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The development of economy can not be separated from sufficient energy supply. With the progress of technology, 

the distribution network gradually expands the capacity and transportation, but also brings security risks. The 

distribution automation system can effectively manage the power grid faults. This paper briefly introduced the 

calculation model of the economic cost and the reliability rate of the distribution automation, and then the assem-

bly scheme of the distribution terminal was optimized by using the improved binary particle swarm optimization 

(PSO) algorithm. Next, the simulation analysis of the distribution terminal distribution on a 10KV main feeder 

line in Xuanwu District of Nanjing city was carried out in MATLAB software. The results showed that the impro-

ved binary PSO algorithm could optimize the assembly scheme of remote metering and remote signalling and the 

assembly scheme of remote metering, remote signalling and remote control rapidly; the hybrid assembly scheme 

needed a little more time; the power supply reliability rate of the optimized three terminal assembly schemes was 

over 99%; the hybrid assembly scheme had higher power supply reliability rate and the lowest economic cost. 
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 Introduction 

The rapid development of Chinese industrial 

economy is inseparable from the huge and stable energy 

supply, and electric energy is one of them [1]. The de-

mand of industrial development and daily life makes the 

power grid system continue to expand. Although the 

transportation volume of power improves, it also incre-

ases the distribution risk [2]. The grid failure will affect 

daily production and life in a large range due to the high 

dependence of modern society on electric power, which 

will not only cause economic losses, but also greatly re-

duces the happiness of residents. Therefore, the timely 

maintenance of power grid fault is conducive to the secu-

rity of power grid [3]. In addition to regular manual ma-

intenance, the means of detecting power grid also include 

intelligent automatic fault detection means, such as high-

voltage circuit breaker. The power grid security techno-

logy discussed in this paper is distribution automation 

technolo-gy, which can quickly locate and isolate the 

fault point and realize power supply recovery. Onen et al. 

[4] put forward a series of analysis and on-site verifica-

tion, evaluated the efficiency, reliability and capacity im-

provement of the model centered distribution automa-

tion, and found that the model centered distribution auto-

mation had a positive impact on the system efficiency, 

capacity and reliability. Jamali et al. [5] attempted to find 

fault location using the iterative algo-rithm based on state 

estimation. The simulation results showed that the algo-

rithm could accurately locate the fault in distribution 

network, which provides a data support for distribution 

automation. Liu et al. [6] proposed a power supply capa-

city evaluation method of medium voltage distribution 

system considering power supply reliability. In this pa-

per, the calculation model of the economic cost and the 

reliability rate of the distribution automation is briefly in-

troduced, and the assembly scheme of the distribution 

terminal was optimized by using the improved binary 

particle swarm op-timization (PSO) algorithm. Then, the 

simulation analysis of the distribution terminal distri-

bution on a 10KV main feeder in Xuanwu District of 

Nanjing city was carried out in MATLAB software [7]. 

 Distribution automation and planning 

2.1 Distribution automation system 

The distribution automation system is a system that 

combines the distribution network architecture with the 

related monitoring equipment terminals and realizes the 

distribution network control by using the communication 

network through the overall planning procedure. The dis-

tribution automation system has different types according 

to the diver-sity of functions, but its basic structure is si-

milar. As shown in Fig. 1, the basic structure of different 

types of distribution automation system is divided into 

three parts after the diversified functions are removed [8]. 

The distribution terminal is an important component of 

the distribution automation system, and its main function 

is to collect the operation data of the current distribution 

network and upload the fault to the distribution main sta-

tion. 

The functions of the distribution terminal include 

remote metering, remote signalling and remote control. 

Remote me-tering and remote signaling mean 

transmitting the circuit data and the operation informa-

tion of the power grid hard-ware facilities obtained by the 

terminal from the power grid detection to the main station 

after coding. Remote control means that the main station 

makes feedback according to the collected information 

and makes remote control on the terminal. According to 

the function type [9] of the terminal, it can be divided into 

two types, two-remote terminal and three-remote termi-

nal. 
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Fig. 1 Diagram of distribution automation

2.2 Distribution automation planning 

The indicator of evaluating whether the terminal con-

figuration of the distribution automation system is reaso-

nable or not is the whole life cycle cost and power supply 

reliability. The whole life cycle cost is the construction 

and operation cost of the distribution automation system, 

and its mathematical model [10] is: 
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Where: 

allC ...Total input cost, 

FC ...Terminal investment cost, 

MC ...Operating cost,  

DC ...Cost of terminal disposal, 

IC ...Loss of users, 

kN
..Total number of terminals in the grid, 

fC ...Cost of a single terminal, 

q ...Discount rate, 

p ...Service life of the terminal,  

pC ...Operation conversion rate,  

tC ...Conversion rate of waste treatment cost,  

sC ...Income of unit electric energy,  

ENSW ...Income brought by the increase of power gen-

eration after distribution automation,  

iP ...Load in section i of the grid, 

iη ...Load rate in section i. 

