Multitouch Sketch Based Modeling

Leandro M. Cruz, Luiz P. Velhd, Luiz A. Riverd
*Universidade Candido Mendes
Campos dos Goytacazes - RJ - Brasil
lcruz@impa.br
fInstituto de Matematica Pura e Aplicada
Rio de Janeiro - RJ - Brasil
Ivelho@impa.br
fUniversidade Estadual do Norte Fluminense
Campos dos Goytacazes - RJ - Brasil
rivera@uenf.br

Abstract—This work will show an approach for multitouch called fiducials. Touch based systems are common currently,
sketch-based modeling system development. Our system uses such as touchscreen monitor, tablet, iphone, etc. In plertab
natural interface as opposed to classical window-based ggsns. devices, touch interfaces are necessary. For example, the

Natural interfaces are another paradigm in man-machine . . . . .
interaction. The use of the multiple touches lets to include iphone mobile has many options of tools that are impossible

functionality in this system, that in windows-based systes, {0 implement in another cellphone. Gestures is one of the
are more complicated to implement and is not intuitive for ~ most important elements to interact with any system. They

the users. Some of this new possibilities have been attacked can be used to generate event, create input and manipulate

in 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 multiple toucte . ’ . . ..
associate them with functionalities.

For this purpose, we will show how to transform a sketch, .
done by the user through a touch, in a b-spline curve. We can There are many system of sketch-based modeling based
manipulate the shape of the curve, based on the change of the on WIMP paradigm. But this is not always intuitive interface

ItOO(SjitiC_mt of at_SEI _Oftﬁ_OintS \tNith fi_ngers.t An i_lr_TIDOftant, e|een;gnt for man-machine interaction. Mouse and keyboards are more
O do Interaction In this systems IS gesture. e users S I H it H : 7 i i

are interpreted to sketchyand defo?m curves or to trar?sform difficult in aCtIYItles like .drawm_g, playing music, pl_a)gm

the coordinate systems. Therefore, it is necessary to reaoige games, handling gra_ph|cs ObJ_eCtS’ e_tc. Naturgl interface
a touch and associate it with a gesture. systems are another important interaction paradigm tteat ar
better used in cited cases. These systems are more than
a hardware able to capture touches, voices, moves, etc.
The focus on software development has to be intuitive and
natural.

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 naturpkehaviors 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 sketaff 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 article.

A typical interaction between man and computer is done The system introduced in this article approaches some
by keyboards and mouse, on windows based system. Thispects of curve modeling, as CAD systems. However, our
paradigm is called WIMP (Window, Icon, Menu, Pointer). system was developed with a natural interface, enabling an
These systems are based on selecting operations from menngeraction with our system more intuitive than in clasbica
and floating pallettes, entering parameters in dialog hoxespplications. In this article, first it will be shown some
A natural interface is a mode which the user interacts witharchitecture aspects of this system, and after it will bexsho
a system through gestures, natural in its life. Currentyeh a method to create and manipulate curves, based in touches.
are many types of natural interface, as gesture based ssistem To model an object with a sketch is a powerful tool for
We work in a specific platform of gesture based systems: theesigns. In many situations, it is useful to make a first $ketc
multitouch systems. of an object. With this drawing, it is possible to convey

This work shows a method to fit a curve based on ahe essence of an object. Depending of the artist skill, it is
sketch in a multitouch system. The user interacts with thegossible to get a drawing with wealth of details only with
computer by touch, gestures and also by tangible objectsketch. From a sketch, created by the user with fingers, the

Keywords-Sketch-based Modeling; Natural Interface; Multi-
touch System; B-spline curves.

