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Abstract 
In order to improve the reliability of busbar protection, a new fast busbar 
protection algorithm based on active power and extreme learning machine is 
proposed. By performing S-transformation on the fault voltage and current 
traveling wave, the active power amplitude within 0.1 ms after the fault is ob-
tained. Simulate different fault types in the busbar area and build a bus fault 
feature vector sample set. The intelligent model of fault learning of extreme 
learning machine is established, and the sample set is used for training and 
testing to realize bus fault area identification. The simulation results show 
that the proposed busbar protection method can identify faults in the busbar 
area sensitively and reliably. 
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1. Introduction 

Busbar protection plays an important role in the power system and bears the re-
sponsibility of transmitting electrical energy [1] [2]. When a fault occurs on the 
bus, if it cannot be processed in time, it will inevitably affect the stable operation 
of the power system and even cause the regional power system to collapse [3]. In 
order to prevent the serious consequences of the busbar fault, special busbar 
protection should be set to timely and correctly interrupt the faulty busbar 
short-circuit current. The protection device should operate quickly and reliably 
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to shorten the fault removal time and ensure the stable operation of the power 
grid [4] [5]. In order to prevent the serious consequences of busbar faults, spe-
cial busbar protection should be set to timely and correctly interrupt all busbar 
short-circuit currents, which puts higher requirements on the performance of 
busbar protection. 

The protection of power frequency in busbar protection is the most widely 
used in current differential protection, but it may be misjudged due to problems 
such as TA error and TA saturation [6], and the action speed is slow, and it is 
protected in the super/extra high voltage grid. Performance does not meet sys-
tem operating requirements. Although transient protection can achieve rapid 
protection, there is still a small initial angle [7]. The literature [8] defines the 
transient traveling wave power. The wavelet transform method is used to identi-
fy and compare the transient traveling wave power polarity of each line. Ac-
cording to the polarity characteristics of the traveling wave power of all lines in 
the fault, the busbar area is discriminated. External failure, but did not solve the 
effect of small initial angle of failure. In [9], the directional traveling wave on 
each outgoing line in a specific time period after the fault is integrated, and the 
busbar fault is established by analyzing the magnitude of the forward and back-
ward traveling wave integral ratio. 

In recent years, S-transformation and power theory have been more maturely 
used in power systems [10] [11] [12]. In [10], the fault direction identification is 
realized by using the S-transformed power difference between the active power 
and the busbar. Reference [11] uses the S-transform reactive power to detect the 
fault direction when the amplitude of the reactive power is outside the busbar. 

This paper draws on the direction traveling wave and power theory described 
in the literature [10] [11] [12], combined with the application of S transform in 
power system [13] [14] [15], calculates the voltage and current traveling wave S 
transform active for a period of time after each fault of the busbar line. Power is 
combined with the limit learning machine to achieve faults inside and outside 
the busbar.  

2. Fault Current Traveling Wave Characteristics Analysis 
2.1. The Basic Theory of Fault Traveling Waves 

Figure 1 shows the busbar of the 500 kV substation, L1 - L4 are the four lines 
connected by the busbar M, and R1 - R4 are the traveling wave protection units 
installed at the M end of the corresponding bus near the bus. When the fault 
occurs at the F2 on the line L2, The wave propagates from the fault point along 
the line to both sides and deflection occurs at the discontinuity of the wave im-
pedance. For any point on the line from the fault point x, the transient voltage 
and current at this point are obtained [9]: 

( ) ( ) ( )
( ) ( ) ( )
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Figure 1. Sketch map of 500 kV busbar system. 

 
where: t is the observation time, L and C are the inductance and capacitance of 
the line per unit length; ( ) ( ),u u i i+ − + −∆ ∆ ∆ ∆  are the forward (reverse) travel-
ing waves of voltage and current propagating along the positive (reverse) direc-
tion of X. 

