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Abstract

A 2D polygonal shape copy-and-paste method is proposed which is based on a multiple planar shapes blending algorithm.

First sub-shapes are specified and selected which correspond to user-defined visual features on the input shapes. Then they are copied and

pasted with contribution weights to generate new shapes via a modified intrinsic 2D shape blending algorithm. User can edit the generated

shape intuitively and interactively by adjusting the contribution weights. The proposed method fills the gap in the object modeling method-

ology based on the copy-and-paste operation. Besides the static 2D copy-and-paste operation the proposed method can also be applied to

2D metamorphosis among multiple planar shapes.

Keywords

A shape blending is a visually smooth transfor-
mation between a source shape and a destination
shape either in 2D or 3D space '™ . It is an impor-
tant technique for special effects generation in com-
puter animation and computer game and is also
widely applied to pattern matching geometric model-
ing etc. Based on the shape blending technique
graphical object copy-and-paste operations are devel-
oped and are drawing more and more attention. A-

mong them Lee’ s work is regarded as a powerful 2D
image copy-and-paste operation > . Recently such an
operation is being extended to 3D mesh as an intuitive
Using the

copy-and-paste operation users can reuse the existing

geometric model generation tool =i
models to create the new ones which greatly im-
proves the geometric modeling efficiency.

A 2D copy-and-paste operation has been men-
tioned in Ref. 12 . But to our knowledge there is
not a method which is specifically designed for the 2D
polygonal shape copy-and-paste operation yet. The
challenges in such an operation are how to join copied
portions on the generated shape naturally and how to
edit the generated shape intuitively and interactively.

Similar to its 3D counterpart a 2D copy-and-
paste operation is also closely related to the 2D shape
blending technique. The 2D shapes blending can be

.. : 13—15
divided into two steps vertex correspondence

% Supported jointly by National Natural Science Foundation of China Grant Nos. 60373036 60333010
search Projects Grant No. 2002CB312101 Natural Science Foundation of Zhejiang Province Grant No. R106449
Grant No. 20050335069

Higher Education Specialized Research Fund

copy-and-paste 2D shape blending metamorphosis.

and vertex interpolation path 21672020 The first

one is to establish the vertex correspondences between
the source shape and the destination shape and the
second one is to compute the vertex moving trajecto-
ries of the in-between shapes via an interpolation a-
long the predetermined path.

In this paper a weighted 2D polygonal shape
copy-and-paste operation is proposed. First the sub-
shapes on the input shape are specified interactively
which correspond to the user-defined visual features.
Then the sub-shapes are selected copied blended
and attached with the contribution weights on a frame
polygon to create a new shape via the intrinsic multi-
ple 2D shapes blending algorithm. Thus a new 2D
polygonal shape is generated with the mixed visual
features of the input polygonal shapes. In the pro-
posed method the new shape can be edited locally and
globally by adjusting the contribution weights. More-
over the metamorphosis sequence among the new
polygonal shapes can also be generated straightfor-
wardly where the in-between shapes are non-uniform
blending of the input polygonal shapes’ visual fea-
tures.

The rest of paper is organized as follows. The vi-
sual feature decomposition is introduced first. Then
the 2D copy-and-paste operation is described in de-
tail. Some examples and discussions are given before
the conclusions are drawn finally.
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1 Visual feature decomposition of 2D input
shapes

The visual feature decomposition is a preprocess-
ing step of the 2D copy-and-paste operation. It de-
fines and extracts the visual features from the 2D in-
put shapes 1i.e. the 2D planar polygons interactive-
ly. For the convenience of the user’ s interaction the
concept of feature decomposition vertex abbreviated
as FDV is introduced. In Fig. 1 each FDV is la-
beled with a natural number and each specified visual
feature is delimited by two successive FDVs. For ex-
ample inFig. 1 d the successive FDVs 1 and2 2
and3 3 and4 4 and 1 delimit the girl’ s head right
arm body left arm respectively which are distinctive
features on the girl shape namely sub-shapes in this
paper. Obviously a sub-shape is represented by an
open sub-polygon.

The polygon formed by all FDVs on an input
polygonal shape is called an frame polygon shown as
the dashed line polygons in Fig. 1. As a special case
if the frame polygon is not a close loop it is called a
degenerated frame polygon. The frame polygon in
Fig. 1 b is a degenerated example. The frame poly-
gon can be regarded as a low-resolution version of the
original polygon. Each edge of a frame polygon is re-
lated with a sub-shape. The edge determines the local
position and orientation of its corresponding sub-
shape.

e
[ A Y%
\ (
NS>
(a) Fish (b) Octopus (c) Butterfly (d) Girl

Fig. 1. Visual feature decomposition of the polygonal shapes.

