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Abstract

In this paper we present a novel 2D shape context preserviragyé manipulation approach which constructs
and manipulates a 2D mesh with a new differential mesh ed#igorithm. We introduce a novel shape con-
text descriptor and integrate it into the deformation frameek, facilitating shape-preserving deformation for 2D
anatomical illustrations. Our new scheme utilizes an agglbased shape transfer technique in order to learn
shape styles from reference images. Experimental redudts ¢hat visually plausible deformation can be quickly
generated from an existing example at interactive framesafn experienced artist has evaluated our approach
and his feedback is quite encouraging.

Categories and Subject Descript@ascording to ACM CCS) |.3.3 [Computer Graphics]: Picture/lmage Generation

1. Motivation Mathematically, shape is de ned as an equivalence class
under a group of transformations. However, this de -
nition only judges whether two shapes are exactly the
same BMPOZ. In the context of computer-generated illus-
tration, an appropriate de nition of shape perception vdoul

In illustration, the proper depiction of shape is fundarmaént
to the human vision system's ability to recognize an object
or process. The expressiveness of a drawing is greatly in u-

enced by the manner in which shape is rendered and varied be necessary to create faithful and expressive effects.i¥hi

amongst objects within a scene. In order to ef ciently en- . . .
. ; analogous tehape coordinates morphometrics Boo99,
hance human perception, reduce occlusion, or even express

) . - which is used to investigate biological forms by comparing
complex dynamic procedures, hand-drawn illustrationghav . .
. . . shape and shape change. For instance, the two objects shown
exploited various methods for shape and shape style depic-

i in Figurel (a-b) have similar biological forms because their
tion [Cla99 Hod88 ST9g. shapes could be related by certain mathematical transforma

Such illustrative technigues have recently been introduce tions [Thol17. To distinguish various biological forms, a set
into the computer graphics community. Various approaches of shape descriptors have been derived based on the anal-
for illustrative renderingGGO01 ER0Z have been proposed  ysis of these transformation8§o92 BMP02, WAA 05].

for simulating artistic styles and concepts, including\as- However, little attention has been paid to how to identify
ation, emphasis, and subordination of colors, patterms, te the shape dissimilarity between two objects. The shape de-
tures, media and shadingG01, ONOI04, BG0S. Unfor- scription that can be used to depict the shape difference is
tunately, many computer-generated illustration techesqu  called theshape contextwhich abstracts the geometric de-
concentrate solely on illustrative shading effects, white tails and measures the shape styles. Until now, it has re-

glecting the in uence of the shape of the illustrated olgect ~ mained challenging to capture and learn shape styles for
the purpose of depiction, though there are many attempts to
achieve the automatic or semi-automatic learning of render
Y chen23@purdue.edu. This work was done while Wei Chen was ing styles HS99HJO 01, HOCS02.

visiting Purdue university.

Z xiao.liang@microsoft.com As such, consideration of an object's shape is key to
X rmacieje@ecn.purdue.edu the proper rendering of not only still objects, but also de-
{ ebertd@purdue.edu formable objects. For instance, in medical education there
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Figure 1: The shes (Pomacanthus and Scarus) shown in
(a) and (b) can be linked with region-based linear or non-
linear coordinate transformationsThol7. Our approach

captures the shape context difference between (a) and (b),

and performs shape context based analogy from (a) and (b)
onto (c), another illustration of Pomacanthuéd], yielding
the result (d).

are various terms describing the movements of the limbs

(a) (b) (©)

Figure 2: (a) A volume rendering of a foot datas&PS05.

(b) A hand-drawn image showing the bending of a foot. (c)
Our result that simulates the shape style of (b), by perform-
ing shape deformation to (a). The total user time is 1 minute.

tion of shape styles. Speci cally, we integrate shape cdnte
into the interactive deformation framework. We also intro-
duce an analogy-based shape transfer technique to efigient
mimic the shape styles from reference images. One example
is shown in Figure.

The rest of this paper is organized as follows. We brie y
summarize the related work in Section 2. After describing
our deformation approach in Section 3, we introduce the
analogy-based shape style transfer technique in Section 4.
The experimental results are reported in Section 5. Finally

and other parts of the human body. These movements nor-ye conclude this paper in Section 6.

mally take place at joints where two or more bones and
cartilage articulate with one anothevp99]. Currently, to
illustrate deformations, artists typically acquire thedels

in key frames by using measurement instrumehitsddg,
which is a laborious process. In contrast, a common method
in the graphics community is to display a sequence of indi-
vidual model deformations to form an animation sequence.
This is quite challenging when the scene complexity and the
requirements of visual reality are high, as shown in Figure
(a) and Figures (a).

