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Abstract1 

Background/Objectives: A resonator plays a significant part in harnessing sound waves. An idea to use a 

resonator that only resonates on a specific frequency is hypothesized to harness sound efficiently. The primary 

objective of this study is to investigate the noise present in the boat engine room and be able to classify its 

resonant frequency and to know which of these frequencies occur most often. Methods/Statistical analysis: By 

using a sound recorder and a sound pressure level meter, the sound recorded from the idle state of the boat to 

disembarking and upon reaching the destination. Findings: Fast Fourier transform is applied to extract the 

frequencies of the recorded sound. Then the frequencies are evaluated using the Davies-Bouldin index to 

estimate the number of clusters and K-means clustering to classify the frequencies. Improvements/Applications: 

There are 2 clusters found and that Cluster 1 frequencies are from 17 Hz to 3295 Hz. Cluster 2 frequencies are 

from 6291 Hz to 8279 Hz. Among the available frequencies, 47 Hz, 155 Hz, and 186 Hz out weight all of the 

frequencies in terms of their occurrence, and among the three frequencies, 186 Hz has the highest amplitude. 
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I. INTRODUCTION 

The demand for technology has become vital with 

the increase in population and sophisticated society. 

However, pollution is also caused by producing and 

using the same technologies humans have invented. 

To address the issues, a group of researchers 

conducted several studies in utilizing and recycling 

unwanted by-products, such as noise [1, 2]. 

According to the U.S. Department of Health and 

Human Services, rising noise levels can have a 

negative impact on human health. A sound of over 

85 dB can cause permanent damage to one’s 

hearing[3]. Marine activities, such as shipping and 

energy exploration, alter marine animals' ability to 

communicate, navigate, and hunt, to name a few. 

This study focuses on processing and analyzing the 

sound produced inside a boat engine room. The 

result of this study help in the design of a Noise 

Energy Harvester that efficiently harnesses unwanted 

noise and converts it to electricity for sustainable 

development. 

Several studies of harvesting sound energy and 

used in different applications conducted. In a study 

conducted by Bacosa and Baldovino, they used a 

microphone to harness sound in a different noisy 

environment and used to charge a power bank[1]. 

Another study [2] utilized noise by using a 

piezoelectric material in lighting 1 led street lamp. 

The study [4] explored the use of a speaker and a 

transformer to convert noise produced by a car horn 

into electrical energy. Their studies utilized a 

transducer to convert sound energy into electricity. A 

transducer is a device that converts energy from one 

form to another[5]. According to Gupta,  Goel, and 

Yadav, the efficiency of the transducers and several 

such devices is quite low and cannot utilize for 

practical applications[6]. The output power is just 

enough for low power applications like charging 

batteries and lighting a single LED. But when a 

transducer excited by its resonant frequency, it can 

generate high voltage output, as can be seen in the 

study of Fang, Hassan, Rahim, Isa, and Ismail [7]. 

Resonance is the tendency of a system to oscillate 

with higher amplitude at some frequencies than of 

others. Frequencies at which the response amplitude 

is a relative maximum are known as the system's 

resonant frequencies or resonance frequencies. At 

these frequencies, even small periodic driving forces 

can produce large amplitude oscillations, because the 

system stores vibrational energy[8]. A resonator 

plays a significant part in harnessing sound waves. 

The resonator sensors are mechanical modifiers in 

which an elastic element is excited into vibration at 

its natural frequency, the value of which depends on  

the desired input quantity, e.g., force or pressure[9], 

see Fig 1. 

 

Fig. 1. Resonator sensor 

To effectively and efficiently harness sound, we 

need to know the different frequencies a sound 

source produces, classify these frequencies and be 

able to know which frequencies occur most often. 

A sound from a running engine varies from its 

displacement, condition, and location where it 

installed. It produces different resonant frequency, 

amplitude, and sound pressure level. The primary 

objective of this study is to investigate the noise 

present in the engine room of 869 tons capacity self-

propelling barge powered by two 600 HP euro 4 

diesel engines and be able to classify their resonant 

frequency to know in what state that these 

frequencies occurs and which of these frequencies 

occurs most often. 

 

II. MATERIALS AND METHODS 

A. Materials 

Data gathered by using a sound recorder Sony 

ICD-PX240 and a sound pressure level (SPL) meter 

Tondaj SL-814. Protective gear needed since the 

sound pressure level inside an engine room may 

reach the threshold of pain, which is above 130 dB 

and can cause permanent hearing damage. Sound 

collected from the idle state of the boat to 

disembarking and upon reaching the destination. The 

sound recorder and SPL meter placed inside the 

engine room, see Fig. 2. 

