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Human Head 3-D Modeling and Its Systems

Using Multiple Camera Images®

Kouta Fujimura

Abstract

Three-dimensional (3-D) information of real objects has been widely used in the
scene of picture production in movie industry, broadcasting industry, and game
industry, etc. Especially, 3-D information of human body and face is expected not
only for picture production but also for a variety of applications such as biometric
authentication, cosmetic surgeries, and solid forming. Most of 3-D measurement
equipments are based on an active stereo method using a camera and an optical
projector. Conventional systems that are able to reconstruct the 3-D information of a
whole object are made up of several units of the measurement equipment. However,
some problems might occur according to the material on the surface of target object
because the active stereo method is based on the appearance of projected light in
captured images. As for other problems in practical use, some devices of the
equipment become complex and expensive. Moreover, the calibration between
equipments and the registration of estimated 3-D data are very time-consuming.
This thesis proposes a novel 3-D estimation method and constructs practical
modeling systems to make it possible to generate a 3-D model of real human head
easily and robustly. Chapter 1 gives a perspective of the study in the area of 3-D
measurement and modeling systems. In Chapter 2, a hybrid modeling method,
where the shape-from-silhouette technique and the active stereo technique are

combined, is proposed. The method uses a number of images captured by using

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information Science, Nara Institute
of Science and Technology, NAIST-IS-DD0361209, September, 22, 2006.
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multiple digital cameras and two slide projectors. We also propose a novel two-stage
stereo algorithm in which area based stereo is carried out with sub-pixel estimation
using results of feature point based stereo. Chapter 3 describes an automatic human
head modeling system as well as an automatic human face modeling system. These
systems achieve a fully automatic image capturing and a fully automatic calculation
of calibration and modeling only using the captured images. Experimental results of
3-D reconstruction of real human head and face are demonstrated. Also described
are some practical applications of these systems. Finally, Chapter 4 summarizes the

present study:.

Keywords:

shape-from-silhouette method, active stereo method, 3-D reconstruction, modeling

system, human head and face
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1. 1. 4 Shape-from-Silhouette ;%

Shape-from-Silhouette 1% (FAFEASZEE L BFETID) &1, 171RT LIS, B
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) & L<IX Contour (%), Shading (F28) ,Texture (fA%) ,Motion (#hX) 7p&n
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Shape-from-Silhouette :(Z K 2 3 ROTARETCDO FHEDR b EARNZRTEL LT, w7k
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MO Legmiko s vy MEREHWT, A7 BAREITESL
Shape-from-Silhouette 2LV, A7 A2 THEWNEDTIRE /XA MIFHER L,
FITRIRE 5. WIZ, I T7—"\F— &8 Ui LT oGz -HVWT, ~
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B, PR A TR LTI Db vy MEHE AV CHifg OB 2 BRES
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FEIRAN—ART LAWERA BN LT 2 BEEA T AR FEA AT 2 2 Llcky,
HO S BR 5 EFEHT 5. 22T, piBORRAYIEC LT, %EIZRB
TEDOMGRDIEDO I AR &+ 5 Z Lok v, ERARRIEBTIYZ<DIEL
WEHARER 2150 L3R, S OICBREEROMBIEE V2 2 IRBECY Tlded (TR
T4 T A7) LD T EMEEEAEAL, 2RE U CORIRFEUER) -4 58
T5H. FLUTKIERIL, AT VAR TH LT R0 ORFREE§ 2 R 7 &L 22
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2.2 Ty FETYY VIFE

2.2.1 7T XLE

AT, RIEBMAE B DN AT 2T, ETEEE T CRIFHRE 21T\,
RV NT A T —/ = a5 U CIRIRARGE 224 TV S L 7z 2 FRER O o mig 2 i
W, X 2R TFIECTREEIZIRESES. A7) ZATE, 7, @0
BB L7c Sy MEiERWT, A7 'RZEIZHAS < Shape-from-Silhouette
15 (LT, 355 Shape-from-Silhouette 75 £ 5097) 12X W FIRAIR A5, F0 VT, Znb
DI E T T —E— B U e LTZBEBREZHWT, S AVTFHATT T 47 A
T UARC LV RS 2155 . RIS, BOITPIIRIR & B0 b O % A
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2. 2. 2 5k Shape-from-Silhouette j%
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T DL D D.

