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Abstract 

Adapting to the water requirements of growing plants and reducing costs were among 
the challenges in developing an automatic irrigation system. This project use MEGA2560 
R3 single-chip microcomputer as the main control center, through the sensor and react 
to the variation of temperature and humidity in the environment. The real-time 
detection of environment factors such as temperature humidity and light, single chip 
make analysis after the electrical signal is processed and pass the information to the 
VLcd display. The PID control responding better to changes in measured environmental 
factors to regulate watering levels so as to minimize the waste of water. It consists of 
reliable components at a relatively low cost. Its different components have been 
simulated and tested for their proven effectiveness in reducing water consumption and 
manual intervention, and the design itself saves resources through low energy 
consumption and reduces cost. In addition, by adding an VLcd screen to display real-time 
detection results of environmental factors and realizing one-key manual irrigation, the 
customization of the irrigation system can be realized, which can be more adaptable to 
the diversity of the environment and meet the needs of more customers. 
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1. Introduction 

1.1 Topic 

Under the popularization of concept about green agriculture arising from Chinese government 

advocacy in recent years, we research and contrast the differences between irrigation methods in 

traditional agriculture and modern agriculture. Tradition methods is costly requiring people to dig 

ditches for drinking water, and irrigation equipment to be maintained and replaced from time to time. 

Most of tradition methods of irrigation draw water from lakes and ponds to irrigate fields. Although 

this method does not require any technical knowledge and has lesser economic investment, it will still 

waste a lot of water. Because of excessive uneven irrigation, it is easy to cause the loss of soil, water 

logging and other problems, [18] which is not advocated in the new era of water conservation. 

The scope of this project lies in the improvement of effective agricultural water utilization rate 

through the minimum consumption of water resources, water-saving irrigation is a timely and 

appropriate irrigation technology based on the water demand of plant growth. 

1.2 Problem statement 

For those cash crop who mostly organic always have an environmental restriction. On this occasion, 

this project will discuss which environmental factors have a greater impact on the water demand of 

plants, and which environmental factors have a smaller impact and can be ignores. Secondly, the 

project also needs to solve the problem of how to accurately detect the value of corresponding 

environmental factors, and then pass it in and store it into the system. Finally, how to make it more 

intuitive for customers to obtain data so that they can decide whether to irrigate or not according to 
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their own needs. Our group is hoping to innovate the current irrigation system to help agriculture 

enterprises monitoring the environment as well as plant conditions in order to maintain the best 

environmental situation. Accomplishing increasing production goals through our project. 

1.3 Approach 

The information required comes from a variety of sources. The information of the connection of 

Arduino plate and the circuit are provided by the manufacturer. The date of different plants under 

different environmental factors such as temperature and moderation are searched on the internet about 

a particular plant characteristic and researched in the life, PIDs and codes are written through our 

daily knowledge learning and also through consultation with relevant teachers. 

Access to the information, the most important activity of plants every day is photosynthesis. During 

photosynthesis, plants will convert water and carbon dioxide into organic matter for storage, which 

will consume a lot of water. Lighting and temperature are the biggest environmental factors that affect 

photosynthesis. In addition, in order to judge whether plants need water or not, soil humidity detection 

is added in this project. In order to ensure that the detection data can be accurate and effective while 

reducing the transmission delay, the sensing chip is used in this project so that the PID system can 

obtain real-time data and give feedback. In addition to the advantages of improving the stability of 

the system, the PID controller also provides great advantages in improving the system dynamics. PID 

control eliminates error through integral action, by reducing overshooting, speed up reaction, can also 

quickly respond to error. At the same time, as long as the system error exists, the integral controller 

will continue to accumulate and output control quantity, in order to eliminate the error. Finally, this 

project chooses LFT-LCD screen rather than the traditional CRT screen, because LFT-LCD has a 

high degree of automation, better power consumption and service life, etc. 

The amount of soil water required for growth and maintenance depends on the type of plant requiring 

irrigation. It also helps to determine the amount of water absorbed by plants under different 

environmental factors so that the size of the reservoir and the frequency of replenishment can be 

chosen. We bought some plants and placed them in typical environments to experimentally assess 

their water consumption. In the future, users will only need to know their water requirements under 

different environmental factors and can water as needed to better suit the plants.  

1.4 Metrics 

In this project report, an automated irrigation system is suggested to minimize the water input and 

human intervention, while satisfying the plants’ needs. First, the details of the problem are 

summarized. The objective and the scope of the project are described. Some general approaches to 

the design are reviewed. The experimental results and conclusions of determining the watering 

amount and real-time temperature and humidity are discussed. Then, the suggested design is 

explained in detail with the purpose, requirements and constraints, simulation and test results for each 

of its parts. Finally, the detected data should be displayed on the LCD screen and manual irrigation 

should be possible through the integration of the LCD screen functions. A brief cost analysis is 

performed to estimate the viability of such a project  

1.5 Project 

1. This project will enable the system to be customized so that customers can irrigate according to 

their own needs. 

2. This project will use PID control system, which can adapt to the diversity of the environment and 

improve the indifference of the system. 

3. This project use TFT-LCD, the date can be better presented and function can be more convenient 

to operate. 

4. The project will be based on real-time environmental factors to set the irrigation time and amount, 

resulting in more water resources and cost savings 
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2. Technical background 

2.1 Automatic control mode 

Automatic control generally refers to the use of additional equipment or devices (automatic control 

device or controller) to make the working state or parameters (controlled quantity) of the machine, 

equipment or production process (controlled object) automatically operate according to the scheduled 

rules without the direct participation of staff [1]. Automatic control theory is a technical engineer to 

study the common law of automatic control. In many fields of modern science and technology, 

automatic control technology plays an increasingly important role. In this report, the project can 

automatically read the environmental parameters, identify the light and soil temperature and humidity 

by setting the automatic control state, and then judge whether the soil needs to be irrigated according 

to the preset threshold. If necessary, the irrigation valve will be opened automatically to irrigate the 

soil, which does not need manual intervention. In this way, the unattended working mode of the 

system is realized. 

2.2 Fundamental mode of automatic control [1] 

After years of development, automatic control has been widely used in various industries, and the 

technology is also very mature. In recent decades, based on modern mathematics, the introduction of 

new control methods of computer has also made great progress, such as optimal control, adaptive 

control, fuzzy control and so on. The application of these new technologies in automatic control has 

greatly improved the automatic control technology, control ability and accuracy. At present, feedback 

control is the most basic control mode of automatic control system, and also the most widely used 

control mode. In addition, there are open-loop control mode and compound control mode, which have 

their own characteristics and different application occasions. 

2.2.1 Feedback control mode 

The feedback control mode, or ‘closed-loop’ system, is controlled according to the deviation. The 

characteristic of this mode is that no matter what causes the deviation of the controlled quantity, the 

system will produce a corresponding control action to reduce or eliminate the deviation, so as to make 

the controlled quantity consistent with the expected value. It should be said that the automatic control 

system based on feedback control has the ability to restrain the influence of any disturbance on the 

controlled quantity, and has high control accuracy. However, this kind of system uses many 

components and has complex structure, especially the performance analysis and design of the system. 

However, it is still an important and widely used control mode, which is used for automatic control 

in this case. 

2.2.2 Open loop control mode 

The open-loop control mode refers to the control process in which the control device and the 

controlled object only act in the forward direction, but not in the reverse direction. The system 

composed by this mode is called the open-loop control system, and its characteristic is that the output 

of the system will not affect the control effect of the system. The open-loop control system can be 

composed of a given quantity control mode or a disturbance control mode. 

2.2.3 Compound control mode 

The disturbance control method is technically simpler than the deviation control method, but it is only 

applicable to the situation where the disturbance is measurable, and a compensation device can only 

compensate one disturbance factor, but it cannot compensate the other disturbances. Therefore, a 

more reasonable control method is to combine the deviation control with the disturbance control. For 

the main disturbance, the appropriate compensation device is used to realize the disturbance control. 

At the same time, the feedback control system is formed to realize the deviation control, so as to 

eliminate the deviation caused by other disturbances. In this way, the main disturbance of the system 

has been compensated, the feedback control system is easier to design, and the control effect will be 

better. The combination of deviation control and disturbance control is called compound control. 
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2.3 PID 

PID control is a common control method in industrial control, in which P represents the proportion, 

I represent the integral and D represents the differential. The controlled object is controlled by 

adjusting three different parameters proportion, differential and integral. The parameters of PID 

controller depend on the characteristics of controlled object. The advantages of PID controller are 

simple structure and high stability, The parameters of the controller are simple and reliable. PID 

control system is mainly composed of PID controller and controlled object, as shown in Figure 1. 

 

Figure 1. PID system 

 

The principle of PID controller is that the given value u (t) of the system is subtracted from the output 

response y (t), and the error e (t) is calculated. The error is obtained by adjusting the parameters of 

the PID controller, and then the feedback output is used to eliminate the error. 

