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Abstruct- In this paper, we will propose a super- 
resolution scheme for the parameter estimation of two- 

be modeled as 

damped sinusoi 
ture determina 
will develop a super-resolution Zrequency and damping 
factor estimation algorithm-damped MUSIC (DMU- 
SIC) algorithm. Since the DMUSIC algorithm makes 
full use of the rank-deficiency and the Hankel property 
of the data matrix composed of the 2-D NMR data, 
compared with other NMR data analysis algorithms, 
it can resolve the NMR spectroscopy under low signal 
to noise ratio. The performance of the DMUSIC algo- 
rithm is demonstrated by simulations. 
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data have to be estimated from y(n,m). In [3], we have 
developed the 1-D DMUSIC algor parameter esti- 
mation algorithm for 1-D damped s, which can be 
used for 1-D NMR signah. Based on the 1-D DMUSIC al- 
gorithm, we derive a 2-D MUSIC algorithm for 2-D NMR 
signals. 

11. 2-D DMUSIC ALGORITHM 
To obtain 2-D MUSIC algorithm for the 2-D NMR sig- 

nal modeled in (1) and (2), we h t  generate an ( N  - L + 
1) x L matrix, 

I. INTRODUCTION 
The spectral analysis of the NMR spectroscopy is very 

important in protein structure determination. 
We will develop a super-resolution algorithm for 2-D 

NMR signals in this paper, which is called 2-D DMUSIC 
algorithm because it has super-resolution like the MUSIC 
algorithm [ l ] .  

Discrete two-dimensional (2-D) NMR signals can be ex- 
pressed as two-dimensional time-series {z(n, m})  [2] 

L=l  

where slf) - - -cy(’) k + pt), and CO!) E [-r, k], ai’ E 
72+, which is called the damping factor. Without loss of 
generality, we suppose that sk = (sf), s t ’ )  be distinct. If 
the measurement error or noise w(n, m) is considered, the 
measured NMR data can be expressed as 

Y(% m) = 4% 4 + w(n1 m), (2) 

forn=O, l , . . . ,  N - l a n d m = O ,  l , - . . ,M- l .  Inthe 
above expression N and M are acquisition time of each 
time domain. Normally, we have to make sure N, M 2 
2K. We will further assume N = M in this paper. 

To determine the protein structure by means of the 2- 
D NMR spectroscopy, the complex frequencies sk of NMR 
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for 1 = 1, 2, -. a , N - 1. Using A(E), an (N - L + l)L x 
( N  - L + l)L matrix is formed, 

A(0) A(l) * * a  A ( N - L )  ) . (4) 
A(2) A ( N - L f 1 )  

. .  . .  . .  
A = ( A(’) : 

A(L-1) A ( L )  - 0 .  A ( N -  1) 

L must satisfied 2K 5 L 5 N - 2K. It is usually [N/21 
to obtain the best performance. 

If we define the r(Sk) aa following 

’ 1  
(2) 

edh 

e(L-l)dr) 

1 (5 )  
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where vn for n = K + l,..., ( N  - L + l)L 
eigenvector of A. 

is shown in Figure 1. Fk 

IV. DISCUSSION Fig. 2. The spectrum P(0,O; w ( ~ ) , w ( ~ ) )  and its contour for 
2-D NMR signal. 

2-D DMUSIC algorithm not only can estimate the frequen- 
cies and the damping factors of the NMR signals simulta- 
neously but also can be easily extended to the parameter 
es t~at ion of M-D NMR signals. 

TABLE I 
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