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BWE : ARTIR, EBEERETVIZEDFEELAETZAF v OBIEEBOERD 72012, HERR GO R
FERERET L. BEFIETIE, HBDOIZ, WFEMNIGBRINZTFIAF Y IHAURT I AT Y 28T
APHERKTS, ZUT, TNOOHFHLSHNOT 7V AF ¥y 2BIRT 22 LI X VBERARZRET 5.
HOENEVWE WS ERMEDD & TERRT 7 AF v 2 BIROBEH & T 572012, BEZEBICEWTILEIZ
& D n-sphere EIZHEEHL, TNODEDNOERINET IAFYDITAR) VTR BIRHS. BRE
T, FHETNVONTEM RTINS Z EWTARETH L. £/, BIREOHMI T 2 A F v 5D 4R
FRICBVTHFAL 2B 225 BEICREFRIEN TH L. MR L LU -z T 7 AF v
i, BB VEFHAOMERRT2a0 T VY EEET 2200 MELTHELTWS L WA 5.

Searching Direction Selection Based on Similarity
for Searching Deep Learned Texture Latent Spaces

MAKOTO SATOH!

Abstract: This paper presents a searching direction selection method for searching the latent space
learned with a deep generative model. In the method, first, the textures similar to an interactively
selected one are generated from the learned model. Then, the searching direction is decided by select-
ing an intended texture. To be available for diverse candidate textures on the condition that they are
similar to each other, latent space points are generated randomly on the surface of an n-sphere, then
the textures generated from the points are clustered. The method can be used for interactively ana-
lyzing learned models. Additionally, it can be used effectively for adjustment in the proposed method
for generating interpolating textures. The nuanced textures refined with adjustments are suitable for

creating artistic contents representing relaxing japanese traditional ambiente.
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ARTIE, WEEKETIVEHOCTEE U BRSO
BRRIIBWTHERGMZ2 BT 50D FRE2RET 5.
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REFIEE, FEETNVONFENBRIWTICAENTH 5.
¥/, BIEEMZERTAEIILICEVFEMT 2 AF vHl%
T B 72 DERETIE (7] ITBWT, REFIEZE M
FUAF v HIOMPHIZ D Z EWARETH B, A
2 & 0 IERAL Uil e T 2 AF v 1, BB EWERER
OMERBETZIVT UV REWET 2720DFM & LTl
LTWdEWa3 8,9 .
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25 ECOBR AR OBRIRFIELRIRET 5. 4 HiTIdER
ERHWZEREREZR UM 2B RS, T U TREIL,
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2. EEMREDOLER

2.1 FHEFIODH

B2 (deep learning) [3], [6] 1, 7 — X ORHE % #
ZBHMRICT KNI FHEFETH L. TOI LA
MENB b, FEFEORE R EOEBEHES L O
% DAEADIGARESIFKRINGEIT T VS,
EEFEEOFBEANZALIDOWTIE, 2y NT—2%
W $ 2 K EZFRIRIZOVWTRFEEOFHENHETH B &
W25, LnL, 57 —REE2HNTEER2BI k-
GBI, BEFVT—ZDOED LS LEMEFE TS5
IZE b ry b —I ke UTHET 2 D02 DWW T,
SERIZIFMRPI N TVRWHA VDR RN EWVWR S,
ZOEIRIRMAERET D012, EEETLVEZHWE
FHIZOWTOHMRERBIIT H72DDMENRE Zimbh
TW3 (1] . F06iid, BEARGREHAFRNICET S
W, BLU, FHETILVOREEZ DT 57O DWED
H5. BIEITE, EEETIVOXENHMELEREEZ S D &
SIZFHETNVARRTHMELRENH Y, BHITIE, F
BUEEEDNRT A= )10 Z ST 5720 D
T EDVHD. TUT, FEHETIVOORICEIEFEEE
TLVERRTHILEAEETH S [4] .
AFRORETIRIIBETH Y, EHETINVOFEZEM E
TOBERERAWEZAH R EIIEWT, EREICHENES
BRFEHECLOBERAMOEREEGIZTE2DDEDT
»H5.

