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Aspergillus is one of the most ubiquitous of the airborne saprophytic fungi that can 
withstand various climatic conditions and could cause multiple type of illness. It can be 
beneficial to humankind and also can be infectious to humans and animals. Direct 
microscopic is used by trained microscopist as one of the alternatives in identification 
process to any specimen that suspected of having fungal infection. Confirmation 
towards identification is often necessary as the structure of Aspergillus is complex and 
dissimilar in each cycle. In addition, the structure of some species of Aspergillus are the 
almost same, which can be incorrectly recognized. In prevention of misidentification, 
computer-based Aspergillus species identification is proposed. The detection process 
is the earliest and important process hence, this paper proposed an active region-based 
segmentation method in order to detect the presence of fungi. This method is literally 
not depending on the gradient or sharp edges of the object and implementing level set 
function for curve evolution which able to reduce the computational cost. Originally, 
this function was developed for tracking fluid interfaces but in this study, this function 
has been applied to fungi database. Two different methods were tested and compared 
to observe their ability to segment different 80 of Aspergillus images which included 
four species. Experiments conducted have been compared with the baseline technique 
and the proposed method is outperformed in terms of accuracy, specificity with 
average of 90% and PSNR value of greater than 40dB. Meanwhile the active contour 
(snake) was slightly underperformed but well performed particularly in terms of 
sensitivity with greater than 80% for all the species. Moreover, upon scrutinizing the 
dice coefficients provided in both tables, it becomes apparent that there is a lack of 
significant variance in the values, except in the instance of Aspergillus fumigatus (active 
region-based) that which produces a result below 36%. 
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1. Introduction 
 

In the new bioeconomy era, fungi infections can be acquired either environmentally or 
endogenously. Some fungi grow in environmental niches as saprophytes and patients can be infected 
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via inhalation of spores easily. Despite thousand species of fungi existed, Aspergillus is one of the 
most ubiquitous of the airborne saprophytic fungi that can be found in various climatic conditions 
and could cause multiple type of illness from a simple allergic reaction to life-threatening disease [1]. 
Aspergillus’s conidia present in the air and constantly inhaled by humans but normally it is harmless 
except for people with compromised immune system. However, the individuals with neutropenia, 
has a cancer or undergo chemotherapy also have high potential to be infected [2]. The recognition 
of Aspergillus species is important in order to help the physicians to proceed with the treatment. 
Commonly, the trained microscopist will handle all the specimens before handing over all the results 
related. Yet, this method is rendering some flaws and confirmation is often necessary. 

Due to the aforementioned problems, computer method (image recognition/processing field) is 
proposed in this study as nowadays, image processing is one of the rapidly growing technologies. In 
order to analyses the microscopic images, there are two main common methods that have always 
been used in laboratory; by using light microscope or fluorescence microscope. For example, 
P.Perner et al., [3] employed digital microscopic image by adapting six fungal strains with 1000x 
magnification to recognize the airborne fungi spores. Ehgartner et al., [4] presented the fast 
alternative for 450 microscopic images of Penicillium chrysogenum. The images were automatically 
evaluated to identify the hyphal elements which classified into unbranched hyphae, branched 
hyphae, small clumps, large clumps and pellets. In another study, the automated fluorescence 
imaging system was used to capture the fluorescence images in order to collect useful information 
from the samples. Here, 415 samples consisting of infected and non-infected small skin scales were 
collected and analysed [5].  

The implementation of image processing in microscopic image has been widely investigated for 
various databases. For example, an image segmentation method such as K- mean and fuzzy C-mean 
clustering were implemented in [6,7] for blood cells segmentation. However, it was found that 
although these methods are outperformed for those kinds of database but underperformed for 
Aspergillus database. This is because the structure of fungi and blood cells are completely different 
even though they are classified as microscopic images. The blood cells have a fixed shape while 
Aspergillus’ shape may vary and be more complex therefore, these methods are less suitable for this 
database. Moreover, although the microscopic image has an informative structure of fungi species, 
the images’ quality can be changed over time. The maturity will change from time to time and 
certainly will form varying structures during the cycle. Because of this, one of the active contour 
methods which is active region-based segmentation was investigated as the solution to overcome 
the problem of complexity of structures.  

