
Chapter 49
Direct Mapping Based FBMC-LDPC
Advanced Underwater Acoustic
Transmission Scheme for Data Signals

Chin-Feng Lin, Tsung-Jen Su, Shun-Hsyung Chang, Ivan A. Parinov,
and Sergey N. Shevtsov

Abstract This paper proposes a 2 × 2 direct mapping (DM) based of an underwa-
ter acoustic transmission (UAT) scheme for data signals based on filter bank mul-
ticarrier (FBMC)-low density parity check (LDPC). The 2 × 2 DM multiple-input
multiple-output (MIMO) transmission mechanism, FBMCmodulation, LDPC chan-
nel coding, adaptive binary phase shift keying (BPSK) modulation and four offset
quadrature amplitudemodulation (4-OQAM), and power assignment mechanism are
integrated. The performances of bit error rates (BERs) and data error rates (DERs)
of the proposed underwater data transmission scheme with perfect channel estima-
tion (PCE) (0%), and the channel estimation errors(CEEs) of 5%, 10%, and 20%
are investigated. The bit error rates (BERs) of data signals for underwater transmis-
sion must be less than 10–5. The transmission power weightings and ratios of power
saving (PS) for the proposed underwater acoustic transmission system are explored
through simulations. From these simulation results, we evaluate the performances of
the proposed advanced data UAT scheme.
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49.1 Introduction

Underwater multimedia sensor networks (UMSNs) are a compelling interest of the
research topic, and UMSNs can be applied to undersea monitoring, and advanced
coastal surveillance. Sarisaray-Boluk et al. [1] adopt different combinations of mul-
tipath transport, watermarking-based error concealment, forward error correction,
and adaptive retransmission mechanisms to achieve reliable and quality aware image
transmission in underwater channel impairments. Singh et al. [2] propose a two-step
preamble-based approach using a novel frame structure to estimate carrier frequency
offset (CFO) and channel in multiple-input multiple-output (MIMO) filter bank mul-
ticarrier (FBMC) scheme with offset quadrature amplitude modulation (OQAM). At
the first step, the coarse CFO estimator without channel information was developed,
and the fineCFOcan be drawon a constant carrier phase.At the second step, themini-
mummean square error estimator is designed for effective channel estimation in time
domains. Singh et al. [3] propose a post-processing signal-to-noise-plus-interference-
ratio (PP-SNIR) method in a MIMO FMBC-OQAM scheme with imperfect channel
state information, and PP-SNIR derived to calculate symbol error rate.

Amini et al. [4] investigated a FBMC transmission scheme in an underwater
communication application, and Lin et al. [5] demonstrated a FBMC-based low
density parity check (LDPC) code underwater acoustic transmission (UAT) scheme
for voice and image signals. In previous study [6], the proposed direct mapping
(DM) FBMC-based underwater transmission scheme (UTS) was demonstrated. The
performances of transmission bit error rates (BERs) of theUTS, themean square error
(MSE) performances and the power saving ratios of the DM FBMC UTS scheme,
for audio signals transmission with perfect channel estimation (PCE) were explored.
The paper examines the BERs and data error rates (DERs) performances of the
DM-based FBMC-LDPC UAT scheme. The power saving ratios of the DM-based
FBMC-LDPC UAT scheme, and data signals received using BPSK modulation in
the DM-based FBMC-LDPC UAT scheme, for a BER of 10−5, were discussed.

49.2 Research Method

Figure 49.1 deplicts the proposed DM-based FBMC-LDPC UAT scheme for data
signals. The transmission architecture has been demonstrated for voice signals [6],
and the transmission performances of the proposed DM-based FBMC-LDPC UAT
scheme is discussed for data signals. The underwater channel model with an under-
water channel bandwidth of 3.9 kHz, a carrier central frequency of 11.5 kHz, and
a transmission distance of 1 km was used [7]. The BER requirement of underwater
transmission data signals is 10−5, and the DER of the DM-based FBMC-LDPC UAT
scheme with a BER of 10−5 is demonstrated. The DER is defined as follows:

DER = De

Dt
(1)
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Fig. 49.1 Proposed the DM-based FBMC-LDPC UAT scheme for data signals

De and Dt denote the number of the transmission error data symbols, and the number
of transmission data symbols, respectively. The performances of BERs and DERs of
the proposed DM-based FBMC-LDPC UAT scheme with PCE) (0%) and CEEs of
5%, 10%, and 20% are investigated. With the CEEs increased, the BERs and DERs
increased.

