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Abstract 

In this paper, a modified adaptive sparse channel estimator based on singular value 

decomposition (SVD) for OFDM systems is proposed. The conventional adaptive sparsity 

matching pursuit (ASMP) based compressive channel estimation has bad anti-noise 

performance, although not needing the information of sparsity. Because using the SVD to 

modify the measurement matrix of CS can improve the robustness to noise. So we use the 

SVD to modify the measurement matrix of ASMP based compressive channel estimation. 

The proposed channel estimation has better robustness to noise and low error. The 

simulation results show that comparing with ASMP based compressive channel 

estimation, the proposed algorithm has 1 dB gain at MSE and 1.3 dB gain at BER. 

 

Keywords: channel estimation, compressive sensing, adaptive sparsity matching 

pursuit, Singular Value Decomposition, OFDM. 

 

1. Introduction 

The Orthogonal frequency division multiplexing (OFDM) has been widely applied in 

wireless communication systems because of its high spectrum efficiency and 

characteristic of multi-path resistance. In order to achieve a better performance, the 

OFDM systems typically adopt the coherent detection. In the coherent detection, the 

channel state information (CSI) is crucial and can be obtained by using pilot-aid channel 

estimation. The traditional pilot aided channel estimations[1]-[3]are nonparametric. In 

order to achieve precise CSI, numbers of pilots need to be inserted which turns to lower 

the system resource utilization. 

Recently, the compressed sensing (CS) has been applied into the channel estimations 

by exploiting the sparsity of wireless channel. And the CS based channel estimation can 

achieve better performance than traditional method with less number of pilots. In the CS 

based channel estimation, the methods with greedy reconstruction algorithms are widely 

studied because of its low complexity. The typical greedy reconstruction algorithms 

include orthogonal matching pursuit (OMP)[4], regularized orthogonal matching pursuit 

(ROMP)[5] and CoSaMP[6]. However, these methods require the sparsity of channel 

which is hard to achieve in practical applications. Some modified CS based channel 

estimations [7-10] were proposed to solve the problem of the unknown channel sparsity. 

Especially, an adaptive sparse channel estimation[10] was proposed which employs the 

adaptive sparsity matching pursuit (ASMP)[11] reconstruction algorithm.  

However, the anti-noise performance of ASMP based channel estimation is not 

satisfactory. In [12], one singular value decomposition (SVD) noise reconstruction 

algorithm was presented to improve the performance of anti-noise of CS. In this paper, we 

adopt the method proposed in [12] to modify the observation matrix of ASMP based 

channel estimator.  
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2. System Model 

We consider the number of total carriers is N . The total number of pilot 

subcarriers is Np with positions represented by 

1 2 3 1 2 3, , , (1 )
p pN Nk k k k k k k k N ＜ ＜ ＜ . 

In matrix notation, the received pilot vector Y  is given by 

                 
p pY X Fh W Ah W                                                 (1)  

where pX  is a diagonal matrix with pilot symbol on its diagonal; 

     0 , 1 , , 1
T

h h h h L    is the CIR vector; F  is sub-matrix selected by the row 

indices
1 2 3, , ,

pNk k k k 
 

 and column indices  0,1, ,L 1  from the standard N N  Fourier 

matrix; w(0),w(1), ,w( 1)
T

pW N     is the noise term. 

Because the system sampling interval is much smaller compared to channel delay 

spread, h  is a sparse vector which means that most coefficients are zero or nearly zero. 

The conventional nonparametric channel estimation requires the number of pilots pN  

larger than the channel length L . But in CS based channel estimator, pN  is smaller than 

the channel length L  which means that the number of pilot is less. We assume that the 

number of nonzero element of h  is S  and S L .So we can achieve h  from (1) by 

solving the following l0-norm minimization problem 

0 2
min . . p

h
h s t Y Ah                                                 (2) 

Unfortunately, solving formula (2) is an NP-Hard problem. However, the l0-norm 

minimization is transformative to l1-norm minimization 

            
1 2

min . . p
h

h s t Y Ah                                       (3) 

To solve the convex program, we often used reconstruction algorithm which is a 

very important in the CS. Reconstruction algorithms include greedy algorithm, 

convex relaxation methods and combination algorithm. In this paper, we mainly 

study the Greedy algorithm based channel estimators. 

 

3. ASMP Based Channel Estimator 

ASMP greedy reconstruction algorithm does not require the sparity of signal and 

takes advantage of backtracking to refine the chosen supports and the current 

approximation in the process. In [10], the ASMP based channel estimator was 

proposed. The ASMP based channel estimator is as follow. 

