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Abstract: Electric energy has become essential nowadays not only for the daily life of each of us 

but also for the economy of different countries. Geographic Information Systems (GIS) have an es-

sential part to play in the management and planning of electricity distribution in both conventional 

and smart networks. That is an important element of urban planning and needs to be well assessed 

in order to improve the level of decision making and investment benefits. Data management using 

GIS becomes essential when smart grid is applied over the electricity network and will facilitates 

communication between the managers and the consumers. Since the management of electricity net-

work data was previously done in Tunisia based on paper maps and plans, the purpose of this study 

is to present a case of planning based on GIS, Web, and 3D Web GIS, which would have significant 

positive consequences on this sector from a technical and financial sides with an improvement in 

customer satisfaction and the creation of an intelligent electricity network which will be a real deci-

sion-making tool. This work draws up an inventory of the network MV (Medium Voltage)/LV (Low 

Voltage) of the region of Medjez El Bab (Governorate of Beja, North-West of Tunisia) which routes 

electricity to the different big centers of consumption with access to MV/LV subscribers. The analy-

sis of vehicle transport and pedestrian accessibility between installations, and the generation of 

Origin-Destination cost matrix to calculate the average transport distances between the service 

points or different localities, were done. Moreover, the analysis of the network's impedance allowed 

carrying out different scenarios to optimize performance and obtain more realistic routes. The dif-

ferent analyses carried out will be crucial for the maintenance of the electrical network and also for 

urban planning. Some important thematic maps were produced as part of this project as the Slope 

map, the Land use map, the map of the MV voltage domains, the map of the MV/LV transformer 

stations power, etc. A three-dimensional virtual city has been developed to visualize the graphical 

and attribute data for the study area. A Web and 3D Web GIS applications that allows the publica-

tion of the interactive maps on the Web as well as the database information, have been developed 

to offer users the possibility of consulting the produced products by internet. Finally, a website re-

lated to the study was developed. 

Keywords: MV/LV network; GIS planning; Spatial network analysis; 3D virtual city; Web and 3D 

Web GIS applications  

 

1-. Introduction 

The main objective of planning electricity distribution networks is to determine the 

necessary conditions from a topological, structural, and physical point of view [1]. This 

goal has become a major issue in recent years for distribution planning services due to the 

various changes occurring in the electricity sector [2], [3].  The construction of new elec-

trical facilities as substations, transformer, and distribution lines, depends on the available 
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areas in the study area [4]. Determining the geographical location of electrical installations 

and identifying the elements of the electrical network is one of the great challenges that 

arise in the planning of the distribution network. 

The Geographic Information Systems (GIS) are computational tools that allow 

georeferenced databases to be associated with digital maps to facilitate visualization of 

the geographical characteristics of a study are [5]. The evolution of geographic infor-

mation science owes much to developments in GIS and spatial data analysis [6], [7]. GIS 

help making the data analyses easier to handle and providing high capabilities of dealing 

with large spatial data [8]. GIS are composed by data analysis and optimization tools, to 

solve problems in various fields of engineering [9]. Nowadays, GIS is a technology used 

in several planning departments of electrical distribution in Tunisia. Effective deployment 

of GIS in power distribution would go long way in the power industry efficient and fi-

nancially viable besides enhancing the consumer’s satisfaction due to uninterrupted qual-

ity power supply [10]. GIS today represents a solid basis for spatial data analysis [11]. The 

spatial analysis tools available in the GIS have been used in various planning studies of 

the electricity distribution network around the world [12], [13], [14], [15]. 

In addition to the basic functionalities of GIS, the WebGIS technique often integrates 

additional functionality using data from different sources. WebGIS, a combination of Web 

and GIS, has become a growing discipline since its beginning in 1993. In 1993, Xerox Cor-

poration's research center in Palo Alto (USA) developed a Web-based map viewer, mark-

ing the origin of Web GIS. This experiment made it possible to retrieve interactive infor-

mation from the Web, rather than providing access to purely static files [16]. GIS became 

a key Internet application that allowed the public to take advantage of the benefits of the 

Web [17]. 

The data management of the electricity network was previously done in Tunisia in a 

classic way using paper maps and plans, the idea of this work was to create an intelligent 

electricity network, and thus allow to take well-appropriate decisions and advances [18]. 

