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Abstract: Aiming to better reflect features of machinery vibration signals of high-voltage HV  circuit breaker (CB), a 

new method is proposed on the basis of energy-equal entropy of wavelet packet(WP). First of all, three-layer wavelet 

packet decomposes vibration signal, reconstructing 8 nodes of signals in the 3rd layer. Then, the vector is extracted with 

energy-equal entropy of reconstructed signals. At last, the simple back-propagation (BP) neural network for fault diagno-

sis contributes to classification of the characteristic parameter. This technology is the basis of a number of patents and pa-

tents pending, which is experimentally demonstrated by the significant improvement of diagnose faults. 
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1. INTRODUCTION 

WP algorithm provides a more precise technique for sig-
nal frequency band, thus effectively improving the frequency 
resolution. Wavelet packet decomposition (WPD) is very 
effective in decomposing signals. WP achieves a range of 
frequency bands on the consistent selectivity through split-
ting signals; at the same time, WP energy presents heteroge-
neous nature in the different frequency signals [1, 2]. Stress 
concentration causes the strength of the signal, and WP band 
energy can show such power, thus, the feature of crack de-
fect signals can be figured out effectively [3, 4]. 

On account of statistics and probability, information en-
tropy can describe the uncertainty of the systems [5]. Recent-
ly, it was widespread applied in segmentation of data, bio-
medical, fault diagnosis, signal extraction, and so on; a num-
ber of preliminary consequences were obtained [6, 7]. 

HV CB controls and protects power system’s operation; 
hence the running status of CB can directly affect the stabil-
ity of power network. There is a ton of research on power 
system shows that 80% of the HV CB faults are mechanical 
fault [8, 9]. As a result, it is of great significance to carry out 
researches on mechanical fault. The operation of HV CB can 
produce mechanical vibration signals that contain a large 
amount of information, reflecting circuit breaker status. The 
screw loosening and the contactor wearing, etc, can be de-
tected through analyzing the vibration signals [10, 11]. In 
past years, research on extracting characteristic parameters 
out from circuit breaker vibration signals has become very  
 
 

popular. For example, Hu Xiaoguang and his team adopted 
3-layer WPD to extract the energy entropy, then to calculate 
Euclidean distance as the parameters of fault diagnosis [10]. 
Rong Mingzhe and his team combined the WP extraction 
algorithm with the short time analysis to process machinery 
signals, and to analyze the switching synchronization of high 
circuit breakers [12]. Shen Li and his team adopted multi-
layer WP envelope maximum extracting singularity index, 
then singularity index were used as the feature parameters to 
reflect the condition of circuit breaker [13]. The authors had 
applied wavelet packet decomposing vibration signals, and 
then extracting sensitive nodes for faults, then sensitive 
nodes were regarded as the feature nodes to reconstruct the 
signal for fault diagnosis [14]. The above experiment from 
experts has obtained the good results.  

A new method is proposed on the basis of energy-equal 
entropy of WP. First of all, vibration signals of CB were get-
ting rid of the noise, then, the three-layer wavelet packet 

decompose vibration signal, reconstructing eight signals of 
each nodes at the third layer. We put that standard signal 
energy time segment and compute the integral energy entro-

py. At last, the simple back-propagation (BP) neural network 
for fault diagnosis contributes to classification of the charac-
teristic parameter. No-load cases, several faults of high volt-

age circuit breaker experiment were done.  

2. WAVELET PACKETS  

Based on orthogonal wavelet, the advantages of wavelet 
analysis are which has good time-frequency localization 
properties, and has the unique superiority for time-varying 
signal processing. However, the disadvantage of wavelet 
analysis is that high time resolution whereas low frequency  
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resolution in high part of time-frequency resolution. None-
theless, WP overcomes that disadvantage. Applying of 
wavelet packet decomposition, fault diagnosis effect of HV 
CB was very good [15, 16]. 
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lf , lk  are low-pass filter and high-pass filter groups re-

spectively. 

WPD successfully keeps frequency-time localized fea-
tures of signals. Within the full frequency, in each layer 
wavelet-packet decomposes sub-band into two parts, then 
repeating the appeal in the each part. Following that, a form 
of binary tree is constructed, which is shown as Fig. (1). 
Wavelet decomposition frequency range was shown as  
Table 1. Covering the full frequency of signals, resolutions 
of each layer is different [16, 17]. 

