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Abstract- Network traffic model is the basis for network 
performance analysis, dynamic allocation of network bandwidth 
and network planning and construction. A good traffic model 
and prediction method is great significance for the design of a 
new generation of network protocols, network management and 
diagnosis, design of high performance routers, load balancers 
Network hardware equipment and improving the quality of the 
network services.With the construction of energy smart grid, 
especially in the distribution network is particularly evident. 
Increasing the variety of electrical equipment, which make 
distribution and communication network structure more 
complex and changeable, including a variety of communication 
systems, more Equipment, a larger scale and communication 
traffic characteristics. It can cause a great impact on the 
backbone network capacity. Considering the reliability and 
security of the power grid, this paper analyzes the characteristics 
of conventional traffic model based on the traffic characteristics 
of the distribution network and establishes a multi-convergence 
traffic prediction model to be used in the distribution network to 
improve the accuracy of network traffic prediction. Provide a 
reliable theoretical basis. 
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I. INTRODUCTION 

With the deepening of the construction smart grid and 
energy internet, the distribution grid and business have 
correspondingly changed. The grid has changed from the 
original passive to active and flattened, with more control 
components to achieve the network controllable and 
operational. the business also adds diversified businesses 
(distributed energy, mobile work, robot inspection, etc.) from 
the original routine business ("three remote", measurement, 
precision negative control, etc.) .Business contains a large 
number of data and video services, will result in varying 
degrees of network traffic load. Most data networks are 
characterized by large bandwidth, high burstiness and 
randomness, which lead to large changes in the traffic flow of 

the distribution network and increase the unknown of the 
network traffic. Therefore, modeling, analyzing and analyzing 
the network traffic in the distribution network Forecasting 
brings great benefits to the stability of network performance. 

II. ANALYSIS OF UBIQUITOUS DISTRIBUTION NETWORK 

ACCESS BUSINESS TRAFFIC  

At present, the distribution system communication mainly 
uses optical fiber communication, carrier communication and 
wireless communication. According to the logical structure 
and transmission service functions, the distribution network 
communication can be divided into the backbone transmission 
layer and the access layer. The backbone layer realizes the 
data of the main information convergence node Transmission, 
using high-speed two-way optical fiber ring network such as 
SDH, PTN; The access layer is responsible for access to the 
measurement and control terminals, including terminal 
equipment such as FTU, DTU and other distribution services. 
Most of the end node equipment is based on IP, with strong 
networking capabilities. Communication methods can be used 
to achieve multi-media network equipment monitoring data 
collection and upload. 

According to the types of services carried by the smart 
distribution network communication system, there are mainly 
five types of services: 10kV distribution service, power 
quality monitoring service, distribution monitoring operation 
service, distributed power control and distribution line video 
monitoring. The rates and resulting traffic demands vary, as 
shown in the following analysis. 

It is obvious from the above table that, with the fluctuation 
of video and other services, the change range of bandwidth 
and traffic will be relatively large, putting forward higher 
adaptability requirements for network load. How to make the 
distribution network short-term network planning and network 
performance analysis and optimization, network traffic 
forecasting is the most basic and most critical means. The use 
of a reasonable traffic forecasting method, the establishment 
of accurate traffic model for the design of a new generation 
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distribution network protocols, equipment will have great 
significance to improve the overall network service quality. 
Currently in the network traffic prediction technology, most of 
them stay in the use of traffic statistics analysis tools for 
network traffic monitoring equipment and record Log, lack of 
direct analysis of the relationship between traffic behavior 
rules and grid operation. This time-consuming and blind 
method of recording clearly does not meet the smart grid 
requirements for communications, nor conducive to the 
network of reliable and efficient transmission of control 
information. 

TABLE 1. DISTRIBUTION NETWORK TRAFFIC REQUIREMENTS TABLE 

business type 
Terminal 

traffic
（kbps) 

number of 
terminals 

Concurrent 
proportions 

Aggregate 
traffic 
（kbps) 

Switch station 15 2 100 30 
Ring counter 3 8 100 24 

Box transformer 3 30 100 90 
Column switch 1.5 65 100 97.5 

Electric car 
charger 1 50 100 50 

Distributed 
Power 2 32 100 64 

Distribution 
network video 
surveillance 

1024 10 100 10240 

Two-way 
interactive 

service 
1 50 100 50 

Move job 2048 10 100 20480 
total 31125.5 

III. CONVENTIONAL TRAFFIC PREDICTION MODEL 

CHARACTERISTICS 

As mentioned above, the distribution network of power 
communications includes various types of services such as 
voice, video and data. The statistical characteristics of 
network traffic are self-similar (also known as long-term 
correlation), multi-fractal and periodic and chaotic Etc. The 
actual network traffic characteristics and the measurement 
parameters of traffic characteristics are the basis of traffic 
modeling. 

