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Abstract— Sustainable access to drinking water is one of 

the problems of Third World cities. The intervention 

capacities of urban space managers are largely below the 

real needs which are constantly increasing. In the case of 

Cameroon, the drinking water distribution service is 

provided by the CAMWATER (Cameroon Water Utilities 

Corporation) whose infrastructure is already insufficient 

to guarantee access to water for all. Even where water 

networks exist, the lack of knowledge of the spatial 

arrangement of these elements is a major constraint for 

maintenance and network interventions. To solve this 

problem, all the existing geometric and attribute data, and 

the data from the field in what contributes to the counters 

are acquired. The data collected is structured in a spatial 

reference database and interacting with a web interface. 

QGIS and ArcGIS software are chosen as the applications 

for the processing raw data. PostgreSQL for the RDBMS 

combined with Laravel (Web Framework) were used for 

the written in PHP. The Mapbox GL API is used for 

creating the client-side interface and the web authoring 

languages HTML and Bootstrap CSS. The result obtained 

is a database and a webmpping interface on the 

distribution systems of the drinking water network. It 

makes it possible to locate all the equipment on the 

network, identify target points and have an overview of the 

extent of the network.  

 
Key Words— Mapbox GL, PostgreSQL, drinking water 

supply Network, Webmapping. 
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I. INTRODUCTION 

ATER is an essential element for human life and 

activities, but its supply depends on the proximity of the 

populations or cities that need it. However, with technical 

progress, there are drinking water distribution entities that 

deliver the water necessary for consumption in a given area, 

even remote, thanks to their various hydraulic equipment. 

These entities aim to ensure the production of drinking water 

in quality and quantity according to the capacities planned for 

the DWS system. Similarly, they must comply with the 

various technical, health, social and even ecological 

regulations ensuring the safety of consumers and staff. 

Subsequently ensure monitoring, controlled and continuous 

safeguarding of the heritage of the existing water network. 

Demographic growth and the extension of cities make it 

more and more difficult to supply drinking water to 

populations. The topographical contrasts and the anarchy in 

land use reinforce the difficulties of water distribution. As a 

result, the distribution companies of the drinking water supply 

network (DWS) are faced with certain technical, logistical and 

even service problems. This situation is particularly observed 

in developing countries, especially in Cameroon, more 

particularly in the city of Yaoundé. 

The relative value of Geographic Information Systems 

(GIS) has been well recognized ever since. Its ability to take 

into account and link the multiplicity of data and phenomena 

is very essential. Indeed, drinking water networks bring 

together a large number of independent, varied and complex 

elements. The use of GIS could make it possible to model 

[1][3][6], manage and analyze data [5] in geographical space 

thanks to digital representations [2]. Interactive cartographic 

creation via webmapping [10], which can help in 

understanding and managing problems. 

This study aims to improve the system and monitoring of 

DWS services in the city of Yaoundé by setting up an online 

management and control platform in order to solve a large set 

of problems related to the distribution of drinking water. The 

proposed methodological approach is a computerization of the 

system and activities related to the DWS network. The 

adaptability, acquisition, processing, assistance and GIS 
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organization functions will make it possible to better intervene 

in the management and prevention of the various situations 

that may arise in the water supply network. To do this, it will 

be a question of (i) showing the usefulness of CAD 

(computer-aided design), GIS in the exploitation of data and in 

the automation of the creation of DWS networks; (ii) design 

and set up a database integrating the entire distribution system 

of the DWS networks of the city of Yaoundé and finally (iii) 

suggest a prototype of a web application in the management of 

the DWS networks. 

II.  STUDY AREA  

This study was carried out in the city of Yaoundé, the 

political capital of Cameroon located in the Center region 

(Fig. 1). It occupies the western edge of the South Cameroon 

Plateau between the 3˚ and 5˚ North parallels and the 11˚ and 

12˚ East meridians. Extending over 304 km2 with an 

urbanized area of more than 183 km2, it is divided into 7 

districts geographically limited by the departments of Lékié in 

the North-West, Mefou and Akono in the West and South and 

finally Mefou and Afamba in the East. 

