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TOTAL SIGNAL DEGRADATION DUE TO RAIN PRECIPITATION
IN THE TROPOSPHERE IN THE AREA OF KIELCE CITY

Jacek Lukasz Wilk

Division of Telecommunications, Department of Telecommunications, Photonics
and Nanomaterials, Faculty of Electrical Engineering, Automatics and Computer Science
al. Tysigclecia Panstwa Polskiego 7. 25-314 Kielce, Poland
J-wilki@tu kielce.pl

Summary. The article discusses the different effects contributing to the overall loss
of signal propagation due to rain along Earth-space paths and analyses atmospheric
attenuation. It deals with propagation concerns for satellite communications
systems in the troposphere. The presence of rainfall has a considerable influence on
the quality of microwaves links, especially due to absorption and reflection by
raindrops, as rain acts as a rather strong source of noise. The discussion includes
signal attenuation due to precipitation, an increase in noise due to precipitation and
total signal degradation due to precipitation. In practice, statistical description is the
only satisfactory way to show the results of modeiling of microwave links in rainy
weather in the area of Kielce city. The theoretical results were compared with
real-time data (e.g. rain attenuation as a function of the rain rate). The data were
used to determine the impact of rain intensity, polarization and radio waves
frequency on the received satellite signal quality and finally to provide information
about signal attenuation due to rain and suggests ways to improve the design of
communication systems. The research results presented in the article can be useful
to satellite communications engineers as they can improve the design and
performance of satellite links and minimize the interruption or lack of
communication between the terminal and the satellite to deliver the satellite
services at the highest level.

Keywords: atmospheric attenuation, signal attenuation due to precipitation, an
increase in noise due to precipitation, total signal degradation due to
precipitation, the application of polynomial regressions, radio wave
propagation in troposphere.

1. INTRODUCTION

After free-space path loss, one of the most important effect contributing to the
overall loss of signal propagation along Earth-space paths is rain attenuation, which is
attributable to absorption and scattering by raindrops. In the article, atmospheric losses
are treated separately from the losses caused by adverse weather conditions, which are
also atmospheric losses. In practice, rain attenuation is not predictable with very good
precision and it is directly related to the properties of rainfall, frequencies and
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(signal attenuation, increase in noise and total signal degradation due to precipitation),
which increase with frequency was presented in Figure 1-17 in Poland (especially in
Kielce city). Moreover, close by this city from 1974 at Psary-Katy, was a large satellite
ground station, operated by TP SA, with up to seven large parabolic antennas.
Measurements in this region seems to be a good indication for system planners doing
signal attenuation. The area of Kielce city is the representative region especially due to
the central location in Poland, environment and morphology of terrain. Because of not
spherically shape of hydrometeors, they can result in changes in the polarization, which is
the another individual problem. The results of the analysis may be important when high
reliability of microwave link is needed. If attenuation exceeds the link budget of
a selected link, then (for example) an alternative technique is required to overcome the
attenuation problem in microwaves link engineering. This is especially useful for satellite
communications to have practical applications which has become more prominent as the
communication community moves into higher spectrum of the available bandwidth,
which in a future applications become available due to the optimization of satellite
equipment [3,4.5,6.7]. The role is also to ensure the rational, efficient and economical use
of the radio-frequency spectrum by many types of the radiocommunication services and
carry out studies without limit of frequencies on the basis of the series of I'TU-R
Recommendations.
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CALKOWITA DEGRADACJA SYGNALU WKUTEK WYSTAPIENIA
OPADOW DESZCZU W OBSZARZE MIASTA KIELCE

