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Abstract 

This paper introduces the basic principle of BP neural network, analyzes the reason why the 
BP network converges slowly, and studies the method of increasing the momentum factor 
to improve the efficiency of the algorithm. The neural network is trained and verified by the 
MATLAB neural network toolbox. The simulation results prove that the experiment has 
Certain feasibility provides a direction for future BP neural network improvement. 
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1. Introduction 

In recent years, BP artificial neural network has developed very rapidly. It has certain fault-tolerant 

ability and self-repairing learning ability. It can adapt well to the current needs and has received 

extensive attention in fault diagnosis, opening up a new path for intelligent era. 

Neural network implements a mapping function from input to output. It has been proved by lots of 

experiments that the BP neural network can realize the ability of any complex nonlinear mapping, 

but the BP algorithm also has some limitations. There are many parameters that need to be input, the 

rationality of the parameters is difficult to control, the learning rate is slow, and it is easy to fall into 

the local optimum situation. For these problems, this paper proposes a method that can properly 

optimize these problems. The improved algorithm can have better learning rate, save time, improve 

the efficiency of network management personnel, which has certain reference significance for future 

network fault diagnosis. 

2. The improvement of the BP neural network 

In the field of fault diagnosis, artificial neural network has gradually become the mainstream method. 

In practical application, about 80% of neural network models adopt BP neural network or BP neural 

network in the form of change. BP neural network is generally multi-layer structure, including input 

layer, hidden layer and output layer, the hidden layer may be several layers. The research shows that 
the three-layer network structure can simulate any complex situation, so here we choose the three-

layer neural network structure. Figure 1 is a three-layer BP algorithm structure with a single hidden 

layer. 

The basic idea of BP algorithm can be summarized into two stages. In the first stage, the signal is 

propagated forward to the output layer, and in the second stage, the errors generated by the results 

are propagated back. The specific process is that when the signal is propagating forward, the input 

value is input from the input layer, reaches the hidden layer through the algorithm, and flows to the 
output layer after the hidden layer processing. After reaching the output layer, the algorithm will 

calculate the difference between the actual output value and the preset expected output value, which 

is called the error. If the actual error is greater than the expected error, the back propagation will be 

carried out; otherwise the training will be completed. The back propagation of errors is the process 
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of changing weights. The output layer is backward output to the hidden layer and then to the output 

layer, and the error is transmitted back layer by layer. When it reaches each layer, the error is allocated 

to all neural units in each layer, as to modify the weight of each unit. The process is cycled until a 

predetermined condition is reached, which is often referred to as the training of the BP neural network. 

In practical application, by training the network in advance, the system can automatically diagnose 

the fault through the input data and realize the intelligent fault diagnosis. 
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Figure1.BP model neural network structure 

2.1 Basic neural BP network 

The single neuron model is shown in figure 2. 
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Figure2 Single neuron model 

It can have 1 to R inputs, each input signal is signaled with its own weighted connection. The neuron 

adds its signals and compares them with the threshold value, and finally outputs them through 

activation function. The output of the neuron can be expressed as: 

a=f (w* p , b)                                                                        (1) 

Finally, the activation function outputs "0" or "1" after processing the data, which means that the 

neurons are "excited" and "suppressed". Studies have shown that the activation function must have 

the property of being divisible everywhere. The activation function actually can map the function 

value of a wide range of changes to 0~1, so it is also called "extrusion function". 

2.2 BP neural network algorithm implementation steps 

As described above, the essence of BP algorithm is to find the minimum value of the error function. 

This algorithm uses the steepest descent method in nonlinear programming to modify the weight 
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coefficient according to the negative gradient direction of the error function. The j neuron in the Kth 

layer of the BP neural network has the following input and output relationships: 

𝑦𝑗
(𝑘)

= 𝑓𝑗
(𝑘)

( ∑ 𝑊𝑖𝑗
(𝑘−1)

𝑀𝑘−1

𝑖=1

𝑦𝑖
(𝑘−1)

− 𝜃𝑗
(𝑘)

) (2) 

                     

(k=1,2,3, ..., M; j=1,2, …,𝑁𝑘) 

𝑊𝑖𝑗
(𝑘−1)

is the connection weight of the ith node in the k-1 layer to this node; 𝜃𝑗
(𝑘)

  is the threshold 

value of this neuron;  𝑦𝑖
(𝑘−1)

 is the output of the i node at layer k-1; 𝑓𝑗
(𝑘)

  is the node activation 

function; 𝑁𝑘 is the number of nodes in layer k; M is the total number of layers. 

