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Abstract

To make a visual examination of a chromosome image
for various chromosome abnormalities, individual chromo-
some regions have to be determined in the subject image
and classified into the distinct chromosome types. We pro-
pose a subregion based method to improve this process.
The proposed method regards each chromosome region as
a series of subregions (local band patterns), and iterates a
search for subregions in the image consecutively.

1 Introduction

A visual examination of chromosome images for vari-
ous chromosome abnormalities plays an important role in
many clinical practices, including treatment and prevention
of genetic disorders, radiation dosimetry, toxicology, etc.

Usually, the visual chromosome examination requires
the following procedures [1]:

1. staining a set of chromosomes in a cell nucleus and
capturing its image,

2. determining individual chromosome regions in the
subject image,

3. classifying the determined regions into the 24 distinct
chromosome types (1, 2, . . . , 22, X, and Y).

With proper staining methods (e.g. G-banding method etc.),
a characteristic series of light and dark bands appears along
the longitudinal axis of a chromosome (Figure 1). The band
appearance on a chromosome is called a band pattern, and
it is unique to each type of chromosome. For determin-
ing and classifying the chromosome regions in an image,
many methods have been proposed. In most of them, indi-
vidual chromosome regions are extracted from the subject
image, the longitudinal profile of intensity on each region is
acquired as its band pattern, and the region is classified ac-
cording to the band pattern [1–4]. The classification result is
inspected for abnormalities of number, where there are one
or more entire chromosomes additional to or missing from
the normal complement. The band pattern on each region
is visually examined for abnormalities of structure, where

Figure 1: G-banded chromosome image (left), and its clas-
sification result (right) [5].

part of the bands are lost (deletion), repeated (duplication),
shifted (translocation), etc [6].

Chromosome regions in an image frequently touch or
overlap each other, and have some parts difficult to distin-
guish them from the background. Consequently, the ac-
curate extraction of individual chromosome regions is not
easy. However, most of the existing methods for chromo-
some region classification require that individual chromo-
some regions are extracted accurately from the subject im-
age in advance. When aberrant bands occur partly on a
chromosome region because of various reasons (not only
region extraction failure but also region overlap, structural
chromosome abnormalities, etc.), it is difficult to classify
the region into a correct chromosome type.

To overcome this problem, we propose a novel chromo-
some image recognition method based on local band pat-
terns. The proposed method regards each chromosome re-
gion as a series of subregions (local band patterns), and it-
erates a search for subregions in the subject image consecu-
tively. As a result, chromosome region classification can be
performed simultaneously with its determination for each
subregion, and the results of preceding subregion searches
can be utilized for the following subregion searches.

2 Chromosome Image Recognition with Lo-
cal Band Patterns

In the proposed method, a reference band pattern is pre-
pared for every chromosome type. Each reference band pat-
tern for an entire chromosome region is divided into several
parts, and they are used as the templates for recognizing
(determining and classifying) the subregions of the chromo-
some. In the following, the divided parts are referred to as
local band patters (lbp), and the m th local band pattern on
the chromosome type i is denoted by lbp

(i)
m (Figure 2 (a)).

Firstly, the subject image is searched for the subregion
corresponding to a template. If the subregion correspond-
ing to lbp

(i)
m is detected, secondly, the neighborhood of the

detected subregion is searched for the next subregion corre-
sponding to the adjoining lbp

(i)
m−1 or lbp

(i)
m+1 (Figure 2 (b)).
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Figure 2: (a) local band patterns (lbp), (b) chromosome re-
gion recognition with local band patterns.
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By iterating the search for corresponding subregions con-
secutively, with the first detected subregion as the starting
point, one subregion after another is detected. Through this
iteration, the entire region of a chromosome is determined
in the image, and at the same time the chromosome type i
is assigned to the region.

2.1 Subregion search

The subregion search is made by scanning an image with
a template and seeking for subregions where the mean-
squared-error (MSE) to the template are sufficiently small.
Since the dimensions and intensities of chromosome re-
gions vary with every image, the proposed method adjusts
the dimensions (widths and lengths) of templates to those
of chromosome regions in the subject image and adapts the
intensities in the subject image to those of the templates.

Suppose that the reference image Ir is used for making
templates and the subject image Is is searched with these
templates. By binarizing Ir on the basis of intensities, the
mode wr of region widths and the sum Ar of region areas
are measured in the binarized image. From these measure-
ments, the sum Lr of region lengths can be estimated by
Lr = Ar/wr. Similarly, ws, As, Ls are determined in the
binarized Is. To adjust the template dimensions, the pro-
posed method magnifies the template width and length by
ws/wr and Ls/Lr, respectively.