ZISOFHT, WIBHROGOR L > AT AORREO H BB U GEETRIR S
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FHEEE G OIEH OF-StliY, 3 IBRAT UAREOS A (~ A X [HEifg, A L7,
F v 7)), 2IRAT VAREEDEATY (v AX 1, ALTHEE) L7aoTH5D.

& 34 JHEEBROOES AT

70y ) h—REL | EENBGC N B | N iSRS RN T B
ESEa 2 7 6
I 2 5 6
ST 2 5 4
SV 1 5 6
SV 1 5 4
ZAHVI 1 5 2
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324 FHEFEBROSIF 1 OET Y U UHER
PARS R/ E 26 (EARDITTND)
by MU : 4,5,6,7,89,10,
AT UAREEER  : (21,19,20),(22,24,23)
T AT AEEEIHG: : 6,7,8

325 HEEBROQOFMFNOTT Y o UHER
VAR R/ R 26 (EARDITTND)
vy MRS - 4.6,7.8,10
AT UAREEER  : (21,19,20),(22,24,23)
T AT AEREIG: - 6,7,8
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3.26

3.27

HHFEBRQOSMH I OET U o THER

VA=SER /& S 21 (AR HNG)
vy MU ;- 4,6,7,8,10

AT VARBEER  :(21,19),22,24)

T AT AEEE : 6,7,8

IOV DOET VY v 7 HER
TuvxsA— 15 (ERERFEDE)
vy MU 1 23578

AT VARLEHE L : (18,16,17),(19,21,20)
T AT WBHE G ;2,58
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X 3.28

X 3.29

FREFEROSAEV DTV o THE R
FaoyA— (1B (EEAFND)
TV NGRS 23,578

AT VAAEER  : (18,16),(19,21)

T 7 AT AR 2,58

FEEBROSMVIOET Y o FHE R
Ty H— 15 EEHmDD)
TV NI 23,578

AT VAAEE  : (18,19)

T 7 AT AR 2,58
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PLEDRERMN D, E—r Ty Z—OEEIZBELTL, 1 BO%A CIIEaom
BOTEIR EHDO BB DTERNI 0 B2 02, 2 BUERKETHD V2D, W
AZOEEICEAL T, vy MBERISETSREAITO WA ZI1X5 A TH AT
BDHTENGID. —TF, AT VAR — U RS 5T O I A T DR E
LT3, EAEENEN3 B TIRAT VANBEEAT O 2 ENVEEHOmENO HHEE LU
ZEDGIND.

WIZ, ZOMDT AT ZERFETHD 2~4 1IZHOW TR 5. £7, VAT LAHE
REAE2 & 3IZHONTIE, BAROERRA 2 5 LUINIZ LRI G, 727 AF v DiE %
FFRTFIUT B, 2T, PR A < 95 7o DI ARG O A
HERWV, ZOLGET 7 ATF YOG BIKTL, WEMEFLTLES. 77
AT DERMERZIBNT, BEROBEEN DT 7 AT % AT % & AR ) )
STLE)H. £ITC, INECOEEFEROBRELEEZ T, UTOFH TV AT L%
MRS 2.

1. 727 AF ¥ O5EMER & PR 2 TN S A7, 77 AF v e
EREEREOLOE L, ZiuThs Uizl e £k 5 2 & C, 2fFTT
JVOERRIH DG A X 5.

