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Abstract—This work will show an approach for multitouch called fiducials. Touch based systems are common currently,
sketch-based modeling system development. This kind of sys- such as touchscreen monitor, tablet, iphone, etc. In pertab
tem uses a natural interface. Commonly we use windows- yayices touch interfaces are necessary. For example, the
based systems. Natural interface is another paradigm in man- . . . . .
machine interaction. The use of the multi touches lets to include |ph.one mob|Ie.has many options of tools that al_'e impossible
functionality in this system, that in windows-based systems, t0 implement in another cellphone. Gestures is one of the
are more complicated to implements and is not intuitive for ~ most important elements to interact with any system. They
the users. Some of this new possibility have been attacked in can be used to generate event, create input and manipulate

this work. We will show the possibility of the creation and a5 For this, it is necessary to define a set of gestures and
manipulation of the shape of a curve based on multitouch. For . . . .
associate them with functionalities.

this, we will show how to transform a sketch , done by the user .
through a touch, in a b-spline curve and how to manipulate There are many systems of sketch-based modeling based

the shape of the curve, based on change of the position of a on paradigm WIMP. But this is not always intuitive interface

set of paints, in this one, chosen with fingers. An important  for man-machine interaction. Mouse and keyboards are more

element to do interaction in this systems is gesture. The sketch difficult in activities like drawing, playing music, playin

of curve is done by gesture, as well, the deformation of curve . . . .

and transformation of the coordinated systems. To do it, it is games, handling gra_phlcs Obl_eCtS' e_tc. Naturgl interface

necessary to recognize a touch and associate it with a gesture. Systems are another important interaction paradigm tfeat ar
better used in cited cases. These systems are more than

Keywords-Sketch-based Modeling; Natural Interfaces; Mul- & hardware able to capture touches, voices, moves, etc.

titouch System; B-spline curves. The focus on software development has to be intuitive and
natural.
|. INTRODUCTION Because of this, developing this software is different. So

This work will approach the aspects of the developmenit is necessary to pay attention to details and not imitate
of a graphic system to sketch-based modeling using a naturlkehaviors commonly done in softwares which use a window
interface to man-machine interaction. We fit a curve basedystem, when it can cause a loss of naturalness in the use
on a sampling done in a sketch drawn by the user. The sketabf the system. Some aspects, that are different in this type
is done on a touch sensible table. of gesture based system, will be shown in this paper. First

A typical interaction between man and computer is dondt will be shown a method to create and manipulate a curve,
by keyboards and mouse, on windows based system. Thizased in touches; and after, it will be discussed aspect# abo
paradigm is called WIMP (Window, Icon, Menu, Pointer). architecture of these systems.

These systems are based on selecting operations from menusModeling an object with a sketch is a powerful tool for
and floating pallettes, entering parameters in dialog hoxeslesigns. In many situations it is useful to make a first sketch
A natural interface is a mode which the user interacts withof an object. With this drawing, it is possible to convey
a system through gestures, natural in its life. Currentireh the essence of an object. Depending of the artist skill, has
are many types of natural interface, as gesture based systendrawing with high wealth of details made only with sketch.
We work in a specific platform of gesture based systems: th&he approach to sketch, done in this work, is: the user draw
multitouch systems. a sketch with fingers (or a specific pen) in a multitouch

This work shows a method to fit a curve based on asensible interface; this trace is sampled; this set of pamt
sketch in a multitouch system. The user interacts with thditted by a b-spline curve. After modeling, the shape of this
computer by touch, gestures and also by tangible objectsurve can be modified.



Commonly in systems, that uses curves as b-splines, the@as done and redo), or to do a fitting of the sketch for some
modeling is done determining a set of points that are apkind of curve, more convenient (commonly some kind of
proximated to generate the curve. After drawing, is possibl spline curve, that will be show later). Thus, although achket
to deform it changing the position, or some other featurejs good for the user to draw a curve, is bad for manipulate the
of control points. Another approach, more intuitive, is to shape of one. Furthermore, in many curve modeling systems,
deform a curve when the user chooses a point in this antb draw a curve, is necessary the user defines the position of
move it. Our approach to modeling is to combine these twaa set of points (called control points), that the curve oladi
techniques to unite the power of to draw a curve, of anwill be an approximation of these.
intuitive mode, and after to deform properly pieces of the An approach more intuitive is the showed in [7], [8].
curve. In two process the action is done based on gesturek this, the user does a sketch that is sampled and then
Because of this is possible to draw two curves and to defornapproximated by a spline. However, the deformation hals stil
several points of a curve simultaneously, as shown in Figuréeen done through to change the position of control points.
1. This approach is because we believe that it is a naturahnother proposal, more intuitive to manipulate the shape of
form for modeling curves. curve, is showed in [9]. In this, the user freely choses a

