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Abstract - In this paper, a new technique of space deformation for parametric surfaces with so-called extension function (EF)
is presented. Firstly, a special extension function is introduced. Then an operator matrix is constructed on the basis of EF.
Finally the deformation of a surface is achieved through multiplying the equation of the surface by an operator matrix or
adding the multiplication of some vector and the operator matrix to the equation. Interactively modifying control parameters,
ideal deformation effect can be got. The implementation shows that the method is simple, intuitive and easy to control. It can
be used in such fields as geometric modeling and computer animation.

Keywords parametric surface, space or free-form deformation, extension function

1. Introduction surface. It can not only carry on shape modification but
also yield relatively arbitrary shape. Unlike traditional
In the field of geometric modeling, the advent of methods, its main thoughts are acting on a surface’s
non-uniform rational B-splines brought us a nearly equation with the operator matrix constructed by so-
perfect approach for mathematical description of free- called extension function to alter the shape of the surface.
form shape. However the interactive technique (changingAs we introduce control parameters with a different
weight factor or knot vector, moving control points) attribute, the method avoids oneness of the control
accompanying it for shape modification is limited. means in traditional ways and increases the control
Therefore, to generate complex shape, people have tgrecision to some extent. It is fit for any surfaces but
draw support from others high-level techniques for shapethose expressed by implicit form. Concrete manipulation
modification free-form or space deformation. So far, is very simple and easy due to its application without
considerable achievements have been reached in researadny auxiliary tool.
on those deformations and diversified methods of The rest of the paper is structured in 5 sections.
deformation have been playing an important role in Secton 2 reviews existing methods. Section 3 provides
practice. Some of them have become the core of certairthe definition of EF. Section 4 describes the mathematical
commercial CAD/CAM softwares. Nevertheless finding model and others key details of our method. Section 5
new, effective and intuitive deformation approaches is shows some performance examples. Section 6 concludes
still one increasingly significant research field in computer the paper with comparison and further research directions.
graphics.
Certainly we already have so many deformation 2. Previous Work
methods. However, On the whole, those and other
methods concerned still have room for improvement in ~ Global and local deformation [1] is the first modeling
such aspects as exact control of deformation region,technique of deformation introduced into CAD/CAM
guantitative control of modification extent and guarantee field. This method and its improvement [2] can conduct
of continuity between deformed and undeformed region regular deformation (for example, twisting, tapping,
in local deformation or shape modification. Especially bending, rotating and scaling), but it is not easy to yield
the existing techniques for shape modification among arbitrary shape with them. Free-form deformation (FFD)
them direct only to NURBS [30]. So people can't help [3] overcomes the shortcoming of the above method.
to ask whether there are some techniques that are morés is known to all, the central thoughts of geometric
simple, easy to control and fit for deformation or shape modeling are choosing regular shape information (such
modification of general parametric surfaces. as point, line, plane etc.) and special weight factors,
In answer to above question, we develop the techniquetaking the weighted average of them and thus expressing
of deformation based extension function for parametric a complex shape. In fact, FFD also make use of the
ideas: firstly express a complex shape formed by infinite
*Corresponding author: points through weighted average of relatively few control
E-mail : harawxp@263.net points and then move those control points to induce
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deformation of that complex shape while the local called extrusion function, the last results of deformation
coordinates of object points are deemed to remaindon't closely correlate with the constraints. Besides the
unchanged (the topological structure of deformation literature [16] provided a complementary method for
object is fixed) [5]. FFD is one of the most versatile deformation modeling, but it is short of intuitive and
and powerful deformation tools, but there yet are some interactive control means. Due to introducing constraint
unideal aspects in implementation. With this method it points and radius the literature [17] presented a good
is not easy for deformation to reach anticipated effect technique of local deformation, which was improved so
exactly. Exact placement of object points is also hard towell by literature [18] that it can not only conduct
achieve. Literatures [67, 8, 9, 10] improved FFD in deformation of points constraints but also lines, surfaces
shape of space embedded and basis function and usedr volumes constraints. Léast al [21, 20, 19] linked
their results in human body animation and dynamic the control polyhedron of a surface with the mechanical
flexible deformation, but their basic principles accord equilibrium of a bar network using the force density
with FFD. Those approaches increase control flexibility concept Surface deformations are achieved by adjusting
and meanwhile bring new troubles. Always they need mechanical parameters according to the criterion of
to solve complex nonlinear equations with numerical equilibrium (i.e., all kind of parameters satisfy a linear
method. Moreover the problem of continuity between equation). Though its effect of the deformation abounds
adjoining deformation regions in different lattices arises. in aesthetic felling, sophisticated results often needs
And extended free-form deformation (EFFD) is based solving high-order system of linear equations.