I. INTRODUCTION



curve fitting is done through a sampling in this trace. So, The most direct way to trace a curve is through a draw.
with this set of points is fitted by a b-spline curve. After This approach has some difficulties. Or the system save the
modeling, the shape of this curve can be modified. draw done by the user as a image (then, to modify the
Commonly in systems, that uses curves as b-splinegeometry of the curve is necessary to delete a piece of what
the modeling is done determining a set of points thatwas done and redo), or to do a fitting of the sketch for some
are approximated to generate the curve. After drawing, ikind of curve, more convenient (commonly some kind of
possible to deform it changing the position, or some othespline curve, that will be show later). Thus, although adket
feature, of control points. Another approach, more inteiti  is good for the user to draw a curve, is bad for manipulation
is to deform a curve when the user chooses a point andf the shape of one. Furthermore, in many curve modeling
move it. Our approach to modeling is to combine these twesystems, to draw a curve, is necessary the user defines the
techniques to unite the power of to draw a curve, of anposition of a set of points (called control points), that the
intuitive mode, and after to deform properly pieces of thecurve obtained will be an approximation of these.
curve. In two process the action is done based on gestures.An approach more intuitive is the showed in [7], [8].
Because of this, it is possible to draw two curves and tdn this, the user does a sketch that is sampled and then
deform several points of a curve simultaneously, as showapproximated by a spline. However, the deformation hds stil
in Figure 1. This approach is because we believe that it ibeen done through to change the position of control points.
a natural form for modeling curves. Another proposal, more intuitive to manipulate the shape of
curve, is showed in [9]. In this, the user freely choses a

point in a curve and conveniently manipulates the geometry
of this one.

I]Z> In a multitouch sketch-based system, one of the most im-
portant elements to data input and manipulation are gesture

In these systems, it is necessary to define a set of gestures
fnital Curve Final Curve 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].
’l: [1l. 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

This work is organized in following sections: Multitouch some deformation of surfaces systems based on curves on
system, that shows the architecture of the system and of tH&€e boundary of object.
application developed in this work, approaching the links

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

between gesture recognitions, curves modeling and manif multitouch input Ay

. . . . . . ] tangible objects
ulations; a section showing modeling curve; and anothe x }C}f o
section approach Curve Manipulation. Ql\ _ =

II. 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 lg‘!g

generation of a 3D objects. We may cite [1], [2], [3]. Three e 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 in
the user capability of to do simultaneous traces to generateigure 2. In the system developed by us the TUIO Tracker
and manipulate curves. We believe that it is more intuitive,is the ReactiVision [11], a computer vision framework, to
and therefore more easy to use and to achieve better am@pture information from the iTable, as Figure 3, a multi-
faster results. touch table constructed on IMPA (Instituto de Matematica

Figure 2. Architecture of System



Pura e Aplicada), based on the ReacTable [12]; and thdeletion, inclusion, division, union, painting, etc. Anldet
TUIO Client is the application developed by us using thesecond one, alters the coordinated systems of the drawing
pyMt (a toolkit to develop a multitouch system with Python (we call as Modifiers Gestures). The difference of context
Programming Language). The communication between thean be doing, for example, based on states, or using fiducials
ReactiVision and de PyMt is done by TUIO Protocol, aor in a structure of hypotheses whenever each category of
TCP protocol. TUIO is an open framework that defines atrace occurs.

common protocol and API for tangible multitouch surfaces. In this work we will classify Complete Gestures into three
The TUIO protocol allows the transmission of an abstractsubcategories: simple, parallel and linked. Simple Gestur
description of interactive surfaces, including touch eésen are based in just one touch; Parallel Gestures occurs when
and tangible object states. When a event is created in i.Tabléwvo or more touches are done simultaneously; and, Linked
the ReactVision sends messages that are handled by ti@estures are a sequence of Simple Gestures (one after the
application developed by us. The pyMt listens a specific porbther). Simple and Parallel Gestures have been sub-ctaksifi
waiting for messages, sent by ReactiVision, and generatess directional, opened shapes and closed shapes.

some events. This event generation occurs when: Directional Gestures are rectilineal touches (almost rec-
« The user places a finger on the iTable (the applicatioriilinear) which can be classified based on some directions
receives the initial position of the touch). of Compass Rose as east, northeast, north, northwest, west,

