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Introduction

Topicality of the problem. Land gradually turns into more and more
important non-reproducible resource of any state. Because of development of
cities, growing of road infrastructure and changing agricultural policy in
Lithuania and the European Union, increasing risks menace both to the
environment and the land structure and their management is possible through
effective monitoring only. Accounting of the Republic of Lithuania land fund is
one of the key tools for monitoring the changes of land structure, so its
reliability and relevance are of a particular importance for users of statistical
data on land. Land accounting is important for a number of spheres, such as
environmental protection, agriculture, cadastre, geodesy, regional development
and so on, thus monitoring of changes of the land fund and improvement of this
process are required for systematic accomplishment of miscellaneous strategic
targets set by the state.

At present, the data on the Earth’s surface are mostly obtained by remote
methods, i.e. aerial photos and space images that are processed and analyzed
upon applying advanced GIS technologies. Development of algorithms for
classification of digital raster images was started long ago and they are
improved on a permanent basis, because no method for clustering among
abundant ones is universal. Methods usable for classification are not
complicated; however, some of them require abundant computing operations
and computer resources. In order to ensure successful results of classification, it
is proposed to choose digital images of a higher resolution that improve the
accuracy of the image; however, they cause increasing of the classification
expenses.

Relevance of the work. Images obtained upon applying the remote
methods present one of sources of information on the objects on the Earth’s
surface; however, practical use of the said images is not an old tradition in
Lithuania. Images provided in digital form enable using various (complicated)
computer algorithms for singling out information of various types. The gap of
using the said images in Lithuania includes identification (perception) of
objects and application of the obtained data in solving practical tasks.
Information perception is a result of the long and complicated data acquisition
process.

The methods of classification proposed in the work provide an effective
and fast-operating tool for identifying (processing) digital raster images. They
do not require abundant computer resources and computing operations. In
addition, they are successfully applicable for processing digital images of lower
resolution as well.



Obijective of the work. Identification of land cover digital raster images
upon application of clustering correlation analysis and created classification
algorithms and methods.

Aim of the work. To develop a new methodology for identification of land
cover digital images upon application of clustering correlation analysis and to
propose the methodology of application of covariance functions in digital image
identification procedures.

Tasks of the work

1. To analyze upon methods for identification of digital raster images
and algorithms applicable for image identification.

2. To carry out a theoretical and experimental research on clustering
raster images upon application of the theory of covariance
functions.

3. To develop a methodology for classification of digital images upon
application of results of clustering correlation analysis (to develop a
system for classification of raster images).

Methods of the work. Theoretical and experimental research works upon
application of developed and applicable specialized GIS information
technologies as well as methods of mathematical statistics for forecasting and
assessment of their impact upon the results of classification digital images.

Scientific novelty

In the dissertation, the following new results for measurement engineering
were achieved:

1. The method of clustering correlation analysis for identification of
digital images upon simulation of parameters of the range of RGB
colors and the theory of covariance functions were proposed.

2. The impact of relevant parameters (the frequencies of RGB colors,
such as contrast) on the quality of the results of identification of
digital images was established.

Practical value. The results of the research disclosed new opportunities for
identification (analysis) of digital raster images.
Defended propositions

1. The automated identification of digital raster images enables
considerable reducing the usual image processing expenses.



2. The method of application of covariance functions empowers to
measure the impact of variations of the tensor’s of RGB spectrum
parameters upon the results of identification.

The scope of the scientific work. The dissertation consists of the following
parts, namely the introduction, four chapters and summary of the results, two
supplement is included as well.

The dissertation contains 146 pages, apart from the supplements; there
were used 45 numbered equations, 57 figures and 22 table. There were used 164
literature sources when working on the dissertation.

1. The review of identification of digital raster images upon application of
clustering analysis

In the chapter, the concept of clustering analysis, its structure as well as
methods of clustering analysis and their classification are reviewed. The spheres
of application of clustering analysis are specified. The usable most popular
methods of clustering analysis and opportunities of application of digital images
are reviewed. The properties of presently available space images are discussed
upon. GIS methods applicable for analysis of digital raster images that are used
in world practice are described. The problems of digital images’ classification
are identified and the tasks to be solved in the dissertation are formulated.

