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ABSTRACT 

The agriculture sector must undergo daily monitor that needs to run in precise 

time to ensure the good quality of the production. Nowadays, climate change had become 

a serious issue due to the changing led to a big impact on agriculture extension programs 

to the agriculture sector. Rising temperature and irregular weather patterns impact 

production and livestock populations. Irrigation imported be closely linked with water­

use efficiency to boost productivity and improve food quality. To develop create a smart 

irrigation system used Wi-Fi and Radio Frequency to monitor and transmitted 

information about the system via a graphical user interface. Wi-Fi stands for wireless 

fidelity, a wireless local area network technology developed for use at home and in small 

regions. Wi-Fi was referred to as the technology surrounding the radio transmission of 

internet protocol data from an internet connection to a host computer, and it is the popular 

moniker for the wireless Ethernet 802.11 b standard for WLANs (Owens & Karygiannis, 

2015). Institute of Electrical and Electronics Engineers (IEEE) defined Wi-Fi as a class 

of certified wireless networking products that adhere to an industry standard known as 

"802.1 lb"(Al-Alawi & Ismail, 2006). In this system Wi-Fi,HC12(RF) and RTC Module 

DS3231 is used to control and monitor the irrigation system. This system provide easy to 

use for tum on and tum off solenoid valve. There are two types of on/off solenoid valve, 

first is regular tum on and off then it has timer on/off for 5, 7 and 10 minutes.Auto 

irrigation also have been integrate to the system , system will tum on valve at Sam and 

5pm for 10 minutes everyday. There are 4 soil moisture sensor are used in this prototype. 

All the sensor can be monitor through the IOT Dashboard. The data from the sensor will 

be send to the microcontroller then the data will be transfer to the IOT Dashboard and 

SD Card for offline data tracking. The IOT Dashboard can also analyze and view the 

collected data in the form of graphs, for better understanding. These data can improve the 

production. 
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CHAPTER 1 

INTRODUCTION 

1.1 Project Background 

The Internet of Things (Io T) is gaining traction in almost every sector, including 

banking, industry, consumer electronics, automotive, and many others. In today's world, 

everything is linked to everything else in some way. From our offices, we can monitor 

the lights and appliances in our homes. Activities in industries and other fields are 

monitored and observed from distance. Controlling street lights from distance, using a 

smart food order system, and so on are no longer ideas. Gone are the days when 

monitoring and control required the presence of an individual on the scene. 

With the introduction of IoT, chip manufacturers have made substantial 

investments, and the industry is rapidly expanding, bringing a plethora of new 

technologies and solutions to market. There are several different types of networks that 

has been used in IoT technology, and they are classified according to their transmission 

and scale. One of widely used network is Wi-Fi. Wi-Fi is a wireless networking 

technology that connects devices to the Internet, including computers, mobile devices, 

and other equipment. It allows these devices, as well as many others, to communicate 

with one another, forming a network. 

Implementation of IoT in agriculture can be seen in the smart irrigation system. 

Farmers typically work on big plots ofland to cultivate a variety of crops. It is not always 

possible for one person to keep constant monitoring of all of the fields. A given patch of 

land may receive more water, resulting in waterlogging, or it may receive far less or no 

water at all, resulting in dry soil. In either situation, the crops may be harmed, and the 

farmer may lose money. The Smart Irrigation System is based on Internet of Things (IoT) 

technology which able to regulate the water pump in irrigating the farm area as well as 

monitor the moisture, temperature, and pressure of the soil. The Wi-Fi module and 

controller are used to control the smart irrigation system. It also has sensors built in to 

receive and transfer data to and from the cloud. 



In agriculture, an example of loT technology implementation is a greenhouse 

production environment controlling and monitoring device. In the agriculture 

manufacturing system, critical temperature, humidity, and soil signals are collected in 

real time and transmitted through wireless networks via an M2M (machine to machine) 

support platform. The art and science of cultivating soil, growing crops, and raising 

livestock is known as agriculture. It necessitates the processing and distribution of 

human-grade plant and animal products. Agriculture produces the bulk of the world's 

food and textiles. Agricultural products include cotton, wool, and leather. (Jlchun Zhao 

& Jun-feng Zhang & Jian-Xin Guo, 2010). 

1.2 Problem Statement 

Risk in the agricultural sector is caused by a variety of factors, including natural, 

biological, climatic, and input and production prices, all of which have negative 

consequences (Agwe, Fissha, Nair, & Larson, 2009; AIT/UNEP, 2011; Jain & M, 2006). 

Climate change is one of the most significant threats to agricultural extension 

programs, affecting farms and farmers in a variety of ways. Climate change effects, 

according to Mulder (201 7), should not be overlooked in the pursuit of sustainable 

growth. Extension service providers, on the other hand, are not yet professionally trained 

and prepared to assist farmers in managing agricultural risks through immediate and low­

cost solutions (Ali, Man, Abd Latif, Muharam, &Zobidah Omar, 2018). 

Rising temperatures, irregular weather patterns, increased intensity of droughts, 

floods, and cyclones have all been evidence of climatic change, resulting in massive 

losses in agricultural production and livestock populations (Jain & M, 2006). These 

events will have a low quality of crop production as a sequence. 

Agriculture is the world's greatest consumer of freshwater, and irrigation practices 

can be environmentally, economically, and socially unsustainable, squandering water, 

energy, and money, drying up rivers and lakes, lowering crop yields, damaging fish and 

animals, and polluting water (Aberra, 2004). More food, profits, livelihoods, and 

ecological advantages must be produced at lower social and environmental costs to 

minimize the amount of water consumed. Water management should therefore balance 

the need for water for agriculture and the need for a sustainable environment (Bin 

Abdullah, 2006). Consequently, irrigation must be closely linked with water-use 

efficiency to boost productivity and improve food quality, especially in those areas where 
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problems of water shortages or collection and delivery are widespread (GarciaTejero, 

Duran-Zuazo, Muriel-Fernandez, & Rodrfguez-Pleguezuelo, 2011 ). 

The income to the agricultural labor class shows as labor expense to agricultural 

commodity producers. Labor costs are included in the broad category of operational 

costs, which also include fertilizer, pesticides, gasoline, fodder, seeds, and irrigation fees. 

All of these costs are likely to be impacted by better communication, which has an impact 

on prices, availability, and demand (Ghosh, 2002). 

1.3 Research Objective 

This project has objectives as follows: 

1. To develop smart irrigation system using Wi-Fi and RF frequency. 

2. To develop GUI for smart irrigation system. 

3. To test the develop GUI for smart irrigation system. 

4. To test the proposed methods in real environment. 

1.4 Research Scope 

LPW AN system for agriculture will be test at the pre-nursery at FTKEE. The 

test site will have the width of 0. 7 hectares. Besides that, this LPW AN system for 

agriculture will also be test on 99,000 seed that have been planted on the site. There 

are also water tank with 2.4m of length and 7.8m of width will be connect to the 

agriculture machine. Frequency band will be use for LPW AN in range of 920-

925Mhz. The distance of the office that will be use monitor all the sensors is about 

around 2KM so we will use gateway that can reach up to 2KM. For the local network 

to control the solenoid valve, we will install router. This router will connect to the 

microcontroller to able to control the solenoid valve. This router also needs to reach 

up to 300m range. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

This chapter discusses the differences between LPW AN and other 

technologies, as well as wireless sensor networks and connectivity technology in 

agriculture, in this chapter. Also, describe LPW AN technology and its use in 

agriculture. 

Wireless sensor networks have recently been used in a variety of applications, 

including agriculture data collection, industrial control, logistics management, and 

meteorological monitoring. For wireless underground sensor networks, LoRa offers 

a new communication solution. There is a LoRa propagation testing node seen. 

