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ABSTRACT 

 In Morocco, agriculture is considered as one of the most important economic sectors as it 

generates around 14% of the gross domestic product (GDP), but with significant variations 

depending on each year’s weather conditions. The country's growth rate is strongly correlated 

with that of agricultural production and this latter is the main provider of jobs in the country, far 

ahead of other economic sectors with 40% of the population working in the agricultural field.  

 Since agriculture is very crucial for the growth of the Moroccan economy, it is always 

beneficial to boost that industry with creative digital innovations that will aim at maximizing 

profits, and minimizing costs and damages while still abiding by the necessary ethics. Therefore, 

within the framework of this capstone, I will work on making a small system made primarily of 

an Arduino board and a DHT11 sensor in order to sense temperature and air humidity. A time-

series analysis will be performed later on in order to make predictions based on pre-existing data. 

This latter will help farmers make smarter and earlier decisions to protect their crops and increase 

yields, depending on the collected and forecasted data. 
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1 INTRODUCTION 

 1.1 Agriculture and Challenges 

  1.1.1 Importance of Agriculture 

 Agriculture is a very important industry in many countries in the world. Indeed, it is 

considered as one of the most powerful tools in order to end poverty in many underdeveloped and 

developing countries and feed around 9.7 billion people by the year 2050. Moreover, agricultural 

growth is two to four times more successful when it comes to increasing incomes among the 

poorest in comparison with other sectors. Analyzes in 2016 were also able to show that 65 

percent of poor working adults were able to earn a living through agricultural work [1].  

 In Morocco, agriculture is seen as the leader of food security and sustainable 

development. In addition to its great contribution to the economy of nearly 14 percent, it has a 

massive social impact by providing millions of people with job opportunities. In order to support 

the growth of agriculture, Morocco has decided back in 2008 to come up with a strategy known 

as The Green Morocco Plan (Le Plan Maroc Vert). This latter aims at exploiting the margins of 

progress and optimizing different resources, facing new challenges while preserving social and 

economic balances, and supporting the big transformations that the global agro-food system is 

going through currently. Therefore, within the framework of this strategy, a budget of 56 billion 

dirhams was dedicated to the sector of agriculture so as to encourage private agricultural 

investments, take part in research projects in collaboration with some higher education 

institutions such as IAV and ENAM, and take the necessary measures in order to rationalize the 

use of some resources, among them water for irrigation. Thus, all of this budget and initiatives 

are solely made in order to improve agriculture and overcome the many challenges that this very 

lucrative sector brings in [2].  

  1.1.2 Challenges in Agriculture 

 Farmers facing a plethora of challenges and problems while growing crops is actually a 

worldwide issue. Apart from dealing with legal and political procedures, they have to face 

problems such as pest attacks, crop diseases, lack of soil nutrients, and climate change. All of 

these factors are very important and must be taken into consideration, as plants need special 

needs in order to grow in a healthy way. Indeed, not providing crops with their special 

requirements can lead to a lot of damages, and thus, to a decreased yield and loss of profits [3].  

 The basic needs for soil and crops actually depend on each type of plant, but overall, the 

critical criteria for healthy plant growth include water supply, soil drainage, optimal air humidity, 
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sunlight exposure, temperature, soil pH, and the supply of essential nutrients [4]. Now, depending 

on what the farmer is growing, each of those needs has to be administered optimally, and it is not 

always an easy task. A table below shows an example of how much water each crop requires 

(Figure 1). 

 

Table 1 [5]: Crop Water Requirement 

 1.2 Problem Statement 

 In order to supply crops with the optimal conditions, farmers need a lot of resources and 

have to tackle the challenges mentioned previously using different methods. One of the most 

creative and useful strategies that can be adopted is the digitalization of agriculture. This latter 

refers to the implementation of technology and digital tools to serve agriculture by maximizing 

profits through yield increase and automating different tasks to reduce costs and make smarter 

decisions.  

