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Abstract— In the field of microbiology, the counting of 

bacterial colonies is fundamental and mandatory. This is done to 

estimate the number of bacterial cells in every 1 milliliter or gram 

of sample. The counting takes a long time and is tedious, so it 

requires an accurate and fast counting method. The image quality 

used is very low and contains noise. Therefore, a preprocessing 

method is needed to reduce the noise. The Perona-Malik filter 

method is known to be able to remove noise well. However, it is 

difficult to determine the appropriate gradient threshold 

parameter (𝒌) for each different image. To find the appropriate 

value of 𝒌, the original Sobel Mask method and Sobel Mask 

Fractional-Order are used to estimate the value of 𝒌. The 

experimental results show the results of noise reduction using 

PMD with a value of 𝒌 from the original Sobel Mask and Sobel 

Mask Fractional-Order. The results of the accuracy of 

determining the value of k with the Sobel Mask Fractional-Order 

(α=1.0) show higher results based on the F-Measure values for 

samples 1, 2, and 3 respectively 97%, 98%, and 90%. 

Keywords— Perona-Malik, Sobel Mask, Fractional-Order, 

Bacterial Colony 

Abstrak—Dalam bidang mikrobiologi, penghitungan koloni 

bakteri merupakan hal yang mendasar dan wajib. Hal ini 

dilakukan untuk memperkirakan jumlah sel bakteri dalam setiap 

1 mililiter atau gram sampel. Penghitungan tersebut memakan 

waktu yang lama dan membosankan, sehingga membutuhkan 

metode penghitungan yang akurat dan cepat. Kualitas gambar 

yang digunakan sangat rendah dan mengandung noise. Oleh 

karena itu, metode preprocessing diperlukan untuk mereduksi 

noise tersebut. metode filter Perona-Malik diketahui mampu 

menghilangkan noise dengan baik. Namun, penentuan nilai 

parameter gradient threshold (𝒌) yang sesuai untuk setiap citra 

yang berbeda sulit dilakukan. Untuk mencari nilai 𝒌 yang sesuai, 

metode Sobel Mask original dan Sobel Mask Fractional-Order 

digunakan untuk mengestimasi nilai 𝒌. Hasil percobaan 

menunjukkan hasil reduksi noise menggunakan PMD dengan 

nilai 𝒌 dari Sobel Mask original dan Sobel Mask Fractional-Order. 

Hasil akurasi dari penentuan nilai 𝒌 dengan Sobel Mask 

Fractional-Order (𝜶 = 𝟏.𝟎) menunjukkan hasil yang lebih tinggi 

berdasarkan nilai F-Measure untuk sampel 1, 2, dan 3 secara 

berturut-turut 97%, 98%, dan 90%. 

Kata Kunci—Perona-Malik, Sobel Mask, Orde Fraksional, 

Koloni Bakteri 

I.  INTRODUCTION 

Microbiology is a science with a wide scope of study. 
Microbiology studies bacteria, viruses, fungi, and etc. Some of 
the problems faced by humans can be solved using 
microbiology [1]. For example, the bacterial colonies counting 
in medicine can be used to estimate the level of infection 
experienced by a patient [2]. The studies about counting 
bacterial colony had been done before where counting bacterial 
colony consumes times and a tedious task [2], [3], [4], [5]. 
Bacterial colony counting is carried out by creating a growth 
chart to estimate the number of cells. In Escherichia Coli 
bacteria, under ideal conditions, the number of cells can reach 
a million cells from one parent cell in 7 hours [6]. This causes 
that the counting of bacterial colonies takes a long time and is 
tedious.  

Based on these problems, it is necessary to build a method 
for counting bacterial colonies automatically, accurately, and 
precisely. Therefore, image processing can be used to count 
bacterial colonies. In this study, the image used is an image that 
was taken from a cellphone camera. The quality of the image is 
low and contains noise so that noise reduction is required 
without losing image feature [7]. The noise reduction used is a 
Perona-Malik Diffusion (PMD) filter that has been combined 
with a fractional-order Sobel Mask. The Fractional-order Sobel 
Mask on the PMD filter is used to find the correct gradient 
threshold (𝑘) parameter value for each different image. The 𝑘 
value obtained from the determination of the threshold gradient 
using a Fractional-order Sobel mask is better than the original 
Sobel mask. This is because the Sobel mask uses the first 
derivative while the Fractional-order Sobel mask uses fractional 
derivatives. 

Except for reducing noise, a Top-Hat Transformation 
method is needed which can correct the illumination effect 
caused by non-uniform lighting [8] and can extract features 
from an image which is lighter than the background [9]. Based 
on this, images with poor contrast can be overcome by using the 
Top-Hat Transformation method. Other methods [10] used in 
counting bacterial colonies are Otsu's method to carry out 
binarization and several methods in image morphology [11][12] 
for the extraction and bacterial colonies counting. Based on this, 
the paper aims to propose automatic counting bacterial colony 
at a lower cost and more accurate and propose new method to 
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find the 𝑘 value for PMD filter. 