 

Fig. 2. Engine room setup 
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B. Methods 

Since the main objective of this study is to know 

the frequency that occurs most often and when the 

frequency is available. The method divided into two, 

conversion and classification, and analysis of 

frequency. The recorded sound is then processed 

using computing software created in the Matlab 

platform. 

 

1. Conversion and Classification 

In Fig. 3 shows how the data processed in the 

method in conversion and classification of sound. 

 

 
Fig. 3. Process in conversion and classification of 

frequency 

 

 Since this study focuses on the frequency, 

converting the time domain to the frequency domain 

is possible using a fast Fourier transform (FFT), and 

computed per second. The Fourier transform, or the 

analysis equation, is used[10]: 

 

Y(k)  =  ∑ X(j)𝑛
𝑗=1  W𝑛

(j−1)(k−1)   (1) 

 

With a sampling frequency of 41000 Hz, 

Frequency and magnitude are extracted per second 

using Matlab function FFT. All the frequencies 

(ALLFREQ) and the first 10 frequencies 

(HIGHFREQ) with high amplitude is then stored. 

The observations are processed repetitively. 

 

Many studies used and implemented Fast Fourier 

transform and K-Means clustering in processing 

audio, the study [11, 12] identifies a person from the 

characteristic of voice. All the frequencies 

(ALLFREQ) be clustered using K-Means, but before 

clustering the frequencies, we need to estimate the 

number of cluster K. In the study of [13], used 

Davies Bouldin Index in determining the optimal 

number of cluster K. Using Matlab function 

evalclusters, ALLFREQ be evaluated to find the 

optimal K.   

ALLFREQ in now clustered. We need to know 

the amplitude in a different scenario. Summing the 

amplitude using the incoherence formula gives us the 

amplitude per cluster versus time and we can 

visually  

The equation below adds the incoherent signal 

level[14] L1, L2  … Ln and shows that adding sound 

pressure level is not just taking the summation of all 

magnitude of the sound wave.  
𝐿𝑡𝑜𝑡 =  10 log10 (10

𝐿1
10 +  10

𝐿2
10 + ⋯ 10

𝐿𝑛
10 )       (2) 

Using observation and plot the data guide us 

visually on when will the clustered frequencies are 

available. 

2. Analysis of Frequency 

To be able to know which of the frequencies 

occurs most often, the clustered frequencies are 

further analyzed and process, see Fig. 4. 

 

Fig. 4. A process on Analysis of Frequency 

Frequencies HIGHFREQ is then retrieved from 

the storage and evaluated to find their percentage per 

occurrence of each frequency from all the 

observations and to find their means. Matlab 

function SORT is then used to sort the frequencies, 

which give us the occurrence of frequencies. Then 

divide it on the number of frequencies give us their 

percentage.  Plot them guide us visually as to which 

frequency occurs more frequently.  

Evaluating an observation and finding the 

frequencies that occur frequently help us see the 

performance of the frequencies. 
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III. RESULT 

The boat in this study route is from Tampi Amlan, 

Negros Oriental to Bato Oslob, Province of Cebu, 

and vice versa. It took about 25 – 40 minutes to 

travel. The recorded data was in mp3 format.  There 

were 35 observations taken at different time and day, 

route, and different load the boat carries, see Table 1. 

When the boat is in idle state, the sound pressure 

level inside the engine room reaches 103 dB, and 

when the boat starts to disembark, the sound pressure 

level reaches up to 119 dB of sound pressures.  

 

Table 1. OBSERVATIONS 

  Route Load Time 

Idle 

SPL(dB) 

Sailing 

SPL(dB) 