In this paper, we present a novel deformation algorithm
that uses a 2D input image. One immediate bene t of this
scheme is that a visually pleasing simulation of defornmatio
can easily be created by applying simple 2D image manip-
ulations. Our solution is a tool for an illustrator to quigkl
generate deformations for 2D anatomical illustrationsatt
also be used by non-illustrators to freely deform existing
images and check the validity of the results. Fig8ir@-d)
show our results.

Our solution reformulates the 2D image deformation as
a user-guided differential mesh manipulation that opsrate
on the differential to absolute geometry and distributes de
tail distortions across the entire domain by means of aleast
square minimization reconstruction scheme. One main dif-

ference between our approach and previous 2D image defor-

mation techniques is that our approach pays special aitenti

2. Background and Related Work

Image Deformation and Manipulation Previous image de-
formation and manipulation approaches typically deform
the shape space in which the image is embedded. For
instance, Barretet al. used space-warp deformation for
object-based image editin®dC02. Booksteinet al. em-
ployed thin-plate splines to nd a space deformation that is
de ned by several feature point8$089. A potential draw-
back of these approaches is that they model deformations as
smooth global transformations. Thus, the results undergo |
cal non-uniform scaling and shearing, which is undesirable
in many applications. Although the moving least squares al-
gorithm [SMWO0€ provides a point-based closed-form solu-
tion using af ne, similarity, and rigid transformationg, is

still an image warping technique.

By triangulating the image into a 2D mesh and build-
ing deformations dependent on the specied topology,
Igarashiet al. presented an interactive, as-rigid-as-possible,
shape manipulation systet[HO5]. Because this algorithm
employs a two-step approximation optimization to achieve
interactive performance, it may create unnatural effegts b
solely considering rigid transformations. To overcomss thi
problem, Wenget al. introduced an algorithm based on
a non-linear least squares optimizatioWXW 06]. The

to the expressiveness of the deformation and the preserva-preservation of the Laplacian coordinates of the shape
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Figure 3: (a) The input illustration; (b) The constructed mesh; (ceTiead is rotated; (d) The lower arm is moved. Image
source: http://www.lib.uiowa.edu/hardin/rbr/imagimgascagni/zoom/zfrontl.htm. This example was selectadtfre exhibit
"So Divinely Built a Mansion: Six Centuries of Human Anatoahillustration,” by Paolo Mascagni (1755-1815).

boundary and the region area yields visually plausiblerdefo in order to preserve its detail and orientation around a new
mation. However, this approach concentrates on the preser-feature curve location.

vation of the shape outline and is probably not effective for
handling the deformations of internal structures. Morengc
work by Fang and HartHHO7] describes an image editing
system that decouples the feature position from pixel color
generation by resynthesizing textures from the sourceémag

Computer-Generated lllustration lllustrators [Cla99
ST9Q strive to create perceptually effective images by am-
plifying features and exploiting artistic abstractiongcEpt
for pen or paintbrushHod8g, modern illustrators often
employ commercial software (e.g., Adobe lllustrator, Core
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PhotoPaint, Corel Painter, JASC PaintShop Pro ) to manu- | inputing Images Building Mesh Shape Defanation
ally create still 2D illustrations. For animated 2D imagés, Construdng
' Imagesor Pictures | X Specifying FOI

lustrators commonly use Adobe PhotoShop, After Effects, [ ™= = | RegionContous
Macromgdla Flash, Adobe PhotoShop, Image Ready and T Hand-drawn 1 coeroa et CT imeracve
Corel Painter And]. : Images onstrudng es ! Manipuation

In the computer graphics and visualization community, ESursgﬁd%rth;mef S&".Sﬂ.fty.é”sg | Shape Transfer!
scenes are modelled as 3D surfaces or volumes. Com-|.---T=--=°7 -

prehensive approaches have been introduced for point,

line, surface and volume drawingBR 05, ER02 GGO1, Figure 4: The three stages of our approach. The items with
LEM 02].Furthermore, by applying traditional illustrative ~ dashed frames are optional.

techniques, new algorithms have been developed that work

directly on 2D imagesBSM 07, KML99].

