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Abstract 

 

This study aims to investigate the different local thresholding methods on various regions of noise images, which could be 

used for image binarization of optical coherence tomography images. In the methods one hundred 8-bit images of noise, 1000x1000 

pixel in size, is generated using ImageJ/FIJI program. Images processed with four different auto local threshold method in 

ImageJ/FIJI program as Niblack, mean, median and midgrey, to perform binarization. Twenty-five different region of interest, 

100x100 pixel in size, from different region in an image analyzed for area percentage (AP) measurement. Normality tests were 

performed via Saphiro Wilk Normality test, and Student’s t test and one-way ANOVA were used to assess the continuous variables, 

and Bonferroni test for post hoc analysis, utilizing the IBM SPSS Statistics for the statistical analysis. In the results of this study 

mean AP for Niblack method was 42.08 ± 0.32%, for mean method was 50.00 ± 0.32%, for median method was 49.28 ± 0.16%, 

and for midgrey method was 49.63 ± 2.09%. One-way ANOVA analysis shows all the different subgroups of Niblack and mean, 

Niblack and median, Niblack and midgrey, mean and median, mean and midgrey, and median and midgrey measurements are 

significantly different from each other. In conclusion this study examined 100 noise images across 25 regions using four auto local 

threshold methods (Niblack, mean, median, and midgrey). Analyses indicated that Niblack having the lowest mean and there is 

significant difference between all the methods; researchers using auto local threshold methods in OCT image processing should 

select methods aligned with data properties, warranting further exploration of these methods’ impact on diverse OCT image, 

especially taking into account the effect of the noise. 

 

Keywords: Biophysics; choroidal vascularity index; image processing; optical coherence tomography; thresholding 

 

 
1. Introduction 

 

Image processing in the ophthalmological instruments 

have long been an important issue since first optical coherence 

tomography (OCT) has been introduced. In this very first 

explanation of advantages of the device itself, researchers 

discussed and emphasized the non-invasive nature of the 

technique for biological systems (Huang et al., 1991). Since then 

it is widely used for various kind of ophthalmological conditions 

including retinal and choroidal pathologies, acquired and 

inherited conditions (Adhi and Duker, 2013). 

The basics of the device rely on low coherence 

interferometry, a concept similar to ultrasonic pulse-echo 

imaging. However, the key distinction is that it employs near-

infrared light (NIR) instead of sound waves. The formation and 

visualization of images occur through the measurement of both 

the time and magnitude delay of the light that is scattered back 

from the retina. Due to the rapid velocity of the light beams, 

direct echoes cannot be detected directly and to overcome this, 

a reference mirror is employed which facilitates the comparison 
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of reflections using a Michelson interferometer (Huang et al., 

1991). 

Recent improvements in the OCT technology allowed us to 

use spectral domain OCT (SD-OCT), as a high-resolution 

diagnostic tool (Nassif et al., 2004). High-resolution means 

more data to interpret and more need for the analysis the data of 

the image has itself. Thus, OCT and various ophthalmological 

images become a natural candidate for the various kind of image 

processing approaches (Agrawal et al., 2016a,c). 

Empowering as a few micrometers of resolution to the 

ophthalmological images, nearly as a histological image section, 

new OCT technologies are even a better target for many of the 

image processing methods (Sull et al., 2010). Optical coherence 

tomography angiography (OCT-A) technology further improved 

our understanding of functional and anatomical vessel 

interactions and properties (Ferrara et al., 2016; Kashani et al., 

2017). OCT-A technology has a complex computational 

background which mainly utilizes the signal based approaches 

(Kashani et al., 2017). 

Many of the studies that utilize from OCT, measures 

mainly the thickness of the retina and choroid (Leitgeb et al., 

2003; Spaide et al., 2008; Adhi and Duker, 2013). These 

thickness measurements were performed in different regions of 

the ocular structures (Manjunath et al., 2010). The image 

processing of the OCT images is not limited to the thickness 

measurement. The studies for retinal image analysis ranges from 

image enhancement, segmentation to the thresholding. Not only 

OCT images of the macula and fovea have been a subject for 

image processing approaches, but also other anatomical 

structures like vessels, optic nerve and other structures have 

been important for the ophthalmological image processing 

studies. Even there were different imaging modalities except 

OCT (Patton et al., 2006). 

In the recent years, a new field closely related to the image 

processing gain importance which is artificial intelligence. 