2. Application of correlation method for identification of digital images

In the chapter, the theoretical assumptions of correlation method and
covariance functions as well as the opportunities of application of matlab
software in digital image analysis are reviewed. Because images under
classification often are affected by a noise to a certain extent, it was proposed to
eliminate such noise upon application the Wavelet theory.

While analyzing identification of digital images we will base on the theory
of co-variance. A correlation coefficient of two random variables (pixels) X and
Y is calculated according to:

K
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where K,, — covariance influence, m,, m, — standard deviation influence. The
values of correlation coefficient vary in the range -1< r, <l. A strong
correlation between random variables (in this case, between digital images)
takes place, when r,, =1.

Covariance influence under the available sample members is calculated:
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where X;, y; — two samples of the respective members, X,y — sample averages,
n — sample volume. Sample members are pixel color values.

Following available vector data of random variables the covariance matrix
influence is calculated:

1
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where 86X and 68Y — are centered matrices of two random variables which
equal:
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where X, Y — is a pixel matrix (an array) of certain digital image, MX — is a
matrix of vector averages in matrix X, MY — is a matrix of vector averages in
matrix Y.

When the values X and Y are independent, the covariance Kyy = 0 (too ry, =
0).

The estimates of covariance matrices are reduced into estimates R,y of the
correlation coefficients’ matrix:

R, =Dy 2K, Dy 2, (6)
1

Dy =n—_l{axT5x}diag, W

D, =ni_1{5YT5Y}diag, ®)

where Dy, Dy — the diagonal matrices of the principal diagonal members of the
estimates of covariance matrices.

Stationary random functions are formed of digital images. Auto- and
intercovariance functions of the said random functions were analyzed upon
applying different quantization intervals for image pixels. For covering the
whole surface of a digital image, a translational covariance function is applied.

When covariance function is applied in an analysis of digital images, the
continuous covariance function Kh(r) of two segments of one digital image or

pixel arrays of segments of two images — hy(u) ir hy(u+7), considered



realizations of random functions where pixels are arguments, will be expressed
as follows:
1 T-t

J o (u)oh, (u+7)du, 9)
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where hy(u), sh,(u+7) — the centered segments of pixel parameters, u — the

pixel parameter of the segment, T — the length of the segment in relative units,
r=k-A— the varying quantization interval, A— the value of the pixel
parameter, k— the number of pixels in the quantization interval.

The estimate K (z) of the covariance function K, (z) was computed on

the base of the available measurement data as follows:
K (z)=Ki (k ):Tk Zah( Johy (U ) (10)
i3

where n— the total number of discrete intervals.
The formula (10) is applicable in a form of auto- or intercovariance
function. When the function is an autocovariance function, the segments h (u)

ir hz(u +r) are segments of a single digital image and when the function is an

intercovariance function, the segments belong to two different images.
The estimate of a normed covariance function is equal:

R,;(k):ﬂ‘):% (11)

Ki©0)  of?
where oy, — the estimate of the standard deviation of random function.

For eliminating the column trend of the i-th measurement array, the
following formulas are used:

=~ ) @

where JH;— the i-th array of reduced pixels of a digital image where the
column trend is eliminated; H; — the array of pixels of i-th image; e — the unit
vector with the sizes (nx1), n — the number of lines of the i-th array, ﬁi— the
mean vector of columns of the i-th pixel array, oh;; — the j-th column (vector) of

the i-th array of reduced pixels.
The mean vector of columns of the i-th pixel array is computed according
to the following formula:
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A realization of the random function of the j-th column in the digital image
i-th pixel array is expressed in vectorial form as follows:

éhij :(&]ij,l"“v&]ij,m ), (14)
The estimate of covariance matrix for the digital image i-th pixel array is:
, 1
K'(oH; )= —= oH{ oH;, (15)

The estimate of covariance matrix for two pixel arrays of one digital image
or a pixel array of two digital images shall be written as follows

K’(5Hi,5Hj):$6HiT5Hj, (16)

where the sizes of arrays oH;,dH ; should be the same.

Upon applying the theory of covariance functions, the impact of
components of RGB colours spectrum upon the expressions of the covariance
functions of digital images was examined; in addition, the expressions of the
covariance functions of digital images were assessed according to the RGB
colours continuous spectrum in the meaning of tensor of colours. The changes
of the values of correlation coefficients in matrices are shown as a comparative
graph.

