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Abstract

We present a methodology for articulating and posing meshes, in partiadel meshes, through a 2D sketching
interface. Our method establishes an interface between 3D meshes aket2Birsg with the inference of reference
and target curves. Reference curves allow for user selection of featnra mesh and their manipulation to match
a target curve. Our articulation system uses these curves to specifyfitvend¢ions of a character rig, forming
a coordinate space of mesh poses. Given such a coordinate spaqasing system uses reference and target
curves to nd the optimal pose of the mesh with respect to the sketch inpupréskent results demonstrating
the ef cacy of our method for mesh articulation, mesh posing with articulatgemerated in both Maya and our
sketch-based system, and mesh animation using human features fromNidaugh our method, we aim to both
provide novice-accessible articulation and posing mesh interfaces guidl paototyping of complex deformations
for more experienced users.

Categories and Subject Descriptdegcording to ACM CCS) 1.3.6 [Computer Graphics]: Methodology and
Techniques-Interaction Techniques 1.3.5 [Computer Graphicshpational Geometry and Object Modeling-
Geometric Transformations

1. Introduction understand and utilize such control rigs, often requiring as
much time as creating the control rig itself.
Articulating and posing are both tasks inherent to the an-
imation of 3D meshes. De ning tharticulation (or rig-
ging) of a mesh traditionally involves speci cation of sev-
eral deformation variables over the range of desired motion.
To achieve satisfactory results, a user may need to manually
specify deformation settings for hundreds of vertices. Fur-
thermore, an in nite number of plausible deformations can
exist for a given mesh that range from the realistic exing
and extending of underlying muscle to cartoon squash and
stretch motion. Consequently, articulation is often a tedious
and complex process requring substantial technical as well
as artistic skill. This problem is compounded when de ning
the articulation of a facial mesh, where motion is quickly
discernable as natural or unnatural to a human viewer.

To address the lack of accessiblity in current rigging sys-
tems, we aim to leverage the familiarity of 2D sketching as
an interface for 3D mesh animation. While current articu-
lation and posing interfaces provide detailed control, such
interfaces lack intuition and accessiblity for novices and tra-
ditional animators trained with pencil and paper. A sketching
interface, however, provides a familiar interface while still
providing a high level of control to users. It can be partic-
ularly helpful to a novice who lacks a strong understanding
of facial movement but is comfortable working with simple
line drawings of a face. For traditional animators, sketching
provides a direct correlation between hand drawn and 3D
animation.

In this paper, we present a 2D sketching interface to fa-

Once articulation is performed, an animator creates ani- cilitate procedures for articulating a single mesh and posing
mations by specifyingposesof the mesh in the articulation  an articulated mesh. Our method focuses on the inference of
space. To specify a pose ef ciently, an animator is often pro- reference and target curves on the mesh from user sketch in-

vided with a control rig comprised of widgets and sliders put. In our posing procedure, the user rst draws a sketch to
that provide a puppet-like control of the mesh deformation. place a reference curve on the mesh. The user then draws a

Unfortunately, users face a considerable learning curve to sketch to identify a target curve, which speci es the desired
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ing process to work with several types of articulation sys-
tems. Our articulation system requires only one shape, which
users articulate.

Free-Form Deformation (FFD) [SP86] is one method that
provides a wide range of possible deformation without re-
quiring multiple shapes. Our work parallels the use of FFDs,
in particular a curve-based FFD method that warps the
mesh [SF98, CJTF98]. This type of FFD provides a method
of smooth deformation that facilitates the use of curves
sketched by users. Sketches have also been used to spec-
ify FFDs based on scalar eld manipulation [HQO03] and
as input to a gesture based FFD interface [DE03]. Outside
of FFDs, sketches have also been used as skeletal strokes
[HL94] to bend and twist 2-dimensional images.