 As mentioned previously, there are many issues in agriculture and two of them are not 

knowing whether a certain plant is having optimal conditions (temperature, nutrients, humidity, 

etc), and not being able to predict future data, as this latter can be important in order to make 

some decisions at a pertinent time. Thus, within the framework of capstone and smart farming, I 

decided to work on a small system made of an Arduino Uno and a DHT11 sensor in order to 

collect data about air temperature and humidity, and perform a time series analysis on those latter 

for the sole purpose of forecasting. 

 This small system along with its analysis will be proposed to the company Les Domaines 

Agricoles so that perhaps they could commercialize it and sell it to farmers with limited budgets 

and small lands. 
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 1.3 Les Domaines Agricoles 

 Les Domaines Agricoles is a Moroccan agribusiness firm created back in 1960. Since 

then, they have made sure to promote an innovative agriculture that creates value while 

respecting all individuals and the environment. They have several agricultural and agro-industrial 

production sites spread all across Morocco, from Dakhla to Berkane, including the Souss, El 

Haouz, Saïss, and Gharb regions. Thanks to firm fundamentals and visionary strategies, Les 

Domaines Agricoles is today considered a leading operator and aims constantly to be the 

benchmark for national agriculture [6]. 

Les Domaines Agricoles are mostly specialized in agricultural production and processing (citrus 

fruits, market gardening, livestock, dairy products, aromatic plants, beekeeping, aquaculture), 

therefore, they need constant innovations to increase the yield of their crops, reduce the costs, and 

find alternatives to respect the environment. The Moroccan company has made different 

technological innovations such as drones and smart irrigation systems, and still look further to 

expanding these latter for smarter agriculture and more profits. They also own tests and research 

laboratories for Moroccan agriculture and rural development. Their various laboratories are 

specialized in biotechnology applied to In Vitro propagation, in the breeding of auxiliaries, and in 

the production of reactive and certified plant material for health diagnosis [7].  

 

2 Methodology 

 2.1 Literature Review 

 After identifying the needs and challenges faced by farmers, the first step to finding a 

solution is to look for different sources and research papers so as to understand thoroughly 

digitalization in agriculture, and previous work done within that framework. By garnering 

knowledge gradually, it becomes easier to choose a specific problem and thus, visualize an 

optimal solution. 

  2.1.1. Digitalization in Africa 

 As we've seen in other industries, technology is critical to influencing change and driving 

growth. This brings countries closer together, eliminates barriers to trade, and offers young 

entrepreneurs a variety of opportunities at the cutting edge of innovation applied to different 

economic sectors. Digitalization may be a “game-changer” in agriculture to improve production, 

sustainability, and resilience to climate change. A digitally powered and inclusive agricultural 

transition could help smallholder farmers in Africa achieve significant livelihood upgrades [8].  
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 This could stimulate greater participation from women and youth in agriculture and build 

opportunities for different jobs. In 2019, the Rural Africa Report of the European Union-African 

Union Task Force (TFRA) and the Global Food and Agriculture Forum (GFFA) Communiqué 

highlighted the role of digitalization in the development of agriculture [8].  

  2.1.2. Farmers and Challenges in Africa 

 Farming is an honorable and crucial occupation since the world will be starving to death 

without this latter. Sadly, most farmers across the globe continue to face significant challenges in 

their everyday life. Today, the majority of farmers in Africa are smallholder farmers or 

subsistence farmers who only grow crops to feed themselves and their families. A huge 

percentage of those people also live in neighborhoods or rural areas [9]. Some examples of the 

main issues encountered by farmers include: 

● Lack of Information: Data shortage remains the number one issue threatening the 

majority of small-scale farmers in Africa today. Most are losing out on modern 

and improved farming methods. Some particularly in remote areas -who do not 

even possess radio sets- have no access to information at all. A lot of them are also 

completely oblivious about cheap but effective farming practices such as green 

manure use, crop rotation, smart irrigation system, etc.  