It consists of carrying out GIS applications for the analysis and management of the MV/LV 

electricity network of the National Tunisian Electricity and Gas Company STEG in the 

region of Medjez El Bab located in the governorate of Beja (North-West of Tunisia) and to 

set up a Web GIS application relating to it. Electricity network is made up of pylons, trans-

former stations and power lines. MV lines are generally of the overhead type (sometimes 

underground near urban sites), among these MV lines there are by-passes that supply the 

LV substations serving to supply the low voltage customers of the network [19]. The steps 

followed consist of creating a very large-scale database to set up the MV/LV network, 

defining and correcting the topology rules (duplicates, inclusions, etc.), determining the 

spatial relationships between objects, display the two MV/LV databases at several scales, 

migrate the data to a single geodatabase using the same coordinate system and the same 

spatial domain, and finally to set up a Web and 3D Web GIS applications. The objective 

All this will guarantee future users online results with their expectations in terms of the 

use and management of electricity networks, and to give the possibility to access in an 

adapted and simple way to these technologies to a simple or expert user. All this will 

guarantee to the future users online results that will match their expectations in terms of 

use and management of electrical networks. Besides, it will give to a casual or an expert 

user the possibility to access these technologies in an adapted and simplified way. 

This paper is structured in six sections: Research question and objectives, Study area; 

Planning of the electrical networks using GIS tools; Web and 3D Web GIS applications 

and website development; Results and discussion; and Conclusion.  

2-. Research question and objectives 

This study focuses on the use of GIS as a tool for managing electricity distribution. 

This will facilitates facilitate the use of electricity network data and the rapid resolution 

of technical problems with a double gain in time and material and will also facilitates 

make communication easier between the managers of this resource and the corresponding 
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consumers. The planning of the distribution network is also an important element of ur-

ban planning and needs to be assessed comprehensively in order to improve the level of 

decision making and investment benefits as demonstrated in the study of Zheng et al. in 

China in 2012 [20]. 

Many other studies related to GIS-based electricity network management were es-

tablished around the world as the study of Mentis et al. in Nigeria in 2015 [21], the study 

of Candelisea and Westacottc in the United Kingdom in 2017 [22], the study of Ashkezari 

et al. in Oman in 2018 [23], the study of Li et al. in Australia in 2020 [24] and the study of 

Taye et al. in Ethiopia in [25].  All these studies demonstrated the importance of GIS as a 

powerful Management tool for electrical networks. 

 In Tunisia, electricity network data management was previously done based on pa-

per maps and plans. The objective of this study is to present a case of planning based on 

GIS. This study will prove to be fruitful for the national Tunisian company of electricity 

and gas STEG with the possibility of the analysis of the accessibility of vehicles and pe-

destrian technicians between the installations, also the generation of Origin-Destination 

cost matrix to calculate the distances transport averages between the service points and 

the different localities as well as the analysis of the network impedance which will allow 

different scenarios to be carried out to optimize performance and obtain more realistic 

routes. In Tunisia, electrical networks data management was previously based on paper 

maps and plans. The objective of the present study is to prove the importance of planning 

electrical networks using GIS. Hence, this planning type will be very useful for the na-

tional Tunisian company of electricity and gas STEG. It will give the possibility to analyze 

the accessibility of vehicles and pedestrian technicians between the electrical installations. 

It will also permit the generation of Origin-Destination cost matrix in order to calculate 

the average-transport distances between the service points and the different localities. 

Moreover, it will allow to analyze the network impedance which in itself will lead to dif-

ferent possible scenarios to optimize performance and obtain more realistic routes. These 

various analyzes will be crucial for the maintenance of the electricity network as well as 

for future urban planning. A three-dimensional representation of the city was developed 

to visualize the graphical and attribute data of the study area. Web GIS and 3D Web ap-

plications allowing the publication of interactive maps on the Web as well as the infor-

mation of the database, will be developed in this study to offer users the possibility of 

consulting the resulting products on the Internet. In addition, a website gathering the re-

sults of the study will be developed. 

3-. Study area 

The study area (Fig. 1) is located in the Northwest of Tunisia in the eastern part of 

the governorate of Beja. It lies between 36° 45’/36° 33’ North and 9° 23’/ 9° 45’ East. Its total 

area is 634 km². The vegetation cover is generally much degraded on the mountains where 

the foothills are cleared. The mountains are therefore areas of concentration of water with 

a strong or medium erosive potential, while the foothills are little or moderately eroded 

because of their very low slope. 

