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The algorithm of quantitative assessment of the population density spatial distribution on the rank data basis is
shown. The algorithm is based on Gauss-Zaydel method with “flexible” restrictions. Source data specifications that sa-
tisfy a single-valued result are given. Calculation results in the MATLAB media are shown. It is shown that the result is
independent from initial density values, but it is defined by the minimum quantitative difference between density values

of clutters with neighbor ranks.
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The term “clutter” is being commonly used in a for-
eign literature, serving as an applied analogy of a “clus-
ter”. In regards to the Population Density Clutter Model
(PDCM) clutter is a specified landscape or urban territo-
ry with a population density rank assigned. PDCM has a
practical significance for implementation of tasks closely
related to GIS technologies. In particular, it is used for
planning of mobile networks’ base stations workload, ac-
companied with digital terrain models (DTM). The pecu-
liarity of PDCM enables modeling of base stations’
workload with territorial geometry, area, and population
density spatial distribution taken into account at the same
time. The “radioplanning” (RF-planning = radio-
frequency planning) term is being used to describe the
planning of mobile network systems’ infrastructure over
a certain area. It is commonly used in the sphere of tele-
communications and information technologies by a num-
ber of companies that produce corresponding original
software. The most popular software solutions and ven-
dors are: ASSET (Aircom), Atoll (Forsk), Planet (Men-
tum), SignalPro (EDX).

One of the basic requirements for population density
spatial distributions, used for radioplanning, is the high
spatial resolution. The last one is defined by a constantly
growing demand for mobile operators’ service, increase
of information traffic and network quality requirements,
thus resulting in network density growth. Herewith, the
distance between basic stations in some urban areas is
about 200-300 meters nowadays. Another factor that in-
fluences much the quality of wireless networks is the in-
tensive growth of mobile Internet services. It requires a
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drastic increase of a radio line bandwidth, followed by
increased width of channel frequency range and the car-
rier frequency.

The mobile network standard of GSM-1800 with the
1.8 GHz frequency is the growing alternate of the nowa-
days most widely used Ukrainian mobile network stan-
dard of GSM-900 with the 0.9 GHz frequency. These
mobile network standards represent wireless networks of
the second generation (2G) and allow Internet access via
WAP text protocol. Most of worldwide networks of the
third generation (3G) which work with full-valued Inter-
net protocols use the 2.1 GHz frequency. The shift up to
2.7 GHz frequency is possible while migration into the
next generation of modern networks (4G). Hence the pe-
culiarities of wave propagation under shown frequency
ranges make it necessary to decrease the distance be-
tween base stations.

This is the reason why in most cases the direct calcula-
tion of population density gives inapplicable average re-
sults, because often the population quantity is well-
measured only over relatively large administrative areas
(regions). The approach of indirect measurements of popu-
lation density based on the density of road network graph
branches is also inapplicable for practical use.

The problem statement of population density spatial
distribution calculation under the PDCM framework is
shown as following [1]: source data represent population
quality values for N regions, for which the calculation

will be made, {P}i:l _» accompanied with population

i

density rank values {rj} ,
i e

. for clutters of M types and

their areas in regions {Sij}_ e
=L,N; j=1.,
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The task is to calculate population density values for
clutters d = {d} _
J

i that minimize the following ob-

jective function

M

W<J>:Jﬁ[e—2d.fsyj » M

i=1 Jj=1
where the following restrictions apply
d, 20; d, >d, wherer, >r, ¥ k,m. 2)

The solution of the above-mentioned task is commer-
cial classified information of Geolmage Corporation.

If restrictions (2) are not present the task to minimize
the objective function (1) is fully compliant with calcula-
tion of multiple line regression coefficients under the
least-squares criterion, which may be accomplished ana-
lytically. However, with restrictions present, it should be
considered as a non-linear programming task with the
objective to get the quantitative assessment of population
density clutters, initially given in an ordinal scale. Hence,
the solution of the objective has to increase the popula-
tion density clutter measurement scale. Generally the
task to increase the measurement scale of an attribute is
considered to be incorrect [2], because the source data
may be not enough to reach the single-valued definition
of the objective.