Many of the artificial intelligence study techniques have been 

studied in both anterior and posterior segment analysis. Thus, 

there are numerous parameters and indexes that can be used in 

artificial intelligence architectures, in order to diagnose and 

follow up distinct diseases (Duan et al., 2022; Gozzi et al., 

2023). Moreover, some of these studies showed that artificial 

intelligence may help the clinician in the process of deciding to 

the surgery (Gan et al., 2022). Artificial intelligence is studied 

for its role in screening of some ophthalmological conditions, 

and found to be a valuable and promising tool (Huang et al., 

2022). 

One of the most studied areas of image analysis research is 

choroidal vascularity index (CVI) (Agrawal et al., 2016a,c). 

Previous image processing studies paved the road for CVI 

calculations (Sonoda et al., 2014). It mainly questions if the 

thickness measurements are not sufficient for further evaluation 

of many diseases, whether ophthalmological and non-

ophthalmological ones such as from Stargardt disease to 

panuveitis and from Vogt-Koyanagi-Harada disease to type-2 

diabetes (Agrawal et al., 2016b,c; Kim et al., 2018; Ratra et al., 

2018). In this particular method, CVI is measured with a Niblack 

binarization technique in OCT images (Agrawal et al., 2016a,c). 

Image processing studies utilizing CVI as a tool has a broad 

spectrum of interest. Using image processing methods, 

particularly CVI, different regions of the retina has been 

investigated like macula and peripapillary region (Qi et al., 

2023). Also, there are studies that  investigate  drug  effects,  like  

 

hydroxychloroquine, and these kind of image analysis tools are 

mentioned to be a candidate tool for decision making (Hasan et 

al., 2023). One other study found that primary open-angle 

glaucoma and primary angle-closure glaucoma had significantly 

different CVI values (Wang et al., 2023). 

Although OCT is an advantageous method for many 

reasons, the noise is a concern while gathering the images and 

there were certain approaches to overcome this situation in the 

literature, even using artificial intelligence (Qiu et al., 2020). 

Deep learning approaches also used to denoise the OCT images 

of the different ocular anatomical regions (Devalla et al., 2019). 

Thus, because of the nature of the Niblack binarization method, 

noise could be very important, for the interpretation of the 

outcome results.   

The need for the determining basic characteristics of 

widely used Niblack method and other methods in noisy images, 

simulating the noisy part of the OCT images, is increasing as the 

CVI research gain importance. Use of different thresholding 

methods in different image conditions can be used as the purpose 

of the study. For this purpose, in this study it is aimed to 

investigate the role of Niblack and three other methods on noise 

images, in 25 different regions of the noise images. 

 

2. Materials and methods  

 

2.1. Image acquisition 

 

One hundred different noise image is generated in Tiff 

format with a frame of 1000x1000 pixel, a square shaped image, 

using ImageJ/FIJI program (version 1.52b) (Schindelin et al., 

2012; Schneider et al., 2012). These images were in 8-bit gray 

scale as in the most binarization techniques have been performed 

previously (Agrawal et al., 2016c) (Fig. 1A). 

 

 

 

 

 

 

 
 

 

 

 

 

 
Fig. 1. (A) A sample noise image, (B) 25 Region of interest (ROI) that 

are measured in a single image. 

 

2.2. Binarization process 

 

Gray scale noise images have been employed in order to 

binarize via auto local threshold approaches. Binarization means 

rescaling two-digit value pixels, either 1 or 0, or simply white 

and black. Different techniques of local threshold methods for 

binarization are used as Niblack, mean, median and midgrey as 

in the previous studies (Fig. 2A-D, respectively). Auto local 

threshold is a plugin in the ImageJ/FIJI program, that are used 

to binarize images, which computes the threshold using different 

approaches such as Niblack, mean, median and midgrey as 

preset inbuilt methods (Agrawal et al., 2016c; Landini et al., 

2017; Healy et al., 2018; Nichele et al., 2020). 
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2.3. Region of interests 

 

After binarization of the image with a technique, new 

image has been saved and ROI measurements take place. 

Twenty-five independent regions of interest (ROI) drawn as 

shown in the Fig. 1B., in order to represent more of the noise 

area and randomize it. Dimension of the ROIs are 100x100 pixel 

square, 100 pixels apart each other, in an orientation of five 

horizontal and five vertical landing, a total of 25 per image. 

