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 Abstract 

Dolphinear is an instrument for monitoring sound wave signals underwater. This study 

aims to see how the results of sound recording by Dolphinear type DE200 based on 

variations in distance and frequency of the sound source using the Audacity Software. In 

this study, the sound source will be generated through a waterproof speaker with a 

frequency variation of 100 Hz to 20 kHz. The distance between the sound source and the 

dolphinear is also varied from 1 to 5 meters. Audacity software is used to generate, record, 

and obtain the spectrum of the recorded audio sound signal. Based on the spectrum of the 

sound recorded by the DE200 dolphinear, frequency peaks close to the source frequency 

can be detected in recording using a 500 Hz sound source, but the main frequency peaks 

in the spectrum are difficult to detect in recording using sound sources above 500 Hz. In 

this study, it was also found that there is a limit to the recording ability of the dolphinear 

DE200 for frequencies above 18 kHz which is indicated by a decrease in intensity at that 

frequency. 
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1. Introduction 

Dolphinear is an instrument that serves to record and monitor the sound movements of dolphins, whales, 

submarines, and the sound of people on board for a long period to a depth of 100 meters underwater, 

where sound pressure is recorded in a hydrophone [1]. Dolphinear with type DE200 does not use a 

condenser microphone, but uses a mic with an omnidirectional sound capture pattern. Figure 1 shows 

the DE200 dolphinear instrument. Based on its specifications, this tool can capture sound in the 

frequency range of 200 Hz-20 kHz [2].  The sound capture from the dolphinear can be connected to 

software (PC) to record audio and sound wave spectra under the water surface in real-time [3]. 

Dolphinear DE200 has been used in several studies including the detection of noise pollution under the 

water surface [4] [5], the study of animal habits in aquatic habitats [6], and Autonomous Underwater 

Vehicles (AUV) detection and monitoring systems underwater [7][8][9]. 

Detection technology under the water surface using soundwave is called hydroacoustic, which 

has several advantages including in terms of obtaining detection information directly without disturbing 

the object under study at a certain frequency because the detection is carried out remotely using 

soundwave. This is an effective solution for objects that located below the water surface [10]. 

Hydroacoustics is commonly used in the detection of fish or marine mammals [11][12]. In 

hydroacoustics, the ability of the instrument to detect and distinguish a unique frequency is very 

important. This study will characterize the response of the DE200 dolphinear instrument based on its 

ability to detect certain frequencies with varying distances. In addition, this research will also test the 

comparison of the recording results obtained on in the air and underwater. The software used as a tool 

for acquisition and analysis of recorded data in this study is Audacity® as has been done by several 

mailto:mislan.jos@fmipa.unmul.ac.id
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Nurhanafi et al., Spectrum Analysis of Sound Wave Recordings … 
 

113 

previous studies [13][14]. Audacity® is used because it provides many features such as real-time 

recording, audio signal generation, and various kinds of spectral analysis [15][16][17]. 

 

 

 
Figure 1. Dolphinear DE200 

 

This research was conducted at the confluence of the Mahakam River with Semayang Lake, Pela 

Village, Kutai Kartanegara Regency, Kalimantan Timur Province. This location was chosen because 

the water area is one of the Mahakam River Dolphin (Pesut Mahakam) habitats [18][19], where this 

research is expected to be the initial information about the ability of the DE200 dolphinear instrument 

for monitoring and detection applications of Mahakan River Dolphin (Pesut Mahakam). 

 

2. Method 

This research was conducted from June to September 2023. The research location was carried out in 

the Mahakam River, Pela Village, Kota Bangun District, Kutai Kartanegara Regency. The tools used 

were 2 laptops connected to Audacity software, dolphinear DE200, waterproof speakers (sound source), 

and connectors. On the first laptop, Audacity software is used as a sound generator connected to the 

speaker, while the other laptop acts as a sound recorder connected to the dolphinear DE200. Data 

acquisition was carried out with a distance variation of 1 to 5 meters, with a variation of the source 

frequency of 200 Hz-20 kHz at each distance. The data acquisition scheme is shown in Figure 2. In 

addition, the dolphinear DE200 response was also tested in the air with the same set of frequency and 

distance variations as in the data acquisition underwater. 

