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Abstract 

Malarial Retinopathy (MR) is indicated by retina alteration such as white dots occurrence which is caused by malaria. Leak detection is a key 
factor of MR’s early diagnosis.  Inconsistent size and shape of the leakages with the colour contrast that relatively similar with the background. 
Leak detection’s algorithm is one of the most complex algorithms on the fundus image analysis field. Therefore, improving performance in the 
leakage detection is essential. This study focuses on automated leakage detection on fluorescein angiography (FA) images. The methods used in 
this study are vessel segmentation, saliency detection, phase stretch transform (PST), optic disk removal and leak detection to extract some 
features which then classified to correctly validate the leak. From 20 patient data large focal leak images with 31 leak points, 28 of them have 
been correctly detected. So, the experiment produced the accuracy and specificity of 0.98 and 0.9, respectively. With the proposed method of 
this study, there is a potential to enhance the knowledge on MR field in the future. 
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1. Introduction  

Genus Plasmodium is a kind of parasites that cause human 

malaria. For the specific species, it consists of P. ovale, P. 

knowlesi, P. falciparum, P. malariae and P. vivax [1]. Severe 

anemia of malaria (SA), respiratory disorder (RD), and cerebral 

malaria (CM) are the common syndromes of malaria. Severe 

malaria caused by P. falciparum can lead to death if it is not 

correctly handled; since there is a neurological complication as 

severe as on cerebral malaria. Someone who diagnosed with 

malaria will more likely have failure medication upon other 

threatening disease [2]. Parasitemia occurrence on other 

disease can cause diagnosis of severe malaria become harder. 

Malarial retinopathy (MR) related to retinal alteration such 

as colour changes, retinal bleeding, retinal bleaching and 

oedema on pupil vessels [3]. Retinal alteration on severe 

malaria such as bleeding has been observed more than 130 

years [4] and the unique signs of retina are described for the 

first time in the Africa [5]. The probability of cerebral malaria 

that lead to death can be predicted with the bleeding on the 

retina [6]. Retinal bleeding usually occurs on the inner of retinal 

lining; moreover, it also can occur on all retinal linings. The 

bleeding occurrence on the event location make it looks like 

noise. Sub-retinal bleeding is observed by the excessive retinal 

bleeding with secondary retinal ablation [7].   

Retinal whitish is a unique sign which can only see on MR 

and further occurrence from the white spotting in macula area 

can help early detection and medication of severe malaria. 

Macula is an oval-shaped region in the centre of retina and 

contains 10% vision. Fovea is found in the centre of macula and 

contains the highest concentration of conical cells; fovea is a 

region where 20/20 vision can be acquired. So, the occurrence 

of white spotting inside the macula region can be more fatal and 

considered as severe malaria symptoms or other neurological 

disorder. If the white spotting occurs inside the macula region, 

it is called macula bleaching. However, when it occurs outside 

arcade vascular, it is considered as periphery bleaching [8].    

Fluorescein angiography (FA) is an imaging kind that used 

in ophthalmology clinic which provides retinal vascular map 

structure and function with highlighting the blockage and the 

leakage of the retinal vessels [9]. MR consists of important 

signs of Pediatric Cerebral Malaria. MR revealed almost all 

common different disorder of angiographic vascular for retina 

condition and because of that, it is easy to use this condition to 

develop semi-automatic or automatic device to measure retinal 

disorder quantitatively. In another hand, the similarity between 

the eye and brain associated malaria brain seems to suggest that 

the retina may be a good source of potential biomarkers that 

may cast light on the processes of cerebral malaria disease. 

Large focal leakage describes one or more loop leakage fields, 

in which the largest linear diameter is greater than 125 μm. 

Large focal leakage is associated with bleeding [10]. 

According to the previous research [11, 12], there is still a 

gap that can be improved for the accuracy performance by * Corresponding author. 
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using phase stretch transform. With the accuracy obtained is 

only 92%. A total of 20 FA images which contain 31 leaks are 

used in this study [12]. Ground truth images are also available. 

This research focuses on the application of PST method to 

detect the retinal leakage for diagnosing malaria disease. 

2. Methods 

The proposed automated leakage detection framework 

consists of four main steps, i.e. vessels segmentation, saliency 

detection, PST, and leakage detection. The detailed process can 

be seen in Fig. 1. The description of each step is presented as 

follows. 

 

(1) Vessel Segmentation 

Some methods used for segmenting vessels are explained as 

follows:  

a) Pre-processing  

Firstly, fluorescein angiography (FA) image is enhanced by 

using adaptive histogram to obtain brighter vessels than that of 

on the original image. Then the enhanced image is undergone 

by median filtering. The filtered image is still containing some 

noises. To overcome this matter, morphological opening 

operation is applied, which is involved the ball type of 

structuring element (SE) with a radius of 35 and n of 15.   

b) Post-processing 

Grey threshold binarisation is used to eliminate undesirable 

area. After that, we apply the technique to drag small objects 

that are not included in the region of interest (RoI).  