● Lack of financial support: Few financial support systems allowing farmers to 

grow, improve, and sustain their yields. In spite of the existence of many 

microfinance groups operating in Africa, very few farmers have access to this kind 

of group, and not so many of them know how they can get help from them in the 

long term. Unfortunately, most farmers in Africa are weak financially making the 

introduction of modern farming practices a bit difficult, but not completely 

impossible [9]. 

  2.1.3. Big Data in Agriculture 

 Big data analytics is characterized as the intricate process of analyzing varied data sets or 

big data to reveal information such as unknown correlations, hidden patterns, and market trends, 

along with consumer preferences which can help organizations make more precise and informed 

decisions. Recently, it has become more common to use big data in agriculture as the world is 

shifting slowly from traditional ways to modern ones [10].  

 In modern agriculture, farming generates enormous quantities of data on its own from 

sensors such as soil-related, crop-related, weather-related, and crop trends data. All of this 
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information can be analyzed through the implementation of big data which encompasses different 

techniques such as predictive analytics, recommendation system, data mining, and time-series 

analytic [10].  

● Predictive Analytics: It is a method used in big data analytics and which can forecast 

future outcomes based on collected or historical data. It is considered one of the few 

technologies which have the potential to radically reshape any business in a positive way. 

Moreover, it consists mainly of three essential techniques which are also known as 

decision trees, regression analysis, and neural networks. 

● Recommendation System: This system offers results based on functional patterns and 

behavioral data, and usually gives optimal suggestions based on its methodology and 

different approaches. This technique can be used as an intelligent application tool to help 

users make smarter and more efficient decisions.  

● Data Mining: In agriculture, the technique of data mining plays a key role. There are 

several techniques of data mining that can be used in the farming sector. The most 

prominent one remains pattern mining, which can be used in order to identify patterns in 

large datasets. Other techniques are classification, association, clustering, sequential 

patterns, and prediction. 

● Time Series Analytics: In this model, previously observed values are used to predict the 

output. This technique uses the principle of time series which is a collection of time-

arranged data points. Here, time is seen as an independent variable with an ability to 

predict future data. Overall, this method in agriculture is used to forecast different factors 

such as temperature and humidity. 

All of these techniques have various applications which can reduce manual inputs, increase the 

yield and productivity [10], and monitor trends such as: 

● Intelligent crop recommendation system made of a crop predictor and a rainfall 

predicting system. 

● Precision agriculture using map-reduce, a technique used for distributed 

computing. 

● Crop prediction through the use of different machine learning techniques such as 

grey wolf optimization, K-means clustering, Naive Bayes, and Apriori algorithm. 



       

7 

● Smart farming which can be achieved through the implementation of IOT 

(Internet of Things), cloud computing, and mobile computing (Figure 1)

 

Figure 1 [10]: Smart Farming: Agricultural Drone  

  

  2.1.4. Big Data and Digitalization in Morocco 

 Over the past couple of years, Morocco has put the digitalization of its sector at the heart 

of its agricultural sector's growth. 

 It is recognized that the growth of the agricultural sector is essentially based on digital 

technology. New technological innovations are everywhere and they provide the right resources 

for the farmers to increase their yields. And there are already promising beginnings. Even the 

fundamental changes brought on by digital technologies have already begun to affect the 

development of Moroccan agriculture. Innovation, technological progress, or improved 

workplace preparation are other ways of increasing the performance of available resources. In 

this latter, Morocco is making significant progress and is even positioning itself as a leader over 

most of the African nations, although it still has a significant delay over the rest of the world. 

 Moroccan farmers have had access to more and more sophisticated management 

technologies for years. The goal is to have better management of their farming and hence better 

yields and higher productivity. Farmers' management tools allow them to better manage their 

crops, track export certification in order to abide by the regulations, capture interventions on the 

plots, manage the workforce, etc. [11]. 

