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A B S T R A C T

Transmitting data from the seabed platform to relay buoys using wireless transmission techniques is becoming 
the main approach for seabed platform data retrieval, and data transmission via underwater acoustic waves 
offers certain advantages compared to that via underwater optical or electromagnetic waves. Hydrophones play a 
crucial role in underwater acoustic transmission, and low-cost, miniaturized, high-sensitive hydrophones based 
on resonance cavity meet the demands of seabed platform data retrieval scenarios. This paper proposes a multi- 
resonance-cavity hydrophone for underwater acoustic data transmission. The acoustic resonance characteristics 
of the cavity is studied through theoretical analysis and simulations. An eight-layer spherical cavity hydrophone 
is designed and fabricated, and the acoustic sensing characteristics and performances of the hydrophone are 
simulated and tested. Finally, underwater acoustic data receiving tests using the proposed hydrophone are 
conducted in a lake, demonstrating the hydrophone’s ability to accurately receive acoustic data at the baud rate 
of 145.45 bps with no error.

1. Introduction

The seabed platform serves as a seabed observation device designed 
for the prolonged, continuous, fixed-point, and automatic monitoring of 
oceanographic information within specific sea areas. It is capable of 
monitoring hydrological, physical, chemical, biological, and geological 
parameters around the clock, and completing the acquisition, storage, 
and transmission of the monitoring data [1,2]. Seabed platform data 
retrieval technology is of great significance for constructing an intelli
gent three-dimensional perception system for the marine environment. 
Three types of methods are employed for seabed platform data retrieval: 
whole device retrieval [3,4], data pod retrieval [5], and data retrieval 
via relay buoys, whereas the first two methods face high costs, long 
cycles, and risks of data loss. For the third method, the seabed platform 
needs to transmit data to relay buoys using either wired or wireless 
techniques. The wired transmission techniques [6–9] typically utilize 
optical fiber cables to transmit data, offering benefits such as good data 
accuracy, high transmission rate and low latency. Despite these advan
tages, these techniques are susceptible to water depth and terrain, and 
the deployment and maintenance of the devices are difficult and 

expensive, thus suitable for the platforms near the coast. On the other 
hand, the wireless transmission techniques are not restricted by cables, 
offering benefits such as easy deployment, high flexibility, and longer 
transmission distances, and are gradually becoming the commonly used 
techniques.

Underwater wireless transmission techniques include optical, elec
tromagnetic, and acoustic transmission. Underwater optical trans
mission [10,11] commonly utilizes green light (450–550 nm) or red 
light (625–740 nm) as the carrier wave, offering low latency and 
transmission rates of up to Gbps. However, absorption, reflection, and 
scattering of optical waves by seawater, marine organisms and small 
suspended particles lead to rapid attenuation. Additionally, due to its 
strong directivity, optical transmission requires precise alignment and 
unobstructed line-of-sight between transmitters and receivers, limiting 
the application of optical transmission. Underwater electromagnetic 
transmission [12,13] utilizes various electromagnetic waves (e.g., radio, 
microwave) as the carrier wave, exhibiting certain penetration capa
bilities in seawater and transmission rates of up to Mbps. Electromag
netic transmission is impervious to noise interference and has no adverse 
effects on marine organisms, but it requires large-sized antennas and 
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high power, resulting in high costs. Underwater acoustic transmission 
[14,15] utilizes acoustic waves as the carrier wave. Different frequency 
bands of acoustic waves are employed according to the transmission 
distance, with low-frequency, high-power waves capable of propagating 
for thousands of kilometers. Acoustic waves experience significantly 
lower attenuation underwater compared to optical and electromagnetic 
waves, and exhibit excellent diffraction capabilities, enabling stable 
transmission over long distances in various complex underwater envi
ronments. Furthermore, underwater acoustic transmission systems are 
characterized by simple equipment and high energy efficiency, which is 
beneficial for resource-limited seabed platforms and relay buoys, 
extending their lifespans and reducing maintenance costs. However, 
challenges persist in the use of acoustic transmission for seabed data 
retrieval. Researchers primarily focus on signal modulation and 
demodulation, communication protocols, network architectures, and 
transmission channel modeling [16–19], with relatively less emphasis 
on the research of acoustic sensors. Efforts should be made to control the 
cost and power consumption and enhance the accuracy in the acoustic 
transmission between seabed platforms and relay buoys.

