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METHOD OF RASTER LINE DYNAMIC SMOOTHING

The method of line smoothing based of the physical laws of motion of a body having its mass is
proposed in the paper. The method enables dynamic updating of the smoothed line during the process of
the line drawing by a user. It does not require complete redrawing of the line. The proposed method can
be used in graphical editors and other applications which require interactive graphics.

The results of the method application are shown and discussed. The performance of the algorithm
of the proposed method is tested and compared with the algorithm of smoothing based on Bezier curves.
It is shown that the performance of the proposed method is 20% higher than the performance of smooth-
ing based on Bezier curves. The ecstatic look of lines obtained as a result of the proposed method is dem-

onstrated as well.

Keywords: line smoothing, interactive graphics, graphical editor.

Introduction

The line smoothing is one of the most
frequently used operations of raster graphics.
It is necessary for enhancing raster images by
giving them more ecstatic look. Algorithms of
line smoothing are internal part of any graphi-
cal editor as well as they are used in various
graphical applications. Especially algorithms
of line smoothing are important for interactive
graphics applications.

Nowadays, the most popular methods of
the line smoothing are based on Bezier curves
and splines [1-4]. The methods based on
splines frequently used for business graphics
and diagrams. At the same time, the methods
of smoothing by Bezier curves can be applied
to various geometric forms, including po-
lygonal paths.

A preferable method depends on the ap-
plication and requirements to the line smooth-
ing. However, for interactive applications an
important task is the insertion of a new point
into existing array of raster points. The major-
ity of existing methods require rebuilding of
the whole path for the insertion of the new
point what takes quite much time.

Research Objective

The research presented in this paper is
aimed at the development of the method of
smoothing which can be dynamically applied
while a user is drawing a line. The method
should enable re-drawing of the line during
drawing process by updating smoothed line
when the new point has been added but with-
out complete redrawing of the line. The
method should ensure similar or better quality
of smoothing and enable comparative or
higher performance of the smoothing algo-
rithm in comparison with the closest analogue
— the smoothing based on Bezier curves [1].
The widest angle between line segments of
the smoothed line based on the same set of
points is supposed to be used as the criterion
of smoothing quality. The performance is
supposed to be estimated for both algorithms
of the line smoothing.

Method Description

The proposed method is based on the
physical laws of motion of a body which has
its mass [5]. In particular, the motion with
constant acceleration is described by the fol-
lowing law:
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Such body being under the action of a
force is changing smoothly the trajectory of
its motion according to the force acting on the
body (Fig. 1).

The proposed method uses the trajectory
of the body’s motion defined by (1) as a
smoothed line. The force acting on the body is
directed at the next point of the initial line.
The coordinate of this body is changing at
each moment of the motion according to the
formula:

()= at X®) = at @)

In this case, let us consider the value of't,
which is iteratively changing by 1, and calcu-
late the value of a proportionally to the dis-

tance to the next point.
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Fig. 1. The motion trajectory
smoothly changing according
to the force acting on the body

It is possible to find such values of the
body mass, frictional force, and speed of
points changing at the initial line that the tra-
jectory of the motion is the approximated
curve of the initial points set; this curve can
be used as the initial smoothed line.

The advantages of this approach are:

1. High performance — the proposed
method demonstrates better results than the
method based on Bezier curves;

2. Resistance to noise in initial data;

3. Possibility of the motion trajectory
calculation separately for one point added into
the initial points set; this feature of the
method also has positive impact to the per-
formance.

One of the disadvantages of the method is
that in certain conditions the quantity of

points can be decreased dramatically; as the
result the obtained line has too sharp angles.
This disadvantage can be overcome by apply-
ing the proposed method several times con-
secutively. However, in this case the perform-
ance is reduced.

The initial direction of the body motion is
set by its initial speed. The higher mass of the
body is, the slower change of the trajectory of
the body’s motion is.

Tuning of Parameters

The parameters used in this method are
the following: the body mass, the coefficient
of friction of both the body and the surface,
the speed of initial points changing (it is set
by the number of steps), and the number of
passes.

