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Abstract: With its superiorities of low cost, high flexibility and deployment convenience, small-size
autonomous underwater vehicles (AUVs) have been extensively applied to perform a variety of
undersea missions. While underwater acoustic (UWA) communication provides a practical way to
establish a wireless link, it still poses a significant challenge due to the strict limitations of a small-size
AUV platform in terms of load capacity, energy supply and cost. Orthogonal frequency division
multiplexing (OFDM) has drawn extensive attention due to its high data rate capability and relative
robustness to multipath, the performance of which is unfortunately sensitive to the widespread
Doppler effect. While efficient Doppler compensation is significantly crucial for UWA OFDM mobile
communication, most of the conventional approaches are conducted using software resampling, thus
rendering a huge burden on memory and calculation capability as well as a considerable processing
delay. In this paper, from the perspective of hardware completion an UWA OFDM communication
payload based on STM32F407 processor is designed and implemented to facilitate agile Doppler
compensation with low computational overhead. In particular, after estimating Doppler by calculat-
ing the time compression or extension of the preamble signal, Doppler compensation is performed
by directly adjusting the direct digital frequency synthesizer (DDS)-driven sampling rate of the
analog-to-digital converter (ADC). As the Doppler is compensated parallel to the ADC acquisition,
processing delay and memory requirement can be avoided. Finally, hardware-in-loop (HIP) simu-
lation is performed to demonstrate the effectiveness and superiority of the proposed system. The
results show that the designed system has the potential to achieve an effective communication rate
of 3.19 kbps with the admissible implementation overhead. Future work will entail the integration
and performance evaluation of the proposed UWA OFDM communication payload on a practical
small-size AUV platform.

Keywords: Doppler compensation; orthogonal frequency division multiplexing (OFDM); direct
digital frequency synthesizers (DDS); underwater acoustic (UWA) communication

1. Introduction

With the dramatically increasing requirement for ocean information perception and
acquisition, autonomous underwater vehicle (AUV) play an increasingly important role
in not only the traditional field of marine resource exploration, hydrological environment
investigation, seabed topographic mapping or reconstruction [1,2], but also emerging
personal applications such as underwater sightseeing, swimming aid and entertainment
purposes [3]. In particular, as an important branch of AUV development, in recent years,
small-size AUV platforms have drawn extensive attention due to their low cost, small size
and high flexibility characteristics.
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Consider the serious limitation of load capacity, energy supply and cost posed by
a small-size AUV platform, it has become an urgent problem to establish as efficient
underwater wireless communication link between small-size AUV platforms and the
control mother ship. With its easy availability of existing commercial products, many small-
size AUVs employ radio or optical communication modules for achieving information
transmission near the water surface. However, this type of small-size AUV is extremely
limited by the essential constraints in the aspect of communication distance and stability.

Underwater acoustic (UWA) communication technology offers a feasible approach
to accomplish the underwater requirements of small-size AUV in terms of underwater
telemetry, remote control and data transmission [4]. However, the intertwined properties
of marine environment contained tide, wave, current and interfacial effect generate the
adverse UWA channel characteristics such as complicated multipath, dynamic Doppler, fast
time-varying, severe fading and background noise, which can pose a significant challenge
to the UWA communication system onboard small-size AUV [5,6].

Moreover, the incoherent communication technology cannot meet the demands of
high-speed data rate for the multitudinous applications of small-size AUV in marine
data acquisition and transmission with its constraints of low bandwidth utilization in
the severely constrained UWA channels [7]. Different to the incoherent mode, coherent
communication provides an effective approach to clearly improve the data transmission
rate. However, the phase variations of modulated UWA signals caused by the compli-
cated time-space-frequency characteristics of UWA channel lead to a serious impact on
the communication performance. Among the efforts for this purpose, the technology of
orthogonal frequency division multiplexing (OFDM) has gained significant interest because
of its promising features of a high data transmission rate, high spectrum efficiency and
strong anti-multipath [8,9].

Nonetheless, the performance of OFDM is sensitive to Doppler effect generated by
the time-varying UWA channel or moving AUV [10], which generates the accumulation
of symbol synchronization error and the destruction of orthogonality and seriously de-
teriorates the demodulation performance of the receiver. Thus, Doppler estimation and
compensation are essential steps in the research and development (R&D) of UWA OFDM
communication for realizing stable UWA OFDM communication performance. Numerous
Doppler estimation and compensation approaches have been extensively reported.

