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The landscape, bearing certain pressure from the society, simultaneously has an
aesthetic potential and actively affects the emotional and psychological comfort of
a person. Among the many factors affecting the aesthetic qualities of the landscape
(relief, vegetation, water, etc.), colour is also separated. The color diversity of the
landscapes is impossible to appreciate with only using eyes.

The article presents a unique methodology for separating colour shades, which
are one of the important aesthetic factors of the landscape. For the first time, an
attempt was made to distinguish the color tones that have a great influence on the
aesthetic qualities of landscapes and to group them by analyzing the spectral curves
of satellite images. In contrast to the traditional field method, satellite images allow
us to assess color tones over a short period of time and over a large area.

Red, green and blue are considered the main physiological colours, and almost
all true colours can be obtained by the combination of these three radiations. An
attempt was made to separate the colors in the landscapes by analyzing spectral
curves in green (543-578 nm), red (650-680 nm), blue (458-523 nm) spectral
ranges of the Sentinel-2A, Sentinel 2B TCI (true color image) space images taken
in the summer with a resolution of 10 m. In a professional software environment,
50 classes were obtained using “unsupervised” classification method, and for each
class, the curves with the average values of spectral reflection of three visible colour
ranges were obtained. By grouping the classes, a map of five colour groups (blue-
green, green, red, gray and yellow, white) of the landscapes of Syunik Region was
created for the summer season. Since the most important factor of colour harmony
is the balance of colour shades, an attempt was made to determine the colour
diversity of landscapes.

Based on the obtained colour groups, in the summer season the colour diversity
of the landscapes of Syunik Region was asssessed and mapped using Shannon’s
coefficient of heterogeneity. As a result, it was found that 52% of the landscapes of
Syunik Region have green colouring in summer. The latter is considered a positive
feature of the aesthetic appeal of landscapes and has a calming effect on a person.
White colour has the smallest percentage share. 36% of the territory of the region
has a high and very high diversity indicator, and 17.6% has a very low degree of
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diversity. In summer, the North-Eastern part of the region, the areas adjacent to the
lower and middle streams of the Vorotan River, the Voghji and Meghri River basins
are distinguished by colour diversity. However, from the point of view of aesthetic
perception, the average degree of diversity is highly assessed, which is 27.2% in
Syunik Region. The Southern part of Syunik has an average degree of diversity,
especially the valley areas of the Araks River, the area of the Spandaryan reservoir.

https://doi.org/10.46991/PYSU:C/2022.56.2.093
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Introduction. Landscape aesthetics studies the beauty, attractiveness of
natural and anthropogenic landscapes, as well as the features of aesthetic perception
and evaluation [1]. The landscape, bearing certain pressure from the society,
simultaneously has an aesthetic potential and actively affects the emotional and
psychological comfort of a person [2, 3].

The aesthetic qualities of the landscape are greatly influenced by colour,
which is an important aesthetic factor of the landscape. The psychophysical effect of
colour on a person has been studied quite deeply in the fields of medicine, applied
psychology, as well as art history [4]. A part of the light falling on the surface of the
object is reflected from the object, another part is absorbed, and the other part passes
by the object. If the predominant part of the reflected rays belongs to the green range
of the spectrum, you can see green colour [4].

Red, green and blue are considered the main physiological colours. For the
first time, the Russian scientist Lomonosov approached the explanation of the three-
colour nature of vision, but only in 1802, the English physicist and doctor T. Jung
explained the variety of perceived colours according to the structure of the eyes. He
conceived that there were three types of photosensitive nerve fiber endings in the eye
and exposure to light leads to irritation [4, 5].

It has been experimentally proven that almost all true colours can be obtained
by the combination of three radiations: blue, green and red. The process of obtaining
other colours by mixing multi-coloured radiation is called colour synthesis. Mixture
of the maximum amount of the three main radiation produces white colour, while
the mixture of some amount produces gray shade. Mixture of red and blue produces
purple. Red with green creates yellow and a mixture of green and blue creates
bluish-green [5].

The aim of the work is assessment and mapping of the variety of colour shades
of the landscapes of Syunik Region according to the colour spectrum, using the
analysis of the spectral curves of the satellite images taken in the summer.

Scientific Novelty. A methodology for the separation of color shades of
landscapes in large areas and evaluation of color diversity was developed using the
spectral curves of satellite images.