According to the proportional, differential and integral structure of PID controller, the control 

quantity u(t) can be calculated as: 

𝑢(𝑡) = 𝐾𝑝(𝑒(𝑡) +
1

𝑇𝑖
∫ 𝑒(𝑡
𝑡

0
)𝑑𝑡 + 𝑇𝑑

𝑑𝑒(𝑡)

𝑑𝑡
)                   (1) 

In equation (1), e (t) = r(t) - u(t), Kp is the proportional gain, Ti is the integral time constant, Td is the 

differential time constant, u(t) is the control quantity, and e(t) is the error value. 

Adjusting the three parameters of the proportional, differential and integral links, the trend of the 

response output curve of the system can be affected. The functions of the three parameters are 

different. Increasing the parameters of the proportional can make the curve rise rapidly and shorten 

the rise time, but too large parameters will increase the overshoot of the system, increase the steady-

state error of the system, and make the system more unstable, even oscillations. The function of 

increasing the parameters of the integral is to eliminate the stability error and make the error smaller 

and smaller. However, if the parameters of the integral are too large, the overshoot of the system will 

increase and the system will oscillate. Adjusting the parameters of the differential can reduce the 

overshoot of the system, reduce the error of the system, make the system tend to be stable and no 

longer oscillate, and enhance the performance of the system. 

The realization of PID control mode needs to adjust the three parameters of proportion, differential 

and integral. The sampling time of the system is very short. It needs to use summation method and 

backward difference method to discretize the analog PID into difference equation. There are two 

forms of discrete digital PID: position-based type and incremental type. Here the systen use digital 

PID position-based control algorithm to manipulate our system: 

For the convenience of calculation, equation (1) needs to be transformed into a difference equation, 

so the following approximation can be taken: 

∫ 𝑒(𝑡
𝑡

0
)𝑑𝑡 ≈ ∑ 𝑇𝑒(𝑖)𝑘

𝑖                              (2) 

𝑑𝑒(𝑡)

𝑑𝑡
≈

e(k)−e(k−1)

T
                              (3) 

Where T is the sampling period and k is the sampling number. 
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Thus, from equation (1), equation (2) and equation (3), the digital PID position-based control formula 

is: 

𝑢(𝑡) = 𝐾𝑝(𝑒(𝑘) +
𝑇

𝑇𝑖
∑ 𝑒(𝑖)𝑘
𝑖 + 𝑇𝑑

e(k)−e(k−1)

T
)                  (4) 

PID controller has a wide range of applications due to its simple structure, high flexibility as well as 

strong control performance, which is beloved by the majority of scientific researchers and engineers. 

However, PID controller also has its limitations. PID controller is only suitable for relatively simple 

control objects, but its control effect is not ideal for more complex control objects. 

2.4 Soil moisture detector design methodology 

The traditional method of measuring soil moisture content is drying and weighing method, which is 

simple in principle and reliable in results. In most cases, it can also be used as calibration data, but 

the process is cumbersome and the workload is large in actual operation. [3] In order to achieve rapid 

and accurate measurement of real-time soil moisture, there are many kinds of soil moisture sensors 

based on different principles. The most common are TDR (time domain reflectometry) and FDR 

(frequency domain reflectometry) based on dielectric measurement. [4] Due to the complex principle 

of TDR type, the circuit design and manufacture is difficult, the equipment cost is expensive, and 

there are nonlinear defects. FDR type has almost all the advantages of TDR type and its price is 

reasonable, so FDR type is more commonly used, which is also the soil moisture measurement 

method used in this design. 

Due to the complex structure and composition of soil, it is composed of gas phase, liquid phase and 

solid phase, and all substances are in a very weak balance. In order to get more accurate measurement 

values, the sensors used in the measurement process should have good stability and accuracy, and try 

to ensure that the weak balance of the soil is not broken. In this study, FDR (frequency domain 

reflectometry) principle is used to design soil moisture sensor. The equivalent circuit diagram of the 

sensor is shown in Figure 2. 

 

Figure 2. Equivalent circuit diagram of soil sensor 

 

FDR technology is to transmit the frequency sweep test signal of a specific frequency band to the 

measured object. In the place where the conductor impedance of the object does not match, it will 

produce strong reflection signals with the same frequency as the transmitted signal but in different 

periods. According to the reflected signal and Fourier transform analysis, it can calculate the required 

parameters. There are usually two methods to apply FDR technology in soil moisture measurement, 

one is to measure the impedance of soil by analyzing the change of signal through the soil with a 

fixed transmitting frequency, and calculate the soil moisture after obtaining the dielectric constant. 
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The other is to make the sensor and soil form RLC resonant circuit to find out the resonant frequency 

to calculate the soil moisture. 

In this study, the latter method is used. The sweep frequency range of the oscillator is 80 ~ 160MHz. 

In this frequency range, the relative permittivity of soil substances other than water is relatively 

consistent and stable. The comprehensive permittivity of soil at this frequency mainly depends on the 

water content. The microcontroller is used to control the oscillation chip MC1648 to continuously 

output signals of different frequencies, When the resonance condition of the oscillation circuit is 

established, two coherent waves with the same frequency and opposite direction will appear on the 

transmission line to form a row standing wave state, and the harmonic amplitude of the circuit will 

reach the maximum. 

Thus, the detector formula the system used functioned that is taken by the impedance of equivalent 

RLC circuit of soil moisture sensor and the relationship between capacitance and dielectric constant 

as follows: 

𝜔 = 𝑎 (
1

2𝜋√𝐿𝐶𝑜
∗
1

𝐹
) + 𝑏                            (5) 

Where 𝜔  is the earth moisture; F is resonant frequency; a and b are constant; L is the circuit 

inductance; Co is the capacitance when the medium is air. [5] 

2.5 ESP8266 WiFi module 

ESP 8266 WiFi module is a special chip for IOT (Internet of things) developed by Lexin company. 

ESP8266 WiFi module uses serial port to communicate with MCU, built-in TCP / IP protocol stack, 

and communicates with upper computer through WiFi. Using esp8266 module to simply configure 

the traditional serial port equipment, the data can be transmitted to the upper computer through WiFi 

to realize the IOT function. ESP8266 WiFi module has three working modes: STA mode, AP mode 

and STA mixed AP mode. STA mode is connected with Internet through router, which belongs to 

Internet communication; In AP mode, esp8266 is regarded as a hot spot, and the host computer 

communicates through connecting this hot spot, which belongs to LAN communication; STA hybrid 

AP mode is a mixture of the above two modes. Users can communicate in LAN or Internet [6] 

2.6 System identification 

System identification is a technology based on the input and output time function of the system to 

determine the mathematical model describing the behavior of the system, which is a branch of modern 

control theory. A mathematical model is established to estimate the important parameters that 

characterize the behavior of the system, and a model that can simulate the behavior of the real system 

is established. The future evolution of the output of the system is predicted with the input and output 

of the current measurable system, and the controller is designed. [7]  

The aim of system identification is to determine a mathematical model which is consistent with the 

actual system data and is used to simulate the dynamic characteristics of the system. The system 

usually described the controlled system as a "black box", which don’t care about the function itself, 

just only focuses on the characteristics of the input and output data of the system, and does not explore 

the specific parameter structure of the system. It is an important mathematical method to determine 

and describe the behavior of the system by using some minimum error criterion based on the input 

and output of the system. Figure 3 shows the black box structure of the controlled system. [8] 

 

Figure 3. System identification structure 
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In Figure 3, u(t) as the input signal and y(t) as the output signal, both belong to the data that can be 

measured by the actual system, and e(t) is the random noise with zero mean value. G (z) represents 

the internal equivalent model of the system and reflects the relationship between input and output. 

The identification system models are mainly divided into state space model and transfer function 

model. The state space model constructed is actually the k-th order reduced model of the whole 

system model, but it will slow down the calculation speed after being online, which hinders the 

application of state space model in online environment identification and control. The transfer 

function model only represents the characteristics of the specified input and output, which is an 

effective solution to overcome the high computational burden. The autoregressive model is one of 

the time series analysis methods, which has simple structure and strong robustness. When the noise 

content of equivalent measurement data is small, the algorithm has high accuracy; When there is 

much noise in the equivalent measurement data, the order of the model can be appropriately increased 

to improve the influence of noise on the accuracy of the algorithm. [9] Because it is easy to be 

implemented on computer, it has been concerned by many scholars and used as a dynamic linear 

model for commercial software. In this project, the project use the Autoregressive model (AR model) 

in MATLAB in order to implement our project. 

2.7 Analysis of soil moisture content test 

2.7.1 Wilting coefficient 

Wilting coefficient is one of the important soil water constants. It refers to the soil water content when 

the leaves of crops growing on moist soil wilt due to insufficient water absorption to compensate for 

transpiration consumption after long-term drought. In the early afternoon or after sunset, the leaves 

could gradually return to inflation, but not before sunrise, even after irrigation or precipitation. At 

this time, the soil water potential is generally -15 bar, which is roughly equivalent to the water 

potential of wilting leaves. In this case, crops are referred to as permanent wilting, and the soil 

moisture content is called wilting coefficient. At this time, the water activity in the soil is almost zero. 

