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ABSTRACT: This paper focuses on the expected performance of classification and manual digitising meth-
ods for obtaining coastline by using two available satellite data, Spot XS (1993) itself and Spot P (1993) and
Spot XS (1993) merged image. For this purpose, Kucuk Cekmece Lake which is one of the most important
water basin area around Istanbul, Turkey, was selected as the study area. Principal components analysis
(PCA) for Spot XS data, intensity-hue-saturation (IHS) transformation for merging Spot XS and Spot P regis-
trated images and classification process was performed for digital image analysis. 
In order to obtain the coastline of the lake, two different methods were applied to the satellite images. As first
method, the coastline was obtained by manual on screen digitising by using Spot XS and Spot P and also 
merged image. As second method, all these data were used to obtain the coastline by using classification and
the raster-vector conversion process. After the classification, during the raster-vector conversion process dif-
ferent methods are used for determining the coastline. Finally, the coastline was analysed and interpreted ac-
cording to results obtained by these two different methods comparatively and separately. 

1 INTRODUCTION

The potential of remote sensing is very high for the 
monitoring of the Earth and the detection of its envi-
ronmental changes. Therefore, remotely sensed im-
ages have been used in many fields as a reliable and 
valuable source of land-cover data for monitoring 
land-cover and land-cover changes at regional and 
global scale. Satellite images are also used for visual 
interpretation of coastal areas and determination of 
coastline.

In the computer era, using the advantages of re-
mote sensing makes it much easier to reach accurate 
and actual data than any other acquisition technique. 
Because of that, such systems gain importance for 
the engineering applications and for modeling natu-
ral hazards and also for performing different types of 
analysis related with the detection of the coastal 
zone. Due to their efficient performance, even more 
researchers or scientists want to use this kind of digi-
tizing methods. After these developments stated 
above, this analysis aims to outline the comparison 
between the digitizing methods. The repetitive ac-
quisition and synoptic capabilities of remote sensing 
systems can be exploited to provide timely spatial 
data for coastal geographical information systems, 
enabling detection and monitoring of the coastline 
[1].

In this study, Kucuk Cekmece Lake which is one 
of the most important water basin area around Istan-

bul, Turkey, was selected as the study area. The rea-
son of the selection of this study area is that Kucuk 
Cekmece Lake is the nearest natural lake to the met-
ropolitan area of Istanbul. Because of the distance is 
very close to the biggest and oldest international air-
port of Turkey, Ataturk International Airport, this 
area is always attractive for the remote sensing and 
GIS studies. You can easily recognize some differ-
ences in this area, if you would make change detec-
tion analysis there. This paper presents the results of 
a performance analysis about the detected coastlines 
of Spot XS and Spot merged (Spot XS and Spot P) 
data.

2 STUDY AREA AND DATA USED 

Kucuk Cekmece Lake is one of major natural lakes 
which is an important water basin area of the biggest 
city of Turkey, Istanbul, with nearly 12 millions of 
people. The analysis focuses on an area of approxi-
mately 225 km

2
 of western Turkey. The Lake covers 

an area nearly 1500 hectars. It is located in Thrace 
Peninsula where surrounded Black Sea in the north, 
Marmara Sea in the south and Bosporus in the east 
(Figure 1). There is a natural connection between the 
lake and Marmara Sea and according to this fact the 
water of the lake is slightly salty. The lake can be 
considered as a shallow lake. The deepest point of 
the lake is 20 meters.  
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Figure 1. The location of the study area with Spot XS and Spot P merged image (1993). 

Table 1. Key characteristics of the satellite images used 

Sensor Date 
Number 
of bands 

Spatial resolu-
tion (m) 

Wavelength 
region (µm) 

Swath width 
(km) 

SPOT Pan 1993 1 10 0.51 - 0.73 60 x 60 

SPOT XS 1993 3 20 0.50 - 0.89 60 x 60 

In the study SPOT XS and SPOT Pan data [2] 
was used in the study in order to analyze the coast-
line of the Kucuk Cekmece Lake (table 1). Also, 
digitized topographic maps at the scale of 1/25 000 
which are produced by General Command of 
Mapping, the National Mapping of Turkey, and 
aerial photographs were used as the data sources.