Thus, 25 different ROI for 100 image makes a total of 2500 ROI, 

which have been analyzed for binarization results with four 

different techniques. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 
Fig. 2. (A) Binarized image using Niblack method, (B) Binarized image 

using mean method, (C) Binarized image using median method, (D) 

Binarized image using midgrey method. 

 

2.4. Area percentage measurement 

 

ROIs have been measured using measure function in the 

ROI manager tab of the program. In this section area percentage 

(AP) and mean pixel values were noted, and each ROI is 

investigated for the area fraction of white to the total area and 

showed in percentage. Histograms, boxplots and scatter plots of 

different methods have been drawn. 

 

2.5. Statistical analysis 

 

A total of 100 images with 25 different ROIs have been 

analyzed with four different auto local threshold technique. IBM 

SPSS Statistics, Version 28.0 is used for the statistical analysis. 

Techniques are compared between each other and for different 

regions with Student’s T-test. One-way ANOVA has been 

employed for independent group assessment and Bonferroni 

post hoc analysis has been performed for further analysis. 

Normality tests were performed with Saphiro Wilk Normality 

tests. Continuous variables have been shown as mean and 

standard deviation. p value smaller than the 0.05 is accepted as 

significant. 

 

3. Results and discussion 

 

When the total measurements of all techniques analyzed, 

mean AP was measured as 47.75 ± 3.45% (41.11 - 55.84%, N = 

10000). Mean AP for Niblack method was 42.08 ± 0.32% (41.11 

- 43.21 %, N = 2500), for mean method was 50.00 ± 0.32% 

(49.02 - 51.28%, N = 2500) and for median method was 49.28 ± 

0.16% (48.77 - 49.84%, N = 2500), for midgrey method was 

49.63 ± 2.09% (42.34 - 55.84%, N = 2500) (Fig. 3). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
Fig. 3. Boxplot graphs of the four different auto local threshold 

methods: Niblack, midgrey, mean and median (AP: Area Percentage, 

%: Percent). 

 

When Niblack and midgrey AP compared with each other, 

Niblack was found significantly lower than the midgrey (p< 

0.001). The distribution width of midgrey, thus standard 

deviation is higher than the Niblack method, which can be seen 

in the Fig. 3 and Fig. 4.  Niblack AP is significantly lower 

compared to both mean and median method APs (p<0.001 and 

p<0.001, respectively) (Fig. 3). AP of the midgrey is 

significantly lower than the mean and significantly higher than 

the median method (p<0.001 and p<0.001, respectively) (Fig. 3). 

And mean methods AP values are significantly higher than the 

median method (p<0.001) (Fig. 3). Although there is not a high 

difference between AP results, the high number of sampling rate 

makes small changes more significant. All the four methods 

results are normally distributed which can be seen at Fig. 4.  

One-way ANOVA analysis showed that there were 

significant differences between 4 methods (p<0.001). 

Bonferroni post hoc analysis suggested that these differences 

were due to all of the sub groups of Niblack and mean, Niblack 

and median, Niblack and midgrey, mean and median, mean and 

midgrey, and median and midgrey (p<0.001 for all of the 

subgroup post hoc analysis). 
 

Table 1  

Mean values in different methods. 

(n=Number, :Mean, σ:Standard Deviation) 

 

Mean pixel value after binarization of different methods 

have been shown in the Table 1 which is typically between 0-

255 in 8-bit images. The mean value of the Niblack method was 

 

Method 
Mean Pixel 

Value ±σ 

Minimum 

Pixel Value 

Maximum 

Pixel Value 

Niblack (n=2500) 107.31 ± 0.82 104.83 110.19 

Mean (n=2500) 127.49 ± 0.82 125.00 130.76 

Median (n=2500) 125.67 ± 0.41 124.36 127.09 

Midgrey (n=2500) 126.55 ± 5.33 107.97 142.39 
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Fig. 4. Histogram graphs of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median, (D) Midgrey (AP: Area 

Percentage, %: Percent, Std. Dev.: Standard Deviation, N: Number). 

 

Fig. 5. Scatter plot graphs of the 25 different regions of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median, 

(D) Midgrey (AP: Area Percentage, %: Percent, ROI: Region of Interest). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

found to be lowest among four different method, and mean 

method found to be highest (107.31 ± 0.82, 127.49 ± 0.82, 

respectively) (Table 1). 

Scatter plot and box plot graphs showed that there are some 

outliers in all of the methods in different regions, which can be 

seen in Fig. 5 and Fig. 6. 