When multiple polygonal shapes are given the
visual feature decomposition process is applied to each
of them. The correspondences among the sub-shapes
can be established by the FDVs. As shown in Fig. 1
the head parts of the fish the girl and the butterfly
are the corresponding sub-shapes because they are de-
limited by the same FDVs 1 and 2. In addition the
non-degenerated frame polygons are defined as equiv-
alent frame polygons if they have the same FDV la-
bels. In Fig. 1 the frame polygons in a

d are equivalent frame polygons except for that in
b . As a special case a non-degenerated frame poly-

¢ and

gon can also be an equivalent frame polygon itself see
the following .

All of the sub-shapes can construct a 2D visual
feature warehouse. The users can select the desirable
ones to create a new shape via the 2D copy-and-paste
operations. The next section will describe the 2D
copy-and-paste operation in detail.

2 Weighted copy-and-paste operation via
multiple 2D shapes blending

In the 2D copy-and-paste operation process the
user selects the sub-shapes and assigns the weights to
them interactively. Then the corresponding sub-
shapes are blended with their weights to generate a
new sub-shape. In addition a blended frame polygon
is computed as the weighted average of the equivalent
frame polygons. The new shape is generated by at-
taching the blended sub-shapes on the blended frame
polygon smoothly. The shape can be further edited
locally and globally by adjusting weights of the select-
ed sub-shapes and the scaling coefficients of the equiv-
alent frame polygons respectively. Fig. 2 illustrates a
full copy-and-paste operation process.

ATATHEN

(a) Step 1 (b) Step 2 (c) Step 3 (d) Step 4

Fig. 2. A copy-and-paste operation. a 350% octopus body +
50% girl body is attached b 100% left arm of girl is attached
¢ 1 3 right arm of fish + 2 3 right arm of girl is attached d
10% girl head + 10% fish head + 80% butterfly head is at-

tached.

The last step in Fig. 2 d {or generating a new
head sub-shape is further illustrated in Fig. 3. In this
step the user selects the head sub-shapes and assigns
weights to them for generating the desirable head sub-
shape. For convenience of the user’ s interaction the
weight is represented as a percentage. For example
inFig. 3 a  the girl’ s head sub-shape is selected
and automatically assigned a default weight of 100 %
since it is the unique sub-shape pasted on the new
shape. In Fig. 3 b the fish" s head sub-shape is se-
lected and assigned a weight 50% . Then it is blended
with the current head sub-shape to generate a new
head sub-shape 1i.e. 50% girl head + 50% fish
head . In Fig. 3 ¢ the butterfly’ s head sub-shape
is selected and assigned a weight 80% . The final
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head sub-shape is a weighted average of 20% current
head sub-shape in Fig. 3 b and 80% butterfly head
sub-shape i.e. 10% girl head 10% fish head 80%
butterfly head respectively .

In the following subsections an intrinsic multi-
ple 2D shapes blending algorithm is introduced first.
Then these 2D shapes are tailored to the weighted e-
quivalent frame polygons blending and the weighted
sub-shapes blending respectively.

(a) (b ©

Fig. 3. The copy-and-paste operation step in Fig. 2 d for the
new head sub-shape generation. a 100% girl head b 50%
headin a + 50% fish head ¢ 20% headin b + 80% but-
terfly head.

2.1 Intrinsic blending of multiple 2D shapes

In this section the intrinsic 2D shape blending
method based on the turtle geometry > is extended to

a multiple-shape case. Let P* k=12 m  be
m planar polygons whose vertex correspondences

have been established already. Each polygon is denot-

. koo k o
edas P"= p, P P, . lts intrinsic parame-

k on-1  k Eon—1 .
Ly 7y a 6f *_, which are an-

ters are p/f)
chor point edge lengths signed angle between the
first edge and angle line vertex angles respectively

illustrated in Fig.4 .
chor point and the angle line determine the position

and orientation of the polygon.

In the turtle geometry the an-

k _
6,

Fig. 4.

Intrinsic parameters of a polygon.