[10] 

 

Table 1. Different types of soil field capacity and wilting coefficient 

 

 

2.7.2 Soil moisture content 

Soil water is often adsorbed on the surface of soil particles or stored in soil pores, and it also exists 

in three forms: solid, liquid and gas, just like the external water. Soil water content generally refers 

to the absolute water content of soil. Measuring soil water content can grasp the water demand of 

crops, which has a very important guiding significance for the production of potted crops. The water 

characteristic curves of several different types of soil are shown in figure 4. [11] 
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Figure 4. Soil water characteristic curve of different types [11] 

 

Extend reading: Bar: another pressure measurement imperial unit mainly describe the Atmospheric 

pressure. 

2.8 Photo resistance characteristics 

Photoresistor is a kind of semiconductor element based on internal photoelectric effect. In the absence 

of light, the dark resistance of the photoresistor is generally very large. When it is exposed to light in 

a certain wavelength range, its resistance changes sharply. [12]  

To a further understanding, our group conduct the explanation of internal photoelectric effect. The 

photo resistance using the semi-conductor material. Inside the semi-conductor material, there is the 

energy gap named eg is the band gap between the valence band and conduction band of semiconductor 

material. In normal occasions, the electrons in the valence band do not spontaneously jump to the 

conduction band, so the conductivity of semiconductor materials is far less than that of conductors 

(leads to the reason why the Photoresistor has high resistance in the dark). However, if the electrons 

in the valence band are supplied with energy in some way, they can be excited into the conduction 

band to form carriers and increase conductivity. Lighting is an incentive. When the incident light 

energy hv is greater than or equal to eg, the electrons in the valence band will absorb the energy of 

photons and jump to the conduction band, leaving a hole in the valence band, forming a pair of 

conductive electron hole pairs. The electrons here do not escape to form photoelectrons, but there is 

obviously an electrical effect due to illumination. (Which also explain the reason of why the 

Photoresistor’s resistance is greatly reduced under the light.) Therefore, this photoelectric effect is an 

internal photoelectric effect. [13] 

2.9 FIFO queue 

The first-in–first-out (FIFO) queue discipline (also known as first-come–first-served), according to 

which agents are served in order of arrival and as soon as capacity becomes available, is the most 

commonly analyzed queue discipline in the literature on queueing with endogenous arrival times. [14] 

This is also a universal resolution in Computer fields. 

In the computer, the first in first out queue is a traditional sequential execution method. The first in 

instruction is completed and retired first, and then the second instruction is executed (the instruction 

is the program code that the computer responds to the user's operation, which is transparent to the 

user). When the CPU has no time to respond to all the instructions in a certain period of time, the 

instructions will be arranged in the FIFO queue. For example, instruction 0 will enter the queue first, 

followed by instruction 1 and instruction 2... When the CPU completes the current instruction, 

instruction 0 will be taken out of the queue and executed first. At this time, instruction 1 will take 

over the position of instruction 0. Similarly, instruction 2, instruction 3... will move one step forward. 

[15] Also due to the fact that FIFO queue does not classify messages. When the speed of messages 

entering the interface is greater than the speed that the interface can send, FIFO will let the messages 
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enter the queue according to the sequence of messages arriving at the interface. This highlights the 

characteristics of reducing the memory usage for storing historical data, which is what is looking for 

in our project. 

 

Figure 5. The data structure of fifo 

2.10 EEPROM 

EEPROM (electrically erasable programmable read only memory) is a user modifiable read only 

memory (ROM), which can be erased and reprogrammed (rewritten) by a higher normal voltage. 

Unlike EPROM chips, EEPROM can be modified without being taken out of the computer. In an 

EEPROM, when the computer is in use, it can be programmed repeatedly, so the life of EEPROM is 

a very important design parameter. EEPROM is a special form of flash memory, its application is 

usually personal computer voltage to erase and reprogram [16] 

The erasure of EEPROM doesn't need the help of other devices. It uses electronic signals to modify 

its contents, and takes byte as the smallest modification unit. It doesn't need to wash all the data out 

to write. It completely gets rid of the shackles of EPROM eraser and programmer. When EEPROM 

writes data, it still needs to use a certain programming voltage. At this time, it can easily rewrite the 

content with a special refresh program provided by the manufacturer. Therefore, it belongs to dual 

voltage chip. With the help of the dual voltage characteristic of EEPROM chip, BIOS can have good 

anti-virus function. Therefore, there are still many motherboards using EEPROM as BIOS chip and 

as a major feature of their motherboards [16]. 

2.11 vlcd screen 

2.11.1 TFT-LCD 

TFT-LCD displays are widely used in note-PCs, computer monitors and LCD-TVs because they 

provide a compact and flat shape with lower power consumption compared with the traditional 

cathode ray tubes (CRT's). The TFT-LCDs are recently large screen and increasing display format, 

reducing power consumption and electromagnetic interference (EMI), and reducing costs. The video 

data speed between timing controller and source driver IC increases to meet the larger screens and 

higher display format. But the large panel size and display format increases power consumption and 

EMI radiation. An approach to reduce EMI was published using RSDS (Reduced Swing Differential 

Signaling) link between timing-controller and source driver ICs. Also, Whisper Bus using point-to-

point interconnect topology was introduced. [19] 

2.11.2 I2C protocol 

I2C (Inter-Integrated Circuit), pronounced I-squared-C is a synchronous serial communication 

protocol. It was developed by Philips Semiconductor in 1982. I2C has a two-wire interface and 

supports half duplex communication. I2C has a master-slave architecture. I2C supports data rates 100 

Kbps (standard mode), 400 Kbps (Fast mode) and maximum up to 3.4 Mbps (high speed mode). [20] 

I2C bus was originally developed for audio and video devices. Nowadays, there are many kinds of 

controllers and peripheral devices supporting I2C technology, I2C bus technology is widely used in 

all kinds of electronic products, household appliances and communication equipment. Here in this 

project, we use I2C protocol in order to connect SCM with other components. [21] I2C bus only 

requires two signal lines, one is serial data line SDA, the other is serial clock line SCL. Between the 

connection of two lines, each device has a unique address identification, and can be used as a 

transmitter or receiver (determined by the function of the device). In addition to the transmitter and 
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receiver, the device can also be regarded as the master or slave when performing data transmission. 

The host is the device that initializes the data transmission of the bus and generates the clock signal 

allowed to be transmitted. The hardware connection structure ofI2C bus and MCU is shown in Figure 

6. [22] 

 

Figure 6. Hardware Connection Structure of I2C Serial Bus 

 

2.11.3 Touch screen technology and human-computer interaction 

Touch screen technology is a new type of human-computer interaction input method, compared to 

the traditional keyboard and mouse input methods, touch screen input is more intuitive. Together with 

recognition software, touchscreens can also enable handwritten input. In addition, the main role of 

touch technology is to enhance the user experience by simplifying human-computer interaction, and 

this is what we aim to do. 

The traditional touch screen technology is analog resistive. Electrical resistance refers to how easily 

electricity can pass through a material. These panels work by detecting how much the resistance to 

current changes when a point is touched. However, this technology has a lot of disadvantages, such 

as the analog is susceptible to drift, the ITO material used for the conductors is brittle and not well 

suited for bending and there is a gap between the two sensor planes that must be bridged in order to 

make contact between the two. [23] 

So, we choose capacitive touchscreen as our experimental subject. A capacitive touchscreen panel 

consists of an insulator, such as glass, coated with a transparent conductor, such as indium tin oxide 

(ITO). [24] Besides, capacitive touchscreen overcome many disadvantages of resistive touchscreen 

like the thickness and weight of the display. Capacitive touch screens are lighter, thinner and more 

accurate than resistive touchscreen. 

From birth of the first digital computer ENIAC in 1946, we have made a remarkable development 

over half a century. Computers have entered into ordinary families. As the dialogue system, human-

computer interaction design is given rising expectations. Nowadays, traditional human-computer 

interaction design is far from the satisfaction of people's needs. However, the goals of development 

of computer intelligence technology are to pursue and create a harmonious relationship between man 

and machine; to change the model from “computer-centered” to “human-centered” to refine the 

combination of technology and art; to achieve man-machine integration and to make the relationship 

between human and computer in perfect harmony. [25] 

2.11.4 User Interface Design 

The UI is short for User Interface. User interface refers to the composition of the system of people 

and products, people and products to complete transfer and exchange of information between the 

working face. The UI design criterion refers to software human-machine interaction, operation of the 

logic, interface aesthetics design. Interface design of software development in long, interface design 

work has never been seriously rising. The people who do interface design are called “art” derogatory. 