 

 
Figure 2. Data Acquisition Scheme 

 

The recordings obtained are sound signals as a function of time. The signal is then transformed 

using the Fast Fourier Transform (FFT) feature available in Audacity to obtain the signal spectrum 

(sound signal in function of frequency) [20][21]. This signal spectrum is used to analyze the 

dolphinear response for each distance and frequency variation. 

 

4. Result and Discussion 

4.1. Relationship Between Source Frequency and Frequency Received by Dolphinear for Sound 

Waves in Air and Sound Waves Underwater 

Figure 3 shows the graph of the relationship between the frequency of the sound source and the 

frequency received by the dolphinear DE200 for measurements in the air (a) and measurements under 

the water surface (b). 
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(a) 

 
(b) 

Figure 3. Graph of the Relationship Between Source Frequency and Frequency Received by Dolphinear on Sound Waves 

in (a) Air and (b) Underwater 
 

Based on Figure 3, it appears that in air and underwater measurements, there is a good linear 

relationship between the frequency of the sound source and the frequency detected by the dolphinear. 

This is indicated by the R-Square values of 0.99975 (in the air) and 0.99978 (underwater), indicating 

minimal deviation in values. 

 

4.2. Measurement Results with Variations in Frequency for a Distance of 1 meter for Sound Waves 

in Air and Sound Waves Underwater 

Figure 4 shows the response spectrum of the dolphinear DE200 in air and water measurements at a 

distance of 1 m with a frequency variation of 200 Hz - 20 kHz. In Figure 4 (a) it can be seen that in the 

frequency range of 20 Hz - 20 kHz the main frequency peaks can still be seen clearly, although there 

are peaks at other frequencies (marked by orange boxes in the figure) at low frequencies in the 200 Hz 

- 750 Hz range, which are allegedly noise that is also detected in the Audacity software. Meanwhile, 

Figure 4 (b) shows that the main frequency spikes are not too high and tend to be difficult to distinguish 

from noise that appears at other frequencies. This happens consistently in the frequency range of 200 

Hz - 20 kHz. Although in Figure 2 (b) it is possible to obtain a peak value at a frequency close to the 

frequency of the sound, this will be difficult to do if the frequency of the detected sound source is 

unknown. 

Figures 4 (a) and (b) show a decrease in the intensity recorded at frequencies above 18 kHz. This 

occurs in both air and underwater measurements. This may indicate the limitation of the dolphinear 

DE200 which is only effective at recording up to a frequency of 18 kHz. However, it is also possible 

that this is due to the lack of sound or noise sources that appear with frequencies above 18 kHz. This is 

still uncertain because no comparison instrument in this study can detect sound at that frequency. 

 

4.3. Measurement Results with Variations in Distance for 500 Hz Frequency of Sound Waves in Air 

and Underwater 

Figure 5 shows the response spectrum of the dolphinear DE200 in the air (a) and (b) underwater 

measurements. Based on Figure 5 (a), it can be seen that the air measurements show peaks at the main 

frequency close to the frequency of the sound source (500 Hz) at all distance variations (1-5 m). Several 

other peaks appear at frequencies other than 500 Hz, but their intensity does not exceed the intensity of 

the main frequency. Meanwhile, Figure 5 (b) shows that at a frequency of 500 Hz, there are peaks for 

distance variations of 1 m, 2 m, 3 m, and 5 m, and the peaks are not so visible at a distance of 4 m. This 

indicates that the sound source at this frequency can still be detected in measurements under the water. 

Figure 5 also shows that there is a decrease in intensity at frequencies above 18 kHz. This indicates a 

limited reading of the device or a lack of sound sources at that frequency. 
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(a) 

 
(b) 

Figure 4. Measurement Results with Variations in Frequency at a Distance of 1 meter (a) for Sound Waves in Air and (b)  
Underwater 

 
(a) 

 
(b) 

Figure 5. Measurement Results with Variations in Distance at 500 Hz Frequency (a) for Sound Waves in Air and (b) 

Underwater 

   Noise 

   Noise 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. Measurement Results with Distance Variation for Frequency (a) 1000 Hz, (b) 5000 Hz, (c) 10 kHz, (a) 15 kHz 

The results of frequency measurements above 500 Hz underwater using the dolphinear DE200 

are shown in Figure 6. The spectra at 1000 Hz, 5000 Hz, 10 kHz, and 20 kHz do not show any peaks at 

the main frequency that are easy to detect. This is because there are many other higher peaks in the 
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region outside the main frequency. This will make it difficult when recording is done without knowing 

the target frequency of the sound source. 