One of the active contour models known as Snake model, is a commonly used segmentation 
method that relies on energy constraints and forces within an image. It is particularly suitable for 
analysing dynamic image data or 3D image data, with its primary goal being the extraction of regions, 
curvatures, or contours within the region of interest. This method plays a crucial role in various 
applications, including chest CT image analysis [8], glaucoma detection [9], and the identification of 
abnormalities in lung images [10]. However, it is worth noting that the traditional Snake model has 
some limitations. It tends to be sensitive to image noise and heavily relies on the image's edges, 
which can make it less effective in certain scenarios. For instance, it may not perform well with the 
model proposed by T.F. Chan et al., [11]. This model, as explained, employs the Mumford-Shah 
functional for segmentation, level set methods, and curve evolution. By minimizing energy-based 
segmentation, it demonstrates robustness to noise, making it capable of handling a wide range of 
images without the need for prior denoising. Additionally, this approach can accurately identify 
object shapes, lines, and open curves, even in cases where the object boundaries are not well-
defined. 
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Due to the ability of this model to segment the desired region without depending on the strong 
edges, this method has been widely investigated in various studies. Wong et al. proposed an 
enhanced Chan-Vese algorithm model that is helpful to segment 467 Berkeley’s colour images 
dataset images and increase the speed of computational time [12]. Subsequently, Yun et al., [13] 
improves Chan-vese model by introducing region-scalable fitting energy to segment the synthetic 
and real images of blood vessels. On the other hand, a Mumford-Shah functional is adapted to detect 
objects in vector-values image such as RGB and multispectral regardless of its edge and noise [14,15].  

The fungi have a complex structure that a lot of work needs to be done during the processing. 
Snake model required a larger number of iterations that lead to higher time consumption. Therefore, 
an image segmentation process with different species of Aspergillus with active region-based 
segmentation technique based on level-set function for curve evolution is proposed in this paper. 
The level set formulation of Chan-Vese is independent of the gradient or edge of the image unlike 
the previous active contour model known as active contour (snake) technique [16]. The model is 
developed to solve the segmentation problem that is involved in such a complex region of interest, 
and it is somehow suitable with the fungi database used in this paper. This method is basically looking 
for the inside and outside contours thus optimizing the contours beginning from the initial contour 
set up at the early stage of segmentation [11]. The model is evolving the curvature of the structure 
by an iterative process and the contour tends to evolve at different rates depending on the 
complexity of Aspergillus species’ structures. 

 
2. Methodology  

 
The overall architecture for this paper is illustrated as in Figure 1. The process is divided into three 

sections which are data collection, image segmentation and the result and evaluation of segmented 
images. 

 

 
Fig. 1. Overall architecture of proposed method 

 
2.1 Data Acquisition 

 
There are four types of fungi in the current database collection, and they have been used to 

differentiate each of the morphology. Specimen’s collection and preparation were done with 
guidance by professionals. The fungi samples were provided by the department of microbiology and 
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parasitology in Hospital Universiti Sains Malaysia (HUSM). The samples were taken from different 
parts of the patient’s body such as saliva, sputum, skin, ear, nail and blood [17]. All patient 
identification remained confidential. The only revealed information was the type of fungi so that an 
accurate treatment can be given to patients. Approval for clinical research was deemed unnecessary 
by the HUSM due to compliance with the patient confidentiality standards set forth. Samples could 
not be obtained from other resources due to patient confidentiality protection and sample 
degradation during transport. As a result, 80 images from four commonly found species of Aspergillus 
such as Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus and Aspergillus terreus were 
investigated in this study. 
 

Table 1 
Examples of Aspergillus sp. 

