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ABSTRACT: Monitoring landcover of urban areas is a main issue in several fields such as urban planning and
seismic risk assessment. Detecting bultandbare landarea in arid or semiarid regiors is quiet difficult by using
multi-spectral optical images because of similarity of the spectral characteristics of grounds and building materials.
On the contrarysynthetic apdure radar (SAR) imagebave possibility toovercome this issue becauiee
backscattedepends on the material and geometry of different surface oljbetsse ofL- and Cband SAR images
mayhave possibility toprovide more information of theme objeain urban area In this paper, dual polarized data
from ALOS-2 PALSAR2 (HH, HV) with 6.2-m resolutionand Sentinell C-SAR (VV, VH) with 13.9-m resolution

were used for an unsupervised classification anabf$sd-coverin Tehran city, Iranwhich has been growing very

fast recerly. Although the result of classification from the SAR images was better than that from opticad,image
some noise still remagin the result. Hence texture information was added to improve the classifiddt®result

which showedess noiséby combining the texture measures with the backscattering intensityhencompared

with the visual inspection result ohigh-resolution optical imaganda reasonable level of accuraggs confirmed

1. INTRODUCTION

Land-cover classification is a vital past remotely sensed image analylsecause iprovidesessentiainformationin
different applicationssuch as urban planningeismic risk assessment, ecological amgent environmental
monitoring in regional and gbal scalegMolch, 200Q Rathjeand Adams2008 Yamazaki et al., 20%1Liu et al.,
2013 Yamazakiand Liy 2014. Synthetic ApertureRadar (SAR)with the ability ofcapturingimages not only at
daytime but also at nighttimandundercloud-covercanextracto b j e ct s 6 dhsa ondackseatteringdhd ¢ s
from them. Nowadays this technolggwith dual or full polarization (HH, HV, VV and VH)is usal widely for
monitoring uban area and larcbver mappingince different polarizatns have differergensitivitiesand scattering
coefficientsfor the same targefLee, 1999 Hokeman and Visser2003 Matsuokaand Yamazaki2004). In this
regard texture measuresvhich depend on spatial relation, scale and orientation of opgetsnportant attribute
for SAR image classificatiolecausevarious features such as builip urban soil, rock, and vegetatiocan be
characterized easily his is the advantage of using SAR imaielsind-coverclassification thamsingmulti-spectal
optical images.

Tehran the capitatity of Iran, has been undergoing rapid changdsinttcover and landise like othermetropolitan

areasn developing countrie§ he population of Teheran has increased f6on58,845n 1996to0 12,183,391n 2011,

almost double only in 15 years, and thus it is considerazhasf the fasiest growingcities in the world. Since
land-cover classificatiomansupport ecological monitoring, habitat assessment;f@dnanagemenglobd change
monitoring, environmental impact assessment, state and local planning, hazardous waste remedial action, and
regulatory policydevelopmen{Henderson and Lewisl999, urban areamonitoring of Tehranseems necessary.
According to thesimilarity of spectrakignaturs of soil and roof materiaiin built-uparea of Tehran, the accuracy of
land-cover classificatiomising optical imageis expectedhot so highOn the other hand SAR image analysigsing
backscatteringntensity data hathe potential ohccuratdeatureextracton in urban areas

Many texture measures have been developed and properly used in satellite imags artatysprovedhatthe use
of textural images improwthe accuracy of landoverclassification Haralck et al., 1973Augusteijn et al.1995
Shaban et al., 200QLu et al., 2003 The pevious researchesitexture feature extraction shedthatthegraylevel
co-occurrencematrix (GLCM) is one of the trustworthy methedor classification Clausi and Yue, 2004
Kandaswamy, 2005Thusin this studytexturemeasursareappliedto duatpolarized dataf ALOS-2 PALSAR-2
(HH, HV) and Sentinell C-SAR (VV, VH). Then unsupervised landover classification of Tehran arried out
using the backscatterimgtensity and somtexture measureselectedy aprincipal components analysighis study
attempsto examine the performance of SARensitydatafor land-cover classification in arid and seanidregiors.
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2. THE STUDY AREA AND DATASET

The study areaf this research is Tehrawhich is the capital city analpart of Tehran metropolitan aress shown in
Figure 1. Tehran issituatedin the north-central Iran at the foot of the Alborz Mountaiasidplaceson the sloping
groundfrom the mountain® the north to the flat Great Saksert in the soutlAs shown inTable 1, the population
of the city had slighty increase from 6,058,207 in 1986 to 6,758,845 in 1996, bubse significantly to 12,183,391
by 2011 Thereforethe city needed more facilities fthe residents Due to this matterseveralland-covers and
land-uses emerged or changed into different ones.

