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Abstract:

The objective of this paper is to propose a
methodology aimed at setting up a gazetteer dedicated to the
monitoring of the water physicochemical parameters in Gabon.
The project, initiated by the National Center for Oceanographic
Data and Information (CNDIO), uses a network of mobile and
fixed sensors spread over the Gabonese territory. In this article,
a study of foreshadowing has been initiated and the publication
of which constitutes the first point of advancement. Two
problems are specifically mentioned: the need to create an
observation network in the light of the needs of managers and
researchers, as well as the potential missions of such a directory
in connection with university or government projects initiated
for this purpose.
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1. INTRODUCTION
Facing the emergence of new information and
communications technologies, spatialized information is
ubiquitous in computer applications, either implicitly or
explicitly [23]. Today, various applications and solutions
are developed covering broad and varied fields. The
environmental domain is not on the margins of this process.
At a time when environmental problems are acutely global
(as evidenced by the 21st and 22nd Conferences of the
Parties 'COP' on Climate Change), it seems appropriate that
each part of society should make its contribution to the
preservation of the common heritage of planet Earth.
In the area of Geographic Information Systems (GIS)
applied to environmental problems, the development of
tools for representing spatiotemporal data has made it
possible to offer users a particularly efficient means of
monitoring. Gabon, as a developing country, is not
marginal to this dynamic global initiative. Several measures
within the national scope were taken. We will mention,
among other things, the design of a National Climate
Council, the creation of a Space Observation Agency, as
well as national parks, etc. It is within this framework of
environmental preservation that the national program for
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the collection of physicochemical parameters of fresh water
falls. This program, carried out by the National Center for
Data and Oceanographic Information (CNDIO) of Gabon,
aims to know all the parameters that influence the quality
of water anywhere on the Gabonese territory.
The work described here is part of the program of the
monitoring and the understanding of physicochemical
parameters of waters, developed by the Department of
Marine Sciences (DESMAR) of the National Center for
Scientific Research (CENAREST). Indeed, the National
Center for Oceanographic Data and Information (CNDIO),
which depends on CENAREST, collects a large quantity of
physicochemical data. Thanks to fixed or mobile sensors,
several measurements are made on different sites at short
intervals. These increasingly large data are stored in
disparate and heterogeneous files. Actually, the CNDIO is
unable to follow and even to do spatial and statistical
analyzes of these data.
Our work lies within the framework of the construction of
directories of toponyms. Indeed, the territories on which the
sensor arrays are installed generally characterized by fuzzy
boundaries. This is the case, for example, with buoys
equipped with sensors. When dropped at sea or on a
watercourse, these buoys may drift. Under such conditions,
they can be located at successive times T1, T2, …,Tn, on
different geographic objects whose boundaries can be
defined in a fuzzy manner. The problem also arises for
fixed sensors when they are located at the mouths of
streams / rivers or at the border of two or three territories.
Facing such problems, solutions such as catalogs,
observatories or the conventional GIS tools developed
under the ArcGIS, Map info, etc. platforms are ineffective.
Indeed, the databases resulting from such solutions
generally answer questions concerning geographic features
whose limits are clearly defined. That is why we think that
toponyms seem to be a potential trail for such problems.
The objective of this work is to propose the first reflections
which should lead to the implementation of a
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spatiotemporal solution based on toponyms. The gazetteer
that we intend to develop must take into account the fuzzy
characteristics of the features in the territory, the dynamic
character of the sensor networks as well as the nominal
variants in the features designation. The aim is to facilitate
the sharing of knowledge and know-how between different
research organizations. It is within this framework that this
article is written.
This article is organized as follows. In the first part, we
present the context in which these data were collected as
well as their nature. Then, we will describe the scientific
problems that arise in the context of the CNDIO. After
identifying the problems, we set out in section three a state
of the art in this field. The forth section describes the
reasons why a solution based on the use of toponyms is
recommended. The fifth section of this work presents the
proposal of a methodology applicable to the exploitation of
these data in the context of Gabon. Finally, we conclude by
presenting the missions of the gazetteer through a few cases
of use as well as examples of requests.

