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Abstract
This paper proposes a unique detection technique to identify nuclei from microscopy images of breast histopathology 
slides. The method involves stain normalization, color decomposition and hysteresis thresholding. A comparative 
analysis of different pre-processed images on nuclei detection reveals an accuracy of 97% for Blue Ratio (BR) images. The 
technique uses three color channels for accurate detection of nuclei. An analysis of two stain normalization procedure is 
also presented.

1 Introduction
The field of medical image computing develops compu-
tational and mathematical methods for solving problems 
related with medical image and their use for biomedical 
research and clinical care. Dramatic increase in compu-
tational power and advanced digital signal processing 
techniques leads the development of powerful Computer 
Aided Diagnostics (CAD) approaches to radiological 
data. The limited spatial resolutions of standard radiology 
modalities cause many disease process to appear similar 
or even in-distinguishable. This limitation can be chal-
lenging for the clinical team who seek a definite diagnosis 
to initiate a definite treatment. To know its underlying 
cause histopathological examination of permanent sec-
tions are essential. Histopathology is the study of signs 
of disease using microscopic examination of surgical 
specimen which is processed after a sequence of techni-
cal procedures like dehydration, sectioning, staining and 
then fixed on to glass slides1. Manual analysis of histol-
ogy tissue still remains to be the primary way to identify 
cancerous tissues and usually done by visual inspection 

of the slide by pathologists or technologists. Such manual 
intervention has the disadvantages of being very time 
consuming for high content screening and being very 
difficult to grade in a reproducible manner due to varia-
tions in observations2. Moreover visual inspection gives 
only subjective results. To provide descriptive and objec-
tive information of tissue components with good reliabil-
ity the process has to be automated and can be used as a 
diagnostic aid.

Compared with widespread use of computation pro-
cess in radiology, pathology lags behind in computerized 
interpretations. With recent advancement of Whole Slide 
Imagining (WSI) an entire slide can be converted into a 
single digital image. Histology images are considerably 
different from radiology images, having large amount 
of objects of interest widely distributed in the image and 
surrounded by different neighboring tissues3. But in radi-
ology, analysis focuses on one or two organs in the image 
which are located in similar environments. Moreover 
histology tissues are generally stained with different col-
ors while radiology contains only gray intensities. Quan-
titative measurement of tissue properties by automatic 
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analysis of 2D histopathology images increases the objec-
tivity and reproducibility of analysis results. The advent of 
computer aided techniques revolutionized the biomedical 
microscopy image analysis. Different stages of quantita-
tive analysis include preprocessing, detection, segmenta-
tion, feature computation and classification. 

Detection of cell nuclei is an initial step for analysis 
of tissue structure. The shape and size can be irregu-
lar even when they are uniformly sectioned1. Accuracy 
of segmentation depends on the reliability of the seed 
points. There are different approaches reported in the 
literature to implement automatic detection of nuclei 
on 2-D histopathology images. Initial works rely on the 
peaks of Euclidian distance map4. H-maxima transform 
detect local maxima as seed points, but highly sensitive 
to texture and results in over seeding5. In order to iden-
tify a cell as normal or malignant, shape and texture of its 
chromatin has to be considered. Watershed transforms6 
leads to over segmentation and consequently results in 
sub optimal detection. Cosatto et al.7 proposed a method 
which combines Hough transform and Difference of 
Gaussian (DoG) filter to detect cell nuclei. But it suits only 
for circular nuclei and require excessive computation. A 
gamma-gaussian mixture model was proposed8 for detec-
tion of nuclei by isolating tumor region from non-tumor 
areas. But it requires a context aware post processing step 
in the classification stage. This paper analyses two dif-
ferent stain normalization techniques in preprocessing 
stage. Then blue ratio image is formed from decomposed 
R, G and B planes of the normalized digital image. Detec-
tion accuracy with R plane, R with Wiener filter and BR 
with Laplacian of Gaussian (LOG) are also presented. The 
proposed method is described in detail in next section. 
Section III presents results and discussions and Section 
IV deals with conclusions.