Streszczenie

W artykule om6wiono rézne efekty przyczyniajace si¢ do catkowitej degradacji
sygnatu, wskutek wystgpienia opadow deszczu na drodze propagacji fali radiowej
oraz przeanalizowano tlumienie atmosferyczne. Skupiono si¢ na analizie
propagacji fal radiowych w systemach lgcznosci satelitarnej w troposferze
ziemskiej. W praktyce, obecno$¢ opadow znaczaco wplywa na jako$¢ sygnatow
mikrofalowych. szczegélnie ze wzgledu na zjawisko absorpcji i refrakcji
wystepujgce na kroplach deszczu, stanowiacych silne zrodlo szuméw. Analizy
dotyczg thumienia sygnatu wskutek wystgpienia opadow deszczu. towarzyszacego
ich wystgpieniu wzrostu szuméw systemowych i catkowitej degradacji sygnatu.
W ujeciu praktycznym, tylko poprzez statystyczny opis mozliwe staje sie
pokazanie wynikéw modelowania mikrofalowych faczy satelitarnych w warunkach
opadow deszczu w obszarze miasta Kielce. Otrzymane wyniki poréwnano
z danymi rzeczywistymi, dotyczacymi np. thumienia fal radiowych w zaleznosci od
intensywnosci opadow deszczu. Dane te poshuzyly do okreslenia wplywu
intensywnosci opadow, polaryzacji i czgstotliwosci fal radiowych na jakosé
odbiecranego sygnatu satelitarnego oraz poprzez przekazanie informacji — do
optymalnego projektowania systemow telekomunikacyjnych. Wyniki badan sg
przydatne dla inzynierow laczno$ci satelitarnej. poniewaz mogg przyczynié sig
optymalizacji i poprawy wydajnoéci taczy satelitarnych oraz zminimalizowania
ryzyka utraty sygnalu lub przerw w cigglosci $wiadczenia ushug, co umozliwia
zaoferowanie ustug satelitarnych na najwyzszym poziomie.

Stowa kluczowe: thumienie atmosferyczne, thumienie sygnatu wskutek wystapienia
opadow deszczu. wzrost szumow systemowych wskutek
wystapienia opadow deszczu, calkowita degradacja sygnatu
wskutek wystgpienia opadow deszczu, zastosowanie regresji
wielomianowej, propagacja fal radiowych w troposferze
ziemskiej.
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RADON-ZERNIKE MOMENTS METHOD APPLIED
IN POSTAL APPLICATION

Mirostaw Miciak, Roman Wiatr, Tomasz Andrysiak, Mirostaw Maszewski
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University of Technology and Life Sciences (UTP)
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Summary: In this paper a new method of a handwritten characters recognition is
introduced. The proposed algorithm is applied to classification of post mails on
the basis of postal code information. In connection with this work the research
was conducted with numeric characters used in real post code of mail pieces.
Moreover. the article contains image processing, for instance, filtration of Radon
transformation of the character. The main objective of this article is to use the Ra-
don transform parameter space to obtain a set of moment features on basis of
which postal code will be recognized.

Keywords: Character recognition, Radon transform, Zernike moments.

1. INTRODUCTION

The today's systems of automatic sorting of the post (Fig. 1) mainly use the OCR
(Optical Character Recognition) mechanisms. In the present, recognizing of addresses
(particularly written by hand) is still insufficient and needs to be improved.

VIDEO
CODING

ol OPTICAL CHARACTER SORTING

ACQUISITION RECOGNITION > MACHINE

Fig. 1. The automatic sorting system — mail flow

The typical system of post mails sorting consists of the image acquisition unit,
video coding unit and OCR unit. The image acquisition unit sends the mail piece image
for interpretation. If the OCR unit is able to provide the sort of information required
(this technology has 50% effectiveness for all mails [7]), it sends this data to the sorting
system, otherwise the image of the mail pieces is sent to the video coding unit where the
operator writes down the information about mail pieces. The main problem is that oper-
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ators of the video coding unit have lower throughput and induce higher costs [7]. There-
fore, the OCR module is improving, particularly in the field of recognition of the char-
acters [16]. Although these satisfactory results were received for printed writing, the
handwriting is still difficult to recognize. Taking into consideration the fact that manual-
ly described mail pieces make over 30% of the whole mainstream it is important to
improve the possibility of segment recognizing the handwriting [20]. This paper pre-
sents the proposal of a system for recognition of handwritten characters for reading post
code from mail pieces.

2. PROPOSED SYSTEM OVERVIEW

The process of character recognition (Fig. 2) can be divided into stages: pre-
processing, Radon transform calculating, Zernike moment calculation, feature vector
building, and character recognition stage. The first step of the image processing is pre-
processing stage, where the colourful image mainly represented by 3 coefficients (red,
green and blue) from the acquisition unit must be converted to the image with grey
scale. The next step of processing of the image of postal code character is Radon trans-
form. As a result, we obtain the parametric space where subsequent operations will be
carried out. The main attention is drawn to the possibility of calculating the Zernike
moments as features of the post mail code characters on the basis of the Radon parame-
ter space. Application of Radon transform allows skipping several stages of pre-
processing occurring in other publications, such as: binarization, filtration and normali-
zation [16,19]. An additional advantage of this approach is that we do not need to real-
ise the inverse Radon transform to calculate the image moments of the post mail code
characters.