The acoustic sensors at the front end of the buoys play a crucial role 
in the acoustic transmission between seabed platforms and relay buoys. 
The most used underwater acoustic sensor is the hydrophone, which 
includes various types such as piezoelectric ceramic hydrophones, pol
yvinylidene difluoride hydrophones, piezoelectric composite material 
hydrophones, and fiber optic hydrophones [20–24]. Piezoelectric hy
drophones have mature technology and have been widely applied in 
various underwater acoustic detection fields. Fiber-optic hydrophones, 
with their high sensitivity, large dynamic range, resistance to electro
magnetic interference and multiplexing capabilities, have attracted 
increasing attention in recent years for applications such as monitoring 
low-frequency signals, including those from earthquakes [25–28]. 
However, both commercial piezoelectric and fiber-optic hydrophone 
products are generally expensive, with complex manufacturing pro
cesses. In the application scenarios of seabed platform acoustic trans
mission, there is a need for low-cost, omnidirectional, and miniaturized 
hydrophones. Compared to the conventional hydrophones, hydro
phones based on the principle of acoustic resonance cavity offer excel
lent cost control, simple manufacturing processes, and higher sensitivity 
advantages, meeting the demands of seabed platform data retrieval 
scenarios. Huang proposed a high-sensitivity, low-cost hydrophone 
based on acoustic resonance air cavity [29]. This hydrophone seals a 
small microphone at the center of a spherical air cavity and utilizes the 
acoustic resonance of the cavity to enhance sensitivity at the resonant 
frequency, enabling the detection of sound transmitted from all di
rections to the air cavity. The acoustic resonance cavity has also been 
used to design a spherical detector for pipeline leak detection, enabling 
high-sensitivity detection of broadband leak signals within pipelines 
[30].

This paper addresses the wireless data retrieval needs of seabed 
platforms and proposes a hydrophone with multiple resonance air cav
ities for underwater acoustic data transmission. The acoustic sensing 
characteristics of the spherical cavity and its stacked structures are 
investigated through theoretical analysis and finite element simulations. 
Laboratory tests are conducted in a water tank to validate the perfor
mance of the multi-resonance-cavity hydrophone for capturing single- 
frequency pulses. Customized data modulation and demodulation 
methods are proposed for this hydrophone, and a system is set up to test 
its data parsing performance. Finally, lake tests on acoustic data trans
mission are carried out to evaluate the transmission speed and accuracy 
with the proposed hydrophone.

2. Design of the hydrophone

2.1. Theoretical analysis of spherical cavity resonance modes

For the air cavity within the rigid spherical shell, due to the reflection 

of the shell, the acoustic waves inside the air cavity exist in the form of 
standing waves, thus enabling a rigorous description and analysis using 
the normal mode theory. The normal modes represent the standing wave 
modes, and the normal frequencies correspond to the resonance fre
quencies of the cavity. Denote the radius of the air cavity as a, and the 
sound speed as c0. In the r-θ-ϕ spherical coordinate system, the equations 
satisfied by the normal modes ψλ and the normal frequencies ωλ are [31]: 
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where jl and nl are Bessel functions of the first and the second types, and 
Ym

l (θ,φ) is the spherical harmonics, l, m are integers, l ≥ 0, − l ≤ m ≤ l. 
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Let xql be the qth root of the equation j́l(x) = 0, then the normal 
frequency ωλ = ωnl can be expressed as: 

ωnl =
c0xnl

a
(n = 0, 1, 2,…; l = 0, 1, 2,…)# (5) 

Therefore, the normal frequency is determined by the spherical 
Bessel function equation, and the normal frequency of each mode is 
inversely proportional to the radius of the air cavity. Specific resonance 
frequencies can be obtained by varying the radius of the spherical cavity.