Recent work has also focused on drawing directly onto
the image plane in order to specify deformation. This poses
challenges in interpreting the intent of users as well as pro-
viding a coherent translation from 2D to 3D space. This
problem has also been encountered in 3D modeling using
2D sketches. One modeling method interprets 2D sketches
as silhouettes to infer and construct 3D polygonal shapes

manipulation of the reference curve. We then use the down- [IMT99]. A similar approach uses implicit surfaces, al-
hill simplex method to optimize mesh pose in the articula- lowing for surface modi cation by silhouette oversketch-
tion space such that the distance between these two curvesNd [KHRO02]. Another solution used for mesh editing is to
is minimized. The user can additionally introduce additional {réat the process as an inverse NPR process [NSACOO05],
constraints to pin parts of the mesh in place. In our artic- Where the mesh is transformed to match user-drawn con-
ulation procedure, reference curves are generated from thetours and silhouette contours. This method of interprgtation
sketching of regions of interests on the mesh that are then Of user-drawn curves is very natural to users, and while our
manipulated by sketched target curves. approach differs we aim to replicate its functionality. Sil-
houette sketches additionally also been used to stylize previ-
Both our articulation and posing methods can work intan- oysly animated motion by specifying the silhouette contours
dem or independent such that one can be replaced by alter-of the desired pose [LGXS03]. Sketches have also been used
native mechanisms. For example, we show results from use to specify curves in a free-form skeleton method [KG05], but
our posing method with a mesh articuated by blend-shapes the approach was limited to deformation in appendage-like
modeled in Alias Maya. While our methods are suited to fa- parts of a mesh, e.g. ta”sl |egsy or arms. We extend this ap-
cial meshes, these same procedures are applicable to otheproach, in particular its use of reference and target curves, to
types of meshes as well. work with enclosed areas of a mesh, which is necessary for
facial articulation.

Figure 1: A reference curve (green) and target curve (blue)
are sketched to pose the lower lip of an articulated mesh in
our posing system.

2. Related Work Often one limitation of drawing on the image plane is
that deformations remain parallel to the image plane. We
approach this by constraining vertices to follow a surface
similar to the method used in manipulating clothing [IH02],
where cloth can be positioned by moving it across surface of
a mesh.

There exists much previous work in mesh articulation and
deformation, as well as the related eld of mesh editing. One
typical approach for facial articulation is to create several
meshes with the same topology and blend between them,
i.e. a blend shape approach. While robust and granting users
a high amount of control, this approach often requires users  Posing an articulated mesh involves its own unique chal-
to create a large number of blend shapes. The blend shapelenges separate from those encountered in articulation. Con-
process has also been combined with a skeletal approachtrol widgets are often added that allow users to interact di-
to provide the exibility of a skeletal system with the ex-  rectly with the articulation parameters. Sketching has been
pressiveness of a blend shape system [LCFOQ]. Shapes haveapplied to manipulate multiple control points in order to
also been used as examples for a combination of shape andpose the mesh [SD04], but these control points must have
transform blending [SRCO01]. We seek to maintain that level been previously de ned by a user. Sketches have also been
of expressiveness in our method without requiring users to used to describe the motion of a gure across time rather
create additional shapes. We do use a simple blend shapethan through individual poses [TBvdP04]. Other work has
method of 15 shapes, however, to test the ability of our pos- treated the posing problem as an optimization problem, at-
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tempting to determine the pose of a human gure that best

matches hand-drawn sketches [DAX3]. Our work in pos-

ing also views the problem as an optimization problem but

focuses on posing articulated facial meshes. Posing a facial

mesh has been approached previously using a blend shape

method [CB02], but required users to build a set of key

blend shapes instead of using a previously created set. Other

work has applied inverse kinematics to sets of existing blend

shapes [SZGPO05], allowing users to interactively pose be-

tween the blend shapes. Our posing method also works with Figure 2: A reference curve drawn on the image plane is
blend shape approaches, but is versatile enough to work with projected onto the mesh
many types of articulation methods (including our own).

