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ABSTRACT: The province of stanbul and its immediate surroundings have been facing serious environ-
mental problems within the past forty years due to migration from the rural areas, industrial and tourism-
oriented investment. The city has about 20% of the total population of the country while it makes up only
0.74 % of the total surface area of Turkey. The conventional methods of urban data collection and analysis 
cannot deliver necessary information in a timely and cost effective fashion. To meet the demand for current
and accurate data remotely sensed images are increasingly used as a source of data. As the resolution of re-
motely sensed data increases, more detailed information can be obtained.  
In this study, the Tuzla region, located in the east coastline of stanbul, was examined. At the beginning this
region developed as a small village having flat, productive agricultural lands and had summer residential area 
characteristics, then it developed rapidly because of regional investments.  
As for the satellite images in the study, SPOT satellite images dated 999, IRS C dated 2000, and LANDSAT 
7 TM dated 200  were used. For detection of buildings from satellite images, many image fusion algorithms 
and a high pass filtering technique have been used. At the end of the study, a comparison of these methods 
has been made. 

INTRODUCTION

Without up-to-date information on urban housing 
development, effective urban planning is hardly pos-
sible. Buildings form one of the most important 
classes in urban land-cover and land-use classifica-
tion. Development and distribution of buildings in a 
city are essential information for urban environ-
mental investigation and urban planning. Satellite 
remote sensing has demonstrated a large potential to 
obtain this urban information (Zhang 200 ).

Urban mapping by means of satellite images is a 
promising market for Earth observation in the next 
decade. For such application, on the one hand, a 
high spatial resolution is necessary for an accurate 
description of the forms and structures within the 
cities. On the other hand, the different types of land 
use are better mapped if high spectral resolution im-
ages are available. Thus it is necessary to have both 
high resolutions for a better knowledge of urban ar-
eas.

Methods have been developed to extract useful 
information from remotely sensed data. Land cover 
maps may be produced by multispectral image clas-
sification. As the resolution of remotely sensed data 
increases, more detailed information can be ob-

tained. Spectral information extracted from multis-
pectral data is useful for detecting urban expansion. 
With both multispectral and PAN data urban hous-
ing development can be mapped by performing spa-
tial feature post-classification. This paper presents a 
set of customized image filters, combined with mul-
tispectral information for building detection in Is-
tanbul, Turkey, using data from Landsat7 ETM+ and 
IRS -C PAN. 

2 STUDY AREA 

The test area was the small part of urban area of Is-
tanbul, Turkey, which covers over 20 km X 20 km 
(Fig. ). Land use in Istanbul is very cosmopolitan 
and irregular. Most buildings in the area are small 
and form closely. The streets in the city are narrow. 
Most green areas in the city centre are very small, 
apart from some parks. The buildings in the central 
part of the city are semi-detached or detached in the 
surrounding parts of the city. 
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Figure . Study area 

Because of the economic growth the development 
of the city construction reached the most dynamic 
period since 970 in the last decade. From 980 to 

995 twice as many residential buildings were built 
compared with the past years. Therefore it is neces-
sary to rapidly detect the housing development in the 
urban area of Istanbul using satellite data. 

3 DATASETS AND PREPROCESSING 

The Landsat7 ETM+ data, SPOT XS and the IRS -C 
PAN data were used for this application. In order to 
register these three datasets together, the Landsat7 
ETM+ and SPOT XS data scenes were registered to 
the IRS -C PAN scene using a first order polyno-
mial function. A sub scene of 4254x4038 pixels 
covering the south-eastern part of the city was se-
lected for the building detection study. Sub images 
of the ETM+, XS and IRS -C PAN data are shown 
in Fig. 2, Fig. 3 and Fig. 4. Generally, the houses are 
small and attached to each other within the old city 
blocks. Then these buildings were not recognizable 
on the imagery. 

Figure 2. Landsat TM (32 ) image of study area 

Figure 3. Spot XS (432) image of study area.  

Figure 4. Irs -C Pan image of study area. 

In the pre-processing, TM and SPOT images 
were rectified using the nearest neighbour method to 
the coordinate system of the IRS -C PAN image. 
These data have been co-registered to an accuracy of 
less than 0.4 pixel. Spatial information on the IRS -
C PAN image was improved with high-pass filter-
ing.