2.2. Simulation validation of spherical cavity resonance modes

A three-dimensional model of the air cavity was established, and 
finite element simulations were conducted on the spherical cavity 
resonance modes in pressure acoustics field. Due to the similarity in 
resonance modes among cavities of different radii, simulations were 
performed using the cavity with a radius of 20 mm as an example. The 
first three resonance frequencies of this cavity are f1=5685.1 Hz, 
f2=9127.7 Hz, and f3=12272 Hz. The normalized absolute pressure 
distributions and directivity patterns at these three resonance fre
quencies are illustrated in Fig. 1(a)-(f).

At the first resonance frequency, the absolute pressure is symmetri
cally distributed about the equatorial plane, with the highest absolute 
pressure occurring at the two poles and decreasing towards the equa
torial plane. The absolute pressure near the center of the cavity ap
proaches 0 Pa. This bidirectional mode exhibits an 8-shaped directivity, 
with the maximum sensitivity directed towards the sound source. At the 
second resonance frequency, the absolute pressure reaches the 
maximum at the four poles and decreases when moving away from the 
poles. Similar to the first mode, the absolute pressure near the center of 
the cavity also approaches 0 Pa. This mode exhibits a four-leaf clover- 
shaped directivity. At the third resonance frequency, the absolute 
pressure reaches the maximum at the center of the sphere and decreases 
when moving outward from the center. This mode is omnidirectional, 
with each point at the same radius of the cavity exhibiting equal sensi
tivity to sound sources from all directions. By comparing these three 
modes, it is evident that at the third resonant frequency, the center of the 
cavity exhibits high sensitivity and omnidirectionality, making it 
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capable of receiving signals from any direction.
A parametric sweep on the radius of the spherical cavity was con

ducted, ranging from 5 mm to 50 mm with a step of 5 mm. The simu
lation results of the first three resonance frequencies of each spherical 
cavity, along with their theoretical values, are plotted in Fig. 1(g). From 
the figure, it can be observed that the first three resonance frequencies 
f1, f2, f3 exhibit an inverse proportional relationship with the radius of 
the spherical cavity, decreasing as the radius increases, consistent with 
(5). The third resonance frequencies of the various spherical cavities are 
separate and do not interfere with each other, thus enabling the serial 
connection of multiple spherical cavities and the simultaneous utiliza
tion of their third resonance modes for acoustic sensing.

2.3. Design and simulation of the multi-resonance-cavity hydrophone

Inspired by the previous study of rigid shell resonance air cavities, a 
multi-resonance-cavity hydrophone is proposed, which is based on the 
omnidirectionality of the third-order resonance mode of the spherical 
cavity and the fact that spherical cavities with different radii have 

different resonance frequencies. Multiple spherical cavities with 
different radii are stacked, and acoustic sensors are placed at the center 
of each cavity to capture acoustic signals. Since the acoustic pressure at 
the center is significant at the third-order resonance frequency and is 
minimal at the first, second and other non-resonant frequencies, the 
sensors are possible to accurately capture signals at the third-order 
resonance frequency without interference from the other frequencies. 
All sensors in the cavities synchronously capture signals at their third- 
order resonance frequencies, thus enabling the hydrophone to capture 
multi-frequency signals. Consequently, a stacked spherical cavity 
structure composed of two/four/eight cavities is designed, as shown in 
Fig. 2(a). The presence or absence of a specific frequency component in 
the multi-frequency signal represents data as “1” or “0”. Each cavity 
receives one bit of data, theoretically enabling the receiving of two/ 
four/eight bits of data.

