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 The purpose of this paper is to extract data features and denoise the interference excitation 

source in vehicle electromagnetic compatibility test. The lifting wavelet packet algorithm 

inherits the multi-resolution characteristics of the classic (first generation) wavelet 

transform. The transform is only carried out in the time domain, which can achieve in situ 

operation. It has the advantages of small space occupation, fast transformation speed, easy 

inversion, etc. It can use energy conservation criteria to extract characteristic energy to 

identify the conducted interference sources in the vehicle, and the obtained characteristic 

spectrum is used as the modulation array of the excitation source of the vehicle numerical 

simulation. In this paper, the collected interference signals are decomposed into lifting 

wavelet packets, and then the characteristic energy is extracted to identify the conducted 

interference sources in the vehicle. Signal to noise ratio (SNR), root mean square error 

(RMSE) and peak error (PE) are used to verify the consistency between the simulation 

signal and the original signal. The results show that the lifting wavelet packet algorithm 

has a strong ability to identify the conducted interference sources in the vehicle. 
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1. INTRODUCTION 

 

The automotive electromagnetic compatibility technology 

involves many aspects such as the external radiation 

interference prevention and control technology of the whole 

vehicle, the prevention and control technology of conduction, 

coupling and radiation interference inside the vehicle, the anti-

interference technology of automotive electronic components, 

the mutual compatibility technology of various electronic and 

electrical components, and the EMC technology of the whole 

vehicle and the environment. Many laboratories have 

conducted various electromagnetic compatibility tests for the 

safety and reliability of automobiles, and ECE, ISO, CISPR, 

etc. are also constantly studying and updating standards [1-4]. 

Computer simulation analysis of automobile 

electromagnetic compatibility is the only technology that can 

find electromagnetic compatibility problems in the 

development stage of automobile electrical system. At the 

same time, interference problems can be found in advance 

through numerical analysis before product finalization, and 

effective measures can be taken. It can be said that the 

computer simulation analysis of automotive electromagnetic 

compatibility is an engineering technology method with high 

economic benefits. This technology usually provides the basis 

for scheme modification and protection design in the 

automotive electronic design stage [5-7]. 

The engineering practice in recent years shows that wavelet 

analysis has many advantages in signal denoising. The essence 

of signal extraction is to find out that the measured signal 

contains the most relevant component of wavelet basis 

function [8]. Only by constructing the basis function most 

similar to the measured signal can the maximum wavelet 

coefficient be extracted in the wavelet transform process. 

Zhong et al. [9] uses Bior1.5 wavelet to verify its application 

effect in signal denoising from simulation analysis, 

experimental verification and field test. In recent years, the 

second generation wavelet has introduced splitting, prediction 

and updating steps, and its unique data in situ computing can 

effectively reduce the memory requirements. Grewenig et al. 

[10] applies the second generation wavelet to de-noising of 

cable partial discharge online monitoring signal, which proves 

that the second generation wavelet is superior to the first 

generation wavelet in terms of calculation efficiency and de-

noising effect. In addition, the second generation wavelet 

transform directly constructs wavelets in the time domain, and 

the execution efficiency is correspondingly improved, which 

is more suitable for parallel processing [11-15]. In order to 

improve the signal-to-noise ratio of partial discharge signal 

and remove the excitation source, lifting wavelet packet 

decomposition is used to denoise the noisy excitation source. 

The paper is organized as follows. In Section 1, the principle 

and calculation flow of lifting wavelet packet algorithm are 

introduced in detail. In Section 2, the lifting wavelet packet 

algorithm is used to denoise the actual interference excitation 

source in the vehicle electromagnetic compatibility test. 

Section 3 summarizes the contents of this article. 

 

 

2. SECOND GENERATION WAVELET PACKET 

 

According to the definition of lifting algorithm and wavelet 

packet transform, the second generation wavelet packet 

transform algorithm based on interpolation subdivision 

wavelet is as follows [16-22]. 
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2.1 Decomposition algorithm 

 

(1) Splitting: splitting the original signal or coefficients at 

the (𝑗, 𝑛), 𝑛 = 1,2,⋯ , 2𝑗 node into 𝑑𝑛𝑜
𝑗

, 𝑑𝑛𝑒
𝑗

; 

(2) Prediction: calculate the (j+1,2n) node coefficient (i.e., 

calculate the node coefficient of even nodes) according to Eq. 

(1): 

 

       1
2 1

Nj j j
no nen i

d k d k p i d k i N+

=
= − + −

 
(1) 

 

where, p[i](i=1,2,…,N) is called predictor coefficient. 

(3) Update: Calculate the node coefficient of the (j+1,2n) 

node (i.e. calculate the node coefficient of odd node) according 

to Eq. (2): 

 

     1 1
2 1 1

Nj j j
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+ =

 = + + − 
 

(2) 

 

where, 𝑢[𝑖](𝑖 = 1,2,⋯ ,𝑁)  is referred to as the predictor 

coefficient. 

 

2.2 Reconstruction algorithm 

 

(1) Reverse update: calculate the even coefficient on the (j,n) 

node from the (j+1,2n), (j+1,2n+1) node coefficient according 

to Eq. (3):  

 

     1 1
2 1 21

Nj jj
ne n ni

d k d k u i d k i N+ +
+ =

 = + + − 
 

(3) 

 

(2) Reverse prediction: calculate the odd coefficient on the 

(j,n) node from the coefficient of the (j+1,2n+1) node and the 

even coefficient on the (j,2n) node according to Eq. (4):  

 

       1
2 1

Njj j
no nen i

d k d k p i d k i N+

=
= + + −

 
(4) 

 

(3) Merge: combine the odd and even coefficients 𝑑𝑛𝑜
𝑗

 and 

𝑑𝑛𝑒
𝑗

 to get the coefficients of the (j,2n) node. 