The estimates K'(6H;) and K’(cﬂ-|i,cﬂ-| j) of covariance matrices are
reduced into estimates R’(éHi) and R’(éHi,éHj) of matrices of correlation

coefficients:
R'(0H; )= DK ’(eH; )D; 2, 17)
R(oH;, o, )= Dy 2K (oH;, oH | JD2, (18)
where D;, D;; — the diagonal matrices of the principal diagonal members of the
estimates of covariance matrices K'(aH; ) and K'(6H;,8H ; ), respectively.

The accuracy of computed correlation coefficients is defined by the
standard deviation o, that’s value is found according to the following formula:

10
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where n — the number of pixels, r — the computed correlation coefficient. The
maximum value of the standard deviation is obtained, when the value of r is
close to zero.

3. The experimental procedures for identifying digital raster images

Identification of changes of the Earth’s surface caused by various factors
(such as human activities, erosion and so on) in a locality takes much time.
Supplemental devices for fixing and assessing such changes of the Earth’s
surface are required. In this chapter, an opportunity to identify a similarity
(dependence) of digital images (for example, formed in different moments) in
an automated way is provided.

In the procedures related to digital images, couples of cutouts of digital
images from orthographic M1:10 000 maps (in TIFF file) and LANDSAT wave
spectrum images were used. Two computer programs were offered for the
computations. Upon application of the said programs, identity of the digital
images under comparison is assessed (established) according to the computed
values of correlation coefficients (Pavkor.m) and normed expressions of
covariance functions (Pkor.m).

The analysis of the digital images of the Earth’s surface was performed in
RGB colours spectrum using its single components, such as red (R), green (G),
blue (B) and the whole RGB spectrum in the meaning of its tensor. On the base
of the obtained results (a part of them is provided in the Table 1), it was found
that in analysis of digital images, the values of correlation coefficients were
different upon using single components and the whole tensor of RGB colours.
The low value of the correlation coefficient for a single component of the
spectrum (for example, the green (G) obtained between c1 and c2 from the table
1) shows that pixels of the said colours are not abundant in the digital images
under analysis.

On establishing correlation (identity) of digital images, application of the
whole tensor of RGB spectrum is purposeful.

The obtained expressions of the normed autocovariance functions upon
applying single components of RGB colours are different as well (Fig. 1, a, b,
c). The expressions of the normed autocovariance functions according to the
blue (Fig. 1, c) and the green (Fig. 1, b) components of RGB colours are close,
i.e. the values of the said functions vary from 1,0, when the quantization
interval k=1, up to the value close to zero, when k=300.
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Table 1. The values of correlation coefficients upon applying the whole tensor of RGB
colours and its single components between the cutouts al and a2 of orthographic image
(two different forest’s cutouts) and cutouts bl and b2 (cutouts of arable and built-up
territories) and between cutouts c1 and c2 of LANDSAT photo (cutouts of a leafy forest
and built-up territory).

The values of correlation coefficients
Couples of cutouts Tensor of
of digital images RGEB colours Red (R) Green (G) | Blue (B)
0,43 0,26 0,14 0,18
0,16 0,12 0,10 0,12
-0,26 0,04 -0,18 -0,04

The expressions of the normed autocovariance and intercovariance
functions upon applying the whole tensor of RGB colours are shown in Fig. 2.
The expressions of the normed autocovariance functions for cutouts of
LANDSAT images (Fig. 2, the curves a and b) are similar, i.e. the values of
these covariance functions vary from 1,0 (when the initial interval of
quantization k=1) to the value close to zero. The normed intercovariance
function of two image cutouts varies between -0,17 and 0,2 ,,chaotically“ (Fig.
2, the curve c). The correlation between two cutouts of satellite digital images is
very weak, and this fact attests that the Earth’s surface is different.