2. CONTEXT AND PROBLEM
With the increasing development occurring in Africa, the
continent is facing major challenges in providing quality
water to people. The problem of accessing drinking water is
even more important in peri-urban areas, due to the lack of
regulation of the uncontrolled and informal settlement of
populations, and also the absence of municipal water
services. This absence of public services in those area has
as corollary, the use of rainwater, wells, and watercourses
surrounding dwellings. It is within this framework that the
program for monitoring and understanding the water
physicochemical parameters developed by the CNDIO
takes place.
2.1 Description of the measuring stations and collected
parameters
The water observation and monitoring network set up by
the CNDIO is made up of several sensor stations
distributed along the littoral and inside the Gabonese
territory. Surveillance and data collection campaigns are
carried out at irregular intervals. The objective is to verify
the consumable nature of the waters, but also to understand
the dynamics of the muddy cork. Similarly, these
campaigns make it possible to highlight the processes
controlling the oxygenation of water and to feed the
database which will make it possible, in comparison with
future data, to perfectly parameterize the evolution of the
estuary in relation to climate change.
Two categories of sensors have been used: mobile sensors
and fixed sensors. Today, only the fixed sensors are
deployed. Each station measures several physicochemical
parameters thanks to dedicated electronic devices. Among
the measured parameters, let us mention temperature,
salinity, suspended solids content, dissolved oxygen
concentration, PH, turbidity, water potential, redox
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potential, etc. In general, the measurement frequency is
calculated on average ten minutes from samples taken one
meter below the surface. In the long term, the CNDIO plans
to set up drifting mobile sensor stations on rivers. Whatever
the sensors used all the information collected is recorded in
an Excel spreadsheet.
2.2. Problems
In recent years, a large amount of data has been
collected and recorded thanks to the network of sensors
distributed on various sites in Gabon. Data collected at
irregular frequencies are stored in scattered and
heterogeneous Excel files. However, such a storage
procedure makes it difficult to monitor, cross-check and
analyze these data. As [2] point out, "integrating
information available on a territory requires an unavoidable
phase of inventory of shareable resources". Therefore, after
analyzing the documents available to us, we have identified
the following problems:
- Lack of standardization of data from one collection
campaign to another;
- Lack of identification information (no identifier, no
label of the sensor, not even the reference of the
station...) which allow the characterization of the
data;
- Excel format table structure not suitable for storing
spatial information;
- Ambiguity when collection sites are located in
places with identical names. For example, it is
difficult to distinguish samples taken from the
Ngounié River when it crosses Ngounié province
and water points in the same province;
- Absence of a particular statistical analysis of the
data and a dynamic follow-up of the evolution of
these data. One consequence is that scientists and
users cannot get an idea of the quality of the water
on the situation of the various sites. This type of
information is very useful in the implementation of
e-administration [7], because more and more eservices are using geo-referenced data. For example
water quality can impact ecological tourism.
In view of the abovementioned problems, a methodology
should be proposed for better monitoring of these data. The
establishment of a gazetteer-type solution of typonyms
seems to be a potential path. Indeed, the use of several
place names as a sensor station, the continuing capture of
measures, the lack of standardization in collection
procedures, are some of the shortcomings we have
identified.
Proposing a solution that gives scientists and decisionmakers the ability to place spatiotemporal and toponymic
requests is a major challenge. Indeed, as pointed out by [6],
a solution of this nature is a way of rethinking the modes of
articulation and intervention of the various actors on one
hand, and on the other hand, it is an answer to the need of
animation, information and communication, based on
common reflections organized.
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3. STATE OF THE ART
In recent years, the integration of the spatial-temporal
dimension in geoscience applications has been the subject
of several research studies. As noted by [5], the problem of
historical monitoring of environmental phenomena and
natural hazards uses spatial and temporal multidimensional
data. Several scientific studies have been proposed in
various fields (volcanic monitoring, marine pollution,
monitoring of air pollutants, management of household
waste in urban centers, etc.). In historical risk monitoring,
for example, [5] propose a technique of modeling of events
(avalanche, flood, etc.). In their proposal, an event has a
spatial representation. To characterize the evolutions of
phenomena, the temporal dimension has been managed
from two points of view: the existence of objects (creation /
destruction) and the evolutionary aspect of objects during
their lifetime and their change of state.
For their part, [18] have worked on understanding the
mechanisms of groundwater circulation. They propose a
modeling of the risks of pollution generated by the
anthropic activities on the Loyalty Islands of New
Caledonia. From field observations, fluorimetric tracing
and piezometry [18], a model was constructed in which it
was now possible to reconstruct the trajectories followed by
the waters and their speed in their flow. In general,
consideration of the spatiotemporal dimension has been the
subject of several studies leading to numerous applications.
We can cite for example the work of [4], [20], [8] or those
of [1], and so on.
Whatever the nature of the work carried out, their
applications did not integrate problems related to the fuzzy
nature of the component elements of the territory (rivers,
mangroves, etc.). Similarly, these authors did not take into
account the dynamic nature of a sensor station. Indeed, in
the case of a station of mobile sensors (such as buoys in a
stream), they may belong to several geographic locations
because of their trajectory. From the above, it seems that
the proposed solutions appear inoperative.

