Kodzo Parkoo 
  
Cheikh Sarr 
  
Bamba Gueye 
  
Leveraging Classification Algorithms and IoT Sensors Network to Predict Anopheles Larvae Presence

Keywords: Classification algorithms, IoT Sensors Network, Anti-larvae fight, Data analysis, Data prediction, Python

published or not. The documents may come   L'archive ouverte pluridisciplinaire

I INTRODUCTION

According to the World Health Organization (WHO), malaria alone kills an average of 660,000 people per year. [START_REF] Botha De Meillon | Observations on a species of the anopheles funestus subgroup, a suspected exophilic vector of malaria parasites in northeastern transvaal, south africa[END_REF] places malaria ahead of yellow fever, which claims 52,000 victims, and dengue fever, which claims 22,000. Malaria is transmitted by the infected bite of a female anopheles (an). The Anopheles (an) Gambiae is the main vector in Africa.

In Senegal, we can note the presence of Anopheles Gambiae in all regions, explaining a high prevalence rate.

According to the An. gambiae s.s represented by the molecular forms S and M (currently An. gambiae and An. coluzzii respectively) is present throughout the country as shown in Figure 1, but predominates in the southern humid areas while An. arabiensis also represented in all regions is predominant in the drier areas of the center and north. The species An. melas, is localized on the coast in the mangrove and along some rivers to the limits reached by the rise of marine salt water. An. pharoensis is especially abundant in the lower valley of the Senegal River in the north, An. nili is only present in the meridional regions, close to the rivers. The data we collect for prediction in the pest control account are of a disparate nature. We will therefore find data of the numerical, count, binary types... This situation makes the choice of algorithms complex in the sense that each algorithm has particularities regarding the types of data received as input and the type of data produced as output after processing. Examples of predictions by algorithms, while plentiful, do not always expose the types of data set considered.

The evolution of parasite prevalence from 2009 to 2015 still ranks Senegal among the countries of Sub-Saharan Africa (SSA) where malaria is endemic and constitutes a public health problem.

The burden of the disease is still high in some areas of the country where deaths attributable According to programme national de lutte contre le paludisme du Sénégal (2020), although there has been a decrease in the mortality rate, as shown in Figure 2, the situation can still be improved. It should be noted that all malaria control proposals to date have focused on the adult Anopheles. Therefore, a focused approach of zone-specific interventions before and during larval development becomes an imperative.

In the report of the Organisation météorologique mondiale (2016), Weather and Locusts, we learn that an algorithm named CMORPH (for Climate Prediction Center MORPHing) developed by the American administration for the oceans and the atmosphere (NOAA), from passive satellite data, made it possible to estimate precipitation on the whole planet. This rainfall, over 24-hour or 10-day periods, was used to assess the movement of locusts. At no point is there a simple or clear explanation of the type of data that goes into and out of the algorithm.

Through a study on the prediction of diabetes carried out in China by Yukai [START_REF] Li | Analysis and study of diabetes follow-up datausing a data-mining-based, approach in new urban area of urumqi, xinjiang,china[END_REF], we understand that algorithms such as the decision tree, Adaboost integrated learning model and Bagging were used. We also note that data such as fasting blood glucose, age and BMI... which are continuous numerical data were used. However, we do not know exactly which algorithm was used to process which type of data. So, for the analysis of our data going into prediction, we will look at different algorithms, which can help in the (ALP), depending on our data types.

The rest of this paper is structured as follows. The section 2 deals with the study of different algorithms that can be used for our prediction and larval identification techniques. Section 3 presents the implementation of our algorithms through the presentation of our data, experimental settings, experimental setups and results. Finally, Section 4 concludes this study and depicts our on-going work.

II BRIEF OVERVIEW OF PREDICTION ALGORITHMS

According to our analysed data, we can already distinguish several metrics (temperature, pH, width and depth of the site...), counts (number of larvae identified in the water...), binaries (yes, no...). We will define as a predictive variable the value that we know, the one that represents our input and as a response variable that will be used for the interpretation after the treatment.