Actually, the software interface design for industrial products like the industrial design, modeling is 

important to buy products. A friendly beautiful interface can give a person with comfortable vision 

enjoyment; close the distance. Interface design is not only the art, he needs to locate users, use 

environment, use and for end users and design, it is pure science of art design. Test an interface 

standard is neither a project team leadership opinion is not project members vote, but the end user 
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experience. So, the user interface design and combining research, is a continuous designed for end 

users’ satisfactory visual effect. [26] 

2.12 Summary 

This chapter mainly introduces several mainstream technologies used in automatic control system, 

PID control, and also introduces the system identification, which leads to the Autoregressive model 

using in the project as well as some aspects of soil moisture content. This chapter also introduces the 

working principle and implementation of WiFi communication based on ESP8266. Finally, the 

system as an automatic irrigation system, automatic control is a more important module, so this 

chapter also introduces some theoretical knowledge of soil moisture detection. 

3. Problem 

In order to achieve our aim of the project, Through the heated discussion in the group, our group split 

the project into the following points for exploration and practice: 

3.1 The problem of how we going to control the earth moisture 

As our target customers are the Growers of high value crops, we all know that if something has a high 

value, which also means that they are very fragile and delicate. In a botany basis, meaning that the 

crops have a harsh condition for the humidity, temperature as well as light intensity etc. In our project, 

we are mainly focused on the soil humidity control as the main R & D direction, where accuracy issue 

will be the major discussion in the following report.  

3.2 The problem of how we going to detect the data 

There are various types of probes where they using different kinds of circuit design, algorithm and 

medium materials in order to acquire a higher data precision, so the issue of choosing a suitable 

detector is worthy to consider. Also, in what kind of data should be collect is important. 

3.3 The problem of the power supply 

The power supply is relatively important in the whole system, just like its name was mentioned, it 

supplies the energy the total system, making it able to function normally. Here three main part will 

be concerned: The supply for the Arduino SCM, the supply for the water pump and the supply for the 

Soil Moisture detector. Thus, how to design energy distribution and to maintain a stable electrical 

power will be the keen point of this part. 

3.4 The problem of the Excessive data flow 

Due to the fact that in the Arduino Mega2560 SCM, there are massive data stream. It includes real 

time input data that continuous refresh every second; a 24-hour data storage which will be called by 

the user’s terminal whenever they need. Also, all of these is need be processed by the central processer. 

These demands require a lot of CPU performance and memory causing an issue of data overload, this 

will be led to the occurrence of memory leakage, a serious emergency type whose only solution is to 

reload the Arduino SCM driver. 

3.5 The problem of static storage 

Static storage is a way to allocate fixed storage space during program compilation. In this way, the 

storage unit is usually determined when the variable is defined and remains unchanged until the end 

of the whole program. In order to achieve the goal of our project, lot of static storage data must be 

used to define important information such as pins and interfaces. Facing complex naming rules and 

restrictions, it becomes a problem needing to solve. 

3.6 Some problem about Arduino. 

3.6.1 Minimize I/O interfaces of Arduino Mega board 

The interfaces of the Arduino board are very important. In order to achieve large-scale control, 

properly use every I/O interface is the key problem to solve. Compared to other Arduino boards, 
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Mega 2560 has a lot of interfaces. However, too much connecting lines will cause confusion and 

hinder productivity if use the common LED screens, control buttons and other auxiliary equipment. 

Besides, there’s a space problem about how to arrange space placement appear which also needs be 

solved. Then, using integrated touch screen whether can handle above problems and take us a better 

choice to think. Price and cost issues also need to be taken into account.  

3.6.2 Transmit between Arduino and vLcd screen 

The receiving data and sending data between vLcd screen and Arduino board is most important 

problem need to solve. Because of the transport protocol differences, receiving data and sending data 

is synchronize the differences between different compilation modes between two ports. When vLcd 

screen send ASC II code, if want to establish connection with Arduino, it needs to find method to 

convert the information into int or float format in C language. Then, Let Arduino can understand the 

meaning and according to algorithm to carry out follow-up work. As the vLcd screen received data, 

how to increase efficiency and synchronize the transmission of multiple data to the screen also need 

to solve. 

3.7 The problem of UI design and customization 

The most important thing is how to according to customers requirement to sure the most important 

data can be show. Next is about the page design, succinct and clear pages can help customers to better 

monitor the various growth conditions of the plants and can visually  observed any data he need. In 

the content design of the page, which form if expression method to choose and design, such as curve, 

discount, sector, etc. Here, how to record some dynamic data that changes with time like temperature, 

humidity and illumination intensity. Then, which color will be suit for customers? There problems 

will be solved in the following discussion by group. 

3.8 The problem of man-machine interaction 

In the design of human-computer interaction page, how to make the page clean and efficient to enable 

users clearly and intuitively understand the change curve of the data and values obtained by the 

detector through UI interface designed by us? For us designers, we need to figure out how to find the 

images, design the UI, and improve the functionality. 

3.9 The problem of choose between LED screen and LCD screen 

The advantages of LCD include zero radiation, low power consumption, small heat dissipation, small 

size, accurate image restoration, sharp character display and so on. Compared with LCD display, 

LED display has more advantages in brightness, power consumption, visual Angle and refresh BAI 

rate. Using LED technology, it is possible to create displays that are thinner, brighter and clearer than 

LCDs. Both have their advantages, but how to choose and better present our products to users’ needs 

further exploration. 

4. Solution 

4.1 The overall design of modular irrigation system 

the modular irrigation system using Arduino SCM is as the core component, which has the functions 

of data acquisition, automatic and manual control, display and user input, fault detection etc. The data 

acquisition function converts the analog quantity detected by the sensor into digital quantity and 

transmits it to the control center. Automatic and manual dual control function, that is, it can 

automatically carry out irrigation by setting corresponding parameters, and automatically stop 

irrigation when the humidity reaches the requirements; It can also realize users' own needs through 

manual takeover. The display and user input function can call the data of the control center, intuitively 

display the data changes, and input the user instructions into the control center through touch. Fault 

detection function can remind users of the system problems and solve them as soon as possible. 
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Figure 7. Overall structure design & Total Circuit 
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The irrigation system is mainly composed of four modules. Soil detection module: the detection 

module is mainly composed of soil temperature and humidity detector, real-time monitoring of soil 

moisture, temperature information. Core control module: the control module is composed of single 

chip microcomputer and touch screen, which is the core of the system, receiving signals, analyzing 

and responding. Energy supply module: the energy supply module is mainly composed of DC plug, 

voltage conversion module and control electronic components, which can convert household 220 V 

AC voltage into direct use DC voltage. Execution module: it consists of water pump, VLCD display 

and esp8266, which transmits the system electrical signal to the display in real time and water supply 

pump for irrigation at the same time. If the system fails, it will send a message through WiFi. Here 

the total Circuit and the system flow chart that illustrates the mechanism in shown in Figure 7. 

4.2 Modular design of detect and compute module 

4.2.1 Soil temperature and humidity module 

Soil moisture detection sensor is the core component of detection module. JXB-3001-TR-485 type 

soil temperature and humidity sensor is used in this design. It adopts austenitic 316 stainless steel 

probe and has widened sensing area, which can improve the conductivity, prevent the problem of 

easy rusting in contact with soil, resist salt and alkali corrosion and ensure the long-term operation of 

probe part. Jxb-3001-tr-485 is powered by 12v-24v DC power supply. The soil moisture measured 

by JXB-3001-TR-485 is in the range of 0 ~ 100%, and the error in the range of 0-53%, it is 0 ± 3%; 

within the range of 53-100%, it is ± 5%, which can meet the soil moisture requirements of wet 

vegetation (such as moss), drought resistant vegetation (such as cactus) and neutral vegetation (such 

as Eustachy). This also can be served as a high quality soil temperature probe for its temperature 

measurement range is -40℃-80℃ and the temperature accuracy is around ±0.5℃ which will help the 

users to manipulate in a more informational aspects. 

The output DC voltage value of JXB-3001-TR-485 is converted by algorithm, and the accurate value 

of soil moisture is transmitted to the single chip microcomputer. Then, through the internal operation 

of the single chip microcomputer and the execution of the corresponding program, the final command 

signal is output to the water supply pump, and the real-time intelligent control of temperature and 

humidity of the soil growing in the flowerpot is realized, Keep it at the suitable value for plant growth. 

Here is part of the conversion formula is used to convert 0-5V analog voltage to temperature and 

humidity: 

P(temperature)=V*0.032-45℃ 

P(humid)=V/50% 

Where P is the percentage of both parameters and V is the probe sending voltage. A further 

explanation will be shown in the appendix 1.1. 

4.2.2 Light detector 

In the project, the light detector is used to act as an auxiliary instrument in order to distinguish the 

light intensity strong enough for the crops to grow. This restricts the irrigation time that prevents the 

plant from drawing. 