In agriculture, the deployment of IoT devices, wireless sensors, and sensor 

networks can be extremely beneficial in terms of monitoring the environment and 

growing crops, but having a network to support those devices is needed to make the 

most of those tools. LPW AN has recently been recognized as a suitable technology 

for agricultural use. Lo Ra is an LPW AN representative network. Because of its long 

range and low power capabilities, it can be used in IoT for agriculture. The majority 

of studies to date have focused on LoRa communication capabilities in urban, 

mountain, and maritime environments, with little attention paid to agriculture use 

cases (Daeunyin, 2018). 
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2.2 Wi-Fi Technology and its Advantages 

Wi-Fi stands for wireless fidelity, a wireless local area network technology developed 

for use at home and in small regions. Wi-Fi was referred to as the technology surrounding 

the radio transmission of internet protocol data from an internet connection to a host 

computer, and it is the popular moniker for the wireless Ethernet 802.11 b standard for 

WLANs (Owens & Karygiannis, 2015). Institute of Electrical and Electronics Engineers 

(IEEE) defined Wi-Fi as a class of certified wireless networking products that adhere to 

an industry standard known as "802.11 b"(Al-Alawi & Ismail, 2006). 

Wi-Fi's primary goal was to provide in-building broadband coverage. It was being 

designed to give coverage on university campuses, hotels, private residences, restaurants, 

and airports. The Wi-Fi network architecture is made up of several APs (Access Points) 

or one or more APs and one or more clients. One client has a direct connection to AP 

(Shailandra, 2012). The Wi-Fi network makes use of radio signals to connect to the 

internet or a mobile operator's network for connectivity or to access internet services. It 

only provides services up to the link layer, hence it was reliant on wired IP infrastructure 

for end-to-end connectivity (Henry & Luo, 2002). 

Mobility and the absence of unsightly connections are two major advantages of 

wireless networks. Besides, setting up a Wi-Fi network is oftentimes the most cost­

effective option to get the necessary connection with the surroundings. Because the cost 

of a single wireless adapter is dropping nearly daily, using Wi-Fi to create a vast network 

area is the most cost-effective option (Li, Hu, Chen, & He, 2011 ). Over and above that, 

it is easy to set up. Setting up a wireless network may appear to be a difficult operation, 

but it is rather simple. Wi-Fi networks don't need to be set up by a professional, and there 

are no holes to drill or wires to run through walls (Henry & Luo, 2002). Not to forget, 

Wi-Fi have fast data transfer rates. 802.11 g is the fastest commercially available Wi-Fi 

technology, with transmission speeds of up to 54 megabits (Mb) per second (6.75 

megabytes) (Shailandra, 2012). 

2.3 LPW AN Technology 

Wireless sensor networks (WSN) are evolving into low-power wide-area 

networks (LP WAN) for long-range Internet of Things (loT) applications. In contrast 

to conventional broadband networks, which concentrate on high data rates and low 
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latency, these networks focus on low cost, scalability, extended range, and energy 

efficiency for end user devices. Smart metering, precision irrigation, smart houses, 

and intelligent transportation systems are only a few of the big applications for 

LPWAN. The following four main performance metrics for LPW AN technologies 

are required to enable these applications (U.Raza, 2017). 

LPW AN technology can be broadly classified into two categories, namely 

!incense LPWAN technology (for example, NB-IoT, LTE-M-IoT, EC-GSM-IoT, 

and SG IoT) and LPW AN technologies that are not licensed (SigFox, Telensa, LoRa, 

andRPMA). 

One of the LPW AN technology is Long Range (LoRa) is a wireless digital 

data transmission technology for the Internet of Things (IoT) that can transmit data 

over long distances (more than IO km in rural areas) while consuming little 

electricity. 

2.4 LoRaWAN as LPWAN Technology 

Low Power Wide Area (LPW A) technology has received a lot of attention in 

recent years as it gains traction in the application of the Internet of Things (IoT) 

definition (Georgiou & Raza, 2017). Many research centres have addressed the issue 

of sensor networks, resulting in a concerted effort to improve WSN network 

efficiency. The Internet of Things (loT) definition has the potential to transform and 

improve the way we conduct everyday business, allowing us to address current 

problems such as the energy crisis, resource scarcity, globalisation impacts, and 

pollution. The concept's potential is enormous, and it aims to address the M2M 

(Machine-toMachine) industry's major challenges (Raza et al., 2017). 

Depending on the operating zone, most LPW AN (Low-Power Wireless Area 

Networks) run in the ISM (Industrial, Scientific, and Medical) unlicensed frequency 

band at 169 MHz, 433 MHz, 868/915 MHz, and 2.4 GHz. Communication protocols 

such as SigFox, LoRa, Weightless, and Ingenu are examples of this (Lavric & 

Petrariu, 2018). The LoRa Alliance is standardising the MAC communication 

protocol and system architecture for the WSN network known as LoRaWAN. 

Lo Ra WAN networking is a solution for the Internet of Things. The protocol employs 

a network topology known as a star-of-stars, in which every Lora node has direct 

access to the Gateway module (the sink node) (LoRa-Alliance, 2014). 
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One of the primary benefits of LoRa WAN is that it operates on the unlicensed 

ISM (Industrial, Scientific, and Medical) frequency, which eliminates the need for a 

license. The only restriction is imposed by the duty cycle parameter, which varies 

depending on the geographical region. Lora systems run on batteries (Lavric & 

Petrariu, 2018). 

The LoRa Alliance divides devices into three categories: class A, class B, and 

class C. A LoRa node, in addition to duty cycle control, has the ability to accept 

packets from the Gateway module only during specific time slots in order to achieve 

power efficiency (LoRa-Alliance, 2014). 

LoRa modulation employs the chirp spread spectrum (CSS) technique, which 

provides resistance to interference, a large communication link budget, and low­

power efficiency while avoiding multi-path propagation fading and the Doppler 

effect. Additionally, the LoRa technology supports localization techniques (Catak & 

Celikkaya, 2019). 

2.5 Comparison of LoRa with other Technologies 

Every technology has its own characteristics, benefits, and drawbacks. IoT 

systems cannot be served by a single technology. Each technology differs from the 

others in a number of ways. In terms of specifications and usage, applications vary 

from one another. We can only select a technology from the current technologies that 

is ideally suited for the particular application based on the requirement. Wi-Fi is the 

most widely used technology for long-distance communication that has recently 

grown. For short distance communication, we have Bluetooth, ZigBee, and other 

technologies that can and are being used in a variety of IoT applications 

(ShilpaDevalal, 2018). LoRa, NB-loT, Wi-Fi, Bluetooth, Zigbee, and sub-lGHz are 

some of the technical solutions used in IoT to transmit data over a network. However, 

in most situations, long transmission distance and energy efficiency cannot be 

assured at the same time in wireless communication network systems, since longer 

transmission distance necessitates more energy. Table 2.1 depicts the different types 

of wireless network technology. All wireless network technologies are distinguished 

by various characteristics such as connection range, velocity, energy consumption to 

operate the device, construction cost, communication cost, and network application. 

Table 2.1 shows that comparison wireless technology. From that knows that 

LoRa is the one use for longest distance. LoRa is the best wireless network 
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technology for our project because LoRa includes long distance communication. 

LoRa is use to communicate from the end node and until the application server in 

this project. 

Table 2.1 Wireless Network Technology 

Wireless Distance Velocity Construction Communication Energy Application 

Network Cost Cost Consumption 

Technology 

Lora 

30/40 

Wifi 

Bluetooth 

ZigBee 

NB-IoT 

Sigfox 

Longest Slowest Low Median Free Outdoor 

Sensors 

Long Fastest High High Dataflow change Call & 

Internet 

Short Fast Highest Low Free Home 

network 

Shortest Median Low Low Free Phone 
accessories 

Shorter Slow Low Low Free In-door 
Equipment 

Long Low Medium Medium Medium Smart metering 

Long Low Low 

2.5.1 LoRaWAN vs ZigBee 

Low Low Electricity 
meters 

ZigBee is a 2.4 GHz wireless protocol based on IEEE 802.15.4. You can run a 

variety of application profile stacks on top of it, and since it's regulated by a standards 

body, it can work with multiple manufacturers. ZigBee is a personal area network 

protocol based on a high-level networking protocol. It is made up of low-power digital 

radios. These are ideal for small-scale projects that need data to be transferred over short 

distances. It has a length often to one hundred meters. These are mesh networks that send 
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data over long distances by sending it to a number of intermediate devices. Since this 

consumes electricity, it is not appropriate for low-power applications. 

