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T H2(Deformation)

o ZfZ(Deformation) IR/ LAINIRAVFZRER M. &, (FERAEE

EPERFERIACR (FRLA, BEsIRER! ) . EXMRMULH, JUTNRTHA

AREARRETE,
': ;}‘ q ’/

(b)

e SMorphingRA], ﬁ:l@xﬁ%ﬁ%ﬂ]lﬁ_aﬁ FRIAZS A AR R A B FREE
f2(Free Form Deformation),

o FATEEAILAEREEERYEHE, Bo]EMEsIBEaehs. wWilibid, =S8

T BETEXIZIERIEEA#, CEEREMIBEETIESS.




TR (Deformation)——=£HH

1R mpIthEEEl (Coordinated control of many points)

easy difficult



TR (Deformation)—32 102 MFS

G




TR

o SYINFTERAVEN. SIEFRYMARIEMEMRTRRZIC, WL,

MoHE. SHEFHER S
s ZIBFRIES: WIETXIPolygon Meshfyeditingfldeformation,

» SZHE: BaliEdIREEE T ERMRE, HE{REIGER.

.-m&
S

e

s

N

B2, S2HE

RRHIIM B S TR =EEF IR, BT EHRRND ARG, YRR A—
ERFAIATHAZERY; XY THS N EFHRTIARIIN, ZEAB— PN IRFARFRITHED

HEIRIRYIELZR S,

o SYIPRRFTXKUIZER. BErlE

RHIR., TSR

-

[T IR

TEDFAIE, NEFRTSH

2GR ANTHL SHm E B EZAI=?

6

1Maya, 3DSMAX EFE & =TT E

—r ~ 0
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Barri2 HAYEE (AT 1S 2 =S Al A2

BIFHMRERER R

HNGiE. &%
* Barr A H. Global and local deformation
of solid primitives. Computer Graphics,

1984, 18(3):21~30 (20255

1563IR)

EEHRAEESET, MINEERE

=S

~4AH7H, 5IH

CSG(Constructive Solid Geometry)fisZ

B ENPRRINESS. e, EUfI4ani.
A0, K3Z, KIFSE] LA HRF 7

.

CSGIE

hINEE,

B AR LAERAFRE SRR,
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CSGHHisE!



BiIrHMBRERER LA

o BarnfE TIERANEEIR(E, (HIEHITEE
AFNBEREHZ(Global and local

deformationfERFTRIEF

o fHIRHNIEFE: * tapering -
s Twisting({EpEERER) =
= Bending(ZH) B y
= Tapering(i#fiZH) * twisting
o XEBFRMIRMET: @ TIEZHIE
HizE, BJLAEMRITSEFRIEEE T AL
E_EEEIIJHZ/{Z'K @ = /JZWWE'J%F']%DJ
JFHDVRRY AR EF1 IR AR AR R S,
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* bending




TR EDR EZEERITE

o TENRERI=ZEMMRIRT, IRAEMEIHI RN LIS R A2,

BT SR ER TN, EHEFREA R RYTRR

1\nl

o BarriRHBYAEZL 4
mat, EmMmETHaEYIRTI R ERIEREL,

o IXFTTREFTHAARLRIS, HoERA KX, X, Xo) B(X, Y, 2)3KFKR; X FTRZ

M LR, EDERX, Y, 2)RFRm. NEREERZ A FHEE#RY =X'=F(X)

ke, HPFA—EUEXE X BIEEE R,




TR EDR EZEERITE

o M0 BEERIRYMARIYI A EZS B (BAEM, FRIUBEEANINRAS),
IR BRI RIER Theder M, XER oSN EINEIAMIE.

o E/UNEER, YJRENEZRERM N EFEERNRE, FAVIRERE 77U
HEERIURER, IARERE T YIRS RS ERRER.

o TR LRROYIE. ER B RMREIYIE. ARFNE#RRY)JacobianiE
PERKAS,




TR EDR EZEERITE

o HAX' =F(X)BYJacobian xEF%F/9:
](X) — [ll(X);lz(X);lg(X)] = [

o IR IX=X(u,v), PIVE_ERIFESEZLCIX=X(u(t), v(t)), N4HRRITIRE /9X
XJu, ViRSHIZ& RS :