The objective of the present work is to solve the task
of population density spatial distribution calculation with
the use of clutter model. Objective achievement means
the assessment of various possible ways to solve the task,
source data which is enough to get a single-valued defini-
tion, and creation of a calculation algorithm followed by
its software implementation.

Numeric methods of non-linear programming are gener-
ally divided into the following [3]: non-gradient, which use
the objective function value while searching, and gradient
ones, which also require calculation of partial derivatives of
the objective function by independent variables (i.e. solution

elements). Some authors assign methods of random search
as a stand-alone class of methods, but in fact most of them
are modifications of well-known non-gradient or gradient
ones with use of pseudo-random numbers.

Non-gradient methods that enable a simple approach
for objective restrictions (e.g. the scanning method or a
blind search one) are inapplicable for the current task due
to the large volume of the search area. In particular, the
last one is conditional to a large number of independent
variables and undefined range of their change. As the ob-
jective function has an analytical expression, its partial
derivatives are simple to calculate

i[%[ﬁ—lﬁdﬁyﬂ

ow i=1
w__ G

i=1

This enables gradient methods to be used in principal.
The earliest software implementations of the designed al-
gorithm, based on the gradient method of the most rapid
slope as well as on the non-gradient one with the help of
one-by-one variable change, have shown their respectively
low calculation complexity. This circumstance has
smoothed over the main advantage of gradient methods,
e.g. the rapid optimum search. On the other hand, the ea-
siest way to consider restrictions (2) was realized by the
method of one-by-one variable change (Gauss-Zaydel me-
thod), which is the algorithm basis.

Source data of six regions of Samara city (Russia)
were used, given by the CJSC “Visicom”, Kyiv [4]. The
dataset was given as text files of clutter matrices, re-
ceived by processing of satellite images of analyzed re-
gions with 1 meter resolution, under the technology
stated in [5]. Each matrix cell has a density clutter rank
with a described area of 5x5 meters. The classification of
clutters is given in Table 1.

Table 1
Clutter classification
Color | Code Clutter Name Clutter Description Rank

1 2 3 4 5
1 Open area Open space outside the town: meadow, field, marsh 0
[ | 2 Forest Forest of more than 20 m average height trees 0
[ | 3 Sea Ocean, sea 0
[ | 4 Inland water Rivers, canals of more than 10 m width, lakes, reservoirs 0
| 5 Residential, suburban | Country houses, 1-3 storey neighborhoods 5
[ | 6 Urban, mean urban Mean urban building, more than 3 and less than 7 storey height 9
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Table I contination

1 2 3 4 5
u 7 Dense urban Dense urban building, more than 3 and less than 7 storey height 10
| 8 Block of buildings Blocks of buildings of more than 7—storey height 12
u 9 Indugtrial and com- Industrial and commercial zones 3

mercial areas

10 | Villages Villages, sanatoriums 4
| 11 Open_areas in urban | Open spaces inside the town: streets, avenues, vacant, lots squares 0
| 12 | Parks in urban Forest, park of less than 20m height trees, cemeteries 1
| 13 Airport Airports 2
| 14 Open wet area Marshes, swamp 0
| 15 Dense residential Dense non-regular building 1-3 storey height 6
H 16 | Dense urban high Eezrés(e;e?::;:: Ib;lll;ﬁlsi'ng, more than 7 storey height. Financial, busi- 1
| 17 | Mixed urban Mixed urban building 1-6 storey height 7
| 18 | Mixed dense urban Mixed dense urban building 1-6 storey height 8
| 19 | Buildings Higher and isolated buildings, skyscrapers 13

20 Semi open area E::htir;gﬁ,% S;V;l:i by several kinds of vegetation — low grass, 0

Fig. 1 shows the clutter picture of one of the analyzed
city regions, with use of the rank-functional color map.
Fig. 2 shows a part of the clutter matrix, which corres-
ponds to the given Picture 1 sample.

