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ABSTRACT

Context. Nowadays, information technologies are widely used in digital image processing. The task of joint processing of satel-
lite image obtained by different space systems that have different spatial differences is important. The already known pansharpening
methods to improve the quality of the resulting image, there are new scientific problems associated with increasing the requirements
for high-resolution image processing and the development of automated technology for processing the satellite data for further the-
matic analysis. Most spatial resolution techniques result in artifacts. Our work explores the major remote sensing data fusion tech-
niques at pixel level and reviews the concept, principals, limitations and advantages for each technique with the program implemen-
tation of research.

Objective. The goal of the work is analyze the effectiveness of the traditional pan-sharpening methods like the Brovey, the wave-
let-transform, the GIHS, the HCT and the combined pansharpening method for satellite images of high-spatial resolution.

Method. In this paper we propose the information technology for pansharpening high spatial resolution images with automation
of choosing the best method based on the analysis of quantitative and qualitative evolutions. The method involves the scaling multis-
pectral image to the size of the panchromatic image; using histogram equalization to adjust the primary images by aligning the inte-
gral areas of the sections with different brightness; conversion of primary images after the spectral correction on traditional pan-
sharpening methods; analyze the effectiveness of the results obtained for conducts their detailed comparative visual and quantitative
evaluation. The technology allows determining the best method of pansharpening by analyzing quantitative metrics: the NDVI index,
the RMSE and the ERGAS. The NDVI index for the methods Brovey and HPF indicate color distortion in comparison with the refer-
ence data. This is due to the fact that the Brovey and HPF methods are based on the fusion of three channel images and do not in-
clude the information contained in the near infrared range. The RMSE and the ERGAS show the superiority of the combined HSV-
HCT-Wavelet method over the conventional and state-of-art image resolution enhancement techniques of high resolution satellite
images. This is achieved, in particular, by preliminary processing of primary images, data processing localized spectral bases, opti-
mized performance information, and the information contained in the infrared image.

Results. The software implementing proposed method is developed. The experiments to study the properties of the proposed al-
gorithm are conducted. Experimental evaluation performed on eight-primary satellite images of high spatial resolution obtained
WorldView-2 satellite. The experimental results show that a synthesized high spatial resolution image with high information content
is achieved with the complex use of fusion methods, which makes it possible to increase the spatial resolution of the original mul-
tichannel image without color distortions.

Conclusions. The experiments confirmed the effectiveness of the proposed automated information technology for pansharpening
high-resolution satellite images with the development of a graphical interface to obtain a new synthesized image. In addition, the
proposed technology will effectively carry out further recognition and real-time monitoring infrastructure.

KEYWORDS: image fusion, satellite image, pansharpening, automating, WorldView, high resolution imaging, metanalysis.

ABBREVIATIONS HPF is a high-frequency filter;
RGB is a multispectral image; HCT is a hyperspherical conversion;
PAN is a panchromatic image; NDVI is a normalized vegetation index;
NIR is a Near Infrared band; GUI is a graphical user interface.

GIHS is a generalized intensity-saturation-tone;
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NOMENCLATURE

F; is an i-th channel in the image after the pansharpen-
ing;

P is a panchromatic image;

RGB;T is an i-th image channel RGB after scaling to
size P;

S'is a synthesized image;

N is a total number of RGB channel;

* is a convolution operator;

g is a high-frequency filter;

P’ is a detail coefficients of the software;

NIR is a near infrared light intensity value;

RED is a red reflection, which corresponds respec-
tively to channel 8 for images obtained by satellite World-
View-2.

INTRODUCTION

In recent years satellites imaging systems have been
developing rapidly. Nowadays, these satellites allow to
obtain data with a spatial resolution of half a meter or less
to monitoring the state of forests, sea areas, shelves, etc.
Images of high spatial resolution are required to use of
special methods of their processing [1].

Satellite imagery of high spatial resolutions is a source
of geospatial information. One of the problems of using
satellite images obtained by various space systems is the
joint processing of a multispectral image with low spatial
resolution (channels: Coastal, Blue, Green, Yellow, Red,
Red Edge, NIR1, NIR2) and a panchromatic image (PAN)
of high spatial resolution, which is monochrome. The
PANSs have a smaller pixel size and are fixed in a suffi-
ciently wide spectral range of radiation intensity and have
a significantly higher spatial disparity than the RGBs ob-
tained in narrow spectral intervals [2]. The current level
of requirements for the reliability of image interpretation
makes it necessary to overcome the physical limitations of
available satellite sensors, in particular, by fusion high
spatial and spectral disparity indicators in one graphical
object.

1 PROBLEM STATEMENT

The Data Fusion approach means that the resulting
synthesized data combines the properties of both types of
source data and carries more information than a simple
combination of information sources considered separately
from each other. These information sources contain het-
erogeneous data represented by different formats, struc-
tures and implemented on different types of platforms.

