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Abstract— In this paper, we will propose a super-
resolution scheme for the parameter estimation of two-
dimensional (2-D) NMR signals. 2-D:NMR, signals can
be modeled as the summation of 2-D damped sinu-
soids. The frequencies and the damping factors of 2-D
damped sinusoids play important roles in protein struc-
ture determination using 2-D NMR spectroscopy. We
will develop a super-resolution frequency 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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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 [1].

Discrete two-dimensional (2-D) NMR signals can be ex-
pressed as two-dimensional time-series {z(n, m)} [2]
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where s( ) = U) + ]w ), and w(” € [-m n], & €
R, whlch is called the damping factor Without loss of
generality, we suppose that s; = (s,(cl), sg") ) be distinct. If
the measurement error or noise w(n, m) is considered, the
measured NMR data can be expressed as
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forn=0,1,---, N-landm=0, 1,---,M — 1. In the
above expression N and M are acquisition time of each
time domain. Normally, we have to make sure N, M >
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 s of NMR

y(n,m) = z(n, m) + w(n, m),
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data have to be estimated from y(n,m). In [3], we have '
developed the 1-D DMUSIC algorithm=-a parameter ‘esti-
mation algorithm for 1-D damped sinusoids, whick can be
used for 1-D NMR signals. Based on the 1-D DMUSIC al-
gorithm, we denve a 2-D MUSIC algorithm for' 2—D NMR
signals. :

IL. 2-D DMUSIC ALGORITHM

To obtain 2-D MUSIC algorithm for the 2-D NMR sig-
nal modeled in (1) and (2), we first generate an (N-L+
1) x L matrix,

¥(3,0) y(t,L - 1)

ae= [P R
YLN-L) - y,N-1)

forl=1, 2,---, N-1. Using A(l), an (N-L + 1)L x

(N-L+ 1)L matnx is formed,
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L must satisfied 2K < L < N —2K. It is usually [N/2]
to obtain the best performance.
If we define the r(s;) as following
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then sx can be estimated by ﬁndmg the pea.ks of the fol-

lowing spectrum

- (®)
FH(s) Ef‘i;(ﬁ_tl)r' v,.v,,r(s)
where v, for n = K + 1,

eigenvector of A.

The algorithm discussed above not only looks like but Cof

also performs as well as MUSIC algorithm when applied
to pure sinusoidal frequency estimation. It is, therefore,

called, the 2-D, damped MUSIC (2-D. MUSIC). algorithm..
However, there is a crucial d1ﬁ'erence ‘between- the. MU- .
SIC a.lgonthm and DMUSIC algonithm The MUSIC al-

gonthm is for: sta.tlonary sign

where the correlatxon matrix of: the s1gna1 is available. The..
2-D DMUSIC algorithm, on the other hand, is for two-:

dimensional nonstationary signal, such as 2-D NMR signal,
which dxrectly exploit the strueture of the data matrix.

i III COMPUTER SIMULATION EXAMPLE

To illustrate the theoretlcal consxstency, the 2D DMU— i

SIC algorithm is tested by a set of real NMR data obtained
from National Institute for Health. The léngth of the data
is 12 x 12. The 2-D-FFT of NMR data zero padded upto
512 points is shown in Figure 1. From the figure, it'is very
difficult to.estimate the frequencies of the NMR data. If 2-
D DMUSIC algorithm (N =12, L = 6) is used to estimate

the parameters of the NMR data; the 2-D DMUSIC spec- -
trum P(0, 0; w™™,w®) and its. contour are shown in Figure. -

2. From the figure, P(0,0;w"),w®) have five peaks. The
2-D spectrum P(a(!); a(") 0.10m, ~0.127) and its contour
are shown in Figure 3. The estimated the frequencies and
the damping factors of the NMR signal are shown in Table
1

IV DISCUSSI()N

Thxs paper develops a super-resolutmn para.meter es-

timation algorithm-DMUSIC. for 2-D-NMR signals. - Al-
though the MUSIC analysis is applied to 1-D NMR in [4],
the damping factors of NMR signals are ignored there. Qur
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
estimation of M-D NMR signals.

TABLE 1
ESTIMATED FB.EQUENCIES AND DAMPING FAc'rons
ko | w,&" [a® WP ]
1710.06 | 0.04x | 0.06 | -0.027
2] 0.07 | -0.56x | 0.08 [ 0.10w
310071 -042% | 0.09° | 0,407
410131 010 | 0.09:]-0.127
5 (021 012« | 0.29 0.647r

- (N—L+ 1)L are nght :
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Fig. 71 2-D FFT of NMR data zero pa.dded upto 512 (a)k
‘ Founer spectrum, and (b) its contour. .
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Fig. 2. The spectrum P(0;0; w®);w(®) and its contour for
2.D NMR signal.

Fig. 3. The spectrum P(a(1) a(z) 0. 101r, -0 127r) and its con-
tour for 2-D NMR signal.. .