3. ENTROPY 

The homogeneity of the energy distribution of system 
can be described by information entropy [8,18-20].  
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Fault diagnosis of circuit breaker is essential for normal 
state and fault state to distinguish. The fault can be seen as 
various mutations in the Reliable state. According to this 
property, we can use the piecewise approach to achieve en-
tropy extraction.  

This paper presents a scheme for diagnose circuit-breaker 
mechanical fault based on energy-equal entropy. The specif-
ic operation is in accordance with the integral energy equiva-
lent principle, the standard envelope signal time axis seg-
mentation, and the segmentation method is applied to seg-
ment the test signal. 

In Fig. (2), Signal1 as normal signal envelope, Signal2 as 
the fault signal envelope. Mutation event were delayed, Sig2 
compared with Sig1. Signal1 was segmented according to 
energy-equal; each of them has three segments Seg1, Seg2, 
Seg3. Because the Signal2 relative to the Signal1 state is 
changed, so the Signal2 Seg1, Seg2, Seg3 energy relative to 
the Signal1 Seg1, Seg2, Seg3 energy has also changed, 
namely energy distribution changes. So we will change Sig-
nal1, Signal2 corresponding to each segment of the trans-
formation of the change of energy distribution uniformity. 

4. METHODOLOGIES 

The procedure to diagnose Wavelet Packet- characteristic 
entropy fault is as follows [5, 14, 16, 21]: 

Step 1: After soft-threshold de-noising, state signals are 
respectively wavelet packet decomposed at the n layers. Af-
ter many times of test, selecting db10 as base wavelet to re-
construct signals in 2n nodes at the n layer; 

Step 2: Respectively figure out the envelope energy of 
reconstituted signals shown in Step1 with Hilbert transform. 

 

Fig. (1). WPD. 

 

Table 1. Wavelet decomposition frequency range. 

Node W(n,0) W(n,1) W(n,2) W(n,3) …… 

 
f

m
 0~1/2n 1/2n~2/2n 3/2n~4/2n 2/2n~3/2n …… 
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Step 3: The envelope signal of each node was divided in-
to M parts in accordance with the principle of equal energy 
along the time axis, the piecewise point in time was extract-
ed. 

Step 4: A vibration signal, by step1 and step2, the enve-
lope signal was divided into M parts according to the ob-
tained piecewise points of normal signal, and the use of 
Equation (3) to energy. 

Q
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2

dx
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t
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In the formula,   i = 1,2, ,m    l = 1,2, ,n  1t , 2t  the start 
and stop time. 

Step 5: The energy was normalized as Equation (4): 
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Define characteristics entropy of the signal ( )x t  is [14, 
22]: 
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Step 6: Wavelet Packet - characteristic entropy vector 
are: 
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The partition number “m” is related to complexity of sig-
nal, if the vibration events are more in the vibration signal 
extraction, m value is large, whereas the m value is small. 
The n value distribution range size reflects the character fre-
quency, which is the size of the signal frequency resolution. 

When we use the method of Wavelet Packet - entropy for 
fault detection, in fact is the normal state signal as uniform, 
and in the testing signal under fault condition and its distri-
bution is not uniform, the entropy is a measure of signal het-
erogeneity degree, so we can use the Wavelet Packet -
entropy, which can reflect the fault state with respect to the 
degree of deviation from the normal state [22]. 

5. RESEARCH DESIGN 

5.1. Normal Signal Processing 

Fig. (3) is a vacuum circuit breaker A normal standard 
signal, and then the signal was processed according to the 
Wavelet Packet - entropy. We refer to other circuit breaker 
vibration signal processing method [20]. n=3 m=15 A 
total of 8 node signal reconstruction. The energy fragments 
of 15 equal time scale were shown in Table 2. The following 
shows the analysis of the method by simulating the time-
varying signal. 

5.2. Time-variations 

The normal signal in Fig. (3), analogs 5 signal by in-

creasing random noise and delay, which is shown Fig. (4).  

  

 

Fig. (2). Segments with equal energy. 
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Table 2. Equal energy time point (Unit: ms). 