The mass influences on the motion trajec-
tory — the larger mass is, the lower movement
of the body is. If the mass is too small, the
point can oscillate around the initial line; if
the mass is too large, the point can move too
slow and as a result it can cause that the point
is not reached the initial line. It has been no-
ticed that the most optimal value of the mass
is 10-50 in the most of cases. The example of
smoothing for different values of mass and
constant values of other parameters (the coef-
ficient of friction is equal to 0.8, the number
of steps is equal to 4, the number of passes is
equal to 1) is shown in Fig. 2.

m=1.0 m=3.0 m=5.0

m=10.0 m=20.0 m=70.0
Fig. 2. The example of smoothing for differ-
ent values of the mass and constant values of
other parameters
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The coefficient of friction influences on
the motion of a material point and allows to
achieve slowing down the point motion while
approaching to the aimed point as well as to
prevent passing the aimed point. If the coeffi-
cient of friction is small, the resulting line
does not reach the initial line. If the coeffi-
cient of friction is large, the resulting line
overtakes the initial line. For most of cases
the optimal values of the coefficient of fric-
tion is equal to 0.7-0.8. The influence of the
coefficient of friction into the resulting line
shape, when the mass is equal to 20.0, the
number of steps is 4, the number of passes is
1, is shown in Fig. 3.

The number of steps influences on the
accuracy of the initial line reconstruction, the
smoothness of the final line, and the method
time efficiency. A small number of the steps
leads to both incorrect reconstruction of the
initial line and broken shape of the final line.
The large number of steps leads to the accu-
rate reconstruction of the initial line and it ex-
cludes broken shape of the final line. Usually,
good results of the line smoothing can be ob-

coef=0.1 coef=0.4

coef=0.9
coef=0.8

tained in 3-8 steps. Fig. 4 shows the influence
of the number of steps on the final line shape.

Sometimes it can happen that the line of
the optimal shape is smoothed insufficiently
because it is obtained with too small number
of points. To avoid this effect the proposed
method can be applied in two or more passes.
It enables better smoothing of the final line.
The example of this approach work is pre-
sented at Fig. 5.

The optimal values of the parameters dis-
cussed above should be chosen individually
for every task. These parameters relate to the
following factors: a density of initial points
location, presence of noise in initial data, a
desired shape of a final line.

Results and Discussion

The proposed method enables achieve-
ment of good visual results of the smoothing
according to the criteria formulated above. It
can be used for a line smoothing in real-time
applications. Some examples of the lines
smoothing are presented in Fig. 6 and Fig. 7.

coef=0.7

coef=1.0

Fig. 3. The example of smoothing for different values of the coefficient
of friction and constant values of other parameters

86

© Yevgeniya SULEMA, Roman PAPUSHA, 2017



I'eomeTpuune MoaeoBaHHs Ta iHGopMauiiini TexHoaorii ISSN 2520-2820 (online)

Ne 2 (4), :xoBTeHD 2017 ISSN 2524-0978 (print)
steps=1 steps=2
steps=4
- —
& - ‘-/_ ’ . -
) N, i
s oo r -—-. . v 4

steps=16 =
steps=8 steps=32

Fig. 4. The example of the smoothing for different numbers of steps

a b c

Fig. 5. The example of the smoothing for different numbers of passes:
(a) the number of passes is 1, the number of initial points is 11,
the number of smoothing points is 31, the maximal angle is 19.93;
(b) the number of passes is 2, the number of initial points is 11,
the number of smoothing points is 88, the maximal angle is 7.35;
(c) the number of passes is 3, the number of initial points is 11, the number
of smoothing points is 259, the maximal angle 1s 2.57
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Fig. 6. The example of the line smoothing:
an impulse line

Fig. 7. The example of the line smoothing:
a cat sketch

This method can be also used for clean-
ing an input data from noise values. The ex-
ample of this application of the proposed
method is shown on Fig. 8.

Fig. 8. The example of the smoothing
for noise removing

The method enables increasing the data
processing speed up to 23% in comparison
with the smoothing by Bezier method based
on supporting points in centres of basic lines.
The test results for these two methods are
shown in Table 1. As one can see, the pro-
posed method demonstrates the increasing of
the processing time only when the number of
points is too small (the number of points is
equal to 10). However, the larger number of
points is, the lesser time is required by the
proposed method for the line construction.

Table 1. Path Reconstruction Time

Number of Points Proposed Method, ms Bezier Method, ms Time Decreasing, %
10 0.07 0.06 -16.67
20 0.11 0.13 15.38
30 0.16 0.20 20.00
40 0.23 0.28 17.86
50 0.28 0.35 20.00
60 0.33 0.43 23.26
70 0.39 0.50 22.00
80 0.47 0.60 21.67
90 0.51 0.65 21.54
100 0.57 0.73 21.92
110 0.62 0.80 22.50
120 0.69 0.87 20.69
130 0.74 0.95 22.11
140 0.80 1.02 21.57
150 0.86 1.10 21.82
160 0.90 1.17 23.08
170 1.00 1.24 19.35
180 1.03 1.32 21.97
190 1.09 1.40 22.14
200 1.18 1.48 20.27

