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Image processing is the most effective method for enhancement and segmentation of 
tuberculosis bacilli in sputum smear samples. Improper straining can result in poor 
screening results such as over-staining, under-staining, and blurred images. The goal 
is to find an image enhancement and segmentation technique that will prepare the 
image for feature extraction. There are still some shortcomings with existing method 
when it is implemented on Ziehl Neelson images. In normal images, TB bacilli can be 
identified easily, but in blur and images with dark background, TB bacilli are sometimes 
hidden behind the sputum cells. Hence, the basic method of contrast enhancement is 
not enough to improve the contrast of TB bacilli as the object of interest within the 
image. In this study, the combination of local and partial contrast enhancement is 
proposed as the best method for image enhancement. Image segmentation can be 
accomplished using Otsu thresholding technique. Otsu's method is presented as most 
suitable image processing techniques in this paper. The goal of the Otsu Threshold is 
to find a threshold value that distinguishes the object of interest from the background. 
Experiment shows that the combination of local and partial contrast enhancement 
followed by Otsu’s method achieve an average segmentation accuracy of 98.93% when 
applied on 50 images of sputum smear. 
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1. Introduction 

 
The number of deaths from tuberculosis is very high which is 1.3 million in 2021 according to the 

WHO, but most are preventable if diagnosed and treated early [1]. The most commonly used staining 
method is Ziehl-Neelson (ZN), which visualises stained sputum smear samples under an optical 
microscope to determine the presence of tuberculosis bacteria. Images of sputum specimens were 
automatically captured with a digital camera attached to a light microscope with a motorized stage. 
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Improper staining procedure and reagent preparation by the microbiologist may result in poor 
screening results that are caused by over-stain, under-stain, or blurred images [2].  

The process of improving the quality of a problematic image so that it can be interpreted by 
humans is known as image enhancement [18]. Contrast enhancement is one of the most popular 
image enhancement techniques. Previous researchers identified three types of contrast 
enhancement techniques: global, local, and partial contrast stretching [2]. These technique have 
been previously used in the image processing procedure of various type of images [19,20]. However, 
there are still some shortcomings with the method when it is implemented on Ziehl Neelsen images. 
In normal images, TB bacilli can be identified easily, but in blur and images with dark background, TB 
bacilli are sometimes hidden behind the sputum cells. Hence, the basic method of contrast 
enhancement is not enough to improve the contrast of TB bacilli as the object of interest within the 
image. This paper suggests that combining local and partial contrast enhancement is the efficient 
method for improving the image of TB bacilli. This technique is the process of changing the image 
value distribution to cover a wide range.  

Image segmentation's goal is to simplify the image so that it can be easier to be analyzed. Existing 
image segmentation techniques include threshold, edge-based, region-based, and watershed. 
However, in this paper, a threshold technique has been chosen to be implemented in the study. 
Threshold techniques are generally classified as global thresholding or local thresholding. A single 
threshold value is used for the entire image in global thresholding [3]. Thresholding process will 
produce a binary image. Pixels with intensities of 1 are considered as objects, while pixels with 
intensities of 0 are classified as the background [4].  

Local thresholding employs distinct threshold values for the image's partitioned sub-images [3]. 
It is a pixel in the foreground or background of an image that uses local data from the image. The 
threshold value (T) could be fixed, but this would only work if the image contained very little noise[4]. 
Previous researchers have used active contour and Otsu thresholding segmentation algorithms on 
the BRATS dataset's brain tumour segmentation [5]. The Otsu method is one of a global adaptive 
binarization threshold-based image segmentation algorithm [6]. The method work by finding the best 
threshold value between pixel values 0 and 255 by calculating and evaluating their between-class 
variance (or within-class variance) [7-10].  

This paper will present the combination of local and partial contrast enhancement, which is 
followed by Otsu’s method on Ziehl-Neelson sputum slide images to separate the pixels of TB bacilli 
from the background. 

