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Abstract

We present a simple and effective algorithm to transfer deformation betwdganesmeshes with multiple compo-
nents. The algorithm automatically computes spatial relationships betweapnorents of the target object, builds
correspondences between source and target, and nally transféosrdation of the source onto the target while
preserving cohesion between the target's components. We demonis¢ratersatility of our approach on various
complex models.

Categories and Subject Descript@ascording to ACM CCS) 1.3.3 [Computer Graphics]: Geometry—Shape De-
formation

1. Introduction wider range of applications, as we demonstrate through de-
formation transfer onto whimsical objects, and retargeting

Deformation transfer§P04 has proven to be a valuable captured motion data onto multi-component targets.

technique for remapping rigid or non-rigid animation se-
qguences from one geometry onto another. Despite its abil-
ity to transfer entire animation sequences from a surface
mesh to another with only little user interaction, its most Deformation transfer§P04 provides a simple and ef cient
serious limitation lies in how similar (in shape and topol- way to remap animation sequences from one mesh onto an-
ogy) the source and target meshes must be. This techniqueother. This method rst builds a correspondence map be-
will simply fail if the source and target objects have drasti- tween the triangles of the source mesh and those of the tar-
cally different topologiese.g, if the source is a single con-  get mesh by deforming the target into the reference pose
nected mesh while the target is an object containing multi- of the source through energy minimization. Thenadime

ple components (see Figut® However in real-life applica- transformation matrix(or deformation gradient) is com-
tions, characters or moving objects usually consist of multi- puted from each triangle in the source mesh to its coun-
ple connected components, as pointed out in a recent paperterpart in the deformed source mesh by appending an ad-
by Ben-Chen et al. concurrent to our woBQGWG09. They ditional vertex to each triangle. Finally the transformation
presented an ef cienspacedeformation transfer technique  matrices are applied to the corresponding triangles in the
to handle multi-component objects equipped with polyhe- target mesh, and a linear systene( Poisson equation) is
dral cages. However, automatic cage generation methodssolved to generate the deformed target mesh whose defor-
often generate undesirable cagesg( fused feet of hu- mation gradients (with respect to the reference target mesh)
manoid models). Moreover, cage-based techniques can alsoare as similar as possible to the deformation gradients of the
run into numerical issues for thin-shell-like deformation as source. The nal process is also known as gradient-domain
in Figure 3, where the cage would exhibit signi cant self- mesh deformation, which has gained a lot of attention in re-
intersection and degeneracy. centyearsYZX 04,SCOL 04,BS04.

1.1. Related Work

In this paper, we remedy these issues by improving upon the Since its introduction, the deformation transfer method has
surface-based deformation transfer algorithm. Our contribu- been improved and extended by many researchers. Instead
tion stems from simple solutions to two main challenges: of transferring all the gradients of the source deformation,
how to reliably establish correspondences between wildly Zayer et al. FRKS05 proposed to transfer gradients only
different source and target meshes without heavy user in- at a few key points, and interpolate them to other points of
teraction, and how to maintain the spatial distribution of the the target with a harmonic function. Botsch et 8SPG0§
multiple components of the target throughout an animation proved that the same transfer results can be achieved without
sequence. The versatility of our method allows for a much adding an additional vertex to each triangle, speeding up the
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Reference

Source

Target

Figure 1: Deformations of a single-component horse are transferred to a pebbhelcmade of 750 separate stones. Only 47
correspondences are speci ed. (The pebble camel was inspirgtd®ijrhing, a ctional character made of stones in the movie
entitled “The Fantastic Four”.)

linear system solve. While the original deformation transfer Our algorithm rst computes a set of closest vertex pairs to
method requires similar reference poses between the sourcebuild a graph that encodes the spatial relationship between
and target meshes, Lee et AW CO06] developed a method  components. Then both the correspondence algorithm and
to remove this restriction. They segment the source and tar- the deformation transfer algorithm ir8PP04 are adapted

get into the same number of near-rigid components and ad- to take into account the graph connectivity. First, when es-
just the orientation of the target components to be similar tablishing correspondences between the source and target,
to the corresponding source components through rigid trans- we add an energy term to make the components without

formation. More recently, Baran et aBYGP09 proposed any user-speci ed markers deform with the components that
semantideformation transfer to preserve the semantic char- have makers. This greatly reduce the manual work to spec-
acteristics of the motion instead of its literal deformation. ify markers for each separate component. Note that, unlike in

[SP04, where every triangle of the target has a correspond-
ing triangle in the source, not all target triangles may have
correspondences in our case. Some components of the tar-
get may not have any corresponding triangles in the source.