Eight-channel images from the WorldView-2 satellite
are used as input data. The panchrome wavelength of this
satellite was expanded from the visible to the near infra-
red range. An image can be expressed in matrix format by
the formula (1):

2 I S 7!

© Hnatushenko V. V., Kashtan V. Yu., 2021
DOI 10.15588/1607-3274-2021-2-13

124

where n represents the number of the pixels and b is the
number of bands. Considering each WorldView-2 band as
a vector, the above matrix can be simplified by the for-
mula (2):

Ay =\a, | 2

The main requirements to satellite images for their
processing are as follows:

1. PAN and RGB images should be of the same terri-
tory and taken in the same season.

2. Images should be done with the imaging systems of
the same type and the spectral bands of the imaging sys-
tems are the same.

3. PAN and RGB images should be of the same or
close resolution, otherwise the images will contain differ-
ent information about objects.

Therefore, there is a need to investigate the effective-
ness of existing techniques for pansharpening high spatial
difference satellite imagery with automation of choosing
the best method based on the analysis of quantitative and
qualitative evolutions for synthesized images.

2 REVIEW OF THE LITERATURE

Over the past two decades, a large number of methods
for pansharpening satellite imagery have been developed,
which can be divided into: component replacement, mul-
tiscale analysis and combined methods [3—6]. Component
replacement methods are the conversion of a RGB with
the replacement of some components from the software
and the conversion of the result to the primary view. IHS
(intensity — brightness, hue — color tone, saturation — satu-
ration) is a method in which the I-component of the RGB
is replaced with software with high. This transformation
can be applied to only three images; and for images with
four channels, a modified GIHS method [7, 8] is used.
Rahmani et al. proposed a modified IHS pansharpening
method which provides good quality visual high resolu-
tion multispectral image [9]. This method allows an im-
age adaptive coefficient for IHS was found. It obtained a
more accurate spectral resolution for primary image.
Work [10] proposed a pansharpening with multiscale
normalized nonlocal means filter. This filter computes
each pixel value as the weighted average of all pixels over
a sliding window, and the final smooth fused image is
obtained. All these approaches are fast and easy to im-
plement but not efficient for the latest image generation.

Efficient algorithm is a multispectral image conver-
sion algorithm that uses independent component analysis
(PCA) method, in which the first main component (RS1)
is replaced with PAN image [11]. Brovey transform and
Gram-Schmidt conversions are also common methods for
replacing components. They make it possible to obtain a
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new synthesized image with good visual quality, but dis-
rupt spectral quality [12, 13]. The main disadvantage of
component replacement methods is the appearance of
spectral distortions. Multi-scale analysis methods provide
images that will have a high spatial resolution (due to the
software), a high spectral resolution (due to the RGB) and
contain information that is not present in the primary data
(due to images obtained using microwave shooting and
active location). An example of such methods is the La-
place pyramid method [14] and the A-transform method
[15]. In [16] authors suggested method which combines
the Independent Component Analysis and optimization
wavelet transform. The wavelet decomposition coeffi-
cients are determined as a result of solving the optimiza-
tion problem by the criterion of maximizing the entropy.
Wavelet transformations allow you to save spectral in-
formation of the image, but do not take into account a
priori and expert information.

3 MATERIALS AND METHODS

The work developed an automated technology for
comparing and the choosing the best method of pansharp-
ening satellite images of high spatial. Satellite imagery
obtained by satellite WorldView-2 has a spatial resolution
of 1.84 m in the multispectral channel and 46 cm in the
panchromatic channel, respectively. The scheme of the
proposed algorithm is presented in Fig. 1 and consists of
the following main stages:

1. Loading of primary input data different spatial reso-
lution images of the same scene.

2. Preprocessing the snapshot. In this step, the RGB
was scaled to the size of the panchromatic image, and the
histogram was equalized to the multispectral image. This
made it possible to adjust the primary images by aligning
the integral areas of the sections with different brightness
proposed [17] by the algorithm in operation (3):

303
V() =2 > a; By A3)
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3. Analysis of pansharpening methods. In the pro-
posed algorithm, the following methods are analyzed at
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this stage: generalized intensity — saturation — tone, the
“Brovey” method, the high-pass filter method, wavelet
transformations and combined methods. These techniques
are easy to process and can be applied with any number of
selected input spectral channels.