Fig. 1. Geographic location of the study area. 

The city of Yaoundé, also called the city of seven hills, has 

hills from 700 to 1100 meters. This irregular relief with an 

average altitude of about 750 m, is crossed by watercourses 

which can make the installation of the water network complex 

requiring good management of the water pressure. Similarly, 

the city of Yaoundé is also geographically subdivided into five 

large areas of different areas according to the distribution of 

the CAMWATER Company. Each of these areas are run by a 

commercial agency each located in the neighborhoods that 

bears their name. 

III. METHOD AND DESIGN OF THE WEB APPLICATION 

The specific data, their different processing (conversions, 

correction and the addition of new data) and the technologies 

used constitute a good basis for setting up a structure for the 

business web application. 

 

A. Data Base 

The following data was used in this study: 

 An AutoCAD file grouping together the entire 

drinking water network of the city of Yaoundé in DXF 

format (pipes, valves, fire hydrants); 

 The Shape files of the water meters of the city of 

Yaoundé as well as all the administrative and building 

data of the study area. 

Geolocated meters in the field are represented by the 

connection and its dial. This set provides information on 

several parameters such as: the meter number, the index, the 

meter diameter, the model, the type of use, the affiliated 

agency, the name of the subscriber, the tour number of the 

agent, the presence or not of the key box and its approximate 

distance from the meter. In addition to the information from 

the meter – connection set mentioned, anomalies are 

integrated which determine fraud, failures, the readability of 

the index, the presence or absence of certain components 

allowing the monitoring of equipment connected to the 

subscriber. 

B. Data Conversion and Verification 

The files pre-designed on AutoCAD software by the water 

network technicians contain the majority of the elements that 

comprise the DWS distribution system. GIS software can open 

these types of files, convert them into GIS files either by 

automatic methods via dedicated extensions, or manually. In 

our case, the conversion was preferably done manually 

because automatic methods tend to reduce and/or destroy data 

[7]. This manual method consists of exporting each layer from 

the Dxf file, which fully preserves the structure of the initial 

file. This phase makes it possible to exploit different physical 

or digital formats in order to have formats that can be easily 

exploited later [1]. 

In order to verify the newly converted data, a topological 

check was made to determine the relationships between 

entities and whether they overlap, contain or overlap. In order 

to correct this problem affecting the point layers of the system 

which do not overlap on the sections of the drinking water 

network (such as the valves), the algorithm 'hooking 

geometries to the QGIS layer was used. Similarly, in order to 

avoid problems of uniqueness, it was important to check for 

problems of duplicate geometry at the level of the water 

distribution sections. For this, the PostgreSQL interface was 

used. This interface allows to perform this check and apply 

appropriate corrections. 

C. Creation of Meter Connections to the Network and 
Data Grid 

The DWS distribution system allows the distribution of 

drinking water from the main water pipes to the meters of the 

different customers via the connections that connect them. In 

our case, the initial plan of the drinking water network had no 

connections. It was a question here of automatically 

generating missing data essential to the DWS system. In order 

to digitally and geometrically connect the entire water 
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distribution network to the various meters, the ‘Add Laterals 

at Connections’ tool was used. This tool makes it possible to 

connect the meter points to the nearest main water pipe 

conforming as much as possible to the connections in reality. 

To do this, the ArcMap software was equipped with the 

extension package named Water Distribution Utility Network 

Editor [6] allowing the desktop edition of a network [4]. Then 

a Geodatabase file in ArcGIS was created to generate a 

connection between different meters and pipes to establish a 

geometric network inspired by the GEOPAL standard 2 [2]. 

At the end, there are connections of the water distribution 

pipes and the meters connected by the connection pipes. This 

connection allows the DWS network to be routed digitally to 

the various customers, thus respecting the real connection 

logic. 

