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Abstract 

Mushrooms are considered as one of the main sources of both medicinal and culinary products. 

Growing mushrooms by watering have been taken into consideration with attention as an efficient way 

of producing the desired harvest in them. Shiitake mushroom (Lentinula edodes) is the most important 

culinary medicinal mushroom which ranks at number two in terms of total mushroom production in the 

world only next to button mushroom. Shiitake is beneficial for soothing bronchial inflammation and 

regulating urine incontinence as well as for reducing chronic high cholesterol, therefore shiitake 

mushrooms need to be scientifically increased in the harvest. However, the production in mushrooms is 

less because of traditional methods such as manual greenhouse for mushrooms, mushrooms’ cultivation 

on tree logs, fixed time-based watering method, that are implemented with manual approaches, and thus 

present a gap in preciseness to manage vital parameters of the mushrooms.   

Internet of things (IoT) based smart farming system is an agricultural solution that is built for 

monitoring the crops growing medium. This involves IoT-based technologies to enable farmers to 

optimize the usage of agricultural resources such as water, electricity, fertilizers, and others to enhance 

crop productivity. 

Within the previous researches, the use of sensors in mushrooms cultivation has not sufficiently 

provided optimized harvest. Thus, there is still a need to improve the existing methods of mushrooms 

cultivation by using a real-time surveillance system of the mushrooms’ farm vital needs quantity 

variation to support in decision making. 

This research aims at introducing an automated system with intelligence based on fuzzy logic to 

maintain mushrooms substrate suitable for shiitake mushrooms and to save the quantity of water used in 

mushroom farming.  

Within this research, by using fuzzy logic we avail an IoT-based system for shiitake mushrooms 

farming that keeps the farm’s air humidity, substrate moisture, and humidity to a wanted level for the 

sake of improved harvest in shiitake mushrooms.  

Keywords: Mushrooms farming, Shiitake mushroom, Fuzzy logic, Internet of Things (IoT). 
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CHAPTER ONE: GENERAL INTRODUCTION 
 

1.1 Overview and Background 

 

Wireless Sensor Network (WSN) technology evolved significantly which made a rapid growth of the 

introduction of Internet of things (IoT) technology in various sectors including agricultural applications [1], 

[2]. Due to the pervasiveness and ubiquitous nature of IoT technology, it is enabled to be a favorable tool 

for agriculture automated with preciseness feature [3],[4]. Precision Farming (PF) and Precision Agriculture 

(PA), and Smart Agriculture (SA) are newly introduced terminologies for the advancement of agricultural 

technology even though their similarities are close but they are differently implemented [5]. 

 

In the field of PF, mushrooms farming which is also called fungi culture is defined as a process to produce 

mushrooms on your own either at home or in a small-scale farming substrate [6]. Even though mushrooms 

strictly impose a specific substrate in terms of humidity, temperature, a light intensity, producing a viable 

harvest can be achieved by taking critical mushroom breeding steps and by varying the types of seeds and 

various growing methods such as growing mushrooms on logs, growing mushrooms on spawn, and growing 

mushrooms on straw [6]. Differently to most agricultural species, mushrooms specifically, must be grown 

in a particular medium with a restriction to not being exposed to the light to produce the best possible 

harvest. Traditionally, mushrooms have been bred in the wild and picked from there [7].  

 

The mushroom need has been increased due to their use in medicinal and culinary practices. Besides, 

mushrooms are considered to be one of the good cash crops. Farmers do not cultivate them at a large scale 

because they require a lot of manpower for monitoring the farms, and sometimes it becomes impossible to 

introduce some crucial types of mushrooms [8]. 

 

Because mushrooms are of capital importance for health (healthy nutrients and medicinal applications) as of 

[9], mushroom farming was chosen in this work to contribute to the improvement of the yield of 

mushrooms, to support the availability of medical ingredients and food. 

Specifically, our research considers the farming of shiitake mushrooms, which can generate income, 

diversify farms, culinary and pharmaceutical enterprises, add value to medicinal products, create 

opportunities for farmers and researchers in medical products laboratories.  
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Shiitake mushroom cultivation originated in Japan thousands of years back, and people have been growing 

them on downed shii trees which is even the origin of its name [10]. Shiitake have not been introduced 

quickly in many countries, for instance, the U.S. started growing them in the early 1980s, and researches 

have not often focused on shiitake mushroom cultivation, to identify how to monitor the substrate, seasons, 

laying yards for this type of mushroom which is important in boosting human immune system [10].  

 

In African countries, shiitake mushroom is cultivated but with less yield. Among those countries, we can 

cite South Africa, Egypt, Tunisia, and Rwanda some but very few farmers try shiitake types of mushrooms. 

Thus, the type of mushroom requires specific attention because of its various applications that are important 

for society in general. Shiitake is used medicinally for diseases involving depressed immune function 

including cancer, AIDS, environmental allergies, Candida infections, and frequent flu and colds. Shiitake is 

also beneficial for soothing bronchial inflammation and regulating urine incontinence as well as for 

reducing chronic high cholesterol. Lentinan (a cell-wall constituent extracted from the fruiting bodies of 

shiitake) is an immunomodulating agent which may be useful both as a general rejuvenate for older persons, 

as well as prophylactically to protect healthy, physically active young people from overwork and exhaustion 

[10].  

This research focuses on how to maintain a favorable environment for shiitake mushroom farms by availing 

real-time surveillance of the farm temperature, light, air movement speed, soil humidity, and insect 

prevention to increase the yield. This system works on a real-time basis to identify any critical variation of 

the farm environment at any time to take action on addressing it on time. To analyze and decide on the data 

collected by sensors, we use a knowledge base (database) storing the standard data about the desired farm 

environment parameters for shiitake and by benchmarking the collected data with the desired ones, once a 

variation is out of the desired range a decision to re-establish them to the desired ones is taken. To make 

that possible, we use a fuzzy-inference-based model. Fuzzy Logic (FL) is based on an approach of imitating 

human decision-making by including all in-between alternatives of digital values YES and NO. This model 

is one of the most used algorithms for decision-making systems of artificial intelligence [11].  

