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Abstract The firefly algorithm is a powerful optimization method inspired by the
flashing behavior of fireflies. In our work on computer aided breast cancer diagnosis
we met a problem of automatic marking of nuclei. Our system is based on analysis
of microscopic images of fine needle biopsy material. The task of the system is to
identify benign and malignant lesions (optionally it can also distinguish fibroade-
noma). For this purpose it extracts nuclei from cytological images in segmentation
phase, then it determines their morphometric features and finally classifies the case.
Some segmentation methods require a preliminary selection of objects on the im-
age. We have adapted the firefly algorithm to this task. We have also proposed an
initialization procedure. The method was experimentally shown to be satisfactorily
effective. The approach was tested with real case medical data collected from pa-
tients of the Regional Hospital in Zielona Gora.

1 Introduction

According to the National Cancer Registry in Poland breast cancer is the most com-
mon cancer among women. In 2009, there were 15,752 diagnosed cases of breast
cancer in Polish women. Out of these cases, 5242 deaths were the result. There has
also been an increase of breast cancer by 3-4% a year since the 1980’s. The effec-
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tiveness of treatment largely depends on early detection of the cancer. Important
and often used diagnostic method is so-called triple-test. It is based on three medi-
cal examinations and allows to achieve high confidence of diagnosis. The triple-test
includes self examination (palpation), mammography or ultrasonography imaging
and Fine Needle Biopsy (FNB) [12]. FNB is an examination consisting in obtain-
ing cytological material directly from tumor. Collected material is examined under
a microscope to determine the prevalence of cancer cells. The present approach re-
quires a deep knowledge and experience of the cytologist responsible for the diagno-
sis. Automatic morphometric diagnosis can make the decision objective and assist
unexperienced specialist. It can also allow screening on a large scale where only
difficult and uncertain cases would require additional human attention. Along with
the development of advanced vision systems and computer science, quantitative cy-
topathology has become a useful method for the detection of diseases, infections as
well as many other disorders [5, 11]. In the literature one can also find approaches
to the breast cancer classification [4, 1, 6, 7, 9, 14].

The paper presents a part of work in progress on a system of automatic breast
cancer diagnostic system based on analysis of cytological images of FNB material.
The system includes 3 steps: preprocessing, segmentation and classification. As a
result it marks a case as benign or malignant (additionally it might also distinguish
fibroadenoma). This article is focused on segmentation phase. Some segmentation
algorithms such as the marker-controlled watershed or GrowCut require to be ini-
tialized by indicating objects of interest on the image [13, 15]. Moreover, using our
previously developed segmentation methods based on clustering we often encoun-
tered joined nuclei [2, 3, 8]. Additional information about quantity and location
of nuclei is very useful in task of separation individual objects. In this paper we
present method for automatic nuclei detection. The approach is based on the fire-
fly optimization algorithm and was tested on real case medical data with promising
results.

The paper is divided into four sections. Sect. 1 gives an overview of breast can-
cer diagnosis techniques. Sect. 2 describes the process of acquisition of medical
images used to test the system. Sect. 3 presents in detail the algorithm detecting nu-
clei on images. Sect. 4 shows the experimental results obtained using the proposed
approach. The last part of the work includes conclusions and bibliography.

2 Medical Images Database

The database contains 750 images of the cytological material obtained by FNB.
The material was collected from 75 patients of the Regional Hospital in Zielona
Gora. It gives 10 images per case which was recommended amount by the special-
ists from the hospital [1, 10] and allows correct diagnosis by a pathologist. The set
contains 25 benign, 25 malignant and 25 fibroadenoma cases. Biopsy without aspi-
ration was performed under the control of ultrasonograph with a 0.5 mm diameter
needle. Smears from the material were fixed in spray fixative (Cellfix of Shandon
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Fig. 1 Sample microscopic images of breast tumor

company) and dyed with hematoxylin and eosin (h+e). The time between prepara-
tion of smears and their preserving in fixative never exceeded three seconds. The
images were recorded by SONY CDD IRIS color video camera mounted atop AX-
IOPHOT microscope. The slides were projected into the camera with 40x and 160x
objective and a 2.5x ocular. Each case consists 1 overall image generated for en-
largement 100x and 9 for enlargement 400x. Images are BMP files, 704x578 pixels,
8 bit/channel RGB. All cancers were histologically confirmed and all patients with
benign disease were either biopsied or followed for a year. Sample images are pre-
sented on Fig. 1.

3 Automatic nuclei detection

The aim of presented approach is to assign a marker to each nuclei on the image.
We decided to adapt the firefly algorithm for this task. The algorithm is an opti-
mization technique inspired by the flashing behavior of fireflies [16]. The idea lays
to use a swarm of simple agents which coordinate their activities to solve a com-
plex problem. Since nuclei are the darkest objects on the image our problem boils
down to find local minimums of luminance in the image space. At first we initialize
the algorithm by generating initial population of fireflies. Then the members of the
population are iteratively moved according to the principle set forth below.

3.1 Initialization

The algorithm needs to be initialized by starting distribution of fireflies. The initial
population should give the best possible arrangement of cells in the image. For this
purpose we have proposed following procedure. At first the nuclei are extracted from
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Fig. 2 The initialization procedure diagram

the background in pre-segmentation step. We have tested 8 methods based mainly on
thresholding, clusterization and combination of both: AT (Adaptive Thresholding),
KM (K-Means), FCM (Fuzzy C-Means), CLN (Competitive Learning Networks),
ATmKM, ATmFCM and ATmCLN (last three are combination of Adaptive Thresh-
olding used to remove the background and K-Means, Fuzzy C-Means or Compet-
itive Learning Networks respectively to distinguish nuclei from red blood cells).
Above-mentioned methods are described in our previous articles. Further details
one might find in following references [2, 3, 8].