on the same mathematic formula as FFD [4], but its Above methods belong to the category of space
auxiliary tool is a complex lattice formed by several deformation. Besides physics-based deformations [23,
lattices with arbitrary shape. In local deformation, 22, 24] consider mechanical principles such as kinetics,
however, it is not easy to determine the number of elasticity, inelasticity and attributes such as mass, friction,
subdivision of the initial lattice and thus build the internal force, so its effects of deformation are even
appropriate lattice. By introducing constraint points Hsu more close to actual life. Although the technigues once
proposed direct manipulation of free-form deformation were celebrated for a while, they generally need a large
[14] that is an improvement of FFD. Though by it amount of computation and lack interactive control
deformation can satisfy the layout of object points means, which limits their application in practice.
exactly, its implementation involves finding the best And there are several representative approaches of
solution, in the least squares sense, to the system ofhape modification that fall into the deformation category.
complex equations. All those methods improve FFD in Piegl proposed a method modifying the shape of rational
varying degrees, increase control flexibility and can B-spline surface [27], in which the control points and
achieve a variety of deformations. However, on the whole, their weight factors are recomputed directly from the
as existing techniques of deformation adopt weight definition of NURBS. It is intuitive and comprehensible
factors or points with parallel status as control elementsin actual application. However, more often than not, it
they have some shortcomings that the properties ofrequires knot insertion even to achieve even simple
their control means are unitary. We think the unitary effect. Using a perspective function transformation of
property is one of the reasons why their controllability arbitrary origin O Sanches-Reyes developed another way
is unideal and deformation effects are stiff. Recently called a simple technique for NURBS shape modification
another rather better improvement of FFD has been[28]. User input for the modification amounts only to
published [31]. Unlike above methods, axial deformation choosing origin O and displacing a control point along
[11] takes a curve as control means. The method is goodhe radial direction through O. As the technique depends
to generate deformation such as stretching, scaling,on surface equation, it is fit for carrying on global
bending, twisting and so on. However, as its degree of modification. The literatures [32, 29] also put forward
freedom for control is limited, so is the effect of the two methods of shape modification.

deformation. It would be not easy to yield an arbitrary

shaped bump by AxDf, for instance. Wires [12], a 3. Extension Function and Its Properties
generalization of AxDf, can be used in creating wrinkled

surface and stitching geometry together. Literature [13] Definition 1 Let C: ¢ (u, v)=0 be a simple closed
presented an approach with the degree of freedomcurve in (i, v) planethe functiog(u, v) be continuous
between FED’s and AxDf's of which the control tools and have continuous partial derivatives with n-1-order
are two parametric surfaces. Moreover, without any over the curve. Once again l8t{(u, v)|¢(u, v)= 0}
auxiliary tool, space deformation technique [15] uses represent a region enclosed by the curve. Then the
specified points and displacements corresponding toComposite function

them (called constraint) to control the deformation. And E h(p(uY)"
expectant shape can be achieved by choosing the E(uV)=E(uvhn=ge  — ¢uv<0
solution satisfying the constraint. Whereas as the shape U1 #(u,v)>0

of deformation around a constraint point depends on so- 0
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is called extension function, where positive integer2
real numbeh&R. And curveC is called bound curve,
n index andU support region.

Extension function has following properties:

2—E(;% 0, O<i=k+lk l<n1

3) E(u,v) possesses extremal case similagfa,v)
in the support region.

