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LULC-AHAJIM3 3EMJIEIIOJIb30BAHUA C UCTTIOJIb3OBAHUEM
HEKOHTPOJINPYEMOMU KJIACCUPUKALINHN

3emnenonvzosanue u pacmumenshvlii HOKPOS AGISIOMCS €CMECMBEHHLIM COCMOSIHUEM NOBEPXHO-
cmu 3emm. JJuCmanyuonHoe 30HOUPOBAHUE - OYEHb GAJICHBIL MEmOO U3VYEHUs. 3eMIeNONb306aHUS
(LULC). [[ns ananusa 3emHo20 NOKpo8a npu OUCIAHYUOHHOM 30HOUPOBAHULU UCHOJIb3VIOMCSL PA3IUYHbIE
Memoowl Kiaccugurkayuu. /lannvle Memoobl He mpedyiom npedsapumeribHy0 UHGOPMAYUIO O 3eMHOM
NOKpoge wiu munax 3emnenonvsosanus. Haubonee uacmo ons ananuza u3o00paxcenut, NOIYYEeHHbIX C
NOMOWbIO OUCAHYUOHHO20 30HOUPOBAHUS, UCNOAbL3VIOM 06a Memooda Kiaccuguxayuu. K num ommuo-
CAMCS. KOWMPOIUPYeMast KIaccu@urayus u Hekoumponupyemas kaaccuguxayus. Llensimu npeonacaemoti
Pabomvl AGISAIOMCSL UCNONL306AHUE HEKOHMPOIUPYEMbIX MEMO0008 KIAcCupurayuy 0isi HOUCKA Kiacne-
P08, NO ONpedeNeHUI0 MUN08 3eMIeNONb308aHUSL U CPAGHEHUE OAHHBIX MEemO008 ¢ UHMEPAKMUGHIM
ananuzom dannvix camoopearuzayuu (ISODATA). /lna ananusa 3emnenons3068anHus Obliu UCHOIb308aHbL
uzobpadicenus damyuxa Hyperion. JJamuux Hyperion umeem 0secmu copok 08e nou0Chl, 0OHAKO HEMHO-
2ue NooChl Co0epACcam NONesHyI0 UHopmayuu 0 cnekmpanbhoeo ananusa. Ilosmomy nonocul, He
codepaicawjue nonenyio uHgopmayuio visiensiomes u yoansiomes. Ilocne obpabomiu 6x00H020 u30-
6padicenusi no OAHHOMY AN20PUMMY U3 OBYXCOM COPOKA OBYX NOIOC OCMAIOMCS MONLKO CIO UeCmboe-
cam name nonoc. Ilpu 5mom yuumel8aromces: paouomMempudeckas KanubpoeKa U HeMAanoBaANCHAsL KOP-
pexyusa ammocgepHvix gakmopos. 3amem no pe3yromamam 0opabomxi ¢ NPUMEHeHUeM NpPeodnoNHCeH-
HbIX MEmo008 (PopMUpYIOmcst KIacmepbl OJis U3yUeHUsl 3eMIAeHONb308AHUsL C UCNONb308AHUEM 2Unep-
CReKmpanbHo2o uzoopasicenust. /s popmuposanusi Kiacmepog ocyuwecmeisuiach pynnupoeKa nuKce-
Jiell, Ha ocHose eblOpannbix Oannwix. TTukcenu uz 00HO20 Knacmepa umelom Gonbuie cXo0cmea, 6 mo
6peMsl KaK NUKCeNU U3 PA3HbIX KIACMepos omaudaiomes opye om opyea. Ha ocnose pesynomamos oena-
emcsi 8b18600 0 MoM, ymo memoo kiacmepusayuu (k-means) nosgonsiem ayuute uOeHMUGUYUPOBams Ui
NPOCHO3UPOBANTL MUN 3eMIENONb306AHUSL HA OCHOBE UNEPCREKMPATbHO20 U300PANCEHUSL C BLICOKUM
paspeuteHuem, yem mMemoo UHMEPAKMUSHO20 ananu3a OauHvix camoopearusayuu (ISODATA). Buvixoo-
HOe U300padiceHie, Komopoe sGIAEmcs pe3yilbMamoMm KIACmepusayul, Modlcem Oblmb UCNOIb308AHO
0 UOeHMUUKAYUY PA3TUYHBIX MUNO8 00BEKMOB8 3eMIeNOIb308aHUA. JIyuue 6ceco Dbl udeHmupu-
Yuposamvl credyiowue 00bEeKMbl 3eMIeNOIb308AHUA. B00HASL CPedd, CelbCKOXO3AUCBEHHbIe Y200bs,
PacmumenbHoOCHb, 3aCMpPOeHHAst MePPUMopUsi Ui ROCeNeHUe, NOJISL U CKATUCIbIE PECUOHDL.

