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Abstract The needs for visualizing interactive multimedia contents on portable devices with
realistic three dimensional shapes are increasing as new ubiquitous services are coming into reality,
Especially in digital fashion applications with virtual reality technologies for clothes of various
forms on different avatars, it is required to provide very high quality visual models over mobile
networks, Due to limited network bandwidths and memory spaces of portable devices, it is very
difficult to transmit visual data effectively and render realistic appearance of three dimensional
images, In this thesis, we propose a compression method to reduce three dimensional data for
digital fashion applications, The three dimensional model includes animation of avatar which require
very large amounts of data over time, Our proposed method utilizes temporal and spatial coherence
of animation data, to reduce the amount, By grouping vertices from three dimensional models, the
entire animation is represented by a movement path of a few representative vertices, The existing
three dimensional model compression approaches can get benefits from the proposed method by
reducing the compression sources through grouping, We expect that the proposed method to be
applied not only to three dimensional garment animations but also to generic deformable objects,
Keyword © 3D Compression, 3D Animation,

2R A8A sk BE ARG 902 SaElsion, B Aol AGH oF B9 SKCAC o ARE Weten dolphind)
chicken ®E-2 Zachi Karni oA AlF ok

*EAAL . AXetn Al7)4 88 e—mail: rarcoon@hotmail com

*HIEAAL 1 SKC&C u-Biz, ¥4 R&D AlE] e—mail: twone@skcc, com

PR - AFskn QlEjUlujt]o] B8 e—mail: hyuskim@konkuk, ac kr

FEEE P AIAA) - Ak Al7]4 887 e—mail: jnkm@konkuk, ac, kr

461



1. M2

1.1 g7 uig

RS} AlTZE HA 22) 4], G TR FH=E

EAse W RS0 BAEEA AREHAL gt ot &

ZE 71719k Bt 7lae] HER 712 HEFHAA A

22 3 AETE A0 o] FofollA 2ro]al glnk
o AEE

SAPIA EeFo] W RopollA AREAL Gtk

o= oF AR, Afeet 3 AFEEeEe Wil
[e]

2 S8 gAE 9 Vel dEUolA Auate] AlA|

oATAY 2R} SR OF 4ES
£ olgslo] TSt Sk Wyt opfet Aot ot 5
2% AEHIHE AeIAE 339 wee] ool
AT} RS 017 Slstel AL

M

o]

s
N
N
i
>,
b
ol
2
wW
Y
A
oL
b
ol r2
_I (
rO O
ol
'{F
o,
Ho
=
(m
A

=
wW
by
(e
ox
Iz
1o
i
)
e
=]
.
o
™
O
S
i, flo ¢
* g
G
X
v
4

Ao g5 Y
o Hstol $HYL FANE MFOR IFL WEe] %E
gl e sfel wRe
o= PHS AATEOH A7l BEE wste] 21
HOR 2O UHBI GO e HolFiA gk

# =Ro] PHe a2 WA el sl
gL Gl 334 ARES AR ofe) A9 339l
dlole} & 7ol ste] st 3ReIAl 33 B
of A 370l o olop]  F FYHGrouping) olet
WS AR gelAt s AR MW A%

[MES st 283t solMe o=t U= 2aE

i3
filo
2L
rO
e
iul
2
o
of
ol
rr
o
rE
rlo
w
_};I_v‘
re
o
i3

rlr

N

u3 Q | iL

ZEE MR 0

(27 2] 33 ofyuo]d 2+l

[N
IIO
o
>
[>
o
1o
1:op
X

2.

e

o ot
2.1 3xH CIO|EQ| HHEe| A=
B9l S YEe e ohea 2
Multiresolution[1]®'H-2 AREAP7} Ydh= sjAtrof wet
A B3 2717t sAor 2w Tt AREE W
Holk, AAs] AT AL & AR o, T8I P2
AL 22 AR o] Aol BEHOE AgTT)
Prediction[2]WH2 FPAMAF S| AE= o
o) Al WO M) B W Al L Aol 4]

jm |
olefat AL WA ke Al 9] uE
e Wgle) gromt g AUe EHT 4 ok

2 =RodAe 32k 34 ARE 24U EAof wt
oefet 1F 0 YISl Prediction W& ot HF o]
a0 AL 7|R0E A7to] v S wf vl A7k
gk o] A AztellA duht zpo|7t WP E=AE A5}
o tlolg7} FF=E HYE E9.oH, 1 Zojof st

