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Thin-plate Spline for Morphing the Joints of 3D Polygon Models
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i, 3R T EFNOMEZ I Thin-plate Spline &
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Y. 3WILR) T VEFLVOMMER T, MHTEL
DRDERMOBMIE 2D, TR E 4 2 HE ORI
MicAd v, 72, EROZOORBACHEE-3 2 H# MR
B TH 5. 1o THEEICHED <R 2 H 88 n 2 5 o 4
EARATHMI LY, RIS EXREZHENTAI LS
WHETHS. ZOHETEIRMNG L L3 TREThENICD
WTERD 72O DRI ZERD BLENHHH, 3WILK) T
YEFVOMMERO L) RAF— A TEINE L %5 A
BRI, — IR & B EE SN 2 & & SR
IZHEDOWTRT.
F—-7—-F:BRLH 3DT=A=Vay  EFT)TS
Thin-plate spline,/ morphing /R V) I ¥ E T )V

Abstract

Although Thin-plate spline is a suitable method for morphing a
3D model, the processing time is longer than other methods. In this
paper, a scheme using Thin-plate spline to morph the joints of a
3D polygon model is studied. By performing local processing
based on the distance, it is shown that high speed and adequate
morphing can be carried out. When morphing the joints of a 3D
polygon model, an enormous number of control points exist. The
number of targets is relatively small. The position of the control
point involved with the morphing coefficient is local. Distance-
based local control points are selected for each target. The
coefficient can be calculated based on this local control points. In
this method, the respective morphing coefficient needs to be
determined for each target. However, in the scheme for morphing
the joints of a 3D polygon model, the number of target vertices is
small. Therefore, this method has a higher processing speed than
conventional methods. This fact is showed empirically in this
paper. Compared to the results with conventional method, this
method results in almost the same position of vertices.
Keywords : Geometric processing / 3D animation / modeling /

skinning / Thin-plate spline / morphing / polygon model
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Characteristics of Fixation Behaviour While Seeing Photographs

T HEF Momoko HAYASHI
5% 5B Guanwen ZHANG
RE L & Kiyofumi MOTOYAMA

#=E

ARX—VEGFHEBLTHBTL2OTERL, A A-V%
BEHERLZ LI oTRZITIED, BRTHIE ([ A=YV
FI V=) DEEREEZTVSL. ARTIX, [ A-V%H
BT 27200 L VRN R FTENOFINY L LT, ArH
HERZBOREBTHONYEEZ 5T L2 HWE T 5.
GHOWGREE L FBATEHORRICOVWTOEER L, EH
K, R 2 &0 SEHATE O E N 5 720 O I B & 9L
MiL7z. AT, SO 2 525 oWk, 795250
HPH, ZALZNY, 252 BEHEBMARZPLEL,
k-means++iEE HWT I S A5 it &2 iro72. iRk LT,
HAUTE 4RIl 2 w723 2 LT & 7.
X—7—F W0 T A H AT FERATH, A A=V
T TS

Abstract

We believe perceiving and interpreting images ( image literacy )
by looking at them directly rather than through language, is
important. This paper intends to analyze the property of the
fixations when a person looks at photographs as a clue to a more
effective manner to interpret an images. The analysis of the fixation
behaviour was performed with two experiments: first, by using the
concept of Depth of Field to measure the fixation points in
photographs; and second, by clustering fixation points. In the
second experiment, we analyzed the cluster distance, range, time
span and quantity through feature vectors and clustering using
k-means++. As a result, the emergence of common fixation
properties were observed.
Keywords : Image Processing / Eye-camera / Fixation / Image

literacy
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HMTH 5. WEFREL, EHBGIRITEDI LT,
Ko, fERUHRE, WOEHMEA ST S L BECE
WTHESREOMEPMR T, ZO#EPAIIRL, "iE,
HPABIENZ L ZRIRL TV,

