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Abstract
This research aims to enhance the watermelon’s quality selection process, which was traditionally conducted 
by knocking the watermelon fruit and sort out by the sound’s character. The proposed method in this research 
is generating the sound spectrum through the watermelon and then analyzes the response signal’s frequency 
and the amplitude by Fast Fourier Transform (FFT). Then the obtained data were used to train and verify the 
neural network processor. The result shows that, the frequencies of 129 and 172 Hz were suit to be used in the 
comparison. Thirty watermelons, which were randomly selected from the orchard, were used to create a data set, 
and then were cut to manually check and match to the fruits’ quality. The 129 Hz frequency gave the response 
ranging from 13.57 and above in 3 groups of watermelons quality, including, not fully ripened, fully ripened, 
and close to rotten watermelons. When the 172 Hz gave the response between 11.11–12.72 in not fully ripened 
watermelons and those of 13.00 or more in the group of close to rotten and hollow watermelons. The response 
was then used as a training condition for the artificial neural network processor of the sorting machine prototype. 
The verification results provided a reasonable prediction of the ripeness level of watermelon and can be used 
as a pilot prototype to improve the efficiency of the tools to obtain a modern-watermelon quality selection tool, 
which could enhance the competitiveness of the local farmers on the product quality control.
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1 Introduction

Thailand is an agricultural country with 34% of the 
population employed in agriculture [1], with rice being 
the most cultivated main crop. These plantations have to 
total combined area of 67 million hectares of arable land 
which accounted for 11.3% of the nationwide area [2]. 
After the harvest season, farmers often have areas for 
cultivating other crops that use less water to effectively  

utilized rice fields to increase income outside the 
farming season. Watermelon is a popular type of plant 
that farmers in the Si Songkhram district Nakhon  
Phanom Province grow as a complementary crop 
due to the area’s favorable topography and climate.  
For this reason, many large networks of watermelon 
farmers were established in this area. It is therefore 
important to raise the standard of cultivation and to 
strengthen the farmers in the area until they are capable 
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of exporting 6,000 t of watermelon per year which are 
equated to an income of 60–80 million baht per year.
 Farmers can cultivate watermelons well, but still 
have problems in quality selection before distribution, 
which still requires experienced labor to observe the 
size and the ripeness of the watermelons to avoid 
affecting yield prices and consumer confidence  
[3].
 In the past, efforts have been made to develop a 
tool for sorting the quality of watermelon, such as a set 
of devices to measure the sound frequency produced 
by tapping watermelon and to find the relationship of 
the sound frequency with the quality of the watermelon 
[4], [5].  Later on, the tapped sound frequency was 
developed to make it easier to compare the quality by 
converting the output sound signal into the spectrum 
of the frequency using the Fast Fourier Transform 
Method (FFT) [3], [6]–[11]. Additionally, a device was 
also developed to measure the vibration of watermelon 
caused by tapping [12]–[15], both of which gave the 
same accuracy as possible.
 Product quality assessment technology using 
non-destructive techniques It is part of post-harvest 
management which is gaining more and more attention 
today. Because the quality can be assessed quickly and 
will not damage the output. Along with satisfactory 
results, this led to the development of an automatic 
quality sorter and an online detection system [16] and 
the management of large amounts of data and various 
variables for quality assessment. Neural network type 
control methods have been used which can detect  
patterns and correlations of data, and learn or be trained 
to verify product quality in the industry. In addition to 
the agricultural industry, neural network methods have 
been widely adopted, such as classifying or modelling  
the relationships between the primary and other  
dependent variables [17]–[20].
 In this research, the researcher has studied the 
method for developing the device by transmitting the 
appropriate sound frequency through the watermelon 
fruit. Then the sound waves traveling through the 
watermelons fruit were measured and analyzed for the 
signals that were passed through. This was done by 
converting the signal obtained by the Fourier transform 
method into the amplitude of the sound wave. The values 
were determined as variables for the training of neural  
networks to learn and memorize to sort the watermelons  
with different ripeness levels

2 Materials and Methods

2.1  Operating principle for the prototype watermelon  
sorting machine

The prototype sorter developed has a working principle:  
amplifying the electrical signal of the wave to the 
desired size so that the wave can travel through the 
watermelon. It uses Operational amplifiers (op-amps) 
to amplify electrical signals. In amplifying electrical 
signals by using an instrumentation amplifier circuit  
(Instrumentation amplifier), which is a device with a 
high rate of electrical signal amplification. It can amplify  
small electrical signals with low noise. The circuit 
consists of 3 op-amps, the first part is the difference  
signal amplifier Vin+ and Vin–, then amplifies the difference  
signal Vout as shown in Equation (1) and Figure 1 shows 
the instrumentation amplifier circuit [21].

