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Abstract

We propose the automatic snapping of objects using the Multi-resolution Fuzzy Grid Snapping (MFGS) for a
sketch based CAD system. The sketch based CAD system, which has already been realized, identifies sketch draw-
ings as primitive geometric curve objects, based on the user’s drawing manner. While drawing objects of varying
fineness, misalignments arise due to unappropriate grid snapping resolution settings. Meanwhile, MFGS is an
automatic grid snapping resolution switching mechanism, which snaps a cursor on a multiple grid system, based
on the snapping intentions of the user. In this paper, we propose to solve the problem of misalignments of sketched
objects of various fineness by applying MFGS to object snapping. To show the effectiveness of this method, we give
experiments containing drawings of linear and circular objects of various sizes, drawn with different snapping in-
tentions. By comparing these results with the results of the traditional snapping method, we can see that because
of this newly proposed object snapping method, it has become possible to dispense with the manual switching of
grid snapping resolutions. Therefore we can say that our snapping method enables the user to draw curves of

different fineness, seamlessly and efficiently

Categories and Subject Descriptors (according to ACM CCS): H.5.2 [User Interfaces]: Interaction styles

1. Introduction

We have already proposed a sketch based CAD system
[Sag95,SYS03,KNSO05] to help freehand drawing of objects
composed of primitive geometrical curves. This system can
identify freehand curves into 7 primitive geometrical curves,
and align the objects by snapping them to a preset grid sys-
tem.

This system works well when the grid snapping resolu-
tion is suitable to the fineness of the objects being intended.
Here we use the term “fineness” to mean the degree of res-
olution in which the user intends to align the object. Never-
theless, problems in the setting of appropriate grid snapping
resolution arise due to the fact that good resolution setting
is sensitively dependent on the fineness of objects, and that
the fineness of objects is different from drawing to drawing.
For an example, Fig. 1(a) and Fig. 1(b) show sketch draw-
ings on a high resolution grid. Figure 1(a) shows a sketched
shape of a trapeze in the status before being snapped and Fig.
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1(b) shows the status after being snapped. Coarse objects —
objects intended with less fineness — drawn on a high resolu-
tion grid tend to be misaligned as seen on Fig. 1(b). On the
other hand, Fig. 1(c) and Fig. 1(d) show sketch drawings on a
low resolution grid. In this case, although the coarse objects
are aligned correctly, the fine objects are aligned incorrectly.
This implies that only if we switch the resolution when draw-
ing, it becomes possible to draw curves of different fineness
without misalignment. But practically, switching grid snap-
ping resolution manually is very time consuming and as a
result disturbs the seamless drawing process that comes nat-
urally to us.

Now we propose the automatic switching of grid snapping
resolution for each sketched object, so that we can realize the
correct alignment of coarse and fine objects without manual
procedures. This is illustrated in Fig. 1(e) and Fig. 1(f). Here,
we are sketching on a grid system that consists of multiple
grids, which have different resolutions. As seen in Fig 1)
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Figure 1: Difference of snapping according to grid resolu-
tion.

if the fine objects are snapped to the high resolution grid,
and if the coarse objects are snapped to the low resolution
grid, the sketched drawing will be aligned as we wish. The
realization of this system will effectively solve our problem
of the manual switching of grid snapping resolutions.

Meanwhile, we have already realized the automatic swi-
tching of a grid snapping resolution for a pointing cursor,
where a careful pointing manner — the pointing manner when
the user intends fine objects — is associated with high reso-
lution cursor snapping, and a rough pointing manner — the
pointing manner when the user intends coarse objects — is
associated with low resolution cursor snapping. This snap-
ping method based on fuzzy logic, is called MFGS (Multi-
resolution Fuzzy Grid Snapping) [KSMO04a, KSM04b]. In
MFGS, the pointing manner is associated with the fuzziness
of the cursor point, so that the fuzziness is small when the
user’s pointing manner is careful and large when the user’s
pointing manner is rough. Then MFGS snaps the fuzzy cur-
sor point on a multiple grid system, which consists of grids
of different resolutions. MFGS snaps the fuzzy cursor point
to a higher resolution grid when the fuzziness is small and to
a lower resolution grid when the fuzziness is large.