The process of the second generation wavelet packet 

transform is shown in Figure 1. 
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Figure 1. Generation wavelet packet diagram 

 

2.3 Eigenvalue extraction 

 

The wavelet packet decomposition noise reduction process 

of the interference excitation source signal is as follows: 

(1) The number of decomposition layers is determined, and 

the original signal is decomposed into full binary tree to obtain 

the node coefficients of each node; 

(2) The entropy function of each wavelet coefficient is 

calculated by eliminating the selected cost function; 

(3) Select the best second generation wavelet packet basis; 

(4) The coefficients of each node of the optimal second 

generation wavelet packet tree are quantized by threshold; 

(5) Reconstruct the node coefficients after threshold 

processing; 

(6) Analysis of noise removal effect. 

According to the lifting wavelet packet transform principle 

and interpolation subdivision wavelet construction algorithm, 

the second generation wavelet constructed above is used for 

full binary tree decomposition with three decomposition levels, 

as shown in Figure 2. 
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Figure 2. Wavelet packet decomposition schematic  

 

2.3.1 Selection of cost function and optimal wavelet packet 

The selection of wavelet packet basis directly affects the 

application effect of lifting wavelet packet transform. At 

present, the search algorithm of wavelet packet basis mainly 

adopts the wavelet packet basis selection method based on the 

minimum entropy standard. This algorithm uses the 

logarithmic energy entropy as the information cost function En, 

and defines the logarithmic energy entropy of the wavelet 

packet coefficients at the (j,n) node as 𝐸 = ∑ 𝑙𝑜𝑔(𝑑𝑛
𝑗 [𝑘])

2
. 

 

2.3.2 Threshold quantization 

Soft threshold method is selected for denoising to retain the 

local features of the original signal:  

 

( ) ( )( ) ( )( )
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( ) ( )

0,
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= − = − 


+   

(5) 

 

The thresholds of each scale are determined by the 

following formula:  

 

( )

( )

2log

log 1
j

N
T

j


=

+
 

(6) 

 

where, Tj is the threshold value corresponding to each 

decomposition scale, and j is the decomposition scale.  

 

( )( )
0.6745

jmedian d k
 =

 

(7) 

 

The noise variance in the signal is unknown and is estimated 

by Eq. (7), where median(•) is the median function. According 
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to Eqns. (5)-(7), the wavelet packet coefficients of the optimal 

wavelet packet decomposition can be threshold quantized. 

 

2.3.3 Analysis of noise removal effect 

In order to quantitatively evaluate the signal-to-noise 

separation effect of the improved wavelet packet optimal basis 

decomposition algorithm, three evaluation indexes, namely, 

SNR, RMSE and PE, are adopted:  

 

( ) ( ) ( )
22

1 1

ˆ10lg /
N N

n n

SNR s n s n s n
= =

  
= −   

  
 

 

(8) 

 

( ) ( )
2

1

1
ˆ

N

n

RMSE s n s n
N =

= −  
 

9) 

 

( ) ( )( )
1

ˆmax
N

n
PE s n s n

=
= −

 
(10) 

 

where, N is the number of sampling points of the signal, s(n) 

is the original signal, and �̂�(𝑛) is the signal after signal noise 

separation. After the original signal is denoised, the higher the 

signal-to-noise ratio is, the smaller the root mean square error 

and the peak error are, which indicates that the better the 

performance of the algorithm is. 

 

 

3. EXPERIMENT AND RESULT ANALYSIS 

 

 
(a) Signal comparison 

 
(b) Relative error 

 

Figure 3. Noise Removal Effect (Diesel ECU) 

 

The measured data is decomposed into 3-layer second-

generation wavelet packets, with M=4 and N=4. The denoised 

signal is obtained by threshold processing and reconstruction 

of the wavelet packet coefficients corresponding to the optimal 

second-generation wavelet packet basis. The conducted 

interference generated by ECU and left headlamp in diesel 

engine is studied. From the filtered signal of the second 

generation wavelet packet in the figure, it can be seen that the 

interference caused by the test system and environmental noise 

in the measured signal has been basically eliminated. 

As shown in Figures 3 and 4, (a) the waveform curve after 

noise reduction is smoother than the waveform curve of the 

noisy signal in the figure. The vibration characteristics such as 

peak rise and decay are more clearly displayed in the vibration 

signal after noise reduction. The useful information figure 

objectively reflects the main components of the measured 

blasting vibration signal. (b) The figure shows the relative 

error analysis between the reconstructed signal and the 

measured signal before and after blasting vibration signal de-

noising using the second generation wavelet packet. The noise 

reduction effects are: SNR=34.3046, RMSE=0.8279, 

PE=2.6798; SNR=33.9380、RMSE=0.4119、PE=1.6776。 

It can be seen intuitively that the SNR of the second generation 

wavelet packet denoising based on SGW (4,4) is higher, the 

root mean square error (RMSE) is higher, and the peak error 

(PE) is lower, and the denoising effect is better. 

 

 
(a) Signal comparison 

  
(b) Relative error 

 

Figure 4. Noise Removal Effect (Left headlamp) 

 

 

4. CONCLUSION 

 

The lifting wavelet packet decomposition based on the 

optimal basis decomposition is used to decompose the noise 

components in the vehicle electromagnetic compatibility test 

data. The logarithmic energy entropy is selected as the cost 

function, the soft threshold algorithm is used to filter the high-

frequency wavelet coefficients, and the mean square error, 

signal to noise ratio and peak error are used as the evaluation 

indicators. The results show that the method has a strong 

ability to identify the main interference sources of the vehicle 

voltage fluctuations. 
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