Materials and Methods. Based on the judgments put forward by the
aforementioned various authors, an attempt was made to distinguish the color tones
that have a great influence on the aesthetic qualities of landscapes and to group them
by analyzing the spectral curves of satellite images for the first time. In contrast to
the traditional field method, satellite images allow us to assess color tones over a
short period of time and over a large area.
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The analysis was carried out using satellite images taken during the summer
months: as due to the large difference in altitudes, the leaves of plants in the whole
area of Syunik Region look greener, especially in summer [6], when the number of
chlorophyll grains reaches the maximum. Considering the fact that all colours can
be obtained by mixing green, red, blue colours [4], Sentinel-2A, Sentinel 2B TCI
(true colour image) images with 10-meter resolution were used for the research,
which represent combinations of band 4 (red, 650-680 nm wavelength), band 3
(green, 543-578 nm), band 2 (blue, 458-523 nm) visible spectral ranges.

In a professional software environment, 50 classes were obtained with satellite
images using the “unsupervised” classification method (max iteration 20, change
threshold 4%), and for each class, curves with average values of spectral reflection
of three visible colour ranges were obtained.

According to the similarity of the spectral reflection curves, classes are grouped
into 5 colour groups, based on the combination and synthesis of the values of spectral
domains of green, red, blue, as well as expert field routes in Syunik Region.

Since the main factor of colour harmony is the balance of colour shades [4],
an attempt was made to assess the colour diversity of Syunik Region in summer
based on the obtained colour groups.

The color diversity of the landscapes is impossible to appreciate with only
using eyes. Colour diversity was determined using Shannon’s coefficient of
heterogeneity [7]

H _ _Z§=1Pi'ani
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where E is the coefficient of heterogeneity, H is the coefficient of diversity,
p; is the fraction of the area occupied by each colour group in the area of the square
(p; = n;/N), S is the number of colour groups, and LnS =H,, .-

Result and Discussion. As a result of grouping, a colour map of Syunik
Region for summer was obtained, which consisted of 5 groups (Fig. 1).

The first colour group (blue-green) includes dark blue, blue-green water basin,
dark greenand covered with shadows forests, which have dark colour from distance.
Classes with spectral curves with relatively low (up to 42) spectral reflectance
average values in the red range (up to 42) and relatively high and close to each other
in the green (51-63) and blue (52-63) ranges have been grouped together.

The second colour group (green) includes green grassy, green tree and green
water basin areas. Here classes with spectral curves with average values of spectral
reflection lower (40-86) in the red range,while relatively lower (55-87) in the blue
range compared to the green range, and relatively higher (57-89) in the green range
have been grouped together. In general, the absorption of sunlight by chlorophyll in
healthy green leaves occurs mainly in the blue and red areas, and here the green rays,
on the contrary, are reflected, which defines the green colour of the leaves [8].

The third colour group (red) includes mainly greenless soil and rocky areas
with red colouring, arable lands of brown colouring and alpine lawns covered with
dense purple flowers (the reflection value in the blue range of the latter was slightly
higher compared to other areas of the group, but since the deviation was very small,
the system did not distinguish it as a separate class). Spectral reflectance values in
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the mentioned areas are close to the previous group, simply the spectral reflection
values of the red range increase slightly compared to the other two ranges (74-88).
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Fig. 1. Assesment and mapping of color groups of landscapes of Syunik Region in summer.

The fourth color group (gray, light yellow) includes ground roads and
highways, areas devoid of green vegetation, rock exposure and arable lands with
light gray, yellow shades, as well as dense lawns with white flowers, where green
grass is very faint. The gray areas of this group often turn yellow under the influence
of sunlight, especially in summer, for this reason, with the help of spectral analysis,
it became impossible to separate gray and yellow in summer photos.

The fifth color group (white) includes areas with shades close to white
and snow spots. Classes of curves with high values of spectral reflection pixels
(160-255) have been grouped together.
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Fig. 2. The percentage share

of colour groups of landscapes
of Syunik Region in summer.

Figs. 1 and 2 show that more than 50% of the territory of the Syunik Region
has green colouring in summer. White colour has the lowest prercentage share,
which is followed by yellow, gray shades (12%).
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Based on the colour groups obtained by Shannon’s coefficient of heterogeneity,
colour diversity of the landscapes of Syunik Region was estimated and mapped
according to grades using GIS (Geographic Information System) (Fig. 3).