12



a) The normed autocovariance function of the b)The normed autocovariance function of the

cutout c1 applying the red colour cutout c1 applying the green colour
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c) The normed autocovariance function of the
cutout c1 applying the blue colour
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Fig. 1. The normed autocovariance functions of the cutout c1 from LANDSAT image
(Table 1) upon applying: a — the red colour of RGB spectrum; b — the green colour of
RGB spectrum; a — the blue colour of RGB spectrum

The curve of changes of correlation coefficients between pixel columns for
two cutouts of LANDSAT image (c1 and c2 in the Table 1) is shown in Fig. 3. In
the curve, the obtained correlation coefficients between the pixel columns vary
as follows: the 1% pixel column of the cutout c1 with other columns of the
cutout c2; the 2* pixel column of the cutout c1 with other columns of the cutout
c2; the 3% pixel column of the cutout c1 with other columns of the cutout c2.
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a) The normed autocovariance function of b)The normed autocovariance function of the
the cutout c1 cutout c2
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c) The normed covariance function of the
cutouts c1 and c2
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Fig. 2. The normed autocovariance and covariance functions of the cutouts of LANDSAT
images (c1 and c2 in the Table 1) upon applying the whole tensor of RGB colours:
a — the normed autocovariance function of the cutout c¢1; b — the normed autocovariance
function of the cutout c2; ¢ — the normed covariance function of the cutouts c1 and c2

Scanning equipment of LANDSAT satellites registers the reflection of the
Earth’s surface in seven ranges. Information channels may be adjusted and shown
upon using three principal colours (blue, green and red). The data on each channel
are provided as one of the principal colours, and different colours are presented by
various proportions of the principal colours according to the relative luminosity
(i.e. the digital values of the image elements of the respective channel.
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Fig. 3. The changes of the correlation coefficients between pixel columns of two cutouts

of LANDSAT image (c1 and c2 in the Table 1).

LANDSAT satellite images used for the investigation were formed of the
following combinations of the spectrum ranges: the ranges 2, 3 and 4; the
ranges 4, 5 and 3; the ranges 3, 4 and 5; the ranges 5, 4 and 3; the ranges 1, 2
and 3.

A

Correlation coefficients
o
N

0 T T T T T T T ]
p | 24453 453345 453 543 453453 345345 5A3 543 24234 123123
0 \/

0,6 -

F

g. 4. The values of the correlation coefficients obtained after the analysis of LANDSAT
images formed of combinations of different spectrum ranges

It was found that the minimum values of correlation coefficients (-0,22,
-0,36, 0,08) were obtained when couplings of images under the analysis were
formed of combinations of different spectrum ranges (Fig. 4), and the maximum
values of correlation coefficients (0,68, 0,69, 0,75) were obtained when
couplings of images under the analysis were formed of combinations of same
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spectrum ranges. Consequently, for establishing correlation (similarity) of
multispectral digital images, couples of images (or cutouts) formed of
combinations of same spectrum ranges should be used.

In this chapter, the visual impact of the quality of the digital image upon
the results of image identification was discussed upon. The impact of contrast
and luminosity was assessed on comparison of the results obtained on analysis
of cutouts of digital images of the same contrast with the results obtained on
analysis of cutouts of digital images of the different contrasts. Taking into
account the obtained results, it was found that the quality of orthophotographic
images and LANDSAT satellite images (their contrast and luminosity) does not
cause a considerable impact upon the values of correlation coefficients. The
values of correlation coefficients on changing the contrast or luminosity of
orthophotographic images varied between 0,01 and 0,08, and the values of
correlation coefficients o LANDSAT images — between 0,01 and 0,02.

4. Application of clustering correlation analysis in procedures
of automated land cadastre accounting

A classification of a multispectral digital image upon applying supervised
classification according to two SMAP (Sequential Maximum a Posteriori) and
MCL (Maximum Likelihood Classifier) algorithms was provided.

The objective of the experiment included automated (upon using
supervised classification) grouping of pixels of satellite image into the given the
Earth’s surface classes (standards) and establishing the accuracy of such
classification. The accuracy of the obtained results depends on correctly
decoded zones of the Earth’s surface and the number of the chosen classes.

The experimental tasks (classification of digital images according to the
chosen classes) were performed upon applying Quantum GIS (QGIS) software
together with geographic information system GRASS. LANDSAT digital raster
images dated to the year 1994 were used. For visual identification (singling out)
the landed property, LANDSAT image formed of the spectrum ranges 4, 5 and 3
was chosen.

In the environment of QGIS software, LANDSAT image the Earth’s surface
areas (according to the colours) were attributed to the relevant class (marshes,
leafy forests, water, bushes, peatbogs, coniferous woods, grasslands, abandoned
fields, surfaces without flora and so on), i.e. the preset meanings of the standard
pixels.