FRHY A FAE ool Y& AAISr,

2.2 3x}# C|0|E{Q] OfLIH[O|M &=

Lawrence Ibarria 2} Jarek Rossignac -2 Dynapack[3]©]
g= e F9l 32k tlo|ElE Edge-breakerg ARES}
of FAel AmE wIT T AREF gl 77t
Prediction & AMESt] Y52 siGiTt

Zacki Karni®} Crag Gotsman< PCAES £t el B&
W LPOZ o|gste] AZFAQl 550 et Aol 1)
£ A5k HHE F3l 3ak ARE YEiH4l. 919

PCAS B3 33 AR} T gk W F SR
MEE Bohfo] ARE ESGOM, R 4P o
Wl LPOS F3) ool i HRE dEdlel £ U

462



£9 Rt BT Am0] o2 81 WS ANl A4S
of o] Anh} 97k LAl Bolol

1% 5 28 0L ol ol A5
of TS UL seld ¥ wEI 2o ww it
Dynapack Z2 7 AjAoz edwd =2og dx Y&
=5 w3 @2 e HEolth ESF Zacki Karni £}
Craig Gotsman?-2 79~ PCA 9] WHo| W2 MEZES 7}
AaL Qlofof Sh=t] ‘dolphin" e ofuuolde] H- =
€9 27 Aol Az AgHA Fakeh

2 =22 §lolA Dynapack Ht} 4l £2 458
o] Zacki Karni 2} Cralg Gotsman®] PCA ¢} LPC9] ®
I} Hlalsto] B ofgeg Holaia} gtk

ﬁi

s

2.3 M MEO| HE0|AQ| Error XY

3420 dlolele] 2212 B WHS AR o
2s1E vlastel 48 TG doht gol WA =
ok o] ik, ShA ofuilolie] Hgehlole B
% ZH Yo vlalee AeekA] Feh] el 2 =2l
A o S ARGt gttt KG error SRR
Zacki Karni o] w=oj|A] U2 Wi oz thaat gt

A= A [ 1]
TA—E(A)]

1

e =

o714 || A || = A 2 Z0] norm ZF A= 7|&9] W)
EHE, Av 95%F o dagd HEE, ER) & AR

WE AEEY BEE Uehur

0]QJof| Objective Measure for Position Interpolator[5]
o] e}, o] WL YL V|Eow vIAFH o] R
FoRAAY Hobd wiE te R U & 7t ke ANt
sto] dupt zpo]7h Ui=A] Allshs Bhlolct, o] W
MPEG—4 AFXO|A] ARGSFGIAINE 21 H it Aol
o] Aed F P 24 ARl Aol HolFA] o=t

30 rlo

£ =A== Zacki Karni 9] +=3k0] AZ Q] vjng
A3l KG error & ARSI

3. 2 T U NAY

3.1 H&(Deformation)a} E!&HGrouping)

3AHY HlofEl7} W Hopo] FEEHA ANEAEC] 3%}
o HelgE Sle Otz AWO}Z} OFm FREbRe] ojmo]
ule} olg] 712 #PHo R Wysts 29 4ty Yol

0| o, IHEAY <o %‘011 ol MFE7|= k=

271 w4 ofdolAdle]e] - A9 7ol He
HE FHOE 33 EﬂolEie L"OB‘PO% ofyrolde #d
gtk AA o] FFols W ol she A% W
P2 vl AU Rl R % JgAe} Aktslr] wE

339 Hlolelel] Aglo] SAE AHS EQE"‘; Ak
2 0 ; ko] 47
= uke] wge] 2ol 71En 3 4% HmhA
opze] Ajo] giEroRE JAE Uehls ol Mgt
=golA 339 Holelet of Helgo] el e &4t

A7) kL A5 A S olels WEe] $Ar

=
]
O,
r
o
faby
i
tlo
i)
rlo
Wi
)
2
i
x
>
K
ki
mE
g
Iy
=

o abc 9 gh& 71E A Hz Z}Ol Ur—:u we
8 FASkE i+l WA T YN abe o Fhe A =3
HollA 22 e HeiA EAIG

F(i)V(e)