Now we go back to the snapping problem on the sketch
based CAD system explained above. The sketch based CAD
system is based on FSCI (Fuzzy Spline Curve Identifier)
[SMS94a, SMS94b, SM93]. FSCI identifies a sketched ob-
ject as one of 7 primitive curves. FSCI’s identification pro-
cess is based on the user’s drawing manner. This is done by
calculating a fuzziness which is associated with the drawing
manner and then using fuzzy logic to identify the user’s in-
tentions. To achieve this, FSCI is designed so that the fuzzi-
ness generated is small when the user’s drawing manner is
careful and large when the user’s drawing manner is rough.
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Figure 2: Curve identification by FSCI.

Therefore we can say that FSCI originally includes fuzziness
in each point that reflects the drawing manner of the user. As
a result, we propose to apply the essential idea of MFGS to
objects identified by FSCI, to realize the automatic switch-
ing of grid snapping resolution.

2. FSCI

Before proposing MFGS of fuzzy objects, we need to un-
derstand the flow from hand-sketch to fuzzy primitive ob-
jects, and in what way fuzzy objects are presented in the
system. Therefore, as a preparation, we introduce the out-
line of FSCI.

2.1. General flow of FSCI

The general flow of FSCI is shown in Fig. 2. The drawer
uses a pen and a tablet to draw a curve, which is sam-
pled and then given to the system as a sequence of points.
Also the time stamps of the sampled points will be given to
the system. According to the manner of drawing, this posi-
tional information will contain a vagueness. The vagueness
of the positional information will increase as the roughness
of the drawing manner increases. Therefore, according to the
roughness of the drawing manner, the fuzziness is calculated
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(a) Perspective view.

(b) Top view.

Figure 3: Conical fuzzy point py.

by the fuzziness generator [SO98] so that the fuzziness will
be small when the drawing manner is careful, and large when
rough. Practically, the fuzziness rp, at a certain point py is
calculated in the fuzziness generator by

rp, = r(ap,,vpy) s (D

where ap, and vp, is the acceleration and the velocity at py,
respectively. The concrete form of the function r is given
in [SO98]. Now we will consider how a point containing
fuzziness information is expressed.

To introduce vagueness into a point, it is proposed in
FSCI, to express the point with a conical fuzzy point py =<
Pi,rp. >. Here, Py is a fuzzy set which is characterized by
the conical membership function

i, (¥) = (Pw)vo., @

"pe
where py is the current position of the point, rp, is the fuzzi-
ness that represents the vagueness of the point position and
V stands for a max operator. Figure 3 illustrates the conical
fuzzy point.

After the sampled points’ fuzziness is calculated, a fuzzy
spline curve §"(u), which interpolates the fuzzy points Py,
is generated by the method proposed in [SM93, SMS94a].
§"(u) is obtained as a barycentric combination of a set of
conical fuzzy points Py,

§"(u) =Y BVE (u). 3)
k=0

This equation can also be expressed as,
m m
§(u) = ( Y PeNi (), Y roeVE () ) @)
k=0 k=0

In the equations 3 and 4, N}’ (u) are normalized B-splines
of degree n [Far88]. This fuzzy spline curve is an extension
of an ordinary spline curve, and it can also be regarded as the
locus of a fuzzy point that travels while changing its fuzzi-
ness as the parameter u changes.