4-. Planning of the electrical networks using GIS tools  

The first step is to process the cadastral data covering the city of Medjez El Bab and 

integrate them into a spatial database at a municipal level. The second one consists of 

processing physical data around the city of Medjez El Bab (Grand Medjez El Bab area) to 

create another spatial database at the local scale, to be able to implement afterwards the 

two geodatabases, at different scales and uses. The completion of that part of the study is 

articulated in the following phases: data acquisition, database design, the establishment 

of some important thematic maps and the elaboration of a 3D virtual city. 

4-1-. Data acquisition   
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Nine official topographic maps produced by the national office of topography and 

cadaster OTC between 1982 and 1988 at a scale of 1: 25000 [26] were georeferenced and 

digitized using ArcGIS Desktop, topology rules were used to minimize digitizing errors. 

Ten topographic plans at a scale of 1:1000 produced at AutoCAD dwg format were also 

used [27]. These plans were processed: manual and automatic topological corrections 

were made on them. They were after that converted into feature class format and trans-

ferred into a Geodatabase in ArcGIS Desktop. Maxar 2020 background image related to 

our study area with a 0.5 meter resolution was extracted from the "World Imagery" service 

of "ArcGIS online" and was used to update data related to topographic maps and plans 

data. Maxar is a product of DigitalGlobe, an industry leader in satellite imagery and geo-

spatial intelligence [28]. Moreover, a GPS Leica GS08plus was used in moving mode with 

centimetric accuracy (Horizontal: 1 centimeter, Vertical: 2 centimeters) for the purpose of 

updating the electrical network. The different steps of data acquisition are presented in 

Figure 2. We can also see in Figure 3 at different scales the obtained cartographic results. 

These results seem to be good: we can see for example in part D the position of MV elec-

trical network with high geometric accuracy.  

The final phase of the process was instantiating the data in the multi-representation 

Geodatabase. It was necessary to do a cartographic generalization to simplify the geo-

graphic data so that they are readable at the desired scale representation. 

4-2. Database design 

The database design was accomplished through MERISE methodology. MERISE is 

an Information System Design and Development methodology first introduced in the 

early 1980s, it was widely used in France [29]. MERISE proceeds to separate treatment of 

data and processes, where the data-oriented view is modeled in three stages, from con-

ceptual, logical through to physical [30]. 

A Conceptual Data Model (CDM) helps to analyze the conceptual structure of an infor-

mation system, to identify the principal entities to be represented, their attributes, and the 

relationships between them [31]. The conceptual data model consists of tables, each of 

which must include a field that uniquely identifies each record (primary keys). The choice 

of tables was made in our study at two regional levels: a first level relating to the delega-

tion (Grand Medjez El Bab which represents the entire project area) and a second level 

relating to the municipality of Medjez El Bab. 

To materialize the conceptual diagram "DB Designer" was used, it is a visual database 

design system that integrates database design, modeling, creation, and maintenance into 

a single, seamless environment. The transit from Conceptual Data Model CDM to Physical 

Data Model PDM was done using ArcGIS Diagrammer which is a productivity tool for 

GIS professionals to create, edit or analyze geodatabase schema. Schema is presented as 

editable graphics in an environment familiar to users of Microsoft Visual Studio. Essen-

tially ArcGIS Diagrammer is a visual editor for Esri’s xml workspace documents that can 

be created in ArcMap or ArcCatalog [32]. The details of the operation are presented in Fig. 

4. The Architecture and structural detail of the GeoDatabase are shown in Figure 5. 

The next phase of the process was the structuring of the data in a multi-representa-

tion GeoDatabase. In this phase it is necessary to proceed to a cartographic generalization. 

Cartographic generalization is the process of controlling the amount of detailed infor-

mation portrayed in a map. This also includes using the appropriate scale, purpose, and 

medium of the map. This form of Generalization commonly consists of reducing the vis-

ual detail of data by reducing the map scale when the map purpose suggests the need for 

a simpler design. As analytical approaches to geography arose in the 1950s and 1960s, 

generalization, especially line simplification and raster smoothing, was a target of study 

[33], [34]. Generalization of maps has become necessary due to automatic production of 

maps on the web, and the increased amount of detailed GIS data available [35]. A multi-

representation of the multiple Geodatabase at different scales is shown in Fig. 6.  
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The last step was to determine the spatial relationships between features. Relation-

ship classes in the geodatabase manage the associations between objects in one class (fea-

ture class or table) and objects in another. Objects at either end of the relationship can be 

features with geometry or records in a table. 

4-3-. Elaboration of thematic maps 

After data extraction and topological corrections, many thematic maps were estab-

lished. 

