi(g (E7»S 24
H) TEZOREb HFORBARIN TS, T, /h
BRI LY SMESEOEE (FE) % HTME
EHIMTL T AEEZLNSL, TIUFHIC [WRELR DT
7Y MREEA T 5] &L T LS EET
HHZLERTHITHL LNV S,

KADBRVO X, ERELTCME 2 b %) 2 &)
L, EEAE P RAEICHE CRTRENT NS, HED
FVRNE 2\ OO BITTEE A BE F 72132 ORTERA Z IR
W23 5 2 (hyper-reflective foci) EIFIEN S H D
ThHY, BRVO DJERE LTHNI B2 D THDL. F7-
BRVO 3 E T2 Tofi§ 2 MR DAZET S
L7z, BT (BEOLEA) THREDRY 2355 2 & 054
WMCTHDH, ABGIIKTFWTH LAY, WL L5 OHE)S
FHETHLZEERIHER L TVDLZ EDRMBT/RINTNDS
(6 (b) DIEGIDL A5 2 M HOWIES FEE). ZhbHo
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K BT A I S AR OMEIEO R LR DR L RO 5720,
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DA F WA R 515, Wet AMD T Uik
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NHEWT ERRLTWEEEZONSL, A D normal O
FIWT L, BEFHARICZLVEBZETHD Z LR LTV,
ZOHTYH, AR OB RBIIEL T EbLIEES L
v () iR LHBrenTna,

6. fFiEE DIREREEG S L T DL

DiDA % BEEOMOFH:0 9 + 3, RISE, Grad-CAM,
Score-CAM L DI T o 72, WEIRIE= L H L OCT 12
LB REDOWIEHIE D5 OB/ OHETH Y, X 8 2%
DIERO—FRTH 5. FEmOFIOEED EAL 3 D D555k
BT 2K FHRICL A2 MHALEREHIF T 5.

CNN D& A AME OEHRD & Wif§ % AR L T\ % Grad-
CAM % Score-CAM 37 FH L TWAHTHAH) KA v b %
GUBBLFOFEBL2rMMHALTE TRV, TRH5DF
B OMEICHEAT 20XV TR T E 5,

RISE 12 X A {413 Grad-CAM % Score-CAM O @ X
D HEE AL TETEB Y, DIDAIZXAWRIZR DT
V. TEOEIETHEY, 1ZEASMLE > T CHIEIC
WEEGZ BRI G) BRI R ), Fh
L0 BELMEL B BE MR TEOFS] #ae L
THRETE 255D RTINS, B 9 (2 RISE 12 X 4 Mifg
%, HEFE 0~255 OHEME 128 #3510k & #1228 L DiDA
BOBRLTERLEZDDE VWL D2PHITEL., 20 [BADF
B LT E 51307 L HHETIEZ <, $72DIDA
WZEBBDETNTRELDEH L., ZNENDM 2 TH
fEL TV 220535 H%OMETH 5.

RISE O W& DG IIEE S /=7 v FOH A X2
HIR S 5729, DIDA X1 b fFEE AV, RISE &7
Vo R& 5 0¥ LIZx A7 LB % S50 OHESRIIZ 4
KEHN—FB V) ETH L0, RIEEZ TS
DIZZ) Y RNl T5E, hN=FT 5D +05kT
FLNY — v ORI Z 5. 5T, RISEOT

384



BEAIEF =R EE Vol.63 No.2 379-387 (Feb. 2022)

original DiDA RISE Grad-CAM  Score-CAM

EMERMEMHENSOE

8 DiDA &AlTFEo ik
Fig. 8 Comparison of DiDA and Other Methods.

HeE TS % DIDA & HESIC P A L IZBEWT
70,

DiDA 12 & 2 {30 Tk & T, JTTOMWIZ DRI
FHIS S FOREEDTEH LTWARA v b e LTEERmIC X
CHEHENRTWD., ERIZE > TE, FEDER DA R
WHIRD W EFBWICEE 2S4S H 575, DDA I

A
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DiDA RISE (Red/Blue) RISE (Gray)

9 F-E-FD DDA MDOF/RIZ L7 RISE & Dbk
Fig. 9 Comparison of DiDA and RISE in DiDA-like Color
Mapping.

FNLEEOWEHDORLNERS M EELHIETET
WheEZLNL, EAELHIZLEFELG LWLy % 5
WAFEICETRENDL D DIDA OF)ETH 5.