Then, after choosing SMAP algorithm in GRASS information system, the
classification of LANDSAT image was performed, i.e. the values of the image
pixel were attributed to one of the above-mentioned classes. In another case,
classification of LANDSAT image was performed upon choosing MLC
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algorithm in the said information system. So, two images classified according to
SMAP algorithm and according to MLC algorithm, respectively, were obtained.

In the Table 2, the areas of the classes computed from the classified images
are provided.

Table 2. The areas of the classes (in hectares) computed from the classified images

MLC | SMAP
Classes The areas of the classes (in hectares) computed
from the classified images

Marshland 48,04 31,90
Leafy forest 586,.38 604,41
Water 69,43 69,40
Scrubland 593,00 582,86
Peatland 277,49 243,88
Coniferous forests 336,66 334,06
Grassland 194,29 124,73
Abandoned field 840,52 899,70
Surface without vegetation 2571,63 2626,50
Total: 5517,44 5517,44

It may be seen from the Table 2 that the areas of individual classes (lands)
in the classified images are different; however, the total area in both images is
the same and equals to 5517,44 hectares.

The results of the classification were assessed upon using the layer of test
points developed in QGIS software. Upon applying segmenting algorithms
SMAP and MCL, it was strived to assess whether pixels of a space image were
duly grouped into the set classes of the Earth’s surface (standards). For each test
point (the total number of the chosen test points was 500), the relevant class
was manually attributed, taking into account the location of the points in
LANDSAT digital image. The said procedure requires a particular experience of
the operator (specialist) as well as the skills in identifying the Earth’s surface
from LANDSAT digital image. Then QGIS software attributed the relevant class
to the same test points in the automated way, taking into account their location
in the classified images (i.e. the class they ,,lay on“). According to the idea, the
locations of the test points established manually from LANDSAT digital raster
image and established from the classified images in the automated way should
coincide (for example, if a test point of LANDSAT image is located in a marsh,
the said point in the images classified upon applying SMAP and MCL should
,,lie“ to the class of marsh). It was found that a higher percentage of coincidence
of the test points (77,40 %) was computed in the image classified upon applying
SMAP segmenting algorithm.

The dissertation presented in this chapter showed that remote observance
and GIS technique could be excellent tools for identifying the types of the
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Earth’s surface and computing the areas. However, the results of the research
should be assessed on the site as well. In addition, the research requires good
skills in decoding.

The research should be practically applicable in a case when it is strived to
identify areas of specific zones of lands (ha) from satellite images and to make
conclusions about the changes of the Earth’s surface on their base. The
methodology for image identification according to the computed values of
correlation coefficients and the normed expressions of covariance functions
provided in the chapter Three does not require skills in decoding. The said
methodology is an effective and rapid tool for identifying changes of the
Earth’s surface (such as various lands, shores of water bodies and so on) and
their fluctuations in course of time. For this purpose, digital images of different
periods and duly specified arrays of the digital images (that’s interdependence
should be established) are required only.

General conclusions

1. The method of clustering correlation analysis was proposed where a
similarity of digital images is assessed according to the computed
values of correlation coefficients upon formation the summarized
estimate of a matrix of correlation coefficients. When a positive value
of the correlation coefficient is higher, the level of similarity of digital
images is higher (the interdependence is stronger) and vice versa). In
the computing procedures, large arrays of digital images (= 40 000
pixels) were used, so the accuracy of establishment of correlation
coefficients was high enough: ¢, = 0,004.

2. The variation of the level of interdependence of digital images was
assessed according to the variation of the values of their
autocovariance and intercovariance functions upon applying different
quantization intervals. The expressions of the autocovariance and
intercovariance functions show the rate of reducing of covariance
between pixel columns of the cutout on increasing the quantization
intervals between the columns. The value of the normed
autocovariance function in LANDSAT satellite images is close to zero,
when the quantization interval k—1700. The expressions of the normed
intercovariance functions are irregular (,,chaotical®) and their values
are small: »—0,1-0,2.

3. The impact of the components of the spectrum of digital images upon
the estimates of correlation parameters established out as well. When
the tensor of RGB and single components of it — red, green and blue
are used in procedures for identification of digital images, different
values of correlation coefficients are obtained. When single colour
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components are applied, the differences of the values of correlation
coefficients vary between 0 and 0,12 (analyzing orthophotographic
images), and between 0 and 0,24 (analyzing LANDSAT satellite
images). A program for presenting the scatter of values of the digital
image correlation matrix (in percent) in the digital and graphic form
was developed. Similarity of digital images was classified to a certain
number of classes according to the accepted width of the interval of
correlation coefficients.