II. PROPOSED METHOD 

Counting bacterial colonies use several combined methods. 
In general, the steps of the proposed method are petri dish 
extraction, preprocessing, bacterial colonies extraction, and 
counting bacterial colonies. 

 

A. Input Image 

Taking pictures of bacterial colonies using a mobile phone 
with a 13-megapixel camera resolution. Apart from cell phones, 
the tool used in image sampling is a mini studio shown in Fig. 
1. An example of an image used is a JPG extension, with a 
resolution of 300 dpi. The number of samples obtained is 3 
pieces. This is because the inoculation process is difficult. This 
difficulty is due to the possibility of contamination between 
bacteria in the laboratory [13]. 

 

Fig. 1. Mini studio  

The sample used in this study is a bacterial colony of acetic 
acid. The sample is shown in Fig. 2. The bacterial colonies were 
inoculated on colored and non-transparent growth media. In 
addition, the bacterial colony produces a clear zone. The 
extraction, preprocessing, and other processes shown in this 
article use sample in Fig. 2b. 

 

Fig. 2. Image samples 

B. Petri Dish Extraction 

Petri dish extraction is carried out to separate the original 
background from the Petri dishes. This will make it easier in the 
process of preprocessing and extraction of bacterial colonies 
later. The steps in this process are converting the image sample 
into a grayscale image shown in Fig. 3a. Fig. 3a convert into a 
binary image that shown in Fig. 3b. After Binarization, in Fig. 
3b, there are unwanted objects. Based on this, we are applying 
Erosion operators. The result is shown in Fig. 4a, where there 
is a hole that is caused by Erosion operators. To solve this 
problem, we are applying Region Filling operator, where the 

result is shown in Fig. 4b. Fig. 4b called mask is used to extract 
the Petri dish object. The result in Fig. 4c shows only Petri dish 
object without background from Mini Studio. 

 
 

Fig. 3. Extraction process 1: a) Grayscale convertion; b) Erosion operator 

 
Fig. 4. Extraction Process 2: a) Region Filling; b) Mask; c) Petri dish 

extracted 

C. Preprocessing 

There are 3 processes in this stage, that is the process of 
changing the background color, the process of correcting the 
illumination effect, and the process of reducing noise. 

Background-Color Change 

Changing the color of the background is done by 
homogenizing the color of the Petri dishes and the background. 
This is done in order that the gradient value is lower because 
the intensity of the difference in color between the object and 
the background is very small. Background changes are made by 
replacing a pixel with a value of 0 (black) with the average 
value of an object that is not 0 in the image (Fig. 4c). Suppose 
the image 𝑓 is 𝑚 ×  𝑛 in size, then (1) used to replace the 
background is as follows: 

 𝑓(𝑖, 𝑗) = {
𝑓(𝑖, 𝑗)                               𝑓𝑜𝑟 𝑓(𝑖, 𝑗) ∈ 𝐶 

∑ ∑
𝑓(𝑖,𝑗)

𝑛𝑝
, 𝑓(𝑖, 𝑗) ∈ 𝐶𝑗𝑖 𝑓𝑜𝑟(𝑖, 𝑗) ∉ 𝐶

, (1) 

where 𝑓(𝑖, 𝑗) are the pixels in the image 𝑓, 𝐶 is a Petri dish 
image without a black background (𝑓(𝑖, 𝑗) ≠ 0) and 𝑛𝑝 is the 

number of pixels in the Petri dish image. The result is shown in 
Fig. 5. 

 
Fig. 5. Background-color change 

Correction of Illumination Effect 

The result of the color change (Fig. 5) has a non-uniform 
contrast because the color of the bacterial colonies is more 
contrast than the background color. This is caused by the 

a b c 

a b 

a b c 
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presence of a clear zone in the bacterial colonies. In this case, a 
top-hat transformation can be used to correct the illumination 
effect [8]. The result is shown in Fig. 6 and still contain noise. 
To show noise in the result, the image color changes using the 
colormap function as shown in Fig. 7.  

 
Fig. 6. Top-Hat result 

 

 
Fig. 7. Colormap result 

Noise Reduction 

Noise reduction is performed using the modified Perona-
Malik Diffusion (PMD) Filter method to determine the 𝑘 value 
(gradient threshold parameter) automatically. The idea of this 
equation is to modify the heat equation by adding a diffusion 
coefficient where this equation depends on the magnitude of the 
image gradient [14], [15].  

