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Abstract  Analyzing the morphological characteristics of the human chromosomes is a general task for diagnosing many 
genetic disorders. For this purpose, it is necessary to identify each of the 23 pairs of the chromosomes within the microscopic 
images and to place them in a table like format known as a Karyotype. This is usually carried out manually by a skilled 
operator considering the features of each chromosome the most important of which are the location of the Centromere and the 
length of the chromosome. Automation of this procedure is a difficult image processing task due to the non-rigid nature of the 
chromosomes making them to have unpredictable shapes and curvatures within the image. Various automatic algorithms 
were developed in the past but success of most of these algorithms is limited to only straight or slightly curved chromosomes. 
In this paper, using our previously reported method[17] we present a novel combined algorithm for Centromer and length 
detection in any given (straight, curved or highly curved) chromosome. The proposed Centromere locating algorithm uses the 
fact that the Centromere is by definition the narrowest part of the chromosome. By generating a linearly varying Gray Level 
Mask (GLM) individually for any given chromosome and multiplying it to the binary version of the chromosome's image, the 
global minimum in the histogram of the resulted image indicates the location of the Centromere. For evaluating the 
performance of the proposed algorithm a data set of 54 highly curved human chromosomes provided by the Cytogenetic 
Laboratory of the Cancer Institute, Imam Hospital, Tehran, Iran was used. Comparing the results of the proposed Centromere 
and length detection algorithm to those manually identified by a skilled operator, an average absolute error of 4.2 and 5.8 
pixels were obtained respectively which is acceptable according to the expert.  
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1. Introduction 
Analysing the shape and morphological characteristics of 

the human chromosomes is a common task for diagnosing 
many genetic disorders and various abnormalities. There are 
many different kinds of chromosome abnormalities such as 
having improper number of chromosomes, translocation, 
deletion, and some disorders like leukemia[1]. In addition, 
there are many other disorders like ring chromosomes, 
inversions, broken chromosomes, and also combinations and 
variations of the above mentioned abnormalities[2]. For 
diagnosing these abnormalities, the light microscopic images 
of the chromosomes are taken at the metaphase stage of the 
cell division. This is because; at this stage the chromosomes 
can be easily observed by a light microscope. Then, the 
images are visually examined by an expert cytogenetist for 
manual classification of the chromosomes. Manual 
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classification of the chromosomes is a time-consuming and 
tedious task, the outcome of which is a particular table 
known as Karyotype[3]. Figure 1 shows an example image 
of the G banded chromosomes as seen under a light 
microscope together with its Karyotype.  

Computer based automatic Karyotyping is a challenging 
image processing task[4]. Various algorithms for automatic 
Karyotyping of human chromosomes are proposed in the 
past. Most of these methods, however, suffer the natural 
complexity in the images which is due to the non rigid nature 
of the chromosomes which makes them to have 
unpredictable shapes and sizes in the images. Various 
features of the chromosomes were proposed and used for 
chromosome classification by the researchers. The most 
commonly used features by automatic chromosome 
classification algorithms fall into 2 main categories of the 
geometrical features and the band pattern based features[5]. 
The Length of a chromosome and its Centromeric Index (CI), 
which is defined as the length of the short arm to the total 
length of the chromosome are the most important 
geometrical features. The two arms of each chromosome are 
separated from each other in a point called Centromere. 
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From visible point of view and by definition, the Centromere 
is the narrowest part of the chromosome along its 
longitudinal direction. Based on the location of the 
Centromere along a chromosome, there are three classes of 
metacenric, acrocentric, and telocentric chromosomes. From 
these explanations it is obvious that the Centromere is an 
important landmark used for chromosome classification. 

 
Figure 1(a).  G-banded chromosomes as seen under a light microscope 

 
Figure 1(b).  Karyotype of the same chromosomes 

Various studies have been carried out for automatic 
localization of the Centromere in the past[6-14]. In[6] the 
authors have proposed an algorithm based on the detection of 
the most prominent minimum in the shape and the density 
profile of the chromosome. In[7] a convex envelope and the 
most significant ‘‘chord’’ is used to locate the Centromere. 
In[8] the Centromere is identified by selecting the overall 
minimum width after truncating both ends of the 
chromosome. A particular model was developed for each 
chromosome in[9] based on its structural band pattern. The 
model is then used to identify the position of the Centromere. 
In[10] by using the width and shape profile, the global 
minimum width is defined as Centromere. In[11-13] the 
global minimum in the horizontal projection of the binary 
image of the chromosome is defined the location of the 
Centromere. In[14], by producing the density and shape 
profiles of the chromosome the place with the lowest value 
along the profile graphs is considered as the potential 
Centromere position. Success of most of these algorithms is 
limited to straight or only slightly curved chromosomes. 