One of the methods of evaluation we use for our pos-
ing process in_volves the l_Jse_of curves generat_ed from_ the points ofC; if the target curve's endpointy, is closer to the
tracking of facial features in video. We use the eigen-points gference curve's start pointy, than the target curve's own
approach [CB96] in (_)rder to determine these curves. This startpoint,ty (i.e. reverseC if ktn  rik < kty  rik. We
approach uses an eigen-feature based method in order tohen reparameterize the target curve to matcthe number
place control points onto unmarked images, which we then o hoints in the reference curve. We reparameterize the curve

use to de ne curves for posing. Other work has also used py choosing the new points by distance along the original
video with facial models, creating high resolution models of line, whererCis thei-th of n points along the reparameterized

a moving face that can be used to pose new expressions by rye:
interactively dragging surface points [ZSCS04]. _—
M=C —= (1)

3. Approach The target curve is then projected into 3D space using the

While our posing and articulation methods are independent, distances from the camera along the reference ddrv®ur
they share a simple interaction scheme based on sketchingsystem then searches the articulation spatef d deform-
reference and target curves. Reference and target curves arers to nd an optimal pos® given by the optimal articula-
3D features on the mesh inferred from a 2D sketch. These tion parameters that minimizes the distance between the
curve features are used in a slightly different manner for the reference curve, which maintains its position on the mesh,
articulation and posing processes. Our articulation method and the target curve (Figure 1). The distance term for the
uses the additional selection of regions of interests to com- optimization is given by the following, whenmg andt; are
pute reference curves. The posing procedure incorporatescorresponding points on the reference and target curves for
user-selected constraints to keep parts of the mesh in place.a given posé in an articulation space af dimensions.
In the remainder of this section, we explain further these dif-
ferences in the computation of feature curves from sketch- .
ng- E(P)= & kri tik 7

i=1
3.1. Sketch-based Mesh Posing In order to solve this optimization problem, we use the
Given an articulated mesh, posing that mesh presents chal-downhill simplex method [PFTV92], which gives us the
lenges in estimating the appropriate articulation parameters. ability to perform optimization without the use of deriva-
Our approach casts pose parameter estimation as an opti-tives. Since this is the case, the optimization process does
mization problem. We apply our optimization engine to an not need knowledge of the underlying articulation system
articulated mesh based on blend shape interpolation as welland can work with any type of articulation. The downhill
as one from our sketch-based articulation method. simplex method searcheslalimensional space using a sim-
plex shape ofl + 1 points that searches the space by re ect-
ing and contracting itself until it reaches its goal (Figure 3).
The optimization works best with non-hierarchical articula-
tion (like faces, rather than arms), however, and is only ef -
cient for a limited number of variabled & 20). We propose
methods to deal with this limitation in our discussion sec-
tion.

The user rst draws a reference curle, an ordered set
of pointsfrq;:::;rng. Each of these points is projected from
the camera onto the closest visible face of the mesh (Figure
2) and stored as weights of the vertices of that face. As the
mesh is deformed, we recalculate new 3D positions for these
points based on the vertex weights so that the curve follows
the surface of the mesh during deformation. The user then
draws a target curv&, an ordered set of poinfdq;:::;tng, Using the downhill simplex method, we determine we
which is projected onto the mesh. We reverse the order of the have reached an acceptable solution when the vector dis-
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Each of these deformations becomes one dimension in the
articulation space. The 4 steps are pictured in Figure 4.

Figure 3: Searching in a two-dimensional articulation space
using the downhill simplex method

@ (b)

tance travelled in one iteration is less than a fractional tol-
erance of 0.05. After we have found this solution, we per-
form a cleanup stage. Since several of the articulation pa-
rameters may have had no effect on the region of interest,
these parameters may have become unneccessarily changed
through searching the articulation space in the optimization
process. We evaluate a pd3dor each articulation variable