4 COMBINING HIGH- AND LOW-
RESOLUTION IMAGE DATA 

Landsat TM data contain a high level of spectral in-
formation, but their spatial resolution is too coarse to 
interpret urban buildings. IRS -C pan data are well 
known for their detailed spatial information, build-
ings can be interpreted visually, but their spectral in-
formation is not sufficient for classifying buildings 
and other classes automatically. Therefore, it is nec-
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essary to fuse the spectral and spatial information of 
the two datasets to achieve a detailed detection 
(Zhang 200 ).

4. Data fusion techniques 

Several methods have been devised to combine re-
motely sensed data. While these procedures may of-
fer improvements in spatial resolution, the fused im-
ages often exhibit residual noise. The methods may 
adversely change the information content of the re-
sulting image product. In this study simple band 
arithmetic techniques (Brovey, Multiplication), 
component substitution techniques (IHS transforma-
tion, principal component substitution PCS) and 
classical filter techniques (high frequency addition 
method HFA, high frequency modulation method 
HFM) are used for the data fusion. 

4. . IHS
The IHS transform, an alternative colour space, in-
tensity (I), hue (H) and saturation (S) as the three  
seperate, orthogonal and easily perceived colour at-
tributes (Sunar and Musaoglu, 998). This numerical 
procedure was developed to convert a three-band 
RGB (red-green-blue) display into its fundamental 
physiological (IHS) elements of human color per-
ception (Grasso 993).

4. .2 Brovey transform 
The Brovey Transform was developed to visually 
increase contrast in the low and high ends of an im-
age’s histogram. Consequently, the Brovey Trans-
form should not be used if preserving the original 
scene radiometry is important. However, it is good 
for producing RGB images with a higher degree of 
contrast in the low and high ends of the image histo-
gram and for producing visually appealing images 
(Erdas Field Guide 999).

4. .3 Multiplicative
The algorithm is derived from the four-component 
technique of Crippen. In this paper, it is argued that 
of the four possible arithmetic methods to incorpo-
rate an intensity image into panchromatic image 
(addition, substraction, division and multiplication), 
only multiplication is unlikely to distort the colour 
(Erdas Field Guide 999).

4. .4 PCS
The procedure to merge the TM and PAN data using 
the PCS method is similar to that of the IHS method. 
The TM data, either three or all six reflective TM 
bands, are used as input to a principal component 
analysis procedure. As with the IHS method, the 
PAN data are stretched to have approximately the 
same variance and average as the first principal 
component. The results of the stretched PAN data re-
place the first principal component image before the 

data are retransformed back into the original space. 
This assumption is made because the first principal 
component image will have the information that is 
common to all the bands used as input to PCS, while 
spectral information unique to any of the bands is 
mapped to the other components (Chavez 99 ).

4. .5 HFA
HFA is a filter technique in spatial domain to extract 
the panchromatic channel high frequencies, a de-
graded or low-pass-filtered version of the panchro-
matic channel has to be created. This low-resolution 
version should fit to the resolution level of the mul-
tispectral image. Subsequently, the high frequency 
addition method (HFA) extracts the high frequencies 
using a subtraction procedure and adds them to the 
multispectral channels via addition: 

multi j
high

 = multi j
low

 + (pan
high

 - pan
low

 ) ( )

where [multi j
low

] is the original low resolution mul-
tispectral image, [pan

low
] the degraded panchromatic 

band, [pan
high

] the original (high resolution) pan-
chromatic band, [multi j

high
] the fusion result and [j ] 

the channel index (Hill, 999).

4. .6 HFM
The other high frequency modulation method (HFM, 
or Sparkle) extracts the high frequencies via division 
and adds them to each multispectral channel via 
multiplication: 

multi j
high

 = multi j
low

* pan
high

 / pan
low

 (2) 

Because of the multiplication operation, every 
multispectral channel is modulated by the same high 
frequencies. Thus, the HFM technique allows a 
straightforward fusion of both datasets (Hill, 999).

4.2 Comparison of the spectral and spatial effects 
of the merged TM- IRS C and TM-SPOT 
images

4.2. Visual comparison 
For comparison of the merging methods, a small 
section was cut out from each of the original TM, 
SPOT XS images. The Multiplicative, HFA and 
HFM methods reproduce the spectral information of 
the original TM image better than the other methods 
tested. Especially in homogeneous areas such as the 
colour of the water areas and the green areas is also 
almost identical in these images. But HFA and HFM 
methods are affected for combining remotely sensed 
image data having large (6 x) differences in spatial 
resolution. The colour effects of the PCS, IHS 
method and the Brovey method are different and 
more distorted for the test areas. The colour con-
trasts of the Brovey and IHS methods are weaker 
than that of the PCS method for the test area (Fig. 5 
and Fig. 6). 
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Figure 5. HFA and HFM methods are affected for combining 
images (Landsat TM&IRS -C PAN) having large (6 x) differ-
ences in spatial resolution. 