One serious limitation of Sumner and Pop@wimethod

is that it is restricted to single-component meshes. To re-
move this restriction, Ben-Chen et dBBCWGO09 proposed
aspatialdeformation transfer technique to hand!e multiple- Such components are calledohan componentsAlso note
component m,eSheS and polygon soups. Their tecm"que’that, while it is possible to adapt recent automatic algorithms
_however, requires to con_struct polyhedral cages for the ob- for non-rigid registration\VJH 07,HAWGO08,LSP0§ to get
Jects. Mo_reover, some hlgh-frequency detalls_ of the source better correspondences, our current deformation-based ap-
deformation may be lost since the method projects the defor- proach is simple and easy to implement, and can compute

mation into a !ow-ci_lmen5|onal linear subspace._ Like Sum- good enough correspondences for the deformation transfer
ner and Popo¥is original approach, our method is surface- application

based, and thus does not suffer from these issues.
Second, when deforming the target to match the source de-

1.2. Algorithm Overview formation gradient, we add two new energy terms as soft
) o ) constraints. The rstterm tries to preserve the lengths of the
Ourgoalis to extend Sumner and Pommethod to multi- o504 edges so that the spatial relationship between compo-

component mesh(_as. We adopt th?'r approach for the COMPU-hents is maintained. It also removes the need to provide an
tation of the per—trlangle deformgtlon. However, the original ;1o for each separate component of the target object. The
methp_d requires a manual speci cation of a glot_)al boundary ¢ocond term is based on Laplacian coordina8&QL 04
condition,i.e, an anchor point for each topologlcal COMPO- 3 tries to preserve the surface details of the orphan com-
nent of the mesh to assemble the deformations. Handling ,,hents in the target. Since the two newly added terms are
objects with multiple parts could thus not be handled for a |, i quadratic form, the total energy cannot be minimized
series of reasons: (1) providing an anchor for each Sep‘"‘"’“%sing a linear solver. Instead, an iterative Gaussian-Newton
component thhe_targetobject is dif cult; (2) preservation of method is employed — we approximate the two terms as
spatial relationships between components is not addressed;(.']u(,ﬂdr(,mC functions and only need to solve a linear system

(3) establishing correspor_ldence _between the source meShat each iteration. This optimization scheme works ef ciently
and the target mesh requires tedious manual work to spec- for all of our experimental data

ify enough marker pairs on each component. To circumvent

these issues, we will show that one can employ simple graph One may think that the above two energy terms are unnec-
theoretical techniques, along with recent developments in essary, and by interpolating the deformation of orphan com-
mesh deformation that locally preserve shape as best as posponents from nearby components, the desired deformation
sible [BS09. can be computed using a linear solver. The assumption of
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S and T. From these markers, we will deduce corre-
spondences between source triangles and target triangles
through a seM:

this linear approachi.g., the closest triangle pairs of nearby
components have similar deformations), however, is not true
in many cases. For example, when the mechanical-like horse
shown in Figure7 is running, two components near to a
joint can have different rotations. Enforcing transformation
smoothness between the closest triangle pairs may introduce
undesirable deformation artifacts (see Figiye

)

where a pair(sm;tm) indicates that the target triangle
tm should deform like the source triangdg. The com-
putation ofM will be explained in Sectior2.2 Unlike

in [SP04, where every triangle of the target object has
a corresponding triangle in the source object, not all tar-
get triangles may have correspondences. If the source and
target objects have drastically different topologies, en-
forcing a correspondence to a triangle on the source for
each triangle of the target and transferring the deforma-
tion will generate unintuitive and unappealing results (see
Figure7). We denote byH the set of “orphan” target tri-
angles i.e,, the ones that daot have correspondences).
Note that some components Th may not contain any
corresponding triangles M. We denote byl the set of
these “orphan” components without corresponding trian-
gles.