4. TRACKS OF GAZETTEER AND OBJECTIVES
For a long time geoscience applications were based on the
use of catalogs, atlases and observatories. Today a new
generation is taking over: that of gazetteers or directories of
toponyms. Indeed, toponyms are now used as a central
pillar in the modeling phase of this new generation of tools.
As a reminder, a gazetteer is a dictionary of remarkable
elements of the territory that combines both the place
names and their description [3]. This description may
include relationships with other entities (objects or
phenomena, for example, an island is within the waters) or
may take the form of a position (latitude and longitude), or
geometric form (line or Polygon) or in the form of
attributive descriptors that can be assimilated to key words
[16]. The construction of geographic indices may comprise
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several elements that form the territory (continent, country,
city, mountain, river, archaeological site, etc.); and their
descriptions are variable (geographical position, depth,
area, population, photograph of the place, etc.) [11], [12],
[3].

Figure 1. Complex relationship between a geographic
location and its names [14].
Several recent scientific works have now included the
names of toponyms as complex databases. The complexity
of their uses leads progressively to develop ontologies of
toponyms [10], [14]. This approach, which consists in
developing directory-type solutions, is recent and is
increasingly experimented in new geoscience applications
[16]. Today, several projects dealing with the gazetteers
exist throughout the world and numerous scientific works
have been carried out. This is the case for example in Brazil
[22], Croatia [10], Tunisia [20], France [3], [25], and China
[13]. The use of geographic toponyms directories opens a
new era in the development of solutions to assist decisionmakers in information management and environmental /
geographic knowledge in the field of geoscience [17].
Out of all the works cited above, none of them have yet
dealt with problems related to fixed and mobile sensor
networks coupling both the fuzzy dimensions within the
geographic objects and toponyms. This is the logic behind
this work. The National Center for Oceanographic Data and
Information (CNDIO) is facing a lack of tools adapted to its
context. The objective of the propose solution is to help the
researchers in their analysis, monitoring and even
forecasting work. Therefore, it seemed appropriate to bring
to this research organization, an innovative solution
through which actors can observe, simulate, analyze, map,
etc., the physicochemical parameters measured on different
sites.
As [9] point out, environmental monitoring involves
several observation stations. The latter are responsible for
monitoring various phenomena to which one or more
parameters correspond. Since these sampling stations are
located in different places (regions, cities, villages,
neighborhoods, etc.), the spatial and toponym dimension is
therefore an essential element. All of the data collected by
the CNDIO also follow this logic. In the remainder of this
article, we outline our proposal. Section 5 presents the main
methodological principles (models, use cases, etc.). Then
we propose the architecture of the solution followed by
some examples of queries.