Figure 6. HFA and HFM methods are not affected for com-
bining images (SPOT XS&IRS -C PAN) having large (4 x) 
differences in spatial resolution. 

In a comparison of spatial effects, it can be seen 
that the results of the six methods display the differ-
ent details. Houses, streets, green fields, roads and 
so on can be clearly recognized in the merged im-
ages using all three methods. The Brovey, IHS and 
PCS methods (Fig. 7) reproduces the spatial infor-
mation of the original IRS -C image better than the 
other methods. The main roads of the city (i.e. 
streets whose width is larger than 4 m) are clearly 
visible. We can clearly separate the different tex-
tures of the city (green parks, building areas). This 
spatial resolution does not allow the observation of 
the small details within the city. 

Figure 7. The visual comparison of the merging methods from 
TM&IRS -C PAN 

4.2.2 Statistical comparison 

Table . Correlation coefficients between TM images and 
IRS -C PAN. 

Simple band-arithmetic techniques, such as multipli-
cation, IHS transformation, principal component 
substitution (PCS) and the Brovey algorithm may 
produce spectral distortions in the result, which de-
pend on the degree of global correlation between the 
panchromatic and the multispectral channels to be 
enhanced. For the test area TM (3,5,7) and SPOT 
XS (3,2, ) bands have highest correlation coeffi-
cients with the IRS -C PAN were used in the merg-
ing with IHS and Brovey transformation techniques. 

Table 2. Correlation coefficients between SPOT XS images 
and IRS -C PAN 

The set of criteria, proposed by Wald ( 997), was 
used to assess the performance of the data fusion 
methods. It is; 

. Bias, as well as its value relative to the mean 
value of the original image. Recall that the bias is 
the difference between the means of the original im-
age and of the synthetic image. Ideally, the bias 
should be null. 

2. The difference in variances, as well as its value 
relative to the variance of the original image. This 
difference expresses the quantity of information 
added or lost during the enhancement of the spatial 
information. The difference will be negative because 
the variance of the synthetic image will be larger 
than the original variance. In opposite case, the dif-
ference will be positive. Ideally, the variance differ-
ence should be null. 

3. The correlation coefficient between the original 
and synthetic images. It shows the similarity in small 
size structures between the original and synthetic 
images. It should be as close as possible to .

4.The standard deviation of the difference image, 
as well as its value relative to the mean of the origi-
nal image. It globally indicates the level of error at 
any pixel. Ideally, it should be null.

In the multiplicative, HFM and HFA methods, 
the differences between the means of the fused im-
ages and original images are close to zero (Table 3a, 
Table 3b, Table 4a and Table 4b). Other methods are 
not sufficient for this condition. 

The HFM and HFA methods have the minimum 
and negative values in this criteria (Table 5a and Ta-
ble 5b). Other methods are larger than both methods 
and they have positive values. 

 XS  XS2 XS3 XS4 

PAN 0.85 0.89 0.89 0.82 

 TM  TM2 TM3 TM4 TM5 TM7 

PAN 0.72 0.85 0.85 0.76 0.87 0.86 
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Table 3a. The mean values of the fused images (Landsat 
TM&IRS -C) and original images (Landsat TM). 

 TM 
IHS
(753) 

Brovey 
(753) 

PCS Multip HFM HFA 

TM  92.65   88.74 92.00 92.79 92.45

TM2 74.64   68.58 75.30 74.78 74.44

TM3 72.86 5 .45 27.03 63.78 73.70 73.03 72.64

TM4 6 .44   53.74 6 .60 6 .44 6 .28

TM5 76.64 54.20 25.56 63.89 76.60 76.74 76.4

TM7 56.04 38.47 8.34 45.70 56. 0 56. 2 55.82

Table 3b. The mean values of the fused images (SPOT 
XS&IRS -C) and original images (SPOT XS). 