Scientific name and image 

 
Aspergillus flavus 

 
Aspergillus niger 

 
Aspergillus terreus 

 
Aspergillus fumigatus 

 
Table 1 shows different species with different image quality and fungi position. Each species has 

such a poor quality with unclear characteristics. This explains that most of them are from aging 
samples which the stain started to fade, or the fungi became too matured (releasing too many spores) 
thus, affected its original morphological characteristics. Based on Table 1, Aspergillus fumigatus 
presented images from aging slides. The first two images show the fungi is too matured while the 
other one is an example of immature fungus with unclear image background. Compared to the other 
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three species, the images in the first row show a greater quality as the shape is more observable and 
it can be distinguished based on its features. Aspergillus sp. has no big difference with each other 
therefore, a clear image is much needed to carry out this research. 
 
2.2 Image Segmentation 

 
The acquired images were then analysed by using computer-assisted technique which is the main 

focus in this research. In order to detect the species, morphological components of Aspergillus need 
to be extracted out by segmentation and several steps that are involved in image processing 
technique as shown in Figure 2 [18,19]. 

 

 
Fig. 2. The implementation steps in microscopic image processing 

 
2.2.1 Thresholding 

 
The purpose of this technique is to distinguish the foreground and background of an input image 

so that the region of interest (ROI) can be segmented out. The input image was defined as 𝑋	 ∈
𝑅	!	×	$		with the dimension of 𝐻	 × 	𝑊  pixels. The coloured 𝑋 image was converted into a grayscale 
image. Range values of threshold from 50 to 180 were manually adjusted to determine the optimal 
value that can produce clearer image. The result shows threshold value with 160 produces the best 
results where the structure is visible and observable with minimal noise shown compared to others 
as in Figure 3. 
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Fig. 3. Image obtained with threshold value (a) 50, the structure of fungus is not fully visible for 
image recognition. (b) 160, the structure is visible and observable with minimal noise shown. (c) 180, 
the fungus is visible, but the background noise is also visible which could affect the segmentation 
process 

 
2.2.2 Morphological operation 

 
Morphological closing operation was performed on the binary image which the process started 

with dilation followed by erosion. The closing method was the best way in order to fill up small holes 
and smooth the outline while preserving its shape and size. In addition, some elements that might 
diminish during thresholding can be restored at this stage so that the object is compact enough and 
clearly seen. The algorithm of closing operation that used dilation followed by erosion is defined as 
below [20]. Assume 𝑔	(𝑖, 𝑗) 	= 	𝐺 and 𝐺	 • 	𝐵	 = 	𝑝	(𝑖, 𝑗). 
 
𝐺 • 𝐵 = 	 (𝐺⨁𝐵)			⊖ 𝐵				            (1) 

 
Where an image 𝐺 is closing with structural element 𝐵. A disk-shaped structural element with a 

radius of 1 was used in this operation as its shape and size basically fits the subject in the input image. 
The important small elements that were discarded throughout the thresholding process could be 
retrieved during this process so that the final segmented image could provide more accurate 
information. Figure 4 provided fungi images before and after morphological closing operation 
technique is applied. Only a slight difference can be seen because the radius of structural element 
used is small but however, during this process it literally affects the quality of the entire image. A 
mere change can restore the significant features of fungi, especially the upper part of fungus that is 
surrounded with small conidia. For reference, the difference can be observed in the red circles area. 
 

 
Fig. 4. The image of Aspergillus fumigatus (a) is 
before and (b) is after morphological operation and 
its enlarged version 

(a) (c) (b) 

(a) (b) 
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2.2.3 Active region-based segmentation 
 
In order to segment out a particular area within the obtained binary image for further analysis, 

the active region-based segmentation method was implemented. The important particular area that 
needs to be extracted within the image was the most complex part of Aspergillus that contained 
informative elements of the fungi i.e., conidia, phialides, metulae and vesicle. The process of image 
segmentation includes four steps as illustrated in Figure 2. 