According to the traveling wave propagation theory, the time when the initial 
traveling wave reaches the bus bar M is 0t , the traveling wave is deflected and 
reflected for the second time to reach the bus bar. The moment is 1t , so in 

0 1~t t  time period, the fault traveling wave obtained by the protection unit 
( )1,2,3,4,5kR k =  of each associated line of the bus bar is called an initial vol-

tage and a current traveling wave. among them, the Mu∆  is initial voltage trav-
eling wave for bus M. ( )1,2,3,4ki k∆ =  is the current traveling wave measured 
for each line of the bus. 1 4~c cZ Z  are the wave impedances of the associated 
lines L1 to L5 of the bus bar, and the equivalent impedance of the bus line M to 
the ground stray capacitance is cmZ . 

2.2. Analysis of Fault Current Traveling Wave Propagation  
Process 

2.2.1. Characteristics of Current Traveling Wave in Busbar Internal Fault 
The analysis shows that the transient voltage and current at any point on the line 
are superposition of the forward and reverse traveling waves. The current for-
ward and reverse traveling waves obtained by Equation (1) are [9]: 

1
2

1
2

u

c

u

c

i i
z

i i
z

+

−

  ∆
∆ = ∆ +  
  


 ∆∆ = ∆ − 
 

                          (2) 

u∆ , t∆  are the voltage and current fault components measured for each line 
R, and cZ  is the line wave impedance. 

It can be seen from the propagation characteristics of the traveling wave that 
the traveling wave at the fault point and the bus bar will be deflected [9]. Re-
ferring to Figure 1, the positive direction of the traveling wave is defined as the 
bus line pointing to the line. When the internal fault of the bus line occurs, the 
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traveling mode of the traveling wave is as shown in Figure 2, among them, 
( )1,2,3,4,5

n
i n+∆ =  is the forward traveling wave of the nth associated line. 
When an internal fault occurs in the busbar, each outgoing line is a transmis-

sion line with evenly distributed parameter characteristics, and the wave im-
pedance does not deflect on the line. Let the length of the shortest line L among 
the associated lines be mind . Only the initial forward traveling wave is detected 
at each associated line R in the [ ]0 0 min, 2t t d v+  time period, and there is no 
reverse traveling wave formed by the forward traveling wave reflection. 

2.2.2. Initial Traveling Wave Power Distribution in Case of Internal Fault  
of Bus M 

The Peterson equivalent circuit of bus m in case of point F1 fault is shown in 
Figure 3, where mu∆   is the traveling wave vector of the initial voltage of bus M 
measured, and ( )1,2,3,4,5kI k∆ =  is the traveling wave vector of the current 
measured by the M terminal protection unit of each line connected to the bus. 
The wave impedances of lines 1 5L ~ L  are 1 5~c cZ Z  and cmZ  are equivalent 
impedances of stray capacitance of bus m to ground. 

When S transforms, the traveling wave frequency is 50 ~ 100 kHzf = , when 
the super (extra) high-voltage transmission line wave impedance can be ap-
proximated as a real constant, it is equivalent to the resistance [15] in the Peter-
son equivalent circuit, and the bus-to-ground equivalent capacitance impedance 

1 1 2cm m mZ j C j fCω= = π  is imaginary (f is corresponding traveling frequency). 
 

 
Figure 2. Propagation of fault traveling wave in fault of bus. 

 

 
Figure 3. Equivalent circuit based on Peterson principle for busbar internal fault. 
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From the definition of the initial traveling wave complex power [15], taking 
the L1 line as an example, the initial traveling wave complex power of the M-side 
of the near-busbar of the line can be obtained as: 

*
1 1MS u l∆ = ∆ ∆                             (3) 

when the internal F1 point of the busbar fails, the Peterson equivalent circuit of 
Figure 3 shows: 

( )1 11M cl u Z∆ = ∆                          (4) 

Since the line wave impedance is approximately a real constant, it is equiva-
lent to the resistance [16]-[19] in the equivalent circuit, and the complex power 
measured by the M1 IED1 protection unit of the L1 line can be obtained: 

( )
( )

*
1 1 1

2
1 1 1

1

1
M M M c

M c

S U I U U Z

U Z P jQ

∗  ∆ = ∆ ∆ = ∆ × ∆ 
= ∆ × = +

    