This research employs Fuzzy Logic to build a corresponding fuzzy inference system for surveillance of 

mushroom farm’ vital conditions (temperature, light, and soil humidity) with real-time decision making on 

the action to maintain them in the desired range. 
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1.2 Problem statement 

 

Mushroom growing by water used to monitor the farm has been considered as the only sustainable and 

reproducible approach to efficiently produce mushrooms for both culinary and medicinal use. Mushroom 

cultivation has gained increased attention because of economic, culinary and medicinal, industrial reasons 

[9]. However, the harvest of mushrooms remains with gaps because its potential success depends on how 

easy the preparation of a substrate for mushroom cultivation is and on the fact that mushroom farming can 

be easily practiced in any region regardless of the climate of the region [9]. Several methods in growing 

mushrooms get their significance in providing enough water to maintain the farming medium with desired 

parameters for an imperative medium to grow mushrooms and focus on an optimized way to utilize water 

[12].  

 

Within this research, various works [7-8], [10-11], [13] have been reviewed and the main gap identified is 

that the harvest in mushrooms is still insufficient and water resource is not efficiently exploited for 

mushroom cultivation, and the research that is currently being done does not attain the satisfaction in 

mushroom yield. Shiitake mushrooms, which are used for both medicinal and diet purposes, have not been 

worked on by many researchers to avail them with sufficient harvest and there are gaps in using a 

technological approach to control the cultivation medium parameters on a real-time basis and manage water 

resource.  

 

To alleviate the drawbacks above said, this research aims to design and implement a fuzzy inference-based 

system that will be a tool to maintain a favorable environment for shiitake mushrooms cultivation by 

supervising and keeping in the desired range of medium parameters (soil humidity, air humidity, 

temperature, and light) in a real-time basis. This will be done by applying the Internet of things (IoT) 

concept of wireless sensor network and a fuzzy inference system which is used to obtain a control system 

with imprecision inputs, many parameters, and good results similar to how humans perform decision 

making. 
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1.3 Objectives of the research 

 

General objective 

 

The main objective of this work is to develop an IoT-based shiitake mushroom cultivation system with a 

fuzzy inference model for a decision-making system to trigger actuators’ activity. Fuzzy inference is a 

mathematical model to build a machine with intelligence [22].  

Specific objectives 

To achieve our general objective, the following specific objectives will be considered: 

1. Design and implement a system to monitor the shiitake farm’s air humidity and temperature to 

increase the harvest. 

2. Design and implement a system to monitor the shiitake farm’s substrate’s moisture to increase the 

harvest. 

3. Design and implement a system to identify movement and light levels in the shiitake farm to 

increase the harvest. 

4. Develop a fuzzy logic algorithm to control the pump for water use optimization. 

1.4 Hypotheses of the research  

 

In this research, two main null hypotheses are taken to be considered in the evaluation of the proposed 

method. These are: 

1. The use of the internet of things in shiitake mushroom cultivation increases the yield of shiitake 

mushrooms compared to traditional methods. 

2. Using fuzzy logic in automating the control of the watering time saves water quantity used.  

1.5 Scope of the research  

This research focuses on identifying how IoT is used in improving the harvest of shiitake mushrooms by 

monitoring farming substrate vital parameters. A fuzzy inference system is used to process the data from 

sensors and make a decision on the actuator state. 

1.6 Benefits of the research  

 

The purpose of this thesis is to develop an IoT-based algorithm with a prototype to efficiently cultivate 

shiitake mushrooms regardless of the region and climate.  

Mushroom farmers will get a system to help them introduce a new type of mushroom that is important in 

human immunity-boosting without complications with manual handling.  
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This research informs readers and scholars in information technology especially in the field of smart 

agriculture and precision farming by providing the basics for integrating technology in farming to increase 

the harvest of mushrooms.  

 

1.7 Contribution of the research 

 

 

The contribution of this thesis is to propose a method of mushroom cultivation based on the IoT and 

specifically the fuzzy inference system to control the mushroom farm parameters. The first contribution is 

using technology to increase the yield of shiitake mushrooms. The proposed method avails an IoT approach 

to result in a good and quality harvest. The second contribution is about the development of algorithms that 

will be used in the smart cultivation of sensitive plant species regardless of the regional climate with a 

wanted harvest. 

 

1.8 Organization of the research report 

 

 

This thesis report is organized into five chapters as follows: 

Chapter one: General introduction, describes the background of the study, the problem statement, and the 

objectives of the study, scope of the study, the significance of the study, project interests, and the 

organization of the study. 

Chapter two: presents basic theories and related literature review. It discussed related works in the fields of 

mushroom cultivation, shiitake mushrooms cultivation, and fuzzy logic used in automated systems and the 

rationale of this research after analyzing the existing works. 

Chapter Three: describes the research methodology. It emphasizes the proposed methodology to use IoT 

for monitoring and enhancing decision-making in agricultural applications. 

Chapter four: presents the system prototype design and results analysis, and illustrates the simulation 

results 

Chapter five:  encompasses the conclusions, and recommendations for future research. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1 Introduction 

 

This chapter discusses related works and identifies limitations, and presents contributions to adding them 

for efficient cultivation of shiitake mushrooms using IoT. In this chapter, an overview of the background of 

this research area is discussed. Related work is presented in this chapter. Similarities and contrasting 

features within conferences and journal papers are also discussed. Some of the parameters, technologies and 

materials that were not considered by some previous researchers are highlighted and our scientific 

contributions are identified.    

 

2.2 Review of related works 

 

Previous researchers studied different ways of mushroom cultivation where soil parameters of the 

mushroom’s substrate have not been recorded and analyzed further decision making but kept by water 

dispersion either manually or automatically. Watering the substrate is one of the top techniques to maintain 

the temperature and humidity of the cultivation house [14]. 

 

By focusing on oyster mushroom cultivation, the research in [14] worked on using fuzzy logic to monitor 

temperature and humidity in oyster mushroom form by detecting the temperature with one sensor DHT11 

and the response to these parameters’ variation is done by using a fan. It should be noted that [14] did not 

address issues of insects’ prevention, soil (substrate) humidity, light, and wind speed in the mushroom 

cultivation, which are the very crucial parameters for mushroom growth, and thus the harvest was not 

improved sufficiently. Besides, an air fan only makes air available but doesn’t do air conditioning that 

consists of entering cool air and getting out hot air for cultivation medium humidity monitoring. 

 

In [15], a distributed system for supporting smart irrigation using IoT, soil moisture sensors have been used 

to monitor crop-field smartly and automate the field irrigation. The aim was to apply IoT technologies, 

sensor distribution, and automation in making a smart agricultural system to supervise the variation of soil 

moisture of an agricultural field. The system presents a feature of randomly switching ON or OFF a water 

sprinkler, which can lead to overwatering the field, hence a drawback of misuse and inundation in the field 

is likely to happen.  
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It is crucial to have an automated system that encompasses a decision-making system such as fuzzy 

inference, based on the soil parameters level of the substrate to control the water pump sprinkler. 