The three-dimensional model of the eight-layer spherical cavity hy
drophone was constructed, and its frequency response was simulated to 
study the influence of the shell and the sensor circuit board on the 
resonance frequency of the cavity. The simulation model is shown in 
Fig. 2(b). The hydrophone is placed at the center of a rectangular water 
area, and acoustic waves are incident from the right boundary. The 
hydrophone is composed of eight hollow spheres made of photosensitive 
resin, with the cavities filled with air. Several cubes of 4 mm long and 
1 mm wide traverse the cavities, functioning as the sensor circuit board. 
The eight spheres are numbered from 1 to 8 in order of size, with cavity 
radii of 10 mm, 12.5 mm, 15 mm, 17.5 mm, 20 mm, 22.5 mm, 25 mm, 
and 27.5 mm, and the shell thickness of 2 mm.

The frequency sweep range was 7 kHz to 26 kHz, with a step of 
50 Hz. Taking the center of each sphere as the measurement point, the 
frequency response curves of each point are plotted in Fig. 2(c), where 
the resonance peaks corresponding to the third-order resonance fre
quencies of each cavity are marked with colored arrows. From the 

Fig. 1. Simulation validation of spherical cavity resonance modes: (a)-(f) 
normalized absolute pressure distribution and directivity patterns at the first 
three resonance frequencies; (g) the relationship between the theoretical and 
simulated resonance frequencies and the radius of the spherical cavity.

Fig. 2. Design and simulation of the multi-resonance-cavity hydrophone: (a) 
two/four/eight-layer spherical cavity structure; (b) simulation model of the 
hydrophone; (c) frequency response curves of each channel.
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results, it can be observed that the center of each cavity exhibits 
prominent absolute acoustic pressure at resonance frequencies, while 
the pressure is relatively low at other frequencies; the presence of the 
shell and sensor circuit board has minimal effect on the third-order 
resonance mode of the cavity. The unmarked resonance peaks origi
nate from higher-order resonance modes, but they do not affect the 
reception of signals at the third-order resonance frequencies. Instead, 
these higher-order modes can be utilized to realize transmission of more 
bits theoretically.

Another mechanical finite element simulation was conducted to 
assess the hydrostatic pressure resistance of the hydrophone shell. The 
simulation model is shown in Fig. 3(a). A boundary load was applied to 
the external wall of the photosensitive resin shell, with the pressure 
ranging from 1 MPa to 10 MPa, corresponding to water depths from 
about 100–1000 m. The average von Mises stresses on the internal wall 
of each cavity under various pressures are illustrated in Fig. 3(b). It can 
be inferred that a 2 mm thick photosensitive resin shell (yield strength 
56.8 MPa) can theoretically resist the hydrostatic pressure of about 
7 MPa, and a metal shell (yield strength generally more than 100 MPa) 
of more than 10 MPa. Moreover, increasing the shell thickness could 
also enhance its pressure resistance. So, the hydrostatic pressure resis
tance of the proposed hydrophone could reach a high level as long as the 
shell is solid enough. It should be noted that the changes on the shell 
material and thickness would not affect the resonance characteristics of 
the cavity in the shell, because the resonance characteristics of the cavity 
are only related to the cavity size and sound speed [29].

2.4. Fabrication of the multi-resonance-cavity hydrophone

The composition of the eight-layer spherical cavity hydrophone is 
illustrated in Fig. 4. The hydrophone comprises two half shells made of 
photosensitive resin, manufactured via 3D printing, and a sensor circuit 
board. The shells feature several precisely designed grooves for securing 
the circuit boards. Eight micro-electromechanical system analog silicon 
microphones, model SPV0842LR5H, are utilized as the acoustic sensors 
due to their compact size, low power consumption, high sensitivity, and 
cost-effectiveness. Initially, the sensor circuit boards are embedded into 
the grooves of the half shells, aligning the microphones at the center of 

each cavity. Subsequently, the ultraviolet-curable adhesive is applied to 
bond and seal the two half shells. Each cavity serves as an output 
channel, sequentially numbered from 1 to 8 in order of the cavity size.