The data employed in this reseamdpicted inFigure 1 were taken byALOS-2, Sentinell, WorldView-3, and
Landsat8 satellites, which are operated by JAXA (Japan Aerospace Exploration Ageng$A (European Space
Agency), Digital Globe, and NASA (National Aeronautics and Space Administratiespectively ALOS-2 was
launched on May 24, 2014, with enhanced.-bandSAR sensqrPALSAR-2, andSentinell was launched on
April 3,2014with C-SAR sensor in hand.The toth SAR imagesovering Tehranvere intheascending path with
right-look, andby dual polarizationThe ALOS-2 imagetaken on October4] 2015hasHH and HV polarizatiogin
Strip Map modetheincident angle of0.56 at the center aheimage and thespatiatresolution of & m. Sentinell
image captured on October 26, 20i&sVV and VH polarizatios in the Interferometric Wide Swath modée
incident angle oB4.02 at the center othe image and thespatiatresolution 0f13.9m. The WorldView-3 image
taken onOctober 4, 201%onsists of gpanchromatidand (0.5m resolution and 8 multispectralbands(2.2-m
resolution) The Landsat8 image acquired ollay 7, 2015hasa panchromatic bangdith 15-m resolutionand 11
multi-spectral bandwith 30-m resolution

TheSAR images were provideds the range and sindtk azimuh compressed dataith the processing level
1.1 ALOS-2 andlevel 1.0Sentinetl, which are represented by the complex | and Q channels to preserve the
amplitude and phase information. After severatgrazessing steps usitiige Sentinel Toolboxeee software
these images were projectet the WGS84 referencellipsoid with a pixel spacing of &.m. The adiometric
calibration of each intensity image was carried out to get the backscattering coefficient (sigmal%anght,
the ground rangeith the decibel (dB) unit, represented by the following equation.
$° =10.0l0g, (k. |DN[?)+10.0l0g, ,(sin g;,.) )
WhereDN is the digital numbeof backscattering intensiti the calibration factor, andl,c the local incidence angle
After this conversion, an adaptiviilter (Lee, 1980 was applied to theriginal SAR images tareduce the speckle
noise Besidesthe WorldView3 imagewasalso used as the truth data to extthetfootprints of buildingsafter
radiometriccalibration and paisharpeningrocesses

Table 1 The change ofgpulationin Tehran

Year 1986 1991 1996 2006 2011
population 6,058,207 6,497,238 6,758,845 7,711,230 12,183,391
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Figure 1 Location of Tehran andowerage ofatelliteimages usa in this studyincluding Sentinei1 (blue frame)
acquired orOctober 26, 2015ALOS-2 (red framepn October 14, 2015; Lands8t(green framedn May 7, 2015;
WorldView-3 (purple framepn October 4, 2015.



3. METHODOLOGY

This study started with usirthe Landsat8 multi-spectraloptical image for lanecover classification of ehran.The
geographical situation dhe study areanakes it difficult to differentiate the urban area from the mountainous and
desert area that surrounds Tehmshown irfFigure 2. It reveals thathe spectral reflectanceharacteristicsf bare
lands andbuilt-up featuresare remarkablgimilar while other signaturesuch agoads, vegetation, and watethow
different characteristicsThus, SAR imagesvith the capability of obtaining ground surface information based on
backscattewere chosen teonductthe studyfollowing the flowchartshown inFigure 3.