The work in [16], designed a platform to manage water smartly is designed by using IoT to optimize water 

resources use in heterogeneous plots, where various types of crops are grown. The fact that this watering 

system is designed for different types of plants, it is not feasible for the types of plants that have different 

needs in water to be grown under the same system. Therefore, there is a need to emphasize one type of 

plant, study its specific soil parameters for its enhanced growth to get to a suitable system that contributes 

to improved harvest in that plant, hence our research focuses on one type of mushroom. 

 

In [17], an IoT-based system was designed to monitor a greenhouse climate using sensors and a 

microcontroller.  The research worked on improving the plant growth in a greenhouse by recording and 

reporting the greenhouse’s humidity, temperature, and soil moisture, and these were considered as a main 

climatic factor of a greenhouse while some others like light intensity have also to be taken into 

consideration to keep the desired climate of a field. This work in [17] focused on the measurement of 

humidity, temperature, and soil moisture and on the collection of the data in them to report them on an 

android device to alert the farmer on their variation. Because this system lacks a self-decision-making 

system to restore the soil parameters to a needed level, and that it involves much manpower to re-establish 

these parameters to normal, it still needs to be completed by an improved system with a self-decision-

making feature to lessen human intervention in greenhouse climatic factors management. Therefore, our 

research focuses on designing a system to supervise and control a farm for mushroom cultivation using a 

fuzzy inference system for decision making to automatically take action on any significant variation of the 

farm’s climatic factors. 

 

Moreover, in [18], a survey on IoT-based mushroom monitoring systems was focused on, where the sensors 

are placed in specific places of the growing area to record data of the farm. This survey identifies those 

basic parameters to be taken into consideration are notably the temperature, humidity, and gas content.  

However, there are other parameters with capital importance to the cultivation of mushrooms such as light 

intensity, and wind direction, and speed in the farm. Within the system proposed at [18], an intelligent 

application was designed to check the status of the mushroom’s farm by the user who is connected with the 

control unit through a server.  
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Thus, this system lacks automation in taking action on a variety of field parameters because any actuation is 

triggered by a user through a server. Therefore, our research avails a system to handle this autonomy 

drawback in taking action on the parameters variation by introducing the Mamdani fuzzy inference system 

which is an effective tool for handling events that are not restricted to only the value of a given time point 

but also include all values within certain time intervals. 

 

The work in [19], designed a wireless sensor network system to monitor the soil moisture, and the presence 

of microbial using soil moisture sensors and biosensors. Raspberry Pi is used as a central microcontroller 

and other different ESP8266 nodes are used to communicate for real-time data management. Within this 

system, a website is introduced to act as an interface for users to interact with the system and also to act as 

an automation tool. Though this research [19] presents a needed key feature to detect any appearance of 

microbial and/or insects, it doesn’t cover all the needed features to effectively control the climate and 

security of the mushroom’s farm such as temperature, farm’s humidity, and other vital parameters for 

shiitake mushroom growing. Thus, our research improves this system of the sensor by adding an artificial 

intelligence-based feature of fuzzy logic to support automated decision-making based on the variation of the 

parameters of the mushroom’s farm. 

 

A system to observe white mushrooms was implemented in [20] where they used a robot to reduce human 

responsibility on the mushroom plant by automating white button mushroom cultivation and observing the 

product space set standing. Within this research, specific farm parameters focused on are namely 

temperature, humidity, carbonic acid gas concentration, and light-weight intensity.  Besides, the fact that 

this system in [20] is costly, there are some other mushroom farm parameters with capital importance that 

have not been considered such as insects’ presence detection, which will be considered in our work. 

   

Moreover, an intelligent mushroom monitoring system was presented in [21] where the researchers 

considered the temperature, humidity, CO2 of the farm as the main soil parameters to work on to increase 

the yield of the mushroom’s cultivation. The work [21]e developed a system based on the IoT with sensors 

to measure and monitor the soil parameters. The data collected are benchmarked to the threshold values of 

each parameter to trigger the actuation process. To get to an optimum growth of the mushrooms, some other 

parameters should be considered to optimize the climate conditions of the mushroom farm.  
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 To address the drawbacks identified in all of the previous works consulted our research targets to designing 

and implementing a fuzzy inference-based system to autonomously monitor the climate conditions of 

shiitake mushroom’s farm by considering as main parameters the farm’s humidity and temperature, the 

substrate’s moisture, the presence of insects, the wind and light-weight intensity in the farm. 

 

2.3 Summary on weaknesses identification and our scientific contribution 

 

 

Based on related literature, mushrooms have been cultivated using different techniques such as time-based 

watering method, implementing a greenhouse for mushroom farming, and others working on cultivating 

Shiitake mushrooms as they have been identified in the literature review above. However, weaknesses have 

been identified, and through this research, a scientific contribution is made to increase the harvest of 

Shiitake mushrooms and make an efficient use of water. 

 

2.3.1 Weaknesses identified 

 

After reviewing the literature above and analyzing them, they have been classified into five categories 

based on what they did and their scientific contribution.  

Firstly, a researcher in [15] worked on applying IoT in agriculture by designing a platform that manages 

irrigation water by automating water pump switching On and Off based on the variation in soil water level 

known as soil moisture. This work presents two main gaps namely addressing soil parameters that cannot 

be enough for crops growth and lacking a self-decision making such as fuzzy logic to prevent inundation 

and water misuses.  

Secondly, the works in [16] and [19] developed distributed systems for smart irrigation by placing sensors 

in different specific locations of the field of cultivation. Specifically, the research in [19] worked on 

mushroom cultivation. Both these works present a common gap of not being specific on the type of plant or 

mushroom to work with their systems which lead to uncertainty that can prevent these works from being 

practiced. 

 Thirdly, the research in [17] worked on an improvement of a greenhouse plant's growth by using an 

approach to record the quantity in humidity, temperature, and soil moisture of the greenhouse and manually 

taking action by involving human intervention to maintain them at the desired level.  
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This work has as the main challenge, the lack of a self-deciding system to take action to any variation of the 

greenhouse plant vital parameters variations with the addition of addressing a few parameters such as wind 

direction and light intensity in the greenhouse. Fourthly, in [20] a work to cultivate mushrooms has been 

done where a robot was used to reduce human responsibility on caring for mushrooms by automating white 

button mushroom field parameters re-establishment. The parameters considered are soil temperature, 

humidity, carbonic acid gas concentration, and light-weight intensity. Within this work, two gaps have been 

identified namely the designed system is costly, and insect’s prevention, an important parameter for 

mushroom growth, has been looked down and this reduces the harvest. 

