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ABSTRACT

This paper explores the use of mobile Geographic Infor-
mation System (GIS) computing in its application in water
point management. Applications based on mobile GIS are
the best way to provide appropriate solutions for rural popu-
lations such as breeders in Senegal. In fact, the breeders have
many problems to find water points for their cattle group.
So far, the potential geographic location of water points is
transmitting orally between breeders. It is worth noticing
that this knowledge, in rural areas, is not stored for instance
in databases and depends only on the availability of breeders
that own these information. Many solutions for setting up
rural information systems have been proposed, but most of
them are either PC-based, or rely on proprietary software, or
do not take into account electricity constraints which are cru-
cial in rural areas. In this paper, we present an information
system based on Short Message Service (SMS) technology
and mobile GIS for pastoral mobility (breeders) in Senegal.
The system is based on Scalable Vector Graphics (SVG) [1]
format, adapted to mobile phone. Our proposed solution is
able to keep up-to-date water points status as well to opti-
mize the seasonal migration of breeders.
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1. INTRODUCTION

In the Agro-Pastoral areas located at the East of
Senegal, the goal of the Pastoral Unit (PU) was to im-
prove daily life of breeders and farmers. PU are char-
acterized by a low population density and populations
are dispersed overall the region. In such case, it is dif-
ficult to share information between breeders or people
that are living in these areas. Many Pastoral breeding
systems in Africa are based either on dry season or rain-
ing season. This approach incorporates local knowledge
that takes into account two complementary strategies:
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the mobility and the geographic localization of resources
that should be used.

In order to mitigate the impact of the scarcity of re-
sources (e.g water, grass) breeders practice cattle’s mo-
bility. This geographic mobility, called transhumance,
appears as a strategy for finding resources during both
seasons. During the dry season it is necessary to go
towards good pasture areas. Nevertheless, this tran-
shumance still presents several problems.

Firstly, breeders should avoid to cross farmers’ ar-
eas that lead quite often to conflicts between them.
Therefore, finding good routes that do not cross farms
is mandatory. Secondly, the management of water point
is crucial. Missing information either about the lack of
water and/or the overload of potential water points, or
the existence of routes that cross farmer’s area should
be solved.

Despite the existence of local knowledge, the endoge-
nous information system is poorly structured and has
no traceability [2]. Ancey et al. in [3] have shown that
oral communication is the most common way to access
or to share information in PU. The traditional infor-
mation system used by these populations has reach its
limits. Indeed, in order to sustain high productivity,
breeders should have a distributed geographic informa-
tion system.

Nowadays, solutions based on Information and Com-
munication Technologies (ICTs) can overcome these
limitations. ICTs like Geographic Information System
(GIS), can be used to transmit and to keep up-to-date
information between people that live in pastoral areas.
Existing systems, called PC-based, use Global Position-
ing System (GPS) and Internet mapping information.
In so doing, they enable to track and manage pastoral
resources. The goal is to improve the coordination of
breeder’s movements and to protect soil and water re-
sources during the dry season. Due to the lack of skill
and economic reason, this PC-based approach is not



appropriate for rural areas.

Currently, we notice the use of GIS over mobile
phone. This technology, called mobile Geographic In-
formation System (mGIS) [4, 5, 6], is useful for manag-
ing geographic distributed databases. In other words,
mGIS is the use of geographic data in the field on mo-
bile devices. It should be noted that during the last
seven years, the number of mobile phones has largely
exceeded the number of wired phones [7]. We remark
also a high penetration rate in rural areas even if quite
often these populations have low incomes. According
to the penetration rate of mobile phone in our studied
area, we design an approach based on SMS and that
uses GIS. SMS system is primarily a service that tends
to overcome the Voice service of mobile telephony and
the SMS price is cheaper than a communication call.

This paper presents a new approach for information
systems management in pastoral areas. The goal is to
setup a dynamic platform management of water points.
Therefore, at each moment, breeders are able to know
the water points status. It should be noted that wa-
ter points can have three status either not available,
or overloaded, or free. These information are sent to
breeders’ mobile phones by SMS from a server which
has gathered data from different collectors (e.g radio
station, selected persons, breeders, etc.) designated in
each rural area.