Image processing operations were carried out 
by using Erdas Imagine software, located in the 
Remote Sensing Division of the Geodesy and Pho-
togrammetry Department of the Istanbul Technical 

University. Also, AutoCAD, Photoshop and Corel 
Draw software was used for several purposes. 

3 METHODOLOGY

In this study the comparison between the acquisi-
tion ways of the coastline of the K. Cekmece Lake 
is deeply analyzed. It is possible to explain this 
analysis in the following paragraphs. The diagram 
2 makes it clear all the steps of the study with their 
relations.
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Spot XS Spot Pan 
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Analysis (PCA) Trans-

formation

Intensity Hue Satura-

tion (IHS) Transfor-

mation 

Spot XS (PCA) 

First three comp. 

Spot XS and Spot P 

merged image 

ISODATA Classification

Spot XS 

Near Infrared Band 

Raster-vector Conversion 

Coastline from 

the Spot XS 

Coastline from the 

Spot XS and Spot P 

merged image 

Coastline by manual 

digitizing 

(Base data)

The analysis of the data obtained from Spot XS and 

Spot XS - Spot P merged image with the base data 

Table 2. Image processing flowchart 

3.1 Manual digitising 

As the first method of digitizing of the coastline it 
is used manual digitising. In this kind of digitising 
the coastline is digitised related to the operator’s 
eye capacity. By this type of digitising the image is 
zoomed three times to get the line between land 
and lake more clearly. According to the results of 
manual digitising it is aimed to compare the sensi-
tivity of the human eye and the software for the 
image enhancement and classification. As the base 
coastline data the infrared band of Spot XS is 
manually digitised by all comparisons of digitizing 
procedures. The reason for this selection is that in 
frared band is best way to clarify the difference be-
tween land and water. 

3.2 Geometric correction 

The satellite image data used in this study were 
geometrically corrected according to the UTM pro-
jection system coordinates due to the following 
steps below. 

At first step ground control point coordinates 
were digitized from the topographic maps with 
standard scale 1/25000. Geometric correction was 
carried out with ground control points by using 
first order polynomial equation as a second step. 
Than at the last step of the geometric correction 
process, cubic convolution resampling technique 
was used with root mean square (RMS) error  of 
<0.5 pixels. Total root mean square (RMS) errors 
are summarized in Table 3. 
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Table 3. Root Mean Square (RMS) Error values for the sub-images of the study area 

Satellite Data Date Number of GCP Geometric Base RMS Error 

Spot P 1993 0.36 

Spot XS 1993 
15

UTM 
Zone 35 
North 0.42 

3.3 Image enhancement 

Intensity-Hue-Saturation (IHS) transformation:
Many application of digital image processing are 
enhanced through the merger of multiple data sets 
covering the same geographic area. These data sets 
can be of various forms such as multi-temporal 
data merging, multi-sensor data merging, merging 
of image data and ancillary information and inte-
gration of remote sensing data into geographic in-
formation systems [3]. 

The colour monitors used for image display on 
image processing systems have three colour guns. 
These correspond to red, green and blue(R, G, B), 
the additive primary colours. When displaying 
three bands of a multi-band data set, the viewed 
image is said to be in R, G, B space.  

However, it is possible to define an alternate 
colour space that uses intensity (I), hue (H) and 
saturation (S) as the three positioned parameters. 
This system is advantageous in that it presents col-
ours more nearly as perceived by the human eye. 

Intensity is the overall brightness of the 
scene and varies from 0(black) to 1 (white). 

Saturation represents the purity of colour 
and also varies linearly from 0 to 1. 

Hue is representative of the colour or 
dominant wavelength of the pixel. It varies 
from 0 at the red midpoint through green 
and blue back to the red midpoint at 360. 

