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Abstract

The applications of remote sensing on the land cover classification are very important for lands
planning. . For this purpose multispectral satellite data uses in agricultural areas due to practically in
large-scale. Many of the studies have been carried out with supervised classification based on pixel
function. However, it is not possible to determine what kind of uses are in the land where the natural
pattern distribution is unknown. For this reason, some statistical approaches and conditional
algorithms are trying in the classification. The most common of these is Gaussian mixture distribution
analysis (GMD). Mixture distribution analysis is multivariate statistical methods that deal with the
separation of objects or different clusters of observations and the re-organization of pre-defined
groups. This study was conducted for classification of sugar beet and wheat with grassland by using
SC and GMD on the Landsat 7 ETM+ data in 1850 ha areas of Konya region and the spatial ranges
were compared with the location realities. The result of calculations has shown the SC estimated sugar
beet, wheat and grassland with accuracy coefficients at 0.88, 0.90, 0.83, respectively. On the other
hand, GMD predicted with accuracy coefficients at 0.94 for sugar beet, 0.96 for wheat and 0.92 for
grassland. As a result, GMD can be used with high accuracy in the detection of different land cover
types in unknown lands. However, similar studies should be performed on different types of land
cover for creation of spectral libraries, thus GMD could determine all of the land cover types.
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CpaBHeHHe MeTO/I0B aJaNITUBHOIO KjJaccu(UIUpoBaHus U ['ayccoBoro cMemaHHoro
pacnpeaeneHus 1JIsi ONEHKH THIIA 3eMJIeN0JIb30BaHUSA
10 CIYTHUKOBBIM JaHHBIM Landsat 7

Meprt Janaorny, Jlesan bamaiiurur, Mypat Epumorny

AocTpakT. [I[puMeHeHHEe TUCTAHIIMOHHOTO 30HUPOBAHUS TIPU aaNITUBHOM
kiaccudumpoBannu (pa3OMEHNN Ha KJIACCHI) 3¢MEJTLHOTO TTOKPOBAa OYEHBb BAKHO TPH
TUTAHUPOBAHHUH 3€MJICTIONE30BaHus. J[J1s1 JAHHOM e MHOTOCIIEKTPAIBHBIC CITy THUKOBBIC
JTAHHBIE UCTIOJIB3YIOTCS B CEITbCKOXO3SIMCTBEHHBIX paifloHax KpynHoMmacmTabHo. MHoTHe U3
WCCIICIOBAHMIA OBLTH TIPOBEACHBI METOIOM MOTIMKCEIIEHOTO a/IalITHBHOTO
knaccupunupoBanus (SC). OgHAKO HEBO3MOXKHO OTPEIEITUTh BUJIbI 36MJICTIONB30BaHUS Ha
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3eMeJIbHBIX YYacTKaxX B CIy4yae HEU3BECTHOCTH paclpeleeHHs sl €CTECTBEHHBIX MATTEPHOB
(o6pa31oB pparmeHTOB M300pakeHuii). [1o 3Tol mpuunHe IS AIaNTUBHOTO
KJIaCCU(UIIMPOBAHUS pPa3padaThIBalOTCA HEKOTOPhIE CTATUCTUYECKUE TTOJIXO/IbI U YCIIOBHbBIE
anroputmbl. Hanbonee pacnpocTpaHeHHBIMU M3 HUX SIBIISIOTCS aHANU3 ['ayccoBoro
cMemanHoro pacnpenenerus (GMD). AHannu3 cMEnIaHHOTO pacrpeaeICHHs — 3TO
MHOTOMEPHBIE CTATUCTHYECKHUE METO/IbI, KOTOPBIE KacatoTCs pa3aesieHnss 00bEKTOB WIIN
pa3IMUYHBIX KJIACTepOB HAOIIOACHUN U peopraHu3alliy 3apaHee OMpeeNIeHHBIX TPYIIL. JTO
UCCIIeIOBaHKE OBLIO MPOBEICHO IS KiTacCU(DUKAIIMK TEPPUTOPUI 3eMIICTIONH30BAHMS,
3aHATBHIX CaXapHOW CBEKJION M MIIEHUIIeH Ha JIYTOBBIX MAaCTOUIIHBIX Yroapsix MeTonamu SC u
GMD no ganneim Landsat 7 ETM + na momtanu 1850 ra B paiione Konbs, a
MPOCTPAHCTBEHHBIEC TUATIA30HBI OBUTH COTIOCTABJICHBI C HACTOSIIIUM MECTOIOIOKEHHEM
y4acTkoB. B pesynbTate pacueToB Obu1a MeTooM SC moyyeHa OlleHKa 3eMEJIbHBIX YTOIUM,
3aHATBHIX CaXapHOW CBEKJIOH, MIIeHHIIeH 1 macTouiamu ¢ kodpdunuentamu ToaHocTH 0,88,
0,90, 0,83, cootBercTBerHo. C apyroii croponsr, GMD npesckazan ¢ koddduinreHTom
tounoctu 0,94 mns caxaproit cBekdibl, 0,96 as nmenutisl u 0,92 11st TyronacTOUIIHBIX
yroauii. B pezynprate GMD M0XHO UCTIOIB30BaTh C BBICOKOW TOYHOCTBIO NMPU OOHAPYKEHUU
Pa3IUYHBIX TUIIOB PACTUTEIHLHOTO MOKPOBA B HEM3BECTHBIX 3eMiIsiX. OTHAKO aHATIOTUYHbIE
MCCJIC0OBAHUS JOKHBI MPOBOJIUTHCS HA PA3HBIX THMAX PACTUTEIHLHOTO TTOKPOBA IS
CO3/1aHUS CIIEKTPAJIbHBIX OMOINOTEK, U TOr/Aa ¢ ucnoiab3oBaHueM GMD MoXHO onpenensiTh
BCE€ THUIBl PACTUTEIBHOTO OKPOBA.

