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Abstract- This project is about developing a hydrophone
sensor system for the purpose of autonomous underwater
vehicle (AUV) application. AUV is an underwater vehicle
which travels underwater. Hydrophone is an underwater
microphone which with the help of pressure impulses of
acoustic waves converts them into electrical signals which in
further are used for communication. It was designed to be
used underwater for recording or listening to underwater
sound. Hydrophone needs an audio recorder to analyze the
spectrographic analysis, without necessary to carry the
computer into hostile marine environment. Spectrogram is
used to simulate the sound signal of underwater sounds.
Spectrogram is a plot of the frequency component such an
audio signal as function of time. In this spectrogram
program, digital audio recording are analyzed to produce a
plot of frequency versus time, with harmonic intensity
represented by a variable color scale. Then, the hydrophone
system is tested by recording the underwater sound signals
at the location to make sure that the system in good
condition.
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[. INTRODUCTION

Nowadays, many universities all over the world are
competing with custom made Autonomous Underwater
Vehicles (AUV) to aiming to participate with a srmnal
submarine in the future. An Autonomous Underwater
Vehicle (AUV) is a robotic device that is driverraligh
the water by a propulsion system, controlled artottgul
by an onboard computer, and maneuverable in three
dimensions [2]. This level of control, under most
environmental conditions, permits the vehicle tdofe
precise preprogrammed trajectories wherever and
whenever required. There are many applications@¥ A
which are use for commercial, military, and undesra
research [3]. Thus, this project just focuses om th
underwater or marine research for the future study.
primarily oceanographic tools, AUV carry sensors to
navigate autonomously and map features of the ocdean
typical sensor includes compasses, depth sensors,
sidescan, hydrophone, sonars, magnetometers,
thermistors and conductivity probes.

Hydrophone is an electronic device or called it as
underwater microphone which with the help of pressu
impulses of acoustic waves converts them into etedt
signals used for communication. It was designededo
used in underwater for recording or listening to

Underwater acoustics is the study of the propagatioyngerwater sound [4]. For this project, hydrophone
of sound in water and the interaction of the meatadn system is used in AUV application for monitoringdan

waves that constitute sound with the water and it§,ryeying application. The hydrophone system mesnb
boundaries [1]. Figure 1 shows an underwater amsust oycellent condition, so it proven by develops the

propagation.

Figure 1. Underwater Acoustic Propagation [1]
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hydrophone system including of the process to rteod
produce the database of underwater sounds in Malays

II. PROJECT DEVELOPMENT

To build up the hydrophone sensor system, the
project process should be identified first. It che
classified into several stages. The first stageeomates
on the type of hydrophone design that is use in the
project. The second stage is focus on simulatiod an
software preparation. The overall design flows fighe
development of hydrophone system as shown in Figure
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Figure 3. Dolphin Ear DE2000 Series Hydrophone
Construction
Hydrophone Process
: TABLE 1.

Testing and Appraisal
Hydrophone at Location

‘ SPECIFICATION OF DOLPHIN EAR DE 2000 HYDROPHONE

Element Descrip tion

Hydrophone Transducer Type | MPC (Fiezo)

Is the hydrophone

work?

Configuration OrnniDirecti ona

Hydrophone Packaging Rugged epoxy case,

Yes

(approx. G0mm Diameter % 8 tren Thick)

Simulation and Software Cahle Type High Quality, L ow MNoise, Neoprene/PV C jackeed
for long life

Cable Length Standard: 8, 16, 24, 32 metres, optioral: lengths to
Figure 2. Design and construction of project 100 tetres.
Preatnp Supplied with Line/FEarphone Cutput
A Omni directional Hydrophone Audo Output WIONO. Adjustable Level ~ approz. 50 mW
Output Connector 3. S (/8" steren jack
Hydrophone is based on a piezoelectric transduce|Earptiunes Sarnarium Cobolt in-sar type (‘wallonan-style’)
that produpes elec'grllcn)./ when §ybjected to a press e
change. Piezoelectricity is the ability of some enals to — e
generate an electric field in response to applie| "% (PP transistor ratio batiery
mechanical stress. Then, a transducer is an ealctri
device that can converts water pressure into astriglal
form. B Voice Recorder
Omni directional hydrophone is a spherical shell From the flowchart of hardware development, it