2. FEHRENEINT, /& — R S OMAE DD 3 IRAT LA
1TV, R VR COREEOBIEZ AR & LT, =7 —%FAFL,
ZE LT TR B E O R A X% .

3. WUHERORHEIE, 2T LARBROMAEIYE, 3 RouR 7 B VZERIOMMGE,
WBROZEENE, W, FRROBEMEAHIZE L QRET 5.

VAT RNERGEAITONWTE, T, RO S DR AR AR A28, Wi
R & R — SR & R T IR ATRE /R T U ¥ L A T (SANYO
DSC-R)ZHTAM L, TATOEHEHT 5. ZOH A TEROHIY, A7 A
DA MIRIZHEFEGT D, 22O D AT, BIEIOV AT LADH A Z(SANYO
DSC-SX560) DIEHEAHUEE /31360 x 1024 TH-7=DIZH L, A T2880 x 2160 D4
FRAGPEDMERFTRET, TR ET 7 AF XY OFBIWEOM ELIFFCX 5. Fiz, AT7A K
TuYx 72— VD CABIN CS-15 8T 5. RIS, AT LDOHA XIZDONT
1%, MESHEDKGETT— [N 00] 22 L, HARANDOBED K Z IH3, #ilEI KT 18cm
FREE, MEDMRRT 26em FREE CHD Z L &2GR L, ELT VXN AT HHWGEIC
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BEEARINBH 40cm FEETHHo AT RRETH S Z &2l L. LLEDOFEHZIES
XHERR LT AR 2T NMZHOWTLL ISR~ A,

AR R T LR

FREFEHCEEDE, AT AT AL LT 330 ITRT VAT LG L. AU A
T LTI, AR 2 FUON S A TACE 2SR (R0 45em) CRCE L7=. F£/z, &
vy Ml ERGITT 2 KO ICH—BOEFIRIZH T ST/ bEA T K DRk
L7z, P AT 2O ZK 331 1R

_< —
] |
| —
(a) 1EmEX ) BIEE —

331 FRT 2T AOHHE
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FERT AT LOFEMT FRTEN BT O LB VITRE LT, 7ok, TRelReLiel
AZEFL, D> TENDIAIZ 1 226 7 2 LTV 5.

1.

7.

WHATER TR
EHEEE YAREHAT AT 1B (WATES  4)
FEAER AR, N — NN AT 1615 (WA TS 1 1,23,56,7)
WATA RT Y2 =08 28 (W77 = flEIRITKRE L THGR)
TRER - 134 GEERBREE T, /37— LB 6 /D)

(- EHRARIESE - 1200 % 1600)
A) vy MU - 7R GRS © 600 x 800 (HRECHIEA7E/ 1)
B) AT LAWERIEHG - 6 Br (BHHGAHEE © 600 %800 (BRECIEHEAH/])
C) 77 AT Y ALPRAEI : 1 B (BEAHEE : 12001600 )
3 RTTARZ B VZEEIRGIE © 600 x 400 x 600 (R X HEX B4 T X)

(1 R B ADHREE K9 0.46mm X 0.9mm X 0.46mm (X fi X BATX))

13k Shape-from-Silhouette ZWERIZ 51T D487 B/VEREERIE - 7 (=7 —FF24H : 0)
AT VAR, - 6 R (BEAENEN 3 Fim)
MAGE (v A%, AVT, F=v7) (132),23,1),3,1,2),5,7,6)(6,5.7),(7,5.6)
PRGN 7 2 VARTERIE - 5 (=T —FFAE : 1)
HEEYA X E FI90em X BATE 9 60cm

3.3.2 ERVATLICK B NAEERTESDET ) TR

FREEAR T AT A LD FEEEO MRS RE ORE RG24 332 12, E7 V7
fERa M 333 TR, 7ok, 77 AF v gIIIREED CG 7 — Z A OHARRIZ B HET
G A X731024 x1024 1272 % K O BHAS TN D, AIRECEIGOBRFRH]IE 120.3 7

(10 BEFHHONEEE) T -7z, RN Uiz PC OHEAARIE, CPU: Pentiumd 3GHz,
AE U —:2GB, OS : Windows XP Professional T 5. F7=, X 334(2, £F VU 7k
RINORY THAERL, TIATF Y~ BT LT ABIERT. bR T
TR, V=T AV IFR, KOT I AF v 2 Hm) Thoh. FEEEDT 7 A
F ¥ IZKDEFHOENET AP ER TE TNDDORID. TIbOREREIZ, i
TEANTHERL L T2 S AT DO A [X] 3.35 1R~