The DEM map was extracted using the Topo to Raster tool included in the Spatial 

Analyst extension of ArcGIS Desktop 10. The Topo to Raster tool is an interpolation 

method specifically designed for the creation of hydrologically correct digital elevation 

models., it is based on the ANUDEM program developed by Michael Hutchinson [36], 

[37]. The DEM map showed that the plains and hills represent the dominant topographic 

aspect in the area (nearly 75%). The Slope map extracted using the Slope tool of Spatial 

Analyst (Fig. 7) showed that 62% of the study area is with a slope less than 6%, 28% of the 

land has slopes between 6 to 18%, 5% has relatively steep slopes of 18 to 30% and about 

5% of the land has steep slopes greater than 30%. It follows that about 10% of the total 

study area has a slope greater than 18%, representing lands threatened by moderate to 

severe erosion. The steeply sloping areas are located in the transition zones between reliefs 

and plains and are occupied by flourishing agriculture. These areas can however be the 

site of severe erosion even with relatively low slopes. This erosion is accentuated by tor-

rential runoff in autumn and winter which can together directly cause flooding and strip-

ping of the fertile cover of the plains surrounding the landforms.  

An updated land use map was extracted based on the different topographic maps 

and plans, the Maxar 2020 image and GPS data (Fig. 8).  

Many other maps related to the MV/LV electrical networks were established as the 

classification map of the MV electrical network, the map of the MV voltage domains and 

the map of MV/LV transformer stations power (Fig. 9). 

4-4-. Elaboration of a 3D virtual city  

3D city model is a digital representation of the Earth's surface and its related objects 

such as Building, Tree, Vegetation, and some manmade feature belonging to urban area 

[38].  This realistic visualization represented in our study is a prototype that can help de-

cision makers in future projects. Future projects may relate to the siting of works or other 

electrical network extensions while taking into account what has been done. In order to 

allow different levels of modeling, several levels of details (LOD) have been defined : LOD 

0 (Regional model): this is a digital terrain model (2.5D) showing the whole of a landscape 

and whose data comes mainly from airborne laser; LOD 1 (Urban model): “block model” 

in which the buildings are schematized in the form of blocks without roof structures, thus 

giving an idea of the distribution of the height of the buildings; LOD 2 (Urban model): 

same as above but with textures for facades and roofs (oblique photogrammetry); LOD 3 

(Urban model): same model as above but with a more detailed architectural level; LOD 4 

(Interior model): truly architectural “walkable” model, that is to say with a model of the 

interior of buildings [39]. 

The CityGML standard was used in our study. It is an XML-based encoding for 3D 

representation, allowing the sharing and storing of virtual models of cities and land-

scapes. It is executed as an open data model deployed as an application schema for Geog-

raphy Markup Language 3, the extensible international standard for spatial data exchange 

released by the Open Geospatial Consortium (OGC). CityGML offers a standard model to 

describe 3D objects in terms of their geometry, topology, semantics and appearance. It 

also contains generalization hierarchies between classes, aggregations, relationships be-

tween objects and spatial properties [40], [41]. ArcSecene and SketchUp were used in that 

part of the study. ArcScence, one of the ArcGIS Desktop applications, is a 3D visualization 

application that allows to view GIS data in three dimensions. ArcScene permits also to 
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make 3D animations. SketchUp is a 3D modeling computer program for a wide range of 

drawing applications such as architectural, interior design, landscape architecture, civil 

and mechanical engineering, film and video game design. 

Under ArcScene, we first proceeded to model the geographic space which is delimit-

ing a region of 10 km around the city of Medjez El Bab. The first step is to display the 

digital terrain model in a 3D planimetric view, using the 3D Analyst extension; we were 

able to create other cartographic models superimposed with the digital terrain model. Us-

ing Sketch Up software, we modeled the various elements that make up the MV / LV 

networks based on the drawing commands (geometry, coloring, and modification) and 

photos taken in the field. 

The modeling of the land use components of our study area consists in adding the 

different data layers (urban, roads, hydrography and electrical network) in the scene and 

superimpose them with the relief and then performing an extrusion of the buildings to 

create realistic 3D objects (extrude according to the heights and the number of floors). The 

3D model of the study area obtained (Fig. 10) will then be used as a model for performing 

the video simulation in ArcScence. 

5-. Web and 3D Web GIS applications and Website development  

5-1-. Web GIS application 

This phase is related to the realization of a Web GIS in order to offer users the possi-

bility of consulting the produced products by internet. 

