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Abstract— The routing of power distribution and transmission lines is an 

important step to bring energy and modernize the lives of the population. 

The process involves complex multiple criteria decision-making. The area 

of interest must be carefully modeled in weighted and restricted areas 

based on geospatial data. This paper brings a methodology based on 

geoprocessing and Voronoi polygons to obtain one of the most important 

restricted areas in energy distribution lines, the rivers. Rivers are areas 

that should be avoided when their width exceeds the maximum distance 

between poles. The methodology consists in generate Voronoi edges from 

which the medial axis and the width of each point of the river are obtained. 

Then, a buffer is placed in each vertex of the river higher than a threshold. 

The result to the case study brings a restricted area of rivers of the State of 

Parana to help decision-makers in routing distribution energy lines with 

more assertiveness. 

 

I. INTRODUCTION 

The transmission and distribution of energy is an 

important aspect of modern society, enabling the 

distribution of electricity to homes and businesses. 

However, the process of selecting the best transmission 

and distribution routes involves complex decision-making, 

which can be aided by using multicriteria decision 

analysis. 

One of the steps in the planning of transmission and 

distribution energy lines is to identify features and build 

the land surface models of the study area. Therefore, many 

variables need to be considered in this planning and 

multicriteria analysis is an effective tool for addressing the 

complex decision-making involved this theme. 

In the literature, researchers have proposed 

methodologies based on multicriteria decision analysis 

(MCDA) and Geographic Information Systems (GIS). 

Monteiro [4] uses MCDA to analyze multiples 

geographic criteria to model the surface. Applying 

economic and environmental variables, the author 

proposes new electric distribution lines in different 

scenarios. Another author [6] models and weight different 

geographic criteria, obtaining costs and restrictions 

matrices to use with least cost path algorithms, resulting in 

new layouts of distribution lines. 

The goal of this article is to provide a framework for 

decision-makers to evaluate and select restrictive areas of 

rivers to best routing of transmission and distribution 

energy lines. 

 

II. MULTICRITERIA DECISION ANALYSIS 

The mentioned studies used similar weighting and 

ranking MCDA methodologies. GIS based AHP and 

hybrid MCDA, in which the first approach is to weight the 

criteria with classic AHP and after, rank the data using 

GIS approaches. 

A GIS Based MCDA Site Selection Framework [1] is 

built in 5 phases: data acquisition, weighting method, 

ranking method, combine both methods and calculate 

consistencies. In the weighting method, the criteria are 

divided in weighted and restricted data, processed and 
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standardized to be combined into matrices of costs and 

restrictions. 

 

III. RESTRICTED AREAS 

A difficult item to model in distribution energy lines 

routing are the geographic areas where the distribution 

lines cannot be constructed and must be avoided. So, 

geospatial data to indicate restricted areas have to be 

emphasized. Table 1 brings restricted areas. 

Table 1. Restricted criteria 

Restricted criteria 

Rivers and lakes 

Airfields 

Heliports 

Transmission lines pole 

Chemical Plant 

Fonte: The authors. 

 

Rivers and lakes can be crossed by distribution lines 

according to its physical width and the maximum distance 

between poles. To identify the distance of distribution line 

poles is necessary to know the distribution energy line 

topology. While the physical width of a river is measured 

through its geospatial data. 

The methodologies applied to obtain the diameter of a 

river automatically to a long distance are not known by the 

authors. However, there are many to obtain the medial 

axis. Karimipour [3] uses a Voronoi-based medial axis 

extraction algorithm to watershed delineation. Voronoi 

polygons are an associated set of regions around points in 

the Euclidean plane, the region is classified closer to one 

of the vertices than to any other vertices. The edges are 

classified in three groups: inner Voronoi edges, outer 

Voronoi edges and mixed Voronoi edges. 

Also, two well-known plug-ins for GIS free software 

are HCMGIS and Geometric Attributes. HCMGIS has 

tools to access open data, batch converter, projections, 

geometry processing and field calculation utilities [2]. 

Geometric attributes are a set of tools for calculating 

attributes along the centerline including width, deviation, 

transects, shape, sinuosity, and adjacency [5]. 