66



(a) 1EmEREEEI RO F (b) 77 AF X i
333 ANREHERGEROETT U o 7 fER

334 NEHEEOET VB
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(@) FARIEAR T AT LOWNERORE -

PR

w0
(b) BAHARL AT KOS

335 EeRRHEARS AT Ao
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PLEDKERING, 3 X0 NpT UENI AT TR, INIDOAT A RTa vy Z—2
&\ R BERER C, IR IEATEE 1 2 A — MDA & 5/ INRID T Z 380 VT
TS 2 F0, 1B D OFFREE R & BEEEOENGR T 7 2T % 7 — 2 OAERAL
M2 2 5 THEEL, VAT LADOEBREM A L TN Z & Afifgd LTz

3.3.3 KEEBMET 50 2 a URITIHFIES R T L

HITENTC, FERT AT LHURIRHE] 2 0 & FHIRRECTHH Z & anLic. LL, FEE
2%, ADAIVED ) 07— ORfEs 72 EIT ORI DD, 2 OFRFRIIAEE Th 5.
Z T, RONIRHOHFTTE 572172 < D ANZHS QRS 5 Z ENEREN S, K
HiClE, BT AT LEBFEDPC 2y MU —2 8 LT, eI 2hlo PC Tt
3550 HEET 2 2 22 kY, ZAIEFRRATBET 2 2 & 252803 58
AT MIONWTRAS, KL AT AOBESREAHILI T OMEY Th 5.

DART LEREH

1. $9109 T4 40N EZTT5H. 1 DDOF L a—/L—5AIZ 5 GO AT
LEFE LT, 20 4OBEEEITH.)

2. B, BEEHET S AL—F2H PC ATV, JHEIR G T 729HI2 2 [F]
D %179

3. BT U TBERENT, AXL—FHPC BT, 2RO T—2DHh, A
NRU—HPEE LTT —F 2T 5.

4. T —X% BEHET 27— — NIRRT 5.
HA7— 213, IEmEER R & Zrussdiis LI- R e 4%, ek, HhT
—21%, CG 7T—ZAIC WO, ERS CG 7—21L, AXL—F D
Wk, T AN FEND.

6. 1AICHE1IHEDOPCEEHL, *y NU—7IZHAEL, BENET 5.

LU EDEREA 272 AT DAME LTCHER, RO K D 70 AT SR L LTz

WHANEE S R T LDIERK

X 336 (TR L DI, BIfIOEAT AT L& HWT, RERERRET Y > 7 HPC A
1 BEET Y ITEHPCNIBDOARE4BDPC %y NU—2r#k L, LFOFIET
WHIEET DR L 95 Z & T FRrEnRGF A= 2 L A FREIC LT, 7eds, BAT O
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PRI R LTz PC OFF1E, X 336 (T PC DFEFATKST B, £z, PC OFHAL:
F£lZ, CPU : Pentium4 3GHz, AEYU— :1GB, OS : Windows XP Professional T 5.

O 7V TFTPC DFEi % 1 \TRET 5.

@ FRV—Z [ PC B O REZTC, R PC 1M 234 T L, Ry
BT — =S5, 28]

@ FAXL—ZH PC NoOET Y o THREZT T, #REH PC 27U 7 FAT
PC OFFi %, ilZ1 ZME L T4 THI-7=R0OETES L, 7V 7 HPC
NZET V73 TRERL, BTV ZHPC i3 E®T ) 7 wFTT5.

@ WROWEROUEFENTE =5, FEFIED, @%, Mvikd. @)

PLEDT AT MERT, 2% L CWDRICET U U 703 FHEE 720, 1 £ DR -

NEZHRZ 2 53 & HAES > T, 480 - NEZR ERAZOET Y o ZIHRIOEF 10
CORBGET ZFEHLL, AT LOBERGA 2= 2 L lRe L 7ro7c. 7235, 5
DOOWHN AT AL, 1 BOFRL—HHPC I LRFFEIS I, 15 A ORRENRE
TS, BIRT 20 4 DLBEITIOND.