The finger is moved (the application receives a set ofouthwest, south and southeast (where north and east are
points that make up a polygon that represents the patfhe positive direction of axis x and y of coordinates systems
of the touch). of touches interfaces, respectively). From a sampling ef th
touch, for each point is calculated the "derivative” of the

« When the user take fingers off the iTable (the applica = : e
curve and it is associated to an angle, defining a touch angle

tion receives the last position of touch)

« When the user inserts a fiducial on the iTable (thehlsé(:gramt. h sh vzed similarly. F |
application receives the position and the angle,for the ers touch shapes are analyzed simiiarly. =or examp'e,

guidance of the table, of fiducial) the angles histogram of an Opened Shape in wave shape has
o . apeakaround of 90 and 270 degrees. A Closed Shape (when
* When th? user move or rotate the fiducial (th_e appllca-the initial point is around of the last), can be classified by
tion receives the new position and angle of fiducial). a circle, or rectangles or triangle, etc. In case of cirdie, t
« When the fiducial is removed of table (the application histogram of angle is almost uniformly distributed. In case
receives the last position of the fiducial). rectangles, the accumulation of the angles are close te thos
These are basic events, base to generate other evenigles of 0, 90, 180 and 270 degrees. Similar approaches
These new events can be associated with the fiducial atan be used to define other gestures pattern. A same discuss
the gestures. The fiducials are recognized by ReactiVisioris showed in [10].
The application links the fiducial to an event associated. Bu Modifiers Gestures can be used to do operation, in system
gestures is more complex. Initially it is necessary to defineoordinates of scene, as scale, rotation and translation; o
a set of pattern to gestures and, for each, create a methed manipulate the shape of element drawn. The operations
to recognize the respective touch. 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 givey b
the difference of the current and initial vector between the
postion of the fingerqt1,¢2); the rotation given by the
anglef between these vectors; and the scale given by ratio
s between the size of this vectors.

1T s(xcost — ysend + t1)
Y s(xsenb + ycosl + ta)

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

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 (associateodule). 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

Figure 3. iTable



MODELING MANIPULATE Boor, in 1972; W. Gordon and W. Riesefeld, in 1973, applied
Sketch| [Sample| [Fitting!|  |[TRANSFORM|IDEFORM| this base for generation of curve. A better discuss of hystor
| ¢ and of the theory about b-spline is shown in [21], [22].
— T D R R A b-spline curve is a piecewise polynomial, of degree
B : k — 1 generated by:(t) = Y ,.,, PiNF(t), where P =
ST I TOUCH [Py, P, ..., P, is the vector of control points aniV’(t) is
I <'15U the b-spline function, of ordet and degred: — 1, defined

by Cox-Boor Algorithm:
Figure 4. Architecture of Application

Lz <t<mip
0, otherwise

N} (t) = {

a sketch; this is sampled; and these points are fitting by a
b-spline curve. This is done in the modeling module. The .
procedure to fit a set of control points will be shown in the Ni(t) =
Curve Modeling section.

There are several sketch based modeling systems,

(t — i) NF71(t) N (zirk — t) N ()

Tipk—1 — T5 Titk — Ti+1

iﬁ[he vectorX = [z, 1, ..., Lo+ iS called Vector of Nodes,
cluding systems of interaction by touch. But in my bestSUCessive nodes satisfying < z;;, and the parameter

knowledge, there are not a system that uses manipulatioffH€s ToMeymin 10 - _ , o
form of the curve with several restriction in several paints |t IS common create b-spline curves using a periodical
This procedure is good in systems to sketch based modelingector of Nodes, ie, the variation of the nodes is constant.
in a multitouch system, because takes the possibility of usd! this case, it is called as periodic b-spline curve. In the
several fingers to draw and manipulate the curve. With software of this project, we use cubic and periodic b-spline
mouse, it is more difficult to manipulate several points atC4/Ves:

once. The theory for it will be shown in Curve Manipulation The Qox—Boor Algorithm, for pgriqdic_ b-spline curves,
section, and the routine for it, is done, in our application,ca" be implemented through multiplication of a matrix, in
on deform module. each segment. For example, the th segment of cubic and

periodic b-spline curve is generated by:
IV. CURVE MODELING

In this article, a curve is created based on a sketch done
by the user. We sample the sketch and interpreted the result
as control points of a b-spline curve. Based on these points c(t) = [N(j*(t) Nit) Ni(t) N;}(t)] P (1)
we use b-spline fitting to aproximate the sketch. 2