3. Performance tests of the hydrophone

3.1. Testing system setup

A testing system for the multi-resonance-cavity hydrophone was set 
up in a glass water tank measuring 1.5 m × 1.5 m × 1.5 m in the lab
oratory, as illustrated in Fig. 5. The hydrophone was securely fastened to 
the linear guide at the top of the tank using a chuck and a rotary table, 
whilst the underwater transducer was hung at the same depth and 0.3 m 
away from the hydrophone. A piece of digital signal generated by the 
host computer was transmitted into the water via the transducer after 
being converted into analog signals by the data acquisition (DAQ) card 
and amplified by the power amplifier. Upon receiving the acoustic 

Fig. 3. Simulation on the hydrostatic pressure resistance of the hydrophone 
shell: (a) simulation model; (b) average von Mises stresses on the internal wall 
of each cavity.

Fig. 4. Composition of the hydrophone.

Fig. 5. Components of the hydrophone testing system.
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signals, the hydrophone output multiple channels of analog signals, 
which were acquired by the DAQ card and transmitted to the host 
computer for data analysis. Additionally, the host computer could order 
the controller to rotate the rotary table. The DAQ card used is NI USB- 
6366, with the sample rate set to 500 kSps. The power amplifier 
model is Aigtek ATG-2041, and the underwater transducer model is ST- 
150.

With this testing system, a frequency sweep experiment was initially 
performed by gradually increasing the transmission signal frequency to 
evaluate the hydrophone’s frequency response. The transmission fre
quency was then fixed at the third-order resonance frequency of the 
cavity, and the rotary table rotated a complete revolution to enable 
signal acquisition from multiple angles, evaluating the hydrophone’s 
directivity. Subsequently, pulses at the resonance frequency of the 
cavity were emitted to evaluate the hydrophone’s capability for single- 
frequency pulse reception.

3.2. Frequency response and directivity tests

Frequency response test was carried out within the frequency range 
of 7–27 kHz. The frequency response curves of each channel are illus
trated in Fig. 6(a), where the resonance peaks corresponding to the 
third-order resonance frequency of each cavity are marked with colored 
arrows. The theoretical and experimental values of the third-order 
resonance frequencies are listed in Table I. The results indicate that 
each channel exhibits significantly high amplitudes at the resonance 
frequency. Although there is a slight deviation compared to the theo
retical values for the third-order resonance frequency, it does not affect 
the normal usage of the hydrophone.

The directivity curves of each channel of the hydrophone at the 
third-order resonance frequency were tested separately, as shown in 
Fig. 6(b). The test results indicate that the directivity curves of each 
channel exhibit a circular or nearly circular shape at the third-order 
resonance frequency, indicating its omnidirectionality, which is 
consistent with the theoretical results.

3.3. Single-frequency pulse receiving tests

Eight sets of experiments were conducted, sequentially emitting 
single-frequency pulses at the third-order resonance frequency of each 
cavity of the eight-cavity hydrophone into the water, with a total of 100 
pulses per set. The time-domain waveforms for each channel of the 
hydrophone at the third-order resonance frequency of Cavity 2 are 
demonstrated in Fig. 7(a). From the time-domain waveform, it is evident 
that when the transducer emits pulses at this frequency, strong reso
nance occurs in Cavity 2, leading to a much higher amplitude of Channel 
2 than the other channels. The pulse spectra of eight channels of the 
hydrophone obtained from each experiment set are shown in Fig. 7(b). It 
is obvious that each channel exhibits prominent resonance peaks when 
receiving the pulses at the third-order resonance frequency of the 
respective cavity, with relatively low amplitudes at other frequencies. 
Each channel is capable of effectively receiving pulse signals at the 
corresponding frequency.