2.  Methodology
The technique has mainly three stages, viz., 1. Prepro-
cessing. 2.  Color Decomposition. 3. Detection of nuclei 
locations Figure 1 shows a block schematic of the pro-
posed methodology. The first stage is preprocessing of 
digital histopathology images where stain normalization 
of different H&E stained images are carried out. Color 
decomposition of normalized histology images are next 
carried out. The detection of nuclear regions is a crucial 
step since the error resulting from this is transferred to 
later stages and causes incorrect results in analysis. This 

paper deals with HPF (High Power Field) images of breast 
cancer biopsy samples provided by the standard dataset9. 
The resolution of the image given in the dataset is 1376 
×1539 × 3. 

Figure 1.  Block schematic of proposed method.

2.1  Pre Processing
One of the first steps essential for microscopy image 
analysis is color and illumination normalization. Hema-
toxyline selectively stains nuclei in to a blue-purple hue 
while eosin stains proteins a bright pink colour. Staining 
process vary widely due to different stain manufacturers, 
different staining practices and different storage times. 
Irregularities in the preparation of histology slides cre-
ate complications in quantitative analysis of their results. 
In this paper two mechanisms for disabling many of 
the inconsistencies in the staining process are evaluated 
which reduces the differences in tissue samples due to 
variation in staining and scanning conditions. First one 
employs color normalization10 by histogram equaliza-
tion of the 3 color channels. The visual results for this 
method are given in Figure 2. Second method11 is by 
matching the color distribution of an image to that of 
reference image by use of a linear transform in a per-
ceptual color model (lab color space). Usually RGB color 
model is used which is perceptually not a uniform color 
model. Other more perpetual color models such as HSV 
Lab and LUV are used. Image results of this are shown 
in Figure 3.

	 (a)		  (b)		  (c)

Figure 2.  Visual results of histogram normalization. (a) 
Input image. (b) Reference image. (c) Normalized input 
image.
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	 (a)		  (b)		  (c)

Figure 3.  Visual Results of Reinhard Normalization. (a) 
Input image. (b) Reference image. (c) Normalized input image.

2.2  Color Decomposition
The colour image obtained after stain normalization 
denoted by Irgb is first decomposed into R, G and B 
planes as the next step in the detection process.

Here nuclei detection is evaluated in three different 
planes as shown in Figure 4 and in Figure 5

1.	 R plane: Cell nuclei are darker in R plane compared to 
G and B planes. Hence, R image, is selected.

2.	 R plane filtered with Wiener filter: R image is enhanced 
with wiener filter for maximum nuclei detection and 
preserve smooth boundaries as presented by the 
authors in a previous paper12.

3.	 Blue Ratio Image: In a blueratio image, a large pixel 
value is given to a high blue intensity compared to its 
red and green components, and a low value is given 
to a pixel with a low blue intensity. As nuclei appear 
as bluepurple areas, a blueratio image is an efficient 
tool to have a first clue on the position of nuclei in the 
image. LoG responses of BR image discriminate the 
nuclei region from the background.

	 100 256
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Figure 4.  (a) Input image. (b) R plane. (c) G plane. (d) B 
plane.

2.3 � Thresholding and Morphological 
Reconstruction

In R and R with wiener accurate detection of nuclei 
is obtained by morphological reconstruction followed by 

hysteresis thresholding. Two thresholds T1 and T2 con-
trol the nuclei tracking process. IRB is the binary image 
of IR obtained after hysteresis thresholding and can be 
expressed  as in Equation 2. Visual image results obtained 
after the detection stage are given in Figure 5. The binary 
image after thresholding and morphological operations is 
shown in Figure 5(b). The highest value of upper thresh-
old T1 is set to 0.9 and lowest value of lower threshold T2 
is set to 0.45. Image results are manually verified by an 
experienced pathologist.  

