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Abstract. With the development of technology and people's awareness of environmental protection, 
more and more clean energy for power generation, such as wind power, photovoltaic power 
generation and so on. This type of energy is renewable and pollution-free, but it is intermittent，
reliability and stability is poor. And distributed generation will form  isolated island when the fault 
occurs in the entire power grid can make up for the shortcomings of these intermittent energy. This 
paper introduces the determination method of the isolated island range with only one DG, and  the 
range of each DG island is calculated by using the continuous shortest path algorithm for multiple 
DG in power grid. The purpose is to ensure that the load power supply and to achieve the lowest 
cost at the same time. 

1. Background 

In recent years, with the increasingly stringent requirements of environmental protection,  more 
and more clean energy such as wind power, photovoltaic power ,  biomass power is used in power 
generation. A large number of distributed generation(DG) power generation by these energy sources 
are incorporated into the distribution network,  has brought great changes to the traditional 
distribution network.  When the distribution network is in trouble, but the DG is still in the power 
generation and connected to the local load run independently is called the islanding effect[1].  Safe 
island defense technology refers to the use of the island effect to ensure power supply security of the 
important load in the range of the DG power supply, so as to protect people's lives and property safety. 
The key to this technology is the division of the DG power supply range,  because it will reduce the 
reliability of the power supply if the responsible scope is too large and will waste energy if too small. 
In order to solve this problem, we provide a range partitioning method with single DG and multiple 
DG in this paper. 

2. The objective function and constraint conditions of DG island division 

There are a lot of different levels of load in the power grid, we will be graded according to their 
important level first. In the formation of an isolated island,  should be included the high level of 
importance load as much as possible. So the target function of island division is as follows: 

Among them, n represents the number of isolated islands; Hi represents a collection of all the loads 
in the i Island; Lj is the type of load element within the Hi; λLj is the weight of load type Lj; PLj is the 
power size of the load type.  In this paper, we divide the load level into 1, 2, and 3 and  their weights 
are 1, 2, 3, respectively. The smaller the weights represent the load more important. 

As the island's capacity is limited, so it is also required to meet the following constraints: 
(1) Power balance in isolated island. This constraint conditions require that the generation of DG 

in the isolated island should be balanced with the load. 
(2)  Current constraint.  The current on each line should not exceed the limit value after the 

isolated island formation. 
(3) Voltage constraint. The voltage level of each load should be maintained within the scope of 

the requirements to ensure the quality of power supply after the island formation. 
(4) Topological constraint. In this constraint, need a connecting path between the load node and 

3rd International Conference on Materials Engineering, Manufacturing Technology and Control (ICMEMTC 2016)

© 2016. The authors - Published by Atlantis Press 344



 

 

the DG in the island, and the island is in a radial run. 

3. Determination of the island range 

Due to the limited capacity of DG, so the scope of the island to provide power when the grid is in 
trouble is also limited. Determine the maximum range of the island according to the capacity of the 
DG and remove excess load, this can effectively improve the computational efficiency. 

We will use an example to demonstrate the process of determining the island range. The capacity 
of the DG is 800 KW, the load in the area is shown in Table 1and containing region show in figure 
1. 

Table1 The load of DG within the connected region 
Load number 1 2 3 4 5 6 7 8 9 10 11 12 13 
Load 
capacity/KW 

8
0 

31
0 

23
0 

45
0 

27
0 

19
0 

48
0 

30
0 

38
0 

17
0 

36
0 

24
0 

34
0 

 
Figure 1 Connected region containing DG 

As shown in Figure 1 with the DG connected region, the load parameters of DG's power supply 
path are shown in Table 2. 

Table 2 The load parameters of DG's power supply path 
Number of power supply 

path  
Load number on power 

supply path 
Total load/KW 

1 1,4,9,13 1250 
2 2,5,10 750 
3 2,6 500 
4 3,7,11 1070 
5 3,8,12 770 

As shown in Table 2,  the power supply path of DG 1 and 4 contains more than DG of the total 
load capacity. So it is needed to remove the lowest layer of the load on the two paths until the load 
on the path is in the range of DG capacity. After eliminating the nodes 13 ,9and 11, the total load of 
path 1 and path 4 changed to 530kW and 710 kW respectively. At this point, load on all paths are in 
the range of DG capacity. The maximum power supply range of the DG can be obtained, as shown 
in figure 2. 