FSCI will identify the fuzzy spline curve as one of seven
primitive geometrical curves, and output a primitive curve.
These curves are Line (L), Circle (C), Circular Arc (CA),
Ellipse (E), Elliptic Arc (EA), Closed Free Curve (FC) and
Open Free Curve (FO). The fuzziness, contained in the fuzzy
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spline curve, is used to infer the user’s intentions and rec-
ognize which class of geometric curve was intended by the
user. FSCI uses this fuzziness and fuzzy reasoning to pro-
duce a primitive curve. In order to identify and construct the
primitive curve, FSCI calculates seven membership grades —
u(L), u(C), u(CA), u(E), u(EA), u(FC) and u(FO) — for
each of the seven primitive curve classes and seven sets
of curve shape parameters that are associated with them
[SM93,SMS94b]. The identification process consists of two
steps: the possibility evaluation process and the curve class
estimation process.

In the possibility evaluation process, FSCI constructs
three hypothetical models (see section 2.2) called linear
fuzzy model, circular fuzzy model and elliptic fuzzy model.
Then, each hypothetical fuzzy model is compared with the
original fuzzy spline curve, and its validity is evaluated by
a possibility value for each fuzzy model — pLineer | pCircular
PEUPHC _ hased on the possibility measure [L.A78]. These
values show the degrees of linearity, circularity and elliptic-
ity of the drawn curve. Apart from these three values, FSCI
calculates "closedness", which expresses the degree to which
the fuzzy spline curve is closed. The accordance between the
fuzzy end points of the fuzzy spline curve is checked, and the
closedness is evaluated by another possibility value P€/0%¢?

In the curve class estimation process, FSCI utilizes a set of
fuzzy rules to calculate the seven membership grades — u(L),
u(C), u(CA), u(E), u(EA), u(FC) and u(F O) — from the four
possibility values — PLinear’ PCircular’ PEIliptic’ PClased. The
curve class which has the highest grade among the seven
membership grades becomes the identified result. The fuzzy
rules are designed to have a strategy that tries to find the sim-
plest possible curve class. Lastly, a primitive curve model
is constructed from the identified curve class and it’s corre-
sponding hypothetical model.

2.2. Fuzzy hypothetical model in FSCI

A hypothetical fuzzy model, used in FSCI is a fuzzy rational
Bézier curve with parameters adjusted to fit the given fuzzy
spline curve as well as possible. A Fuzzy rational Bézier
curve is actually a special case of the fuzzy spline curve
[SM93, SMS94a]. In other words, we can say that a hypo-
thetical model is a barycentric combination of fuzzy points,
which are actually the locus of a traveling fuzzy point, vary-
ing its vagueness while moving. Later on, we will be using
the information derived from the hypothetical model, espe-
cially fuzziness, for snapping purposes. The general expres-
sion of the hypothetical model is

b(r) = Z 0i(1)a;. Q)
i=0

Here, Q;(¢) is a function of time having barycentric property
n

Y 0i(t) =1, and §; stands for a conical fuzzy point. The

i=0

Hypothetical model has three variations which represent the
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Figure 4: Three snapping choices for point c.

linear fuzzy model, the circular fuzzy model and the elliptic
fuzzy model. The linear fuzzy model and the circular fuzzy
model will be considered in detail in section 4.1.

3. MFGS of fuzzy points

Before considering the MFGS of objects, in this section we
will consider the MFGS of fuzzy points.

In the single-resolution grid systems, a point is simply
snapped with the nearest grid point. However, in the multi-
resolution grid systems, there are multiple choices. Selection
of the grid layer, in which the point should be snapped, de-
pends upon the user’s intention. For example, Fig. 4 shows
a three layered multi-resolution grid system that includes
a high-resolution grid system G|, a middle-resolution grid
system G, and a low-resolution grid system G3. In this fig-
ure, c is the point to be snapped, while g;, g» and g3 are the
nearest grid points to ¢ in G, G, and G3, respectively. In this
particular case, the user has three choices to snap the point,
which are g, g> and g3. In addition, the user has another op-
tion, which is no snapping. In this case, if the user does not
intend to snap, then the point will be snapped to itself. Thus
the user has four choices that are g1, g, g3 and c. This leads
to another problem of determining the intention of the user.

