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An improved voting algorithm for nuclear detection
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Abstract: Efficient and accurate detection of nuclei is an important step in histopathology for disease diagnosis, and the first step
for nuclear segmentation. The accuracy of segmentation depends critically on the accuracy and reliability of the seed point
detection. Herein, an improved voting algorithm is proposed to detect nuclear seed points. Firstly, Otsu threshold method is used
to segment the preprocessed pathological section of breast. And then, some nuclear seed points were detected with ellipse fitting
method. Finally, the improved voting algorithm is used to detect nuclear seed points. The experimental results show that the
improved voting algorithm can accurately detect the nuclear seed points in the pathological section and the detection accuracy
is more than 90%, which means the proposed algorithm can provide better detection performance than the existing methods. The
improved voting algorithm can be used for the quantitative analysis of breast pathological section.
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Fig.1 Schematic of the proposed technique
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Fig.3 Initial segmentation binary image
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a-c was the shrinkage process of the cone voting area, in which the voting direction was along with the pixels with

the maximum voting weight.
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Fig.6 Illustration of iterative voting algorithm
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Fig.7 Illustration of single—pass voting algorithm
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Fig.8 Binary image after the erosion in overlapping area
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Fig.9 Illustration of improved voting algorithm
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Fig.10 Detection result of voting algorithm
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Fig.11 Final detection results
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a: Iterative voting algorithm

b: Single—pass voting algorithm

c: Improved voting algorithm
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Fig.12 Comparison of results detected with different algorithms

a:Detection results

b: Zoomed—in image
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Fig.13 Nuclear detection results on breast pathological section
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Tab.1 Comparison of parameters of different nuclear detection methods (d=5)

Algorithm Ny N, N, Dy 1% Dy 1% Dy 1%
Iterative voting algorithm 13215 11 407 10314 90.4 78.1 83.8
Single-pass voting algorithm 13 215 14 419 12 271 85.1 92.8 88.8
Improved voting algorithm 13215 12519 11 892 94.9 89.9 92.3

Nz The number of true-positive seed points; Np: The number of seed points detected with improved method; N,
The number of seed points labeled by pathologist; Dy: Precision rate; Dg:: Retroaction rate; Dy Harmonic

mean of precision rate and retroaction rate
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