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Table 1 Range of the characteristic parameters
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Table 2 The results of NNAPC and four other algorithms
(€79) ) (
PAMPAS 2.396 5.40 4.27
TRIANGLE 42.670 2.17 2.30
APSL 29.015 2.31 2.24
CLESP 26.522 7.91 19.55
NNAPC 58.779 1.53 1.78
2 9 b i
b 4 b b
. NNAPC 58.8% ,
Triangle , 16.1%. ’
b 9
b ’
NNAPC 1.433%,
NNAPC s
NNAPC

2 , CLESP 1/4 .
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Fig. 2 Decoupled *C spectrum acquired by a Bruker NMR spectrometer without phase correction

BC : 10
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Table 3 Experimental spectrum analysis and the simulation result after using Nural Network

( )
1 25 3.88 135.10 2670. 00 0. 85 TRIANGLE
2 10 6. 30 114. 47 2547.00 0. 25 TRIANGLE
3 9 4.33 28.98 14. 67 3.04 APSL
4 8 8.88 88.05 16. 50 0. 33 TRIANGLE
5 7 15. 29 183. 56 19. 00 0. 48 APSL
6 7 18.43 213.63 19. 14 0. 84 CLESP
7 7 14. 00 180. 07 19.00 0. 46 APSL
8 6 8. 17 82.03 22.17 2.20 APSL
9 6 6.17 25.39 22.33 3.23 APSL

10 4 10. 50 53. 40 3818. 00 0. 48 APSL
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Fig. 3  Decoupled '*C spectrum after NNAPC phase correction

NNAPC ,
b b
, NNAPC
NNAPC ,
Patrice Koehl (15] APSL
APSL
[1] Qiu Zu-wen( ), Pei Feng-kui( ). Spectroscopy of Nuclear Magnetic Resonance ( )
[M]. Beijing( ): Science Press( ), 1989. 202—203.

[2] Ernst R R. Numerical hilbert transform and automatic phase correction in magenetic resonance spectroscopy[ J].
J Magn Reson, 1969, 1. 7—26.

[3] Marshall M S. The use of modified simplex method for automatic phase correction in fourier-transform nuclear
magnetic resonance spectroscopy [ J]. Anal Chim Acta, 1981, 133; 103-108.

[4] Chen C N, Kan L. S. An iterative phase correction program for nuclear magnetic resonace(NMR) spectral J].
Comput Meth Prog Bio, 1988, 26, 81 —84.

[5] Brown D E, Campbell T W, Moore Richard N. Automated phase correction of FT NMR spectra by baseline Op-
timization[ J]. ] Magn Reson, 1989, 85, 15—23.

[6] Balacco G. A new criterion for automatic phase correction of high-resolution NMR spectra which does not require
isolated or symmetrical lines[J]. ] Magn Reson, Series A, 1994, 110: 19—25.

[7] Chen Li, Weng Z Q, Goh L Y, et al. An efficient algorithm for automatic phase correction of NMR spectra
based on entropy minimization[ ]J]. ] Magn Reson, 2002, 158 164—168.



1 . NMR 51

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Backkuijsen H, Beer R D, Bovee W M ], et al. Retrieval of frequentcies, amplitude, damping factors, and pha-
ses from time-domain signals using a linear least-squares procedure[]J]. ] Magn Reson, 1985, 61. 465—481.
Montigny F. Elbayed K, Brondeau J, et al. Automatic phase correction of fourier transform nuclear magnetic
resonance spectroscopy data and estimation of peak area by fitting to a lorentzian shape [J]. Anal Chem, 1990,
62: 864—867.

Craig E C, Marshall A G. Automated phase correction of FT NMR spectra by means of phase measurement
based on dispersion versus absorption relation(DISPA)[J]. ] Magn Reson, 1988, 76: 458 —4751.

Sotak C H, Dumoulin C L., Newsham M D. Automatic phase correction of fourier transform NMR spectra
based on the dispersion versus absorption(DISPA) lineshape analysis[J]. ] Magn Reson, 1984, 57 453—462.
Wachter E A, Sidky E Y, Farrar T C. Calculation of phase-correction constants using the DISPA phase-angle
estimation technique[J]. ] Magn Reson, 1989, 82. 352— 359,

Wang Chao( ), Huang Ying-ying ( ), Yang Guang( ). Automatic phase correction for NMR
spectra-connecting line of equally spaced points (CLESP) ( -

)[J]. Chinese J Magn Reson( )s 2004, 21(4); 445—457.

Heuer. A new algorithm for automatic phase correction by symmetrizing lines[J]. J Magn Reson, 1991, 91:
241.

Koehl P, Ling C, Lefevre ] F. Automatic phase correction of NMR spectra; statistic and limits[J]. J Chim
Phys, 1995, 92. 1 929—1 938.

Dzakula Z. Phase angle measurement from peak areas(tPAMPAS)[J]. J Magn Reson, 2000, 146(1);: 20— 32.

A Synthetical Algorithm for Automatic Phase Correction of
NMR Spectra Based on Neural Network (NNAPC)

HUANG Ying-ying » LI Peng , LIU Xiao-zheng , YANG Guang”

(Shanghai Key Laboratory of Functional Magnetic Resonance Imaging (East China Normal University) ,

Department of Physics, East China Normal University, Shanghai, 200062, China)

Abstract: A synthetical algorithm for automatic phase correction of NMR spectra based

on neural network (NNAPC) is proposed. Taking into account the characteristics of the

NMR spectrum or the resonance peak, the proposed algorithm uses an artificial neural

network to choose the most appropriate algorithm to calculate the phase angles of a giv-

en peak. Statistical analysis demonstrated that the NNAPC algorithm is more accurate

and stable than the existing phase correction algorithms referenced.
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