 In order to enrich the data visualization in the webmapping 

interface, the data grid offers itself as a better means of 

analysis. The grid makes it possible to link the information of 

certain elements of the drinking water distribution network in 

different defined areas. The cell grid method was an option 

used to overcome the arbitrariness and irregularity of an 

administrative division. It highlighted the main trends in the 

spatial distribution of data, by dividing the territory into 

regular blocks. The statistical values were distributed on a 

regular grid [5]. Cell values were classified and then displayed 

in colored areas. The principle was to fix the value of each cell 

with a proportion of the initial geometric units that it 

superimposes. [14]. 

D. Database Modelling 

The aim of the database modelling was to develop a 

database in order to store the information obtained in a 

database server. It was therefore essential to go through the 

different stages of modeling the database in order to architect 

it. The method used was the MERISE method for designing, 

developing and carrying out IT projects. The development was 

based on three models called conceptual, logical and then 

physical resulting in the creation of a database written in SQL 

language. The following model [3] presented the logical 

relationship between the different data that constitutes the 

drinking water network. 

E. Technologies Used  

The Windows 10 operating system was the system used in 

this study. It uses the different technologies that structure the 

implementation of the webmapping application [11]. The 

technologies used are presented in Fig. 2. 

Fig. 2. Technologies used (the size of the icons gives the order of importance). 

As in the work of Parima Mirshafiei [12], the set that 

allowed the implementation of the application was composed 

of spatial data processing technologies (in the creation and 

correction of initial data), technologies on the backend side 

(which manage the database and its connection to the user 

interface in the background) and finally technologies on the 

frontend side (the interface and data visualization) 

F. Implementation technique  

On the interface, the user's client-side interventions 

involved an http request which was transformed into an SQL 

request by Laravel in the PostgreSQL database manager. The 

latter returns the requested data(s) which, still in Laravel, were 

converted into GeoJSON format to be recognized and 

displayed on the client interface. 

IV. RESULTS 

The first phase of the work consisted first of integrating the 

large part of the DWS data into the GIS software in order to 

make corrections and create data from the existing ones. All 

the equipment used must fit together perfectly in order to form 

a drinking water distribution network that was almost 

representative of that observed in the field. The digital 

network thus set up must be visually observable as a whole 

and organized according to the different infrastructures which 

must then be integrated into the web application. 

A. Representation of the DWS distribution network 

In the city center of Yaoundé where the majority of the 

buildings represent very few dwellings, the drinking water 

pipes follow each other in a quasi-parallel manner to the road 

network. The network meanders through the various corners 

of the city, circulating through the alleys and houses (Fig 3).  

Fig. 3. DWS distribution network in the vicinity of the Yaoundé central 

post office. 

Unlike the city center, working-class neighborhoods and 

peripheral areas of Yaoundé, the main roads are lined with 

pipes. A large number of dwellings not supplied with drinking 

water were observed (Fig 4). Dwellings connected to the water 

network were disorderly connected to the water network 

which confirms the lack of running water in these areas for 
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several years. 

 

Fig. 4. DWS distribution network in the vicinity of the DAMAS 
roundabout in Yaoundé 

B. Interface Overview  

In the proposal for a web development dedicated to water 

distribution, the web application presents a mostly uncluttered 

interface [9]. This interface was occupied by the data layer 

overlay basemap. Options arranged as grouped icons 

unfolding or activating specific actions facilitating 

observation. The interface was subdivided into four parts [13]. 

The first part corresponded to the search bar; the second part 

included the set of Mapbox gadgets; the third part represented 

a set of layer managers each with different properties and 

finally the last part presented the space occupied by the 

basemap style. 

In the list of layers, all DWS data, administrative data and 

statistical data were represented and classified into point, line 

and polygon elements. The query generator (Fig. 5) allowed to 

execute client-side SQL queries just like in a GIS or relational 

Database Management System software. It took care of all the 

layers contained in the list by displaying the query response in 

priority on the basemap. 

Fig. 5. Application query builder. 

The background map manager allowed to change the 

background map which presented three styles of map 

including one light and the other dark (create on Mapbox 

Studio) [10] with the last satellite background map. 