Finally, the work in [13] designed a system based on Fuzzy logic to monitor oyster mushroom farm’s 

temperature and humidity. As the main gap identified in this work, all basic parameters to maintain a 

mushroom farm have not been considered which implies that this work cannot efficiently contribute to the 

harvest improvement in mushrooms. 

 

2.3.2 Scientific contribution 

 

Our research works on the development of a prototype for shiitake mushroom farm monitoring and 

controlling. Shiitake mushrooms are a type of mushroom that is mostly used in medicinal applications to 

boost immunity and sometimes used as a dietetic ingredient.  Shiitake mushrooms’ cultivation has been 

looked down upon in previous many works about mushroom cultivation because they are useful in both 

medicinal uses, we decided to work on them in this research project. This research contributes to shiitake 

mushroom harvest improvements as well as easing its introduction in different regions of the world by 

availing a prototype to be used in cultivating them regardless of the region’s climate. 

 

2.4 Sensors and tools  

 

2.4.1 Water pump (12V DC water pump) 

A water pump, which is a direct current motor, is an electronic machine that converts direct current into 

mechanical power. A 12V DC water pump is mostly applied in IoT systems including smart irrigation 

projects due to its small size and low-cost [15].  
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Figure 1: 12V DC water pump [15] 

 

2.4.2 Relay 

 

A relay is a device that becomes active automatically when an electrical current is passed. Relays are like 

switches operated by the current. Relays are used to protect the systems and control power distribution. 

Relays turn on the corresponding devices like sprayer, light, door, and water motor. A relay can be managed 

at low voltage like 3.3 volts that are got from the pins of the ESP8266 and allows it to control high voltages 

such as 12V, 24V, etc. [17]. 

 

Figure 2: Relay [17] 

 

2.4.3 Microcontroller 

The NodeMCU is a product of Expressive systems that integrates a system on chip ESP8266 with 32-bit 

low power controlling unit, a Wi-Fi module of 2.4GHz, a RAM of 5KB, an ADC (Analog to Digital 

Converter), a 17 General Purpose Input and Output pins (GPIO), and an event-controlled API for the 

network [23], an addition of the NodeMCU to be a low-cost microcontroller made it considered as a best 

microcontroller to be used in our research.  
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The bellow figure3 illustrates the used Microcontroller (NodeMCU esp8266) 

 

Figure 3:NodeMCU ESP8266 [23] 

2.4.4 Temperature sensor (DHT11) 

A temperature sensor is an electronic device that through an electrical signal gives the measurement of the 

temperature by converting the measured hotness and coldness detected from an object. A humidity sensor 

is an electronic device to measure the water vapor and convert the measured output into corresponding 

electrical signals. A humidity sensor is otherwise called a hygrometer because it combines both air 

moisture and air temperature [24]. 

 

 

 

 

 

Figure 4: DHT11 Sensor [24].  
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2.4.5 Moisture sensor (Capacitive soil moisture sensor) 

 

A moisture sensor is an electronic device used to measure the amount of water present. For a soil moisture 

sensor, it can be defined as a component to measure the volumetric water content in soil [24].   

 

Figure 5: Capacitive soil moisture sensor V1.2 [24] 

 

2.4.6 Light sensor (Photoresistor Sensor (LDR)) 

An electronic light sensor is a device that detects whether or not light or darkness is present. The light 

sensors are classified into different categories notably photodiodes, phototransistors, and photoresistors 

[26]. 

 

Figure 6: Photoresistor sensor (LDR) [26] 
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2.4.7 Proximity sensor (PIR (passive infrared sensor)) 

 

PIR sensors allow you to sense motion, almost always used to detect whether a human has moved in or out 

of the sensors range [26]. 

 

Figure 7: PIR (passive infrared) sensor [26]. 
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CHAPTER THREE: METHODOLOGY 

 

3.1 Introduction 

 

The overall design of our proposed solution is presented in this chapter namely the hardware and software 

design. The methodological approaches identified encompass both physical designs which reflect hardware 

components selection and design and logical design which also reflects the software components selection 

and design. 

 

3.2 Research and design approach 

 

Figure 8 presents the overview of the steps involved in research and system development from the step 

of gathering the ideas to the final step of prototype and getting results. 

 

 

 

 

 

 

 

 

                                                              

 Figure 8: Research Approach                                            Source: Own drawing 

 

Firstly, the idea development and problem statement for this research departed from conducting a literature 

review to identify the problem and limitations of the existing works. After analysis of the existing system 

and identification of the gaps, we proposed a system to address the gaps. Secondly, the system architecture, 

flowcharts, and algorithms for the proposed system were made, and finally, we did system prototyping and 

analyzed the obtained results to conclude. 

 

 

 

 

 

Idea Development and 
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Proposed System 

System architecture  Flowcharts Algorithms 

Prototyping the system Results analysis Conclusion 
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3.3 Scientific research approach 

 

In this research, we have used qualitative research including observation of the existing mushroom farms, 

and document consultancy by reading journal papers. The goal was to investigate the existing system and to 

find its merits and weaknesses to find a way to improve it by applying technology.   

 

3.4 System Development  

 

In the context of research methodology, software development life cycle is a prototyping model with a 

system development method (SDM) in which a prototype is built, tested, and then reworked as necessary 

until an acceptable prototype is finally achieved from which the complete system or product can now be 

developed [22]. 

The following are the steps involved in the System Development Method used (Prototyping Model). 

 

Figure 9: System development model adapted from [22] 

 

For our research, we adopted two blocks of figure 9 above, namely requirements gathering and analysis and prototype 

building.  

For the requirements gathering part, firstly we visited a mushroom farm called CP&T LTD at Ndera. CP&T LTD is a 

mushroom breeding company that works in collaboration with Rwanda Green Fund otherwise called FONERWA. 

FONERWA invests in public and private projects which have an aim to transformative change. At CP&T LTD we 

investigated how a mushroom farm is implemented from the seed’s nursery to the farm harvest.  