Frame i =F@V(p)+e

F(i)V(p)
Fii)v(a)
=F(V(p)xyz+a’
Fi)V(b)
=F(i)V(p)+b’
Frame i+1 Fli+1)V(c)

=F(i)V(p)+c' +c"

F(i+1)V(p)

F(i+1)V(a)

=F()V(p)

i Fi+1)V(b)
=F(i)V(p)+b'+b"

(2% 3] A =AU @ A 2L Holz Hauke
a5 el A me

=g o 2HskE FkoR 339 dolE S
ey

s ARo) F7do] BaAEl AL hewt U ohe
Aol 27K el amolEle Tew @ 2HskE 49
830, 21 o] predictionH& 4ste] A 9] el

463



R § 5 A Sk olefdt AHetE AH 71E oleid i aRUS s SIEAE AHe) ERS
Af Boh A AY el AR theom Al | Bobd wlmsiop Atk AHO) 54 Bokhyy] s the
PUE GHS ANSHe BIPES ASSIA (39 4 | o S BuS Agskilth AHo) $XS WER B3
oleig A2wl FAEolt wlE|o] ol wlwshe W, HEAGIHe] HHe] 82
sl W, el wake Ee) AA mael 3t

KX
=
el $AUL AR B, v IS S gt

411 WEjS] 37| g J|F

eS| 27] ghe T e} ol AR SAolAE 1t
Bl Boly] Wi 2 JHe) WEel 27 ghe A
Mol Bol b2 AEI s Avhh Holrh YA
izt Eah £x9e] W] ol Aw thEciehE A%
2ol gepo] ulshyl ket b AX7] wEel 71
4. U= NAH 73 A wEsls PEY 2% WAkl tadeE $Eol

a1 28 22 7|4 235t

YA ARYL 7)ES FHOE AR 4AE
& AR 719 Wolth, B 229 S ol ey | 412X Y, ZER USIE
AR g AAdoR mob ZASE FUT 4 ) =AY E2 U A XyzaRe] Aol e S
golrk, 44

) d oolold AAel &Ao] wet e I} Hlawste] T 9] HrEH9 glo] vlssiH e A
ThresholdE A48+ 7A$ 2w Ao 7|2 A¥1l 2 o) FEZA T2 o] glow 8o ZFAF|A gt
2 Yt i g amee AMgsH 7|2 AHow 1 A XY, 7259 48 BE WEAIAHk TF0]| AL

e vadd o 2o zJolzp Wit [1Y 518 WY the 7} HE 0| P wlwsh= o] W AA| T Yset o
Threshold | 7“o—°r T2 o] mYHEY] "ol Q= HES, za@ololabe 3t Hx Zo|gtr EaW k2 20| Sojr}
2 Oz e HIGE Mol AR dZFEo] Mo FA4 7] o] RS RBSHA 1ES s 2 9k

= AS = E} ok 2 a2 AN =E

o] IFE B dFoIA Bt 2R eaph vEhA g,

(718 6]o] 1 Z}o] ZHE HolZT Q) 41.3 Falo| Hat2 7|E

Fejo] Mgk ALE gE FukpR B old FuE
AR FAISR WoltHel, & Srejol Wk 7 Ze¢
HE U2 A e Ao g TR Bl oA
glof| A= WA

Felol At Foldl i Fulen A el 4

So) A4 o] ghol AL Fuheo] WA BE,

@12y A3} (b)Sh<= Threshold n o A7t AdSE Fuppo] 2k HE S Uehdtt, £
of AF=0] Zupiz EXL o]@dle] AHE Len E
[1% 5] 2Jd 1293} T Threshold A} X5 °

Ao] Tt At At G SAY 4 o) B =8
oA 87 o] A4 714 AMgtel Bo] SAUT 5

A& st

]
B
n
=
N

-Elh’.
42 M 7ol HIE St U=
Threamots as  as 421 °l3gl
3344 dolelt 24 12908 B4 ofe) 1geR U
(99 6] AR T Threshold® 485 499 | thg 2 280 HUSL /1 HUT vislo] HE Aol
B iAol A, Hagt 7P O RO elgsied HOlE S,