NS D SEANINZ, DIDA OF-FEAREE O i i {4 A
LIREREOHE 2 08T 5 & ) ZEEIZBWT, kT
FE 0 EUNHIEIR A N EAHRAETETWD Z &A%
Mh. Ak, L0 REZR B RHAEZT> Tw <.

7. FEO

KT, HAHWEESETLETIVICHL, ZOHIE
BN AR 2N A W% % AT L2a 0 oo
b % Wifg it LI/R$ 5 T4k, DIDA 2% L, IREkEG
25 O EN X B KRB OB L7261 % 840
L7z, IEOFHFGED L ADFHF GG O RIT 2 Wi I KR L
TIIRTELZERELRIFHTH Y, 72, AT LM
BB OEMRIZ T 2D 720, SHETFVOMBEIZL S
FTHEHT I ENTELNHEOBCFETH L. HRIEKHT
JB 1% OS5I L DIDA % @ L 7245 525, BEAASH
TEBEDORA Y PEWHEITRLTWAZ L R L:. £
72, BEAFOMFD L T, IRIERE GO SEICB W TX
DY) AL AT AT WA Z E bIR LT,

414, DIDAIZ XY AR S N7z W% ARS8 ) 7 1%
WAFRTETWDE R E % X VKA L, A%
TR+ 5. DIDA O XL VHLNIT B2, 0
FHEEMOSEF QWIS bW L, FEIERIME <
WP Lo 4T . 2T, 29 L7oWix =
BEL EANOFRO L7, HEHFEIOWT LR %
119 . MFHEDOFEOHBE LTORHOAELTH A,

385



[BHRNIBFERIGE Vol.63 No.2 379-387 (Feb. 2022)

By EZIILoL T ALICE 23R 81 [Hass
TTv IRy PRI ELTREDRLENLZELE W, L
7L, DiDA DX ) Tzl L CTHITORA » M e &
HENCITHALTE N, BEFEEID LA, BBANEED
ANEOED M A ML SR, DRSITHIT LY, fbo
AANFEIAZR 7205 7200FKE LTHITHTE S &
EZ2oND., Frld, FOL)HWREEZERLTYW L.

SENH

[1] Kuwayama, S., Ayatsuka, Y., Yanagisono, D., Uta, T.,
Usui, H., Kato, A., Takase, N., Ogura, Y. and Yasukawa,
T.. Automated Detection of Macular Diseases by Op-
tical Coherence Tomography and Artificial Intelligence
Machine Learning of Optical Coherence Tomography Im-
ages, Journal of Ophthalmology, Vol.2019 (online),
DOI: 10.1155/2019/6319581 (2019).

(2] M, HEERREIL, 2 J), HEER D DIDA B
FEN X B WEZWOHIM AR A > b & AT 2GS LD #
B - WAL BT, A28 T2 2 a v 2021 s, 16
LI 2, pp.109-114 (1A02) (2021).

[3]  Shrikumar, A., Greenside, P. and Kundaje, A.: Learn-
ing Important Features Through Propagating Activation
Differences, arXiv:1704.02685 (2019).

[4]  Zhou, B., Khosla, A., Lapedriza, A., Oliva, A. and
Torralba, A.: Learning Deep Features for Discriminative
Localization, arXiv:1512.04150 (2015).

[5]  Selvaraju, R.R., Cogswell, M., Das, A., Vedantam, R.,
Parikh, D. and Batra, D.: Grad-CAM: Visual Expla-
nations from Deep Networks via Gradient-Based Lo-
calization, International Journal of Computer Vision,
Vol.128, No.2, p.336-359 (online), DOI: 10.1007/s11263-
019-01228-7 (2019).

[6] Chattopadhay, A., Sarkar, A., Howlader, P. and
Balasubramanian, V.N.: Grad-CAM++: Generalized
Gradient-Based Visual Explanations for Deep Convolu-
tional Networks, 2018 IEEE Winter Conference on Ap-
plications of Computer Vision (WACV') (online),
DOI: 10.1109/wacv.2018.00097 (2018).

[7]  Wang, H., Wang, Z., Du, M., Yang, F., Zhang, Z., Ding,
S., Mardziel, P. and Hu, X.: Score-CAM: Score-Weighted
Visual Explanations for Convolutional Neural Networks,
arXiv:1910.01279 (2020).

[8]  Zhang, X., Wei, Y., Feng, J., Yang, Y. and Huang, T.:
Adversarial Complementary Learning for Weakly Super-
vised Object Localization, arXiv:1804.06962 (2018).

