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Executive Summary  

The scientific progress of the human enabled him to innovate and develop many 

of the tools and methods used to increase production and improve the quality in 

different areas of life. This includes the impact on the surrounding circumstances 

where the advantage of that is positive for him, and could sometimes create artificial 

conditions mimic the best conditions for the exercise of activity in difficult 

environmental conditions. Protected agriculture one of the modern scientific methods 

to overcome the environmental non-suitable for agricultural production, which 

succeeded already in the desert regions, hot and harsh conditions of water scarcity, 

lack of soil fertility and increase the proportion of salts and as a result, the field of 

agriculture face numerous difficulties. The best way for the production of vegetables 

and fruits is the method of protection from risk of high temperatures in summer and 

winter frost, as well as protection from sandstorms, which provides the opportunity to 

increase the yield and the quality of the production throughout the year. 

In this project, in order to maximize the production of cultivating crops or specific 

plant species, our aim is to build a real-time embedded system to monitor and control 

the climate parameters of greenhouse. 

The system is analogous to a control system as it regulates the current ambient 

condition of the plants environment and takes action to maintain the current state of 

the plant when factors in the environment change. The system consists of the 

monitoring unit, which senses the environmental conditions such as light, moisture, 

temperature, the humidity of soil and other factors that govern growth. This 

information has sent to an Arduino that activates a sub-system to compensate for the 

ambient change. This subsystem consists of light source, fan, reservoir for and an 

irrigation system to water the plant. The system possesses a significant feature, which 

is its adaptable functionality as the user may simply press a few buttons to alter the 

growing conditions for different plants. Real-time clock, LCD(s) and power supply 

are included. 
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Chapter 1: Introduction 

1.1.  Greenhouse Background 

Greenhouse is a kind of place, which can change plant growth environment, create 

the best conditions for plant growth, and avoid influence on plant growth due to 

outside changing seasons and severe weather [1, 2]. The main goal of greenhouse 

monitoring and controlling systems is to increase crops with improve quality and 

improve economic efficiency. This goal is achieved by obtaining the optimum 

condition of crop growth based on taking full use of natural resources by changing 

greenhouse environment factors such as temperature, humidity, light, and CO2 

concentration.  

Greenhouse monitoring and control system is a complex system, as it needs 

various parameters in greenhouse automatic monitoring, information processing, and 

real-time control. The development of greenhouse monitoring and control system has 

made considerable progress in many countries especially in the developed countries, 

which means the low cost is essential factor besides the system efficiency. With the 

rapid development of the low cost, and low power sensor network, the conditions that 

construct greenhouse monitoring and control system becomes mature, and it is 

important to realize agricultural modernization [3, 4]. 

 

1.2.   Problem Statement 

Climate in Arab countries is not suitable to grow all kind of plants all over the 

year, and even the plants that are grown sometimes they are not in their high quality. 

This disability of growing all kind of plants makes a shortage in vegetables and fruits.  

The greenhouse system is a complex system. Any significant changes in one 

climate parameter could have an adverse effect on another climate parameter as well 

as the development process of the plants. Greenhouse installations require a large 

amount of wires and cables to distribute sensors and actuators. Control unit should be 

linked with the monitoring unit to update the greenhouse environment without 

physical attendance of human guard. 
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1.3.  Aims and Objectives 

The objectives of this research are to implement, design and realize a low cost 

sensor network for monitoring and controlling greenhouse climate, and implement 

prototype hardware in a real time environment. 

1.4.  Hypotheses 

To achieve the objectives of this project, there are several scopes needed. A 

unit to monitor and measure the greenhouse environment, a processing unit to store 

the pre-defined set point, read from the monitoring unit and send the required signals 

to control the actuators and activate the respondent unit. 

To monitor the greenhouse environment, we will build a reliable sensor 

network to sense temperature, light, air/soil humidity and Co2 parameters. A suitable 

selection for the sensors and their compensation circuit should be considered. 

To store the predefined set of parameters, read the environment parameters, 

and control the actuators accordingly, the Arduino-Mega is selected. It has sufficient 

number of I/O analog and digital pins. Either Assembly or C language can program it 

easily. 

Respondent unit consists of fan, heater, water pump and LCDs are used to 

maintain climate parameters at set points for the temperature, humidity, water level in 

soil and light intensity. Sensitivity, accuracy, speed and low cost are challenges of the 

project. 

 

1.5.   Significance of the Project 

This project contributes greatly in the design of a low-cost durable greenhouse. The 

greenhouse system is analogous to a control system that regulates the current ambient 

condition of plants environment and takes action to maintain the current state of the plant 

when factors in the environment change. Such autonomy reduces the need for human 

intervention. Because of its inherent autonomy, the system possesses a significant feature 

which similar devices often lack, which is its adaptable functionality as the user can press 

a few buttons to alter the growing conditions for different plants.  

The greenhouse will help the community of Saudi Arabia in maximizing the 

production of cultivating crops or specific plant’ species with high quality. Moreover, 

it will make the environment healthier.  
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1.6.   Project Constraints 

There are constraints that has to consider and planned with proposed solutions. 

Firstly, the main requirement for our system is to be cost-effective. Thus, smart design 

needs to be implemented to minimize the cost without affecting the system accuracy.  

In addition, many components are not readily available in the Kingdom. To avoid 

time delays, electrical components need to be ordered from overseas in advance. This 

requires strategic planning, time management, and thorough research.   

Another constraint is building the body of the greenhouse with durable materials 

and low cost. Search has to be done and a study of market to be familiar with the 

available materials. Alternative solution is looking for a sponsor. 

Components compatibility is a big challenge in the project. Interfacing between 

components is another challenge. We skilled ourselves by learning advanced 

electronics and design constraints. 

The use of up-to-date technology is another challenge. We decided to build our 

project based Arduino for its fascinating features and low cost as well. The electronic 

circuit should be with small size, which can be tackled by selecting components with 

small size, fast in response, precise and with long life. Professional programming is 

also required. 

1.7.  Capabilities of the Students 

This project has many challenges in electronics, control, programming, and 

communication. Therefore, this project is a combination of the whole skills and 

knowledge that we gained in the previous years at ECE, Effat University. We believe 

that our team is capable and reliable implementing this prototype.  

1.8.   Research Outline  

This thesis is organized as follow: Chapter two introduces the greenhouse and sensor 

network. In addition, the chapter discusses some of the previous greenhouse designs. 

Chapter three demonstrates the design and implementation of the proposed 

greenhouse monitoring and controlling. Chapter four shows and discusses the results. 

Chapter five presents the conclusion and recommendations, respectively. Chapter six 

discusses the project management. 
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Chapter 2: Greenhouse 

2.1  Greenhouses Types 

Greenhouses can be varied depending on a lot of characters but mainly it can be 

varied into structure design and covering sheets.  

 

2.1.1 Structure design 

Structure of greenhouse protects what inside greenhouse from natural factors like rain, 

wind, snow etc. Frames can be built using Aluminum, Steel, Plastic resin or Wood. 