3.1 The generalized intensity-saturation-tone (GIHS)
method is a modified IHS method in which the number of
channels can be selected. Channel I contains information
about bright component of image, others — information
about spectral components. The method can be repre-
sented according to [18] the following expressions (4):

N
F; =RGB;y +(P-S), S:%ZRGBI.T. )
i=1

3.2 Method “Brovey” [19]. This method is based on
formation of new spectral components of software in ac-
cordance with the following expression (5):

P 1 Y
i=1

3.3 High-frequency filter (HPF) method [20] increases
image information content based on transfer of high-
frequency components of panchromatic channel to spec-
tral channels in accordance with the following expres-
sion (6):

*
i:[P gl+ RGB;» . ©)
2

3.4 Hyperspherical conversion (HCT) is a transforma-
tion between a native color space with Cartesian coordi-
nates into a hyperspherical color space that effectively
works with any number of RGB input channels [21] in the
sample (7):
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Figure 1 — Algorithm scheme

© Hnatushenko V. V., Kashtan V. Yu., 2021
DOI 10.15588/1607-3274-2021-2-13

125



e-ISSN 1607-3274 PagioenexrpoHika, inpopmaTuka, ynpasminas. 2021. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021. Ne 2

3.5 Methods on the basis of wavelet transform are im-
plemented by convolution of signal with several bandpass
filters and decimation of result [22]. To perform the re-
verse operation (synthesis), an operation is performed to
interpolate subband signals, filter and add them. The syn-
thesis uses the same filters as the analysis, but the coeffi-
cients are presented in reverse order by the formula (8):

RGBy
N

YRGB, ®

i=

F, =RGBy +

3.6 Combined methods combine the advantages of ex-
isting pansharpening methods with the minimization of
color distortions and taking into account physical mecha-
nisms for capturing species information [5, 6]. In [18]
proposes an HSV conversion method, hyperspherical
conversion, and a packet-type HSV-HCT transformation,
which improves the spatial capability of the primary digi-
tal image and avoids spectral distortion in local regions.

4. The next stage is the analysis of the qualitative and
quantitative characteristics of the pansharpening methods
for satellite imagery considered in the work in order to
determine their state and significance.

4.1 The RMSE criterion determines the deviation of
the position of the point on the shot relative to its position
in space [23].

4.2 ERGAS is a quality index that calculates the
“number” of spectral distortions of a synthesized im-
age [21]. An ERGAS value higher than three corresponds
to the resulting low-quality image. If ERGAS is less than
three, then the image quality is considered satisfactory.

4.3 One of the criteria for checking spectral properties
of synthesized images is calculation of spectral index, in
particular normalized vegetation index (NDVI) [24] was
calculated in the sample (9):

NDVI = M . 9
NIR + RED
4 EXPERIMENTS

Research of influence of fusion methods was per-
formed on the primary satellite images by WorldView-2
of 400x400 pixels, images are shown in Fig. 2.

We have selected the whole scene, which constitutes
buildings, trees, grass, and roads. Fig. 2a shows the origi-
nal multispectral image, Fig. 2b — panchromatic image.
After image fusion by pansharpening methods discussed
above, images are shown in Fig. 3.
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Figure 2 — Fragments of multispectral image:
a — input RGB after resampling; b — input PAN

Figure 3 — Image fragments by methods: a — Brovey; b — HPF,
¢ — GIHS; d — HCT; e — Wavelet; f — combined method

5 RESULTS
We created the graphical user interface for comparing
and the choosing the best method of pansharpening satel-
lite images of high spatial resolution. To use the GUI we
have defined set of instructions:
Step 1: Click on Load Button. At first program pro-
pose to select panchromatic image, then multispectral
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image. We need to be careful as the input data must be of
the same scene and size.

Step 1.1: Choice the visible Bands for RGB image.

Step 2: Preprocessing the snapshot click on Scans
Button and Resampling Button.

Step 2.1: Scans Button analyzed your primary input
data: spectral and spatial resolution of the same scene.

Step 2.1: Resampling Button — scaled to the size of the
panchromatic image and equalized the histogram to the
multispectral image.

Step 3: Pansharpening Button analysis of the methods
and show results. Then, we can automatically see the re-
sult in the Pansharpened image block for this you need
click on Visible Button. All images are displayed in their
stated blocks.

Step 4: Button Quantitative Metrics show the quantita-
tive characteristics of the pansharpening methods for sat-
ellite imagery.

Result: Pansharpened Image and quantitative values
for synthesized multispectral images.

Image quality assessment plays an important role in
the processing of satellite images to determine their state
and significance, especially when using image quality
enhancement techniques. The first step of quality assess-
ment is the visual analysis of the fused images. After the
pansharpening of images according to the above methods,
images were obtained that, even visually compared to the
reference RGB, are more clear, but have significant color
distortions (Figure 3). Figure 5a shows the multispectral
image details containing two targets before and after pan-
sharpening (Fig. 5b, Fig. 5c, Fig. 5d, Fig. Se, Fig. 5f). The

Seans Hesarmiing Spectral [ramaform Pauharperng
Loading method Brovey  Mehod s successhily ready for use
Loading methad HPF  Mehod is successiully ready lor use
Lading methad GIHS  Mehod i successiuly ready for use
‘SEIECT pANSNAPENING | Al panstarpenng meshad = Yiveee

Result of Pansharpening

Doy

synthesized multispectral image by the Brovey method
has many artifacts due to colors. Image is too noisy and
colors are not well synthesized as a whole and locally.
Green trees are not green enough. Shapes are not well
defined; they are sometimes underlined by black lines.
Too large bias is observed.