3emenvubiti nokpos, 3emuenoavsosanue; kiaccugurayus zemuoco ranowagma, LULC ana-
U3, HeKoHmpoaupyemvlii npoyecc, niamgopma ENVI 5.5; memoowl rknacmepusayuu; memoo
K-means, unmepaxmusnwiti anaiuz camoopeanuzayuu (ISODATA).

R.W. Gore, A.D. Mishra, R.R. Deshmukh, 1.B. Abbasov, P.U. Randive

LULC-ANALYSIS OF LAND-USE WITH THE HELP OF UNSUPERVISED
CLASSIFICATION

Land-use and vegetation cover are the natural state of the earth's surface. Remote sensing is a
very important land use study (LULC) method. Various classification methods are used to analyze land
cover in remote sensing. These methods do not require prior information on land cover or land use
types. Two classification methods are most commonly used to analyze remote sensing images. These
include controlled classification and uncontrolled classification. The objectives of the proposed work
are to use unsupervised classification methods to find clusters, determine land use types, and compare
these methods with interactive analysis of self-organization data (ISODATA). Hyperion sensor images
were used for land use analysis. The Hyperion sensor has two hundred and forty-two bands, but few
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bands provide useful information for spectral analysis. Therefore, bands that do not contain useful in-
formation are identified and removed. After processing the input image according to this algorithm, out
of 242 bands, only one hundred and sixty-five bands remain. This takes into account radiometric cali-
bration and an important correction of atmospheric factors. Then, based on the results of processing
using the proposed methods, clusters are formed to study land use using a hyperspectral image. To form
clusters, the pixels were grouped based on the selected data. Pixels from the same cluster have more
similarity, while pixels from different clusters differ from each other. Based on the results, it is conclud-
ed that the clustering method (k-means) allows better identification or prediction of land use based on a
high-resolution hyperspectral image than the Interactive Self-Organization Data Analysis (ISODATA)
method. The output image, which is the result of clustering, can be used to identify different types of land
use objects. The LULC classes predicted are Water Body, Agriculture Land, other Vegetation, Built Up
or settlement, Bare Land and Rocky region.

Land Cover; Land Use; Classification of the Terrestrial Landscape; LULC; Unsupervised;
ENVI 5.5; K-means; ISODATA.

1. Introduction. Remote sensing is the technique where information about the ob-
jects can be captured without directly touching that object or phenomenon i.e. the infor-
mation can be obtained remotely by using the sensors or satellites [1]. There are two
types of sensors viz. pushbroom scanner and whiskbroom scanner. The pushbroom
scanner or across track scanner uses a line of detectors to capture the image one line at a
time. Whiskbroom scanner or the along track scanner uses mirror, which moves back
and forth to reflect the light onto one detector only [2].

The EO-1 satellite was launched by introducing hyperspectral remote sensing in
Nov 2000. The EO-1 Hyperion is pushbroom imager having spectral range 400 nm to
2500 nm. The spatial resolution of EO-1 Hyperion sensor is 30m and spectral resolution
of 10 nm. The total number of bands of Hyperion sensor is 242 [3]. The image acquired
by Hyperion is with swath width of 7.5 km and covering 20km area as shown in fig. 1.

Image 20 km

R

Swath 7.5 m

Fig. 1. Study Image Coverage with Swath

Land can be analyzed through remote sensing and its related techniques for variety
of applications such as Land Use/Land Cover (LULC) Mapping [4, 5], hydrological im-
pacts of LULC changes [6], changes in the water reservoirs or watershed [7], change
detection with respect to the turban areas, Forest cover, and agriculture spread or decline
and waterbody detecting the dynamics of LULCC [8] and change detection for river ba-
sins [9]. There are two types of classification techniques available for analyzing the im-
ages obtained through remote sensing viz. supervised classification and unsupervised
classification. K-means and ISODATA (Interactive Self Organization Data Analysis)
these are the two unsupervised techniques provided in ENVI [10]. In clustering the im-
age pixels are grouped into clusters based on the similarity among those pixels.

