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Renal Biopsy Image Segmentation Based on 2-D Otsu Method
with Histogram Analysis

Jun ZHANG*1, 2,   Jinglu HU*1

 Renal biopsy image segmentation is an important step in computer-aided diagnosis. Among all
available segmentation techniques, automatic thresholding methods are widely employed because
of their advantages of simple implementation and time-saving. The Otsu method is one of these
thresholding methods and is frequently applied in various fields. The two-dimensional (2-D) Otsu
method is superior to the one-dimensional (1-D) method in segmenting images with a low signal-
to-noise ratio. However, satisfactory results are obtained only when the numbers of pixels in each
class are close to each other. Otherwise, incorrect results are obtained. In this study, 2-D histogram
projection analysis was used to correct the Otsu threshold. The 1-D histograms were acquired by 2-
D histogram projection in the x and y axes, and a fast algorithm for searching the extrema of the
projected histogram is proposed based on the wavelet transform. The experimental results showed
that the proposed method performed better than the traditional Otsu method for our renal biopsy
specimens.
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1.  Introduction 

In the computer aided diagnosis system of renal diseases, glomerulus segmentation is a key step for image analy-
sis, comprehension and description. Among all the segmentation techniques, thresholding segmentation method is
the most popular algorithm and is widely used in the image segmentation field. The basic idea of automatic thresh-
olding is to automatically select an optimal or several optimal gray-level threshold values for separating objects of
interest in an image from the background based on their gray-level distribution.

Over the past years, many technologies have been proposed for selecting the threshold automatically. Sezgin and
Sankur〔1〕provide an exhaustive description and the comparison of the performance measures over many image
thresholding techniques. Automatic thresholding techniques can be roughly categorized as global thresholding and
local thresholding. Otsu thresholding technique〔2〕is one of the global thresholding method and has been cited as
an effective technique〔3 ~ 5〕．In Trier and Jain's study〔4〕，four global thresholding techniques were compared
and Otsu method performed the best, followed, in order, by Kapur et al.'s Entropy technique〔6〕，Abutaleb's entropy
technique〔7〕，and Kittler and Illingworth's minimum error technique〔8〕．However, some issues are still on in
Otsu method. One of them is its sensitivity to object size〔9〕 ． Say in brief, if the object size is larger than back-
ground, the pixels in background will be wrongly classified as object; on the contrary, if the object size is larger
than background, the pixels in object will be wrongly classified as background.

As for our renal biopsy specimens,  the  targets  are  always with a higher gray value because  of  the  PAS ( Periodic
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acid-Schiff) staining mechanism. However, the object size is much smaller than background, the wrong classifica-
tion of pixels by traditional Otsu method will lead to failure segmentation. To solve this problem, a two-
dimensional (2-D) histogram analysis based on wavelet transform is proposed to correct the Otsu threshold in this
paper. Firstly, get Otsu threshold by traditional Otsu method. Because our target size is smaller the background, the
acquired Otsu threshold will be smaller than the suitable one. So the region of gray value that is below Otsu thresh-
old must be background. Then, project the 2-D histogram in x and y axes and set the last valley as auxiliary
threshold. Because the 2-D histogram is multimodal, so after projection, we ensure that the last peak must be
formed by the target. So the region of gray value that is greater than auxiliary threshold must be target. Thus we
only need to consider the region of the gray value that is between the Otsu threshold and the auxiliary threshold. We
denote this region as undermined region. Finally, use the 2-D Otsu method again to find the threshold fit for the
undermined region and this threshold is the final threshold we expect. By the proposed method, the specimens can
be thresholded more appropriately than the traditional methods.

2. Two-dimensional thresholding

1）Two-dimensional histogram
An image with size M × N can be represented by a 2-D gray level intensity function f(x, y). The value of  f(x, y)

is the gray level, ranging from 0 to L-1, where L is the number of distinct gray levels. In a 2-D thresholding method,
the gray level of a pixel and its local average gray level are both used. The local average gray level is also divided
into the same L values. Let  g(x, y) be the function of the local average gray level, then

                                                                                      (1)

where m < M, n < N. : integral part or integral value of v. [v]: round to nearest integer. So the calculated g(x, y)
will be integers, ranging from 0 to L-1.