7~ —HEPC ER

BE t7) 0m eI 0 W T7U 0R TFUL0A

L Tt

-t

- e sEiT(2D
—+ PO HREETH S
- RERIREERET i
—PORAEFULIRESS —
- eEE{THmE
- RERTARE-PO@ATFU T aS
- ¥ Tl
- EEESME—PC@~TF TES
- leE i Tl
- RERTHBA-PODATTU T &S —a
- BV SRR

BEY — A RTE

FT — ) A RTE

OO0 D A W

X 336 FHBEWYET ~T 7 a UTAESIMEE S R T AORER
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3.3.4 2005 FEAE[FEES (F - HhEkE) TOEERER

2005 A ARERER S (5 - Mk, B8FR © ZR00ED 1L, TRRORE] 2 A1
T—<& L, 1) FH, EmEER 2 NEO “DX” LEE, 3) EERMtSE YT
T—~& LT, 200543 H 25 H~9 H 25 H (185 HH), =M iOm#E, A
THT, FOEHETOK 173ha TR SN2, UHI0 BEEASGE ST 1,500 5 AT, k&
NGB ENT 2, 206 TN ERIRICEELAHER, ANROmWIEES LT

KU AT KEHA LT =0 - HEHRIE, ERTH D 240 LB DD 3 RITiEMA
BLT, FHEBEOME OGS S, SOICHYERCHEE & L RS Es 2 8
T, WRE~DEANB L FT- 7@ % 5227 N 77 arThoIARE05]. 7RI
a OEHE LTE, K 319 IRLIEE DI, SBEEITET 20 4D T N—1203h%
Ty a——AGEEEN5. 7Ly a——AGRESINZ5 B0 3RTET Y
¥ THEE TR S LD IBIRER S 27 A (X 336) TEHDIREAITS, 0% 20 41
(A E BN BOFERICEE) L CHSE BN~ 7-mug A 8+ 5. WREDSETTH L 4
BN SV TUNTZERREDY 1 DIZ72 5T 80 4 DZEMIATEEL S, LV K& 22 CE S Iod
HOMG AR T D, T U TRKEIL, SFTEEL QAT V=N FRL Tl 7
D, ZTOHRANORERNEIN, T EFHA T 240 A EEDHTHE T HHERIZ 72> T,
ZIT, A AT AT 12 DT LY g —L—AWIFNEN b BORE SN, 2T
60 BOHART AT DAVEAZ, —EEIT 240 A DOUEHRFELS N TND.

IR OBEERIZOWTIE, 1 HOBEIRAS 11 FERE 30 43706 12 B 30 43 & &
TED, VYT HIZ36 EOY a—& LizA, BESREAO 185 HI#T 6, 660
A, #9160 TADF Y ST 4 BNdD Z 5. FEENCAEEEREIL, 1,625,897 A
(1 AfcK 9,523 A, 1 B8, 791 N) ¥z T-. NGEDNERERET Y 7 LIt ETE
2TV, HFEVAT LONEEBEILI-E S TH RV, 7k, FEOHEIZ OV T
%, ARSI 3UoLT —# &, IEmEAER A O THBEE TS b SRt 7 —
A5, FEWEEHTT IVOMGHT ATV, CG T —Z IMER S, 7T b
IZE > T EBUTI R BB E 9 )0 BRfERIM TS, % 2Ttz Havzaw &k
L7E81E, o0 UOHESN TN DT —ZIZUEZ bitd. 2006429 H 1 ADD
9 H 25 HETm 25 HM, 902 [E0D FBET 21 /7 6480 Ay OMESfE RAER LT-& 24,
ST 93. 5%, Fersn 94. 5%, FlKTH 92. SUDRER THERT % Z L BSHR- [ 06].
£V, 3 WeET ) I L TR UL EOMER TR ETAMESN Q=T &
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(270 %. WIR, HASEOR A R ATE, M5, FlO N2 B3R5 L, K AT Lxil
ALEET b 77 a 2L TRY, ZORNTHEWHEEREZEH X202
5. ¥, 7RI va BN, &R TH L, 2fiEFHIANKRT T v a b LTGE
fliSA, xR AT 4 T THRI S