Xi, wherey; is set to its original value and all other variables (c) (d)

are set to those fromy, the set of articulation variables de-

rived from optimization. If the difference betweEP;) and Figure 4: (a) A region of general interest is selected and
E(Po) (wherePs is the pose set byo) is minimal, we return then (b) a region of speci c interest to specify articulation
% to its original value. weights. (c) A reference curve and (d) target curve are then

drawn to specify the deformation.
Our system also provides a method for the user to set con-

straints on the mesh with additional curves in order to keep
parts of the mesh in place. Each constraint cityea set of
ordered point$ ky;:::; kng is projected onto the mesh. When
a pose is evaluated using equation 2, the following term is
also added for each constraint, whk?és the position ok; In the rst step, the user must pick a general region on the
in the new pos®. mesh where the deformation is desired, a set of verliges
To do so, the user rst draws a cur@ to encircle the re-
gion on the image plane, selecting a set of vertiégsThe
desired set of vertices will be a subset of the set of all se-
lected vertices\(y Va), but oftenVy 8 V; as some vertices
in Va may be behind the desired region or occluded by other
Constraint curves are useful as a deformer on a mesh may parts of the mesh. In order to avoid selecting these vertices,
have a small effect on the region the reference curve lies on Vg is chosen to be the set of connected vertices containing the
even though it mainly deforms a separate area. For example, vertex closest to the camera and of suf cient sipgj(> 10,
a cheek deformer could slightly affect the vertices around the WhereVi  Va andV is connected). Each vertex in this set
lips on a mesh. When the user attempts to pose the lips the (Vi 2 Vg) is then projected to the image plane in order to de-
cheeks could then be undesirably affected. These constraintstermine its 2D distance to the drawn cu@g which is then
are drawn on the mesh in the same manner the referencestored. We will call this distancg for every verte; in Vg.

curve is. Rreviously gsed reference curves can also. be used 16 yser then encircles a region of speci c interest with a

as con_stra_lnt curves in order to keep previously speci ed de- | ., curveCs to specify a set of vertices, whereVs V.

formation in place. Each vertew; in Vg is then assigned articulation weights by
the following equation, wher®y; is the articulation weight

3.2.1. Regions of Interest

n
Ei(P)= & kk kik (3)
i=1

3.2. Sketch-based Mesh Articulation andg; is the distance to the cure on the image plane:

Users specify one articulated deformation at a time in our 8

systc_em in a 4-step process. Users rs_t select a region of gen- <10 ifvi 2 V:

eral interest, then a region of speci ¢ interest. Users can then Wi = Oi . 4)
- : T ' otherwise

draw reference and target curves to specify the deformation. © gt G
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In this manner, articulation weights smoothly blend off 3.2.3. Curve Interpolation
from 1.0 to 0.0 from the region of speci c interest to the
borders of the region of general interest. Our system dis-
plays the articulation weights to users by coloring vertices
white if unselected, and blue to black from 1.0 to 0.0. The
camera is restricted from movement in this stegaandc;
are 2D distances calculated on the image plane. Using differ-
ent camera views when selecting the two regions may result
in an undesirable blend of articulation weights. This camera
restriction only exists at this step.

Since the target and reference curves now share the same
number of points, we can determine rotations between the
matching line segments on the two curves by nding the
cross product of the two segments and the angle between
them. We will call these rotation; for each segmenj.

The system stores these rotations as relative for each seg-
ment, such that each rotation assumes all rotations previous
to a line segment have been applied. By keeping rotations
relative, we can determine partial rotations between points
on the curves when we perform the mesh deformation. The

3.2.2. Estimating a Reference Curve system also calculates a scale chagdetween the two seg-
Our system then generates a reference cGryan ordered ~ MeNts, as the two curves may be different lengths:

set of pointsfrq;:::;rng, that estimates a skeletal curve in _ ktis1 ik 6
3D space for the region of specic interest. The cuie T kris1 rik )

is determined by ordering the verticesvsby theirx values
when projected to the image plane, wheendy refer to the
horizontal vertical axes on the image plane. If the difference
in the minimum and maximumvalues of the vertices when
projected to the image planeVgis larger than the minimum

With the rotations and scales for each segement of the lines,
the system can then interpolate between the curves by apply-
ing a partial transformatioa (where 0 a 1) ofaf j and

as to the line segments of the reference curve.