A typical strategy is to estimate Doppler by measuring the frequency offset of the
single-frequency signal with known frequency between the received packets and the
transmitted signal [11]. Nevertheless, the estimation accuracy of such algorithms with the
classic fast Fourier transform (FFT) is insufficient due to its spectrum leakage of windowed
signal after FFT calculation. With the purpose of improving the estimation accuracy, some
novel approaches such as fractional Fourier transform (FRFT) [12], partial fast Fourier
transform (PFFT) [13] and partially shifted fast Fourier transform [14] are introduced to
replace the classic FFT with respect to the based frequency measurement Doppler estimation
methods. However, this type of algorithms causes severe performance degradation while
the estimated signal passes the frequency-selective fading channel.

The classic cross-correlation estimation schemes realize extremely high-precision
Doppler estimation in complex underwater multipath channel with calculating cross-
ambiguity function (CAF) between transmitted and received packets [15,16]. However, as
the maximum CAF magnitude calculation is accomplished utilizing enormous searches in
a two-dimensional grid of Doppler factors and delays, tremendous amounts of searching
grids cause intensive computational complexity. In order to overcome the interference of
enormous calculations, the stepwise cross-correlation estimation strategies (coarse estima-
tion and fine estimation) were proposed and investigated, which can effectively reduce the
number of searching grids and accelerate computation [17].

The single-branch auto-correlation (SBA) strategies have been extensively inquired to
estimate Doppler factor through calculating the period variation of the periodical trans-
mitted signal [18,19]. However, the SBA approaches cannot be applied to scenarios where
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there is acceleration. With the purpose of expanding the applicability of the SBA methods,
a multi-branch auto-correlation (MBA) algorithm [20] was proposed and investigated to
address fast-moving and manoeuvring vehicles, the performance of which is comparable
to that of the classic cross-correlation estimation schemes.

An ultra-precision Doppler estimation strategy based on the minimum bit error rate
(BER) principle was proposed and investigated to transform the signal-level Doppler
estimation into the bit-level search [21]. With the purpose to restrain the massive BER
searching, an iterative BER gradient descent algorithm [22] was investigated to accomplish
the same estimation accuracy with the BER search strategy revealed in [21]. Nevertheless,
this type of Doppler estimation strategy based on BER information requires the inclusion
of a demodulation process in the process of Doppler estimation.

Note that, while many more different types of investigations in Doppler estimation
have been conducted, most of the previous work adopted resampling for Doppler compen-
sation. In other words, after obtaining the Doppler factor via different types of estimation
methods, Doppler compensation is generally realized by interpolation resampling in time
domains according to the Doppler factor [23].

However, while it is relatively convenient to perform resampling using the software,
considerable processing delays will be unavoidably generated. Thus, the agility of Doppler
compensation poses a challenge for the design of the UWA OFDM system for AUV with
agile moving capability or under rapidly time-varying UWA channels. With the purpose
of enabling agile Doppler compensation, a hardware resampling scheme was designed
to enable resampling via an adjustable sampling rate analog-to-digital Converter (ADC),
which is driven by a precision-limited processor clock [24].

In this paper, by further improving the hardware resampling accuracy, a novel UWA
OFDM communication payload based on STM32F407 processor is designed and imple-
mented to facilitate agile Doppler compensation at the expense of low computational
overhead. Specially, the proposed payload adopted a classic time-frequency OFDM re-
ceiver structure [25] with respect to simple implementation and low complexity onboard
small-size AUV. Doppler estimation was accomplished with the classic method described
in [23]. For agile and low computational overhead Doppler compensation, Direct Digital
Frequency synthesizers (DDS) chip AD9954 controlled by STM32F407 processor is adopted
to generate adjustable sampling clock frequency for ADC. The validity and superiority of
the proposed scheme are verified through hardware-in-loop (HIP) simulation on the UWA
OFDM modem that can be mounted properly on a small-size AUV platform.

The rest of this paper is organized as follows. In Section 2, the detailed signal model,
time-frequency differential OFDM coding, Doppler estimation and compensation imple-
mentation are introduced. Section 3 describes the HIP simulation results to verify the
performance of the proposed UWA communication payload. In Section 4, we introduce
accuracy and availability analysis for the proposed scheme. Conclusions are summarized
in Section 5.