Aluminum frame has very long life span, strong, lightweight, no rust with small heat-

loss. Steel frame is extremely strong, long lasting and low-cost. It is heavy helping the 

greenhouse to remain stable in windy conditions. Plastic-resin frame is attractive, less 

expensive than aluminum and does not conduct heat out of the greenhouse. It is used 

for smaller greenhouses. Wood frame is used in do-it-yourself greenhouse-building 

projects. It provides a pleasing appearance and does not contact the ground. 

Greenhouses are available in different shapes and sizes suitable for different climatic 

zones prevailing in the world. Each zone requires different shapes for providing 

favorable climatic conditions for the growth of plants. The greatest amount of 

insulation possible, covering of maximum ground area for the least cost and a 

structurally sound facility are some of the criteria for development of several types of 

greenhouses as the attached lean-to and the detached\freestanding. Attached lean-to, 

shown in figure 1, is attached to another building. It is suitable for a limited space and 

low-cost minimized materials but it is only efficient for a limited plant.  

 

 

Figure 1: Attached Lean-to Greenhouse. 
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There are four basic types of detached greenhouses: Uneven Span, Even Span, 

Quonset and Ridge and Furrow, figure 2. Uneven Span is built primarily on hillside 

and has two different roofs. Even Span is considered as a long-term structure, easy to 

build and cheap. Quonset with no need for base but expensive. Ridge and Furrow are  

Suitable for large producer and 

snow 

 

2.1.2  Covering sheets and materials 

Covering will drastically affect the amount of sunlight reaching the crops; the 

covering will also determine heat loss of the structure. There are many styles options, 

shown in figure 3. The different style options are: 

a. Clear cover to provide direct sunlight and clear view. 

b. Semi-diffused cover to provide all benefit for greenhouse. 

c. Diffused cover: have diffused covering on the roof. 

 

Figure 3: Covering Greenhouse 

The most common materials are Polyethylene, Polycarbonates, Acrylic, Fiberglass or 

Plastics. 

Low density Polyethylene (PE), figure 4, is the mostly used material for many 

causes. It can be used for 3-4 years and it distributes sunlight among the greenhouse, 

which helps in the construction of the plant photosynthesis process. It also reduces the 

light level of 75-80 percent, which helps in the production of crops, which do not 

Figure 2: Basic Types of Detached Greenhouses 
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need a lot of light. It is low cost, resistant to extreme weather conditions, molding 

ability and it is light (it does not cause large loads on the structure).  

 
Figure 4: Polyethylene Covering Material 

Polyvinyl Chloride (PVC) shown in figure 5 is the most economical and used choice 

widely used due to its versatility, malleability and mechanical properties. It is 

lightweight so it does not generate large stresses in the structure 

 

                                   Figure 5: Polycarbonates 

Acrylic, figure 6, is the traditional greenhouse covering. It is good quality, an 

attractive, very transparent, and formal (in appearance). It has less impact-resistant 

and it not flexible. It is a scratchproof and light-transmission of 93%. Its useful life is 

8-10 years but it is badly affected by cold weather. 

 

         Figure 6: Acrylic Greenhouse Material 

Fiberglass reinforced panels FRPs shown in figure 7.  Rigid plastic panels made 

from acrylic or polycarbonate that comes in large corrugated or flat sheets. They are 

durable, retain heat better than glass does, and are lightweight. Its useful life is 8-10 

years. It limits the transmission of light, burns easily and does not have high isolation 

value. Its surface eventually becomes etched and yellowed, and dirt and debris can 

collect in the valleys. 
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Figure 7: Fiberglass 

2.2 Site selection and Orientation 

A greenhouse should be located in such a way that it is well connected with markets, 

both for its supply and sale of its produce. The proposed greenhouse site should have 

adequate communication means i.e. telephone, fax, etc. There should be sufficient 

availability of good quality water and electricity 

Greenhouses should be located in a way that plants take enough sunlight taking into 

consideration that every type of plant needs different amount of light. Plants should be 

orientated to North-South to take maximum sunlight. There are many factors affect 

greenhouse’s environment as trees, mountains, snow. For example, trees cause 

shadow and mountains cause wind and storm 
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Chapter 3: Literature Review 

3.1  Environmental Factors Inside a Greenhouse 

Greenhouses are very useful as they provide an optimal temperature around plants, 

protect them from weather extremes, and extends the growing season allowing plants 

to be grown in any season successfully. Basic factors affecting plant growth such as 

sunlight, water content in soil, air humidity, temperature, CO2 concentration. These 

physical factors are hard to control manually inside a greenhouse and there is a need 

for automated designs taking into consideration water conservation, and reduction of 

agrochemicals to guarantee high quality crops.  

  

3.1.1 Temperature Effects  

One of the benefits of growing crops in a greenhouse is the ability to control all 

aspects of the production environment. Temperature is one of the most important 

factors to be monitored because it is directly related to the growth and development of 

plants. Different crop species have different optimum growing temperatures and these 

optimum temperatures can be different for the different growth stages during the life 

of the crop. Since we are usually interested in rapid crop growth and development, we 

need to provide these optimum temperatures throughout the entire cropping cycle. If a 

greenhouse were like a residential or commercial building, controlling the 

temperature would be much easier since these buildings are insulated so that the 

impact of outside conditions is significantly reduced. 

  

3.1.2 Ventilation 

Ventilation is important as it expels hot air, reduces humidity, and provides air 

circulation, which is essential even during winter to move cold air around, keep 

diseases at bay, and avoid condensation problems. There are two main options for 

greenhouse ventilation: vents and fans. Because hot air rises, roof vents are the most 

common choice. They should be staggered on both sides of the ridgeline, even 

exchange of air and proper circulation. 
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Figure 8: Roof Vents 

3.1.3 Humidity Effects  

Humidity of the greenhouse can be an air humidity or soil humidity and both depends 

on the percentage of water in the soil or in the air, so all greenhouses need some kind 

of water supply system, such as watering systems which can be as simple as a hose 

connected to the nearest outdoor or as complex as underground line.  

Water vapor inside the greenhouse is one of the most significant variables affecting 

the crop growth. Humidity is important to plants because it partly controls the 

moisture loss from the plant. The leaves of plants have tiny holes, CO2 enters the 

plants through these holes, and oxygen and water leave through them. Transpiration 

rates decrease proportionally to the amount of humidity in the air. This is because 

water diffuses from areas of higher concentration to areas of lower concentration. Due 

to this phenomenon, plants growing in a dry room will most likely lose its moisture 

overtime. The damage can be even more severs when the difference in humidity is 

large.  

The humidity control is complex because if temperature changes then relative 

humidity changes inversely. The same actuators control temperature and humidity. 

The main priority is for temperature control because it is the primary factor in the 

crop growth. Based on the inside relative humidity value, the temperature set point 

can be adjusted to control the humidity within a determined range. As controlling the 

required humidity is a very complex task, a proper control of humidity internal air can 

be exchange with outside air by properly controlling ventilations of the green house. 

 



 

  10 

 

. 

3.1.4 Light Effect  

All the plants need sunlight to complete the progress of photosynthesis, so sunlight is 

a major factor during the day. Plants may need additional light as supplemental 

lighting during night. Supplementing natural light with artificial light can be tricky. 