Splines are piecewise polynomial curves generated by
interpolating a set of points. In 1983, Pavlidis [13] usedfor ¢ € [z;,x;11]. In this case, the matrix is:
mechanical elasticity theory to show that cubic splines are A A A 4
piecewise equivalent to cubic polynomial curve. Hence, cu- N(t) = [NO (6) Ni(t) Na(t) N (t)] )
bic splines are_? continuous. Two spline curves commonly can pe decomposed as:
used for modeling curves are Beézier and B-Spline. These

primitives were widely studied. Curve fitting was studied -1 3 =31
by Reinsch [14] and Grossman [15]. Yamagushi [16], Wu N(t) = [t3 2 ¢ 1} 3 -6 3 0 (3)
et all [17] and Chong [18] described b-spline curves; Boehm _13 Z i’ 8

et al [19] and Davis [20] described how to use bezier curves
to modeling curves. Some works that talk about curve fitting  To model a curve, just define the position of a set of con-
using Bezier curves is Schneider [7] and Frisken [8]. trol points and interpolate them with a b-spline. Although,
Casteljau and Bezier developed a method to describghe curve generated usually has not a desired shape. In this
graphic objects such as cars, engines, airplanes, ship, eigase, it is necessary to manipulate the geometry of this
The method created by them was used in CAD systems i@bject. This theme will be approached in next sections.
Renault (in 1959) and in Citroén (in 1962). In this artidte
curve fitting method used was the b-spline. The term spline V. MANIPULATION OF CURVES
comes from drafting jargon. It means drawing a smooth In a uniform b-splines curve (the degree do not change
curve through a set of points. in all curve), in order to modify its shape, it is sufficient
The B-Spline theory was suggested by Schoenberg, ijust modify the control points position. However, this istno
1946. A recursive definition, used by numerical methodsjntuitive. Because of this, a better technique is to choose
was independently shown by M. Cox, in 1971, and by C.a point in the curve and set a new position for it. Then



Figure 5. Free form manipulation Figure 6. Manipulation of constraints: The center curvehis original

curve; the left curve is the manipulation of position keepithe first
derivative; the right curve is the manipulation of positiamd second
derivative

just calculate the new positions of the control points of the

segment that contains the chosen point. This is an inverse

. . o ) ivati £2) i
problem, based in equation (1). This discuss will be betteﬁf se_con_d de_rlvatlveh asc(t) h we parll_vary Zn attribute
in subsections of this section. eeping invariant others, as shown in Figure 6.

We will consider, in this section, a curve of degrke To manipulate features relationship with first and the

Although the effect of changing the position of one Controlsecond_der_lva'uve, ofa b-spllne curve, it is necessaryke _ta
point is local, this change modifi@d segments. Then, when the (_Jlerlvatlveg (_)fN(t) n _equatmn _(1)' So the result, in
to modify £ + 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 s s s -1 .

will be modified 2k + 1 successive segments éegments AP = [N(t)(J)]T (N(t)(J)(N(t)(J))T> [Ac(t)(ﬂ)] (6)

to left, the segment that contain the point modified and
morek segments to right). A possible solution to control the
variation of the curve is restrict features of several pint
This will be discussed in subsection Manipulation of selvera

points. In this article, we quickly show the result defined by handing th 4 derivati (o1 9) of it
[9] about Manipulation of One Point, but we will extend the changing the second derivalive vec _@r_:( ) o1 one point,
it can modify its tangentj(= 1) and / or its position{ = 0).

results to the case of manipulation of the position of sdvera : . : : .
points. In 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.