12 12 12 12 20 20 20 20 2020202020 555 55555 5115555555554
12 12 12 20 20 20 20 20 20 20 20 201 5 5 5 5 5 53 5115535535535 335
212121212 20202020202020201 55 555555511555 555%5575!
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the Picture 1 sample

Fig. 2. Part of the clutter matrix, which corresponds to

In order to ease the data processing and decrease the

sumptions have been made:

equal to zero;

volume of calculations while making an algorithm and
debugging of software implementation, the following as-

— population density in clutters with zero rank are

— clutter indexes were ordered by ascending ranks;

Fig. 1. Clutter picture of the city region sample
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— the population density in clutter of the first rank
may not be less than a priori given value, i.e.
dzd, .

In the analyzed datasets clutters with codes 2, 3, 7,
10, 15, 18 were missing, and clutters with codes 1, 4, 11,
14, 20 were excluded due to zero ranks. Therefore, the
following population densities were calculated only for
clutters with codes 5, 6, 8,9, 12, 13, 16, 17, 19, that after
being ordered by ascending, had the following sequence:
12, 13, 9, 5, 17, 6, 16, 8, 13 and ranks
{d}  ={12,3,5 709 11, 12,13}

j=1,..,9

J

While getting of initial approximations of objective
elements, it was stated that quantitative values of clutter
population densities are proportional to their ranks and
equal to

d=r— . (4)

To research the solution stability in relation to the
source data before calculation of densities’ initial approx-
imation, the non-linear transformation to their ranks was
applied.

rj'. :(rl.)p, )

where p >0 is the transformation parameter.

The design of a numeric solution algorithm and its
software implementation was made by three steps. The
first step was to set “strict” restrictions for changing va-
riables. They allowed the equality of solution elements
with different ranks, d, >d, wherer, >r, ¥V k,m, but
assumed the impossibility influence of the currently-
changed variable onto its restriction values. The value of
the currently-changed variable on the & +1 iteration step
was calculated recursively

d"' =(1£6)d", (6)

where ¢ is the value of relative change of a variable
within the iteration step. The sign within the expression
was assigned according to the direction, where the objec-
tive function is improved. Calculation results of this step
have shown that the solution is not stable in regards to
the source data and weak decrease of the objective func-
tion as the optimization result.

“Flexible” restrictions were introduced on the second
step. In this case if the current variable j was increasing,

the maximum value of variable’s index ¢, which could
change, was determined from condition o) <d}*'. Then
all variables with indexes from j+1 to ¢ the value of
d}’.‘*1 was assigned. If the objective function was decreas-

ing, changes of independent variables were ultimately as-
signed. If it was missing, the step of changing of the cur-
rently-changed variable was fragmented. Same types of

34

operations were applied if the value of the currently-
changed variable was decreasing. Calculations have
shown that the solution is stable in regards to the source
data and it has a significant (up to 30 percent) decrease of
the objective function as the optimization result. Howev-
er, the calculation result has shown only two values of
population density, formed for common clutters with
ranks 1-3 and 5, 7, 9, 11, 12, 13 correspondingly. The
practical inapplicability of the such version algorithm
was shown.

An addition to “flexible” restrictions, next statement
was introduced on the third step. The minimum allowed
difference between population densities of clutters with
neighbor ranks is limited by a “clearance” of the C size

d, —d,>Cd

>
; ord

jH+ j+l = ﬁ (7)

The value of C was constant in hereinafter calcula-
tions, however, its value may be set individually for each
pair of clutters. Taking this restriction into account, the
rank correction was used before calculating of initial ap-
proximations of expression (4).