Example based Modeling and RenderingExample- 3.1. Preliminaries
based approaches create new effects by simulating the pat-
terns or styles of specied examples. One representative
work is texture synthesis, which has been applied in volume
illustration [ONOI04. Another category of example-based
approaches is the analogy-based scheme, including image
analogy HJO 01] and rendition analogyHS99. The curve
analogy algorithmlOCSO032 generalizes the idea of image
analogy by transferring the position offset from one cunve t

Let us consider an arbitrary non-degenerate planar triangu
meshS= ( K;V), whereV is the set of two-dimensional ver-
tex coordinates, anH describes its vertex connectivity. A
scalar eld f onScan be de ned as a piecewise linear func-
tion f(v) = &; fifi(v), wheref; is a scalarf () is a piece-
wise linear basis function with value 1 at vertgxand 0 at
other vertices. The discrete gradient operator of an arlyitr
scalar eld f onSis de ned as TLHDO3]:

another.
— 8 . .
Differential Coordinates Based Mesh Manipulation )= al- fir £i(v) @
Inspired by the success of PDEs (Partial Differential Equa- ) ) )
tions) in the digital image processing communiB3B03, It yields the discrete Laplacian operator at each verfex
differential mesh manipulation techniquesSLICO 04, °

Df(vi):= a %(COtBj +cotCy)(fi 1)) 2

YZX 04] transform differential surface properties directly 2 2A
Vi Vi

and reconstruct the results with a global optimization.sThi
scheme not only preserves the geometric feature, but alsoHere, Ny(vi) denotes the set of 1-ring neighboring vertices
avoids artifacts due to per-vertex editing by distributéarg of vi. Aj is the area of th¢th triangle, and3; andC; are two
rors globally. Since the differential coordinates are teda angles opposite to the eda;v;).

to geometric details, or features, the global optimization

: i Mim= x .
scheme favors detail-preserving results. If we setf; for two vertex coordinates;™(m= xy), sep

arately,Scan be viewed as two discrete scalar e(&; ).
By applying the discrete gradient operatord(m = x;y)
3. Our Approach separately, we get two gradient vector elds:

We construct triangulations to outline the boundary of obje r S'(v) = é vi'r fi(v) (m=xy) )
regions and use this topological information to create defo i

mations by separating parts of the images.
. o Eachr S"is a piecewise constant vector eld which can
. We deform the coqgtructed 2D trlangulf'ir mesh within the be regarded as the guidance vector eldnvolved in solv-
differential mesh editing framework. Poisson-based mesh ing the discrete Poisson equation:

manipulation is brie y described in Section 3.1. Our ap-

proach improves previous image deformation approaches in Df = div w; fjfW= f jIw ()]
two aspects. First, we integrate the properties of differen
regions into the deformation to produce an effective ilarst
tion. We will explain the enhanced Poisson mesh deforma-
tion technique in Section 3.2. Second, we introduce a shape
context descriptor that offers a globally discriminativec
acterization of the objects in the illustrations. The preae By specifying a set of boundary vertic§g/and f jTW

tion of the shape context during deformation imposes an ad- to construct the boundary condition, we have two equations
ditional deformation constraint. The issues involvingsha  from Equationd for solving the vertex coordinates &ndy)
context are discussed in Section 3.3. Finally, we summarize in the form off. The user can modify the position and orien-
the user interface and deformation pipeline in Section 3.4. tation of a set of vertices, resulting in two altered guidanc
Figure4 shows the conceptual pipeline of our approach. vector eldsr Sandr . The new vertex positions*; &)

wheref is the scalar eld to be computed arfd provides
the desired value on the boundafyV. Manipulating this
guidance vector eldw will result in varied reconstructed
vertex coordinates.
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can be reconstructed by solving Equatibmvith modi ed a directional deformation. Figudepicts different behav-
r S‘andr 9. iors under three types of rigidity con gurations of the se-
lected region.