point in a curve and conveniently manipulates the geometry

of this one.
In a multitouch sketch-based system, one of the most im-
|]:> portant elements to data input and manipulation are gesture
In this systems, it is necessary to define a set of gestures

that will be used. For each, should be created a method to
recognize a trace done in interface sensible to touch, and

links it to the gesture. A related work is [10].
/\\\Z /k? |]:"> /\z,? I1l. M ULTITOUCH SYSTEM
This work covers the construction and deformation of

curves. In many models of building of three-dimensional

objects (which boundary is modeled by surfaces of dimen-

sion two) the primitives are based in curves. There are also

some deformation of surfaces systems based on curves on
This work is organized following sections: Multitouch the boundary of object.

system, that shows the architecture of the system and of

Initial Curve Final Curve

Figure 1. (a) Manipulation of one point; (b) Manipulationsgveral points.

the application developed in this work, approaching the multitouch input A,
links between gesture recognitions, curve modeling anc v /“7 tangible objects
manipulations. A section showing curve modeling. And \‘QI\ — A

§ s S [ |

another section approaching Curve Manipulation.

Il. RELATED WORKS AND CONTRIBUTIONS
Currently some works have used resource of sketch ti

draw a curve, in a interface sensible to touch, as base t Il-t'D'q

generation of a 3D objects. We may cite [1], [2], [3]. Three - T B
. TUIO Client TUIO Tracker
related works about gesture based systems are [4], [5], [6 Application Application
In this work, we were focused on the modeling and
manipulation of curves, because we believe that, from a
good tool for generation of curves, it is possible improve
the obtaining of volumetric objects. Moreover, with the
advent of the touch sensitive interfaces, we intend explore The general multitouch systems architecture is shown
the user capability of to do simultaneous traces to generate Figure 2. In the system developed by us, the TUIO
and manipulate curves. We believe that it is more intuitive,Tracker is the ReactiVision [11], a computer vision frame-
and therefore more easy to use and to achieve better awdbrk to capture information from the iTable, as Figure
faster results. 3, a multitouch table constructed on IMPA (Instituto de
The most direct way to trace a curve is through a drawMatematica Pura e Aplicada), based on the ReacTable [12];
This approach has some difficulties. Or the system save thend the TUIO Client is the application developed by us
draw done by the user as a image (then, to modify thausing the pyMt (a toolkit to develop a multitouch system
geometry of the curve is necessary to delete a piece of whatith Python Programming Language). The communication

Figure 2. Architecture of System



between the ReactiVision and de PyMt is done by TUIOor in a structure of hypotheses whenever each category of
Protocol, a TCP protocol. When a event is created in iTabletrace occurs.

the ReactVision sends messages that are handled by theln this work, we will classify Complete Gestures into three
application developed by us. The pyMt listens a specific doosubcategories: simple, parallel and linked. Simple Gestur
waiting for messages, sent by ReactiVision, and generatesre based in just one touch; Parallel Gestures occurs when

some events. This event generation occurs when: two or more touches are done simultaneously; and, Linked
« The user places a finger on the iTable (the applicatiof>estures are a sequence of Simple Gestures (one after the
receives the initial position of the touch). other). Simple and Parallel Gestures have been sub-ctaksifi

. The finger is moved (the application receives a set of2S directional, opened shapes and closed shapes.

points that make up a polygon that represents the path Directional Gestures are rectilineal touches (almost rec-
of the touch). tilinear) which can be classified based on some directions

oof Compass Rose as east, northeast, north, northwest, west,

tion receives the last position of touch) southw:_a_st, squth_and sogtheast (where north and east are
When th . ; fiducial the iTable (th the positive direction of axis x and y of coordinates systems

* en the user inserts a fiducial on the iTable ( €of touches interfaces, respectively). From a sampling ef th

application receives the position and the angle, for th(?ouch, for each point is calculated the "derivative” of the

guidance of the table, of fiducial) curve and it is associated to an angle, defining a touch angles
« When the user move or rotate the fiducial (the applicastogram.
tion receives the new position and angle of fiducial).  others touch shapes are analyzed similarly. For example,