So, there is too much variance introduced by Brovey
method, the resulting image are shown in Fig.5b. Fig. 5¢
illustrates the fused image of HPF method. The result has
colors that are not synthesized well enough. Contours are
not sharp enough. Small objects, are white and not col-
ored. Other colors are missing in detail, thus preventing
an accurate reading of small objects. GIHS — colors are
not correctly synthesized enough. Small colored objects
are missing, particularly in blue and red. Contours are
blurred and not sharp enough, the fused images after
GIHS method are shown in figure 5d. Figure Se illustrates
the fused image after HCT method this image is nice as a
whole. Colors should be better synthesized. This would
enhance the legibility of the image. Details are there, ex-
cept for the most colored (blue, red). Errors in colors lead
to interpretation errors. Contours should be sharper.
Wavelet transform — pretty nice as a whole. Efforts to do
with colors. Small size objects are missing, particularly
those in red or blue. It can be seen from the Fig. 5f. Com-
bined method (HSV-HCT-Wavelet) — have better contrast
and clarity on the boundaries of the “object of interest —
the background”. Contours are sharp enough and colors
are well synthesized. It can be seen from the Fig. 5g.
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Figure 4 — Graphical user interface of proposed technology
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Figure 5 — The results of different classic fusion methods:
a — Input RGB; b — Brovey; ¢ — HPF, d — GIHS; e — HCT; f — Wavelet; g — combined method

At the same time, due to the subjectivity of human
perception, the visual system perceives artifacts on the
image differently, much depends on the experience of
experts. Therefore, in order to determine the effect of
each method on the quality of a multispectral image, a
quantitative analysis of the information content of the
primary and synthesized multispectral was carried out in
the work, namely, found RMSE, relative dimensionless
global error (ERGAS) and normalized vegetation index
(NDVi).

Entropy is a measure of image information richness is
an important indicator of the size of the entropy reflects
the amount of information contained in the image number
(entropy for PAN=7.51, RGB=7.299).

The obtained entropy, RMSE, ERGAS and NDVI
values for synthesized multispectral images are shown in
Table 1. We see that the combined method (HSV-HCT)
compared to classical fusion methods gives a better result.

Table 1 — Comparison of fusion methods

Image/Method RMSE ERGAS Entropy
PAN - - 7.51
RGB - - 7.299
GIHS 16.783 2.826 5.48
Brovey 20.347 4.639 4.97
HPF 15.437 4.849 5.66
HCT 12.311 2.659 6.05
Wavelet transform 11.474 2416 5.89
(Hcs‘i’/nglceg’\‘;ffvfi o | o7 1.659 7.78
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The efficiency of the combined method is also evi-
denced by the NDVI index values obtained in Table 2.

Table 2 — The results of the normalized vegetation index

NDVI NDV
Image/ Method NDVI for for
RMSE ERGAS
Reference image of the 1 0 0
satellite WorldView-2
GIHS 0.9614 0.0586 12.6028
Brovey 0.9725 0.2125 45.7155
HPF 0.9569 0.1526 32.8356
HCT 0.9578 0.0578 12.4439
Wavelet transform 0.9573 0.0603 17.568
Compiled method (HSV-
HCT-Wavelet) 0.9924 0.0533 11.4107
6 DISCUSSION

The proposed technology of spatial resolution of satel-
lites images is automatically improving the spectral qual-
ity of the sharpened image choosing the best result of the
pansharpening method. As it evident from the Table 1 the
quantitative evolutions of entropy for PAN is 7.51, for
RGB — 7.299, after combined method — 7.78. Indicator of
the size of the entropy reflects the amount of information
contained in the image number, under normal circum-
stances, the greater the entropy of fusion images, the
amount of information it contains, the more the better
integration. The other quantitative evolutions of RMSE,
ERGAS and NDVI have better result for the combined
method with compared to classical fusion methods. This
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is indicated by the value of the dimensionless global error
and root mean square Error, which are the smallest
(ERGAS = 1.659, RMSE = 1.659) compared to existing
methods and indicates a minimum “number” of spectral
distortions of satellite images and value entropy of the
image pansharped by proposed technology is higher than
others.

As it evident from the Table 2 the NDVI index values
is efficiency of the combined method too. Obtaining a
normalized vegetation index value for the Brovey and
HPF methods indicates color distortion compared to the
reference data. This is due to the fact that the Brovey and
HPF methods are based on the fusion of three channel
images and do not take into account information con-
tained in the near infrared range, which affects the quality
of spectral information of the synthesized image.