Firstly, narrow band initialization is adapted to compute level set near to the contour and 
decrease the computational complexity. At this stage, the pixels of the image were remapped, and 
the rest of unwanted pixels were removed according to the range that has been set up. For this part, 
𝑍	 = 1.2	 ≤ 	𝜑	 ≥ 	−1.2 of narrow band has been used to build a boundary near the edge. The 
remapping process is only involved in the area with desired region and the rest unwanted pixels were 
discarded to reduce complexity and accelerate the computation. To achieve this goal, sliding 
neighbourhood operation has been used [21,22]. The remaining pixels were compact with important 
information for later use. Figure 6 shows an example of the sliding neighbourhood operation. An 
image with a size of 10	 × 	7 pixels was divided into 3	 × 	3 pixels block of window neighbourhood as 
shown in Figure 6 (a). According to Figure 6 (b), the 10	 × 	7 matrix was rearranged into 70 columns 
of temporary matrix (10	 × 	7	 = 70) and each column has nine rows of pixel, presenting (3	 × 	3	 =
9) window. Then, to reduce the temporary matrix, local mean technique	𝑀%  was used. 
 
𝑀% =

&
'
∑ 𝜔()
(*&               (2) 

 
Where 𝜔 is the size of window neighbourhood, 𝑗 is number of pixels in each neighbourhood, 𝑖 

the number of columns and 𝑁 is the total number of pixel block presented. After each local mean 
determined, the temporary matrix remapping into single row of matrix and rearranged again into its 
original shape as displayed in Figure 6 (c) and (d). 

Secondly, the energy minimization-based segmentation is employed. The basic idea of this 
concept is the fitting term will reach minimization (Fitting = 0) once the curve is on the boundary of 
object. The equation involved for this concept is provided as in Eq. (3) [23,24]. Assume 𝑧(𝑖, 𝑗) = 𝑢+ 
and 𝐹1(𝐶) + 𝐹2(𝐶) = 𝑓(𝑖, 𝑗). 
 
𝐹1(𝐶) + 𝐹2(𝐶) = 	∫ |	𝑢, − 𝑐1	|- 𝑑𝑥 𝑑𝑦 +	∫ |	𝑢, − 𝑐2	|- 	𝑑𝑥 𝑑𝑦

⬚
+/01%23	(5)

⬚
%)1%23	(5)      (3) 

 
Eq. (3) has two forces that represent in terms of 𝐹1 and 𝐹2. The first term is the force to shrink 

the contour while the other term is to expand the contours (𝐶). 𝑐1	and 𝑐2 here is interpreted as the 
mean of inside and outside of the contour and 𝑢+	stands for entire image that formed by two regions 
of piecewise-constant intensities. Both forces are balance when the curve is completely reaches the 
exact boundary. Additionally, Figure 5 exemplify some different cases on how basic fitting term for 
region detection is occur in an image. 
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Fig. 5. Position of the curve and its fitting term 

 
Next, the level set representation and motion by mean curvature by Osher and Sethian [25] been 

used expansively as it allows for cusps, merging, breaking as well as automatic topology changes. The 
evolving curve is defined as 𝐶	 = 	 {(𝑥, 𝑦)|𝜙	(𝑥, 𝑦) 	= 	0} where 𝐶 is an open boundary and normal 
𝐿 = 	 ∇!

|∇!|
|. In addition, level set function can be multiple and allow for triple junctions or complex and 

vague topologies. For a better description, Table 2 provided a few examples of how level set function 
is performing by representing 2)	 phases or segment [26]. 𝑛 is defined as 𝜑	 = 	 (𝜑), … . 𝜑′) and it 
concludes that the greater the level set 𝑛, the greater the number of regions. 
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Fig. 6. Remapping of pixel after getting the narrow band by using sliding neighbourhood operation 

 
2.2.4 Fusion 

 
After segmentation process was completely done, the image obtained that displayed as binary 

image been fused with the original image (RGB image). This fusion was made to get the final result 
as coloured image, in line with the main aim of this section; segmentation of colour image [27,28]. 
Plus, imposed binary image on RGB image also help to make sure the particular area was cropping 
out nicely while preserved the features of Aspergillus sp. Below shows the algorithm for this process. 
Let assume image 𝐾	 = 	𝑘	(𝑖). 
 