2. Algorithm

Given a pair of source object§, and S and a target ob-
jectT consisting of multiple disconnected componeits=(

fTq; T2;:::0, our goal is to generate a new objécsuch that

the deformation betweeh andT is analogous to the defor-
mation betweers andS. Note that the source object may
also consist of multiple components. For clarity, we will de-
note byu; a vertex ofS and byf; its corresponding vertex

in S, while v; will refer to a vertex ofT and¥; its associated
vertex inT that we will solve for. We will also sometimes
indicate with a superscript that a vertex belongs to one of the
components of; e.g. v2 andv; will refer to the same ver-
tex, but the superscript stresses the fact¥haelongs to the 3.
component;.

Deformation TransferFinally the deformation is trans-
ferred through an energy minimization that accounts for
the presence of multiple components. Secl@reviews

Our approach starts by adding vertices to the source objects. )
this nal process.

Following [SP04, for each triangle 08 (resp.,é) with three
verticesfus; up; uzg(resp. fly; ly; U39, we add a fourth ver-
tex ug (resp.,ly) in the direction of the outward normal
of the triangle, at a distance from the triangle proportional
to the square root of the area. This procedure is designed 2.1. Proximity of Components
to make the stretch in the normal direction the geometric
average of the principal stretches in the plane. The af ne
transformation of the source triangle, mappingo {; for
i=1:::3,is computed as:

We now provide details on the successive steps of our defor-
mation transfer approach.

The spatial relationship between the components of the tar-
get mesh, encoded gsoximity pairs can be established
through the following steps:

For every pair of componentd4;T,), nd the shortest

F=GG L . . .
distanced,, between them as well as the pair of vertices

@)

where (via;vtj’) corresponding to this shortest distance:
G=[uz Uy Ug Uy Ug U] dap:= kA Vk= min_ kv vk
G=[0p G Gz Gy Gy 04 b ™ viaTav2m,

Build a complete graplG with the components as its
nodes, where edges are weighted by the shortest distances
computed above.

The algorithm then proceeds as follows:

1. Computation of Proximity Pairs between Components
SinceT consists of multiple disconnected components,

we start by encoding the spatial relationship between
components through a set pfoximity pairs For each
pair of component§Ty; Tp), we will de ne asPyp a se-
lected set ofvertex index pairshat represent key spatial
adjacencies that subsequent processing will try to pre-
serve during transfer. Note thBt., may be empty if the
associated components are too far away from each other.
The computation oP,;, will be described in Sectiof.1

. Establishment of Correspondenc#¥e assume that the
user has provided amall set of markers that indi-
cate point-to-point correspondences between the meshes

C 2009 The Author(s)
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Compute a minimal spanning trée (i.e.,, the minimum
weight subgraph) of the graph.

For each componeri,, compute its largest distanch
from each of its adjacent componentin

dq = da;p

max
edge(a;b)2K
For every pair of component§ and T, not connected
by an edge in the subgrapk, if dy, da+ €x and
dap  dp+ &, connect F and Ty, by adding an edge in
K between them. The user-speci ed threshadgdande,
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de ne a notion of “close” proximity, controlling how co-
hesive the target must remain. In our implementat&n,
(resp. &) is computed as the maximal edge length of the
componenty (resp.,Tp) times 1.5.

The proximity pairs are then easily de ned: for two compo-
nentsT, and Ty, Payp is set to nil if these components are
not connected by an edge in the subgr&plOtherwise, we
setPyp to be a set initialized with the closest vertex pair
(v;"‘;v?); we further add tdP,, any vertex pail(vf;‘;vf’) such
thatkv® VPK< dap+ minfes; epg

This simple choice of using a few distance-based vertex pairs
to encode proximity provides robustness to all sorts of tar-

gets while limiting undesirable relative rotations between
nearby components, as we will demonstrate in Se@ion

2.2. Establishing Correspondences

Finding correspondences between the source and target ob-

jects is achieved by deforming the tardetinto the static
pose of the sourc® in a fashion nearly identical to the orig-
inal deformation transfer approacBR04. The deformed
vertices ofT that we need to solve for will be callegl, and

are only temporarily used in this procedure to establish cor-
respondences.