For 7 = 0 equation (6) is equal to equation (1).
Recalculating the position of control points by equation

(6), for any value ofj, we do not guarantee nothing about

features relationship to other values ¢f For example,

In B-spline cubic and periodic curves this manipulation

can be done recalculating the position of the control points 0 N(£)©)
of the segment that contains the chosen pagint for this, 0 = |[N@®D)| [P]
it is necessary to choose the parametewherep = c(t), c(t)® N(£)?)

of the point. The variation of the position of each control
points of the segment containingis obtained based on the

So, varying c(f)®, and caling B = N(#)N(f)” this

variation of this point: equation is:
t 0
APy N (t) I
n 7 AP = det(B)"'N(t)"adj(B 0 7
AP _ Acld) N @ B INOTB | 0O
NPl S NE@? | V2 (D)
AP a Ni(t) Other combination of variations are analogous. In any case

of the constraint (refers position, first and second derxiga)
onto a point the matrixV is LI (Linearly Independent). So
the MLM ensures the solution to equation (5).

The manipulation done in last paragraph is knowrfFees

Direct Manipulation The Figure 5. The equation (4) derives
of the equation (1) by method of Minimum-Length Method
(MLM), done in [9]. This equation can be represented inB. Manipulation of Several Points

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

[AP] = NOT(NONHT) " [AcH)] (5) ne_ously,_ it is possible to imposg one restrigtion for severa
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 @sc(¢)(?),  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 segments



The base matrix is a block matrix. Then, we can say
that N hasm block nonzeroB1, ..., Bm. Each block can
be decomposed as in the equation (3). The matrix of the
potential parameters i&1. Indeed, as, by hypothesis, among
the n chosen points has not more thant 1 points in the
same segment. We can say that was chdsgn+ 1 points
in a segment, thesepoints determine$ rows in someB.
We can completeB with £ + 1 — [ similar rows, but with
diferent parameters; in this case the matrix obtained is a
Vandermonde Matrix, so this is LI, and theows vectors is
P1 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

Figure 7. Manipulation of several pointsPi)},_,

and {c(tj)}
delimiters o

_____ - are control points
.6 are points chosen in a curve. The green trace are [N][AP] = [Ac] (8)

¥:ségments
It is similar to equation (5), but in this the matri&/
has n rows and distance(P1l,Pn) + 4 columns. The

between they and we will denoted hiistance(Py, P,).  ii-th elements N;[t;] is zero if j<distance(Py,P;) or
Another concept that we will introduce isrder. We will ~ J>distance(Py, P;) + 4, as the example. The solution for
say that the set of pointsty), .. ., ¢(t,) is ordered if: taken equation (8) is sufficient to manipulate the curve. Proving
a injector parameterizatiop : I — R™ of the curve such the theoremo

that o(f,) = c(t1), ..., ¢(tn) = c(t,) thent; < --- < t,. When satisfied the assumptions of Theorem 1, we can

In figure (1) we show a case of manipulation severalguarantee the solution to the problem of manipulation of
points in a curve. Six points are chosen in four adjacenthe position of points by MLM. This method can only be
segments. In this section, we will discuss about as definésed when the rows of the base matrix are LI. If the set of
the position of a set of control point, when we move severamanipulated points not satisfy this theorem, we can insert
points in a curve. First we will present an example ofcontrol points in segments, in such a way that does not
this 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(tj)},_, , satisfies the equation theorem. _ . _
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
] _ [e(t) clts) clts) c(ta) clts) c(tﬁ)}T, occurs, in following theorerr_r -
[Pl = [P1 P2 P3 P4 P5 PG PﬂT 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;ciir aofszt d'c;?enotrdeorﬁwc:qugtns(f : {g ;é“s.ljfﬁ}tr:;t
Cox-Boor algorithm the bas¥;(¢;) is equal to zero whenh P J P pi Pi+1

varies out off the support of the function, ie, outside of thedwmnce(p“p”l)>k then the manipulation problem is
. . . reduced ton isolated problems.
range determined by the respective nodes of control points o
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 P, P 4. So, in ! -
J<dis ance( b ) or j>distance(Py, ) + in the segment that containg, because the set of control
this example/N]: .
points of a segment affects onk + 1 segments, as was
previously stated. Particularly, if all the manipulatednts