Degree of color
diversity in summer

[ verylow (0-02)

1 Low (0.2-0,4)
B Middle (0,4-06)
B +High (06-08)
I Very high (0,8 -1)

Other signs
—_— River

Administrative border

0 5 0 10km L é:
N I EEa——

Fig. 3. Colour diversity map of the landscapes of Syunik Region in summer.

In summer, Syunik volcanic high plateau in the North-Eastern part of the
region and especially lake regions are distinguished with colour diversity provided
by green grasslands, multi-coloured alpine lawns, blue-green lakes, multi-coloured
volcanic rocks. The Southern parts of Goris Region, the areas adjacent to the lower
and middle streams of the VVorotan River, the VVoghji and Meghri Rivers basins are
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of high value, which are distinguished by rock outcrops, tree and grass vegetation
and the presence of rivers.

Distribution of the colour diversity of Syunik Region in summer

N Territory

Degree of colour diversity 2 %
very low (0-0.2) 793.2 17.6
low (0.2-0.4) 860.9 19.1
middle (0.4-0.6) 1220.0 27.2
high (0.6-0.8) 1351.4 30.1
very high (0.8-1.0) 267.7 6.0
total 4493.0 100.0

Southern dense wooded areas characterized by widespread green and blue-
green shades have low index of diversity. Similar pattern is observed in the upper
reaches of the VVorotan basin.

Conclusion. The obtained results allow the following conclusions to be drawn.

1. For the first time, an attempt was made to distinguish the color tones that
have a great influence on the aesthetic qualities of landscapes and to group them by
analyzing the spectral curves of satellite images. In contrast to the traditional field
method, satellite images allow us to assess color tones over a short period of time
and over a large area (see Table).

2. 52% of the landscapes of Syunik Region have green colouring in summer.
The latter is considered a positive feature of the aesthetic appeal of landscapes and
has a calming effect on a person.

3. 36% of the territory of Syunik Region has a high and very high diversity
indicator, and 17.6% has a low degree of diversity. However, from the standpoint of
aesthetic perception the average degree of diversity is highly estimated (27.2% in
Syunik Region).

4. The North-Eastern part of the region, the areas adjacent to the lower and
middle streams of the Vorotan River, the basins of the Voghji and Meghri Rivers are
distinguished by colour diversity in summer. The Southern part of Syunik has an
average degree of diversity, especially the valley regions of the Araks River and the
region of the Spandarian reservoir.
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OLIEHKA N KAPTOI'PA®UPOBAHUE PA3HOOBPA3US LIBETOB
B JTIAH/JIHA®TAX B JIETHMU CE30H [10 KOCMHUYECKHUM CHUMKAM
(ma mpumepe CIOHUKCKON 001aCTH)

Pesrome

[Metizax, HecyIMii Ha ceOe ONPEeIECIICHHOE aBJICHHE CO CTOPOHBI OOIIECTBa,
B TO XK€ BpeMs 00JaJaeT 3CTETUUECKUM MOTCHLHAIOM, aKTUBHO BO3/EHCTBYs Ha
SMOLMOHAIEHO-TICUX0JIOTHYECKU KoM(popT uyenoseka. Cpeau MHOKeCTBa (hakKTo-
POB, BIUSIONINX HA ACTETUYECKHE KauecTBa JaHamadTa (penbed, pacTUTENbHOCTD,
BOJIHBII MOKPOB W Jp.), BeIIenserca IBeT. L[BeToBoe pasHooOpasue menzaxeit
HEBO3MOKHO OLIEHUTH HEBOOPYKEHHBIM TJ1a30M.

B craTbe npezacraBiieH YHUKaJIbHBII METO| BBIAEICHUSI OAHOTO U3 BaXKHBIX
3CTETHYECKUX (haKTOPOB JTaHAIIAPTA — IIBETOBBIX OTTEHKOB. BriepBhie mpeanpuHsTa
MOIBITKA BBIJENICHUS LIBETOBBIX OTTEHKOB, OKa3bIBAIOIIMX OOJBLIOE BIUSHHUE HA
JCTETHYECKUE KadecTBa INei3axked, M HMX TPYNIUPOBKM Ha OCHOBE aHalu3a
CIEKTPAJIbHBIX KPHUBBIX KOCMHUYECKMX CHMMKOB. B OTiMuue OT TpaauLlMOHHOIO
HOJIEBOTO METO/a, KocMHu4eckue (ororpadun 1at0T BO3MOKHOCTD OLIEHUTH IIBETO-
BbI€ OTTEHKH 32 KOPOTKUH MPOMEKYTOK BPEMEHHU M Ha OOJBIION IIIOLIA IH.