transducer which is formed of two hemisphericalllshe mentions testing and appraisal the hydrophone at th
bonded together. It has inner and outer metal film$ocation. At the locations, the voice recorder sedi to
radically aligned in quadrature to define eightcdi$e replace the computer or laptop place which rectw t
sections sensitive to impinging and acoustic endmgy underwater sound signals and save them in computer
generate representative signals. This type of Ipfivne laptop hard disk. Therefore, it is not necessarganoy
have many advantages such as dielectric substanagmmputer or laptop into hostile marine environntergee
contain in shielded, provides a broadband and ¥ighlcarry on spectrographic analysis. Figure 4 shoves th
sensitive to underwater sound vibrations. Becatiseat  Sony IC Audio Recorder is used in this project. The
reason, the Dolphin Ear DE2000 Series Hydrophone ispecification of Sony ICD-PX720 Audio Recorder is
applied in this project. Figure 3 shows the DolpBar  shown in Table 2.

DE2000 Series Hydrophone and their specification as

shown in Table 1.0.
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such as 512, 1024, 2048, and ect. The frequency
resolution of the spectrogram is always the digital

sampling rate of the audio signal divided by thenher

of FFT data points. Because of that, the greater th

number of FFT data points, the finer the frequency
resolution of the spectrogram.

It is not a complex combinations of individual
frequency components or harmonics but it is a simpl
plot of the frequency components of such an auidioas
as function of time. It use WAV format which is aithl
audio recordings format. When the signal is analyze
PC Link produces a plot of frequency versus time, with taaria

Voice intensity and represented by variable color scale.
Recorder

USB Cable

Figure 4. Sony ICD-PX720 Audio Recorder D Spectrogram Display

The spectrogram display reveals the audio signal
as a frequency versus time plot with signal amgétat
each frequency represented by intensity or coloomF
this spectrogram display, the continuous readoutnoé

TABLE 2.
SPECIFICATION OF SONY ICD-PX720 AUDIO RECORDER

— (milliseconds), frequency (Hz) and signal level Yd&
Element Description L. . . .
_ the position of the mouse pointer (cursor) is digpd at
Flash Memory Buili-In SLAVB the bottom left of the display. A coordinate grighcalso
Rate Codec Trigle be added or removed by clicking the "Toggle Grid"
Recording Time SOhrs 45min (HQ) / 150hrs 20min (SF) /| button at the bottom right of the display. The $pmEgram
261hrs 45min (LF) display is shown in Figure 5.
Poweer Output 250tnW High Power Output L MES
Operation Easy Operation Fie Colors Cusor Help
Ilessage Folders 4 Wessage Folders (99 files for each folder)
Operated Fecording W nice-Operated Recording (W OR)
PC Application ‘Digital Voice Editor' Software supplied
Built-In memory S12WVB
PC Connectivity Tes
Clannel Mono
Recording Fortat Triple Rate Codec
IlessagesFolders 99 messages = 4 folders (Total: 396 messages)
Wic-In Jack Earphone Jack
Batterytype Iz "AsA" Allaline Batteries Analyzs Fie Display Band (Hz): 0t 11025
- - Time (msec) 5502 +1- B Display Channels - Monaural
Dimension (WxHzD): 346210952184 mm Freguency (HT): 5104+ 22 Sample Fte (Hz): 22050 99
SignalLevel (4) -5 Sample Length (k): 171 m
Weight (incluing batteries): Approx 67g Figure 5. Spectrogram Display

E Scope Display
C Spectrogram
Scope display is a spectrum analyzer that uses to

Spectrogram software is used to simulate th&iew the sound spectrum by analyzing the inputnscey
sound signals that obtain from underwater. It aflawg to  file and scanning the input modes. From this scope
observe underwater sounds and analyze their contestisplay, a continuous readout of time (millisecgnds
This software produces graphics similar to the tghe frequency (Hz) and signal level (dB) at the positid the
‘waterfall display’ used by SONAR operators on U.Smouse pointer (cursor) is displayed at the bottefhdf
Navy Nuclear Submarines to detect and identifythe display. By clicking the "Toggle Grid" button the
underwater sounds [4]. Spectrogram uses a matheahati bottom right of the display a coordinate grid céspebe
Fast Fourier Transform (FFT) to perform the frequyen added or removed. The scope display is shown iorgig
analysis. FFT is an efficient algorithm to comptite 6.
Discrete Fourier Transform (DFT) and its inverseTB
are usually specified by the number of input daiants
used in each calculation, which are always powéte/o
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Fie Cobrs Hep