—J7, FEOTV AT LOEML, WSROI R ATV, ZOIRHTH A T -
Zhxx V7 L—2a U&FATL, 1 HOKTIRFE ClRsEndEin s W O #E- T, ko
IROMENE, BIROISNEIH E LD, B, Rl AT DA TH -7z, 1 HIZ 36 [H]
DY a—&47H L LT, 1By a—T1 A2 ROREE 445, DOFD 1 HIZ 576 [H]
DI ¥ v H—, HIHTIZ 106, 560 [BlDY v v Z—%H)5 Z 105, Ty v Z—DIiiA
P, — A — IR L7 B A T THEOTRIDNG 5 HRFRE L S Tns. SEIDV AT
LTUE, —RAVREEBREE & 135872, HOHBREE S —E TR B2 2w, THANE
HIHFOD LB DNTZD, BT 2[RI E T T2, FEFRE LT, g AT LD
AEANE, BREROHUREO 7 — 7 VOB RSN & A EHEANE WD GFERZTS
7o, ZORERE, TAMEDRS @O TR AR LT 3aik7e o AT D AR ATREZ R AR THED
R E BUNZD.

728, NNERTESET VOISHERE LT, ZoMET N7 7 >3 VPN,
4 3.18 1T~ LI MEBEHEET /L & FRRODIGH IR E 2 b, FilziE, @58 T
% SO UDIERLTEF v 77 #—IZEE AR ST D 2 & CRESrI & s ERT
ETHD. 7o, vIalb—ralpBl LU, ATRONR I 21— 3 128
W, BRI TSRy I ab—a URARETH Y B TH 5.
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3.4 {58

AREETIE, FBRO NMABRE A & MAERTIH AR5 L LT, A CRE Lo A
TV REFY T REAERA L, MERE ABIEME A 2T AR FTREZR TR DT > 2 v 7
AT ERTA KTV X —5ERLT, #EE L EROm—F OAaHA RS
BT 5895, LVEETHOIEIECOLLE LB 3 WoTET U 73 ARE
IRVAT DERERE LT, E-2OISHERE LT, USRS U AZ VIR EOBERER &
TG T ~ T 7 3 a L ~DmfAfa R Lz

RIFE DY AT MZBWTE, NRIRHOREFEDOIIRE 7 7 AT % 22 HB ChRYFT
% Z EICHERZ BV TR LT AT L0 E R AEFET /VARE BT 280D
BB ZOW TR, 2L TET, EEONRIERZ x5 L LT, FHEUEAN—ART L
ARV & BT CIRE LT 2 B R T UAWBRFEIZ OV T ORISR 21TV, 852
TR X DICAREEWEO EA2 EROCHER LT, RIC, (g2 FH L-5E
THEMAVBENHATE D Z L 2GR L, BRI L < 7V EAITE, AuhE
JEDWE ENFEBRTRECTHDH Z L AR Lz, £ LT, IRESUSEICBL T, AREERD
TR & B ST T IV OEML-HED FZRILLEE 21TV, TR 7 v fidhe
0.4mm) FHY, HATH Imm AMGORRE TR FHHARECTH D Z L R L. 5
BROJSHEBNCEI LTI, IS OESRAMELEFLL TURL, RIAT LOmMAMEL
B Uiz, £ LT, BT AT AORHSE £ LTZEFMEOE  HBIEEE & B
LS A~OISHABZ R L, TAEEOHNR & SARERRF ORI DOV GRY, 22—
OB A e LTz