 Many Moroccan firms, such as SOWIT, have innovated to promote access to drones in 

Moroccan territories. The company, whose co-founder is Hamza Rkha Chaham, wants to bring 
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precision farming to African territory, and offers drone availability (Figure 2) to rationalize costs 

and increase yields. Throughout the years, SOWIT has proved itself successfully as a company to 

be counted on, since the organization operates in more than twenty African countries wishing 

persistently to enhance its presence on the continent through new alliances and strong recruitment 

of AgTech profiles [11].  

 

Figure 2 [11]: SOWIT Agricultural Drone 

 2.2 Introduction to the System 

 After reading different research papers and taking inputs from my supervisor, I decided to 

work on a small low-cost system made of a sensor that can measure air humidity and 

temperature. The data will be later on forwarded to the IoT cloud ThingSpeak, only to perform on 

it a time series analysis for forecasting purposes. 

  2.2.1 Importance of Humidity and Temperature 

 While talking about the crops’ needs previously, I have mentioned briefly how some of 

the requirements are temperature and humidity. In this subsection, I will talk more specifically 

about their contribution to the plant’s health. 

 Humidity or more specifically relative air humidity can be described as the ratio of water 

vapor that is present in the air to the total water vapor that the atmosphere can contain. Humidity 

has the effect of opening stomatal pores (plants’ pores which are necessary for breathing) on the 

leaves for transpiration or exchange of moisture with the environment [12].  

.  
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Figure 3 [12]: Impact of Humidity on Plants 

 The cycle of transpiration or evaporation of moisture is very difficult when the relative 

humidity of air is too large because the plant cannot make water evaporate. The plants are also 

more likely to transpire in relatively mild temperatures and low relative humidity. Thus, 

transpiration reduces significantly the need for plant fertilization [12].  

 Moreover, high humidity in the air also encourages the growth of mold and bacteria on a 

plant’s surface. This latter can lead to some serious consequences such as plants’ death and crop 

failure. In addition, Fungi and pests that feed on plant roots continue to increase in growth 

because of the high levels of humidity [12].  

 The temperature needed by plants in order to grow optimally is different from one plant to 

another. However, in all circumstances, too high or too low temperatures lead directly to crop 

failure [12]. 

 To conclude, temperature and humidity are very important requirements in agriculture. 

Thus, I chose to focus on these latter by making a small system that collects and analyzes data 

related to those two main factors. 

 2.2.2 Front-End of the Project 

 The front end of the system refers to devices such as Arduino and sensors which are 

placed in the soil.  

The main components of the system are as follow [13]: 

● Arduino Uno 

● DHT11 Sensor 

● ESP8266 Microchip 

● Breadboard 

● Jumper Wires 
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● Two Resistors (1 KΩ; 2.2 KΩ) 

● Push Button 

● Slide Switch 

 DHT11 is known for being a low-cost temperature and humidity sensor. Because it can 

sense both of these two important factors, the DHT11 sensor is pertinent enough in order to 

introduce a simple IoT weather monitoring device.  

 DHT11's relative humidity range is known to be between 20 and 95 percent with a margin 

of +/- 5 percent accuracy. As for temperature, the range is known to be between 0-50°C with + /- 

2°C precision. Moreover, the sensor uses only one pin for communication between the 

microcontroller and the sensor. As for the output, it is digital and thus, perfectly compatible with 

the WiFi microchip ESP8266 [13].  

 

Figure 4 [13]: DHT11 Sensor 

 In this system, we need to send data to an IoT Cloud. Thus, we need a Wi-Fi module. In 

our situation, we opted for an ESP8266, which is known for being a low-cost type of Wi-Fi 

module. This device has a microcontroller and a 1MB flash that allow it to connect to Wi-Fi. The 

maximum voltage that can be supplied to this module is 3.3V [14]. 
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Figure 5 [14]: The Different Pins of ESP8266 

 The three main components here are DHT11, ESP8266, and Arduino Uno. This latter is 

also low-cost and easy to manipulate. It has 14 digital inputs/outputs, 6 analog inputs, and this is 

of course large enough since we only have one sensor.  