Conclusions time construction on the average in compari-

The proposed method enables a raster
line dynamic smoothing. It demonstrates 20%
decreasing of time required for the line real-

son with the closest analogue — Bezier
method. The proposed method is appropriate
for graphical editors where a user can draw
lines by hand. However, it is not recom-
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mended to use this method in the use cases
where a high precision of a line reconstruction
is required (e.g. exact graph visualization) be-
cause the line can be deformed as a result of
the smoothing. The changing of the method

wider range of applications, depending on
availability and intensity of noise in initial
data, density and location of supporting
points, desirable accuracy and a final line
shape.

parameters allows to use of the method in a
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€szenin CYJIEMA, Poman ITAITYIIIA
Kwuis
METOJ IMHAMIYHOTI' O 3TJIAJI’KYBAHHS PACTPOBUX JITHIN

Y ecmammi 3anpononosanuii memoo 321a0cy8anmsi Ninitl, Wo [PYHMYEMbCs HA QI3ULHUX 3AKOHAX
PyXy mina, axe mae macy. Memoo pobums MONCIUBUM OUHAMIYHE OHOGIEHHS NIHII, WO 321A0HCYEMBCS,
nio yac ycboeo npoyecy mManoeants Ainii kopucmyseauem. Bin ne nompedye nogHozo nepemanbo8y8amHs.
JUHIL 3anpononosanutl Memoo Mmodice Oymu GUKOPUCIMAHULL 8 2PAGIUHUX PeOaKmopax ma IHWux 000am-
Kax, wo nompeoyomo iHmepaxmusHoi epaghixu.

B cmammi npodemoncmposani ma 062060peni pe3yiomamu npaKmuiHo20 3aCMOCY8AHHSL Memo-
0y. Buxonano mecmysanns ancopummy peanizayii Memooy 3 Memorw OYiHKU 1020 WeUOKO0Oii, a MaKoic
BUKOHAHO NOPIGHAHHS 3 ANCOPUMMOM, WO IPYHMYEMbCSL HA 3acmocyéanti kpusux bez’e. ¥ cmammi no-
Ka3aHo, wjo 3anpoNnOHOBAHULI MemOoO 00380JA€ 3abe3neuumu niosuweHHs weuokoodii na 20% nopisHano
31 321a02CY8aHHAM HA 0CHOGI Kpusux be3z’c. B cmammi maxosc npooemMoHCmpo8aHuil ecrmemudHull 6u-
210 NiHIl, OMPUMAHUX NPU 3ACMOCYBAHHT 3ANPONOHOBAHO20 MEMOD).

Knrouoei cnosa: 3enadacysanns ninii, inmepakmuena pagixa, epapivnuil pedaxmop.

Eezenusn CYJIEMA, Poman IHHAIIYIIIA
Kues

METO]] JUHAMHWYECKOI'O CTJIA’JKUBAHHUS PACTPOBBIX JIMHUI

B cmambe npeonodcen Memoo cenanicusanus iuHuLl, Komopwvlil OCHOBAH HA PUUYECKUX 3AKOHAX
odgudicenus mena, umerouje2o maccy. Memoo oenaem 603MONCHLIM OUHAMUYECKOE OOHOBNEHUE C2NAdICU-
6aeMbIX JTUHULL B0 BPeMS 8CE20 NPOYecca puco8anus aunuu noavzosamenem. OH He mpebyem NoIHO20
nepepucosviéanus aunull. Ilpeonoscennviii Memoo modicem Oblmb UCNONL30BAH 8 2PAYUUECKUX PEOAKMO-
Pax u Opyaux NPUIONCeHUsIX, KOmopble NPeonoIaeaiom HaIudue UHMepaKmueHol epagduxi.

B cmamve noxazamsl u 06cyscoenvl pe3yibmamsl npAKMU4ecKo2o npumeHenuss memooa. Buinon-
HEeHO MeCTuposane aieo0pumma pearu3ayuu Memood ¢ Yeivblo OYeHKU e20 ObICIMpoOelticmaus, a maxice
BINOIHEHO CPABGHEHUE C AN2OPUMMOM, OCHOBBIBAIOWEMCS HA NpUMeHeHuu Kpusblx besve. B cmamve no-
Ka3aHo, 4mo HpedNodHCEeHHbIN Memoo No360Jsaem obecneyums noguvluieHue obvicmpooeticmaus na 20% no
CPABHEHUIO CO C2NAdICUBaHUeM HA OCHO8e Kpusvlx besve. B cmamve maxoice npourniocmpuposan dcme-
mudeckuti U0 JUHUL, NOTYYEHHbIX @ pe3yIbmame NPUMeHeHUs NPEON0NCEHHO20 Memood.

Knrwoueswvie cnosa: cenadcuganue 1uHull, UHMEPAKMUGHAs epagura, epaguieckutl pedaxmop.
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