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MODELS AND METHODS
FOR POLYGONAL APPROXIMATION OF OBJECTS

The goal of this work consists in research of existing models and methods of approximation and obtaining of
software system that provides approximation of objects borders by their digital images with respect to the a speci-
fied accuracy criterion. The objects of study are models, methods, algorithms and computer technologies for solving
of the problems of object boundary approximation in GIS for presenting these boundaries as minimal vertex poly-

gons within a specified accuracy.
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Introduction

Geographic information systems (GIS), which
have been around for 30 years, acquires recently becom-
ing more widely used. For a long time only they were
used only to create maps, but now they become the ba-
sis for the construction of complex control systems. In
recent years significantly increased the complexity of
the models of governance in large corporations and
businesses becoming more common methods for
streamlining administrative processes. The practice of
these methods [1] shows that the more measurements in
the model, the more predictable and manageable it be-
comes, allowing you to receive more and more complex
solutions.

It is noted that it is the geographic information be-
comes critical component in solving most problems.
Therefore, geographic information systems with their
opportunities to collect, visualize and analyze data geo
referenced become an integral part of most control sys-
tems.

GIS [2] can provide sample opportunities for the
analysis of spatial and attribute data about space and
ground facilities, allows the analysis to create a new
data to peer review or withdraw a decision. To the
attribute values include: category, rank, number, size,
relationship.

Modern GIS can create and process data about dis-
crete, continuous and generalized on the object plane,
the characteristics of which are composed of spatial and
attribute components.

In turn, the spatial data is represented by two types
of models: vector and raster [3]. In the vector model,
each object corresponding to a record or a set of pairs of
pairs of coordinates X, Y (B, L). Objects are represented
by individual points, lines or polygons. Raster model
displays a continuous space in the form of a matrix. If
the vector model gives information about where is lo-
cated this or that object, bitmap - the information about

that is located in any point of the surface.

Different types of objects are represented by dif-
ferent data models. So discrete objects and data, which
are summarized by area, are represented by the vector
model. Continuously categories represent both vector
and raster models. A continuous numeric values often
are using the raster model.

In analyzing the data in the GIS often solved such
a problem as the analysis of the location. Analysis of
the location helps to determine the areas that meet cer-
tain criteria location, or objects, which require specific
actions.

For example, the analysis of the passage of the sa-
tellite track or concentration zones inspection can help
identify objects, causeway, which attract attention, to
determine the relationship between the actions and
events that occur and change the trajectory of reconnais-
sance satellites.

It is important in the analysis of information about
space objects that the searching facilities that fall within
the specified area, and determination of their geometric-
al parameters [4]. Since the identification of certain
types of ground objects that fall in the surveillance zone
reconnaissance satellite, makes it possible to take a de-
cision about the need to issue a warning. Solution set of
this type may be the identification of space objects,
which are able to observe a particular object or event in
a given time period, with the aim, for example, request
information from them or assessing the possible effects
of monitoring.

GIS can make the results of the analysis in the
form of graphs, tables, diagrams, which are dependent
on the job are displayed directly on the screen, are im-
ported into external software systems, databases or elec-
tronic card as separate objects. The analysis can be pre-
sented in the form of bitmaps, which are superimposed
on the image of the terrain. If the results of the analysis
are characterized by time parameters, then in present-
GIS can be represented in the form of video clips.

© A.S. Chupryna, Alzubidy Ahmed Same

45



Cucmemu 0opooku ingpopmauii, 2013, eunyck 4 (111)

ISSN 1681-7710

Statement of the problem. For definiteness, we
consider the general problem of approximating [5] the
image boundaries of objects, segmented by the digital
photo, the example of lake.

Suppose that the initial object is some body of wa-
ter. On the source of the image (Fig. 1.a) is considered
the earth's surface, select the source of ordered sequence

o

of boundary points, which is taken as the boundary of
the reservoir (Fig. 1.b) and with an accuracy which is an
error obtaining initial data.

Typically, such a high accuracy is excessive,
and therefore using less of scale required to describe
the same boundary, but a smaller number of pixels
(Fig. 1, ¢).

Fig. 1. Satellite image of the reservoir, the initial description of its borders
and its polygonal approximation to a given accuracy

However, although the border is represents as po-
lyline and, in contrast to the problems of approximation
[6] of functions of one variable, in this case the direct
application of traditional methods of computational ma-
thematics is unacceptable for several reasons. The ob-
ject in question, as a rule, is a non-convex, the use of
spline approximation leads to an extraordinary increase
in complexity, as it requires the consideration of the
local coordinate systems for fragments of the border, the
dimension of which can be hundreds of points.

In addition, various problems have different re-
quirements with respect to accuracy criteria for the
same object.

