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Abstract 

When it comes to remote sensing, recognizing each object is a top priority. The identification of the 

land cover with a satellite image, for instance, is very important for the agriculture, the transport 

and for most of the economics spheres. In general, the image segmentation is known as a basic 

option for the process of classification. Moreover – it works as an improving element for the 

performance, as well as for the accuracy. 

The graph theory is a significant data that determines all the algorithmic process of the image 

process. The abstract results and theories provide a support in analysis of methods. This article 

explains four particular algorithms that are both – compared and examined – due to the fact that 

they are graph-based image segmentations. To be more specific the best ones merge algorithm of 

Beaulieu, Goldberg and Tilton, while tree merge segmentation of Felzenszwalb, minimum mean cut 

segmentation of Wang and Siskind. Last, but not least, we need to mention the normalized cut 

algorithm of Shi and Malik. The creators of this article will explain the basic theory and the 

execution of the algorithm segmenting in details. Plus – they will meet you with several eventual 

improvements to accomplish. 

 

Introduction 

The main role behind the image processing is to provide the recognition of the shapes and objects in 

an image. On the other side, in this process a segment has a significant role. A segment is actually a 

homogenous and adjacent part of any image. Taking a survey of a running image processing 

application, it becomes clear that examining, refining and combining of already outlined segments 

are featured. Meanwhile, the delineation of the segments, which is the previous process, is 

momentous, too, when it comes to the quality of the results. Reading this article, you will get 

familiar with four segmentation algorithms, as well as the comparisons of their different basic 

theories, as well the practical implementation and experience achieved during their application. 

The main goal behind this article is to make a comparison between efficiency and effectiveness of 

several image segmentation algorithms, which are graph-based. In the beginning, we will speak 

over the role of the segmentation in remote sensing. Then, we will continue with the basic 

information about the four chosen graph-based segmentation algorithms. Last, but not least, we will 

present the results from the experiments. 

 

The important meaning of segmentation in remote sensing 

The digital image process is extremely important for numerous areas in today`s life. Mainly, we can 

point you the most significant ones – Earth observation, as well as the medical science. The basic 

goal of any image processing system is to identify all of the elements from the “reality” in an 

image. There are several alternatives for a resolution of this harsh chore. Despite the different types 

of images, as well as the kinds of their acquisition and processing, several general methods, known 

as “building blocks” exist. The process of object recognition is executed after performing a 



particular algorithm task – for instance, texture analysis, classification of statistics, clustering, 

segmentation and detecting edges. In past, all those four algorithms were used separately in order to 

detect object, which are similar to those of an application. Though, there was a time, when all the 

objects from the “real world” were joined together as several single elements into algorithms. They 

preserve their features (properties) during the process and they develop their individual procedures 

(methods). The features, on the other side, are understood thanks to the above mention algorithms 

or to the spatial subjections of outlined elements to each other. 

The objects in each image that show the real world in a maximum realistic view are in general 

gained by approximation. In the beginning, a raw delimitation is done, then, the procedure is 

repeated few times. The common start involves the so-called segments. They are homogenous 

(which represents the availability of visually or spectrally common pixels) and contiguous parts of 

images. Preliminary steps are made firstly, and then the process proceeds with segmentation, as 

well as with high level steps of classification. Having control over the account is, as a matter of fact, 

the most important feature, which differs the segmentation methods form the ordinary 

classifications by pixels. 

The method that this article represents involves orthophoto image, which is determined as a matrix. 

This matrix has individual elements that correspond to a given spot (averagely an area with a square 

form) of the top. The pixels are the elements of the matrix, while they are also vectors of the 

intensity numbers, which are usually registered with sensors. 

 

Segment-based algorithm for graph-styled images 

The image is presented as a graph during the processing algorithms. A ( , )G N R  graph which is 

undirected might be determined as an image, which has nodes (N)  that refer to pixels, as well as 

edges ( )R  that are combined with nodes and the neighboring pixels. In this way, the net graph is 

acquired (in Figure 1). On the other side, the graph with the SxT  image size has v ST  nodes, plus 

– w =edges that are    –1 1S T S T  . As a result, the size of the graph is lineal according to the 

size of the image. 

On the other side, the formula for the weight function is :m RR . It calculates the difference 

between the neighboring pixels. Meanwhile, there are several different ways for measuring the 

intensity numbers of the pixels and their dissimilarity. This article`s creators have used the 

Mahalanobis distance function. Here,   determines the covariance model of the pixel intensities.  
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Despite some algorithm application of extended close system, each mentioned image segmentation 

method here involves grid graph presentation, but with the difference 

measure from the equation (1). 

 

Segments are kind of sub-graphs in a connection, which follow the proper 

similarity feature, in the world of the graph theory. The main goal behind 

the image segmentation is the division of the nodes making them a totally 

dismantled system. In this system, on the other side, every single is in a 

connection with others.  