Input: the received pilot vector pY , the observation matrix A ; 

Initialization: the residual Pr Y , ˆ 0h  ; 

While (stopping criterion false) {Outer loop} 

(1) Tv A r                                                                                      {Form signal proxy} 

(2)   2
:j v j r  ≥                                                                        {Thresholding} 

(3) 
0

ˆsupp( )P h                                                                      {Sparsity estimation} 

1j  ； 0r r ; 0
ˆh h                                                            {Initialization of the inner loop} 

For j:=1,2,…,do 

(a) 1

T

ju A r  ，  supp u P                                                           {Identify supports} 
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(b)  1supp jh                                                                             {Merge supports} 

(c) 
 :

argmin ph h
x Ah Y

 
 

supp
                                                            {LS estimation} 

(d) |j Ph x                                                                                      {Prune the estimate} 

(e) j p jr Y Ah                                                                            {Update error residual} 

(f) If 
12 2j jr r ≥ , then                                                                      {stage switching} 

 1= jr r  ; 

 1ĥ=h j
; 

 go to step (1); 

(g) 1j j   

End For 

 loop} 

End While 

 loop} 

return ĥ=h j
 

 

4. The Modified Method Based on Singular Value Decomposition 

Because the ASMP based channel estimation adopt original observation matrix, 

the robustness to noise is not satisfactory. In [12], a reconstruction algorithm was 

proposed using SVD to improve the reconstruction accuracy for noise signal. So, we 

reference this method and propose the modified channel estimation based on 

Singular Value Decomposition. The proposed method is as follow: 

1. achieve the new observation matrix 

(1) decompose the original observation matrix A with SVD: 

0

0 0

HA U V
 

  
 

;where 1 2( , , , )
pNdiag     is a diagonal matrix; U and V are 

unitary matrix; VH is complex conjugation of V; 

(2) calculate the mean of elements of  : 1 2( )
pN pMean N       

(3) achieve the new diagonal matrix:
1 2( , , , )

pNdiag       , where 

'

1 22 pN Mean         

(4) achieve the new observation matrix: 
0

0 0

HA U V
 

  
 

 

2. ASMP based channel estimation with new observation matrix A  

Input: the received pilot vector YP, the new observation matrix A ; 

Initialization: the residual r=YP, ˆ 0h  ; 

While (stopping criterion false) {Outer loop} 

(1)  Tv A r                                                                                     {Form signal proxy} 

(2)   2
:j v j r  ≥                                                                {Thresholding} 

(3)  
0

ˆsuppP h                                                            {Sparsity estimation} 

1j  ; 0r r ; 0
ˆh h                                                    {Initialization of the inner loop} 

For j=1, 2, …, do 

(a) 1

T

ju A r  ,  supp u P                                                              {Identify supports} 

(b)  1supp jh                                                                    {Merge supports} 

(c) 
 :

argmin ph h
x Ah Y

 
 

supp
                                                    {LS estimation} 
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(d) |j Ph x                                                                           {Prune the estimate} 

(e) j p jr Y Ah                                                                  {Update error residual} 

(f) If 
12 2j jr r ≥ , then                                                             {stage switching} 

 1= jr r  ; 

 
1ĥ=h j
; 

 go to step (1) 

(g) 1j j   

End For 

 loop} 

End While 

 loop} 

return ĥ=h j
 

 

5. Simulation Results and Analysis 

In this section, we will verify the performance of the proposed channel estimation 

by simulations and the steps are already mentioned above. We choose the short-

wave multipath fading channel with four paths to make simulations. The QPSK-

OFDM system parameters: N=1024, Np=36, L=40. And the pilot pattern is random 

pilot. 

On account of the differences with different pilots arrangements, we should 

simulated the three channel estimators. Figure 1 shows the mean-square-errors 

(MSEs) of three channel estimators. Firstly, the conventional OMP based channel 

estimator has a poor performance. Secondly, the ASMP based channel estimator is 

better than OMP based method. Thirdly, the proposed method outperforms the other 

two channel estimators in overall SNRs. The proposed method has about 1dB gain 

comparing with ASMP based channel estimator. 
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Figure 1. Comparison of MSE Performances of the Channel Estimators 

Figure 2 shows the bit-error-rates (BERs) of three channel estimators. And the 

ASMP based channel estimator has a better performance than OMP based channel 

estimator. But the proposed method outperforms the other two channel estimators. 
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The proposed method can resist noise better than ASMP based channel estimator 

with about 1.3dB gain. 
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Figure 2. Comparison of BER Performances of the Channel Estimators 

6. Conclusion 

In this paper, we have studied the CS based channel estimation. We modified the 

ASMP based channel estimation using SVD. The proposed channel estimation does 

not require the information of channel sparity. Moreover, it has a better performance 

of resisting noise. The simulation results show that the proposed estimation can 

resist AWGN than ASMP based channel estimation.  
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