Let rij be the total number of occurrence (frequency) of the pair (i, j) which represents pixel (x, y) with f(x, y) = i
and  g(x, y) = j, 0 < rij < M × N, then the joint probability mass function pij is given by

                                                                                                                                                           (2)

where i, j = 0, …, L － 1, .

The 2-D histogram of the image is {pij}. Fig. 1 shows the top view of 2-D histogram. It covers a square region
with size L × L. The x-coordinate (i) represents gray level and the y-coordinate (j) represents the local average gray
level. The origin is defined as the top left corner, the gray level increases from top to bottom, while the local
average increases from left to right. There are L2 elements in the histogram and each element represents the
occurrence.

2）Two-dimensional thresholding
If an image is represented by a pair [f(x, y), g(x, y)], gray level and local average gray level, and is partitioned at a

vector (S, T), where 0 < S, T < L － 1, then the function of the 2-D thresholding is defined as

                                                                                                      (3)

where .
How to select (S, T) is a key step for 2-D thresholding. The traditional Otsu method tries to select it based on Eq.

(4).
                                                                                                                               (4)

where SB is the between-class variance matrix.
In this method, it is supposed that  in the two regions defined by i = S, …, L － 1 and  j = 0, …, T － 1 and

by i = 0, …, S － 1 and j = T, …, L － 1 (i.e. quadrants 3 and 4 in Fig. 1) since in many situations the off-diagonal
pij 0≈
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probabilities are of negligible value. While this assumption is true for thresholds lying on or near the diagonal, it is
not valid for thresholds far from diagonal or the object size is different from background〔10〕 ．  To solve this
problem, we propose a new threshold selection method based on the 2-D histogram projection analysis.

3. Description of the proposed method

In the proposed method, we calculate the Otsu threshold (Sotsu, Totsu) and get an auxiliary threshold (Shist, Thist)
by 2-D histogram projection analysis firstly. The region of gray value that is below Otsu threshold must be
background because the target size is much smaller than the background, the treshold determined by traditional
Otsu method will be smaller than the suitable one; the region of gray value that is greater than the auxiliary
threshold must be target because the targets we want to extract are always with a higher gray value and the 2-D
histogram is multimodal, so after projection, we ensure that the last peak must be formed by the target. Thus
eliminate the influence of determined region; we only need to consider the undetermined region of the gray value
that is between the Otsu threshold and the auxiliary threshold, shown as the shadow region in Fig. 2. The 2-D Otsu
method is used again to threshold it based on Eq. (5) and we will acquire the final threshold.

                                                                                                                   (5)

Obviously, the threshold acquired by our method is more suitable than the traditional Otsu method. Because in
our method, we firstly find the regions which can be determined as background or foreground. And only the unde-
termined region is considered to obtain the threshold. So the problem of sensitivity to the object size can be solved.
For our renal biopsy images, the large size background will result in the inexact threshold when we use the tradi-
tional Otsu method. In our method, the majority of large size background can be determined in the first step. And
only a small part of uncertain background and foreground is taken into account for threshold acquisition.

1）The Otsu threshold acquisition
We use the following fast recursive algorithm to realize the 2-D Otsu method. Please find the detailed

explanations of parameters in the following equations in〔11〕．

                  　　　      

(6)

(7)

 (8)

(9)

(10)

(11)

  Fig. 1 The top view of 2-D histogram.                                            Fig. 2 Undetermined region.
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So the Otsu threshold (Sotsu, Totsu) can be acquired.
2）The auxiliary threshold acquisition
According to the characteristics of our renal biopsy specimens, the valleys corresponding to the last peak in x and

y axes of the projected histograms are regarded as the auxiliary threshold because the targets we want are always
with a higher gray value in an image.