1) E(uVc=1.

4. Mathematical Model of Deformation

4.1. The deformation using arbitrary point O' as
its extension or contraction center
Let p(u, v)=(x(u, V), y(u, V), z(u,v))" be a C surface
defined on the domain2, where QCR% E;j(u, V)
=E(u, v, hj, n) extension functions whose the support
regions belong td2, wheren<r, i, j=1, 2, 3; and,,
I,, I3 unit vectors of linear independence.

E En €12(E1-1) 813(E13_1)E
Write D= %521( E,;-1) Ex 523(E23_1)E
Oe31(Ez—1) &3x(E3—-1) By O

called operator matrix and takg=+1, i |, then after
the deformation witHD' as its center and, I, |5 as its

extension or contraction directions, the deformed surface

ps(u, v) and the original ong(u, v) have following
relation:

Py(u, V) = F(u, V) (p(u,v)-0)+0, (u,v)0Q 1)

WhereF(U,V)—[I [ |3](| |2| )D((I2x|3)(|3x|1)(| XIZ))
[111,15] denotes mixed product andlgl;) is a matrix
constructed by the vectoks I, I3 in column form.

4.2. The geometric meaning of the deformation
technique
Set matrix A=(a;); <3, column vectorX=xl;+x,l,
+Xal3=(I11213) X,

whereX=(X; X, x3)T.

Again let =—=—(1,L,I)A((1,x15)(15x1,)(1;x1,))" , then

[|||3]

X= i | | ](I Aol 3) (@) g (12X ) (X1 ) (11 %1,)) (1411 X

=g (@) X1 ) 005"
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Especially,

1) whenA=l, &=¢;, i, ]=1,2,3.X= ZX,I, =X, due
to X's arbitrariness, k i.e., i=1

(2) holds;
2) whenA=D(u, v)=(dj)3~3, i.e., F(u, V), If we write

P(u,v)—O'=p,l;+p,l,+p5l5, (2) can be expressed as

Pd(u V) Z dl]pjll+o ZDZdu pj

ij=1
=(141,l3) D(p1p2p3)T+O'

From this formula we can easily find the geometric
meanings of the deformation defined by (1) is conducting
an affine transformation on the coordinatgs Gps)"
of the vectorP(u,Vv)-O' in affine coordinate system
[0,14,1,,15], at every pointP(u, v) on original surface
within support region2. And transform matrix is the
operator matriXD (u, v)

The displacement of the deformation satisiR¢g, v)
=Py(u, v)-P(u, v)

=[Pa(u,v)-O']-[P(u,v)-O']
=(I41513)D(P1P2p3) - (1l ls) | (PLp2ps) T
=(l1l2l5) (D-1) (p1p2p3)T
O
20
:(|1|2|3)(D—|)%325
[P0

4.3. The control means of the deformation model
Solving the problem of deformation not only lies in

giving out deformation method itself, but what is more
important is to bring forth some interactive control means
accompanying the method. Generally speaking, it is
hard for us to succeed only at one stroke, so we seldom
get the anticipated effects through manipulating only
once. In any case, shapes generated by computer system
are rarely immediately acceptable and subsequent
modifications are necessary, so when creating a method
of deformation we bestow some degree of freedom on
it, i.e., set up a number of parameters for shape control.
Then we adjust these parameters so that the result of
deformation approximates or reaches the anticipated
effects at last. Let's review existing means of deformation
and shape modification. Though they all have certain
degree of freedom and can carry out interactive control,
they can control deformation only to some extent
guantitatively. Often we get these under the condition
of losing those so that some side effects are yielded.
Thereupon, it is not easy to control the deformation
gualitatively. For example, in local deformation, using
the methods such as literatures [2-15, 19-21] it is not
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easy to keep the region beyond the deformation remain 1 T_
unaffected. And method in literature [27, 28, 29, 30, 21, [|1|2|3](|1|2|3)((|2X|3)(|3><|1)(|1><|z)) = )
20, 19] direct only to B-spline, NURBS surface. Even
for these surface controlling its deformation region also
requires degree elevation or knot insertion, which greatly
increases the computational costs. Besides shape control
for deformation in literature [3] needs moving the control
points of parallelepiped lattice while traditional shape
modification needs changing the vertex position of
control polygon or its weight factors, but it is not clear DS%ICZDICZLDW)ICZO
that which points or its weight factors are best ones to
be altered. whereO<k,Isn—-1,m=k+1,m=1,2,A,n—-1 3
Our method can control the region over which . .
deformation takes place exactly. In addition, with it we Loqkmg on the_ factors or the terms of (;) as matrix
can adjust the shape qualitatively. Its control parametersfunction and taking the mixed partial derivative of it
consist ofty, & (i+j; i,j=1,2,3),n and bound curve  With respect tai andv we get
C. In addition, extension or contraction cen@r and k

