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In chromosome analysis, local band analysis plays the 
main role to identify the perfect matched chromosome in 
metaspread images to attain the karyotyping. Literature 
investigations are narrow in chromosome image band 
analysis due to the higher complexities. In this paper, Pixel 
level based Conditional Seed Point Algorithm (CSPA) is 
proposed. This simulation algorithm separates the weak 
band region to the strong band region, and the strong band 
region area evaluated was based on the Region of Seed 
condition Points. This algorithm works well for different 
intensity levels and adopts the structural changes to identify 
the bands in image. This algorithm was simulated in more 
than 450 individual chromosomes to identify the local bands 
in the chromosome images and provided the accuracy more 
than 96%. 

Keyword: chromosome, local bands, seed point algorithm, 
karyotyping.

Introduction. Chromosome image analysis is an 
important process in the field of cytogenetics to 
identify the chromosome abnormalities. Karyo-
typing [1] is a process used to analyse these 
chromosomes for different genetic problems like 
Down syndrome, turner syndrome, etc., so many 
techniques were proposed for karyotyping in im-
age processing. In metaphase cell spread images, 
segmentation of overlapped and non-overlapped 
chromosome identification and segmentation 
are necessary to build the chromosome karyo-
type. In which, normal translocation-based labe-
ling method [2, 3] for M-fish chromosomes is 
analyzed. Fuzzy c-means based segmentation [4] 
provides the background correction and performs 
the segmentation. Genetic algorithm based seg-
mentation [5] analyzed search and optimization 
technique and contour method as used to identify 
the boundaries. Watershed segmentation [6] ap-
plied to M-fish chromosomes for segmentation 
process. This method performs better than other 
method not in the boundary regions of the over-
lapped chromosomes. K-means [7] segmentation 
is an initiative to other segmentation methods. In 

which the cluster deformation is high compare to 
watershed segmentation. This leads the data inac-
curacy in the segmentation. Fuzzy subset based 
segmentation performed segmentation based on 
shape breakdown. From which many automated 
and semi-automated segmentation and karyo-
typing methods are proposed earlier. In which, 
automatic and semi-automatic karyotyping of 
chromosomes [8–10, 18] are detailed in studies. 
Computer based karyotyping initially introduced 
[11] based on the virtual reality on the shapes. 
These literatures focused only about the segmen-
tation and classification of human chromosomes 
based on the length, centromere position. Only 
limited literatures are explained the concepts for 
local bands in chromosomes. Presented a tech-
nique for local band descriptor based classification 
[12], explained the concept of band profile analysis 
for chromosomes [13]. 

In this paper, we proposed a novel approach for 
local bands extraction in chromosomes based on 
the pixel sensibility (Fig. 1). The band profile and 
the centromere location are identified along the 
medial axis. Based on the centromere position p-
arm and q-arm lengths are considered. To improve 
the accuracy of the local band extraction, pixel wise 
conditional analysis is carried out over the chro-
mosome image. Section 2, focused on the medial 
axis extraction and centromere location identifica-
tion. Section 3 proposed a Conditional Seed Point 
Algorithm for band extraction. Section 4 presents 
the experimental results and section 5 present the 
conclusion of this paper.

Methods and materials. Chromosome medial axis 
extraction. The chromosome midline is to obtain a 
curve to represent the approximate curvature of the 
chromosome. This is the pre-processing step for 
chromosome shape alteration. The human chromo-
some shape in metaphase is basically linear with 
the length much larger than the width; therefore, 
in practice, the width may be neglected so that a 
midline can be created to represent the chromo-
some curvature (Fig. 2, f). The medial axis curve 
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is in parallel to the two sides with the same dis-
tances. The midline curve can be obtained in three 
steps: boundary detection, thinning, and curve fit-
ting. Boundary detection is to acquire the bound-
ary of chromosome image. Thinning is to convert 
binary shape obtained from boundary detection to a 
1-pixel wide curve. Curve fitting is used to find the 
«best fit» line or curve for a series of data points. 
Medial axis has to be extracted from thebinary con-
verted chromosome image, to obtain the skeleton 
the chromosome image for this ketler thinning al-
gorithm is used.

Centromere identification. Centromere is a part 
of chromosome and helps in linking the sister chro-
matid. Centromere position helps in homologous 
chromosome classification. The centromere posi-
tions are identified by several steps. The initial input 
is taken as an individual chromosome image. The 
second step is the conversion of input image to 
binary image. In binary image if there is any open-
ing that can be closed by filling process so a good 
binarized image can be obtained. The explanation 
of the above steps is already done for segmentation 
operation. The third step is the Euclidean distance 
transform. In this medial axis is identified in the im-
age for centromere location. For extracting the me-
dial axis a distance transform is considered. Finally 

the centromere of the chromosome is obtained. 
With this the segmentation output is compared and 
the homologous chromosome is identified.