In fact, we design and implement a mobile Geo-
graphic Information System (mGIS) which includes
transhumance routes and water points on each mo-
bile phone. Put simply, this platform enables dynamic
management of information with respect to pastoral re-
sources (water points, tide, etc.), and the management
of transhumance trails by taking into account difficul-
ties that may arise in certain areas (disease, failure of
boreholes, etc.) To overcome the barrier of language the
output messages of mobile phone are translated into two
local languages.

The rest of this paper is organized as follows. Sec-
tion 2 reviews the related works approach-based GIS
and on information systems in pastoral areas. Section
3 presents our approach based on mobile geographic in-
formation systems. Afterwards, we discuss in Section 4
the penetration rate of our approach with respect to the
breeders that live in the studied area. Finally, we con-
clude and present some research perspectives in Section
5.

2. RELATED WORK

At present, mobile GIS, Internet GIS and wireless
Web application are increasingly playing important
roles through the entire geo-information application.
In this paper we focus on mobile GIS. Mobile GIS
can be defined as an integrated software or hardware
framework for the access of geospatial data and services

through mobile devices via wired or wireless networks
[4]. Although a lot of research work has been done on
the use of mobile GIS technology, not much had been
done in the field of environmental monitoring, by use of
dynamic information management.

The integration of mobile GIS technologies and wire-
less telecommunications was the key focus of this pa-
per [4]. Tsou in [4] proposes to combine mobile GIS
application software, global positional systems (GPS),
and wireless networking technologies for an application
based on mobile GIS and dedicated to natural habitat
conservation.

Noriyuki et al. in [6] introduce geographic informa-
tion system using a mobile phone that is equipped with
a camera and a GPS and its exhibitions. Authors aim
to provide a social information spaces for local commu-
nities or towns. Users can annotate not only text notes
but also photos to physical spaces by sending emails
with photos and location information by GPS attached
from mobile phones.

The authors of [8] present a new mobile GIS appli-
cation, based on Mobile SVG [1], called TinyLineSVG,
which is intended for heavily resource constrained hand
held devices. This application is a tourism-oriented
map application of the Shenzhen territory for mobile
phone. This application was designed to perform satis-
factorily on devices (mobile phones) with low processor
speed, and small memory for the GIS application and
GIS data. Memory requirements are kept low by using
Mobile SVG.

Nyamuga et al. in [5] propose a method for construct-
ing an extensive wireless GIS network by utilizing Java
cellular phone as GIS terminal for environmental mon-
itoring through dynamic location disaster-emergency
notification management of spatial databases. The
main objective of this paper is to assess the use of
Java cellular phone as a GIS terminal for environ-
mental monitoring through the dynamic location of
disasters-emergency notification management of spatial
databases.

In [9], authors proposed ICT tools for Mapping Pas-
toral Movements. The overall objective is to enable
Sahelian populations to access pasture resources and
use them more effectively during the dry season with
the help of new information and communication tech-
nologies (ICTs). The proposed solution is Webmap-
ping based on geographic information systems (GIS)
with the use of global positioning system (GPS). Based
on the results obtained, effective methods of livestock
farming incorporating ICTs was identified and con-
firmed, not only to help reduce conflicts between grow-
ers and breeders and animal pressure on pasture lands,
but also to enhance the productivity of traditional live-
stock farming, with the direct consequence of increasing
family income.
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Figure 1: Our mobile GIS middleware.

3. AN APPROACH BASED ON SMS AND
MOBILE GIS FOR PASTORAL RE-
SOURCES MANAGEMENT

3.1 An overview of our GIS architecture

Figure 1 illustrates our Two-tier approach and shows
the interactions that exist between different poles
(sites). It describes the different communications
phases that should be established in order to have an op-
erational geographic information system. The different
sites depicted in Figure 1 are the University area, the
rural area (Pastoral Unit), and the rural radio station.
In the University site, we have our GIS server which
embeds a SMS server that is able to handle and pro-
cess SMS messages sent by the collectors and/or users
located in the Pastoral unit zone. For instance these
SMS messages are used by breeders in order to find ei-
ther the geographic location of water points, or retrieve
the status of water points, or seek the shortest path to-
wards a given water point. Note that the goal of the
radio station in Figure 1 is to send information to users
that have not got mobile phone.