proof See sectiol.4

Theorem Through the deformation (1), the deformed
urface possesses n-1-order continuity on bound curve.
proof Write D(u,v)=D, {3"D/du‘V'}= D{", to
which p{” or (py){" is similar, then from the properties

of extension function it follows that

|
. . 1 ”
vectord;, I, |5 also can be used to control the deformation.  (pg)*"= Z qum(lll 2Ig)Dﬁ' )
They all have obvious geometric meaning. Cu@re i=0j=0 123
controls the deformation region, vectdss I, I; the L L) (LX) (1 XN T plket=i) 4
principal directionsh; the magnitude of deformation, (I (ax1)axl2) Pucy ey ()
&(i# ) certain symmetric effects, the continuity of Evaluating the two sides of (4) on cu@eand using

deformed surface on the bound curve @nd the center 3y and the lemma yields
of extension or contraction.
In process of deformation, we control deformation (pd)(k+l)| =pkh).,,
through the following means: Ko T
) whereO<k,Isn-1 andd<k+I<n-1 OED.
1) Changeh;. See Figure 4-12
2) Changeg;, which can create some symmetrical 35 The continuous transition of deformation
effect, . over the intersection of two support regions
3) Changen, which can alter the sooth degree of the | et p; be operator matrix corresponding to support
increasingn can make the deformed surface press \yherei=1, 2.
close to the original surface near the bound curve. |t U, | U, @, then the equation of transition surface

See Figure 2,3 and 9. ~ for deformation over it is
4) Change bound curve, which can alter the region

over that the deformation takes place. See Figure |5d(u,v):ﬁ(|1|2|3)D1D2((|2><|3)(|3><|1)(|1><|2))T
1'2'3

3-4.
5) Changdy, I,, |5. See Figure 15-16. (p(u,V)-0)+0'(u,VOU,IU, (5)
6) Change the position vect@ See Figure 10 and

Figure 14. The deformed surface possessgd -order and,-1-

order continuity respectively oG, and C, segment of

Remark 4.1: Theoretically we can choose any curve C,YC,, whereC,YC, denotesU,lU,'s boundary. See
like those described in the definition 1 as bound curve, Figure 13, 22, 23.
But in actual application if we do so the infinite In fact, taking the mixed partial derivative of (5) with
information of that kind of bound curve will make the respect tal andv we obtain
interactive manipulation difficult. We must change infinite
information into finite one. For example if we adopt circle ()l = ! cici 1
as bound curve, we can easily control the deformation by P&k IZOZO TN
adjusting only three parameters instead of whole curve. ==

((1x15)(15x1 ) (1 x1,)) Pl
4.4, The smooth degee of deformed surface on i .
bound curve - PCdCici —=
Lemma If Iy, 1,1; are unit vectors of linear i;)j;pzoqzoc' < C'Ck[lllzlg]
independence,l{l,13) is a matrix constructed by the o T N
vectorsly, I, |5 in their column form and is a 3-order (D) PLOx15)(13x1) (1:%1,)) i)
unit matrixthen it follows that (6

k
(|1|2|3)(D1D2)i(,'+])