22 ERBEREEE

w1 ORREM 207770 %5 ITHEEHL. Bl
X, ThEhOBEOF T, #ix, 27> Mk, )k
ORI, MERORIMEZRD LTV,

Area count per image

Area count
g O N

o = N W »

Image ID
X2 &% ORER, SEEOREREK

NFOHGEIIH L, —FHRVHIPAO [a] 2RINLA
WBRE AT A 5 N7z, ZORGHS, 6 F L1231k
L, XDJEw [el & [4fk] EBIRL7-HBRE D, 6
FTlZowTix, 6 A5 A, 12F/ICBVWTIE, 7 A4
A [l & [&fk] #®ATYS. 72, [allb]lc]
[Ef] OF XTI LERDD - 725EIE, 9%, 10
FThHhot.

fa] LIREL72ADERDE o 211FOEHIE, P
P OHRRLEOHPAIE MBIz THBY, FBIwLI
ONTIFT TS, F72, LWL E TR LHME
Rfty, B LTwWh, INOLOEMNS, EHERL
RTVWEHEVWZ S, (M3D11FZSH)

ZhERRAIZ, [c] & [2&f] LMELEZADS

x®1 HERRE

1 2 3 4 5 7 8 9 10 11 12
My (f) 5.6 4 5 5.6 5.6 2.8 3.2 2.8 4 4 4
SERCHEE (mm) 42 14 29 42 14 60 60 60 60 60 60
i (m) 5 1 10 10 5 5 1 10 1 5 5
BB R (DoF) 253 0.66| 9L.1| 124 | 1165 0.78| 0.03 | 004 111] 111
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Mol 6FLI2FDGHEIZ, EERNICELESB D> T
T, BEOEHHPUTVE-DEEITHMLRTL, &
W RF IO R oTWH EEZLNS. 12FTIZ,
HRICERMD D20 TnT, BRI TVWE. ol
HITBVTE, FHiO7 v ACHEERDHDD, BHD
RRLBEWMONEEEZTR T, RN ERGIIo%
BoZeDTIE R, (K306 HFL12HELSH)

fal [b] Tl [4&tk] OFTRTOHPIEITNZ9FL
10FDEIL, HEDBDHIzoTWD E Z AU BB
ZHIDPNDEEND DN L EETH S LFBMNT 2
CENTEL. BRI, 9F TR, FIFHULICHEN
BhH BN, TORBIZARHE, BEWE LDV OHhDOH
ENbHBHT L, 10FTIE, FHiOFT 2 TIZEMD»DH S
A, KRB OBRYMICEI NP S BIRSB Y, K
RLLTIHDIEWRE Lo 7L HiEETES. (N
3DIFLIEFRESH)

3 EM10OEE

21, AR EofiMEE L W zoe, B
FICHEHERAATRLT O o7 DT, Fi1l
%, 1%, S5FOBEIZOVWTEELZMAS.

1%, M1 T ol BN 22BWHFHEDVRD L 0o
HBHETH LN, EEIIZPOICEINIWRZZT TR
{, ZOREZSEBOFEDILA > TWDB I L5 H
b5, FNL, EEODHS>TWEHEHZTTERL, LA
BRAH o TR WG EERL T2 L, W T
ERWEHSEZER L T EBREN W22 L3505,
(K 4 D11F % BR)

1 FEOBETIE, D 7zo TwAHESEHROLIC, E
BOHRIZSH LD, BREC R, HELTws
B, HOREDOHNRRNLY L, 1T TVLHEE

Gl BIROMEL PN TnEILThb. (M4
1 %% B)
5FICBVTIE, BB X ZHEMOHP L G O
H—HLTVBEA, ThEidiie, BEIRBIELTYS
HPHNOEBINFENTH 5. (4D 5F22MR)

4 HE2DEE

23. %&H

M1 OREREE WEIC R T, BEREE OOk
WEEIH L, SRR oEgUEN, 85 RREOHH O
GRS L, R oI, 5 RGO i
DIRCEVIZER R S EFEDLS WERIIH L, SHo
TG DH 5 LR L7z,

X 2 ORRDP S, ANOTEBLUTO VTV D9 DR
ZHOFHMTZENTE. —0HIZIR, NEWTIEA
W (ERoB o TR HiHA~OESR, ZoHIE, &
L7z TV BLHIH, =oHE, BESRAEL TV LI
PANOIEED D 5 D TIE RV g L.