               (5) 

In the middle: 1P  is the initial traveling wave active power of the line, and 

1Q  is the initial traveling wave reactive power of the line, when the busbar in-
ternal fault occurs: 

( )2
1 11M cP U Z= ∆ ×                        (6) 

Similarly, the initial traveling wave active power measured by the M-side pro-
tection unit of other lines connected to the busbar can be derived:  

( )2 1, 2,3, 4,5i M ciP U Z i= ∆ = . 
Ideally, due to the internal fault of the bus, the wave impedance ( )1,2,3,4iZ i =  

of each line is almost the same. According to formula (5), the initial traveling 
wave active power measured by all associated lines of the bus is basically the 
same, that is 1 2 3 4P P P P≈ ≈ ≈ , is greater than 0. 

2.2.3. Current Traveling Wave Characteristics of Busbar External Fault 
Figure 4 shows the propagation of forward and reverse traveling waves when 
line L2 fails. Among them, ( )+ 1,2,3,4ni n∆ =  is the forward traveling wave of 
each associated line, 2i −∆  is the reverse traveling wave of the line L2, since the 
reverse traveling wave of the line L2 forms a buckling reflection when reaching  
 

 
Figure 4. Propagation of fault traveling wave in fault of bus. 
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the bus bar, forming a forward wave 2+i∆  formed by the reflection of the re-
verse traveling wave. Only the faulty line detects the reverse traveling wave dur-
ing the [ ]0 0 dim, 2t t d v+  time period. 

In summary, when the bus line fails, the associated lines are in the 
[ ]0 0 dim, 2t t d v+  time period, only the forward traveling wave is detected; when 
the bus area outside the fault occurs, when an out-of-bus fault occurs within the 
time period [ ]0 0 dim, 2t t d v+ , the reverse traveling wave can only be detected on 
the faulty line. 

2.2.4. Initial Traveling Wave Power Distribution When Bus M External  
Fault 

When the F2 point on the L2 line fails, the Peterson equivalent circuit of the bus 
M is as shown in Figure 5. 

As can be seen from Figure 5: 

( )2 1 3 41 1 1M c c c mI U Z Z Z j Cω∆ = −∆ + + +                (7) 

The complex power measured by the L2 fault line near the bus M-side protec-
tion unit IED2 can be obtained: 

( )
( )

2 2
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1 3 4

2 2
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         (8) 

That is, when the busbar external fault occurs, the initial traveling wave active 
power of the faulty line is: 

( )2
2 1 3 41 1 1M c c cP U Z Z Z= −∆ × + +                 (9) 

For the non-faulty line connected to bus M, take L3 as an example. In Figure 5: 

( )3 31M cI U Z∆ = ∆                        (10) 

The complex power measured by the M-side IED3 protection unit of the L3 line: 

( )
( )
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3 3 3
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2
3 3M cP U Z= ∆                          (12) 

 

 
Figure 5. Equivalent circuit based on Peterson principle for busbar external fault. 
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Similarly, the initial traveling wave active power measured by the M-side pro-
tection unit of other non-faulty lines connected to the busbar can be obtained: 

( )2 1, 4i M ciP U Z i= ∆ = . 

3. Calculate the Initial Traveling Wave Active Power Based  
on the S Transform 

3.1. Basic Principle of S Transform 

S transform is a reversible local time-frequency analysis method, which avoids the 
selection of window function and improves the fixed window width defects. At the 
same time, the feature quantity extracted by S transform is not sensitive to noise 
[17]. 