(2l (DG
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Moreover, from the properties of extension function
we get

0 - —
(DZ) (()0) |(C1Y C,)IC, ™ D2|(C1Y C)IC, ™ I(D 2) gt)|(cly C,)IC,

=0,1<r=s+ts,t<n—1

Substituting it into (6) yields
kI A
(ﬁd)ﬁl“'ﬂ(clvcz)lcf_zzC.’ck[l (A (P
1=0j=0

((12x13)(I3x1) (11 x15)) p§E+.') (F)

=(pg) (+" |(C1YC2)|C2 , O<k+lkl<n,—-1

)IC,

In a similar way we have

B cveye, =P e yeyc, » Osk+Lklsn,~1

Generally, letD; be operator matrix corresponding to
support regiondJ; enclosed byCmi, n; corresponding
index of D;, wherei=1,2, ; m. IfiI:1 Ui+ @ then the
equation of transition surface for deformation over it is

ﬁd(u,v):ﬁ(lllzls)g Di((1x15) (15 x1) (13 x1,))"

(p(u,)-0)+O'(u YT U

which hasnI 1-order continuity respectlvely ok
segment on C, ,  where=1,2, ;m andi\:(1C denotes
the boundary ofl Ui. Then a uniform equation of
deformation can be written as

ﬁd(u,v):ﬁ(lllzls)g DE((1x13) (151 ) (1,x1,)"

(p(u,v)—0")+0',(u, V) Di]:lugs

where KZO or 1, Di0:|, Dil:Di, UiOZQ-Ui, Uil:Ui,
m
and obviously Y (I US)=Q.
(kkAK) “i=1

Remark 4.2: If we want to adopt different principal
directions over different support regions, the deformation
should be carried out in turn. Here the deformation can
be formulated in a recurrence form according to certain
sequence.

4.6. The deformation of extension or contraction
along radial direction with O' as center

pd(u! V) = (p(U, V)_Ol)E+Oli (U, V) oQ

Space Deformation of Parametric Surface Based on Extension Func@ién

Generally, withO, as centerg; as extension function
defined over the same or disjoint support regions the
deformation equation is

Py(U, V) = i(Ei—l)(p(U,V)—Oi)+|0(U,V), (uvQ
i=1

4.7. The deformation of extension or contraction
along a vector field
Let p(u,v)=(x(u,v), y(u,v), z(u,v))" be a Csurface
defined on the domai2, where QC R E;(u,v)
=E(u,v, hj,n) extension functions whose the support
regions belong taQ, wheren<r, i, j=1,2,3; and
s(u,v) a unit vectors field.

11_1 E12_l E13_15
SetD=[E, -1 E,~1 E,-10, then the deformed
0
(Fs—1 Ep-1 Eg-10

surface pg(u,v) and the original oney(u,v) have
following relation

pd(u! V) = p(U, V) +DS(U, V)(U, V) 0Q

Similar to the section 4.1, now the control parameters
involve indexn, curveC andh;. In order to achieve
some special effect such as symmetry, we can still
multiply the elements of the matri® by “-1" and
increase the control flexibility.

In following special situations, we take;=h,,=hs,
hij :0, i+ J .

1) Whens(u,V) is a constant vector, the deformation

is extension or contraction along a fixed direction.
2) Whens(u,v) is a tangent vector field of a surface,
the deformation is extension or contraction along
a tangent line at every points.

3) Whens(u,V) is a normal vector field of a surface,
the deformation is extension or contraction along
a normal line at every points.