and maximunx values, they value of each vertex is used to

orderC; instead. This 3D curve is then smoothed through \\

convolution with a triangle Iter referencé( ) across a ker- A\ —

nel sizev that is 3 of the number of vertices in the curve W

(v=jCi=3): (a) Scale and rotation (b) Scale and rotation

v=2
= & f(j)rie (5) %
j= v=2 ;‘_

In some cases this estimated curve may not be satisfactory i )
to the user, especially when the region of interest does not (c) Translation (d) Translation
have a distinct curve-based feature, like the cheek of a face. Figure 5: Different methods of curve interpolation, where
If desired, the user can redraw the cufeon the image
plane, which is then projected onto the mesh to form the
reference curve. The reference curve, either estimated or not,
is then slightly smoothed to account for noise (convolved

with a triangle Iter reference) and reparameterized to have I cértain situations, however, applying scale and rotation
a regular spacing. to interpolate is inappropriate. The curves in Figure 5(a) and

5(b) are interpolated using the rotation-scale method. In Fig-

With the reference curv€; smoothed and reparameter-  yre 5(b), this works well, especially if these lines pose an
ized in 3D space, the user can choose to move the cameragppendage like a leg. In Figure 5(a), however, the curve be-
and view the mesh at different angles. In order to facilitate comes undesirably extended, which would be inappropriate
this, the system does not depth test when rendering curves, i these curves were posing a blinking eyelid. For this case,
instead overlaying them over the entire image. we instead linearly interpolate between corresponding points

In the nal step, the user draws a target cu@e an on the two curves, tran_slating the point_s without regard to
ordered set of pointéty; :::;tng, indicating how the mesh scale or rotation of the line segments (Figure 5(c). Our sys-
should be deformed so that the reference curve meets the!€m automatically chooses this method if the endpoints of
target curve. The order of the points of the curve is reversed the reference and target curves are within 10 pixels of each
if the target curve's endpointy, is closer to the reference  Other, butalso allows the user to specify otherwise.
curve's start pointt 1, than the target curve's own startpoint,
t1 (i.e. reverse if ktn  rik < kt; rik. The target curve
is then reparameterized to match the number of points in the Once the system has an appropriate method of interpolation
reference curven. The points of the target curve are then between the reference and target curves, it can deform the
projected into 3D space by using the distances to the cameravertices of the mesh according to those curves. Each ver-
of the corresponding points on the reference cudyeo dn. texv; in Vg is projected onto the reference curve to nd the

the initial curve is yellow, the in-between curve is red, and
the nal curve is blue

3.2.4. Mesh Deformation
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closest point on that curve, which is then stored as a propor-
tional distance along the length of the entire culyeyhere

0 Ij 1. This projection is done on the image plane in 2D
space so that vertices farther from camera than other vertices
still project to an appropriate reference paintThe system
then determines the corresponding point on the target curve,
which we will call the target point;, by the distance along

the target curve according to We then apply the transla-  rijgure 7: An eyelid deformation constrained and not con-
tion from the reference point to the target poigt (r;) to strained to follow the eyeball surface
the vertex. We must also apply a rotation transformation to

the vertex centered around the target point. Since this point
does not likely lie on the end of a line segment on the curve,

. maintain the vertices' distance from the eyeball sphere. Oth-
we must calculate the rotation.

erwise, the vertices move in only one direction and the eye-
Our system rst combines all the line segment rotations lid intersects the eyeball. While we use only a sphere in our
previous to the target point,; from 1 tok 1, where the approach, other surfaces could be used by constraining the
target point lies on segmekt We then apply a partial rota-  vertices to maintain their original distance from the surface
tion of the last line segment's rotatiohy, according to the by projecting outward from the normal of the closest point
length along on that segment the target point lies, a value on that surface.
from 0 to 1 we will callu. We express this in the follow-
ing equation, where the nal rotation fg. The rotations are
centered about the target poin't.

