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Abstract 
  

Today, Geographic Information Systems (GIS) solutions 
have entered every corner of the engineering studies like 
Electrical Transmission Lines (ETL) route optimization, 
vehicle routing, power plant siting and so on. Raster-based 
maps generated by GIS are very useful solutions for this 
kind of route optimization problems. The weighted sum of 
all the data can be converted to raster-based maps and 
gathered consecutively in GIS for ETL route optimization. 
In this paper, Genetic Algorithm (GA) is applied to ETL 
route optimization problems in order to find the best route 
on raster-based maps. 

  
1. Introduction 

  
ETL routing is one of the most difficult problems in electrical 

engineering. As considering all the criteria like slope, landslide, 
road/railway/pipeline crossing, ice zone, distance to roads, 
national parks, archaeological areas, residential areas forests, 
river crossing etc. is impossible with human brains, GIS 
solutions should be used in this kind of problems. Processing all 
the data relevant to ETL routing is an easy process in GIS.   

The Total Weighted Surface Raster Map (TWSRM) should 
be obtained by weighting criteria related to ETL, collecting all 
the data about these criteria, processing these data, converting to 

raster format -basically a regular matrix of square cells where 
each cell represents an area and position- gathering 
consecutively all the data in ArcGIS in order to find the best 
route for ETL routing [1]-[4]. 

In weighting of criteria, Analytic Hierarchy Process (AHP) 
and the Fuzzy AHP are used. Weighting is made according to 
previous studies in literature [3]-[9]. All the data relevant to 
ETL routing are processed in ESRI’s ArcGIS software and the 
TWSRM is gathered as shown in Figure 1.  

In the map, the darkness of the pixels represents more 
passing difficulty. 

The size of the pixels is 25 meter that is a proper value for 
this kind of studies. Every cell has a value that represents the 
passing difficulty through them. If the value is higher it means 
the passing of the ETL will be difficult and vice versa.  

Sometimes ArcGIS software can find routes that have a lot of 
curves with big angles. So the GA is used on different start and 
end points of the TWSRM to find the best routes for ETL as an 
alternative to the ArcGIS software.  

  
2. Genetic algorithm 

  
GA is an optimization algorithm introduced by John. H. 

Holland. GA  that tries to mimic the natural behavior in 
searching processes associated with rules of reproducing 
populations as inheriting good genes (parts) from good 
performance parents is widely used in optimization studies [10]-
[14]. 

In order to generate the population of the GA, chromosomes 
(individuals) should be encoded from the study material. In this 
study, the TWSRM is converted to a text file that has all the 
values of the map and chromosomes (Figure 2.) are generated 
from this text file.  

As illustrated in Figure 2, every chromosome that represents 
a randomly generated route consists of lots of genes. These 
genes represent “nrows” and “ncols” values of the text file 
matrix. The addresses of the genes are memorized with their 
rows and columns number in a series named “Map Series” 
(MS). Also the raster values of these genes are memorized with 
another series named “Value Series” (VS). 

The genes of the chromosomes are selected randomly by 
starting from the beginning gene to the end gene. New genes 
should be selected from the genes around the current gene in 
order not to break off the route. This control named break off 
control is made in every gene generation. The generation 
process stops when the destination gene is reached. In every 
selection, the control of re-selection is made in order not to use 
the same gene again. 

After generating the population, GA applies crossover and 
mutation operations and runs until the number of the iteration is 
reached. The fitness functions (a weighted sum of the pixel 

 
Fig. 1. Total Weighed Surface Map obtained by 

unifying the raster-based weighed maps via Raster 
Calculator toolbox of ArcGIS. 
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values) of all the chromosomes are calculated for selection. In 
each iteration, routes (chromosomes) with lower weights (lower 
passing difficulty of ETL) have a greater probability of selection 
with the help of the “Roulette Wheel” (RW) selection method. 
The crossover operation of the algorithm is slightly different 
from classical crossover operations. There should be common 

points between two parent chromosomes selected by the RW 
selection method to prevent breaks of the routes. In the proposed 
crossover operation of the algorithm, all the common points of 
the two chromosomes are identified and then the crossover 
operation is applied by changing the parts that have big fitness 
values with the parts that have small fitness values as illustrated 
in Figure 3. 
 