 (1)

where 
Av = the rate of amplification
Vout = the output signal amplified by the op-amps 

(Volt: V)
Vin+, Vin– = the signal before entering the op-amps
R1, R21 = R22, R3 = R5, R4 = R6

 = the external resistance of the op-amps  
(Ohm: Ω)

 When transmitting an electrically amplified 
sound frequency through a melon fruit, the transmitted 
audio frequency signal is analyzed by converting the 
signal obtained using Fast Fourier Transform (FFT) to 
the amplitude of the sound wave [22], [23] as shown 
in Equation (2).

Figure 1: Instrumentation amplifiers circuit [21].
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 (2)

where
X [k] = the size of conversion domain
x [n] = the size of signal in different frequency range 

measured randomly
 The different amplitudes will serve as a database 
to train neural networks to be used in watermelon  
sorting. In this research, the feed-forward neural 
network is used to assign data from the input layer to 
the hidden layer and send it to the output layer in the 
same direction as data flow. The data processed in the 
amplifier circuit is transmitted in one direction from 
input and forward to output without any reverse of the 
data as shown in Figure 2.
 In each layer, the data is passed through a simulated  
actuator function up to the output layer to determine 
the error value between the data in the output layer 
and the desired value. The Logistic sigmoid function 
with the maximum value of 1 [(Equation (3)], which 
being plotted in Figure 3, was applied. In the practice to 
adjust neuron network weight, when the actual network  
weight is close to the desired value, the training is 
stopped and the network weight is recorded. The 
variable used to train neural networks is the minimum 
required error (Goal) [17], [18]. 

 (3)

where
f (x)  =  Logistic sigmoid function
e ≈ 2.71828

2.2  Component of watermelon sorting machine

The watermelon sorter has 4 main parts including: 
frequency signal source, signal amplifier, frequency 
transmitter, and receiver unit. All display parts 
will be operated by the program developed by the  

research team. Figure 4 shows the working process of 
the program for sorting watermelon.
 The working principle of the watermelon sorter 
is comprised of generating the signals by a computer  
program software application, which was developed 
via visual studio 2017, and using NAudio library to  
interface with the computer’s sound card (Figure 5 part 1).  
Then the signal was sent to the amplification unit  

Figure 2: Feed-forward neutral network model.  

 

 
 

Figure 3: Logistic sigmoid function.

Figure 4: Programing process for watermelon sorting 
operation.
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(Figure 5 part 2 and Figure 6) to adjust the signal frequency  
accordingly. The frequency signal is sent out to the 
speakers, produces sound waves, and then passes 
through the melon. The transmitted signal was generated  
by a speaker as the signal transmitting unit. The 
speaker has a response frequency range of 0–20 kHz, 
an impedance of 4 Ω, and a maximum power of 20 W 
(Figure 5 part 3 and Figure 7). The audio receiver was 
attached to the other side of the fruit to detect the sound  
spectrum transformed through the watermelon (Figure 5  
part 4) and sent back for analysis by the developed 
program to classify the quality of watermelon using 

the neural network. The results were displayed on the 
computer screen (Figure 8).

3 Results and Discussion

In this experiment, the Kinaree watermelon, which 
is one of the most popular varieties in Thailand was 
studied. The fruits were oval in shape and have the 
weight rang of 1.1–2 kg.

3.1  Finding the response frequency range  

Initially, the natural frequency of the watermelon 
was used. Based on studies by Fang Wang and his 
colleagues [24], external vibrations were applied 
to the watermelon, and results were measured with  
acceleration transmissibility. The highest values were 
35.125 and 77.034 Hz, which are both considered 
natural frequencies of watermelon. Therefore, in the 
experiment for the response frequency, 35 and 77 Hz 
signals (close to the natural frequency) were used to 
determine the range of the response.
 Experimental results to find the response  
frequency range considering the amplitude of the input 
signal as shown in Figures 9 and 10.
 Figures 9 and 10 showed that when transmitting 
at 35 and 77 Hz, the amplitude of the output frequency 
signal occurs at the frequency range from 0 to 4000 Hz. 
The response frequency range is the same regardless of 
the type of signal; transverse or longitudinal frequency 
of the watermelon. However, this preliminary trial 
can only find amplitude in a specific frequency range, 
but could not show the quality of the watermelon. So 
further experiments on the effect of the quality of the 
watermelon need to be tested.