AR e CE | PRE-CLASSIFICATION DATABASE
CHARACTER| | RADON
IMAGE TRANSFORMATION
cx_?:ﬁfqu?m > FE@;SSSL‘AE::(;?R ! CLASSIFICATION CHARACTER

Fig. 2. The proposed method of character recognition

3. RADON TRANSFORMATION

In recent years the Radon transform has received much attention. This transform is
able to transform two dimensional images with lines into a domain of possible line
parameters, where each line in the image will give a peak positioned at the correspond-
ing line parameters. This have lead to many line detection applications within image
processing and computer vision. The Radon transformation is a fundamental tool which
is used in various applications such as radar imaging, geophysical imaging, nondestruc-
tive testing and medical imaging [14,19]. The Radon transform computes projections of
an image matrix along specified directions. A projection of a two-dimensional function
f(x, y) is aset of line integrals. The Radon function computes the line integrals from
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ZASTOSOWANIE MOMENTOW RADONA-ZERNIKE
DO APLIKACI POCZTOWYCH

Streszczenie

W artykule przedstawiono nowe rozwigzanie zadania rozpoznawania znakow
pisanych r¢cznie dla zastosowan pocztowych. Zaproponowano algorytm klasyfi-
kacji przesylek pocztowych dzialajgcy na podstawie informacji zawartej w zapisie
kodu pocztowego. Gloéwny nacisk polozono na wykorzystanie transformaty Radona
i momentoéw Zernike do uzyskania zbioru cech. na podstawte. ktérych rozpozna-
wano kod pocztowy. Otrzymane wyniki eksperymentow pozwolity wykaza¢ sku-
teczno$¢ proponowanej metody.

Stowa kluczowe: rozpoznawanie znakow. transformata Radona. momenty Zernike
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There is always some probability of an error. It should be ensured that the
identification device gives the most possible and correct classification on the selected
parameters with known determinate or probabilistic propertics and specified allowable
crror probability.

The design and technical implementation of the recognition device, especially the
part that serves for perception (measurement) of image description image parameters,
depend on the physical nature of the recognition object |1, 2]. The same object can be
characterized not only by its geometrical properties (height, width), but also mechanical.
electrical, chemical, thermal and other properties. Thus an object can be evaluated from
different perspectives. The combination of all features creates the image of the object.
Thus, if a certain number of objects have the same features they can be combined into
a general class and treated as a single image, neverthcless there are also other features of
the same objects that arc quite different and such objects should be assigned to different
classes. For example, if one defines the image of natural oscillation frequency the naval
ship and pendulum belong to the same class of objects but if their geometric size and
shape are taken into consideration they should be treated as different classes.

Therefore, at the first stage of the recognition we should determine features
priority for images distinction, and accordingly choose physical or any other parameters
for objects description.

Methods for selecting features for a variety of application uses are presented in
[3-5]. The analysis of selected features is carricd out in [6, 7].

For example, in the works dedicated to disease diagnostics [8] as disease features
were used, except its symptoms, laboratory analysis data and calculated probabilities of
certain features presence in the given discasc. It served as a source statistical material
for their recognition. As it can be seen from the experiments, the probability of correct
disease recognition with the use of formal algorithm in elcctronic computers is
significantly higher than the recognition of the same disease by a medical specialist.

Recognition theory methods are also used for solving the most difficult tasks in
minerals classification on the base of geophysical measurements: for example, the
process the aquifers and oil reservoirs in borcholes recognition with a very small
probability of errors occurrence is described in [9].

The collected statistical material and the use of optimal recognition algorithms
method (mcan distance for determinate features and strategy for Baycsian probabilistic
features) and priority primary features [2, 11, 12] enables to make correct decisions with
higher probability.

Thus, the choice of recognition paramcters for certain physical quantities is
defined by:

a) parameters invariance to various transformations:;

b) simplicity of a selected device for parameters measurement and a device that
converts the parameters in code helpful in a decision making device;

¢) parameters sensitivity (hindrance immunity) to countermeasures;

d) complexity of systems teaching and self-teaching.

While solving the specific recognition problem the most important step is the
optimal choice of the most informative parameters set of the recognition image, thus it
is determination of features priority. This will determine the better design of the device
and broader prospective of its use [ 10, 11].