KpacHplit, 3e51eHbIH, CHHHI — OCHOBHBIE (DU3HOJIOTHYECKHE 1IBETA, IOYTH BCE
peanbHBIC IIBETa MOXHO MOJYYUTh KOMOMWHAIMEH 3THX Tpex Jydeil. Cremana
MIOIBITKA Pa3/IeIeHus [IBETOB B JIaHAIIa(TaX MMyTeM aHaIu3a CIIeKTPaJIbHBIX KPUBBIX
B 3esieHOM (543-578 nm), kpacHoM (650-680 Hm), curem (458-523 Hu) nnanazonax
criektpa 1o kocmuueckuMm caumkam TCl (true colour image) Sentinel-2A, Sentinel
2B, caenannbiM s1eToM ¢ paspemenreM 10 u. B npodeccrnonansHON nporpaMMHOM
cpeie METOAOM “HEKOHTPONUPYeMOil” KilacCU()UKALMK MTOy4eHo 50 KI1accoB, IS
Ka)KI0T0 KJacca MOJy4YeHbI KPUBBIE CO CIIEKTPAIbHBIM OTPaKEHUEM BUAMMBIX TPEX
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LBETOBBIX JAMANa3oHOB. bbuta cocraBieHa KapTa MSTH IBETOBBIX TPYIII
nauamadpToB CIOHUKCKOH O0JIACTH Ha JICTHHHM CE30H (CHHE-3CJICHBIN, 3CJICHBIMH,
KpPAacCHBIN, Cepo-KeNThIi, Oenblit). [1oCKONBbKY BaKHEHITMM (PaKTOpOM IBETOBOM
TapMOHHUH SIBJISIETCSl OajlaHC IIBETOBBIX OTTEHKOB, ObUIa MpEeNNpUHSATA MONBITKA
OTIPENICNIUTH LBETOBOE Pa3HOOOpa3ue JanamagToB.

Ha ocHOBaHMH MOJy4eHHBIX IIBETOBBIX I'PYII C MOMOIIBI0 KO3 HUuneHTa
HeogHoponHocTH IlleHHOHa OLEHEHO IBETOBOE pa3HoOOpasue JsaHAmadToB
CroHukckoi obnacTu B JIeTHHH ce30H. B pesynbrare okaszasiock, 4to jetoMm 52%
nanmadToB CIOHUKCKOM 00macTH 3ejieHbie. [loceiHee cunTaeTes MOI0KUTEIbHON
YEepTOM 3CTETUYECKOM NPUBJIEKATEILHOCTH NIEN3aKEN, OKA3bIBAIOLIEH YCIIOKAUBaKO-
mee IeHCTBUE Ha YeloBeKa. Y OenbIX caMblii HH3KWE mporeHT. 36% Iuiomanu
00JTacTH XapaKTepU3yIOTCsl BBICOKOH—0UYEHb BBICOKOM CTETNIEHBIO Pa3HOOOpasus, a
17,6% — o4YeHb HU3KOU CTENEHBIO pa3HOOOpasus. JIETOM MO IBETOBOMY pa3HO-
00pa3nio BBIACISIOTCS CEBEPO-BOCTOUHAS YaCTh 001aCTH, palOHBI, IPUJIETAIOIINE K
HIDKHEMY U cpeiHeMy TeueHuro p. Boporan, Oacceiinpl pex Boxum m Merpu.
OnHako ¢ TOYKH 3pEHHS] ICTETUHYECKOTO BOCHPHUATHS BBICOKO IIEHHUTCS CPETHSS
CTeneHb pa3Hoo0Opasusi, koTopas B CIoHMKCKOH obnacTu coctasiseT 27,2%. FOxHas
yacTe CIOHHMKA UMEET CPEIHIOI CTENEHb pa3Hoo0pasusi, OCOOCHHO OJMHBI PEKU
Apaxc 1 CnangapssHCKOe BOJOXPaHUIIHILE.
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