𝑘	(𝑖) = 𝑥	(𝑖) ∩ 𝑦	(𝑖)              (4) 

 
Where 𝑘	(𝑖) is the result image, 𝑥	(𝑖) is the input image and	𝑦	(𝑖) is the segmented binary image. 
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Table 2 
Multiple level set representations and partitions 

Level set and 
phase 

Explanation and Result 

1 level set 
function  
2 phase 
segmentation 
 

Curve {𝜑 = 0} 
 

 
 
A curve given by  𝜑" = 0	and 𝜑# = 0 
The domain is divided into two regions: 
{𝜑" > 0,𝜑# > 0}, {𝜑" > 0,𝜑# < 0}  
 

 
 
This is the result of a single curve evolving a single region of Aspergillus fumigatus. The curve has fit 
in the boundary of the structure and segmented out only a single subject and discarded the rest of 
the subject. 

2 level set 
functions 
4 phase 
segmentation 
 

Curve {𝜑" = 0}∪ {𝜑# = 0} 
 

 
 
Two curves given by  𝜑" = 0	and 𝜑# = 0. 
The domain is divided into four regions: 
{𝜑" > 0,𝜑# > 0}, {𝜑" > 0,𝜑# < 0}, {𝜑" < 0,𝜑# > 0}, 
{𝜑" < 0,𝜑# < 0}  
 

 
 
Two curves stated are representing two sets of Aspergillus fumigatus.  Based on the result 
obtained above, a single curve was successfully bound onto the boundary of the structures 
regardless of the position. The background has cropped out and only desired regions presented for 
further examination. 
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3 level set 
functions 
8 phase 
segmentation 
 

Curve {𝜑" = 0}∪ {𝜑# = 0} ∪ {𝜑$ = 0} 
 

 
 
Three curves given by  𝜑" = 0,𝜑# = 0	and 𝜑$ = 0. 
The domain is divided into eight regions: 
{𝜑" > 0,𝜑# > 0,𝜑$ > 0}, {𝜑" > 0,𝜑# > 0,𝜑$ < 0}, 
{𝜑" > 0,𝜑# < 0,𝜑$ > 0}, {𝜑" > 0,𝜑# < 0,𝜑$ < 0}, 
{𝜑" < 0,𝜑# > 0,𝜑$ > 0}, {𝜑" < 0,𝜑# > 0,𝜑$ < 0}, 
,𝜑" < 0,𝜑# < 0,𝜑$ > 0, {𝜑" < 0,𝜑# < 0,𝜑$ < 0}- 
 

 
 
Despite the low-quality image, the whole structure of fungi contained in a single image were 
successfully segmented out even with different geometrical positions and overlapping to each 
other. Different from the other two images, this image is focusing on cropping out the full structure 
of Aspergillus fumigatus which includes the upper and lower part of it. 

 
3. Results  

 
In this paper the performance evaluation is presented into subjective and objective evaluations. 

Subjective evaluation is visually observed by human while objective evaluation used an algorithm to 
measure the images’ quality. Four species of Aspergillus with two positions of each species been 
tested and evaluated. The experiments have been implemented in Matlab R2018 (b) and have been 
tested in Intel Core i7, 2.1GHz CPU, 8G RAM and the Windows 10 operating system. 
 
3.1 Performance Evaluation Based on Subjective Evaluation 

 
The evaluations have been made by comparing the performances of snake and active region-

based segmentation techniques. For fair comparison, both techniques are used the same number of 
iterations which are 1300. Table 3 shows the comparison of image segmentation for Aspergillus 
species based on active contour (snake) and active region-based techniques. Based on this table, 
active contour (snake) was not able to crop out the whole structure as active region-based did. 1300 
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number of iterations is adequate enough for the proposed method but not for active contour (snake) 
technique. More iteration numbers are needed in order to fully crop out the desired region which 
could affect the time consumption. As for active region-based segmentation, fully structure of 
Aspergillus flavus can be seen and it able to remove the undesirable noise in the background. 
 