LoRa, on the other hand, is built on a star topology that prevents the transfer of 

data to intermediate devices, resulting in a significant reduction in power consumption. 

Mesh networks are also only suitable for short to mediumrange communications, lacking 

the longrange capabilities of LoRa technology (KanchanKaushal, Taranvir Kaur and 

Jaspinder Kaur, 2014). 

2.5.2 LoRaWAN vs SigFox 

Sigfox, like LoRa, uses Differential Binary Phase Shift Keying (DBPSK) 

modulation in an Ultra Narrow Band (UNB) with a 100 Hz message width to connect 

with base stations. As a result of the low noise levels, Sigfox has a high receiver 

sensitivity, low power consumption, and a low-cost antenna design. The main 

disadvantage of this technology is that it uses UNB, which has a low data rate of only 

100 bits per second, making it the slowest of the LP-WAN technologies( Kais Mekki, 

Eddy Bajic, Frederic Chaxel and Femand Meyer, 2019) 

2.5.3 LoRaWAN vs NB-lot 

Unlike LTE-M, NB-IoT was designed specifically for low-power stationary 
sensors. It uses SC-FDMA in the uplink and OFDMA in the downlink, and operates in 
the licenced spectrum like LTE-M. LTE-M has a larger data rate (1 Mbps vs. 60 kbps) 
and bandwidth (1.4 MHz vs. 180 kHz) than NB-loT and, as a result, has a shorter latency 
of up to 100 ms, allowing for real-time voice over LTE communication (VoL TE)( Y. 
Kabalc1 and M. Ali, 2019). 
The most widely used LP-WAN technology that operates on licenced frequencies is 

NBioT. By 2023, it is expected that NB-loT and LoRa would account for over 85% of 

all LP-WAN connections, hence these two technologies are frequently contrasted. LoRa 

uses less energy and has a longer battery life (Bharat Chaudhari, Marco Zennaro and 

Suresh Borkar, 2020). 

2.5.4 Channel Access Technique 

Different communication channels are used in a Lo Ra WAN network, which are 

configured and monitored by Gateway devices. The number of assigned channels is 

determined by geographic constraints or other wireless network configurations 

(AlexandruLavric, 2018). When a LoRa node sends a packet, it chooses one of the 

channels at random and transmits it, without performing carrier sense type verification 

9 



or using a predetermined initialization time slot. This access method is a specific ALOHA 

style access, with the difference that the packet length is variable. 

2.5.5 Benefits of Smart Agriculture 

Agriculture can be benefits in so many different aspects. One of that is enables 

farmers to increase yields by using the least amount of resources possible, such as water, 

agricultural inputs, and seeds. Drones and robotics are used in smart agriculture to assist 

in a variety of ways. This facilitates data collection and aids in wireless tracking and 

control. 

Approaching smart irrigation systems has become a top priority to provide 

farmers with a smart tool that will assist them in producing high-quality crops. In the 

agriculture sector, smart irrigation has several advantages. The first benefit of a smart 

irrigation system in agriculture would be monitoring. Data includes the amount of 

rainfall, leaf wetness, temperature, humidity, soil moisture, salinity, climate, pest 

movement, and human activities to help understand the patterns and processes of the 

crops. The acquisition of such a complete record allows for optimal decision-making to 

improve the quality of agricultural output, reduce risk, and generate more revenue 

(Nawandar & Satpute, 2019). 

Furthermore, precise, and timely weather forecasting data, such as climate 

changes and rainfall, may boost productivity. Such information can assist farmers in the 

planning stage and save labor costs (Chen, Xu, Liu, Hu, & Wang, 2014). When compared 

to employees physically evaluating the field using trucks or walking, the usage of IoT in 

agriculture will help save time and money when inspecting massive areas. The ability to 

use IoT to determine when and where pesticides or insecticides should be applied will 

save costs and waste (Asplund & Nadjm-Tehrani, 2016). 

2.5.6 Challenges in Smart Agriculture 

Farmers must understand and learn how to use technology in order to use smart 

farming equipment. Adopting smart agriculture farming on a wide scale across countries 

is a major challenge. The internet must be available at all times in order for smart 

agriculture to work. Many developed countries' rural areas do not meet these criteria. In 

addition, the internet connection is slower. 
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2.6 LoRa WAN Application in Agriculture Machinery 

The Lo Ra WAN network was created to link thousands of sensors, modules, and 

appliances over a wide network for loT applications (Nolan et al., 2016). It's a network 

protocol that's mostly used in Smart City applications where large network coverage is 

needed, but it's also being used in almost every other social aspect where its properties 

are appropriate. The use of the LoRa WAN protocol is increasingly increasing, as is its 

integration into a variety of social and development processes (Cukurova, 2017). 

Aside from the LoRa Alliance's key goal of implementing LoRa WAN in Smart 

City applications, this protocol has a lot of potential in food production and agricultural 

IoT applications. Its long-range data transmission capability allows it to cover large areas 

(fields) and set up sensor nodes to 15 kilometers away from the base station in line of 

sight (Davcev, Mitreski, Trajkovic, Nikolovski, & Koteli, 2018; LoRa-Alliance, 2014). 

In contrast to ZigBee's mesh network topology, LoRa W AN's star of stars 

topology does not require additional modules to serve as routers, lowering the network's 

total cost and complexity. Aside from the long-range transmission and topology that is 

best suited for agricultural applications, Lo Ra WAN has a low power consumption, 

making it ideal for batterypowered applications. This is ideal for agricultural applications 

because it eliminates the need for external power in the fields; instead, the sensors will 

operate on battery power for years (Cukurova, 2017; LoRa-Alliance, 2014). 

LoRa WAN may be used in a variety of agricultural and food process mg 

applications. Sensor nodes that calculate environmental parameters such as air 

temperature, humidity, soil moisture, and so on can be managed using LoRa WAN. It can 

also be used to control a variety of actuators (e.g. automatic sprinkler valve for irrigation 

purposes or automatic poultry feeder). It can also be used in applications such as tracking 

cattle's location with GPS sensors or calculating their temperature in farms (Bellini & 

Arnaud, 2016). 

2. 7 Wireless Sensor Network in Agriculture 

Wireless Sensor Network (WSN) is defined by (Matin, 2012) as a self-configured 

and infrastructure-less wireless network that has been used in monitoring physical or 

environmental conditions, such as temperature, sound, vibration, pressure, motion, or 
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pollutants. WSN is also being used to cooperatively pass their data through the network 

to the main location or sink where the data can be commemorated and evaluated. 

Wireless Sensor Networks are made up of sensors that are dispersed around an 

area to track and control it based on physical phenomena. Those small devices are called 

sensors (Vieira, Coelho, Da Silva, & Da Mata, 2003; Xijun, Limei, & Lizhong, 2009). 

Such operations can be carried out automatically using computing resources and suitable 

technology. We can make proper decisions for each zone in the farm using WSN in 

Precision agriculture. Unlike traditional networks, which assume that the user is a human 

agent, WSNs are focused on the physical world, particularly the data (Karl & Willig, 

2005). 

For modem precision agriculture tracking, wireless sensor network technologies 

are increasingly being used. The benefits of a wireless sensor network in agriculture 

include high accuracy, increased production efficiency while lowering costs, low power 

consumption, and distributed data collection (Sahota, Kumar, Kamal, & Huang, 2010). 

Agriculture faces numerous challenges, and humanity's survival is dependent on 

agriculture and water, so precision agriculture monitoring is essential, and the demand 

for environmental monitoring and remote control in agriculture is rapidly increasing. 

There have been few studies on how WSN can be used in agriculture. Miranda 

used a closed-loop irrigation method with distributed soil water measurements to 

calculate irrigation amounts (Kim, Evans, & Iversen, 2008). For soil moisture data from 

data loggers to a central computer logging location, Shock used radio transmission (De 

Lima, E Silva, & Neto, 2010). Wall and King looked at prototypes for plug-and-play 

smart soil moisture sensors and sprinkler valve controllers, as well as distributed sensor 

network architectures for site-specific irrigation automation (Xijun et al., 2009). Hyun­

Joong Kang simulates the output of a sensor node in a greenhouse environment with low 

power activity, as well as the impact of crop growth when an inter-node contact point is 

blocked (Vieira et al., 2003). 