The coverage area of the different water distribution agency 

areas in the city of Yaoundé is also presented (Fig. 6). These 

areas, unlike the limits presented by CAMWATER were based 

on the various meters covered by the given agency via the 

collection agents' rounds (relief route in the field) and the 

agency codes affiliated with the meters. 

Fig. 6. Coverage areas of different CAMWATER agencies. 

The user also had the choice to switch to 2D or 3D view 

mode as shown in Fig. 7. This, to better perceive details 

increasing the feeling of realism. The aim was to present and 

determine all the equipment in the different areas in order to 

observe and predict phenomena in the field [8]. 

Fig. 7. Coverage 3D display of the DWS network. 

Drinking water meters are represented in the form of a 

cluster grouping together all the meters identified in areas of 

the map in figures (Fig. 8). This grouping varied according to 

the space and the zoom level selected by the user. The color of 

the circles represented the concentration levels, those in blue 

show the lowest concentrations and those in pale red the 

highest. 
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Fig. 8. Visualization of Cluster-style data from Yaoundé counters. 

In addition, significant interest was placed in the analysis of 

the availability of water distribution equipment in the 

Yaoundé area. The equipment taken into account was the 

DWS pipes, the DWS connections and the meters. The aim 

was to determine the potential availability of the water 

distribution network for customers in a given area as seen on 

the application. Each zone represented a hexagonal of 200 

meters whose extrusion (the height of the columns) refer to the 

quantity of counters in the zone. The color provided 

information on whether or not the equipment was lacking, as 

well as access to water in the area. Fig. 9 shows the 

visualization of statistical data in extruded hexagonal grids. 

Fig. 9. Visualization of Cluster-style data from Yaoundé counters. 

V. DISCUSSION 

The drinking water distribution management webmapping 

platform was intended for companies or water distribution 

companies. This platform makes it possible to clearly specify 

the limits of the different distribution agencies for better 

control of field agents and administrators. It also makes it 

possible to visualize geographically the various DWS 

equipment as well as their respective information (types, 

materials and geometric dimensions,). In addition, it provided 

information on the spatial distribution of the various 

equipment, more particularly meters, by specifying their 

number and concentration. The anomalies as well as the 

different zones not connected to the network were also 

represented. 

The platform features geomatics at the service of field 

agents such as relievers, technicians and hydraulic network 

engineers in taking data and monitoring the distribution 

system. GIS were particularly represented, making the 

interface professional and allowing interconnection between 

field agents and the different professional fields. For field 

agent managers and heads of agencies, the platform provided 

assistance in monitoring the network. Likewise, the control of 

equipment and the monitoring of agents for better future 

decision-making was possible on this platform. It should be 

noted that this management application aims to deal with what 

affected the equipment of the DWS network by assisting all 

the actors in the field and the administrative authorities in the 

field of drinking water distribution. It provided solutions to the 

question of the state of the water network's assets through 

better archiving, assistance and an improvement in the 

situation of specialists in the field and the various managers. 

The realization of all this will then integrate consumers and 

other activities of CAMWATER which will allow proactive 

and reactive reactions according to the problems observed on 

the drinking water distribution network. 

VI. CONCLUSION 

The purpose of this study was to set up a web application 

integrating spatial data and GIS software functionalities in the 

management of the DWS network in Yaoundé (Center 

Cameroon). Setting up this application prototype required 

some processing (correction of the entire digitized network), 

the creation of a database and the use of a few tools and 

technologies in setting up an interactive web map interface. 

The study aimed to improve the system and monitoring of 

DWS services in the city of Yaoundé (Cameroon) through an 

online management and control platform. The results 

confirmed that the application's capabilities in spatial 

visualization of equipment, data queries and estimation of 

certain needs in the field are satisfactory. In addition, future 

possibilities are important both in the monitoring of field 

work, control, security and planning of various activities. 

Therefore, the application aims to improve the interaction 

between the actors, thus facilitating better decision-making. 
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