Figure 5: Principle operation of the sorting machine 
[10].

Figure 8: Display watermelon categorizing data in 
computer program.

Figure 6: Signal amplifying unit and input/output 
frequency.

Figure 7: Input/output signal emitter.
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3.2  Find the frequency in the frequency response 
range that affects the quality of watermelon

The response was found in the low-frequency range 
experiment, and Chyung Ay's study [3] by tapping 
the watermelon and measuring the frequency signal, 
it was found that the ripe watermelon had the highest 
amplitude at the frequency. Average 172.62 ± 9.21 Hz.  

Not fully ripe watermelons occurred averaging 174.20 
± 9.88 Hz and hollow watermelons occurred on  
average at 137.77 Hz. This is consistent with Diezma 
IB et al. [7] vibration of watermelons and frequency 
signals were measured. It was found that good quality 
melon resonated sound frequency 172 Hz and hollow  
watermelon at 129 Hz. Therefore, the frequency  
response reflecting watermelon’s quality was determined  
within the frequency range of 100 to 200 Hz. The 
system sent signals at a frequency of 21 Hz, starting at 
100 Hz and in 5 Hz increments up to 200 Hz.
 Figure 11 demonstrated results at the frequency 
of 125 to 140 Hz where the amplitude is highest at 
129 Hz. Figure 12 demonstrated results at a frequency 
range of 165 to 180 Hz where the amplitude is clearly 
high at 172 Hz. In this research, 129 Hz and 172 Hz 

(a) Frequency response signal along the width of 
watermelon

Figure 11: Amplitude value at a signal frequency of 
129 Hz.

Figure 12: Amplitude value at a signal frequency of 
172 Hz.

(a) Frequency response signal along the width of 
watermelon

(b) Frequency response signal along the length of 
watermelon

Figure 9: Frequency range of 35 Hz.

(b) Frequency response signal along the length of 
watermelon

Figure 10: Frequency range of 77 Hz.
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signals were used to transmit the signal into the melon 
fruit and to consider the difference in the amplitudes of 
the reflected frequency signals to determine the quality  
of the watermelon. In transmission, the frequency 
signal is transmitted at 2 s per frequency signal to find 
the average value of the amplitude.

3.3  Finding the response to categorize watermelon’s 
quality

From Table 1, after the sound sprectrum at the  
frequency of 129 Hz and 172 Hz were transmitted 
through the melon fruits, the output signal in each case 
was then transformed by FFT to study it’s amplitude 
and, then, was used as the indicator to classify the 

watermelon quality. In this research, the quality of 
watermelons was divided into 3 characteristics: 1) not 
fully ripe watermelon, 2) fully ripe watermelon, and 3) 
near rotten watermelon as shown in Figure 13.
 In the experiment, 30 watermelons were exposed  
to a frequency of 2 s for 3 repetitions per frequency 
per watermelon to ensure reproducibility. The average  
amplitudes were obtained and compared with the 
quality of watermelons by cutting watermelons to 
observe quality within the fruit watermelon. From the 
test results for sorting watermelon quality Screening  
with a machine that matches the cut to accurately 
see the meat inside the watermelon. The number of  
watermelons in the test was small, therefore, unable to 
fully tell about the accuracy of the machine.

Table 1: Experimental result at the frequencies of 129 and 172 Hz 

No.
Weight Amplitude (129 Hz) Amplitude (172 Hz)