« When the fiducial is removed of table (the applicationthe angles histogram of an Opened Shape in wave shape has

receives the last position of the fiducial). a peak around of 90 and 270 degrees. A Closed Shape (when

These are basic events, base to generate other eventise initial point is around of the last), can be classified by
These new events can be associated with the fiducial a circle, or rectangles or triangle, etc. In case of cirdhe, t
the gestures. The fiducials are recognized by ReactiVisiorhistogram of angle is almost uniformly distributed. In case
The application links the fiducial to an event associated. Burectangles, the accumulation of the angles are close te thos
gestures is more complex. Initially it is necessary to defineangles of 0, 90, 180 and 270 degrees. Similar approaches
a set of pattern to gestures and, for each, create a methadn be used to define other gestures pattern. A same discuss
to recognize the respective touch. is showed in [10].

Modifiers Gestures can be used to do operation, in system
coordinates of scene, as scale, rotation and translation; o
to manipulate the shape of element drawn. The operations
of coordinates system transform are based, in our system,
in two touches. In each interaction, we have the vector of
difference of position of the two fingers. So in the next
iteraction, it is possible to verify the translation giveg b
the difference of the current and initial vector between the
postion of the fingerqtl,¢2); the rotation given by the
angled between this vectors; and the scale given by ratio
between the size of this vectors.

Tl s(zcost — ysenb + t1)
y | | s(xsenb + ycosd + t3)

The gestures recognition is the central module of the
application architecture. It defines if the touch will ceat

In this work, we define two approaches for gesturesa curve (so it calls the modeling module), it will manipulate
recognition in natural systems. The first one is, when thea created curve (so it calls the deform module) or it will
touch is completed, it is associated to a gesture (we call agansform the coordinate system (so it calls the transform
Complete Gestures). Other one is: the gesture (associateiodule). These elements compose the architecture of the
to a touch) manipulates, interactively, a data in systene. Wapplication shown in figure (4).
consider the first approach to generate events such selectio As stated, in our application, to draw a curve, the user do
deletion, inclusion, division, union, painting, etc. Anldet a sketch; this is sampled; and these points are fitting by a
second one, alters the coordinated systems of the drawirgrspline curve. This is done in the modeling module. The
(we call as Modifiers Gestures). The difference of contextprocedure to fit a set of control points will be shown in the
can be doing, for example, based on states, or using fiducial€urve Modeling section.

« When the user take fingers off the iTable (the applica

Figure 3. iTable



MODELING MANIPULATE A b-spline curve is a piecewise polynomial, of degree

Sketch | [Fitting] | [TRANSFORM][DEFORM| k — 1 generated by:(t) = Y .,, PNF(t), where P =
e ¢ [Py, P, ..., P,] is the vector of control points aniV’(t) is
= T Y RECOGNITION the b-spline function, of ordek and degreé: — 1, defined

by Cox-Boor Algorithm:

~ o | ToUCH

B S 1y [ Lm <t <ag
Ni(t) = { 0, otherwise

Figure 4. Architecture of Application
— k—
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ere are several sketch based modeling systems, in- .

; : ; g sy rJl'he vectorX = [z, x1, ..., T, 1] IS called Vector of Nodes,
cluding systems of interaction by touch. But in my best ) P

sucessive nodes satisfying < z;; and the parameter

knowledge, there are not a system that uses manipulation

. L . _varies fromt,,,;n, t0 t,qz. It iS common, in each patch, this
form of the curve with several restriction in several paints men mar P
arameter varies between 0 and 1.

This procedure is good in systems to sketch based modelin% If the chosen base is periodic, the variation of the nodes

in a multitouch system takes th ibility of ; .
a muftitouch system, because axes he poss bility o US|es constant. In this case the Cox-Boor Algorithm can be
several fingers to draw and manipulate the curve. With a

mouse, it is more difficult to manipulate several points atlrﬁgaeessuné?gcl;ﬁ: ?:g'pr::(;tt'%? :fbjasnri?]t:)c(:’ulrr\leeiz(:heﬁ:trgt]é d
once. The theory for it will be shown in Curve Manipulation ' 9 P 9

section, and the routine for it, is done, in our application, y:
on deform module.