= Soan npar The hydrophone system is tested and applied in

order to make sure there is in good condition. &fwee,

the hydrophone system is tested in Rumah Akuarium,
Taman Botanikal, Air Keroh Melaka. The underwater
species ardPuyu, Lampam Sungai, Krai, Silver Dollar,
Kelah, Baro Brad Oscarsebarau, Tortoise, Tiger Borb,
Kalai, and Patin. Figure 9 shows the Spectrogram of
Tortoise.

75 il HH\HWI\IHWH “”m H H“| ‘ ‘ ‘ H |“ “ “H “ ““H\l\l\l\l\l\h\HHW\I\Iu\m

e X
10 156 25 40 63 10 16 25 40 63 100 160 250 400 630 Hzjio |8 = IR S

File Variables Pointers Help

5

Soan Input Display Band (Hz):  10t0 11025 Play W
Time Now (sec): 136 Display Charnels:  Stereo =
Frequency (Hz): 23 +-13 Sample Rate (Hz): 22050
Signal Level (dB)  -58 Sample Leneth (kb): 0

Figure 6. Scope Display

3850 Hz

lll. RESULTS

There are 2 system is performed for this projeatill be
divided into two part of system. Figure 7 shows the - , !
hydrophone system for AUV which are hydrophone and l',";:j::;?:jm;?;ﬁ;:f D:.pyc;;‘; Stre Lt ﬂTﬂq—f’,‘—;;"-;"_—
monitoring. The sound signals will be obtain byqita L nh il =
the Omni directional hydrophone into underwaterteAf Figure 9. Spectrogram of Tortoise

that, the sound signals are recorded by voice decand

save the digital recording into hard disk of laptop

computer. Then, the sound signal is analyzed bygusi = iismr = L [=[x]
Spectrogram software. After that, the system idiagpo

the Autonomous Underwater Vehicle as shown in Fgur
8.

I Hydrophone System I Monitoring System

Analyze File Display Band (Hz):  0to 11025 Play | Play Wdw

Time (msec) T6E +- 6 Display Channels ©  Stereo (Left) -
Freguency (Hz): 2218 +- 22 Sample Rete (Hz): 22050 Toggle Grid
Signal Level (dB) 90 Sample Length (k) : 882

Figure 10. Spectrogram for Passive Area

Laptop Figure 10 shows the spectrogram for an
Audio underwater in passive condition. After that, daifl be
Hydrophone Recorder use to provide the sampling rate of underwaterispdan

Figure 7. Hydrophone System for AUV details. Figure 11, 12 and 13 shows the real AUat th
will be attached with hydrophone sensor system.

Cmnidirectional

Boat amplifier and data recorder

Figure 11. An AUV (top view)

Figure 8. Applying the Hydrophone System to AUV
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Figure 12. An AUV (side view)

Figure 13. An AUV (front view)

IV. CONCLUSION

The details structure of the project have bee
discussed and shown in previous chapter. Th
explanation about the process to develop the hyuinop
system has been outlined in this report. Thenrésalts
and problem finding also have been described. There
based on the research made, a brief project coanla$
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the development of hydrophone sensor system for
Autonomous Underwater Vehicle proposed is given.

Hydrophone is an underwater microphone that
used for recording and listening the underwatemdou
Autonomous Underwater Vehicles (AUVs) are robotic
submarines. They are a part of the emerging fidld o
autonomous and unmanned vehicles. For this project,
hydrophone is used in AUV application for monitayin
and surveying. The hydrophone must be in excellent
condition, so it proven by developed the hydrophone
system. The hydrophone system is including of msdte
record the underwater sound. Then, the underwaterds
is simulated into sampling rate frequency to predthe
data bank of underwater sound in Malaysia. The
difficulties accruing in such a process are disedsand
the possible methods to overcome these problems are
proposed and discussed.
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