2.8 Network Connectivity Technologies 

Sensors, actuators, cloud computing, and a variety of other innovations have 

advanced significantly over the last decade. By the introduction of a slew of new types 

of low-cost small wireless devices as the internet of things (IoT) takes shape (Bembe, 

AbuMahfouz, Masonta, & Ngqondi, 2019). IoT is accomplished by combining data­

oriented applications with many device-oriented smart objects with identifiable addresses 
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to provide intelligent services intemetbased and related technologies (Gazis, 2017; Xu et 

al., 2018). 

Unfortunately, all layers of the protocol stack face difficulties in the advancement 

of IoT systems. Because of the fragmented market, which includes a wide variety of 

goods and standards from various organizations, networking is the most difficult task. 

This takes into account the number of connected objects, their location, battery life, data 

efficiency, and protection (Kobo, Abu-Mahfouz, & Haneke, 2017; Louw, Niezen, 

Ramotsoela, & AbuMahfouz, 2016; Ntuli & Abu-Mahfouz, 2016). There is still no 

perfect network connectivity solution, which explains why there are so many different 

network connectivity technologies on the market. 

The traditional Internet of Things infrastructure is focused on multi-hop short­

range communication technologies, which were previously used for wireless personal 

area networks (WPAN) and wireless local area networks (WLAN) (WLAN). ZigBee, 

Bluetooth, and other short-range transmission technologies are examples (Gubbi, Buyya, 

Marusic, & Palaniswami, 2013; Miorandi, Sicari, De Pellegrini, & Chlamtac, 2012). 

Due to their small coverage areas and network topologies known for their energy 

efficiency, WPAN and WLAN are constrained in their implementation. Beyond short­

range connectivity, IoT systems have additional technical requirements. Long-range 

innovations are included in the requirements. This leads to the realization that the future 

landscape ofloT network access will be heterogeneous. Both short-range and long-range 

transmission technologies can be used in various geographical areas or the same one. 

Long-term technical demands include universal coverage and low energy consumption. 

Low prices, low data speeds, and many devices per access node (base station, gateway, 

or access point) are also included (Nolan, Guibene, Kelly, Europe, & Email, 2016). 
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2.9 Application in Agriculture 

The Smart Irrigation system was referred to as an Internet of Things-based 

technology that could automate the irrigation process by evaluating soil moisture and 

weather conditions. Smart irrigation technologies helped in saving water outdoors 

(Elijah, Rahman, Orikumhi, Leow, & Hindia, 2018). In agriculture, the IoT was used to 

provide farmers with decision-making tools and automation technologies that seamlessly 

combine products, knowledge, and services for increased production, quality, and profit. 

In comparison to standard automatic system timers, which irrigated on a user-determined 

set schedule, smart irrigation controllers and sensors have been created to reduce outdoor 

water use by irrigating based on plant water needs (Zhao, Zhang, Feng, & Guo, 20 I 0). 

There are several important technical elements to consider while deploying an IoT 

device. The range of communication distance, data throughput, battery life, mobility, 

latency, security and resilience, and cost of gateway modems should all be examined 

when considering wireless connectivity (Garcia, Parra, Jimenez, Lloret, & Lorenz, 2020; 

Zhao et al., 2010). 
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CHAPTER3 

METHODOLOGY 

3.1 Introduction 

This chapter clearly defines the research methods used to conduct the study and 

explains how the necessary data and information to address the research objectives and 

questions was collected, presented and analysed. 

3.2 Local Controller Circuit 

Figure 3.1 below show the main circuit for controlling solenoid va lve. This circuit 

will connect to the IOT Dashboard through Wi-Fi connection. This main circuit divide 

by two section which is transmitter and receive 

RI 

Arduino Uno Arduino Uno 

Figure 3.1 Local Controller Circuit 

Figure 3.2 below show the transmitter circuit, this circuit usmg two 

microcontroller that connected using parallel communication to communicate each other 

using binary code. Arduino Wi-Fi the only microcontroller that connected to the IOT 

Dashboard will communicate with database. For Arduino Uno will communicate with 

receiver circuit using HC 12 through the radio frequency. 
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Wemos Dl RI 

Arduino Uno .. 
Figure 3.2 Transmitter Circuit 

3.3 Local Controller Circuit Flowchart 

Figure 3.3 below show the flowchart on how the local controller circuit works. 

\'ttmos 01 RI 
connect to w~F 1 

Wemos 01 R1 
seno Conary coo. 

10 Arouono Uno 

ouonoUnostno 
commano 

-.,. •• e1on using 
HC12 

Figure 3.3 Transmitter Circuit Flowchart 
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3.4 Receiver Circuit 

Figure 3.4 below show the receiver circuit that will communicate with transmitter 

circuit using HC 12 through radio frequency. There are RTC modules and SD Card that 

connect to the receiver circuit. 

TC Module 

Relay Arduino Uno fritzing 

Figure 3.4 Receiver Circuit. 

3.5 Receiver Circuit Flowchart 

Figure 3.5 below show the flow on how the receiver circuit works after it receive 

the command from the transmitter circuit. 

Receive 
command from 

transmitter c11cun 

End 

Figure 3.5 Receiver Circuit Flowchart 
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3.6 Local Controller Circuit IOT Dashboard 

Figure 3.6 below show the lOT Dashboard that connected to the LC circuit. From 

the lOT Dashboard user will able to control ON/OFF relay and ON/OFF relay using timer 

517110 Minutes. Each relay has 5 widgets, From the left is regular ON/OFF button for 

relay. Next to it is ON/OFF relay for 5 minute, 7 minutes and 10 minute. Last widget is 

time remaining is where the countdown for ON/OFF relay using timer will show up. 

~··" . . . . . 
Ca~enne .,.__,.., __ • ._:_ !;, -~ 

c c-- .. 

0) 

Figure 3.6 Local Controller Circuit IOT Dashboard 

3.7 Local Controller Circuit IOT Dashboard Flowchart 

Figure 3.7 below shows the system flow from IOT dashboard until the command 

send to the receiver circuit. 
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Figure 3. 7 Local Controller Circuit IOT Dashboard Flowchart 
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3.8 On/Off Scheduling 

There are two methods that we used to create the on/off scheduling. First method 

is set the scheduling using IOT Dashboard through online. Second method is set the 

scheduling by coding in the microcontroller based on the real time clock module. 

IOT Dashboard is capable to set time when user want to On/Off relay on the 

calendar. This feature will benefit user to manage irrigation system wisely. This feature 

only can be executed when the microcontroller is connected to the internet connection. 

Figure 3.8 below show the scheduling system on the JOT Dashboard. 

Figure 3.8 lOT Dashboard Event Section. 

For offline method everything will set on the coding and it will fix until we change 

it in the coding. Figure 3.9 below shows the part of the coding to set the time for on/off 

scheduling. 

/Nariable to set time on/off 

const int OnHour = 8; //SET TIME TO ON RELAY (24 HOUR FORMAT) 

const int OnMin = 00; 

const int Offl-Iour = 8; //SET TIME TO OFF RELAY 

const int OftMin = 1 O; 
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const int OnHour2 = S; //SET TIME TO ON RELAY (24 HOUR FORMAT) 

const int OnMin2 = O; 

const int Offl-Iour2 =OS; //SET TIME TO OFF RELAY 

const int OftMin2 = 1 O; 

//command to tum on/off 

if(t.hour == OnHour && t.min == OnMin){ 

digitalW rite( 4,LO W); 

} 

else if(t.hour = Offl-Iour && t.min == OftMin){ 

digital Write( 4,HIGH); 

if(t.hour == OnHour2 && t.min == OnMin2){ 

digital Write( 4,LOW); 

else if(t.hour == Offl-Iour2 && t.min == OftMin2){ 

digital Write( 4,HIGH); 

Figure 3.9 Part Of Coding For Offline Scheduling 
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3.9 On/Off Scheduling Flowchart 

Figure 3.10 below show the process of on/off scheduling, microcontroller will 

check the time on RTC module if 8.00AM and 5.00PM valve will automatically tum on 

then after 10 minutes the valve will automatically tum off. For online method IOT 

Dashboard will give command to the microcontroller when to tum on based on current 

local time. 