Centromere extraction. The centromere is identi-
fied by a simple distance transformation technique. 
The distance transform provides a metric or meas-
ure of the separation of points in the image. It 
computes the Euclidean distance transform of the 
binary image. For each pixel in the image, distance 
transform assigns a number that is the distance be-
tween that pixel and the nearest nonzero pixel for 
any dimensional image. The input image is initially 
converted to binary image. The image is then pro-
cessed by distance transform technique. A profile 
is drawn perpendicular to in the transformed image 
which gives a plot through which the location of 
centromere can be identified. Two different type 
of profile is considered in this work namely density 
profile, shape profile. Density profile is the average 
grey scale value of all perpendicular line across the 
medial axis of a chromosome image. It is computed 
by the given formula

where gi(x) is the Gray value of each pixel in a 
perpendicular line and n is the number of all pixels 

Fig. 1. Proposed method

Fig. 2. Chromosome image (a), filtered image (b), binary image (c), thinned image (d), medial axis (e), band patterns (f)
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in each perpendicular line. The computer scheme 
applies a median filter to reduce possible impulses 
and noise in the density profile. A shape profile 
gives the weighted width for all perpendicular line 
across the medial axis of a chromosome image. It 
is defined by the formula 

Shape profile corresponds to the sum of the 
product of the grey scale value gi(x) and its cor-
responding Euclidean distance di(x) away from the 
medial axis of the perpendicular line, divided by the 
sum of the distance (Wang et al., 2008). With the 
shape and density profile the centromere position 
is calculated. The segmented output image is taken 
and verified with the outputs obtained for the ho-
mologous identification. The homologue chromo-
some images are identified by the centromere posi-
tion. The original chromosome image centromere 
position is identified and the same algorithm is used 
for the separated chromosome image.

Conditional Seed Point Algorithm (CSPA). In this 
seed point Based analysis, Pixel wise analysis is car-
ried out in the chromosome image. In that, each 
colour spaces are separated and any one of the 
colour space is considered. This does not make any 
deviation in the image. Because of all the colour 
space have same pixel values in the chromosome 
image.  So that, in RGB colour space any one of 
the colour space is considered. Here Red region 
is considered for the process. For the seed point 
analysis, certain properties and conditions are con-
sidered and evaluated to confirm the band regions 
in the chromosome image. 

Algorithm flow: read the input image; 3X3 slid-
ing window created over the image; centromere 
position is identification; conditional seed point 
selection region and strong band region condi-
tions applied; band regions extracted based on 
the seed point area; P-arm and q-arm bands are 
calculated

P(X1,Y1)     P(X1,Y2)    P(X1,Y3)
P(X2,Y1)     P(X2,Y2)     P(X2,Y3)
P(X3,Y1)     P(X3,Y2)     P(X3,Y3)

Conditions for the Conditional Seed point selec-
tion region:

1. Consider 3X3 window elements in a chromo-
some image, any two pixels should be identical then 
respective pixel is taken as seed point. 

2. Deviation between the pixels should not ex-
ceed the value of 10. i.e., P(Xm, Yn) – P (Xm, Yn) � 10.

3. Elements should not 255 and 0 P(Xm, Yn) � 
� 255, P(Xm, Yn) � 0. 

Conditions for the strong band region:
4. In the each seed point in the window devia-

tion and the distance should be minimum, in each 
3X3 window, any two identical pixels occurs in the 
window then the midpoint pixel is consider for band 

Table 1. Sample region in chromosome

Region 
selection

Horizontal image Range (pixels)

Vertical
image
Range
(pixels)

141
125
116
126
128
127

97
83
80
91
102
119

84
60
60
77
99
127

93
69
61
80
110
140

103
77
77
100
123
150

116
98
96
112
134
165

146
118
114
121
142
170

160
141
136
132
153
173

187
168
148
145
155
166

Fig. 3. Centromere identification using Density Profile 
of chromosome
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region seed point and the matched value pixels are 
considered for band region area pixels.

5. If the pixels are identical and having the large 
deviations with the neighborhood pixels then it’s 
considered for the weak band region.

Tabl. 1 shows the region of chromosome image 
consist the band and non-band region. 

In Tabl. 2 3X3 window, comparing the pixel 
values, conditional seed point is 83, the identical 
value with minimum deviation pixel value is 60.  In 
the second table (2) seed point is 60 and the region 
of ROC pixel is 60. 

In Tabl. 3, the pixel values are not identical and 
deviation is more than 10. So this window consider 
as non-band window. In this illustration, the seed 

points are, Conditional Seed points: 83, 60, 69, 77, 
98, 80; Region of Band area pixels: 60, 77.