3. ERITHOSFIAEER
MEOFAMIZ L > TN TE RV, BBE
HikICH T2 iR, ESONE, TEBREHRZ EH» 5
FRITHONE 2B E2HME LT, #BEOEHR
NTF—=F 2T ANRATIPORR LGN EITD. TAH R
FEMHTAILICE-T, IREKEBO R VB X e
TE, WBE OB, EHELEHILRTE
57:0, XVFBNEERIGONDLEEZD.
BSEMEGEE LT, 74 A AT 2T ()
ORJFFE L REHATH OB IIOVTONTRR, HFE
(i) EEHRTBHOBRICOVTORESHRE ShT
X720, ELLLARMEDT —<L§TH4 XA—VREH
RBEZELWCE->TZTIED, BRTEZ [ A=V T

BRI 4540% 1% Gi%kles%) Teresn 15



Y=) W) B o 2R TR e B

FZ DI, RAHMDRE R 50 h o 72 G RIRED
HPHRC O HIPH & FEBATEY & OBIREMEET 5. I
R D7 — 9%77x9‘ﬁ$&%mwf&ﬁﬁﬁ®
YV HT T 5.

3.1. RERDOFIE

FEEROBIEE, 37inchdE= ¥ —ICBEHEAFERL, ¥
LTmO R T2 RE L. T4HX5 (Fyr A
A—=VFr7/aY—, EMR-9) X, ARK=Y 752D
BART, BRI, AL/ AR A & h
TWh, EHRERITA A ATZEEL, 0DGEEZ%
10BM$ORL. 74 7 2512, BEEOBEICH YT
LWy, 60I/F (60Hz) TEAH M O i 15 A AL &%
END. R2AOPERE I L TEBREZIT- 72,

e GFEERBE DR SO FIPH L IEBATE) & O BIRZ B
AET S, ZLDIZ, T4 ISy RV IEBRTHE O
B O S, WEFREOHHM~OTHFT L, b
O#iPA (Light Region) ~OIEMHZRZE L7 WECDH
7o T, BEIOHGIIREOHPH L O HPH % i

GG & % 2 B HOBER L MBS 2T o7 B
BERIEEOHAORMIZIE, MeiIb P @z Mliv,
FOHPAIX, ATFICX > TEIRLZZ, (M5 22H)

Original Result Personl

Depth of Field Light Region

M5 HBEFREOEHRE, FOEHH

GRS, HPA 2 L Cw 2 5 ER, H#HiPHAT
Wi CHRVWEREZ R E, BB RREORPH25H, Jeo#
PH2IM & S0AT R B L L7z, RIS, BB RBREOHPHO T
BZDOWT, HERREEOHPH RN EE (Low DoF)
9, BHRIREDOHPHAYA VG E (High DoF) 9 4%
PRI 2 GE (Flat) 780 =FBEI250T7 K6 2,
BHOMEHI L 0BITH 5.
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X6 BEOEHED
(_F : Low DoF,  : High DoF, F : Flat)

3.2. HERRE, KOHHE L FRITEDOSF
FHFEORIIE, TEEKROFEHNOMMEO G
7, BGRREOFM RO OEH S OmMB O AR
THEH->THI LA, K713, HEREEOHPA~OESR
RTFT7Thb. BREERDTOEREOT — 50 5F
Bzl Tna

(%) DoF 10s
100 H

.
H H
H
el .
H
50 H
25
o

SELLESEREESEE S SEESS LSS
@ T «“"i\* & v"@i "&@"p S e*‘*&:v"s $
Low DoF Hngh DoF Flat