To overcome the problem, a snapping strategy in which
the user’s snapping intention is reflected on the fuzziness of
a fuzzy point has been proposed [KSM04a,KSMO04b]. In this
strategy, low resolution snapping intentions are associated
with larger fuzziness, and high resolution snapping inten-
tions are associated with smaller fuzziness. In this way, it is
possible to utilize the fuzziness to measure the intentions of
the user.

MFGS first designs a fuzzy point model that represents
not only the point position but also its vagueness. This is
followed by the design of a multi-resolution grid system with
fuzziness in its grid points. Finally, a fuzzy grid snapping
technique named MFGS is realized, by embodying the above
strategy.

3.1. Fuzzy point model

Here we will consider a fuzzy cursor [KSM04a, KSM04b]
as an example of a fuzzy point. The fuzzy cursor can be ex-
pressed as ¢ =< ¢, re > where ¢ stands for the current posi-
tion of the cursor and r stands for the fuzziness of ¢. In the
concept of the fuzzy cursor, the user’s cursor pointing man-
ner closely relates to the fuzziness of the cursor. When the
user controls the cursor roughly, the generated fuzziness be-
comes large and when the cursor is controlled carefully, the
generated fuzziness becomes small. Actually, the fuzziness
of the fuzzy cursor is calculated in realtime using the speed
and acceleration of the moving cursor. When the speed and
acceleration of the cursor becomes large, the fuzziness gen-
erated grows large proportionally. And when the speed and
the acceleration becomes small, the generated fuzziness be-
comes small. The reason for this association is that when
the user points roughly, the vagueness of the cursor point is
larger, and when the user points carefully the vagueness of
the cursor point is small.

Moreover, when the user points roughly, the user is in-
tending a coarse positioning of the cursor, implying that
MEGS should use low resolution snapping for the cursor,
if possible. As the generated fuzziness is large in this case,
association of large fuzziness with low resolution snapping
intentions in the MFGS strategy explained above can be ac-
cepted. And when the user points carefully, fine positioning
of the cursor is intended, implying that MFGS should use a
high resolution snapping for the cursor. Again, as the gen-
erated fuzziness is small in this case, association of small
fuzziness with high resolution snapping intentions is also ac-
ceptable.

3.2. Multi-resolution grid system

In MFGS, an n-layered multi-resolution grid system is de-
fined as a combination of single-resolution grid systems
Gi(i = 1,2,...,n), each of which has two properties Sg,
and rg,. Here, Sg, and rg, are the stride and the fuzziness
of a grid G, respectively. In the grid system, it is assumed
that G;(i = 1,2,...,n) are in descending order of resolution.
Therefore, MFGS simply gives the smallest value to Sg, and
the largest value to Sg,. On the other hand, MFGS uses the
fuzziness for each grid to represent the covering area of each
grid point. The covered area is considered to be small for
a high-resolution grid system, but large for a low-resolution
grid system. Therefore, we assign the smallest amount of
fuzziness to rg,, and the largest amount of fuzziness to rg, .

3.3. Fuzzy grid snapping

The snapping strategy for the multi-resolution grid system
discussed above is realized through MFGS. For simplicity,
we assume that the number of layers » is 3, without losing
generality.

First, the system selects one grid point g; that is nearest to

(© The Eurographics Association 2005.
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Table 1: Rules of MFGS.

Rule 1

u(gs) = N®

Rule 2

u(g) = (1-N®) A N®

Rule 3

p@) = (1-N®) A (1-N®) A N®
Rule 4

p@E = (1-N®) A (1-N®) A (1-N®)

the fuzzy point ¢ from each grid system G;, and uses it as a
snapping candidate. Second, the system replaces each snap-
ping candidate g; with a conical fuzzy point §; =< g;,rg;, >,
where rg; is the fuzziness that inherits the fuzziness of the
grid G;, which is rg,. Third, the system evaluates each snap-
ping candidate with necessity N' & Here, N¥ is the necessity
of the fuzzy proposition “g; is €’ [Zad78]. The necessity is
defined as,