The world had 4.79 billion Internet users in 2020, or 5.5% more than in 2019. This is 

166% more than 10 years ago [42]. The Internet, and in particular the World Wide Web, 

enables easy access to spatial data and applications that can offer fast and simple solutions 

to the spatial needs of people, public services and business operations [43]. Web GIS is 

relatively recent but very fast-growing sub-set of Geographic Information System. It is 

getting particular significance for spatial data handling over the web [44]. It is becoming 

more and more used in various fields such as planning, natural resource management, 

environment, market research, logistics, and others. The web is the most commonly used 

Internet technology and Web GIS is the most common form of online GIS [45]. The Web 

GIS consists in using the Internet browser as a standard interface to access a number of 

mapping services or applications to display and interact with data. The solutions gener-

ated by these services are generally proposed in the literature according to the different 

levels of interactivity resulting from the functionalities offered to the user to act on the 

map. Web GIS can be defined as any GIS that uses web technology to communicate be-

tween a server and a client [46]. Web-based GIS applications have gained popularity due 

to their ease of use and simplicity [47]. Web GIS have introduced and demonstrated many 

advantages over traditional GIS, such as their global reach, huge user base, low cost, ease 

of sharing and use in different fields as disaster recovery, telecommunication services, real 

estate business, accident analysis, tourism, etc. [48] 

In the framework of our study related to electricity network, the client side is a spatial 

data visualization interface (Map Viewer) based on GeoExt. The latter is a web application 

developed under OpenLayers to create and publish maps. This interface allows adding 

WMS (Web Map Service) layers from GeoServer and from an API (Application Program-

ming Interface) such as Google Maps (Fig. 11). 

Following software tools were used in our study: GeoServer, OpenLayers, GeoExt 

and HTML. 

Data implementation is based on setting up and structuring the data in GeoServer, 

then symbolizing layers in AltlasStyler and developing the cartographic interface in Ge-

oExt. 

In our project, we have realized two cartographic interfaces: One for a global visual-

ization of data using the database of the Greater Medjez El Bab (where the MV network is 
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located) (Fig. 12), a second one to display the municipal data (where the LV network is 

located) (Fig. 13).   

5-2-. 3D Web GIS  

3D Web GIS has become a real requirement in several fields of study thanks to its 

devices for analyzing 3D models linked to spatially referenced data [49]. The main pur-

pose of Web GIS is to help users to conveniently access, display and analyse spatial infor-

mation incorporated in existing data sources [50]. Web-based GIS sites should be based 

on three main components: user-friendliness, data accuracy and interoperability [51].  

It is important to note that standardization initiatives over the last decade have facil-

itated the implementation of 3D Web GIS. Indeed, since 2010, two standardization pro-

posals have been published as OGC discussion paper: the Web Visualization Service 

(WVS) [52] using server-side rendering; and the 3D Web Service (W3DS) [53] providing 

3D data for client-side rendering. WVS and W3DS have been included in the OGC-ap-

proved 3D Portrayal Service Standard 1.0 [54] enabling an interoperable presentation of 

3D content-based services with a good overview of 3D representation, geometric and top-

ological data models, database models, formats and applications [55], [56]. 

Thanks to the Google Earth plug-in and the JavaScript API, we were able to integrate 

the specificities of Google Earth and its 3D renderings into web pages. In fact, we used the 

API to create points and lines, project images on a relief, add 3D models or import KML 

files, and we also developed advanced 3D mapping applications. The client side is a spa-

tial data visualization interface based on Ext.ux.GEarth code. This interface allows adding 

KML layers from Google Earth Community and an API as Google Maps. 

After modeling the "3D virtual city" data in ArcScene for a later storage in the server, 

KML files were created in Google Earth by adding the feature classes previously modeled 

in ArcScene using the Layer to KML tool. Using Google Earth, we modeled the KML data 

into 3D according to the graphic symbols exported by ArcScene or SketchUp. The data 

layers were then organized in a directory to update the relative information in order to 

obtain a 3D virtual model. To put the resulting file on the server, we just shared and send 

the content to Google Earth Community in order to obtain a network link to our model.  

The map interface is realized using the Google Earth API. After exporting the data to 

Google Earth Community (Online Map Server) and writing the Java Script file using the 

KML network link, the web map interface is created where the map background and the 

different layers can be visualized. From this interface you can activate or deactivate the 

layers, view or un-view the legend, zoom in or out. We are also able to move through the 

layers, change the scale, identify the different types of layers, print and display the ruler 

(Fig. 14). 