2. Systems and Methods
2.1. Basic Signal Model

Without loss of generality, one cyclic-prefixed (CP) OFDM block can be formulated as

s(t) = <
{

ej2π fct
L/2−1

∑
k=−L/2

s[k]ej2π k
Ts tg(t)

}
, (1)

where fc is the center frequency, s[k] denotes the symbol to be transmitted on the k-th
sub-carrier, and Ts is the basic OFDM symbol duration. Let L represent the number of
sub-carriers, which dictates that the k-th sub-carrier is located at the frequency

fk =
k
Ts

, k = − L
2

,− L
2
+ 1, . . . ,

L
2
− 1, (2)
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Let Tcp denote the length of the CP, and g(t) can be defined as a rectangular window
of length Tcp + Ts

g(t) =
{

1, t ∈ [−Tcp, Ts
]

0, otherwise
, (3)

One can assume that the UWA channel can be modeled as a time-varying linear
system, and the Doppler effect on each path is uniform. Letting the p-th amplitude response
maintain constant over one OFDM block, the UWA channel response can be expressed as

h(t, τ) =
Np

∑
p=1

Apδ
(
τ − τp + εt

)
, (4)

where Np is the maximum discernible number of multipath, ε denotes a common Doppler
factor, moreover, Ap and τp represent the time-varying amplitude response and delay of
the p-th path, respectively.

Based on the previous assumptions, letting the CP-OFDM signal pass through the
channel as described in (4), the received baseband signal can be formulated as

r(t) =
L/2−1

∑
k=−L/2

{
s[k]ej2π fktej2πε fkt

[ Np

∑
p=1

Ape−j2π fkτp

]
g(t + εt− τp)

}
+ n(t), (5)

where n(t) is the baseband white Gaussian noise. Note that the Doppler effects on received
OFDM packets can be expressed as

ξk = ej2πkε fkt. (6)

Based on the above derivation, Doppler estimation and compensation are essential to
eliminate the interference of (6) for accomplishing robust mobile UWA OFDM communication.

2.2. Time-Frequency Differential OFDM Scheme

The common time-frequency differential OFDM scheme with strong anti-multipath
ability and good channel adaptability is applied to the proposed UWA communication
payload. The time-domain differential modulation is completed at adjacent OFDM symbols,
and then the data information and its inverse data are loaded into the adjacent subcarriers
to accomplish the frequency-domain modulation. The signal model of the above scheme is
introduced briefly as follows.

Assuming that the data on the n-th subcarrier of the i-th OFDM symbol before differ-
ential modulation can be written as

Di,n = ejφi,n , (7)

where φi,n0, 2π denotes the phase of the n-th subcarrier of the i-th OFDM symbol, n =(
0, 2, . . . , 2

(
L
2 − 1

))
is the index of data subcarrier. The data after differential modulation

can be expressed as
Si,n = ej∆φi,n , (8)

Hence, the phase information at the same index subcarriers on the adjacent OFDM
symbols can be formulated as

∆φi,n = φi,n + ∆φi−1,n, (9)

Furthermore, the phase information at the adjacent index subcarriers on the same
OFDM symbol can be written as

∆φi,n+1 = −(φi,n + ∆φi−1,n), (10)
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As a consequence, the phase in (9) is loaded into (n + 1)-th subcarrier as the pilot
symbol

Si,n+1 = ej∆φi,n+1 = e−j∆φi,n . (11)

At the receiving end, the data of the n-th and (n + 1)-th of the i-th OFDM symbol can
be formulated as

Ri,n = Ai,nHi,nejφi,n(ε) + ni,n = Ai,n Hi,nej(∆φi,n+θi,n(ε)) + ni,n, (12)

Ri,n+1 = Ai,n+1Hi,n+1ejφi,n+1(ε) + ni,n+1 = Ai,n+1Hi,n+1ej(∆φi,n+1+θi,n+1(ε)) + ni,n+1, (13)

where Ai,n and Ai,n+1 denote the amplitude factor, Hi,n and Hi,n+1 represent the channel
impulse response, θi,n and θi,n+1 are the phase deviation, and ni,n and ni,n+1 denote the
white Gaussian noise.

