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Abstract 

Power flow calculation is one of the three basic calculation methods of power system 
operation. It is also the basis of short circuit and stability calculation, and is the basic tool to 
study the planning and operation of power system. In this paper, the principle and 
advantages and disadvantages of several power flow calculation methods are analyzed. 
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1. Introduction 

Power flow calculation is one of the important and basic calculation studies in the electrical power 

system, also the basis of system design and operation management. Its research is of great importance. 

The result of power flow calculation is the basis of power system stability calculation and fault 

analysis. But with the continuous development of the national power system interconnection, the 

modern power system is gradually evolving into a large amount of data and information computing 

system, the power flow equation is getting higher and higher, so the change to the current system 

operation and advanced analysis has brought great difficulties. The equation of this size is not to use 

any mathematical method can guarantee the correct answer, so this is to promote the power system 

researchers continue to seek new and more reliable power flow calculation method of power. 

Basic equation of power flow: 
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Among them, 
jiY  is the corresponding element of nodal admittance, n is the number of nodes in the 

system. The equation is a set of nonlinear equations, which is usually solved by iteration, and the 

different applications and processes of this equation form a different power flow algorithm. 

2. Traditional power flow calculation method 

The power flow calculation has experienced a development process from hand to hand and direct 

current calculation to the application of digital computer. Now the power flow algorithm is based on 

the application of the computer as a precondition. Through several decades of development, the 

power flow algorithm is becoming more and more mature. In recent years, the research of reactive 

power optimization is still how to improve the traditional power flow algorithm, namely, the Gauss 

Seidel method, Newton method and fast decoupled method. 
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In the 1950s, commonly used by node admittance matrix based Gauss Seidel method, the principle of 

the method is simple, the demand for computer memory is small, but the poor convergence, when the 

system gets larger number of iterations rose sharply. This forced the power system calculation of staff 

in the early 1960s to impedance method based on the impedance matrix of Gauss Seidel method, 

which at the time improve the system power flow calculation convergence problem. But the 

impedance matrix is a full matrix, take up the computer memory, each iteration of the calculation is 

large, when the system size continues to expand, this is particularly prominent. 

In 1960s Ness Van et al proposed Newton method to solve the system power flow problem, which has 

been widely used in the future, and has been widely used, and there are many variants to meet 

different needs,. Fast decoupled method, direct current method, keep the nonlinear algorithm, etc.. In 

the 1970s, the Hessian matrix method. In the 1980s SunDI proposed Newton optimal power flow 

algorithm, but also the decoupling technique for optimal power flow, thus forming a decoupled 

Newton optimal power flow algorithm, the decoupling technology is applied to optimal power flow, 

leading to the formation of decoupled optimal power flow Newton algorithm. 

A variety of power flow algorithm, but generally to meet the four basic requirements: (1) the 

reliability of convergence, (2) the calculation speed, (3) the use of convenient and flexible, (4) the 

amount of memory occupied less. They are also the main basis for the evaluation of the power flow 

algorithm. 

3. Power flow calculation method based on Artificial Intelligence 

In recent years, artificial intelligence as a new method, more and more widely used in power system 

power flow calculation. Unlike traditional methods, the method relies on accurate mathematical 

models, which can only be based on the effective analogy of the natural and human activities. 

Representative of the genetic algorithm, simulated annealing method, particle swarm optimization 

algorithm, etc.. 

Genetic algorithm is a new optimization algorithm in 1980s, the rapid development in recent years, its 

mechanism is derived from the nature of the biological evolution of selection and genetic, through the 

selection, Crossover, mutation and other core operations, to achieve survival of the fittest. Genetic 

algorithm has a good global optimization ability, optimization results are generally better than the 

traditional optimization method, the calculation is relatively large, long time. 

The simulated annealing algorithm is a random search algorithm based on the thermodynamic 

principle, and it can be regarded as an evolutionary optimization method. Algorithm based on the 

principle of solid annealing: the solid heat to full high temperature, then let it slowly cooling, heat up 

solid particles with temperature rise into a disordered state, can increase, and slowly cooling particles 

gradually orderly, in each temperature reached equilibrium state, finally reached the ground state at 

room temperature, can be reduced to the minimum. The principle of the algorithm is relatively simple, 

only the conventional iterative seeking optimal algorithm modification, allowing to a certain 

probability to accept less than the previous slightly difference solution as the current solution. 