NE(t) =

K2

IV. CURVE MODELING P,
. . c(t) = [Ng(t) Ni@®) Ni(t) Ng@®)]|p | (D
In this paper, a curve is created based on a sketch done 2
by the user. We sampled the sketch and interpret the result P
as control points of a b-spline curve. Based on these pointger ¢ < [0, 1]. In this case the matrix
we use b-spline fitting to aproximate the sketch.
Splines are piecewise polynomial curves generated by N(t)= [Ng(t) Ni(t) Ny(t) Ni(t)] 2
interpolating a set of point. In 1983, Pavlidis [13] used .5, pe decomposed as:
mechanical elasticity theory to show that cubic splines are

piecewise equivalent to cubic polynomial curve. Hence, cu- -1 3 =31
bic splines are’J? continuous. Two spline curves commonly Nty =[f © t 1] 3 -6 3 0 3)
used for modeling curves areéBier and B-Spline. These -3 0 3 0
primitives were widely studied. Curve fitting was studied L4 1 0

by Reinsch [14] and Grossman [15]. Yamagushi [16], Wu  To model a curve, just define the position of a set of con-
etall [17] and Chong [18] described b-spline curves; Boehmyo| points and interpolate them with a b-spline. Although,
et al [19] and Davis [20] described how to usezier curves  the curve generated usually has not a desired shape. In this
to modeling curves. Some works that talk about curve fittingcase, it is necessary to manipulate the geometry of this

using Bezier curves is Schneider [7] and Frisken [8]. object. This theme will be approached in next sections.
Casteljau and Bzier developed a method to describe
graphic objects such as cars, engines, airplanes, ship, etc V. MANIPULATION OF CURVES

The method created by them was used in CAD systems in In a uniform b-splines curve (the degree do not change
Renault (in 1959) and in Citém (in 1962). In this paper, the in all curve), in order to modify its shape, it is sufficient
curve fitting method used was the b-spline. The term splingust modify the control points position. However, this isno
comes from drafting jargon. It means drawing a smoothintuitive. Because of this, a better technique is to choose
curve through a set of points. a point in the curve and set a new position for it. Then,
The B-Spline theory was suggested by Schoenberg, ijust calculate the new positions of the control points of the
1946. A recursive definition, used by numerical methodssegment that contains the chosen point. This is an inverse
was independently shown by M. Cox, in 1971, and by C.problem, based in equation (1). This discuss will be better
Boor, in 1972; W. Gordon and W. Riesefeld, in 1973, appliedin subsections of this section.
this base for generation of curve. A better discuss of histor We will consider, in this section, a curve of degrke
and of the theory about b-spline is shown in [21], [22].  Although the effect of changing the position of one control
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Figure 5. Free form manipulation Figure 6. Manipulation of constraints: The center curvehis briginal;

the left curve is the manipulation of position keeping thet fitsrivative;
the right curve is the manipulation of position and secondvegve

point is local, this change modifi@é segments. Then, when

to modify k + 1 control points, to change the position of Matrix form, similar equation (5), is:

one point in a segment of a b-spline curve of degkee o o o -1 o

will be modified 2k + 1 successive segments 6egments ~ AP = [N(t)(J)]T(N(t)(j)(N(t)(J))T> [Ac())D] (6)

to left, the segment that contain the point modified and ] . .

more k segments to right). A possible solution to control FOr j = 0, the equation (6) is equal to the equation (1).
the variation of the curve is to restrict features of several Recalculating the position of control points by equation
points. This will be discussed in subsection Manipulation(6)’ for any va_Iue Oﬁ, we do not guarantee nothing about th_e
of several points. In this paper, we quickly show the resulf€atures relationship to other values. For example, cmangi
defined by [9] about Manipulation of One Point, but we will the second derivative vectoy (= 2) of one point, it can
extend the results to the case of manipulation of the pasitio Modify its tangent { = 1) and / or its position { = 0). In

of several points. this way, it is possible to modify a curve with more than
one restriction. For example, the next equation, similar as
A. Manipulation of One Point equation (1), shows how to modify the vector of second

. . . ) ) . derivatives keeping its position and tangent.
In B-spline cubic and periodic curves this manipulation

can be done recalculating the position of the control points 0 N (t:)(?))
of the segment that contains the chosen pait For this, 0 N N(@H)M) | [P]
it is necessary to choose the paramétewherep = c({), ()@ N($)®)

of the point. The variation of the position of each control g varying ¢())®, and caling B = N(@N(H)T this
point of the segment containingis obtained based on the ’ ’