3.2. Property-Related Deformation

The basic idea for achieving expressive deformation is to de

ne appropriate properties and use them to guide the mesh

manipulation. An intuitive choice is the rigidity or elasti

ity that describes the stretching degree under varioug$orc

With the triangulation representation, we regard the iigid

distribution of the illustrated objects as two piecewisa-co

stant scalar elds and assign each triandletwo constant *
rigidities kKT'(m= x;y) for (x;y). This de nition yields two

new piecewise linear basis functiok®f j( )(m= x;y). Intu-

itively, kT'(m= x;y) scales the discrete gradient vector along

thex andy axes, and can be represented with a 2D transfor- (@) (b)
X
mation kOT k?’ . If we consider the deformation inten-
T

tion imposed on the triangl€ as an af ne transformation,
K'(m= xy) de nes the response coef cients @f to the
deformation intention along the andy axes respectively.
Accordingly, we denote the property-related discrete rive
gence operatadivgm as:

divim r f(vi):i= &  KTATr fijr 1 f(vi) (m=xy)

T2 Ny (vi)
5)
It also induces the new discrete Laplacian operator:
1 2 my2
Dnf(vi):= & 55 ((KB)?cotBj+(KE)cotCi)(fi ;)
viany A J (c) (d)
o . (6)
wherekg, andk, are the rigidities of two triangles that share  Figure 5: The deformation resuits with different rigidity set-
the edggvi;vj). tings for a bone with a red star. (a) The input image; (b)

Uniform strong elasticities(k*;k¥) = ( 1:0;1:0); (c) Non-
uniform rigidities: (K*; kK¥) = ( 10:0; 1:0); (d) Uniform strong
Den f = divim w; fjW= f jIW ) rigidities: (K*; k) = ( 10:0; 10:0). The rigidities for other two
bones are set ag; k¥) = ( 10:0; 10:0).

Finally, we have the rigidity-related Poisson equation:

In practice, the rigidities are determined by the user and
are attached to each region of the illustrated objects. A typ
cal range of the rigidities are from 1.0 to 10.0. The smallest 3.3. Shape Context Preserving Deformation
value, 1.0, corresponds to softly deformed regions, such as
the fat in the human body. For fully rigid objects, such as
the bones, the rigidities are set to be the largest value, i.e
k* = 10.0;k¥ = 10:0. Beyond distinguishing between elas-
tic and rigid, this technique simulates the resiliency, tlee
degree to which an elastic object resists deformation. ;Thus
at one end of the spectrum we could have an elastic mate-
rial and at the other a rigid material, and somewhere in the  Although there have been several de nitions for shape
middle would be user-selectable resilient materials. & th  descriptors, we nd that most of them are unsuitable for
biomedical arena, these resiliency factors could be based o the purpose of shape-preserving image manipulation. For
actual tissue properties. Our approach simulates thisteffe  instance, the shape descriptor introduced BMPO0Z de-
In addition, non-uniform deformation in the 2D plane can scribes the coarse distribution of the rest of the shaperaith
be simulated by setting different rigidities for any diieat spect to a given point on the shape. It is basically a stedilsti
(x;y). One example is the muscle on the legs which exhibits property and cannot be quantized and manipulated. A less

By shape context, we mean any measurement of the con-
guration of shape features that does not change when the
global shape stretches or shrinks. Figér@-b) shows two
faces with 16 landmarks. In each example, the set of feature
points constructs a recognizable identi cation and a sgdeci
shape context that can differentiate itself from others.

C 2008 The Author(s)
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statistical characterization of geometrical shape wosalthle
properties of a gure that are not changed by translation, ro
tation or scaling Boo97. However, the shape coordinates
representation proposed iB¢o97 only considers the dis-
tance ratios and measures the triangular shape that nmaintai

value at the rst iteration. This is automatically enlarged

the next iterations because the in uence of the shape con-
text would gradually become dominant when approaching
the optimized solutions. Figu@(d) shows the deformation
result by entirely replacing the shape context of Fighi(e)

the distinctions among three vertices. In our approach, we with that of Figure6 (b).

de ne the shape context as an inter-dependency of a group

of feature points, i.e., a 2D mesh structGre ( K;V) strictly
built on these points. All vertices & are selected frory,
meaning V. To make each triangle & as canonical as
possible, the mesh connectivil§ is constructed with con-
strained Delaunay triangulation algorith®He0% and is not
necessarily a subset Kf.