Noise reduction is the application of the diffusion process 
by spreading the intensity of a high-frequency pixel to 
neighboring pixels. Perona and Malik made an innovation by 
introducing the diffusion coefficient 𝑐 based on the scale-space 
approach (2) proposed by Koenderink on the solution of the 
following diffusion equation [16] as follows: 

 
𝜕𝐼

𝜕𝑡
= 𝑐∇2𝐼 = 𝑐 ∇⃗⃗ . ∇⃗⃗ 𝑡= 𝑐𝐼𝑥𝑥 + 𝑐𝐼𝑦𝑦 (2) 

Based on (2), the diffusion equation asummed as follows: 

 {
𝜕𝐼𝑡(𝑥,𝑦)

𝜕𝑡
= 𝑑𝑖𝑣{𝑐𝑡(𝑥, 𝑦), ∇𝐼𝑡(𝑥, 𝑦)}

𝐼𝑡=0 = 𝐼0
, (3) 

where 𝐼𝑡 is the image in the 𝑡-iteration, 𝑑𝑖𝑣 is the divergence 
operator, 𝐼𝑡(𝑥, 𝑦) is the image gradient in the 𝑡-iteration, and 
𝑐𝑡(𝑥, 𝑦) is a diffusion coefficient in the 𝑡-iteration. 

In the Perona-Malik equation, in areas with small gradient 
magnitudes (homogeneous areas), the diffusivity value is 
expected to perform stronger smoothing. In areas with large 
gradient magnitudes (inhomogeneity), a smaller diffusivity 
value is expected to slow down the diffusion process and 
protect fine image features [14]. The diffusion coefficient on 
the PMD Filer is defined as a function of the image gradient 
∇𝐼𝑡(𝑥, 𝑦) so that the diffusion equation (3) becomes the 
nonlinear diffusion equation (4) which is known as the 

anisotropic diffusion model. The diffusion coefficient 𝑐𝑡(𝑥, 𝑦) 
is defined as follows: 

 𝑐𝑡(𝑥, 𝑦) = 𝑔(‖∇𝐼𝑡(𝑥, 𝑦)‖), (4) 

where 𝑔 is a diffusivity or flux function that plays a role in 
setting the diffusion rate, level of smoothness, blurring, 
sharpening, and preservation of image edges in the following 
equations introduced by Perona and Malik: 

 

𝑔(‖∇𝐼‖) = exp [− (
(‖∇𝐼‖)

𝑘
)
2

]

or

𝑔(‖∇𝐼‖) =
1

1+(
(‖∇𝐼‖)

𝑘
)
2

, (5) 

where 𝑘 is a constant that controls the sensitivity of the edges 
of an image. 

Different 𝑘 values cause different diffusion effects on an 
image. The smoothing effect is slight and image edges are 
maintained when the diffusion coefficient is smaller (‖∇𝐼‖ >
𝑘) and the smoothing effect is greater when the diffusion 
coefficient is larger (‖∇𝐼‖ < 𝑘) [17]. This causes it to be 
difficult to determine the suitable 𝑘 value for each image 
manually. 

This lack can be overcome by using the Fractional-Order 
Sobel Mask method in determining the value of the threshold 
gradient (𝑘) parameter. Fractional-Order Sobel Mask in edge 
detection can consider more information from neighbor pixel 
than the original Sobel Mask [18]. Based on this, the 𝑘 value 
determined using the Fractional-Order Sobel Mask is more 
accurate than the 𝑘 value determined using the original Sobel 
Mask. 

Searching the image gradient value using the original Sobel 
Mask pays attention to the neighbor pixels so that this method 
is efficient in detecting image edges. There are two masks that 
identify the edges of an image, namely masks from the vertical 

and horizontal directions. Suppose 𝐺𝑥 and 𝐺𝑦 is the mask of an 

image from the horizontal and vertical direction, the value of 

𝐺𝑥 and 𝐺𝑦 from the original Sobel operator shown on Fig. 8. 

The formula for finding the gradient in the horizontal and 

vertical direction is as follows: 
𝐺𝑥 = −𝑓(𝑥 − 1, 𝑦 − 1) + 𝑓(𝑥 + 1, 𝑦 − 1)

−2𝑓(𝑥 − 1, 𝑦) + 2𝑓(𝑥 + 1, 𝑦)

           −𝑓(𝑥 − 1, 𝑦 + 1) + 𝑓(𝑥 + 1, 𝑦 + 1),

𝐺𝑦 = −𝑓(𝑥 − 1, 𝑦 − 1) + 𝑓(𝑥 − 1, 𝑦 + 1)

−2𝑓(𝑥, 𝑦 − 1) + 2𝑓(𝑥, 𝑦 + 1)

           −𝑓(𝑥 + 1, 𝑦 − 1) + 𝑓(𝑥 + 1, 𝑦 + 1).