A. Typical Characteristics of Network Traffic 

 (1) Self-similarity (long correlation) 
Self-similarity refers to the local structure and the overall 

structure of a certain degree of consistency, structure, 
including space and time two dimensions. That is, the process 
of a continuous time X (t) in the same time on the statistical 
characteristics of the same, to meet the following formula: 

10,0),()()( <≤>∀∂∂−∧∂= HtXHtX   （1） 
Where H becomes the Hurst parameter, the greater the 

value of H, the higher the degree of self-similarity and the 
higher the burstiness. Long correlations are used to reflect the 
persistence of self-similar processes. It can also be described 
as the large-scale delay of the autocorrelation function 
described, which indicates the idiopathic and relativity of 
network traffic. 

(2) Multi-sexity 

Multi-fractal, that is, the network traffic is unevenly 
distributed. The traffic is characterized by different traffic 
characteristics at different time scales. Therefore, one 
dimension can not describe all its features and needs to be 
represented by multiple fractal measures or dimensions. 
Multi-fractal extends and refines the self-similar behavior in 
network measurement traffic, which reflects the characteristics 
and rules of traffic at different time scales, describes the 
irregular phenomenon in local time more flexibly. 

(3) Periodic 
Cyclical refers to a seasonal variation of network traffic 

with the change of time. It may be caused by the collection of 
periodic time intervals of network traffic data, or may be 
caused by people's habits of surfing the Internet. Therefore, in 
the process of network modeling, network characteristics such 
as periodic data fluctuation and extreme data burst need to be 
given sufficient attention. For example, the distribution 
network in the distributed power services and video services 
will have a lot of unexpected traffic, causing a burden on the 
core network. 

B. Several Typical Network Traffic 

Common network traffic model include: Poisson process, 
Markov / semi-Markov model, ARIMA / FARIMA model and 
discrete wavelet model. Below a brief description of these 
types of traffic forecasting model. 

(1)  Poisson model 
The Poisson process model well simulates the voice traffic 

modeling of the early networks. However, with the 
appearance of the the modern network traffic self-similarity, 
the Poisson model can no longer meet the traffic 
characteristics obtained by the actual testing of modern 
communication networks. 

(2)  Markov model 
The Markov model is a network traffic model based on the 

Poisson process. The Markov traffic model is easy to handle 
the time series with queuing performance, but the complexity 
of the model analytic solution also increases with the increase 
of analytical parameters. It can only forecast short-term 
network traffic, but can not describe the long-term correlation 
of the network. This model is not suitable for describing 
power system network traffic characteristics. 

(3) Regression model 
The regression model predicts future values from past 

values, that is, the next observation is expressed as a linear 
function of current and past observations and white noise. At 
present, the regression models include AR, ARMA, ARMIA, 
FARIMA, The more complex (FARIMA) model to specific 
description. 

FARIMA model is an asymptotic second-order self-similar 
process, which can not only describe the long-term correlation 
of sample flow effectively, but also represent the short-related 
characteristics of the network well. The model is 
mathematically expressed as: 

   tt BxBY ∂Θ=Δ )()( d
                    （2） 

FARIMA (p, d, q) is to process the realization sequence d 
times difference, and then stabilize the processing, then 
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convert it to ARMA (p, q) model to deal with. Due to the 
complexity and parameters of FARIMA model itself, the 
computational complexity is large and the complexity of the 
algorithm is O (n2). As computer software programming and 
data processing speed improve, the FARIMA model greatly 
remedies the shortcomings of the algorithm complexity. The 
FARIMA model is widely used, the advantages of high fitting 
accuracy and long forecasting time, which makes the 
FARIMA model more and more concerned. It is one of the 
most ideal models for network traffic. 

(4) Wavelet model 
The wavelet model can preprocess the signal and partially 

eliminate the noise in the signal, in order to extract the useful 
signal. Wavelet analysis is the most effective method to deal 
with non-stationary signals. Orthogonal wavelet 
decomposition has the function of adaptive time-frequency 
localization. In the abrupt part of the signal, some wavelet 
components show a large amplitude, which is in sharp contrast 
with the even performance of the noise in the high frequency 
part. Therefore, the orthogonal wavelet decomposition can 
effectively distinguish the abrupt part and the noise in the 
signal ,in order to the effect of processing. Wavelet model can 
identify the sudden changes in the predicted flow, suitable for 
distribution network traffic forecasting. 

IV. BASED ON BP NEURAL NETWORK AND FARIMA 

DISTRIBUTION NETWORK MIXED TRAFFIC PREDICTION 

MODEL 

In the last section, several typical typical network traffic 
prediction models are studied in depth. Poisson and Markov 
models do not have mutation and long correlation, which are 
not suitable for application in power system. However, the 
traditional steady flow model (such as the FARIMA model) 
does not have the ability to describe the non-stationary 
characteristics of the flow. It can only describe the short and 
long-term correlation characteristics, but the distribution 
network has non-stationary characteristics and needs to find a 
suitable prediction Model to make up for this drawback 
FARIMA. Neural network prediction model is a new model 
evolved by wavelet model technology, which has the 
characteristics of non-stationary process. However, the 
wavelet model is not real-time and recursive, so wavelet 
prediction model can not achieve online prediction. Neural 
network as a non-stationary model, just to make up for 
peace.Steady model can not describe the defect of non-
stationary flow. In the past, the research of traffic prediction 
model used single model or combination model to describe the 
original characteristics of traffic. The combined model is 
constructed by FARIMA model to describe the long-
correlated and short-correlated characteristics, the neural 
network to characterize the non-stationary, and finally the 
combination of the results of the two models. This modeling 
approach will reflect the full range of changes in traffic 
characteristics, so as to achieve accurate prediction of the 
target. 