The schematic below [13] shows how these three main components are interconnected in a 

breadboard: 

 

Figure 6 [13]: Interfacing ESP8266 with DHT11 Sensor 

To understand more the schematic, the table below mentions in detail the connections between 

the different components [14]. 
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 Table 2 [24]: Pin Connections Between ESP8266, DHT11, and Arduino Uno 

 

 Now that all the components are connected in the breadboard, the only thing left in order 

for the system to work is to program the Arduino Uno so that it can take data from the sensor and 

then send it to the IoT Cloud. The code mentioned below is an open-source code taken from 

electronicshub, and encompasses all the necessary information in order to read and send data to 

ThingSpeak [13]. 
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Figure 7 [13]: Arduino Code: Part I 

 

● Lines 1 and 2 of the code introduce two libraries: DHT and ESP8266WiFi, which can be 

easily downloaded as a zip file, extracted, then added to the documents of the Arduino 

IDE as libraries.  

● Line 4 defines the pin to which DHT11 is connected. 

● Lines 5 to line 8 are for entering the API key from ThingSpeak and other WiFi related 

information such as the SSID and the password. 

● Lines 11 and 12 define the two variables where humidity (humi) and temperature (temp) 

are going to be stored. 

● Lines 14 and 15 are for creating a client that can connect to a specific port and IP 

Address. 
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Figure 8 [13]: Arduino Code: Part 2 

● Lines 19,20, and 21 are for starting serial communication in order for the Arduino to start 

sending commands. The values 115200 and 100 tell respectively the Arduino 

microcontroller to exchange data with the serial monitor at a rate of 115200 bits per 

second, with a delay of 10s between each output. 

● Lines 23 and 24 are just for printing messages to the serial monitor. 

● Line 27 is for starting the connection to the WiFi. 

● Line 29 to line 35 are for checking whether the WiFi is connected or not. In case it is, the 

serial monitor prints out “Wifi connected”. 
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Figure 9 [13]: Arduino Code: Part 3 

● This part is the most important as it is the one that stores humidity and temperature data, 

then sends them to the IoT Cloud ThingSpeak. 

● Lines 42 and 43 store humidity and temperature data respectively in the variables humi 

and temp. 

● From line 51 to line 68, client.print is for sending data to the client, whereas serial.print is 

for printing outputs to the serial monitor. 
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  2.2.3 Back-end of the project 

 The backend of the project refers to the IoT Cloud (ThingSpeak) part. This latter is 

basically a tool for storing and processing IoT data.  

 I chose ThingSpeak because it is a free platform for analyzing and visualizing data in the 

cloud. Moreover, it has the ability to execute Matlab code, thus, enabling anyone to do a quick 

analysis right on the spot. You can also schedule calculations to run the code at specific times, 

and retrieve/combine data from other channels in order to have a more sophisticated analysis 

[15]. 

 The first step was signing in ThingSpeak using my Matlab account. Then, I created a 

channel for storing humidity and temperature data. Figure 9 below shows the channel created: 

 

Figure 10: Created Channel on ThingSpeak 
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 In this channel, you can add as many fields as you want, and a description as well. In my 

situation, I only need to enter the temperature and humidity. After creating it, you are given 

automatically a channel ID and an API key. This latter is a unique identifier used to authenticate 

a user to an API (Application Programming Interface). 

 After connecting the sensor to ThingSpeak, we can view graphs such as the ones in figure 

10. This is just an example that I decided to import in order to view what the output looks like: 

 

Figure 11: Channel Statistics 

 

 In the private view, we can look at the graphs generated by ThingSpeak, as this latter 

receives data from the sensor. 
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 Moreover, apart from viewing graphs of collected data, we can do an analysis on this 

latter using the Matlab Analysis tool, and schedule those calculations at a specific time depending 

on the conditions we would like to set.  