The user controls the deformation by specifying a set of pairs
of source and target vertex indices. Each pair indicates that
the target vertex, after deformation, should match the loca-
tion of the source vertex. Then an iterated closest point algo-
rithm is performed. At each iteration, the target is deformed

through an energy minimization, and the set of closest valid
vertex-point pairs is updated.

Correspondence EnergyWe compute the deformed ver-
ticesX = [x}x,, :::]* by minimizing the following energy:

E = wsEs+ W E| + WweEc + Er
St Xm, = My k21:m

©)

wheremy is the vertex index on the target mesh for marker
k, andmy is the corresponding position of markeon the
source object. The deformation smoothness tégrthe de-
formation identity termE;, the closest valid point terrc
and the choice of weights are all identical 8H04: Egindi-

Figure 2: Finding correspondences through deforming the
target into the source. From left to right are the source,
the target, and the deformed target object. User-speci ed
marker points are shown in red.

tA2N (v8);tP2N (W) (N (:) refers to the usual topological
one-ring), and that the triangles have the largest separa-
tion along the normal directions. More precisely, the pair
is de ned as:

argmagh negaj+ jh npj;
£2th ' !
wheren is the normal of trianglé, andh is the vector
between the barycenters of the two triangtésa,ndt}’.

For each triangl&* we found above, we construct a tetra-
hedron by using one of the three verticestpfas the
fourth vertex. Similarly, we construct a tetrahedron for
triangletjb. However, if triangles? andt}J are approxi-
mately coplanar in the rest pose of the target object, the
two constructed tetrahedra will be degenerate. In this case
we simply use?'s fourth vertex (that was added in the di-
rection perpendicular to the triangle, see SecHpas the
fourth vertex of both tetrahedra.

The energyER is then de ned as:

ER:é é WsklA:tia ﬁtpk2+ w klA:tla 1+ w klA:tb e ;
ab (tath) ' :
A 4
whereFa indicates the transformation of the newly con-
structed tetrahedron basedtdn

Note that our goal is to deform the target into the source to

establish correspondences. After deformation, the shape of
every component as well as the edge length between com-
ponents may have changed greatly. We thus cannot base our

cates that the transformations of adjacent triangles should beenergy on edge length constraint or on the Laplacian con-

equal,E; is minimized when all transformations are equal to
the identity matrix, andc indicates that the position of each
vertex of the target mesh should be equal to the closest valid

point on the source mesh. Our only change to the correspon-

dence process lie in the last energy tdm The purpose of
this added term is to make the components without any user-
speci ed markergleform alongwith the components that do
have markers, thereby minimizing the need for user-de ned
correspondences. TH# energy is computed as follows:

For each component p&ia; Tp), we nd a pair of trian-

gles(t?;tP) for each vertex paifv?;V?) in Pyp, such that

straint, both of which are described in Secti®18 (as E3
andE,). Our solution, implemented throudfgr, of adding
tetrahedra between two components allows for af ne trans-
formations of components, and is therefore more effective.

Solving for CorrespondencesThe correspondence energy
minimization is achieved via the same two-phase method
described in $P04, consisting in successive linear solves.
At each iteration, after the target object is deformed we also
need to update the set of the closest valid vertex-point pairs.
For each vertex of the deformed target object at the current
iteration, we nd its closest point on the source object. If
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Reference Reference
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Figure 4: A 9-component bird running like a horse.
Figure 3: A mechanical-like horse collapsing. Model Components | Vertices | Triangies
. o Horse 1 8,431 16,843
the d_lstance between vertex and point is less than a user- | \woman (source) 1 9,971 | 19,938
speci ed threshold and the difference between the vertex's Car (source) 261 26,362 | 47,315
normal and the point's normal is less than 90 degree, we Mechanical Horse 21 10,209 | 20,334
add the vertex and point to the valid set. The whole process | Pebble Camel 750 51,000 | 99,000
converges fast and reaches a minimum after a few iterations | Bird 9 6,712 | 13,388
(see statistics in SectiaB). We then compute the triangle Woman (target) 4 12,594 | 25,704
correspondences between the source and the deformed tar- [_C@r (targed 40 28,885| 57,332

