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Abstract. Impulse noise and large scale single-frequency noise have an enormous effect on 
underwater acoustic communication and they often exist in the received signal. This paper focuses 
on noise mitigation when the two kinds of noise both exist. These interferences are sparse, and they 
have lager amplitudes, which are able to be weakened by using compressed sensing theory 
reasonably. Based on orthogonal matching pursuit (OMP), this paper uses the observed value to 
reconstitute the noise and suppress them. Experimental results performed with numerical simulation 
and pool-trial data are provided. The results show the improvement of the proposed algorithm under 
impulse noise mitigation and large scale single-frequency noise mitigation can get more 
performance gain margin. Through the estimation and suppression of them, the robustness is 
improved. 

Introduction 
Noise can be divided into internal and external disturbances [1].Single carrier transmission of 
intersymbol interference and multicarrier transmission intercarrier interference are internal 
interference, the influence of external interference is from the environment. Disturbances coming 
from external sonar and Marine environment influence underwater acoustic communication [2] [3], 
seriously affecting the performance of the system. Therefore, it has great significance to eliminating 
interference for underwater acoustic communication. This paper mainly focuses on eliminating the 
influence of external disturbance on the underwater acoustic communication system. 

And noise elimination has been extensively studied in the wireless communication. Clipping 
method was the mainly tradition impulse noise suppression method. An application of 
Reed-Solomn(RS) coding scheme for impulsive noise mitigation was proposed by using the 
time-domain clipping in [4].In [5], performing joint erasure marking and Viterbi decoding, the 
proposed scheme was improved in [4], but at the cost of high computational complexity. Iterative 
strategy was proposed in [6]; On this basis, the decoder adopted a syndrome in order to increase the 
convergence speed was proposed in [7]. However, these two methods are assumed in the case of the 
ideal channel. Article [8] proposed a pre-algebraic coding and frequency interpolation techniques, 
that is, the use of zero-frequency point to detect and estimate the impulse noise, the disadvantage is 
that the zero frequency is very sensitive to background noise. Article [9] used the compressed 
sensing technology, using loophole in OFDM modulation signal carrier for impulse noise estimates. 
Article [3] that the impulse noise is a sparse vector, use compressed samples to reconstruct, this 
method has a more flexible system design and more robust. However, previous studies mainly 
consider the case of a presence of noise, but in the underwater acoustic channel, large single 
frequency noise and impulse noise interference can exist at the same time, some of the major factors 
that affect the communication performance. So the underwater acoustic communication, while 
eliminating a substantial single-frequency noise and impulse noise to improve the robustness of 
underwater acoustic communication system is of great significance. 

In this paper, the use of compressed sensing theory eliminate the effects of impulse noise and 
substantial single-frequency noise in OFDM system. In impulse noise and single by orthogonal 
matching pursuit (OMP) algorithm frequency noise reconstructed using observations on the 
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receiving end to eliminate noise, impulse noise and eliminate a significant impact on the 
single-frequency noise signals, improve system performance.  

Compressed sensing theory 

Based on compressive sensing theory, without losing information required to reconstruct the 
original signal, sparse signal can use traditional sampling observation of low dimension vector 

My R∈ instead of discrete sequences 
Nx R∈ , M for the observation points, N  as the signal points, 

and M N< . 

The essence of the compressed sampling is based on the observation of a matrix Φ  to get 
observation vectors y ∈  RM. 

y x s sy= Φ = Φ = Θ                                                           (1) 
Where yΘ = Φ , is a dictionary of size M N× . If Θ is sufficiently incoherent ,the information 

of x  will be embedded in y  such that it can be perfectly recovered with high probability[10]. 
x s= Ψ ，s is the coefficient of x  on the orthogonal basis y . 

System model 

In OFDM system, when the additive white Gaussian noise and external interference exist, mainly 
affect the system performance of external noise, thus eliminating external noise to improve the 
system performance has an important role. Therefore, the discrete-time channel model can be 
expressed as 

0
Ly h x z elk l k l k k= + +∑ = −                                                    (2)                                                                  

Where { }kx  are the transmitted signals and { }ky  are the received signal sequence, { }kz  for 
the additive white Gaussian noise sequence, { }ke  to external noise sequence, that are impulse 
noise and substantial single-frequency noise. 

Noise reconstruction 
OMP algorithm is a matching pursuit (MP) algorithm to improve the algorithm to improve the 
computing speed, and easy to implement. 

OMP algorithm is described in detail follows [11]: 
Step 1: Initialization, define r  is the residual vector, P  is position vector, so 0r y= , 0P = ∅ , 

where ∅  stands for null set. 
Step 2: for each ( 1, 2, )i i K=  , OMP chooses another index iλ  by solving an easy optimization 

problem. 
i 1arg max | |T

irλ −= Θ                                                          (3) 
Step 3: on update stage , update iA , according to iA  and ( )l il PΘ = . 