 (6) 

 
The calculation of the value magnitude gradient from the 

two mask directions uses the following formula [19]: 

 |𝐺| = √((𝐺𝑥)
2 + (𝐺𝑦)

2
) (7) 
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Fig. 8. Mask of original Sobel Operator 

In addition to formula above, an approximate approach to 
the magnitude gradient implemented in practice [20] is as 
follows: 

 |𝐺| = |𝐺𝑥| + |𝐺𝑦| (8) 

The fractional-order Sobel Mask is a modification of the 
original Sobel Mask, where the determination of the horizontal 
and vertical direction gradient values in (6) is modified using a 
derivative of the fractional-order. In discrete images, Δ𝑥 and Δ𝑦 
are considered as the number of pixels between two-pixel 
points. Suppose Δ𝑥 = Δ𝑦 = 2, then the differential form of the 
gradient component can be written as follows: 

 
𝐺𝑥 =

1

2
(
𝜕𝑓(𝑥+1,𝑦−1)

𝜕𝑥
+ 2

𝜕𝑓(𝑥+1,𝑦)

𝜕𝑥
+

𝜕𝑓(𝑥+1,𝑦+1)

𝜕𝑥
)

𝐺𝑦 =
1

2
(
𝜕𝑓(𝑥−1,𝑦+1)

𝜕𝑦
+ 2

𝜕𝑓(𝑥,𝑦+1)

𝜕𝑦
+

𝜕𝑓(𝑥+1,𝑦+1)

𝜕𝑦
)

 (9) 

The Grunwald-Letnikov approach is used in its application 
to fractional-order derivatives [21]. Assume the size of an 
image 𝑓 is 𝑀 × 𝑁, then the discrete form of ∇𝛼𝑓 can be written 
as follows: 

(∇𝛼𝑓)𝑖,𝑗 = ((Δ1
𝛼𝑓)𝑖,𝑗 , (Δ2

𝛼𝑓)𝑖,𝑗),   1 ≤ 𝑖 ≤ 𝑀, 1 ≤ 𝑗 ≤ 𝑁, (10) 

with 

 {
(Δ1

𝛼𝑓)𝑖,𝑗 = ∑ (−1)𝑟𝐶𝑟
𝛼𝑓𝑖−𝑟,𝑗

𝑅−1
𝑟=0

(Δ2
𝛼𝑓)𝑖,𝑗 = ∑ (−1)𝑟𝐶𝑟

𝛼𝑓𝑖,𝑗−𝑟
𝑅−1
𝑟=0

 (11) 

where 𝑅 ≥ 3 are integer constants, and 𝐶𝑟
𝛼 = (

𝛼
𝑟
) =

Γ(𝛼+1)

Γ(𝑟+1)Γ(𝛼−𝑟+1)
. The differential form of (9) is obtained from the 

generalization of the orders from integers to fractional numbers. 

 
𝐺𝑥

𝛼 =
1

2
(
𝜕𝛼𝑓(𝑥+1,𝑦−1)

𝜕𝑥𝛼 + 2
𝜕𝛼𝑓(𝑥+1,𝑦)

𝜕𝑥𝛼 +
𝜕𝛼𝑓(𝑥+1,𝑦+1)

𝜕𝑥𝛼 ) ,

𝐺𝑦
𝛼 =

1

2
(
𝜕𝛼𝑓(𝑥−1,𝑦+1)

𝜕𝑦𝛼 + 2
𝜕𝛼𝑓(𝑥,𝑦+1)

𝜕𝑦𝛼 +
𝜕𝛼𝑓(𝑥+1,𝑦+1)

𝜕𝑦𝛼 ) .
 (12) 

Therefore, the components of the fractional-order gradient 
along the 𝑥 and 𝑦 directions are obtained using the (11) 
approximation. For the 𝑥 gradient direction using the 

approximation (Δ1
𝛼𝑓)𝑥,𝑦 and the 𝑦 gradient direction using 

(Δ2
𝛼𝑓)𝑥,𝑦, as follows: 

 

𝐺𝑥
𝛼 =

1

2
[𝑓(𝑥 + 1, 𝑦 −) − 𝛼𝑓(𝑥, 𝑦 − 1) +

𝛼2−𝛼

2
𝑓(𝑥 − 1, 𝑦 − 1)

+2𝑓(𝑥 + 1, 𝑦) − 2𝛼𝑓(𝑥, 𝑦) + (𝛼2 − 𝛼)𝑓(𝑥 − 1, 𝑦)

            +𝑓(𝑥 + 1, 𝑦 + 1) − 𝛼𝑓(𝑥, 𝑦 + 1) +
𝛼2−𝛼

2
𝑓(𝑥 − 1, 𝑦 + 1)]

 (

13) 

 

𝐺𝑦
𝛼 =

1

2
[𝑓(𝑥 − 1, 𝑦 + 1) − 𝛼𝑓(𝑥 − 1, 𝑦) +

𝛼2−𝛼

2
𝑓(𝑥 − 1, 𝑦 − 1)