49.3 Simulation Results

Figure 49.2 shows that DER performances of the DM-based FBMC-LDPC UAT
scheme, using BPSK modulation, with PCE (0%) and CEEs of 5%, 10%, and 20%,
respectively. The 105 data symbols were simulated in the underwater data transmis-
sion. The colors ‘black’, ‘red’, ‘blue’, and ‘purple’, in Figs. 49.2 and 49.3, denote
the DM-based FBMC-LDPCUAT schemewith a PCE, the DM-based FBMC-LDPC
UAT schemewith a CEE of 5%, theDMFBMCUTS schemewith a CEE of 10%, and
the DM-based FBMC-LDPC UAT scheme with a CEE of 20%, respectively. Using
the BPSK modulation with a PCE, and CEEs of 5%, 10%, and 20%, respectively,
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Fig. 49.2 DER performances of the DM-based FBMC-LDPC UAT scheme, using BPSK
modulation, with PCE (0%) and CEEs of 5%, 10%, and 20%, respectively

Fig. 49.3 DER performances of the DM-based FBMC-LDPC UAT scheme, using 4-OQAM
modulation, with PCE (0%) and CEEs of 5%, 10%, and 20%, respectively
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for signal to noise ratios (SNRs) of 12.59 dB, with the corresponding DERs of the
received data signals were 6× 10−5, 8× 10−5, 1.4× 10−4, and 6.4× 10−4. Using
the BPSKmodulation with a PCE, and CEEs of 5%, 10%, and 20%, respectively, for
SNRs of 12.59 dB, with the corresponding BERs of the received data signals were
2× 10−6, 2.67× 10−6, 4.67× 10−6, and 2.13× 10−5. With the CEEs increased, the
BERs and DERs increased.

Figure 49.3 shows the DER performances of the DM-based FBMC-LDPC UAT
scheme, using4-OQAMmodulation,withPCE (0%)andCEEsof 5%,10%, and20%,
respectively. The data signals received using the 4-OQAM modulation with a PCE,
and CEEs of 5%, 10%, and 20%, respectively, for signal to noise ratios (SNRs) of
12.59 dB, with the corresponding DERs of the received data signals were 8.8×10−4,
1.68 × 10−3, 3.46 × 10−3, and 1.22 × 10−2. Data signals were received using the
4-OQAM modulation with a PCE, and CEEs of 5%, 10%, and 20%, respectively,
for signal to noise ratios (SNRs) of 12.59 dB, with the corresponding BERs of
the received data signals 2.93 × 10−5, 5.73 × 10−5, 1.11 × 10−4, and 4.1 × 10−4.
Simulation results show that the BERs and DERs performances of the DM-based
FBMC-LDPC UAT scheme, using BPSK modulation, are better than that of the
DM-based FBMC-LDPC UAT scheme, using 4-OQAM modulation.

Figure 49.4 demonstrates the power saving ratios of the DM-based FBMC-LDPC
UAT scheme with a BER of 10−5, for PCE. The maximum acceptable transmission

Fig. 49.4 Power saving ratios of the DM-based FBMC-LDPC UAT scheme with a BER of 10−5,
for PCE
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Fig. 49.5 Data signal received using BPSK modulation in the DM-based FBMC-LDPC UAT
scheme with a BER and DER of zero, for PCE

BER value for the data signal is 10−5. The data signals received using the BPSK
modulation for theSNRsof 15.18dB, 16.41dB, and18.40dB,with the corresponding
power saving ratios of 63%, 72%, and 81%, respectively. The data signals received
using the 4-OQAM modulation for the SNRs of 17.33 dB, 19.04 dB, and 20.42 dB,
with the corresponding power saving ratios of 63%, 72%, and 81%, respectively.
At the same power saving ratio, the SNRs of the BPSK modulation are lower than
that of 4-OQAMmodulation. Figure 49.5 illustrates that the 1000 data symbols with
EXCEL format received using the BPSKmodulation in theDM-based FBMC-LDPC
UAT scheme with a BER and DER of zero, for PCE. The received data signals are
accurate, and theDM-based FBMC-LDPCUATscheme can be applied to underwater
data transmission.

49.4 Conclusion

In this paper, a DM-based FBMC-LDPC UAT scheme for data signals was dissi-
cussed. The BERs and DERs performances of the DM-based FBMC-LDPC UAT
scheme, using BPSK and 4-OQAM modulations, with PCE (0%) and CEEs of 5%,
10%, and 20%, respectively, were demonstrated. The BERs and DERs performances
of the DM-based FBMC-LDPC UAT scheme using BPSK modulation is superior to
the DM-based FBMC-LDPC UAT scheme using 4-OQAM modulation. With CEEs
increased, the BERs and DERs performances decreased. Power saving ratios of the
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DM-based FBMC-LDPC UAT scheme with a BER of 10−5, for PCE, are explored.
Simulation results show that the proposed DM-based FBMC-LDPC UAT scheme is
suitable for underwater data transmission.
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