We perform shape context preserving deformation by im-
posing an additional constraint on the discrete Poissoa-equ
tion. The goal is to transform the discrete guidance eld on
C in a uniform way. Thus, we reformulate Equatid@as:

Dy S+ ID n fjC = divien W+ | divim U ; FjIW= f jIW
(8)

In Equation8, | is an adjustable parameter that weights
the preservation of the shape context. The de nitions of
r C"andu are analogous to those ofS™ andw (see
Section 3.1). During mesh manipulatiom, is interactively
altered by users, i.e., each triangle imay be modi ed
with different rotation, scale or translation transforioas.
Whereas, all triangles i€ are transformed with the same
rotation and scale transformations for the purpose of pre-
serving the shape context. Therefaue,= R(q)S(s)u with

_ cosqg sinq _ s 0
R(q) = sing  cosq and S(s) = 0 s - The
parametersg) ands are unknown and have to be determined
in each deformation step. To nd an optimal solution, we
calculate the centroide of C and seek to keep the relative
distances and angles between each vertéxC andvc un-
changed. This yields the following minimization problem:

argmings & (Vi R@S((Vi ve)®  (9)
ViZC

Ve

wherev; denotes théh transformed vertex.

With the assumption that the deformation is adequately
stable, we employ an iterative technique to progressively a
proximate the optimized solution. In the rst step, we solve
Equation7 to compute the modi ed vertex positions, with-
out considering the in uences of shape context. Based on
these vertices, we calculate an average ssaed use it
to estimate an optimizeg in Equation9. Subsequently, we
solve EquatiorB with the newR(qg) andS(s) to get an ini-
tial estimation of the new vertices. In the next iteratidre t

(a) (b)

(© (d)

Figure 6: (a-b) Two line-drawing images and their shape
context pointsBoo93; (c) The face of an old man; (d) Our
result by replacing the shape context of (c) with that of (b).

3.4. Processing Stages

We have built an interactive 2D deformation system for 2D
anatomical illustrations. It allows the user to employ adfet
toolkits, including a region constructor, a mesh constyet
region of interest (ROI) selector and a mesh manipulator, to
interactively deform the illustration in an intuitive fash. In

the context of solving the property-related Poisson equati

all interactions are intended to alter the guidance gradien
vector eld and specify the boundary conditions. As a re-
sult, the ef ciency of our system is greatly in uenced by the

computed vertices can be used to recover a better estimationmodes of how to capture the user intentions and then change

of g ands, and so on. The iteration ends when either the it-

the guidance vector eld and boundary conditions for the

eration number exceeds a given maximum, or the difference speci ed manipulation tasks. Below, we describe each oper-

betweerg andsbetween two successive steps is smaller than
a given threshold.

Itis worth mentioning that the weightis set to be a small

ation step that is sequentially demonstrated in Figure

Region Construction Beginning from an input illustra-
tion, the user manually constructs a polygonal contour for

C 2008 The Author(s)
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each region and speci es its rigidities. This process id@ana

region contours. Note that this algorithm does not resut in

gous to the segmentation of images and could be acceleratedtirue Delaunay triangulation, i.e., some triangles miglti@o

by directly adjusting the boundaries formed from interac-
tive image segmentation. In general, the mesh construction

Delaunay, but all triangles are ensured to be constrained De
launay. To achieve optimized mesh structures, two addition

may be not accurate. The average case can be constructed imequirements for triangulation are set. First, the vestiaed

several minutes. Figure (b) shows the constructed region
contours on an input illustration (Figure(a)). For the sake
of demonstration, the constructed contours are rough.

(@) (b) ©

(d) (e) ®

Figure 7: The pipeline of our system. (a) The input im-
age (MS-0101, Muscular System @1989 John M. Daugh-
erty, Highlight Studios); (b) The constructed region cams
done in 2 minutes. For the sake of demonstration, they are
rough. (¢) The constructed mesh and the sets of control-
ling vertices, constrained vertices and free vertices,clwhi
are shown in yellow, red and other colors; (d) After rotat-
ing the chest, we specify a new set of controlling vertices,
constrained vertices and free vertices, for the purpos®-of r
tating the head; (e) The nal result without distance weight
ing; (f) With the Gaussian weighting scheme, a more natural
effect is achieved. We enlarge the head parts to show the dif-
ference between (e) and (f).

Mesh Construction We apply a constrained conforming
Delaunay triangulation algorithn8he0% to the constructed

C 2008 The Author(s)
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edges of the region contours are completely preserved in the
nal mesh. Second, a minimum on the triangle inner angles
and a maximum on the triangle area are set. The constructed
mesh based on Figui&(b) is shown in Figuré (c).