+2𝑓(𝑥, 𝑦 + 1) − 2𝛼𝑓(𝑥, 𝑦) + (𝛼2 − 𝛼)𝑓(𝑥, 𝑦 − 1)

         +𝑓(𝑥 + 1, 𝑦 + 1) − 𝛼𝑓(𝑥 + 1, 𝑦) +
𝛼2−𝛼

2
𝑓(𝑥 + 1, 𝑦 − 1)

 (

14) 

Based on (13) and (14), the new 𝑥 and 𝑦 direction gradient 

components are obtained, as follows: 

 

Fig. 9. Mask of Fractional-order Sobel Mask 

The determination of the value of 𝑘 uses the Fractional-
order Sobel Mask and the original Sobel Mask in this study 
using the following equation: 

 𝑘 =
√𝐹𝑥

2+𝐹𝑦
2

𝐷
 (15) 

 (15) is modification of the (7) to obtain the value of the 𝑥 and 

𝑦 direction gradients on the Fractional-order Sobel Mask and 

the original Sobel Mask. 𝐷 is a constant value to adjust the 

value of the gradient obtained depending on the image used and 

𝐹𝑥 = max{𝐺𝑥(𝑖, 𝑗)}, 𝐹𝑦 = max{𝐺𝑦(𝑖, 𝑗)}, 𝑖 = 1,2,3,… ,𝑀, 𝑗 =

1,2,3,… , 𝑁. 

In this study, the 𝐷 value used is 100. The value is obtained 
from the experimental results with the consideration that the 
maximum value of the image gradient components used is 
hundreds. In this case, if 𝑘 is hundreds, then in the diffusion 
process, the edges of the image object cannot be maintained. 
Using the Fractional-order Sobel Mask to determine the value 
of 𝑘 with different 𝛼 values, the Perona-Malik Diffusion (PMD) 
Filter will produce different results. The 𝛼 value used is 0.1 ≤
𝛼 ≤ 1. 

The obtained 𝑘 value is tested by looking at results of the 
diffusivity function on the PMD Filter. The test is done by 
determining the 𝑘 value using Sobel Mask Original and 
Fractional-order Sobel Mask.  Before doing the test, the first 
thing to do is determine the number of iterations that suitable 
by showing the image of the diffusivity function that play a role 
in controlling the diffusion rate, level of smoothness, bluring, 
sharpening, and preservation of image edges. The number of 
iterations is determined by doing experiment on image. The 

𝐺𝑥
𝛼 𝐺𝑦

𝛼 

𝐺𝑥 𝐺𝑦 
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experiment were carried out by applying several iterations that 
are 10, 30, 50, and 100 iterations. The small iteration causes 
maintained edge is not just the edge of the bacterial colony, so 
that there are many spots. In 30 iterations, the diffusivity results 
still show spots that are the edges of another objects that is not 
bacterial colony. In 50 iterations, the maintained edges are just 
the bacterial colonies. In 100 iterations, there are some edges of 
the bacterial colony that can no longer be maintained. 
Therefore, the number of iterations used is 50 iterations which 
show that diffusivity function on PMD Filter can maintain the 
edges of the bacterial colony. The determination of the 𝑘 value 
using the Sobel Mask and the Fractional-order Sobel Mask from 
each sample is shown in Table I. The 𝑘 value generated by the 
Fractional-order Sobel Mask varies depending on the 𝛼. 

TABLE I.  THE 𝑘 VALUE IN EACH IMAGE SAMPLES 

Method 

𝒌 value of 

Sample 

1 

Sample 

2 

Sample 

3 

Sobel Mask 2.8731 4.2579 3.5420 

Fractional-

order Sobel 

Mask 

𝛼 = 0.1 6.1611 6.2441 6.2565 

𝛼 = 0.2 5.3054 5.4319 5.4737 

𝛼 = 0.3 4.5197 4.7023 4.7064 

𝛼 = 0.4 3.7988 4.0274 4.1289 

𝛼 = 0.5 3.1503 3.4204 3.5587 

𝛼 = 0.6 2.5704 2.9042 3.0435 

𝛼 = 0.7 2.0985 2.4582 2.5838 

𝛼 = 0.8 1.6800 2.0601 2.1802 

𝛼 = 0.9 1.3152 1.7097 1.8337 

𝛼 = 1.0 1.0154 1.4071 1.5451 

 
Based on Table I, the 𝑘 value which is determined by 𝛼 

value on Fractional-order Sobel Mask is tested on the 
diffusivity function. The diffusivity function results show that 
the Fractional-order Sobel Mask with 𝛼 = 1.0 is better than 
another 𝛼 values and Original Sobel Mask because it can retain 
the edges of the object better. Furthermore, the value of 𝑘 is 
determined using the same value for the sample used, then 
compared with the resulting 𝑘 value based on the value of 𝛼 =
1.0. the 𝑘 values used for comparison are 3 and 5. The results 
of the comparison are shown in the Fig. 10. Based on the results, 
the 𝑘 value that is not suitable for the image shows that the 
diffusion results are not good. The diffusion results cause the 
number of the image object edges to be lost. Therefore, the 
determination of the suitable 𝑘 value is very influential on the 
image used. 

