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 The increase in specific diseases and the expansion of environmental pollution have 

drawn more attention to these destructive phenomena. Thermal power plants, as 

sources of pollutant gas emissions, are recognized as contributors to global 

warming and environmental degradation. Although wind power plants contribute 

to reducing environmental pollution by supplying the power system load, the 

random and unpredictable nature of wind increases the output power variability of 

these plants, raises system risk levels, and complicates their operation. The 

economic distribution of energy, the design of internal farm networks, and the 

calculation of system costs have become additional topics of study in new 

networks. This article focuses on optimizing the connections of wind turbines in 

wind farms. Accordingly, the shortest path for transmitting the generated power of 

wind turbines to the consumption network and the number of paths are determined. 

A genetic optimization algorithm is used in this process. Simulation results using 

MATLAB software demonstrate the optimal selection of the number and length of 

paths in the shortest possible time for a sample wind farm. 
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1. INTRODUCTION 

The layout of turbines in a wind farm is a highly significant issue. The development of wind generation sources 

in new networks has become a top policy priority. However, the vast area required for wind farms hinders the 

placement of turbines to ensure a substantial production in the network. Therefore, to achieve a production level of 

several hundred megawatts from wind farms, it is necessary to formulate the objective functions of wind farm design 

to increase the turbine rate to the land area belonging to the farm. Notably, the constraints of this issue are the wake 

effect and the results obtained from wind measurement in the wind farm. After designing the farm and accurately 

determining the turbine placement, the issue of the electrical connection of wind turbines arises. Given that wind 

farms typically have wind speeds greater than 8 meters per second, for safety reasons, the power transmission from 

wind turbines to the network cannot be done via overhead lines. Hence, power transmission must be done 

underground. Digging and laying cables underground, in addition to the extra cable costs compared to overhead 

lines, impose additional electrical infrastructure costs on wind farms. Therefore, optimization in determining the 

shortest path for transmitting the generated power of wind turbines to the consumption network becomes significant. 
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Initially, the layout of wind turbines in a farm is influenced by the wind speed and wind arrangement in the farm. 

The point with the highest average wind power during wind measurement studies is where the most turbines will be 

installed. It is worth mentioning that in small wind farms, the cabling design usually lacks a specific design, and the 

internal farm connections become important when dealing with large wind farms. In [1], the authors included the 

term "large wind farm" in their article title. This article examines the clustering effect of Markov China's wind farm 

on the dynamic fluctuations of the output power of the plant. They categorized 25 out of 80 wind turbines based on 

distance and showed how clustering these 25 turbines into three separate groups could reduce dynamic fluctuations 

in farm power and improve its control performance. In [2] and [3], the optimization of internal cabling in wind farms 

has been studied. Given the expectation that by 2030, approximately 20% of the electricity in the United States will 

be sourced from offshore and coastal wind farms, studying this issue to reduce the land area occupied by wind 

turbines becomes crucial. These references present graphical images of clustering and cabling of the wind farm with 

the least digging and cable consumption while maintaining energy delivery reliability. In [4], the effect of natural 

land features such as water routes has been added to the optimization problem of digging and cabling the internal 

circuit of the wind farm. In [5], the problem was investigated using a specific bird flight algorithm. In [6], the authors 

introduced the traditional optimization problem of the internal circuit of a wind power plant with the aim of reducing 

energy losses during the operation period of the production unit and solved this nonlinear problem using their 

introduced method called linear integer programming. In [7], this problem was solved using mapping theory, leading 

to the introduction of new problems around the internal circuit of wind power plants in recent years. In [8], the active 

power control of wind farm production using active control elements in the internal network of the farm and in the 

presence of wind farm clustering was proposed. The authors divided the internal control system into four levels: 

turbine performance, wind farm regulation, power collection, and wind energy management to propose their idea. 

In [9], the same issue was solved by estimating short-term active power and observing reliability constraints while 

maintaining frequency within nominal limits.  

In [10], the voltage sag profile of a wind farm was investigated in a probabilistic environment. Power quality as 

a criterion for measuring the performance quality of power networks is currently proposed, leading to the addition 

of elements like FACTS devices to improve the output parameters of wind farms. The fluctuations in wind turbine 

production power necessitate the installation of FACTS devices to improve stability conditions and operation from 

this source. Consequently, the performance of FACTS devices on one line of the internal network of a wind farm 

changes the network impedance, causing serious problems for distance and overcurrent protection which are set 

based on line impedance. Therefore, in new networks equipped with wind turbines and FACTS devices, there is a 

serious issue in setting the different zones of distance relays that operate based on the observed network impedance 

[11]. When a short circuit occurs in the network, this type of relay is responsible for line protection and determining 

the fault distance to the relay. Generally, the primary protection is handled by distance relays, and the backup 

protection of the farm is handled by overcurrent relays. This is due to the speed and precedence of the distance relay 

operation over overcurrent relays [12]. With the continuous change in observed impedance by wind turbines, 

impedance-sensitive relays malfunction [13-15]. The malfunction of distance relays (as the primary protection of 

the farm) increases the likelihood of serious damage to the internal network of the wind farm and its turbines [16]. 