Natural light is made up of a spectrum of colors. Plants absorb light from the red and 

blue ends of the spectrum so it’s important to choose bulbs that provide those 

spectrums, taking in mind the intensity and the distance between plants and the 

artificial lighting system because Lights that are set too far away or that don't provide 

enough brightness (measured in lumens) will produce weak, spindly plants. There are 

three basic types of lights are available; incandescent bulbs, fluorescent tubes, and 

high-intensity discharge (HID) lights. Each has advantages and disadvantages, which 

is why greenhouse gardeners often use a combination of two or more types to achieve 

light that is as close to natural as possible  

3.1.5 Soil Water Level Effect 

Soil water affects the crop growth. The proper irrigations and fertilizations of the 

crops are varying as per the type, age, phase and climate. The pH value, moisture 

contains, electric conductivity and the temperature of a soil are some key parameters. 

The pH values and other parameters will help to monitor the soil condition.  

The moisture can be controlled by the irrigation techniques like sprinkles system in a 

greenhouse. The temperature of the soil and the inside temperature of the green house 

are interrelated parameters, which can be, control by proper setting of ventilation. 

Since the temperature control is depends on direct sun radiation and the screen 

material used, the proper set point can adjust to control soil temperature. The 

temperature set-point value depends on actual temperature of the inside and outside of 

the greenhouse. 

3.2    Previous Related Works  

There are many previous studies in this area, which help in proposing a low-cost and 

durable greenhouse system. 

Abdul Aziz et al have proposed a monitoring system which capable of detecting the 

level of temperature using wireless sensor and Short Message Service (SMS) 
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technology. This system has a mechanism to alert farmers regarding the temperature 

changes in the greenhouse. The system is extended to include more environmental 

variables to be monitored in the greenhouse as soil and water acidity level. The 

system is also being enhanced with a unit that can trigger automatic actions of related 

components such as the sprinkler, lighting and air ventilators, rather than just send 

alert notification message. 

Lee et al have suggested the ‘Paprika Greenhouse System’ which collects Paprika 

growth information and greenhouse information to control the Paprika growth at 

optimum condition. Also controls ventilators, humidifiers, lightings and video-

processing through Graphical User Interface (GUI) Application by analyzing the 

measured data. The system provides the growth environment monitoring service 

which is monitoring the Paprika growth environment data using sensors measuring 

temperature, humidity, illuminance, leaf wetness and fruit condition. The artificial 

light-source is installed inside the greenhouse to improve the energy efficiency and 

control the plant growth environment.     

Kiran et al designed a simple, easy to install, microcontroller-based circuit to monitor 

and record the values of temperature, humidity, soil moisture and sunlight of the 

natural environment that are continuously modified and controlled in order optimize 

them to achieve maximum plant growth. The controller used is a low power, cost 

efficient chip manufactured by ATMEL having 8K bytes of on-chip flash memory. It 

communicates with the various sensor modules in real-time in order to control the 

light, ventilation and drainage process efficiently inside a greenhouse by actuating a 

cooler, fogger, dripper and lights respectively according to the necessary condition of 

the crops. An integrated Liquid crystal display (LCD) is also used for real time 

display of data acquired from the various sensors and the status of the various devices. 

Also, the use of easily available components reduces the manufacturing and 

maintenance costs. The design is quite flexible as the software can be changed any 

time. It can thus be tailor-made to the specific requirements of the user. This makes 

the proposed system to be an economical, portable and a low maintenance solution for 

greenhouse applications, especially in rural areas and for small scale agriculturists.  

Mittal et al have designed hardware to monitor various sensors and to control the 

environment parameters such as temperature, humidity, and light intensity for 

greenhouse and soil wetness for crop growth. The system comprises of sensors, ADC, 

microcontroller and actuators. When any of the mentioned climatic parameters cross a 
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safety threshold which has to be maintained to protect the crops, the sensors sense the 

change and the microcontroller reads this from the data at its input ports after being 

converted to a digital form by the ADC. The system has successfully overcome quite 

a few shortcomings of the existing systems by reducing the power consumption, 

maintenance and complexity, at the same time providing a flexible and precise form 

of maintaining the environment.  

Sagar has developed a monitoring and controlling greenhouse in which real time data 

of climate conditions and other environmental properties are sensed and control 

decisions are taken to modify the system. The system informs the user about the 

actions been taken via SMS. The architecture of a greenhouse monitoring system 

comprises of a set of sensor nodes and a control unit that communicate with each 

sensor node and collects local information to make necessary decisions about the 

physical environment. The system is little cost with wireless sensors but it works 

more effectively. 

Alausa Dele and Kolawole have proposed microcontroller based greenhouse control 

device. They used automatic control and monitoring of equipment and parameters 

such as heating, cooling, lighting, temperature, soil Moisture level. With such 

effective monitoring, they could eliminate the need for human monitoring. They 

integrate and automate their system by turning ON or OFF all monitoring devices in 

the house as well as provide suggestions for remedies when the need arises. The 

system has successfully overcome quite a few short comings of the existing systems 

by reducing the power consumption, maintenance and complexity, at a reduced cost 

and at the same time providing a flexible and precise form of maintaining the 

environment. 

Bulli Babu et al proposed a farming environment observing framework for checking 

data concerning an outside by using Wireless Sensor Network (WSN) innovation. The 

proposed rural environment observing server framework gathers natural and soil data 

on the outside through WSN-based ecological and soil sensors. They are using 

sensors as soil moisture sensor and temperature sensor. These sensors help the field to 

control the water level and also temperature. They are using wireless sensor network 

as GSM. Their system is reliable and efficient for alerting and intimation to the 

farmers through GSM mobile communication. 
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3.3 Contemporary Issues 

One contemporary issue in the area of greenhouse design is the wide range of 

customization. Since greenhouse can be developed in multiple ways, designers require 

customized greenhouse systems for available environment, space and the required 

plants. For commercial use, standardized greenhouse would have to be implemented 

to be compatible with different environments.  

Another main issue is the cost of the greenhouse. Business needs to bring the cost of 

the greenhouses down to make them more accessible for people. Selecting small-size 

and cost-effective components and building the system in efficient way are required.  

Programming the system should be efficient to minimize the memory space and 

speed-up the performance of the system. 

Developing a complete economic greenhouse will contribute to the community. 
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Chapter 4: Prototype Description 

4.1 System Description 

Figure 9 shows the block diagram of the proposed real-time monitoring, controlling 

and respondent system. The monitoring unit is the sensors, which sense temperature, 

humidity, soil-moisture, CO2, and light. Their analog real-time readings have 

converted to digital forms using ADC and then fed to the processing unit. The 

processing unit receives environmental factors from sensors, compares them with the 

reference values and then takes appropriate actions to modify the greenhouse 

environment as desired. Power Supply unit is essential to supply all the components in 

the project. The LCD display unit displays the environmental conditions inside the 

greenhouse. Actuators as relays activate the respondent system that consists of cooler, 

heater, water-pump, etc. 
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Figure 9: Real-time Monitoring, Controlling, Respondent System Block Diagram 
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4.2   System Functionality 

The flowchart in figure 10 describes the functionality of the greenhouse system. It 

illustrates the comparison between the set values with the acquiring values to have 

decisions. At the beginning, the operator initializes the values of the greenhouse 

parameters and upload these values into sensing and response unit to comparing with 

acquiring values. If the set temperature greater than the acquired temperature the 

Arduino sends signal to run the fan and the heater, else run the fan. If the set humidity 

greater than the acquired humidity the Arduino sends signal to run the pump, heater 

and fan, else run the fan. If the set light greater than the acquired light, the Arduino 

sends signal to ON the lamp, else OFF the lamp. If the set of soil measure greater than 

the acquired soil measure the Arduino sends, signal to open the valve, else close the 

valve. 

