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Abstract: Real-time fast calculation of the power flow of the interconnected power grid is an important 
guarantee for the reliable operation of the interconnected power grid. The topology of the interconnected 
power grid is complex, and the calculation of the power flow of the whole network is large and time-
consuming. The sensitivity equivalent model can effectively simplify the interconnected power grid and 
shorten the time of the power flow calculation of the whole network. The operating state of the power grid is 
constantly changing. In order to ensure the accuracy of the power flow calculation results, it is necessary to 
update the uniform sensitivity equivalent model in real time. Due to factors such as the vertical management 
system between the interconnected power grids and the principle of commercial confidentiality, it is difficult 
to share information between interconnected power grids in real time, and the sensitivity equivalent model 
cannot be updated in real time, resulting in too much error in the calculation results and no reference value. 
To solve this problem, this paper proposes an online update method for the sensitivity equivalent model of the 
interconnected power grid based on power big data to solve the problem of excessive power flow calculation 
errors caused by the untimely update of the equivalent model parameters, and to ensure the operational 
reliability of the interconnected power grid. 

1 Introduction 

With the continuous growth of the world's electric energy 
consumption and the innovation of high-voltage 
transmission technology, long-distance and large-scale 
grid interconnection and power transmission no longer 
have technical obstacles [1,2]. There are many advantages 
to interconnecting power grids in different regions. It can 
promote the consumption of renewable energy and reduce 
the dependence on fossil energy, reduce environmental 
pollution, improve social benefits, adjust the peak-to-
valley difference of the load, and improve the reliability of 
the power grid. The scale of existing interconnected power 
grids is getting bigger and bigger. Not only are the power 
grids interconnected across regions, but also the 
interconnection of transnational power grids and global 
transcontinental power grids has also formed a scale [3,4]. 

While the interconnected power grid brings obvious 
benefits, it also leads to many problems. The topology is 
complex and the system is huge. It is difficult for the 
existing computing power to perform complete power 
flow calculations on the entire interconnected power grid 
in real time, and to analyze the weaknesses of the system, 
which leads to local problems. The risks of the power grid 
spread throughout the interconnected power grid and have 
a great impact on the reliability of the power grid. 

In view of the problem that the power flow calculation 
of the entire interconnected power grid cannot be 
performed quickly, based on the power system topology 
[5-7], some scholars have proposed a sensitivity consistent 
model (SC model) [8] to reduce the power flow 
calculation time. Although this method simplifies the 
interconnected power grid and improves the efficiency of 
power flow calculation of the interconnected power grid, 
the model cannot reflect the ever-changing interconnected 
power grid, which makes the calculation results of the 
power flow of the interconnected power grid too large and 
loses reference value. Therefore, timely updating the 
equivalent model is the key to improving the results of 
power flow calculations. However, large-scale 
interconnected power grids are composed of 
interconnected networks of different power companies, 
different regions and even different countries. Due to 
factors such as management systems and commercial 
confidentiality, it is difficult to share the operating data of 
local power grids with all companies on the 
interconnected power grid in time. This is the main 
problem faced by online real-time updating of the 
equivalent model of the interconnected power grid. 

In response to this problem, the article proposes an 
online update method of the sensitivity equivalent model 
based on the power big data based on the electric power 
big data recorded by the advanced measurement 
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equipment. The analysis of the examples verifies that this 
method can effectively solve the problem of the inability 
to be online in real time due to various commercial factors, 
and improve the reliability of the power flow calculation. 

2 Sensitivity Consistency Model  

The sensitivity consistency model (SC model) is a static 
equivalent model that fully considers the characteristics of 
various electrical components and ensures the sensitivity 
between the electrical components does not change before 
and after the equivalent value. In the existing equivalence 
method, the after-equivalence power flow calculation 
results of the sensitivity consistency model are basically 
consistent with the pre-equivalence power flow 
calculation results. This paper updates the model online 
based on power big data. The consistent sensitivity model 
is shown in Figure 1: 
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Figure 1 SC equivalent system diagram 

The SC model is mainly composed of three kinds of 
variables: 

 Admittance variables: eqiy  and eqjy  are the 

admittances of equivalent branches between iG   and 

iB , and between jG  and jB , respectively. eqijy  and 

eqGijy   are the admittances of the equivalent branches 

between iB   and jB  , and between iG   and jG  , 

respectively. ib   and jb   are the susceptances of the 

equivalent grounding branches connected with the 

boundary buses ib   and jb  , respectively. where iG  

and jG  are the generator buses, iB  and jB  are the 

boundary buses, BNji 1,  ji   , and BN   is the 

number of boundary buses. 

 Voltage variable: iE   and jE   are the 

voltage phasors at the equivalent generator buses iG  

and jG , respectively. 