This interface offers a variety of dynamic mapping features from the side toolbar, 

including : Display the different map layers, Add KML/KMZ layers, Search for a location, 

Display the status bar (coordinates, elevation, etc.), Display different options (grid, plani-

sphere map, scale, atmosphere), Enable or disable navigation (Mouse), Zoom control 

(Zoom in and Zoom off), Display information related to selected objects (attributes), Dis-

play Google Earth layers (Borders, Roads, 3D Buildings, Relief, etc.) and add sunlight and 

view the map in real time (Fig. 15). 

5-3-. Website development  

The structuring of the website consists in building the global architecture of the web-

site by organizing the different information. The first step was to make an inventory of 

the contents of the website and to group them by theme in order to constitute headings 

(rubricing). Our website was structured as shown in Fig. 16. The used editor was Word-

Press, and WampServer as a web development platform (comprising Apache and MySQL 

servers). The programming languages were CSS, PHP, XML and JavaScript. 

The produced website included multiple interfaces: a Home Welcome window 

where the slider, the presentation of the project and the different organizations involved 
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in the project are displayed; an "Introduction" window which presents the scope of the 

study and a general idea about the city of Medjez El Bab; a window named "Thematics" 

on which there is a presentation of Geomatics, GIS, used tools, and details of the eclectic 

network; a "Results and Analysis" window which presents to the user the results of the-

matic data, spatial analysis, network analysis scenarios and the 3D modeling; a "Media 

Library" window where the  user can view photos (city photos, photo gallery taken in the 

field), videos, maps and articles; an "Interactive applications" window. From that window, 

three interactive applications can be displayed: "Grand Medjez El Bab area", "Municipality 

of Medjez El Bab area" and "3D virtual city" (Fig. 17); "About" window with general infor-

mation and finally "Contact" window with location map and phone and email contacts.  

6-. Results and discussion 

The geometric accuracy in such studies is very important and depends on the accu-

racy of the used data. In our study we used Topographic maps 1: 25000 dating from 1982 

and 1988 and AutoCAD plans 1:1000 dating from 2006. As the data generated from these 

maps and plans are not up to date, we were obliged to update it. We relied in our case on 

a free Maxar 2020 imagery with a 0.5 meter resolution. Moreover, we established a GPS 

campaign to accurately map the components of the electricity network: a GPS Leica 

GS08plus was used in moving mode with centimetric accuracy (Horizontal: 1 centimeter, 

Vertical: 2 centimeters) for that purpose. In figure 3 we can see at different scales the ob-

tained cartographic results and we can see in part D of the same figure that the accuracy 

of the results seems to be good: we can see the position of MV electrical network (pre-

sented as a blue line) with high geometric accuracy (this electrical network is located in 

the right side of the road RN6 in that case).  

The establishment of GIS-planning in the management of electrical networks de-

pends clearly on the availability and the accuracy of cartographic data which are not al-

ways available, especially in developing countries. Establishing GPS campaigns for net-

work mapping can be a very important tool in such studies, especially with high accuracy 

GPS receivers. In addition, free high-resolution satellite images are increasingly available 

nowadays. Using these images in similar studies will update the mapping data and extract 

a fairly complete database of the electrical networks. 

Many Spatial and Network analyses were established in the study area using ArcGIS 

extensions Spatial Analyst and Network Analyst. Spatial Analyst was used in terrain 

modelling as the extraction of DEM and Slope maps, and for spatial analysis, while Net-

work Analyst enabled an efficient organization and coordination of vehicles and intelli-

gent analysis of the transport network. This extension enabled the right decisions to be 

made by developing strategic routing plans.  

We have extracted in our study area the corresponding Slope map. That map showed 

that 62% of the study area is with low slopes, 28% with medium slopes, 5% with relatively 

steep slopes and about 5% of the land has high steep slopes. We were based on this map 

to analyze the STEG technician’s pedestrian accessibility. International standards say that 

the average speed of walking is between 3.2 and 5.2 km/h on a flat ground and that aver-

age varies according to the slope direction and value [57]. The analysis was based on mak-

ing an intersection between the slope map and the electrical network. The extracted slope 

values were then introduced into Network Analyst thus allowing to check the variation 

of the speed and the time taken as a function of slope value and direction, knowing that 

the slope classes considered were: 0 to 5%; 5 to 8%; 8 to 12% and more than 12%. The 

different steps of that analysis is shown in Figure 18. We had also established two topo-

graphic profiles showing the importance of topographic roughness in pedestrian accessi-

bility. The profiles extracted were integrated into Network Analyst to check the effects of 

slope on speed and travel time: Example 1: Distance = 2.2 km, time = 36 min, average speed 