By using the 𝑘 value, the PMD Filter is used to reduce the 
noise that shown in the Figure 6. The noise has been reduced 
and looks smoother that shown in Fig. 11. To clarify the result 
of the PMD Filter in Fig. 11, the color of the image is changed 
that shown in Fig. 12. Fig. 12 shows the results of noise 
reduction at the 𝑘 value determined using Sobel Mask Original 
and Fractional-order Sobel Mask. Sobel Mask Original and 
Fractional-order Sobel Mask (𝛼 = 0.2 and 𝛼 = 0.6) result in 
blurry image. However, the image result at the 𝑘 value 
determined by 𝛼 = 1.0 produces an image without noise and 
not blurry. This is because the 𝑘 value is suitable for the image 
used. 

 

Fig. 10. The result of the diffusivity function in sample2 with: (a) 𝑘 = 3; (b) 

the 𝑘 = 5; (c) the k value of 𝛼 = 1: 0 

 

Fig. 11. PMD Filter results by the determined 𝑘 value using Sobel Mask: (a) 

Fractional-Order (𝛼 = 0: 2); (b) Factional-Order (𝛼 = 0: 6); (c) 

Fractional-Order (𝛼 = 0: 8); (d) Original. 

D. Bacterial Colonies Extraction 

Bacterial colonies are extracted by the Otsu method to 
convert the RGB image into the binary image [10] in Fig. 11. 
The binarization results still contain several objects that are not 
bacterial colonies. The object is the dish edge that was extracted 
as a result of the LED light reflection from the mini-studio. The 
object is divided into two, namely large objects and small 
objects. These objects are removed by utilizing the bwarefilt 
and bwareaopen functions of the Labeling Connected 
Components operator on MATLAB [22]. The final result of 
bacterial colony extraction shown in Fig. 13(d) is obtained by 
subtracting Fig. 13(a) from Fig. 13(b) and Fig. 13(c). 

 

 

a b 

c 

c d 

a b 
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Fig. 12. The color of the PMD Filter results is changed by determining the 

value of 𝑘 using Sobel Mask: (a) Fractional-Order (𝛼 = 0.2); (b) 

Fractional-Order (𝛼 = 0.6) (c) Fractional-Order (𝛼 = 1.0); (d) Original. 

E. Bacterial Colonies Counting 

Bacterial colonies counting uses the BWLabel function on 
MATLAB. The result of the image labeling of extracted 
bacterial colonies is shown in Fig. 14. The labeling shows the 
number of all objects in an image. The same one is done for 
each image sample. The counting results are shown in affect the 
counting results of image samples. Table II which contains the 
bacterial colonies counting manually and the bacterial counting 
using the proposed method of the determined 𝑘 value using 
either the Original Sobel Mask or the fractional-order Sobel 
Mask.  

 

Fig. 13. Bacterial colonies extraction: (a) binarization Image; (b) Large object; 

(c) Small objects; (d) The final result 

 

Fig. 14. Binary image labeling 

TABLE II.  THE BACTERIAL COLONIES COUNTING RESULT 

Methods Sample 

1 

Sample 

2 

Sample 

3 

Manual counting 66 84 68 

Sobel Mask 67 82 63 

Fractional-

Order Sobel 

Mask 

α = 0.1 69 81 63 

α = 0.2 69 81 63 

α = 0.3 69 82 63 

α = 0.4 70 82 63 

   α = 0.5
 

67 82 63 

α = 0.6
 

67 82 63 

α = 0.7 67 83 62 

α = 0.8 67 84 64 

α = 0.9 67 85 65 

α = 1.0 67 86 65 

 

 

a 

b 

c 

d 
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III. RESULT AND ANALYSIS 

The output image produced by the proposed method is a 
binary image. This image contains information on the number 
of extracted bacterial colonies. The results of the method used 
are different depending on the k value of the PMD Filter. The 
output image is shown in Figure 

A. Accuracy of Counting 

The manually counting is carried out by a microbiologist. 
These countings are shown in Table II. The counting accuracy 
is required in this study to determine the results of the proposed 
method compared to manual counting. Bacterial colonies 
counting performed manually is used as the basis for counting 
the accuracy of the proposed method. The proposed method 
accuracy is calculated using an accuracy measure known as the 
F-measure [23], [24], [25]. F-measure is a combination of 
precision and recall. F-measure informs the total accuracy of 
precision and recall. Precision is the accuracy of the extracted 
object and recall is the completeness of the extracted object. 
Precision and recall are formulated as shown in (16). 