2.2 REBERETNICEDT IV RF v DEM

HEEKE TV (deep generative model) 12 & D 7 — &
DEBZEB IR &, FHURLBEERNSFE T — 21
BT — X 2@ EICERT 52 AT EETHS. D
720, FEREAERETNVIZEL L OMEEDOEHEZED, %<
DOHEET LB LCIGHAIPRE I NRITTWE. Zh o
121, VAE(Variational Auto-Encoder) [5] Z &2 L7 %
D&, GAN(Generative Adversarial Network) [2] %& 5:IZ
L72b DR ENRDH 5.

AFETIE, GAN OFEE 7 Tdh % DCGAN(Deep Con-
volutional Generative Adversarial Network) [10] & HW\ T
FEUTz, A OT 27 AF ¥ DEHRETIVEMVS. TD
FHETNVOBHAERICIBWT, REFIRICL D BEEAH
DEREH IS, 2UT, BERUERGELICEEY
BN ERHO—FADuNE LTHWS Z iz k b, fillT
IAF YR ELERT D, 727 AF v HIDOERIZIX, BIE%E
MEEFERTHI LI DT 2 AT ¥ I ZERT 5720
DOEREFIE[7) ZHVS. BIEEE»r o BRI NS T2
A F ¥ OB 12 3D B E B L TOBR A
EERTLZEIZLY, M7 AF v HIOWFREIZL S
ML EETH D Z L &R T,
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Algorithm 1 Searching Direction Selection

Step 1
Prepare a Washi texture model trained with DCGAN.
Set the parameters of the n-sphere in the latent space:
center ¢ and radius r.
Set the parameters of a von Mises-Fisher(vMF) distribution:
mean direction d € R™ and concentration k.

Step 2
Generate random vectors v; € R™ from the vMF distr.
Sample points p; from the surface of the n-sphere:
pi =71 v; +cC

Step 3
Generate textures from p;, and cluster those textures.
Provide the representative textures 7 of each cluster.
Find interactively a suitable texture from 7 that will be

generated from the next latent space searching point.

if a suitable texture S has been found,
go to Step4,

else
set new values to e, v, d and/or & if needed,
go to Step 2.

Step 4
Compute a searching direction vector: r vs = ps — c.
ps is the latent point that S has been generated from.

3. RRARDER

3.1 REFE

TIVTY) AL LICREFEERT. Stepl TIHHD
2, BEAERETVEAVWTEE UAAKT 2 AF v 0O
PHETNVEEMT S, T LT, FIfkT 7 AF ¥ OBIE
Z2[E] @ n-sphere DHuL ¢ &£ r, B X, von Mises-
Fisher(vMF) 7341 D33/ (mean direction, d € R™) &
HEHEE (concentration, k) ZRET 5. clF, WEZEM LT
DOHEDHEMNBETH 5. Step2 TlE, vMF O DEE
DO v, eR™ 2HERKT S, T L TR 112X DY, n-sphere
RO p, YTV TT 5.

p,=Tvi+c (1)

Step3 T, F#kT 7 A F v DEEZEM LOK p, 5
TFTOAFYERERL, TNSERITARIVITT S, T L
T, BV ITARIIEZEND T VAF ¥ DR ERET 5
TJAF Y T 2R T5. T Oz, BEOHRMNE ¢ »
SBEN LGS OROBERMNEN SER LT 7 AF v &
LTEHREDULWTIZAF ¥ SHEENTVWENE S %
BTD. TOLIBRTIAFIYREENTWBEHAEICIX
Step4 [ZH#EL. £S5 TRWVWEHEIZIE, BEIZIGU TN
A—REHBZBELTH»S, Step2 IZJR5. Step4 TlI,
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B 1 DCGAN OFUz AWM D T 7 AF v ik (LF43), BLE, FEU B
MOER LT 7 AF v HEif (FH45) Ol
Fig. 1 Examples of Washi texture images used to train DCGAN (upper half), and

texture images generated from the learned latent space (lower half).

BIEDRRALE ¢ > 6 DERETI ros 2R 212X D FHE
5. psid, sEAEKLUZBEZEB LOKTHS.

Tvs=Pps—C (2)

3.2 SSIM ARV NVICLKBIZR9) VYT

TAITY XL 1D Step 3 T, MMT 27 AF v DBAE
LIRS ER U2 T 7 AF ¥ ITDWT, HEEE LY L
THWAEIZIAR) VY T 2BIRD.