The results according to these criteria make it possible
to establish a rating range of pansharpening methods from
the worst result: Brovey, HPF, GIHS, soundet conversion,
HCT and the combined HSV-HCT method. In addition,
separate use of these methods leads to the appearance of
spectral artifacts on the synthesized image compared to
the reference one. The “ideal” pansharpening method is a
method that increases spatial difference with minimiza-
tion of color distortion.

The proposed automated technology increases the spa-
tial resolution of multi-spectral aerospace images without
color distortion.

CONCLUSIONS

The actual problem of automated increase of spatial
resolution of primary multichannel images is solved in the
work.

The scientific novelty of obtained results is that the
proposed information technology can to increase the spa-
tial resolution of multispectral satellite images with auto-
mation of a choice of the best pansharpening method on
the basis of the analysis of quantitative and qualitative
indicators is offered.

The practical significance of obtained results is that
they can effectively carry out further recognition and con-
struction of infrastructure facilities, etc. Testing showed
that a synthesized image of high spatial resolution with
maximum information content is achieved with the inte-
grated use of fusion methods, which allows increasing the
spatial fragmentation of a multi-channel image without
significant color distortions.

Prospects for further research are to research the in-
fluence of factors that significantly affect the spatial and
radiometric diversity of multichannel satellite image. Fur-
ther research involves the use of a mechanism for select-
ing the most informative image channels. Note that the
definition of criteria for assessing such informativeness
and quality of the results is a separate unresolved issue.
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ABTOMATHU30BAHA THOOPMAIIIIMHA TEXHOJIOTISA 3JIMTTA CYITYTHUKOBUX 3HIMKIB
I'natymenko B. B. — 1-p TexH. Hayk, npodecop, 3aBiqyBay kadeapu iHpOpManifHUX TEXHOJIOTIH Ta KOMII IOTEPHOI iHXeHepii
HauionanbHOro TeXHiYHOTO yHiBepcuTtery «/IHinpoBchka noiiTexHikay, JHinpo, YkpaiHa.
Kamran B. 10. — kana. TexH. HayK, TOUeHT Kadeapu iHGopMamiiHIX TEXHOJIOTIH Ta KOMI IOTEpHOI imxkeHepii HamionansHOTO
TEXHIYHOTO yHIBEpCUTETY «/IHIMPOBChKa MoOJiTeXHiKay, JHinpo, YkpaiHa.

AHOTAIIA

AKTyanabHicTh. Ha choroHiniHii aeHb iHGOpPMAIiiiHI TEXHONOTIT IMUPOKO BUKOPUCTOBYIOTHCS MpU IHGPOBiii 00poodIti 300pa-
JKeHb TUCTAHI[IHHOTO 30HyBaHHs 3eMili. AKTYaJIbHOIO € 3aJa4a CyMICHOI 0OpOOKH CYIyTHHKOBHX 300pakeHb, OTPHMaHUX Pi3HUMHU
KOCMIYHAMH CHCTEMaMH, sIKi MaroTh pi3HE MPOCTOpoBe po3pizHeHHs . OgHuMH i3 HalicydacHHX cymyTHHKiB € WorldView-2 Ta
WorldView-3, 1o 103BOJIAI0TE OTPHMMAaTH BOCBMHKaHAJbHE 300pa)KEHHS BHCOKOTO IPOCTOPOBOTO po3pisHeHHs. HesBakaroun Ha
Ppo3po0iieHI METOAU, IPU3HAYEH] ISl MOJIMIICHHS SKOCTI Pe3yIbTYI0U0ro 300pakeHHs, 3’ IBISIOTHCS HOBI HayKOBI MpoOieMu, sKi
OB’ s13aHi 13 MiABUIIEHHSAM BUMOT JI0 pe3yJIbTaTiB 0OPOOKH 3HIMKIB BHCOKOTO IPOCTOPOBOTO PO3Pi3HEHHS Ta PO3POOKOI0 aBTOMATH-
30BaHOI TEXHOJOTII 0OPOOKM IIMX MAaHWX JUIS HOAAIBIIOTO iX TEMAaTHYHOrO aHalizy. B po0OTi po3risHyTO KOHIENUii, MPUHINIH,
OOME)XEHHS Ta IepeBaru TPAAULIHHAX METOMIB 3IUTTS 3 IPOrPaMHOIO peasli3amiero.

Meta. Metoto poOoTH € aHaii3 e(eKTUBHOCTI TPaJULIIHHIX METOJIB 3JIUTTS, TAKUX K Brovey, BeiiBner-nepersopenns, GIHS,
HCT Ta xOMOiHOBaHOTO METO/Y JUIsl CYITy THUKOBUX 300pa)K€Hb BUCOKOTO POCTOPOBOTO PO3Pi3HEHHS.

