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Abstract: An appearance of a human face changes with aging: sagging, spots, somberness, and wrinkles
would be observed. Considering these changes, aging simulation techniques that estimate an aged facial im-
age is required for a long-term criminal or missing person investigation. One of the latest works proposed a
photorealistic aging simulation method using a patch-based facial image reconstruction. However, including
this method, the latest works had a problem that they cannot represent an individuality of wrinkles which
is one of the most important features that represent the human individuality. The individuality of wrinkles
is defined by the shape and the position. In this paper, we introduce a novel aging simulation method with
patch-based facial image reconstruction, which could overcome problem mentioned above. To preserve a
wrinkles individuality, wrinkles which is in an expressive facial image is synthesized to an input image based
on a medical knowledge. Our method represents the individuality of wrinkles, and subjective evaluation
results describe that our method generates more accurate results when compared our work and the previous
work with the ground truth.

Keywords: facial aging, expression, wrinkles, individuality, texture synthesis

1. @FU®IC
B ORI N OME A% 58 < KL 2 EE L EETH

bORRE RS
Waseda University, Shinjuku, Tokyo 169-8555, Japan

2 ELRRH RSB LA BEAR A FE T
Waseda Research Institute for Science and Engineering,
Shinjuku, Tokyo 169-8555, Japan

© 2016 Information Processing Society of Japan

0, 22RO ANEFRAS O H#EZM CTORANHERIZBNTL
WLIEFIH SN TWE. EOBAEICB W TIEED /N —
TR, EERAONOFH O EETH 5 [1).

F72, IO OFBITERE ER L ITHEVEERHOEH)
RATEEMEICKE LML T 5. IEsic e b vy, Ao

KL OWNEE 2015 45 2 HOE 158 M7 T 7 4 7 A& CAD W
ZERBRITTHRIE SN, FEMFFEE AT &) LIS A CGE
T = F OB S NG TH 5.

1627



BB FREHNEE Vol.57 No.7 1627-1637 (July 2016)

BHIZIE L AR T A, BosAict b i) EEmE O
R, 12ARICLBEBIROEALROEND L) h b, £
D7z, [[W— AW TH o> THHEOHNGITEEN - EHE TR
ELBR D, BhTH, BOBEISRAYWOEONG %
KELCEASE D, PORETRIIERBEH OB K L&
B BAICE b4 ) PLOBEIET & v WIYER R, B
DA, HHHEOBEIER & o 22N R ST
% (2], [3], [4]. ZOE, AWOBEIZIZ/NESE DK/
Shfl, BHHRREOY, HILOPEORIROKE 28
DB B, B, BOREIIEAWEE DOEGEH O
BEIDSEEN T 2720, PudBIL b %) OG0 Z%1t
WCRELSCEBRT 2L H12, ANWOELBEDOEAMEZ <
K$ 58z E LA,
CHLEERLS, EICH 2 ILRERITHAWHED
BRIZBWT, FRUEOGED S IEGRED ) 7V x4
NP OEEHET S Z e TENE, FHREOTH D
b ENTREING. REAELACEEIE & R0 % A
EROT2T =T A4 A PDOFEEI L o TS 5 T A7
S AH (5], 1 OBEBIE T ERT 5 I3 @ E 2 il % 5
L, RS HIRECATAAABEBAD Y 7L %04%
FELACEBGE 2 AR T 5 2 L IERBETH L. 20720, *it
SN OEEENG D O AL % AT A ES S 5T H
NTE7. LaL, HEOHBEIGICITELEEO AWEE O
FOREEZTFUNT 2T L%, 2070, (kT
FETIRKIL E LT OREMERLTIROMANY (LT, 8
DEAYE) 2EZETETW A7,
FITARRBTI, BICE D WL PP EETDSE
THEALREIZAE L 28 (DU, RKIEH) IOERT L) E
FHHRE 2] 1HEO &, RELRLREOEEG (LT, #I1%
fiF S EEWE) % CTEOM A% Z 58 L 7R 4R 2 L
GERTELRET L. B L0, ERIEHENG L FEM
SHWEG 2 v, RGN S GO RGN % R (%
B 5. ZHUICXY, BLRROPEOIEANE L IRD
KT o-EHEE (LT, REFEEHR) 2155, 201k,
HAZEMROBEE{GE T — 7 N— 2 2 WM g (LT,
28y F) AL CRIGPARGHER © T 5 2 & THEAS
LW LA, < 3AEORBEERHT L. &kiklZ,
PSR A EREEER AT 22 812k ), RIEHEL»S
ERE SN D P OMAVEE SO L 782 L EEmI S 2 155 .