ROI Selection By ROI (region of interest), we mean
the region where the user's intentions are imposed. It con-
sists of two parts: the operation handles and the free region
The former denotes the actual user-controlled vertices and
is used to determine the modi cation of the discrete guid-
ance vector eld in Equatio8. The free region includes the
vertices whose positions are freely changed during deferma
tion. Other vertices that do not belong to the ROI are kept
unchanged and are called constrained vertices. Our system
allows the user to manually select a sequence of vertices or
simply choose the vertices of one region as the controlling
vertices or the constrained vertices. The remaining \&stic
are by default free vertices. Additionally, the user caredet
mine a group of shape context vertices and construct a shape
context mesh. Figur@ (c) depicts the determined control-
ling vertices (in yellow), constrained vertices (in reddan
free vertices in other colors. After deforming the illusiva
by rotating the chest, we have the deformed mesh shown in
Figure7 (d). To further modify the illustration, we x the
body trunk and let the head be the controlling region (see
Figure7 (d)).

Mesh Manipulation  During mesh manipulation, the
user can either freely drag one or several controlling ver-
tices, or modify the controlling vertices with speci ed 2D
transformations. Another commonly used interaction mode
is to simultaneously translate, rotate or scale all vestafea
selected region. Thereafter, the modi cations on the adntr
ling vertices are gradually propagated to the remaining ver
tices. The propagation is dependent on the distance between
vertex pairs. Our system supports three distance-dependen
functions which correspond to the nearest, linear and Gaus-
sian weighting schemes. After the propagation of the trans-
formations to all vertices, a new constant gradient vector
is computed in each triangle, yielding two altered guidance
vector elds. Finally, the discrete Poisson equation is for
mulated as a sparse linear system and solved with a di-
rect solver Tol03]. In Figure 7 (e-f), we show two results
with the same manipulation settings and different weightin
schemes.

4. Analogy Based Shape Style Transfer

Transferring shape styles between illustrations requapes
propriate representations of shape styles. In our system, w
consider two types of shape styles.
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4.1. Shape Transfer with Region Contours

Object contours are important features for shape recogni-
tion [BMPO0Z. Every region boundary of the underlying im-

5. Experimental Results and Discussions

We have tested our approach on a PC with an Intel P4 3.2G
HZ CPU. For a typical image at the resolution of 38380,

age can be regarded as a formulation of its shape style. Thethe constructed mesh normally contains 300500 vertices

transfer of region contours can be ful lled by a simple curve
analogy driven shape deformation scheme.

For a selected region, we rst deform its boundary with a
differential curve deformation technique. Suppose we have
two illustrations whose meshes aviy andM,. The bound-
ary Ry of one region inMg is modi ed to mimic another
region boundanR; in M1. Ry andR; are represented with
two polygons, which can be regarded as two piece-wise lin-
ear curves. Analogous to the de nitions of two-dimensional
scalar elds and the discrete differential operators int®ec
3.1, we construct a one-dimensional differential represen
tion for a linear curveR= ( K;V). For the sake of simplicity,
the discrete gradient operator on an arbitrary scalar feld
de ned in R can be rewritten as:

rf(vy=vi vi 1 st v2'vi 1Vi (20)

The Laplacian operator on each vertgxs de ned as:
D(vi) = Vi (11)

The shape transfer frofy to Ry is accomplished by re-
placing the gradient vectors &% to those ofRy and spec-
ifying constrained vertices in Equatieh Note that,Ry and
R; have to be aligned and re-sampled with arc-length param-
eterization before shape transfer, so that their verticesa
one-to-one correspondence.

(Vi 1+ Vi+1)=2

In the second step, the modi cation of the region contour
is integrated into the Poisson equation, Equatibar 8, to
alter the guidance vector eld and the boundary condition.
Figure10(d) and Figurel2 provide examples.

4.2. Shape Transfer with Shape Context

In terms of shape context, its transfer should be performed
between two illustrations that share a similar context. Two
sets of shape context vertices with identical vertex nusiber
are rst speci ed in the source illustration and the destina

and 500 2000 triangles. The user's time spent on mesh
construction and ROI speci cation is typically 60120 and

15 30 seconds, respectively. With a non-optimized Pois-
son solver, the average times for the transformation propa-
gation and mesh reconstructions are 10 milliseconds and 15
milliseconds. In each example we tested, the deformation
and shape transfer is performed in real-time. For a ne mesh
with more than 50000 vertices, our system can still perform
at interactive frame rates.