Tum On Valve 

Figure 3.10 On/Off Scheduling Flowchart 

3.10 Sensor Monitoring System 

For sensor monitoring system we use four soil moisture sensor to check the 

moisture of the soil in real time. All the readings will be display on the IOT Dashboard 

through the Wi-Fi. 
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Figure 3.11 below shows the circuit for the sensor system. Sensor circuit will 

communicate with IOT Dashboard through Wi-Fi . Each reading from the sensor will be 

update every 2 second to the IOT Dashboard. 

SD Card Module 

Arduino Wi-Fi Rev 2 f 
::::: ::::: ::::: :: 

... .... ............ . 
···-·····-··-··--··· .. .......... ........ ···················· -·············-······· 

Soil Moisture Sensor 

. . . . . -. -. . ~ . ... . ...... . .......... . 
::::::::::::: 

: ~:::: : : : : : : : : ··-·····--·---

Figure 3 .11 Sensor Circuit 

Figure 3.12 below shows the sensor monitoring IOT Dashboard will display all 

the sensor reading that have been send through Wi-Fi from the microcontroller. Each 

sensor has two widgets to display the readings. For the first widget will display the 

readings in numerical value and for the second widget will display in graph system. 

Reading from the sensor will be update every two second to the IOT Dashboard. 
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Figure 3.12 Sensor Monitoring JOT Dashboard 

3.11 Sensor Monitoring System Flowchart 

Figure 3.13 below show the flow on how the data from the sensor will be transfer 

to the Cayenne database and display on the JOT Dashboard. 

24 



3.12 Data Logging 

0 
v 

Arduino Wi-Fi 
connect to the 

internet 

Sensor reading 
send to the 

Arduino Wi-Fi 

Arduino Wi-Fi 
send the readings 

to the Cayenne 
database 

Cayenne display 
the readings on 

the IOT 
Dashboard 

End 

Figure 3.13 Sensor Monitoring Flowchart 

Smart irrigation system has two methods for storing data that have collected from 

the sensor. The first method is store data in the Cayenne database. Second method is data 

will be store in the SD card using SD card module. 

Figure 3.14 below shows the data logging system in the IOT Dashboard. All the 

sensor reading will be recorded and can be access through data logging system. This 

system can filter type of device and range of time on when user want to analyse the data. 

All the data can be download from the data logging and it will be in the excel format to 

give user advantage to sketch graph easier and analyse the data. 
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Figure 3. l4 Data logging IOT dashboard 

Figure 3 .15 below show the example of the output data from the SD card for the 

offline method. All the data will be store every 3 second and the data will synchronize 

with the online data. 

Rf,.. GT" T "" t ~ 

Fil< Edrt Fo1mat Vih" H•lp 

2022-1-22 17:15:3 
Soil Moisture 1 43 
Soil Moisture 2 64 
Soil Moisture 3 8 
Soil Moisture 4 45 
2022-1-22 17:15:6 
Soil Moisture 1 32 
Soil Moisture 2 61 
Soil Moisture 3 8 
Soil Moisture 4 45 
2022-1-22 17 :15:9 
Soil Moisture 1 32 
Soil Moisture 2 61 
Soil Moisture 3 8 
Soil Moisture 4 45 
2022-1-22 17 :15:12 
Soil Moisture 1 33 
Soil Moisture 2 61 
Soil Moisture 3 8 
Soil Moisture 4 45 

Figure 3. l 5 Sensor Readings In SD Card 
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3.13 Data Logging Flowchart 

Figure 3.16 below show the flow on how the data from the sensor will be transfer 

to the Cayenne database and SD card. 

Start 

Sensor send 
reading to 

microcontroller 

Data upload to 
the Cayenne 

database 

Reading show on 
the IOT 

dashboard 

End 

Data upload to 
the SO card 

Figure 3 .16 Data Logging Flowchart 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Introduction 

In this chapter, we will discuss the results and detailed discussion of the final 

prototype in this project. 

4.2 Project Outcome 

Figure 4.1 below shows the final prototype that have been installed in the pre­

nursery UMP. Figure 4.2 below shows on how the soil moisture sensor is placed. 

Figure 4.1 Full Setup System Figure 4.2 Position Of Soil Moisture Sensor 
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4.3 Discussion 

For this project we managed to collect data from the soil moisture sensor and test 

the prototype for two weeks. All the readings and result can be collect from the IOT 

dashboard and SD card. Figure 4.3 below show the live reading on the pre nursery that 

have been uploaded by microcontroller. 

l#fid:f· 

' -­.... 
c 
c--
c 

~ 1.2 QI, 

'}.3600 

'! Lu.rn ... 

Figure 4.3 IOT Dashboard Live Reading 

Figure 4.4 below show the average reading that have been collect. The reading of 

sensor will increase when time reached 8 am and 5 pm because the valve energized by 

coi 1 to flow the water the soil. 

JOO 

Soil Moisture Sensor Reading 
- Soi l Moisture I ( Percent) 
- Soil Moisture 2 ( Percent) 
- Soi l Moisture 3 ( Percent) 
- Soi l Moisture 4 ( Percent) 

50 

0 Time 

6 7 8 9 10 11 12 I 2 3 4 5 6 7 8 9 JO 11 12 

Figure 4.4 Soil Moisture Reading Graph 

This final prototype give ability to user able to control solenoid valve by using 

web base application as long as h·ansmitter circuit is connect to the internet. Figure 4.5 

below show the example when user turn on solenoid valve. 
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Figure 4.5 TOT Dashboard Valve On State 

Al I the circuit components were installed into electrical box after the circuit 

testing phase as shown in Figure 4.6. All the circuit is power by IOOW solar panel or 

battery. 

Figure 4.6 lnstallation Of All Component. 
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Connection for Arduino Wi-Fi and transmitter circuit is coded to connect to a 

personal Wi-Fi that have been installed at the pre nursery. There is no delay during 

performance of the sending and fetching data. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

Our team managed to build smart irrigation system powered by 1 OOW solar panel 

that can monitor moisture of soil by using soil moisture sensor, control on and off 

solenoid valve and build system for scheduling on and off solenoid valve. There are many 

try and error for component to get the most suitable components for the project. Arduino 

is used as main component to control and data transfer through Wi-Fi with IOT 

Dashboard. 

5.2 Recommendation 

There are lots of improvement can be done to this project, for example by adding 

more sensors such as PH sensor, temperature, humidity and etc. Integrate more smart 

function on the system such as trigger solenoid valve when soil moisture reading in 

certain condition. Lastly, recreate transmitter circuit became more simple and easy to 

troubleshoot and became more future proof. 
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Appendix A: Coding 

Wemos DI Rl (Transmitter Circuit) 

//#define CAYENNE DEBUG 

#define CAYENNE PRINT Serial 

#include <CayenneMQTTESP8266.h> 

II WiFi network info. 

char ssid[] = "Ayep"; 

char wifiPassword[] = "Huaweitestok"; 

II Cayenne authentication info. This should be obtained from the Cayenne 
Dashboard. 

char usemame[] = "5874db20-0ba7-l lec-8da3-474359af83d7"; 

char password[]= "ebef037c3d62799163bc59dbb390388904a37638"; 

char clientID[] = "8adld850-4e93-l lec-8da3-474359af83d7"; 

int D, C, B, A; 
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II variable for valve 1 

byte FiveMinTimer 1; 

byte SevenMinTimerl; 

byte TenMinTimerl; 

unsigned long expireTimel; 

unsigned long time 1; 

unsigned long previousmillis 1; 

II variable for valve 2 

byte FiveMinTimer2; 

byte SevenMinTimer2; 

byte TenMinTimer2; 

unsigned long expireTime2; 

unsigned long time2; 

unsigned long previousmillis2; 