Particle swarm optimization algorithm from the study on predatory behavior of birds, belonging to the 

nature of iterative random search algorithm with the parallel processing characteristic, good 

robustness, easy to implement. The algorithm can find the global optimal solution of the optimization 

problem with a large sum of generalization, and it has been successfully applied to solve all kinds of 

complex optimization problems in power system. 

4. Based on the L1 norm and the modern interior point theory of power system 

power flow calculation method 

An iterative calculation method is adopted for general power flow calculation. But these direct 

iterative methods have a common drawback: the problem of ill conditioned power flow calculation. In 

the calculation of some ill conditioned power systems, the algorithm often appears oscillation and non 
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convergence. In view of the above situation, the researchers put forward the algorithm based on 

nonlinear programming model. This kind of algorithm can be expressed as a minimum value problem 

of the objective function which is composed of the power flow equation. Under given operating 

conditions, if the power flow problem has solution, then the target value is zero, if the power flow 

problem has no solution, then the target value is a positive value. Thus, even in the case of the ill 

conditioned system, the calculation process will not diverge. 

5. Symbol analysis method for power flow calculation of power system 

With the expansion of the scale of the power system, power system real-time computing problems is 

increasingly important, but for a long time by the efficiency of the algorithm is limited, power flow 

calculation speed difficult to get substantive breakthrough. According to characteristics of power 

network in the actual operation, combined with network graph theory is proposed using symbolic 

analysis method to solve the trend of electric power network of new ideas is expected to overcome the 

traditional numerical calculation method in the convergence of redundancy, on fire, computer 

effective word length effects such as insufficient. 

These features will be calculated on line in the power system, static safety analysis and other fields 

play a obvious advantages. In addition, traditional power flow calculation method is pure "numerical 

calculation", calculated by the use of these methods result is digital and is not a function and their 

characteristics is pointwise in complete numerical calculation, so inevitably exist convergence 

problem of redundancy, the problem, computer effective wordlength effect and similar numerical 

differencing occurs when the floating-point error problem. 

6. Power flow calculation method based on Cloud Computing 

Cloud computing is a new information platform, which is based on the integration of resources and 

CPU resources, which is a new information platform for smart grid in power system, which is based 

on the integration of resources and resources. At present, the application of cloud computing in power 

system has just begun, there are still a lot of technical problems need to be studied in depth. Among 

them, how to improve the existing parallel algorithm based on cloud computing platform is one of the 

important issues to promote the smooth construction and engineering application of smart grid 

information platform. 

Small scale distributed computing platforms or traditional clusters are based on the internal and 

centralized data storage, and the cloud computing platform can be integrated in the physical 

distribution of a wide range of computing devices, and mainly to take the distributed storage and use 

of Internet communications. These characteristics of cloud computing determine that the existing 

distributed and parallel power system analysis algorithms are difficult to play the high performance 

computing capabilities of the cloud computing platform. Therefore, it is necessary to design a new 

parallel algorithm according to the characteristics of cloud computing. For example: in order to avoid 

some of the devices in the cloud computing platform because of low computing power, there is no 

way to deal with a large sub problem and was long idle problem, the new algorithm should be divided 

into small sub problem as far as possible. Also, the new algorithm should be based on the calculation 

of different computing devices to determine the amount of the allocation of computing tasks, the 

principle is to calculate the ability of the equipment with a strong corresponding distribution of more 

sub tasks, so as to reduce the amount of communication between devices, to avoid a higher Internet 

communication delays. In addition, in order to overcome the problem of large number of data 

transmission, which is based on the distribution of the data collected in the cloud computing, the new 

algorithm should be designed to select the "nearest treatment". In short, the design of the cloud 

computing algorithm should be mainly considered to improve the parallel degree of algorithm and 

minimize the amount of network traffic these two principles. 
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7. Conclusion 

While after thirty years of development, power flow algorithm has been relatively mature. 

However, there are still many yet to solve the problem, for example: (1) a variety of Newton power 

flow algorithm, for some ill conditions may lead to non convergence problem; (2) power flow 

calculation of multi solution phenomenon and its mechanism; (3) under heavy load, nearby with a 

plurality of voltage unstable problem. 

At present, both in practice and in theory, there are many problems need to be solved, especially 

how to solve large-scale nonlinear programming problems with thousands of variables quickly. So we 

still have a long way to go in the power flow calculation. 
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