 

(2) Saliency Detection 

By adopting from the previous study, saliency detection is 

used generate the vessels with region of interest (RoI) [11].  

a) Image Color 

Image colour is a technique for displaying data in array C as an 

image that uses various colours in colour map. Where, each 

element of C determines the colour of 1-pixel image. The 

resulting image is m-by-n grid pixel; where m is the number of 

columns and n is the number of rows in C. The row and column 

of index elements determine the appropriate pixel centre.  

b) Retinex 

Retinex is a technique to improve the contrast between 

vessels to the background of the colour map resulted. The 

results of retinex can be provided differences in colour then 

processed to get the red channel results. Red channel is the best 

result for the input process on the next method. 

c) Thresholding 

This technique is used to take the highest contrast portion to 

obtain the result of vessels and RoI as well according to 

previous retinex contrast. The results of the process can be seen 

in Fig. 2 (e). 

d) Object Detection 

Object detection is the way to get RoI, including of optic 

disk. It is done by removing the results from Fig. 2 (e) and 2 (b) 

to generate the Fig. 2 (f). The result of that process leaves RoI 

with optic disk and small region.  

 

(3) Phase Stretch Transform 

In this session, we use phase stretch transform (PST) that 

have been applied in the previous study [11]. PST will generate 

threshold images and followed by a series of morphological 

operations as post-processing [13]. PST uses a two-

dimensional phase domain frequency function which is 

mathematically stated as follows. 

𝐴[𝑛, 𝑚] = ∡ 〈𝐼𝐹𝐹𝑇{𝐾[𝑝, 𝑞]. �̅�[𝑝, 𝑞]. 𝐹𝐹𝑇2{𝐵[𝑛, 𝑚]}}〉 (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The flowchart of the proposed approach 

 

The output image is denoted by 𝐴[𝑛, 𝑚] while the angle of 

operation is denoted by ∡ 〈. 〉. The two-dimensional fast Fourier 

transforms and the inverse two dimensional fast Fourier 

transforms are expressed as FFT2 and IFFT, respectively. The 

response of the kernel localization frequency and the non-linear 

frequency depends on the phases of the kernel curve are 
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represented by 𝐾[𝑝, 𝑞] and �̅�[𝑝, 𝑞] [14]. The frequency affects 

the number of stages applied to the image. The lower the 

frequency component of the image the smaller the phase is 

applied, and vice versa. PST enhances the edges image by 

applying larger amount of phase to them, since the edges have 

higher frequency features.  

3. Results and Discussion 

By using the theory of thresholding output images followed 

by a series of morphological operation as a post processing can 

be generate PST image [8]. In this proposed work, the 

parameter required for low-pass filter and operating 

morphology is 0.0021. While the PST and thresholding 

parameters refer to [8], the power phases of 0.48 and warp 

power of 12.48 with the minimum and maximum limits are -1 

and 0.0019. The images results of the process are shown in Fig. 

2. 

 

  

(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig 2.  (a) Example FA images. (b) Vessel Segmentation Result. (c) Color Map (d) 
Retinex of (c). (e) Result of thresholding (d). (f) Removing (e) with (b). 

 

  

(a) (b) 

Fig 3. (a) PST Result. (b) Thresholding Result. 

 

A technique by specifying the object point was used. After 

some results point from thresholding obtained (as shown in Fig. 

3), then determine the vessel segmentation result based on the 

size of object point. Based on the results of the image, each 

vessel point is then calculated using a histogram. The higher 

the average histogram value at that point, more vessels have 

passed through that point. Then, that point can be determined 

as optic disk. An example result of the OD removal process can 

be seen in Fig. 4. Finally, performance of the proposed method 

is evaluated by calculating the accuracy obtained from 

comparison of detected leak with the ground truth image as 

shown in Table 1. 

 

  
(a) (b) 

  
(c) (d) 

 

(e) 

Fig 4. (a) Vessel of Centroid Object Result. (b) Histogram Result. (c) OD 
Object Result. (d) Leak Detection Result. (e) Ground Truth 

Table 1. Result of performance 

Images Accuracy Ground truth Detected leak 

Image 1 99 1 1 

Image 2 99 1 1 

Image 3 99 1 1 

Image 4 99 1 1 

Image 5 99 1 1 

Image 6 96 2 2 

Image 7 99 1 1 

Image 8 99 2 2 

Image 9 97 6 4 

Image 10 99 1 1 

Image 11 99 3 2 

Image 12 99 2 2 

Image 13 99 1 1 

Image 14 97 1 1 

Image 15 99 1 1 

Image 16 99 1 1 

Image 17 99 1 1 

Image 18 99 1 1 

Image 19 99 2 2 

Image 20 99 1 1 

 Total 31 28 

4. Conclusion 

Phase stretch transform (PST) is one of the methods that can 

be used for leak segmentation in malaria retinopathy (MR). By 

involving 20 FA images with 31 leak points. This method 

success determined 28 true points by obtaining the accuracy 

and specificity of 0.98 and 0.90, respectively. Since the PST 

very affected by the pre-processing result, development and 
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improvement of pre-processing will conduct in the future to 

obtain the better final result. 
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