 XS 
IHS 
(32 )

Brovey 
(32 )

PCS Multip HFM HFA 

XS 08.38 50.87 23.49 58.23 08.73 07.72 08. 7

XS2 6. 4 47.75 25.93 93.97 6.66 5.56 6.00

XS3 0. 7 49.27 2 .5  75.36 09.99 09.60 0.04

XS4 82.00   49.00 80.98 8 . 6 8 .54

Table 4a. The bias values of the fused images (Landsat 
TM&IRS -C) and original images (Landsat TM). 

 PCS Multip HFM HFA IHS Brovey 

TM  4.  0.8 0.0 0.4   

TM2 6.4 -0.4 0.  0.5   

TM3 9.5 -0.4 0.3 0.7 2 .9 46.3 

TM4 7.8 -0.  0.  0.3   

TM5 3.3 0.5 0.4 0.7 22.9 5 .6

TM7 0.9 0.5 0.5 0.8 8. 38.3 

Table 4b. The bias values of the fused images (SPOT 
XS&IRS -C) and original images (SPOT XS). 

 PCS Multip HFM HFA IHS Brovey 

XS  50. 5 -0.35 0.66 0.2  57.5  84.89 

XS2 22. 7 -0.52 0.58 0. 4 68.39 90.2

XS3 34.8  0. 8 0.57 0. 3 60.90 88.66 

XS4 33.00 .02 0.84 0.46   

Table 5a. The differences in variances between the fused im-
ages and original images. 

 PCS Multip HFM HFA IHS Brovey 

TM  8 .  30.6 -207.2 - 5 .2   

TM2 220.5 294.2 - 89.8 - 5 .8   

TM3 544.3 9 .  -236.5 - 58. 605.2 754.3 

TM4 304.5 03 .2 - 45.6 - 38.

TM5 33.6 994.7 -246.2 - 2 .7 92.3 220.2 

TM7 750.5 284.0 - 83.9 - 32.8 894.7 823.2 

Table 5b. The differences in variances between the fused im-
ages and original images. 

 PCS Multip HFM HFA IHS Brovey

XS  4364.82 4606. 8 - 24.26 -58.22 4258.96 5466.84

XS2 737.45 647. 6 -70.66 -20.29 77 .7 86.9

XS3 88 .00 2065.37 -93. 9 -3 .26 376.63 2683.43

XS4 849.32 2058.64 -5 .43 -30. 9   

The multiplicative, HFM and HFA methods have 
the maximum correlation coefficient values. The 
Brovey method has the minimum values (Table 6a 
and Table 6b). 

Table 6a. Correlation coefficients between fused images 
(Landsat TM&IRS -C) and Landsat TM. 

Brovey
753 

Brovey
32

HIS
32

HIS
753 

Multip PCS HFM HFA

TM  - 0.62 0.62 - 0.90 0.93 0.82 0.84 

TM2 - 0.84 0.8  - 0.95 0.90 0.9  0.9

TM3 0.64 0.92 0.9  0.85 0.95 0.90 0.95 0.95 

TM4 - - - - 0.93 0.93 0.96 0.95 

TM5 0.90 - - 0.90 0.94 0.90 0.96 0.97 

TM7 0.93 - - 0.90 0.95 0.90 0.96 0.96 

Table 6b. Correlation coefficients between fused images 
(SPOT XS&IRS -C) and SPOT XS. 

Brovey 

32

HIS

32
Multip PCS HFM HFA 

XS  0.96 0.9  0.94 0.90 0.98 0.99 

XS2 0.58 0.64 0.95 0.85 0.95 0.97 

XS3 0.89 0.89 0.95 0.85 0.97 0.99 

XS4 - - 0.92 0.88 0.98 0.98 

The HFM and HFA methods have the minimum 
value in the standard deviations of the difference 
images. The Brovey method has the maximum value 
(Table 7). 

Table 7a. The standard deviations of the difference images. 

HIS
(753) 

Brovey 
(753) 

PCS Multip HFM HFA 

TM   6.46 7.48 2.46 0.99 

TM2   0.54 0.0 .23 0.96 

TM3 9.39 3 .25 6.2 8.34 .98 0.84 

TM4   3.63 22.62 0.09 0.96 

TM5 22.96 37.67 22.76 30.03 3.34 0.79 

TM7 9.45 3 .36 8.5  23.48 0.77 0.73 

Table 7b. The standard deviations of the difference images. 

His

32

Brovey

32
PCS Multip HFM HFA

XS 4 .2 53. 7 44.56 47.2 2.03 7.05

XS2 22.58 27.5 9.96 4.08 0.89 7.