IF(X) OF(X) OF(X)
0x; = 0x, = 0x3 ]

B oXou 0Xov
~9uot Tavor
ax ax
o WK FE—rSHBATEREN: N =

HGX 0XH



TR EDR EZEERITE

o TREMIAINTIMETHEN:

oX’ OJF Xaxl+ OF Xax2+ JOF x0x3
dou 0Jx; Ou 0x, OJu 0Jx; Ou

_ | 0F OF 0F”6x1 0x, 0x3

~|0xy 0xy 0x3|| Ou’ ou’ ou

3
TR RS H: X, = Zfl-,,- Y

. HEE, FHEE aX,xEJacobian%EBEJ(X)EEL‘JJT%JJI“nﬂ%g—xo

ou u
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TR EDR EZEERITE

o BN AR ERHRTENT:

2 () (0

ou oV oS ot
3 3 3 3
TEIES I

/X2,3X3,t _X3,SX2,t\
= (‘]2 xJg,d3xdy,d, XJz) Xas%1t — K16 %a
\X1,sX2,t _Xz,sxl,t)
=[J,%J,,3;xJ,,J;xJ3,|N




TR EDR EZEERITE

o FAXHME—FEFEME: det(M) =M, ¢(M, xM;)
[I\/I xM,;,M,xM/,M,xM ]
M,e(M,xM,)
M, xMy, My xM;,M, xM,]
det(M)

M =[M,;,M,,M,]" =

o F(118ZI: N =det(J)J'N
o HFERENIKN—BHAEE, Altdet)BEANITE, NHFRSENRRRA]
JANE, JacobianfEfEAHE N mRIEERMAFRZ L,




T H5lF——Scaling

X'=a,X
o EBERAERAFALLHIEERScaling: F: Jy' =a,y
Z' =8,z
fa, 0 0)
o Hlacobianfgf&Eh: J=| 0 a, O
0 0 a;)

o KFALLAY: det(J) =aa,a,



o JERIETHEERES: det(3)I T =

TR 5lF—Scaling

THARERK/N

FAE

o EXRIUREIHIHIE /I

E

(a,a, O 0 )
0 aa, O
. 0 0 aa,)
R, ARERRAEAEAEY:
/a, O 0
JT = 0 Za, O
0 0 1/a,

AILMERRAVEKE, NI e BKE S ARk E . 1 HRIE

U0MX, Y, 2R (A%, ALY, a52),5EiE[RI(ng, N, N)ZRHRAI(N,/a,, Nyla,, Nalas).



T HflF——Tapering

o HZAMBAVETZAZHZ Tapering /3:

(X' =rX
F: <y'=ry, r=1(2)
'=1
o Hf'(2>08F, FTMIAINBARE G, S MAsTenerlodie

o If'(2)<OHY, ZERADURRIR/INOZAZERZE/N,


https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2016/ENU/3DSMax/files/GUID-51233298-312D-4773-AD22-ADB08E70CCE1-htm.html

TRl F——Tapering

o 1ZAHRHIYIRIZEHRFEFE T :

T f’(Z)X\ * original
J=(0 r f'(2)y
oo 1 + tapering -

o EAdetJ) = r*, EIRRYBEBFRZ
a2, AR AR A RARRE /T - .

twisting
(o 0 0)
det(J)J T = 0 r 0 .
-rf'(z2)x -rf'(2)y z) ISSRNE

19



TR F——Twisting GBRIHIEHER ZRZ)

0 1?2“’“?5&73%5 Jﬂﬁ/\ﬁzﬁx TEMA EﬁZ'x‘ﬁ

£

y = xsg +Yycg
\ z'=2z

th 6 = f(z),c, =cosd,s, =sino :t]]['j‘é'
AR :

(c, —s, —xs,f'(z)-yc,f'(z)
J=|s, ¢, xc,f'(z)-vys,f'(z) 3DS MAX Twist Modifier
L0 0 1 )

20
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https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2021/ENU/3DSMax-Modifiers/files/GUID-0AD7CE08-9992-4E49-BA11-672DEA3B13CF-htm.html?st=twist

TR F——Twisting GBRIHIEHER ZRZ)

X|79det(J)=1, FrLAZRERC ZRZARIFAFA

\ \ R
L, SHEESREREA: e
(¢, -s, 0) |
det(J)J™" =| s, C, 0 apenng
\Yf'(z) —-xf'(z) 1)
e twisting

* bending

21



TRl F——Bending (ZHHZERY)

. SEyHEIRIESHIZ(Bending).