This article puts an accent on the image segmentation algorithm types that 

are graph-based. The most proper merge and tree merge algorithm use the 

bottom-up method, which means that the beginning is linked with the 

fully segmented image. This means that all the pixels are form a detached 

segment. Then, the algorithms go on segmenting the images by merging 

two single, but similar segments. When the cutting process in the 



segmentation algorithms is standard – the top-down method – the image forms the whole segment. 

During all the parts of the process, all the segments are fallen into parts (at least into two parts). 

Bottom-up segmentation based only on low-level cues is a notoriously difficult problem. This 

difficulty has lead to recent top-down segmentation algorithms that are based on class-specific 

image information. Relying mainly on continuity principles, it groups pixels according to the grey 

level or texture uniformity of image regions. 

Figure 1: Grid graph. 

Best merge segmentation 

The best merge represents a rich method for region merging image segmentation. According to this, 

all the repeating steps from this algorithm provoke the strongest connection of two adjacent 

segments. 

When it comes to the particular step in an algorithm, it is usually depicted with a graph. Inside it, all 

the segments have their respective nodes, which, on the other side, are usually jointed if they refer 

to adjacent segments. The closeness of all the segments is calculated with an approximate weight of 

the edges from the similar boundary. 

At first, each pixel creates an individual segment. In the beginning, the algorithm forms a grid graph 

and measures the primary weight. Though, during the next steps, the algorithm picks particular 

edge, which should be the heaviest. Then, the two nodes at the end are folded. Speaking of the 

image, such an approach allows the two sides of the edge to fuse or to merge. There is one single 

weight measurement and it is additionally measured v  case the folded nodes are with similar 

neighbors.  

The people, who have described this algorithm, are named Beaulieu and Goldberg [1] and Tilton 

[2]. They have applied different, but close measurements. Meanwhile, the creators of the article you 

read now apply approximate edge weight. This can be easily seen from the edge weights in the 

primary graph. 

The algorithm is executed by applying two types of information structures correctly. The binary 

heap [3] is the tool for storing the edges, as well as their weights. All of these can be initialized – 

(v)O  time, the time (1)O  is the least weight edge obtaining procedure and the edge weight might 

be measured one more time - (log( ))O v . 

Commonly, best merge algorithm shows the worst running time with square case due to the 

additional edge weight measurements after all the region merging. The running time might be also 

proportional to the degrees of the relevant notes. In fact, merges are usually quite effective, because 

the approximate degree of the nodes (among the planar graph) is on mandatory under six. 

It is easy to prove that the best merge algorithm, which has approximate edge weight interval, might 

be executed in 2(vlog ( ))O v  worst running time option. In order to gain such an advance the 

procedures in the merges must be reduced. Meanwhile, you can store in a self-balancing binary 

search tree the incident edges. Do it for each node and then, you might proceed with the 

establishment of the availability (or lack) of edge connection between two nodes - (log( ))O v . In 

case the tinier segment merges the larger during each step, you can gain the best time bound. 

 

Minimum mean cut segmentation 

In minimum mean cut segmentation [4], the entire procedure goes hierarchically during the splitting 

of the image in several segments. Each step is about splitting one particular segment in order to 

reduce the mean cut between the two sub-regions.  

 

(4) 

( , )

( , )
1

( )

e a b

y ab

w
e a b

m
M Y

y






, where ( , )e a b R  , a Y , b N . 

 



The main issues – the ration cut approximation is non-deterministic polynomial-time (NP) hard and 

the minimum mean cut has no polynomial time algorithm – are possible to be worked out. This can 

happen in polynomial time for planar graphs, respectively for grid graphs. The average minimum 

cut is possible to be minimized. 

These ways bring polynomial time approximation scheme - in the equalization that shows the 

magnitude of running time, 2vlog ( )v  should be multiplied by a regular weight that depends on the 

edge. It is easily to prove the fact that the minimum mean and the minimum ratio cut algorithms 

might be determined in resolutely polynomial period of time. A 2(vw log ( ))O v  running time 

minimum weighted matching algorithm is applied.  

 

Normalized cut segmentation  

When it comes to minimum mean cut method, the algorithm of the normalized cut [5] begins with 

one particular segment that consists of the entire image and the hierarchically cut-off subregions 

during the further processes. The following formula shows how every single phase seeks for 

reducing the normalized cut.  
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To our regrets, the normalized cut problem is depicted as non-deterministic polynomial-time 

difficult. This means that the normalized cut problem is a part of a class of computational problems 

for which a given solution can be verified as a solution in polynomial time by a deterministic 

Turing machine. It is the same case, when it comes to grid graphs, too. On the other side, the 

optimal proper algorithm isn’t about to come up. Later, minimizing the result of the inaccurate 

numerical computation, which is due to the fact that the edge sizes are kept as irregular point 

numbers, is possible.  

 

Tree merge segmentation 

The algorithm of the tree merge segmentation was invented by Felzenszwalb and Huttenlocher [6]. 