4. The impact of the principal parameters of the quality of the digital
images, i.e. their contrast and luminosity, upon the results of
identification was assessed. It was found that fluctuations of values of
the said parameters do not affect the final results of the identification.

5. The results of the researches of multispectral digital images showed
that seeking to establish an identity of multispectral digital images
(LANDSAT) according to the values of correlation coefficients, couples
of images (or cutouts) formed of combinations of same bands of the
spectrum should be used.

6. The results of image classification show that a particularly reliable
identification of homogenous zones of the Earth’s surface is ensured
upon applying segmenting algorithms SMAP and MLC, i.e. waters
(100%), peat bogs (96%) and coniferous woods (92%) are particularly
well identified upon applying SMAP segmenting algorithm. The
average value of the correlation coefficient upon applying SMAP
segmenting algorithm was equal to 0,73 and upon applying MLC
segmenting algorithm was equal to 0,69.
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ZEMES DANGOS SKAITMENINIU RASTRINIU VAIZDU
KLASTERINE KORELIACINE ANALIZE

Problemos formulavimas. Zemé tampa vis svarbesniu kiekvienos
valstybés neatkuriamuoju iStekliu. Dél vykstanCios miesty plétros, keliy
infrastruktiiros augimo bei besikei¢ian¢ios Lietuvos ir Europos Sajungos zemés
ikio politikos tiek visai aplinkai, tiek zemés struktiirai iSkyla vis daugiau
grésmiy, kurias galima valdyti tik efektyvios stebésenos déka. Lietuvos
Respublikos zemés fondo apskaita yra vienas i§ esminiy jrankiy Zemés
struktiiros pokyc¢iy kaitai stebéti, todél jos patikimumas bei aktualumas yra itin
svarbus statistiniy duomeny apie Zeme naudotojams. Zemés apskaita svarbi
tokioms sritims Kkaip aplinkosauga, zemés tkis, kadastras, geodezija regioniné
plétra bei daugeliui kity sri¢iy, todél Zemés fondo dangos kitimy stebéjimas ir
Sio proceso tobulinimas yra bitinas, siekiant sistemiskai jgyvendinti valstybés
uzsibréziamus jvairialypius strateginius tikslus.

Duomeny apie zemés dangg Siuo metu daugiausia gaunama, naudojant
distancinius metodus — aerofotonuotraukas ir kosminius vaizdus, kurie
apdorojami ir analizuojami, naudojant paZangias GIS technologijas.
Skaitmeniniy rastriniy vaizdy klasifikavimo algoritmai pradéti kurti gana seniai
ir jie kuriami, tobulinami nuolat, kadangi tarp daugelio klasterizavimui sukurty
metody néra né vieno universalaus. Kai kurie klasifikavimui naudojami metodai
reikalauja daug skaifiavimo operacijy bei kompiuteriniy resursy. Siekiant
s¢kmingy klasifikavimo rezultaty, sitiloma pasirinkti didesnés skiriamosios
gebos skaitmeninius vaizdus, kurie padidinty ne tik vaizdo Kklasifikavimo
tiksluma, bet ir klasifikavimo islaidas.
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Darbo aktualumas. Distanciniais metodais gaunami vaizdai yra vienas i§
informacijos Saltiniy apie zemés pavirSiuje esancius objektus, taciau praktinis
§iy vaizdy naudojimas Lietuvoje yra dar nesenas rei$kinys. Skaitmenine forma
pateikti vaizdai leidZia naudoti jvairius (sudétingus) kompiuterinius algoritmus
daugelio tipy informacijai i$skirti. Siy vaizdy panaudojimas Lietuvoje yra
nepakankamas, todél aktuali problema objekty identifikavimas (jy suvokimas)
bei gauty Ziniy pritaikymas sprendziant praktinius uzdavinius. Informacijos
suvokimas yra ilgo ir sudétingo duomeny gavybos proceso rezultatas.