get triangles. For each deformed target triangle, if one or Taple 1: Number of components, vertices and triangles for
more of its three vertices are among the markers or in the the models used in the paper.

set of the closest vertex-point pairs, it will not be assigned
any corresponding source triangle. Otherwise, we label its
corresponding source triangle as the one with shmallest
distancebetween the barycenters of the two triangles.

Ty do not have corresponding triangles in the source object.
Thus, we use Laplacian coordinat&JOL 04] to preserve
the surface detailsf these components by adding a fourth

2.3. Deformation Transfer energy:
We nally solve for deformed vertex positions/ = Es= & KVg, dV5)K; (9)
[#} %, :::]' by minimizing the following energy: Ta2Th
E = WiE; + WoEp + WaEz + WaEy: (5) whereL 7, is the Laplacian operator matrix computed on the

_ _ _ meshT,, V1, is a sub-array of/ containing only the vertex
Each term (explained next) serves a different purpose, while positions of componerita, and the Laplacian coordinates
the weights offer control on the overall deformation transfer 7. ) are de ned as infiSL 06]:

a

behavior. We use weightg = wp = wy = 1:0 andwg = 0:1,

for all the examples in this paper. a((/T )= LTa\:/Ta K1 V1.k
. a kL V k a a
TheE; term measures the difference between the source and =T

target transformations (de ned in EqL)} The total energE is therefore a nonlinear function &f,

] 2 but can be ef ciently minimized using an iterative Gauss-
E1= i?-lkFS‘ Pk ®) Newton method as advocated BZT 07]: while E; andE
h are quadratic functions &f, repeated quadratic approxima-
For each triangles it (i.e., with no corresponding trian- tions of E3 and E4 lead to a linear solve for every Gauss-
gle in the source object; acts as a regularization, forcing  Newton iteration. Note that the optimization problem re-
the transformation of this orphan triangle to be close to the quires an additional boundary condition to determine the
transformations of its adjacent triangles (where adjacency is, global translation: this is easily xed by setting the position

again, de ned as its topological one-ring): for a target vertex, or by specifying another positional con-
E,= & & K thk23 (7 straint such as foot placement.
ti2H 2N (1)

Note that all energy terms in Ecp)(were carefully designed,
TheE3 term helps maintain the spatial relationship between and proved to be necessary in our experiments. In particular,
components by preserving the edge lengths of the vertex the smoothness terfp is used to propagate the transforma-
pairs in eachPyp: tions of the triangles with correspondences to those orphan
triangles without correspondences. The Laplacian €ymis

used to preserve the surface details of orphan components.
Omitting E, would leave the transformation matrices of the
orphan triangles discontinuous. Thus, the positions of these
Note thatkv? v*j’k is computed on the rest pose of the tar- vertices could not be determined and the orphan triangles
get object and remains constant. Finally, the components in would not be deformed accordingly withdg. OmittingE4

Es= &4 a @ Wk kv vVE (8)
TaiaTbgT (\/?;V?)Zpa;b
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Reference . Reference
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< Figure 6: Deformation transfer of multi-component objects.
Example # Markers | Build Corresp. | Transfer
Horse/Mec. Horse 43 8.15s 0.424s
Figure 5: Awoman in a dress follows the moves of a dancer.| Horse/Bird 19 5.65s 0.439s
Horse/Pebble Came a7 54.56s 14.72s
Woman 78 14.87s 1.83s
would leave orphan components under-constrained. The pg- Car 70 32.86s 8.09s

sitions of orphan components could thus not be determined.
P P Table 2: The number of correspondence markers and the

timing results (in seconds) for building correspondence and
3. Results transferring a single frame.