Set the continuous time signal to ( )h t , then the continuous S transform of 
the time signal is defined as: 

( ) ( ) ( )
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∫
                (13) 

τ  is the parameter that controls the position of the Gaussian window on the 
time axis, f is the continuous frequency, t is the time, i is the imaginary number, 

1 fσ = , ( ),g t fτ −  is a Gaussian window and is affected by frequency changes. 
If [ ]( )0,1, 2, , 1h kT k N= −  is the signal ( )h t  discrete time series obtained 

by sampling, T is the sampling interval and N is the number of sampling points. 
The discrete Fourier transform function of [ ]h kT  is: 

[ ]
21
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=
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∑                    (14) 

where 0,1, , 1n N= −  
The discrete S transform of signal ( )h t  is: 

[ ]

2 2

2
2 21

1

0

1

0

, e e , 0

1,0 , 0

r rkN j
n N

r

N

r

n r nS kT H n
NT NT

rS kT h n
N NT

Π Π− −

=

−

=

 +    =       
  = =   

∑

∑
           (15) 

A complex time-frequency matrix is obtained by S transform, which re-
flects the time domain and frequency domain characteristics of the signal and 
the amplitude information of the traveling wave in the time domain. 

3.2. Calculation of Initial Traveling Wave Active Power 

For a three-phase transmission system, there is a coupling between each phase 
voltage and each phase current, which is generally decoupled by phase-mode trans-
formation. In this paper, the combined modulus method is used to transform the 
phase mode to reflect various fault types [17]:   

4zi i iα β∆ = ∆ + ∆                          (16) 
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4zu u uα β∆ = ∆ + ∆                         (17) 

Among them, ,u iα α∆ ∆  are the voltage and current traveling wave α line mode 
components after decoupling treatment, uβ∆  and iβ∆  are the processed voltage 
and current traveling wave β line mode components. 

In this paper, the method used in [18] [19] is used to perform discrete S-trans- 
formation on the transformed combined modulus fault voltage and current trav-
eling wave modulus, and extract the phasor corresponding to 20 sampling points 
of the single-frequency initial traveling wave. 

The combined modulus current 2i∆  obtained by the IED2 protection unit 
after a three-phase short circuit occurs at point F2 on line L2 as an example, dis-
crete S-transform principle 2i∆  according to the above-mentioned S-transform 
principle, and one-dimensional complex vector [18] [19] is obtained on selected 
frequency Zf , which can be expressed as: 

( ) ( ) ( )2 2 2, , exp ,n n z n n z n n zl t f l t f j t fθ ∆ = ∆                 (18) 

( ) ( )2 2, , ,gn n Z gn n Zl t f t fθ∆  are the amplitude of ( )2 ,gn n Zl t f∆ , where n is the 
sampling point n and nt  is the sampling time of the sampling point n. 

After the fault occurs, the transient traveling wave reaches the bus M after a pe-
riod of time and propagates on the bus associated line. The L2 line near-bus M-side 
protection unit IED2 captures the initial traveling wave, if the amplitude of the line 
is 21l∆  at the moment of 1t , ( )2 1 1,g Zl t f∆  obtained at the selected frequency 

Zf  is the corresponding initial current traveling wave phasor at that time [18] [19]. 
Similarly, the initial voltage traveling wave phasor ( )1 1,M ZU t f∆  measured by 
bus M at time 1t  can be obtained. The other non-faulty line associated with the 
bus is near the bus end at the selected frequency Zf . The phasors correspond-
ing to the 20 initial sampling points of the initial current traveling wave are 

( ) ( )1 3, ,n n Z n n Zl t f l t f∆ ∆  and ( )( )4 , 1, 2, , 20n n Zl t f n∆ =  . 
Under the selected S-transform single frequency, using the phasor corres-

ponding to each sampling point of the initial traveling wave obtained by the 
above-mentioned derivation, the active power corresponding to 20 sampling 
points of the initial traveling wave of each associated line in the occurrence of 
the out-of-area fault of the bus M can be calculated. 

Based on the above analysis, when the busbar is internally generated, the ini-
tial traveling wave active power measured by each associated line of the busbar is 

( )2 ,M n n Z ciU t f Z∆


, where 1,2,3,4i = ; When the busbar is external, the initial 
traveling wave active power measured by the faulty line is  

( ) ( )2
1 3 4, 1 1 1M n n Z c c cU t f Z Z Z∆ + +



 (assuming L2 line fault as an example), 
non-fault line active power is ( ) ( ), 1,3, 4Mgn n Z ciU t f Z i∆ = . 