T O AT ¥ DREPUE 2Rl 5 72 d121F, % < DFEHE [11]
PREINTWS. [7) TRETI7AF v OHLEOHELEL L
T, SSIM(Structural Similarity, [12], [13], [14]) DFEII4ET
& % MSSIM(Mean Structural Similarity, [13]) %\ 7=.
MSSIM i, #E (luminance), 2> kJ X b (contrast) &
F OHEE (structure) (235D < WD 5 E O G &L T H
D, #ikEGS X O BEGOMELE OFHEEREE L TH A
WwWonbd.

SSIM Z W77 7 AF ¥ OFHETIE, FHEL L5 &7
% & SEERE OB X0 FHELN B b b.
DD, BEDT I AF Y27 ITARY) V7T 554
DFHAEL LT SSIM 2 AV 254121, #BOSHET 7 X
FyEHWS Z LIk 0 S MNREHEE S 272 5 BB
Uo2%Gahd 5.

AWETIE, 27 ARVVZICHVWAREE LT, A3
D & 512 MSSIM i & % k5> & § % SSIM R k)L (SSIM
Vector, SSIMV) &M\ %

8 =(s1, 82, ..., Sn) (3)
ZIT, 51 <i<n)lX TNETWZRT AT Y

T;,(1<i<n) ¢ HBEA—DTIAF ¥ LOHELEEZRT
MSSIM AT ®H 5.
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4. FEBREFBROMRES

4.1 MET I RF v DEBETI

FERTIL, [7] TOMET 7 AF ¥ DEHET V&MV,
ZIZTOFEFRIIACZFEO T 7 AF v EGEOH %2, X
L(E¥) iomd. ad, HEEERETVELTDCGAN
W7z,
FHETNVOEEGHREHANTT 7 AF vz £ KT 5
ik, FHETNVOMREB ko7, M1(F¥D)
1%, von Mises Fisher(vMF) 4344 5D U 7= 8BLEUZ &
DIEINU AT 7 AF ¥ OBHEEM EOEm» o B/ L 72
FOAFYEETH S, vMF DAOEHEIX 10 THS.

4.2 von Mises Fisher 2% O&EFE

T TV X 1T, von Mises Fisher(vMF) 734 h* &
B HUZRLBUZ L D RO T 27 2AF v &5 IV OREZE M
FOEEY YTV VT B, vyMF SADOEHE (concen-
tration) & AKX N B ELBDOAMHE OB, BXO, vMF 2
HDENEEZBNIGRGEDY VT VT Er 5 AR E
NETIAF ¥ DOHl%E, K21ZRT.

X 2(a) 1%, 3¥kITZEM ED vMF S/ & D AR L7280
DAATHD (FH). ALYy IaORKEOFLD, vMFE 5346
DHFELTH 5. vMF FADEREZIZAEN S 0, 10, 100 TH
%. B 2(b) &, 100 {RKICZEME LD vMF 3608 v 7
) U7 RIZOWT, vMF 4346 O35 (mean direction)
DL TDORG MR L IHITH D, ZIROLZER LD RO
A6 % WG DG ITUOTERMR E BB T b b,
Z OB E IR TTIERE D FIEN L OFEE B FEIT M % L
LTWVWEPREDHHDPBETHS. ZZTlE, 100 XT
B ETOY VT VI E 0N R IERERRNEIC L b RE
I 3572012, vMF 3405 DY > 7Y > 2 1{id n-sphere
DRE LICHFAETHI L 2MALT, AEIZK Y ROHMH
EREUZ. BARIZI, vMF 9O AR M L%
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2 von Mises Fisher(vMF) 845250 > 7Y v 7. (a) 3 %M LD vMF 54655
OY v TY v 7R (blue), A2 S HhE 0,10,100. (b) 100 RIuZEH LD vMF 534D
AR Y R vMFE SAOHLEP STV T ) VT EADRT ML DT (%
i 0,50,200,1000). (c) > TV VT mPSEB LT 7 AF ¥ (B0 FhE

100, R4 B 1000)

Fig. 2 Sampling points(blue) drawn from a von Mises Fisher (vMF) distribution. (a)

sampled points drawn from a vMF distribution on three dimensional space,

from left to right concentration 0,10,100. (b) the angle between the mean

direction vector of a vMF distribution on 100 dimensional space and the vec-

tor from the center of the vMF distribution to sampled points, (concentration:

0, 50,200, 1000). (c) generated textures from sampled points (upper half: con-

centration 100, lower half: concentration 1000)

HEEL LTHWT, vYMF Sfombhed v 7Y v ome
EREIRT MV DRTHED SR L. K 2(b) T
@ vMF 2 OEFREIX, 0, 50, 200, 1000 TH 5. HED
BAIZZ T v THB. M2(c) &, T 7 AF ¥ DIGTE
2 BT vMF D2 HWTHY > 7)) v T U S ER
LT 2 AF vy DHlTH 5. EHEIL N5 TIX 100 TH
0, FEHTIZ1000 THE. ETEOHELIIEIZT S
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7212, SOV —NE2EDT, EHEDADNRT A —X
IZIEFE Ul % W 7=,

4.3 BFEHEDER

REFE(TVITV AL DI OHIT 2 AF ¥ DO
TEEMOYWREBL o Izl %, 3ITRT. (a) I3,
KUKV T YT VT URBEZEM ED S5 AL
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(a) Randomly generated textures.

(b) Generated similar textures (iteration 1).

=

[ = , H
EEnEEEE EER e mEN [ PEnsns

(c) Clustered textures (iteration 1)

(d) Generated similar textures (iteration 2).
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(e) Clustered textures (iteration 2)

3 PRSI DER
Fig. 3 Searching direction selection using Algorithm 1: (a) randomly generated tex-
tures from a learned texture latent space, interactively selected textures are
edged in orange; (b) generated textures similar to the selected one (iteration
1), (c) clustered textures contained in each cluster (iteration 1), representative
textures are edged in blue, interactively selected representative texture is edged
in orange; (d) generated textures similar to the selected one (iteration 2), (e)

clustered textures contained in each cluster (iteration 2).

T IAFYTHhD. N1 OFETIE, £HEO, EH
sl d = (0.0,1.0,0.0, ..., 0.0) ® 100 ¥RJLD von Mises
Fisher(VMF) 2342 GHUD U 72 8L v; Z W2, F7z,
r=78&0ec=(00,...,00) &L AL rIaOf
THAZT 7 AF v & XGEHNITEIR U7z, (b) TlE, (a) T

AF ¥ IZDWT SSIM X2 ML (SSIMV) 2L 72, I’
12, SSIMV 2R GHMiZ BIRWISARY V728
ol LT, 72753 AXY Y ZIZHWZ k-means D
rboA ReDEMEAWTE S AXERERT LT
AF v BRELU, BRI TAZRDREERELETIAF ¥ D

BIRU7ZTF I AF Y ICEB T 7 AF v 2ER L. BIE
B EDREY T VI T 520D vMF DA DEFE
%100 IZEHE L7z, TR, (a) LFEBETH S, (o) I,
R UETFZAFYDI SRR v ITOME, BLUY, &
IIARERET BT IV AF v 23BN LR TH D, F
BEFIIAVVIVBOMTHARE T 7 AF ¥ 53, RELR
BF0AF Y THB. VIAR) VITRIBDIZ, &£F72
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BIADOT I AF v B2NEEICERT A LITLD, Th
MNOBET HIBIESM FOMERIRLZ. ALYV BEOR:
THARET 7 AF ¥ BAFEMICERINZT 7 AF ¥ T
H5. BEZEM EOROEBEZ EENICIEET 5D TR
, BIREINZT I AF v AR L B2 M EO %R
BT AMEE Lz, 2Th»oBET 5 A0y
Mvid, R2ICXDFEL .
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(a) Generated textures.
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(b) Clustering with SSIMV computed using one kind of reference texture.

IEIIIII B=

TEEESRE d

(c) Clustering with SSIMV computed using two kinds of reference textures.

BEomnEEE 0 s A EE=esaeg
BErER EnEn e

(d) Clustering with SSIMV computed using four kinds of reference textures.

Feaomssnn: DEEEE O o0 A Y Mt A D

(e) Clustering with 50 dimensional SSIMV computed using the all textures in (a) as references.

4 SSIM X2 PILOZHR
Fig. 4 Effects of SSIM vectors (SSIMV): (a) textures generated from a learned latent
space; (b,c and d) clustered textures with 4 dimensional SSIMV using a vari-
ety of reference textures, (b) the leftmost orange edged one, (c) the leftmost
two orange edged ones, (d) the four orange edged ones; (e) clustered textures
with 50 dimensional SSIMV, using the all textures in (a) as references. The

representative texture of each cluster is blue edged.