Ngi

Necg, (€)
inf((1 —pg; (V) V e (v)) (6)
according to [Zad78] and [KY95]. In this particular case

where g; and € have conical fuzzy membership functions,
the system can easily calculate the necessity by

Necgi(®) = (’c— [E —c_”) vo. )

rc+rgi

Fourth, the system performs fuzzy reasoning by applying
the rules shown in Table 1, and then evaluates the snapping
candidates with grades u(g3), u(g2), u(g;) and u(€). In this
table, the A symbol stands for a min operator — that is logical
And operator —and (1 —N#) is the negation of N¥ . The rules
shown in Table 1 can be translated as follows:

e Rule 1 recommends g3 as a snapping point gs if g3 is nec-
essarily in €,

e Rule 2 recommends @, as a snapping point g if g3 is not
necessarily in € and g; is necessarily in €,

e Rule 3 recommends g; as a snapping point g; if g3 is not
necessarily in € and g is not necessarily in ¢ and g; is
necessarily in €,

e Rule 4 recommends € as a snapping point gs if g3 is not
necessarily in € and @ is not necessarily in € and g; is not
necessarily in €.

The rules imply that the system will try to snap the fuzzy
cursor with the lowest resolution grid point as long as there is
necessity. Finally, the system determines the grid candidate

(© The Eurographics Association 2005.
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Figure S: Snapping candidates and fuzzy cursor in multi-
resolution grid system.

Table 2: Evaluated grades of snapping candidates accord-
ing to fuzziness re.

re  u(@) wp@E) wE) wE)

1.50 0.00 0.00 046 053

3.00 000 017 069 030

9.00 0.16 0.62 037 0.11

22.00 052 047 0.17 0.04

that has the highest grade and selects it as snapping point
g;. At this point, if u(€) has the highest grade, then the cur-
rent point ¢ is selected as snapping point gs. This is the case
where the system inferred that the user doesn’t want to snap
the point with any grid point.

To demonstrate how MFGS works for the case shown in
Fig. 4, let us set the strides as Sg, = 1.00, S, =4.00, Sg, =
16.00 and the fuzziness as rg, = 0.50, rg, = 2.00, rg, =
8.00. Then, let us set the fuzzy cursor’s fuzziness r¢ with four
different values 1.50, 3.00, 9.00 and 22.00. Figures 5(a) and
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Figure 6: Linear fuzzy model.

5(b) illustrate the case of r¢ = 3.00 and the case of r¢ =9.00,
respectively.

Table 2 shows the evaluated grades of snapping candidates
according to the fuzziness rc. On the basis of the table, we
can say that the larger amount of fuzziness the cursor has,
the lower resolution snapping the system selects. This fact
confirms that MFGS coincides with the proposed snapping
strategy.

4. MFGS of fuzzy objects

The Sketch based CAD System recognizes sketched strokes
as objects using the FSCI mechanism as explained in sec-
tion 2. In this paper, we propose to snap these objects us-
ing MFGS to achieve seamless sketching ability without the
need of manual switching of grid snapping resolution. In this
section, we will discuss how fuzzy points are extracted from
the identified objects, and how the snapping of the objects is
achieved.

4.1. Extraction of fuzzy points from objects

The actual snapping of the objects is done by snapping their
control points to the present grid. These control points are
points chosen so that they can express any unique instance
of the particular object. If we consider these control points to
be fuzzy points, we can apply MFGS to these control points
and, as a result, use MFGS for object snapping.

First, we will focus on implementing MFGS to the sim-
plest primitive curve, which is the line. To implement MFGS
to a primitive line object, control points of the line have to
contain fuzziness. The hypothetical model of a line is shown
in Fig. 6 , and explained by

b(t)=(1—-t)ap+ra, te][0,1], ®)

which is a special case of the general expression of the hy-
pothetical model given in Eq. 5. Here, 4p and a; are fuzzy
end points on the linear fuzzy model. We will extract these
two control points for the line and later use MFGS to decide
which level of grid each control point should be snapped to.