After applying the preprocessingteps two dual polarizations,HH and HV for ALOS-2 and VV and VH for
Sentinell, were stacked forcomputing textureaneasuresThe pevious researches have shown ttad texture
measurearevital information from radar imagery{aby et al., 1982D e | | GaAdgGaraba2003. Among seeral
statisticattexture methodsproposedefore thegraylevel caoccurrence matrik\GLCM) is one of the most powerful
onefor land-cover monitoringHaralic et al., 1978 This measureepreserdthe spatial distribution dhegray-level

valueandits frequencywith another onén aspecificdisplacemenat(X, Y) and angle (0°, 4%, 9C°, and 135). From

a subimage of a given windowize,l(x,y), the GLCM is a matri® with sizeNg X Ng (Ng: the number of grajevely

whoseP(i, j) element1 ®ONg; 1 j ONy) contains the number of times a powith gray-level g occuring in a set
of relative positiongbased on the displacement and the angle mentioned befarg)ther point with gralevelg. In

this qudy, tentextural fedauresin angle 0, distance 1, and window size of 7x 7 were usedfor classificationas
follows:

Angular Second Momer® § & {P(i, j)}2 22
i
Ng-1 AéNg Nqg a
O 1L L V)
Contraskt @ N“ia a P(I, j)u (22)
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[ li-il=n Yy
aaprii-m-m
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5.8,
Homogeneity:'ai'. a,‘ mp(ﬁ j) (2.4)
Variance= § § (i - /7)2 P(i, J) (25)
| 2JNg
Mean= § ipx+y(i) (2.6)
i=2
Entropy= - a P Iog(P(i, j)) (2.7)
energy=8 & P(i. j)° (28)
i
Maximum Probability= max(P, ) 29)
Ng-1
Dissimilarity= § P | ( In PR j) (2.10)

i,j=0

Wherep(i, j) is the (, j)-th entry in a normalized grapne spatial dependence mat(rR(i, j)/ R); Ris usually the
Ng

total sum ofP; p (i)=& P(j, j) is thei-th entry in the margingbrobability matrix obtained by summing the rows
j=1

of p(i, j); m.m, s, ands are the meaand standard deviatisof px andpy.
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Figure 2 Spectral signature of differetd@ndcover typedor the LandsaB image of Tehran
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Figure 3 Flowchart oflandcover classificatiomsing SAR data in thistudy

Three texture featuseContrast VarianceandMeanof the sigma naughimageswere selected based on the highest
participation factor of them from tHist threecomponentén theprincipal component analysi.he ontrastdepicts
theamount of local variatin pixel valuesthe variancellustrates thalistance of each pixel from the averagelthe
meanis the average ofhe whole pixel valuesThen unsupervised classification usitige K-mean clustering
algorithmwas appliedo two casesthefirst casewhereonly intensity image oALOS-2 and Sentinel (HH, HV, VV,
and VH) were usedandthe second caseherethe three texture measuregloé sigma naughtere also employed in
unsupervisedlassification The K-mean clustering is one olfi¢ most weltknown algorithns which identifes k
cluster from the distance measure of values. Different nuisb@lassesvere testedfive to ter) in computing the
K-mean algorithmSeven classewerechosa in this methodecausehe number of classeg$s than seven did not
cluster featuresvell and more than seven classes includéat of saltandpepper noises.

To check the accuracy ofsupervised classification usitige K-mean algorithm, truth data were obtairfiexin the
WorldView-3 imagefor three different regionsf land-covers built-up, bareland, andvegetation) in thstudy area
Then the pixel values of each landver class were extracted amdrecompared with the ones thetruth data

4. THE RESULT AND DISCUSSION

In order toevaluatethe capabilityof texture measures, samptef the sigma naught valwsnd their textureneasures
were obtainedrom several regions of interest with the three differentdeawers(build-up, bare land, vegetation).
Figure 4 shows the scattemplots ofthe sigma naugtandtheir textures from the dual polarizatios of ALOS-2 (HH
and HV)andFigure 5 for those forSetinet1(VV and VH).In thesefigures,built-up, bareland, vegetationareas are
shownin black, yellow and greedots respectivelyBesidesthe aerage of each group is depicteakred, cyan and
pink plus mark As can be observed Figure 4a andFigure 5a, thereareoverlags amongthe sigma naughtalues



But, the texture valuegFigure 4b-4d andFigure 5b-5d) show moderatéevels ofsemration amorg built-up, bare

land and vegetatiopixels. Moreover the averager eachgroupof texture measuris seperated betténan that of the
sigma naught itself