The phase information in (12) and (13) is extracted to perform the differential demod-
ulation, the demodulation results are presented as follows:

φ̂i,n(ε) = (∆φi,n + θi,n(ε))− (∆φi−1,n + θi−1,n(ε)) = φi,n + (θi,n(ε)− θi−1,n(ε)), (14)

φ̂i,n+1(ε) = (∆φi−1,n+1 + θi−1,n+1(ε))− (∆φi,n+1 + θi,n+1(ε)) = φi,n + (θi−1,n+1(ε)− θi,n+1(ε)), (15)

Thus, the data symbols are corrected by the pilot symbols to recover the phase infor-
mation on the n-th subcarrier of the i-th OFDM symbol

φi,n(ε) =
φ̂i,n(ε) + φ̂i,n+1(ε)

2
= φi,n + ∆θ(ε), (16)

where ∆θ is the phase bias introduced by the complicated characteristic of an UWA channel.
According to the above derivation, the initial phase information can be recovered utilizing
the differential detection.

In conclusion, there is no requirement for channel estimation and compensation by em-
ploying the above time-frequency differential OFDM scheme to eliminate the interference
of Doppler effect on UWA OFDM communication, further facilitating the low complexity
design and implementation of an UWA OFDM communication payload for small-size
AUV platforms.

2.3. Doppler Estimation and Compensation Implementation

In this section, an UWA OFDM payload is designed and investigated to enable agile
Doppler compensation with low computational overhead. Before the Doppler compen-
sation, Doppler estimation is achieved by adopting the modified signal frame structure
shown in Figure 1; in particular, the Doppler factor can be estimated by calculating the
time compression or extension of the received preamble signal after the synchronization is
achieved [23].
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2.3.1. Doppler Estimation Strategy

Considering the Doppler effects on the received OFDM packets, the received signal
can be rewritten as

r(t) = s((1 + ε)t), (17)

If Tsam represents the sampling period, the discrete received version of r(t) can be
formulated as

r(n) = s((1 + ε)kTsam), (18)

As the Doppler spread is equivalent to the contraction or expansion of the received
OFDM packet in time domain, herein the time amount variation of the preamble sequence
containing ten linear frequency modulation (LFM) signals is transformed into the Doppler
factor as follows:

ε =
Lr − Lt

Lt
. (19)

where Lr and Lt are the length of the received and the transmitted preamble signal at
the time domain, respectively. After Doppler estimation is accomplished, the Doppler
compensation is carried out to facilitate the demodulation of the OFDM data frame.

2.3.2. Conventional Doppler Compensation Method

After obtaining the Doppler factor, the conventional Doppler compensation approach
is to resample the received data frame packets with linear interpolation for accomplishing
Doppler compensation. The implementation process of Doppler compensation is as follows.

First, r(n) is processed by upsampling at M times the original sampling rate; then, the
received sequence can be rewritten as

r(m) =
Ln

∑
n=−∞

r(n)h(m− nM), (20)

where h(m) = sinc(m/M), and Ln represents the length of r(n). Second, the sampling
rate of r(m) is downsampled to 1

N times of the sampling rate of r(n) after the upsampling
process is completed; accordingly, the received sequence can be formulated as

r̂(m) =
Ln

∑
n=−∞

r(n)h(mN − nM). (21)

where h(m) = sinc[m/ max(M, N)]. Accordingly, the Doppler compensation can be ac-
complished through the above variable sampling process. The implementation of this
compensation process on the hardware platform requires two sampling processes on the
received signal, which imposes a huge burden on the calculation capacity, memory space
and processing delay of the central processing unit (CPU).

2.3.3. Agile and Low Computational Overhead Doppler Compensation Approach

Especially for small-size AUV platforms, the high calculation and storage requirements
on CPU result in expensive system costs, which is not conductive to the small-size AUV
applications. To address the above limitations, an UWA OFDM payload is designed to
enable agile Doppler compensation with low computational overhead. The payload adopts
AD9954 chip to generate the control signal of clock frequency, then the sampling rate
at the ADC process can be regulated in real time through adjusting the clock frequency
of the external clock source of Inter-IC Sound (I2S) bus. The Doppler compensation is
accomplished while the acquisition of data segment is performed.

The transmission and reception of signal sequence are realized by a UWA OFDM
modem with the architecture presented in Figure 2. The hardware module of the UWA
OFDM system mainly consists of STM32F407 processor, signal processing circuit as well
as power management unit. Note that, the STM32F407 chip as a core processor with
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a 32-bit ARM Cortex-M4 core is used exclusively to control timers for data acquisition
and processing.
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Figure 2. The block chart of the OFDM receiver.