KuoueBble ciioBa: MoJienb pacrpeesienus ['aycca, TMCTaHIIMOHHOE 30HUPOBAHHE,
caxapHasi CBeKJIa, Kiaccu(uKaIus, MieHuIa

INTRODUCTION

Land use refers to the way in which physical features such as earth’s surface, vegetation,
water, settlements etc. are used by humans, while generally emphasizing the functional role of
land for economic activities (Dimyati et al., 1996). Land has a privileged status among natural
resources in meeting increasing demands of basic human needs (Deniz and Turan, 2014);
therefore, the most suitable designs should be planned on the choice and implementation of
land use type (Rawat and Kumar, 2015). Indeed, among factors constituting these designs,
determining and/or following current land use type is of capital importance beneath the
definition of sustainable agricultural cultivation. The most important tool used in land
management and planning in modern societies and supported with scientific research is
satellite images (McRobert and Tomppo, 2007; Weih and Riggan, 2010). Remote sensing
techniques are widely used in research carried out to this end (Lo and Choi, 2004). Especially
in large-scale studies, thematic maps that characterize land use through satellite images can be
produced fast, cheaply and properly, and can be analyzed concordantly with Geographic

Mert Dedeoglu, Levent Basayigit, Murat Erisoglu, Comparison of Supervised Classification Techniques and
Gaussian Mixture Distribution Method for Estimating Land Use Type on the Landsat 7 Satellite Data //
«¥unBble 1 BUOKOCHbIe cuctembl». — 2018. — No 24; URL: http://www.jbks.ru/archive/issue-24/article-5



Hay4yHoe anekTpoHHOe nepuogmyeckoe nsganume OPY «Kueble n 6oKocHble cuctembl», Ne 24, 2018 r.