To use our GIS service, the mobile phone client sends
requests to the server in order to acquire for instance
the URL of target map files. The mobile phone client
also has a SVG [1] parser (included by TinyLineSVG)
to parse SGV files, and a TinyLineSVG to display the
geographic information (Figure 2). In fact, TinyLine
SVG gives almost all methods to display SVG docu-
ment object and control it. It should be noted that
some SVG files may also be placed on mobile phones.
On the server side, some SVG files are pre-created, and
java components are built to generate SVG files form
database. When a request from mobile phone is re-
ceived, the proper SVG file’s URL is transmitted, oth-
erwise the java components should generate SVG file,
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and then transfer the file to mobile phone. In fact, SVG
files or data source are placed on the web server.

3.2 Using GIS Application by breeders

The information system implemented is based on
SMS and GIS technologies and is freely available. This
system consists of two servers and mobiles phones as
illustrated in Figure 3. One server, located at the uni-
versity, is used as SMS server and the other one as re-
lay through the WebMapping application installed at
the rural radio station of Koumpentoum which is a re-
gion located at 30 km from the study area (Kouthiaba
PU). Mobile phones with open source softwares (J2ME)
are distributed to 16 breeders which are involved in the
study.

For our experiments we used as mobile devices the
Nokia N70 which is illustrated in Figure 3. Note that
the map of Kouthiaba PU has been done in vector for-
mat. During the training, our results show that breed-
ers have understood the applications functionalities and
know how to use mobile device. For instance, we de-
scribe here two case studies. During the first one, the
breeder seeks the status of different water points (Fig-
ure 4. For the second case study, the goal is to find the
shortest path towards a given water point (Figure 5).



0 &m0 0 @n ® [} Sun

il
JLOCALITE DE THEL ACACIA-2007)
Howco

Wi

o
I Y
B +CourtChemin
{9 Information

hung
- - . LEGENDE: Jecls — ppAiaiE

Sirthage
=5 ESs = e =
=y —

(a) Choice of (b) SMS valida- (c)
the task tion response

Graphic

Figure 4: Access to status information.

Figure 4 shows the different steps that a breeder
should follow in order to find the status of different
water points. The breeder can select a given task by
using a menu from its mobile device (Figure 4(a)). In
fact, he sends a single SMS and then waits for response
according to the availability of this task (Figure 4(b)).

For instance if the breeder would like to know a sta-
tus of the available water points it will receive a map
on its mobile phone as illustrated in Figure (4(c)). It
is worth noticing that the status of a water point is in-
dicated by using three colors on the geographic map of
PU displayed on a given mobile device. The meaning of
these colors are: (i) red color indicates the presence of a
disease; (i) yellow color means that the water point is
dry; (i) blue illustrates that the water point is usable.

Figure 5 illustrates how to find the shortest path be-
tween two given water points. In such case, we need to
select the first (source) water point (Figure 5(a)) and
the second (destination) water point (Figure 5(b)). Af-
ter the selection, the breeder sends a SMS in order to
retrieve the shortest path between the source and the
destination. Indeed, he received a response by SMS and
the response is shown as a map on its mobile device
(Figure 5(c)).

The transcription from SMS format to graphical map
on mobile device is done by using the Scalable Vector
Graphics (SVG) [1]. Asresults, mobile phone GIS based
on mobile SVG may easily display the map on a phone
screen and do simple operation on the phone. In our
study, this benefits breeders too much.

4. DISCUSSION

In this section we discuss and analyze the penetra-
tion rate our GIS infrastructure with respect to the
users located in the Kouthiaba village. We take into
account different metrics such as the degree of usabil-
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ity, the incomes of population, and the efficiency of the
GIS architecture.

4.1 Socio-geographical aspects

Kouthiaba village, which is a pastoral unit, host
telecommunication infrastructures which enable the use
of GSM technology. Since the village is covered by
wireless network, it can be possible to introduce a
geographic information system based on ICT. Since
Kouthiaba is located in the Sahel region, during the
dry season many pools can be infected leading to many
diseases that can affect cattle. Therefore, a GIS appli-
cation and a WebMapping can contribute to reduce the
risk of diseases in rural area like Kouthiaba.

The literacy rate in the Sahel region is very low.
Therefore, the utilization of mobile device by these pop-
ulations is limited by this issue despite the fact that we
translate the output on mobile’s screen in their mother
tongue. To overcome the barrier of language we use
different menu like environmental and sanitary. In such
case, users do not need to write a SMS in order to re-
trieve a given information. Despite these facilitation, it
remains difficult to expect full appropriation of mobile
GIS based on SMS among illiterate person.