Once the clusters formed, each cluster has to be identified and predicted for LULC type
which is supportive for the land use and land cover studies. Most of the researchers have used
k-means algorithm for remote sensing applications. In the field of remote sensing different
classification techniques were used for land cover analysis. The unsupervised technique does
not require any prior information about the land cover or types of land cover. A class is as-
signed to each cluster by interpreter leading to identification of land cover type [11].
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The first method for land cover classification using LANDSAT image was pixel-
based classification [12]. The other technique for image classification is Parallel piped
technique which is based on finding the parallel piped-shaped boxes for the predefined
classes. The parallel piped boundaries assist in assigning the test pixel to a particular
matching class.

In mid 1970’s it was recognized that as the land cover changes it modifies surface
of albedo that’s the reason the surface atmosphere energy exchanges which have effects
on regional climate [13]. LULC primarily impacts on the biotic diversity worldwide.
Like change on ecosystem, goods and services were further identified [14].

Aykut A. et al applied many classification methods on the satellite images.
The maximum likelihood method was found reliable and applicable for satellite image
classification [15]. According to the study of Bardsley J. M. et al. the image classification
based on pixels does not depends on its neighbors and spatially based techniques which
includes the methodologies like spectral based classification, quadratic discriminant analy-
sis [16]. Lonesome M. M. developed an alternative procedure for an object based image
classification. They used region based approach for classification of satellite images (17).
Afroz S.M. et al. used high resolution satellite imagery to achieve meaningful area wide
special information for the development and management of the city [18].

Harish K. E. et al. they worked on cadastral features like buildings and roads. They
used Particle Swarm Optimization technique for extracting cadastral features and land
cover mapping using swarm computing techniques [19]. Two k-means clustering algo-
rithms with Laplacian of Gaussian (LoG) were coupled with Prewitt filter. These meth-
ods were used by Balasubramanian S. et al. for processing the satellite images [20].
Ashwini T. et al. used K-means clustering and back propagation algorithms of artificial
neural network for segmentation and classification of satellite images [21].

The proposed work aimed at using the unsupervised classification methods
K-means and ISODATA in order to do analysis of land use and land cover using high
resolution image of Hyperion sensor.

2. Methodology. The hyperspectral imagery is having very high resolution and can
be used for analyzing or identifying the different types of land use and land cover. The
fig. 2 is the Methodology for proposed work.

Input Image

Bad Band Removal

Radiometric
Correction

Atmospheric
Correction

U11superv1sed Classification

K-means, ISODATA

Output Image

Fig.2. Methodology of Proposed Work
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The proposed methodology used Hyperion sensor image with 242 bands. Few
bands contain no useful information for spectral analysis. So there is need to identify and
remove those bad bands which does not contain useful information. Out of 242 bands,
only 165 bands remained after handling the input image for bad bands. The radiometric
calibration and atmospheric correction are also very important preprocessing techniques
for handling calibration problems and problems due to atmospheric factors.

Then K-means and ISODATA both techniques have to be applied in order to form
the clusters and analyze the different types of LULC using hyperspectral image.

The output image which is the result of clustering can be used for indentifying the
different types of LULC which utilizes the information from clusters or classes obtained
through k-means.

3. Results and Discussions. The dataset for the proposed work was downloaded
from Glovis Portal [22]. The Hyperion image was preprocessed for the removal of bad
bands and 165 bands were left as informative band which were used for further analysis.
Fig. 3,a is the input image after bad band removal. The image was also preprocessed for
radiometric calibration and the result is shown in fig. 3,b.

Fig. 3. Image Handled For (a) Bad Bands (b) Radiometric Calibration

The atmospheric correction was performed using FLAASH algorithm. The noise
removal with dimensionality reduction was done using MNF (Minimum Noise Frac-
tion) Technique. ENVI 5.5 was used for the proposed work. The k-means technique
was applied with the parameters change threshold of 5.00, number of classes 6 with
three iterations.