= 3.66 km/h; Example 2: Distance = 2.2 km, time = 22 min, average speed = 6 km/h. The 

obtained results seem to be logical, in fact the speed in example 1 (route with rugged 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 January 2022                   doi:10.20944/preprints202201.0288.v1

https://doi.org/10.20944/preprints202201.0288.v1


 

topography) is lower than the speed in example 2 (route with less rugged topography); it 

shows that the slope of the path influences the speed (Fig. 19). 

For the study of accessibility using vehicle transport, seven categories of roads with 

different reference speeds have been considered: Motorways, Motorway junction, Pri-

mary roads (National roads), Collector roads, Secondary roads (Local roads), Tertiary 

roads (Unclassified roads), Quaternary roads (Agricultural tracks) with the following re-

spective maximum speeds: 100, 60, 80, 70, 60, 40 and 30 km/h. The analysis on Network 

Analyst is carried out on the transport network using several criteria: speed, time, and 

hierarchy. Many network analyses were established in our study as the determination of 

the shortest path between one of the MV / LV transformer stations and the source station 

located in the region of "Oued Zarga". In this case the length of the shortest path is 19.2 

km with a travel time of 24 minutes (Fig. 20). Assuming for example that the RN5 road is 

cut due to road works, the shortest path extracted will be different with a length of 25.5 

and a travel time of 18 minutes. The route is shorter in the second scenario, and this can 

be explained by different factors such as the speed limit in the type of path crossed which 

differs from one type of path to another. Some other analysis of calculation of routes ac-

cording to a chosen impedance (best route with distance impedance, best route with time 

impedance) were also established.  

An Origin Destination Cost Matrix was also calculated in Network Analyst to calcu-

late average transport distances between the service points on the different localities (cit-

ies, villages) and the MV / LV transformer stations. The same analysis was done using 

time impedance. The following data was considered to calculate the transport cost: STEG 

vehicle: Isuzu D-max Diesel, Average consumption: 8.2 liters/100 km, Diesel price: 1.605 

Dinars/liter. 

The calculation of service areas was also established. A network service area is a re-

gion that encompasses all accessible routes (that is, streets that are within specified im-

pedance). We have extracted service areas in the city of Medjez El Bab indicating path 

accessibility according to time at 5, 10, 15, 20 and 30 minutes (Fig. 21). This has enabled 

for example, to organize service missions according to their duration.  

All the last results will be crucial in the case of a power failure or in the case of mainte-

nance work and can also be used in a future urban planning as demonstrated in the study 

of Zheng et al. in China in 2012 [20]. Similar procedures will produce time, material and 

organizational gains compared to conventional ones. 

A three-dimensional representation of the study area as well as the electrical net-

works was also carried out, giving a realistic visualization of our study area, which can be 

considered as a prototype that can help decision-makers of the STEG in their future pro-

jects. Web GIS and 3D Web GIS demonstrated many advantages over traditional GIS, en-

abling the possibility of consulting cartographic products via the Internet, that’s why the 

developed Geodatabase was ultimately used to set up a Web GIS and 3D Web GIS appli-

cation and a Website with multiple interfaces and that can be used to include thematic 

data, spatial analysis, network analysis scenarios, 3D modeling and many others Interac-

tive applications in the study area. With the developed website, we were also able to link 

Google Maps and the photos of the power poles with an explanatory video sequence to 

gather as much information as possible about the electricity network. Moreover, on the 

interactive windows of the website, it was possible to set up a display at different scales.  