Logistic regression model

Logistic regression is an analysis model that allows us to associate an event based on a qualitative variable with factors that may influence this event (explanatory variables). For this particular case, the explanatory variables will be of the continuous numerical type (temperature, pH, width and depth of a deposit) and the qualitative variable will be the presence (yes/no) of larvae. Therefore, note that the logistic regression does not directly provide the yes or no answer to the presence of larvae, as it is not these answers that are modeled. Instead, we model the probability of one of these options occurring Sandro [START_REF] Sperandei | Understanding logistic regression analysis[END_REF]. This probability is modeled by a sigmoid curve following the function :

f (x) = exp(x)/1 + exp(x) = p (1)
As the curve from our function is bounded by 0 and 1, based on our continuous numerical explanatory variables, we can determine the probability of the presence or absence of larvae.

The probability of the presence or absence of larvae. Thus, we consider the following model:

pi = P rob(yi = 1jxi) = F (xib) (2) 
Based on each variable, we can determine whether or not it allows the development of Anopheles larvae.

Decision tree algorithm

A tree is an undirected, acyclic and connected graph composed of nodes. There are 3 types of nodes: the root node, the internal node and the terminal node. Trees use a hierarchical representation of the data structure in the form of decision sequences to predict an outcome.

Each case, or probable situation, is described by a set of variables that are tested in the nodes of the tree, as explained by Lior [START_REF] Maimon | Data mining with decision trees : theory and applications[END_REF].

In our situation, our cases can be the probabilities from our logistic regression algorithm. Our results will be binary. Let us note that we have two (02) types of possible variables for a tree:

the categorical and numerical variables. Let us also note that each time a variable passes a node it changes class as shown in Figure 3. Thus, our base or primary class will designate our results from our prediction.

Figure 3: Overview of the decision tree.

Random forest algorithm

The random forest is an ensemblistic technique composed of several decision trees. Each of the decision trees in the forest uses the same nodes but different data. It allows to merge the decisions of several decision trees in order to find an answer, which represents the average of all these decision trees. Our interest in this algorithm lies in the limitations of the decision tree.

Indeed, it happens that the generated trees are not balanced. By this we mean that, when reading, one branch may be longer than the others because of the results obtained. It is therefore recommended to balance the database before construction, to avoid one class dominating. In addition, sometimes the generated trees are too complex and do not adequately generalise the different cases, prone to processing. In addition, there is instability with some trees. This means that slight changes in the data produce very different trees and changes in nodes close to the root affect the resulting tree a lot as mentioned by Breiman (1996a). In order to deal with the limitations of the decision tree, the random forest introduces the Bagging (Bootstrap Aggregating)

and Boosting method, which allows to combine the output of several simple classifiers to obtain a better result according to: Breiman (1996b).

Neural networks algorithm

A neural network in its classical definition is a computer system inspired by the functioning of the human brain to learn. If we go further, we will understand that it is a set of nodes linked by various connections. In its publication, [START_REF] Abdi | Les réseaux de neurones[END_REF], Artificial Neural Networks (ANNs) are organised in layers with an input layer, an invisible layer and an output layer. Triggered by an input, the input nodes will trigger the other nodes through connections. In detail, we can say that we define the direct links (or connections) between the nodes to know where the information is directed as shown in Figure 4. In addition, we assign numbers (weights) to the connections so that some connections are stronger than others, like real neurons.

For the account of our research of prediction algorithms, neural networks can allow us to refine the results of our predictions. If we choose to use ANNs, we will opt for the supervised learning type, knowing that there are three types. Its operating principle is that it will use a set of known data and results to predict the unknown result of another set of data. We will thus follow the approach of [START_REF] Baxt | Use of an artificial neural network for data analysis in clinical decision-making: The diagnosis of acute coronary occlusion[END_REF], having passed by the stages of normalizations of data, of installation of our neural network, of training and finally of the prediction. 