4.2 Training and testing usability

Each breeder has been formed during 28 hours for
using mobile phone and related applications. Neverthe-
less, the duration of the training cannot be considered as
a probable cause of no appropriation of applications. In
fact, at the end of the training, the insight received from
breeders shows that they have got a deep understanding
with respect to use SMS technology, start applications
and consult of the various interfaces.

4.3 Content distributed in Applications

Our Mobile GIS architecture takes into account two



key elements in the pastoral area: the status of pools
(drinkable or not), and the routes that lead to these
pools.

e Firstly, the status of pools is considered as strate-
gic by the breeders in the Ferlo region. Ancey
et al. in [3] have shown that the breeders in the
Ferlo travel following the geographic localization
of weekly markets. Therefore, the mobile GIS is
therefore designed as a structural element for ac-
cessibility and information availability in pastoral
areas. However both in the endogenous system
in the modern information systems, information
has lifetime, knowledge of the status of pools in
Kouthiaba PU has a temporal validity spread over
two or three months of the rainy season; this sea-
son after the draining of pools in seven months
makes the tools obsolete.

e Secondly, finding the shortest route between two
pools can be benefit for breeders living in the pas-
toral unit. Note that shortest path means a given
route that permits to avoid sanitary obstacles (in-
fected area, drained pool), and to cross farmers’
areas. This information enables to secure the mo-
bility of breeders. It is worth noticing that during
our test with breeders, this functionality was not
enough used. Perhaps it is due to the innovative
feature of this application.

4.4 Usability of our GIS-based applications

The appropriation of ICT with respect to a given pop-
ulation is considered achieved when the following con-
ditions are noticed : (i) a low cognitive control of ICT
by users; (i) a significant social integration of the use
of this technology in the daily life of the human being;
(iéi7) the possibility that an innovative solution was built
by using ICT.

e The satisfaction survey conducted after the train-
ing has not revealed a major complexity of the
mobile GIS according to users; No personal invest-
ment has been provided by the breeders to come
into possession of the mobile GIS, which excluded
the hypothesis that the cost of innovation would
work within the meaning of non-compliance.

In fact, the power network in the PU is not totally
operational, sometimes painfully farmers continue
to walk 8 km to reach the solar panel of some indi-
viduals of the PU to recharge their phones, but we
realized that the farmers were deprived of ensur-
ing permanent autonomy of their phones because
of the attraction of multimedia features in voltage
consumption.

e While the use of mobile phones and SMS can cope
with local practices of communication as pointed

out, the fact remains that this is hardly notice-
able when innovation is not a service whose value
does not provide a direct economic profitability.
The successful example of the Grameenphone in
Bangladesh [10] in the economic profitability of
the phones was that it was proposed to women
they buy at wholesale minutes of communication
they sell at retail so they were able to repay the
loan and generate income.

4.5 Quantitative indicators Analysis

Two quantitative elements allowed us to characterize
the appropriation in this study: efficiency and intensity
of use.

e Penetration rate: Twelve months after the system
deployment and the training of breeders, the re-
sults show that more than 50% of breeders have
used the system.

e Mobile GIS efficiency: The mobile phone is nowa-
days one of the more accessible ICT to the base
population and the project has enabled people to
receive free phones that cost on average 200 Euros
/ unit for Nokia N70; applications built from free
and open source software, do not require an update
and thereby the purchase of a license. These fac-
tors have undoubtedly contributed to reduce the
digital lack of some breeders in Kouthiaba PU.

5. CONCLUSION

We have proposed a two-tier architecture based on
mobile Geographic Information System in order to over-
come the lack of information in the Sahel region. In
fact, breeders are confronted to many problems such as
finding water points and route that do not cross farms.
We design an application based on mobile GIS and have
done real experiments with the breeders located in the
Kouthiaba village.

The obtained results show that more than 50% of
breeders have used our application despite the low lit-
eracy rate noticed in this village. The apprehension
that some breeders can have about this new technology
can explain this percentage.

This study shows also that the process of appropria-
tion of ICT is not linear. It can take much time for
a given population to adopt an innovation based on
the use of SMS to access to information following their
needs.

We investigate the possibility to give the amount of
water usable in a given water point. It can be useful
for breeders to know if it is necessary to reach a water
point according to the size of its cattle. We plan to
use sensors technologies to monitor the different water
points in order to update our database dynamically.
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