® lﬁmﬁ/ﬁgxiﬂzyg Y min < yS Ymex 1 '::“L\-’\ygyO’
SRR E ALK

0 =K(Y-Y,)
Vo Y < Yo

H: y=1y, Yonin < Y < Vi
Yeao Y2 Vo

o BT ETHXIBINNEE, THEX
T, TR RO ERIEAZ 3DS MAX Bend Modifier

22


https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2021/ENU/3DSMax-Modifiers/files/GUID-D9F88C33-8272-4463-A886-7FBAC9A17B85-htm.html?st=Bend%20Modifier

TRl F——Bending (ZHHZERY)

o iﬁcg = cosB,sg =sind , MZFZERES -

X' =X * original
( 1
=S, (2 _E) + Yo Yoin <Y < Vi
y'=4-5 (Z—E)+y +Cy (Y = Yinin) y<y
0 k 0 0 min /7 min ° tapel’lng
1
_SH(Z_E)+y0+CH(y_ymax)’ y>ymax
( 1. 1
CH(Z__)+_’ ymingysymax o
L e twisting
, 1, 1
z :4 CH(Z_E)+E+Sa(y_ymin)’ y<ymin
1. 1
CH(Z__)+_+SH(y_ymin)’ y>ymax
\ k™ k ;
* bending

Ey=y B, x' =x,y'=y,z2'=z

23



Tl F——Bending (ZEHTHZ)

o IMIZHRAERF/T:
(1 0 0 )
n _ ~ |k, y=y
J=|0 c¢,(1-kz —-S, |, 7»@\: k =
(9( A) 0 EI:I {O, S\/¢y
\O Se(l—kZ) Ce/

o EAdet()) =1 - kz, FRLABEPARRTHZRINIL - k2,

O ; A3 ySh
IS CARRE S o o
det(J)J ' = 0 r 0
—rf'(z)x —-rf'(z)y z)




—E——— 1. The original hat 2. Result of a
"I." S — £/ deformation (bend)
&
il‘ ——— |
y. '.-:"" ..'{'--- = & -TJ’ "\I[_- :;:_\

4. Muting the Bend

s 3. Result of a second
B yvields a twist.

deformation (twit)
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EIHER A ZFFDRHE T

o BarrfUZ G AN(NBRTFTapering, TwistingF el ITH,, XIBEAIIR
KE—RRBITAE.
o XHHHIFEIEBEHRATH 5% (Free Form Deformation) FFD. # REHY

FFD75AEFFD. EiEEMAIFFD., EFCagelITHsE:,
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HH3EAR5EFFD

o 19864, SederdergZEHT—FIEREIE

ST MRS BEIRIE —IRIITE, 1%
TEARERRER, TSR —
Z88), SJFTERAESEAEET, YHAEEZ

21 K8 I B4
> /170

o XEITERIARR: SEL!

e Sederberg T W, Parry S R. Free-form
deformation of solid geometric models.
Computer Graphics, 1986, 20(4):151~160
(20254E4H 7H, 5 AH4505¢K)

https://github.com/linwe2012/FreeFormDeformation; https://github.com/staticbezier/ffd

27


https://github.com/linwe2012/FreeFormDeformation
https://github.com/staticbezier/ffd

FFD Demo

Dancing Car Starting from 00:30
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J

AIXS 4= 8)(R?)iH

F"4EFH., AN =/XBezier
3
Q(u,v) = Z z P;iB;3 (u)B;3(v),

H1TE

TSR

[B)(u,v) €[0,1]x[0,1]

—FFD

=l
uel[0,1], ve[0,1]

3

i=0 j=0

ER—IER XIS

B Ve

R?— R3
= 4EHl
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=4%FFD

o [EFE, —sK==)RBeziertBHAME

Q(u,v,w)