L ; . equation is:
variation of this point:
0
APy i Ny (t) AP = det(B)"'N(f)Tadj(B) | 0 @)
AP | Ac(t) Ni@ @) c(f)@
=g
AP, D im0 NiH(#)? N24(t~) Other combination of variations are analogous. In any
AP Ni(t)

case of the constraints (refers position, first and second
The manipulation done in last paragraph is knowrFese ~ derivatives) onto a point the matrixv is LI (Linearly
Direct Manipulation The Figure 5. The equation (4) derives Independent). So the MLM ensures the solution to equation
of the equation (1) by method of Minimum-Length Method (5)-

(MLM), done in [9]. This equation can be represented ing Manipulation of Several Points

matrix form as: - S L
Similarly to have several restriction into a point simulta-

[AP] = N(t)T(N(t)N({)T)*l[Ac(g)] (5) neously, it is possible to impose one restriction for sdvera
points simultaneously. The manipulated points do not need
Other types of manipulations can be obtained with restricto be in unique segment. Taken two points, these can be
tion in the first and second derivatives, besides the positio  classified as local, adjacent and nonadjacent, in respect to
curve. We will refer to the variation of position asc(£)(?),  their segments, using the conceptdi$tance We will say
the variation of first derivative adc(#)(") and the variation that the distance of two points is the quantity of patches
of second derivative ad\¢(f)(?). We can vary an attribute between they and we will denoted biistance(Py, P).
keeping invariant others, as shown in Figure 6. Another concept that we will introduce isrder. We will
To manipulate features relationship with first and thesay that the set of pointgt,), ..., c(t,) is ordered if: taken
second derivative, of a b-spline curve, it is necessaryke ta a injector parameterizatiop : I — R"™ of the curve such
the derivatives ofN(¢) in equation (1). So the result, in thaty(t;) = c(t1),...,¢(tn) = c(t,) thenty < --- < 1,.



same segment. We can say that was chdsgn+ 1 points

in a segment, thig points determineg rows in someBn.

We can completeB with k& + 1 — [ similar rows, but with
diferent parameters; in this case the matrix obtained is a
Vandermonde Matrix, so this is LI, and the@ows vectors is

a subset of a LI set, then LI. As each block is IN,is LI.

So is possible use the MLM method to solve the equation

[NJ[AP] = [Ad] 8)

It is similar to equation (5), but in this the matrig/
has n rows and distance(P1,Pn) + 4 columns. The
ij-th elements N;[t;] is zero if j<distance(P;,P;) or

Figure 7. Manipulation of several pointgPi)},_, - are control points

44444

and {c(tj)},_, ¢ are points chosen in a curve. The green trace arej>distance(Py, P;) + 4, as the example. The solution for
delimiters of paiches equation (8) is sufficient to manipulate the curve. Proving
the theoremO

When satisfied the assumptions of Theorem 1, we can

In Figure (7) we show a case of manipulation severaguarantee the solution to the problem of manipulation of
points in a curve. Six points are chosen in four adjacenth€ position of points by MLM. This method can only be
patches. In this section we will discuss about as define th#sed when the rows of the base matrix are LI. If the set of
position of a set of control point, when we move severalManipulated points not satisfy this theorem, we can insert
points in a curve. First we will present a example of thiscontrol points in segments, in such a way that does not
situation and show how to manipulate it. After it, this change the geometry of the curve, as shown in [23]. Thus,
example will be widespread. the new matrix of the base attends the assumptions of the

Each  {c(t;)}._,  satisfies the  equation theorem.

J=L... . . .
1. Then, is possible join these six matrix in The Theorem 1 include cases as the manipulation of two
one matrix equation [c] = [N][P], where: chosen points are independent. We will discuss when this
[c] _ [c(tl) c(ts) c(ts) c(ta) clts) c(t6)]T, occurs, in following theorem: _
Pl = [P1 P2 P3 P4 P5 PG P7]T and [N] is Theorem 2: Taken a uniform b-spline curve of degree
the matrix of base b-spline of each point. Note that bygiI ar;?r aofsea*Lt d.zlznirde;ﬁgqugt:f : {Q;é“s 'ljfﬁ}thlgt
Cox-Boor algorithm the bas#® (¢;) is equal to zero when P ! X pi Pi+1

varies out off the support of the function, ie, outside of thefégﬁa&cjaﬁ;ﬁ’;;;z ;?Oeae::: manipulation problem is
range determined by the respective nodes of control points . )
g y P P Indeed, if distance(p;,p;)>k then the set of control

of the segment that contains this point. Bec ]=0 ) ) .
9 P ange:| points of the segment that contaips does not interfere