 

To understand the existing method of shiitake cultivation, we examined the conditions of the farm by observation, 

and to analyze the collected information, we read through various documents especially [10] that are about shiitake 

mushrooms cultivation. 
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For prototype building, we used IoT technology to build a prototype after getting to know the requirements 

for shiitake mushroom cultivation. The built prototype implements fuzzy logic to monitor the farm’s vital 

parameters namely air humidity, temperature, and soil moisture in the substrate. We used a system with 

three main parts namely the sensing part (Sensors), controlling part (Microcontroller), and Actuating part 

(Water pump). 

 

3.5 Components of the proposed system  

  

3.5.1 Logical components 

A. Layers of the proposed system 

The proposed system has four layers arranged from perception layer to application layer as illustrated in 

figure 10.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Layers of the proposed system adapted from [22]     Source: Own drawing 

 

The purpose of these layers is to secure any communication and interactivity between the components of 

the system. All hardware devices of our self-powering automatic watering system of the mushrooms farm 

are placed in the device and perception layer, all the networking and communication components are placed 

in the connectivity and network layer, the management layer hosts all services such as cloud storage, device 

management, and storage, and application layer is for IoT application and actuation service. 
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Figure  SEQ Figure \* ARABIC 16: Flowchart for 

watering function 

Source: Own drawing 

B. Flowcharts Design of the proposed system 

 

This system is made of an actuating task namely, pumping water 

for irrigation (figure 11). Based on the fact that the main flowchart is designed separately and put together 

the whole system.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                      Figure 11: Water pump flowchart  
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          Source: Own drawing 

 
 

3.5.2 Physical components  

The design of the proposed system is based on the following Figure 13 with three main sides namely: A 

sensing side, a controlling, and actuating side. The sensing side is composed of a temperature & humidity 

sensor for the farm air temperature and humidity collection, a soil moisture sensor for the substrate’s 

moisture sensing, a PIR to detect movements, and a light sensor to detect the light intensity of the farm. 

The controlling side is made of a NodeMCU ESP8266, Arduino UNO, and a cloud platform for data 

analytics, and an actuating module is made of one 12V DC water pump and one relay to make them 

controlled by a NodeMCU ESP8266.  

 

 

 

 

 

  

Figure 12: Fuzzy Inference system flowchart  
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Figure 13: Components of the Proposed system                     Source: Own drawing 

 

 

3.6 Hardware components selection 

 

3.6.1 Microcontroller Selection 

The NodeMCU microcontroller has been chosen because it has the advantage to operate at a current of 80 

mA with a quiescent current of 5 to 11 mA delivered from power dissipation by its printed circuit [23].  
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3.6.2 Sensing side components selection 

 

I. Humidity and Temperature Sensor  

 

In this research, the air temperature needs to be measured to get the expression of the hotness and coldness 

of the soil timely. To measure the temperature and humidity, a DHT11 sensor is chosen based on its 

capacity to measure both at the same time, it is an ultra-low-cost device, and gets new data every two 

seconds (2 secs). 

 

II. Soil Moisture Sensor 

 

In this research, it is crucial to get the data about the quantity of water available in the soil to decide 

whether to spread water or not. Thus, we decided to use capacitive soil moisture sensor V1.2 which has as 

an advantage its ability to yield a reliable relationship between the output voltage and gravimetric water 

content. 

 

 

III. Light sensor  

 

For our project, the researchers have chosen to use a passive photoresistor (LDR – Light Dependent 

Resistor) for recording data about the brightness of light in the mushroom’s substrate. 

 

IV. Proximity Sensor (PIR) 

 

PIR (passive infrared) sensor is chosen for our project because they are small, inexpensive, low-power, easy 

to use, and don't wear out and for a reason that they are commonly found in appliances and gadgets used in 

homes or businesses.  

3.6.3 Actuating side components selection 

I. Relay selection 

In this research, we preferred to use a relay to make the devices with various voltages controlled using 

ESP8266 that uses 3.3 v. 

II. Water pump selection 

A 12 volts direct current motor water pump was chosen for our project considering its features to fit in and 

the fact that it is a cost-effective and efficient device.  
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3.7 Software components selection 

 

 

Fuzzy logic is a tool capable of building a machine with intelligence. The fuzzy system is performed 

through three stages namely fuzzification, fuzzy processing, and defuzzification. Fuzzification is the first 

operation in a fuzzy system that works on input data, it is a process mapping a crisp input value of a system 

into a fuzzy input, that is to associate with a fuzzy set. Since each linguistic variable has values that can be 

described linguistically to a set of its values, we can determine the number of linguistic terms. Sometimes, 

the inputs are as features of classes, as in the Fuzzy classifier. 

Mathematically, fuzzification can be defined as a mapping F of the crisp input domain I, with x into a set A 

of fuzzified input. 

That is as; F: I→A  

 In the context of our research, the crisp input domain I am a set of all the data collected from the sensors, 

and the fuzzified input are the ones that will be got from MatLab as processed sensors input. 

Simulating this in MatLab, a fuzzy inference system, the main component of the proposed decision-making 

system, also based on a set of if-then rules, in addition to a set of membership functions, and fuzzy logic 

operators such as “and”, “or” are developed referring to Mamdani fuzzy inference system. 

To get figure 14 below, we supplied the MatLab fuzzy designer with three variables namely the 

temperature, the soil moisture, and the humidity. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                       

Figure 14: FL designer for Mushroom monitoring        Source: Interface from MatLab based on our input 
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Figure 14 above shows the fuzzy logic design as a black box that consists of the input block, rule inference 

engine, and an output block to help visualize the structure of the fuzzy inference system.  

 

A. Fuzzy rules 

These are rules used during processing to determine the output of the system. Based on the inputs, the rules 

will analyze the combination of various inputs and run inference using the engine to determine a suitable 

output to maintain moisture content. 

 Fuzzy processing consists of applying fuzzy rules on inputs with the purpose to provide output. A Fuzzy 

rule is a form that serves to describe, in linguistic terms (words) a qualitative relationship between two or 

more variables. That is, it joins the input variable(s) and its (variables) influence with the output variable(s) 

and these may be linguistic or scalar. 

In this research, fuzzy logic is used in this module due to its bi-fold significance. First, fuzzy logic is a 

better approach for decision-making problems. Secondly, fuzzy logic is simple and easy to implement in 

IoT applications [22], and the following steps will be used to start from handling crisp input to crisp 

 

 For our research, we have 8 rules to monitor the water pump state based on the input values. These rules 

are set based on the threshold values that are the normal values of the Shiitake mushroom farm to grow 

efficiently. As of [10] the normal ranges for temperature, soil moisture, and humidity to grow shiitake 

mushroom are respectively 20
o
C- 30

o
C, 30%-65%, and 80%-90%, and if the two of them are satisfied, the 

farm is in a normal state.  