Table 3 
Segmented images of Aspergillus sp. 
Original image Active contour (Snake) Active region-based 
Aspergillus flavus 

 
Aspergillus fumigatus 

 
Aspergillus niger 

 
Aspergillus terreus 

 
 
3.2 Performance Evaluation Based on Objective Evaluation 

 
Table 4 and Figure 7 show the mean of accuracy, sensitivity and specificity obtained by 

implementing active region-based technique while Table 5 and Figure 8 are the overall means 
attained from the second technique which is active contour (snake). Accuracy, sensitivity, specificity 
and dice coefficient are assessed using a pair of images, with one serving as the ground truth 
reference [29]. The values for these metrics are then calculated using the following equations. 
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𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 9:;9'
<';<:;9:;9'

             (5) 
 
𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 9:

9:;<'
		            (6) 

 
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 9'

9';<:
              (7) 

 
𝐷𝑖𝑐𝑒	𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = -9:

-9:;<:;<'
           (8) 

 
where 𝑇𝑃, 𝑇𝑁, 𝐹𝑃, 𝐹𝑁 denote true positive, true negative, false positive and false negative that can 
be predicted from segmented images. 

Based on Table 4 and Figure 7, Aspergillus niger has the greatest mean of accuracy, sensitivity 
and dice coefficient with 98.53%, 98.29% and 91.84% respectively while for active contour (snake), 
Aspergillus fumigatus recorded the highest ones with 97.37% and 97.92%. Aspergillus fumigatus also 
achieved a notably higher dice coefficient value compared to the other species, registering an 
impressive 98.61%. This can be attributed to the striking similarity between the benchmark images 
and the ones being compared, resulting in a substantial number of true positive pixel matches. 
Besides that, in terms of specificity, the highest value recorded for active region-based is Aspergillus 
terreus with 99.16% and Aspergillus niger for active contour (snake) with 98.39%.  
 

Table 4 
Mean of accuracy, sensitivity and specificity for active region-
based technique 
Species Accuracy Sensitivity Specificity Dice Coefficient 
Asp. flavus 97.36 83.91 99.15 81.12 
Asp. fumigatus 94.55 38.63 96.67 35.21 
Asp. niger 98.53 98.29 98.55 91.84 
Asp. terreus 95.78 69.40 99.16 78.47 

 
The mean of sensitivity and specificity presented in Table 4 and Table 5 have a huge different 

between each species. Referring to Table 4 which implemented active region-based technique, the 
lowest mean of sensitivity calculated is Aspergillus fumigatus with only 38.63% followed by 
Aspergillus terreus and Aspergillus flavus with 69.40% and 83.91% respectively. For mean of 
specificity in Table 5 and Figure 8, Aspergillus fumigatus also has the lowest value which is 51.52% 
followed with Aspergillus terreus, Aspergillus flavus and Aspergillus niger. Both techniques are 
eligible for segmenting however, the results presented are different to each other. Furthermore, 
when examining the dice coefficients presented in both tables, it becomes evident that there is not 
a significant difference between the values, except in the case of Aspergillus fumigatus. In this 
instance, the dice coefficient obtained through the active region-based method is considerably lower 
compared to the Snake model. However, it is important to note that despite the promising dice 
coefficient value obtained for Aspergillus fumigatus using the Snake model, the subjective evaluation 
yielded contrasting results, as shown in Table 3.  
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Fig. 7. Comparison of mean for active region-based technique 

 
Next, after analysing the data presented in both Table 4 and Table 5, it is apparent that there is 

only a slight variance in accuracy values between the two methods. Nonetheless, the proposed 
technique exhibits superior performance when compared to the active contour (snake) method. 
Regarding sensitivity, the active region-based technique falls short in comparison to active contour 
(snake), while the reverse holds true for specificity. Notably, Aspergillus fumigatus and Aspergillus 
terreus both exhibit lower values compared to other species. This can be attributed to various factors, 
including structural complexity, the aging of slides, and variations in image intensity. 