Principal Components Analysis (PCA):
Principal components analysis is often used as a 
method of data compression. It allows redundant 
data to be compacted into fewer bands that means, 
the dimensionality of the data is reduced. The 
bands of PCA data are no correlated and independ-
ent, are often more interpretable than the source 
data [4, 5].

To compute a principal components transforma-
tion, a linear transformation is performed on the 
data meaning that the coordinates of each pixel in 
spectral space are recomputed using a linear equa-
tion. The result of the transformation is that the 
axes in n-dimensional spectral space are shifted 
and rotated to be relative to the axes of the ellipse. 

3.4 Classification and raster-vector conversion 

This process is used to obtain vector data from the 
classified image. Raster layer can be converted to 

vector layer and used as another layer in a data- 
base. Here, the Iterative Self-Organizing Data 
Analysis (ISODATA) technique method of unsu-
pervised classification is used. This technique uses 
a maximum-likelihood decision rule to calculate 
class means that are distributed in the data space 
and then iteratively clusters the remaining pixels, 
using minimum distance techniques. Each iteration 
recalculate means and reclassifies pixels with re-
spect to the new means. This process continues un-
til the number of pixels in each class changes by 
less than a selected pixel change threshold or until 
a specified maximum number of iterations is 
reached [6]. 

A preliminary ISODATA classification of the 
image based on the Pan and XS bands was set to 
yield a maximum of spectral classes. The resulting 
15-class image was then recoded into two classes 
as land and water. 

4 RESULTS AND CONCLUSIONS

4.1 The comparison obtained with manual 
digitizing and raster-vector conversion

As you can see from the images below right there 
are three different coastlines remarkable. The one 
acquired from the merged image classification is 
nearer to the base data, that we obtained from the 
Spot XS infrared band, because this coastline gets 
the geometric accuracy (information) from the 
panchromatic image and spectral characteristics 
from the XS image. The other coastline gained by 
Spot XS image classification is far from the base 
data if we compare with the merged image classifi-
cation because of the dominance of spectral char-
acteristics. The use of Principal Components 
Analysis is another source of dominance men-
tioned above. According to these characteristics 
the land just at the shore with high moisture rate 
could be seen as water area.

4.2 The comparison obtained with manual 
digitizing

In these step of the analysis we made a comparison 
between the two shorelines digitized both manu-
ally. One of them is our base data Spot XS infrared 
band image of course, the other one is again Spot 
merged image like at the first comparison, but this 
time it is digitized manually not using the classifi- 
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Figure 2. Raster-vector conversion compared with base data (a) Spot XS and Spot P merged image (b) coastline comparison on the 
Spot XS near infrared band (the coastlines: from base data, XS & merged image). 

Figure 3. Manual digitizing compared with base data (a) Vector layers acquired from merged image and Spot XS near infrared band
(base data) b) Vector layers on the Spot XS near infrared band  

Figure 4. Raster to vector conversion by two different approach (a) According to the average of four pixel neighbourhood  
(b) According to the average of eight pixel neighbourhood 

(b)(a)

(a) (b)

(a) (b)
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cation process. Again the same advantages have 
the merged image digitization made manually with 
the classified one. This shoreline gets the colour 
information from the multispectral image and 
geometric information from high ground resolution 
having panchromatic image. All these advantages 
make the shoreline easily distinguishable in ap-
pearance and that must be the reason why we se-
lect merged image manual digitising method.  

4.3 The comparison obtained with different ways 
resulting to raster-vector conversion  

If you look at the images standing below carefully, 
you can easily recognize that the coastlines have a 
clear difference in appearance. Two different types 
of neighborhood algorithm at the raster-vector  
conversion process are used by these images. And 
this algorithm difference makes it possible to get 
the wharf very clearly at the image on the right. 
The only difference between two algorithms is that 
at the image on the left four pixel average is de-
fined as neighborhood algorithm, at the other im-
age eight pixel average is defined as the algorithm 
mentioned in these part of the analysis. 
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