3
i=0 j=0 k=0

F—IER (B AR SEZEE)RET —S

B;(w), B;(v), Bx (W) /ABernsteinEil£y, X
??E IJ]-JFj/'_\I—\__'\Pi jk;ETEZFEo

ZB: ZS: Pijk B, (u) Bj (v)B, (w), (u,v,w)e[0,1]x[01]x[0]]

HYDUR, HH

g

Bezier{iNEH644

o SYIRERNZIESIRRT, #IURBERQU,v,W)HIZEZTAEH,

30




=4FFD

2

o BezieriBHimESB SBezier iESSUAIME

o ZBeziertBHE AI LR —D R BEY
Bezier{k, FE(IIFRXFPESHIBezier{kg—

FFDIR,

o BANER=AREHEEERNAFERFIIKS
PRESHIRIFERIZSHIFR /T Lattice (RRTR).




o IZFFDIRAY=1
EMX—FFDiR, =

o FHFFDBRXIYARZERI AL TR

1

(s,t,u) 7

FFDIR; (c) R

ARAEA (S, T, U), Ffi1R
) i

i

FFDER IR, (a) MRENFIRIEEHERLIR(SEM0); (b) @il =3
B IRREIRRER BRINE.

=4%FFD

Ixmxngk == )X Bezieria
:

(s,t,u)

32

@+ EM+1)En+ 1) MEHITRR
ARk,

4



=4%FFD

. REYHIRS (HEHINE) ElatticeFEIRIUE (SE1L). EIZFFDIR

HYBBRAAIRER !
X(s,t,u) =X, +sS+tT +uU

HpX NEEREIRRRIRR (FFDRAI—1AR) » (S, T, U)Alattice=5EH
HEERI.

FIXEeREA/NE IR T LatticeBIMRFR, EmlatticefARNBNEE—=&FE N
—fYlatticeZ A 44%4R

(s,t,u) €[0,1]x[0,1]x[0,1]




=4%FFD

ANipiglattice 3— N ERSR, NIEESTRRI:

Pijk =X, + (LJS + (LJT + (LJU
3l 3m 3N

HA0<i<3L,0<;j<3m0<k<3n

—RRAER T, BAIFmsEhYlattice ST SYNS A AIRMTELT, X, WTF
FFDHR IR ERTRREIEHITRAR, REZHEatticeZSBALR(S, t, u) (8%
HIRXFR! ) | XRER—ELMSTEA:

X=X,+SS+tT+uU

34



=4%FFD

S:(TXU)o(X—XO) t:(:~“,><U).(x—><0) u:(SxT)o(X—XO)
(TxU)eS (SxU)eT (SxT)eU

o EtEALE, LatticeZSRIANYIARZTBHNNZLLHIFEIHIKER -

2. ZHFFDR, RIBANENRITHIRE, BolizbllimePy, .




=4FFD

HEINREEHNE.
o RLIRYIAZT(ESlattice==[AeEAE, latticeZSBRIMIRZS BIRVEEHRE 2 T4
RRYEERZ.

o ZG%ElatticettR(s, t, u), B 1 BICRTERYBeziertE/E, FHE BRI ERE
HYEEBAER(, v, W), 1ZEBHEXT A AIZRS | (s, mt, nu)BYEEEER D, BB Rk(is, it iu),

52

ERYEERLFRT: (u,v,w) = (Is—is,mt —it,nu —iu)

o ANEHESRE, FERIEHEHIIRQU.V,W).

36



L

REHIFFDET. (a) A, (b) RS RIEHAYFFDEH
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o FFD—"EEMUGHESH

FFDRYER

EERRTIAR S

H. RS

X = f(a’ﬂ)’y: g(a’ﬂ)’z — h(Ol,ﬂ)

® FFDQ}Q% Xffd :X(X’ Y, Z) / )nxl.lﬁﬂ:%’ﬁﬁg E?ﬂ

X (@, f) = X(1(a, f), 9(a, B). h(a, f))

o TR, BINR/ISEIHIE.

