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Abstract 

Satellite images provide the researchers with the ability to 
identify objects (such as roads, land use, elevation, waterways, 
etc.). Analyzing the satellite images of the Dead Sea in Jordan 
can help determining the edges of the Dead Sea and its declining 
rate. The analysis process can be done using evolving algorithms 
and software. This paper shows the outcome of applying three 
matlab image-processing functions on the Dead Sea images taken 
from Google Earth. The three functions are: threshold, edge-
based and watershed segmentation. Determining the edge of the 
Dead Sea using image processing functions can be used to 
calculate, predict and forecast the declining rate of the Dead Sea. 
We also present a case study showing our analysis. 
Keywords: Image Processing, Threshold, Edge-Based, 
Watershed, Segmentation. 

1. Introduction 

The Dead Sea has a cultural, economical, and historical 
importance locally and globally. Moreover it is 
characterized by being the lowest point on earth and the 
most saline natural water resource. Due to the significant 
water supply shortage going into the Dead Sea, it lost 
almost the third of its water quantity between 1960 and 
2012. Serious decline of water level is considered to be an 
economical threat that the beneficial countries are trying to 
overcome. From this brief overview of the Dead Sea state, 
we can realize the importance of monitoring the water 
level in order to evaluate the outcomes of the remedy 
actions or put in hand the present situation [1]. 

 
Satellite images provide important information on earth 
surface, geographic area, weather and naturel phenomena. 
Satellites have been used over the past several decades to 
obtain a wide variety of information about the earth’s 
surface, ranging from military applications to tracking 
global weather patterns, tectonic activity, surface 
vegetation, ocean currents and temperatures, polar ice 

fluctuations, pollution, and many other aspects [2]-[5]. The 
application of satellite image analysis to archeology has 
emerged alongside these other uses, but archaeologists are 
only now beginning to exploit more fully broad range of 
analytical tools available for assessing the satellite image 
data of the earth’s surface and sub-surface [6]. 
 
Satellite imagery provides effective means of observing 
and quantifying the complexities of the surface of the earth. 
It allows us to see the world in a different way and 
provides a huge information source at our fingertips as we 
look to increase our knowledge about the environment. 
The technologies behind the application of this imagery 
are mature, and evolving rapidly. 

2. Data and Methodology 

The Satellite images are taken from satellite (for example 
NASAs) work with color values, the original image was 
segmented by threshold, edge-based segmentation, and 
watershed segmentation, the original image is shown in 
Fig.1. 
 

 

Fig. 1 The Original Image. 
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Matlab software was used to implement the algorithm, 
since Matlab is a high-performance language for education 
and research as it integrates computation, visualization and 
programming in an easy-to-use environment where 
problems and solutions are expressed in familiar 
mathematical notation and also it has toolboxes for signal 
processing, neural network, image processing, database etc. 
Matlab Image Processing Toolbox is a collection of 
functions that extend the capability of the Matlab numeric-
computing environment. The toolbox supports a wide 
range of image processing operations, such as Image 
analysis and enhancement. Region of interest operations, 
linear filtering and filter design [7]. All the functions and 
equations used in this study are from Matlab image 
processing toolbox. 

3. Related Work 

In [9], the author proposed an approach for image 
segmentation named Differential Immune Clone 
Clustering Algorithm (DICCA). That includes texture 
image segmentation and feature extraction, while 
watershed image segmentation used for its efficiency. The 
authors tested their approach on different types of images 
from which remote sensing images that are considered in 
our research. In order to use watershed, the author in [9]. 
followed few preprocessing steps that are simplifying the 
images and producing a gradient image. After the 
watershed preprocessing output was used as an input to the 
DICCA. Their findings on the images, that represent 
water/land combination, show that there is a need for 
visual measurement to describe the results. Also an 
interesting finding was the great processing time reduction 
on remote sensing images, and other types of images, by 
using watershed. 
 
Automatic rule based spatiotemporal knowledge discovery 
is an interesting work by [10]. As they introduced Case-
Based Reasoning (CBR) method which tries to simulates 
human reasoning. In terms of remote sensing images, their 
approach combines different measures for knowledge 
discovery, and could be applied to different environmental 
features. An example of application is to find out a model 
that represents a lake, then analyzing a large set of 
database data to find spatiotemporal changes relying on 
the lake model. So the changes over time to the lake could 
be discovered and reported.  

4. Discussion and Results 

The first step of our proposed software is to read the 
image by Matlab software and convert it into a matrix of 
values, each value represents two-dimensional light 

intensity function f (x, y), where x and y denote spatial 
coordinates and the value of f at any point (x, y). The 
image contains many objects of different sizes that are 
touching each other. 
The next step aims to create the structure-element, which 
is needed to apply dilation and erosion operations. The 
structure-element is used also to probe the input image. 
The structure-element is a matrix that consists of 0s and 1s. 
It can have any arbitrary shape and size. Matlab functions 
are used to create the structure-element as given by the by 
Eq.(1): 
 
             origin = floor( ( size( nhood ) + 1 ) / 2)     (1) 
 
where nhood is the neighborhood defining the structure-
element . The structure-element is shown in Fig.2. 
 

 

Fig. 2  Diamond Structure Element. 

Dilation and erosion functions are used to accept structure-
element objects, these objects are called STRELs. STREL 
function is used to create diamond shape structure-element. 
In [8], the author has proposed a technique known as 
structure-element decomposition, in which the structure-
element is broken into smaller pieces in order to enhance 
the performance. 
 