4. Data transmission tests of the hydrophone

4.1. Data transmission method

The American Standard Code for Information Interchange (ASCII) is 
a character encoding scheme that maps a set of numbers to characters. 
The standard ASCII uses a 7-bit number to represent 128 characters, 
including the English alphabet (both uppercase and lowercase), nu
merals, and a variety of punctuation symbols. The extended ASCII uses 
an additional 8th bit on top of the standard ASCII to represent more 
characters, expanding the character set to accommodate 256 distinct 
characters. The proposed multi-resonance-cavity hydrophone has 8 
channels, capable of simultaneously transmitting 8-bit binary numbers. 
Therefore, ASCII encoding can be employed to convert the data into a 
receivable format for the hydrophone.

A data transmission method with the proposed hydrophone is 
designed and its schematic diagram is illustrated in Fig. 8. The trans
mitted data is first encoded into decimal numbers ranging from 0 to 255 
using ASCII encoding, which are then converted into 8-bit binary 
numbers. Based on the relationship between the binary numbers and the 
eight resonance frequencies, a mixed-frequency waveform is generated 
and transmitted into the water through the transducer, and then ac
quired by the hydrophone. The spectrum of the received signal is 
analyzed and the existences of eight frequency components are verified 
to derive the 8-bit binary numbers. These binary numbers are subse
quently converted back into decimal numbers ranging from 0 to 255, 
and the data are finally decoded.

4.2. Generating and decoding the transmission signal

The steps for generating the transmission signal include encoding, 
mixing, and concatenating. In the host computer, a character to be 
transmitted is encoded into a decimal number ranging from 0 to 255 
using ASCII, and then converted into an eight-bit binary number. Each 
bit of the binary number associates with each cavity of the multi- 

Fig. 6. Test results: (a) frequency response curves and (b) directivity curves of 
each channel of the hydrophone.

Table I 
Theoretical and experimental values of the third-order resonance frequencies.

Channel No. Radius (mm) Resonance frequency (Hz) Difference

Theoretical Experimental

1 10 24544 26250 6.95 %
2 12.5 19635 20350 3.64 %
3 15 16363 16800 2.67 %
4 17.5 14025 14300 1.96 %
5 20 12272 12500 1.86 %
6 22.5 10908 11050 1.30 %
7 25 9817 9900 0.85 %
8 27.5 8925 9000 0.84 %
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resonance-cavity hydrophone. If a certain bit of the binary data is “1”, a 
piece of fixed-length single-frequency pulse is mixed into the trans
mission signal of that character; if it is “0”, no pulse is mixed in. All 
characters to be transmitted are converted into multiple segments of 
mixed-frequency signals, which are then concatenated together, with a 
certain interval left between each two segments.

The multi-resonance-cavity hydrophone captures acoustic signals 
and outputs analog voltage signals. The voltage signals are acquired by 
the DAQ card and uploaded to the host computer. The signal processing 
software on the host computer calculates the amplitudes of each third- 
order resonance frequency in real-time and compares them with the 
predefined thresholds. If the amplitude exceeds the threshold, indicating 
the presence of the corresponding frequency component in the trans
mitted signal, that bit of the binary number will be set to “1”; conversely, 
if the amplitude is below the threshold, indicating the absence of the 
frequency component, that bit of the binary number will be set to “0”. 
After parsing the signals from all channels into binary numbers, they are 
converted into decimal numbers and then decoded into strings accord
ing to ASCII. During this process, the threshold for the signal amplitude 
needs to be predetermined. In this design, the threshold for each channel 
is set at 40 % of the amplitude when the binary “1” is received in that 
channel.

