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A Diagnosis of Tonsillitis using Image
Processing and Neural Network
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ABSTRACT
Tonsillitis is a disease occurring mostly in child and
adults as this disease may take to the other effects.
Nowadays, a detection of tonsil grand exploits medical doctor’s diagnosis to check on oral cavity. Therefore, this paper presents a diagnosis of tonsillitis using
image processing and neural network (NN). There are
three steps described as follows. The first step is localization of tonsil grand (TG) using Ellipses Hough
Transform. The second step is feature extraction using three important factors which can be indicated in
swelling by images of TG in terms of a) a dimensional
ratio of TG, b) an average intensity of TG and c) a
purulent surface of TG (yes/no) using power spectrum of two dimensional Fast Fourier Transform (2D
FFT). The final step is verification using NN. The
three factors are inputted into NN, and TG samples
of 50 images are used for training into the NN. They
are divided by tonsillitis patience 25 images and usual
TG of 25 images. This experiment uses 100 images
of TG for testing NN. Therefore, the overall accuracy
is at approximately 90% in terms of comparing with
the results from the medical doctor.
Keywords: tonsillitis; diagnosis; neural network;
image processing; 2D FFT,Ellipses Hough Transform

1. INTRODUCTION
Tonsil grand (TG) is the group of tissue type as
lymphatic gland which is placed inside of buccal cavity called ‘Palatine Tonsil’. The inflamed disease of
tonsil is a swell of tonsil grand (like a little of tubercules) because of the mostly causes from infectiousness such as virus and bacteria. Tonsillitis is not a
serious disease but the disadvantage of the inflamed
TG will show its area in an oral cavity. If it has
occurred both of inflammable and growing TG to a
big grand, then a respiratory pathway of human will
be clogged in their breath or else this infection may
severely become a ulcer in throat. Infectious inciManuscript received on September 30, 2009; revised on December 28, 2009
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dence is occurred in the blood and it may affect, for
example, the heated level of middle ear, the sinusitis,
the bronchitis or the pneumonia. Such diseases are
important problems in the tonsillitis of child in the
case of the inflammation or the severe heart occurred
from the infectious streptococcus. If it takes time to
be chronic, then it may cause a valve disease with
disabilities and heart failure [1].
Diagnosis of doctor will check the oral cavity to see
any features of TG which is exposed for questioning
symptoms of history from the patience. For diagnosis in oral cavity, the doctors will see directly the oral
cavity to observe the features of TG, the disease can
be intercommunication, and the patience has drawn
a breath odor. An alternative method to help the
medical doctor for diagnosis of the tonsil is the use of
images and computer because the medical doctor will
check the oral cavity to see closely the tonsil grand of
the patience. As a result, he sometimes may receive
the disease from the patience. To support the practical doctor, it has taken pictures in the oral cavity to
see a feature of tonsil grand for instead of checking
directly in the oral cavity. In open literature, only
three related papers have involved with finding out
the tonsil using images [2], [3]. Such two papers have
checked two factors as follows: 1) a size of TG using the sized ratio of a usual TG (from the previous
diagnosis) and a new TG (from the present diagnosis); as well as, 2) an average intensity of the area
of TG. These two factors will be sent to fuzzy logic
to make a decision. However the information of such
two papers is not sufficient to analyze for checking
tonsillitis because of only two factors (i.e. the size
and intensity).
In this paper, a diagnosis of tonsillitis using image
processing and neural network (NN). There are three
steps described as follows. The first step is localization of tonsil grand (TG) using the Ellipses Hough
Transform. The second step is feature extraction using three important factors which can be indicated in
swelling by images of TG in terms of a) a dimensional
ratio of TG, b) an average intensity of TG and c) a
purulent surface of TG (yes/no) using power spectrum of two dimensional Fast Fourier Transform (2D
FFT). The final step is verification using NN. The
three factors are inputted into NN, and TG samples
of 50 images are used for training into the NN. They
are divided by tonsillitis patience 25 images and usual
TG of 25 images. This experiment uses 100 images
of TG for testing NN. Therefore, the overall accuracy