 

𝑃𝑟 =
𝐽𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 

𝑇𝑜𝑏𝑗𝑒𝑐𝑡

    =
𝑇𝑝

𝑇𝑝+𝐹𝑝

𝑅𝑐 =
𝐽𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠

𝑇𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠

    =
𝑇𝑝

𝑇𝑝+𝐹𝑛

 (16) 

𝑃𝑟 is precission, 𝑅𝑐 is recall, 𝐽𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 is the actual number of 
bacterial colonies, 𝑇𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 is total extracted bacterial colonies, 
and 𝑇𝑜𝑏𝑗𝑒𝑐𝑡 is all extracted object (both bacterial colonies and 

non-bacterial colonies). 𝑇𝑝, 𝐹𝑝 and 𝐹𝑛 are true positive, false 

positive, and false negative, respectively. 𝑇𝑝 is the extracted 

object that is actually a bacterial colony, 𝐹𝑝 is the object that is 

not actually a bacterial colony, but is detected as a bacterial 
colony, and 𝐹𝑛 is the object that is actually a bacterial colony, 
but detected as a non-bacterial colony. In this study, 𝐹𝑝 is 

marked in red and 𝐹𝑛 is marked in yellow as shown in Fig. 15. 

 

Fig. 15. Result of sample 2 by 𝑘 value determined by: (a) Fractional-Order 

Sobel Mask (𝛼 = 0.9); (b) Original Sobel Mask 

In this study, bacterial colonies that are counted as 1 colony, 
but actually 2 colonies (separated) are categorized as 𝐹𝑛 objects. 
In addition, a bacterial colony is counted as 2 bacterial colonies, 
but actually, 1 bacterial colony (combined) is categorized as an 
𝐹𝑝 object. For accuracy, the F-Measure formula is used. Based 

on (16), F-Measure that is denoted by 𝐹𝑚 is shown in (17). 

 𝐹𝑚 = 2̇ ⋅
𝑃𝑟⋅𝑅𝑐

𝑃𝑟+𝑅𝑐
 (17) 

The results of the counting accuracy (F-measure) of the 
samples with several 𝑘 values depending on the method used 
are shown in Table III. Table III shows the highest average 
accuracy obtained with the 𝑘 value of the fractional-order Sobel 
Mask (𝛼 = 1.0). In sample 1, the accuracy of the 𝑘 value of the 
fractional-order Sobel Mask (𝛼 = 1.0) is the same as the 
accuracy of the Original Sobel Mask. In sample 2, the accuracy 
is almost 100% and bacterial colonies that do not overlap can 
be extracted well on the fractional-order Sobel Mask (𝛼 = 1.0). 
The same thing happened in sample 3, there was a bacterial 
colony that could not be extracted with a 𝑘 value using Sobel 
Mask Original. However, it can be extracted well using 
fractional-order Sobel Mask (𝛼 = 1.0).  

TABLE III.  ACCURACY OF COUNTING 

Methods Sample 

1 

Sample 

2 

Sample 

3 

Sobel Mask 0.9773 0.9637 0.9007 

Fractional-

Order Sobel 

Mask 

α = 0.1 0.9480 0.9574 0.9007 

α = 0.2 0.9480 0.9574 0.9007 

α = 0.3 0.9480 0.9637 0.9007 

α = 0.4 0.9557 0.9637 0.9007 

α = 0.5 0.9773 0.9637 0.9007 

α = 0.6 0.9773 0.9637 0.9007 

α = 0.7 0.9773 0.9699 0.9076 

α = 0.8 0.9773 0.9761 0.8938 

α = 0.9 0.9773 0.9820 0.9021 

α = 1.0 0.9773 0.9882 0.9021 

 

In this study, we give an example analysis image with 
marking object as shown in Fig 16. The best results are obtained 
in sample 2, where all bacterial colonies in the sample can be 
extracted. This is because the sample only has a bacterial colony 
in the middle of the Petri dish and almost all bacterial colonies 
have a large enough clear zone. In sample 2 and sample 3, there 
are bacterial colonies that have small clear zones (yellow 
markings). This caused the bacterial colonies with small clear 
zones cannot be extracted well when applying the Top-Hat 
Transformation and PMD Filter. In addition, bacterial colonies 
with slightly larger clear zones (green mark) are not too well 
extracted when applying Top-Hat and PMD Filter 
transformations. At the binarization process, bacterial colonies 
with small clear zones will disappear and bacterial colonies 
with slightly larger clear zones become smaller than the actual 
size. In other cases in sample 3, there are several bacterial 
colonies that grow on the Petri dish's edges. The thing that 
makes it difficult to extract the bacterial colony is the reflection 
of the LED light. Therefore, there is a bacterial colony object 
that blends with the object on the Petri dish's edges. Based on 
this, the bacterial colonies disappear when the edges of the Petri 
dishes are removed. 

a b 
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Fig. 16. Image for analysis purposes: (a) Image background color changed; (b) 

Image Filtering using Fractional-Order Sobel Mask (𝛼 = 1.0); (c) 

Binarized image; (d) Output Image. 