Information Systems (Bisht and Kothyari, 2001; Li et al., 2018). The status of remote sensing
techniques in our day as one of the most important applications in determining and following
land use type has enabled image processing techniques to be developed in this field. Image
processing is a method in which different algorithms are used to obtain useful information
regarding what is demanded through visual data that has been relayed to digital media in
numerical arrays (Chuvieco, 2009). Accuracies, advantages and shortcomings of image
processing algorithms and statistical approaches used in detecting and classifying land use
types are put forward (Jensen, 1983; Muller, 1988; Woodcock et al., 2001; Homer et al.,
2004; Olthof et al., 2005; Sexton et al., 2013). In this study, success levels of Supervised
Classification technique, a clustering algorithm, and Gaussian mixture distribution method, a
decomposition analysis, in classifying land cover in satellite images of Landsat 7 ETM+ on a
test land of about 1800 ha whose land use type is grassland, wheat and sugar beet have been
compared and put forward.

OBJECTS and METHODS

Study area

The study was carried out on a test land of about 1800 ha between the parallels of 37° 39’ 26"
- 37°36' 51" N and the meridians of 32° 45" 37" - 32° 47" 51" E, hosting three land use types,
namely grassland, wheat and sugar beet, in Konya Province, Cumra District in Turkey (Figure
1).

In the study, Landsat 7 Enhanced Thematic Mapper Plus (ETM+) satellite images from June
2010 were used as data in determining land use types with image processing techniques.
Landsat 7 satellite images have an 8 bit radiometric and 30 m spectral resolution; besides
being classified as Raster data that have been proven to be safely useful in land
characterization studies, receiving images on 7 multispectral and 1 panchromatic bands
(Basayigit et al., 2006).

Bands and wavelength detection intervals of Landsat 7 ETM+ satellite images have been
shown in Table 1.
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Fig 1. Landsat 4-3-2 band combinations in
study area

Methods

In the study, a method was developed on the comparison of success levels of two different
image classification techniques, namely supervised classification technique and Gaussian
mixture distribution method (GMD), in detecting land use types. To that end, lands with a
surface area of 10 x 10 m* were chosen as testing data for three different land use types from
satellite images, and the same spectral values were used for each of two classification method.
In this way, percentages of these classification techniques were obtained regarding their
capacity to assign lands not included in testing data to their respective classes.

Image Processing

In the study, a method was developed on the comparison of success levels of two different
image classification techniques, namely supervised classification technique and Gaussian
mixture distribution method (GMD), in detecting land use types.

Of these two techniques, supervised classification technique is the most used and known one.
Supervised classification is performed by introducing, on the user’s part, spectral types of
land cover to image processing software as pre-defined instruction samples, and by modeling
other spectral types not included in this instruction algorithm with parametric or non-
parametric methods (Richards and Jia, 1999). It is stated that in previous studies, supervised
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classification technique was reliably used in which different algorithmic approaches (nearest
neighborhood, maximum likelihood algorithm etc.) could be chosen according to location
facts and pixel-based thematic maps could be produced (Rogan and Chen, 2004; Basayigit et
al., 2006; Duro et al., 2012). In light of this information, Maximum Likelihood, a parametric
approach, was used in ERDAS Imagine 8.4 image processing software during supervised
classification stage of the study.

Another classification technique subject to research is GMD analysis. GMD is a statistical
method based on representation of one or more Gauss distributions of data as weighted
components (McLachlan et al., 2000; Ok et al., 2014). GMD model is assessed as a useful
method and widely used in analysis of spectral data because each spectrum of spectral data is
decomposable (Manolakis et al., 2001; Deng et al., 2015). Gaussian mixed model hypothesis
has been formulized as the following equation, by using the statistical software Matlab 2016.
f(xi; 0) = the probability function of x vector belonging to 0

Xj= sample mean of the variable j

0 = vector including the unknown parameters of mixed distribution model

fixi; vj) = the multi-component mixed probability function whose average is pj and
covariance matrix is Xj

7= mixed rate of the same component for the component j [j= 1, 2,....G]

¥ = vector of all the unknown parameters in mixed probability distribution model (Reynolds,
2015)

Comparison of Classification Accuracy

On the test land, examination of vector layer parcel records showing current land uses and
results from the land study carried out afterwards were produced and mapped by using the
software ArcGIS 9.3 (Figure 2). The base data showing land use types was referenced in
comparing success levels of methods used in satellite images in classifying land cover
accurately.