 On my channel, I created a simple Matlab code in order to calculate the average humidity 

by importing data from a public channel (See Figure 11).  

 

Figure 12: Matlab Code for Displaying Average Humidity 

 

 An example of the output shown (Figure 12) is: 

 

Figure 13: Output for the Humidity Matlab Code 
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 Therefore, ThingSpeak is very efficient and many types of analysis and features can be 

exploited on that platform.  

 2.3 Time Series Analysis and Results 

 After collecting data and exporting it to ThingSpeak, we can also perform further analysis 

on it in order to do some future predictions. As we’ve seen earlier in the literature review part, 

forecasting is very important and can help farmers make smarter and earlier decisions. 

 For this TSA, I decided to work with both Matlab and R for comparison purposes.  

  2.3.1 Matlab Analysis 

 The analysis in Matlab is quite simple and straightforward. First, in order to perform a 

time series analysis, it is mandatory to have the machine learning and econometrics toolboxes in 

Matlab. Then, we import a TSAF zip file from the MathWorks website [16], extract it, then 

import it to Matlab (See Figure 14).  

 

Figure 14 [16]: TSAF Zip File Extracted to Matlab 

 The figure above just shows part of the code since it is quite long (around 2000 lines). 

This latter codes mainly for the TSAF GUI and its different components such as graphs, fonts, 

axis labels, other functions like importing files, forecasting, or calculating correlations. 

 The next step was importing data. That was a tricky and challenging part because I was 

planning to get it by testing my system in a field. However, due to the COVID-19 circumstances, 

I was not able to do fieldwork and gather data from my sensor. Therefore, I decided to look for 

public data on Kaggle, an online community for machine learning and data science, and also do 

some research in public channels of ThingSpeak. Finally, I was able to find two good datasets for 

temperature and humidity in a ThingSpeak channel, and I downloaded the CSV file from the 

platform. The data is collected through a DHT11 sensor, and the temperature as well as humidity 
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data are taken with respect to time and are of course within the ranges of the sensor (0-50°C for 

temperature, and 20-90% for humidity).After converting it to an XLSX extension (Figure 15 and 

16), I imported it to the TSAF GUI for forecasting purposes (Figure 16). 

 

Figures 15 and 16 [17]: Temperature and Humidity Data 

 

Figure 17: Time Series Analysis of Humidity  

 For temperature data, we proceeded to do the same thing by uploading the second excel 

file (Figure 15) to the TSAF GUI. Those are the results obtained: 
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Figure 18: Time Series Analysis of Temperature 

 Both graphs predict the future temperature and humidity data over the course of 100 

years.  

 From what we can see, the graph of humidity is decreasing, whereas the graph of 

temperature does not have any specific pattern. It keeps increasing at some point, then decreases, 

then goes back to increase drastically again. Later in one of the next sections, a specific example 

of crops will be given in order to shed light on a few actions that can be implemented by farmers 

depending on the data collected and forecasted. 

  2.3.2 Time Series Analysis using R: 

 R is a statistical software that can be used as well for performing a time series analysis. I 

used the same data as Matlab and this is the following code for temperature forecasting.  
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Figure 19: Code for Time Series Analysis of Temperature on R 

Explanation of the code: 

● rm(list=ls()) → this function is to clear previous outputs. 

● set.seed(12051984): This function allows us to execute the code and get the same result 

as many times as the number we have specified in it (the number inside is just a random 

one, but preferably, it has to be quite large). If we don't use the function, every time we 

run the same code, we get a different result. 

● library(tidyverse): it's a package that includes all statistical tools to be used in daily data 

analysis. 

● library(ggfortify): a package that includes functions to plot time series, matrices, scatter 

plots. It is more developed than the usual ggplot2 package. (We took the function autoplot 

from it.) 

