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Classification Reasons Visualization of Deep Neural Network using
Model Inverse Analysis

YASUKI KAKISHITA™ HIDEHARU HATTORI'!

Abstract: Recently, media processing technologies using deep neural network are actively studied. Deep neural network realizes
complicated function by multilayering several kinds of layers such as convolutional neural network, full connection layer, etc. On
the other hand, deep neural network has a problem that is difficult to understand classification reasons by human. To solve this
problem, visualization methods of deep neural network has been proposed. However, in these methods, the structure of classifier
is limited or visualization of classification reasons is shown with low resolution. In this paper, we propose a visualization method
of identification reasons with high resolution and without restriction on classifier structure by calculating the contribution ratio of
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inputs to output (model inverse analysis) in each layer.
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Network(CNN)[1]% V72 FIENEHEFRRSSw IR R H, & 7
AT —a v e A7 THERFIEEZRE L R
% AR 2 I T %, DNN I K 5i5I%51%E. CNN <° Full
connect fEEDEBHEB OB A LIBILT 5 2 & THEHMER
BB ARBLL . SO EL EHL TWDH, LA
O, FRBIZEOREE &I ICEMETH D . SR IR
DARMLAE NI EMET 52 ENEE LW E W BER S D,
ZOT, EHAMNRROFER, WAKSE M LoD D%t
RRFHI S R T hE2ET D, &I THAIE ATEBRN
D EOFEIED, BAFERORIE 72 > T O EFHALT 5
7o OIZ, A 5B MFHTIZ L 5 FBIARML rT 5L F 75 (Contribution
Analysis Visualization, LT CAV &MES)EIRET H, 16k
& DNN OSBRI AT BRI B4 2518 - 7o 23, 7kl
ZEOREEDRFIR I N D . AR OFGEE MR & v o 72
MRS D, RETIEIL DNN OFFIZB T, ANMH
TN LT EDRRER G LT O &8 H 53 - THEHT

Convolutional Neural

i1 skttt BSLRUERT BRZERR%E 2 v —
Hitachi Ltd. Research & Development Group

(© 2018 Information Processing Society of Japan

T5Z&T, WELORIRE D7 < mf#HEE T OMSIR
Lz "I e %,

KGRI TIE 2 BTIERFIEIT O W TR, 3 ETHR
RFEZDNT 2, TOHK, 4 FETHEEFHOEGHN G
ERWEERREREHRE L, 5 ETEBRFHRICOWVTELR
T,

2. FEEFiE

MEFIETROBEERERNERFIEL LT, CAM6]R
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4: VGG ETNVDOFX Y hT—7 kK, O»OOITIRETIEC
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Bl SICEBRICHW AN ER L. VGG ET VT K Dk
WEERE RS, 72, VGG EFANEBENOR L Mx L
DY T ATHAN L TWDE D EMERT D20, 5 &13hl
W2, MERPE o TV HEkEZNEN~Y AT LT BB
ER L. VGG EFMIC AT Ui, ZORER, mig Lo
K% boxer’, THIOHi% tiger cat’ & &5l L7z,

B 6 |2 Grad-CAM (2 L 2 AT HLAERBI L REFIETH
% CAV |2 X2 A biE R 2 =3, X 6(a)& B 6(c)i Grad-
CAM T X % tiger cat’Z 7 A L boxer’ 7 7 ANZKF 5 Al
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OQFPE@FNEIXR 5 DONHLE@EFRLTEY ., f[HR{LE1T
IBERLTND,

Rank

Class # |ltem
242|boxer
243|bull mastiff
246|Great Dane
282|tiger cat

Gl B |lw|N] =

292(tiger, Panthera tigris
B 5 : (A)FFAM A G, JRE[6]% 224x224 A RIZY HA XL
2o (F)BIFERD AL S 77 A

PERFIETH S Grad-CAM 1T, K 4OQDFHSEEMHEH L
TEABb DA FRETH D, —FH . REFEIEEDOEICE
WTCREBIRILZ AL 2 Z E N TTRETH B, X 4 0O
HOIZEIT 5 LSRR Z X 6(b)F L O 6(d)DDFIH 5
®FTRT,

Grad-CAM |Z & 5 AT#AKIZ X 4O DR EZHEH LT
LY oN 6(a)B LUV 6 (c) & 6 (b)DI LV 6 (d)
O WEALHKE FITFRRE DR IE & 72 5, BB RILE
H5BMIITEYE ., RIFEDEAFITRNISAH TR,
6 A %2R L CWd, $REFIETIER 6(b)ds LUK 6(d)
OOHNEEFNT AT X 9T, FICATERIH - Tkl
WILE AL CE, 2T X0 SRR ORBIRILE AR
fLHEETH D, BIXIER 6(d)DERD L, ROEOHFTH
FRZATERFED I BRI E LTWD Z &R ah D,
F72, K 6(b)YD%E R D & tiger cat’ |IZ % 2 il BRI % R
{ELTWBIZHEL LT, ROBEFSIZIROEUS A H T
WhESND, ZORICEL TUIKRETELRT D,

AR E BB R b TE 2 —J7 ¢, AJIBIC
T E D & BRI RFEIR I/ L. KRR 7 2 )
Wr LI K A MR D5, ZD7D, FAARILO KR
PR & RO W T &R 2 720X, EER O TR
BIMEBETDERFDEEZD,
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REFIECTAIHUE L7 BARILIZ DWW THE LT 5,
6 CIHIEOHHGHRE bt — b~y 7 TRLER, #EFIE
TEOFEGERLEMT S, CAV CHRHLZEDRHHE L
ADOFEREZK 71277, X 7(a)lE tiger cat’, X 7(b)i%
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Ka40OM6E®%FRLTWS, X 7OREIITEDES
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(a)Grad-CAM for ‘tiger cat’