The MSE to a template lbp is computed at every position
within a search area set in Is. As shown in Figure 3 (a),
when lbp is set at (x, y) and rotated by θ in Is, the MSE
e2(x, y) is calculated by:

e2(x, y) =
1

UV

U−1∑

u=0

V−1∑

v=0

(I ′s(x
′, y′)− lbp(u, v))2, (1)

I ′s(x
′, y′) = αIs(x′, y′) + β, (2)

x′ = x + u cos θ − v sin θ, (3)
y′ = y + u sin θ + v cos θ, (4)

where U and V are the length and width of the template lbp,
respectively. For every position, the rotation angle θ is set
to minimize e2(x, y), and to adapt the intensities in Is, the
intensities of pixels overlapped with lbp are transformed by
(2), where α and β are set to minimize e2(x, y).

2.2 Search area

When the subregion corresponding to a template lbp
(i)
m

is detected, the area should be searched for the subregion
corresponding to the following lbp

(i)
m−1 can be narrowed.

As shown in Figure 3 (b), the proposed method sets a
sector for the preceding subregion search result, circum-
scribes a rectangle about the sector, and uses this rectangle
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Figure 3: (a) template lbp set at (x, y) and rotated by θ in Is,
(b) search area sa made from the preceding search result.
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Figure 4: An error in subregion searches and tracking in-
correct chromosome region (k = 1).

as the search area sa for the following subregion search.
The sector is set at the end of the preceding detected subre-
gion with radius r, direction θ, and central angle 2δφ, where
r is determined from the length of the following template
and θ is set to the rotation angle of the preceding template.

2.3 Combination of candidate subregions

The MSE to a template is computed for every subregion
in a search area. Assume that subregions in the search area
are sorted by their MSE in ascending order, and consider
that the top k subregions are chosen as the candidates to
correspond with the template.

When the subregion of the least MSE is chosen as the
only candidate (k = 1) and an incorrect subregion is cho-
sen as a candidate, inappropriate search areas are set and
an incorrect chromosome region is tracked in the rest of the
subregion searches (Figure 4). To deal with this difficulty,
the proposed method chooses more than one candidate sub-
region in the search area for every template, and determines
the optimum combination of the candidate subregions for
each chromosome region.

Suppose that the subregion corresponding to a template
lbp

(i)
m is detected as a starting point and the search area

sa
(i)
m−1 for lbp

(i)
m−1 is made from it (Figure 5 (a)). When the

top k (k > 1) candidate subregions are chosen in sa
(i)
m−1, an

individual search area sa
(i)
m−2 for lbp

(i)
m−2 is made from each

candidate subregion. The proposed method circumscribes a
rectangle about all of sa

(i)
m−2, and uses this larger rectangle

SA
(i)
m−2 as the search area for lbp

(i)
m−2 (Figure 5 (b)).

To determine the optimum combination of the candi-
date subregions for each chromosome region, the proposed
method selects a subregion from the set of candidate sub-
regions for every lbp so as to minimize the overall MSE on
the combination of the selected subregions, and imposes the
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Figure 5: (a) search area sa made from the preceding search
result, (b) larger search area SA generated from all of sa.
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Figure 6: Combination of candidate subregions.

condition that the distance d between two adjoining subre-
gions is less than a given threshold γ (Figure 6).

3 Experiments

We implemented a prototype system based on the pro-
posed method, and conducted chromosome region recogni-
tion experiments.

3.1 Chromosome images

The experiments were carried out on the chromosome
images that are opened to public by the website at the Wis-
consin State Laboratory of Hygiene and ZooWeb [5]. This
site provides not only original chromosome images but also
their classification results. Examples of the original chro-
mosome image and its classification result are shown in
Figure 1. Although the proposed method can be applied to
the original chromosome images, it is difficult to evaluate
the recognition results in them. Therefore, the experiments
were conducted on the classification result images, where
every chromosome region was extracted, classified, and ar-
ranged in standard order.

Figure 7 shows examples of the classification result and
its binarized image. Thirty-one classification result images
were used in the experiments. Each image was 768×576
pixels in size, and characters in it were removed. These
images were divided into two sets: one (15 images) was
used as subject images, and the other (16 images) was used
as reference images employed for making templates (lbp).

3.2 Templates

To make templates for subregion searches, firstly, chro-
mosome regions were extracted from the reference images.
On the medial axis determined in each extracted region,
average intensities were taken perpendicularly to the me-
dial axis, and they were used as an intensity profile. As
a result, for each chromosome type i, intensity profiles
P

(i)
n (n = 1, 2, . . . , N (i)) were made. Since region extrac-

tion and medial axis determination failed for some chromo-

Figure 7: Classification result and its binarized image.
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Figure 8: lbp used in the experiments as templates.

some regions, the number N (i) of intensity profiles differed
depending on the chromosome type i.