Naive Bayes algorithms

Naïve Bayes is a collection of classification algorithms based on Bayes' theorem. A basic result theorem in probability theory, whose statement is:

P (A|B) = P (B|A) * P (A)/P (B) (3) 
It is not a single algorithm, but a family of algorithms. All these algorithms share a common principle, namely that each classified feature is independent of the value of any other feature as stated by [START_REF] Mitchell | Generative and discriminative classifiers: naive bayes and logistic regression draft chapter for volume 2 of Machine Learning textbook[END_REF]. The application of Bayes' theorem on several variables makes the calculation complex. Thus, to circumvent this, one approach is to consider these variables independently of each other. This is a strong assumption. Generally, the predictor variables are related to each other.

Linear discriminant analysis

Linear discriminant analysis (LDA) is a statistical technique that aims to describe, explain and predict the membership of predefined groups (classes, modalities of the variable to be predicted, etc.) of a set of observations (individuals, examples, etc.) from a series of predictor variables (descriptors, exogenous variables, etc.). The behaviour of the LDA is not the same when it comes to describing or predicting data. Let us consider qualitative variables with K categories and P quantitative variables. In description, we will look for the linear combinations of variables that best separate the k categories. On the other hand, in prediction we will see when a new individual for which we know the predictor variables, appears in which category it should be assigned according to [START_REF] Nakache | étude de problème posés par l'analyse linéaire discriminante en pas à pas[END_REF].

Larval identification

Mosquitoes are small insects (5 to 20 mm in size) with long, thin wings. They differ from other Diptera such as flies by, the presence of small scales on most veins and wings as shown in Figure 5. Their body is slender and slender, their legs have a coloration varying from light brown to black, sometimes marked with spots and bands. In the adult stage, it has the body divided into three distinct parts: the head, the thorax and the abdomen with for each part, its constituent elements. From eggs to adult, mosquitoes undergo several metamorphoses. In most species, the female needs a blood meal for the maturation of her eggs. The eggs give larvae, then nymphs. Emergence marks the transition from aquatic to aerial life as shown in Figure 6. After the emergence takes place the mating, then the females carry out the trophogonic cycle: search for a blood meal, rest for the ovarian maturation of the eggs then laying according to [START_REF] Clements | Development, Nutrition and Reproduction[END_REF] .

Our study being made on the larvas, we will be interested in the aquatic life. By observation, we can distinguish the larvae from the nymphs. Anopheles larvae can be recognized by the absence of legs and a relatively large thorax. Morphologically, the larva consists of three parts:

the head, the thorax and the abdomen. The head carries the 2 antennas, 2 large compound eyes, a pair of mouth brushes which serve to create a water current bringing the food particles to the mouth which is in ventral position. The thorax composed of 3 coalescent segments ensures the connection between the head and the abdomen. This last one includes 9 well visible segments, each one carrying various ornaments, in particular the tergal plate and the accessory plates, simple or branched or webbed bristles used to recognize the various species.

III LOGISTIC REGRESSION ALGORITHM IMPLEMENTATION

Raw collected datasets

Our dataset is collected by our sensors network as shown in Figure 7 The aim of the exploitation of these data is to allow us to find algorithms with a low error rate in the prediction and to find the most determining parameters for the presence of larvae. Given that we have about ten parameters to analyse, we try to retain only those parameters that really influence the presence of larvae. In order to achieve our objectives, we randomly assigned each record line to a new property: presence of larvae of Boolean type (0 or 1) as shown in Table 1. 

Id

Experimental setting parameters

The implementation of all our algorithms was done on Python. To do this we deployed a virtual machine, Windows7, with 4 gigas of RAM, 60 gigas of storage and 4 Intel processors at 2.10

GHz. On this machine we installed Anaconda 3 with the different applications: Jupyter Lab, Jupyter Notebook and RStudio. The main steps of the data processing were: library import, data normalisation and data processing.

Experimental setup

Algorithm reliability test

Our aim was to determine which of our algorithms would be reliable, so we randomly allocated the presence of larvae and the absence of larvae to our parameters in the proportions of about 50 per cent each. Based on this, we split our data set into two parts, 60 percent and 40 percent.

The first part of the 60 percent allowed us to do the learning by our algorithms and the second part of the 40 percent, for the prediction. Knowing that we started with a rate of 50 per cent for each case we can evaluate the reliability of each algorithm on the basis of its prediction rate.