Difficult recognition system - heterogeneous information is utilized physically. For
example, systems of medical diagnostics (analyses, cardiograms, temperature. pressure).
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Therefore the a priori features dictionary can generally be used only as a basis for
building the rcal dictionary used in the recognition system, which includes only the
features, which, on the one hand, are the informative and, on the other hand, can be
defined with the help of existing or specially created measurement equipment.

Thus, the task of features working dictionary construction in general is limited to
determination of the hardware number needed for features with the highest priority with
the help of allocated resources. This priority can be established based on methods and
approaches proposed in [12, 13].

It is possibility to increase efficiency of the system of recognition due to the
increase of distance between objects from different classes. Then at implementation of
some terms on middle square variation of objects into a class S(€2,) a task is taken to
finding of maximal value for all ;, from a minimum to functional R(Q,,Q,), that it is

needed to find max_min R(Q,,Q,) at limitations u« k,r=1,...n:

N
S(Q)< S, Z(‘,y <C*

/=1
2 . . -
Let L =C, =n(n—-1)!2 is an amount of possible pair from » classes, the square of
distance between the pair of classes is evened

nom,

N
Rz(Q,\..Q,.):Zfl, 1/, /m,.z Z(xk,' —x,l,' Y5,
7=l 1

=l I=
where k. r=1...n.
Then, entering informing of 7 sign for the s pair of classes

my;om

; Y i 12 .
o, =Vm im, E E (X, —x,) s=Lo,L, i=1.,N,

=1 1=l

N
where the square of distance for a s pair is evened Rgz,u,(r s=L.,L, will get

\I’ 3ty
J=I
a next task [2. 10]:

. 2 .
max min R, =max min{zu, o)
u, =011/ HeB 1K</

N
((‘,;1):2/1,(’, <C*,
=1
where T, =01, 30 Oy W = (s fy s iy ) -
In investigation of continuity of function [rllinl(,u, o,). and also to simple
maxmin have the method of report of maxmin, thaljusi t‘h‘e following assertion:

max min(,u,(r\):lim max ‘P(/I,cr),
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N
where D=L, x[0, max Z o, | is cartesian product N-dimension a cube and segment
7=1
N
[O,maxZGV]. It is possible to take in quality a function ‘}]’_I(,u.v). for cxample.
=1 X

function
, 2
V() = v= kY () + kG — v —|(pr. o)+ kG ]
=1
where
N 2
Gd=3 (w1 - )=k~ ()|~ ]
j=t
and z examined on the N-dimension single cube of [, = {,u:()s Sk y=1, N}

It is modification to show that V& > 03K such, that Vk > K~ k just incquality

max min(y, ¢ )—min{g,,,. (K)o )< &.
HeB =11 s

Will consider a case, when except for a priori information on the location of
objects in N-dimension of space and values of signs of objects the known and a priori
probability of appearance of objects from the classes Q,.Q of k.r=1I...n, that

determine P(Q,) and P(Q,).

Then, assuming independence of these events, a priori probability of appearance of
objects of both classes

Po=PQ)*P(Q,), s=1,...L, and L=C? .

Now a task can be formulated as follows: to find such set of working dictionary of
signs, which will provide the maximal value of the expected value

5

;o
MIRI =D R, *P,

s=1

at limits on resources
N
(€)= 1, <C".
1=

On condition that cfficiency of the system of recognition can be attained only due
to the increase of relation of distance between classes to middle squarc variation of
objects into classes, the functional @ can look tike [2. 11]

D = R*(€,.Q,)/ 8(€2, )/ S(Q, ).
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— with the increase of classes number, features with less variation values should be
incorporated into the dictionary in order to reduce the average risk,

— reducing the recognition efficiency by increasing the number of classes can be
compensated by the increase of feature vector dimension, but it requires additional
financial means,

— while solving the recognition efficiency problem by increasing the feature vector
dimension much attention should be paid to the fact that the described increase is
largely increasing number of measurement means, each of which provides definition
of one or a group of features. It requires additional costs for building recognition
systems and resources are often limited.

In conditions of the limited resources on recognition systems (limited financial
resources; unavailable necessary measurement hardware; uninformative, non-priority
features) only a compromise between the size of the classes alphabet and features
dictionary volume provides a solution to the recognition problem and correct objects
and phenomena identification in the most optimal way {3, 9. 11, 13].