 

Rule 1: if the temperature t is such that 20
o
C≤ t ≤ 30

o
C and Soil moisture SM is such as 30% ≤ SM ≤ 65% 

and Air humidity H are such as 80% ≤ H ≤ 90%, then switch off the water pump (Normal). 

Rule 2: if the temperature t is such that 20
o
C≤ t ≤ 30

o
C and Soil moisture SM is such as 30% ≤ SM ≤    65% 

and Air humidity H are such as H ≤ 80 % or, then switch off the water pump (Normal). 

Rule 3: if the temperature t is such that 20
o
C≤ t ≤ 30

o
C and Soil moisture SM is such as SM ≤ 30% and Air 

humidity H are such as 80% ≤ H ≤ 90%, then switch off the water pump (Normal). 

Rule 4: if the temperature t is such that 30
o
C≤ t and Soil moisture SM is such as 30% ≤ SM ≤ 65% and Air 

humidity H are such as 80% ≤ H ≤ 90%, then switch off the water pump (Normal). 

Rule 5: if the soil moisture SM is such as 30% ≤ SM ≤    65% and temperature t are such that 30
o
C≤ t, and 

air humidity H is such as H ≤ 80%, then switch on the water pump (abnormal). 
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Rule 6: if the soil moisture SM is such as SM ≤ 30% and temperature t are such that 20
o
C ≤ t ≤ 30

o
C and air 

humidity H is such as H ≤ 80%, then switch on the water pump (abnormal). 

Rule 7: if the soil moisture SM is such as SM ≤ 30% and temperature t are such that 30
o
C ≤ t and air 

humidity H is such as 80%≤ H ≤ 90%, then switch on the water pump (abnormal). 

Rule 8: if the soil moisture SM is such as ≤ SM ≤ 30% and temperature t are such that 30
o
C≤ t, and air 

humidity H is such as H ≤ 80%, then switch on the water pump (abnormal). 

 

Figure 15 below, shows a fuzzy interface of how the watering duration varies when the sensor inputs vary. 

Specifically, the rule viewer below reflects rule number 8 where the temperature is 94.6
o
C, soil moisture is 

3.01%, and Humidity is 5.42 %. The pump state is watering and the watering duration is 51.8 seconds.  

 

Figure 15:Fuzzy Rules viewer                         Source: Interface from MatLab based on our rule 8. 
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B. Fuzzy inputs (Data from sensors) 

B.1 Input 1 for our fuzzy inference (Temperature) 

 

 

Figure 16:Temperature input for fuzzy design                     

Source: Interface from MatLab based on our supplied temperature range of 0 o C - 22 o C.  

 

Figure 16 above is a fuzzy interface we get after supplying the FIS designer with a temperature range of 0 
o 
C - 22 

o 

C. This supplied range is not favorable to shiitake mushroom farm because, as of [10], shiitake mushroom 

farm’s favorable temperature range is 20 
o 
C - 30 

o 
C. 

 

As shown in Figure 16 above, the temperature range is from 0-100(degree Celsius): Based on a range of 20 

o 
C - 30 

o 
C as a valid range of temperature for shiitake mushroom growth as of [10], we consider the 

following criteria in creating input for temperature: Low-temperature range from 0-20, the medium is 20-30 

and High is greater than 30. 
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B.2 Input 2 for our fuzzy inference (Soil moisture) 

 

As of figure 17 below, the soil moisture range is from 0-100(%): Referring to [10], a range of 30% to 65% 

is considered to be a valid range of soil moisture for shiitake mushroom growth, therefore for our input as 

of figure 17 below, low soil moisture range is from 0%-30%, medium soil moisture range is 30%-65% and 

high soil moisture range is greater than 65%. 

 

The figure below is an interface of MatLab FIS designer got by inputting a soil moisture range of 0%-30%, 

which is qualified as a low moisture level based on the standard range of 30%-65% of shiitake mushroom 

farm as of [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Soil moisture input for Fuzzy design 

Source: Interface from MatLab based on our supplied soil moisture range of 0%-30%.  
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B.3 Input 3 for our fuzzy inference (Humidity) 

 

As of figure 18 below, the air humidity range is from 0% to 100(%): Referring to [10], a range of 80% to 

90% is considered to be a valid range of air humidity for shiitake mushroom growth, therefore for our input, 

low air humidity range is from 0%-80%, medium air humidity range is 80%-90% and high air humidity 

range is greater than 90%. 

The figure below is a MatLab interface after supplying an air humidity range from 0%-80%, which is 

considered as a low air humidity for shiitake mushroom based on [10].    

 

Figure 18: Humidity input for Fuzzy design 

Source: Interface from MatLab based on our supplied-air humidity range of 0%-80%.  
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C. Membership functions of our fuzzy inference 

The membership functions could then represent the amounts of tension, when choosing the input 

membership functions, the definition of terms may be different for each input.  

For this research, our membership functions that represent the tension of our input data level are Low, 

Medium, and High. Low is used for input values that are below the range of the normal values, Medium is 

used for input values in the range of the normal values, and high is used for values above the range of 

normal values. 

 

D. Fuzzy output (watering time) 

 

Based on the volume of water per second from the water pump, the range of time the pump could be open is 

in the range of 0-60 seconds. Low watering time is 0-25, medium ranges from 20-45 while high ranges 

from 35-60. 

 

 Figure 19 below shows an interface from MatLab for a watering duration which here a low watering time 

because it is 25 seconds. A short watering time is beneficial to a farmer because the conservation of water is 

achieved. 

 

Figure 19: Fuzzy output variable-watering time       Source: Interface from MatLab with a watering time of 

25 seconds  
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E. Fuzzy output use for actuation (Being supplied to Arduino to run the pump) 

 

It is well noted that the converted Matlab fuzzy file into Arduino code performs similarly to the MatLab 

simulations with similar outputs. Therefore, the overall created Fuzzy inference engine can acquire inputs 

directly from the sensor value and therefore determine watering periods automatically without intervention.  

Figure 20 below shows that the fuzzy engine uses 266108 bytes (25%) of program storage space. Global 

variables use 27288 bytes (33%) of dynamic memory, leaving 54632 bytes for local variables that will be 

for Arduino. 

