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Abstract. As the main freshwater reserve in Senegal, Guiers lake is fac-
ing socio-economic and ecological challenges. For several years, Guiers
lake has been threatened by various sources of pollution, particularly
related to industrial, domestic, agricultural, and �shing activities. In-
dustrial activity results in the release of pollutants into the water which
have detrimental e�ects on the environment and human health.
One of the major challenges in water resource management is quality
control, which involves acquiring some informations about water, such
as temperature, turbidity, conductivity, pH, and many other parameters.
the level of presence of these parameters in the water can give information
about the type and intensity of the pollution.
Many approaches have been developed to address the problem of water
quality monitoring through the Internet of Things. The application of
these di�erent projects in a local context (Senegal) is di�cult due to the
logistics (internet coverage, etc.) and the cost of certain components.
Looking at the Senegalese context, this work is identi�ed as a case study
of the application of IoT technologies and low-energy LPWAN transmis-
sion in water quality monitoring. In particular, we will be using LoRa
transmission technology in the access layer because of the many advan-
tages of spread spectrum modulation.
The aim of this work is not only to clarify the potential application of IoT
in the Lac de Guiers area, but also to answer an important question about
the accuracy of IoT systems in measuring the physical and chemical
variables of water.

Keywords: Internet Of Things · Low Power Wide Area Network · LoRa
· Pollution.

1 Introduction

Located in northern Senegal, in the upper delta of the Senegal River, Guiers lake
is considered as the largest lake in the country, covering an area of 300 square
kilometers with a volume of 600 million cubic meters of water. It serves as the
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largest freshwater reserve in Senegal and also facilitates the development of over
30,000 hectares of irrigated land [2]. Lake Guiers is a hub for agricultural, �shing,
pastoral, �sh farming, and agro-industrial activities. For some time now, it has
been facing a wave of pollution. The use of this polluted water is detrimental to
public health, leading to diseases such as diarrhea, cholera, schistosomiasis, or
liver �ukes [7].

The need for e�ective monitoring, assessment, and control of water quality
in Lake Guiers has become more pressing. Traditional methods relying on wa-
ter sample collection, testing, and analysis in water analysis laboratories are not
only costly but also fail to provide real-time data capture, analysis, and decision-
making capabilities.
With the advent of IoT, systems are being proposed to monitor water quality [5,
4, 1, 3, 6, 9]. IoT systems, through sensors, facilitate the entire testing chain from
data acquisition to processing and visualization. The objective of this project is
to implement a low-cost et resilient acquisition system that will use a network
of sensors to collect water quality parameters and send this data to our servers.
Additionally, it aims to enable data visualization through a dedicated applica-
tion. The issues at stake in this project include feasibility in the context of Lac
de Guiers, which is located in an area far from the capital and not covered by
operators, and the accuracy of such a system in measuring phisico-chemical pa-
rameters. In the course of this paper we will begin with an in-depth study of the
literature and will �nish with a validation phase and discussion of the prospects
and outcomes of such a project.

2 The Guiers Lake: a development issue

The Guiers Lake represents more than just a resource; it embodies an entire
social and economic dynamic. As the main source of drinking water in Senegal,
it is crucial to consider how to preserve it from threats.

A recent survey conducted on Guiers Lake by our team reveals the concerns of
the local populations regarding the danger posed by agricultural and industrial
waste discharged into the lake.

During these investigations, the various users of the lake brought up numer-
ous issues around the pollution caused by aquatic plants but also the industries
installed with spills on the lake. The local population have clearly shown their
fears about the possible repercussions of this pollution on them and their an-
imals. On a more global level, pollution of the lake will have consequences for
public health and could lead to a national health disaster. A water quality mon-
itoring project is a control solution that will give the authorities a real-time
idea of the level of degradation of the water and enable them to take action if
necessary.
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Fig. 1. Lake Guiers: a photo of the current state of the lake. The apparent greenish
colour shows the advanced level of proliferation of aquatic plants.

3 Related work

There are several approaches that have been proposed over the years for re-
mote monitoring of water quality. Broadly speaking, we identify 2 groups of
approaches: on the one hand, projects based on the Internet of Things using
sensors and telecommunication systems and, on the other, initiatives centred on
the use of arti�cial intelligence, particularly computer vision, to assess water
quality from satellite images.

A number of studies have been carried out on IoT-centric approaches.
(Varsha et al.) [4] propose an IoT-based water parameter monitoring system that
utilizes an industrial multi-parameter sensor node. The sensor node employs a
�le system to backup sensor data in case of network loss. The communication
technology between the nodes and sensors is GSM. On the server side, the data is
stored and visualized through a web-based user interface. The limitations of this
method are essentially related to the use of GSM communication technology. In
fact, this technology requires fairly high energy consumption as well as network
coverage by operators, which is not the case in our area.