(dye) 1F, (c) TROBIEEM EOFBEHLTR2SH
o 2B HOBVELORERTHS. (d) 1%, BEL
TR ORATY Y ) T UG o B LT I AF v
Thb. VYMF RHEDNTA—=R%, BhEZ 11Uk %
NUANE, (a) LRBETHS. X1 OFETIE, r=102&
L7z, (e) 12DV TH, (¢) LAETH 2.

4.4 SSIM RNY MLDHPR

REFHETDI FARY) VT7IZBEWTSSIM N2 b
(SSIMV) DRI 2 ZAL S E 1A OWT il e B 274
ST XIZ&D, SSIMV OXRDMERE S ko7, (a)
1%, von Mises Fisher(vMF) 734 OELE Z FIWTH >~ 7Y
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VI UTBHEEB EORPSERLIZT I AF ¥ THS.
(b,....e)l&, ZFARV VI DKERTHS. (be,d) T,
4 XIED SSIMV 2 W7z, (b) TIX (a) DE EDF 7 A
F Y E2LBT 7 AF v & L7z MSSIM fl % SSIMV D% %
SR U 7z, (c) TlE, (a) DELLZDBHDT 7 AF v
BT 7 AF v & L7z MSSIM D T hZh % SSIMV
D2 DDEHIHEA LTz, (d) T, (a) DEEDALT IR
F ¥ 2T 7 AF ¥ & L7z MSSIM fifi% SSIM D 4312
L7z, (e) Tl (a) DRTOT I AF Y2 BT I A
F ¥ & U7z 50 IRILD SSIMV % iz, HFEOMRTHE N
T OAF Y, K7 ITARIZEEND T I AF v DR
ERETETI7AF Y TH 5.
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B 5 WEEBOBRICL BB T 7 AF ¥ DER
Generating interpolating textures with the latent space search method described
in [7].

textures (circles), and the locations of the latent space points from which the

Fig. 5
The first row shows the MSSIMs of the interpolated and interpolating

textures was generated (triangles). The locations are normalized with respect to
the distance between the latent space points from which interpolated textures
was generated. The second row shows the similarity searching intervals (MSSIM
intervals) used in latent space search (blue scale), and the similarity (MSSIMs)

of the generated textures (green arrows).
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4.5 BHEZREORE
B 5 0%, BEFIEICE OBERL ZBHAZEM LomzHW
THMT 72 AF v 52 EK U HITH L. BT, FET
I AF ¥ HIDMIS L 25T 7 AF v 2 EKT B 72 DWEIE
22 LD %, REFEEZAVTHERLE. 2L, 1] T
DFEEHANTT 7 AF ¥ QML 2 FIE L L CBEZ M
LEBRTEZI LIk, HEEWE S ITET B MM
TIAF YRR T,
F1FOTIT 7OREI, BBTFI7AF v LHifdT 2
AF ¥ DEKT 7 AF ¥ & OELE (MSSIM i) TH 5.
a3 2 00F 7 AF ¥ e BUTHEHEITII,
MSSIM fEH 1.0 785, T2 AF ¥ DFELEN /NS L 7
51FY, MSSIM fEIZ/NE 5. 77 7D=MAHIX, &7
O AF ¥ DERIZHAWZBTEZER EO RO ETHS. 2
Z TSR ETOMER, M ETORMM O
ZFEIRD ETO— DR o D IESMLERREE U TR
TW3, &P, BEEl Ecomoms ek, fMEish
5T AFXIZHIGT HWAEEMED 2 KDIETHD.
BAEEW ETOMBOMEDZNFNDE» S, HiET o
AF ¥ FIDWIHD T 27 AF ¥ DBERI NS,
FH2fTDIT I 7OEMOHBED X, BRIZBWTHWE
FOUEBRRXME (7 22) TH 2. [7] OBRFETIE
SALUE R XN 3 E & N U DB LDtk 2 7§
KO RMET I AF v I EERT S 7-0DOBELEM ED
%Wﬁﬂ%W$?5 77 7 DREOKENE, T 7 A
G E ENDET 7 AF ¥ EBROFELE ¥ Z D