Secondly, let us consider the snapping of a primitive ob-
ject of a circle or a circular arc. It must be noted that a circle
is a special case of a circular arc. Therefore, we will consider
the circular arc mainly.

Figure 7: Circular fuzzy model.

In the case of the circular arc, the hypothetical model used
is called the R-model, which was first introduced in [TYS02]
based on [SM93]. In Fig. 7 we present the R-model of the
circular fuzzy model

b(r) = Py(t)bg + Py (1) (1 +w)E+ Py (t)by
RO PO+ w) +Pa(1)

which is also a special case of the general equation of the
hypothetical model given in Eq. 5. In the above equation,
bg, by, and f are fuzzy points on the circular fuzzy model
and w is a real value between 0 and 1. Py(z), P;(¢) and P (¢)
used in Eq. 9 are explained as,

t €10,z], (9)

Ryft) = B3() ~ 3 BY0) (10)
Pi(t) = Bi(r) (11
Py(t) = B%(t)féB%(r). (12)

Here, B?(r) are the Bernstein polynomials of the 2nd or-
der. A detailed explanation of by, by, f and w is given in
[TYSO02].

In Fig. 7, 6 stands for the center of the circle or the circular
arc. The point 0 is explained as
f)o + f)z " §

2(1—=w) 7’
calculated based on the properties of the rational Bézier
curves. From this circular fuzzy model, we extract the be-
ginning point of the circular arc by, and the center of the arc
0. These control points will be used when applying MFGS
to circular objects.

0= (13)

4.2. Snapping of objects

As two control points have been extracted (see section 4.1)
in both cases of linear and circular objects, we can use the
same procedure, explained below, to snap them.

(© The Eurographics Association 2005.
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Figure 8: Snapping comparison of lines.

By applying MFGS to each of the fuzzy control points
extracted in section 4.1, we will calculate the most suitable
grid level for each point and consequently, the most suitable
grid point to be snapped to. Then, the corresponding object
will be remodeled using the coordinate information of the
original control points and the snapped points. The remod-
eling is based on a similar transformation matrix calculated
using the control points’ coordinate change. Then the result
will be shown to the user.

(© The Eurographics Association 2005.

5. Experimental results

In this section, we will consider the experimental results
which show the effect of MFGS, and compare them with
the traditional snapping method. We will explain the exper-
imental results concerning the snapping of line objects and
of circular objects in the next two subsections.

5.1. Experimental results of line objects

In Fig. 8 we compare the traditional snapping and MFGS of
line objects.

As seen in Fig. 8(b), the traditional snapping system
makes it difficult for the user to draw long line objects like
line [c, d], drawn roughly on a high resolution grid, because
it usually tends to result in misarrangements. If the grid snap-
ping resolution is lowered to solve this problem, carefully
drawn small lines cannot be drawn correctly.

As seen in Fig. 8(c), MFGS solves this problem by snap-
ping each line to the appropriate grid level. We can see that
the end points of line [a,b] are snapped to the highest resolu-
tion grid, and the end points of line [c,d] are snapped to the
lowest resolution grid. In Fig. 8(a) we can see that the fuzzi-
ness of the end points of [a,b] are small due to the careful
drawing manner, which in turn caused MFGS to snap to the
high resolution grid. And we can see that the fuzziness of
the end points of [¢,d] has quite a large fuzziness due to the
rough drawing manner, which in turn caused MFGS to snap
to the low resolution grid.

If we closely look at Fig. 8(c), we can see that in the
case of the lines [a, c] and [b,d], the end points are snapped
to grids of different resolutions. If we look at Fig. 8(a) we
can see the explanation for this phenomenon. In line [a,c]
and [b, d], both careful and rough drawing manner appear in
one line segement, causing the fuzziness to vary. As a result
MFGS recognizes the appropriate grid snapping resolution
for each end point and snaps them, resulting in a drawing
that complies with the intentions of the user.

This clearly shows that while drawing line objects with
different sizes, MFGS lets the user snap a specific line to
a suitable grid level. The users intention is conveyed to the
system purely by drawing manners which come naturally to
the user.