Another project has been launched for a mini aviculture basin. (Ngom et
al.) [5] presented a water quality monitoring system using LoRa transmission un
systeme pour controler les parametres dans un bassin. This is a low-cost infras-
tructure consisting of a remote station for real-time data collection and a web
platform for visualization and analysis.This project is similar to our approach in
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the use of LPWAN transmission technology, but at a smaller level. Our problem
is more global, of the order of a lake. In addition, the sensors used in this project
are very expensive and do not meet our needs for a low-cost system.

In this project (Roy et al.) [6] are studying a monitoring system consisting
of various sensors for measuring the quality of spring water, a micro-controller
for processing the collected data, and various communication systems. Addition-
ally, the collected values will be compared to standard values, and if the values
exceed the de�ned threshold, an automatic SMS alert will be sent to the user.
Cette approche reste tres interessante avec l'utilsiation d'un systeme d'alerte.
La di�erence avec notre projet sera essentiellement sur le nombre de parametres
monitorer. en e�et dans des e�ort d'optimsiation nous avons seulement decider
de monitorer la temperature, la conductivite, la turbidite et le pH.

Another similar project is the (L. Lakshmanan et al.) approach [4] where
it proposes a system using mainly 2 parameters, pH and Turbidity. and a wi�
module on the monitoring station. This approach is not applicable in our context
as we will have to deploy the monitoring station in water where it is absolutely
impossible to have internet access from a WIFI module.

Alongside these approaches, a new way of thinking is emerging about the use
of arti�cial intelligence.

In [9] (Yang et al.) introduce a new approach with a system based on remote
sensing, the use of UAVs (Unmanned Aerial Vehicles) and Arti�cial Intelligence.
This is a very promising approach, but we are faced with the problem of accessing
resources such as high quality images in order to begin computer vision work.
Our system needs to be as simple as possible for use in an environment with the
minimum of rural conditions and ensure a su�cient level of precision.

We're going to take inspiration from the systems we've seen before and de-
velop our approach by adopting a 3-level architecture: an acquisition station, a
gateway and a server. We will be using a LoRa communication link between the
station and the gateway. LoRa is the perfect network for energy-independent
applications that do not handle very large data sets (between 51 and 222 bytes
depending on the Spreading Factor).

4 Metrics related to water quality

As part of water quality estimation, several parameters are important, and their
value distribution provides a precise indication of the level of degradation ac-
cording to established standards. We have implemented a system that utilizes
sensors to monitor Turbidity, pH, Temperature, Electrical Conductivity.

4.1 pH value

pH is an important variable in assessing water quality as it in�uences numerous
biological and chemical processes within a body of water, as well as all associated
water supply and treatment processes. It is a measurement of the concentration
of hydrogen ions in a solution. The normal pH range is between 6.5 and 7.5. In
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drinking water, if the normal pH range is not maintained, it can cause irritation
to the eyes, skin, and mucous membranes. It can also lead to skin disorders.

4.2 Temperature

Water temperature is a key characteristic of any body of water. It a�ects the
density of water, its ability to support life, as well as its capacity to absorb
gases and nutrients. It is a contributing factor to the accuracy of conductivity
measurements. By incorporating temperature into the conductivity sensor, we
can achieve a more accurate estimation.

4.3 Conductivity

Electrical conductivity, or speci�c conductance, is a measure of water's ability
to conduct an electric current. It is sensitive to variations in dissolved solids,
primarily mineral salts. The degree to which these salts dissociate into ions, the
amount of electrical charge on each ion, ionic mobility, and the temperature of
the solution all in�uence conductivity. Conductivity is expressed in microsiemens
per centimeter (µS/cm). The conductivity of most freshwater ranges from 10 to
1000 µS/cm but can exceed 1000 µS/cm, especially in polluted waters or those
receiving large amounts of runo�. In addition to being an approximate indicator
of mineral content when other methods cannot be easily used, conductivity can
be measured to establish a pollution zone.

4.4 Turbidity

Turbidity is a key indicator of water quality. It refers to the measurement of
the degree of haziness or cloudiness of water. The turbidity of distributed wa-
ter should never exceed 5.0 NTU (Nephelometric Turbidity Units). Turbidity
can have signi�cant e�ects on the microbial quality of drinking water. Micro-
bial growth in water is particularly pronounced on the surfaces of particles and
within �ocs, which naturally occur in water or are formed during coagulation.
This phenomenon is a result of the adsorption of nutrients to surfaces, enabling
bacteria to grow more e�ectively (CFPT, 2002). Several studies have shown a
link between turbidity and the presence of microorganisms (viruses, bacteria,
and protozoa) in drinking water.