 
Table 5 
Mean of accuracy, sensitivity and specificity for active contour 
(snake) technique 
Species Accuracy Sensitivity Specificity Dice Coefficient 
Asp. flavus 88.15 92.74 84.60 87.23 
Asp. fumigatus 97.37 97.92 51.52 98.61 
Asp. niger 94.74 90.95 98.39 94.42 
Asp. terreus 82.41 84.85 81.10 77.62 
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Fig. 8. Comparison of mean for active contour (snake) technique 

 
In addition, Table 6 and Figure 9 present the mean of PSNR values for all the species included in 

this research by implementing both active region-based and active contour (snake) techniques. PSNR 
and MSE serve as objective metrics to evaluate the quality and fidelity of images when compared to 
a reference image. PSNR focuses on providing a perceptually meaningful signal-to-noise ratio, while 
MSE directly measures the average error between pixel values. Higher PSNR values indicate lower 
levels of distortion and better image quality while lower MSE values imply a smaller amount of error 
and closer similarity to the reference image. Both evaluations are calculated by using equations as 
follows [30]. 
 

𝑃𝑆𝑁𝑅 = 10	𝑙𝑜𝑔&, g
=%

>=?
h             (9) 

 
where R is the maximum fluctuation existed in input image data type and 𝑀𝑆𝐸 is the mean squared 
error which is defined as 
 
𝑀𝑆𝐸 = &

'
∑ [𝐼&(𝑖, 𝑗) − 𝐼-(𝑖, 𝑗)]->,'                       (10) 

 
By observing the values recorded in Table 6 and Figure 9, the highest mean of PSNR value for 

active region-based technique is Aspergillus niger with 53.30 dB. The value is increasing from 
Aspergillus flavus to Aspergillus niger but decrease sharply for Aspergillus terreus with only 38.83 dB. 
Compared to active contour (snake), Aspergillus fumigatus has higher PSNR value with 41.00 dB 
regardless of its vague image and followed by Aspergillus flavus, Aspergillus niger and the least one 
is Aspergillus terreus. The values presented for active contour snake only slightly different to each 
other and not constantly increasing. Based on the highest values obtained by using these two 
techniques, active region-based technique is outstanding compared to the active contour (snake). 
This shows that, the image produced by implementing active region-based technique is better than 
active contour snake in term of its quality as the greater the number of PSNR, the finer the image. 
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Table 6 
Comparison means of PSNR for both techniques of Aspergillus sp 
Species Active region-based (dB) Active contour (snake) (dB) 
Asp. flavus 40.80 38.91 
Asp. fumigatus 42.58 41.00 
Asp. niger 53.30 38.02 
Asp. terreus 38.83 37.13 

 

 
Fig. 9. The comparison for PSNR mean values 

 
4. Conclusions 

 
A comparative study of active region-based and active contour (snake) techniques is conducted 

in order to observe its capability to segment the Aspergillus images. In this study, the original images 
went through several processes such as thresholding and morphological operation to convert the 

image to binary image before proceeding with segmentation and fusion processes. The database 
then being assessed and the performance evaluations (subjective and objective) were presented in 
Section 3 together with thorough explanation in each subchapter. The objective evaluations were 
assessed in term of accuracy, sensitivity, specificity, dice coefficient and PSNR values to indicate the 
best segmentation technique for this kind of database. Based on the accuracy, specificity and PSNR 
values, the proposed method has a better outcome compared to the active contour (snake). The 
accuracy and specificity values obtained were greater than 94% and PSNR values were in range of 
35db to 55dB. Meanwhile, active contour (snake) is outperformed in term of sensitivity value with 
higher than 90%. The higher the value obtained, the greater the quality of the segmented image. 
However, the values obtained in each category for both techniques are only slightly different to each 
other as the active contour (snake) technique still produce 50% to 98% of accuracy and specificity. 
Moreover, when considering the dice coefficient, both methods have consistently achieved values 
ranging from 76% to 99% for all the species, with the exception of Aspergillus fumigatus (active 
region-based), which yielded only 35.21%. Nevertheless, despite the higher dice coefficient obtained 
from the active contour (snake) model, the final segmented image fails to accurately represent the 
structure of Aspergillus, as highlighted in Table 3. Lastly, based on subjective evaluation, the active 
contour (snake) technique still can segment the image but the final outcome is not achieving the gold 
standard of this study. Though the proposed method is produced a better and more observable final 
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image, it is still lacking in some ways for instance, it consumed a lot of time and need a huge number 
of iterations. 
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