 

Figure 20: On-device performance specifications         Source: Arduino application 

 

3.8 Cloud platform selection 

 

Cloud computing means storing and accessing data and programs over the internet instead of your 

computer’s hard drive. The cloud is also not about having dedicated network-attached storage hardware or 

server in residence, it’s as a service such that with all the various data stored on the computers in a cloud, 

data mining and analysis are necessary to access that information in an intelligent manner [23]. Thing speak 

is an open-source Internet of Things application and API to store and retrieve data from things using the 

HTTP and MQTT protocol over the internet. It’s an IoT analytics platform service that allows to aggregate, 

visualize, and analyze data streams in the cloud [23]. 

Within table 1 below, six platforms are compared by considering their number of channels, persistence 

days of the messages per year, and data retention. These platforms need a personal usage license freely 

delivered but with some restrictions [23].  Beebotte is a cloud platform that provides key building blocks to 

accelerate the development of the Internet of Things and real-time connected applications. Beebotte 

enables the transformation of any physical object or software application into a channel of digital 

resources. Beebotte is a cloud platform that offers infrastructure and connectivity with the help of REST, 

WebSockets, and MQTT [23].  
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DataGekko is a fully managed enterprise-grade metrics as a service solution, DataGekko can ingest data 

over MQTT with millisecond precision of data points with full resolution, this is an IoT Telemetry platform 

ready for the next generation of internet-connected devices that scales with you from hobby plans to 

enterprise systems [23]. 

IoTPlotter and Horavue are also good cloud platforms but ThingSpeak beats them in terms of persistent 

messages a day per year. 

 

Table 1: Comparison between IoT platforms [23] 

For our project, the ThingSpeak API is chosen because it has three channels where each channel can store 8 

variables and we have to store data about harvested energy, soil moisture, humidity, temperature, and real-

time with an additional feature of best store and visualize data. 

3.9 Integrated Development Environment Selection  

 

The Arduino Integrated Development Environment (IDE) is a cross-platform application (for Windows, 

macOS, Linux) that is written in functions from C and C++.  

It is used to write and upload programs to Arduino compatible boards, but also, with the help of third-party 

cores, other vendor development boards. In this research, Arduino 1.8 version is used. 
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CHAPTER FOUR: SYSTEM RESULTS AND DISCUSSION 

 

4.1 Introduction 

 
This chapter focuses on the acquired results. Its main parts are namely the results of the subsystems, the results of the 

whole systems, and the description of shiitake mushroom farm yield within 21 days. 

 

4.2 Results of subsystems 
 

A. Results of subsystem 1 (DHT11) 

The DHT 11 as shown in figure 21 can capture Humidity and Temperature. Sometimes, due to climate variation, at 

room temperature the humidity values vary and can sometimes do not meet the expected humidity values 

recommended for Mushroom farming which are respectively 20 to 30 degrees Celsius, and 80% to 90% for 

temperature and air humidity. Therefore, for figure 21 below the temperature displayed is in acceptable range through 

the air humidity is out of range which implies the need to check the soil moisture to decide the water pump state. 

Hence, our system can visualize how temperature and humidity variations in the mushroom farm. 

 

Figure 21: Temperature and humidity Serial Output   Source: Arduino based on our farm’s data 
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B. Results of subsystem 2 (Soil moisture sensor) 

 

Figure 22 below shows an increase in soil moisture percentage after dipping the sensor in water. Levels obtained 

reached 100%. With a steady increase of water over 1 week in an environment with limited high temperature. We 

were able to deduce that temperature factors can lead to soil moisture content being reduced to factors such as 

evaporation. Analog values are read tentatively from the soil moisture sensor and read on the Serial monitor. 

 

 

Figure 22: Soil moisture Serial Output                                Source: Arduino based on our farm’s data 
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C. Results of subsystem 3 (PIR sensor) 

 

As the pest is carried in the farm by external agents, the PIR is used in our project to detect the motion in 

the farm for the farmer to decide whether the pesticide can be spread in the farm or not depending on the 

cause of movement detection. Figure 23 below is about the results from the PIR sensor that show the 

movement detected in the farm 

 

Figure 23: PIR Serial output                                                 Source: Arduino based on our farm’s data 

D. Results of subsystem 4 (LDR sensor) 

 

As the mushroom quality depends on the light intensity in the farm, we also added a light sensor to yield the 

data about the light variation in the farm for the farmer to take action on that very important factor of 

mushroom growth.  

Figure 24 below shows the yield data in our mushroom farm. 
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Figure 24: Output of the LDR                                                    Source: Arduino based on our farm’s data 

 

The serial output of the diagram represents the voltage values. In an averagely lit room, values range from 

1- 2. When the LDR is illuminated, values range to a high of 4.67. When the LDR is covered to emulate a 

mushroom room, the value drops to a low 0.17. A bright room will give a reading in the range of 3-5 V. A 

dark room will give readings in the range of 0-1.5. Other values that do not fall in the criteria are considered 

average. 

 

E. Results of subsystem 5 (Output of the cloud platform, Thingspeak) 

 

Figure 25 below shows the data entries made over a while graph. The graph is a visualization in 

ThingSpeak that indicates the status of sensor values viewed continuously over a given period. The data 

from sensors sent to the cloud from different entries is different which explains the up/ down lines in the 

graphs. 
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   Figure 25: Thingspeak visualization                                             Source: Thingspeak application 

Figure 25 above, shows results displayed on the cloud platform. The variation displayed is as depicted from 

sensor values gathered at different environmental conditions. From the output, we can deduce that when the 

temperature is low the humidity and soil moisture content is high. Moisture content is therefore affected by 

the amount of heat in the environment. The LDR displays the amount of light that is not dependent on the 

other three variables.  

These values show the amount of light we exposed the mushroom firm in the range of 0-5 V where 5 

represents the highest light intensity and 0 shows lack of light. 
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4.3 Results of the system 
 

The working of the code is based on the system which can convert sensor data into digital input. The 

parameters selected are fed in as inputs as sensor data. The soil moisture, humidity, and temperature are 

relevant inputs for the fuzzy inference system.  