(b)CAV for ‘tiger cat’
(proposed)

(c)Grad-CAM for ‘boxer’

(d)CAV for ‘boxer’
(proposed)

6 : Grad-CAM & CAV |2 & A AT HALAKE R, (a)lT Grad-CAM (2 X 5 tiger cat’ |25~ % AL . (b)IE CAV (2 & 5 tiger cat’ |2 %9~ % 7]
RAEARERL, (o) Grad-CAM (2 & % ’boxer’ {2 %13 5 AT LASE F:. ()X CAV (2 X 5 boxer’ IZ%f 9 5 A LFE R Z /R LT 5, OFIN BB
AL EIT O AR LTV

&) @ ® @ ®
o . . . . .
o . . . . .

BRI ADOFGEERT, (a)ldtiger cat’, (b)iX ‘boxer’IZxt3 % Ak

X7: CAVICEAIEFADTFER~ YT, RESIZIEDOTEF,
WEERTHY ., FLATBIE L AAFEGREEE LTS, OF»L@INTTHRILEZITIEERLTND

B 6(b)DIZ T, “tiger cat’ {3 HakBIARML L L TRDJE HMPEZRFE LT, X 8(a)i X RN E - -2, X 8(b)

M ICRISBRENTNWD REBET 5, K7@D, X
am@@Eﬁ®$5$%ﬁLtF%T%é e KRB
MBS IIZED T H RGBS BN TWHR, HIEXOH

@% 7R ADFEERF)BELIENTND Z L2R5
"D, & Z TR SIZART~AZ W% AV, fBRILD
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572012, VGG ET VD& E D 7112%F L T Softmax
EHEATOAMOMERBI AT L LTHEM L,

"N
‘AN
W

(a) Whole region on dog
B 8 : RIS E AT, (@) T RBRD B IED FE RN & E T
BBRAN USRI, (D) R T o 72 SN O TE 0O % 534S B W E T

(b) High contributed region on dog

WL RT O tiger cat’Z T A DFKBIA 2 713 11.07 TH -
7oy, R8I R T BT A kT 5 &L WA =TI
11.07 25 138112 EF- L7z, Zaudk. X 8(a)ll i~ fEIk
W2 X tiger cat’ OFRBIA 27 2 Ml T 2R EN L EEN
TWHZ EERLTND,

—J7. B8O ART T & b L7355, Ctiger cat’lC
ST DA T TIF11.07 5 834 IZIK F L7z, £11Z
X 8(b) D R & AL L 72 35 A OIS R OB &R
T F AT HMER AT, R 1AL 8(b) DR E MK
AL OMBIFER AL 10 7 T ATH Y, HkEA X
Bl o LIIR PO T RAERLTWD, FigELES)
{b# 13 tiger cat DA BT, FafO s Z ANNEA Z T
F. Top9 DETHA XBD I T A>T WnWD, ZDZ
EDDB VGG ET VL, K 8b)YDEB Y #in %, S kR
ROBEIRIZHEDL LT, R aB OB ORISR E LT
LTS LoD,

F 1 AR RO, 73R AT
F TR RN % OFBHE R D Topl0,

before after
Rank | Class # Item Rank | Class # Item
1 242 |boxer 1 243 |bull mastiff
2 243  [bull mastiff ><: 2 242 |boxer
3 246 |Great Dane 3 246 |Great Dane
4 282 [tiger cat 4 159 |Rhodesian ridgeback
5 292 [tiger, Panthera tigris B 180 [American Staffordshire terrier
6 159 |Rhodesian ridgeback 6 172 |whippet
7 172 |whippet 7 209 [Chesapeake Bay retriever
8 180 |American Staffordshire terrier 8 254 |pug, pug-dog
9 254 [pug, pug-dog 9 208 |Labrador retriever
10 247 |[Saint Bernard, St Bernard 10 282 |tiger cat

292 Itiger, Panthera tigris ]

e
N
=)

YLk, Wm%rwiﬁ @®¢ . OB R
EHRAL TSR, ZORIHIIEEE LR W R R
@%§<%ﬁbfwék . BAE ﬁ T AV S HE L
TWBHZERmND, 20X, BEFEEHVLZ L
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AL TIE, Neural Network % V7238 ER 1235 1) 5 %
%mm%\%kamm_ibﬁﬁm¢é$%0w%ﬁ
ZL. BEHEINCES BN TNWDLET IV THD VGG £
TNERNT, ZOMRERGE LT, TORE, BEFIE
IRERTIE LD b FEMICTRAARIL & 7o D BEIO R 2 P 1
fbc&EnbamLic, REFIEL, LD XS 78 THR
ENFy b= ThoTh, HEROHEH L ER
T 52 & CHRAIBILO FH L E ATREE 5, Lo T, B
BRMOBIR BT, A A—VF T g = IRHREIEL
H, BERHRE, BReRZATRITORy U =728
THIBIHIWT ORI A ST RAREE B b, £z, LT
TEILE DRSO R R 722 Z%Tgﬁtb FBEHDL
P =212 L CHOEREERHPE 272 2 e, @
mﬂ%&m%@%%ooa%\%%&m@@%am%%@
RERAE
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