Mutation operation means changing some parts or values of 
the chromosomes with new randomly generated parts or values 
that have smaller fitness values as shown in Figure 4. The break 
off control is important in this operation because the start and 
end point of the part shouldn’t be changed in order not to break 
the route. Several beginning and end points are selected 
randomly for the operation.  

The flowchart of GA used in this study is presented in 
Figure 5.  

After these processes, the algorithm runs until the number of 
the iteration is reached and then selects the best chromosome for 
solution. 
 

3. Experimental results 
 

The performance of the proposed algorithm is tested by 
comparing the routes generated by the algorithm with the routes 
generated by ArcGIS software.  

A large population size proportional to the rows and 
columns number of the study area is selected to make variety for 
the algorithm. 

Two different start and end point are selected for three 
experiment and the results of the algorithm and ArcGIS software 
are shown in Figure 6. 

In order to determine the proper iteration number and 
population size, the algorithm is run many times on the first map 
in Experiment 1 and the results are shown in Table I. 

Because of the random characterization of the algorithm the 
values in the Table I aren’t linear (e.g. the fitness value of the 
seventh run is expected to be smaller than the fitness value of 

1 2 3 4 5 6 7 
1 3 5 8 6 1 7 8 
2 12 7 7 8 9 6 3 
3 9 8 6 2 3 1 4 
4 7 8 6 3 9 4 2 
5 7 9 6 4 5 3 6 
6 11 2 3 9 14 8 9 
7 5 6 3 9 3 2 3 

 Sample map values in memory 

1,1 2,2 2,3 2,4 3,4 4,5 5,5 6,5 6,6 7,7
 

Map series of the chromosome (sample route): 
MS[10][2]=(1,1), (2,2), (2,3), (2,4), (3,4), 

(4,5), (5,5), (6,5), (6,6), (7,7); 
 

Value series of the chromosome (sample 
route): VS[10][1]=(3), (7), (8), (8), (6), (4), 

(5), (3), (8), (3); 

3 7 8 8 6 4 5 3 8 3 

Sample gen column no: 6, 
row no: 5, value: 3 

Fig. 2. Sample chromosome (route) Generated by the 
algorithm. 

 
1,1 2,2 2,3 2,4 3,4 4,5 5,5 6,5 6,6 7,7 

Parent chromosome 1 
Fitness function=72 

1,1 2,2 3,2 4,2 5,2 5,3 5,4 5,5 5,6 5,7 6,7 7,7 
Parent chromosome 2 
Fitness function=73 

1 2 3 4 5 6 7
1 3 5 8 6 1 7 8
2 12 7 7 8 9 6 3
3 9 15 6 2 3 1 4
4 7 8 6 3 9 4 2
5 7 9 6 14 5 3 6
6 11 2 3 9 14 8 9
7 5 6 3 9 3 2 3

 
1 2 3 4 5 6 7

1 3 5 8 6 1 7 8
2 12 7 7 8 9 6 3
3 9 15 6 2 3 1 4
4 7 8 6 3 9 4 2
5 7 9 6 14 5 3 6
6 11 2 3 9 14 8 9
7 5 6 3 9 3 2 3

 

The parts with small fitness values are selected for new 
chromosome 

1,1 2,2 3,2 4,2 5,2 5,3 5,4 5,5 6,5 6,6 7,7 
Children chromosome 
Fitness function=65 

Common points of the parent 
chromosomes Parent chromosome 1 

Parent chromosome 2 Children chromosome 

Fig. 3. The Crossover operation used in the GA. 
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the sixth run. Also in every run, the time and fitness values vary 
at the same population size and the number of iteration. So it is 
very hard to decide which value is more appropriate for 
algorithm. 

 
The Pn and In values in the experiment 8 are accepted as the 

optimum population size and iteration number in this paper and 
they are formulated in (1) and (2) where Pn is the population 
size and In is the iteration number. 
 