 

The reliability of power supply is evaluated by the ou-

tage time. In case of power failure in a certain area of the 

power grid, the duration of power failure is: 

 1 2 3T t t t= + +  ,  (2) 

Where: 

T ...Duration of the outage, 

1t ...Troubleshooting time of the fault point, 

2t ...Isolation time of the fault point, 

3t ...Repair time of the failure point. 

 

After adopting the distribution automation system, the 

power supply reliability of the power grid can be impro-

ved. The calculation model of power supply reliability 

[11] is as follows. 

 Two-remote terminals are installed: two-remote 

terminals have remote metering and remote signaling 

functions, so it is not necessary to spend time on trouble-

shooting the fault points, but it is still necessary to manu-

ally isolate and repair the fault points. Then the calcula-

tion formula is: 
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Where: 

α ...Power supply reliability, 

k ...Number of terminal installed, 

2Ft ...Outage hours ( 2t ) before the fault points are 

isolated, 

F ...Equivalent failure rate, 

if  ...Failure rate of section i. 

 

 Three-remote terminals are installed: three-remote 

terminals also have additional remote control function. 

After detecting the fault, in addition to rapidly feeding 

back to the main station, they will also quickly isolate the 

fault point, so it does not need to spend time to check and 

isolate the fault point, but just need to repair the fault 

point manually. Then the calculation formula is: 
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 Mixed installation of two-remote and three-remote 

terminals: after the mixed installation of two-remote and 

three-remote terminals, manual repair is needed no matter 

whether the fault point is isolated after being detected by 

the two kinds of terminals; therefore the two terminals 

can be regarded as one in the processing time of repairing 

the fault, while the isolation time of the fault point needs 

to consider the common influence of two-remote and 

three-remote terminals. Therefore, the calculation for-

mula is: 
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Where: 

1k  ...Number of three-remote terminals. 
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 Improved PSO algorithm 

As mentioned above, calculating the configuration 

scheme of terminals is a problem of objective opti-

mization. If the scheme is enumerated manually, it will 

take time and effort. In this study, PSO algorithm was 

used to optimize the configuration scheme. 

PSO algorithm [12] is an evolutionary algorithm in-

spired by the phenomenon of birds foraging in nature. A 

N-dimensional search space is set, and the scale of the 

particle swarm is M, then its iterative algorithm formula 

is:
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Where: 

)(tX i
...Position of the i-th particle before adjustment, 

 )(tvi
 ...Velocity of the i-th particle before adjustment, 

)(tPi
...Individual optimal position of the i-th particle 

before adjustment,  

)(, tX ji
 ...Position of the i-th particle before the j-di-

mensional adjustment 

 )1+(, tX ji
...Position of the i-th particle after the j-di-

mensional adjustment, 

 )(, tv ji
...Velocity of the i-th particle before the j-di-

mensional adjustment,  

)1+(, tv ji
 ...Velocity of the i-th particle after the j-di-

mensional adjustment, 

1c  ...Learning factor,  involving the adjustment of in-

dividual optimal position, 

2c  ...Learning factor, involving the adjustment of 

global optimal position, 

jir ,1
 ...A random number, evenly distributed in )1,0( , 

jir ,2
... A random numbers, evenly distributed in )1,0( . 

 

In this study, PSO algorithm was used for optimizing 

the configuration of distribution terminals. In the actual 

configu-ration, terminals are generally installed on the 

sectional switches of power grid feeders. Therefore, a se-

ries of binary sequences can be used to represent the ter-

minal configuration scheme on a feeder: "1" represents 

the installation of terminal and "0" represents the no in-

stallation of terminal. Then the above iterative formula of 

PSO algorithm needs to make some changes, the iteration 

formula of its speed is unchanged, the j-dimensional po-

sition of particle is limited to 1 or 0, and the iterative for-

mula of the position is: 
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Where: 

r ...A uniform random number between 0 and 1. 