𝑓𝑗
(𝑘)

 is a Sigmoid function: 

f(𝑥) =
1

1+𝑒−𝑥 (3)                       

BP neural network adopts error back propagation algorithm for learning, and the adjustment formula 

of weight is: 

𝑊𝑖𝑗
(𝑘−1)(𝑡 + 1) = 𝑊𝑖𝑗

(𝑘−1)(𝑡) + 𝜂 ∑ 𝛿ℎ𝑗
(𝑘)

𝐼

ℎ=1

𝑦ℎ𝑗
(𝑘−1)

(4) 

I is Total number of samples, 𝜂 is learning step, 0< 𝜂<1, 𝛿ℎ𝑗
(𝑘)

 is Error transfer term, the output error 

formula of the network 휀1 is: 

휀1 = ∑ ∑(�̂�ℎ𝑗
(𝑀)

𝑁𝑀

𝑗=1

𝐼

ℎ=1

− 𝑦ℎ𝑗
(𝑀)

)2 (5) 

            

�̂�ℎ𝑗
(𝑀)

 is the actual output of the network, 𝑦ℎ𝑗
(𝑀)

is the expected output of Network. 

If 휀1>휀 (휀  is a preset error), we move on to the next round of learning to adjust the weights, 

otherwise the network stops learning. After learning, the network composed of 𝑊𝑖𝑗  weights can 

realize the expected output within the error range set by 휀 . 

2.3 Improved BP network 

The research shows that the BP algorithm has some defects.1) The objective function must be 

differentiable, otherwise the steepest descent method cannot be used to solve it.2) Slow 

learning .Since each adjustment of the weight value needs to be carried out according to a network 

error, if the value is relatively "flat" near the minimum value, the partial derivative value here is 

relatively small and the weight adjustment is small, so it needs to "stay" for a long time and the 

convergence speed is slow. In contrast, if the minimum value is "steep", the number of partial 

derivatives is large, and the weight adjustment range is large, the phenomenon of "overshoot" will 

occur. The weight adjustment path is zigzag, and the minimum value cannot be determined, resulting 

in slow convergence speed and long time required. 3)It relies too much on the initial value. For 

functions with multiple minimum values, BP algorithm may fall into the situation of local optimal, 
and the search time is increased, so it cannot judge the global minimum value, leading to slow 

convergence rate. In view of the long training time and slow convergence of BP algorithm, 

momentum BP method is adopted for improvement. In the weight update stage of standard BP 

algorithm, momentum factor is tried to be added, so as to reduce the sensitivity of the algorithm to 

local minimum value and reduce the possibility of falling into local minimum condition. 

The weight adjustment formula after adding momentum factor is: 
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𝑊𝑖𝑗
(𝑘−1)(𝑡 + 1) = 𝑊𝑖𝑗

(𝑘−1)(𝑡) + 𝜂 ∑ 𝛿ℎ𝑗
(𝑘)

𝐼

ℎ=1

𝑦ℎ𝑗
(𝑘−1)

+ 𝛼 △ 𝑊𝑖𝑗
(𝑘−1)(𝑡) (6) 

𝛼 is Momentum factor,𝛼(0< 𝛼<1). 

3. MATLAB simulation verification 

MATLAB neural network toolbox directly provides us with a wealth of neural network algorithm, 

can help us to carry out good experimental simulation. The training process is shown in figure 3. 
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Figure3 Training process diagram 

Pairs of results are executed as shown in table 1. 

Table 1 comparison table of execution results 

algorithm results 

input vector P=[-1 -1 2 2;0 5 05] 

The objective function t=[-1 -1 1 1] 

Number of hidden layer nodes 3 

Output node number 1 

The transfer function F(x)=1/(1+e-x) 

The target of error 0.00001 

Learning factor 0.05 

momentum coefficient 0.9 

Number of iterations of standard BP algorithm 1877 

Momentum BP algorithm 26 

MATLAB simulation results show that the algorithm with momentum factor has faster convergence 

speed and shorter time to reach the target error compared with the original algorithm. 

4. Conclusion 

This paper analyzes the basic BP neural network algorithm, and attempts to add momentum factor to 

increase the node "inertia", aiming at the deficiency of slow learning rate and inability to find the 

global optimal value in the learning process. THE MATLAB was used for simulation experiments to 

verify the feasibility of the improved algorithm, and the results showed that the training rate of neural 
network was significantly improved. The improved algorithm reduces the time of fault diagnosis and 

provides a reference method for intelligent fault diagnosis. 
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