Result of k-means clustering is as shown in fig. 4,a. The different types of LULC
identified from the output of K-means are Class 1 (Red) Water, Class 2 (Green) BuiltUp,
Class 3 (Violet) Vegetation, Class 4 (Yellow) Agriculture Land, Class 5 (Blue) Rock,
and Class 6 (Pink) Bare Land. The percentage for each class being classified is as shown
in fig. 4,b.
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b

Fig. 4. a — Result of K-means Clustering b — Classification Distribution

The table 1 contain the classes identified with K-means technique with their corre-
sponding LULC types and the result of percentage classified and the graph for different
LULC types obtained by K-means is shown in fig. 5.

Table 1

LULC Types and Class-wise Percentage using K-means

Class Name Color LULC Types Percent classified
Class 1 Red Water Body 5%
Class 2 Green BuiltUp 14%
Class 3 Violet Vegetation 24%
Class 4 Yellow Agriculture Land 28%
Class 5 Blue Rock 21%
Class 6 Pink Bare Land 7%

8 [l
Water Body BuikUp Vegeution -\gt;n:;m Rock Bare Land
LULC Type
Fig. 5. LULC Types With Their Percentage of Classification
The class distribution in meters? for each class is as shown in fig. 6.
Cla=s Distribution Summary ~
Unclas=sified: 0 points (0.000%) (0.0000 Meter=?*)
Cla==s 1: 15.124 points (5 .524%) (32.175.741 3376 Meters?)
Cla=s=s 2: 38.060 points (13.902%) (80.971.218. 9440 Heters?)
Class 3: 66,317 points (24.223%) (141,086,923 9808 Meters?)
Class 4: 78,278 points (28.592%) (166,533,501 7472 Meters?)
Class 5: 57.098 points (20 855%) (121,473 848 1152 Meters?)
Class 6: 18,903 points (6. 904%) (40,215 421 7472 Heters?)
Fig. 6. Class-wise Area Covered in Meters®
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From the values of class 3 and class 4 with 141km? and 166 km? respectively, indi-
cates more vegetation in the selected area of study while class 5 and class 6 covers total
area of 162 km?and 32km? for class waterbody.

Another technique for classifying the LULC types is ISODATA. It is also an unsuper-
vised classification technique available in ENVI 5.5. This technique was applied on the pre-
processed input image of Hyperion sensor. The parameter number of classes set in between 7
and 10 and the change threshold was set to 5. The output image of technique ISODATA is
displayed in fig. 7,a and the resultant class distribution is as shown in fig. 7,b.

¥ Classification Distribu...  — O X
File
File: clusteringisodata [273.780 poi

Cla==s Hame Hpt= Pt
Tnclassified [0] 0. 000
notoconsidered [1170] 0.427%

waterbody [18243] b.663X
riverwater [42877] 15.661%
=zanple2 [55071] 20.115%
=zanples [52285] 19.097%
=zanpleb [33859] 12 .367%
=zanpled [22782] 8.321%
vegetation [29940] 10.936%
=zanple3 [5512] 2.013%
samplel [120417 4.398%
a b

Fig. 7. a— Output Image of ISODATA Technique, b — Class Distribution
The table 2 shows LULC types identified and the corresponding percentage of
classification.

Table 2
LULC Types and Class-wise Percentage using ISODATA

Class Color LULC Type Percent Classified
Class 1 Green Waterbody 6.66%
Class 2 Violet Buildup 15.66 %
Class 3 Yellow Agriculture Land 20.11%

Class 4, Class 7 Blue, Sea Green Vegetation 29%
Class 5 Pink Rock 12%
Class 9 Orange Bare Land 4.39%

The fig. 8 mentions the LULC types predicted using ISODATA techniques with
the corresponding percentage of classification.

30,00%

Percentage
g

e BN
- '
00%
Waterbody ~ BuildUp ~ Agiiculture  Vegetation
Land

I
Rock

Bare Land

LULC Type

Fig. 8. LULC Types Identified with Percentage Classified using ISODATA
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The comparison between the results of K-means and ISODATA technique is as

displayed in fig. 9.
;III|| I|I|

Body BultUp  Vegeution Agiicultre  Rock
Land

Fig. 9. Comparison of K-means and ISODATA Results

Thus the different types of LULC identified with both the techniques are Vegeta-
tion, Agriculture land, Water Body, Built up or settlement, bare land and Rock. The K-
means method is better in LULC analysis than the ISODATA method.