Although the above-mentioned PSO algorithm is 

changed to binary in position, which reduces the calcula-

tion amount to a certain extent, it is still a traditional PSO 

algorithm which is easy to fall into local optimal solution 

or has the prob-lem of slow convergence in the calcula-

tion process. Therefore, the standard binary PSO algo-

rithm is improved:
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The improvement of the standard binary PSO algo-

rithm is that inertia weight   is added to the velocity itera-

tion for-mula, and the inertia weight is nonlinear decrea-

sing [13].   and   are the maximum value and minimum 

value of   respectively. 
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Fig. 2 Optimization process of terminal configuration scheme based on binary PSO algorithm 

 

The optimization process of the terminal configura-

tion scheme of the improved binary PSO algorithm is ba-

sically the same, as shown in Fig. 2. 

(1) Firstly, the calculation model is initialized, inclu-

ding particle population size, maximum number of itera-

tions [14], etc. 

(2) Secondly, initial particles are randomly generated, 

which are composed of a series of binary sequences,and 

each particle represents a scheme. 

(3) The power supply reliability of each particle is 

calculated according to the above power supply reliability 

calculation formula, and the particles which do not meet 

the power supply reliability requirements are updated to 

make them meet the power supply reliability require-

ments. 

(4) When the particle swarm meets the requirements 

of power supply reliability, its fitness value is calculated. 

The fit-ness value in this study adopts the whole life cycle 

cost, and its calculation formula is as described above. 

(5) Then the individual optimal and global optimal 

particles are updated according to the fitness value and 

iterative formula, and all particles in the particle swarm 

are updated. 

(6) After updating, whether the algorithm meets the 

termination conditions is determined. If it does not meet 

the condi-tions, it continues to iterate; if it does, the algo-

rithm ends, and the results are output. 

 Example analysis 

 Experimental environment 

In this study, the binary PSO algorithm was written by 

MATLAB software [15], which was used for optimizing 

the con-figuration scheme of the distribution terminal. 

The experiment was carried out with a laboratory server. 

The server configuration included windows7 system, i7 

processor and 16g memory. 

4.2 Experimental data 

 

Fig. 3 A simplified drawing of a 10 kV main feeder in Xuanwu District, Nanjing

In this study, a 10 kV main feeder in Xuanwu District 

of Nanjing city was selected as the simulation analysis 

target. The original power grid distribution map is relati-

vely complex as it passed through the urban area. In order 

to facilitate the application of PSO algorithm, it was sim-

plified. As shown in Fig. 3, six section switches in the 

simplified main feeder can be used to install distribution 

terminals, and the section switches divide the main feeder 

into seven areas, the length, number of users and line load 

of each section are shown in Table 1. In addition, the line 

type in each area is overhead insulated line [16], and the 

failure rate of transmission line is 0.11 times/(km*year). 

In the period of power failure due to failure of distri-

bution network, the time of troubleshooting was expected 
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to be 1 h, the time of fault isolation was expected to be 2 

h, and the time of fault maintenance was expected to be 4 

h; the cost of installing a single two-remote terminal was 

30000 yuan, and the cost of installing a single three-

remote terminal was 90000 yuan. 

Tab. 1 Relevant parameters of line regions 

Line re-

gions 

Length/km Line us-

ers/n 

Line 

load/kW 

① 1.21 6 965 

② 1.02 5 251 

③ 1.16 2 365 

④ 2.15 4 124 

⑤ 1.81 6 987 

⑥ 1.21 3 415 

⑦ 0.69 4 120 

 

Relevant parameters of the improved binary PSO al-

gorithm were as follows. The particle swarm size was 50, 

the max-imum times of iterations was 100, and learning 

factor   and   were 1.5. The particle coding in particle 

swarm is different according to the configuration scheme. 

In the configuration schemes of all two-remote terminals 

and three-remote terminals, both of them were coded in 

the same way, with 0 for no installation and 1 for insta-

llation, and the length of code was 6, for example, repre-

sents installing terminals at the second and sixty section 

switches. In the configuration of mixed installation of 

two-remote and three-remote terminals, a two-digit bi-

nary code was used to present whether a section switch 

was installed and the installation type, 00 and 11 for no 

installation, 01 for installation of two-remote terminals, 

and 10 for installation of three-remote terminals, and the 

length of code was 12, for example,   represents the se-

cond and forth section switches installed two-remote ter-

minals.  

