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ABSTRACT

Acoustic communication has been widely used in short-range communication technologies, such as
smartphones, due to its simplicity in using transmitting and receiving devices like speakers and microphones.
In recent years, the number of terminals that need to perform communication has increased dramatically along

with the increase in demand for acoustic communication systems in various fields. Against this background,
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when using Orthogonal Multiple Access (OMA) for multiple users, there is a fundamental limit to dividing
and allocating resource, which leads to resource efficiency problems. To overcome this problems, extensive
research have been conducted to apply Non-Orthogonal Multiple Access (NOMA), which provides high
resource efficiency and low latency service to multiple users, to acoustic communication system. However, to
the best of our knowledge, there is no prior work on testbed for NOMA-based acoustic communication
systems. In this paper, we put forth NOMA-based acoustic communication system model and implement a
resource efficient NOMA-based acoustic communication system by analyzing audible frequency noise and
hardware impairments that occur in the testbed environment. Finally, we verify that the implemented
technology performs better in terms of resource efficiency and reliability than the OMA-based acoustic

communication system.
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Fig. 1. Operation of OMA and NOMA on downlink
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Table 2. Experiment parameters

Parameters
Modulation BPSK, QPSK
Channel coding 1/3-repetition
No. of subcarriers 256
No. of cyclic prefix 32
No. of valid OFDM
blocks 192, 96

(BPSK, QPSK)
No. of OFDM blocks

for pilot signal (BPSK, 48, 24
QPSK)
Center frequency 5 - 16 KHz
Bandwidth 9600 Hz
Userl(strong) distance 0.2 m
User2(weak) distance 0.6 m
Power allocation 0.2, 0.8
(from near to far)
(BPSK, QPSK) 0.3, 0.7
Transmission power -4 -17 dBm
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Table 3. BER performance comparison of the proposed
scheme

Not using the proposed scheme
BPSK QPSK

Stron, Stron,
g Weak user g
user user

Weak user

BER BER BER BER
2.44x1071 | 1.69x107 1| 3.02x10° ' | 2.36x 10!

Improvement in audio frequency noise
BPSK QPSK

Strong user | Weak user | Strong user | Weak user

BER BER BER
4.83%x107% | 5.66x10% | 6.53x107° | 1.63x10 2

Improvement in audio frequency noise and hardware
impairments
BPSK QPSK

Strong user | Weak user | Strong user | Weak user

BER BER BER
2.26x107 % | 2.43x10°% | 2.28x10° % | 1.35x10°?
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Table 4. Performance comparison of OMA and NOMA
based acoustic communication system

OMA
BPSK QPSK

Strong user | Weak user | Strong user | Weak user

BER BER BER BER

7.53x107% | 9.21x107° | 1.28x107 ' | 2.06x 102
Data rate Data rate
4.53 Kbps 9.06 Kbps

Spectral efficiency
0.472 bps/Hz

Spectral efficiency
0.236 bps/Hz

NOMA
BPSK QPSK
Strong user | Weak user | Strong user Weak user

N84 ¢

BER BER

2.26x107°% | 2.43x107% | 2.28x107 % | 1.45%x 102
Data rate Data rate
4.53 Kbps 9.06 Kbps

Spectral efficiency
0.944 bps/Hz

Spectral efficiency
0.472 bps/Hz
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Fig. 14. Analysis spectrogram of received signal from
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Table 5. Performance comparison of OMA and NOMA
based acoustic communication system in environment with
additional noise

OMA
BPSK QPSK

Strong user | Weak user | Strong user | Weak user

BER BER BER BER

2.72x 1071 | 1.51x1072 | 2.94x1071 | 4.33x1072
Data rate Data rate
4.53 Kbps 9.06 Kbps

Spectral efficiency
0.236 bps/Hz

Spectral efficiency
0.472 bps/Hz

NOMA
BPSK QPSK

Strong user | Weak user | Strong user | Weak user

BER BER BER BER
1.18x10° 1| 1.01x1072 | 1.24x10" ! | 3.53%x 102
Data rate Data rate
4.53 Kbps 9.06 Kbps

Spectral efficiency
0.472 bps/Hz

Spectral efficiency
0.944 bps/Hz
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