: r 3
i = l—]C where r,,, < l—jC : (3)

If the current variable ; was increasing, the maxi-

mum value of variable’s index ¢ from condition

q
df-C>y d <d" )

s=j+1

was determined. Then all variables with indexes from
j+1to ¢ the value of d/"" was assigned.

df =di"'+CY df . (10)

t=j+l1

If the objective function was decreasing, changes of
independent variables were ultimately assigned. If it was
missing, the step of changing of the currently-changed
variable was fragmented. Same types of operations were
applied if the value of the currently-changed variable was
decreasing.

Software implementation of the shown algorithm is
made in MATLAB. Calculated values of the objective
function and population density of clutters for different
algorithm parameters are given in Table 2. Fig. 3 and 4
show corresponding plots of values of the objective func-

tion W and population densities of 9 clutters {d f}. .
i

versus the number n of the optimization step for differ-
ent values of the parameter C with p=1. In this case

the term “step” defines the full variation cycle of a single
independent variable. Hence result values of population
density of clutters with minimum and maximum ranks
differ greatly, density plots are shown using the loga-
rithmic scale of the ordinate axis.
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Table 2
Calculated values of the objective function and population density of clutters for different algorithm parameters
Algorithm para- Ranks of population densities of clutters 7',
meters Objective func- J
tion value 1 | 2 | 3 | 5 | 7 | 9 | 11 | 12 | 13
4 i i d ., 107 m?
C p w, - 10 Values of population density of clutters Iz m
0 0,5 1,37 0,8 0,8 0,8 4,6 4,6 4,6 4,6 4,6 4,6
0 1,0 1,37 0,8 0,8 0,8 4,6 4,6 4,6 4,6 4,6 4,6
0 1,5 1,37 0,8 0,8 0,8 4,6 4,6 4,6 4,6 4,6 4,6
0,05 0,5 1,44 0,8 0,8 0,8 4,3 4,5 4,7 5,0 5,2 5,5
0,05 1,0 1,44 0,8 0,8 0,8 4,3 4,5 4,7 5,0 5,2 5,5
0,05 1,5 1,44 0,8 0,8 0,8 43 4,5 4,7 5,0 5,2 5,5
0,1 0,5 1,53 0,8 0,8 0,9 3,9 4,3 4,8 5,3 5,9 6,6
0,1 1,0 1,53 0,8 0,9 1,0 3,9 4,3 4,8 5,3 5,9 6,5
0,1 1,5 1,53 0,8 0,8 0,9 3,9 4,3 4,8 5,3 5,9 6,6
0,2 0,5 1,75 0,5 0,7 0,8 3,1 3,9 4,9 6,1 7,7 9,6
0,2 1,0 1,75 0,5 0,7 0,9 3,1 3,9 4,9 6,1 7,6 9,6
0,2 1,5 1,74 0,6 0,7 0,9 3,1 3,9 4,9 6,1 7,6 10,2
0,3 0,5 2,01 0,4 0,5 0,8 2,3 3,3 4,8 6,8 9,7 25,4
0,3 1,0 2,01 0,4 0,5 0,8 2,3 3,3 4,7 6,8 9,7 25,6
0,3 1,5 2,01 0,4 0,5 0,8 2,3 3,3 4,7 6,8 9,7 25,6
0,4 0,5 2,42 0,4 0,6 1,0 1,7 2,8 4,7 7,8 13,1 21,8
0,4 1,0 2,42 0,4 0,6 1,0 1,7 2,8 4,7 7,8 13,1 21,8
0,4 1,5 2,41 0,4 0,6 1,0 1,7 2,8 4,7 7,8 13,0 21,6
0,5 0,5 2,95 0,1 0,3 0,5 1,1 2,2 4,4 8,8 17,5 35,1
0,5 1,0 2,95 0,1 0,3 0,5 1,1 2,2 4,4 8,8 17,5 35,1
0,5 1,5 2,95 0,1 0,3 0,5 1,1 2,2 4.4 8,8 17,5 35,1
3X 10* der the current algorithm framework, the source dataset
I should include values of this parameter (e.g. derived
from the expert evaluation method).
2,51 4 10"

S i i i i —
"0 100 200 300 400 ~ 500

Fig. 3. Plot of values of the objective function W versus
the number n of the calculation step (for different
values of the parameter C): 1 — C=0.1;
2-C=0.2,3-C=0.3;4-C=04

The data shown state the result is independent from
initial density values, with their changes being guaran-
teed by modification of the transformation parameter p .