4.3 Experimental results 

If the exhaustive method was used to design the ter-

minal configuration scheme, the total number of schemes 

using two- or three-remote terminals alone was  , and mo-

reover there were   kinds of schemes of mixed installation 

of two-remote and three-remote terminals. It is almost un-

realistic to calculate the reliability and economic cost of 

power supply for each scheme. After using the improved 

binary PSO algorithm, as shown in Fig. 4, only about 20 

times of iterations were needed for the assembly scheme 

of two-remote terminals and the scheme of three-remote 

terminals to obtain the appropriate terminal assembly 

scheme. The mixed assembly scheme of two- and three-

remote terminals needed 35 times, which greatly reduced 

the calculation amount. It can also be seen from Fig. 4 

that the fitness value of the final convergence of the as-

sembly scheme of two-remote terminals was larger, and 

the fitness values of the final convergence of the assembly 

scheme of three-remote terminals and the assembly 

scheme of two-remote terminals and three-remote termi-

nals were low and close, but the fitness value of the hyb-

rid assembly scheme was smaller. 

 

Fig. 4 Convergence of three configuration schemes 
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Fig. 5 The economic cost and power supply reliability of the three schemes 

 

After 100 times of iterations, the three assembly 

schemes all obtained an appropriate terminal allocation 

scheme. The economic cost and power supply reliability 

are shown in Fig. 5. The final distribution scheme of the 

two-remote termi-nal assembly scheme was  . In details, 

three two-remote terminals were installed at the first, 

fourth and sixth section switches respectively. The eco-

nomic cost of the scheme was 87800 yuan, and the power 

supply reliability rate that can be achieved was 99.88%. 

The final distribution scheme of the three-remote terminal 

assembly scheme was  . Three three-remote terminals 

were installed and loaded at the second, fourth and sixth 

section switches re-spectively. The economic cost of the 

scheme was 57500 yuan, and the power supply reliability 

rate that can be achieved was 99.97%. The final distri-

bution scheme of the hybrid assembly scheme was  . One 

two-remote terminal and two three-remote terminals were 

installed. The two-remote terminal  was installed at the 

first sec-tion switch, and the three-remote terminals were 

installed at the fourth and sixth section switches respecti-

vely. The economic cost of the scheme was 55400 yuan, 

and the power supply reliability rate that can be achieved 

was 99.98%. It was seen from Fig. 5 and the distribution 

scheme that the number of terminals required for the three 

assembly schemes were all three, but the different types 

and distribution positions made their power supply relia-

bility and eco-nomic cost different. The economic cost of 

the two-remote terminal assembly schemes was the lar-

gest, and the three-remote terminals and hybrid schemes 

were relatively close and lower than the two-remote ter-

minal assembly scheme. Although the single cost of the 

two-remote terminal was far lower than that of the three-

remote terminal, the high relia-bility of power supply and 

the shorter outage time brought by the three-remote ter-

minals made the rest of the operation cost greatly reduced, 

so does the hybrid assembly scheme. The mixed assembly 

of two-remote and three-remote termi-nals not only kept 

the high reliability of power supply, but also reduced the 

terminal cost. 

By comparison, the power supply reliability of the 

three assembly schemes was more than 99%, so it tended 

to choose the three-remote assembly scheme and hybrid 

assembly scheme with low cost. The cost and power 

supply reliability of the hybrid assembly scheme were 

slightly better than that of the three -remote assembly 

scheme. Therefore the hybrid assembly scheme was fina-

lly selected. 

 Conclusion 

This paper briefly introduces the calculation model of 

the economic cost and the reliability rate of the distri-

bution au-tomation and optimizes the assembly scheme 

of the distribution terminal by using the improved binary 

PSO algorithm. Then, the simulation analysis of the dis-

tribution terminal distribution on a 10 kV main feeder line 

in Xuanwu District of Nanjing city was carried out in 

MATLAB software. The results are as follows. Compa-

red with the exhaustive method, the three assembly 

schemes which applied PSO algorithm obtained the opti-

mal scheme more quickly; the two-remote assembly 

scheme and three-remote assembly scheme only needed 

about 20 times of iterations, and the hybrid assem-bly 

scheme needed about 35 times of iterations. Moreover, 

the convergence fitness value of the three-remote termi-

nal and hybrid schemes were lower. After 100 times of 
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iterations, the optimal two-remote assembly scheme ob-

tained was  , the economic cost was 87800 yuan, and the 

power supply reliability was 99.88%. The optimal three-

remote terminal assembly scheme was  , the economic 

cost was 57500 yuan, and the power supply reliability rate 

was 99.97%. The optimal hybrid assembly scheme was  , 

the economic cost was 55400 yuan, and the relia-bility 

rate of power supply was 99.98%. 
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