 
2. Methodology  

 
 In this paper, the enhancement and segmentation technique are implemented on ZN sputum 

slide images [15-17]. According to Figure 1, the input images will be processed by a technique that 
combines local and partial contrast enhancement, respectively. The original image is 24-bit (colour) 
image, having the resolution of 800x600 pixels and saved as bitmap files (*.bmp). Then, the image 
enhancement output will be processed using the Otsu threshold. 
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Fig. 1. Overall flow chart 
of methodology 

 
2.1 Local Enhancement 

 
Local enhancement is to improve the contrast on an image that has variation of contrast within 

different areas[3]. This algorithm is usually used on images that need to be improved in dark areas 
and also in the bright areas. According to Eq. (1), the minimum and maximum value for colour level 
is chosen to get better image[2]. The formula is applied to each pixel within an image. 

 

qk =   255 x (
Io−min

max−min
)             (1)  

 
where 
qk  : color intensity for output  
Io : color intensity for input  
max : maximum color intensity for input  
min : minimum color intensity for input 
 
2.2 Partial Contrast Enhancement 

 
Partial contrast is defined as a linear mapping function that boosts the brightness and contrast of 

images. First, we determined the majority input pixel value in each colour space. The intensity ranges 
for red, blue, and green of existing images is determined. The average of the upper and lower colour 
ranges are then calculated using Eq. (2) and Eq. (3) respectively [2]. 

 

𝑓𝑚𝑖𝑛 =
minRed+minGreen+minBlue

3
           (2) 
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𝑓𝑚𝑎𝑥 =
maxRed+maxGreen+maxBlue

3
            (3) 

 
The minimum colour intensities for each image are identified as minRed, minGreen, and minBlue, 

while the maximum colour intensities are maxRed, maxGreen, and maxBlue for each colour palette. The 
average number of minimum RGB colour space, fmin is given in Eq. (2) whereas the maximum RGB 
colour space, fmax is given in Eq. (3). The mapping procedure will then begin with the usage of min 
and max. For the pixels transformation, the function in Eq. (4) is utilised. 

 

Pk =

{
 
 

 
 

  

min

fmin
 (qk)                                                       ; for          qk < fmin            

(max−min)

(fmax−fmin)
 (qk − fmin) +  min                 ; for fmin  ≤ qk  ≤ fmax       

(255−max)

(255−fmax)
 (qk − fmax) +  max                ; for qk > fmax                      

     (4) 

 
where 
𝑞𝑘 : Color intensity of input 
𝑃𝑘  : Color intensity of output 
𝑓𝑚𝑖𝑛 : Value of lower threshold 
𝑓𝑚𝑎𝑥  : Value of upper threshold 
𝑚𝑖𝑛 : New value of lower stretch 
𝑚𝑎𝑥  : New value of upper stretch. 

 
The values of a pixel within the ranges fmin and fmax will be stretched to greater range within min 

and max, as shown in Figure 2. Compression will be applied to the remaining pixels. As a result, the 
image's pixels will have a wider range and a brighter intensity. Hence, the contrast of output images 
for the region of interest are improved. 

 
 fmin                    fmax 

                               
0                                              qk                                          255 

   
   compressing                 stretching                     compressing                

       
                                                     

pk 

                                                                                            

                                    0             min                                            max        255                             

 
Fig. 2. Partial contrast enhancement process 

 
2.3 Otsu Threshold 

 
Thresholding is one of most popular technique in image segmentation. A single threshold is a 

value threshold that divides an image into black and white regions. According to Eq. (5), g(x, y) is the 
output result, and f(x,y) is the current pixel. The output result is generated depending on the current 
pixel value. If the current value is greater than T, the new value is 1(white). Otherwise, it will become 
0(black)[6,11,12]. 
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In Eq. (6), if a green pixel subtracted by a red pixel is greater than 25, the result is 1(white). 
Otherwise, the colour remains. The threshold value is used to distinguish between TB bacilli and non-
TB bacilli. The thresholding method then converts a grayscale image to a binary image by using a 
threshold value[13,14]. The thresholding algorithm determines the best threshold for image 
segmentation. 