In reference [17], the authors searched for the best cabling route for a depicted wind farm. Naturally, reducing cable 

length reduces the copper losses of the farm and increases the total farm production, which was considered the 

evaluation criterion for the study's accuracy. 

This article focuses on optimizing the connections of wind turbines in wind farms. Accordingly, the shortest path 

for transmitting the generated power of wind turbines to the consumption network and the number of paths are 

determined. A genetic optimization algorithm is used in this process. For this purpose, the modeling of the problem 

is presented in the second section. The simulation method and its results are presented and analyzed in the third 

section, and finally, the conclusion is provided in the fourth section. 

2. MODELING 

In the defined problem of this article, the locations of the branches or internal substations of the wind power plant, 

as the connection points of the wind turbines or cabling branches, are predetermined. Therefore, after selecting the 

location of each substation, usually determined optimally based on turbine placement, land features, turbine 

clustering, etc., the number of internal substations or nodes is denoted by N, and the paths or total edges (or cabling 
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lines) connecting two substations in the overall graph-like plan of the problem are denoted by E in a two-dimensional 

diagram (with x and y coordinates). 

Thus, in this graphical map, there will be edges and nodes that are marked as E and N, respectively. In some 

nodes (or N), there might be one or two (as the most frequent case) or several edges (or cable lines). Since the 

location of N nodes is based on the best wind point in the wind farm determined by the wind measurement stage, 

the placement of each turbine is predetermined based on the problem constraints, and the geographical map of it 

must be used to draw the entire problem graph. Figure 1 and Table 1 show the location of the substations. In Figure 

1, the points marked with circles indicate the location of wind turbines, and the point marked with a square (at the 

coordinates x=820, y=460) indicates the connection point of the wind power plant to the power system or the PCC. 

The well-known problem is to select the shortest path length between the substations depicted in Figure 1, which 

will be the solution to the problem. 

 
Fig. 1. Test network showing the layout of the wind turbine placement (marked with ●) in a wind farm and the PCC point 

(marked with ■) as the connection point of this farm to the power system on the Y-X diagram. 

 
Table 1. Geographical positions of the substations and wind turbine branches on the Y-X diagram. 

Y X Post Number Y X Post Number 

640 620 10 175 890 1 

10 500 11 230 875 2 

80 360 12 560 850 3 

420 250 13 940 800 4 

130 220 14 690 776 5 

975 190 15 910 760 6 

490 130 16 550 700 7 

950 30 17 380 690 8 

   900 675 9 

 
According to the flowchart provided in this article, the optimal routing of any other map can be easily generalized 

and derived. The overall problem-solving process is listed as follows: 

1. Initially, the locations of the posts must be input into the problem-solving computer program. As mentioned, 

these locations are determined based on feasibility studies conducted in wind measurement studies. In this research, 

the cable routing is performed using a collective intelligence algorithm as illustrated in Figure 1. 
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2. Based on the geographical map of the problem, which includes the locations of the posts, a table of geographical 

locations was prepared. In this article, Table 1 shows the geographical locations of the posts based on X and Y 

coordinates. It is noteworthy that these coordinates can be easily obtained using GPS as well. The accuracy of this 

information is a crucial requirement for the computer program. 

According to the defined overall flowchart, this section presents the governing relationships in the form of a 

mathematical model. To minimize the route length, the search algorithm must find the minimum value for the 

following objective function: 

 

(1) 

where: 

 

(2) 

 

 

(3) 

                                                                                                          

 

(4) 

                                                                                                     

 

(5) 

 

 

(6) 

In this problem, there are 17 posts (turbine locations) and we seek the shortest route length with a maximum of 8 

cable routes. Thus, the total minimized route length should be within the range of TL. Therefore, we have: 

 

 

(7) 

3. SIMULATION AND RESULTS 

Initially, the positions of the posts are introduced into MATLAB software. Based on Table 1, the location data of 

each post were included in the computer program. Then, using the Line command, the route between the posts is 

drawn. Figure 2 displays the positions of the posts and the connecting routes from post number 1 to 17 in MATLAB. 
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Fig. 2. Graph plotted in MATLAB showing the positions of 17 posts on the geographical map. 