INTERNATIONAL JOURNAL OF APPLIED BIOMEDICAL ENGINEERING

VOL.2, NO.2 2009

37

is at approximately 90% in terms of comparing with
the results from the medical doctor.
2. FEATURES OF TONSIL GRANDS
Figure 1 shows tonsil grand (TG) called “Palatine
Tonsil” to be two lymph nodes located in the oral
cavity on the side of neck with nearly tongue baseness where we can see it when we open a mount.
Figure 2 shows the tonsillitis which the oral cavity
can be found in the grown dimension and the timidly
inflammable red. If it reaches severe inflammation,
then it will be seen in translucent whites covering
TG called as “ulcer” [4], [5].

Fig.3:
ages.

A system of the detection of tonsillitis im-

Fig.1: The usual tonsil grand [5].

Fig.4: Flowchart for detection of tonsillitis images
based on medical knowledge and neural network.

3. 1 Localization
This paper uses the Ellipse Hough Transform
(EHT) to find the edge of TG because the shape of
TG is nearly related in ellipse shape. Therefore, the
equation of the EHT can be defined as [6]
Fig.2: Tonsillitis called as “ulcer” [5].
(u·cos θ+v·sin θ−x)2
a2
θ−y)2
+ (−u·sin θ+v·cos
b2

= 1

(1)

3. PROPOSED METHODOLOGY
Figure 3 shows a system of the detection of tonsillitis images which the system consists of a tonsil
grand (TG), a camera and a computer. The process
is to start the camera capturing the TG and sending
it to the computer for processing three factors i.e. 1)
the dimensional ratio of TG, 2) the average intensity
of TG and 3) the purulent surface of TG.
Figure 4 shows a flowchart of the detection of tonsillitis images based on medical knowledge and neural
network. There are three main steps of the proposed
methodology i.e. the localization, the feature extraction and the verification. The details of the three
main steps can be described as follows.

where u and v are image point,
H(x,y,a,b,θ) is a hough space,
x, y, a, b and θ are parameters for the EHT.
Figure 5 shows an example for localizing the edge
of TG. The process is started from a TG image converted to a binary image. As a result of the binary
image of TG, the position of TG is located by the
EHT. As shown in Figure 5, the dotted line of TG
edge is generated by equation (1) until it finds out
(0 or 1) all possible parameters (x,y,a,b,θ) that could
pass (u,v ) vote for parameters (x,y,a,b,θ), then the
solid line can cover the final edge of TG.
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Fig.6: An example for finding the dimensional ratio
of TG.

3. 2.2

Fig.5: An example for localizing the edge of TG.

3. 2 Feature Extraction
3. 2.1

The dimensional ratio of TG

The first factor is a result of the TG dimensional
ratio which can be found by measuring a size of TG
(ellipse shape) which is the width (W) and height (H).
The position of TG shape is obtained from the EHT.
Therefore, the equation is equal to

R=

W
H

(2)

which R is the dimensional ratio of width and
height,
W is the width of TG (pixels),
H is the height of TG (pixels).
Figure 6 shows an example for finding the dimensional ratio of TG. The values (pixels) of W and H
are obtained from the binary image which the shape
of TG is related to the ellipse shape shown in Figure
6. Therefore, the result of the dimensional ratio of
TG is calculated by equation (2). Note that the W
and H are the minor and major axes, respectively, of
ellipse shape.

The average intensity of TG

The second factor is a result of the TG average
intensity resulted from three colors (red, green and
blue [R, G, B]) which are not the same values. R
values are normally higher than G and B values in the
TG image. However, there are some images which G
or B values are nearly to R values. All R, G and B
are important to use this method for verifying the TG
image. For another reason, the TG generally is a high
redness then it may be the tonsillitis, nevertheless it
sometimes may not be the tonsillitis. Moreover, there
are two factors i.e. the first and third factors being
necessary to consider in this case. Such two factors
will also be utilized for classification of the TG image
(the normal TG and tonsillitis) using neural network
(NN) which will be described further in Section 3.3.
In addition, there are usually many methods for
classification of the normal TG and tonsillitis such
as histogram intersection or Euclidean distance etc.
However, there are limitations of such methods for
classifying the TG image because they will classify
only the data group in a linear model. In this work,
the scattering plot is not clear for a separation of
two data groups; however, some data also have overlapped between the normal and tonsillitis, as will be
seen later in Section 3.3. As a result, it is difficult
to classify both groups for a correction of the results.
Therefore, this work proposes to use neural network
for classification of the TG image i.e. the normal TG
and tonsillitis.
The average intensity of TG exploiting the intensity of R, G and B in the TG area can be described
as the formula
n
P