 

g(x, y) = {
1, f(x, y) ≥ T
0, f(x, y) < T

            (5) 

 

g(x, y) = {
f(x, y), green(x, y) − red(x, y) ≤  25
white, green(x, y) − red(x, y) >  25

         (6) 

 
The optimal threshold value level (T), determined by image histogram is chosen using Otsu 

threshold. When the intensity exceeds T, it turns the image pixels white. In the opposite case, it 
becomes a black region. 

 
3. Results  

 
According to Figure 3, the original image is captured by a digital camera attach on a light 

microscope. During the process of image process of image capturing, some condition such as 
overexposed or underexposed to natural light will affect the quality of images being captured. This 
explains why the quality of the images captured varies. It is then manually analysed by technologist 
under light microscope, and it may result in poor screening results. The proposed method has been 
applied to five categories of images, which are normal, underexposed, overexposed, blur and 
overlapping TB image. Figure 3 shows the original images from each of the category. 
 

 
(a)  

 
(b)  

 
(c) 

 

 
(d) 

 
(e) 

Fig. 3. Original image of TB bacilli (a) Normal (b) Underexposed (c) Overexposed (d) Blur 
(e) Overlapping 
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Original images must go through an image enhancement process to improve poor screening 
results. As shown in Figure 4, the enhancement process will adjust the image's intensity and 
brightness to achieve a better result. The bacilli appear more red, making it easier to distinguish 
between TB bacilli and non-TB bacilli. 
 

 
(a)  

 
(b)  

 
(c) 

 

 
(d) 

 
(e) 

 
Fig. 4. Result of enhancement image (a) Normal (b) Underexposed (c) Overexposed (d) Blur (e) 
Overlapping 

 
According to Figure 5, the main goal is to remove the sputum (blue pixels) while keeping the TB 

bacilli (red pixels). The RGB image is then converted into binary image by using a threshold value. The 
thresholding algorithm determines the best threshold for segmenting the image. When the value of 
green pixel subtracted by red pixel is greater than 25, the output is set to change into white pixels. It 
is used to separate TB bacilli from sputum smears. If green pixel subtracted by red pixel is equal or 
less than 25, the original colour remains. Therefore, the only objects left are TB bacilli in red colour. 

From Figure 5, it can be seen that the result in category of normal, underexposed and 
overexposed which are shown in Figure 5 (a),(b) and (c) image are satisfactory. However, the 
outcome images in (d) and (e) are unsatisfactory. This is due to pixel loss in (d) and some noise in (e). 
To summarise, if the image has less noise, the Otsu threshold method is more successful in clearing 
all blue pixels while retaining red TB bacilli. The method has been applied on 50 images of ZN sputum 
specimen. Segmentation accuracy of 98.93% has been achieved, which is better than previous studies 
by other researchers that obtained an average of 90% accuracy. 

 
 

 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 30, Issue 1 (2023) 282-289 

288 
 

 
(a)  

 
(b)  

 
(c) 

 

 
(d) 

 
(e) 

Fig. 5. Result of Otsu threshold (a) Normal (b) Underexposed (c) Overexposed (d) Blur (e) Overlapping 

 
4. Conclusions 
 

Image enhancement using local and partial contrast technique made the segmentation process 
easier, whether TB or non-TB. The TB bacilli turn redder. For sputum slide images, an image 
segmentation technique based on Otsu thresholding method was presented. The technique 
successfully separated the sputum using the selected threshold value. 
 
Acknowledgement 
The author gratefully acknowledges financial support from the Malaysian Ministry of Higher 
Education (MOHE) under the Fundamental Research Grant Scheme (FRGS) (Grant number: 
FRGS/1/2021/TKO/UNIMAP/02/6). 
 