First of all a brief description of BP neural network model 
under the principle. The transfer functions of BP neural 
network's hidden layer and output layer are: 

      
xxf
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                  （3） 
Among them, the input quantity is p, the input neurons have 

r, the hidden layer has s1 neurons, the transfer function is f1, 
the output layer has s2 neurons, the corresponding transfer 
function is f2, the output is A, the target vector For T. In the 
forward propagation of information, the output of the ith 
neuron in the hidden layer is: 
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                  （4） 
Similarly, you can exit the output layer i neuron output 

mathematical formula. W is the joint weight of the input 
element and neuron in the hidden layer, p is the neuron 
deviation in the hidden layer, and t is the actual output of the 
output layer. The above is a BP neural network modeling 
model.The following study of a combination of neural 
network prediction model, the structure is as follows: 

 

 
Figure 1.  Multi-fusion forecasting model architecture 

As shown in the architecture diagram, the input raw data is 
first subjected to a linear model prediction and then to BP 
network training. After the error value is trained to a minimum 
threshold value, the calculation is stopped and the output 
sequence value is formed as a predicted value. Multi-fusion 
prediction model algorithm flow as shown below: 

 

 
Figure 2.  Multi-fusion forecasting model algorithm flow chart 

For FARIMA Traffic Prediction Module: 
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},,,,{ 54321
kkkkk pppppP =   is  as input to the network. T 

is the output target vector of the network, 5-step correlation, k 
is the number of learning modes, S is the number of output 
layer units, and N is the predicted number of steps. 

(1) First, FARIMA prediction module is initialized. Each 
connection weight w is assigned to a random value between [-
1, 1] 

(2) Select a suitable set of learning modes to provide to the 
network module; 

(3) Calculate the network output value: 

              


=
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8
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                                （5） 
(4) Calculate the error between the actual output of each 

output unit of the network and the target vector: 

               
k
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                                  （6） 
(5) To amend the connection weights: 

           
k
j

k
iijij dapNN +=+ )(w)1(w

      （7） 
(6) A learning mode out to the network and repeat steps (3) 

- (5) until the error is less than k and reach the set range. 
Aiming at the characteristics of distribution network traffic , 

the advantages and disadvantages of various traffic prediction 
models, this paper combines two advanced prediction models 
to establish a multi-algorithm network traffic prediction model. 
The model includes four modules, namely, input 
module,FARIMA traffic prediction module, BP neural 
network training module and output module. The time 
sequence of FARIMA network traffic data is input to the BP 
neural network prediction module. By using the good fitting 
function of the BP neural network, the time series can be 
effectively fitted to make the prediction more accurate and 
improve the prediction of the traffic flow in the distribution 
network accuracy. 

This article uses the traffic data collection method based on 
SNMP protocol to monitor the outflow of a port of a high-end 
Cisco router in Hubei distribution network. The monitoring 
time is from November 7 to November 10, 2017, and the 
sampling interval is 5 minutes. Of the data stream for the input 
data, the original data for the irregular graphics, has a strong 
irregularity, while showing some of the cyclical factors. In the 
simulation platform Matlab7.0 carried out, extract 100 sets of 
network traffic data to verify the idea of the algorithm.As can 
be seen from the specific data shown in the error comparison 
graph, the prediction error summed for each prediction model 
is smaller than any single prediction error among them. Even 
when several errors such as five-step prediction are large , 
Only a smaller case, the combined forecasting error is also the 
smallest. Therefore, the multi-network prediction model 
reduces the prediction error and improves the prediction 
accuracy. 

V. CONCLUDED 

As an important edge access platform to ensure the security, 
stability, quality and economic operation of power grid, the 
power distribution network plays more and more important 
role in the power system with the development of grid 
intelligence. It is an important basic guarantee and an 
indispensable important link to scientifically transform the 
distribution communication network, optimize the allocation 
of network resources, and analyze and improve the quality of 
distribution network traffic. Through the establishment of 
power network traffic analysis model, based on the model 
algorithm, the indicators for quantitative or qualitative 
examination, analysis of network operation, network risk 
assessment and trend forecasting, and timely take appropriate 
measures and ways to control the risk, So that the risk is 
avoided, transferred or reduced to an acceptable level, 
ensuring the reliability and security of the power 
communications network as a whole. 
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