5. CLASS DIAGRAM AND GAZETTEER ROLE
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As pointed out by [6], proposing a model that represents
the territory, follows from several points of view: natural
territory, planning and administrative divisions. This
approach, which takes into account all the aforementioned
aspects, is called cognitive [23]. The modeling of a
territorial system is therefore a function of the objectives
we set ourselves from the beginning. That is why, in
owncontext, we have identified at each level the essential
elements that must be taken into account. Our proposal is
based on a model that supports the implementation of a
gazetteer dedicated to this type of problems. Here, the
territory is composed of a set of entities interacting with
each other: these represent the geographic features. The
integration of the data takes into account the modeling of
the spatio-temporal aspects of these geographic objects.
The same applies to all the physicochemical data collected
by each collection station. The UML formalism was used to
model our territory and the set of elements that gravitate
around geographical objects. The following section
presents the conceptual framework of the model followed
by a use case.
5.1. Conceptual Model
As noted in [2], the use of an object formalism will allow
the interactions between concepts to be managed through
the relations between classes. In the model given Figure 2,
we have defined generic classes taking into account the
spatio-temporal dimensions. The model revolves around
the Toponym, Geographic Objects, Linear_station and
Static_station classes.
- The Geographic object class is a generic class. It has a
general character on all the territorial spaces on which the
stations for collecting physicochemical parameters will be
located. Geographic objects are identified in three forms:
polygons (where all the segments are known, such as
provinces, departments, towns and villages, and lakes),
lines (all kind of water courses except lakes), and finally
points (in which we will have fixed stations and certain
sites whose geometry is so small that we will assimilate
them to punctual objects). Surface objects are characterized
by their fixed and fuzzy boundaries. The fuzzy aspect has
been taken into account due to the current configurations of
the major world agglomerations. These large cities are
generally made up of the small municipalities joining them.
Thus, in the collective consciousness, these small towns are
generally considered to be part of the great metropolises.
This is the case of Villeurbanne and Lyon and Paris and
Nanterre in France. African cities are not on the margins of
this pattern. In Gabon, for example, we have the cities of
Libreville (capital of the country), Owendo and Akanda
(small surrounding municipalities). The definition of a
fuzzy boundary can be used to solve the problems that may
arise when searching for information. An illustration of this
problem is represented in the diagram below.
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Figure 3. Illustration of a situation where the fuzzy boundary of
an object (B) is the union of objects (A, B and C).

During the collecting campaigns, it was found that a station
which is located, for example, in the municipality of
Owendo at the river "Nomba" can be counted as part of
Libreville since the municipality of Owendo is part of
greater Libreville. The same applies to measurements taken
north of Libreville, in the municipality of Akanda. In view
of the above, we can define the fuzzy boundaries of
Libreville as the union of all the municipalities adjacent to
it.
- The toponym class will describe the set of names
that geographic objects will carry. During the
implementation, a table will be created which allows to
collect all the names of the places with their synonyms.
Linear and surface objects were identified by their names.
The sites and stations that populate the geographic objects
are identified by the different names of the geographic
feature on which they are located. For example, if a site is
located in Owendo, it will carry not only the Owendo but
also the Libreville toponym since the fuzzy boundary of
Libreville encompasses Owendo.
From the above, it follows that a site or a station can belong
to several places at the same time. Such an approach makes
it possible to solve the problems posed by the drifting
stations which may belong to instants given to several
rivers and even to several geographic objects of surface
types. Figure 4 illustrates such a problem.
C
A

B

Fixed limit
Fuzzy
Collection

Figure 4. Example of a fixed station located on a
watercourse (C) crossing two geographic objects (A and B)
with fuzzy boundaries
- The Linearstation and staticstation classes represent the
stations of the mobile and fixed sensors. They are
composed of a set of dedicated sensors. These stations
make recordings of the physicochemical parameters at a
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MeasurementReport
- idmeasur : integer
- date : date/heure
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- idSta : integer
- name : string

FixedReading

StaticStation
*
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- Position : OpenGIS Point *
1

- Idtop : integer
- name : string

*
ReleveStatement
- position : OpenGIS Point

DynamicStation
*

- path : OpenGIS LineString
1
*
*
GeographicObject
- idOG : integer

1

1
1
Parameter

- Idparam : integer

HydroLinearObject
- Trace : openGIS LinearRing
PuntualObject
- position : OpenGIS Point

ArealObject
- limite_fixe : openGIS LinearRing

Stream

Canal

River

ChimicalParm
- Pot_redox : real
- pot_hydr : real
- chlore : real

Lake
PhysicalParm
- conduc_elec : rael
- salinite : real

Agglomeration
- BorderFuzzy : OpenGIS LinearRing
Town
1

Region
surrounded >
Site

- idsite : integer
- name : string
- perimeter : OpenGIS LinearRing

*
1
Distric

Well

Figure 2. Organizational links between geographic objects and collection stations
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- given date and according to a quantum of time previously
defined on sites. A site is a point geographic location, located
on a hydrographic entity (rivers, lakes, canals). To properly
locate the sites, the geographic position through the GPS
coordinates is important. In the model, only fixed sensors
make recordings on sites. This is why we have created a
direct link to the site and static_station classes. However, for
mobile sensors, the geographic position is dynamic as a
function of time. From this state of fact, it follows that a
mobile station discretizes a dynamic continuous process. As
a result, the sensors of these mobile stations measure a
dimension of this process. If we call X this process, Xij
represents a record for one of the sensors of a station at a
given instant.
We will consider i, as the number of sensors, and j is the
recording time. Thus, the process X can be represented in the
form of a matrix. With online recordings at different times
and in columns, the different types of sensors of the station.
With the rows, as the different recordings at successive
times, and columns as the different types of sensors of the
station.