Meton. Y poborti 3anpornoHoBaHo iHOpPMALiHy TEXHOJOTII0 3IUTTS 3HIMKIB BHCOKOI'O ITPOCTOPOBOTO PO3Pi3HEHHS 3 aBTOMa-
TH3aLi€0 BUOOPY HAWKPAIIOro METOLY 3JIUTTS Ha OCHOBI aHaNi3y KiIBbKICHHX Ta SIKICHHX MOKA3HHKIB. 3alpOMOHOBAHA TEXHOJIOTis
BKITIOYA€: MacmITadyBaHHS MYJIBTHCIEKTPATIBHOTO 300pakeHHs 10 PO3Mipy HaHXPOMATHYHOTO 300pakKeHHsI; BUKOPHCTAHHS €KBai-
3awii TICTOrpaMu Ul KOPUTYBaHHS NEPBHHHUX 300paKE€Hb HUISTXOM BUPIBHIOBAHHS IHTETPaJbHUX OOJIACTEH 3 PI3HOIO SICKPABICTIO;
NIePETBOPEHHS IIEPBUHHUX 300pa’keHb IICJIST CHEKTPAIBHOI KOPEKIil 3a TPaAUIIHHIMHI METOIaMH «HaHIIApIiHI»; aHali3 e(QexTus-
HOCTi OTPUMAaHHX Pe3yJIbTATiB. TEeXHOJIOTIs HO3BOJISIE BU3HAYUTH KPAIIMil METOM 3IMUTTS HIIIXOM aHaTi3y KUIBKICHUX METpPHK: iHIe-
kcy NDVI, RMSE ta ERGAS. Innekc NDVI mis meronis Brovey ta HPF Bkasye Ha criekTpaiibHi CIIOTBOPEHHS Y IOPIBHSHHI 3 €Ta-
JOHHUMHU naHuMH. Lle moB’s3aHo 3 THM, Mo MeTonu Brovey ta HPF 3acHoBaHi Ha 31HTTI TphOXKaHAJIBHUX 300pa)KeHb 1 HE BKIIIOYA-
I0Th iH(pOPMAILLi0, [0 MICTUTHCS B OIIMKHBOMY iH(pauepBoHoMy niamasoni. Orpumani 3HadeHHss RMSE ta ERGAS nemoHcTpyoTh
nepeBary komoiHoBanoro meroxy HSV-HCT-Wavelet nan TpaauuiiHuMu Ta HalCydacHIIIMMH METOJaMH MiJBHIICHHS IPOCTOPO-
BOTO PO3Pi3HEHHsI CYMyTHUKOBUX 300paxkeHb. Lle mocsraerscs, 30KkpemMa, MonepeHbor0 00poOKoIo MepBUHHHUX 300pakeHb, 00pob-
KOIO JaHUX JIOKAJi30BaHUX CIEKTPAIFHUX KOMIIOHEHT Ta BHKOPHCTaHHSAM iH(OpMAIlii, 0 MICTUTBCSA B iHPpauepBOHOMY KaHAaIi
300paKeHHSI.

Pe3yasTaTn. Po3pobieno nporpamue 3a0e3nedeHHs, 0 peatidye 3anpolnoHOBaHUH miaxin. ExcrepuMeHTansHa oIiHKa IpoBe-
JIeHa HA BOCBMHKAHAJIBHUX IEPBUHHUX CYIyTHHKOBHX 3HIMKaX BHCOKOTO IIPOCTOPOBOTO PO3Pi3HEHHS, OTPUMAHHUX CYyITyTHHKOM
WorldView-2. ExcriepuMeHTanbHi pe3yjbTaTh MOKa3yloTh, [0 CUHTE30BaHE 300paKEHHS 3 BHUCOKOIO MPOCTOPOBOIO PO3ALIEHOIO
3[aTHICTIO 3 BUCOKMM iH(OpPMaLiiHUM BMiCTOM JIOCSTA€ThCS 32 JOMOMOTOI0 KOMIIIEKCHOTO BUKOPHUCTAHHSI METOIB 3JIUTTSI, IO J10-
3BOJISIE 301IBIINTH IPOCTOPOBY PO3ALIBHY 3/1aTHICTh BUXIAHOIO OaraToKaHaIbHOTO 300pakeHHsI 6€3 CIEeKTPaIbHUX CIIOTBOPEHb.