Its main goal is the providing of a proper and reliable rich method for segmentation that will 

manage the different variability of the images.  

In the beginning, all the pixels were parts of a particular segment. However, afterwards, during each 

procedure phase, the similar segments go into merging in order to become parts of the most proper 

merge algorithm. The edges are ordered from big to smaller according to their weight. Also, a 

decision for contraction of the two similar segments of the two edges should be made. In case the 

two edges are parts of one single segment, nothing additional is required to be done. In a different 

manner, the inner mutability of the segments must be in comparison with their distinction and 

creation.  

Imagine, the inner mutability of one segment is the lightest of the edges in the heaviest spanning 

tree (MWST) of its own sub-graph: 

 

(2) ( , )int( ) mine MWST E m eE m  

 

The odds between the two ingredients are determined as the maximum weight edge and their 

connector. The odds between the two segments aren’t less than the inner mutability of any segment, 

which leads to merging. 
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and (E) represents the average doorstep function that is the opposite to the calculations of the 

vertices in E . 

Such an algorithm can be properly executed with a general data structure. The entire running time 

(or the period during which a computer program is executing) is (vlog( ))O v  that explained with the 

primary edge choice. 

 

Experimental results 

A segmentation procedure via one of the four mentioned algorithm types is done. Eventually, the 

final result is the segment map. It is also known as the reference image, whose pixels have 

individual identical number for the particular segment of the pixel that was applied.  

You can immediately determine that perfect segmentation just does not exist. However, the best 

thing we can do is to search for the perfect algorithm (suitable for a particular domain, where the 

complex of the different class types, as well as the information for inserting and the proper place for 

procedure performing are code). Then, you need to map out the main aims like thematic exactness, 

stability in the vision, as well as the chances and the limits of parameter determination. 

 

 
Figure 2: Original image of Madrid, 1000x1000 pixels, 96 dpi, bit depth – 24, TIF file. 



 
Figure 3: Best merge segmentation by Tilton.  

 

Best merge method by Tilton for segmentation is done over the greyscale image which is the result 

of the original image. Computing time needed for this case is about an hour. The size of the 

segment can be quite different however salt and pepper noise, as well as single pixels aren’t that 

many. We can easily say that among all the mentioned algorithms, the best merge segmentation 

shows the realistic results we seek for. 

The minimum mean cut segmentation algorithm type is characterized with the largest running time. 

There are two main reasons for it. The first one uses the fact that the minimum mean cut in 

unaddressed graphs is in a perfect match with the huge graphs. This means that only few or even 

one pixel is separated from the large segments. This anomaly commonly brings the worse 

processing of the dividing and conquering step from the algorithm procedure. In order to increase 

the fastness of the algorithm, there was an attempt for dividing an image into more than one 

hundred similar sub-images. Even then, this algorithm continues to be the most phlegmatic one. 

There is no example image of the minimum mean cut segmentation in terms of the fact that 

enormous additional processing should be done, which costs too much non-significant effort. 



 
Figure 4: Normalized cut segmentation by Shi and Malik. 

 

Thematic preciseness of the normalized cut segmentation by Shi and Malik is not in terms to satisfy 

our needs. The normalized cut segmentation by Shi and Malik could not be done on an image with 

more than 100x100 pixels which makes the method unusable. The calculation time needed for the 

100x100 pixels is more than half a day. 

 

 
Figure 5: Tree merges segmentation by Felzenszwalb and Huttenlocher. 



Tree merge segmentation by Felzenszwalb and Huttenlocher is often used because it gives the best 

calculation time – no more than some seconds. This is powerful advantage of the method but there 

is one huge disadvantage too. Further image processing like classification or image fusion needs 

more accurate results, less noise, etc. In these terms tree merge segmentation by Felzenszwalb and 

Huttenlocher unfortunately fails. 

 

Conclusions and future plans 

Mistaken cuts also influence on the entire image segmentation procedure. Even the least distance 

between the land cover classes, the algorithm determines the particular pixels as particular 

segments. No single pixel detaches the black and white areas. On the contrary – they come up by 

chance in a large row among the transition space. Thus, the algorithm cannot get a proper cutting 

way. The image segmentation approach was used for examining the four methods of the procedure. 

Going back to our case, we will conclude that the first algorithm is the best. In other words, the best 

merge method by Tilton shows the most satisfying indexes. Furthermore – the best merge method 

approach can increase its speed by an extra heuristic and by more optimal execution. Though, the 

high preciseness it provides makes it usable.  

The creators of this article aim to examine the approaches that were used in Bulgaria. Plus – they 

are ready to go even further by changing the entire country. The operational applications might be 

improved with some of the methods we have shown and tested in different domains (for example, 

transport structures extraction or observing a disaster) is also a part of the plans. Last, but not least, 

the article creators have also a goal to study the test, as well as the comparison, of other types of 

segmentation. 
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