5 Analysis and design

In this section, we will provide an abstract representation of our system, both
in terms of functionality and requirements. Additionally, we will establish a
general architecture of the system, from data collection to storage in the server
and visualization.
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5.1 Requirements diagram

Through the use of SySML [8], which is a system modeling language, we have
developed the requirements diagram. This diagram provides a graphical repre-
sentation of a capability or constraint that needs to be ful�lled by the system.
It can be seen as an interpretation of the speci�cations document.

Fig. 2. Requirements diagram: This �gure de�nes the functions of our station in terms
of data acquisition and transfer using simple blocks.

5.2 General architecture of the system

Our system will be represented in three layers: the lower layer made up of the ac-
quisition station, an intermediate layer with the gateway responsible for routing
the data to the server, which represents the �nal layer (the application layer).
in the �gure 3 We clearly identify the sensors, the arduino MCU and a LoRa
module that make up the station and that transmit the data to the gateway via
communication on the amateur 433MHz frequency. The gateway is made up of a
LoRa module and an ESP MCU. The gateway has a given frequency and sends
the information to a server.
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Fig. 3. System design: Global architecture of the system with 3 levels: the access layer,
the distribution layer with the gateway and the application layer with our server.
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5.3 Electrical design of station

In this section, we present an electrical diagram of the acquisition station. An
electrical validation of the station was conducted to obtain an estimation of the
overall energy consumption of the station. This simulation provides us with a
solid basis for moving on to a prototype.

Fig. 4. Station Electrical Design: Electrical circuit and connection of the various com-
ponents in the acquisition station

5.4 Electrical design of gateway

An electronic representation of our gateway will allow us, among other things,
to have a detailed view of the gateway and perform electrical simulations on the
system.
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Fig. 5. Gateway Electrical Design: Electrical circuit and connection of the various
components in the gateway

6 Synopsis

This diagram provides us with information about the �owchart of the programs
installed on the station, from initialization to sensor data collection. It provides
a chronological overview of the entire process. In the �owchart, we present the
algorithm implemented at the board level for data retrieval and transmission to
a remote server. The data is collected over a certain period of time. If this time
limit is reached, the micro-controller collects sensor data sensor by sensor and
forms a data frame for transmission.
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Fig. 6. Synopsis station: sequence of instructions in
the acquisition station's calculation processor

Fig. 7. Synopsis gateway: sequence of instructions
in the gateway calculation processor

7 Communication Systems

7.1 Deployment zone

A physical characterization of the area is essential in order to optimize trans-
mission. By choosing a LoRa network, we have the ability to transmit up to 15
km in direct line of sight. Therefore, the station and gateway can be located at a
maximum distance of 15 km from each other. Additionally, the LoRa modulation
ensures low power consumption, which is advantageous for deploying connected
objects in remote locations. The station will be set up in a position close to the
shore, while the gateway will be located on the premises of the Keur Momar Sar
town hall, providing access to their networks. In our system, we have two main
types of communication. The �rst is between the station and the gateway, which
is done over LoRa. The second is a WiFi communication used to transfer the
acquired data to remote servers in the cloud.
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Fig. 8. Deployment area

7.2 Station-Gateway Communication: LoRa

The choice of LoRa is not random, indeed, being part of the LPWAN (Low
Power Wide Area Network), it o�ers signal robustness and low power consump-
tion thanks to its modulation. This modulation technique is an exclusive spread
spectrum modulation derived from the existing Chirp Spread Spectrum (CSS)
technology. LoRa provides a compromise between sensitivity and data rate while
operating in a �xed bandwidth channel of 125 KHz or 500 KHz (for uplink chan-
nels) and 500 KHz (for downlink channels).

Additionally, LoRa utilizes orthogonal spreading factors. This allows the net-
work to preserve the battery life of connected end nodes by performing adaptive
optimizations of power levels and data rates for individual end nodes. For ex-
ample, an end device located near a gateway needs to transmit data with a low
spreading factor as very little link budget is required. However, an end device
located several kilometers away from a gateway will need to transmit with a
much higher spreading factor..
Semtech's LoRa Chirp Spread Spectrum (CSS) technology provides a low-cost,
low-power alternative to Direct Sequence Spread Spectrum (DSSS) that is robust
and does not require a highly precise reference clock.

We have chosen a LoRa module of Ra-01 type with the following character-
istics:
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Table 1. LoRa parameters

Frequency Sensitivity Power Voltage

410MHz 525MHz -140dBm +22dBm 3.3V

8 Result and Analysis

8.1 Result

In the following, we will present the visualization of the data collected from
a cloud platform called ThingSpeak. It allows creating a channel associated
with �elds and retrieves information from HTTP requests from the gateway.
From these graphs, we have a time representation of our di�erent parameters.
According to established standards, thresholds are de�ned for each parameter
to have an idea of the level of degradation of water quality.