Conclusion. The land can be analyzed accurately for its use and cover using re-
mote sensing techniques. The unsupervised classification techniques K-means and
ISODATA were used for the proposed work. In the K-means technique the Euclidean
distance measure is used for forming the clusters. The minimum threshold for this tech-
nique was set to 5 based upon which the clusters were formed. The ISODATA used the
Self Organization to form the clusters. From the comparison of both the techniques, k-
means formed the clusters efficiently than ISODATA. Using ISODATA it was difficult
to predict the LULC type for small clusters. Thus K-means is better in identifying or
predicting LULC type using Hyperspectral image with high resolution than ISODATA.
The LULC types identified in the proposed work are Water Body, Agriculture Land,
other Vegetation, Built Up or settlement, Bare Land and Rocky region.
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K.. Mopes, A.B. bo:xxeHIOK

COINOCTABJIEHUE U30BPAKEHHMI IO OCOBBIM TOUKAM
PA3JIMYHBIX KATETOPHAIA"

Paboma noceawena sxcnepuMenmam ¢ pasiuiHeiMu Memooamu 6blOeieHUs 0COObIX Moyex
HA U300PANCEHUAX C NOCTEOVIOWUM UX ONUCAHUEM OUHAPHBIM OECKPUNMOPOM U CONOCMABILEHUEM
Memodom noaHozo nepebopa. B pabome akmueHo UCNONb3Yemcs Memood ONUCAHUS OKDeCmHO-
cmeil 0coObIX MoUeK, OCHOBAHHbII HA NOCMPOEHUY OUHAPHOT CMPOKU, Xapakmepusyioujei ume-
HeHus ApKOCmell nuKceneli 8 ONUCbIBAeMOll OKpecmHocmu. Pe3ynsmupyrowas cmpoka noayuaemcs
nymem cpaguenus ApKocmell nukceneil no onpeoenenHomy uiadaony. Ce200Hs UCNOTb3OBAHUE
0CobbIX MoyeKk npu pabome ¢ U300PANCEHUAMU NO3BONSAEM PA3pPAOAMbIBAMb NPUKAAOHbIE Memo-
Obl 6 PAIUYHBIX Chepax KOMNbIOMEPHO20 3PEHUs C NOBLIUEHHBIMU MPeDOBAHUAMU KO BDeMeHU
pabomul u yCMoUuU8OCmu K peskum UMeHeHUsM cyeH. B pabome npusedeHvl pe3yibmamyl 3K c-
NepUMEHMO8 ¢ 0CODBIMU MOUKAMU PA3IUYHBIX KIACCO8, KIACCUDUKAYUS NPUs0OUmcs  pasoene 1.
IIpu nposedenuu >KCNEPUMEHNMOE UCHONLIOBANUCH MEMOObl, Peanrus3osantvie 6 OubIuomexe
OpenCV. B pabome Oanvl Kpamkiue ONUCAHUA UCNOTB3YEMBIX 8 IKCHEPUMEHMax Memooos. B pas-
Oene 1 pabomul npediazaemcs Kiaccupurayus cO8PEeMeHHbIX MUnog ocobvix moyex usoopaxfce-
HUTL U 0aemcs, Kpamkoe Onucanue NoOnyIApHbIX Memoo0s OemeKmuposaHus OnuUcbl8aemMslx munose
ocobwix mouek. B pazoene 2 asmopwl darom obujee onucanue memooos pabomsi ¢ 0COObIMU MO Y-
Kamu uzobpasicenuil. B pazoene 3 npusooumcs onucanue npogooUMbiX SKCHEPUMEHMOE C CONOC-
maeaenuem 0cobblx Mouex pasiuiHblX Munos, ONUCAHHBLIX OOHUM OECKDUNMOPOM, U PACKpbIBA-
tomes ux pesyrbmamoi. IIposedennvie dsKCnepuMenmbl NO360NAI0OM GblAGUMb CUNbHbIE U Cllabble
CMOPOHYL C6A30K PABIUYHBIX MUNOE OCOObIX MOYEK NPU UX CONOCMABTIEHUU.

Ocobvie mouxu u300padicenust; CONOCMAgIeHue 0CoObIX MOYeK; 0eCKPURMOPbL 0COObIX MO-
yeK, Kiaccugpukayus 0coovlx mouex u300patceHul.

" UccreoBaHue BBITONHEHO npu (uHaHCOBOW Moaepkke PODU B pamkax HaydHBIX IPOEKTOB
Ne18-01-00023, Ne 20-01-00197.
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