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Abstract

Wavelet Shrinkage de-noising is applied to Electrophoretic Nuclear Magnetic Resonance
(ENVR) data. Both threshold rules for removing noise, nanely soft and hard, proposed in
Donoho’s VisuShrink are used simul taneously. Soft thresholding is applied to fine levels of
wavel et deconposition coefficients and hard thresholding to coarse levels. This implenen
tation s coordinated by visualizing the features presented in FNVR spectra.

1: Introduction

Wavelet shrinkage (VB) has recently emerged as a powerful tool for extracting signals
fromnoisy data [1]. Wile traditional linear nethods of smwothing usually achieve noise
suppression by broadeni ng features significantly, V8is capable to entirel y suppressing the
noi se as vell as retainingfeatures. Thereforeit nakes sense toapply V¥ tofeature sensitive
data such as high-resol ution el ectrophoretic NMR (ENWR) data. ENMRis a method for
resol ving NMRspectra on the basis of el ectrophoretic mobilities of NVRactive species [2].
Several practical factors such as nagneti c gradi ents i nduced by currents in sanple, resistive
heating & convection, el etroosnmsis, etc. result in obtaining noisy data. In this report, ve

present results of de-noising such FNMRdata by V8.

2: Theory

2.1: The discrete wavelet transform

A discrete vavel et transformW is a linear operation whi ch deconposes a signal f into
a vei ghted sumof basis functions 1,4

f(z) = ZZcu,k%,k(m) v, ke Z. (1)
vk

The 4},  are generated froma single nother wavelet 1) by dilations and transl ations

W k(z) =272 (2 — k) (2)

re v 1s the dilation scale index and k is the translation index. The empirical vavelet
cients ¢, k are obtained by projecting the signal f onto the vavelet basis set 4,  [3].



2.2: Wawel et shri nkage

Follovi ng Donoho and Johnstone [1][4][5], suppose a function f on [0, 1] measured as
noi sy data
di:f(ti)—l—azi 1=0,...,n—1 (3)

vhere t; =i /n, z; wed N(0, 1) is a Gaussian vhite noise, and o is a noise level.
In the vavel et space, (3) can be rewitten as

Wdi) = Wf(t:) +oz)
= Wf(t:)) +oW(=z) (4)

vhere W z; ) e NO, 1)is alsoa Gaussianvhi te noise, if the basis functions are orthonornal .
Thus
f(t:) =WH(Wd;) — oW(z)). (5)

In general oWz;) =w; is unknown and can be estimated as A;. T threshold rules,
el v soft and hard, may be applied as:

w—XN wy>XN
ns(w, X) = {0 lw| <X (6)
wAN oy < =N
> .
nnla, %) = {1 2 O

WsuShrink, X is chosen as ), =o+/2logn. o may be estimated by m/. 6745 vhere m

i absol ute devi ation of the vavel et coefltients at the finest level.

ts

reshol d choi ce generally produces ‘noise-free’ reconstruction [6], sonetines at
nkage of genuine features. On the other hand, hard threshol di ng preserves
peak heights) better, but can yieldless smwoth fits.

rimk and conbi ne both soft and hard threshol d rul es. The i npl erentati on

val - adapted pyramdal fil tering al gorithmof Cohen, Thubechies,
o the neasured data (d; //n), obtaini ng empirical vavelet coef-

og(n)o/+/n, apply the soft threshol di ng coordi natevise to
ents fromthe finest level up to a certainlevel v.; apply
i ni ng level s above v,.

| ni ng the recovered data.

hough it appears to be two di rensional, ve
nce the experinental conditions such as
trumis presented in Hg. 2. 'The

ate periodi cally as functions of

1e i npl enent ation descri bed
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Figure 1. An ENMR spectrum.
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Fi gure 2. De-noi sed spectrumof Fig. 1 by wavelet shri nkage.