Fig. 9. temperature plot Fig. 10. pH plot

Fig. 11. Turbidity plot Fig. 12. Conductivity plot
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The temporal representation of these parameters has enabled us to monitor
the constants and gain an idea of their evolution. Once processed, these data
will provide an overall idea of the level of pollution, based on standards set by
the water quality regulation and control authority.

8.2 Laboratory Validation

In collaboration with the biological analysis laboratory of the Higher Polytechnic
School of Dakar, we carried out a series of tests on the same sample to obtain
values for parameters such as turbidity and pH. The results are shown in the
table below.

Table 2. Laboratory result

Samples Turbidity pH Hardness

3 3,81 7,35 3,40

Comparison and margins

� Turbidity: with the station, we have a turbidity value that stabilizes at
around 3.50. This value is quite close to the 3.81 obtained with laboratory
tests.

� PH: the station collects a pH value of around 8.6, while laboratory tests give
a value of 7.35, giving a margin of -1.25.

In �gure 13 we show the variation between the values collected by our station
and the values of the samples tested at the laboratory.
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Fig. 13. Comparison of station and laboratory values

9 Conclusion and perspective

The aim of this project was to set up an intelligent water quality monitoring
system using low-cost sensors and to verify the possibilities of application in the
context of Senegal.

We set up a network of sensors to collect physico-chemical water parameters
in real time, in order to monitor water quality. In this context, after the biblio-
graphical study, we studied the existing systems, identifying their limitations in
the �rst part. Then, in the second part, we identi�ed the metrics to be monitored
for the design and deployment of our system.

Finally, we were able to retrieve data in real time via the thingspeak cloud
platform, where it is possible to observe variations in these parameters. With
the communication model we developed, the monitoring station can be deployed
over a distance of 15 km using LoRa technology.

Such a system is of capital importance for developing countries and can be
mass-produced to allow a grid of waterways. This will enable the authorities to
monitor developments and really understand the correlation between the growing
number of industries being set up and the increasing levels of pollution. In the
future, we plan to use deep learning models to output the corelation between the
values of each parameter, with the aim of studying the profound impact of each
parameter on the physical, chemical and biological equilibrium of the water.



Title Suppressed Due to Excessive Length 15

References

1. Bogdan, R., Paliuc, C., Crisan-Vida, M., Nimara, S., Barmayoun, D.: Low-cost
internet-of-things water-quality monitoring system for rural areas. Sensors 23(8),
3919 (2023)

2. Diop, P.: Vers une stratégie de gestion participative multi-usages de la ressource
en eau dans le delta du �euve Sénégal: processus de décision et outils de régulation
autour du lac de Guiers. Ph.D. thesis, Université Paris Saclay (COmUE); Université
Cheikh Anta Diop (Dakar) (2017)

3. Gómez, D., Salvador, P., Sanz, J., Casanova, J.L.: A new approach to monitor water
quality in the menor sea (spain) using satellite data and machine learning methods.
Environmental Pollution 286, 117489 (2021)

4. Lakshmikantha, V., Hiriyannagowda, A., Manjunath, A., Patted, A., Basavaiah, J.,
Anthony, A.A.: Iot based smart water quality monitoring system. Global Transitions
Proceedings 2(2), 181�186 (2021)

5. Ngom, B., Diallo, M., Gueye, B., Marilleau, N.: Lora-based measurement station
for water quality monitoring: case of botanical garden pool. In: 2019 IEEE Sensors
Applications Symposium (SAS). pp. 1�4. IEEE (2019)

6. Roy, A., Mukhopadhyay, S., Roy, S.: Iot based real-time spring water quality
monitoring system. In: 2022 1st International Conference on the Paradigm Shifts
in Communication, Embedded Systems, Machine Learning and Signal Processing
(PCEMS). pp. 84�87. IEEE (2022)

7. Schwarzenbach, R.P., Egli, T., Hofstetter, T.B., Von Gunten, U., Wehrli, B.: Global
water pollution and human health. Annual review of environment and resources 35,
109�136 (2010)

8. Wolny, S., Mazak, A., Carpella, C., Geist, V., Wimmer, M.: Thirteen years of sysml:
a systematic mapping study. Software and Systems Modeling 19, 111�169 (2020)

9. Yang, H., Kong, J., Hu, H., Du, Y., Gao, M., Chen, F.: A review of remote sensing
for water quality retrieval: progress and challenges. Remote Sensing 14(8), 1770
(2022)