Each firefly is represented by its position and lightness. Since the nuclei are the
darkest objects on the image we assume that lightness of given firefly is a negation
of values of pixels represented by the firefly (the darker pixels the brighter firefly).
The negative of the image is multiplied by the results of pre-segmentation. That
operation removes the background. The next step is to divide the image into square
blocks of a certain size. For each block containing at least one nonzero pixel (the
background is removed and its value is 0) a single firefly is determined. The position
of the firefly is centroid computed for the block. Lightness is the mean value of
pixels. The initialization procedure diagram is presented on Fig. 2.

3.2 The algorithm

Each firefly interacts with each other with some strength. The attractiveness is pro-
portional to the light intensity, so each firefly is attracted by its neighbor that glows
brighter. The light intensity I(r) varies according to the inverse square law:
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I(r) =
Is

r2 , (1)

where Is is the intensity at the source and r is the distance between two fireflies.
Light is absorbed in the media with an absorbtion coefficient γ . The combination
of the inverse square law and the absorbtion can be approximated using to avoid
singularity at r = 0 in Is/r2:

I(r) = I0e−γr , (2)

where I0 is the original light intensity. As the firefly attractiveness is proportional to
the brightness seen by its neighbor, the attractiveness function is determined by

β (r) = β0e−γr , (3)

where β0 is the attractiveness at r = 0. To determine the distance affecting the attrac-
tiveness between any two fireflies i and j at positions xi and x j Euclidean measure
is used:

ri j = ∥xi − x j∥ . (4)

In each iteration less attractive fireflies move to the brighter ones. The movement of
the firefly i at location xi to firefly j at location x j is expressed by

xi(t +1) = xi(t)+β0e−γr(x j − xi) . (5)

Iterations are performed until reaching maximum number of iterations or meeting
the stop condition. In each iteration maximum movement is determined and if the
value is smaller than given epsilon, the procedure stops. The result are groups of
fireflies gathered in centers of nuclei. Then fireflies that lay close to each other are
merged to achieve final markers.

4 Experimental results

The algorithm was tested by comparison with results obtained manually. There was
prepared a set of 351 manually segmented images, of which 145 were benign and
206 were malignant. For each image the algorithm was performed and achieved
markers were assigned to one of three classes. The first class consisted markers
pointing out the background. The second were points correctly indicating nuclei
(points which alone indicate a particular nucleus). The last one were points indicat-
ing nuclei, but there was at least one another point indicating the same nucleus. The
final rate was a percentage of markers correctly indicating nuclei to the total number
of markers.

To find optimal parameters values there were three sequences of tests performed.
The aim of the first one was to determine the best pre-segmentation method. There
were 8 methods described in Sect. 3. The second sequence was conducted to find
optimal block size. Finally, the algorithm was performed for several γ values. The
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Fig. 3 Example results - original image with determined markers

Table 1 Efficiency for different methods of pre-segmentation (abbreviations description in
Sect. 4), where block size is 6 and γ is 0.03

AT KM FCM CLN ATmKM ATmFCM ATmCLN

26.05% 65.32% 67.56% 54.70% 67.62% 69.63% 57.05%

Table 2 Efficiency for different block sizes, where pre-segmentation method is ATmFCM and γ is
0.03

3 6 9 12 15

68.97% 69.63% 67.85% 65.60% 59.62

Table 3 Efficiency for different γ values, where pre-segmentation method is ATmFCM and block
size is 6

0.0013 0.0025 0.005 0.01 0.015 0.02

69.24% 71.48% 72.72% 73.55% 74.44% 72.00%

0.025 0.03 0.035 0.04 0.045 0.05

70.61% 69.63% 65.04% 61.69% 56.30% 53.05%

average results are presented in Tables 1, 2 and 3. Sample images with determined
markers are presented in Fig. 3.

The final average rate was 74.44% of correct markers, 23.86% of markers in-
dicating background and 1.7% of markers indicating nucleus, which was pointed
out by at least one another marker. However, it must be mentioned that the number
of points indicating background is inflated due to the fact that during manual seg-
mentation blurred and densely clustered nuclei were omitted. The discrepancy has
been manually estimated on 10% randomly selected images and after correction the
average rate was 82.2%.
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5 Conclusions

The aim of the research was to propose a method for automatic nuclei detection on
cytological images of FNB. For this purpose we have adapted the firefly optimiza-
tion algorithm. We have also developed an initialization procedure. The approach
was experimentally shown to be satisfactorily effective. Despite the fact that the
experimental results were understated due to the testing procedure the average per-
centage of correct markers to the total number of all markers for 351 images was
over 74%.

The method was described in context of the breast cancer diagnostic system we
are working on. However, we suppose its applicability might be much broader. In the
future research we are going to apply the approach to initialize several segmentation
methods requiring a preliminary selection of objects on the image.
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6. M. Hrebień, P. Steć, A. Obuchowicz, and T. Nieczkowski. Segmentation of breast cancer fine
needle biopsy cytological images. Int. J. Appl. Math and Comp. Sci., 18(2):159–170, 2010.
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needle biopsy material from the breast cancer. In Proc. 4th Int. Conf. on Computer Recognition
Systems CORES’ 05, pages 603–609, 2005.
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