H9:



FFDRYTER

o FFDRYZ—MERIEREXTZEHRRIF AR T, IRFFDJY

X (X, 2) = (F(X,Y,2),G(X Y, 2), H(X, Y, 7))

e ERYJacobianiTH=X
oF OF OF

ox oy oz
oG oG oG

ox oy oz
oH oH oH

ox oy oz

‘](Xffd):

39



FFDRYER

o WISRTAIABOAIRTT dxdydz, MIEBSTUEHIAFRITIA) (X, o) dxdydz, 35
SRR

V = [[[I(X 4 )dxdydz

o ARATHATRRIZN, RF|METT X r) I LETEE. R (Xrrg) IRIAK=2
=BernsteinZINTAT, THZEVIRRIAFARIKAE R EHIThT.

o WNRJ(Xrrq) =1, NWIXFFDERIFFRAT,




AR \
g

pr AR

i

s it R S AR A TN

»




FFDIER

Modelling - Deform

FFD Modifiers
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Cartoon Animator 2DzlEER {4

e https://www.reallusion.com/cartoon-animator/exaggeration-animation.html

o FBSYIMNERTITRINE, B—LERIFFDZRZES MR

e AMPLIFY MOVEMENT: By adding FFD to existing animated 2D characters, designers can accentuate
different parts of the animation by moving lattice points and adjusting intensity levels. FFD keys can
also be exaggerated by using transition curves in the timeline. Or, save the hassle by deploying a pre-
made FFD template to instantly enrich your animation.

Customized Deformation Enhance Existing Mations

Without FFD With FFD



https://www.reallusion.com/cartoon-animator/exaggeration-animation.html

Cartoon Animator 2DzliEER {4




O ﬂﬁ,‘ﬁ“
s SRRV ERRTEK;
s BE;
s B
o ﬂ,‘ﬁ“:
n Lattice /9477 NEATAR
s YELUEHEISZE9TH
s HTIRMEMRREF,;
s NERDIENE,




[RIptREY | Green Coordi"r&ialteﬁ_ﬁ%%éﬂﬂ"ﬁ

* Lipman, Y., Levin, D., & Cohen-Or, D. (2008). Green coordinates. ACM
Transactions on Graphics (TOG), 27(3), 78.
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Animated FFDTH %

Undeformed object Deformed object

o LatticelIRAIRUESE—I"IAIZIREL: Xfrq = X(x,y,2), R3> R®

a7



Animated FFDZH 53

tive ] [Shaded ] ® 7

snake 02
Modifier List

& FFD 3x3x3
Editable Poly

FFD Parameters

Display:
v |athce
Source Volume
Deform:
¢ Only In Volume
All Vertices
Control Points:

Reset

Animate All

¥

BB TR TREN TSI ERIRSIER

48



Animated FFDTH %

A4 R ERBUEELNEES

-
e
=
=
e
—

Obiject traversing the logical FFD coordinate space Object traversing the distorted space

In logical FFD space In distorted FFD space

Deformation by moving the
object through FFD space
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i ERYFFDJ5XEFFD

FFIDE— M FEEUNERLIER, (BERESTHEIT7SEBRatticefi2R,

1990, Coquillarti2 T —HMFR AT BIFFDGE, 1z A1 E 77
mE{RRylatticefiZdR, MmBESEIME{EEAITH.,

Ref: Coquillart S. Extended free-form deformation: a sculpturing tool for 3D

geometric modeling. Computer Graphics, 1990, 24(4):187~196

50



i ERYFFDJ5XEFFD

o EFFD&atticefJFFDElatticelIX BIET: BRIFFFDEattice{E/IB LAY
—&8%3, WS FFDBlatticen] §FHIREEFFDRYlattice .

o Flg0, XJF FEIFTAYRIFEF lattice, RILARTEBGZREE. Bt £

LatticeZ3|8), IS/ MEHEHEKRIFFDIR, WEl(a). A5, BESFHFE
s=0F0s=1AV1=HITN~, latticePRimAFREEFHERMSE—E, WE ()R,
&/a, GFfacHNIRR, BErrEREEMNBENRES, WE(C)H xR, X

=3 &M?EEU PNEZRRIEFFDIR.