Let w® be the weight assigned to the intrinsic
parameters of the £-th polygon P*. The intrinsic pa-
rameters interpolation among m polygons can be
computed as follows

by = 2wy T 1
k=1
a= 2wl T 2
k=1
0, = 2w T i=12 a-1 3
k=1
L= T i=01 -1 4
k=1
T:Zwk 5
k=1

Similar to the method in Ref. 2
lated shape will be subject to some blending con-

the interpo-
straints i.e. close constraint and vertex coincidence
constraint in this paper. To satisfy these constrains

the edge length L, should be adjusted after the blend-
ing interpolation. Let S; be the adjusted length for L;
in 4

fied as

so the blending edge length should be modi-

L, = ika/f T+S,

k=1

=01

n—1

6
Intuitively S. should be proportional to the variance
of the i-th edge lengths of m polygons namely L,
which is defined as

7
where Iji is average length of the i-th edge of m
polygons. Then objective function is min f S, S,
S, ; and it can be solved by using the La-
grange multiplier solver. Finally the blended polygon
is obtained by converting the intrinsic parameters to
Cartesian coordinates.

Now we describe how to define the objective
functions for two types of the blending constraints
i.e. close constraint and vertex coincidence con-
straint. The close constraint forces the head vertex
and tail vertex of the blended polygon to be coincident
such that the blended polygon is close. The objective
function for such a constraint is defined as

n—1 S 2
Sn*l - Z [i] 8

S, S
f 0 ~1 i:OL

which is subject to

n—1

$, S, S, S,, =, L, Xcosq;, =0

n
i=0
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n—1

$,S,S, S,, =>, L, Xsina, =0
=0
10
where L, is max L. 0.0001 X max 0 n-1 L. for
avoiding division by zero a; the angle from angle line
to each edge vector which is a;=a; |+ 0, i=1 2

n—1 .

The vertex coincidence constraint forces the tail
vertex of an open polygon to be coincident with a pre-
specified position. It will be applied to attach a sub-
shape on a frame polygon without gap. Letting the

pre-specified position be x the corresponding

» I
objective function is defined as

2 (g )2
S , = ; 11
n—2 ;ﬂ [L}

i

I So S

which is subject to
n—2

¢, Sy S, S, = > L; X cosq; = x,
i=0
12
n—2
¢2 SO S] S7772 = 2 L[ X Sinaz- = yP
i=0
13

4
where L, and «; are defined as the same as those in
the close constraint case.

2.2 Weighted equivalent frame polygons blending

the intrinsic multiple shapes
blending algorithm is applied to the equivalent frame
polygons interpolation. Supposing that there are m e-
quivalent frame polygons

In this section

each of them has n ver-

EF=12 m

computed as follows. Let w®, i=0 1
=12 m  be the weight of the i-th sub-shape on
k

the £-th equivalent frame polygon then w® = ¢* x

can be
n—1%

tices. Their weights "

0l
> wh, . The ¢ is called scaling coefficient abbrevi-
i=0 !

ated as SC  and can be interpreted as the £-th frame
polygon’ s contribution factor to the blended frame
polygon. Its default value is set to 1. Since the frame
polygon is close the blended frame polygon can be
computed by Egs. 1 — 5
straints 9 and 10 .

8 with the close con-

As we know in Section 1 each edge of the frame
polygon is related with a sub-shape. In the 2D copy-
and-paste operation the blended sub-shape will be at-
tached to the corresponding edge of the blended frame

polygon with the vertex coincidence constraint. The
sub-shapes blending method will be introduced in the
next section. If the frame polygons are directly blend-
ed as above the attached blended sub-shape may
stretch or shrink greatly since it is subject to the ver-
tex coincidence constraint. An example is shown in
Fig. 5. The scaling coefficients of the girl frame
polygon in Fig. 1 d and the fish frame polygon in
Fig. 1 a are 0 and 1 respectively which means the
fish frame polygon is chosen as the blended frame
polygon. When the girl’ s head sub-shape is selected
and attached to the fish frame polygon it will stretch
greatly since the girl’ s head sub-shape size does not
match the corresponding edge length of the fish’ s
frame polygon. In order to avoid such a warp of the
attached sub-shape the corresponding edge length of
the frame polygon should be adjusted as closely as
possible to the blended sub-shape size. This can be
accomplished as follows. Let L be the length of the
head and tail vertices of the blended sub-shape to be
attached to the i-th edge of the frame polygon Egs.
4 and 6 for the equivalent frame polygons blend-
ing should be modified as
L,=L, i=01 n—1 14
L,=L,+S, i=01 =n-1 15
By replacing Eqs. 4 and 6 with 14 and 15
the edge length of the blended frame
polygon will approximate the corresponding sub-shape

respectively

size i.e. Liub' The improved result is shown in Fig.
5 ¢ by using the above improvements. It partially
alleviates the large warp of the girl’ s head sub-shape
attached to the blended frame polygon. The blending

result seems better than that in Fig. 5 b .