[9]  Wei, Y., Feng, J., Liang, X., Cheng, M.-M., Zhao, Y. and
Yan, S.: Object Region Mining with Adversarial Eras-
ing: A Simple Classification to Semantic Segmentation
Approach, arXiv:1703.08448 (2018).

[10] Singh, K.K. and Lee, Y.J.: Hide-and-Seek: Forcing a
Network to be Meticulous for Weakly-supervised Object
and Action Localization, arXiv:1704.04232 (2017).

[11] Bach, S., Binder, A., Montavon, G., Klauschen, F.,
Miiller, K.-R. and Samek, W.: On Pixel-Wise Explana-
tions for Non-Linear Classifier Decisions by Layer-Wise
Relevance Propagation, PLOS ONE, Vol.10, No.7, pp.1—
46 (online), DOI: 10.1371/journal.pone.0130140 (2015).

[12] Petsiuk, V., Das, A. and Saenko, K.: RISE: Randomized
Input Sampling for Explanation of Black-box Models,
arXiv:1806.07421 (2018).

[13] Ribeiro, M.T., Singh, S. and Guestrin, C.: “Why Should
I Trust You?”: Explaining the Predictions of Any Clas-

© 2022 Information Processing Society of Japan

sifier, arXiv:1602.04938 (2016).

[14] Lundberg, S.M. and Lee, S.-I.: A Unified Approach to
Interpreting Model Predictions, Proc. 31st International
Conference on Neural Information Processing Systems,
NIPS’17, pp.4768-4777, Curran Associates Inc. (2017).

[15] Ribeiro, M.T., Singh, S. and Guestrin, C.: An-
chors:  High-Precision Model-Agnostic Explanations,
Proc. AAAI-18, the IAAI-18, and the EAAI-18,
pp.1527-1535, AAAT Press (2018).

[16] Wang, F., Jiang, M., Qian, C., Yang, S., Li, C., Zhang,
H., Wang, X. and Tang, X.: Residual Attention Network
for Image Classification, arXiv:1704.06904 (2017).

[17] Fukui, H., Hirakawa, T., Yamashita, T. and Fujiyoshi,
H.: Attention Branch Network: Learning of Attention
Mechanism for Visual Explanation, Proc. IEEE/CVF
Conference on Computer Vision and Pattern Recogni-
tion (CVPR) (2019).

[18] Tan, M. and Le, Q.. EfficientNet: Rethinking
Model Scaling for Convolutional Neural Networks, Proc.
36th International Conference on Machine Learning,
PMLR, Vol.97, pp.6105-6114 (2019).

&R th=

1993 4B UR F B IR AE OB 2 BF A
. 1995 4B KAAR A e B A SR A
JeRHERE EEBUE LIRS T, 1998
R TG, v = — A,
MRetyv=—ar¥a—s¥ Ay
AMFFEITE: 4% C, HE, Makatt s
L A AR GERT BRI R. =% A v ¥ T 2 — A%,
AR 2 G L 2R B G ORAT O 512 hE S, HAR Y
TR 2 TREES, ba—< o A vy T —A%e, AT
MEes4y, IEEE, ACM &%4&H.

(IE%H)

ML PEE

1995 444 B R R B H A 7E 7
EEEAERTEME T (B T,
PRt H LB EDT PR T 45 & ik
T, 3R, HEH 7 L 2 afdlbige
prElpr. EriiusafEys, HAX
T4V Al FRERA.

386



BEAIEF =R EE Vol.63 No.2 379-387 (Feb. 2022)

ZIl 7

1993 FF ALK F RS, 1994 4R
JeEFRERE, 2000 4 HUER R SR B R
R R IRAES:, 2004 FE A
- JE RS & 5T, 2005 4E X ) &R

(RN N Ve o2 v ST i e
BUE, &R RERF bR e
FHAR RS, HARIRFEAIRFHEMEE, PDT 2%, H
RIRRH AR, HARRER T Rr S, HARIRE AL
FailEE, AARIRSEHEZAFRA.

oo

T Bk (F&H)

1989 4E 5 B R T AEEREs 2 4 (BA
A) . 1991 R FRFRF AL
SRR T, 1994 4E [F 1R £
il - WIBAT USRS, BUE, Jbkedeumflas
€ Hoafr K7 B K716 irk - se ik 0= .
Wt (T%). SVFRXATAT7T57—%
Mige, PSS IO VW Bl L, Mg A I L7
A28 TF0F5 47V AT LALLM, BEIEH A
714 7 %4%, IEEE ComputerSociety %% 8.

© 2022 Information Processing Society of Japan 387