We have implemented our deformation transfer algorithm on

an Intel Xeon 3.7GHz workstation. We selected a number of gets: clothes and body meshes (as in Figrare typi-
examples to demonstrate the versatility of the resulting algo- cally given asseparatemeshes. We show that our approach
rithm. We provide statistics for the models presented in this o transfer animations from multiview silhouettes to multi-
paper in Tablel and Table2, including timings and number 5 mnonent models created using commercial modeling soft-
of markers needed. wares. Note that in some regions of the target model, the
Whimsical Objects The rst example shows a deformation ~ Pody mesh is very close to the cloth mesh; they both are
of a single-component horse transferred to a robot-looking deformed into the source mesh and nd correct correspon-
horse which has 21 components (see Fig)r&oth global dences. As a result, these regions of the body are deformed

and local deformations are nicely reproduced on the new along with the cloth.

model. Moreover, all components of the model deform con- r |ast example shows that our algorithm can easily han-
sistently and their spatlal relationship is well maintained. 4o geformation transfer from one multi-component object
Notle that we constrained a markt_ar vertex on one of the tar- (5 another. As shown in Figu the deformation of a 261-
gets feet components to match its correspondence marker .o mponent sports car is transferred to a 40-component vin-
on the source. In Figurd, we transfer the deformations of (g6 car model. Note that the algorithm of Secamaturally

_the horse to a 9-_comp_onent bird. Although every component works for multi-component source objeets is

intersects with its adjacent components, our algorithm ro-

bustly handles the deformation transfer, producing very rea-

sonable results. 4. Conclusion

Objects with Many ComponentsTo test the robustness of We have generalized the deformation transfer technique
our correspondence and transfer algorithm further, we try of [SP04 to handle complex models consisting of arbitrar-
to transfer the deformations of a horse onto a pebble camel ily many components. We proposed simple methods to es-
made of 750 separate stones (see Figrin this case, only tablish spatial relationship between components, build cor-
47 correspondence markers are speci ed. Although most respondences between models with different topologies, and
components do not have markers, our correspondence algo-transfer deformation while preserving pairwise component
rithm handles them reliably via the extra tetrahedra (added in proximity. The resulting algorithm is straightforward to im-
the energ\ER), and nicely deforms the camel into the horse, plement.

establishing satisfactory correspondences. The spatial rela-
tionships between components are very well preserved while
the deformations are faithfully transferred.

Although our algorithm works well even in the cloth exam-
ples, we cannot guarantee collision-free deformation trans-
fer (see FigureB). This may be, in certain applications, a
Human body & Clothes In [VBMPO08], complex captured serious limitation. For future work, we believe that parts
data are encoded as a time-varying single-component mesh.of our algorithm can be easily adopted by as-rigid-as-
However, transferring deformation from such captured data possible shape interpolation algorithm&JOLO0Q] to handle

to other meshes will often involve multiple-component tar- multi-component objects. We are also interested in de n-
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(a) rest pose (b) our method

] [ ]

(c) full correspondence method (d) linear method

Reference

Source

Target

Figure 8: A self-collision example. The samba deformation

sequence in\{BMPO03 is transferred to the same woman

model in Figure5. We only used 63 markers (compared to

Figure 7: Comparison on the horse sequence. (a) Rest pose. the 78 markers used in Figuf). Self-collisions occur in a
(b) Transfer result using our method. (c) Transfer result by e\ frames of the transfer result.

enforcing a correspondence between a triangle on the source
for eachtriangle of the target. Note the artifacts at the front
legs of the horse. (d) Transfer result using a linear method,

i.e., without the two termsgand E; in Eq. ) and by im-

posing smoothness constraints on paired tetrahedra found [BVGP09]

as described in Sectidh2 As closest triangle pairs get dif-

ferent transformations from the source, this method intro-
duces undesirable deformations. The relative distance be-

tween components are not well maintained either.

ing and preserving other kinds of spatial relationship be-
tween components during deformation transfer; currently we
only use edge lengths between vertex pairs, which is in-
appropriate if the relative distance between components in

[BSPG06] BOTSCH M., SUMNER R., PauLY M., GROSSM.:
Deformation transfer for detail-preserving surface editim Vi-
sion, Modeling & Visualizatiorf2006), pp. 357—-364.