In our implementation, we regard the 2D illustration as a
2D texture and map it to a 2D triangular mesh. The image
deformation is driven by the mesh manipulation, in a sim-
ilar mode to previous mesh-based image deformation tech-
niques (e.g., IMHO5] and [WXW 06]). We use OpenGL
to implement the texture mapping for high ef ciency. All
input illustrations are rescaled to a xed window resolatio
(e.g, 380 380). Due to the rescaling of the input illustra-
tions, there are some differences between the input ilustr
tions and the deformed results. In addition, some fuzziness
may appear in the boundary of the shape, due to the defor-
mation of the mesh and the use of texture mapping (such as
the line drawings shown in Figut (c) and (e)).

5.1. Results

We tested our approach on the rendering results shown in
Figure2 (a) and FigurelO (a). By setting appropriate rigidi-
ties to the skin, bone and swimming bladder, satisfying de-
formations are easily achieved (see Fig@réc) and Fig-

ure 10 (b) and (d)). Speci cally, shape styles of Figuge

(b) and Figurel0 (c) are transferred to Figutz(c) and Fig-

ure 10 (d). The user interaction time for each example is
approximately 1 minute.

There are various terms describing the movements of the
limbs and other parts of the human body. They can be clas-
si ed into about eleven categories, namely, exion, exten-

tion. The pairwise correspondences between vertices are de sion, abduction, adduction, rotation, circumduction, @pp
termined by the user. We regard the transfer of shape contextsition, retrusion and protrusion, elevation, eversiomngr

as solving the following Poisson equatitm= x;y):
DmfjS+ ID m fjC = divgm W+ | divgm u ; fjIW= f jIW
12)

Here,SandC are the mesh and shape context mesh of the
destination illustrationw denotes the altered guidance vec-
tor eld after introducing the new shape context. is the
guidance vector eld of the shape context mesh in the source
illustration. Similar to the shape context preserving def@-
tion, a global rotation and a global scale transformatioreha
to be determined before the shape transfer in order to elim-
inate the problem caused by the rotation-variant propdtrty o
the discrete Laplacian operator.

tion [MD99]. We tested our system on several 2D hand-
drawn illustrations of these anatomical movement types.
Figure8 (a-c) shows three hand-drawn illustrations that de-
pict the hyper exion and hyperextension of the cervical tis
sues of a human head. Our approach requires 10 minutes to
interactively illustrate both deformations (see Fig8ie-f))
based on Figur® (d). Figure9 (a-c) demonstrates our re-
sults that simulate the depression and elevation movements
of a human body.

Anatomical shape and its variation, play important roles in
medical research. A particular disorder or aging may cause
anatomical changes or differences. In medical illustratio
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(@) (b) ()

(d) (€) (f)

Figure 8: Three hand-drawn images (a-c) that depict the hyper exiad ayperextension of the cervical tissues of a human
head. With the input image (d), our approach allows a usemteractively simulate this dynamic procedure in 10 minutes
resulting in (e) and (f).

the abnormality of certain human anatomy can be illustrated by interactively adjusting the engaged 2D transformations
using a set of comparison images. By referring to two sets Shape context preserving deformation and shape transfer ar
of 2D hand-drawn illustrations, we performed two experi- very useful operations for content re-creation in computer
ments. The rstone illustrates the systolic (Fig@ée)) and generated illustration. The examples shown in Fiduyreig-
diastolic (Figure (f)) dysfunctions of a human heart. Com-  ure6, Figurel2, and Figurel3demonstrate the ef ciency of
pared to the normal status of lling blood (Figuggd)), the our approach.

systolic case presents an over-enlarged ventricle betanise

much blood is lled and the diastolic one lIs with less blood )

because the material of the ventricle is too stiff. 5.2. Failure Cases

In terms of limitations, our approach cannot handle the case
when self-collision occurs (see Figuté (a) and (b)). One
possible solution is to add an additional self-collisiotede

tion constraint on the discrete Poisson equafipim a simi-

lar way as the shape context preserving Poisson Equétion

Introducing properties into different regions resultsxa e
pressive deformation effects. Figubeand Figure7 show
two such examples. Note that our solution is not physically
based, and its results do not strictly conform to results gen
erated by 3D deformation approaches as 3D transformations
and deformations may be distorted after perspective projec  In addition, our approach is suitable for simulating con-
tion. Nevertheless, satisfying results can still be addev  tinuous deformations because the topology information has
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(a) (b) (c)