Ni[ti]  Nofta]  Nas[ta]  Na[t:] 0 0 0 do not interfere in its adjacents then they will not integfer
0 0 N3[ts]  Nalta] Nslto] Ne[t2] 0 in any other point, among of others i®. Hence, the
0 O Ns[ts] Nafts] Ns[ts] Nelts] 0 manipulation of all points of? is independent, proving the
0 0 Nslta] Nalta] Ns[ta] Ne[ta] 0 theorem.O
0 0 Nalts] Nats] Ns[ts] Ne[ts] 0 Based on Theorem 2 we can divide a manipulation
0 0 0 Nylts] Nslts] Nslts] Nslts]

problem in several minor problems, when two adjacents
We can generalize this example by the following theorempoints satisfylistance(P;, P;+1)>k. This procedure is good
Theorem 1. Taken™, ..., P, different ordered points in to reduce the quantity of the calculations on MLM. Further-

a curve of degreek, if any subsetP;, ..., Py, satisfies more, the matrixV, in this case, would have a high degree

Jj <= distance(P;, Pi1j) + 3, the positions of these can of sparse and may cause numerical problems.

be manipulated by MLM. In section of Manipulation of One point we introduced



the possibility of manipulation of features relationshigstfi About curves, there are three interesting functionalities
and second derivatives. But the Theorem 1 talk about onlyo add in the system. First we could change the resolution
position. This occurs, because to use the MLM is necessargf the curve allowing manipulation of the curve in several
that the rows of bases matrix are LI. If we manipulate,resolution. Second, we could implement the concepts shown
for example, the first derivative of four points in a samein this article with other types of splines. Finally, we
segment, the decomposition done in (bspline:base) wikhavcould define generic methods to solve the Hermite Birkoff
the last column equals zero. So the rows are LD (Lineainterpolation Problem.

Dependent), then we can not use the MLM.

There are some cases, than those already presented in

the theorem, that is possible to use the MLM. We can cite I this work, we show some aspects of the construct of
if the user manipulate in two points, the position and thecurve modeling system, based in a multitouch interface.
first derivative. In this case, the base matrix will be LI, This is a new paradigm compared to WIMP systems. So,
so is possible use the MLM. A proposal to solve someit is necessary to focus on the differences not to lose the
pathological cases is to use the Least-Square Method (LSm@idvantages of a system with a natural interface.
This result is an aproximated solutions. It is important pay There are some systems to model curves based on the
attention in fact that it can show an unexpected result byVIMP paradigm. But these systems are not intuitive. A
user. Some of cases are: better proposal to model curves is to use systems based in a

« When the quantity of chosen points in a same segmerﬂatural interface. In these systems, it is possible to eraatl

exceeds the curve order. In this case, say that the cury@anipulate a curve with several points. It is more difficult

has degree (so, order:+1) and takem points in same 10 do it with a mouse. _ _ _
segment withn>k + 1. In this case,N(t) € M(n x The manipulation of a curve with several points requires

(k +1)). So, N() has more rows than column, ie, the another theorical approach as compared to CAD systems.
set of rows’ofN(t) i LD. Thus. is not possiBIe use This theory was presented in this article is an extention of
the Minimum-Length Method (MLM) to find the new the theory showed by [9]. The manipulation of curves with

position of the control points of a curve to pass for these>€veral fingers, possible in multitouch systems, enables a

points, because this method assume as hypothesis thagw and intuitive mode of generating curves in sketch-based

the matrix has rows LI. In this case, is possible use thdnodeling systems.
Least-Square Method (LSM) to obtain an approximated ACKNOWLEDGMENT

solution (but this may generate an unexpected result by We would like to thank the CNPg, for funding the

user). Othgr solution is insert _controI points in the;efirst author of this article, and the VISGRAF - IMPA, by
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