Figure 10: Flowchart of the greenhouse system 
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4.3 Greenhouse System Components 

The system’ components have selected according to the functionality of greenhouse 

system. Arduino Mega compare the received parameters from sensors with the set 

point values. Then, it controls greenhouse actuators accordingly. The LCD displays 

the greenhouse parameters.  

4.3.1 Monitoring System (Sensors) 

A sensor is a device that detects changes in quantities and provides a corresponding 

output as an electrical or optical signal. Plant needs light, either natural or artificial 

light, to produce energy through photosynthesis and to grow. Next sections describe 

each component in this monitoring unit in details. 

4.3.1.1 Sensor Selection 

When deciding on which sensor to use the following factors should be put into 

consideration: Price: The price of the sensor will ultimately affect the price of the 

whole system, as this is one of the major system modules. Sensor with the most 

competitive price should be chosen.  

Power: Moisture sensor with low power consumption should be selected. Sensors 

which can be battery powered can be used in areas without electricity connection.  

Technology: Technology used to design sensor dictate the sensitivity, cost and 

durability of the sensors. Most low-cost sensors have poor sensitivity, rust and 

corrode over time. Resistive or conductive sensors, which have affected by soli 

salinity, thus have a short life.  

Shape: Long and slender sensors can be used in many applications than bulky ones.  

Durability: Soil moisture sensor, which has not affected by soil salinity or rust, 

should be selected. Soil-moisture sensor probes, which measure conductivity or 

resistance, should be avoided, since they will wear out over time.  

Accuracy and Linearity: A quality soil-moisture sensor probe should give an output, 

which is proportional to water content over the full output range. In addition, the soil-

moisture sensor probe should have a good output range to reduce sensitivity to noise.  
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Voltage Range: Choose a sensor that has a big supply voltage range.  

4.3.1.2 Temperature Sensor: Light Dependent Resistor 

A light dependent resistor (LDR) is known as a photo-resistor, a photoconductor, or a 

photocell. LDR is a sensor whose resistance changes according to the intensity of 

incident light. Figure 11 illustrates the construction of the LDR sensor.  

 

                    Figure 11: LDR Construction 

4.3.1.3 Temperature Sensor: LM35 

Figure 12 shows the pin out of the temperature sensor LM35. It is a precise 

integrated-circuit temperature sensor. Its output voltage is linearly proportional to the 

Celsius (Centigrade) temperature. Thus, it has an advantage over linear temperature 

sensors calibrated in Kelvin, as the user is not required to subtract a large constant 

voltage from its output to obtain convenient Centigrade scaling. 

LM35 is a low-cost component that does not require any external calibration to 

provide typical accuracies of ±1⁄4°C at room temperature and ±3⁄4°Co over a full −55 

to +150°C temperature range. LM35’s low output impedance, linear output, and 

precise inherent calibration make interfacing to readout or control circuitry easy. It 

uses a single power supply and it draws only 60 μA from the supply. It has a very low 

self-heating, less than 0.1°C in still air.  
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Figure 12: Temperature Sensor LM35 

4.3.1.4 Digital Temperature and Humidity Sensor: DHT11  

Figure 13 illustrates the DHT11 sensor. It is a composite Sensor contains a calibrated 

digital signal output of the temperature and humidity.  It is small in size, high 

reliability, excellent long-term stability, relative humidity and temperature 

measurement, excellent quality, fast in response, strong anti-interference ability, long 

distance signal transmission (20 m), digital signal output, precise calibration, low 

cost, low power and is easy in interfacing. Table 1 shows the features and parameters 

of DHT11. 

 

                             Figure 13: Digital Temperature and Humidity Sensor IC 



 

  19 

 

Table 1: DHT11 Features and Parameters 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

When using a 3.5V voltage supply, 

cable length should not be greater 

than 20cm to prevent measurement 

error. Each read out the temperature 

and humidity values are the results of 

the last measurement for real-time 

data. Each read sensor interval is 

greater than 5S. 

Serial communication instructions (single-wire bi-directional): 

Single bus Description: 

 DHT11 uses a simplified single-bus communication, which is only one data line. 

Device (master or slave) through an open-drain or tristate port connected to the data 

line to allow the device does not send data to release the bus, while other devices use 

Relative Humidity 

Resolution 16 bits  

Accuracy at 25 C0 ±5% 

Response time 1/e (63%) of 25 C0: 6s 

Long-term stability ±0.5% RH/year 

Temperature Resolution 

Resolution 16 bits  

Response time 1/e (63%): 10 s 

Electrical Characteristics 

Power Supply DC: 3.5 – 5.5 V 

Supply Current 0.3 mA 

Standby Current 60 µA 

Sampling period More than 2 Seconds 

Pin Description 

1 VDD Power Supply 

2 Serial Data, Single Bus 

3 NC, Empty Pin 

4 GND 
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the bus. Single bus usually requires an external one about 5.1kΩ pull-up resistor, so 

that when the bus is idle, its status is high. The single-bus data format is a 

transmission of 40 data with the high first-out. 

Data format:  

The 8-bit humidity integer data + 8-bit the Humidity decimal data +8-bit temperature 

integer data + 8-bit fractional temperature data +8-bit parity bit. 8-bit checksum is 

equal to the results of the last eight. 

Example: 40-bit Data Received 

 

Example: 40-bit Data Received 

 

Data Timing Diagram: 

The Arduino user host sends a signal, DHT11 converted from low-power mode to 

high-speed mode, until the host began to signal the end of the DHT11 send a response 

signal to send 40-bit data, and trigger a letter collection. Figure 14 illustrates the data 

signal. 
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                                                   Figure 14: Data Timing Diagram of DHT11 

Peripherals read steps: 

Communication between the master and slave follow these steps.  

Step 1: After powering on DHT11, its DATA line pulled by pull-up resistor has been 

to maintain high and the DATA pin is in input state waiting external signal.  

Step 2:  

Arduino sends a low-output signal for at least 18ms. Then, the Arduino IO pin is set 

to input state, due to the pull-up resistor, waiting DHT11 to answer it. Figure 14 

illustrates this operation. Figure 15 shows the start signal. 

 

                                                Figure 15: Arduino Sends a Start Signal 

Step 3:  

DATA pin sends an 80 µS signal to end the delay, followed by the output of 80 µS of 

high notification Ready signal. Figure 16 shows the ready signal of DHT11. 
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                                                 Figure 16: DHT11 responds to the START signal 

Step 4:  

The sensor starts sending 40-bit data out which be received by the Arduino. The data 

"0" format is a low level of 50 µS followed by a (26-28 µS) high-level signal. The 

data "1" format is a low level of 50 µS followed by a 70 µS high-level signal. Figure 

below shows the ZERO and ONE data format. 