o EITIEZNEAREFFDIFLS, FITTLIBRIEEZRNESEFFDIR, EE&FHE
EH&E’J}I%IJIHIEH- wiitE e HBRRZERIRESE RS,




i REIFFDY5EEFFD

t Au X )
Es t

12 EFFDRIMINE
(a) LatticezS[aRYFEHE (b) MAGHmFE () SFHAEHTRR




i ERYFFDJ5XEFFD

o EFFDBRIEFIAE, FATRJLAKASFFDG AR ER(EIARZER.

o EFFDAGEY, HTFFFDM=&MS ST BATRNES, SYTERNA
fElatticeSBIRNNBEELIMESZKE (ZIEXR! ) .

o {BfEEFFDEEAH, MNMTEZEABEXMERIINM KR EAFZEEXTR! ),
BB =E UK, SKAEFFDERITYIRERZAYZZ RN T -

5




i ERYFFDJ5XEFFD

. BRI ERI—RQ, (& /oA REHEAN BRI QR R E,

?&EKTH *E .

Q(u,v,w)

3
=0

J

HHTHINES, KISQEMENEHERYBERAATR (Y, v, w), BFRP, NZta I
LRGSR, EE R, RFECRERREEIK/I(, v, w)=(0.5, 0.5,
0.5), fERITSEIARIFAINIIEER.

3 i P Bi (U)B; (v)B, (W),

k




i ERYFFDJ5XEFFD

RIESIENRITHIRE, #ZaEFFDRAYERITR.

RIEEHESTE, KEXEHIINE.

55



EFFD73iARIAER =

o EFFDGEMIffi:
» ERTFEINSZMIEREE.
o EFFDJF/ERYER:
n  ERREIAEBE SRR RIS R SR
2 BRI ;
»  HEEYI ST atticeT BB ERALIRE

g’é&{E*%ﬁ’:E ;i ! %‘éﬂi-l_;%;ﬁlgﬁll\%o 3DS M AXEF' Xj EE/\J;@L}{I)J%E
FED(Cyl) Space Warp

56


https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2021/ENU/3DSMax-Simulation-Effects/files/GUID-8B425194-A81B-4D31-A2E9-BE2EEA6624E9-htm.html?st=Extended%20%20FFD

H—f5: BEFCagelIEH

==

o Cage: —"EBESDHRIEBIRYL D HEITHIMIE,
o ETcagelTmAZEEENE. BEREMEFENE, RO TZ2FERI 7K
ZHIRIE.
o THZIRIE: (1). HIEERCage; (2). itEEEJCagetltr; (3). fRiECaget&
AU (4). IECageI T B TRSTITERICagebinyt BB EE EARE,

LI

57



CagefTRITEN : FFIRAHR

o FIRALFR(Homogeneous coordinates)

® Vi
- s v, ={V, Vo)
® X ®
o BN X RIXR Vs BUASTEE: °
Xx=> bv,, where) b =1 * e

s b #FRATFIRAIR(homogeneous coordinates)

« WIRAFBR D >0, NFRAELAR(Barycentric)




2DEMER: 2D1(EY K (Mean Value Coordinates, MVC)

X T AERTRAIEHER Vo (= X), ViV, 0V, 2DIIESIREN I

b, = —
2%
W = A(Vi—l’vi ’Vi+1) _ coty,_, +cot S
ALYV A Vi) ol

HepA(a, b, c) A=A a, b, cIIFRFSHERR, 7.6 /SNAEEXRIA
Figure  Star-shaped polygon.

Floater, Michael S. “Mean value coordinates.” Computer Aided Geometric Design 20.1 (2003): 19-27 (1492 Citation)



3DIENR: 3DIEXtR(Mean Value Coordinates, MVC)

o BHE: BEF PRN— I RNFTABFRRV ={v}, R HIHESIHN:
n=F@P) =2 eV,

Hep o, () #FRALAR(‘coordinates”), NIHZEETP'S BRI EHATARENA:

n Fm P =Y ¢(n)v

i€l

HEP I V, = {Vi,}ielv < R3 ieﬁgﬁ;ﬁ%%P,Eg]ﬁjr\h\_\o

Ju T, Schaefer S, Warren J. Mean value coordinates for closed triangular meshes. In Seminal
Graphics Papers: Pushing the Boundaries, Volume 2 2023 Aug 1 (pp. 223-228). (847 Citation)