● library(tseries): it contains all the necessary functions in order to perform statistical tests 

and time series analysis. 

● setwd("C:/Users/hp/Desktop/Spring 2020/Capstone project/Ghita") 

 set the working directory = specify the location of your data file. 

● AP1<-read_xlsx("Soil Temperature.xlsx") 

 We created a new variable called AP1, then, we used it in order to store soil datasets in 

 it.  

● AP<- ts(AP1[,-1], frequency=55,start=2020) 

 Now we are creating a time series from the data we uploaded using the function ts and 

 storing it in a new variable that we called AP. 



       

23 

● The ts function: AP1[,-1]: this is the data set that we have uploaded from excel, 

we are taking off the first row that contains labels (The main reason behind 

including -1).  

● Frequency: the number of observations per unit time (in the original data set, we 

have 55 observations (rows) recorded every day). 

● Start: The time of the first observation 

● Class(AP):this function just specifies what kind of data we are working with. 

When we run the code, we get a message at the console window that says class: 

"ts" meaning that we are working with time series.  

● Frequency(AP): this function tells us what is the frequency of the data collected, 

it just mentions what we have specified in the ts arguments above.  

● Summary(AP): this function gives us a general idea about the data set, it 

generates the mean, the median, the max, and so on. 

 

Figure 20: Outputs of the Summary (AP) function 

 

● Autoplot(AP)+labs(x="Time",y="Temperature", title="Temperature vs time"): 

  the function autoplot is just to plot the forecasted  data set and then give   

  labels to the y and x axis.  
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The graph obtained: 

 

Figure 21: Time Series Analysis of Temperature using R 

 As for humidity, we are going to have the same code. However, we will just change the y-

axis label from ‘Temperature’ to ‘Humidity’, and upload humidity data from the existing file. 

 

Figure 22: Time Series Analysis of Humidity using R 
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 As we can see, both graphs are similar to the results obtained using the TSAF GUI in 

Matlab. Thus, we can assume that our forecasting is somewhat correct.  

 The humidity graph is decreasing, whereas the temperature one does not seem to have any 

pattern. For humidity, there may be some specific factors impacting this decrease such as 

temperature and atmospheric pressure. As for the temperature graph, the random evolution 

throughout the years can maybe suggest the hidden factor of climate change, as weather data 

usually has a certain pattern to it [18].  

 The main factors behind those changes, either in humidity or temperature, cannot be 

determined directly from the graphs. In order for those change inducers to be unveiled, further 

research and analysis are required. 

  2.3.3 Data and Forecasting for Farmers 

 After collecting data and performing a time-series analysis, it is important to know what 

are the next steps to be implemented by a farmer. Each type of crop has different temperature and 

humidity requirements, and in order to give some specific recommendations, we will take citrus 

as an example. 

 The citrus species is known for relying on many factors such as light, wind, and humidity 

for healthy growth. When it comes to temperature, citrus thrives usually in temperatures that 

range from 25 to 30°C [19]. As for relative humidity, the best percentage is around 50% [20], but 

it can tolerate up to 88% since citrus is known for growing in tropical and subtropical areas as 

well [21]. 

 There are many actions that can be implemented in order to regulate those conditions for 

crops, but one of the best options is using a greenhouse. This latter can be very useful in the 

situation of the temperature dropping below the optimal value (25°C for citrus, and according to 

the graph, values are bound to drop below this threshold in the next years). The greenhouse, in 

case there is a very cool climate, permits sunlight to enter and at the same time, keeps heat 

trapped. As for humidity, which is according to the graph in the 70-75% range in the next years 

(still normal values, but 50% is preferable), the greenhouse option can be useful by altering 

average humidity levels through the adjustment of electrical conductivity of nutrient solutions 

and adjusting watering levels [22].  
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3 STEEPLE Analysis 

 To design a product, it is always important to take into consideration its different 

implications. The system that I am planning to work on respects every aspect of the STEEPLE 

Analysis as follow: 

Social Implication:  

 This system is focused on both the use of sensors and data analysis. Therefore, it is 

important to have people who can take care of managing its different components, and other 

experts who can read into data and track future trends. This means that this system would offer 

people various work opportunities, including engineers and data scientists. 