464



step 1 ZF A0t AE 7|EoR A o ZHY
[e) 7

Az et | =ZH9le] &}

i=ZedHUE n=AFdWME (4] 2]
i

If(i—1)v(n)ll= A ZH ] A g
= lf@v)—=lfG—1)v(n)l

step 2 : WO 1504 Threshold 4ol 7F 717k
e 712 AP Aol 2 vel e gasa v
), @A el 1, 7% Aol p, eiE Aol n
W, 7% 4 Vo, s AEVH of dhelel sl 29
ZF Ro' = 712 AR Y AFY e w xjo|z 13t
o A a2dS Bl AL Hof wig- A2 glhol uer

{r'=v =V} 43

L

422 K& MEf

HE 32H19] HolHE RAY uf ZF Fik HE 4upo|E
9] Float B AFE3ITE  Float & 2% 47k E@o] 715
st 253 62=7AX] Y] FEE S 4= Qlot ShA|uE AR
Al B 2RSSOl AdE 3 A2 1Y grol ARRE
bz & 3719 Float + A% 57t YulE 7hA2c), &
LRoAE ZHIsE AuE slgo|d Ao wWojo] %}
2710 AAste] AR 270l o .

°-T~ I
v s
o 2
O
)
L=
i
tlo
ol
&
=

gt o] WAoo AP 7
=9 A F7l dlolgE ATz A% w7k A7)
£ 29 5 A gt 1 gL o) g

step 1 : w38k A3} 7 RniQ] HUIZHMAX) T} 243k
(MIN)& -8t

step 2 1 U} HaghS o84 Aqfet itk o] A
TEHE Rn'9] g 03} 14fo] 9] ghog whErt

i

R,'=(R,'— MIN)*(MAX— MIN) [#] 4]
then OiRni’il

step 3 : Rni9] gt A% 37t 2n 9 3 Foto Ao
00141 2n—1AFo] 9] g2 7EA]A| ght,

AGFIR MESF=N  [4] 5]
Rni:an* oV

then Oi RniiQ” -1

step 4 1 7| S the ARSI WAL whie] Float

oz 1% Unx 4HEL 2 o 272 A A= §
ow A,

de H5o| Floats EAE A Zeolst
At A= e A U ghe Fof Syt
A 917 g AR,
step 2 1 71 AHS R W glol It HEE7f
Vo] g & 4 glom], Ra'e ghe Q=g glojch

step 3 : Vn' 9] Zre &R ZyYat A Za|de] z}o|o]

w2 ZE e ofu] LA Ak wEbA @A = YellA
Anol FE g 72 4 ok [4] 67 $19] tjgolet,
I/”1:VL_RL [/}_} 6]

P n

and

= (If(@)v)I=If (i —1)v(n)l)
then lf(D)v(n)l=V,'= R, "+Ilf (i—1)v(n)l

h= 7123 A golx Az (4] 7]

framenumber = Eﬂ R RASEZHA A
fli+h)v(n)=
f@)v(n)*(framenumber — h)/framenumber

+ f(i+ framenumber )v(n)*(h)/framenumber

5. Zi Hlw

51 &% Hlo|g

465



H =Rojx= HElY QuadCore 6600 CPULF 2GB HE
2], 18]3l GeForce 86002] PCof|A A¥S =35}t

Jem 4W mdE wlel AY mas easc
“cloth'(924744,  1729%]0]2,  324x#|e))2} "dolphin’
(6179794, 123379|0]2, 101ZHQ)), "chicken" (291674
A, 5454 gols, 399 T dlolelolek, o] Holels o
Uelol4le] B4 vlwe 4 ks Aol 2 oozt ek
"oth'e] ¢ A4 $HYS BF L 54, “dolphin'
@ PO YolnE eful o5 Feh, " chicken'S A

o
BN
oo ©
o ¢
HI
Lo
o
o
AL
uj
o
ajg

o] M| ThA] )it

(29 7] AlA e R “dolphin”

animation data

, ‘cloth” , ‘chicken”

|. HM

Zx ==
23S Sl 3t 2Y HlolEE ofy] AFeE W
of §Fatg 1 Aake [ 1], (29 713 Ptk

FFelel el 49 SIOILE §00)s "dlghin ool
Aol 2 AR W9 ekl Felo] wgel 49 =y
olelol wiet 2 4% Hol@ Holoh 32 olse]
g}, Felo] walo] AAAA LU Aelskey] 2