From these points, the band region is Tabl. 4. 
This algorithm applied to the chromosome im-

ages and this algorithm extracted the band regions 
in the chromosome.

Experimental Results and Discussion. CSPA algo-
rithm tested over 300 normal chromosomes and 200 
bended chromosomes. In Fig. 2, a shows the indi-
vidual chromosomes segmented from Meta spread 
chromosome image. Median filter is applied to the 
image to remove the spikes in the images and it 
preserves the edges of chromosome images. Filtered 
image respectively converted in to Binary image us-
ing Otsu method, to identify the external boundaries. 
Stentiford Thinning algorithm is applied to the chro-
mosome image. This algorithm provides the medial 
axis of the chromosome. This axis combined with 
the original image, Fig. 2, e to identify the medial 
axis in the chromosome image. For this image the 
density profile is analyzed and identified that cen-
tromere position to identify the p-arm and q-arm in 
chromosome image shown in Fig. 3. 

To identify the band patterns proposed algo-
rithm is applied to the image and the bands are 
calculated above and below the centromere region 
i.e., in p-arm and q-arm regions. Fig. 2, f shows 
the Band Patterns in the chromosome.

Conclusion. This proposed algorithm works well 
for female and male chromosomes to identify the 
local bands in the chromosomes. This improves 
the accuracy of the identification in the bands in 
each chromosome. Local band based classifica-
tion of each chromosomes are possible and it will 
improves the accuracy of classification. Proposed 
method applied to 500 individual male and female 
chromosomes. Compare to existing methods, pro-
posed method gives better identification of bands 
in each chromosomes.

Table 2. 3X3 window, Seed Point

Seed point Horizontal region (pixels) 

Region 1

Vertical 
region 
(pixels)

141

125

116

97

83

80

84

60

60

Region 2

Vertical 
region 
(pixels)

97

83

80

84

60

60

93

69

61

Non-band 
region 1

Horizontal region (pixels)

Vertical 
region 
(pixels)

116

98

96

146

118

114

160

141

136

Table 3. Non-band region 

Band region Horizontal region (pixels)

Vertical 
region (pixels)

141

125

116

126

128

97

83

80

91

102

84

60

60

77

99

93

69

61

80

110

103

77

77

100

123

116

98

96

112

134

146

118

114

121

142

160

141

136

132

153

187

168

148

145

155

Table 4. Band Region
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ÀÍÀËÈÇ ËÎÊÀËÜÍÛÕ ÏÎËÎÑ 
ÍÀ ÓÐÎÂÍÅ ÏÈÊÑÅËÅÉ 
Â ÌÈÊÐÎÑÊÎÏÈ×ÅÑÊÈÕ ÈÇÎÁÐÀÆÅÍÈßÕ 
ÕÐÎÌÎÑÎÌ Ñ ÏÎÌÎÙÜÞ CSPA 

D. Somasundaram 

Ïðè èçó÷åíèè õðîìîñîì àíàëèç îòäåëüíûõ ïîëîñ
èãðàåò îñíîâíóþ ðîëü â èäåíòèôèêàöèè õðîìîñîì 
â ìåòàôàçíûõ ïëàñòèíêàõ äëÿ ïðîâåäåíèÿ êàðèîòè-
ïèðîâàíèÿ. Äàííûå ëèòåðàòóðû îãðàíè÷åíû â àíà-
ëèçå ïîëîñ íà ôîòîãðàôèÿõ õðîìîñîì èç-çà èõ ñëîæ-
íîñòè. Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ àëãîðèòì 
Conditional Seed Point Algorithm (CSPA) íà óðîâíå 
ïèêñåëåé. Ýòîò àëãîðèòì ìîäåëèðîâàíèÿ îòäåëÿåò 
ó÷àñòêè ñëàáûõ ïîëîñ îò ÿðêèõ ïîëîñ, à îáëàñòè 
ÿðêèõ ïîëîñ îöåíèâàþòñÿ íà îñíîâå Region of Seed 
condition Points. Ýòîò àëãîðèòì õîðîøî ðàáîòàåò íà 
ðàçëè÷íûõ óðîâíÿõ èíòåíñèâíîñòè è àäàïòèðóåò 
ñòðóêòóðíûå èçìåíåíèÿ äëÿ èäåíòèôèêàöèè ïîëîñ 
íà èçîáðàæåíèè. Îí ìîäåëèðîâàí â áîëåå ÷åì 
450 èíäèâèäóàëüíûõ õðîìîñîìàõ è îáåñïå÷èâàåò 
óðîâåíü òî÷íîñòè íà 96 %. 
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