Secondary, for each chromosome type i, the longest in-
tensity profile Pl(i) = P

(i)
l was determined, and the lengths

of P
(i)
n (n �= l) were extended to that of Pl(i). The average

intensity profile was made from all P
(i)
n , and it was used as

the reference band pattern R(i) of the chromosome type i.
Finally, by dividing each R(i) into several parts, tem-

plates lbp
(i)
m for subregion searches were made. To adjust

the dimensions of lbp
(i)
m , the mode wr of region widths and

the sum Lr of region lengths were determined in the ref-
erence image where Pl(i) was acquired. As shown in Fig-
ure 8, lbp were made for the chromosome types 1, 2, . . . , 5,
and a single lbp (marked with ‘∗’ in Figure 8) was selected
to use for the starting point in each chromosome type.

3.3 Experimental results

In the experiments, the parameters r and δφ of a sector
(described in 2.2), the threshold γ of the distance between
two adjoining subregions, and the number k of chosen can-
didate subregions (described in 2.3) were set as follows:

r = 1.5× the length of the following template
2δφ = 180◦ (δφ = 90◦)

γ = 15pixels
k = 1, 3

To find starting points for consecutive subregion searches,
the entire area of an image should be searched for the sub-
regions corresponding to a lbp. Currently, we have not at-
tained necessary accuracy in finding starting points. For this
reason, in the experiments, starting points were set manu-
ally in the subject images. As shown in Figure 9, for each
chromosome region in every subject image, we set a single
lbp manually at the corresponding position as the starting

starting
point

starting
point

c-type 1

Figure 9: Examples of chromosome region recognition re-
sults (k = 3).

310



(a) c-type 2 (b) c-type 3 (c) c-type 4 (d) c-type 5

Figure 10: Examples of success in recognition (k = 3).

(a) c-type 1 (b) c-type 5

Figure 11: Examples of failure in recognition (k = 3).

point, and started the iteration of a search for subregions
from it. In Figure 9, three candidate subregions at most
were chosen for each lbp (k = 3), and the subregions se-
lected as the optimum combination are represented by the
rectangles (the starting points are marked with ‘∗’).

For a region of the chromosome type i, if candidate sub-
regions were detected to all lbp

(i)
m and the optimum combi-

nation of the subregions was determined, we decided that
recognition succeeded on this region. Otherwise, we de-
cided that chromosome region recognition failed. Examples
of success in chromosome region recognition (k = 3) are
shown in Figure 10, and examples of recognition failure are
shown in Figure 11. The optimum combination of subre-
gions was determined correctly for the right chromosome
region in Figure 11 (a). However, because the left region
in Figure 11 (a) and the left region in (b) curved windingly,
some candidate subregions was not detected correctly, and
thus the optimum combination could not be determined for
them. The optimum combination was not determined ei-
ther for the right region in Figure 11 (b), because the band
pattern on this region was not clear. For 150 chromosome
regions (2 chromosome regions × 5 chromosome types ×
15 images), in a case where k = 1, the success rate of chro-
mosome region recognition was 101/150 = 67%. Com-
pared to this, in a case where k = 3, the success rate was
increased to 124/150 = 83%.

Figure 12 and 13 show examples of chromosome re-
gion recognition results on an original image and a synthe-
sized image, respectively. In Figure 12, although a chro-
mosome region touched with another region, it was recog-
nized correctly. In Figure 13, a region of chromosome type
6 overlapped with two regions of chromosome type 1, and
a search for subregions started from lbp

(1)
4 . As shown in

Figure 13 (b) and (c), the subregions of chromosome type
1 and 6 were chosen as candidates for lbp

(1)
2 . In this case,

although the MSE of the candidate region on chromosome
type 6 was less than that of the candidate region on chromo-
some type 1, the region of chromosome type 1 was recog-
nized correctly through the determination of the optimum
combination of the candidate subregions.

4 Conclusions

In this paper, we have proposed a subregion based
method for improving the recognition of chromosome re-
gions in an image. The proposed method regards each
chromosome region as a series of subregions (local band

Figure 12: Chromosome region recognition results on an
original chromosome image (k = 3, c-type 1).
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Figure 13: Chromosome region recognition results on a
synthesized image (k = 3).

patterns), and iterates a search for subregions in the image
consecutively. In the proposed method, the success rate of
chromosome region recognition can be increased by choos-
ing more than one candidate subregion for every template
and determining the optimum combination of the candidate
subregions for each chromosome region.

In future work, we plan to develop following methods
and conduct further experiments on chromosome images:

• A method to search efficiently for the starting points in
the subject image.

• A method for determining effective subregion search
templates in each reference band pattern.
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