60



EF CagefIZERs

INTERACTIVE CAGE GENERATION
FOR MESH DEFORMATION

Starting from:
05:07:00

* Le, B.H. and Deng, Z., 2017, February. Interactive cage generation for mesh deformation. In Proceedings of
the 21st ACM SIGGRAPH Symposium on Interactive 3D Graphics and Games (pp. 1-9).
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Deformation transfer

o EMMRARNZRIERREISZ—MIURB;
o AMIBRILIBARTRREN. =R

FFNERERE, Deformation Transfer
o FAFEILUBIE L NRARCASRIEE for Triangle Meshes

XN ;
o BT IEKIR, B h— 1M
|7

Robert W. Sumner
Jovan Popovic

* Sumner, R.W. and Popovi¢, J., 2004. Deformation
transfer for triangle meshes. ACM Transactions on
graphics (TOG), 23(3), pp.399-405 (1000+ Citations).

62



tHTH2 (Axial deformation)

o M R— B S S KIEFIYMABBRERRIGE. %0 AEYIRER NG
CRHIEESS SIS RIRRELIERTY, SMZEN, RARSHZTAFHSRE
NEMZREF.

Lazarus, Francis, Sabine
Coquillart, and Pierre Jancene.
"Axial deformations: an intuitive
deformation technique." Computer-
Aided Design 26, no. 8 (1994):

(a). RERHE (b). TREEBEHE 607-613.




H3THS

——PRXIEHEELETREARE R (THE IRON MASK) (2020)




5YFRTBEXEI(Mesh)EH

e Mesh Editing

e Mesh Deformation

Digital Geometry Processing !



HFLaplacian&txfYMesh Deformation

e Differential surface representation \

e ldeas and applications
s Compact shape representation

= Mesh editing and manipulation

Olga Sorkine, Daniel Cohen-Or, Yaron Lipman, Marc Alexa, Christian Rdssl, Hans-Peter Seidel: Laplacian

Surface Editing. Symposium on Geometry Processing 2004: 175-184 (with 1594 citations)
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Triangle mesh

o Geometry:

m Vertex coordinates
(X1, Y1, Z1)
(X2, Y21 Z5)
(Xns Yoo Zp)
e Connectivity (the graph)
m List of triangles
(1, J1, k)
(I3, J21 K5)
(Ims Jro Kin)
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Motivation

e Meshes are great, but:
= Topology is explicit, thus hard to handle
m Geometry is represented in a global coordinate system

o Single Cartesian coordinate of a vertex doesn’t say much
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Differential coordinates

e Represent local detail at each surface point
m Dbetter describe the shape

e Linear transition from global to differential
e Useful for operations on surfaces where surface details are important




Differential coordinates (Laplacian4tF )

e Detail = surface — smooth(surface)

e Smoothing = averaging



Laplacian matrix

e The transition between the 6 and xyz is linear:

-,

J

1 e N(j)
0 otherwise

d, iz

|0 otherwise
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Laplacian matrix

e The transition between the 6 and xyz is linear:




Basic properties
e Rank(L) =n-c (n-1 for connected meshes)

e We can reconstruct the xyz geometry from delta up to
translation

LX =0



Differential coordinates for editing

e Intrinsic surface representation

e Allows various surface editing operations that preserve local
surface details




Why differential coordinates?

e Local detail representation — enables detail preservation through
various modeling tasks

e Representation with sparse matrices
e Efficient linear surface reconstruction




Editing framework

e The spatial constraints will serve as modeling constraints

e Reconstruct the surface every time the modeling constraints are
changed

Detail constraints: LX =09

Modeling constraints: X; =Cj, J E{jl, j21"' Jk}



edit

Reconstruction




Reconstruction

k
X = arg min(”Lx—ﬁXH2 + 1%, —ck|2j
X s=1




Reconstruction

A X =Db

Normal Equations:
ATA x = ATb
x = (ATA)1 ATb

compute
once
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Editing framework

e ROI is bounded by a belt (static anchors)
e Manipulation through handle(s)
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Demo

Laplacian Mesh Editing

A short editing session
with the Octopus



Demo
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The End