7 HERREOSHEITHEER

femx, EHREELL, BN, THEOMEI LI
o OB G FBR B o Il I FE PR 23)IA Wi ATV S
Low DoFid, filiti#ipH oL éL%b%ﬁ&ﬁ$#£ﬁL
Twa., FERELTIE, MBORKECIZbDEERZD
5. Bl21E, X8 DPhoto06ld, i HEPH AP T
RIS SN TVWE EETH L7720, EFEIEL
oTW5hb,

&

8 Photo06



High DoFiZ, M #iPH oL STt LCTERE D 2
fELCTW5 L9 Thb. Flatld, HEBEISERBITIL N,
AfRE LT, HEHEI0% L OB E I, 2580dh 5 Mk
Tofz. M9 OROFEH~OIERIIE, SERMITAKL,
HWHOKE SITE 5 THEHEEPZILLTNDE L) TH 5.

(%) Light Region 10s
100

75
50
25

0

FEFIFFELELEFISNSFLSSL
EEEEEEEEEEEEELEE *

M9 KO@mETEE

WRELT, SMoOERTIE, HEFREOHPIRE
DR EJEBATE O BIRZ R 7 — 7 3l & do
7o, RO G I U CTHERREOH#PIE, %)
BWARERICESRVOTERVWRALEZOND. F
72, BEZ R LWL OhDEED D 5T, oHEMHIE,
FEHATEINDORE LRERTE RV RS T & 72,
33. ERET—FDY X E3 R
3.31. FRAD YT 7 XA 2FKE

PG RE O P &GO FEPH AN DOTEH R O B R % A
L7225, APEEZ R BOESITEH O 53 %
CENRTE LD olz. FOLDITE, ERMOTF—572
TR TATIERL, HEHEBMLHOEME L O
R, BN OE T ZHiPH, EBONF & E RO BN E,
ADFTH L HE S TEZ TS BEN D L. HI2IE,
FEHAR L oSSR RWES, SRR R %
KbLTWwELEEZONS., F/2, EHNIELETH
TWwa e, TOHMEZIEERS ATV E2RRL
Twd. 51T, EROEHPIEVEETHoTH, IF
B2V S, ZREFROHS, #PAIEk T, RiF
FERLTW2E8bH 0, #HERHE LT LS —
L&,

C T, EBLOLMEFEHEOT =S, 79X
F R P T, ERATE ORI OV TR §
5. XL, BBEOTEHN T — % & i EED: 2 B
W7 T AZITHT B, iR, o G o B & R
B, XDBEVWDIDEH LW FAF LT LHETHA.
K101, HEHED 7 725 RBLOFT, PHEEL #PHIZS
WTHH LTS,

75 A% MO (Cluster Distance) 1, 527 5 &
Y OHLRSLRD T T A5 OHLEORHREERDY. -
5 A% O#iPH (Cluster Range) 1, 7 F A7 DHLh 5,
TNERDIEN TN T TOMBEZ PEE L2

OFPAZ ET. ZRENDOY FAZ I VT WBEEF T
HHOIEREZRLTWA5.

K10 FERDT T X2RKRER

Ble LT, EBRTHLNI2BMOEEN S 1 BERTY,
PERERERGTO7 A Y ZRID L S IZHET L. KL
BEVIFNVOBEHETHL. 1~12ETOMEE WS
L, BEEE [6] EFRCHLIAREWEI D, HICH
ZHFETERL TS, [9] 1%, HOOTEHEH, S
EPLEICBH LTS, [8] 1%, #EHoLEzES
H2AZEWHATRTW RS 2 b2s. —H, [2]
EI7) N2, HBLA#HAZERLTVWS L) T
HBH, KRB LEHONETEREHOMPH IR R - T
Wbk, ZOXH, BRI THREBREICE ST
BRATEIAS R > TVWA I EBHRTHNS. LaL, &
NH7 A8 7F—5121%, HTHAZENTERWIEH
R EofHmdEEh, SOITEHOHRE, #PH, N
7 EBHECHEAR B o TV AT, Ih LB
FWi§ 5L IWETH L. ZOBEMEREED S, PR
B OEBATEY O @R L HLERZ W 2 72012, EBLOMH
HE, HiIPH, A4 LAY, 2T ATED 4 DODEEEND
k-means++iE2 X %7 5 A8 Wi &RAT) .