References 
[1] WHO. “Global Tuberculosis Report.” Global Tuberculosis Report, 2021, https://www.who.int/teams/global-

tuberculosis-programme/tb-reports/global-tuberculosis-report-2021. 
[2] Mokhtar, Nurhayati, Nor Hazlyna Harun, Mohd Yusoff Mashor, Nazahah Mustafa, Robiyanti Adollah, and Nashrul 

Fazli Mohd Nasir. "Image enhancement techniques using local, global, bright, dark and partial contrast stretching 
for acute leukemia images." (2009): 1-7.  

[3] Singh, Kambam Bijen, Telajala Venkata Mahendra, Ravi Singh Kurmvanshi, and CV Rama Rao. "Image enhancement 
with the application of local and global enhancement methods for dark images." In 2017 International Conference 
on Innovations in Electronics, Signal Processing and Communication (IESC), pp. 199-202. IEEE, 2017. 
https://doi.org/10.1109/IESPC.2017.8071892 

[4] Balarini, Juan Pablo, and Sergio Nesmachnow. "A C++ implementation of Otsu’s image segmentation 
method." Image Processing On Line 6 (2016): 155-164. https://doi.org/10.5201/ipol.2016.158 

[5] Husham, Sarah, Aida Mustapha, Salama A. Mostafa, Mohammed K. Al-Obaidi, Mazin Abed Mohammed, Alyaa 
Idrees Abdulmaged, and S. Thomas George. "Comparative analysis between active contour and otsu thresholding 
segmentation algorithms in segmenting brain tumor magnetic resonance imaging." Journal of Information 
Technology Management 12, no. Special Issue: Deep Learning for Visual Information Analytics and Management. 
(2020): 48-61.  

[6] Hyder, Farhan, Prashant Baredar, and K. Sudhakar. "A novel Sun tracking technique through a Solar PV Tree and a 
smart controller." In 2018 4th International Conference on Electrical Energy Systems (ICEES), pp. 407-411. IEEE, 
2018. https://doi.org/10.1109/ICEES.2018.8443263 

https://doi.org/10.1109/IESPC.2017.8071892
https://doi.org/10.5201/ipol.2016.158
https://doi.org/10.1109/ICEES.2018.8443263


Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 30, Issue 1 (2023) 282-289 

289 
 

[7] Padmasini, Natarajan, Rengasamy Umamaheswari, and Mohamed Yacin Sikkandar. "State-of-the-Art of Level-Set 
Methods in Segmentation and Registration of Spectral Domain Optical Coherence Tomographic Retinal 
Images." Soft Computing Based Medical Image Analysis (2018): 163-181. https://doi.org/10.1016/B978-0-12-
813087-2.00009-9 

[8] Chunyan Huang, Xiaorui Li, and Yunliang Wen. “AN OTSU Image Segmentation Based on Fruitfly Optimization 
Algorithm.” Alexandria Engineering Journal, vol. 60, no. 1, Faculty of Engineering, Alexandria University, 2021, pp. 
183–88, doi:10.1016/j.aej.2020.06.054. https://doi.org/10.1016/j.aej.2020.06.054 

[9] Siddique, Md Abu Bakr, Rezoana Bente Arif, and Mohammad Mahmudur Rahman Khan. "Digital image 
segmentation in matlab: A brief study on otsu’s image thresholding." In 2018 international conference on 
innovation in engineering and technology (ICIET), pp. 1-5. IEEE, 2018. https://doi.org/10.1109/CIET.2018.8660942 

[10] Quan, Yuwen, Jie Sun, Yang Zhang, and Haiwei Zhang. "The method of the road surface crack detection by the 
improved Otsu threshold." In 2019 IEEE International Conference on Mechatronics and Automation (ICMA), pp. 
1615-1620. IEEE, 2019. https://doi.org/10.1109/ICMA.2019.8816422 