Technological Implication: 

 Smart farming has become the future because it can provide cutting-edge technology to 

farmers that can track various parameters and control crop status. This system is important 

because, in spite of being low-cost, it can track two key components for crops. Besides collecting 

data, IoT clouds also help you in doing several types of analysis and calculations. 

Economic Implication: 

 Using this system in agriculture is a crucial asset as it will allow farmers to know the 

various parameters that impact the health of plants within a short fraction of time. This will help 

track patterns and predict crop needs at a very early stage, which is very useful when it comes to 

taking smart steps at a pertinent time. Using this cheap agricultural system would, therefore, be of 

great help in reducing prices, growing yields, and protecting crops. All of this will help in 

improving the company's income, and Morocco's economy as a whole as agriculture is the most 

productive sector here. 

Environmental Implication: 

 This device consists of components such as sensors and simple wires, and these latter do 

not reflect any major environmental harm or danger. On the opposite, this system can only be 

beneficial by supplying data that can help in taking early actions to protect crops and give them 

optimum conditions. 

Political Implication:  

 Under no conditions can the device be used in a situation in which gathered data not 

owned by the user is shared with a political party. The system’s purpose is to help the owner keep 

track of humidity and temperature, and take necessary steps to protect one’s crops based on data 

forecasting. 
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Legal Implication: 

 The use of this system is perfectly legal, does not go against any Moroccan law, and does 

not require permission from higher authorities to be implemented. 

Ethical Implication: 

 This system will only be used to collect in-field data. The components used won't affect 

our environment or community in any way. If more data is needed on the IoT platform for further 

analysis, only public channels or information, in general, will be used.            

 

4    Challenges and Future Work 

 There were a lot of obstacles and challenges that I had to deal with during this capstone. 

Some of those include encountering a lot of issues while trying to coordinate with Les 

DomainesAgricoles, and the lack of responsivity and cooperation from people in the company. 

Thus, a lot of time was wasted and I had to deal with delays which were a huge impediment for 

my progress. Moreover, due to the virus outbreak, I was not able to take part in the company’s 

project, and I had to change my topic and adapt to a lot of requirements.  

 As for future work, there are a lot of additional components that can be added or changed 

in the current system, as well as further forecasting analysis which can be done. For future 

deployment (since I dealt only with a small range due to limitations), it is advised to use ZigBee 

which is actually a low-power and low-cost specification that can be used as an alternative for 

Wi-Fi. It is very useful, and even necessary since Wi-Fi is not really economically viable in a 

large field as its range is quite limited and the use of many mini routers can be very costly. Thus, 

instead of an ESP8266 module, an Xbee shield will be used in order for the Arduino to 

communicate wirelessly through the use of ZigBee [23]. 

  Moreover, other sensors can be added to the system in order to collect more data about 

other plant’s requirements, such as UV light and soil moisture. As for data analysis, we’ve seen 

in the graphs previously how humidity was decreasing over the years, and how temperature 

change didn’t have to it any pattern. Thus, a lot of research and investigation can be done in that 

sense in order to discover the causes behind such changes, either for humidity or temperature. 

Other variables and factors can also be taken into consideration when performing the analysis for 

more accurate forecasting. 
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5    Conclusion 

 To conclude, using a sensor system combined with an IoT cloud is a very good idea for 

diminishing costs and increasing crops’ yield through data collection and forecasting. It is very 

affordable, and agricultural cooperatives can benefit a lot from this system. This latter will give 

them the opportunity to know more about temperature and humidity data, either current ones or 

future predictions and thus, make smarter and earlier decisions to provide their crops with the 

necessary conditions.  
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