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Abstract are combined with the spectral information for mult
temporal image analysis. Dalla Mura al. [3]
Automatic change detection and open space ar% pposed tqjointly use morphological _filtering et
extraction in urban environment is one of the alici A f':llgo_nthm for hlgh—resolunon Image change
components towards the efficient updating offetection in order to f|_|ter out commission errors
Geographic Information System (GIS), governmen(faused b.y the geometrical differences in the multi-
decision-making, urban land management an@mgo.rlg! |mages.b ded by d .
planning. Original Morphological Building Index ul |n%maythe surrounle ytense vetgetatlon,
(MBI) can extract interest building features forltiru ey ma?/ av?h eﬂfame color 25 rees 8;1 rejs may
temporal high-resolution satellite image but thiglave_ colors other than green. Awrangje _'.[ ].
pplies NDVI only and therefore cannot distinguish

approach wrongly classified as buildings. In thi buildi q Asuit
paper, jointly approach of modified MBI, Normalized. etween a green building and a green tree. AsaLres
it fails to detect green buildings. Moreover, image

Different Vegetation Index (NDVI) and Entropy is i tor th .

developed for identifying low quality satellite iges quality maydvtz:\ryhor the same scebne evg_r];lf| |madges

over different years. Then, matching-based chan e captured by the same sensor, but at diferesd.
nd times. As a mathematical function, entropy is

rule is applied to obtain changes area of urbaioneg d he level of disord ithi .
The proposed method is insensitive to the geonadtric!S€d 10 measure the level of disoraer within aagert

differences of buildings caused by different imagin sample of values. In remote sensing terms, entropy
conditions and is able to significantly reduce dals represents mutua] mforma‘upn between_ image A and
alarms and also achieves much improved detecticﬁl Wh'le_ comparing entropies of two images takgn
accuracy and overall performance. The effectivenefdth sufficient time gap, it will become changes in
of the method is validated by comparing with MBI-ENrOPY represent the areas where changes have

: d.
based Change Vector Analysis (CVA) and°Ccurreéo . e
Multivariate alteration detection (MAD) In this paper, jointly approach of modified MBI,
transformation NDVI and entropy is proposed. Building structures

are automatically indicated by MBI [5] and join
technique of NDVI and entropy is improved for green
color buildings to remove green tree or non-green
trees. The proposed system carried on change
detection process using matching based change rule
described in [6]. According to the experimentaltgs

the proposed jointly building extraction method of
modified MBI, NDVI and entropy is effective and
efficient for both high and low quality satellite

ri‘ﬁmgery. The paper is organized as follow, Secfion

for suitaple devglopment. Change detectipn is_ dne 8nd 3 present the overview of the proposed system
the main applications of remote sensing in [1]and system methodology. In section 4, the

Althoug_h urban land cover changes can be monitor%@(perimental result is described. Finally the
by traditional ground survey procedures, now remOt&?nclusion is given in section 5
0

sensing sensors provide a cost-effective source
information for detecting important spatial pateof
land cover change over a large geographic area i

recurrent way. Th _ ¢ d urb h d .
The variety of change detection techniques has € overview of proposed urban change detection

been researched extensively from a theoretical aﬁéfStﬁ.m IS surmised in flgléred 1 Flrsrt]ly, the twm_?fﬁ
practical aspect during the last decades. Bovo]o [fate Ite Images arle gr? de' mg) (tj eGsystem.CeBlese
incorporated object-based image analysis into olan put images are classified into Red, Green an u

vector analysis (CVA), by which the spatial feature sing color segmentation and apply hue (_:olor
histogram matching in order to calculate these tinpu

Keyword: feature extraction, modified MBI, change
detection, matching-based change rule

1. Introduction
Nowadays, Urban sprawl is a worldwide

challenge. It is necessary to detect the land-coser
changes occurring with urban sprawl and make pla

2, Overview of the System



two images are same or different. If second images
are not mostly change, the system shows there is no
increasing building in these years. Otherwise, the
system goes on building extraction process among
them modified MBI is used to automatically extract
features index of building without using unsupegdis
learning. This method is effective for indicatiof o
buildings and will benefits to process low resauti
images. And then NDVI and entropy is employed to
classify green building and tree. These three nitho
can fully indicate building features and can extrac
open space area easily. Finally, change detection

of urban areas. The multiscale morphological
features are built based on the operators with
increasing size of SE. Most of the existing

morphological approaches referred to the disk-
shaped SE.

Directionality: However, the disk SE does not

consider the directional information, which is

essential for discrimination between spectrally
similar objects such as buildings and roads since
buildings are isotropic but roads are relatively
anisotropic.