4. Extreme Learning Machine 

The feedforward neural network is a kind of artificial neural network [20]. In 
this neural network, each neuron starts from the input layer, receives the input 
of the previous stage, and inputs it to the next stage until the output layer. There 
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is no feedback throughout the network, and a directed acyclic graph can be used. 
The feedforward neural network is the earliest proposed artificial neural network 
and the simplest type of artificial neural network. According to the number of 
layers of the feedforward neural network, it can be divided into a single layer 
feedforward neural network and a multilayer feedforward neural network. Among 
them, common feedforward neural networks include BP neural network [20], 
radial basis function (RBF) neural network [20] and extreme learning machine 
(ELM) neural network [20]. 

Extreme learning machine is an easy-to-use and effective single-hidden layer 
feedforward neural network SLFN learning algorithm [20]. The network consists 
of input layer, hidden layer and output layer, input layer and hidden layer and 
hidden layer. Among them, the input layer has n neurons, corresponding to n 
input variables; the hidden layer has 1 neuron; the output layer has m neurons, 
corresponding to m output variables. Figure 6 is a block diagram of a single hid-
den layer ELM network. 

ELM only needs to set the number of hidden layer neurons in the network. It 
does not need to adjust the input weight of the network and the bias of the hid-
den element during the execution of the algorithm. Compared with the tradi-
tional neural network [21] [22], it changes. The BP neural network is based on 
the gradient descent learning idea. It does not need to iteratively update the 
network parameters. It changes the SVM learning performance and relies on the 
parameter adjustment. It has the advantages of fast learning speed and good ge-
neralization performance, and only produces the unique optimal solution. 

Given N different training samples ( ),i ix t , among them, 

[ ]
[ ]

T
1 2

T
1 2

, , ,

, , ,

n
i i i in

M
i i i im

x x x x R

t t t t R

= ∈

= ∈





                    (19) 

Given an excitation function ( )g x , after that, the output containing L hidden 
layer nodes can be expressed as, 

( ) ( )
1 1

, ,
L L

i i j i i i i j i
i i

g a x b G a b x tβ β
= =

+ = =∑ ∑              (20) 

 

 
Figure 6. ELM network structure. 
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Among them, 1, 2, ,j N=  ; [ ]T1 2, , ,i i i ina a a a=   is the input weight of the 
input node and the i-th hidden layer node; ib  is the neuron offset for the i-th 
hidden layer node; [ ]T1 2, , ,i i i imβ β β β=   is the output weight of the i-th hid-
den layer node and the output node. 

The algorithm steps are as follows: 
1) Randomly selected ( ),i ia b  and map sample to the new fealure space 

through ( ) ( ) ( ) T
1 1, , , , , ,L Lh x G a b x G a b x=    . If the hidden layer matrix H is 

formed by the random fealure map ( )h x , then: 

H Tβ =                           (21) 

Among it, 

( )

( )

( ) ( )

( ) ( )

1 1 1 1 1

1 1

, , , ,

, , , ,

L L

N N L L N

h x G a b x G a b x
H

h x G a b x G a b x

   
   = =   
      



   



,  

T
1

T
L L m

β
β

β
×

 
 

=  
 
 

  and 

T
1

T
N N m

t
T

t
×

 
 

=  
 
 

  

Sigmoid function is selected as the excitation function of hidden layer node

( ) ( )
1

1 expi j i
i j i

g a x b
a x b

+ =
+ − +

 

2) In the new feature space, the optimal output weight β̂  and ˆ H Tβ +=  
are sought by least squares method by Equation (12), where +H  is the Moore 
Penrose generalized inverse of H. 