Enhancing the image contrast is the next step in our 
proposed software. The Matlab functions (from the image 
processing toolbox) imtophat and imbothat are used to 
perform the top-hat and bottom-hat transformations of the 
original image, respectively. These transformation can be 
performed using Eq.(2) and Eq.(3) [8]. The output of these 
transformations is shown in Fig.3 and Fig.4. 
 

Ibot = imbothat(a f m; se)       (2) 
Itop = imtophat(a f m; se)       (3) 
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Fig. 3  Bottom-Hat Image. 

 

 

Fig. 4  Top-Hat Image. 

 
Step 4 involves exaggerating the gaps between objects. 
The top-hat image contains the peaks of objects that fit the 
structure-element. This can be done using the imbothat 
function, which shows the gaps between the objects. To 
maximize the contrast between the objects and the gaps 
that separate them from each other, we added the top-hat 
image to the original image and then subtract the bottom-
hat image from the result. We used the toolbox image 
arithmetic functions, imadd and imsubtract, to perform 
these operations as shown in Eq.(4). 
 

Ienhance = imsubtract( imadd( Itop; a f m ); Ibot)    (4) 
 

 

Fig. 5  Original, Top-Hat and Bottom-Hat Image. 

 
The following step is converting the objects of interest. 
This can be done using the watershed transformation 
which that detects intensity valleys in the image. We also 
need to enhance the image by highlighting the intensity 
valleys using the imcomplement function in Matlab image 
processing toolbox as shown in Fig.6. 
 

 

Fig. 6  Enhanced Image. 

 
Then we need to detect all the intensity valleys deeper than 
a particular threshold with the imextendedmin functions in 
the Matlab image processing toolbox. The output of this 
function is a binary image. The location rather than the 
size of the regions in the imextendedmin image is 
important. 
 
The imimposemin function modifies the image to contain 
only those valleys found by the imextendedmin function. 
The imimposemin function also changes a valleys pixel 
values to zero (deepest possible valley for unit 8 images), 
all regions containing an imposed minimal are detected by 
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the watershed transform as shown in Fig.7 and Fig.8. Then 
we need to apply watershed segmentation. Accomplishing 
watershed segmentation of the imposed minimal image 
can be done as given in Eq.(5). 
 

war = watershed( Iimpose )          (5) 
 

 

Fig. 7  Extended Minimal Image. 

 

Fig. 8  Imposed Minimal Image. 

 
The watershed function in Eq.(5) returns a label matrix 
containing nonnegative numbers that correspond to 
watershed regions. Pixels that do not fall into any 
watershed region are given a pixel value of 0, a good way 
to visualize a label matrix is to convert it to a color image, 
using the label2rgb function. In the color version of the 
image, each labeled region is displayed in a different color, 
and the pixels that separate the regions are displayed in 
white as shown in Fig.9. 

 

Fig. 9  Watershed Segmentation Image. 

 
Table 1 shows the results generated by the evaluation tests. 
We can see the consuming time for every method. The 
result shows that threshold is the fastest, but the output 
image from threshold is not segmented clearly than other 
method, edge-base and watershed segmentation 
consuming long time than threshold but output image is 
improved, also threshold only segment gray-level images, 
it is considered to be the simplest and it did not segment 
image clearly. It only segments gray-level images and can 
be determined to segment objects and background. Edge 
segmentation is one of the earliest segmentation 
approaches and still remains very important. 

Table 1: Results 

 
 

	  method try thresholoding edge-base watershed 
1 0.112 5.914 15.6512 
2 0.15 5.215 16.6543 
3 0.15 5.1489 15.8743 
4 0.16 5.221 15.1234 
5 0.32 5.1201 18.6543 
6 0.16 5.943 17.6541 
7 0.32 6.102 19.5741 
8 0.312 5.0593 15.5421 
9 0.341 5.4321 15.3421 

10 0.16 5.4444 16.5432 
11 0.13 5.4851 15.5641 
12 0.17 5.0778 15.4321 
13 0.14 5.4444 19.5664 
14 0.13 5.49111 19.5432 
15 0.13 5.0123 19.3421 
16 0.3 5.1239 17.4343 
17 0.32 5.0132 19.5432 
18 0.13 5.0876 19.5431 
19 0.112 5.0123 16.7653 
20 0.113 5.1456 15.6564 
21 0.13 5.5432 18.4512 
22 0.14 5.132 19.6752 
23 0.14 5.5317 19.5654 
24 0.14 5.5356 18.7666 
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5. Conclusions and Future Work 

For the purpose of separating objects from their 
background in gray-level images, it is clear according to 
our results, that threshold is the best. But when it comes to 
effectiveness edge-based then watershed are more suitable 
respectively. As also working on colored images and 
focusing more on improved results excludes threshold 
from being used, as our results explain. Furthermore 
depending on our experiments we nominate edge-based 
algorithms for calculating the declining rate of the Dead 
Sea, without omitting the possibility of using watershed. 
Edge-based segmentations rely on edges found in an 
image by edge detecting operators these edges mark image 
locations of discontinuities in gray-level color. 

 
Starting from this research results, future work may focus 
on improving the quality and efficiency of a reasonable 
analysis algorithm. Considering other types of remote 
sensing images then deciding which one is more reliable, 
or even so if a hybrid image may lead to better results. 
Another interesting work is to expand the analysis region 
to include the water resources feeding the Dead Sea, either 
by consulting other researches in this matter or proposing a 
new approach..  
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