BEDIVAT NIBNTUL, AMRERTEEICRE LT, TIRE T 7 AF ¥ O HBIER
FHZBWTCEE L &IV RICFIRZ BV THEEE Lo AT AMZOW TR, 97, &
KR AT LOFRGNFETIRL, ZOFRF 2T THERARR AT D T DIZHIFE D
VAT LEFIF UTERESER ATV, EORERE U ONIECIHEZRFA Y AT LA S
L7c. LT, ZOERI AT LEZFEEONMATEA L, BERALRHV IZETY 7T
XD L EMER LT, Fin, ZOISHERLE LT, KEFEZMYET FZ 7 o a 2l
TENEDRRPUEOER Z BN, BEOEAT AT L EHHD PC %y hT—7
(ZHEE LTSRS R T D OREFE Z DT~z 2 LC, ST 2005 4= HANERS
B (5« HERKED) (2B, 60 BOHAKRT AT AT X BN AT TR 10 23RS
240 NOERAZSEHLL, BiEIRIAART 185 AR, 163 AR LT, K& hT77
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NHEES, ZELT-EWER B CE - L MR LT

7235, AREEDOIFER O U738 IS OBEEIGOAG G LA~ DOHEUZ DN TIE, RN
TRZERFTERY, 207 —ZHENGFRRGELED T TEILESNTWD. £, AARERR
HEA IR ST — % ARSI 3 RotT — 213, EAFRSEOBL D, &
H BRI CIHEM TN 2728, SEIHRORIGT — X 12 L 2B M ERERHmI AN AT
HECTH-7- RS 06].

ARETHRELIZET ) U7V AT A TIE, BUE BEEORHN 2 06 3 7)o T
BY, THSCEINE O X 21T IEDREE R OB I LI 2 720, A% OIG
FREAE S BIDRT 5720120, 1| RREOREOEINLIETHD. £ LT, Ay
BOERAFE TR ULIZE DI, WHEOEELbLETHS. £, 2H~DET V7
KIBOPAERL Y AT Lo/ b SN TG, —JF, KV REERET Y 7100,
FEEOROFEWER_E[YO+03, ST+H04[WIARK I ORI EDOTTHZ L 57 7 AT
X OFENEE ESABETHD LV 2D,
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4. foek

AW, BIETRSI TS 3IRTEAF v T —DZ L BEALTWAT 77 47
AT VAL, FHIABE E AR & LT AIAE UOREA R L, #ER
EWERDT 2—F OB ZHPR DT L, &0 EEZ)OFRE THLEL T 3
BOLET VU THATH ZEMAREIR VAT LEFBITHZ L2 HEE Lz, 22T, %t
GUWNWRDRIIME L BEROA T B I 2 v a3 R MeFik e LT, Lk Shape-from-
Silhouette ¥ & —FE DR « i TR AIREIR A T — 3B — 0 TSGR DIRHES TS
DIHERTH~NTIRATT VT 4 T AT VHEERE LT 7V RET U U7 F
EZOWTIRN, ZOAT LAEIZEBNT, FHERAN—AZT L AAERORE R A FIHTE
& LU CHElAR— R AT LA Z Y7 7 2L YL TEITT S 2 BT L AT
EEER L. S5, NMRBER L BREH 255 L LC, 0T VF NI AT L
ATA R a Y =7 2 —7% TR B 8RS M O IIE DI L D RHEFET Y
YT EARECT H LT, R LR B HPRD IET T D AT L
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2ETIL, HBEDHATEATA RIaY =y Z—% W CER g L= 2 7
DB S 1S A NRTEREHAIZAT 9, $ik Shape-from-Silhouette {5 & 71 77—/ Z —
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R TR D AR A R LTz
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TERTA N aY s X —EER LT, EREERY, SREET Y 7, KEEEE
FHIL, BMES LWEROm—F OEHA RS 72T 5 X O fEE L7z 3 koot
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X0, A% L 0ER SHERICEHTRETH D EHIFFTE 5.

ARG TR SN E LY, JOAEREZ S GIZIRT 57200, AFEEHASE T
TV T UAT KO/ NI LTS, AEREE~OJEE, Y LB ORI L, KOS
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