5. Bus Fault Area Identification Method 

T-line line traveling wave protection ( )1, 2,3, 4kR k =  unit after fault detected 
voltage and current traveling wave is S-transformed and the S-transform single 
frequency is selected to be 60 kHz. Select different transition resistances, differ-
ent fault types and different initial angles of the fault to simulate the faults of the 
bus and the associated line. The out-of-area lines are simulated according to the 
same fault and different fault distances are set as simulation conditions. Bus in-
ternal fault and external fault constitute active power vector P∇ , among them: 

[ ]1 2 5 1 5m m m mP P P P
×

∇ = ∇ ∇ ∇  

And [ ] ( )1 2 20 1 20
1, 2,3, 4; 1,2,3,4miP P P P m i

×
∇ = = = , P∇  indicates bus fault 

data, The initial traveling wave active power vector of the fault in the busbar is 
combined into a bus fault characteristic vector P∇ . In this way, the bus fault 
feature is characterized, and the fault region label is used as the sample data of 
the extreme learning machine, wherein 

11 1 21 2 31 3 1 15
ˆ ˆ ˆ
M M MP P P P P P P

×
 ∇ = ∇ ∇ ∇ ∇ ∇ ∇     

The fault identification algorithm flow is shown in Figure 7. 
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Figure 7. Flow chart of fault branch identification algorithm. 

6. Simulation and Experiment 

The PSCAD/EMTDC electromagnetic transient simulation software is used to 
establish the 500 kVT connection line simulation model shown in Figure 1. The 
line model uses a frequency-dependent distributed parameter model that can 
accurately reflect transient and harmonic responses. The line type uses TOWER: 
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3H5 tower. The simulation sampling frequency is 200 kHz, and the lengths of 
each branch are L1 = 230 km, L2 = 250 km, L3 = 300 km, and L4 = 210 km. Select 
the S-transform single frequency to calculate the fault active power under dif-
ferent conditions of different transition resistances, different fault types and dif-
ferent initial angles of the fault, and form the active power vector  

1 2 5 1 5
ˆ

m m m mP P P P
×

 ∇ = ∇ ∇ ∇  . Combine active power under different transition  

resistances, different fault types and different initial angles of faults into fault ei-
genvectors P∇ . In order to characterize the fault characteristics in the busbar 
area, the sample set required by the extreme learning machine is established  
accordingly, wherein 11 1 21 2 31 3 1 15

ˆ ˆ
M M MP P P P P P P

×
 ∇ = ∇ ∇ ∇ ∇ ∇ ∇    . 

6.1. Sample Data 

In order to verify the effectiveness and reliability of the algorithm, this paper 
chooses to carry out simulation experiments in the busbar area and outside un-
der different fault types, different transition resistances, and different initial an-
gles of faults. 

The training samples of the extreme learning machine are composed of the 
active power of each line in the associated line of the busbar and the internal 
fault of the busbar. The random fault samples of the bus-line associated line are 
96 fault eigenvectors obtained by simulating three different faults for the four 
branches outside the zone under different fault conditions. At the same time, in 
order to improve the reliability of the algorithm, different fault distances are set 
in the fault. 

6.2. Extreme Learning Machine Intelligent Fault Recognition  
Model Establishment and Training Sample Test Analysis 

The fault characteristic training sample is input into the limit learning machine 
for training, and a trained extreme learning machine bus fault recognition model 
is obtained. Among them, the optimal number of neurons in the hidden layer of 
the extreme learning machine obtained by the trial and error method is 35. 

The fault characteristic training samples are input into the trained extreme 
learning machine intelligent fault recognition model for testing, and the com-
parison of the predicted results is shown in Figure 8. 

It can be seen from the above figure that the test sample data in the extreme 
learning machine fault intelligent recognition model has a correct rate of 100%. 

6.3. Test Sample Test Analysis 
6.3.1. Different Fault Initial Angle Test 
The fault characteristic test samples of different initial angles of the faults are 
input into the intelligent learning model of the limit learning machine busbar 
fault area for testing. The comparison of the prediction results is shown in Fig-
ure 9, wherein Table 1 is the simulation verification result corresponding to the 
fault condition. 
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Figure 8. Comparison of training set prediction results. 
 

 
Figure 9. Comparison of test set prediction results. 
 
Table 1. Test results of protection algorithm under different inception angles for external 
fault of bus. 