1[ , ]i i lA A −= Θ                                                                (4) 
For each column l , find is , 

arg min || ||i i
s

s y s= −Θ
                                                        (5) 

Step 4: the residual ir  at each step can be expressed as 
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i i ir y s= −Θ                                                                  (6) 
Step 5: if i K< , 1i i= +  and return to step 2 cycle is repeated; if i K=  and stop iteration. 
According to the above steps, noise interference can be estimated easily. Based on OMP, 

impulse noise is estimated by using the null-subcarrier and the large scale signal frequency noise is 
estimated directly without domain transformation because of the sparse in the frequency domain. 

Two separate optimization methods are proposed in this paper. One is that we estimate impulse 
noise firstly, and then the estimation of large scale single frequency noise can be obtained by using 
the measurements on the subcarriers (shown in fig.1). The other is that large scale single frequency 
noise is estimated firstly and then the impulse noise estimation is also done as before (shown in 
fig.2). 
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Fig.1 Impulse noise mitigation firstly at the receiver 
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Fig.2 Large scale single frequency noise mitigation firstly at the receiver 

Simulation 
In order to verify the performance of the proposed method, we take the simulation experiments, 
including the multipath channel consists of  five discrete path, where the inter-arrival time follows 
an exponential distribution with a mean of 1ms. Multi-path channel gain Rayleigh distribution, its 
average power decays exponentially with time delay. The CP-OFDM signal parameters are follows: 
Out of 1024 subcarriers, 96 are null subcarriers with 24 on each edge for band protection and 48 
distributed evenly in the middle. The impulse noise and large scale single frequency noise are both 
generated with 5 impulses imposed with random positions on the K=1024 OFDM baseband 
samples. 

The data symbols are drawn from a QPSK constellation, and 256 pilot data are used for channel 
estimation. A 64-state rate -1/2 convolutional code is used for channel coding [12]. The 
bit-error-rate(BER) after Viterbi decoding will be used as the performance metric. 

In the simulation, firstly the receive received the signal denoised, and then reuse the signal 
denoised to estimate and balance based on the compressed sensing channel. Fig.3 shows that BER 
comparison of noise mitigation as a function of SNR. Black line represents the time domain 
impulse noise signal contained in a single frequency noise or substantial interference, the receiver 
does not eliminate the noise interference simulation (method a); The blue line represents estimate 
impulse noise firstly, and then the estimation of large scale single frequency noise ( method b); The 
red line represents large scale single frequency noise is estimated firstly and then the impulse noise 
estimation is also done as before (method c). Figure 3 shows that our algorithm can get great 
performance gain from the beginning of 2dB, the performance of this algorithm can improve the bit 
error rate is about 10 times as 16dB. And with separate large scale single frequency noise mitigation 
firstly, the proposed received has a better performance than the another method. Figure 4 shows that 
BER comparison of noise mitigation as a function of SIR. And we can see the system performance 
gain with the SIR increases gradually increases. In the signal interference ratio is -4dB, the noise 
cancellation performance of the bit error rate of about 16%. 
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The signal-to-noise ratio (SNR) and signal-to-impulse noise ratio( SIR) are defined as: 

2

2

[|| || ]
[|| || ]

E xSNR
E z

=
                                                              (7)

2

2

[|| || ]
[|| || ]

E xSIR
E e

=
                                                               (8) 

Where x  is the signal sequence, z  is the additive Gaussian white noise sequence and e  is the 
external noise sequence. 

 
Fig.3 BER comparison of noise mitigation as a function of SNR 

 
Fig.4 BER comparison of noise mitigation as a function of SIR 

Pool experimental results 
There are one transmitter and one receiving hydrophone and both located at the depth of 0.8m 
below the surface and the distance between them is 7m. Transmitting and receiving transducer 
bandwidth is 6kHz. Transmit carrier frequency signal is 11kHz, and through quadrature phase shift 
keying (QPSK) modulation modulated signal, the receiver sampling rate of 66kHz. The received 
signal using channel estimation and equalization based on compressive sensing theory. 

The poor experiment investigates the performance of our proposed methods. Comparing the pool 
experimental results in TABLE I, it is observed that the proposed methods have a better 
performance on noise mitigation and with separate large scale single frequency noise mitigation 
firstly, the proposed received has a better performance. 
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Table I  Pool Experimental Results 
Method a Method b Method c 

0.4279 0.2539 0.1788 
0.3432 0.2197 0.1952 
0.3710 0.1618 0.1593 
0.2948 0.2775 0.2766 
0.3018 0.0765 0.0706 

Summary 
This paper applied compression perception theory which is based on the OMP algorithms, studying 
the signal of the external noise elimination. Simulation and pool experimental results show that the 
method put forward in this paper to eliminate impulse noise significantly can improve the 
robustness of underwater acoustic communication system. 
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