2. FEEMZE

FEELACB AR 3 A 2 TP H S %0 (6], EL LT
MIEAREEET VAV SN TS, Patterson b [7] 1Z, 20
225 30 D AW D EEM {24 L T Active Appearance
Model (AAM) [8] D3 2 —% %#HUfF L, e OBk
DERALE AT 572 Park 5 [9] 13, BEROF A TN
TA=FRERL, FERERLEO AAM 2 W TAYO
FRARZAVEEEI % A L 72, Suo & [10] &, EHD/S— v

© 2016 Information Processing Society of Japan

T LT AAM 2L, FRHOBEO K=Y ORRE
MERBYICEER S 5 2 & CREAERILEmI G 2 ER L 72, —
77, Scherbaum 5 [11] i Morphable Model [12] % FI\»T
DN T X — 5 LERDRAFR % Non-linear Support Vector
Regression |2 & W KD B FheBER L. 72, THEE
MAwv7zFik & LT, Kemelmacher-Shlizerman & [13] DT
EHIToNDE. 1o IE, FERBICA 7 —F v 2B
ELHEBEGE VT, SEROVYEHEG 2 AR L 7.
Z0%, AJJHEBZROILO B BHERE 2 58 LT HE4FE
ROFEEHBGEOR B 2 AT 535 2 & T, MRLVAFE O
FEEACEEGOER T FEH L. ZNs0FPg, BRIk
DEACE DR DO — B R I ORI 2 WREIC L TV 5.
—h, BIEKEE TV & AV CREHICERZ L o6 &
RKODHINLDOFHETIE, HRH, OFOAYOEHDEA
% R A % RS I O ENRETH L.
7z, 26 OFZEIZ AL D EEF I O H kO N R =
FIRIZEWTW AR WD, AJJ WO NEDEFEL
TERVWEV)END B.

T 7 AT X BN — A DRI A RO 7E & L
T Maejima 5 [14] OFEDRHITONL. 20Tk, AS
MG FEM T — 7 OFEHC LSV E TV 2L 72
th, BT — & X—Z % H T Visio-lization # [15] (2
L%y FHALC TR 21TV, FHERGRE R 2 0D ATJ B
WENEEG 5 2 & TR AL 72, UG
DO, ATEBEOH R &, NEOHEANDERE & 5 H
COBINT 52 LT, KEDPLREDMEAMEZ P L 72FR4E
AL G AR A EH L2, LarLl, TOFETHALE
EHCEE D VB T VT KU 1 HE L 2 FAES T,
SHRENDE LG, AN rrboTEHI NS
BEICICRS>TLE). Z070, BoNLERIIAMD
FOMAMEZZEETE R\,

PLEOGERMFFEICIZE LT, oM A Tz ZE TS 2
WEWIRRENH L., L L, Elo L) Iz E/ Rz
NOOBNEZ R T EELRERTH L. KT TIIILIRE
BXEEHWELTBY, BILEOBEARED72DIZI138
OMANEDOERIVLEE 2D, T2, \MOKE»LLRED
HMAEORIFOEECTH D720, FORBLESHTHHT
7 AT X E BN — A DFREEZACBH NG A T TE 12
BWTHFHTHLLEEZONS.

ZZTREETIET 7 AF ¥ 51F:TH % Visio-lization
HEEHVT, BOMAEEZRE L 72 E2 g & T
FERET L. AFETIE, WERGEEWIE M2 RGN
SHEGE A ET AL THROFEME LTRROHEE T
119. F72, ARG T =5 N— 212X 5 HHEICBVTH
WDHIXy FOYA AR HBTLIEZ LI LT, oL
%R 7 S E D &) BEER OIS & oAU
DOFIRAEZMIV. EEDD, Maejima H & RO FHEICL 5T
HOREPLEMAEZ R L6 E1T) GEIE 5 812

1628



[EHRNIBFE/IEE Vol.57 No.7 1627-1637 (July 2016)

R OES

ECZS

45

Y

HERfEHEmE

R . AFFEoOmNER 1

HCHERTFHEERL .

(1) ZIL e b WAL ZEDTIEPIREKT 2 L) [
FHAA 2] ICEDE, fEHCESCBET VTR
CERER EHMEBEORER L5 T 252 LT, Fof
ANHEZZRE L7,

(2) 7%y FHALOFERZ —ED/Sy T A XTFH) DT
E7 <, RIEFOHIR & RIEF DI O IO 555 % 47
W, FENFENRL L8 FH A XATIFH 2 & T, BE
ENTFEONERLTIKOBI LD & 9 EEEHETO
FERIFO KRB O # W FEIC L7z,

3. ANWEF—2X—XD*ARE

ARETIE, FAEZEMEEROBE IS L D AJJH
WG & AEACR) T — & N= 212DV Tk 5, 3.1 8T, 8%
DI NYEAEERET 5 7201 FEE 70 B AJJBEHEIZICOWT
ST 5. F72, 32 TIREMRB T — & X— A 2 LT
LEDOFNEICOVTHHT 5.