The system can capture these inputs and intelligently make a decision that will determine a watering period 

in second as the output. Further, these sensed values are sent to a cloud platform that can help us to visually 

see the behavior and trend over a while. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Sensors fusion Serial Output                  Source: Arduino based on our farm 

The water pump achieves up to 1.6 L/min. This value can be used to calculate the volume of water 

dispensed by the overall system. As per figure 27, the watering duration is 30 seconds which means that 0.8 

L was dispensed from the overall system.  
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The results achieved from this were as follows: 

 Conservation of water. Based on the soil moisture content, whenever the system detected high 

amounts of water the pump remains closed. Tradition techniques that require visual aid to determine 

if the soil needs to be watered prove to be ineffective which leads to soil moisture going above 90% 

or under 80%. The use of an IoT system helps to regulate the soil moisture content by maintaining 

the soil moisture content at the recommended levels.  

Based on the duty scheduling the system can regulate environmental conditions up to 95% of the 

monitoring duration. This metric is measured by taking into account the number of times during the 

day the environmental conditions stayed within the recommended ranges against the total duration, 

that is,  

(Hours conditions stayed in range/No of hours in a day) *100  

 Increase of harvest yield 

Table showing number of mushrooms collected in a week measuring traditional means against an IoT-based 

system on two substrates of 10 seeds per each. 

Week  Ready to Harvest Seeds (With 

traditional means) 

Ready to Harvest Seeds (IoT 

based monitoring) 

2 0 2 

3 3 10 

4 8 13 

5 12 23 

Table 2: Comparison of the harvest between traditional and IoT based means 

Source: Own drawing based on farms surveillance data. 

 

The table2 above shows the increase in output when compared with traditional means with IoT-based farm 

monitoring. Fuzzy logic in automating the control of the watering time saves water quantity because the 

water pump opens on a schedule based on data gotten from the field. Thanks to an intelligent system, we 

can regulate the volume of water especially when the conditions are favorable.  

 

With the traditional fixed time watering system, the pump gets open always based on time intervals that can 

make much water used without being needed based on the farm parameters or climate. 
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Further as shown in figure 26 above, the combination of the subsystem outputs shows that the subsystem 

components can be integrated harmoniously.  The sensor fusion shows accurate readings from various 

sensors. This is to prove that combining the sensors the values acquired are not a result of interference from 

other subsystem components.  

This is useful to show that sensor combination can give an accurate view of the environment which can 

further be utilized as inputs for an intelligent processing fuzzy module. We can accurately monitor the exact 

values being transmitted to the cloud platform, as well as the start and the end of transmission.  

 

4.4 Shiitake mushroom farms after 21 days 

 

 

Within this research, two types of mushroom farms are experimentally implemented, where the two farms 

are equal in the number of seeds with the same type because they have been got from the same nursery. 

Two substrates are made with the same materials and components, but the difference resides in the 

technologies used to grow the seeds after plantation because one farm uses our fuzzy-based technology and 

another uses a watering system based on time interval watering.  

Figures 27, and 28 below, show experimental prototypes of shiitake mushroom farms on the 21
st
 day after 

planting.    

 

Figure 27: Shiitake Mushroom farm monitored with IoT          Source: Picture was taken from our pilot farm 
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Figure 28: Shiitake Mushroom farm based on time-interval watering          

Source: The picture was taken from our pilot farm                                                         

As seen in figures 27 and 28 above, the harvest after 21 days on the farm with technology is 100% because 

all the 10 seed bags in the farm have mushrooms with more than one mushroom on one bag but in the farm 

with time-intervals watering, only 3 seed bags have mushrooms which mean 30% of the total 10 seed bags 

farm have mushrooms.  

From these practical results obtained, we can conclude that our approach of using IoT in shiitake mushroom 

cultivation is better when compared to the existing time interval watering-based approach.  
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 
 

In this chapter, we draw out conclusion based on the obtained results based on the consulted documents and 

proposed methodology. Then, we give suggestions for future research in smart agriculture. 

 

5.1 Conclusion 

 

In this thesis, an IoT fuzzy logic-based approach scheme was developed for shiitake mushrooms with an 

automated watering system to monitor on an automatic basis a mushroom farm.  

 

Based on related literature examined, the currently used techniques in mushroom farming are mainly 

manual and showed that the harvest is not sufficient and water resource use is not optimized. Most of the 

types of mushrooms are important for medical and nutritional ingredients, but shiitake mushroom is the 

most needed type of mushroom because of its nature to fit too many medicinal drugs ingredients, and many 

nutritional ingredients and hence this specific type of mushroom deserves attention in increasing its harvest.  

Our research focuses on using IoT-based technology to increase harvest and water use optimization.   

This research was done in two phases namely requirements gathering and analysis and prototype building.  

To collect data about the requirements, we visited a mushroom farm called CP&T LTD at Ndera and observed the 

process of shiitake mushrooms cultivation as well as the conditions that this particular type of mushroom imposes for 

harvest improvement. In addition to the real data got from the field, we also consulted documents especially [10] that 

are about shiitake mushrooms cultivation. 

 

Our prototype was built using IoT technology relying on the data about the requirements for shiitake 

mushroom cultivation. The built prototype implements fuzzy logic to monitor the farm’s vital parameters 

namely air humidity, temperature, and soil moisture in the substrate. 

 

The obtained results demonstrate that the use of IoT in shiitake mushroom cultivation increases the yield in 

shiitake mushrooms compared to traditional methods namely, fixed time watering because, with our internet 

of things-based approach, we can harvest more than one mushroom from all the 10 seeds at the 21
st
 day 

after seeds plantation while with the existing fixed time watering at the 21
st
 day we can only get the 

mushrooms on 3 seed bags.  
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Based on the results of our experiment, the farm without IoT was able to produce mushrooms on all of its 

10 seed bags after 35 days while with the technology-based farm it was time to get the second harvest of the 

10 seed bags. Further, using fuzzy logic in automating the control of the watering time, saves water quantity 

because the water pump opens based on data got from the field, which means that when the farm parameters 

are favorable, a pump can remain closed for more than two days which saves water. With the traditional 

fixed time watering system, the pump gets open always based on time intervals that can make much water 

used without being needed based on the farm parameters or climate.   

 

5.2 Recommendations 

 

Regarding the results, we recommend that this study should be implemented with many other types of 

mushrooms to improve the harvest of mushrooms because they are the crucial inputs for both nutritional 

and medicinal use and their harvest is still low.  

In addition, this research can be improved by controlling other factors of the mushroom farm such as wind 

speed and direction, water type and temperature control, and also fuzzy type II can be used to handle with 

precision those suggested farm factors.  
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Appendix: Codes for the Project Implementation 
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