II variable for valve 3 

byte FiveMinTimer3; 
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byte SevenMinTimer3; 

byte TenMinTimer3; 

unsigned long expireTime3; 

unsigned long time3; 

unsigned long previousmillis3; 

II variable for valve 4 

byte FiveMinTimer4; 

byte SevenMinTimer4; 

byte TenMinTimer4; 

unsigned long expireTime4; 

unsigned long time4; 

unsigned long previousmillis4; 

void setup() { 

pinMode(D12, OUTPUT); 

pinMode(D 11, OUTPUT); 

pinMode(D 10, OUTPUT); 
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pinMode(D9, OUTPUT); 

pinMode(D8, OUTPUT); 

Serial. begin(9600 ); 

digita1Write(D12, LOW); 

Cayenne.begin(usemame, password, clientlD, ssid, wifiPassword); 

void loop() { 

Cayenne.loop(); 

time 1 = mill is(); 

previousmillis 1 = millis(); 

time2 = millis(); 
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previousmillis2 = millis(); 

time3 = millis(); 

previousmillis3 = millis(); 

time4 = millis(); 

previousmillis4 = millis(); 

if(FiveMinTimerl ==I II SevenMinTimerl ==I II TenMinTimerl ==I) 

if (expire Time I < previousmillis I) 

timerDone I(); 

if(FiveMinTimer2 == 1 II SevenMinTimer2 == 1 II TenMinTimer2 == 1) 
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if(expireTime2 < previousmillis2) 

timerDone2(); 

if (FiveMinTimer3 == 1 II SevenMinTimer3 == 1 II TenMinTimer3 == 1) 

if(expireTime3 < previousmillis3) 

timerDone3(); 

} 

if(FiveMinTimer4 == 1 II SevenMinTimer4 == 1 II TenMinTimer4 == 1) 

if(expireTime4 < previousmillis4) 
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timerDone4(); 

delay(200); 

void timer Done 1 () 

digitalWrite(Dl 1, LOW); 

digitalWrite(DlO, LOW); 

digita1Write(D9, HIGH); 

digita1Write(D8, LOW); 

//set data ready 

digita1Write(Dl2, HIGH); 

delay(l 00); 

digita1Write(D12, LOW); 

FiveMinTimerl = O; 

SevenMinTimerl = O; 
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TenMinTimerl = O; 

expireTimel = O; 

previousmillis I = O; 

} 

void timerDone2() 

digitalWrite(Dl 1, LOW); 

digitalWrite(DlO, HIGH); 

digita1Write(D9, LOW); 

digitalWrite(DS, LOW); 

//set data ready 

digitalWrite(D 12, HIGH); 

delay(lOO); 

digita1Write(Dl2, LOW); 

FiveMinTimer2 = O; 

SevenMinTimer2 = O; 

TenMinTimer2 = O; 
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expireTime2 = O; 

previousmillis2 = O; 

void timerDone3() 

digita!Write(Dl I, LOW); 

digita!Write(DIO, HIGH); 

digita!Write(D9, HIGH); 

digita!Write(D8, LOW); 

//set data ready 

digita1Write(D12, HIGH); 

delay( 100); 

digita1Write(D12, LOW); 

FiveMinTimer3 = O; 

SevenMinTimer3 = O; 

TenMinTimer3 = O; 

expireTime3 = O; 
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previousmillis3 = O; 

void timerDone4() 

digita!Write(Dl I, HIGH); 

digitalWrite(DI 0, LOW); 

digita1Write(D9, LOW); 

digita1Write(D8, LOW); 

//set data ready 

digita1Write(Dl2, HIGH); 

delay(l 00); 

digita1Write(D12, LOW); 

FiveMinTimer4 = O; 

SevenMinTimer4 = O; 

TenMinTimer4 = O; 

expireTime4 = O; 

previousmillis4 = O; 
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void On Valve 1 () 

digita!Write(Dl 1, LOW); 

digita!Write(DIO, LOW); 

digita!Write(D9, LOW); 

digita!Write(D8, HIGH); 

//set data ready 

digita!Write(D12, HIGH); 

delay(IOO);//beri masa kpd Receive untuk baca 

digita!Write(D12, LOW); 

void OfNalvel() 

{ 

digita!Write(Dl l, LOW); 

digita!Write(DIO, LOW); 

digita!Write(D9, HIGH); 
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digita1Write(D8, LOW); 

//set data ready 

digita1Write(Dl2, HIGH); 

delay(! 00); 

digita1Write(Dl2, LOW); 

void OnValve2() 

digitaIWrite(Dl 1, LOW); 

digitaIWrite(DlO, LOW); 

digita1Write(D9, HIGH); 

digita1Write(D8, HIGH); 

//set data ready 

digitalWrite(D 12, HIGH); 

delay(IOO);//beri masa kpd Receive untuk baca 

digita1Write(Dl2, LOW); 
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void OfNalve2() 

digita!Write(Dl 1, LOW); 

digita!Write(DlO, HIGH); 

digita!Write(D9, LOW); 

digita!Write(D8, LOW); 

//set data ready 

digita!Write(Dl2, HIGH); 

delay( 100); 

digita!Write(Dl2, LOW); 

void OnValve3() 

digita!Write(Dl I, LOW); 

digita!Write(D I 0, HIGH); 

digita!Write(D9, LOW); 
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digita!Write(D8, HIGH); 

//set data ready 

digita!Write(Dl2, HIGH); 

delay(lOO);//beri masa kpd Receive untuk baca 

digita!Write(Dl2, LOW); 

void OftValve3() 

digita!Write(Dl 1, LOW); 

digita!Write(DIO, HIGH); 

digita!Write(D9, HIGH); 

digita!Write(D8, LOW); 

//set data ready 

digita!Write(Dl2, HIGH); 

delay(! 00); 

digita!Write(Dl2, LOW); 
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void On Valve4() 

digita!Write(Dl 1, LOW); 

digita!Write(DlO, HIGH); 

digita!Write(D9, HIGH); 

digita!Write(D8, HIGH); 

//set data ready 

digita!Write(Dl2, HIGH); 

delay(lOO);//beri masa kpd Receive untuk baca 

digita!Write(Dl2, LOW); 

void OfN alve4() 

digita!Write(Dl I, HIGH); 

digita!Write(D I 0, LOW); 

digita!Write(D9, LOW); 
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digita1Write(D8, LOW); 

//set data ready 

digita1Write(Dl2, HIGH); 

delay(IOO); 

digita1Write(Dl2, LOW); 

II Coding valve I start 

CAYENNE_IN(V2) //send I for ON 2 for OFF 

{ 

int currentValue = getValue.aslnt(); 

if(currentValue == 1) 

On Valve I(); 

} 

else 

OfNalvel(); 
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CAYENNE_IN(V3) II 5 minutes valve I 

FiveMinTimerl = getValue.aslnt(); 

if(FiveMinTimerl == 1) 

expireTimel = (millis() + 300000L); 

Cayenne.virtua!Write(V2, 1 ); 

On Valve I(); 

else 

expire Time 1 = O; 
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CA YENNE_IN(V4) II 7 minutes valve 1 

SevenMinTimerl = getValue.aslnt(); 

if(SevenMinTimerl == 1) 

expireTimel = (millis() + 420000L); 

Cayenne. virtua1Write(V2, 1 ); 

On Valve I(); 

else 

expireTimel = O; 
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CAYENNE_IN(V5) II 10 minutes valve 1 

TenMinTimerl = getValue.aslnt(); 

if(TenMinTimerl == 1) 

expireTimel = (millis() + 600000L); 

Cayenne.virtua!Write(V2, 1 ); 

OnValvel(); 

else 

expireTime 1 = O; 

} 
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CAYENNE_ OUT(Vl 0) //Time remaining valve 1 

unsigned long TimeRemainl = ((expireTimel - time!) I 1000) I 60; 

if (FiveMinTimerl == 1 II SevenMinTimerl == I II TenMinTimerl == 1) 

Cayenne.virtualWrite(Vl 0, TimeRemain 1 ); 

if (TimeRemain I == 0) 

Cayenne.virtua1Write(V2, O); 