A AL Hole BE HHSo]

HA 2] 7h AojAa FAlek Auke] Wet ARA
H 397F 71 miEeld

o] Wy 2718 dwshe e 2
269 71 9 4Rl e
‘chicken"] 79~ FE v|ue} }—]-EO WE 7R Hush=
A% FAT 15 52 ek
Amel Wspt | Rt ol A
A5te] W 2 el At 7] ol

o

oo - = o8
a1 =zalof ol

==O0|E

2r16 2712 208 ang 282

3 Z7tel 27|

[ 7] “cloth” RO A FHE U=E

b 9felel wamg =
3l 1 AE Zacki Karni 9} Craig
H

o~
)
e
e
i
s
i
flilo
of

WA Be Folol dES @ A% Xvzo HuF vl
walo] 7 AR gk 7t el te Aut (19
glole}. sulES] ARBIS ol §3aL BIES A o

& A% o 3.640] Yol AU wIUE A
27 Qo] F7etel amAlld gl 6.ov,
4ZHYH oS whi 12.6M, BZAYN Yol 223
el Q% Ee ol gtk

TASEA cloth dolphin chicken
A B} Fchgk 1,02 1.26 0.893
23|I PRI ~1.09 ~1.28 0,852
= 2 94 118 46
o x|wist izt 9.04 9.97 1.15
HlE] 97| QA HF}FH] Gk -2.08 -2.34 —-0.85
EEREN 60 75 45
o1z wisl 2ozt 1.46 3.15 0.739
TrejolHek AR A3} gk 1,844 —3.6 —1,483
as - 86 16 113

[ 1] 233 EA 2

Aa9] Welet T8 A%

466



ERE 3709 offyreld HlolElE 2R KG Error ©] ojel 2 IS Fell & wwold 7 B 2=
%

7P e el AR e ol8ste e A8 Hes
stol 29] 16,8,4,2 Wle] A% B2l dolele AFelel o | A A mAUE] BOS B U Plol $4slch
%83 KG Errorg dojmsict. Ag AT 4= 9tk

ojEg &2 ol=  “dolphin"? KG Error ©] 7} 34 of % 5 T} KG Error
gttt U] mdlofi= 53] A2 ofgfdto] U= Ae oz
SIskeict, [217 9]oflA ™ cloth" & “chicken"o] ufj-9- 2k 008
og]E Holt} E3F Zacki Karni 2} Craig Gotsman®] =5 "E ZZj N _/_/ :‘_z:j
e e T Betel dolelel e e dEgol 1 e T T s
AR 2 =RoA Zeele] Zolo] A gl %ol A e
et uss

ole} e AFE ujgto g 7129 Zacki Karni 9} Craig [ 10] “dolphin' B9 ARFE7PE k=87 KG Error

Gotsman 9| =81} vH|WslH U=ZE|A Hojuw AMtZ
o7 o7t 22 AL FA 4 vk [#F 2] Zacki
Karni 9} Craig Gotsman®] ¢f=Z3}0]|il Zacki Karni @}
Craig Gotsman®] Wiz} 2 =2o| Q%83 o2 242}
wwat e (18 10l

&l Ol =
A2t Y=EE

-

BH7EH

lo

25
20
w15

i
31 10
g =

1frames 2frames 4frames 8frames

ELHEE

ZF Qi N N —
A T8 KGError [ 1] #39] Qi $20] gu|ER 2|
0.014 = = “ 1. " . .
0.012 2232 QF=3%t  “chicken’ animation 10,150,330 frame®| H<5
0.01
E 0.008 —#—cloth
E 0.006 i —&—dolphin

0.004
0.002
o T T TTeR

36 61 86 11.1 136 161186 21.1 236 36 o=z

d—chicken

(29 9] HEu|we} B7PHS A3 mald KG Error

H d=E KG Error
22.1 0,037
PCA+LPC 33.6 0.046
68.5 0.081
12.6 0.000757
A} + 22.3 0.001869
w7 36 0.005687
52 0.025379 (2% 12] 2, 4, 8, 16 H|EZ Hgu|mw =3t