if j<dist Py, P;) or j>dist Py, P 4. So, in ! -

thiéixﬁrﬁgg[ej(v]'l’ ) or j>distance(Pr, ) + in the segment that containg, because the set of control
' points of a segment affects onBk + 1 segments, as was

previously stated. Particularly, if all the manipulatedne

Ni[t1] No[ti]  Na[t]  Naft:] 0 0 0 do not interfere in its adjacents then they will not inteefer
0 0 Na[ta]  Nalts] Nst2]  Nelto] 0 in any other point, among of others i®. Hence, the
0 0 N3[ts]  Na[ts] Nslts] Ne[ts] 0 manipulation of all points ofP is independent, proving the
0 0 Na[ta] Nalta] Ns[ts] Nelta] O theorem.OI
0 0 Nslts]  Nalts] Nslts] Nolts] 0 Based on Theorem 2 we can divide a manipulate problem
0 0 0 Nyults] Nslts] Nslts] Nslte]

in several minor problems, when two adjacents points gatisf
We can generalize this example by the following theoremdistance(P;, P;+1)>k. This procedure is good to reduce the
Theorem 1: Taken™, ..., P, different ordered points in quantity of the calculus on MLM. Furthermore, the matrix
a curve of degreek, if any subsetP;, ..., Py, satisfies N, in this case, would have a high degree of sparse and may
j <= distance(P;, P;y;) + 3, the positions of these can cause numerical problems.
be manipulated by MLM. In section of Manipulation of One point we introduced the
The base matrix is a block matrix. Then, we can saypossibility of manipulate features relationship first aed-s
that N hasm block nonzeroBl, ..., Bm. Each block can ond derivatives. But the Theorem 1 talk about only position.
be decomposed as in the equation (3). The matrix of th@his occurs, because to use the MLM is necessary that the
potential parameters i&1. Indeed, as, by hypothesis, among rows of bases matrix are LI. If we manipulate, for example,
the n chosen points has not more thant+ 1 points in the the first derivative of four points in a same segment, the



decomposition done in (3) will have the last column equalsand defines a generic methods to solve the Hermite Birkoff
zero. So the rows are LD (Linearly Dependent), then we cannterpolate Problem.
not use the MLM.

There are some cases, than those already presented in VII. ConcLusioN
the theorem, that is possible to use the MLM. We can cite In this work, we show some aspects about to construct
if the user manipulate in two points, the position and the2 system, to modeling curve, based in a multitouch inter-
first derivative. In this case the base matrix will be LI, face. This systems are in other paradigm, with respecting
so is possible use the MLM. A proposal to solve someto WIMP systems. So, it is necessary to focus on the
pathological cases is to use the Least-Square Method (LSM§lifferences not to lose the advantages of a system with a
This result is an aproximated solutions. It is important paynatural interface.
attention in fact that it can show an unexpected result by There are some systems to modeling curves based on
user. Some of cases are: paradigm WIMP. But this systems is not intuitive. A better

« When the quantity of chosen points in a same patcﬁ:)roposal to modeling curves is use system based in a natural

exceeds the curve order. In this case, say that the Cur\)gterface. !n this system_s;, itis ppssuble cre_ate and m@ﬂp_u
has degreé: (so, orderk + 1) and takenn points in a curve with several points. It is more difficult to do it with

same patch witm>k+ 1. In this case N (t) € M (n x a Mouse. . . .
(k+1)). So, N(t) has more rows than column, ie, the Manipulate a curve with several points requires another

set of rows of N(t) is LD. Thus, is not possible use Ijheoric_:al C?Sroach, Witr_lrhr.esphecting to the mani(;)glati(r)]n
the Minimum-Length Method (MLM) to find the new one in systems. This theory was presented In this

position of the control points of a curve to pass for theseP2PEr: and it was gxtends of t.he theory showgd by [.9]' To
points, because this method assume as hypothesis th@[anlpulate curve with several fingers, possible in multtou
' ystems, enables a new, and intuitive, mode of generate

the matrix has rows LI. In this case, is possible use the® ) X
Least-Square Method (LSM) to obtain an approximatea‘:urves i sketch-based modeling systems.
solution (but this may generate an unexpected result ACKNOWLEDGMENT

by user). Other solution is insert control points in this
segments (increase the resolution of the curve) makin%
the system by Soluble MLM.

« When two equals points in curve are taken in different
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uthor of this paper, and the VISGRAF - IMPA, by providing
an environment for fruitful research.

points, c(t;) = c(ty) with t; = Lo, but Ac(t) # REFERENCES
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