Cayenne.virtua1Write(V3, O); 

Cayenne.virtua1Write(V4, O); 

Cayenne.virtua1Write(V5, O); 

else 
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Cayenne.virtualWrite(Vl 0, O); 

} 

11 Coding valve 1 end 

11 Coding valve 2 start 

CAYENNE_IN(V6) //send 3 for ON 4 for OFF 

int currentValue = getValue.aslnt(); 

if(currentValue == 1) 

OnValve2(); 

else 

{ 
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OfNalve2(); 

CAYENNE_IN(V7) II 5 minutes valve 2 

FiveMinTimer2 = getValue.aslnt(); 

if (FiveMinTimer2 == I) 

expireTime2 = (millis() + 300000L); 

Cayenne.virtua1Write(V6, I); 

OnValve2(); 

else 

expireTime2 = O; 
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} 

CAYENNE_IN(VS) II 7 minutes valve 2 

SevenMinTimer2 = getValue.aslnt(); 

if(SevenMinTimer2 ==I) 

expireTime2 = (millis() + 420000L); 

Cayenne.virtua1Write(V6, I); 

OnValve2(); 

else 

expireTime2 = O; 
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CAYENNE_IN(V9) II IO minutes valve 2 

TenMinTimer2 = getValue.aslnt(); 

if(TenMinTimer2 == 1) 

expireTime2 = (millis() + 600000L); 

Cayenne.virtua1Write(V6, l); 

OnValve2(); 

else 

expireTime2 = O; 

61 



CAYENNE_ OUT(V20) II Time remaining valve 2 

unsigned long TimeRemain2 = ((expireTime2 - time2) I 1000) I 60; 

if(FiveMinTimer2 == 1 II SevenMinTimer2 == 1 II TenMinTimer2 ==I) 

Cayenne.virtua1Write(V20, TimeRemain2); 

if (TimeRemain2 == 0) 

Cayenne. virtua1Write(V6, O); 

Cayenne.virtua1Write(V7, O); 

Cayenne.virtua1Write(V8, O); 

Cayenne. virtua1Write(V9, O); 

else 
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Cayenne.virtua1Write(V20, O); 

II Coding valve 2 end 

11 Coding valve 3 start 

CAYENNE IN(Vl 1) //send 5 for ON 6 for OFF 

int currentValue = getValue.aslnt(); 

if (current Value== 1) 

OnValve3(); 

else 
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OfNalve3(); 

CAYENNE_IN(Vl2) // 5 minutes valve 3 

FiveMinTimer3 = getValue.asint(); 

if (FiveMinTimer3 == 1) 

expireTime3 = (millis() + 300000L); 

Cayenne.virtualWrite(Vl 1, l); 

OnValve3(); 

else 

{ 

expireTime3 = O; 
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CAYENNE_IN(Vl3) II 7 minutes valve 3 

SevenMinTimer3 = getValue.aslnt(); 

if(SevenMinTimer3 == 1) 

expireTime3 = (millis() + 420000L); 

Cayenne.virtualWrite(Vl 1, l); 

OnValve3(); 

else 

expireTime3 = O; 
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CAYENNE_IN(Vl4) // 10 minutes valve 3 

TenMinTimer3 = getValue.aslnt(); 

if (TenMinTimer3 == 1) 

expireTime3 = (millis() + 600000L); 

Cayenne.virtualWrite(Vl 1, I); 

OnValve3(); 

else 

expireTime3 = O; 
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CAYENNE_ OUT(V30) //Time remaining valve 3 

unsigned long TimeRemain3 = ((expireTime3 - time3) I 1000) I 60; 

if (FiveMinTimer3 == 1 II SevenMinTimer3 == 1 II TenMinTimer3 == 1) 

Cayenne. virtualW rite(V30, TimeRemain3 ); 

if (TimeRemain3 == 0) 

Cayenne.virtualWrite(Vl 1, O); 

Cayenne.virtua1Write(Vl2, O); 

Cayenne.virtua1Write(Vl3, O); 

Cayenne.virtua!Write(Vl4, O); 

else 
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Cayenne.virtua1Write(V30, O); 

11 Coding valve 3 end 

II Coding valve 4 start 

CAYENNE_IN(Vl5) //send 7 for ON 8 for OFF 

int currentValue = getValue.asint(); 

if(currentValue== I) 

OnValve4(); 

else 
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OfNalve4(); 

CAYENNE IN(Vl6) // 5 minutes valve 4 

FiveMinTimer4 = getValue.aslnt(); 

if (FiveMinTimer4 == 1) 

expireTime4 = (millis() + 300000L); 

Cayenne.virtua1Write(Vl5, 1 ); 

OnValve4(); 

else 

expireTime4 = O; 
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CAYENNE_IN(Vl 7) II 7 minutes valve 4 

SevenMinTimer4 = getValue.aslnt(); 

if (SevenMinTimer4 == I) 

expireTime4 = (millis() + 420000L); 

Cayenne.virtua!Write(Vl 5, I); 

OnValve4(); 

else 

expireTime4 = O; 
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CAYENNE_IN(Vl8) // 10 minutes valve 4 

TenMinTimer4 = getValue.asint(); 

if (TenMinTimer4 == 1) 

expireTime4 = (millis() + 600000L); 

Cayenne.virtualWrite(Vl 5, 1 ); 

OnValve4(); 

} 

else 

{ 

expireTime4 = O; 
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CAYENNE_OUT(V21) //Time remaining valve 4 

unsigned long TimeRemain4 = ((expireTime4 - time4) I 1000) I 60; 

if (FiveMinTimer4 == 1 II SevenMinTimer4 == 1 II TenMinTimer4 == 1) 

Cayenne. virtual W rite(V2 l, TimeRemain4 ); 

if (TimeRemain4 == 0) 

Cayenne.virtualWrite(Vl 5, O); 

Cayenne.virtua1Write(Vl6, O); 

Cayenne.virtualWrite(Vl 7, O); 

Cayenne.virtualWrite(Vl 8, O); 

else 
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Cayenne.virtua!Write(V21, O); 

11 Coding valve 4 end 

Arduino Uno ( Transmitter Circuit ) 

#include <SoftwareSerial.h> 

SoftwareSerial HC12(2, 3); //RX, TX 

int DataReady, digit , D, C, B, A; 

const int ledPin = 13; 

void setup() { 

Serial. begin( 9600 ); 

HC12.begin(9600); 
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pinMode( 12, INPUT); 

pinMode( 11, INPUT); 

pinMode( I 0, INPUT); 

pinMode(9, INPUT); 

pinMode(8, INPUT); 

pinMode(ledPin, OUTPUT); 

void loop() { 

11 read the state of 

DataReady = digita1Read(12); 

if (DataReady ==HIGH) { 

D = digitalRead(l l); 

C = digitalRead(l O); 

B = digita1Read(9); 
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A= digita1Read(8); 

digit= D * 8 + C * 4 + B * 2 +A; II akan dapat nilai 0 hingga 7 

Serial. println( digit); 

if(digit == 1) 

digitalWrite(ledPin, HIGH); 

HC12.print("VALVEION"); II Send Command to HC-12 

delay(500); 

if (digit== 2) 

digitalWrite(ledPin, LOW); 

HC 12.print("V ALVE 1 OFF"); II Send Command to HC-12 

delay(500); 
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if(digit == 3) 

digitalWrite(ledPin, HIGH); 

HC12.print("VALVE20N"); 11 Send Command to H C-12 

delay(500); 

if(digit == 4) 

digitalWrite(ledPin, LOW); 

HC12.print("VALVE20FF"); II Send Command to HC-12 

delay(500); 

if(digit == 5) 

digitalWrite(ledPin, LOW); 

HC12.print("VALVE30N"); II Send Command to HC-12 

delay(500); 
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} 

if (digit == 6) 

digitalWrite(ledPin, LOW); 

HC12.print("VALVE30FF"); 

delay(500); 

if (digit == 7) 

digitalWrite(ledPin, LOW); 

HC12.print("VALVE40N"); 

delay(500); 

if (digit == 8) 

digitalWrite(ledPin, LOW); 