Siame darbe pasiiilyta klasifikavimo metodika yra efektyvi ir greita
priemoné skaitmeniniams rastriniams vaizdams identifikuoti (apdoroti). Ji
nereikalauja dideliy kompiuteriniy resursy, skai¢iavimo operacijy ir puikiausiai
taikoma mazos rezoliucijos skaitmeniniams vaizdams apdoroti.

Tyrimy objektas. Zemés dangos skaitmeniniy rastriniy vaizdy
identifikavimas, taikant klastering koreliacing analizg, ir sukurtus Klasifikavimo
algoritmus bei metodus.

Darbo tikslas. Sukurti metodus Zzemés dangos skaitmeniniams vaizdams
identifikuoti, taikant klastering koreliacing analizg, pasitilyti kovariaciniy
funkcijy taikymo metodika skaitmeniniy vaizdy identifikavimo procediirose.

Darbo uZdaviniai

1. I8nagrinéti skaitmeniniy rastriniy vaizdy identifikavimo metodus
ir taikomus algoritmus.

2. Atlikti rastriniy vaizdy klasterizavimo teorinj ir eksperimentinj
tyrima, taikant kovariaciniy funkcijy teorija.

3. Sudaryti  skaitmeniniy  vaizdy klasifikavimo  metodika,
panaudojant klasterinés koreliacinés analizés rezultatus (parengti
rastriniy vaizdy klasifikavimo sistemg).

Tyrimy metodika. Disertacijoje naudojami teoriniai ir eksperimentiniai
tyrimai, taikant specializuotas geoinformacines technologijas, matematinius
statistinius prognozavimo metodus ir jvertinant jy jtaka skaitmeniniy vaizdy
klasifikavimo rezultatams.

Darbo mokslinis naujumas

Disertaciniame darbe buvo gauti $ie matavimy inzinerijos mokslui nauji
rezultatai:
1. Pasitlytas klasterinés koreliacinés analizés metodas skaitmeniniams
vaizdams identifikuoti, taikant RGB spalvy spektro parametry
modeliavimg bei kovariaciniy funkcijy teorija.
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2. Jvertinta skaitmeniniy vaizdy atitinkamy parametry (RGB spalvy
dazniai, kontrastas) jtaka identifikavimo rezultaty kokybei.

Darbo rezultaty praktiné reik§mé. Tyrimy rezultatai atskleidé naujas
zemés dangos skaitmeniniy rastriniy vaizdy identifikavimo (analizés)
galimybes.

Ginamieji teiginiai
1. Automatinis skaitmeniniy rastriniy vaizdy identifikavimas leidzia
zenkliai sumazinti jprastines vaizdy apdorojimo sgnaudas.

2. Kovariaciniy funkcijy panaudojimo metodas jgalina jvertinti
skaitmeniniy vaizdy RGB spalvy tenzoriaus parametry jtaka
identifikavimo rezultatams.

Darbo apimtis

Disertacijg sudaro jvadas, 4 skyriai ir bendrosios i§vados. Taip pat yra 2
priedai. Darbo apimtis yra 146 puslapiai, neskaitant priedy, tekste panaudotos
45 numeruotos formulés, 57 paveikslai ir 22 lenteliy. Rasant disertacijg buvo
panaudoti 165 literatiiros Saltiniai.

Pirmasis skyrius skirtas mokslinés literattros analizei. Jame nagrinéjami
esami klasterizavimo metodai ir jy taikymas. ApZvelgta skaitmeniniy rastriniy
vaizdy struktiira ir jy analizés metodai, esami GIS metodai ir jy taikymas
skaitmeniniy vaizdy analizéje, ir suformuluoti uzdaviniai, kuriuos
disertaciniame darbe tikslinga iSspresti.

Antrajame disertacijos skyriuje pateiktas teorinis tyrimas. Aptariamos
koreliacijos metody teorinés prielaidos, kovariaciniy funkcijy taikymas
skaitmeniniy vaizdy analizéje. ApZzvelgtas Matlab programinés jrangos
taikymas identifikavimo procediirose, sitilomy programy sudarymo ypatumai.

Treéiajame disertacijos skyriuje pateikti skaitmeniniy rastriniy vaizdy
identifikavimo tyrimai, jvertinama skaitmeniniy vaizdy spektro skirtingy juosty
jtaka skai¢iavimo rezultatams. Nustatyti skaiiavimy ypatumai keiiant
skaitmeniniy vaizdy parametry reikSmes.