[11] Payasi, Yoges, and Savitanandan Patidar. "Diagnosis and counting of tuberculosis bacilli using digital image 
processing." In 2017 international conference on information, communication, instrumentation and control (ICICIC), 
pp. 1-5. IEEE, 2017. https://doi.org/10.1109/ICOMICON.2017.8279128 

[12] Rogowska, Jadwiga. "Overview and fundamentals of medical image segmentation." Handbook of medical imaging, 
processing and analysis (2000): 69-85. https://doi.org/10.1016/B978-012077790-7/50009-6 

[13] Chithra, A. S., and Renjen Roy RU. "Otsu's Adaptive Thresholding Based Segmentation for Detection of Lung 
Nodules in CT Image." In 2018 2nd International Conference on Trends in Electronics and Informatics (ICOEI), pp. 
1303-1307. IEEE, 2018. https://doi.org/10.1109/ICOEI.2018.8553694 

[14] Goh, Ta Yang, Shafriza Nisha Basah, Haniza Yazid, Muhammad Juhairi Aziz Safar, and Fathinul Syahir Ahmad Saad. 
"Performance analysis of image thresholding: Otsu technique." Measurement 114 (2018): 298-307. 
https://doi.org/10.1016/j.measurement.2017.09.052 

[15] Ayma, V., R. De Lamare, and B. Castañeda. "An adaptive filtering approach for segmentation of tuberculosis bacteria 
in Ziehl-Neelsen sputum stained images." In 2015 Latin America Congress on Computational Intelligence (LA-CCI), 
pp. 1-5. IEEE, 2015. https://doi.org/10.1109/LA-CCI.2015.7435964 

[16] Mithra, K. S., and WR Sam Emmanuel. "An efficient approach to sputum image segmentation using improved fuzzy 
local information c means clustering algorithm for tuberculosis diagnosis." In 2017 International Conference on 
Inventive Computing and Informatics (ICICI), pp. 126-130. IEEE, 2017. https://doi.org/10.1109/ICICI.2017.8365321 

[17] Panicker, Rani Oomman, Biju Soman, Gagan Saini, and Jeny Rajan. "A review of automatic methods based on image 
processing techniques for tuberculosis detection from microscopic sputum smear images." Journal of medical 
systems 40 (2016): 1-13. https://doi.org/10.1007/s10916-015-0388-y 

[18] Goutam, D., and S. Sailaja. "Classification of acute myelogenous leukemia in blood microscopic images using 
supervised classifier." In 2015 IEEE International Conference on Engineering and Technology (ICETECH), pp. 1-5. 
IEEE, 2015. https://doi.org/10.1109/ICETECH.2015.7275021 

[19] Mustafa, Wan Azani, Haniza Yazid, and Mastura Jaafar. "A systematic review: Contrast enhancement based on 
spatial and frequency domain." Journal of Advanced Research in Applied Mechanics 28, no. 1 (2016): 1-8.  

[20] Ali, M. B., A. F. Ab Ghani, S. DharMalingam, and J. Mahmud. "Digital image correlation (DIC) technique in measuring 
strain using opensource platform Ncorr." Journal of Advanced Research in Applied Mechanics 26, no. 1 (2016): 10-
21.  

 

 

https://doi.org/10.1016/B978-0-12-813087-2.00009-9
https://doi.org/10.1016/B978-0-12-813087-2.00009-9
https://doi.org/10.1016/j.aej.2020.06.054
https://doi.org/10.1109/CIET.2018.8660942
https://doi.org/10.1109/ICMA.2019.8816422
https://doi.org/10.1109/ICOMICON.2017.8279128
https://doi.org/10.1016/B978-012077790-7/50009-6
https://doi.org/10.1109/ICOEI.2018.8553694
https://doi.org/10.1016/j.measurement.2017.09.052
https://doi.org/10.1109/LA-CCI.2015.7435964
https://doi.org/10.1109/ICICI.2017.8365321
https://doi.org/10.1007/s10916-015-0388-y
https://doi.org/10.1109/ICETECH.2015.7275021