In the process of signal acquisition, the CPU drives the audio acquisition chip WM8978
through the I2S bus interface to perform the ADC process of received signal. The selection
of the external clock as the I2S_CLK clock source provides the feasibility for the real-time
adjustment of the sampling rate. The sampling rate for the ADC acquisition process can be
expressed as

Fs =
I2S_CLK

2 ·W f · (2 · I2SDIV + ODD) · 8 , (22)

where I2S_CLK is the clock frequency of the external clock, W f denotes the frame width
of the channel and I2SDIV denotes the value of the I2S linear prescaler with the range of
[2 255]. ODD is the odd factor for the linear prescaler, and its value is 0 or 1. As described
in (22), the adjustable sampling rates can be acquired through the different combinations of
I2S_CLK, I2SDIV and ODD. In conclusion, the core of the sampling rate adjustment can
be converted into generating an external clock control signal.

The highly integrated DDS chip AD9954 is felicitously used as a programmable clock
generator to produce an external clock control signal due to its ability to generate up to 200
MHz analog sine wave, fast frequency conversion and high frequency resolution through
inputting control words in the serial I/O port. The frequency of the AD9954 output signal
can be expressed as

Fo =

{
FTW · Fsys/232, 0 ≤ FTW ≤ 231

Fsys ·
(
1−

(
FTW/232)), 231 < FTW < 232 − 1

. (23)

where Fsys is the system clock, FTW is the frequency conversion bytes, and 232 denotes the
capacity of the accumulator.

In the processing of signal reception, firstly, the pre-amplifier and bandpass filter are
adopted to complete the functions of amplification, filtering and denoising for the received
OFDM packets. Secondly, the CPU applies the Doppler factor to calculate the required
sampling rate with respect to Doppler correction, further obtains the frequency of external
clock control signal according to the (22). Afterwards, the CPU drives the AD9954 chip to
generate the clock control signal with corresponding frequency through inputting control
words into the serial I/O port; the Doppler compensation is completed synchronously
in the acquisition process of the received signal. Thirdly, after acquisition of the OFDM
symbol, the CP that can resist the inter symbol interference is removed in order to facilitate
the OFDM symbol demodulation. Fourthly, FFT operation is carried out to accomplish
the transformation from the time domain signal to the frequency domain signal, and then
the mapped sequences located at the corresponding frequency band of OFDM symbol are
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isolated for differential quadrature phase shift keying (DQPSK) demodulation. Finally, the
demodulated binary information is decoded by convolutional decoding and interleaving
decoding to recover the transmitted data information.

3. Results

In this section, HIP simulation is performed to evaluate the performance of the pro-
posed UWA OFDM payload onboard small-size AUV platform. The frame structure of
transmitted packet is identical to Figure 1, the parameters of which are provided in Table 1.
Note that the (2,1,7) convolutional coding with an interleaving depth of 7 is adopted to
further improve the communication performance, corresponding to the original communi-
cation rate and effective communication rate shown in Table 1.

Table 1. Parameters of transmitted packet.

Items Value Items Value

Modulation mode DQPSK OFDM symbol duration (ms) 42.67
Center frequency (Hz) 25,000 Length of guard interval (ms) 10.67

Bandwidth (Hz) 8000 Length of LFM signal (ms) 17.71
Sampling rate (Hz) 96,000 FFT points 4096

Number of sub-carriers 340 Number of OFDM symbol 40
Interval of sub-carrier (Hz) 23.44 Original communication rate (kbps) 6.38

Length of OFDM data frame (ms) 2133.33 Effective communication rate(kbps) 3.19

While the preamble sequence containing ten linear frequency modulation (LFM)
signals is inserted before the entire signal frame for preliminary synchronization and
Doppler estimation, one LFM signal is located at the beginning of the OFDM data frame
for fine timing synchronization to facilitate the demodulation process of OFDM symbols.
The setup parameters of LFM signal are consistent with the OFDM data frame.

An artificial UWA channel [26] is generated for HIP simulation, which consists of direct
path, surface reflected path and surface-bottom-surface reflected path. The corresponding
dominant coefficients are set as the magnitude of 0.76, 0.53 and 0.37, respectively. The
other coefficients are set to zero to generate the channel impulse response as displayed in
Figure 3. The total multipath delay spread is 10 ms, which is consistent with the scale of
some field experimental scenes.
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The signal-to-noise rate (SNR) of 0 dB to 20 dB is generated by mixing the additive
white Gaussian noise with the signal at an interval of 5 dB. Furthermore, three typical
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working scenarios of small-size AUV platform including unpowered drifting with seawater,
low-speed motion and high-speed motion are employed to verify the Doppler compensa-
tion performance of the proposed UWA OFDM payload, corresponding to three Doppler
scales of 10 Hz, 25 Hz and 40 Hz introduced by artificial resampling.