 [3,0] [3,1] [3,2] [3,3] [3,4] [3,5] [3,6] [3,7] 

1 29.19 32.00 40.16 37.01 33.83 32.04 40.96 31.50 

2 42.37 47.03 95.29 89.93 47.01 47.89 98.19 45.21 

3 57.51 62.71 112.80 115.51 66.97 70.36 129.61 81.70 

4 73.39 86.05 132.51 131.91 120.96 127.81 142.79 129.60 

5 94.01 108.81 144.70 143.41 148.81 146.89 148.74 143.31 

6 127.03 127.35 153.60 152.39 161.49 159.99 154.93 151.97 

7 152.42 145.09 161.59 160.62 169.61 173.90 162.60 159.19 

8 163.41 165.21 169.69 166.49 188.91 188.38 168.13 165.20 

9 175.99 178.04 180.70 176.92 193.31 192.39 173.27 178.03 

10 196.22 192.46 191.59 191.20 199.82 197.49 182.99 191.10 

11 209.38 197.60 199.40 198.10 206.72 204.40 193.02 199.01 

12 231.29 210.29 209.38 210.82 218.58 218.11 204.50 211.99 

13 264.09 228.99 228.93 229.99 238.19 240.87 223.20 232.21 

14 301.60 268.30 260.48 269.21 281.06 283.29 257.29 275.57 

15 333.49 333.46 333.49 333.49 333.49 333.49 333.46 333.49 

 

 

Fig. (3). Standard signal of normal state. 

 

Table 3. Testing entropy vectors of time-variation. 

 H0 H1 H2 H3 H4 H5 H6 H7 

Et1 1.2500 1.1803 1.0904 1.2248 1.2529 1.2830 1.0697 1.1720 

Et2 1.2359 0.9811 1.0210 1.0258 1.1829 1.2677 0.9630 1.0289 

Et3 1.2178 0.9503 0.9310 0.8109 1.0701 1.2301 0.8949 0.9180 

Et4 1.2079 0.9068 0.8350 0.8789 1.0089 1.1814 0.7640 0.9737 

Et5 1.2040 0.8810 0.6830 0.8135 1.0049 1.1448 0.6672 0.9180 

Et6 1.2056 0.7878 0.7081 0.7704 0.9535 1.0628 0.6064 0.8026 

 

Et1 is the original vibration signal, Et2~Et6 are the analog 

signal from 100ms 3ms turn delay. Fig. (4) shows that the 

signal impact event of 100ms later turns back from top to 

bottom. Et6 has been compared to the normal state signal 

after the shift to 15ms. According to the characteristic entro-

py extraction step 4~6, we are processing each signal respec-

tively in Fig. (4), wavelet packet characteristic entropy vec-

tor Table 2. Observation of Table 3 feature vectors can be 
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seen, in the normal state vector elements are uniformly dis-

tributed, with time delay, the uniform gradually being bro-

ken, the entropy decreases. Fig. (5) is variation curves of 

entropy-variation. The abscissa is node, and the ordinate is 

the amount of change. With longer time of delay, the nodes 

were basically the same. Nodes in [3, 0] are the lowest fre-

quency. The entropy change is small; this is because com-

pared to the other band, frequency distribution in the signal 

in the most uniform. Time no matter how to change, will not 

cause obvious changes in the distribution of low frequency 

component. Using the formula
  i

= T
1

T '

i
2,...,6i =

we calculate Euclidean distance of the delay signal and the 

normal signal, as shown in Table 4. As time later, the dis-

tance of each signal vector and normal signal increase gradu-

ally, each node is consistent.  

5.3. Applications 

Take a vacuum circuit breaker working under no load for 
test. Firstly, the circuit breaker operation 1 standard sets of 
vibration signal in the normal state. Then, the poor circuit-
breaker lubrication is tried to test time-delay fault. Following 
that, loose phase A base screw and simulate the condition to 

 

Fig. (4). Simulated signals of time-variation. 

 

Fig. (5). Variation curves of entropy-variation. 
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test incorrect fault. Under these 3 conditions circuit breaker 
operates respectively, continuous action 3 times, 6 sets of 
data. Finally there are 7 groups of vibration signal as shown 
in Fig. (6), followed by signal standard signal, lack of lubri-
cation condition (3 signal Fault I,), screw loosening signal 
condition (Fault II, 3 signal) [10, 21]. 