In this paper, using our previously developed and reported 
algorithm for straightening highly curved human 
chromosomes[17] we present a novel combined method for 
Centromer and length detection in any given (straight, 
curved or highly curved) chromosome. 

In this paper, a simple yet effective algorithm is presented 
for Centromere and length detection in human chromosomes. 
The proposed method needs the chromosome to be in a 
straightened position. This is not however a restriction since 
we employed a robust algorithm for straightening (highly) 
curved chromosome that we previously developed and 
reported[17]. 

The proposed method uses the fact that the Centromere is, 
by definition, the narrowest part of each chromosome. 
Therefore, by defining a particular Gray Level Mask (GLM) 
for any given chromosome, which is a linearly varying gray 
level image along the chromosome longitudinal direction 
and multiplying it to the binary version of the chromosome 
image, the global minimum of the histogram of the resulting 
image will indicate the location of the Centromere. The 
algorithm was applied to a data set of 54 selected highly 
curved chromosomes which were straightened by the method 
of[17] prior to Centromere locating. Comparison of the 
automatically obtained results to those manually identified 
by the expert demonstrates a mean absolute error of 4.2 and 
5.8 pixels for the Centromere and length of the chromosomes 
respectively. 

 

Figure 2.  The block diagram of the proposed algorithm 

The rest of the paper is organized as follows. Section II 
presents the block diagram of the proposed algorithm 
together with the function of each block in details. The data 
sets used in this study is introduced in Section III. Section IV 
presents the results and discussions. 

2. Proposed Algorithm 
The block diagram of the proposed automatic Centromere 

and length detection algorithm in the straightened highly 
curved human chromosomes is shown in Figure 2. In 
continue each block will be described in more details 

2.1. Straightening Procedure[17] 

At the first stage, the effective chromosome straightening 
algorithm of reference[17], which was developed and 
reported by the authors of the current article is employed. In 
brief, the chromosome straightening algorithm automatically 
identifies single chromosomes within the input image and 



58 Sahar Jahani et al.:  Centromere and Length Detection in Artificially Straightened Highly Curved  
Human Chromosomes 

 

uses each single separated chromosome as input. Next the 
input image is initially modified by means of a Median filter 
to reduce the effects of noise. The binary version of the 
image is generated next and the medial axis (MA) of the 
chromosome is then extracted by means of the thinning 
procedure using the binary version of the image. For 
chromosome straightening, the initially extracted medial axis 
is then modified by extending it in both ends considering the 
slope of the MA in a neighborhood of five last pixels at both 
ends. Next, the original input image is intensity sampled over 
many closely located perpendicular lines to the modified MA 
along the chromosome which are then mapped into a matrix 
(as rows) producing a vertically oriented straightened 
chromosome. The performance of this algorithm was 
evaluated using 54 selected highly curved chromosomes 
obtained at the pro-metaphase stage which were provided by 
the Cytogenetic Laboratory of the Cancer Institute, Imam 
Hospital, Tehran, Iran. The steps of the chromosome 
straightening procedure are demonstrated on an example 
image in Figure 3. 

2.2. Medial Axis and End-points Extraction 

 

 

 

Figure 3.  (a) An example curved chromosome image, (b) The binary 
version of the same chromosome, (c) The extracted medial axis of the 
chromosome, (d) modified medial axis overlaid on the chromosome image, 
(e) intensity sampling of the chromosome over perpendicular lines to the 
MA, (f) resulting straightened chromosome[17] 

At the end of the straightening step, the chromosome is in 
the vertical position as seen in the example shown in Figure 
3(f). At this stage it is necessary to extract the medial axis of 
the straightened chromosome and locate the end points of the 
MA. The MA of the straightened chromosome is extracted as 
described before using the binary version of the image by 
means of the morphological thinning algorithm. The end 
points of the MA of the vertically straightened chromosome 
are then located using the masks E1 and E2 shown in Figure 
4.  

 

Figure 4.  Predefined masks for end points extraction of the MA in a 
vertically straightened chromosome 
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Figure 5 demonstrates an example vertically straightened 
chromosome and the steps for its endpoints extraction. 

 

Figure 5.  (a) The straightened chromosome, (b) binary image with the MA 
overlaid, (c) the end points of the MA 

2.3. Image Coloring Using Gray Level Mask (GLM) 

At this stage a linearly varying gray level mask (GLM) is 
defined for each given chromosome as described in continue. 
Using the mask as a multiplicative filter a new version of the 
chromosome image with a new color distribution is 
generated. For generating the appropriate GLM for a given 
chromosome, the locations of the previously extracted 
end-points (Figure 5(c)) is used so that the gray values of the 
rows between the two end-points are set to linearly vary from 
the least gray value (0) to the upper limit gray value (255) 
from the top end-point to the bottom end-point as shown in 
Figure 6(a). Then by multiplication of the GLM and the 
binary image of Figure 5(b), the final processed image which 
is shown in Figure 6(b) is obtained. This image is now can be 
used to locate the Centromere of the chromosome as 
explained in the next section.  