Thereforethetexture measureseento beeffective indifferentiatingbuilt-up andbarelandareas In case ofexture
measuresor bareland andvegetatiorfrom HH and HVpolarizatiors (Figure 4b-4d), only slightimprovementsre
seen compaedwith the scatter plot oigma naught valugFigure 4a). However the sametwo features overlam

the Sentinell& VV and VH images not onlfor the sigma naughFigure 5a), but alsdfor thetexturemeasuresas
shown inFigure 5b-5d.
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Figure 4 Scatter plots oALOS-26s sigma naught values (HH, H\@nhdtheir texture measures

20 1800
* BU * BU
wl| * 8L 1600 o BL
* VEG * VEG
+ AvgBU ; T, ThK 14001 4 AvgBU
0 Avg BL - Avg BL
= + AvgVEG S 1200 o AvgVEG
>=10 8 1000
> =
£ =)
" —
c-20 © 800
7] >
]
£ ? 00
=30 a
6 400
(>4
-40
200
b (a) i R
-40 -30 -20 -10 . 0 10 20 30 1000 1500
Intensity VV Texture Variance VV
300 60
* BU e BU
. BL * BL
z0 o VEG 0 e vEG
X + AvgBU + AvgBU
2 Avg BL Tiio Avg BL
@ + AvgVEG i Avg VEG
= ©
c L
8 = »
¢ E
=
£ £
e 2
10
=g (c) R (d)
100 150 200 250 300 350 70
Texture Contrast VV Texture Mean VV

Figure 5 Scatter plots of Sentindié sigma naught vaks {V, VH) andtheir texture measures



Considering the improvemeint differentiating lilt-up andbareland areasvhenthe GLCM texture measuresere
used which is the main objective of this studynsupervised classification usittge K-mean algoritm with 7 classes
wascarried outFigure 6 showstheunsupervised cladfation results of Tehran aiiid surroundhg areasFigure 6a,
6¢c, and6edepict theresults ofclassification using t, C-, and L+Cband intensities, respectivelyigure 6b, 6d, and
6f illustrate the classification when the texture measwere includediogether with theL-, C-, and L+Cband
intensities.The results withthetexture measureshow less noiseompare with thosewithoutthem

In order to evaluate the results of unsupervised classificatiozedistrictsrepreserihg different building densities
low-, medium, and higidensity were seleedasshown inFigure 7. Thesedistricts are locateih the north-west of
Tehran a part ofanewestegionas a result of city expansiohhe truth datavereobtained based on visual inspection
from the World/iew-3 image. In this paper we evaluate only the resulEgfre 6e and6f.

Figure 8 shows the optical imaggeft), the results ofinsupervised classification withousing textures (centeand

with usingthem (right) for threebuilding densitiesAs mentioned before, the results of unsupervised classification
without texture shown ifrigure 8b, 8e and8h illustratehigh levelof noisethat makes difficult to distinguish the
border linedbetween different classe3n the contraryFigure 8c, 8f, and8i showthe bordetinesof land-coversand

the pixel values of different classésok more uniform with less riseandarecomparable wittthetruth data.
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Figure 6 The results of nsupervised classification of Tehran usthg K-meanmethodwith 7 classes(a), (c), and
(e) show the cases using the sigma naught valuesAldds-2 (HH, HV), Sentinell(VV, VH), andthebothof them
(HH, HV, VV, and VH);(b), (d), andf) are the casassingthe mmbination ofthe sigma naught values atimbir
texture measures (Variance, Costraand Mean)for ALOS -2 (HH, HV), Sentinell(VV,VH), and the botl{HH,
HV, VV, and VH).
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Figure 7 Closeup ofthe study area in Tehrafhree types of districtd,) low-, 2) medium, and3) high-density
residential

Figure 8 Unsupervised classificatidor low-, medium, andhigh-densityresidential districts in Tehrarfa), (d), and
(g) show the ptical image(b), (e), and (hare the results using only the sigma naught valdes HV, VV, and VH)
of ALOS -2 and Sentinel; (c), (f), and (i)are the results using both the sigma naught valodgheir texture

measures (Variance, Contrast, Mean).