5.2. Experimental results of circular objects

In Fig. 9 and Fig. 10, we compare the traditional snapping
and MFGS of circular objects.

Figure 9 shows a drawing of a circular arc with a large
radius. In the case of traditional snapping, we can see in Fig.
9(b) that it is difficult to snap this circular arc on a high res-
olution grid. The end points and the center point tend to drift
from the point we want it to be snapped to, and result in
misarrangement. In the case of MFGS, we can see in Fig.
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9(c) that the circular arc has been correctly aligned. The user
draws a large circular arc with a rough drawing manner mak-
ing the fuzziness large. This fuzziness, in turn, makes MFGS

snap the circular arc to a low-resolution grid. R
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Curve A in Fig. 10 is a circular arc with a medium ra-
dius. In the case of traditional snapping, we can see in Fig.
10(b) that it is difficult to snap this circular arc on a high
resolution grid. The end points and the center point tend to

Figure 10: Snapping comparison of circular arcs of different
sizes.
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drift from the point we want it to be snapped to, and result
in misarrangement. In the case of MFGS, we can see in Fig.
10(c) that the circular arc has been correctly aligned. The
user draws a medium circular arc with less roughness than
in the case of the large circular arc, making the fuzziness
medium. This fuzziness, in turn, makes MFGS snap the cir-
cular arc to a medium-resolution grid.

Curve B in Fig. 10 is a circular arc with a small radius. In
the case of traditional snapping, we can see in 10(b) that the
circular arc has been snapped correctly. This is because by
chance, the grid snapping resolution of the grid has been ap-
propriate for the size of the circular arc. In the case of MFGS
also, we can see in Fig. 10(c) that the circular arc has been
correctly aligned. The user draws the small circular arc with
a small roughness or, in other words, more carefully than the
bigger curves, making the fuzziness small. This fuzziness, in
turn, makes MFGS snap the circular arc to a high-resolution
grid.

Curve C in Fig. 10 is a circular arc with a very small
radius. In the case of traditional snapping, we can see in
10(b) that it is very difficult to snap this circular arc on a
low-resolution grid. As the grid has a low resolution set-
ting compared with the size of the circular arc, the snap-
ping makes the circular arc completely misarranged. In the
case of MFGS, we can see in Fig. 10(c) that the circular arc
has been correctly aligned. The user draws a very small cir-
cular arc with no roughness or, in other words, much more
carefully than the bigger curves, making the fuzziness very
small. This fuzziness, in turn, makes MFGS choose not to
snap the circular arc to any of the grids.

The above experimental results show that, while drawing
circular objects with different sizes, MFGS snaps a specific
circular object to a suitable grid with the appropriate level of
grid snapping resolution, automatically. The user’s intention
of snapping has been conveyed to the system by means of a
natural drawing manner.

6. Conclusions

In this paper, we have presented a new object snapping
technique based on MFGS that realizes automatic object
snapping for multi-resolution fuzzy grid systems. The pre-
sented object snapping technique, dynamically selects a grid
snapping resolution appropriate for the sketched object, and
snaps it according to the user’s intentions, which is derived
from the drawing manners. Experimental results clearly
show that MFGS is an effective object snapping technique,
which relieves the user from manual switching of grid snap-
ping resolution, while drawing objects of different fineness.
As a result, seamless sketching becomes possible without
hampering the natural flow of drawing.

Although there are 7 classes of curves used in the sketch
based CAD system, we have discussed only 3 of them in
this paper — line, circle and circular arc. This is because

(© The Eurographics Association 2005.

these curves can be snapped using only two points as con-
trol points, while curves such as elliptical curves have more
requirements such as the snapping of axes and so on. There-
fore, more research has to be done in order to introduce
Multi-resolution Fuzzy Grid Snapping to these objects. Fur-
thermore, evaluation experiments have to be done, to quan-
titatively indicate how efficient this new technique of object
snapping is, compared with the traditional snapping method.
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