 
Figure 6.  (a) The gray level mask (GLM) (b) multiplication of the GLM 
and the binary image shown in figure 4(d) 

2.4. Centromere Locating by Histogram Analysis 

The resulting image after image coloring (Figure 6(b)) is 
now goes through a histogram analysis procedure. Figures 
7(a) and 7(b) show the histogram plots of the binary 
chromosome image of figure 5(b) and the colored 
chromosome image of figure 6(b) respectively. As shown, 
the histogram of the binary image includes only two peaks. 
The peak at the gray value 0 is related to the background 
black pixels while the peak at gray value 255 is related to the 
pixels inside the white binary chromosome. In comparison, 
the histogram of the colored chromosome image has the 
same peak for the background but a wide range of the gray 
values for the pixels inside the colored chromosome. This is 
due to the image coloring step. Since by definition, the 
Centromere is the narrowest part of the chromosome along 

its longitudinal direction, therefore the gray values 
coincident with the Centromere will have less population 
compared to the other gray values at other locations of the 
colored chromosome. This dictates that the global minimum 
along the histogram of the colored chromosome (Fig. 7(b)) 
identifies the location of the Centromere, which is marked in 
Figure 8. 

The length of the chromosome, can also be simply 
identified using the two end points shown in figure 5(c). 

 

 
Figure 7.  (a) The histogram of the binary chromosome image of figure 
5(b), (b) the histogram of the colored chromosome image of figure 6(b) 

 

Figure 8.  The location of the Centromere which is automatically extracted 
and marked over the image 

3. The Data Set 
The performance of the proposed Centromere and length 

detection algorithm for the artificially straightened highly 
curved human chromosomes was evaluated using a dataset 
of 54 highly curved human chromosome images[17]. These 
single highly curved chromosome images were extracted 
from microscopic images which were produced in the 
Cytogenetic Laboratory of the Cancer Institute of the Imam 
Hospital, Tehran, Iran. These images each of size 768 × 576 
pixels were generated by a conventional photography system 
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using a Leitz light microscope with a gray level resolution of 
256 levels.  

4. Results and Discussions 
The proposed algorithm is now applied to the images in 

the data set and the location of the Centromere and the length 
of each chromosome were extracted. Next, all chromosome 
images were considered by a cytogenetic expert and the 
location of the Centromere and the length of each 
chromosome were manually identified which are considered 
as the gold standard. For performance evaluation of the 
proposed algorithm the Euclidian distances between the 
experts defined Centromeres and the automatically identified 
ones were calculated in terms of the number of pixels for all 
chromosomes in the data set. Similarly, the differences 
between the expert defined chromosome lengths with those 
automatically identified by the proposed algorithm were 
calculated for each chromosome in terms of the number of 
pixels and the differences are considered as the algorithm's 
error. 

The mean value and the standard deviation of the absolute 
values of these errors are then calculated which are shown in 
Table I. In addition, since due to the different sizes of the 
chromosomes the absolute errors in Centromere locations 
have different meanings, the mean and standard deviation of 
the normalized errors are also calculated by dividing each 
absolute error to the expert defied chromosome lengths and 
shown in table I.  

Table 1.  Comparison results of the automatically defined Centromere 
locations and chromosome lengths to those manually identified by the 
expert 

Centromer
e location 

Mean value of the absolute error 4.2 
(pixels) 

Standard deviation of the absolute 
error 3.2 

Mean value of the normalized error 0.043 
Standard deviation of the normalized 

error 0.027 

Chromoso
me length 

Mean value of the absolute error 5.8 
Standard deviation of the absolute 

error 3.7 

Comparing these results to those reported in[3] it can be 
seen that the proposed algorithm marginally outperforms the 
method of[3].  

It must be mentioned that the need for straightened 
chromosome for the proposed automatic Centromere 
locating algorithm is not an important restriction since there 
are different automatic methods reported for straightening 
highly curved chromosome in the past[16-17]. Using these 
methods prior to the proposed algorithm the two important 
parameters of location of the Centromere and the length of 
the chromosome can be automatically identified for any 
straight, curved or highly curved chromosome. These 
parameters are among the most important ones used for 
chromosome identification and automatic Karyotyping. 

Therefore, the proposed algorithm can be used with most of 
the previous automatic Karyotyping methods to extend their 
domain of application to curved or highly curved 
chromosomes.  
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