1 Bato - Tampi Full 18:02 102.1 116.7 

2 Tampi - Bato Half 20:31 100.6 114.1 

3 Bato - Tampi Full 22:30 102.2 114.4 

4 Tampi - Bato Half 4:43 99.8 112.3 

5 Bato - Tampi Full 6:43 99.7 116.2 

6 Tampi - Bato Half 9:33 99.1 110.8 

7 Bato - Tampi Half 11:36 102.4 119.1 

8 Tampi - Bato Half 13:30 106.3 113.1 

9 Bato - Tampi Half 16:00 100.1 116.3 

10 Tampi - Bato Full 19:55 100.7 110.1 

11 Bato - Tampi Half 4:39 99.6 115.2 

12 Tampi - Bato Half 8:12 100.2 115.6 

13 Bato - Tampi Half 9:33 102.1 114.1 

14 Tampi - Bato Half 11:32 106.2 111.7 

15 Tampi - Bato Full 15:32 102.6 112.8 

16 Bato - Tampi Half 16:31 102.8 113.7 

17 Tampi - Bato Half 19:45 102.6 116.3 

18 Bato - Tampi Half 21:38 104.5 118.7 

19 Tampi - Bato  Full 11:43 107.9 114.9 

20 Bato - Tampi  Full 12:36 103.5 114.1 

21 Tampi - Bato  Half 15:10 100.1 110.9 

22 Bato - Tampi Half 17:14 99.3 110.1 

23 Tampi - Bato  Full 19:03 102.7 112.1 

24 Bato - Tampi  Half 20:56 100.4 117.2 

25 Tampi - Bato  Full 4:59 99.8 118.9 

26 Bato - Tampi  Half 6:51 99.3 116.7 

27 Tampi - Bato  Half 9:19 99.5 112.1 

28 Tampi - Bato  Half 13:57 103.7 119.2 

29 Bato - Tampi  Half 15:49 105.4 116 

30 Bato - Tampi  Full 20:05 117.5 112.3 

31 Tampi - Bato  Full 22:01 104.5 115.2 

32 Bato - Tampi  Half 23:21 99.6 113.8 

33 Tampi - Bato  Full 8:35 100.2 114.4 

34 Bato - Tampi  Half 10:31 103.5 118.1 

35 Tampi - Bato  Full 11:46 109.2 119.2 

 

After processing all the observations in method 1, 

the result show’s two clustered frequencies. The 

clustered frequency range is as shown in Table 2.  

 

Table 2. CLUSTERED FREQUENCIES 

Cluster Frequency Range in Hz 

1 17 – 3295 

2 6291 – 8279 

 

By using the range of clustered frequencies in 

observation 1 with 3900 seconds, Fig. 5 shows the 

sum of amplitude per second of cluster 1. In this 

cluster, the frequencies are always available from 

idle until it reaches the destination. These 

frequencies are less in amplitude during the travel. 

 

Fig. 5. The amplitude of Cluster 1 per second  

Fig. 6. shows the sum of amplitude per second of 

cluster 2. The frequencies are only present during 

sailing at 1401 seconds to 3022 seconds. In this 

observation, the boat sails 1621 seconds, around 27 

minutes. 

 

Fig. 6. The amplitude of Cluster 2 per second  
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Fig. 7. Performance of Three Frequencies 

 

Using method 2 from all of the observations, 

Table 3 shows the high amplitude frequency that 

occurs more frequently and their occurrence in 

percentage. From the 35 trips, 47 Hz, 155 Hz, and 

186 Hz occur more frequently. Fig. 7 shows the 

occurrence in the percentage of frequencies per 

observation.  

Table 3.  FREQUENCIES 

Frequency(Hz) 47 155 186 

Occurrence(Percentage) 60.54 31.74 55.8 

 

The same observation is used and plotted to view 

the performance of each frequency. Fig. 8 shows the 

amplitude of the three frequencies with respect to 

time.

 

Fig. 8. Performance of Three Frequencies 

Among the three frequencies, 186 Hz starts at 

high amplitude, see Fig. 8-c, but it's not stable since 

the amplitude drops low at around 400 seconds but 

has a high amplitude during sailing at 1401 seconds 

to 3022 compared to 47 and 155 Hz.  At time 3023 

seconds, when the boat reaches its destination, its 

amplitude is low compared to the two frequencies 

but spike up around time 3350 seconds. 

155 Hz has a similar pattern of 186 Hz, but its 

amplitude is much lower. Similarly, it's not stable 

and spikes up to around time 3350 seconds see Fig. 

8-b. 

Among all the three frequencies, 47 Hz is much 

stable though its amplitude is lower during travel 

time, see Fig. 8-a. But when the boat reaches its 

destination, it regains its amplitude. 

 

IV. DISCUSSION & CONCLUSION 

The result shows the 2 groups of frequencies that 

are available inside the engine room. Cluster 1 

frequencies are from 17 Hz to 3295 Hz. Theses 

frequencies are always available from the idle state 

of the boat until it reaches the destination. Cluster 2 

frequencies are from 6291 Hz to 8279 Hz, and these 

frequencies are only present during sailing.  Among 

the available frequencies, 47 Hz, 155 Hz, and 186 Hz 

out weight all of the frequencies in terms of their 

occurrence, and among the three frequencies, 185 Hz 

has a high amplitude. When the boat is in idle state, 

the sound pressure level inside the engine room 

reaches 103 dB, and when the boat starts to 

disembark, the sound pressure level reaches up to 

119 dB of sound pressures. The result of this study 

greatly contributes to the design of a resonator for 

noise energy harvester. 
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