
and a mo re efficient alg o rithm that is sui table fo r large application can be found in [3 ].

2　 Experimental

Experiment w as carried out in a MEC-12A microcomputer-based elect rochemica l ana-

ly zer ( made in China) wi th Epson Lx-800 Reco rde( made in Japan) . The w o rking elect rode

w as a SME-84 static mercury elect rode equipped wi th a pla tinum auxi lia ry elect rode and an

Ag / AgCl ( sa turated KCl) reference elect rode, a scanning rate o f 50 mV /s, drop time o f

1. 0 s and sampling time of 20 ms w ere used th roughout determination. All measurements

w ere made at 20± 0. 2℃ . Io n st reng th w as maintained constant at_ = 0. 12(NaNO3 ) . The

concentra tion of Cd
2+

io n used for all the data repo rted w ere 2. 0× 10- 4
mol /L , reagent

g rade chemicals and disti lled w ater w ere employed in all cases.

Fig . 1　 The processing r esults of WM CD w ith

3rd order B -spline w avelet basis l = 4,

S /N= 10

a: simula tion da ta fo rm( 4) a t q= 1,

b: experimental da ta from Cd(Ⅱ ) -Succ-

Ox complex system

3　 Results and Discussion

We used computer wi th our self-w riting

sof twa re package of WMCD to compute and

compare processing deconvolution voltammet-

ric curv es in order to select the optimal

w avelet basis. Results(as show n in Fig. 1) are

① cubic B-spline N 3 ( t ) is bet ter basis and②
if cubic B-spline w avelet basis and 0. 5 < S /N

< 100 are selected, the parameter l= 4 is more

sui table. Fig . 1-a is resul t processed f rom e-

quation ( 4) and Fig. 1-b is processed experi-

menta l da ta f rom Cd (Ⅱ ) -Succ-Ox complex

system. From fig. 1　 we can find tha t the

WMCD with cubic-spline w avelet basis is de-

si rable w ay to ex t ract useful informa tion.
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高噪声伏安信号的样条小波多通道滤波分析

卢小泉 　莫金垣

摘　要　阐述了样条小波多通道分解法 (WMCD)在电分析化学中的应用 ,提出了高噪声伏

安信号中有用信息提取的新方法 ,讨论了基于样条函数的小波多通道分解方法 .
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Spline Wavelet Multifrequency Channel Filters

fo r High Noise Digital Signal Processing in V oltammetry
 

Lu X iaoquan　 Mo Jinyuan

( Department of Chemist ry, Zhong shan Univ ersi ty , Guang zhou 510275)

The application of Fourier Analysis ( FA) and Kalman Fil ter( KF) in analy tical chem-

ist ry such as smoothing , interpolation and enhancement of resolution has been g reatly re-

fined in recent 20 years [1 ] . Because one o f key s o f FA is to determine the f requency sepa ra-

tion value of signal w ith the noise in both f requency and time domain, i t is impossible to

obtain the precise f requency separation value and the signal separation. Thus FA can only

be used to process signal containing certain noise. Recently , the subject of w avelet analy-

sis has a tt racted much a ttention f rom ma thematicians and o ther scientists alike. In this pa-

per the exploring resea rch of the application of wavelet analy sis in v ol tammetry is present-

ed as the most up-to-date signal pro cessing method.

1　 Theory

The purpo se o f w avelet t ransfo rm procedure is to decompose a signal into localized

contributions tha t are characterized by a so-cal led scale pa rameter. The ma thematical tech-

nique to perfo rm this decomposi tion has been described in a number o f papers
[2 ]
. Suppose

that the int roduced disturbance is random noise,

Sn ( t )= M ( 0. 5- RND) ( 1)

w here M is the ampli tude of noise and RND is any random da ta betw een 0 and 1, r ( t ) rep-

resents a simulation function o f v ol tammetry. It w as show ed as fol lowing:

r ( t )=
H

[1+ S exp( t - p ) ]
( 2)

If the equa tion ( 2) is q-times, i t can represent all v oltammetric curv es. The discrete ex-

pression is

Su=
d
q

dtqr
( ti )=

N
q
t
- q
k

Γ( - q)
∑
N - 1

j= 0

Γ( j - q )
( j+ 1) r ti -

jti
N

( 3)

w here ti= a+ [ (b- a ) ( i- 1) ] /N , i= 1, 2, 3… ,N ,a is ini tial po tential and b i s final poten-

tial, the equation o f v ol tammetry wi th noise is described as fo llow s.

S ( t )= Su ( t )+ Sn ( t ) ( 4)

To any signal S( t )∈ L
2
( R) , Vk instead o f L

2
( R ) , the big ger the value k , the clo ser the Vk

is to L
2 ( R ) , so Sk ( t )∈ Vk can be found obviously to represent S ( t ) appro xima tely, S ( t )≈

Sk ( t ) . W e have decomposed Sk ( t ) into blurred version Sk - 1 ( t ) w hose f requency is no t big-

ger than 2k - 1 and pass-band i tems Gk - 1 whose f requency is betw een 2k - 1 and 2k . Fo r the

dig ital signal, blurred version Sk- 1 is useful informa tion sepa ra ted f rom noise. Mo re detai ls
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