X =

X11 X12 X13……. …….X1n
.
.
.
.
.
.
.
.
.
.
.
.
Xm1 Xm2 Xm3……… ….Xmn

As for the quantum of time, we denote as T. And between 2
records, we will say that Tn+1= Tn + T.
- The parameter class is a generic class that inherits
the "physical" and "chemical" classes. These two classes
make it possible to collect all the physical and chemical
data collected on the sites for each station For the sake of
simplicity, we did not want to make appear in the model all
the properties of these two classes, because they are very
numerous. In the parameter class, we also introduced the
temporal dimension by inserting the "date" attribute.
Indeed, the collections are realized according to sequences
well determined at a given period.
After this brief presentation of the class diagram, we
illustrate through a case of use the different functionalities
that can be encountered in the future solution.
5.2. Directory roles and sample queries
The gazetteer we are proposing will include a set of
concepts and functionalities. We describe through use cases
(Figure 5). In consultation with all the actors of the
CNDIO, we identified the different shareholders of the
community who could be the future users of the solution.
These are the administrator, the researchers, the data
collecting engineers and the users. Depending on the user's
status and the access rights associated with it, the proposed
documents may differ.
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View statistics
<<Include>>

Consult IQW
Manage localities

<<Include>>

Users

Consult / View the
data

<<Include>>
<<Include>>

<<Include>>
<<Include>>

Manage setting

Authentication

<<Include>>
Data administrator/
administrator

Manage the site
<<Include>>
<<Include>>

Manage stations

System maintenance

Users
Management

Figure 5. Use cases to the interaction between the different
levels of users and some of the functionalities of the system.
The use case outlines the various possible situations that
users may encounter: administrator, researchers, collector
and users. Regarding the role of the administrator, it will
manage the users, maintain all the system parameters that
will allow the solution to function properly. For his part, the
researcher manages the functionalities relating to the
stations, the sites, and some parameters relating to the
various analyzes and indicators that are carried out of data.
Among these indicators, we will have, for example, the
Water Quality Index (WQI). This index will make it possible
to determine, through color codes, the quality of the water at
the collection sites. The same applies to the statistical
calculations performed on the data. The latter will ultimately
determine whether water is conducive to bathing, drinking,
protecting aquatic life or simply protecting the body of water
from anthropization. A researcher can be authenticated as a
collector and also capture the data collected in the field. The
last role is that of any user. He can consult on the website all
the information relating to the water quality in a specific
region.
Currently, the solution is under development. It is a web
solution in which we will find the gazetteer and the different
functionalities that we have been presented above. The
database is implemented under the PostgreSQL / GIS
Databases Management System (DBMS). The search for
information in the solution will have to take into account a
certain level of complexity: for example, the system must be
able to answer the following query:
“I am looking for the collecting stations that are located in
Libreville (places) based on the river" Guégué "(rivers)
which produced the data on date t1 (date) and which have a
quality index of the water suitable for swimming “.
6. CONCLUSION AND PERSPECTIVES
In this paper, we have presented the procedure leading to the
implementation of gazetteer. The purpose of this project is to
meet the needs of the CNDIO in terms of monitoring the
water physicochemical parameters in Gabon. The developed
directory integrates the spatio-temporal and toponym
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dimensions. We proposed a conceptual model that takes into
account the following points:
- Insertion of a fuzzy boundary in the description of
geographic objects;
- The proposal of a dictionary of names of places and their
synonyms for all of Gabon. This gazetteer will describe not
only the geographic objects but also help the solution when
searching for information;
- Implementation of extensive spatial analysis capabilities
dedicated to monitoring water quality;
- The integration of biological parameters when the stations
are equipped with the technologies to collect the related data.
This work is currently being finalized, notably through the
development of the tool web accessible to the general public
as an e-service [8], and the deployment of the solution. As
[7] point out, beyond this particular example, the reflection
that we have carried out in this publication constitutes a real
methodology. It can be for our part usable in other contexts.
This is why, in the implementation, we can still identify
several points that need to be further explored.
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