The Light detector working mechanism is shown as follows. Determined by the internal circuit logic 

encapsulate of the microchip MCP60002T, the detector is functioned by comparing the resistance 

between the Photoresistor and the a standard 1kΩ resistor. As the ray of light hits the Photoresistor, 

the Photoresistor resistance will fall through the internal photoelectric effect, after comparing with 

the standard resister, it will generate 2 kinds of output: Analog (Ao), shows a series of voltage that 

represents different strength of illumination with 5V maximum; Digital (Do), using the triode to 

transfer I/O signal just represent light existence. In this design, we choose Ao in order to satisfied 

various light needs of Heliophile (such as sunflower) and Shade-requiring plant (such as Lycoris 

radiata). For checking purpose, two light-emitting diodes is attached to show whether the voltage is 

cut-in. The detailed circuit design is shown in Figure 8. 
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Figure 8. The circuit diagram of light detector 

 

4.2.3 Core Control Unit 

In the project, The Arduino Mega2560 is used for the irrigation system. The SCM adopts the digital 

control of microprocessor to enhance the ability of bidirectional transmission of information. It can 

be designed as a unified hardware circuit suitable for various electronic systems to meet different 

purposes. Comparing with irrigation system mainly controlled by circuit, the SCM system is cable to 

improve the ability of information storage, monitoring, diagnosis and hierarchical control of the 

irrigation system, and promote the system to be more intelligent. Some of Arduino Mega2560 feature 

is highly valued such as the data processing ability as well as the large number of digital and analog 

ports in the irrigation system design. 

4.2.4 PID Algorithm  

From the problem part, showing the need to accurately control the soil moisture in order to achieving 

the project aim. After the group discussion, the PID method is chose due to its effectiveness as well 

as conciseness. P.S. Due to the multiple limitations, all of the experimental data is based on a small 

portion of used potted soil which has been drained for serval times, this may or may not affect the 

repeatability of the project coefficient. 

In the PID control ciucuit, The Arduino UNO SCM, Relay, Drop-Out Voltage module, 5V-DC water 

pump, 12V-DC socket power supply is used to construct the PID control circuit shown in Figure 9. 

 

 

Figure 9. The Circuit Design of PID Module 
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4.2.4.1 Data collect 

In order to implement this approach, collecting the necessary data as a set of samples in order to 

modeling for the following progress. Here our group introduced the Arduino code that collect the 

data. The key algorithms are as follows. 

 

 

Figure 10. The Arduino code of collecting the data 

 

Thus, the collected data results are plotted by MATLAB software and shown in below: 

 

Figure 11. Sampling Temperature data in 90 second section 

 

The Figure 11 shown after three round of watering process, the value of temperature response just 

slightly affected which reflected by the temperature central value is gradually decreasing from 24.2℃ 

to 23.8℃, the figure also shown a lot of noise, causes a concussion data image around ± 0.4℃ from 

central temperature. This may cause by 2 reasons. First is the unstable data transmission or the loose 

connect inter the Voltage Source and the Soil Moisture Detector. Second is the data reading mode, 

Arduino SCM using pulse reading which may causing a certain level of data distortion and error. To 

solving these issues, we decide to change the inter-connector of some module rather than the 

traditional DuPont line method. Also, lower the sampling frequency in another method to optimize 

the data structure. 
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Figure 12. Sampling Moisture data in 90 second section 

 

The Figure 12 shown in each round of watering process, the moisture content will experience a steep 

increase as the water pump functioning. As the water pump stops, the moisture content will have a 

downward trend to a certain extent, which can be explain as a diffusion phenomenon of water in soil 

occurs. Also, having the same data distortion problem during the stable period. In the project, the 

moisture content is the key element that we concern and aim to control. Here the mathematical model 

intercepted the first 30 seconds-data to modeling the transfer function in the further process. 

4.2.4.2 Transfer Function 

In the PID control, a controlled object should be given in order to get the PID coefficient. Here transfer 

function is used in order to represent the ratio of Laplace transform (or Z transform) of response (i.e. 

output) to Laplace transform of excitation (i.e. input) of linear system under zero initial condition. 

For instance, we choose the Laplace transfer function due to the irrigation system is a real time I / O 

system. In order to maintain the most suitable model, two used solution is analyzed and compared 

below: 

Solution 1: Curve fitting function in MATLAB 

The Curve Fitting app in the MATLAB provides a flexible interface where you can interactively fit 

curves and surfaces to data and view plots. Using this application program can fast-generate the 

mathematical model of input and output. Here two graphical formula which illustrates the optimal 

solution is shown below: 

 

 

Figure 13. Sampling data and Simulate Formula Comparison of Input 

Input Formula: 𝑢(𝑡) = 1.14 ∗ e(−(
𝑡−0.9174

0.4221
)
2
)
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Figure 14. Sampling data and Simulate Formula Comparison of Output 

Output Formula: 𝑦(𝑡) = 1.094 ∗ e
(−(

𝑡−6.14

0.81
)
2
)
+ 12.4 ∗ e

(−(
𝑡−3.62

4.91
)
2
)
+ 12.7 ∗ e(−(

𝑡−15.22

13.8
)
2
)
 

 

As shown in both charts, the X-axis shows the time in 20 second and the Y-axis is the value of the 

sampling data. Gaussian fitting is a fitting method using Gaussian function: 𝐺(𝑥) = 𝑎 ∗ e(−(
𝑥−𝑏

𝑐
)
2
), 

where a is the height of the obtained curve, b is the center of the curve on the X axis, and c is the 

curve width, to approximate data points. Here, the gaussian fitting function is adopted in order to 

fitting the function curve better which in Figure 13 is a first order Gaussian fitting function and Figure 

14 is a third order Gaussian fitting function. These mathematical formulas are shown below the figure. 

Using the Input/Output formulation, the Laplace process can be done through the Laplace( ) function 

in MATLAB, which is the Laplace transform of the symbolic function F with default independent 

variable t, to transform a time domain function to the function in s-domain. But for the Laplace 

transfer function conclude from the Gaussian fitting formula, it is to complicated no matter for a 

further simplification or setting in the Simulink function in MATLAB. Based on the above reasons, 

we eliminate this solution. 

Solution 2: AR model in MATLAB 

For the reason that a suitable soil transfer function is needed, we need to get the order of the numerator, 

denominator and the pure delay term in advance. In this process, three MATLAB function is used to 

get the suitable data structure. 

 

Figure 15. Matlab function of getting data structure 

 

NN is the set of all possible modeling structure; arxstruc ( ) is to compute loss functions for single-

output ARX models, where AR model parameters are estimated using variants of the least-squares 

method; selstruc ( ) is to help choose a model structure (order) from the information contained in the 

matrix v obtained as the output from arxstruc or ivstruc. Thus, Matching intolerance of all possible 

structures combinations is shown in the Figure 16 below. 

 

Figure 16. Sampling data and Simulate Formula Comparison of Output 
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Here we can see that the 5-th pair, also the pair of [NA=3,NB=1,NC=0], is the most suitable with the 

least model misfit degree. After this process, inspire by the AR-model equation:  

y(k) + a1*y(k-1) + a2*y(k-2) +…. + aNA*y(k-NA) = b1*u(k-NK) + …. + bNB*u(k-NB-NK+1) 

the coefficient of a discrete-time systems is concluded by the following function. 

 

 

Figure 17. Getting the coefficient function 

 

Thus, the total discrete-time transfer function is: 𝐻(𝑧) =
2.462𝑍2−1.4141𝑍

𝑍3+0.7507𝑍2+0.203𝑍+0.0439
. But due to the 

fact that the irrigation system is a continues-time system, d2c() function is used. The function 

produces a symbolic continuous-time model that is equivalent to the symbolic discrete-time dynamic 

system model using zero-order hold on the inputs. Using this approach, we can compute the 

equivalent soil continuous-time transfer function.  

𝐺(𝑠) =
𝑌(𝑠)

𝑈(𝑠)
=

4.648𝑠3 + 2533𝑠2 + 6.8404𝑒04𝑠 + 2.933𝑒05

𝑠4 + 37.74𝑠3 + 1893𝑠2 + 3.254𝑒04𝑠 + 5.591𝑒05
 

Thus, the export image is shown in the Figure 18 below: 

 

 

Figure 18. Soil transfer function 

 

As shown in the figure that, using the step input, the transfer function generates an impulse signal 

with a height of 30 as the step input step from 0 to 10 at the 100th second, then stabilize the output 

just 5. These performance shows the model is ideal for our project. 
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Based on the two approaches’ characteristics, we believe the solution will be the optimal solution for 

our modular irrigation system. 

4.2.4.3 PID coefficient getting. 

In order to generate the coefficient, the Simulink toolbox is used to simulate the closed-loop PID 

transfer function model which is shown in the Figure 19 below. 

 

 

Figure 19. The structure of the PID closed-loop system 

 

Based on the Ziegler-Nichols Tuning Rules and the result of the simulation, the coefficient is obtained 

where Kp=0.9; Ki=0.0526 and Kp=7. The simulation chart is shown in the Figure 20 below 

 

 

Figure 20. The PID Simulation 

 

As the graph shown, the PID control act like a smooth curve with a 30-second-delay and 150 second 

control time before the stable control. The system we are aiming to control is the irrigation system 

which control the process of watering. So, for the sake of prevent the plant from drawing, the output 

which control under the setting value which need a large Kd and a longer control time line is 

acceptable in our project. 