	 (a)		  (b)		  (c)

Figure 5.  (a) R image.  (b) After thresholding. (c) BR-Log 
image.
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The upper threshold is set to high value and lower 
threshold to a quite low value for good results. Morpho-
logical opening by reconstruction of the binary image is 
performed at this stage with a disc shaped structuring ele-
ment. The reconstructed image ( )RBIf  can be expressed 
as follows:

	 ( ) ( | )RB RB s m RBI I I If r= - 	 (3)

where ( | )s m RBI Ir  is the reconstructor operator with 
structuring element S and mask image, obtained after the 
opening process of IRB as:

	 ( )m RBI I S S= Q Å 	 (4)
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3.  Results and Discussions
Tissue slides from biopsy samples are processed and stored 
under different staining conditions. Hence it is required to 
normalise these for further analysis.This paper deals with 
two such normalizing techniques, so as to improve quan-
titative analysis of the processed results. Figure 6 shows R 
plane of a stained image before and after stain normaliza-
tion. The detection performance is evaluated on 4 data-
set of total 300 images of H&E stained HPF (High Power 
Field) histopathology images of breast biopsy samples. 
Ground truth regions are manually marked by expert 
pathologist. The Detected Nuclei regions (DN) are com-
pared with the ground truth regions which are denoted as 
GT. Corresponding number of True Positives (TP defined 
as the number of true positives or correct detection) are 
taken to compute the detection sensitivity,  Equation 5.

	 | | 100
| |SEN

GT DND
GT
Ç= ´ 	 (5)

The actual count of nuclei in the three detection stages 
considered 1. R, 2. R with wiener and 3. Blue Ratio image 
is shown in Table 1 and detection sensitivity is compared 
as in Table 2. It is clear from the analysis that combining 
Wiener filtering with hysteresis thresholding improves 
detection accuracy compared with R plane. The process 

of nuclei detection is a complex task due to large size of 
the image, staining artefacts and irregular shaped nuclei. 
But the implementation of the proposed technique greatly 
reduces the complexity of the process, yet retaining high 
accuracy by reducing the number of colour channels. For 
the proposed technique all nuclear regions are correctly 
detected in BR image with an average accuracy of 97%.

Table 1 provides the count of nuclei on images in each 
data set (on an average) detected using the proposed 
method; as compared to manual detections. It is clear that 
the number of nuclei detected in blue ratio image is bet-
ter than the other two planes. This clearly convinces the 
improved detection performance of blue ratio images. 
This is also evident from the table of percentage detection 
sensitivity shown in Table 2. Figure 7 shows a graphical 
representation of detected number of nuclei in 4 test set 
images for the three planes considered.

Table 1.  Detection performance (Count of Nuclei)

Image
set

Manual 
Detection

(No)

R Plane
(No)

R with 
Wiener

(No)

Blue Ratio 
Image
(No)

1 243 233 235 238
2 281 269 272 275
3 310 294 297 300
4 792 752 760 776

Table 2.  Detection performance (Detection Sensitivity)

Dataset 1
(DSEN in %)

Dataset 2
(DSEN in %)

Dataset 3
(DSEN in %)

Dataset 4
(DSEN in %)

R RW BR R RW BR R RW BR R RW BR 
95 96 97 95 96 97 94 95 96 94 95 97

4.  Conclusion 
An automatic detection technique for cell nuclei in breast 
histopathology images is described. Due to the variation 
in size, shape and texture along with staining artefacts, 
detectionof nucleibecome a challenging process. The 
paper focuses on analysis of twot stain normalization 
techniques viz. the histogram equalization technique and 
Rein hard normalization. The improvement in detection 
accuracy with blue ratio images is established with the 
help of quantitative measures. Reinhard normalization 
gives good visual results in stain normalization. With 
blue ratiomaximum number of  nuclei can be correctly 

	 (a)	 (b)

	 (c)	 (d)

Figure 6.  R plane image before and after color normaliza-
tion.(a) Input image. (b) Normalized image. (c) R plane of 
original image. (d) R plane of normalized image.
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located. The results obtained are comparable withother 
state-of-the-art techniques reported in the literature.

Figure 7.  Detection sensitivity in R, R with Wiener and BR 
image.
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