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Abstract  Due to the multiscale character of wavelet transform, the method of wavelet transform de-noising 

(WTDN) is introduced. The WTDN method neither requires extra limit of frequency range for the processed signal, 

nor needs a prior estimate of impulse response for an identified system, so it is especially suitable to de-noise the 

wide-band signal and the impulse response of a blind system. The numerical simulation results indicate that the 

WTDN method is reliable. The WTDN method was used to process the sampled data from a preamplifier coupled to 

a gas detector. The experimental results also show that the WTDN method can effectively improve the SNR of sam-

pled data and enhance the accuracy in pole identification of the system. 
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1 Introduction 

In nuclear spectroscopy, mixed analog-digital 

filter can approach efficiently the optimal resolution 

of the instrument.[1-4] To design the digital filter with 

pole-zero compensation, it is necessary to know accu-

rately the pole positions of the analog filter, which can 

be implemented by the N4SID (numerical algorithms 

for subspace state system identification) method.[5-7] 

With identifying the poles by the N4SID method, the 

signal-to-noise ratio (SNR) can not be very low in 

order to avoid that the signal singular values are sub-

merged by noise singular values, otherwise a wrong 

estimation of poles of an identified system will be 

made.[6] A preprocessing method to enhance the SNR 

of the sampled data has been introduced in Ref. [7], 

which is called as LFDN (low-pass filter de-noising). 

The LFDN relies on the hypothesis that the signal is 

bandwidth-limited, and its bandwidth is narrower than 

that of the corrupting noise. The basic idea of the 

LFDN is that the difference between the measured 

impulse response and a prior estimate of the impulse 

response (which is supposed to be available) is filtered, 

and successively a new “noise” impulse response, 

characterized by a higher SNR, is reconstructed. The 

limitation of the LFDN is that if the frequency band of 

the impulse response of the identified system is very 

wide, such as containing high frequency, then the 

de-noising effect is not ideal. Besides, since an availa-

ble prior estimate of the identified system is needed, it 

will be difficult to identify the poles of a blind system. 

Wavelet transform is a novel signal processing 

technique and has been widely used.[8-12] The main 

characteristic of wavelet transform is that its 

time-frequency localization or scale is changed in the 

entire time–frequency domain. Thus, wavelet trans-

form has multiscale characteristic and the scale can be 

adjusted according to the signal features.[9,10] There-

fore, the original signal can be decomposed into a se-

ries of localized components depicted by dilation and 

translation parameters, and each of the components 

represents the information of different frequency con-

tained in analyzed signals. Based on this characteristic, 

the method of wavelet transform de-noising (WTDN) 

is introduced to improve the SNR of sampled data and 

to enhance the accuracy in pole identification of a 

system with the N4SID method. 
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2 Wavelet transform de-noising 

Any signal can be decomposed into the compo-

nents with projecting it on the corresponding wavelet 

basis function, and every component is related to dif-

ferent region of the time-frequency (or scale) domain. 

Fast algorithms computing the wavelet decomposition 

are based on representing the projection of the signal 

on the corresponding basis function, which resembles 

a filtering operation.[9,10] Thus, the wavelet transform 

coefficients of signal f(n) at different scales can be 

obtained as follows: 
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Succinctly, A jand D j are obtained from A j-1 by 

 


k

j
Lk

j AhA 1
2              (3) 

 


k

j
Lk

j AgD 1
2              (4) 

where A j and D j are j th discrete approximation and 

discrete detail, and h(k) and g(k) are discrete low-pass 

filter and discrete high-pass filter. 

The reconstructed signal can be presented as 
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In the de-noising process, a threshold δ j is ob-

tained by processing the coefficients D j with some 

prior information on signals and noises, and any coef-

ficient smaller than δ j is set to zero while the others 

remain unchanged.[11] And then the inversing wavelet 

transform is performed with new coefficients to re-

construct the signal characterized by a higher SNR. 

The procedure flow chart of the algorithm de-

scribed above is shown in Fig.1. It is implemented by 

a software in PC. 

3 Experiments and results 

In the following the WTDN described in Section 

2 was used to de-noise both simulated data and sam-

pled data, and then the poles were identified with 

N4SID. All data were processed again by LFDN for 

comparison. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  The procedure flow chart of the WTDN algorithm. 

3.1 Estimate of simulated system 

The simulated system has the following transfer 

function, which is similar to that of the real system, 

1 2

( )
( )( )

A
F s

s a s a


 
             (6) 

where a1=1.45×105, a2=3.9×106, A=2.0×104 

As usual, the “measured” impulse response is 
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nnhnh  , where )(nh  is the “true” impulse 

response of F(s), and )(n  is a zero-mean Gaussian 

white noise ( 4( ) WGN(0, 4.45 10 )    ). 

We will assume a prior estimate of F(s) as 
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where 5 6 4
1 21.6 10 , 3.0 10 , 2.0 10a a A      . 

For 8105.2 T second (sampling frequency 

of 40 MHz), the )(nh  and ( )h n  are represented in 

Fig.2 (a) and (b) respectively. The N4SID method was 

applied to signal ( )h n . Estimates of simulated system 

with ( )h n  are illustrated in Table 1. 

