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Abstract—In order to characterize complex engineering
problems involvinging image data acquisition, different
techniques in image processing can be used. One of those
techniques is called the Laplacian Filter, commonly used
to reduce noise and improving images. Based on that,
image segmentation is a widely applied tool in
engineering and it can greatly contribute in the
acceleration of processes instead of adopting
conventional methods, thus providing applications of
such technique in the medical, spatial and other sectors
linked to engineering. Therefore, this work aims to use
image segmentation through differential equations
(Laplacian Filter) in different images using Matlab
mathematical software in order to enhance images
details.
Keywords—convolution; differential equations; image
enhancement; image processing; Kernel; Laplacian;
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I. INTRODUCTION
Image processing is widely used for task automation, data
thinning, noise reduction, and dozens of other engineering
applications. Thus, this work aims to use on of the images
segmentation processes know as Laplacian filter through
the Matlab software. This filter consists of the application
of a Laplacian formed by second order differential
equations used for image refinement, detailing important
data that often does not appear visible in images collected
by various devices or images whose details are lost due to
several other factors.
II. LAPLACIAN
Laplacian consists of second order differential equations
for each pixel of an image, both on the x-axis and the yaxis as indicated by the following equations (1) and (2)
below:
𝑑2 𝑓
= 𝑓(𝑥 + 1, 𝑦) + 𝑓(𝑥 − 1, 𝑦) − 2𝑓(𝑥, 𝑦)
𝑑𝑥 2
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𝑑2 𝑓
= 𝑓(𝑥, 𝑦 + 1) + 𝑓(𝑥, 𝑦 − 1) − 2𝑓(𝑥, 𝑦)
𝑑𝑦 2

(2)

Thus, the sum of equations (1) and (2) result in the
Laplacian as shown in equation (3) below:
∇2 𝑓 =

𝑑2 𝑓 𝑑2 𝑓
+
𝑑𝑥 2 𝑑𝑦 2

(3)

Accordingly to this, one method to represent those
differential equations in a matrix can be seen in the
equation (4) that follows:
(𝑥 − 1, 𝑦 + 1)
[ (𝑥 − 1, 𝑦)
(𝑥 − 1, 𝑦 − 1)

(𝑥, 𝑦 + 1)
(𝑥, 𝑦)
(𝑥, 𝑦 − 1)

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

(4)

Consequently, when replacing the values of (3) within
(4), one obtain the following Kernel, as shown in
equation (5).
0
[1
0

1
−4
1

0
1]
0

(5)

Where Kernel is a term used for matrices who are used in
image filtering through the mathematical method known
as convolution.
III. CONVOLUTION
In many cases, when working with images, it is
recommended to convert it to grayscale system, where
each of its pixels accumulate values ranging from 0 to
255 in intensity degree, with “0” corresponding to black
and “255”corresponding to white color.
Hence, these values allow that any image can be
represented as a numerical matrix as illustrated in figure
(1) below:

(1)
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Fig.3: Before and after Laplacian filter application.

Fig.1: Exemplo de uma convolução.
Figure 1 shows that the Kernel multiplies the value of
each of its pixels by the value of the corresponding pixel
in the figure that will undergo the convolution, adding
them to the end of the process that is repeated for each
pixel where the Kernel can fit in completely.
Based on that, a new matrix having two rows and two
columns shorter than the original one is generated, and
the new values contained for each pixel of this new
matrix are able to produce a range of effects on the
original image.
IV. RESULTS
The selected images were extracted from the library of the
Matlab software itself and the code developed to apply
the Laplacian filter proved to be very effective. Thus,
figures (2), (3) and (4), as shown below, proved that this
mathematical method can be applied to reveal some
details not visible to human eyes and to assist data
analysis from several experimental studies.

Fig.4: Before and after Laplacian filter application.
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Fig.2: Before and after Laplacian filter application.
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