We process signal in the shown in Fig. (6) according to 
the 4 of the steps, sub time scale is shown in Table 2, the  
 

signal characteristic entropy vector as shown in Table 5. 
Through the analysis of the vector of table is easily found, 
The fault signal segmentation using normal condition signals 
energy distribution model, the original score was broken, so 
that the entropy change, change with the fault severity. The 
fault signal entropy vector of each element is generally less 
than normal, and the elements distribution is scattered, it also 
shows that in the fault state of each frequency band energy  
 

Table 4. Time-variation Euclidean distance. 
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Fig. (6). Original signal of A. 
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distribution is obviously disturbed, can criterion as a judg-
ment circuit breaker has no fault, At the same time can be 
found, screw loosening fault signal the entropy is generally 
less than the time delay fault.  

BP neural network was constructed by MATLAB neural 
network toolbox. Fig. (7) shows its structure. Its input layer 
possesses 8 neurons corresponding to the 8 nodes entropy. 
The neural network output layer has 3 neurons correspond-
ing to 3 statuses of circuit breakers. In accordance with train-
ing output, the number neurons of hidden-layer were as-
signed to be 9, step length was 0.32, and expected error was 

0.005. Network was trained using Table 5 vector, the output 
results as shown in Table 6. The experimental data show 
better classification results of BP network design. Many ex-
periments prove that feature parameters extracted through 
this technique can precisely and better discriminate various 
types of common faults. 

In the actual application we can use more data to train the 
network, but the state data too much can cause that the net-
work training convergence is difficult, even fail to converge. 
This needs to strike a balance between diagnostic status and 
the number of diagnostic errors. Therefore, it is essential to 

Table 5. Vectors of characteristic entropy. 

The Type of Fault H0 H1 H2 H3 H4 H5 H6 H7 

Normal Signal 1.2495 1.1808 1.0907 1.2257 1.2534 1.2828 1.0698 1.1725 

Fault I 1.1321 0.8014 0.6135 0.6345 0.8985 1.0186 0.5068 0.7056 

Fault I 1.1892 0.7446 0.6044 0.5392 0.8386 0.9017 0.5208 0.6337 

Fault I 1.1888 0.7865 0.7172 0.5687 0.9046 1.0158 0.5425 0.6695 

Fault II 1.1644 0.8967 0.8923 0.8352 1.0794 1.2817 0.7966 0.8894 

Fault II 1.1275 0.8084 0.7307 0.7655 0.9805 1.1785 0.6417 0.8825 

Fault II 1.0882 0.6345 0.4676 0.5494 0.7665 0.8365 0.4076 0.6586 

 

 

Fig. (7). Structure of neural network. 

 

Table 6. Testing results of neural network. 

Out-puts 
Normal 

Sig 
Exp 

Fault I 

Sig 1 
Exp 

Fault I 

Sig 2 
Exp 

Fault I 

Sig 3 
Exp 

Fault II 

Sig 1 
Exp 

Fault II 

Sig 2 
Exp 

Fault II 

Sig 3 
Exp 

1y  0.9359 1 -0.0355 0 -0.0147 0 -.00942 0 -0.0289 0 -0.0585 0 -0.0405 0 

2y  -0.0277 0 0.8457 1 0.8984 1 0.9258 1 -0.0927 0 -0.0692 0 -0.1157 0 

3y  0.0863 0 0.2766 0 0.1148 0 0.0951 0 0.9600 1 0.9185 1 0.9120 1 
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focus on training fault that often happens in operation caus-
ing great harm [23-25]. 

6. CURRENT & FUTURE DEVELOPMENTS  

The paper has reviewed the author's patent on the circuit 

breaker, and presented an Energy-equal Entropy method on 

the strength of WP and information entropy. The technique 

is applied on fault diagnosis and over travels on the circuit 

breaker itself insufficient lubrication, screw loosening two 

fault conditions of the method are analyzed, and achieved 

good simulation effect. At the same time, the simulation re-

sults also show that the method can be used for other equip-

ment soft fault diagnosis based on signal processing. How-

ever, a lot of samples are needed for improving BP network 

when applying this patent during the practice. 
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