 

End signal:  

DHT11 sends a low 50 µS signal after the 40-bit data. It changes its state waiting for 

the arrival of the external signal. 

4.3.1.5 Soil Humidity Sensor: YL-69 

A soil moisture sensor is a device that measures the volumetric water content (VWC) 

of soil. Mathematically VWC, θ, is given as follows; 

𝜃 =
𝑉𝑊
𝑉𝑇

 

𝑉𝑊 Is the water-volume and 𝑉𝑇 is the total volume (soil volume + water volume).  
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4.3.1.5.1 Types of Soil Moisture Sensors 

Electrical resistance blocks Sensors 

These sensors are made up of two electrodes made from a porous substance like sand 

ceramic mixture. The two electrodes are imbedded in the soil during installation. 

Moisture is allowed to move freely in and out of the sensors electrodes as the soil 

becomes moist or dries up. The resistance of the electrodes to the flow current is 

correlated with moisture content. To measure this resistance, the electrodes are 

energized with a dc voltage and the current flowing through them measured by Ohm’s 

law. 

 

Figure 17: Electrical resistance blocks Soil Humidity Sensor 

Electrical conductivity probe sensors  

Electrical conductivity probes employ the same principle as the Electrical resistance 

blocks Sensors. The one major difference between the two types of sensors is that 

Electrical conductivity probes sensors have their electrodes/probes in direct contact 

with the soil.  Electricity is the flow of charges and water in its pure form cannot 

conduct electricity. The amount of impurities in water and mineral salts make it polar 

thus able to conduct electricity. A large volume of water will mean more ions and thus 

better electric conduction. Electrical conductivity probes sensors takes advantage of 

this phenomenon. The amount of current passing between the probes is directly 

proportional to the soil moisture content. Moist soil allow more current to flow 

between the probes while drier soils only allow a little current to flow between the 

probes. Better conductivity indicates a lower electrical resistance. Most of the soil 

moisture sensors currently in the market especially for small projects are Electrical 



 

  24 

 

conductivity probes sensors. They are cheap, readily available, and easy to calibrate 

and install. 

YL-69 Moisture Sensor  

This is an Electrical Resistance Sensor. The sensor is made up of two electrodes. This 

soil moisture sensor reads the moisture content around it. A current is passed across 

the electrodes through the soil and the resistance to the current in the soil determines 

the soil moisture. If the soil has more water, resistance will be low and thus more 

current will pass through. On the other hand, when the soil moisture is low the sensor 

module outputs a high level of resistance. This sensor has both digital and analogue 

outputs. Digital output is simple to use but is not as accurate as the analogue output. 

Table 2 shows the specifications of YL-69. 

 

Figure 18: YL-69 Soil Humidity Sensor 

 

Table 2: YL-69 Specifications. 

Power Supply 3.3 V or 5 V 

Current 35 mA 

Signal Output Voltage 0 – 4.2 V 

Digital Outputs 0 or 1 

Analog Resistance 

Panel Dimension 3.0 X 1.6 cm 

Probe Dimension 6 X 3 cm 
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The sensor comes with a small PCB board fitted with LM393 comparator chip and a 

digital potentiometer. 

 

                                         Figure 19: YLP-69 PCB 

Digital Potentiometer  

Digital potentiometers (digital pot or digipot) adjust resistance of a circuit. Digipots 

scale the analog signals. Digipot’s output resistance varies based on the digital inputs. 

Thus, it is known as resistive digital-to-analog converters (RDACs). Some RDACs 

come with nonvolatile memory. Digipots are available as integrated circuits. On the 

soil moisture sensor, the digital potentiometer acts as a low-resolution DAC thus 

adjusting it varies the sensitivity of the sensor. 

 

Figure 20: P3362 Electronic potentiometer 

LM393 comparator  

A compactor is an electronic device that compares two voltages or currents and gives 

a digital signal as the output. It indicates which of the two compared quantities is 

large. Operational amplifier operating in open loop configuration and without 

negative feedback can be used as a simple comparator. One of the most commonly 

used comparators is LM393. It is available as an IC. 
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Figure 21: Operational Amplifier 

 

Table 3:  LM 393 Comparator specifications 

Supply Voltage 2 – 36 V 

Current Drain 0.4 mA 

Biasing Current 25 nA 

Offset Current ±5 nA 

Saturation Voltage ±3 mV 

Compatibility TTL, DTL, ECL, MOS, CMOS 

 

4.3.1.6 Co2 Sensor: MG811 

Plants need carbon dioxide to survive. During day, plants take carbon dioxide to 

perform photosynthesis and give oxygen but the opposite happens at night. There are 

different types of gas sensors as Electrochemical, Catalytic, Photoionization, Infrared 

point, Infrared imaging, Semiconductor, Ultrasonic and Holographic. Figure 22 shows 

the pinout of the CO2 sensor: MG811. Table 4 illustrates some features of the CO2 

sensor.  
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                                             Figure 22: Pinout of MG811 

Table 4: MG811 Features 

 

 

 4.3.2 Processing and Controlling Unit: Arduino Mega 2560 

Arduino Mega 2560 is a programmable board that process the acquired data and 

control the operation of the system. Table 5 shows the technical specifications of the 

Arduino Mega board. The Arduino Mega2560 can be powered via the USB 

connection or with an external power supply. The power source is selected 

automatically. External (non-USB) power can come from either an AC-to-DC adapter 

or battery. Each of the 54 digital pins on the Mega can be used as an input or output, 

using pinMode(), digitalWrite(), and digitalRead() functions.  USB Overcurrent 

Protection: The Arduino Mega has a resettable polyfuse that protects the computer's 

USB ports from shorts and overcurrent. If more than 500 mA is applied to the USB 

1 Good Sensitivity to CO2 

2 Low Humidity and Temperature Dependency 

3 Long Stability 

Supply 3.3 – 6 V 

Supply Current 500 mA 
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port, the fuse will automatically break the connection until the short or overload is 

removed. 

The open-source Arduino environment allows researchers to write code and load it 

onto the Arduino board's memory. The arduino software is published as open source 

tools, available for extension by experienced programmers. The language can be 

expanded through C++ libraries, and people wanting to understand the technical 

details can make the leap from Arduino to the AVR C programming language on 

which it is based. Similarly, AVR-C code can be added directly into the Arduino 

programs if one so wishes. 

Arduino Mega is an advancement of arduino uno. It has more memory and larger 

PCB board than arduino uno.  Overall it is more powerful than arduino uno. 

 

 

                                                                 Figure 23: Arduino Mega Board 

Table 5: Arduino Mega Specifications 

Microcontroller Atmega2560 

Operating Voltage 5V 

Input Voltage 7 – 12 V 

Digital IO Pins 54 (of which 14 provides PWM Output 

Analog Input Pins 16 

DC Current Per IO Pin 40 mA 

DC Current for 3.3 V Pin 50 mA 
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Clock Speed 16 MHz 

Flash Memory 256 KB 

SRAM 8 KB 

EEPROM 4 KB 

 

4.3.2.1 Arduino Communication  

Arduino pins have the ability to perform the communications between the 

input/output like sensors and actuators. These types of communications represent how 

the output responses to inputs and the time duration to perform an action as PWM, 

I2C, and SPI protocols.  