To get (Shist, Thist) precisely, wavelet transform is used to eliminate the influence of the pseudo valley and obtain
the smoothed histogram without tiny changes. Then put a search window with fixed width w in the smoothed histo-
gram and calculate all differences of the adjacent elements in this window. There are five cases we may meet, as
shown in Fig. 3. The left column is the local histogram in search window with width 10 and the right is the differ-
ences in this window. 
・First, the local histogram in the window increases monotonically and all calculated differences are non-nega-

tive, as shown in Fig. 3 (a). 
・Second, the local histogram in the window decreases monotonically and all differences are non-positive, as

shown in Fig. 3 (b). 
・Third, there exists a valley in the window and the differences change from negative to positive, as shown in Fig.

3 (c). 
・ Fourth, there exists a peak in the window and the differences change from positive to negative, as shown in Fig.

3 (d). 
・Fifth, there is no change in the window and all differences are equal to 0, shown in Fig. 3 (e). In this case, the

further three situations need to be considered, as shown in Fig. 4. 
   ☆ One, the sign of the last element in previous window is negative and the sign of the first element in next win-

dow is positive, there exists a valley in current window, as shown in Fig. 4(a).
   ☆ Two, the sign of the last element in previous window is positive and the sign of the first element in next win-

dow is negative, there is a peak in current window, as shown in Fig. 4(b).
   ☆ Three, if the sign of the last element in previous window and the sign of the first element in next window are

same or equal to 0, there is no peak or valley in the current window, as shown in Fig. 4 (c)(d).
Based on above analysis, through moving the window with step w/2 in whole histogram, all peaks and valleys

Fig. 3 Five cases.
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can be detected. Finally, backtrack the position to the corresponding extrema in the original histograms; we can get
all valleys and peaks. For our application, only last valley is used. Then we can get the auxiliary threshold (Shist,
Thist).

In Fig. 3 and 4, the ‘ ’ denotes that the difference is positive, ‘ ’ denotes negative and  ‘ ○ ’ denotes zero. The
red rectangle in Fig. 4 is the current search window.

3）Steps of the proposed method
Step 1) Get the Otsu threshold by traditional method.
Step 2) Get the auxiliary threshold by histogram analysis.
Step 3) Keep the shadow region in Fig. 2 unchangeable and the other regions are set to zero.
Step 4) Apply the 2-D Otsu method to the histogram revised in Step 3, we will get the final threshold.

4. Experimental results

The proposed method is tested using a renal biopsy image sequence. All the algorithms are implemented on a
personal computer with CPU of 1.83GHz using MATLAB7.0 programming language.

 In our experiments, we found that the final threshold is close to the middle point of the two thresholds. We tested
about 200 images and 95% corresponds to this rule. As a result, to save computation time, we directly select the
middle point as the final (Sfinal, Tfinal) by

                                                                                                               (12)

For comparison reasons, we process our images by one-dimensional Otsu (1-D Otsu), two-dimensional Otsu (2-
D Otsu), region growing (Region-g) and the proposed method (Otsu-HA). The images obtained are shown in Fig. 5.
The images in first row are original. The following rows are the processed images by 1-D Otsu, 2-D Otsu, region
growing and the proposed method, respectively. As it can be optically observed, the proposed method has better
segmentation results. The targets extracted by 1-D Otsu method are always attached by some unexpected noises. It
becomes an obstacle for subsequent processing or leads to failure segmentation. Although 2-D Otsu technique can
get the better results than 1-D method because the unexpected noises are reduced even  removed  clearly,  the  noises

Fig. 4 Three further cases.
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Table 1 Comparative result.

still exist in most processed images, just like the images in third row of Fig. 5. The results processed by region
growing and the proposed method are all accepted visually. To evaluate these methods more precisely, we present
comparative results for them based on the following criteria.

a. Misclassification error: Misclassification error (ME) reflects the percentage of background pixels wrongly
assigned to foreground, and conversely, foreground pixels wrongly assigned to background. For two-calss seg-
mentation problem, ME can be simply expressed as:

Method   criteria Image 1 Image 2 Image 3 Image 4 Image 5

1-D Otsu
ME 0.152542 0.036121 0.026596 0.053947 0.129505
NU 0.079992 0.028096 0.026374 0.042408 0.072623