BARAN I., VLASIC D., GRINSPUNE., PoPoviIC J.:
Semantic deformation transfékCM TOG 28 3 (2009), 36.

[HAWGO08] HUANG Q.-X., ADAMS B., WICKE M., GUIBAS L.:
Non-rigid registration under isometric deformatiorfSomputer
Graphics Forum 275 (2008), 1449-1457.

[HSL 06] HuANG J., $HI X., Liu X., ZHOU K., WEI L.-Y.,
TENGS.-H., Bao H., GUO B., SHuM H.-Y.: Subspace gradient
domain mesh deformatiodCM TOG 25 3 (2006), 1126-1134.

[LSPO8] LI H., SUMNER R. W., RauLy M.: Global corre-
spondence optimization for non-rigid registration of degthns.
Computer Graphics Forum 26 (2008), 1421-1430.

the source model are supposed to change during deforma-[LWCOG] LEE T.-Y., WANG Y.-S., GHEN T.-G.: Segmenting a

tion.Therefore, extensions could be proven useful.

Acknowledgements

We would like to thank the anonymous reviewers for their
helpful comments. Many thanks to Tianjia Shao and Zheng- [SP04]
long Zhou for their help in video production. This research
was partially funded by the NSFC (No. 60825201), the 973 [SZT 07]
program of China (No. 2009CB320801), the NSF (CCF-
0811313/0811373, and CMMI-0757106/0757123), and the
Open Project Program of the State Key Lab of CAD&CG,

Zhejiang University.

References

[ACOLO0] ALEXA M., COHEN-OR D., LEVIN D.: As-rigid-
as-possible shape interpolation. ACM SIGGRAPH(2000),
pp. 157-164.

[BCWG09] BEN-CHEN M., WEBER O., GOTSMAN C.: Spatial
deformation transfer. IRroceedings of SCA'0@009).

[BS08] BOTSCHM., SORKINE O.: On linear variational surface
deformation methoddEEE TVCG 141 (2008), 213-230.

C 2009 The Author(s)
Journal compilationc 2009 The Eurographics Association and Blackwell Publishitag

deforming mesh into near-rigid componentEhe Visual Com-
puter 22 9 (2006), 729—739.

[SCOL 04] SORKINE O., COHEN-OR D., LIPMAN Y., ALEXA
M., ROssL C., SEIDEL H.-P.: Laplacian surface editing. In
Proceedings of SGP'0@004), pp. 175-184.

SMNER R. W., Popovic J.: Deformation transfer for
triangle meshesACM TOG 23 3 (2004), 399—-405.

SHI X., ZHoOU K., TONG Y., DESBRUNM., BAO H.,
Guo B.: Mesh puppetry: cascading optimization of mesh defor-
mation with inverse kinematicACM TOG 26 3 (2007), 81.

[VBMPO08] VLAsIc D., BARAN |., MATUSIK W., POPOVIC J.:
Articulated mesh animation from multi-view silhouetteACM
TOG 27 3 (2008), 97.

[WJH 07] WAND M., JENKE P., HUANG Q.-X., BOKELOH M.,
GUIBAS L., SCHILLING A.: Reconstruction of deforming geom-
etry from time-varying point clouds. IRroceedings of SGP'07
(2007), pp. 49-58.

[YzX 04] YuY., ZHou K., Xu D., SHI X., BAO H., Guo B.,
SHUM H.-Y.: Mesh editing with poisson-based gradient eld
manipulation.ACM TOG 233 (2004), 644-651.

[ZRKS05] ZAYER R., RROssLC., KARNI Z., SEIDEL H.-P.:

Harmonic guidance for surface deformati@omputer Graphics
Forum 24 3 (2005), 601-609.