Ketvirtajame disertacijos skyriuje aprasomas Klasterinés koreliacinés
analizés taikymas Zemés kadastro automatizuotos apskaitos procediirose.

Bendrosios isvados

Remiantis disertaciniame darbe atliktais teoriniais ir eksperimentiniais
tyrimais, gautos Sios apibendrintos iSvados:
1. Pasitlytas klasterinés koreliacinés analizés metodas, kai zemés dangos
skaitmeniniy vaizdy panaSumas jvertinamas pagal apskaiCiuotas
koreliacijos koeficienty reik§Smes, sudarant apibendrintajj koreliacijos
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koeficienty matricos jvertj. Esant didesnei koreliacijos koeficiento
teigiamai reik§mei skaitmeniniy vaizdy tarpusavio panasumo lygmuo
yra didesnis (priklausomybé stipresné) ir atvirk$ciai. Skaiiavimy
procediirose buvo panaudoti dideli skaitmeniniy vaizdy masyvai
(= 40 000 pikseliy), todél koreliacijos koeficienty nustatymo tikslumas
buvo pakankamai aukstas: o, = 0,004.

Skaitmeniniy vaizdy tarpusavio priklausomybés lygmens kaita buvo
ivertinta pagal jy autokovariaciniy ir tarpusavio kovariaciniy funkcijy
reikSmiy kaitg, kintant Siy funkcijy kvantavimo intervalams.
Autokovariacinés ir tarpusavio kovariacinés funkcijos i$rai§kos parodo
kokiu greiiu mazéja kovariacija tarp iSkarpos pikseliy stulpeliy,
didé¢jant  kvantavimo  intervalui  tarp  stulpeliy. = LANDSAT
palydoviniuose vaizduose normuotos autokovariacinés funkcijos
reik§mé artima nuliui, kai kvantavimo intervalas k—700. Tarpusavio
normuoty  kovariacijy  funkcijy iSraiSkos yra nereguliarios
(,,netvarkingos®) ir jy reik§més nedidelés: r—0, 1-0,2.

Nustatyta skaitmeniniy vaizdy spektro spalvy dedamyjy jtaka
koreliacijos parametry jveréiams. Skaitmeniniy vaizdy identifikavimo
procediirose naudojant RGB spalvy tenzoriy bei pavienes RGB spektro
spalvas — raudona, zalig ir mélyna gauname skirtingas koreliacijos
koeficienty reik§mes. Naudojant pavienes spalvy dedamasias,
koreliacijos koeficienty reik§miy skirtumai gauti intervale nuo O iki
0,12 (analizuojant ortofotografinius vaizdus), ir nuo 0 iki 0,24
(analizuojant LANDSAT palydovinius vaizdus). Sudaryta programa
skaitmeniniy vaizdy koreliacijos matricy reikSmiy sklaidai vaizduoti
procentais skaitmeniniu ir grafiniu pavidalais. Skaitmeniniy vaizdy
tarpusavio panaSumas klasifikuotas j tam tikra klasiy skaiciy pagal
priimtg koreliacijos koeficienty intervalo plot;.

Nagrinéta skaitmeniniy vaizdy kokybés pagrindiniy parametry —
rySkumo ir kontrasto jtaka skaitmeniniy vaizdy identifikavimo
rezultatams. Nustatyta, kad minéty parametry reikSmiy kaita neturi
reik§mingos jtakos galutiniams skaic¢iavimy rezultatams.
Daugiaspektriniy vaizdy tyrimy rezultatai parodé, kad siekiant
nustatyti daugiaspektriniy skaitmeniniy vaizdy (LANDSAT) tapatuma,
pagal koreliacijos koeficienty reik§mes, butina naudoti vaizdy ar
iSkarpy poras sudarytas i$ ty paciy spektro juosty kombinacijy.

Vaizdy Kklasifikavimo rezultatai parodé, kad taikant SMAP ir MLC
segmentavimo algoritmus ypa¢ patikimai identifikuojami homogeniski
zemés pavirSiaus plotai, t. y. vandeny (100 %), durpiy (96 %) bei
spygliuo¢iy misky (92 %) plotai. Vidutiné koreliacijos koeficiento
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reik§mé taikant SMAP segmentavimo algoritmg gauta 0,73, 0 taikant
MLC segmentavimo algoritmg gauta 0,69.
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