R REFEE, BUTo

3.1 AHD%EfE

AN OMEEIZ & b % WEAET L2803, EICFKRS LS
DOE B EINL, BILBO NG OEOEHG & Jeid b HYL
&E$f%é S5 A EER I iﬁ&&§®#fﬁTé

23 (2], [3], [4], Piérard 5 [2] 13 BEDFEETEN % EALIC
&5&%®%ﬁ,H%%%Kié%ﬁﬁﬁﬁﬁ,%ﬁﬁm
12 & BB TR AR ORMIEIT, EIOMIMC & % K E D
KT O 4 D258 L7z, RIS &, RIELIZRER
Té%ﬂhwﬁi FNEMIC & o TH UALE CTHREAED
A LI S AL, BT RS AR ORI RS AR S b &
LW RET A L RBNR. 22T, REHOOAR
HEIE AL o TRELEL D720, REFOMNERTE
OB L o TRLE-TL A, Dbrs, REFIIAY
EG OB OFEAEMER IR E KO BF000) & LTHRT
HHENVR D,

Z ZTARBIFETTIE, Ao mIfEEmG & ZMEHE 0L
LT ARG SEBE T ATJEERE S5 2 LT, KIF

© 2016 Information Processing Society of Japan

Bt TIRER AP S

1 AKFZEowh
Fig. 1 Our workflow.

ERBF — & _— R
ﬁﬁ%ki%%u%mﬁ%ﬁ

| 57 :>

HEAR S LB {5,

%ﬂ tlTéA%lﬁ@%@“iu LR EZIES
5. , AT E 7 B IEFRIEE (B X ORAEN S Hl
%ikl%ﬁﬁ%ﬁwfbb FREHIZL DHEOBER W
BHRVbDET L, F7z, RIEN SEHMBGIZEELTWD
RIEFONMEDS X OIRIEFF OB IS L 2720
EEORNEN SHEGZH2

3.2 F—AaN—ZANEHE

RIAFCRN T — & R—= A DRI OV THT 5. Visio-
lization ¥ [15] 12 & o TATJEHMEI G % /% v F HifZ C PR AL
A, BEZLERONOFRECH 2 KB T 27201213
e D ERGE T —F N— AP NEE DL, 22
T, HHBEROBICHEI L TLE) L) MEZ XIT5
720, HRINEDR =Y OMEBEZHK—F2LEDNH 5.

Z 2 CARIFFETIE, Maejima & [14] & [AAE 2 H MBS %
—EDHEILRICIERAL L, EHOZK =Y OFLEIH— S
RN T — I R—A%EST L., £3, FH—RET T
AN IEHBEEGEYAET 5. RIS, o SN EHEG
ﬂbfﬁ®%ﬁﬁ%m T5. $ﬁ%&ﬁ%&@%7

V (LU, FHEET V) #HEL, Noh 5OFk[16) O
Radial Basis Functions (2 X ) SFHEE TV OxInd 518
HAEB GO —HEE5 L) I EYEE T IV O
KELET L. 20k, ZIEHOTIHET TV O TR
EREENTHET VO RICTHEEE L 7 7 A F v J§
e LT, ANEEGEOT 7 AF ¥ 2 EREOFHEE T
WYy ¥y 7d 58T, FHEIRICER L S/
WE %155, &I, BRI IERL S 7z EEE % B
A, RN T A 2 T, BT — 7 N— )RR
aNns.

F 72, KWZETIE Kawai 5 OFFE 17 * HwTT7—%

— AW D EIR & AJ) N 0 805 BA 5 O k12
M-S bor AWz, BRI, FHEIRIRICESR
LNz AN OMELIGEE G 2 FHEL, 23y F12504E
T5. F0%, FRNTFT—F X—=2ADFTRTOEMEEIZD
W, Xy FINOBOTFHE A AR IER L S -k
EHEEEOXIET 575y FOEOFEIZEbE D, ik

1629



1E3RNIBFLREE Vol.57 No.7 1627-1637 (July 2016)

|IIIII |IIIII|IIII|'|II' |I\ IIII!lIIIII|

(c) HIFIEM BT

(a) MR (ORESEIREY e

(d) HEBRRHRR () HAGHHARTAER

2 AJIEG L RIEPHRG IOV T

Fig. 2 Input facial images and expressive wrinkles transfer.
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Fig. 5 Patch-based reconstruction and synthesized result.
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Fig. 7 21-30 years old male input results at 51-60.
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Fig. 6 21-30 years old male input results of our method and Fig. 8 21-30 years old female input results of our method and
previous work [Maejima et al. 2014]. previous work [Maejima et al. 2014].
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Table 1 The number of pictures of the database.
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Fig. 9 Displaying manner of the subjective evaluation.
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Table 2 Evaluation items in the subjective evaluation.
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Table 3 Statistics according synthesis quality and age error.
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[Maejima et al. 2014] 25.4 7.23 3.93 1.06
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Fig. 10 Evaluation regarding wrinkles and skin texture.
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