(@) (b) (©)

Fig. 5. Adjusting the edge length of the blended frame polygon.
a The girl’ s head sub-shape and the fish’ s frame polygon b
the attached girl’ s head shape has large warp ¢ alleviating the

large sub-shape warp.

k=12
m influence the blended shape globally. Since the
modified edge length interpolation is independent of

Now we explain how the SCs  ¢*
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the weights w"  the SCs have impact on the angle
interpolation. In turtle geometry the angle repre-
sents the orientation. Thus the SCs have impact on
the blended frame polygon edge’ s orientation. Be-
cause the edge vector of the blended frame polygon
will determine orientation of the corresponding at-
tached sub-shape the SCs have final impact on the
orientation of the sub-shape. The larger the SC of an
equivalent frame polygon the more closely the orien-
tations of the blended sub-shapes will follow those of
the equivalent frame polygon. Thus the scaling coeffi-
cient can be used to adjust the orientation of the
blended sub-shape relative to the frame polygon. An
example is shown in Fig. 6. The orientations of the
head and the left arm of the girl the right swing of
the butterfly and the fish body on the new polygonal
shape vary according to the different SCs of the e-
quivalent frame polygons. As the example in Fig. 6

¢ the configuration of the blended shape is much
close to that of the fish shape when the SC of the fish
frame polygon is much larger than the SCs of other
frame polygons.

(d)

Fig. 6. Edit the new shape globally through adjusting the SCs
a Three SCs are default value 1 b the SC of the butterfly
frame polygon is magnified to 10 while two others are 1 ¢ the
SC of the fish frame polygon is magnified to 10 while two others
are 1 d the SC of the girl frame polygon is magnified to 10
while two others are 1.

2.3  Weighted 2D sub-shapes copy-and-paste opera-
tion

2.3.1 Sub-shape representation in the local coordi-
Unlike other 2D shape blending
methods performed in a global manner the proposed

nate system

sub-shape interpolation is decomposed into two parts

rigid body motion interpolation and flexible motion
interpolation. Before the sub-shape blending each
sub-shape is transformed into a local coordinate sys-
tem. During the blending step the rigid body motion
interpolation determines the local coordinate system

and the flexible motion interpolation is the sub-shapes
blending performed in the local coordinate system.
Therefore such a local coordinate system should satis-
fy the following two properties i The local coordi-
nate systems of the different sub-shapes are indepen-
dent and ii the local coordinate system fully deter-

mines the position and the orientation of the corre-
sponding sub-shape.

According to the proposed visual features decom-
position in Section 2 each edge vector of the frame
polygon determines the local position and orientation
of the associated sub-shape. Thus in the proposed al-
gorithm the frame polygon edge vector is adopted to
construct the local coordinate system of the corre-
sponding sub-shape. Let P be a sub-shape whose

pyi_,. Obviously the head

. st sb
vertices are p, P

sb

and tail vertices p, p)_; are two successive FDVs.

ot : o sb
Let u™ be the normalized vector of py’py-; and v°

the unit vector by rotating u™ 90° counterclockwise.

Combining with the head vertex pab the triple pab

u® v define the local coordinate system of the sub-

shape P_. Each vertex p°* of the P can be repre-

sented as the local coordinates " v by the fol-
lowing equation

p?b _ p(s)b + usb sb + xb sb 16

Tu vV

After the sub-shapes are transformed into their
corresponding local coordinate systems the weighted
sub-shapes blending is implemented for their local co-

ordinates.

2.3.2 Weighted multiple 2 D sub-shapes blending
In the 2D copy-and-paste operation the selected sub-
shapes are blended with the assigned weights. Similar
to the classical 2D shape blending the vertex corre-
spondence and the vertex path interpolation problems
are involved. In the proposed algorithm the vertex
correspondences are established through the arc-
length parameterization and topological merging since
the corresponding sub-shapes have the similar visual
features. The blended sub-shape is mainly influenced
by the vertex path interpolation among multiple sub-
shapes. Thus the vertex path interpolation algorithm
i The algorithm
could be implemented in real-time ii the blended
sub-shapes should suffer from little distortion and
manifest the weight effect  iii the blended sub-
shape is attached to the blended frame polygon with-

should meet the following criteria

out the gap. The 2nd and 3rd criteria sometimes con-

flict. However the 3rd criterion is more important for

the natural and smooth 2D copy-and-paste operation
see an example in Fig. 7 .