@ (b) (c)

(d) (e) ®

Figure 9: Two results with our approach. (a) An input ab-

domen image (Image Courtesy: Deutscher Infogra k Dienst: @ Q)

http://www.infogra kdienst.de); (b-c) The images showin Figure 11: Failure cases. (a) A knee; (b) Our approach may

the depression and elevation movements; (d) An input heart cause self-collision when moving one bone; (c) The com-
image; (e-f) Our results depicting the systolic and diastol ~ Pound fracture of the bone; (d) A heart with a saphenous

dysfunctions when the ventricles Il with blood. vein graft; (e) A heart with the left internal thoracic arter
grafted to the anterior descending coronary artery.

feasibility of image manipulation for 3D transformationdan
@ ® lighting. However, in many cases, we do believe that our ap-
proach is more ef cient than existing 3D methods due to the
simplicity of 2D image manipulation. Indeed, commercial
2D deformation toolkits, such as Avid “Elastic Reality” pro
gram [AVI], are available for artists to use. In any case, our
approach could be regarded as a reliable addition, or com-
Figure 10: (a) A volume rendering by Stefan Bruck- plementary technique, to existing 3D approaches.
ner [BGOT; (b) Our result; (c) Another 2D image; (d) Our
result by simulating the shape styles of (c).

© (d)

Our scheme works in these situations because it reformu-
lates complicated 3D transformations as a set of 2D af ne,
similarity and rigid transformations. The degree of 2D s-an
formations can be interactively modulated by users. Addi-
to be preserved during manipulation. In the case of object tionally, our approach would be a very useful tool to post-
splitting or fractures, as shown in Figutéd (c), an object- process rendered images under selected viewpoint, cutting
based image editing mechanisBJ02 may be introduced  plane and lighting conditions.

for illustrating the separations of individual objects. We have received encouraging feedback from an experi-

Another failure case is caused by object occlusion during enced medical illustratorAnd]. His evaluation states that
object animation or deformation (see Figurg (d-e)). Al- “You have come up with a remarkable and useful program.
though it is a common problem for 2D image editing tech- | have used Avid's “Elastic Reality” program some in the
niques, we hope that our approach can overcome this obsta-past, but your program appears much superior. My rst and
cle through combinations with 3D algorithms. For example, foremost concern was bending soft, plastic tissues without
we can represent the results by a 3D approach with a set of distorting rigid ones. You have allayed my concerns com-
depth layers and manipulate these layers on a per-object ba-pletely, and in a very solid manner.”
sis.

6. Conclusions and Future Work

5.3. Discussion and Evaluation In this paper, we address the problem of 2D shape deforma-

Our approach is basically a 2D solution and is not physi- tion by means of a differential mesh manipulation approach.
cally accurate. This disadvantage is mainly caused by the in Our system allows the users to exibly design a sequence of
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(@) (b) (©)

(d) (e)

Figure 12: Shape styles of (a) are transferred to (b) and (d), yielditjgahd (e) respectively.

@ (®) (c) (d)

Figure 13: (a) An input image; (b) A reference image with 16 landmark};Tthe constructed mesh based on (a); (d) Our result
by transferring the shape context from (b) to (a).

dynamic effects in an intuitive fashion. We also introduce a complicated 3D deformation can be simulated in a shape-
new description to shape context that is amenable for shape preserving mode. The main challenge for this is the high
context preserving deformation and shape transfer. computational cost caused by the large number of tetrahe-
dron primitives. Moving the computations of the linear sys-
Shape depiction depends on not only the shape styles, buttém solution and volume rendering onto graphics processing
also the lighting and rendering con gurations. Our current UNits is a promising solution.
approach does not consider the in uences from perspective
projection, shadow and lighting change during deformation
Exploring lighting with regard to deformation is important
and could greatly enhance the value of the proposed method. The authors would like to thank Stefan Bruckner and Nikolai
We plan to exploit a more ef cient strategy based on previ- Svakhine for providing images, and thank Nvidia for equip-
ous image-based rendering approaches to simulate the shadment donations. This work is partially supported by 863 pro-
ing variations during deformation. Another potential ssu  gram of China (No. 2006AA01Z314), NSF Grants 0081581,
is to extend the property-related differential mesh manipu 0121288, 0328984, and the U.S. Department of Homeland
lation algorithm to 3D tetrahedral meshes. More vivid and Security.
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