BucHoBku. [IpoBeneHi eKCriepuMeHTH MiATBEPANTH e)EeKTUBHICTh 3alIPOIIOHOBAHOT aBTOMATH30BaHOI iHPOPMALIIHHOI TEXHOJIO-
rii, o I03BOJIAE PEKOMEHAYBATH ii MPH MOAAIBLIIOMY NOCTI[KEHHI TaKWX 3a/ad SIK PO3Mi3HaBaHHS i ONMEpaTHBHUII MOHITOPWHT
00’€KTiB iHPPACTPYKTYpH.
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KJIIOYOBI CJIOBA: 31utTs 300pa)KeHb, CynyTHUKOBE 300pakeHHsI, TaHIIapIeHiHr, aBToMaTu3auis, WorldView, 300paxeH-
HSl BHCOKOT'O IIPOCTOPOBOT'O PO3PI3HEHHS, METaaHaIi3.

YK 004.93

ABTOMATU3UPOBAHHASI THOOPMAIIMOHHAS TEXHOJIOI'UA CIUAHUSA CITYTHUKOBBIX CHUMKOB

I'narymenko B. B. — 1-p TexH. Hayk, npodeccop, 3aBenyromuii kaheapoil ”HPOPMAIIMOHHBIX TEXHOJIOTHH U KOMIIBIOTEPHOI
uHxeHepun HalmoHanpHOro TeXHMUECKOro YHUBEpcUTeTa «J{HenpoBcKas MoMTeXHuKay, JIHenp, YkpauHa.

Kamran B. }O. — xaHa. TexH. HayK, JOLEHT Kadeapbl HHPOPMALMOHHBIX TEXHOJOTHH U KOMIIbIOTEpHOIT nikeHepun Harpo-
HaJIbHOTO TEXHUYECKOTO yHUBEpPCUTETA «JIHENpOBCKasl MOJIMTEXHUKAY, JIHemp, YKpanHa.

AHHOTALUA

AxTyanbHocThb. Ha ceropusmmamii 1eHs nHGOpPMAIMOHHBIE TEXHOJIOTHUH MINPOKO HCIIOIB3YIOTCS MpH IH(poBOH 00paboTKe M30-
OpaxxeHHH AUCTaHIIOHHOTO 30HIUPOBAaHUS 3eMIIH. AKTyaJIbHOH SBISETCS 3a/1ada COBMECTHOH 00pabOTKH CITyTHHKOBBIX H300paxe-
HUH, MOJTyYSHHBIX Pa3IMYHBIMH KOCMHYECKHMH CHCTEMaMH, KOTOpbIe HMEIOT Pa3HOe MPOCTPAHCTBEHHOE paspenieHre. OMHUME U3
CaMBIX COBPEMEHHBIX CIyTHUKOB siBisorcs WorldView-2 n WorldView-3, koTopble HO3BOJISIOT HOJYYHTh BOCBMUKAHAIBHOE H30-
Opa)keHHEe BBICOKOTO MPOCTPAHCTBEHHOTO paspemeHus. HecMoTps Ha pa3pa0boTaHHBIE METOABI CIMSHUS, IpeJHa3HaYeHHbIE IS
yIy4IIeHHUs] KauyeCTBa Pe3yJNbTUPYIOLUIEro N300paXKeH s, MOSABIAIOTCS HOBbIE HAY4HBIE MPOOJIEMBI, CBSI3aHHBIE C MOBBIIIEHUEM Tpe-
OoBaHMI K pe3yibTaTaM OOpaOOTKH CHMMKOB BBICOKOTO IPOCTPAHCTBEHHOTO pa3pelleHHs W pa3pabOTKOH aBTOMATH3UPOBAHHOMH
TEXHOJIOTHH 00pabOTKM 3TUX AAHHBIX JUIS JalbHEHIIEro X TEMaTHYecKOro aHanm3a. B pabote paccMOTpeHBI KOHIETINH, TPHHIIH-
ITbI, OTPAaHUYCHNUS U IPENMYIIECTBA TPAAUIIMOHHBIX METOI0B CIHSHHSI.

Heas. Llensio paGoTsl sBisieTcs aHamu3 3(P(EKTUBHOCTH TpPaJUIHOHHBIX METOMOB CIHSHHSA, TakMX Kak Brovey, BeiiBier-
npeo6pazosanus, GIHS, HCT u koMOMHUPOBAaHHOTO METOJa AJISI CITyTHHKOBBIX M300pa’KEHUH BBICOKOTO MPOCTPAHCTBEHHOTO Pa3-
peleHus.