XS3 27.06 37.26 3 .6  27.80 .60 7.04

XS4   29.6  3 .50 8.77 7. 3

5 CLASSIFFICATION AND ANALYSIS 

There are a few procedures involved in the proposed 
building detection method. . Image fusion: to make 
use of higher spatial resolution of the IRS -C PAN 
data and higher spectral resolution of the Landsat-7 
data. 2. Multi-spectral analysis: to separate open wa-
ter and vegetation area, construction sites and roads 
from other built-up areas where buildings stand. 
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3. Building detection using a set of filters and post-
processing. Methods have been developed for image 
fusion. The most popular approach is the IHS-RGB 
transformation. However, IHS-RGB transformation 
can cause spectral distortion. Since spectral distor-
tion is not desired for multispectral classification, 
high frequency modulation method (HFM) was 
adopted in this study for multispectral analysis in-
stead. This method calculates the ratio between 
lower resolution imagery and a smoothed (low-pass 
filtered) higher resolution imagery, and then multi-
plies this ratio with the higher resolution imagery. 
Thus, it tends to preserve the spectral properties and 
contrast of the lower resolution imagery (Zhang 
2002). The HFM fusion was performed on ETM+ 
bands -5,7 and IRS -C PAN to produce six merged 
channels.
In urban areas buildings, green vegetation and water 
surfaces are fundamental components. Thus, for a 
detailed detection of urban housing development, the 
other two relevant classes—green vegetation and 
water areas—were also classified. Since the unsu-
pervised clustering method is better suited for classi-
fying heterogeneous classes in high-resolution satel-
lite images than supervised classification (Zhang 
200 ). Multispectral IsoDATA clustering was then 
performed on the seven HFM fused channels. The 
clusters were labeled and grouped into water, vege-
tation and buildings classes. In the unsupervised 
classification the image data were first subdivided 
into 50 clusters. The resulting classes were reduced 
to three classes extracting through additional inter-
pretation of the 50 clusters. The road networks could 
be confused with buildings. Roads were best distin-
guished on the IRS -C PAN image. This band was 
carefully examined and a few grey levels on the con-
tinuous histogram of IRS -C PAN were identified as 
‘roads’. This road map included most parts of major 
roads. High-pass filter was applied to the IRS -C
PAN imagery to detect the buildings. Then a thresh-
old was applied to each channel. Pixels with a value 
above the threshold were selected as potential build-
ing pixels. Then the building pixels resulted from the 
filtered channel were combined into one map. In ad-
dition, pixels within vegetation area, water area, 
construction sites from the multispectral analysis re-
sult were masked out. 

The advantage of the fused data compared with 
the TM data can clearly be seen in the classified im-
ages. In the results of the original TM data, green 
and construction areas in the city cannot be recog-
nized, whereas in the results of the fused data, they 
are clearly recognizable. On the other hand, the 
original TM data are more suitable for classification 
of areal classes such as vegetation areas and water 
areas, because the pixel values in TM data are more 
homogenous than in fused data and the results are 
more continuous (Zhang 200 ). Therefore the areal 

Figure 8. Classified images from the original TM (left) and 
fused HFM (right) images. 

classes were classified from the fused TM–IRS -C
PAN data (Fig. 8). 

In the accuracy assessment of the building extrac-
tion, 00 random points were assessed in study area 
area. The nearly true-color image fused with TM and 
IRS -C pan data and aerial photos were used as ref-
erence. The visible buildings in the image were 
checked. The average user accuracy of the extracted 
buildings reached a level of 8 % after the high-pass 
filtering, while it was only 52 % using multispectral 
classification. 

Figure 9. Detected regular shaped buildings (left) and IHS im-
age (right). 

Figure 0. Detected irregular shaped buildings (left) and IHS 
image (right). 

Figure . Detected buildings attached to each other (left) and 
IHS image (right). 
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6 RESULTS 

The detection results (Fig.9, Fig. 0 and Fig. ) in 
this study demonstrated the ability to classify large 
buildings in urban areas after the fusion of TM mul-
tispectral with IRS -C pan data.

Performing the spatial feature post-classification 
the results of the multispectrally extracted classes—
buildings, water areas and green areas—can be im-
proved significantly. In comparison to the conven-
tional spectral/temporal classification algorithm us-
ing multispectral data, the results in this study are 
much more detailed and accurate. Not only were the 
newly developed built-up areas detected, but also the 
new buildings and infrastructure developments in 
the new areas could be recognized. 
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