A=

i=1

r+

n
P

g+

i=1

3n

n
P
i=1

b
(3)
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where A is the average intensity of TG area,
r is the intensity of red,
g is the intensity of green,
b is the intensity of blue,
n is the total pixels of the TG area.
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be an inflammation of the TG. Therefore, the 2D FFT
and power spectrum of 2D for calculating the result
of the surface on the TG will be defined as follows [7]

Then, the average intensity (A) of TG area is normalized by 255 for a suitable value as following equation
A
N=
255

VOL.2, NO.2 2009

(4)

F (u, v) =

M −1 N −1
1 X X
f (x, y)e−j2π(ux/M +vy/N )
M N x=0 y=0

(5)
where F(u,v) is the 2D FFT result of picture,
N,M are width and height of picture,
f(x,y) is brightness value at (x,y).

where N is the normalized value of A (0 to 1).
Figure 7 shows an example for displaying the values of intensity (red, green and blue) on the area of
TG. For example, it can be seen from Figure 7 that
the values of a pixel (in case of n =1) selected from
the TG area consist of r = 198, g = 118 and b = 69.
Therefore, the average intensity (A) using equation
(3) is equal to (198+118+69)/3 = 128.33. In case of
n 1, the average intensity (A) is calculated from the
TG area for n 1 and, the summations of r, g, and b
are obtained from n 1. Finally, the average intensity
(A) will be normalized by 255 for the suitable value,
as shown in equation (4).

The result from the equation (5) is taken to calculate the power spectrum of 2D as the equation

2

P (u, v) = |F (u, v)| = R2 (u, v) + I 2 (u, v)

(6)

where P is the power spectrum of 2D,
R is real part,
I is imaginary part.
Figure 8 shows an example of the resulting image
using the 2D FFT on the area of TG. It can be seen
from Figure 8 that the binary image of the TG area
is applied for equation (5). Therefore, the 2D FFT
image of the TG area is shown in Figure 8. Figure 9
shows a resulted graph derived from Figure 8 around
the TG area using the 2D FFT. It can be seen from
Figure 9 that the calculated value of power spectrum
of 2D FFT image is at approximately 9.05 × 104 i.e.
it will be the purulent surface on the TG (or tonsillitis). Note that the power spectrum (P) of 2D FFT
is derived from the resulting values in equation (5)
substituted in equation (6).

Fig.7: An example for displaying the values of intensity (red, green and blue) on the area of TG.

3. 2.3

The purulent surface on TG

The third factor is to calculate a result of a surface
on TG using the power spectrum of 2 dimensional
Fast Fourier Transform (2D FFT). For example, if the
calculated result reveals smooth surface on the TG,
then it may be a normal TG whilst if the calculated
result shows purulent surface on the TG, then it may

Fig.8: An example of the resulting image using the
2D FFT on the area of TG.
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Fig.9: An example of a graph for the power spectrum
of the 2D FFT image around the TG area.
3. 3 Verification
3. 3.1

Data Analysing

This section describes an analysis of the data consisting of three important factors based on medical
knowledge. Such three important factors are as follows:
a) the dimensional ratio of TG,
b) the average intensity of TG and
c) the purulent surface of TG.
The values of these three factors are plotted on
three axes consisting of the width/height (W/H), the
average intensity and the purulent surface for the
first, second and third axes, respectively. The plotted
values of the W/H, the average intensity and the purulent surface are derived from the equations (2), (4)
and (6), respectively. Therefore, the scattering plot
of the three important factors will be shown in Figure
10. As shown in Figure 10, symbols of ‘•’ and ‘×’ are
represented to the usual TG and tonsillitis, respectively. It can be seen from Figure 10 that the data
groups of ‘•’ and ‘×’ cannot be classified clearly in
terms of a simple method of linear analysis because
there is some data overlapped between two groups.
Therefore, neural network is an alternative method
for solving this classification which will be described
further in Section 3.3.2.
3. 3.2

Fig.10:
factors.