4.8. Major thought of the deformation

Motivated by the mould principle of foundry and
manufacture industry, in this paper, we develop a new
deformation model based on so-called extension function.
The extension function and the operator matrix made
of it correspond to mould. Adjusting every control
parameter corresponds to changing the shape of the
mould to achieve object expected. The operator matrix's
acting on surface corresponds to extrusion or pouring.
Its mathematical essentiality is that within certain range
the coordinate space contracts or extends along certain
directions with a certain point as its center while the
magnitude of contraction and extension are variant
depending on extension functions. If we adopt different
extension functions in different direction, we can obtain
rich deformation results. And coordinates beyond the
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range remain to be unchangeable. Compared withdeformed surface by taking a circle as bound curve, the
existing methods, the thought is simple can easily be point O' =(0, 0, 2.2) as the center of contraction, 3 as
understood by user without advanced mathematicalthe index and;=h,,=h33<0. With 4 as the index and
foundation. other control parameters similar to Fig. 2, Fig. 3 shows
how the index influences the effect of the deformation.
5. Experimental Results Figs. 4-12 reveal how the change hgf, h,, and hy;
affects the effect of the deformation, wi  =(0, 0, 0)
For the sake of simplicity, we only apply our method as the center of contraction. Fig. 13 displays a deformation
to a biquadratic Bézier surface and a plane to demonstratevith two intersecting support regions. Comparing with
it mainly in orthogonal coordinate system. We also Fig. 10, Fig. 14 has the same control parameters with
adapt circle, ellipse and so on as the bound curve ofFig. 10 butO' =(0, 0, 1.5). Figs. 15-16 display the
deformation and letyy=0 (+ j). Fig. 1 shows an difference of deformation due to taking respectivgly
undeformed biquadratic Bézier surface with control points =(1/./3,1/./3,1/./3), 1,=(-V/./3-1./31V./3), mean
(-4, -4, 2), (0, -5, 2.5), (4, -4, 2), (-4, 0, 2.5), (0, 1, 4.5),
(4, 0, 2.5), (-4, 4, 2), (0, 5, 2), (4, 4, 2). Fig. 2 is the

Fig. 1. Theoriginal surface. Fig. 5. The deformation wittz3>0, hy1=h,,<0.

Fig. 2. The indexn=3, hy;=h,,=hg3<0. Fig. 6. The deformation witli;1<0, hyy, has>0.

Fig. 3. The indexn=4, h;;=h,,=hz:<0. Fig. 7. The deformation witlt, ;, hg>0, hy,<O.

Fig. 4. The deformation witf;3<0, hy;=h,,<0. Fig. 8. The deformation witln;3<0, h;3;=hy,>0.
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v $

Fig. 9. The centeof bound circle is (3/4, 3/4) with radius 1/18. Fig. 14. The deformation witl®'=(0, 0, 1.5).

< @

Fig. 10. The deformation witi®'=(0, 0, 0). Fig. 15. The deformation withs=(-1/1/3, -14/3 , 14/3 )l;=

(1,0,0),,=(0, 1, 0).

Fig. 11. The deformation withny s, hy,, h3s>0, andhgs<<h,,=hy,.

Fig. 16. The deformation withs=(-1//3 , -14/3 , 14/3 )1;=
(1,0,0),,=(0, 1, 0).

>

Fig. 17. The deformation withhys>0, h;;=h,,=0, and boud

Fig. 12. The deformation wittn;;, hs3<0, hy»>0.
curve 1-costi(u?+v?)/4)=0.

-

Fig. 13. Thecenters ofwo boundcircles are respectively (3/4, 1
2), (1/2, 3/4).

Fig. 18. The deformation withhy;s>0, h;;=h,,=0, and boud
curve 1+cos1i(u-v))=0.

while keepingl,=(1,0,0) and,=(0, 1,0). Fig. 17 shows bound curve as 1-cost(u*+v?)/4)=0. In actual ap-
that we can create a ring-like shape if we choose suchplication, we can choose unclosed curve as bound curve.
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Fig. 19. The deformation withhs:>0, h;;=h,,=0, and boud
curve 1-costi(u?-v?)/2)=0.

Fig. 20. The deformation wittny3>0, h;=hy,=0, bound curve 1-
cos (A?+v))=0 and a special support region.

Fig. 21. The deformation withhss>0, hy1=hy,=0 and bourd
curve 1-cos (B(U?/3+V?/5)=0.

Fig. 22. The deformation with bound curte-cos i(u+v)/3)=0.