7-. Conclusion  

Before this work was carried out, the monitoring of the electricity network of the 

region of Medjez El Bab was based on paper cartographic documents, without any re-

course to GIS. In this paper we discussed the contribution of GIS in the field of planning 

of the electric networks with the aim to improve the capacities and the output of the na-

tional company of electricity and gas in Tunisia (STEG). A complete database related to 

the study area gathering all the useful data was created. Different topographic maps and 

plans related to the study area were used as 1: 25000 topographic maps, 1: 5000 plans as 
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well as Maxar background image with a 0.5-meter resolution, extracted from the "World 

Imagery" service of "ArcGIS online". That image was used to update data related to topo-

graphic maps and plans. GPS centimetric data was used to update electrical networks. We 

then carried out the processing of these data to produce many thematic maps such as DEM 

map and slope map. The design of the multiple Geodatabase in order to obtain a geo-

graphic database with multiple representations, including spatial relationships, was car-

ried out. Using the ArcGIS Network Analyst tool, an interpretation of the slope map and 

the MV/LV network maps was carried out with the realization of scenarios according to 

the transport network (roads and pedestrian paths). Different categories of roads were 

considered in the analysis of the transport network using the following criteria: speed, 

time and hierarchy. The objective was the analysis of the shortest path, the calculation of 

routes according to a chosen impedance (best route with distance impedance, best route 

with time impedance), the generation of the origin-destination cost matrix to calculate the 

average transport distances between the service points or different localities (towns, vil-

lages) and the MV/LV transformer stations. We also did the same type of analysis using 

the temporal impedance and obtained a table of combinations for each matrix. The calcu-

lation of the service areas related to the accessibility of the paths according to different 

times was also established to organize service missions. Obviously, the accessibility of 

each category of the network depends on the percentage of the slope. To confirm this, we 

compared for some topographic profiles the distance and time needed to reach the elec-

trical stations, the results showed that the steeper the slope, the lower the speed and the 

longer the time, which is quite logical.  

The development of a 3D virtual city gave us a realistic visualization for our study 

area, which can be considered as a prototype that can help decision-makers in their future 

projects. Future projects may involve the implementation of further extensions to the elec-

trical network while considering what has been done. The established Web GIS applica-

tion offers users the possibility to consult the made products by internet. The client side 

is a spatial data visualization interface (Map Viewer) based on GeoExt. This interface al-

lows adding WMS layers from GeoServer and an API such as Google Maps. In our study, 

we were able to integrate Google Earth and its 3D rendering into the web pages thanks to 

the Google Earth plug-in and the JavaScript API. We were able to create points and lines, 

to do projection of images, to add 3D models and to import of KML files. We have also 

been able to develop advanced 3D mapping applications. The client side is a spatial data 

visualization interface based on the Ext.ux.GEarth code. This interface allows us to add 

KML layers from the Google Earth community and from an API such as Google Maps. 

Through the elaborated website we were also able to create a link between Google Maps 

and the photos of the power poles with an explanatory video sequence to collect the max-

imum of information about the electrical network. On the interactive windows of the web-

site, it is possible to establish a display of different scales: a display at the level of the 

delegation with a scale of 1:25000 and a display at the level of the municipality with a scale 

of 1:5000.  

This work opens wide perspectives; in fact, it would be possible to reproduce similar 

work established in that pilot zone in other zones related to the national Tunisian electric-

ity and gas company STEG across the country. This will help decision makers to better 

manage electrical networks in the future.  
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Figure 1. Study area.  
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 Figure 2. Steps followed for the data acquisition. 
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 Figure 3. Presentation at different scales of MV/LV electrical networks. 
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Figure 4. Switch from ArcGis Diagrammer to Arccatalog  

 

Figure 5. GeoDatabase architecture and its structural detail. 
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Figure 6. Multi-representation schema of the multiple Geodatabase at different scales. 
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Figure 7. Slope map. 
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Figure 8. Land use map. 
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Figure 9. MV/LV transformer stations Power. 
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Figure 10. 3D model of the study area. 
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Figure 11. Structure of the Web GIS application. 

 

 

Figure 12. "Grand Medjez El Bab" cartographic interface. 
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Figure 13. Medjez El Bab Municipality cartographic interface. 

 

Figure 14. 3D cartographic interface. 
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Figure 15. Display of Google Earth data and parameters (scale, planisphere, coordinates, etc.)  

for a selected object (MV line in that case). 

 

 

Figure 16. Website structuring. 
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Figure 17. Interactive applications "Grand Medjez El Bab", "Medjez El Bab Municipality" and "3D virtual city". 
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Figure 18. Workflow showing the intersection of slope map with the electrical network and speed and time calculation 

according to slope value and direction  

 

Figure 19. The two profiles used as examples to show the variation of time and speed according to slope. 
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Figure 20. Analysis result of the shortest path between the “Oued Zarga” source station and the transformer station 

 

 

Figure 21. Polygons representing service areas of 5, 10, 15, 20 and 30 minutes from Medjez El Bab City  

(ArcGIS Network Analyst application) 
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