The scattering plot of the three important

which Wij is weight to connect between output
node j and input node i
η is step size
α is coefficiency of momentum
xj is input signal from node j
δi is the quantity of difference of error , δi can be
shown as below
for output unit
δi = {Oi0 (ti − Oi )
otherwise
Oi0

X

Wmi δm

(8)

Oi0 is derivative of Oi
Ti is a required signal to node i
Oi the actual output at node i.

Neural Network

This section designs neural network (NN) using a
WEKA package [8] which there are 3 layers i.e. input, hidden and output layers, as shown in Figure
11. Numbers of nodes consist of 3, 2 and 2 nodes
for the input, hidden and ouput layers, respectively.
It can be seen from Figure 11 that the three factors
(the W/H, the average intensity and the purulent surface) are inputted to the input layer whilst there are 2
nodes for the output layer consisting of the usual TG
(value = 0) and tonsillitis (value = 1). The equation
for calculation of backpropagation neural network can
be defined as [9]

4. EXPERIMENTAL RESULTS AND DISSCUSIONS

∆Wij = ηδi xj + α∆Wij (k − 1)

This section will verify the proposed method for
the detection of tonsillitis images based on medical

(7)

Fig.11: Designing three layers of neural network.
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knowledge and neural network (NN). This paper uses
a MATLAB program for implementation of the first
part of image processing and the second part of NN
using a WEKA package [8]. Details of preparing the
neural network can be described as follows:
a) To demonstrate data inputs for training of neural network, there are 25 images of tonsillitis whilst
there are 25 images of the usual TG.
b) To demonstrate data inputs for testing the detection of tonsillitis, there are 100 images of TG. They
are taken into NN.
Table 1 shows the testing results of verifying TG
images which the output results are the usual TG or
tonsillitis. It can be seen in Table 1 that the 100
images of TG are tested by both of the medical doctor and the proposed method. As shown in Table
I, the results from the medical doctor can diagnosis
the following outputs i.e. 40 and 60 images for the
usual TG and tonsillitis, respectively; whilst the results from the proposed method can classify the following outputs i.e. 35 and 55 images for usual TG
and tonsillitis, respectively. There is an error image
of them for the usual TG which their accuracy is at
approximately 87.5%, whilst; there is also an error
image of them for the tonsillitis which their accuracy
is at approximately 91.67%. Therefore, the overall
accuracy is at approximately 90%.
Table 2 shows summary results of the true or false
positive, and the true or false negative. It can be seen
in Table 2 that there are 35 images for the true positive being the usual TG whilst there are five images
for the false positive being the tonsillitis. As shown
in Table 2, there are 55 images for the true negative
being the tonsillitis whilst there are five images for
the false negative being the usual TG. From the experimental results, the correct results depend on clear
images, and NN is considered in terms of numbers of
training set. If there are more samples of training set,
the new results will chance an increment from the old
results.

This paper has presented the diagnosis of tonsillitis using image processing and neural network (NN).
There are three steps described as follows. The first
step is localization of tonsil grand (TG) using the Ellipses Hough Transform. The second step is feature
extraction using three important factors which can
be indicated in swelling by images of TG in terms of
a) a dimensional ratio of TG, b) an average intensity
of TG and c) a purulent surface of TG (yes/no) using
the power spectrum of two dimensional Fast Fourier
Transform (2D FFT). The final step is verification using NN. The three factors are inputted into NN, and
TG samples of 50 images are used for training into
the NN. They are divided by tonsillitis patience 25
images and usual TG of 25 images. This experiment
uses 100 images of TG for testing NN. Therefore, the
overall accuracy is at approximately 90% in terms of
comparing with the results from the medical doctor.
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