4.3.2.1.1 Pulse Width Modulation: PWM 

PWM is a modulation technique used to encode a message into a pulsing signal. The 

average value of voltage/current fed to the load is controlled by turning the switch 

between supply and load on and off at a fast rate. The longer the switch is on, 

compared to the off periods, the higher the total power supplied to the load. The 

PWM switching frequency has to be much higher than what would affect the load. 

The rate (or frequency) at which the power supply must switch can vary greatly 

depending on load and application.  

PWM is a way of digitally encoding analog signal levels. With high-resolution 

counters, the duty cycle of a square wave is modulated to encode a specific analog 

signal level. 

PWM signal is defined by two parameters: duty cycle and frequency. The duty cycle 

describes the amount of time the signal is in a high (on) state as a percentage of the 

total time of it takes to complete one cycle. The frequency determines how fast the 

PWM completes a cycle (i.e. 1000 Hz would be 1000 cycles per second). By cycling a 

digital signal off and on at a fast, enough rate, and with a certain duty cycle, the 

output will appear to behave like a constant voltage analog signal when providing 

power to devices. 
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Figure 24: PWM Technique 

4.3.2.1.2 Inter-Integrated Circuit: I2C 

I2C is a protocol intended to allow multiple “slave” digital ICs to communicate with 

one or more “master” chips. It is a serial protocol for two-wire interface to connect 

low-speed devices like microcontrollers, EEPROMs, A/D and D/A converters, I/O 

interfaces and other similar peripherals in embedded systems. It is only needed to 

generate correct Start and Stop conditions in addition to functions for reading and 

writing a byte. 

 

Figure 25: I2C Protocol 

 

 

 



 

  31 

 

4.3.2.1.3 Serial Peripheral Interface: SPL 

SPL is used to transfer data between ICs using a reduced number of data lines. SPI 

provides full-duplex synchronous communication between a master device and a 

slave using four data lines. It uses separate clock and data lines, along with a select 

line to choose devices to communicate. With the use of SPI connection there is 

always one master device which controls the peripheral devices.  

 

Figure 26: SPI Protocol 

4.3.3 Real-Time Clock (RTC) Breakout 

DS3231 is the most precise in a small, low power RTC package. Most RTC's use an 

external 32 kHz timing crystal that is used to keep time with low current draw. It is a 

compact, breadboard-friendly breakout and it gives years of precision timekeeping, 

even when main power is lost. RTC can be powered from 2.3V to 5.5V power.  

Figure 27 shows the RTC Breakout. Table  below shows the I2C Logic pins. 

 
                                                 Figure 27: RTC Breakout 
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SCL - I2C clock 

pin 

Connect to Arduino I2C clock. It has a 10K pullup resistor to Vin  

SDA - I2C data 

pin 

Connect to Arduino I2C data. It has a 10K pullup resistor to Vin 

 

4.3.4 Liquid Crystal Display (LCD)  

LCD screen is an electronic display module. An LCD has a wide range of applications 

in electronics. The most basic and commonly used LCD in circuits is the 16x2 

display. LCDs are commonly preferred in display because they are cheap, easy to 

program and can display a wide range of characters and animations. A 16x2 LCD 

have two display lines each capable of displaying 16 characters. This LCD has 

Command and Data registers. The command registers stores command instructions 

given to the LCD while the Data register stores the data to be displayed by the LCD. 

When using 8-bit configuration all 8 data pins (DB0-DB7) are used while only 4 data 

pins (DB4- DB7) are used in a 4-bit configuration. Figure 28 shows a (16 X 2) LCD. 

Table 6 describes the pins of an LCD. 

 

Figure 28: 16 X 2 LCD Display. 
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Table 6: LSD Pins 

Pin # Function 

1 & 2 Ground and VDD (5V) 

3 Contrast adjustment via a potentiometer 

4 Selects the command register when LOW; and data when HIGH 

5 LOW to write to register; HIGH to read from register 

6 Sends DATA to data pins when a high to low pulse is given 

7 - 14 8 data pins 

15 Backlight VCC (5V) 

16 Backlight GND 

 

4.3.5 Automatic Switching Circuits 

In electronics, the designer confronts automation situation in which he/she has to 

switch very high voltage equipment on, using a low voltage circuit. For example, it is 

possible to switch on/off a 230V AC machine by using a 5V DC voltage. There are a 

number of components used in electronic switching today as Triac or relay switching 

circuits or motor shield boards. 

 

4.3.5.1 Adafruit Motor Shield 

Motor drivers take a low-current signal, turning it into a higher-current signal that can 

drive a motor. Adafruit motor shield kit is a great motor controller for Arduino.  The 

shield kit is the best and easiest way to drive DC and Stepper motors with individual 

8-bit speed selection. It has the ability to drive up to 4 DC motors or 2 stepper motors. 

It has MOSFET drivers with 1.2A per channel current capability. It also has much 

lower voltage drops across the motor so there is more torque out of batteries. There 

are built-in fly back diodes as well. Instead of using a latch and the Arduino's PWM 

pins, there is a fully-dedicated PWM driver chip onboard. This chip handles all the 

motor and speed controls over I2C. Only two data pins (SDA & SCL in addition to 
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the power pins GND & 5V) are required to drive the multiple motors. Figure 29 

shows the motor shield kit. 

 

Figure 29: Adafruit Motor Shield 

 

4.3.6  Respondent Unit: PC Fans  

Fans draw cooler air into the house from the outside and expel warm air from inside. 

They might be either in axial (muffin) or in centrifugal (biscuit blower) form. Fans 

have either two or four pins. They are usually designed to accept a wide range of 

input voltages that directly affects the rotation speed of the blades. Two pins are 

always used to deliver power (nominal 12 V) to the fan motor, while the rest can be 

optional, depending on fan design and type. Since the fan delivers a pulse train whose 

frequency is proportional to the fan speed, PWM is needed to adjust the rotation speed 

on the fly without changing the input voltage delivered to the cooling fan. Figure 30 

shows the PC fan which is used in our greenhouse system (12 V DC).  

https://en.wikipedia.org/wiki/Axial_fan
https://en.wikipedia.org/wiki/Centrifugal_fan
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Figure 30: PC Fan Used in Our System. 

4.3.7 Respondent Unit: Water Pump  

Pumps help individuals move liquids and gases through the use of mechanical action. 

There are three major groups of pumps: direct lift, displacement, and gravity pumps. 

Within those three groups fall a variety of different pumps, each with a specific 

function, including vacuum, water, trash, hydraulic, and sump pumps. Figure 31 

shows the water pump used in our system. 

 

Figure 31: Water Pump 
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4.3.8 Respondent Unit: LED Grow Lights 

Compared to the currently used grow lights as High-Pressure Sodium (HPS), and 

Metal Halide (MH), LEDs are more energy-efficient, less heat emission (not to 

damage plants), and optimum light-frequency providers for plant growth and bloom 

periods. Figure 32 shows the LED light source used in our system. 

 

 

                                                                 Figure 32: LED Grow Light. 