Based on the measurement results and the previous description, it shows that a more 

comprehensive analysis technique is needed for the data recorded by the DE200 dolphinear. Spectrum 

analysis only provides a fairly good picture at a frequency of 500 Hz. If it is used for the study of biota 

in the mahakam river such as river dolphins (pesut), of course, it will not be effective, especially since 

there is still a lack of information about the frequency emitted by mahakam river dolphins. 

 

5. Conclusion 

Based on the research conducted, the frequency response spectrum of the dolphinear DE200 can show 

a peak at the main frequency (frequency close to the sound source) at a frequency of 500 Hz in water 

measurements, but at frequencies above 500 Hz (1000 Hz, 5000 Hz, 10 kHz, and 15 kHz) the spectrum 

does not show a peak at the main frequency that is easily detected. This indicates that spectrum analysis 

alone is not sufficient to analyze the recorded data from the DE200 dolphinear. 

 

Acknowledgment 

The author would like to thank the parties involved in the implementation of this research, including 

the Department of Physics Mulawarman University, Staff and Lecturers of the Electronics and 

Instrumentation Laboratory, and Physics Students of Electronics and Instrumentation 2019. 

 

References 

[1] Z. M. Lubis, S. Pujiyati, T. Hestirianoto, and P. D. Wulandari, “Bioacoustic Characteristics of 

Whistle Sounds and behaviour of male Indo-Pacific bottlenose dolphins (Tursiops aduncus) in 

Indonesia SEE PROFILE Bioacoustic Characteristics of Whistle Sounds and behaviour of male 

Indo-Pacific bottlenose dolphins (Tursiops aduncus) in Indonesia,” Article in International 

Journal of Scientific & Technology Research, vol. 6, no. 2, p. 163, 2016, [Online]. 
[2] DolphinEar Global, “DE200 Series: Complete, Ready-to-go,” 

https://dolphinearglobal.com/products/de-200/ . Accessed: Jan. 26, 2024. [Online]. 

[3] A. G. F. Griffiths, K. M. Kemp, K. Matthews, J. K. Garrett, and D. J. Griffiths, “Sonic Kayaks: 

Environmental monitoring and experimental music by citizens,” PLoS Biol, vol. 15, no. 11, p. 

e2004044, Nov. 2017, doi: 10.1371/journal.pbio.2004044. 

[4] M. P. McAuliffe, “The Ambient Soundscape of Inland Waters in Seattle, Washington: Bridge 

Traffic as a Source of Urban Underwater Noise Pollution,” Thesis, University of Washington, 

Washington, 2016. 

[5] T. E. Murad and Y. Y. Al-Aboosi, “Statistical properties of underwater acoustic noise in Lake 

Hamrin, Diyala, Iraq,” Indonesian Journal of Electrical Engineering and Computer Science, 

vol. 28, no. 1, pp. 192–200, Oct. 2022, doi: 10.11591/ijeecs.v28.i1.pp192-200. 

[6] A. Pophale et al., “Wake-like skin patterning and neural activity during octopus sleep,” Nature, 

vol. 619, no. 7968, pp. 129–134, Jul. 2023, doi: 10.1038/s41586-023-06203-4. 

[7] T. K. Chan and C. S. Chin, “Health stages diagnostics of underwater thruster using sound 

features with imbalanced dataset,” Neural Comput Appl, vol. 31, no. 10, pp. 5767–5782, Oct. 

2019, doi: 10.1007/s00521-018-3407-3. 

[8] E. V. Carrera and C. Soria, “Positioning of Autonomous Underwater Vehicles using Machine 

Learning Techniques,” in 2023 IEEE Seventh Ecuador Technical Chapters Meeting (ECTM), 

IEEE, Oct. 2023, pp. 1–6. doi: 10.1109/ETCM58927.2023.10309055. 

[9] T. K. Chan and C. S. Chin, “Proposed framework for multi-level extreme machine learning for 

underwater thruster’s fault classification using YIN fundamental frequency estimator and pitch 

sound,” in 2017 2nd International Conference on Advanced Robotics and Mechatronics 

(ICARM), IEEE, Aug. 2017, pp. 328–333. doi: 10.1109/ICARM.2017.8273183. 