Fig. 23. The deformation with five intersecting support regions,
three positivéiz; and two negativeass, all hy;, hy, being zero, ah

hss by exp ((-4-v?)/2)). Figs. 19-20 displays that we can
use unclosed curve (1-cos2?+v))=0, 1+cos f(u*-
v?)/2)=0) as bound curve for some particular purpose.
Fig. 21 tells that we can simulate ripple if we use the
curve 1-cos (B(U¥3+Vv?5))=0 as bound curve and
multiply hg; by the factor exp (%v?). Fig. 22 is achieved

by taking 1+costf(u+Vv)/3)=0 as bound curve. Fig. 23
shows that our method can generates a complex shape
as “multi-peak surface” and once again demonstrates
the continuous transition of the deformation over the
intersection of several support regions (the smooth degree
on every bounding curve can be adjusted by changing
its corresponding index).

Remark 5.1 In certain special case, self-intersection
may take place. For example, in the deformation
illustrated by Fig. 5 if we increas$g;, h,, too much the
deformed surface might intersects itself.

6. Comparison with Existing Methods

According to Barr's way [1] the deformation of surface
is conducted mainly through following steps. First,
convert the surface into a vector field by differentiating
it. Then transform the vector field into another one
according to a certain transformation rule for tangent
vector. Finally integrate the new tangent vectors field to
obtain the new position vectors equation of deformed
surface. Obviously, by the method the deformation
achieves figuration at one stroke. It is short of means
for interactive control and not easy to generate arbitrary
shape. The major reason for this lies in that we cant
foreknow the relation between the transformation matrix
and the shape of new surface. Moreover, in complex
case quadrature itself is not easy. However, our method
need not first differentiate the surface and then integrate.
In addition, it has good controllability. As regards the
techniques [3, 4], there are two troubled things. First,
embed the object into lattices (convert the coordinates
of object into the ones relative to the lattices) after the
control points are determined according to the defor-
mation region of the object. Then adjust the position of
the control points concerned to deform the lattices such
that the deformation of the lattices is passed to the
inner object (i.e., compute the new global coordinates
of object points in the deformed lattices corresponding
to the same ones relative to the lattices). Thus an arbitrary
shape is created. However, in those methods calculation
concerned is completed with Bernstein or NURBS
polynomial. Though the computation can be carried out
through transforming the polynomial into the ones with
power basis, the amount of computation is still very large.

all indexes being 3 and five circles respectively being bound curves. Moreover, in order to get an arbitrary shape, generally

a lot of control points must be chosen, which induces
new trouble. For example, people always can not make

For example, Fig. 18 is the deformed plane through sure which control points should be moved. Even if

using 1+costf(u-v))=0 as bound curve and Hiplying

they know to move which ones, the last effect of
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deformation is difficult to predicate. Especially in actual sure the undeformed region remain unaffected.
application overmany points result in screen clutter, 2) Used it in local deformation, the smooth degree of
which is disadvantageous to manipulation. Compared surface on bound curve can be chosen artificially.

with FFD, RFFD [7] endows every control point with a  3) Due to its simple mathematical background, user
weight factor so as to increase degree of freedom for without advanced mathematical knowledge can
deformation. The change of the effect of deformation operate it.

induced by adjusting the weight factors is difficult to  4) It combines shape modification and deformation.
predicate too, which greatly limits the use of the 5) Applied over different regions continuously or
technique by the common user not knowing spline theory. simultaneously it can create rich effect of defor-
And the implementation of AXDf [11] must adopt a mation.

curve as the axis on which a local frame field (axial . ) ,
coordinate systems) is defined and convert their local Ve think further research should aims at constructing
coordinates into the ones of axial coordinate system. ThenP€tter extension function, locating the bound curve,
the shape of the axis is changed with traditional curve- Puilding a database of extension function and analyzing
editing techniques while the coordinates of object points the geometric information included in the deformed
relative to axial coordinate system keeps unchangeableSurface of the original surface. As for the situation of
Lastly, the global coordinates of object points are SPace curve, we discuss through other articles.
computed. However the effect of deformation made by
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