These adaptive and local thresholding techniques have 

been used in a broad spectrum of images and studies including 

the CVI studies (Brocher, 2014; Agrawal et al., 2016a; 

Mohamed  Razali et  al., 2017; Healy et al., 2018; Nichele  et al., 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2020; Ban and Kweon, 2021). In a study investigating the 

adaptive thresholding methods in dental X-ray images, 

researchers compared the mean, median, midgrey, Otsu and 

Niblack methods and they have found that median method has 

the  best  thresholding  range  overall  (Mohamed  Razali  et  al., 

2017). Another study in the literature mentioned the role of these 

methods in quantification of sweat areas in a mouse model (Ban 

and Kweon, 2021). Yet a study implies and investigates the role 

of these different methods on both experimental and synthetic 

confocal images of different bacteria types (Nichele et al., 2020).  
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Fig. 6. Boxplot graphs of the 25 different regions of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median, (D) 

Midgrey (AP: Area Percentage, %: Percent, ROI: Region of Interest). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Different kind of images of astrocytes, microglia and 

oligodendrocytes were also evaluated using different 

thresholding methods including mean, median, midgrey, and 

Niblack (Healy et al., 2018). There were studies comparing new 

algorithms  with  pre-existing  thresholding  methods  (Brocher, 

2014).  

Niblack method can be considered as a local thresholding 

method alongside many others like Sauvola (Niblack, 1986; 

Sauvola and Pietikäinen, 2000; Healy et al., 2018). Because 

Niblack method depends vastly on the mean and standard 

deviation in a local region around a particular pixel, the main 

aim of this method could be interpreted as making the 

thresholding process which takes into account that surrounding 

pixels; Thus, use of Niblack method could have both some 

advantages and disadvantages (Adeyanju et al., 2021). 

In this study it is found that different adaptive thresholding 

methods has significantly different outcomes in the noise. Thus, 

especially images that has too much noise in it, can be vulnerable 

for that kind of different results when performed with different 

methods. Researchers should be careful about the methodology 

they chose, before they begin the study, depending on their 

dataset and the noise that contains. OCT images, especially that 

performed with an unsatisfied quality, should be considered for 

noise, if they will be included in studies that require for 

implementation of Niblack thresholding algorithm like CVI. 

There are some methods used for reducing the noise by reducing 

brightness of the OCT images, in order to get better results in the 

CVI assessment (Agrawal et al., 2016c). While the contrast 

disperse is uniform, global thresholding methods have 

advantages, whereas if the contrast is variable or noise is present, 

local thresholding methods gain importance (Singh and Mridula, 

2014).  

In this study it is performed analysis in different regions in 

a 1000x1000 pixel image with a ROI size of 100x100. A study 

in the literature performed a comparative analysis between 

different methods in confocal microscopic and synthetic images  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

found that local thresholding techniques are very sensitive to the 

ROI size (Nichele et al., 2020). Thus, researchers should also 

consider the ROI size, when conducting a proper study that 

investigates utilizing local thresholding methods.  

Considering its widespread investigation in recent years, 

CVI is a major research topic not only in medical but also in 

surgical and postsurgical conditions (Quiroz-Reyes et al., 2023). 

There are both advantages and disadvantages, strength and 

limitations of different thresholding algorithms (Nichele et al., 

2020). Although CVI studies performed on the OCT images 

found Niblack method more reliable for showing luminal and 

stromal areas, other studies examining the dental X-ray images 

found median method more suitable for higher number of teeth 

segmentation (Agrawal et al., 2016c; Mohamed Razali et al., 

2017).  

Researchers should decide the correct thresholding 

method, for their study, considering the amount of noise in their 

datasets. This study sheds light on the basic characteristics in the 

noise images of various auto local thresholding methods. 

 

4. Conclusion 

 

In this study 100 noise images were investigated for 25 

different regions and four different auto local threshold methods 

as Niblack, mean, median and midgrey. The findings indicated 

that the AP for all four methods followed a normal distribution. 

Additionally, there was a significant difference observed among 

subgroups, with the Niblack method exhibiting the lowest mean 

value. Although OCT is an advantageous imaging tool widely 

used in ophthalmology, noise in the OCT images could be a 

major problem, and researchers conduct image processing 

studies employing auto local threshold methods should consider 

their methods according to the properties of their data that they 

will work on. Future studies are needed for investigating the 

effects of different auto local thresholding methods during noise 

in various kind of OCT images. 
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