[10] I. G. A. P. Eryani, “Potensi Air dan Metode Pengelolaan Sumber Daya Air di Daerah Aliran 

Sungai Sowan Perancak Kabupaten Jembrana,” Paduraksa, vol. 3, no. 1, pp. 32–41, 2014. 

[11] C. D. Pyć, M. Geoffroy, and F. R. Knudsen, “An evaluation of active acoustic methods for 

detection of marine mammals in the Canadian Beaufort Sea,” Mar Mamm Sci, vol. 32, no. 1, pp. 

202–219, Jan. 2016, doi: 10.1111/mms.12250. 

https://dolphinearglobal.com/products/de-200/


JPSE (Journal of Physical Science and Engineering), Vol. 8, No. 2, 2023, Page 112–118. 
 

118 

[12] E. Punzo, S. Malaspina, F. Domenichetti, P. Polidori, G. Scarcella, and G. Fabi, “Fish detection 

around offshore artificial structures: Preliminary results from hydroacoustics and fishing 

surveys,” Journal of Applied Ichthyology, vol. 31, pp. 48–59, Dec. 2015, doi: 10.1111/jai.12950. 

[13] A. Sunuddin, A. Afandy, G. Rakasiwi, and Kamsari, “Studi Mamalia Laut dan Penyu di Wilayah 

Teluk Bintuni, Provinsi Papua Barat,” Bogor, 2018. [Online]. Available: 

http://pkspl.ipb.ac.id;http://pksplipb.or.id 

[14] M. Dodon Kardono, L. Andreas Delia, and E. SigitKurniawan, “Purwarupa Pencitraan Bawah 

Laut Menggunakan Sensor Waterproof Ultrasonic,” Jurnal Hidropilar, vol. 5, no. 2, pp. 79–88, 

2019. 

[15] A. Gailey, “Signal Frequency Spectra with Audacity®,” Phys Teach, vol. 53, no. 4, pp. 239–

243, Apr. 2015, doi: 10.1119/1.4914568. 

[16] A. Azalia, D. Ramadhanti, H. Hestiana, and H. Kuswanto, “Audacity Software Analysis In 

Analyzing The Frequency And Character Of The Sound Spectrum,” Jurnal Penelitian 

Pendidikan IPA, vol. 8, no. 1, pp. 177–182, Jan. 2022, doi: 10.29303/jppipa.v8i1.913. 

[17] H. Ren, M. B. Halvorsen, Z. D. Deng, and T. J. Carlson, “Aquatic Acoustic Metrics Interface 

utility for underwater sound monitoring and analysis,” Sensors (Switzerland), vol. 12, no. 6, pp. 

7438–7450, Jun. 2012, doi: 10.3390/s120607438. 

[18] M. M. Nur, M. Azmi, and S. Abidin, “Sejarah Konservasi Pesut Mahakam di Desa Pela 

Kabupaten Kutai Kartanegara 1970-2020,” LANGGONG, vol. 1, no. 2, pp. 74–90, 2021, 

[Online]. Available: https://jurnal.fkip.unmul.ac.id/index.php/langgong 

[19] I. W. L. Nala, N. Indriani, and I. M. D. Oka, “The impacts of development of Pela Village as a 

tourist village in Kutai Kartanegara, East Kalimantan,” Journal of Applied Sciences in Travel 

and Hospitality, vol. 4, no. 2, pp. 85–92, Sep. 2021, doi: 10.31940/jasth.v4i2.85-92. 

[20] A. Hujatulatif, J. Jumadi, H. Kuswanto, and A. Z. Ilma, “Analyzing and Comparing Frequency 

of the Birds Sound Spectrum using Audacity Software in Practicum Activity,” Jurnal Penelitian 

Pendidikan IPA, vol. 8, no. 6, pp. 2586–2592, Dec. 2022, doi: 10.29303/jppipa.v8i6.1697. 

[21] Y. Pramudya, L. Widayanti, and F. Melliagrina, “Frequency Measurement of Bonang Barung 

and Peking in Javanese Gamelan using Audacity,” in Journal of Physics: Conference Series, 

Institute of Physics Publishing, Oct. 2018. doi: 10.1088/1742-6596/1075/1/012047. 

  

 