The classic time-frequency differential OFDM receiver with the block chart as shown
in Figure 2 is adopted for acquisition, Doppler estimation, Doppler compensation and
demodulation of the received packets. The results of Doppler estimation and demodulation
BER as shown in Figure 4 are used as the fundamental basis to evaluate the feasibility and
effectiveness of the designed UWA OFDM payload. The BER is defined as the number of
the received error bits divided by the total number of received bits.
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The Doppler estimation results under different SNR conditions are provided in
Figure 4a, from which we can notice that the three scales Doppler curves are indepen-
dent with respect to different SNRs. While the Doppler scales introduced by artificial
resampling are 10 Hz, 25 Hz and 40 Hz, the evaluated Doppler values are 9.49 Hz, 24.41
Hz and 39.33 Hz due to the limitations of estimation accuracy corresponding the Doppler
estimation biases of 5.1%, 2.36% and 1.68%, which indicates that the Doppler estimation
approach possesses definite robustness.

As revealed in Figure 4b, BER curves of the three Doppler scales tend to decrease with
the increase in SNR. Under low SNR conditions, the BER curves are close for the three
Doppler scales. When the SNR is greater than 10 dB, the BER results with three Doppler
scales are reduced to the order of 10−3, which demonstrates the feasibility and effectiveness
of the designed UWA OFDM payload.

4. Discussion

The accuracy and availability of the proposed UWA OFDM communication payload
are analyzed in this section. Initially, the Doppler estimation resolution proposed in this
paper can be expressed as

∆σ =
1

(nLFM − 1) · Ls
· fc, (24)

where nLFM is the number of LFM signal contained in the preamble sequence, and Ls rep-
resents the total length of one LFM signal and one blank interval. The Doppler estimation
bias can be formulated as

η = |ε− εd| · fc
≤ 1

2 ∆σ.
(25)
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where εd is the desired Doppler factor. From (24) we can notice that the Doppler estimation
resolution depends on the length of preamble signal. In this paper, let nLFM = 10 and
Ls = 2048, the Doppler estimation resolution is ∆σ ≈ 1.36 Hz with respect to η ≤ 0.68 Hz.
In addition, due to the suppression ability of the time-frequency differential OFDM receiver
on small-scale Doppler expansion, the interference of residual Doppler η can be effectively
eliminated by differential detection to facilitate OFDM symbol demodulation.

Furthermore, using I2SDIV = 2 and ODD = 0 in the actual acquisition process, the
required adjustable external clock frequency is less than 100 MHz; thus, the AD9954 chip
can satisfy the adjustable frequency requirements of clock control signal due to its ability
of generating up to 200 MHz analog sine wave. In addition, the frequency resolution of
the clock control signal generated by AD9954 chip is 1 Hz, corresponding to the adjustable
sampling rate resolution of about 0.001 Hz, and it can also meet the accuracy requirement
of signal acquisition with an adjustable audio sampling rate.

5. Conclusions

With the interference of the Doppler effect in the UWA channels, the performance of
an UWA OFDM communication system will be seriously degraded. In particular, for an
UWA OFDM communication payload onboard small-size AUV, the serious limitations of
load capacity, energy supply and cost pose significant challenges.

In this paper, a novel UWA OFDM payload is designed and investigated for a small-
size AUV by employing hardware implementation to enable agile Doppler compensation
with low computational overhead. After Doppler estimation is completed by calculating
the time compression or extension of preamble signal, the DDS chip AD9954 is adopted to
enable hardware tuning of the ADC sampling rate via the external clock source of the I2S
bus. As the Doppler compensation is fulfilled at the hardware level, any processing delay
generated during the software resampling is avoided.

Finally, HIP simulation on the UWA OFDM modem was conducted to demonstrate
the effectiveness and superiority of the proposed scheme, with the potential of achieving
an effective communication rate of 3.19 kbps with the admissible implementation overhead.
The designed and implemented UWA OFDM communication payload has the potential of
being applied to small-size AUV platform in multitudinous underwater missions associated
with telemetry and remote control between underwater vehicles. Future work will contain
the integration and performance evaluation of the proposed UWA OFDM communication
payload on the practical small-size AUV platform.
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