Many methods were proposed to blend multiple
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2D or 3D shapes > or to blend the local features

of 3D shapes ® ?° . However they cannot be applied to
the multiple 2D sub-shapes blending in the context of
the 2D copy-and-paste operation because either they
cannot be extended to 2D case straightforwardly or
they do not satisfy the above criteria. The modified
intrinsic multiple shapes interpolation in Section 2. 1
is chosen as the blending algorithm because it is sim-
ple and fast and can meet the criteria above. Combin-
ing with the vertex coincidence constraint in Section
2.1 the blended sub-shape can be attached to the
blended frame polygon without gap which meets the
3rd criterion. The example in Fig. 7 b illustrates
the result without gap.

(a) (b)

Fig. 7.  The effect of the vertex coincidence constraint — a
Without the constraint there is a gap in the final result b with
the constraint the blended sub-shape is attached to the blended
frame polygon without the gap.

In the proposed algorithm the sub-shapes
blending process is divided into two steps. The first
step is to blend the intrinsic parameters of the sub-
shapes by using
At this step a temporary sub-shape is generated. Its
size is defined as the length between its head and tail
vertices. The size of temporary sub-shape will be used
to determine the corresponding edge length of the
blended frame polygon by using 14 and 15 . Af-

1 — 5 without any constraints.

ter this step a new blended frame polygon is obtained
as described in Section 2.2. In the second step the
intrinsic parameters of the sub-shapes will be blended
again with the vertex coincidence constraint such that
the tail vertex of the blended sub-shape can be coinci-
dent to the second vertex of the corresponding edge of
the blended frame polygon. Then the blended sub-
shape can be joined on the new shape without gap.

3 Implementation results and discussion

The proposed method has been implemented on a
PC with Pentium IV CPU and 512M memory. The

algorithms described are integrated into a 2D copy-
and-paste prototype system. The examples in the pa-
per are generated in real-time using the system. The
example in Fig. 8 can be considered as a cut-and-
paste operation because the sub-shapes are selected
from the input polygonal shapes and attached to a
frame polygon directly. The visual feature decomposi-
tions for the input polygonal shapes are shown in Fig.
8 a b ¢ d and f . The equivalent frame
polygon is the tree frame polygon itself in Fig. 8 d

or { . The two different Christmas trees are gener-
ated through the two different feature decompositions
of the tree shape.

(d) (e)

Fig. 8. Christmas trees in e and g generated by 2D cut-and-
paste operations.

The proposed method can also generate the
metamorphosis sequence among the multiple 2D
polygonal shapes with non-uniform contribution
weights. As described above the 2D copy-and-paste
operation is based on the multiple 2D shapes blending
algorithm each generated polygonal shape is a blend-
ing result among the input shapes. Therefore the
metamorphosis sequence can be generated through
key-frame technique by setting the parameters of the
blended polygonal shapes as the key values and by
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constructing in-between polygonal shapes through the
above techniques. It is called multiple planar shapes
blending ** . Fig. 9 is an example of a metamorpho-
sis sequence of input polygonal shapes in Fig. 1.

P34
AR

Fig. 9.  Multiple polygonal shapes morphing. The first and last
shapes at each column are key frames which are generated by the
proposed 2D copy-and-paste operation.

4 Conclusions

In this paper a novel 2D copy-and-paste opera-
tion is proposed to reuse the sub-shapes or common
parts of the input polygonal shapes to generate new
polygonal shapes. The operation is based on an intrin-
sic multiple shapes blending method. It enriches the
copy-and-paste modeling methodology in computer
graphics. Besides applying to the new planar shapes
generation the method can also generate metamor-
phosis sequence among multiple 2D polygonal shapes
i.e. multiple planar shapes blending. The new polyg-
onal shapes generated by the proposed copy-and-paste
operation are smooth and aesthetic in this paper. The
user can edit the generated shape by adjusting the
weights. However how to assess the generated
polygonal shape is not addressed in the paper. It is an
aesthetic problem and difficult to describe by an ana-

lytic formula.

The future work is to extend the proposed
method to the 3D case. It includes how to define the
3D frame polygon and to attach the 3D sub-shapes to
the 3D frame polygon and to extend the method to
the multiple 2D shapes blending with different topolo-
gies.
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SHU Liangshu  SUN Zhaobo TANG Liangjie TONG Jinnan
WANG Huijun  WANG Naiwen WANG Sumin WANG Xunlian
WANG Ying WU Dexing WU Guoxiong WU Qiang

WU Zhengwen YANG Wencai  YAO Tandong YIN Hongfu
'YUAN Yeli ZANG Shaoxian ZHAI Mingguo ZHANG Guowei
ZHANG Miman (Chang, Mee-mann) ZHANG Peizhen
ZHAO Qiguo ZHOU Xinmin  ZHU Rixiang
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