The impulse response ( )h n  was processed by 

LFDN and WTDN, and the outputs 
LF ( )h n  and 

WT ( )h n  

with higher SNR corresponding to LFDN and WTDN 

are obtained, respectively. The results are shown in 

Fig.2 (c) and (d). The N4SID method was applied to 

LF ( )h n  and 
WT ( )h n , and the appreciated estimates of 

poles for simulated system are listed in Table 1. The 

first 40 singular values of the extended Hankel matri-

ces built with )(
~

nh , 
LF ( )h n  and 

WT ( )h n  are displayed 

in Fig.3. And the results of wavelet decomposing for 

the impulse response )(
~

nh with 6 scales are shown in 

Fig.4. 
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Table 1  Estimates of poles for simulated system with data processed by different methods 

Poles True values 
( )h n  LF ( )h n  WT ( )h n  

Estimate Error(‰) Estimate Error(‰) Estimate Error(‰) 

a1 145000 137750 50 143763 9 144559 3 

a2 3900000 5754768 476 3507177 101 4027204 33 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Impulse response of simulated system F(s). 

(a) Real impulse response )(nh , (b) Impulse response )(
~

nh  

with Gaussian white noise, (c) Output 
LF( )h n  for )(

~
nh  

de-noised by LFDN, (d) Output 
WT ( )h n  for )(

~
nh  de-noised 

by WTDN. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  The first 40 singular values of the extended Hankel 

matrices built with impulse response of simulated system. 

(a) Singular values with )(
~

nh , (b) Singular values with 

LF ( )h n , (c) Singular values with 
WT ( )h n . 

3.2 Estimate of actual system 

Fig.5 shows the block diagram of an actual sys-

tem and the signal processing chain. The sampled data 

are from the output of a preamplifier coupled to a gas 

detector at the sampling frequency of 40MHz. The 

original sampled data and the data de-noised by both 

LFDN and WTDN are displayed in Fig.6. The N4SID 

method was applied to the original sampled data and 

the data de-noised by both LFDN and WTDN. The 

first 40 singular values of the extended Hankel matri-

ces built with the sampled data before and after 

de-noising are displayed in Fig.7. The estimates of 

poles for the actual system are listed in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4  Wavelet decomposing for the impulse response )(
~

nh  

with 6 scales 

 

 

 

 

 

 

 

 

 

 

Fig.5  Block diagram of an actual system and the signal pro-
cessing chain. 
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Table 2  Estimate of poles for a preamplifier coupled with gas detector 

Poles Estimate with the original 

impulse response sampled 

Estimate with the impulse response 

de-noised by LFDN 

Estimate with the impulse response 

de-noised by WTDN 

a1 141399 141853 141797 

a2 3876748 3958595 3946855 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6  Impulse response sampled from the preamplifier. 
(a) Original impulse response sampled from the preamplifier, 
(b) Output for impulse response de-noised by WTDN, (c) Out-
put for impulse response de-noised by LFDN. 

 

 

 

 

 

 

 

 

 

 

 

Fig.7  The first 40 singular values of the extended Hankel 
matrices built with impulse response of actual system (pream-
plifier coupled with gas detector). 
(a) Singular values with the original impulse response sampled,  
(b) Singular values with the impulse response de-noised by 
LFDN,  
(c) Singular values with the impulse response de-noised by 
WTDN. 

4 Conclusion 

It is visible that the singular values of the signal 

(the first two singular values) are more easily distin-

guished from those of the noise after de-noising by 

WTDN than those by LFDN in Fig.3. From Table 1, 

the estimates of poles for simulated system are closer 

to the real values of F(s) after de-noising than those 

before de-noising. The estimation accuracy prepro-

cessed by WTDN is higher than that by LFDN. As 

shown in Fig.7, the signal singular values (the first 

two singular values) are already separated from the all 

of singular values after de-noising, and the difference 

between the signal singular values and the noise sin-

gular values is more obviously de-noised by WTDN 

than by LFDN. So it is reasonable to think that the 

sampled data de-noised by WTDN are closer to real 

value than those by LFDN, and the estimates of poles 

for the actual system corresponding to WTDN are 

better than that corresponding to LFDN. In Fig.8 the 

measured impulse response and the estimated impulse 

response by WTDN for the system are displayed. No-

tice that the overlapping is very accurate except for a 

little difference at the fast rising edge in the beginning 

of the impulse responses. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.8  The measured impulse response (a) and the estimated 
impulse response (b). 
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Wavelet transform has the multiscale character. 

The WTDN method based on wavelet transform can 

improve the SNR of sampled data and the accuracy of 

pole identification of a system by the N4SID method. 

The WTDN method neither requires extra limit of the 

frequency range for the processed signal, nor needs a 

prior estimate of impulse response for identified sys-

tem, so it is especially suitable to de-noise the 

wide-band signal and the impulse response of a blind 

system. The experimental results with simulated sys-

tem F(s) show that the estimate using N4SID with 

simulated data de-noised by WTDN is better than that 

by LFDN, which indicates that the WTDN method is 

reliable and available.  The experimental results in 

the actual system (preamplifier coupled with gas de-

tector) validate that the WTDN method is very useful 

for improving the SNR of sampled data, which can 

help to enhance the accuracy in pole identifications 

for an identified system with the N4SID method. 
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