4.2.4.4 Program Construction 

Based on the Position Type PID Algorithm, a “Arduino-PID-Library-master” head file is included in 

order to solve two problems:1. control the Relay which indirect control 5V-DC water pump; 2. control 

the Soil Moisture Content to stable in the setting point. The moisture part is finely explained in the 

previous part. Here we mainly the control of Relay. The PID control is designed to Output an analog 
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value, but the relay only consists of two stage: On/Off. To combine them together, "time 

proportioning control" is used, which is another slow version of PWM, by decide on a window size, 

then set the pid to adjust its output between 0 and that window size. Lastly, we add some logic switch 

that translates the PID output into "Relay On Time" and translates “Relay Off Time" with the 

remained time of the window setting. Here, part of the source code is exhibit in order to deliver a 

further explanation. 

 

 

Figure 21. Part of logic switch’s source code 

 

4.2.5 The FIFO algorithm for data processing 

In this project, fifo is used in order to deal with the tough situation of huge data size coming from two 

channels moisture and temperature data that refreshing every second and is needed to preserved for 

24-hours long in order to accomplish the project aim. The functionality is similar with the ring buffer, 

which provides an excellent performance in reliable message delivery. The fifo program can also 

provide some other advantages. First, because it is an array, the access pattern can be easily predicted 

faster than the linked list. (Note: the continuity of the memory address of the element in the array is 

preserved). This is suitable for CPU cache. That is, at the hardware level, the elements in the array 

are preloaded, so the fifo does not need to move the CPU to the main memory to load the next element 

in the array in time. (Note: as long as one element is loaded into the cache line, the other adjacent 

elements are loaded into the same cache line, then the array object always exists You can assign 

memory to an array in advance (program ends).) Here, part of the source code is exhibit in order to 

deliver a further explanation. 
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Figure 22. Source code of assigning 

 

4.2.6 EEPROM Coding 

EEPROM is a traditional nonvolatile memory device. Compared with the more widely used flash 

memory, although it has no advantage in terms of storage density and writing speed, due to the high 

reliability of EEPROM, it is still widely used in the occasions where the storage capacity is not high, 

but the data reliability is very high [17]. In this method, we can solving the problem of Static data 

storage. Here, part of the source code is exhibit in order to deliver a further explanation. 

For the use of EEPROM, an “EEPROM.h” head file must be used. 

 

 

Figure 23. Reference header file 

 

Also as shown in the program below, the EEPROM can’t compute the number as a whole, it must 

split the number on each digit into a single number in order to manipulate in the further process. In 

this project, two integers and two decimals are being displayed inn the vlcd screen. So that 4 

EEPROM is needed for the program. 

 

 

Figure 24. Program of displaying 

 

In this part of the program, a series of error detection is established in order to handle the different 

types display error that may occur in the experimentation. 

 

 

Figure 25. Error detection 
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4.3 Execution module 

4.3.1 Water Pump 

5V DC pump is used as the irrigation equipment in the system. Small power and fast response speed 

make irrigation respond to the control of the system quickly, which is more in line with the growth 

law of crops. The conventional one-meter-long transparent plastic hose is used in the irrigation device, 

which is intuitive, stable and will not cause blockage. The noise of water pump is very small. 

Combined with the control algorithm, the irrigation can achieve the effect of overall control, which 

is more in line with the natural growth law of plants. 

4.3.2 Energy supply module 

The energy supply module is composed of 12V socket power supply, relay and step-down module. 

The socket power supply converts the unified 220 V AC voltage of household appliances in China 

into a DC power supply with a voltage of 12 V and a current of 1 A. It has the characteristics of safe 

use, stable output, long service life and low cost. The selected step-down module can convert 12V 

DC input to 5V DC output voltage, and has a voltmeter displayed by LED, which will not damage 

the life of other components in the system. The relay adopts double-sided FR-4 circuit board design 

and blue kf301 terminal, which is small, durable, stable output voltage and fast control response. The 

energy supply module provides stable and reliable power supply for the whole system through their 

combination. The parameters of socket power and step-down module are shown in Table 2 and Table 

3. A circuit of Socket is also shown in the Figure 26. 

 

Table 2. The parameter of Socket Power 

 

 

Table 3. The parameter of Step-down Module 

 

 

 

Figure 26. The voltage source circuit 
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In this module, due to the concern of fire hazard, electric shock and the risk of damaging the 

Electronic Components, we choose to purchase all of them instead of assemble the any of these 

components in detail. 

4.3.3 Wireless communication module 

Esp8266 WiFi MCU module has compact design, high integration and outstanding RF performance 

characteristics, can provide WiFi connection function for external host MCU through ESP-AT 

instruction firmware; It can also run as an independent Wi Fi MCU. Users can develop products with 

Wi Fi connection function through the SDK based on RTOS. Users can easily realize out of the box 

cloud connection, low-power operation mode, and Wi Fi security support including WPA3. This 

MCU is used to send the emergency message through WeChat to help the costumer know something 

wrong is happening in the automatic control process base on a Cloud server called” BaFaTech”. Here, 

part of the source code is exhibit in order to deliver a further explanation. 

 

 

Figure 27. Automatic control process 

 

In this module, due to the fact that the Cloud Server will upgrade frequently, some of the source code 

may invalid in the future implementation. 
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4.4 The UI design of touch screen and relative program 

4.4.1 UI design 

 

Figure 28. Page directory 

 

After discussion, we summarize and design five different UI interfaces to meet the system 

requirements. Also, all the pages picture is represented by a 2*7 table this picture contains the 

following 7 ports: 

Date: it is used to store and display irrigating times as well as sensor input for real-time temperature, 

humidity and light. 

Graph: The stored values such as temperature humidity and illumination are passed in from date to 

draw the changes of environmental factors such as temperature and illumination over a period of time 

(such as 24 hours), and the real-time date are displayed in the form of text. 

Keyboard: Keyboard is in order to achieve the requirements of system customization, the existence 

of the keyboard, so that users can manually control the system according to their own needs to input 

the irrigation time. At the same time, the incoming date from the sensor may have deviation or 

incomplete problems. At this time, the problematic date can be modified through the keyboard to 

make the graph more complete and truer. 

Main: We bring the main functions of the irrigation system into one place and make it easier for our 

customers to use. 

PID control: In this system, the PID control automatically exacts and corrects the control function to 

restore the irrigation volume to the expected value with minimal delay. The user only needs to press 

the watering key, the system can start watering. 

waveform A, waveform B: This project will experiment with two I/O ports. The lowest and highest 

humidity readings will be measured in real time, and will be presented in text so that customers can 

more intuitively decide when plants need watering. 

4.4.1.1 Main 

 

Figure 29. Main page 

 

Blue is chosen as the color of the main page, because blue can make people associate with water and 

understand that the main page is related to irrigation. Meanwhile, the main page with blue background 

color can make the customer’s vision more concise. At the same time we set up three function blocks 

on the main page. 

(1) The uncontrollable text control ‘irrigation system’ which is on the top of the page is used to inform 

users that this is a main page which collects the main features. 

(2) For the date key processing, an information box contains a “text” as its icon, indicating that all 

information and date are stored here, even if the customer don not has high level of education, they 
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can also understand the function of this key through the icon shape. Customers can click the data key 

to obtain real-time temperature, humidity and light of channel A and channel B, as well as the 

irrigation time.  

(3) For the graph key processing, a broken line as its icon, indicating that if the customer presses this 

key, the changes of temperature and humidity in the past 24 hours can be presented more intuitively 

through the curve, and real-time data can also be displayed to facilitate the user to judge whether it is 

necessary to water.  

(4) For the PID control key processing, a switch as its icon, indicating that the key function is to 

control the switch of the irrigation system(whether to irrigate the plants). Users can use this key to 

implement artificial irrigation based on their observations of the plants and increase customer 

engagement.  

4.4.1.2 Date module 

 

Figure 30. Irrigation system date module 

 

The data module divides the channel A and channel B date into temperature, humidity, light and 

watering for data display. Doing so can make the data more concise and clearer to the customer. 

The temperature at which each plant grows best in different and the temperature display area shows 

the temperature in real time. For example, when the temperature of some plants rises, the intensity of 

light and action increases, the consumption of water increases, then the plant is needed water. In a 

word, the function of the temperature display area is to remind customers to increase the amount 

irrigating when the temperature rises, and reduce the amount of irrigating when the temperature drops. 

The humidity display area will show the real-time soil humidity. When the humidity is too high, then 

can reduce the amount of irrigation or extend the interval between two irrigation times. When the 

humidity is too low, it will be on the contrary. The function of it is that it can directly let the customer 

know whether the plant is short of water and therefore should be irrigated. 

The presence or absence of light determines whether plants will photosynthesize, so less water is 

needed when there is no light and more when there has light. The light display area show if there has 

light (Yes or No) to remind customers whether they need to irrigate.  

4.4.1.3 Graph module: 

 

Figure 31. Graph module 

 

In the graph module, the watering key A, B is located at the top of the page, which can be 

automatically watered by manually clicking it. In the middle of the page are controls ‘Channel A’ and 

‘Channel B’ that lead to WaveformA, WaveformB respectively. And the ‘Exit’ control led to the 

main interface. 