Once all the vertices have been repositioned according to
the target curve, they are returned back to their original posi-
tions according to the value of the articulation weights deter-

k 1 mined previously. The transformation is calculated as a lin-
fi= O fi (feu) @) ear translation for each vertex, where vertices with weight 0
=1 return completely to their original position and vertices with
In order to pose between the reference and target curves, theweight 1 stay in their new position. In this manner we can en-
system applies the same operations, but instead uses an insure smooth deformations even when the region is enclosed
terpolated curve, determined using the method described in by other parts of the mesh.
Section 3.2.3, instead of the target curve. For similar rea-

4. Application: Animation from Video Features

We additionally used our posing process with curves gen-

+
erated from tracking of facial features in video on our

sketch-based articulated mesh. These curves were deter-
/’g ,3 K, + mined through the eigen-points method [CB96] and follow
+ the eyebrows, eyelids, and lips of the subject in the video.
(a) Deformation with rota- (b) Deformation with These tracked curves, while slightly noisy, remain un Itered
tion undesirable rotation in our testing. Since the facial features of the subject do not

match those in the 3d mesh, relative changes in the tracked
curves are applied to user-drawn reference curves to create
new target curves. For one curve from vidgg in framef,
relative changed,cy;::;;cng, from frame to frame for each
sons discussed concerning curve interpolation, rotations are point were determined. These relative changes were then ap-
not always desired in the mesh deformation. In Figure 6, a plied to a user-drawn curv€, reparameterized to have
mesh deformation with rotations on three vertices is depicted points,f dy;:::;dng. For each frame of video a new cur@g

in two examples. Rotations are appropriate for Figure 6(a), was determined by applying to every pointd;. The change

but less so for Figure 6(b), especially if this were deforming ¢, was also scaled up in order to account for difference in
an eyelid. Vertices past the endpoints of the curves can move |ength betweeit,g andCy:

greater distances than expected due to rotation. For this rea-

son, when curve interpolation does not use rotations, we do

not apply them in mesh deformation as well. 0= d + iCuj ®)
iCvoi

Figure 6: Different examples of mesh deformation with ro-
tation

Since deformations are speci ed using curves in the im-
age plane, it can be dif cult to specify deformation outside
of one plane of movement. We approach this problem by al-
lowing the user to set the deformation to follow the surface We begin with the mesh of a face and articulate it using our
of a sphere. In Figure 7, the deformation is constrained to system to specify a deformation for each eyelid, eyebrow,

5. Results
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Figure 8: Posing using curves from tracking of facial features in video

Figure 9: Posing using similar curves on a sketch-based articulation (left) and a Idkage articulation (right)
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The optimization process for posing requires many itera-
tions before convergence and results in a pause in the posing
system after drawing the target curve. On a AMD XP 2000+
processor, this pause is under 5 seconds for the blend shape
method and under 10 seconds for our articulation method.
The optimization takes longer for our articulation method
because it takes slightly longer to pose than the blend shape
method. From pose to pose this time is small (the mesh can
be posed at (50 fps), but is still longer than the blend shape
method ( 90 fps).

Figure 10: An articulated mesh colored according to de- ) )
former and articulation weights 6. Discussion

Our implementation allows users to quickly sketch out a

wide range of articulations for a mesh. Several additions
cheek, jaw, and various movements of the lips (Figure 13) could be added to the system to allow for more complex
for a total of 15 deformers. Figure 10 depicts these deform- movements, such as combining separately de ned deforma-
ers as separately colored regions that fade to black accordingtions, but our work focuses on establishing a simple system
to articulation weights. Figure 11 shows some of the poses Suited to novices or prototyping deformations for more com-
that can be acheived using this articulation. Each of these plex systems.

deformations was created quickly, in under 2 minutes for We also maintain a level of control in our deformations

te)lachd. Bhy comparlsonr,] speglfy(ljnijosggllar_ deformatlo:s n Ia:‘ comparable to blend shape approaches (Figure 9). Further-

erll.dsd a;pe aptproac require d t;] dmflnutest.perts faﬁe. Ormore, we do not face the limitations blend shapes have,
eyelid detormations, we speci €d the deformation o 1ollow o, 55 the issues linear blending between shapes can cause.
the surface of a sphere centered at the eye. Our system als

ks T facial hes. like the trunk of leoh tq:or example, it is dif cult to have rotational movement
\(Allr(i)gr;usr'eolrz;on- actal meshes, like the frunk ot an elephant i plend shapes, like an eye blink or jaw movement. Our

method can recreate these motions. With our method, we are
able to apply the strengths of free form deformation to en-
closed areas of the mesh while maintaining smooth defor-
mation.