‘chicken" animation 150 frame?] X<
[ 2] Zacki Karni®| ¢t% Ao} 2°0] 2% F7to]|

HI7PHE Z83F “chicken" animation 9] = ﬁEJ} H] ol

467



H=

=1

o

we 7lso] WHoR 2% Fuig 1vISe] wshuA
re RopollA 32 HUS A4Sk glon] ofd ARE
2 2719 422 7HA Bk ol g ARg A}
3t7] eiM= dlolel ASErert tHEofof e &F
& AR ok 7704 B A IS "as
ok whebA BeAQl 3xH dlolE % e e Aol

Fapeict,

=)

o oo rlo

)

2 5%8 0 oS YL PUE s nE
Zy|duict Zhzke] XL e 37|

e el WES olgstel 18-S Mgt el ol
OFE o HHY dolgE N e AR oz
BEslel 5L stk aela BpEe olgate] ARk
o 25 AAIST ole g TR Bato] Fol
BRI W 3HO) BES vlwskl Y] ot v
v g%EE on Fye Wy 2712 Hme Pl of

=
=

e Ei YHEE w2 Zle SIS Sl HEe
= <2

AE SolMe ZHd E #9245, 1 FolA
IEo Haisle 71 AT wlwsielch Azt
o Ak %S sto] Mue] &dlo] glo] A%
wake Fo) AAlEolE) 229 sk At
k. T A4 AF8 Dynapack Rt €53] £
o285 Ho|m Zacki Karni €} Craig Gotsman<
POALPOY= 23} Hlmste] whe ofeigg el 729 3
A SO AS 1 sk =8} vlustel & ohEE
o e 93 wolx we Hold H5S AT st
L A% wolzn 9t

B IAZA & R AT ool dlole] o
e HE A W Al S 290

rlo

o2
%

L i

==

7)e

rlo LL!
f

5 ik B, Bl 488 A9 4R FE A
o A Aol ofel Fiol et +4 9lof

w5k RO A B Foln MiEE AMgdlelm
PCA+LPCY] ) 9589 A2
B7ke oulolER st smaglnkt

Hjo] =EL Holth E& o]z3t ¢
LPCof| H|3] Z-& KG Error< RoIt},

SEOIA 22 PCA+

o BAxoR thiet gulHEHA ARY WAL
o BE AU gl B2 Gk ol 2 o
e F8ehl HE, 2 3719 339 dlolet g A
tfolu} el B09) 2ol ghol A8 Holel, 33
9 2e27h AgAEe B wska Aeaws) das
9o 2ol7] @ AR 7|l

N m}i
PN ]

o

-

izIrO

i

[1] M. Eck, T. Derose, T. Duchamp, H, Hoppe, M,
Lounsbery AND W, Stuetzle, "Multiresolution analysis of
arbitrary meshes", In R, Cook, editor, SIGGRAPH 95
Conference Proceedings, pp. 173-182, 1995,

[2] M. Isenburg AND P, Alliez,

polygon mesh geometry withparallelogram prediction”, In

Compressing

Visualization’ 02 Conference Proceedings, pp. 141-146,
2002,

[38] L. Ibarria AND J. Rossignac. “Dynapack:
space—time compression of the 3D animations of triangle
meshes with fixed connectivity” , ACM Symp. Computer
Animation, pp 126-135, 2003,

[4] Z. Karni AND C. Gotsman, ‘Compression of
soft—body animation sequences” , Computers and Graphics,
pp. 25-34, 2004,

[5] Information Technology, Coding of Audio—Visual
Objects, Part 11: SL Extension and Multi—User Worlds,
ISO/IEC 14496-11:2003/Amd. 1:2003(E),

[6] D, L, James AND C, D, Twigg, 'Skinning mesh
animations’, ACM Transactions on Graphics Vol 24, no 3,
op. 399-407, 2005,

[7] L. Kavan, R, McDonnell, S, Dobbyn, J, Z ra AND
C. O'Sullivan, “Skinning arbitrary deformations” , In
Proceedings of the 2007 Symposium on interactive 3D

Graphics and Games, pp, 53—60, 2007,

[8] R. C. Gonzalez AND R, E., Woods, Digital Image
Processing, Addison Wesley,Reading, MA, 1992,

[9] W. H.Press, S. A. Teukolsky, W. T. Vetterling,
AND B, P, Flannery, Numerical Recipes in C,The Art of
Sci, Computing, Cambridge U, P, 1992,

468