Thus, if the estimation of the surface area of the
reservoir adequate measure of approximation quality
criterion is the mean square deviation, then the esti-
mation of the length of the coastline, or the height
difference in the design of roads will be more appro-
priate to use the measure of deviation by Chebyshev
[7]

Thus, in order to enhance the effective using of
GIS and other systems of the map segmented images
the actual problem of approximating the boundaries
of non-convex polygonal objects with help of poly-
lines, the method of its solution must be efficient
computationally to provide work in real time, and
provide an opportunity polygonal approximation of
the boundary [8], which has a minimum number of
elements to a given accuracy, which can be deter-
mined by different criteria. In solving this problem it
is assumed that the nodes belong to the original set
approximant segmented tops, and as criteria for de-
termining the accuracy of the approximation, the me-
tric Chebyshev, variance, standard deviation and ab-
solute deviation.

The method of solving

he problem of approximation

For solving the task of approximation of lake
boundaries we propose a method that combines the use
of two procedures — algorithm number 1, which consists
in g -approximation of the boundaryL by polygon

lyen (IB), and algorithm number 2, which provides a

minimum number of the approximation units by varying
the parameter IB. Here 1, ,(IB)- this is the e-
approximation of border L, which obtained by sequen-
tial approximation of boundary L, starting from the
point IB.

Algorithm 1.

1. Let IW=1IB; £=1, jg =IW and we believe

that a given sequence of boundary points T has a
number IB,IB+1,..,IB+n—-1, IB+n, where point
with the number IB+n is the same as IB.

2. Increase k from 1 for as long as removal (by
criteria p, ) the segment with endpoints in (Xyw, yrw) »
(Xtwk>Yiw+k) from internal points (Xpw.1, Yiw+1)

s (Xrwak—1>Yw4k—1) Will not exceed ¢ or

IW+k=IB+n.

When we reach this point we said that &:=&+1,
Je = Yiw+k -

3. If IW+k<IB+n, set IW:=IW+k and go
to step 2; otherwise —set &:=E+1, jz = yrw, and go

to step 4.

4. End: approximating polygon 1, ., (IB) con-
sists of a sequence of boundary nodes
T*0k = 170> Ty Ty} With initial numbers 1y =jj,

T =j2, cees Ty =_]g
Since the choice of the starting point IB can affect
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not only on the shape of approximant, but also on the
number of units, from which its consist, then for solving
the task offers two approaches - the exhaustive search
method (Algorithm 2) and the Monte Carlo method (Al-
gorithm 3).

The first of these, as shown by the numerical expe-
riment is acceptable when the number of the initial ver-
texes are a few thousand, in this case a decision is
reached in 15 seconds, when N =1000.

In the case when the number N increases signifi-
cantly, or the decision you want to get in a smaller neck
time, you can use the Monte Carlo method.

Algorithm 2.
* 0
1.SetIB:=0, n*:=N, I, ; = =T,
2. With help of Algorithm 1 find 1, ,(IB). If

n<n*, then set l;,s,k =lgen(B), n*:=n.

3. Set IB:=IB+1. If IB< N, then go to step 2;
otherwise - go to step 4.

4. End: set polyline l*a’s’n* with the number of
units n* as solution of the task.

5. Let t (t*) — current (limit) time for solution

of the task, n** - a reasonable number of vertices of
approximant, and R[0,N] — the integer, given the

sensor uniformly distributed numbers in the range
from 0 to N.

Algorithm 3.

1.Let IB=0, n*:=N, I

o,e,n* =

2. With help of Algorithm 1 let’s find 1, . , (IB).

7O

: 1
a,e.k ~ la,g,

3. Let IB:= R[0O,N].
If t>t* (and/or n<n**), gotostep 4; oth-
erwise - go to step 2.

If n<n*, then I ,(B), n*:=n.

4. End: let’s polyline l*a’s’n* with the number of

units n* as a solution of the task.

In this algorithm, the termination of the search in
step 3 continue, according to the time, number of units,
or both of them.

To solve the problem in order to handle data about
reservoir, were developed models and algorithms which
were implemented a software system called LAKE. As
initial data used a well-known analogue of GIS as a
World Atlas "Encarta" of Microsoft company.

System LAKE contains three main sections de-
signed for the segmentation [8] of the external boundary
of the lake, its trace in order to provide a closed 8-
connected line and polygonal approximation of interac-
tive real-time, respectively, and a criterion of error, the
first two blocks are taken from the library of special
programs.

When the segmentation boundaries [9] of the

lake is performed, in the first stage, the allocation of
the threshold point of the lake and the color filter of
the points that do not contain of 8-connected points
that are not owned by the color of the lake, and then,
using the wave method, selected endpoints are com-
bined into the border. Finally, select the higher of the
obtained boundary, which is the external boundary of
the reservoir.