B. Computation time 

The bacterial colonies counting in this study uses MATLAB 
R2014B software on a PC with specifications: CPU Intel Core 
i5-5200U, 2.2GHz, and 4GB RAM. The computation time 
obtained by determining the k value using either the Original 
Sobel Mask or the fractional-order Sobel Mask is 
approximately 28—35 seconds for all samples. This is because 
the sample size used is small, which is approximately 1 Mb. 

The computation time is shown in Table IV, V, and VI, with 
3 trials for each sample. Based on these data, it cannot be 
concluded which method is superior in terms of time. It because 
the time obtained is not significantly different. However, the 
computation time of the proposed method is faster than manual 
counting. Manual counting with the same number of bacterial 
colonies as the used sample takes approximately 60—70 
seconds for each sample. 

 

 

 

 

 

 

 

 

 

TABLE IV.  COMPUTATION TIME (IN SECONDS) OF SAMPLE 1 

Method 1st Trial 2nd Trial 3rd Trial 

Sobel Mask 32.31 31.09 31.21 

Sobel Mask
 

Fractional Order 

α = 0.1 30.76 30.42 30.93 

α = 0.2 31.84 31.58 31.09 

α = 0.3 30.83 31.08 30.60 

α = 0.4 31.09 31.16 30.89 

α = 0.5
 

30.70 31.17 32.18 

α = 0.6
 

30.60 30.78 31.02 

α = 0.7 30.60 30.89 31.10 

α = 0.8 30.50 30.59 30.67 

α = 0.9 30.50 30.69 30.57 

α = 1.0 30.50 30.70 30.70 

TABLE V.  COMPUTATION TIME (IN SECONDS) OF SAMPLE 2 

Method 1st Trial 2nd Trial 3rd Trial 

Sobel Mask 29.18 28.78 28.95 

Sobel Mask
 

Fractional Order 

α = 0.1 28.40 28.60 28.72 

α = 0.2 28.35 28.95 28.38 

α = 0.3 28.49 28.39 28.46 

α = 0.4 28.40 29.65 28.50 

α = 0.5
 

28.28 28.61 28.41 

α = 0.6
 

28.88 29.04 28.43 

α = 0.7 29.91 28.60 28.36 

α = 0.8 28.94 28.48 28.88 

α = 0.9 28.92 28.33 28.39 

α = 1.0 29.06 28.64 28.83 

TABLE VI.  Computation time (in seconds) of sample 3 

Method 1st Trial 2nd Trial 3rd Trial 

Sobel Mask 33.75 32.69 32.55 

Sobel Mask
 

Fractional Order 

α = 0.1 32.92 32.91 33.73 

α = 0.2 32.59 32.89 33.33 

α = 0.3 32.71 33.09 33.54 

α = 0.4 32.86 32.74 32.67 

α = 0.5
 

33.88 32.86 32.82 

α = 0.6
 

32.61 32.60 32.91 

α = 0.7 32.92 33.19 32.66 

α = 0.8 33.51 33.80 33.01 

α = 0.9 32.69 33.05 35.03 

α = 1.0 33.26 32.97 33.46 

 

IV. CONCLUSION 

In this study, bacterial colony counts were performed on 
low-quality images. The image contains noise due to its low 
quality. Based on this, it is necessary to reduce noise using a 
modified PMD filter. This modification is carried out by 
determining the value of the threshold gradient parameter (𝑘), 
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where determining this value is difficult because the 
appropriate 𝑘 value for each image is different. To determine 
the value of 𝑘 automatically, the value of k is determined using 
the Sobel Mask Original and Sobel Mask Fractional-Order 
methods. The final result of the 𝑘 value is approximated by 
using the root of the sum of the gradient values in the 𝑥 and 𝑦 
directions, then divided by 100. Apart from having an impact 
on the diffusivity function of the PMD filter, the 𝑘 value has an 
impact on the accuracy of the counting bacterial colonies. This 
is because in the noise reduction process, there is a possibility 
of blurring so that bacterial colony objects will be considered 
as non-colonial bacterial objects. The best accuracy is obtained 
by using the value of k which is determined using the Sobel 
Mask Fractional-Order (𝛼 = 1.0). This accuracy value is 
determined using the Precision, Recall, and F-Measure values. 
The final results of the accuracy of samples 1, 2 and 3 based on 
the F-Measure values are 97%, 98% and 90% respectively. 

The computation time of the 2 methods used is not very 
different. The time obtained is in the range of 28--35 seconds. 
This time is twice as fast as manually counting bacterial 
colonies. Based on this, the proposed method can help 
researchers in the field of microbiology to more quickly and 
accurately carry out bacterial colony counts. 
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