HC12.print("VALVE40FF"); 

delay(500); 

II Send Command to HC-12 

II Send Command to HC-12 

II Send Command to HC-12 
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delay(500); 

Arduino Uno (Receiver Circuit) 

#include <SoftwareSerial.h> 

#include <DS323 l .h> 

SoftwareSerial mySerial(l 0, 11 ); //RX, TX 

DS323 l rtc(SDA, SCL); 

Time t; 

const int OnHour = 8; //SET TIME TO ON RELAY (24 HOUR FORMAT) 

const int OnMin = 00; 

const int Offlfour = 8; //SET TIME TO OFF RELAY 

const int OffMin = 10; 
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const int OnHour2 = 5; //SET TIME TO ON RELAY (24 HOUR FORMAT) 

const int OnMin2 = O; 

const int OftHour2 = 05; //SET TIME TO OFF RELAY 

const int OffMin2 = IO; 

void setup() { 

Serial. begin( 9600); 

rte.begin(); 

mySerial.begin(9600); 

pinMode(4, OUTPUT); 

digita1Write(4, LOW); 

pinMode(5, OUTPUT); 

digita1Write(5, LOW); 

pinMode(6, OUTPUT); 

digita!Write(6, LOW); 
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pinMode(7, OUTPUT); 

digita1Write(7, LOW); 

void loop() { 

t = rtc.getTime(); 

Serial.print(t.hour); 

Serial.print(" hour(s), "); 

Serial.print( t.min); 

Serial.print(" minute(s)"); 

Serial.println(" "); 

delay (1000); 

if(mySerial.available() > l){ //Read from HC-12 and send to serial monitor 

String input = mySerial.readString(); 

Serial. println( input); 
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if (input=="V AL VE 1 ON") 

{ digita!Write( 4, LOW); 

delay(500);} 

if (input=="V ALVE I OFF") 

{digital Write( 4, HIGH); 

delay(500);} 

if (input=="V ALVE20N") 

{digita!Write(5, LOW); 

delay(500);} 

if (input=="V ALVE20FF") 

{digita!Write(5, HIGH); 

delay(500);} 

if (input=="V ALVE30N") 

{digita!Write(6, LOW); 
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delay(500);} 

if (input=="V ALVE30FF") 

{digital Write( 6, HIGH); 

delay(500);} 

if (input=="VALVE40N") 

{digita1Write(7, LOW); 

delay(500);} 

if (input=="V ALVE40FF") 

{digita1Write(7, HIGH); 

delay(500);} 

delay(20); 

if(t.hour == OnHour && t.min == OnMin){ 

digital Write( 4,LOW); 
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else if(t.hour == OffHour && t.min == OffMin){ 

digital Write( 4,HIGH); 

if(t.hour == OnHour2 && t.min == OnMin2){ 

digital Write( 4,LOW); 

else if(t.hour == OffHour2 && t.min == OffMin2) ( 

digitalW rite( 4,HI GH); 

Arduino Wi-Fi Rev 2 ( Soil Moisture Circuit) 

//#define CAYENNE DEBUG 

#define CAYENNE PRINT Serial 
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#include <CayenneMQTTWiFi.h> 

#include <SPI.h> 

#include <WiFiNINA.h> 

#include <SPl.h> 

#include <SD.h> 

#define Pin AO 

#define Pin A I 

#define Pin A2 

#define Pin A3 

File myFile; 

char ssid[] = "Ayep"; 

char wifiPassword[] = "Huaweitestok"; 
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char usemame[] = "5874db20-0ba7-1 lec-8da3-474359af83d7"; 

char password[]= "ebef037c3d62799163bc59dbb390388904a37638"; 

char clientID[] = "a512bal 0-4db5-1lec-ad90-75ec5e25c7a4"; 

void setup() 

Serial. begin( 9600 ); 

Cayenne.begin(usemame, password, clientlD, ssid, wifiPassword); 

if (!SD.begin( 4)) { 

Serial. println(" initialization failed!"); 

while (1); 

myFile = SD.open("Reading.txt", FILE_ WRITE); 

II if the file opened okay, write to it: 

if (my File) { 

Serial.print("Writing to Reading.txt..."); 
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myFile.println(); 

11 close the file: 

myFile.close(); 

Serial.println(" done."); 

} else { 

II if the file didn't open, print an error: 

Serial.println("error opening Reading.txt"); 

void loop(){ 

Cayenne.loop(); 

II Wait a few seconds between measurements. 

delay(2000); 

myFile = SD.open("Reading.txt", FILE_ WRITE); 

int xl =O; 
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int percent 1 = 0; 

xl = analogRead(AO); 

percentl = map(xl, 1023, 200, 0, 100); 

int x2 =O; 

int percent2 = O; 

x2 = analogRead(Al); 

percent I = map(x2, 1023, 200, 0, 100); 

int x3 =O; 

int percent3 = O; 

x3 = analogRead(A2); 

percent3 = map(x3, 1023, 200 , 0, 100); 

int x4 =O; 
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int percent4 = O; 

x4 = analogRead(A3); 

percent4 = map(x4, I 023, 200 , 0, 100); 

Serial.print("Soil Moisture 1 : "); 

Serial.println(percent I); 

Serial.print("Soil Moisture 2 : "); 

Serial. println(percent2); 

Serial.print("Soil Moisture 3 : "); 

Serial. println(percent3 ); 

Serial.print("Soil Moisture 4 : "); 

Serial. println(percent4 ); 

II if the file opened okay, write to it: 

if(myFile) { 

myFile.print("Soil Moisture 1 : "); 
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myFile.print(percentl ); 

myFile.print("\r"); 

myFile.print("Soil Moisture 2 : "); 

myFile.print(percent2); 

myFile.print("\r"); 

myFile.print("Soil Moisture 3 : "); 

my File. print(percent3 ); 

myFile. print("\r" ); 

myFile.print("Soil Moisture 4: "); 

my File. print(percent4 ); 

myFile. print("\r"); 

II close the file: 

myFile.close(); 

} else { 

II if the file didn't open, print an error: 

Serial.println("error opening Reading.txt"); 
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CAYENNE_OUT(VO) 

int xi =0; 

int percent I = O; 

xl = analogRead(AO); 

percent]= map(xl, 1023, 200, 0, 100); 

Cayenne. virtualWrite(VO,percent I); 

CAYENNE_OUT(VI) 

{ 

int x2 =0; 

int percent2 = O; 

x2 = analogRead(AI); 
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percent2 = map(x2, 1023, 200, 0, 100); 

Cayenne. virtua!Write(Vl ,percent2); 

CAYENNE_ OUT(V2) 

int x3 =O; 

int percent3 = O; 

x3 = analogRead(A2); 

percent3 = map(x3, I 023, 200 , 0, I 00); 

Cayenne. virtua!Write(V2,percent3 ); 

CAYENNE OUT(V3) 

int x4 =O; 

int percent4 = O; 
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x4 = analogRead(A3); 

percent4 = map(x4, I 023, 200 , 0, I 00); 

Cayenne. virtua1Write(V3,percent4 ); 

RTC Module Coding 

#include <DS323 l .h> 

II Init the DS3231 using the hardware interface 

DS323 l rtc(SDA, SCL); 

void setup() 

II Setup Serial connection 

Serial.begin(l 15200); 

II Uncomment the next line if you are using an Arduino Leonardo 
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//while (!Serial) {} 

II Initialize the rte object 

rte.begin(); 

II The following lines can be uncommented to set the date and time 

rtc.setDOW(WEDNESDAY); II Set Day-of-Week 

rtc.setTime( 12, 0, O); II Set the time to 12:00:00 (24hr format) 

rtc.setDate(l, 1, 2022); II Set the date 

void loop() 

II Send Day-of-Week 

Serial. print( rte. getDO WS tr()); 

Serial.print(" "); 

II Send date 
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Serial.print(rtc.getDateStr()); 

Serial.print(" -- "); 

II Send time 

Serial.println(rtc.getTimeStr()); 

II Wait one second before repeating:) 

delay (1000); 
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Appendix B: Project Progress 
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