Besides, an independence of the solution from the va-
riables change order was established. Parallel curves of
change of independent variables in logarithmic scale dur-
ing the process of optimization prove that the approach
of “flexible” restrictions with “clearance” was the right
one to be implemented. At the same time, the search
process and the obtained result significantly depend on
the C parameter. Therefore, in order to calculate the
practically-valued assessment of population density un-

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2011, N2 2
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Fig. 4. Plots of values of population densities of clutters
d versus the number n of the calculation step (for
clutters with different ranks r): 1 — r=I;
2—r=2;3—-1r=3;4—-r=5;5-r=7;6—-r=9; 7 —
r=I11; 8 —r=12; 9 — r=13; with value of parameter
C=0.3

Thus, the current paper shows the solution algorithm
of assessment of the population density spatial distribu-
tion with the use of clutter model and calculation results,
obtained by its software implementation. It is shown that
the result is independent from initial density values, but it
defined by the minimum quantitative difference between
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density values of clutters with neighbor ranks. If this data
is supplied, the implemented software may be used for
calculation of practically-significant assessments of pop-
ulation density spatial distribution.
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Po3rnsHyTO anropuT™M OTpUMaHHS KiTbKiCHUX OIIHOK
MIPOCTOPOBOTO PO3IMONLTY MIUTFHOCTI HACEIeHHS Ha OcC-
HOBI PaHTOBHX JTaHUX. AJITOPUTM TPYHTY€ETHCS Ha METO/I
laycca-3aiinens 3 ,,rHyukumu™ obmexenHsMu. Chop-
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M.B. Hazapenko,
JI.B. CapuueBa, kanj. ¢i3.-mat. HayK, A0L.

MYJBOBAaHO BHMOTH, SIKi IIPEI SIBIAIOTHCS IO BHXITHUX
JIaHUX, JOCTATHI JJIi OTPUMAaHHS OJHO3HAYHOTO PillIeH-
Hs. [IpencraBiieHO pe3yJsibTaTH PO3pPaxyHKIB y cepeno-
Buti MATLAB. IlokazaHo, mo pe3yJbTaT HE 3aJIeKHUTh
BiJl MOYATKOBHX IIILHOCTEH, ajle BU3HAYAETLCS MiHIMa-
JIBHOIO KiJIbKICHOO PI3HHUICI0 MK IIIIBHOCTSAMH KJIaTTe-
PiB 13 CyCIIHIMH paHTaMH.

KuouoBi cnoBa: xiammep, winbHicms Hacenenns,
Dpame, onmumizayis, 0OMedceHHs!

PaccMoTpeH anroputM TONYydYCHHS KOJHMYCCTBEHHBIX
OILIEHOK TPOCTPAHCTBEHHOTO PACHpENEIICHHUs IUIOTHOCTH
HaCeJICHN Ha OCHOBE PAHTOBBIX NAHHBIX. AJTOPHUTM OC-
HOBBIBaeTcsl Ha MeToze [ aycca-3aiinens ¢ ,,;HOKIMHU‘ Or-
parnaeHnsMA. CHOpMYyIHPOBaHBI TPEOOBAHMSA, MPEABSIB-
JsieMbIe K HCXOIHBIM JIaHHBIM, JOCTaTOYHBIE VIS MOJTyde-
HUS OJIHO3HAYHOro peuieHus. IIpencraBieHsl pe3yibTaTbl
pacuéroB B cpene MATLAB. IToka3aHo, uTo pe3yibTar He
3aBUCUT OT Ha4YaJIbHbIX HHOTHOCTeﬁ, HO OIIPCACIICTCA
MHUHAMAJBHBIM ~ KOJIMYCCTBEHHBIM ~ PA3JIMYAEM  MEXKIY
TUTOTHOCTSIMHU KJIATTEPOB C COCCTHIMH PaHTaMU.