kg 1 2 3 Avg. 1 2 3 Avg.
1 1.7 15.81 15.12 14.87 15.27 12.22 12.47 12.56 12.42
2 1.9 12.45 13.39 13.88 13.24 10.81 11.07 11.45 11.11
3 2.0 14.25 14.21 11.88 13.45 16.21 16.72 16.75 16.56
4 1.6 15.25 14.89 15.55 15.23 12.87 12.5 12.8 12.72
5 1.8 12.04 12.32 13.93 12.76 15.11 14.41 16.23 15.25
6 1.5 23.15 27.55 28.39 26.36 19.95 20.75 20.92 20.54
7 2.0 33.61 34.01 32.26 33.29 30.49 30.99 29.26 30.25
8 1.1 18.55 18.97 18.98 18.83 15.75 15.71 15.8 15.75
9 1.6 14.83 16.54 16.5 15.96 12.33 12.78 12.93 12.68
10 1.7 12.77 13.83 14.17 13.59 14.14 14.38 14.18 14.23
11 1.7 15.94 16 14.93 15.62 11 11.39 10.87 11.09
12 1.7 12.92 13.67 13.01 13.20 15.32 16.69 17.79 16.60
13 1.7 9.3 11.67 9.86 10.28 13.22 10.25 10.52 11.33
14 1.7 15.8 11.37 14.06 13.74 18.59 16.28 16.98 17.28
15 1.6 10.62 11.71 12.03 11.45 10.41 10.64 10.37 10.47
16 1.7 10.88 11.86 13.03 11.92 12.09 12.16 12.67 12.31
17 1.5 11.79 12.03 11.99 11.94 14.75 16.19 16.53 15.82
18 1.8 14.41 14.09 13.77 14.09 13.63 13.93 13.83 13.80
19 1.6 13.29 12.75 12.47 12.84 19.96 21.38 22.6 21.31
20 1.6 16.6 15.27 15.05 15.64 11.6 13.63 13.18 12.80
21 1.6 16.35 16.33 16.57 16.42 11.7 10.8 10.3 10.93
22 1.9 14.36 14.83 14.9 14.70 15.32 15.81 16.1 15.74
23 1.7 19.97 17.74 18.72 18.81 13.18 16.19 16.75 15.37
24 2.0 12.68 13.91 14.4 13.66 13.75 14.51 13.95 14.07
25 1.9 12.86 13.29 13.3 13.15 16.18 16.19 16.53 16.30
26 2.0 16.81 18.7 18.91 18.14 14.39 15.02 15.41 14.94
27 1.7 15.18 13.52 14.04 14.25 11.93 12.32 12.6 12.28
28 1.8 12.12 12.4 12.53 12.35 11.51 11.47 11.55 11.51
29 1.6 18.54 17.52 19.33 18.46 13.58 13.53 13.61 13.57
30 1.6 12.5 12.18 12.64 12.44 10.02 10.51 10.73 10.42
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 From Table 2, the results were as follows.
 1) The number of not fully ripe watermelons was 
11, the highest, lowest and average amplitudes at 129 Hz  
were 15.95, 10.28 and 13.45, respectively, and at 172 Hz  
the amplitudes were 12.72, 10.42 and 11.67.

 2) There were 16 ripe watermelons, the highest, 
lowest and average amplitudes at 129 Hz were 18.83, 
11.94 and 15.04, respectively, and at 172 Hz were 
21.31, 13.57 and 15.59, respectively.
 3) Near rotten watermelon, the highest, lowest 
and average amplitudes at 129 Hz were 33.29, 26.36 
and 29.83, respectively, and at 172 Hz the amplitude 
was 30.25, 20.54 and 25.40, respectively.

Table 2: Quality of the watermelon and the effect of 
the amplitude at frequencies of 129 Hz and 172 Hz

Quality inside the 
watermelon

Amount 
(fruits) 129 Hz 172 Hz

Not fully ripe 
watermelons 11

Max. 
15.95
Min.  
10.28
Avg.  
13.45

Max. 
12.72
Min.  
10.42
Avg.  
11.67

Ripe watermelons 16

Max. 
18.83
Min.  
11.94
Avg.  
15.04

Max.  
21.31
Min.  
13.57
Avg.  
15.59

Near rotten watermelon 2

Max. 
33.29
Min.  
26.36
Avg.  
29.83

Max. 
30.25
Min.  
20.54
Avg.  
25.40

3.4  Neural network training

The frequency response values of 129 Hz and 172 Hz  
are fed to the network input layer. The weight  
obtained from training is used to calculate the system 
output. The number of nodes in the network output 
layer is equal to the watermelon quality classification.  
In this research, only ripe watermelon, not fully ripe  
watermelon, and near rotten watermelon were defined, 
as shown in Table 3. The separation of the quality will 
use the resulting amplitude.