Our posing process is likewise easy to use and requires
little to no training or knowledge of the articulation system.
Through sketching curves to pose the mesh, the user has in-
tuitive control over the articulation space while unaware of
the actual articulation parameters. Usability testing is needed

. . . . . to further substantiate the intuitive nature of this approach.
Figure 11: A sampling of poses in our articulation space

The optimization required for posing is not instantaneous

- . . . . and does not work at interactive rates (>15 Hz), though it
Bringing this articulated mesh into our posing system, we . . . . T

. is fast enough for user interaction (typically within 5 sec-
can pose the face using reference and target carves. We alsg

test our posing svstem with a mesh articulated by a blend onds per pose). Further limitations involve the limit of num-
urp g sy articu y a ber of variables the optimization process can deal with. The
shape method using shapes created in Alias Maya (Figure 9)

. - - downhill simplex method is only effective to under 20 vari-
and achieve similar results in both. In the top examples, we . .
) . . . ables and a large number of variables will further slow down
pose the mouth in two iterations, one for the upper lip and

. . . the optimization. As many professional facial animation sys-
one for the lower lip. In total, with the cheek constraints, we .
. tems often have several hundred controls, this method may
drew 6 curves to pose the face (2 constraint curves, and 2

. be impractical. We can reduce the problem, however, by
pairs of reference and target curves). In the lower examples

. . ) limiting the articulation search space only to those articu-
we posed the right eyelid and left eyebrow using 4 curves (2 lation variables that affect the reference curve. If the search
pairs of reference and target curves).

space still remains overly large, our method can be used in

When posing the face from video features, the limited stages, rst posing articulation variables that have a large
articulation of the mesh does not fully match the range of effect and then smaller variables in greater detail. Another
expression in the human face. Even so, the posing processpossible approach would be to create low-dimensional sub-
works well at capturing the motion of the face across frames spaces [SHPO04] or probabilistic priors [GMHPO04] from pre-
(Figure 8). viously generated poses.
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7. Conclusion [KHRO2] KARPENKO O., HUGHES J., RASKAR R.:

In this paper, we presented a sketch-based method of prepar- ;r)%ez-form sketching with variational implicit surfaces,
ing a mesh for animation in two processes - articulation and ’

posing. Our system focused on inference of reference and [LCFOO] LEwIsJ., CORDNERM., FONG N.: Pose space
target curves for facial animation, but was adept at animat- ~ deformation: a uni ed approach to shape interpolation
ing motion for meshes with different kinematic structures. ~ and skeleton-driven deformation. Rroceedings of the
This system has a simple and intuitive interface that allows ~ 27th annual conference on Computer graphics and inter-
for a wide span of deformation to be speci ed. Our approach  active technique§2000), pp. 165-172.

to posing is exible for usage with typical articulation and [ GXS03] Li Y., GLEICHER M., XU Y.-Q., SHUM H.-

rigging systems, including blend shape interpolation. Y.: Stylizing motion with drawings. IrProceedings of
the 2003 ACM SIGGRAPH/Eurographics symposium on
References Computer animatioif2003), pp. 309-319.

[CB96] CoVELL M., BREGLERC.: Eigen-points. IfPro- [NSACOOS] NEALEN A., SORKINE O., ALEXA M.,

ceedings of 3rd IEEE International Conference on Image COHEN'_OR D.. A _s_ketch-based ipterface for detail-
Processing1996), pp. 471—-474. preserving mesh editing. IRroceedings of ACM SIG-

GRAPH 20052005), pp. 1142—1147.

[PFTV92] PRESSW. H., FLANNERY B. P., TEUKOLSKY
S. A., VETTERLING W. T.: Numerical Recipes in C -

. The Art of Scienti ¢ ProgrammingCambridge University
[CJTF98] GORREA W. T., ENSEN R., THAYER C., Press, 1992, pp. 408-412.