Mert Dedeoglu, Levent Basayigit, Murat Erisoglu, Comparison of Supervised Classification Techniques and
Gaussian Mixture Distribution Method for Estimating Land Use Type on the Landsat 7 Satellite Data //
«¥unBble 1 BUOKOCHbIe cuctembl». — 2018. — No 24; URL: http://www.jbks.ru/archive/issue-24/article-5



HayuyHoe anekTpoHHOe nepuoauyeckoe nsgaHme OOY «Kumeble n BUOKOCHbIE cucTembl», No 24, 2018 r.

473‘000 GTSIODO 480‘000 431]000 482:)00 483900

4168000
;
T
4168000

415?000 4166000 418'{000
H
T T
4166000 4167000

T
4165000

41 6;4000
T
4164000

4“1 5?000
T
4163000

ATBIUDII 479‘000 480‘000 481‘000 482‘000 483’000
LEGEND F . g
I sUGAR BEAT

GRASSLAND

WHEAT

Fig 2. Land use types of study area
RESULTS AND DISCUSSION
In the study, land cover that was determined by supervised classification technique (Figure 3)
and GMD model (Figure 4) was compared with the factual use. Among land use types
determined in light of parcel records and land studies, grassland had a surface area of 546 ha
(30%), sugar beet 1000 ha (54.5%) and wheat 290 ha (15.5%); according to maximum
likelihood algorithm of supervised classification technique, the surface areas were determined
as 659 ha for grassland, 882 ha for sugar beet and 323 ha for wheat. As a result of GMD
model, the classifications were 581 ha for grassland, 1084 ha for sugar beet and 278 ha for
wheat (Table 2).
In light of comparing land use type magnitudes determined as a result of methods used with
the factual areas, GMD model was able to classify the areas of sugar beet, grassland and
wheat with an accuracy of 92%, 94% and 96% respectively. The accuracy rates of supervised
classification technique were 83%, 88% and 90% for the parcels of grassland, sugar beet and
wheat respectively.
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Fig 3. Map of Supervised classification Fig 4. Map of GMD model classification

Table 2. Comparison of the areas of land use types obtained with different classification
techniques

Land Use Types (ha) Real Supervised R’ GMD R’
Grassland 545.59 658.62 0.83 581.22 0.94
Wheat 290.39 323.10 0.90 278.63 0.96
Sugar Beet 1001.41 882.36 0.88 1083.69 0.92

The obtained findings showed that both of these classification techniques could different land
use types with similar success levels. Indeed, in the studies in which supervised classification
technique is used to determine land cover, accuracy rates of 70% or higher are regarded as
“strong” and rendered reliable (Fitzgerald et al., 2010; Duno et al., 2012). Likewise, it has
been stated that different land use types (wheat, potato, vegetable garden, citrus and bare soil)
were determined with an accuracy rate of 80.22% by Gaussian mixture distribution method with
raw pixel values (DNs) obtained from bands 3-4-5 Landsat 7 satellite image and that the
produced model could be used with observation data in determining similar land use types
(Calis and Erol, 2012).
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However, although obtained percentage results (0.83<r’<0.96) were close to success levels of
the methods used in determining land use types, significant differences exist in terms of
magnitude. In fact, 1% area accuracy on the test land corresponds to a magnitude of
approximately 185,000 m* which makes it necessary that methods by which land use types
can be determined with the highest accuracy coefficients should be used in terms of precision
agriculture implementations.

CONCLUSION

In light of the study, it has been confirmed that models produced with GMD classified all
three different land use types with higher accuracy coefficients than supervised classification
technique. Models produced with GMD were proven to be useful in determining different
land use types with satellite images by the fact that it was highly successful in itself through
creating random instruction and test data sets in areas whose sample magnitudes were known.
Still, the modeling and implementation of parcel based data sets in test areas are advised in
order to improve this method further, for produced models to be tested in different locations,
and for production of new models according to different land use types and their use in
detecting plantations with unknown land covers.
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