4.3. Continuous transmission test

If the multi-resonance-cavity hydrophone received numbers ranging 
from 0 to 255 successfully, data transmissions using ASCII would be 
feasible. Therefore, a continuous transmission test was conducted in an 
open-air lake, and a batch of numbers from 0 to 255 was used for 
transmission test. Additionally, the baud rate was measured during the 
test. When generating transmission signals, the duration of a single 
character signal was set to 5 ms, with an interval of 50 ms between two 
characters. The total length of the transmission signal was 14.08 s. The 
generated waveform of the transmission signal is illustrated in Fig. 9(a).

The complete time-domain waveforms received by each channel of 
the hydrophone are shown in Fig. 9(b), and Fig. 9(c) illustrates the time- 
domain waveforms and spectra of 85 (binary 01010101) and 170 (bi
nary 10101010) received by each channel, with the corresponding bi
nary numbers marked on the spectra. From the time-domain waveforms 
and spectra of the two sets of data, it can be observed that the channels 
receiving binary “1” have higher amplitudes and exhibit prominent 
resonance peaks at the corresponding frequencies; conversely, the 
channels receiving binary “0” have amplitudes close to zero, with either 
no resonance peaks or significantly lower resonance peak amplitudes. 
After analyzing the entire received data, it can be concluded that the 256 
numbers were all accurately received and decoded with no error.

Fig. 7. Time-domain waveforms and frequency spectra of the single-frequency pulses received by the eight-cavity hydrophone: (a) the overall and local waveforms 
received by each channel at the third-order resonance frequency of Cavity 2; (b) the pulse spectra received by each channel in each experiment set.
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The test transmitted 256 numbers ranging from 0 to 255, since each 
number consists of 8 bits, the total data size is 2048 bits. The time to 
transmit a single number is 5 ms, with a 50 ms interval between two 
numbers, so the total transmission time is 14.08 s. Therefore, the baud 
rate equals 2048/14.08 ≈ 145.45 bps.

5. Conclusion

A multi-resonance-cavity hydrophone for underwater acoustic data 
transmission is proposed, which is composed of multiple resonant air 
cavities with shells and a sensor circuit board, enabling simultaneous 
reception of multiple bits of data. The acoustic resonance mechanism of 
rigid-wall spherical cavities is analyzed, and its resonance modes and 
directivity are clarified through finite element simulations. At the third- 
order resonance mode, the cavity center exhibits the highest absolute 
acoustic pressure and is omnidirectional, suitable for receiving acoustic 
signals from any direction. Theoretical analysis and parametric sweep 
simulations demonstrate the inversely proportional relationship be
tween the resonance frequency and the radius, allowing precise tuning 
of the resonance frequency by adjusting the cavity radius.

An eight-layer spherical cavity hydrophone is designed, and its fre
quency response is simulated, which proves that the center of each 
cavity exhibits prominent absolute acoustic pressure at their resonance 
frequencies, and the presence of the shell and sensor circuit board has 
minimal effect on the resonance mode of the cavity. The hydrostatic 
pressure resistance of the proposed hydrophone shell is simulated, and it 
can be inferred that the 2 mm thick photosensitive resin shell can 
theoretically resist the hydrostatic pressure of about 7 MPa. The fabri
cation of the hydrophone is introduced, and a testing system for the 
hydrophone is set up in the laboratory. The hydrophone is verified to 
function properly through frequency sweep tests. The resonance peak 
positions in the frequency response curves are almost consistent with the 
theoretical and simulation results. Directivity tests confirm that each 

channel exhibited omnidirectionality at their third-order resonance 
frequencies. Single-frequency pulse receiving tests demonstrate that 
each channel can effectively receive pulse signals at the corresponding 
frequency.

A data transmission method with the proposed hydrophone is 
designed, along with the process of generating and decoding trans
mission signals. The performance of underwater data transmission is 
tested by transmitting a batch of numbers from 0 to 255 in the lake. The 
test results indicate that the multi-resonance-cavity hydrophone can 
accurately receive all data at the baud rate of 145.45 bps with no error.
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