k-means++y£1%, k-meansihEZ R L-JEREERID 7 5
AFN) VT, KBERT =5 OMMICEL TS, #)

p:
1 2 | 3. 4
5 6 7. 8.
9. 10/ 11 PP

11 FREOT 545 sl

BB 4540% 1% Gisless) vkeresy 17



WOKED 7 A5 d R XHERTYS )25
LV EZICHTE, BLDICTF—FMET V¥ AIE
&, 12HDOZ A5 bk LKMED 7 5 2 512570107,
BTCOF—IMEZOREHED 7 T A5 PO ilEx K
DTV FETHL., 2295, kmeans++iEIl L 5 7
FAIDZ L&k FAYLIER., ZOWH, BEBRHED
HHRR D7 A MO, #PE, ¥4 L5280, 75
AZROFT—5ZWY ML, FEHX7 PVEERKL, T
VHELMIEIEINSZ3ODKkZ TR EOWiMERFTY, &
BD3ODks FAZEBVEL. DF N, TOKkT T AFIZ,
RO, ®PH, #4228, 79 AFZHIIBVWT
WL MEzREoZ IChd. k2 FAF5HIE3O
DATy ThoHi), K2k, FORIERFELZDD

ThHsb.
e ! N T—
Cluster Distance Time Span Cluster Range Cluster Number
Stepl : f‘;m o ‘ P ‘
€p } [ ° Ll ot ° il VAR
/ L N\ \
Step2: imgl O[T TTT] TCITTT] RECLTTT] NCTTTT]
P @2 O[T T T 1] v TT1TT] RLLTTTT NCITTIT]
cluster 1: 2,12, 8
Step3: cluster 2:4,5,6,9

cluster 3:10, 11, 12

K12 k77 X25HhDOHmh

A5y 71T, FEREDZ S A 705, Wik #HpH,
FARNANY, 2FGAIBDOLA LT TAEERT 5.
ATy T 2TiL, 7 AYHEOWEE, 75 X5 O,
FALDANY, JFGAZBDEA LT T LHE, HBRE
TLITHBANRT MVEERT . AT v 73T, BHHE
DM (Low DoF 9 #¢, High DoF 9 #¢, Flat7 #) i
LT, TNENOHFHRT bV Z v, kmeans++3: %
HWT320kZ FAZITHTAH, ZTh6, HEHMO
%7 5 A RBOEKRE L A M T A DOREBRBIRIZO W
THRPNCFHIT 5.

75 A% M Ok (Cluster Distance) : 7 5 2 % i ®
Wik, SEOFEHOFIENY)ELDEDIDTHSD. 75
A5 B OWHEARE VRS, ZOKICI Y BIRDODH 51
o/l b2 EB®RT 5. /2, &FRWLEZLT
Wbk EZH5N5, I, TEWHEECY IR F kL
Thor%6, RN AHEAZFEMICH T EZ N
29 e Mo AoRERBREE, HEEoRKEE L

HELT.
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275 A% OB (Cluster Range) : 7 5 X ¥ OH#ipHIZ,
ZORPEFERCBEREL TV LR, EloNR L
GAMDOREEEZREMLTWEEELZLNS T F7,
ZOHMPIHE LB RO ZFEHL T2 L&
K9 5. AT LOREMEREE, HPHORKME 1L
EL7.