(1) The uncontrollable text control ‘watering key’ which is on the top of the page is used to inform 

users that the A, B button next to the text can be used for manual watering. This text box allows the 

users to visualize the function of the two buttons located to the right of the text box. 
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(2) the keystroke controls A and B are used for manual watering Channel A and Channel B separately. 

These two buttons greatly increase user’s participation in the irrigation system. In addition to realizing 

intelligent automatic irrigation, users can also determine whether watering is needed based on their 

observation of the plants’ real-time growth, and water them manually if necessary. Implementation 

of a dual watering system with automatic and manual watering, can be more accurate according to 

the plants needs watering, it can also greatly promote plants growth and increase the yield. 

(3) the keystroke controls ‘Channel A’ and ‘Channel B’ underneath A and B are used to jump to the 

WaveformA, WaveformB respectively. Users can observe the temperature and humidity curve of the 

plant, as well as the current temperature and humidity in the first time by clicking these two buttons. 

(4) the keystroke control ‘Exit’ can quickly jump to the main interface for subsequent operations. 

4.4.1.4 Waveform module: 

 

Figure 32. Waveform module 

 

In the waveform page, the grid diagram is used to depict plant temperature and humidity curves, and 

the two controls below display the real-time temperature and humidity values. And the ‘Exit’ control 

led to the graph page. 

(1) Import the image control, the main part of the background image is a rectangular box. On the left 

of the rectangle is the temperature range, with three values -10℃, 0℃ and 50℃. This temperature 

range is based on realistic ambient temperature and includes the appropriate   

temperature range for all plants in this irrigation system. On the right of the rectangle is the humidity 

range. This humidity range also includes all humidity values in the realistic environment. The current 

temperature and humidity are displayed below the rectangular box, so that users can judge the growth 

of plants according to the real-time situation, and determine whether to water. The whole picture 

design is generous and simple, greatly improving the users’ comfort in the process of using.  

(2) Import the curve waveform control. The curve waveform takes black as the background color and 

green as the grid line, which is easy for users to observe. Grid lines are lines that can be added to a 

diagram for easy viewing and calculation of data, and are extensions of the scale lines on the 

coordinate axis that pass through the drawing area. Style like auxiliary lines that are displayed in the 

edit area to align images or text. So, select grid lines in this waveform. At the same time, the curve 

graph is drawn from the transmitted data. The graph can not only show the temperature and the 

percentage of humidity in a period of time, but also reflect the development and change of temperature 

and humidity in different times. 

(3) The digital controls can intuitively show the users the current temperature and humidity values. 

For more accurate observation and calculation, the current temperature and humidity values are set 

to retain two decimal values. The establishment of these two values allows users to accurately know 

the various conditions of plants so as to make timely judgments. 

(4) The keystroke control ‘Exit’ can quickly jump to the graph page for subsequent operations. 

4.4.1.5 PID control module: 

In the PID control module, at the top is the text control ‘The range of humidity’, and the table in the 

middle allows users to enter the lowest and highest humidity values of Channel A and Channel B. 

The humidity values are transmitted to Mega via I2C to achieve the watering function. And the ‘Exit’ 

control led to the main interface. 
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Figure 33. PID control module 

 

(1) The uncontrollable text control ‘The range of humidity’ which is on the top of the page is used to 

inform users to set humidity range in this page. This text box lets the users quickly understand what 

to do in this interface, namely set the humidity range. 

(2) The 3*3 rectangle table below the text box is used to set humidity values. ‘lower’ represents the 

lowest humidity and ‘upper’ represents the highest humidity. Similarly, the humidity range is set as 

two channels A and B. 

(3) The four edit controls are used for set the lower and upper humidity values of channel A and 

channel B. Through the manual input of the four values, it can be transferred to the PID control system, 

according to the set program for calculation, calculate the reasonable watering time. This step is to 

realize the function of automatic watering through PID control. In the process control, the PID 

controller, which is controlled according to the proportion (P), integral (I) and differential (D) of the 

deviation, is the most widely used automatic controller. It has the advantages of simple principle, 

easy realization, wide application, independent control parameters, simple parameter selection, etc. 

According to the above advantages, the optimal choice of this system is to realize the function through 

PID control. 

(4) The keystroke control ‘Exit’ can quickly jump to the main interface for subsequent operations.  

4.4.2 Function design and corresponding program 

The core of function design is established connection between Arduino board, vLcd screen and 

various of sensors. In order to design a multifunction system, every feature has been carefully 

considered and designed. The operating mechanism and coherence cooperation of functions are 

illustrated in figure 34. Also, The Circuit of vLcd Module is shown in figure 35. 

 

Figure 34. Flow sheet in vLcd screen 
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Figure 35. The Circuit Design of vLcd Module 

 

 

Figure 36. Key code of Process Message module 
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The vLcd part of system is deeply centered on human-centeredness to control the whole situation. 

Process message this code like irrigation system central pivot. When people touch this screen, control 

system will return information. vLcd screen use ASC II code like 0X00 to carry out command and 

transmit information but Arduino use C language to deal with data. Due to the differences between 

different compilation modes, the writing of preprogram is extremely important. The first box of the 

flowchart is the process of processing the information. After the information has been processed, this 

command is passed to a later function to be executed according to the classification.  

As the part of core code for processing row message coming from vLcd and distributing to 

corresponding sub-function shown in figure 36. 

The main procedure has the following mandatory keywords: command type, control ID, page ID, 

status, key type and key value. Command carries out will depend on the type of command. For 

example, touch button needs page ID, control ID, status, key type and key value to trigger. This 

function is refreshing the page and the value of page while people click the button. Besides, People 

can edit some values on the screen to return to the microcontroller and let the microcontroller do some 

simple operations. As touch edit function, get touch function and get page function, they are 

interlinked and cross-used with the functions in the examples given earlier. These underlying 

functions make up the following up five main functions. The following article will be described in 

detail. 

4.5 Record operation 

Record operation is the most basic function which determine whether the vLcd screen can receive the 

values from Arduino board by sensors. For designer, how to deal with the ASC -II code and C 

language between vLcd screen and Arduino board is a difficult problem. But here, the introduction 

of the function is the more important thing. In Figure 36. SetLableValue function and Set Number 

Value function are used to display text values and numeric values. Here using page ID as index, the 

purpose is to help system exactly find project ID to show. For the numerical display and processing, 

all numbers are used in the 2-digit decimal system and all characters are used in unsigned characters. 

These values are updated in real time in order to provide the user with a clearer view of the current 

situation of the plant when using this screen. As for how to let the user know more clearly and 

distinctly, humidity sensors, temperature sensors, light sensors and algorithms for time recording 

were chosen and adopted. In addition, with the adjustment of the accuracy of the temperature and 

humidity sensors, the microcontroller is able to get the temperature and humidity records per second 

and send them to the vLcd screen in the form of a 2-digit precision decimal. For light sensors, the 

amount of light intensity returned in real time is irrelevant for the user's reference. So, in the case of 

the light sensor, the time function regarding watering is intricately linked to it, so that the user can 

browse the values and at the same time know when the system watered the plant and at what 

temperature, humidity and with or without light. 

Display the code as key code as shown in the following Figure 37. 

 

 

Figure 37. Key code of Record operation function 

 

In Figure 38, it is a detailed description of the SetLableValue function and SetNumberValue. To save 

space, the solutions of the SetNumberValue function is commented as slashes. For the key code 
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content, the same is in the form of comments as shown below. Where the body part is the explanation 

of SetLableValue and the slash part is the explanation of SetNumberValue. 

 

 

Figure 38. The explanation of the corresponding function in the source file 

 

4.5.1 Drawing image function 

The superiority of LCD is reflected here. LCD can not only show more images than LED display in 

terms of display, but also show the current temperature and humidity values while drawing the images. 

In addition, when multiple sensors and channels are connected to the Mega, only the UI page of the 

vLcd screen needs to be modified to enable multi-channel and multi-value output. In traditional dot-

matrix LED displays, the scrolling values and smaller screen are disadvantages that prevent users 

from viewing the changes that have occurred in the past unless they go through a computer to view 

the overall value acquisition. This vLcd screen overcomes the above LED screen drawbacks. The 

algorithm is designed to enable the user to view the past 24 hours. However, due to the experimental 

stage, the temperature sensor and humidity sensor for the temperature and humidity of too many 

values will make the curve on the image of the plotting of clutter. Therefore, after analysis, by 

obtaining the values for each half hour and then calculating their average value and finally expanding 

the plot in a tenfold relationship, it enables the image to be displayed in a smooth form and elegantly 

to the user. 

 

Figure 39. Code on temperature and humidity algorithm 

 

In Figure 39, it is algorithm about how to get the value of humidity and temperature. After increasing 

by a factor of ten, it is then further optimized in the form of circular nesting. Then, returned to vLcd 

screen for output. 
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Figure 40. Image plotting code 

 

In Figure 40, it is image plotting code. Since the drawing is a waveform, this page is also named as 

“Waveform_PAGE”. As you can see from the figure below, when the page transitions to the 

waveform page, the SetNumberValue function will output humidity and temperature value in the 

screen and the SetWaveformValue function will output the processed value in the grid diagram. In 

addition, these values are constantly refreshed and recorded in the grid diagram. This is also the 

advantage of vLcd screen drawing images compared to LED screen. 