KnaioueBble cioBa: xnammep, niomHocmes Hacee-
HUSA, paHe, ONMUMUAYUSL, OSPAHUYEHUS
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AJTOPUTM KJIACTEPU3AIIIL HA OCHOBI HEUITKUX MHOKWH
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CLUSTERING ALGORITHM BASED ON FUZZY SETS

3anponoHOBaHO MaTeMaTHYHY MOJEIb 1 METOJ KIacTepH3allii, 0 BPaXxOBY€ IHTYITHBHE YSBICHHS IIPO TPYITyBaHHS Ja-
HUX, HE HaKJIaJ[al0ul anpiopHUX MPHITYIIeHb 00 CTPYKTYpH JaHux. Merox kinacrepusauii FuzzyCluster po3po6ieHo Ha
OCHOBI HEYITKOI'O OIHCY, 3[aTHOTr0 (DYHKIIOHYBaTH B YMOBAaX arpiopHOT HEBM3HAYEHOCTI IIOJ0 CTPYKTYPH aHHX, & TAKOXK
TaKoro, [0 BPaxOBY€E IHTYiTMBHE yABIEHHS MPO TPYIyBaHHA HaHWUX. [IOpiBHAHHS pe3yNbTaTiB KiIacTepH3allii aropuTMOM
FuzzyCluster 3 anroputmamu k-means Ta c-means Ha I’SITH CTaHAAPTHUX HAOOpax JAaHUX MOKa3ye HOro repeBart.

Karwuogi ciioBa: kiacmepusayis, Heuimka MHOJICUHA, Mipa OIU3LKOCI, (DYHKYIS HANEHCHOCMI, HeuimKe GIOHOULeHHS!

Beryn. Krnacrepusanis JaHUX — IPOIIEC TPYITyBaHHS
€JIEMEHTIB JaHUX Ha KJIACH TakK, IO CIIEMCHTH B OJTHOMY
KJIaci € SKOMOTa OJTM3bKUMHU, a SIIEMCHTH PI3HUX KIIACIB €
HACTUTBKH Pi3HOPITHUMH, HACKUIIBKH 1I€ MOXITUBO.

YV KopCTKil KiacTepu3aliii JaHi po3disieHi Ha OKpeMi
KJIACTEPH, JIe KOKEH EIEMEHT JJAaHUX HAJISKUTh OJTHOMY 3
KJIacTepiB. Y HEUITKiH KiacTepu3allii eJeMEeHTH JaHUX
MOJKYTh HaJIe)KaTH 0 OUTBII HIX OJHI€l TPymH i1 3 KOX-
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HUM €JIEMCHTOM MHOXXHHH IOB’si3aHa (YHKIIS Halex-
HOCTI JI0 KOXXHOTO Kiactepy. BoHa Bka3zye Ha cuiry
3B’S13Ky MIX UM €JIEMEHTOM JaHUX i KOHKPETHOIO Ipy-
moro. HewiTka KimacTepusallisi € mpomIecoM IMPHCBOEHHS
[MX Mip HaJI©KHOCTI Ta IX BUKOPUCTAHHS [UIsl BU3HAYCH-
Hsl CKJIaIly KOKHOTO 3 KJIacTepiB.

OCHOBHI BiZJOMI JITOPUTMH KJacTepu3allii (Hampu-
kiaan, momubikamii amropurmie K-Means, Expectation
Maximization, peamizoBaHi, y ToMy umcii, y Microsoft
Analysis Services 2005) Hak/analoTh OOMEKEHHsI Ha reo-
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