725 A5 DF A LAY (Cluster Time Span) @ 7 5
AZNIZHBIEBRNDOE. B VR, ot Bk
FHEH L TWAZ L2 ERT 5. ¥4 & A8 Ofkfek
iz, SHOMROWES2EbLTWS P HkE
Lo THA LAY DRI, 74 2AV DR
WHIPH X ) b EERE WV Y BRI, A0
HomKMtz-Los L.

275 A% ¥ (Cluster Number) : 7 5 A ¥ D DOEEL.
75 A5 DBIL, RS-V EBBELTWE. B0%
X3, BFEoOREEEbLT W
332 EREER

#21%, kKZFAZFTOMETH L. BAIL, #HE
HBERDLLTVS.

K2 kVIRIPTHER

Low DoF
kCluster 1 3 5
kCluster 2 1 4 6 8 9 10
kCluster 3 2 7 11 12

High DoF
kCluster 1~ 1 3 5 7 10
kCluster 2’ 4 6 9 11
kCluster 3~ 2 8 12

Flat

kCluster 1” 3 5
kCluster 2” 1 6 8 9 10
kCluster 3” 2 4 7 11 12

LO5K DS G HDH L), Low DoFDkZ 52 % 1
&, Flatodkz 5 A% 17 % B WwCid, k7 I A5 D 53 Fi
FaELTwa, LaLl, MR TnlE, e
(31& 75,1 l1olfe6l&r9lrzl& rz]
A, EMHBEOBELERIBWTY W Uk 72512
Vo TWLIENRT DS, MLk FAFITELTWS
L) Z ik, HHOMEE, #E, L2628, 7T
AZ BB THAE LR EZFHF2R3TTHL. L



L, k7525 OFROATIE, ZOHENRLILBEN F
TRAMSRV. Z2T, M - #Hitclibhz [4Hk
Mo, kZIFAIHRKT FAFE, LT, FV—TH
DR E IE T2 T 5. [ 1%, HERERO
AR O T DLV ICLOBREIX SO 2 b 7200
D & T, WM, FERERAIY 15 2o h0
LWV BEIRZFD. ZOWE, TBASKE VR, JHIfHE
EOMEDPKRE W, BN VR, HifpE tm LT
WhHEWHZ LIS,
FUDIZTRTORBENRT P VD SHIMERN S DX S
DEERTIE () 2RO D, RIS, KR [V
FASHOWEE (D), 79 A5OHPM R), ¥4 1R
Ny (T), 792 (N)] TEIZHifizRD5.
BB, BREEOSHEE TRTORHRZ M VD5
Bl & 0)%75_’5]@&)6. L, TORMEITRTORR
N7 PVRHO 5 EE LD S T i dkE (COM :
Common) & 720, L Wl A #1 & (DIV : Divergence)

R3 k7IRIADRE

LwH kiR 5.

#3113, kZ TR NIIBI LN HMDETHL. Eh
& Low DoF, High DoF, Flat® {27 - T\ 5. L5 i
COMMHT, HEMIIDIVEI L VIERT AT LS TE 5.
SOR (Sorted) Hli&, 727 & FEf% it @ 55 W AR W IE LS
HATWS. BIZ1E, Low DoFOSORMZ b A B L,
k7 5A511&, 79288 (N), ¥4 2 A28 (1), #i
Pl (R), HigE (D) DMHICIEATWS. k75 A% 2T,
7925 (N), Hilk (D), ¥4 22282 (T), #iPH (R)
DMICHEATHS, k75 ZX% 3T, 792%% (N),
Hisk (D), #iPA (R), ¥4 2 A28 (T) O, =
¥ OEDk7 T A% OSORM % FCH [F Uik O T2
W EBGDDL. k7 TAY A OFER DS, Low DoF
Dr5A%1 L, FlatD 7 52 % 17 DA, TR
BAEREICE DMARDRICE-TVWL I L2 AbYE
WiuE, ZRGERTEIED 52 L2505,