2-D Otsu
ME 0.016685 0.005634 0.018185 0.023888 0.078136
NU 0.017753 0.009421 0.018839 0.023847 0.046378

Region-g
ME 0.005112 0.004715 0.007259 0.015095 0.005665
NU 0.003236 0.003259 0.013077 0.055794 0.003948

Otsu-HA
ME 0.003151 0.002842 0.001423 0.003769 0.001675
NU 0.003434 0.002977 0.004398 0.004399 0.004599

 Image 1        Image 2          Image 3         Image 4         Image 5 
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Fig. 5 Comparison between our method and other methods.
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                                                                                                                             (13)

where Bo and Fo denote the background and foreground of the original (ground-truth) image, BT and FT denote
the background and foreground area pixels in the test image, and |.| is the cardinality of the set. The ME varies
from 0 for a perfectly classified image to 1 for a totally wrongly binarized image.

b. Region nonuniformity: This measure, which does not require ground-truth information, is defined as

                                                                                                                                             (14)

where  represents the variance of the whole image, and  represents the foreground variance. It is
expected that a well-segmented image will have a nonuniformity measure close to 0, while the worst case of
NU=1 corresponds to an image for which background and foreground are indistinguishable up to second order
moments.

Table 1 gives the values for above quantization criteria and Fig. 6 presents graphically the variation of them. The
horizontal axis (x) is the image index, in this paper we give five images for demonstration, and then the index is
integer from 1 to 5. The vertical axis (y) is quantization criteria. These results clearly indicate that the proposed
method (Otsu-HA) provides, according to the criteria, the best segmented results. 

5. Conclusions

This paper introduces a 2-D histogram projection analysis to segment the ring-shape cavum in glomerulus from
the renal biopsy images. Through projecting the 2-D histogram in x and y axes, the undetermined region, which is
confined to the Otsu threshold and the auxiliary threshold, can be found. And the 2-D Otsu method is used to
threshold the undetermined region again. Then we will get the suitable threshold for thresholding the renal biopsy
images. We tested about 200 images and 95% achieves best result. We also compared our method with 1-D Otsu, 2-
D Otsu and region growing method. The quantitative values indicate that our method performs best. And it is also
proved that the problem of sensitivity to the object size of the traditional Otsu method can be overcome. This is
very useful to give satisfactory results when the numbers of pixels in each class are not close to each other. And the

σ 2 σf
2

(a)                                                                                          (b)
Fig. 6 Graphical representation of quantization errors.
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proposed method provides an effective and practical way to automatically analyze renal biopsy images and assist
doctors to make a proper diagnosis.
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2 次元大津法とヒストグラム解析に基づく腎組織画像分割

張　　軍 *1, 2　古月敬之 *1

*1 早稲田大学大学院情報生産システム研究科
                                                             *2 日本学術振興会特別研究員

要旨：腎組織画像分割は腎臓診断システムを補助する重要な手順の 1 つである．すべての分割技術に

共通して，自動閾値法は，単純で膨大な処理時間を必要としないため，広く使われている．とくに大津

法は閾値決定手法の1つであり，さまざまな研究領域に使用されている．2次元大津法はノイズの多い

画像を分割する際，1 次元大津法より精度が高く，各パターンの画素数が近い場合に十分な結果が得

られる．しかし，物体と背景の画素数の差が大きい場合，閾値化された結果に誤差が生じる．本論文

では，2 次元ヒストグラム投影を使用して，大津法により得られた閾値を修正する方法を提案する．

3次元ヒストグラムをそれぞれ x, y軸に投影し，得られた 2つの 1次元ヒストグラムをウエーブレット

変換する．そして 2 つの 1 次元ヒストグラムの極値を求め，修正に用いる．実験の結果，本論文の提

案手法が腎組織画像処理に対して，従来の大津法より優れていることを明らかにする．

キーワード：2 次元大津法，2 次元ヒストグラム投影，ウェーブレット変換
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