             

Table 7:  LED Parameters 

 

 

 

 

 

 

 

 

 

 

120 LDEs 

12V DC Operating voltage: 

0.4 A Current draw 

380 LM Output (effective lumens): 
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Chapter 5: System Implementation and 

Results  

 5.1 Whole System Design  

Figure 33 show the greenhouse implementation and screen shots of the final product. 

The following sections of this chapter illustrate the individual implementation and 

screen shots of the results. 

  

 

 

 

 

 

 

 

 

 

Figure 33: The Complete Implemented Greenhouse. 

 

Figure 34a: Screen shots Greenhouse Product. 
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5.2 LDR Interfacing and Results 

We placed the light source on the roof of the greenhouse directly above the plant. 

When the illumination inside the greenhouse is less than the desired level, light lamp 

will turn ON. Figures 35 shows the LCD displays the brightness level inside the 

greenhouse. Figure shows the interfacing between the temperature sensor and 

Arduino Mega board. 

 

Figure 34b: Screen shots Greenhouse Product Continue. 
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5.3 LCD and RTC Breakout Interfacing 

Figure 36 shows the LCD and RTC interfacing with Arduino. 

 

 

    

 

 

 

 

 

 

 

5.4 Co2 Sensor (MG811) 

Interfacing and Results 

 

Figure 35: Interfacing LDR with Arduino Mega and Screenshot of results. 

Figure 36: LCD & RTC Interfacing. 

Figure 37: MG811 Interfacing and results. 
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5.5 Temperature/Humidity 

sensor Interfacing and Results 

 

5.6 Soil Humidity Sensor (YL-69) Result 

Figure 39 shows a screen shot of the result obtained from the humidity sensor YL69. 

 

 

 

 

 

 

 

 

Figure 38: DHT11 Interfacing and Results. 

Figure 39: YL69 result 
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5.7 Motor Shield Interfacing 

Figure 40 shows the interfacing between the Arduino and the motor shield. 

         

 

 

 

 

 

 

 

5.8 Discussion 

We tested our prototype after finishing the implementation phase. For any climatic 

change, the sensors/actuators components reacted well to restore optimum conditions 

as been initialized by the set points values. The communication between the three 

units is reliable.  

It is our great pleasure that we have successfully completed our project, which we 

dreamed of previously. In addition, we want to build a wireless remote control system 

based on Zigbee technology with added more environmental parameters such as PH.  

 

 

 

 

 

 

 

 
 
 
 

Figure 40: Motor shield interfacing. 
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Chapter 6: Project Management 

 
6.1.  Introduction 

This chapter demonstrates the management aspects of the project: the timetable and 

the total cost for the complete the project. The timetable will show the time needed to 

complete every stage of the project which are: circuit design and implementation, 

training, programming, greenhouse model design and implantation, and Thesis 

writing. Circuits and programming took the major time to be finished as all the 

circuits ware tested during that period. Total cost includes the final cost for the project 

components in greenhouse model. 

6.2.  Time Table 

The time table represent the task, the team members and the time members, 

and the time elapsed to finish each task. 
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6.3.  Cost Table  

This shows the amount of money ($US Dollars and RS Real) spent to 

complete the entire project.  

# Divice Quantity  $US RS 

1 Greenhouse  1 19.99 $ 75.00 RS 

2 Arduino MGA board with 

USB Arduino cable   

1 21.3 $ 80.00 RS 

3 Adafruit Motor Shield 1 17.39 $ 65.00 RS 

 LCD  1 4.00$ 15.00 RS 

4 Water pump 12 V  10.6 $ 40.00 RS 

5 Grow light  1 3.5$ 13.00 RS 

 Real Time Clock  1 15.00$ 56.00 RS 

6 LDR Sensor  1 1 .00$ 3.7 RS 

7 HDT sensor  1 3.6$ 13.00 RS 

8 YL-69 sensor  1 4.17$ 16.00 RS  

9 MG811 sensor  1 33$ 125.00 RS 

10 Jumper wire  120 11.89$  44.5 RS 

 Brad board  1 5.00$ 18.00 RS 

                                                                       

Total : 

150.4$ 564.2RS 
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Conclusion and Recommendations  

Conclusion 

This thesis presents a design of a simple and low-cost monitoring and control 

greenhouse system. A temperature, humidity and light sensors have integrated with 

fan, heater and pump to figure out the sensing and responding unit. The Arduino has 

utilized to be the processing unit. The system has implemented and tested 

successfully. The temperature and the light systems are capable to maintain the 

required temperature and light intensity after comparing them with the measured 

values from the sensors. The irrigation system is capable to provide plants with water 

for a certain time and stop doing that for another certain time. 

Generally, the proposed system is one of the promising solution lower installation and 

running costs, and increase flexibility and reliability in a greenhouse management 

system. Compatibility, compactness, portability and low power consumption is some 

of important key elements in the design of system. Therefore, a carefully selection of 

sensing devices and circuitry components is also very important especially when 

interfaced to the Arduino.  

In conclusion, greenhouse climate monitoring and controlling is one attractive 

application field to create an automation system. 

 

Recommendations 

Certainly, there is a need for further study to improve the system reliability and 

capability. We recommend the following improvements for possible future work: 

1. More sensors can be added to the sensing unit to monitor other environmental 

parameters 

2. The lighting system works on a big number of lighting levels to provide the 

plants with the exact amount of light it needs. 

3. Use of intelligent control algorithm for the Arduino. 

4. Implementation of a ZigBee based wireless greenhouse management 

5. Integrating global system for mobile communication and SMS into the system. 

These extra features will allow the system to alert the user of any abnormal 

changes in the green house environment through the transmission of a simple 

short texts message. 
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Appendix A 
 

A.1 Blinking LED by Arduino 

void setup() { 

pinMode(REDPIN, OUTPUT); 

pinMode(GREENPIN, OUTPUT); 

pinMode(BLUEPIN, OUTPUT); 

} 

void loop() { 

int r, g, b; 

// fade from blue to violet 

for (r = 0; r < 256; r++) {  

analogWrite(REDPIN, r); 

delay(FADESPEED); 

}  

// fade from violet to red 

for (b = 255; b > 0; b--) {  

analogWrite(BLUEPIN, b); 

delay(FADESPEED); 

}  

// fade from red to yellow 

for (g = 0; g < 256; g++) {  

analogWrite(GREENPIN, g); 

delay(FADESPEED); 

}  

// fade from yellow to green 

for (r = 255; r > 0; r--) {  

analogWrite(REDPIN, r); 

delay(FADESPEED); 

}  

// fade from green to teal 

for (b = 0; b < 256; b++) {  

analogWrite(BLUEPIN, b); 

delay(FADESPEED); 

}  

// fade from teal to blue 

for (g = 255; g > 0; g--) {  

analogWrite(GREENPIN, g); 

delay(FADESPEED); 

}  

} 

 

A.2 Temperature Control Code 

#include <dht.h> 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

dht DHT; 

#define DHT11_PIN A0 

void setup(){ 

lcd.begin(16, 2); 
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} 

void loop() 

{ 

int chk = DHT.read11(DHT11_PIN); 

lcd.setCursor(0,0);  

lcd.print("Temp: "); 

lcd.print(DHT.temperature); 

lcd.print((char)223); 

lcd.print("C"); 

lcd.setCursor(0,1); 

lcd.print("Humidity: "); 

lcd.print(DHT.humidity); 

lcd.print("%"); 

delay(1000); 