Meton. B pabore npemnoxena nHGOpPMAIMOHHAS TEXHOJIOTUS CIMSHHUS CHUMKOB BBICOKOTO ITPOCTPAHCTBEHHOTI'O PA3PEIICHUs C
aBTOMaTH3anuel BpIOOpA HAMITYUIIEr0 METO/a CHHTE3a HAa OCHOBE aHAM3a KOJIMUECTBEHHBIX U KaUeCTBEHHBIX Mokasarenel. [pen-
JIO)KEHHAs] TEXHOJIOTHUs BKJIIOYAET: MacIITaOMpPOBAaHUE MYJBTUCIIEKTPAIBHOIO H300paXKeHHs IO pa3Mepa MaHXPOMaTHYECKHE H30-
OpaXXeHHST; UCIIONB30BaHNE SKBAIN3AINH IHCTOTPAMMBI ISl KOPPEKTHPOBKH MEPBUIHBIX N300pa’KeHUH ITyTeM BBIPAaBHUBAHUS HHTE-
TpabHBIX 00JIacTel ¢ pa3IuIHON SPKOCTHIO; MPeoOpa3oBaHNe NEPBHYHBIX N300paKEHHUI TOCIE CIIEKTPAIBHONH KOPPEKLUH C TPaIH-
IMOHHBIMH METOJaMH ITaHIIAPINHTA; aHAJINU3 MTOJTYYCHHBIX PE3yJIbTaTOB. TEXHOJIOTHS ITO3BOJISIET ONPEASIUTD Ty Il METO CIIHS-
HUS DyTeM aHanu3a KonudecTBeHHbIX MeTpuk: uHaekca NDVI, RMSE u ERGAS. Nuneke NDVI g meronos Brovey u HPF yka-
3bIBaCT Ha HCKKCHUE LIBETA 110 CPABHEHUIO C ITAIOHHBIMU JAaHHBIMHU. JTO CBS3aHO C TeM, 4To MeTosl Brovey u HPF ocHoBanHBIE
Ha CIMSHHUU TPEXKAHAIBHBIX H300pakeHNIl 1 He BKIIOYAIOT HHPOPMALNIO, COAEPIKALIYIOCS B OIMKHEM MH(PaKpacHOM JMana3oHe.
RMSE u ERGAS nemoHCTpUpyIOT HpenmyinectBo kombunupoBantoro Merona HSV-HCT-Wavelet Hax TpaAHLMOHHBIME B COBpE-
MEHHBIMU METOAAaMH IMOBBIIMIEHNS! POCTPAHCTBEHHOTO pa3pelIeHHsl CITyTHHUKOBBIX HM300pa)eHHi. DTO JOCTUTAETCs, B 4aCTHOCTH,
MpeaBapUTENbHON 00pabOTKON MEPBUYHBIX N300paKeHUH, 00pabOTKOM JaHHBIX JIOKATU30BAHHBIX CIIEKTPAIbHBIX KOMIIOHEHT U HC-
MOJIb30BaHHEM HH(OpMAaLUH, CoAeprKaleiics B HHQpaKpacHOM KaHaJle H300paKEeHHSL.

Pe3yabsTaTsl. Pa3zpaborano nporpaMmHOe oOecrieueHue, peaausyromnee MpeaIokKeHHbIH NoaAX0A. DKCIepUMeHTaNbHasl OI[CHKa,
IIPOBEACHHAs C MCIONB30BaHHEM BOCHMHUKAHAIBHBIX IIEPBUYHBIX CITyTHHKOBBIX CHUMKOB C BEICOKUM IIPOCTPAHCTBEHHEBIM pa3perie-
HHEM, TOJTy4eHHbIX ciyTHUKOM WorldView-2. DxcriepuMeHTalIbHbIEe Pe3yIbTaThl II0Ka3bIBAIOT, YTO CHHTE3UPOBAHHOE H300paKeHUE
BBICOKOT'O IIPOCTPAHCTBEHHOTO Pa3pEIleHNs ¢ BBICOKOH MH()OPMATHBHOCTBIO JOCTHIAETCS C MTOMOIIBIO KOMIUIEKCHOTO HCIOJIB30Ba-
HHSL METOJIOB CHHTE3a, YTO MO3BOJIET YBEIUYUTH MPOCTPAHCTBEHHOE pa3pelleHHe HCXOIHOTO MHOTOKAHAIBHOTO H300paxkeHns 6e3
CHEKTPAJIbHBIX UCKAXKEHUMN.

BriBoasl. [IpoBeneHHbIE SKCIIEPUMEHTHI MOATBEPAMIN 3()(HEKTUBHOCTH MPEITOKEHHOH aBTOMAaTH3MPOBAHHON HMH(OPMAINOH-
HOHM TEXHOJIOTHH, YTO MO3BOJSIET PEKOMEHIOBATh €r0 NMpHU JalbHEHIIEeM HCCIeJOBAaHNH TaKHMX 33/1ad KaK Paclo3HAaBaHWE W OIepa-
THBHBIH MOHHTOPUHT 00BEKTOB HH(PPACTPYKTYPHI.

KJ/JIIOUEBBIE CJIOBA: cnustHus M300pakeHHH, CIyTHHKOBOE M300pa)keHHe, IMaHIIapIeHuHr, aproMarusanust, WorldView,
N300pa’keHNe BHICOKOTO MPOCTPAHCTBEHHOTO Pa3peIIeHNs], MeTaaHalIH3.
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