@%imbtﬁ@@%%E%Lf@ME%ﬂmﬁwfwé
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4.6 IREY

B 1250, BEARETLVOIIZHWZIRO T 2
AF i &R U 7 BRSO B U 72T 7 AT v i
LERIERT I Tk, BEAEKETIVTH S DCGAN
EAWTIFEL 72 AR 5, FHIOMM ARz 2 72
TIAF Y R EBARETH D L3 ND

2(a) 7*5 1%, von Mises Fisher(vMF) 4345 D& AR EH
RKEWIFY, BRE QRN RFEIE? S @3y v 7y v
INTVWDZEAansd. B2(b) ik, 100 RLO vMF 5
miroY v TV v I ULEHITH L. EHEIREVEFL,
VvMF 4345 DY HFEAR T MV LT vMF SO Huh 2
Yo TN VT HEEINRT MVORTHNNSLRDI L
Wahb. V7Y I, n-sphere LIZTFEET S L
o, BRENKELRZE IDPVWEHILSY T v
TEINBZ Wb, K2c) ik, T7AF ¥ OFEZSEM
E®D n-sphere DFRME EIZY > TV VT UEEPLT I A
FYEERLUEZBITHS. vMF SAHADOEFENKEL R
513, KOHEUBRT I AF Yy PERSINDE Z B onb
B3 Tk, 7IVIVRXALLIZED T I AF v D2
DRREB 0> TW0Wa, AN 1IT &K BEIEZEM L TONEL
FEIR ORI, BEEME ETOHRENE c DFFIZZ A1 b
ZIOSUTCOHRE UTHA S LHEBWIZONDPTNE
WA 5. vMF SO HIAART MV A MO FHAIT
H, ERENITA NERSTHIHTHSD. R1DrHhE
@Eﬁmﬁ’ifbé%éT#?%é ZUT, WEaER

WY TV T U mr o ERK LT 7 AF ¥y EHWT

ﬁ%ﬁ@%&i?é?&i TIT4w IR ATV
DHIEDT=DIZRERNE o2 T I AF ¥ 2 ERT L L 5%
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BEZANTHEL VRS,

X 4 T, SSIM X2 h)L (SSIMV) OIRITE I EE 5
ZXIZED, kD XWX VIIERMRELNB I L
Wahb. SSIMIZBIRT 7 AF v 2 RHEL U-HLET
HBIrno, SSIMV DL EEMEEsZLickb%
 OFEFEHDHAE R FIW - HLIE O KRB FARRIZRD, &0
FWIIAR) vIDRERBRONDIEEZ NS, —F
T, 27 AR) VI O-OOHEENEINT S Z 2127k
%. SSIMV ORTGE R EIZDWTIE, MEAPBETH 5.

5Tk, BEFEICIOBRLAEZT 7 AF ¥ 26RO
i e UCHIEAERT TV OBEEMOBFRTIEL [7 2H
W2 Z &Y, BHUENE S MITEAT B RO i
TIAF v H R ERARETH D Z 05, MSSIM fE
(GILET) DZEAED 51X, T 7 AF v HE2HERT 577 A
F v OFELENE S MBI L TWD Z & 2 BAER I HERR
TE5. /-, FOEHERXH L TOBRME (KH), B
O, BEEM ETORRME (ZA) 2ol FEERIZH
W T 7 AF ¥y DFEHET LTI, WoIZBT 3
BIEEMZFETETWE IR0 5.

5. BbHYIC

HREERTT ML DY U BEEMOBRIZENT
BRGH%2EIRT 27200 FTEEZRELUZ. FIEORM
&, ERR IR BERDSR G IR TR K D SOt DO EZE M L
TORRFHZEINTRETHEENTHE. TNE2EHT S
72012, vVMEF DB LT 2 AF ¥ DELEZ AW, *
LT, BMETHEOFEREL2B I\, FEERIZ X D EIEDORKEE
EBIo7. BEFREX, YT FIVONEN LI,
574w A AT UYOFHWEDIZSDT I AF ¥ D
WA R LIS ZEAARETH 5.

SHBOMEL LT, 2L<OFMEDOT 7 AF Y DFEHEE
TIVANDIREFIEDMH, BRI ORRD 728 O W FHN
A VRT—ADER, B, 773 AK) 7 DOMED
WERENDH B,

SE X
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