#41%, k72 FASMOBRDOETH . k75 A5

K4 kU TXZBEDRE

Low DoF Low DoF
COM DIV SOR kCluster 1 kCluster 2 kCluster 3
kCluster 1 N, T D, R N, T,R,D kCluster 1 — %
kCluster 2 N, D R, T N, D, T, R kCluster 2 R, T —_
kCluster 3 N, D R, T N,D,R, T kCluster 3 N, T N, T —_
High DoF High DoF
COM DIV SOR kCluster 1~ kCluster 2~ kCluster 3~
kCluster 1~ N, T D, R N, T, R, D kCluster 1~ — ’///////
kCluster 2” N, D R, T D,N,R, T kCluster 2” R — / %
kCluster 3” N, D, R T N,D,R, T kCluster 3” N, R, T T —
Flat Flat
COM DIV SOR kCluster 1~ kCluster 2” kCluster 3~
kCluster 1”7 |N, D, T R N, T, D, R kCluster 17 | — %
kCluster2” |N, T D, R N, T,R,D kCluster2” | N, R —_
kCluster3” |N, D, R T N,R,D, T kCluster3” | N, R N, T —_
x5 JIL—TRODE
Low DoF High DoF Flat
COM DIV SOR COM DIV SOR COM DIV SOR
Groupl |N, T D, R N, T,R, D N, T D, R N, T,R, D N,D, T R N, T, D, R
Growp2 |N, T D, R N, T, D, R N, D R, T N,D,R, T N, T D, R N, T,R, D
Growp3 |N,R D, T R,N,T,D N, D, R T N,R, D, T N, D, R T N,R, D, T
Group4 |N, D R, T N,D, T, R D, T N, R T,D, R, N N, T D, R N, T, D, R
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T, ORI (4, 4 LORBROHP) T, HHE
LTWw2Dh%ERLTWAS. FlziX, Low DoFT, k7 7
25 1EkZ7 A% 20 M E X, Bl R &4 4202
Ny (T) THAH. kZ7FAF1 ¢k TFA% 3 TR, 7
A (N) 548232 (T) BPHELTVWS. k
75A51Ek75A% 3T, MUELZ5Z25H (N)
EFZAL DAY (T) PHBELTWD

51, FIV—THNORTRDOETHL. 7 Vv—T13,
Group 1 (3, 5), Group 2 (1, 10), Group 3 (2, 12) Group 4
6,9) THDH. ThZERDOTZV—TFIZBWTHE,

LTWAHHERLTVWS., T2 TREDHFHMIZBW

T% LTwBDhRTwL. COMM % R % &, High
DoFDGroup4 DLAb i, EDTNVN—FTTH 752 % K
(N) AT 24MEE->T0D. RIS, 7525 K
(N) k&, Zook#zllTnwlk, Groulk
Group 2 Tl, ZoOIHEIX, 4 2 AV (T) TH 5.
Group3 o L@ riix, #ipl (R) & Hak (D) T,
Group4 1%, ¥4 A A3 (T) L{ilE (D) Th5b.
INHDEBFRHRIZOVWTERZMAS. Group 1 &
Group 21, &4 A A8y (T) ITHEBATE O 5:H 2 H
5. FHIFHORSIEEOMROWEES 2 Kb LT
%. Group3ix, #ipl (R) L Wik (D) B O
MUY H L. HiHIX, ZONROREEEMRBRL, 75
A5 W OHEEGR WS, BTHEANOEKI RN, v
Yitr, R & fPANOTEROW ) OB A SN S,
Group4 X, ¥4 A x%2 (T) Lk (D) ZHEHATH)
OFEND 5. EBOKB O E, EHOBER SO
W ORMERO IV —TEVZ 5.
34.F &Y