4.5.2 Manual operation through control key 

Touch button is most important function in this system. It controls the jump of each page and the 

setting of some special functions. Although in UI design, the touch button function is the most widely 

used technology, as well as some subsequent control of the watering settings and other private 

customization can be achieved. But for Arduino board, the control of the display to the sensor is 

established through the microcontroller, in which there is a big communication barrier. For example, 

if the control ID for the plant watering button on channel A is 10, then the data passed from the vLcd 

display to the Arduino board is 0x31 0x30. This requires setting up a conversion function to create a 

communication platform. In the design phase, to simplify these tedious steps, after touch a button, 

the display will send some special character to the Arduino board that can be executed commands 

through identifying and finally implement the watering function. Because there are only two channels 

in the test process, the corresponding function is set in the writing process. After clicking the watering 

button about channel A, it will directly water plant A through Arduino board to convert information 

to control terminal. If achieve large-scale irrigation in the future, the function of the next block can 

implement this requirement. 

 

 

Figure 41. Touch button code 
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In the Figure 41, the first if statement is followed by the implementation of the button jump function, 

and the second and third are both settings for the watering function. When the button is pressed and 

released, information will occur to the microcontroller, and the microcontroller will analyze the data 

and find the corresponding channel to implement watering. As for the next three else if statements, 

they are used as reserved functions, such as the upload of control IDs. Because in the experimental 

stage, these functions are not be used and not fully developed at the moment, and if there is a chance 

to follow up, this feature is worthy of deeper investigation. 

4.5.3 Modified setting value through interface page 

Getting the edit value of the edit box and returning it to the Arduino board is a problem that needs to 

be studied. In addition, in the previous UI design, a keyboard input page was designed to enable users 

to use the system more flexibly in the future. For example, when user want to input the range of 

humidity to PID control function, keyboard page can automatic jump out. Here user can edit some 

values according to his requirement. Then, edit box will return the value to Arduino board. In the UI 

design part, keyboard page is not be detailed introducing because its function is only numeric editing. 

The details page is shown in Figure 42. 

 

 

Figure 42. Keyboard page 

 

In the aspect of program editing, because the vLcd screen uses ASCII code, while the Arduino uses 

C language. In order to make the information transmitted on the screen acceptable, the conversion 

algorithm is used in Figure 43. to realize the exchange of information.  

 

 

Figure. 43. Get edit function code 



International Core Journal of Engineering Volume 7 Issue 10, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202110_7(10).0087 

 

623 

At this stage, getting the edit value and returning it will be useful for future large-scale control and 

administration. For example, the watering function implemented in the previous button control can 

be improved on the side of edit box to get the value. Then when the user needs to water a large number 

of plants, he only needs to give the number of a plant or an area, then enter it in the edit box and 

return the value to the microcontroller to achieve mass watering. This is just an example of an edit 

box that is practical and expandable. In subsequent quizzes, the algorithm can also be redesigned to 

implement other functions according to the customer's needs if needed. 

4.5.4 Page turning operation 

Page turning operation is a simply but useful function. Every object has its ID, when people Touch 

button, it can find the corresponding ID to jump to the page. The programming of page jumping is 

not complicated, but the most important thing is the setting of IDs. If there are duplicate IDs, then 

there will be problems with page jumping and sometimes blue screen. When testing the UI, this 

problem delayed a lot of time, but the page was still unresponsive. Later, during a chance check, 

multiple IDs were found to be duplicated. Eventually, the page could jump smoothly only after 

replacing the ID order for each object. 

 

 

Figure. 44. Page turning function code 

5. Evaluation 

In the evaluation part, 2 major parts: PID and vlcd is divided and analyzed separately. Then, the total 

irrigation system is assembled and tested in order to conclude the system performance. 

5.1 PID control 

Using the PID algorithm program that shown in the Solution we get a set of experimental data, here 

the PID control set point is 40% of soil moisture content with a 30% starting point.  

The Figure 46 shown after PID control process, the value of can be stable at a central value of 40.19% 

moisture content, with an acceptable error around 1%. The figure also shown in a long period time, 

the moisture doesn’t change, causing invalid operation time. This may cause by two reasons. First, 

the power of 5V-DC water pump’s water-lift is too small for the fluid to flow from the water tank to 

the pot because the program adopts the small flow intermittent watering method in order to reach the 

PID control design purpose. Second, the pot and the water tank have a relative drop, causing the 

situation where multiple program loop needs to be done. Besides two phenomena above, after 

watering the pot soil, the diffusion phenomenon is shown in the figure, meeting the project 

expectations of the soil.  

 

Figure 45. The Actual connecting diagram & Experimental Operation 
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Figure 46. Actual data of PID control 

 

Therefore, the PID module meet the standard of the project’s aim: To control the moisture content 

accurate and fast, Automatic control in the total process. Recorded videos related to experiments will 

be shown in the Annex to the report. 

5.2 vLcd 

The display effect of vLcd screen is consistent with the UI design, and the basic functions of the page 

can be realized.  

 

 

Figure 47. The Actual Main Interface 

 

The first screen is the main interface (Figure 47), including ‘data’, ‘graph’, ‘PID control’. Users can 

manually touch the three buttons to jump to the desired page.  

In the data page, users can clearly observe the current temperature and humidity of plants in channel 

A and channel B, whether there is light, and the last watering time. In the graph page, users can 

manually water by clicking the watering key A, B and observe WaveformA, WaveformB by clicking 

Channel A and Channel B.  
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Figure 48. The Actual Waveform page 

 

In the graph page, users can manually water by clicking the watering key A, B and observe 

WaveformA, WaveformB by clicking Channel A and Channel B. In the WaveformA and WaveformB 

page, users can observed about the plant temperature and humidity curves and the real-time 

temperature and humidity values. In the PID control page, users can enter the lowest and highest 

humidity values of Channel A and Channel B. The humidity values can transmit to Mega via I2C to 

achieve the watering function. While the basic functions were implemented, some shortcomings were 

also identified. The feedback effect of touching the page is slow, and it takes some time to output the 

value and display the graph. The screen system is not stable and the curve of the waveform is not 

clear. 

According to the analysis, slow response may be related to excessive system code as the UI refresh 

code is too slow due to the need to prioritize PID control. Code improvements can be made to achieve 

faster operation. Poor stability may relate to the way the connection cable is connected and poor 

contact can be improved by improving the connection to enhance the stability of the system. In 

conclusion, the vLcd module meet the standard of the project’s aim: Display of values, graphs and 

implementation of watering functions. 

5.3 Total system Evaluation 

Generally, the irrigation system is capable to control soil moisture content for a channel, while 

reserved more alternative channels to insert with modify main program simplify. In order to irrigate 

more correctly and allow users assess soil data more comprehensively, an additional soil temperature 

sensor in soil moisture sensor and a light sensor have been implemented as well. The fundamental 

above function in the final system is operations correctly and maintain a reasonable response speed. 

However, for the man-machine interaction function and the data processing function which serves for 

vlcd display and data records, the effect have achieved the design rudimentarily in the previous vlcd 

partial design. In the individual design, stability and response speed of data display is waiting for 

improvement in further development. In the overall experimentation, some of the function in the 

Arduino vlcd Library provided by manufacturer, like showing waveform for instance, producing 

irreconcilable program logic errors during the program running. The error probability is proportional 

to the vlcd instruction execution time, one of those bugs will cause the main program jammed. After 

shielding the output program of VLCD, the main function runs normally. Therefore, it is inferred that 

the bug is in the receiving and transmitting program related to VLCD screen. The reason may be that 

the receiving and transmitting of VLCD screen requires data processing time, which conflicts with 

the high frequency sampling of PID control. An esp8266 module is also an alternative choice for 

wireless communication, basing on cloud service. Although the code for this part needs upgrade 

following the cloud service applier. In short, the final system has ability to achieve the most of 

fundamental functions in our original design. 
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6. Conclusion 

The modular irrigation system was preliminary designed and assembled. It serves to reduce the 

consumption of water used, the labor associated with standard methods and to control the soil 

moisture content precisely. This design uses a PID control to measure the soil moisture and turn on 

the pump on demand whenever the soil moisture is lower a certain level. Such a system can be 

manufactured in a reasonable cost using some cost-effective electronic parts. The soil moisture probe 

and the Arduino Mega2560T SCM are the most expensive component. 

It can be installed easily in a home environment and requires little resources. It also can show 

parameters and the data of system in the form of the image displayed intuitive. 

The design is still in a prototype stage. More tests and debugging need to be conducted before the 

Efficiency, durability, and reliability can be demonstrated. 

Additionally, many improvements can be made to make the system more versatile, customizable, and 

user-friendly. 
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