The modified MBI is defined by describing the

process is applied by using matching-based changharacteristic of building feature especially cotufr
rule and changed building area is displayed. building roof and image intensity value. The system
runs on low resolution satellite images so their
resolution and brightness of intensity values argyv
low. In order to achieve this problem, modified MBI
is proposed as the following steps:

First Image Second Image

] I}

Apply Hue Color Histogram to
find change/unchang

@ Output “Two images

Yes [ are unchanged”

Join approach of modified MBI, NDVI
and entropy to extract buildi feature

]

Matching-based change rule

Display change image

Figure 1: Overview of the proposed system

Step 1: Enhancement of Image

The input low resolution registered image is
transformed to high contrast image by applying with
only red intensity value and stored as the brigtgne
value which is computed by Eq. 1.

s =T(fr(x,y)) 1)

wherefz (X,y) is a red color-space imageis the result

of enhanced red band image. [5] Presented the
maximum of multispectral bands for each pixelsibut
lessen brightness of input low resolution image to
extract brightness value because it is only sugtéibl
multispectral band of high resolution satellite gea
Now our method gives for both high and low
resolution of various satellite images as GoogldtEa

3. System M ethodology Step 2: Construction of MBI
The spectral-structural characteristics of building
(e.g., contrast, size and directionality) are repnted
Mathematical morphology is an effective tool forusing the Differential Morphological Profile
extracting image components that are useful in tH&®MP).The construction of MBI contains three steps.
representation and description of region feature§) Whitetop-hat by Reconstruction can be computed
Opening and closing are two commonly used by Eq. 2.
operators, used to remove bright (opening) or dark
(closing) details. Morphological operators are apl
to an image with a set of a known shape, called a
structural element (SE) described in [7]. Some ke¥herey,® represents the opening-by-reconstruction of
properties of the morphological transformation thathe brightness image, arscandd indicate length and
are applied to the building extraction are sumneatiz direction of a linear SE, respectively.
as follows.
«  Reconstruction: The reconstruction filter is ar{ii) Morphological Profiles (MP) of the white top-hat
important class of morphological filters that have IS defined as Eq. 3 and 4.
been proven to be very useful for image
processing.
e Granulometry: It describes the sizes and scales of
objects in an image. Granulometrices have been
introduced in remote sensing image classification

3.1 Morphological Building Index (MBI)

W_TH(d,s) = s —y}¢ (d,s) (2

MPy ry(d,s) = W_TH(d, s)
MPy 14(d,0) =5

®)
4)



(iii) Differential Morphological Profiles (DMP) of the texture of the input image given in [10]. Its adopt

white top-hat is calculated as Eq. 5. is based on the assumption that trees are rich in
texture as compared to building roofs. While a high
DMPy, 4(d,s) = |MPy 4 (d(s + As)) — MPy, 74(d, s)| entropy value at an image pixel indicates a texture

(5) (tree) pixel, a low entropy value indicates a “flat
whereAs is the interval of the profiles angl;s< s<  (building roof) pixel.
Smax. In order to calculate entrof(x) at a pointP of a
MBI is defined as the average of the DMPs of thgrey-scale image, a 9x9 sub imdgds, whereP is the
white top-hat profiles defined in eq. 6 and 7 sinceenter point. A normalized histograril for I,
buildings have large local contrast in differeninvolving 256 bins and values between 0 and 1, is
directions within the range of the chosen scalésisT formed and entropy is calculated using non-zero
frequencies in eq. 8.

__ YdsDMPw tH(d,s)

MBI ==5— 6 E(x) = =X Hilog,H;  (8)
Smax—Smin

§ = (Fmex—tmin) 4 @)

where 1<i <256 and & H; < 1.

The use of entropy alone is insufficient because
where D and S indicate the numbers of the directiofiees with self-occlusions and shadows may not
and scale of the profiles, respectively. Four dices  contain enough texture information and in such €ase
are considered in this study (D=4) since incredd® 0 NDV/| helps to remove them. In order to extract
did not result in higher accuracy for buildingpyilding feature, then building map, vegetationeird

detection. According to spatial resolution of im8geand entropy value are combined by following rules:
and the characteristics of buildings, the size Bf S Ryle 1: IF map,(x) = 0; THEN map(x) = 0,

(Smax SnnandAs ) are set to (2, 52 and 5). Rule 2: IF mapy(x) = 1 AND NDVI(x) > t2 AND
. E(X)<t3
Step 3: Postprocessing of MBI THEN map(xX) = 1

The building extraction process satisfies theyhere NDVI(x) is the normalized difference
following conditions and initial result of the bdihg  yegetation index of pixet and the shape attributes of

map is obtained by simply setting a threshold. texture information are computed basedEntropy(x)
of satellite image. Themap(x) produces result of
IF MBI(x) > 11, building features and open space area can be
THEN map,(x) = 1; calculated.