Tracing [10] the external boundary is used for its
representation as an ordered sequence of a closed 8-
connected points and need for further approximation.
Tracing the external border of the lake produced by the
method described in.

Conclusion

Based on the analysis of a wide class of applica-
tions processing segmented images for various appli-
cations - from the processing of satellite data to the
analysis of biological objects - isolated conceptual
problem is formulated and the corresponding problem
of approximating the boundaries of segmented ob-
jects with the specified error for the four main criteria
of accuracy.

Given the geometric features [11] of the prob-
lem and requirements for its solution and its use in
GIS, restrictions on the functional class of approx-
imants, represented by broken lines, the choice of
sites for approximation and efficiency of its solu-
tions.

Analysis of these restrictions shows that to solve
the problem of traditional methods of segment ap-
proximation and regression analysis are unacceptable,
especially - because of their high computational
complexity, because they are not focused on solving
the problem of approximating a non-convex region
with restrictions imposed.

Therefore, to solve the problem of approximating
the boundaries of segmented objects with the specified
error for the four main criteria of accuracy developed
method based on the use of brute force algorithm ap-
proximant starting points and estimate the accuracy of
the approximation, while minimizing the number of
links approximant.

To solve the problem in order to handle data on
water bodies developed models and algorithms are im-
plemented as a software system called LAKE; as input
used a well-known analogue of GIS as a World Atlas
"Encarta" of Microsoft company.

The computational experiment carried out with the
system LAKE confirmed the effectiveness of the pro-
posed algorithms in terms of quality of approximation
and efficiency of computation, for example, to Lake
Victoria, the source for the number of boundary which
was about 2000 nodes, the trace and the approximation
is 15 to 26 seconds, in proportion to the error.
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Penensent: 1-p TexH. Hayk, non. K.C. CmenskoB, XapKiBCb-
kuii yniBepcurer IlosiTpsaux Cun iM. 1. Koxkeny6a, Xapxkis.

MOAOENIOBAHHA | METOAU BAFATOKYTHOI AMPOKCUMALIII OB'EKTIB
A.C. Yynpuna, An3y6ini Axmen Came

Memoro 0anoi pobomu € docnioxncenns icHylouux mooeneii i Memooie anpoKcumMayii ma OMpUManis NPOSPAMHO20 KOMNJLe-
KCy, wo 3abe3neuye anpokcumayilo medxc 0b'ckmis 3a ix yugposum 300padcentsam 6ionogioHo 0o 3a0anoco Kpumepiio mouHic-
mio. O6'ekmamu 00CniodNcenHs: € MOOeNi, Memoou, AA20PUMMU Ma KOMN TOMePHi MeXHON02ii 05l UpTiuleHHs RpodIemMu anpoKcu-
mayii mexic 06'cxkmis 6 I'IC, 3 Memoio npedcmagnents yux medxic y eueasoi noaicony 3 MiHIMAIbHOIO KITbKICIIO 8Pt 32i0HO 00
3a0an0i MOYHOCHI.

Knrouogi cnosa: bazamoxymmua anpoxcumayis, eeoingpopmayitini cucmemu, Kpumepii mouHocni, NOMUIKA.

MOLOENUPOBAHUE U METOAbl MHOIOYIrOJfibHOW ANNPOKCUMALIMM OB BLEKTOB
A.C. Yynpuna, An3younu Axmen Came

Lenvio dannou pabomvl A6151€MCsL UCCTEO0BAHUE CYUECTNEYIOWUX MOOeTel U Memo008 annpoKCUMAayuy U noIyYyeHue npo-
2PAMMHO20 KOMNTIEKCA, 00eCneuusaioujeco annpoKCUMAayuio epanuy 00beKmog no ux YuGposuiM U300PaANCEHUIM 8 COOMEEMCHI-
8UU ¢ 30aHHbIM Kpumepuem moynocmulo. O6vexmamu Uccie008anus AGIAOMESL MOOETU, MEMOObl, Al2OPUMMbL U KOMNbIOMED-
Hble mexHon02UY ONisl peuleHus: npobnemvl annpoxcumayuu spanuy 06vekmos ¢ I'HC, ¢ yenvio npedcmaenenus smux spanuy 6
8Ude NONUSOHA ¢ MUHUMATLHBIM KOTUYECMEOM 8EPULUH 6 NPEOenax 3a0aHHO MOYHOCTIU.

Kniouegvie cnosa: mnozoyeonvhas annpokcumayus, 2e0uHGOpMayUoHHble CUCIeMbL, KPUMepUuil MOYHOCHU, OWUOKA.
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