 Power variables: LiS   and LjS   are the 

equivalent loads at the boundary buses iB   and jB  , 

respectively. eqGiS   and eqGjS   are the equivalent 

generator output powers at iG  and jG , respectively. 

3 Online Update of the SC Model Based 
on Electric Power Big Data 

3.1 Electric Power Big Data 

Due to the management system and the principle of 
commercial confidentiality, the regional power grids of 
the interconnected power grid cannot know the network 
topology and real-time operating status data of the 
interconnected power grid. With the development of smart 
grid and information technology, power big data is widely 
used, and the problem of information isolation can be 
solved very well based on power big data. Electric power 
big data [9] is mainly composed of three categories: 
 Grid operation, equipment detection and status 

monitoring: included in energy management system, 
distribution network management system, wide area 
measurement system, fault measurement system, power 
grid dispatching system, etc.; 
 Electricity marketing data: It mainly includes 

marketing business system, electric energy metering 
system, electricity consumption information collection 
system, etc. 
 Power grid management data: included in 

collaborative office systems, enterprise resource planning 
systems (ERP), etc. 

Based on the data measured by the synchronous vector 
measurement device (PMU) in the wide area measurement 
system, we can online update the SC model. 

3.2Measurement Equations 

As shown in Figure 1, the parameters to be estimated for 

the SC model are x ={ iE , jE , eqiy , eqjy , eqijy , ib , 

jb  , LiS  , LjS  , eqGiS  , eqGjS  }. The boundary PMU 

measures the voltage and current of bus iB  as t
iU  and 

t
iI  , and bus jB   as t

jU   and t
jI  , respectively. where, 

, 1 Bi j N  , i j , BN  is the number of boundary 

buses, 1, ,t M   , M   is the number of PMU 

samples in the given period of time. The following 
measurement equations can be derived from Kirchhoff’s 
current law: 
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The complex variables in Equations (1) and (2) are 
respectively expanded according to the imaginary part and 

the real part, and Formulas (3)–(6) are obtained as follows: 
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Where ()* denotes the conjugate operation. The 
subscripts (*)Re and (*)Im in the Equations (3)-(6) 
respectively represent the real part and the imaginary parts 

of the complex variable (*). (Re) ( )t
if x  , (Im) ( )t

if x  ,

(Re) ( )t
ig x   and (Im) ( )t

ig x   are the measurement 

equations separating the real and imaginary parts of (1) 
and (2), respectively. Through the above measurement 

equation, with the inspecting data 
t
iU , 

t
iI , t

jU  and 

t
jI  of the boundary PMU, all SC model parameters x  

can be update, where, x ={ iE , jE , eqiy , eqjy , eqijy , 

ib , jb , LiS , LjS , eqGiS , eqGjS }. 

3.3Online Update of the SC Model Based on 
Electric Power Big Data 

Based on the PMU measurement data and the established 
measurement formula, the least square method is used to 
update the sensitivity consistency model, and the updated 
model is shown in formula (7): 
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In order to ensure the accuracy of the solution, the 
number of measurement equations must be greater than 
the number of unknown parameters. From the SC model 

shown in Figure 1, we can see that the number of each 

parameter  ReiE ，  ImiE ，  
ReeqGiS ，  

ImeqGiS ，
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 ReLiS ，  ImLiS ， (Re)eqiy ， (Im)eqiy ， ib  is BN  

respectively, and there are BN9 unknown parameters 

together. The number of each parameter (Re)eqijy ，

(Im)eqijy ， (Re)eqGijy ， (Im)eqGijy  is 2/)1( BB NN  

respectively, and there are )1(2 BB NN  unknown 

parameters together. The number of measurement 

equations is BMN4 , which must satisfy the following 

inequality: 

 )1(294  BBBB NNNMN  (8)
After transformation, it can be obtained that: 

 4/72/  BNM  (9)
All parameters of the SC model can be updated 

through equations (3)-(7). 

4Results and Discussion 

4.1Test System Introduction 

 
Figure 4 Voltage parameters of the SC model. 
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Figure 5 Generator output of the SC model. 

 
Figure 6 Load parameters of the SC model 
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Figure 7 Admittance parameters of the SC model 

 
Figure 8 Admittance parameters of the SC model 

 
Figure 9 Susceptance parameters of the SC model 

5Conclusions 

From the results of the calculation example, it can be seen 
that after the operating state of the interconnected power 
grid changes, the SC model also changes. The method 

proposed in this paper can update the SC model online 
without obtaining the operating parameters of the entire 
network, relying only on power big data, reducing online 
power flow calculation errors, and providing reliable data 
support for the reliable operation of the interconnected 
power grid. The rational use of data is of great significance. 
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