To measure the route length between two posts, the following relationship must be used: 

 

 

(8) 

                                                                                                         

where Xijis the latitude between two posts, Yijis the longitude between two posts, and \(L\) is the route length 

between two posts, while Ltis the total length of all routes between the posts. In this study, a Genetic Algorithm 

optimizer is used to solve the TSP (Traveling Salesman Problem). 

Figure 3 shows the performance chart of the Genetic Algorithm for solving the optimization problem. In the first 

stage, the chromosomes of the first generation create the next generation. The probability of genetic mutation 

(introduction of a new gene structure), denoted by the parameter Pm is considered very small in this study. Increasing 

this parameter reduces the likelihood of the algorithm being trapped in local minima but makes the problem-solving 

process time-consuming and prolonged. In the second stage of the algorithm's performance, the solution extracted 

from the first stage is evaluated, and the algorithm decides whether to continue solving and producing a new 

generation or whether the current generation of chromosomes sufficiently meets the stop criteria. If the algorithm's 

solution is negative, one iteration is added to the problem-solving process, and a new generation of chromosomes is 

produced with the help of the old generation. It should be noted that a part of the previous generation of chromosomes 

must also participate in producing the new generation. The reason for this continuous participation is the algorithm's 

route-solving nature. If the genetic algorithm uses a random function for producing new generations from the second 

stage onward, it will remain in its initial search and the chromosomes will never mature (approximate the optimal 

point). 

The main question so far is how many turbines should be placed along one cable route? How many wind turbines 

should each cable route cover? How much power can each cable transfer? What is a cluster? What is a collector? To 

answer these questions and considering the selected routes, eight scenarios were defined to solve the problem. In 

scenarios one to eight, to optimally transfer the power of all turbines, one to eight cable routes were selected, 

respectively. 

Table 2 compares these scenarios, and Figure 4 shows the bar chart comparing the total route length traversed in 

each scenario. In Table 2, the first column from the right indicates the number of cable routes in the test space or the 

scenario number, the second column shows the number of iterations of the Genetic Algorithm optimizer for each 

stage, the third column shows the total route length traversed by one or several cable routes in the test space, the 

fourth column shows the time spent to extract the optimal graph (problem solution), and columns five to twelve 

show the route length traversed by each cable route (from the longest route to the shortest route). 
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Fig. 3. Problem-solving chart using the Genetic Algorithm optimizer. 

 
Table 2. Information on distances covered in different scenarios 

Length of cabling routes from the longest distance to the shortest distance 

traveled in kilometers 

Time in 

seconds 

Total length 

of the route 

in 

kilometers 

Number of 

iterations of 

the 

algorithm 

Number 

of 

cabling 

routes 
Path 

8 

Path 

7 

Path 

6 

Path 

5 

Path 

4 

Path 

3 

Path 

2 

Path 

1 

       3.3933 28.69 3.3933 50 1 

      1.6015 1.6797 39.52 3.2812 50 2 

     0.4733 1.2023 1.6015 61.52 3.2771 50 3 

    0.4733 0.8053 1.0634 1.2023 3.93 3.5443 5 4 

   0.2294 0.3632 0.4733 1.2023 1.3306 8.83 3.5958 1 5 

  0.3113 0.3650 0.4492 0.6617 0.7917 1.2670 7.29 3.8458 1 6 

 0.2294 0.3113 0.3632 0.4492 0.4817 0.5907 1.6015 8.13 4.0270 1 7 

0.2294 0.3113 0.3632 0.4492 0.4817 0.5907 1.0269 1.0485 8.23 4.5009 1 8 
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Fig. 4. Comparative distance chart in different scenarios 

 
According to Figure 4, it is observed that in the third scenario, which has 3 cable routes in the test space, the 

shortest total distance traveled was recorded. In this scenario, the cable routes covered the following distances: Cable 

Route 1: 1.6015 kilometers, Cable Route 2: 1.2023 kilometers, Cable Route 3: 0.4733 kilometers, amounting to a 

total of 3.2771 kilometers. It is noteworthy that this solution was achieved in 61.52 seconds. Figure 5 shows the 

convergence of the proposed third scenario under optimized parameter settings of the genetic algorithm. 

 
Fig. 5. Convergence of the proposed third scenario under optimized genetic algorithm parameters 

4. CONCLUSION 

In this study, the optimization of wind turbine connections in wind farms for the test space presented in Figure 1 

was considered. Based on this, the shortest route for transferring the generated power of the wind turbines to the 

consumption network and the number of routes were determined. The genetic algorithm optimization was used in 

this context. Eight scenarios were defined to analyze the optimal number of cable routes required to solve the 

optimization problem effectively. The simulation results using MATLAB software demonstrated the optimal 
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selection of the number of routes and the route length in the shortest possible time in the sample wind farm. 

According to the discussed content, the third scenario, which has 3 cable routes in the test space, recorded the shortest 

total distance traveled. 
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