 
Figure 2 Maximum power supply range of DG 

The above is the fault area containing only one DG,  if the fault area contains more than one DG 
and some loads are in the range of multiple DG power supply at the same time. At this time we 
need to consider the cost of power generation DG, the share load will be included into the lower 
cost DG. Specific methods will be introduced in the following. 

4. Continuous shortest path algorithm 

The essence of DG Island partitioning problem is under the condition of DG capacity constraint, 
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in order to find the power supply path of DG for more important load .  This problem can be 
understood as the minimum cost maximum flow problem in graph theory, continuous shortest path 
algorithm is a fast and effective algorithm to solve the minimum cost maximum flow problem[2]. 
For a more detailed description of the shortest path algorithm, connected region with multiple DG 
in the XX city present in figure 3 as an example. There are one school, one factory, one hospital and 
two DG in this city. 

 
Figure 3 Connected region with multiple DG 

As shown in Figure 3, PG
max  is the upper limit of active capacity of DG , PL is the load active 

power,α,β,γis power generation cost, line transmission cost, load cost for DG respectively. 
Continuous shortest path algorithm can not be directly applied to the distribution network, it is 
required to transform the system shown in Figure 3 into a graph theory model. The graph theoretic 
model of the system is shown below: 

 
Figure 4 Graph theoretic model of connected regions with multiple DG 

In Figure 4, s is the virtual source point, t is the virtual sink point, this is done in order to change 
the power supply into a single power supply, multi sink point into a single sink point. Figures in 
brackets refer to the transport cost and the remaining capacity of the branch. 

The core of the shortest path is to update the distance label of each node πi, its specific meaning 
can be understood as the source point s to the node i shortest path length, each vertex can be linked 
by this setting. Continuous shortest path algorithm is to continuously update the distance of each 
node label until all nodes are the shortest path to meet the optimal conditions of the shortest path: 

In the label update process, when πj>πi‐βij, let πj=πi‐βij. 
Before the start of the shortest path, in order to obtain the shortest path from source point s to 

sink point t, Define the following three arrays: 
(1)S[n]:  S[i] indicates whether the node i is traversed when searching for the shortest path, 1 

means yes and 0 means no. 
(2)label[n]: label[i] represents the length of the shortest path from the source point s to the node i. 

Its value is equal to πi. 
(3)path[n]: path[i] represents the number of the previous node of the node i On the shortest path 

from the source point s to the node i. 
At the time of operation,  the first step is to initialize the data; The second step is to update the 

source point s related nodes in the array of parameters; And then choose to meet the requirements of 
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the label[i], to update path[i] and S[i]; If S[i]=1, reverse tracking path array, Determine the shortest 
path, if it is not then return to the second step to re cycle. 

Sequential shortest path algorithm to determine the shortest path of a source point s to point t 
calculation process and to make the path to meet the constraints of the parameter setting process[3], 
As shown in Figure 5 to determine the path of the system after the s-3-t graph theory model. 

 
Figure 5 System graph theory model for determining path s-3-t 

Algorithm to determine the shortest path after the update of the parameters, the initial array s, 
label, path, and then re start looking for a S to t the shortest path.  Continuous shortest path is 
through the s to find the shortest path to t, Until the DG available power generation is less than the 
minimum system load Lmin or restore the power supply load is equal to the total system load Lsum. 

The flow chart of DG island partitioning strategy based on the shortest path algorithm is shown 
in Figure 6. 
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Figure 6 DG island partitioning strategy based on the shortest path algorithm 
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5. Conclusion 

With the development of technology and people's awareness of environmental protection, there 
must be more and more DG into the power supply network in the future.Through the optimization 
of the control algorithm of the safe island defense model in the distribution network with distributed 
generation, can greatly improve the reliability and stability of this kind of distribution network 
power supply. By scientific DG Island division, can be in the case of the minimum cost to ensure that 
as much as possible without power outage, it is a great significance to protect the people's lives and 
property. 
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