FINKELSTEIN A.: Texture mapping for cel animation. In ) ] )
Proceedings of ACM SIGGRAPH 19¢B998), pp. 435— [SD04] SwaIN M., DUNCAN B.: Sketchpose: Artist-

[CB02] CHUANG E., BREGLERC.: Performance Driven
Facial Animation using Blendshape Interpolatiomech.
rep., Stanford University Computer Science, 2002.

446, friendly posing tool. SIGGRAPH 2004 Sketch, 2004.
[DAC 03] DaviS J., AGRAWALA M., CHUANG E. [SF98] SNGH K., FIuME E.: Wires: a geometric defor-

POPOVIE 7. SALESIN D A sketchin:q interface for ar- mation technique. IfProceedings of the 25th annual con-

ticulated gure animation. IrProceedings of the 2003 ference on Computer graphics and interactive techniques

ACM SIGGRAPH/Eurographics symposium on Computer ~ (1998), pp. 405-414.

animation(2003), pp. 320-328. [SHPO4] S\FaNOvA A., HODGINS J. K., POLLARD
[DEO3] DRAPERG. M., EGBERTP. K.: A gestural inter- N. S.: Synthesizing physically realistic human motion in

face to free-form deformation. IRroceedings of Graph- low-dimensional, behavior-speci ¢ spaces. Rmoceed-

ics Interface 200:‘2003)] pp. 113-120. INngs of ACM SIGGRAPH 20q&004), pp. 514-521.
[GMHP04] GROCHOWK., MARTIN S. L., HERTZMANN [SP86] SEDERBERGT. W., PARRY S. R.: Free-form de-

A., PoPOVIE: Style-based inverse kinematics. Pio- formation of solid geometric models. Froceedings of

ceédings of ACM SIGGRAPH 20(2004), pp. 522-531. the 13th annual conference on Computer graphics and in-

: ) teractive techniquegl986), pp. 151-160.
[HL94] HsuS. C., Leel. H. H.: Drawing and anima-

tion using skeletal strokes. Rroceedings of ACM SIG-  [SRCO1] 3.0AN P.-P. J., RSE C. F., QOHEN M. F.:
GRAPH 19941994), pp. 109-118. Shape by example. IRroceedings of the 2001 sympo-

. . sium on Interactive 3D Graphid2001), pp. 135-143.
[HQO3] Hua J., QN H.: Free-form deformations via

sketching and manipulating scalar elds. Rioceedings ~ [SZGPOS] SfMNER R.W., ZWICKER M., GOTSMANC.,
of the eigth ACM symposium on Solid modeling and ap- PopovIC J.: Mesh-based inverse kinematicsPimceed-

plications(2003), pp. 328-333. ings of ACM SIGGRAPH 2002005), pp. 488—495.

[IH02] 1GARASHI T., HUGHES J. F.: Clothing manipu- ~ [TBvdP0O4] THORNEM., BURKED., VAN DE PANNE M.
lation. In Proceedings of the 15th annual ACM sympo- Identifying and sketching the future: Motion doodles: an
sium on User interface software and technoldg@02) interface for sketching character motion. Froceedings
pp. 91-100. of ACM SIGGRAPH 200@2004), pp. 424-431.

[IMT99] |GARASHI T., MATSUOKA S., TANAKA H.: [ZSCS04]  ZHANG L., SNAVELY N., CURLESSB., SEITZ
Teddy: a sketching interface for 3d freeform design. In S; M.: Spacgumg faces: high r.esolut|on capture for mod-
Proceedings of Graphics Interface 200®99), pp. 113— eling and animation. IiProceedings of ACM SIGGRAPH
120. 2004(2004), pp. 548-558.

[KG0O5] KHO Y., GARLAND M.: Sketching mesh defor-
mations. InProceedings of the 2005 Symposium on Inter-
active 3D Graphics and Gamé2005), pp. 1142—-1147.

¢ The Eurographics Association 2006.



E. Chang & O. C. Jenkins / Sketching Articulation and Posd-fmial Animation

Figure 12: Deformation of an elephant's trunk using the articulation system

Figure 13: A few of the deformations created in the sketch-based articulation system

¢ The Eurographics Association 2006.