4. CONCLUSIONS

Application of the proposed model for features working dictionary construction
after their priority determination cnables to optimize the procedure of the working
dictionary formation, keeping only the most informative of the features. This allows
effective implementation of the recognition procedure under incomplete information
spacc and with already determined accuracy. This significantly increases the reliability
of the recognition system.
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PODF,JSCIIL’ DO BUDOWANIA CECH SELOWNIKA NA PODSTAWIE
OKRESLONYCH PRIORYTETOW GLOWNYCH ELEMENTOW

Streszczenie

W artykule przedstawiono opracowane podejscie porswalajgce na tworzenie
funkcji stownika dla modelu symulacyjnego na podstawie priorytetowyeh funkgji.
Zaproponowane podejscie moze sosta¢ wykorzystane w procesic rozpoznawania
obicktow. zjawisk i1 procesow. W pracy przedstawiono gléwne kierunki zasto-
sowan dla aplikacji i otrzymanych wynikow.

Stowa kluczowe:  wybor priorytetow. stownik funkgji roboczych. model symula-
cyiny
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Summary: The authors of this paper have defined the notion of referential graphs
which allow to model data and telecommunication networks in order 1o optimize
them. Parameters of this type of graphs can be compared with parameters of modi-
fied chordal rings three and four degree. A description of the program developed for
graphs of this type and its effects have been presented.

Kevwords: graphs. chordal rings. data communication networks.

1. INTRODUCTION

The research subject of this paper is to present a method for optimization of network
structures built on the basis of chordal rings (multi top networks) which connect nodes
forming data communication distributed systems. The term “distributed system’ is under-
stood as a data communication structure consisting of a certain number of identical, intelli-
gent nodes who are responsible for providing the system users with specific services ensur-
ing adequate quality. speed and reliability [1,2,3,4,5]. Acceptance of such a solution posi-
tively contributes to reduction of investment costs, facilitates operation and maintenance of
data communication systems as well as multi-process systems whose operation involves the
concept of parallel computing processes carried out by a set of processes connected by
a nctwork with adequate configuration. The right choice of the topology of connections
between its components is of key importance for the design and analysis of distributed com-
puter systems. It determines effectiveness of the whole system operation.

In case of distributed computing systems, the main purpose is to reach the maxi-
mum computing power, whereas for telecommunication system it is of key importance
to reach [4]:

—  Minimal Connection Costs  expressed by a summary number of used links;

- Minimal Communication Delay it is measured by diameter length and average
path length;

— High fault tolerance which is characterized by the number of independent paths
between two nodes  connectivity or the minimal number of nodes and edges after
removal of which the network ceases to be coherent Node and Edge Connectivity;
Regularity and Symmetry;

- Easy of Routing |6.7];

— Extensibility.
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The main elements of distributed systems are: the type of transmission medium
and configuration of the network connecting modules used for collecting, transmission
and distribution of data [8].

The discussed networks can be modeled using undirected graphs, and more specif-
ically. using Symmetric Digraphs [9]. A characteristic feature of undirected graph G
with a set of vertices }(G) and a set of edges E(G), is that if cdge [v, v,] belongs to set
E(G), then also edge [v, v,] belongs to the same set. Thus. the diagraph cdge connecting
nodes v, and v, can be replaced with two dirccted edges [v. v,| and [v, v,], which. in
implementation of an optical network, corresponds to a connection of two random
nodcs by two optical fibers, onc of which to be used for transmitting signals between v,
and v, whereas the other  between nodes v,and v,

It is obvious that the nctwork described by complete graph has the best transmis-
sion properties. Such a network is the highly reliable (in casc of node or link damage the
most bypass paths are available), it has the shortest graph diameter (equal to 1), the
lowest average connection path length (equal to 1) and the lowest connectivity delay.

The main fault of a complete graph involves a necessity of physical or logical con-
nection of all the nodes with cach other which is specificd by the formula:

p(p-1)
2

L= (n

wherc:
L denotes the number of links,
p the number of nodes.

For this reason, thc most desirable is such a topology which will provide the nodes
with connectivity in thec most satisfying way, cnsuring reliability, speed and quality of pro-
vided services with economically justified outlays and implementable technical solutions.

Conclusions drawn on the basis of the studicd papers indicate that the parameters
which have the largest influence on the network operation properties are the graph di-
amcter and the average path length.