 

IV. FRAMEWORK TO OBTAIN THE 

RESTRICTED AREA 

The methodology proposed in this paper is to obtain 

the restricted area of rivers from a buffer of the Voronoi 

polygon medial axis and edges. However, a series of steps 

must be applied during the process. For this, it was 

developed with the use of programming in Python by the 

IDE PyCharm. The methodology consists of 10 steps: 

1. Segment the river polygon. 

2. Densify the vertices of the polygon and equalize their 

distance. 

3. Generate Voronoi polygons. 

4. Transform from polygons to lines. 

5. Break the lines. 

6. Delete the lines that are not touching the river 

polygon and are outside of it, keeping only the 

polygon edge lines and the medial axis line inside the 

polygon. 

7. Extract the medial axis line that are inside and not 

touching the river polygon using graphs. 

8. Extract the vertices of the medial axis line. 

9. Back to Voronoi polygon edge lines, the diameter of 

the lines is the diameter of the river in that vertex, 

take the diameter and save to its current vertex; 

10. Generate a buffer in the vertices extracted with its 

diameter value only if the diameter is higher than the 

maximum distance between poles allowed to the 

energy line topology. 

 

V. CASE STUDY: STATE OF PARANA, BRAZIL 

Parana, one of the 26 states of Brazil located in the 

southern region of the country, has an area of 199,298.982 

square kilometers and boasts a diverse hydrological 

landscape, including numerous bodies of water and other 

hydrological features (Figure 1). 

 

Fig.1 – Hydrographic Basins of the State of Paraná 

Source: Adapted from SUDERHSA (2007) 
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The vector data containing surface river networks for 

the state of Paraná is available from the Instituto de Águas 

e Terra (IAT). This data was produced by SUDERHSA [7] 

and includes detailed information on river morphology, 

water flow, and other hydrological features. 

Applying the methodology, first (a) the vector data was 

segmented into nine grids, in Figure 2 are viewed of the 

grids zoomed. Then, (b) the vertices were densified and 

equalized each 15 meters of all river’s polygons. With the 

polygons densified the Voronoi tool was applied (c), 

generating a polygon to each vertex, Figure 3. The 

Voronoi polygons were converted to lines (d) and the lines 

were broken (e). The lines that were not touching the river 

polygon and were outside of it were deleted (f), with only 

the polygon edge lines and the medial axis kept Figure 4. 

The medial axis line was extracted (g) using graphs with 

threshold of 10 meters from the lines inside and not 

touching the river polygon Figure 5. The medial axis line 

was converted into vertices (h). Back to Voronoi polygon 

edge lines, its diameter is the diameter of the river in that 

region, so the diameter value of the edge was saved into 

the medial axis vertex touching it (i). Lastly, a buffer of 

the medial axis vertices with its diameter value was 

generated (j), only if the diameter is higher than the 

maximum distance between poles allowed to the energy 

line topology, in this case 30 meters Figure 6. The results 

obtained to the state of Parana in Figure 7, shows all the 

restrictions to the state based on the maximum width of the 

rivers. 

 

Fig.2 – Grid zoomed 

Source: The authors. 

 

 

Fig.3 – River polygon + Voronoi polygons 

Source: The authors. 

 

 

Fig.4 – Voronoi edges 

Source: The authors. 

 

 

Figure 5 – Medial axis 

Source: The authors. 
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Fig.6 – River restriction buffer 

Source: The authors. 

 

 

Fig.7 – Buffer in rivers wider than 30 meters in the State 

of Parana, restricted to build distribution lines with 

threshold of 30 meters. 

Source: The authors. 

 

VI. CONCLUSION 

This article sought to highlight the problems of 

distribution network expansion and its restrictions. A 

solution proposal was presented as a framework using 

geoprocessing methods to obtain the restricted area. The 

case study results to the state of Parana, Brazil, showed a 

promising solution that can contribute to obtain the 

restrictions of rivers by different, helping decision-makers 

in distribution energy lines routing. 

A good estimate of the restricted area of a river is 

highly related to the quality of the geospatial data used, so 

the data is very important in the methodology. 

The code and the data applied in this paper are 

available on demand. 
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