The more reliable the algorithm, the higher (above 50 percent) its prediction rate. We have logistical regression and discriminant linear analysis with 56.84 percent, random forest with 52.02 percent, naive bayes with 52.01 percent and neural networks with 50.04 percent as shown in Table 2.

Algorithm name

Search key parameters for the presence of larvae

Among our three leading algorithms, namely logistic regression, linear discriminatory analysis and random forest, only logistic regression allows us to establish the correlation between a parameter and the presence of larvae. This is due to the mode of representation of the variable "Presence of larvae", which is binary. Let us remember that logistic regression is a classification algorithm that allows us to determine two classes (true/false or yes/no). The objective of our analysis at this stage is to determine whether a parameter is a determining factor for the presence of larvae or not. Thus, we will establish two classes, namely the determining and non-determining parameters.

In a first step we determined the percentage of presence of larvae on all our available statistical data as shown in Figure 9. This value will be used as a control in the evaluation of the parameters. 

Results

The experimental results allow us to identify an algorithm with a high reliability rate and to distinguish the parameters that are determinant for the presence of larvae. Thus the values of these parameters, in their evolution, influence the presence or not of larvae. The graphical interpretation of our graphs, allow us to distinguish: the electrical conductivity of the water, the turbidity of the water, the temperature of the water, the ambient temperature and the level of rain as determining factors of the presence of larvae.

The identification of these determining parameters was possible thanks to the algorithm: logistic regression. he choice of this algorithm, having itself, been the result of a test of experimental reliability, we can for the continuation of our study, retain only these determining parameters as being those coming from our network of sensors and being able to influence our prediction.

IV CONCLUSION

Following the implementation of our prediction algorithms on our statistical data, we were able to determine a list of three (03) reliable algorithms (logistic regression, ALD, random forest) to make our system optimal. Beyond deciding only on the algorithms that can be used to predict our data, we managed to determine a reliable algorithm for the types of data we process. Thus, thanks to logistic regression with a reliability rate of 56.84 percent, we went even further in determining the parameters that influence the presence of larvae.

We therefore found that only parameters such as: electrical conductivity of the water, turbidity of the water, water temperature, ambient temperature and rainfall level are determinant to predict the presence or not of larvae.

In the next part of our research, based on the results obtained, we will move on to the prediction of the presence of larvae, based on our determining parameters. This will allow us to set up a real time prediction system.
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 1 Figure 1: Species of Anopheles identified in Senegal by region

  to malaria persist. Challenges still remain, including those related to universal access to key interventions such as the use of Long Lasting Insecticidal Nets (LLINs) and treatment with Artemisinin-based Combination Therapies (ACTs) down to the community level after diagnosis with Rapid Diagnostic Tests (RDTs). Despite these efforts, the morbidity and mortality rate of malaria in Senegal between 2018 and 2019 is still worrying.
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 2 Figure 2: Level of morbidity and mortality indicators in 2018 and 2019.
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 4 Figure 4: Simplified representation of a neural network
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 5 Figure 5: Morphology of the adult mosquito.
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 6 Figure 6: Representation of the life cycle of mosquitoes.

  and 8, deployed at the University Cheikh Anta Diop (UCAD) botanical garden. The water reservoir on which the parameters were taken is not a controlled environment. All our data were collected from 09/11/2018 to 15/12/2019 and are grouped after a first processing, in a database of 1863 records.
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 7 Figure 7: Architecture of the measuring station.
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 8 Figure 8: System for standby.
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 9 Figure 9: Percentage of presence of larvae on all our data
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 10 Figure 10: Graphs of non-determining parameters

  

Table 1 :

 1 Data presentation.

		Ph ORP C.E Turb Temp Vit Dir Hum Temp Rain P.Larv
	1	7	12	45 180.3	1.8	1.7 22.5 1.8	1.6	1.5	0
	2	8	10	60 178.8	1.9	1.7 22.5 1.9	1.7	1.5	1
	3	7	10	19 186.4	1.9	1.7 22.5 1.8	1.6	1.5	1

Table 2 :

 2 Ranking of the algorithms by reliability rate on our data.
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