Table 3: Output value demonstrating the quality of 
watermelon

Quality of 
Watermelon

Value of 
Designated Output

Ripe watermelon [1; 0; 0]
Not fully ripe watermelon [0; 1; 0]
Near rotten watermelon [0; 0; 1]

(a) Not fully ripe watermelon 
(13.45 at 129 Hz  and 11.67 at 179 Hz)

(b) Ripe watermelon 
(15.04 at 129 Hz and 15.59 at 179 Hz)

(c) Near rotten watermelon
(29.83 at 129 Hz and 25.40 at 179 Hz)

Figure 13: Cross-sectional images of different stages 
of watermelon growth: (a) Not fully ripe watermelon, 
(b) Ripe watermelon, and (c) Near rotten watermelon 
with average amplitude. 
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3.5  Testing the function of the prototype watermelon 
sorter

In the screening test, 30 watermelons were used and 
the results were compared between the sorter and the  
actual internal meat. From the test results, the results 
were consistent with the dissection to see the meat inside  
the watermelon correctly. But because the number of 
watermelons in the test was small, it was impossible 
to fully tell the accuracy of the machine.

4 Discussion and Conclusions

From the experimental results in Table 2, considering 
the amplitude, it can be seen that at the frequency of  
172 Hz the not fully ripe watermelon demonstrated 
the highest value (Max.12.72). This was less than the 
minimum value obtained from ripe watermelon (Min. 
13.57). From the sample, there were only 2 watermelons  
that demonstrated the lowest value which were only 
slightly less than the maximum ripe watermelon. But 
considering the maximum value, there was a noticeable  
difference. It was observed that at 172 Hz, the very 
high amplitude indicates that the watermelon is near 
rotten. However, when considering the amplitude at 
129 Hz, the tendency of the amplitude is the same 
as that at the frequency 179 Hz where the rotten 
watermelon is the highest. This was followed by ripe 
watermelon and the watermelon that is not fully ripe, 
respectively. The quality of watermelon is classified  
by the average amplitude values. The near rotten  
watermelon was 25.40, which was higher than the ripe 
watermelon 15.59 and the not fully ripe watermelon  
averaged at 11.67, which is the lowest value. This is 
consistent with research by Rouzbeh, et al. [12] which 
low-frequency range was applied to predict the degree 
of ripening of watermelon by producing frequency 
through melon fruit, then, measure the vibration  
frequency with laser doppler vibrometer and analyzing  
the signal value with FFT. Ripe watermelon had a 
higher FFT magnitude than the raw fruit. Another 
study in line with this research is a study by Ay [3], that 
predicted the ripening of watermelon by tapping on 
the fruit and using a microphone to pick up the sound 
frequency signal to compare the quality of watermelon. 
It was found that the ripe watermelon had the highest 
amplitude at the frequency of 172.62 ± 9.21 Hz, and 
the highest amplitude of not fully ripe watermelons 

occurred at 174.20 ± 9.88 Hz.
 According to previous research, the response of 
watermelons to sound wave depends on the mechanical 
characteristics of the pulp and the shape of the fruit 
[11]. The structure of watermelons harvested in each 
area has different species which may have different 
mechanical characteristics, such as the density of 
watermelon pulp, skin thickness, shape of the fruit, 
etc. Therefore, the scope of study was identified only 
for Kinaree watermelons that are commonly grown in 
the research area with the weight range of 1.1–2.0 kg. 
as shown in Table 1. If the tools used in this research 
are to be applied to other watermelon species, further 
specific studies are needed to improve the conditions 
for assessing the ripeness levels.
 Although there were a lot of high-performance and 
cutting-edge techniques in neural network processing  
[19], [20], feed-forward neural network still suitable 
for this research, which the incoming data flows in 
one direction and due to few variables was considered.  
Using Neural Network to sort the quality of watermelon,  
ripe watermelon was correctly classified according 
to the parameters used in the neural network training. 
This information can add other variable data to be 
used in various sorting without limit depending on the 
number of samples. The study of the process of sorting 
watermelon by frequency classification in combination 
with the neural network was a guideline for solving 
the problem of sorting watermelon’s quality. This new 
frequency signal emission technology can be used to 
support the traditional sorting technique, which was by 
tapping and listening to the sound, which was originally  
tapped to listen to the sound, was sent a frequency 
through the watermelon and then detected the reflected 
frequency signal. The signal values were mathematically  
converted to data as a learning condition for the neural 
network to extract the quality of the reflected wave 
properties by determining the quality. Therefore, the 
new technology is more reliable than the traditional 
method. Using the sorting tool will help to increase 
consumer confidence in the purchase of watermelon 
and can be used as a standard for certifying the quality 
of watermelon produced for sale in the future.
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