Definition 1
‘The diameter of graph D(G) is the longest path among the minimal length paths
connecting two arbitrary nodes of a graph:

D(G) =max, , {d(v,,v,)} )
where v, v, denote the number of nodes, dfv,v;) length of the path (number of nodes)
connecting nodes v, v,.

Definition 1
The average path length in a graph is defined as follows:

1 p1p 1
= Z Z dmm (vl * V/ ) (3)
p(p-1) %%

where d,,,,, denotes the minimal number of edges between nodcs v, v,. whercas i =jp-
is the number of nodes forming a graph.

av
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The average path length of an ideal graph is defined by the expression:

D(G)1 N

N LG N (C R C O] 1)+,+(p” ot
(d(V)_2)2 1GR (MGy-1)GR

- Pew —1 (4)

where p,gr denotes the number of the deal graph nodes.

— A graph is symmetric, meaning that its parameters remain identical no matter which
node they are computed from.

2. COMPARISON OF PARAMETERS OF MODIFIED CHORDAL
RINGS AND REFERENTIAL GRAPHS

In this section third and fourth degree Referential Graphs will be presented includ-
ing comparison of their parameters with parameters of the earlier studied best modified
structures.

2.1. Third degree referential graphs

The basis for determination of the main parameters for graphs of each type is pro-
vided by a description of the distribution of nodes that occur in their successive layers.
For degree three Referential Graphs, theoretical distributions of the maximal number of
nodes have been determined, on the basis of a minimum spanning tree comprising all
the nodes that form the structure which is shown in Table 1.

Table 1. Distribution of the maximal number of nodes occurring in successive layers of Referen-

tial Graphs
d 1 2 3 4 5 6 7 8 9 10
Pdry: 3 6 12 24 48 96 192 384 768 1536

On the basis of the above presented table, the summary number of nodes that occur
in optimal graphs in the function of their diameter, has been calculated which is pre-
sented in table 2.

Table 1. Summary number of nodes occurring in an optimal Referential Graph third degree

D(G) 1 2 3 4 5 6 7 8 9 10
Parr 4 10 22 46 94 190 382 766 1534 | 3070

A third degree optimal Referential Graph has been defined on the basis of the ob-
tained values presented in the tables.

Definition 6

A three degree optimal Referential Graph (CHRy;;) is a regular structure with the
following properties:
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Table 2. Distribution of the maximal number of nodes occurring in the successive layers of
a referential graph

d 1 2 3 4 5 6 7 8
Dt 4 12 36 108 324 972 2916 8748

The total number of nodes in the function of the graph diameter, computed using
the above given number of nodes that occur in the successive layers, has been presented
in table 4.

Table 3. The summary number of nodes in the function of the graph diameter, computed using
the above given number of nodes that occur in the successive layers of four degree Ref-
erential Graph

D(G) 1 2 3 4 5 6 7 8
P 5 17 53 161 485 1457 4373 | 13121

Below there is the definition of a four degree Reference Graph.

Definition 12

Referential Graph is a graph whose parameters are equal to parameters of a mini-
mum spanning tree defined in the following way:
— The number of nodes in the d-th layer of an optimal Referential Graph is defined by
the formula:

Parc =4 3¢ 9

— The summary number of nodes pp;i; in the function of diameter is described by
the formula:

ID(G)RG
43RG o

Poyea — —_2— =230 g (10)

— The graph diameter in the function of the number of nodes can be calculated with
the use of the formula:

——
D(G) = ’710& oo w (11)

— The average path length in optimal Referential Graph d,x; in the function of diame-
ter is given by the formula:
(2D(G)—1)-3" D 41

b = (12)

Like in case of third degree graphs, definitions of chordal rings which have been
compared with Referential Graphs will be presented [26].
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GRAFY REFERENCYINE

Streszczenie

W artykule zdefiniowano pojecie Grafu Referencyjnego, za pomoca ktorego mozna
modelowac sieci teleinformatyczne w celu ich optymalizacji. Zdefiniowano parame-
try takiego typu graféw. ktore zostaty poréwnane z parametrami modyfikowanych
pierscieni cigciwowych trzeciego i czwartego stopnia. Do modelowania poszczegdl-
nych przypadkéw opracowano program symulacyjny. Zaprezentowano opis tego
programu oraz wyniki otrzymane przy wyszukiwaniu grafow referencyjnych dla
szerokiego spektrum danych wejsciowych,

Stowa kluczowe:  grafy, grafy referencyjne, projektowanie sieci telekomunikacyj-
nych
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