PG FER BE O #E PR & 5% o #i P~ D TEBLAT B O 45047 T
X, TR oBREWIEICSRT T—7idM e o7z E
BT —= D A8 HH TR, k7 FAFYHNIIBITS
SEDFENS, ZHBEOLEDKZ 5 A7 DOSORM % [T
b, T, *H@ﬁ#r]b]fzwllﬁ“c 3wz k, 2%
ZREBIERTEND L Bt T, TV—T
DB DFEH S, Group1 (3, 5), Group 2 (1, 10) 12
A LAY (T) CEHGTHOHE»HLZ L,
Group 3 (2,12) 12, #ipH (R) & Wik (D) WZ{EBATEH)
DM BRHLHZE, Groupd (6, 9) IZBWT, 4 A4
287 (T) LWigE D) CHEBATHONE DL L
DIET 2HBATEASD B 2 L Ao 7z,

4. 5&®
HHEZ2RLBOESTE 2 00 L, <Ok 2 W
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THILEHME LT, GHOBGIRE LERITHO
BIFRIZOWTOFER L, I8, TEHHIE 2 &2 HER
T OREZ M % 7200 DR % H L 7=

R L LT, BEFREOHPA L SR i & #lg o
HERATE E OBRIME NS E 3G h -7z, ok, EH
MOy Ao, #M, Y4 LRV, IR
MO Y P VRIS, k79 A0, SEe
WHHT AT o 72, ke LTIE, k7 9 A F NGRS
BWC, SHEOGBEOTRTOKY 9 A ¥ TR B
WAL, MEMZRD, ZREEHITE D2 L0395
Mol HPIZE (FV—FTHNDH5H) 4 LAY
(T) WCEMTBHORYELH L7 V-7, §iH R) &
Wik (D) WCHEBATHORNEYRH LT NV—T, ¥4 LA
NV (T) LHiEE (D) ICHERITHONELRD S 7V —
ThHb I EDGhotz. GHENLBEOESATEIE L
T, 2R RBEEbEO0 Y, HEOEMEE WY
ZENRTE.

AR FE O —EBIZISPSEHF 2 (G 7 5:26284031) @
k%2750 TY.

i

1) EBATE &3, BN ETHOIHHOBE (eye
movement) X TC, HEFEHZHI-00HH XL
W) EIRTH 5.

2) A A=V L) EFREOEKRIZONVT, DITFELSA

A—=TLWV) BRTRZBILDBL VWP, 22T
&, W, AN, BE, 4 Y¥—%v [ LOW
B L, JNCERT RN EREROZ & 2832
LeTs. ARTIEOLPOEEIENRZLTS
A, A A=V L) FHEEZHVLBICEEHEZTT
BRARXA=VEHRDOI L EHT 5.

3) BEOGREE (Depth of Field) 1%, HEDH -
TWHRRAITEDOZ LT, M, Mk, #Hovi
HEPSIES, BEIZBOWTHERIEEOHE &

ZRILLTHEEDOH>THDLHEOZ L TH
5. BWEREEOMEBMEY GRVv) B, Zo#iPi
L, Ee (R B, WIPASA RS, 22 TR,
B R RE O kw2 & % Low Depth of Field, #% %5
RIEIE D)L 2 & % High Depth of Field & i3 5.
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Abstract: Shading in 2D artwork is commonly drawn with
expressive irregular gradations but it is challenging to design them in
3D because most 3 D shading techniques are not flexible for non-
photorealistic irregular reflections,

Texture projection methods tackle the constraints using an irregular
gradation designed as a 2D texture, but on the other hand their
controllability is not still enough for artistic requirements, Therefore,
we aim to improve the approach for providing practical lighting
controls preserving the original high quality shading.

In this study, we extended the capability of light-space normal [ 3 ] so that
we can add more the number of lights and developed a paint interface for
creating various shape shading in arbitrary areas. The new features are
generated by adjusting the z component of the light-space normal,

We demonstrate how our approach can provide the artist with the
effective shading design for animating high quality shading,
Keywords : CG_~ Projective Texture,”” Non-photorealistic rendering,”
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