ELSE mapy(X) = 0;
where MBI(x) and mayx) indicate the value of MBI 3.2 Matching-based Change Rule
and the initial label for pixel x. t1 is thresholdlue.

To completely - detect buildi_ng feature, jo.imlyextracted using modified MBI, NDV and Entropy,
approach of NDVI and entropy is used. Awrangjeb eijegion growing is carried out separately in both

al., recommend in [8] while the original algorithm. - - ; -
was unable to detect green colored buildings ugiag Images. The objects growing from outliers espeiall

NDVI only and detected a large number of fals differ from previous image are regarded as changed

e ) ildings. The building change detection is caroeit!
buildings in a densely vegetated area, the Proposgd..q on the following rule
improved algorithm preserves green colored builsling
as well as removes non-green trees through a jointC(i)
application of NDVI and entropy.

After the building feature of urban areas is

1, 0bj(i) € Obj,(i) U Obj,(i)and
3.2NDVI and Entropy = MO = Mo (D] 2 Topee, 1€ {12, N}

0, otherwise

. A high NDVI (r)ormalizgd differgnce VegetationwhereC(i) represents whether the objéés changed,
index estimated using multispectral images) vaare fwith 0 and 1 for non-change and change, respeytivel
a pixel indicates vegetation, whereas a low NDVbbjl ()and Obj () denote the i" pair of
value generally indicates a non-vegetation pixelibu corresponding objects in the multi-temporal images,
can’t differentiate between trees and green bujislin 4 M(@) and Mfi)are their spectral means

when both exhibit high NDVI values in [9]. respectively. Objlis the union of Obj(i)and Obj (i).

In the improved method, texture information, g the number of pairs of the corresponding bogd
namely entropy and NDVI are jointly employed toonects.

remove trees. Entropy is a statistical measure o
randomness that can be used to characterize the



4. Experimental Result

The experiments are conducted on Google Eart
satellite images of Hlaing Tharyar Industry, Yangon
Myanmar. Figure 2(a) and (b) show Original sallit
input image of 2003 and 2010.

(a) (b)
Figure 4: The proposed Building Extraction of (a)
2003 and (b) 2010 images

Final change detection result obtained from using
only matching-based change rule is shown in figure
in which the black areas are changed/increaseibgild
and others are without changed area between these
two year and most changes have been correctly
detected, with a high accuracy of 97%. However,
several changed area are still missed.

(a) (b)
Figure 2: Original input image of (a) 2003 and (b)
2010.

Figure 3 compares two images to know they ar
same or different in building area using hue color™=
histogram matching. This can be seen that the tws
images of pixels value difference are greater th
defined threshold value. In this stage, pre-prangss
step can achieve better performance and reduce ti
consuming.

Comparing two images by Histogram Matching
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Figure 5: Output of proposed change detection resul
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The performance of the proposed modified MBI,

‘ 5“ e Im"s}s”\,alue a0 2 e jointly approach of NDVI and Entropy, and matching-
. ) . . based change rule is compared with change detection
Figure 3: Hue color histogram matching approach of MBI-based CVA in [6] and Multivariate

Then the two images are processed with modifiedteration detection (MAD) transformation in [11].
MBI and join approach of NDVI and Entropy to MBI-based CVA focus on building change detection.

extract building feature is shown in figure 4. ese | he Spectral bands are replaced by the multi-teaipor

figures, white area means building areas and bladdBl feature images for CVA. It contains the saltlan

area indicates open space areas that have norgsildiPePper effects of pixel-based change detection
and can build anymore. approaches. Multivariate alteration detection (MAD)

transformation approach gives good detection result
for only simplified data but the variety of buildjs
shape and the heterogeneity of roof types limited t
effectiveness of the proposed methodology.



Table 1: Accuracy assessment of the proposed methpéfer ences
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In this paper, we have presented a building chandd] Gonzalez, R.C., R.E. Woods, and S.L. Eddinsgital
detection method from satellite urban images, whicknage Processing Using MATLAB”, Prentice Hall, New
is able to solve various intensity colors of builgli J€rsey. 2003. o _
roof and uncertainly of building structure with the[ll] G. Doxani, K. Karantzalos, M.Tsakiri, “Automat
help of modified MBI result and joint NDVI and Change Detection in Urban Areas ur},der A Scale-space,

. . object-oriented classification framework”, Oct 2D09.
Entropy. Entropy ignores changes in color patterns
and more effective differentiation of change types
could be achieved by combining entropy change
values with spectral information. It is not an e&ask
to automatically extract buildings without any
supervised learning. Therefore, this can overcase
modified MBI is effective method for indication of
buildings for even low quality resolution imagesiel
gualitative and quantitative analysis of the chahge
detection result validates the effectiveness of the
proposed system. The system also eases the
constructor to find how area is free or alreadyitbui
and provides the free space of open area to build.