 Pn = ( nrows · ncols ) / 22 (1) 
 
 In = ( nrows · ncols ) / 3 (2) 
 

In Figure 6, the fitness value of the route found by the 
algorithm is 1049 (Experiment 3). It is very close to the fitness 
value (1029) of the route found by ArcGIS. The routes are also 
very close to each other in Experiment 2. But the speed of the 
proposed algorithm is not as fast as the speed of the ArcGIS.  

Making lots of iteration with very long strings reduces the 
speed of the algorithm. 

In Experiment 3, the fitness value of the proposed 
algorithm’s route (1745) is smaller than the fitness value of 
ArcGIS software’s route (1748). 

The resemblance of the routes proves the accuracy of the 
proposed algorithm while the differences of the proposed 
algorithm in every experiment with the same iteration number 
and population size will help the researcher to select the 
optimum route with minimum angle of curves. 

In ETL routing studies, the angle of the curves of the lines 
are very important as they affect the conductor type and the peak 
force of the poles of the lines. So the curves with big angles 
increase the cost of the ETL. The algorithm used in ArcGIS 
gives only one route that can make lots of curves with big angles 
in order to find the best route.  

1,1 2,2 2,3 2,4 3,4 4,5 5,5 6,5 6,6 7,7
Old chromosome 

Fitness function=72 

1 2 3 4 5 6 7 
1 3 5 8 6 1 7 8 
2 12 7 7 8 9 6 3 
3 9 15 6 2 3 1 4 
4 7 8 6 3 9 4 2 
5 7 9 6 14 5 3 6 
6 11 2 3 9 14 8 9 
7 5 6 3 9 3 2 3 

1 2 3 4 5 6 7 
1 3 5 8 6 1 7 8 
2 12 7 7 8 9 6 3 
3 9 15 6 2 3 1 4 
4 7 8 6 3 9 4 2 
5 7 9 6 14 5 3 6 
6 11 2 3 9 14 8 9 
7 5 6 3 9 3 2 3 

1,1 2,2 3,2 4,2 5,2 6,2 6,3 6,4 6,5 6,6 7,7

New chromosome 
Fitness function=59 

New part generated by 
mutation operator Old chromosome 

New chromosome 
Beginning and end 

points

Fig. 4. The Mutation operation used in the GA. 

Yes 

No 

Selection

Crossover, Mutation

Iteration= iteration + 1

Select the best Chromosome 

Finish 

Fig. 5. Flowchart of GA used for route optimization. 

Table I. Experimental values of the algorithm
 

Experiment 
Number 

Algorithm Values 
Population 

Size �teration Fitness 
Value Time 

1 25 25 1109 1 sec. 
2 50 50 1100 5 sec. 
3 50 5000 1050 4 min. 15 sec. 
4 

100 

250 1071 15 sec. 
5 500 1068 35 sec. 
6 1000 1065 55 sec. 
7 1500 1066 1 min. 05 sec. 
8 5000 1049 4 min. 20 sec. 
9 

250 

250 1086 30 sec. 
10 500 1086 43 sec. 
11 1000 1066 1 min. 22 sec. 
12 1500 1067 2 min. 15 sec. 
13 5000 1053 6 min. 20 sec. 
14 

500 

250 1091 44 sec. 
15 500 1062 1 min. 20 sec. 
16 1000 1066 2 min. 20 sec. 
17 1500 1059 3 min. 30 sec. 
18 5000 1061 7 min. 35 sec. 
19 

1000 

250 1081 1 min. 23 sec. 
20 500 1063 2 min. 15 sec. 
21 1000 1072 4 min. 25 sec. 
22 1500 1069 7 min. 35 sec. 
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In order to select the best route with minimum curves, 
alternative routes should be generated. In this respect, the 
proposed algorithm is very useful for ETL route optimization 
studies although the speed of the algorithm is poor. 

 
4. Conclusion 

 
In this paper, optimum solution for ETL routing is tried to 

find with GA. The algorithm’s functions like crossover and 
mutation are adapted to the problem. The results of the 
algorithm are compared with the results of ArcGIS. In some 
cases, the proposed algorithm can find routes with smaller 
fitness values than ArcGIS software. 

With the help of the study, new route alternatives will be 
served to the researchers who are trying to find the best route in 
raster-based maps. 
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