Fault 
location 

Transition  
resistance Ω 

Fault initial 
angle 

Fault distance fault type Decision result 

Line, L1, L2, 
L3, L4 

100 

5 
45 
90 
100 

Distance from 
bus M 80 km 

Phase B short 
circuit to ground 

External 
External 
External 
External 

Busbar M 300 

5 
45 
90 
100 

 
Phase B short 

circuit to ground 

Internal 
Internal 
Internal 
Internal 

T
es

t 
tr

ai
ni

ng
 s

am
pl

e 
ca

te
go

ry

（B
us

ba
r 

in
te

rn
al

 a
nd

 e
xt

er
na

l 
fa

ul
ts

）

    

T
es

t s
et

 s
am

pl
e 

ca
te

go
ry

（B
us

ba
r 

in
te

rn
al

 a
nd

 e
xt

er
na

l f
au

lt
s

）

Number of training set samples

https://doi.org/10.4236/oalib.1106167


S. H. L. Gilani et al. 
 

 

DOI: 10.4236/oalib.1106167 14 Open Access Library Journal 
 

It can be seen from the above chart that the accuracy of the test results in the 
extreme learning machine fault intelligent identification model is 100%, and the 
faults in the zone can be identified when different types of faults occur in the 
busbar area, so the protection algorithm is not affected by the initial angle of the 
fault.  

6.3.2. Analysis of Different Transition Resistance Tests 
The fault characteristic test samples of different transition resistances in the area 
and outside are input into the intelligent learning model of the limit learning 
machine busbar fault area for testing. The comparison of the prediction results is 
shown in Figure 10 and Table 2 is the simulation verification result corres-
ponding to the fault condition. 

It can be seen from the above chart that the test sample data in the extreme 
learning machine intelligent fault identification model test results in a correct rate 
of 100%, in the occurrence of different transition resistance faults within the busbar 
area and outside can accurately identify the faults inside and outside the area, so 
the fault identification algorithm is not The effect of the transition resistance. 
 

 
Figure 10. Comparison of training set prediction results. 
 
Table 2. Test results of protection algorithm under different transition resistance in case 
of external fault of bus. 

Fault 
location 

Transition  
resistance Ω 

Fault initial 
angle/(˚) 

Fault distance fault type Decision result 

Line, L1, L2, 
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6.3.3. Testing of Different Fault Types 
The fault characteristic test samples tested by different fault types in the area and 
outside are input into the intelligent learning model of the limit learning ma-
chine bus fault area for testing. The comparison of the predicted results is shown 
in Figure 11, wherein Table 3 is the simulation verification result corresponding 
to the fault condition. 

It can be seen from the above chart that the test sample data has a correct rate 
of 100% in the test of the intelligent learning model of the extreme learning ma-
chine, and can accurately identify the faults in the area and outside under dif-
ferent fault types, so the protection algorithm is basically not affected by the fault 
type. 

Based on the above analysis, the proposed algorithm is not affected by the ini-
tial angle of the fault, the transition resistance and the type of fault, and can re-
liably identify the fault area. 
 

 
Figure 11. Comparison of training set prediction results. 
 
Table 3. Test results of protection algorithm under different fault types in case of external 
fault of bus. 

Fault 
location 

Transition  
resistance/(˚) 

Fault initial 
angle 

Fault distance 
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7. Conclusions 

This paper proposes a new fast bus protection algorithm based on the combination 
of active power and extreme learning machine. By performing S-transformation 
on the fault voltage and current traveling wave, the active power amplitude within 
0.1 ms after the fault is utilized. The feasibility of the fault identification method 
is verified by a large number of simulation experiments. The theoretical and si-
mulation results show that: 

1) The algorithm identifies the fault area by establishing the intelligent identi-
fication model of the bus fault area. In the simulation analysis under various 
working conditions, the fault can quickly and accurately identify the fault area, 
which basically overcomes the influence of transition resistance and initial angle 
of fault. 

2) The protection algorithm only uses the information of the initial traveling 
wave of the voltage and current, the criterion is simple, the setting is easy, the 
required data window is short, and the communication volume is small. 

3) Compared with the traditional bus fault region identification algorithm, the 
algorithm shows better performance in motion speed and fault identification 
accuracy. 
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