} 

 

A.3 Soil Humidity Control Code  

// initialize the library with the numbers of the interface pins 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

// These constants won't change. They're used to give names 

// to the pins used: 

const int analogInPin = A5; // Analog input pin that the Sensor is attached to 

int sensorValue = 0; // value read from the Soil Moisture  

void setup() { 

// set up the LCD's number of columns and rows: 

lcd.begin(16, 2); 

delay(100); 

}  

void loop() { 

lcd.clear(); 

lcd.print("Soil Moisture:");// print the results to the LCD Display: 

sensorValue = analogRead(analogInPin);// read the analog in value: 

lcd.setCursor(0, 1); 

lcd.print(sensorValue); 

// wait 300 milliseconds before the next loop for the  

//analog-to-digital converter to settle after the last reading: 

delay(300); 

} 

 

A.4 CO2 control Code 

// initialize the library with the numbers of the interface pins 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

#include "CO2Sensor.h" 

CO2Sensor co2Sensor(A0, 0.99, 100); 

void setup() { 

// set up the LCD's number of columns and rows: 

lcd.begin(16, 2); 

// Print a message to the LCD. 

lcd.print("CO2 value in PPM : "); 

Serial.begin(9600); 

Serial.println("=== Initialized ==="); 

co2Sensor.calibrate(); 
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} 

void loop() { 

int val = co2Sensor.read(); 

// set the cursor to column 0, line 1 

// (note: line 1 is the second row, since counting begins with 0): 

lcd.setCursor(0, 1); 

lcd.println(val); 

Serial.println(val); 

delay(1000); 

} 

 

A.5 LCD Control Code 

// include the library code: 

#include <LiquidCrystal.h> 

// initialize the library with the numbers of the interface pins 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

void setup() { 

// set up the LCD's number of columns and rows: 

lcd.begin(16, 2); 

// Print a message to the LCD. 

lcd.print("Eng.Shurouq"); 

} 

void loop() { 

// set the cursor to column 0, line 1 

// (note: line 1 is the second row, since counting begins with 0): 

lcd.setCursor(0, 1); 

// print the number of seconds since reset: 

lcd.print(millis() / 1000); 

} 

 

A.6 Final Code 

#include <dht.h> 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

dht DHT; 

#define DHT11_PIN A0 

#include "CO2Sensor.h" 

CO2Sensor co2Sensor(A1, 0.99, 100); 

#define RELAY1 8 // fan 2 left one 

#define RELAY2 7 // fan 1 right one 

#define RELAY3 9 // lamp  

#define RELAY4 10 // water pump  

const int analogInPin = A3; // Analog input pin that the Sensor is attached to 

int sensorAValue = 0; // value read from the Soil Moisture 

void setup() { 

  lcd.begin(16, 2); 

  Serial.begin (9600); 
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   Serial.println("START OUR SYSTEM "); 

 pinMode(RELAY2, OUTPUT);  

    pinMode(RELAY1, OUTPUT);  

        pinMode(RELAY3, OUTPUT);  

        pinMode(RELAY4, OUTPUT); 

} 

void loop() { 

   lcd.clear(); 

int chk = DHT.read11(DHT11_PIN); 

  lcd.setCursor(0,0);  

  lcd.print("Temp: "); 

  Serial.println ("Temp: "); 

  lcd.print(DHT.temperature); 

  Serial.print(DHT.temperature); 

  lcd.print((char)223); 

  Serial.println("C"); 

  lcd.print("C"); 

if (DHT.temperature > 18){ 

  digitalWrite(RELAY2,0);           // Turns ON Relays 2 

   Serial.println("Fan 2  ON"); 

} 

if (DHT.temperature  <=17){ 

  digitalWrite(RELAY2,1);           // Turns ON Relays 2 

   Serial.println("Fan 2  Off"); 

} 

  if (DHT.humidity > 51){ 

  digitalWrite(RELAY1,0);           // Turns ON Relays 2 

   Serial.println("Fan 1  On"); 

} 

  if (DHT.humidity <= 50){ 

  digitalWrite(RELAY1,1);           // Turns ON Relays 2 

   Serial.println("Fan 1  Off"); 

} 

  lcd.setCursor(0,1); 

  lcd.print("Humidity: "); 

  Serial.println ("Humidity: "); 

   Serial.print(DHT.humidity); 

   Serial.println("%"); 

  lcd.print(DHT.humidity); 

  lcd.print("%"); //end of DHT11 sensor with relay  

delay(3000); // after 5000 will stop  

    

   lcd.clear(); 

 // FOR CO2 SENSOR 
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   int val = co2Sensor.read(); 

   lcd.setCursor(0,0); 

   lcd.print("CO2 in Place is :"); 

   Serial.begin(9600); 

   co2Sensor.calibrate(); 

   lcd.setCursor(0, 1); 

   lcd.println(val); 

   lcd.print(" PPM "); 

   Serial.println(val); 

delay(3000); // after 5000 will stop 

 

   //FOR LDR SENSOR  

 int sensorValue = analogRead(A2); 

 double dV = sensorValue; 

 double le = (dV/1023)*100; 

 int level = le; 

  

 lcd.clear(); 

 lcd.setCursor(0, 0); 

 lcd.print("LIGHT LEVEL:"); 

 lcd.print(level); 

 lcd.print("%"); 

 lcd.setCursor(0, 1); 

  

  

  if ((level >= 0) && (level <= 5)){ 

  lcd.print("VERY DARK");  

  digitalWrite(RELAY3,0);           // Turns ON Relays 2 

   Serial.println("lamp ON"); 

 } 

  

  if ((level > 5) && (level <= 16)){ 

  lcd.print("DARK");  

  digitalWrite(RELAY3,0);           // Turns ON Relays 2 

   Serial.println("lamp  ON"); 

    

 } 

  if ((level > 17) && (level <= 50)){ 

  lcd.print("BRIGHT"); 

  digitalWrite(RELAY3,1);           // Turns OFF Relays 2 

   Serial.println("lamp  Off");  

 } 

 if ((level >= 50)) { 

  lcd.print("VERY BRIGHT");  

  digitalWrite(RELAY3,1);           // Turns OFF Relays 2 
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   Serial.println("lamp  Off"); 

 } 

delay (3000); // after 5000 will stop 

 

lcd.clear(); 

 //FOR YL69 SENSOR 

 lcd.setCursor(0, 0); 

lcd.print("Soil Moisture:");//  

 sensorValue = analogRead(analogInPin);// read the analog in value: 

 lcd.setCursor(0, 1); 

 lcd.print(sensorValue); 

 // wait 300 milliseconds before the next loop for the 

 //analog-to-digital converter to settle after the last reading 

 if (sensorValue > 800 ){ 

   digitalWrite(RELAY4,0);           // Turns ON Relays 2 

   Serial.println("water pump ON"); 

 } 

  if (sensorValue <= 799 ){ 

   digitalWrite(RELAY4,1);           // Turns ON Relays 2 

   Serial.println("water pump Off"); 

 } 

delay(1000); // after 5000 will stop 

} 
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