
































these growth methods, resulting in a larger yield with less floor space (Hochmuth and 

Hochmuth 2001; Resh 2012). Strawberries cultivated in a vertical column VFS provide 

much higher yields than those produced in standard grow bags or a multitiered VFS, 

according to Ramrez-Gomez et al. (2012). 

Most landowners would like to observe their farming environments, but their lack 

of data management expertise has required them to examine plant conditions with their 

naked eyes (T. H. Gore et al. 2016). As a consequence, a web-based vertical agricultural 

monitoring system powered by the Internet of Things (IoT) is being presented as a data 

collection and visualisation platform. It's a more realistic method of evaluating vertical 

farming effectiveness while also contributing to agriculture research and development 

through real-world data analysis. A steady atmosphere for farming activities may be 

created with the help of the system. Crops are therefore cultivated in a controlled 

environment, lowering the danger of extreme weather occurrences such as severe 

weather events. 

The Internet of Things (loT) is a system of interconnected devices that 

communicate with online cloud - based Services. Essentially, every physical thing or 

system in the world may be converted into a form of computer that can interact remotely 

anywhere and at any time if an internet connection is available. In terms of technologies, 

it aims to boost agricultural yields and respond to issues such as climate change, 

environmental friendliness, and food security. Over time, progress and technological 

development have resulted in the adoption of loT in urban farming (T. Namgyel et al. 

2019). Thus, the scope of this project includes the design and construction of the vertical 

farm, as well as the microprogramming controller for automation, actual testing with 

live plants, and final installation. 

1.2 Problem Statement 

In the previous 30 years, the global output of ruminant meat and milk has climbed 

by roughly 40%, but the global area of grassland has only expanded by 4%. Grassland 

is the key issue for small and medium farmers/breeders in Malaysia and other developing 

nations that want to raise ruminant grass for their ruminants' nourishment. Another 
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concern is land rent, as many landowners do not allow their land to be utilised for 

livestock production. 

Furthermore, the breeders are unable to rely on natural grass due of difficulties of 

property ownership, trespassing, grass quality, supply sustainability, and environmental 

concerns. To address these difficulties, an intensive farming system based on the 

Vertical Farming System (VFS) with a tiered structure in a compact space is required. 

While the selection of ruminant grass species, the plantation medium of the grass, 

and an automated control system for faster ruminant grass growth are all important in 

producing high-quality ruminant based products, the selection of ruminant grass species, 

the plantation medium of the grass, and an automated control system for faster ruminant 

grass growth are all important. As a result, the ineffectiveness of sensors to detect soil 

and surrounding places can result in a lack of nutrients on plants for growth. As a result, 

an effective sensor that monitors the root environment is required. 

1.3 Project Question 

There are some questions when conducting this project: 

1. What is the structural form of vertical agricultural parameters in terms of length, 

height, and width in small area? How to build the system? 

2. What is the appropriate system to maintain and monitor the soil moisture and 

water tank pH even without the need for the presence of farmers? Does it 

adversely affect farmers? 

3. How to reduce adverse effects on crops in terms of tools or soil composition? Or 

is there a lack of effectiveness of the tool? 
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1.4 Project Objective 

The main of research is to study on how to build automated system for monitoring 

plant roots micro-environment for Vertical Farming of Ruminant Grass for ruminant 

animals. To achieve main research, there is some objectives were formulated as 

following: -

1. To develop a ruminant grass vertical farming system (VFS). 

2. To evaluate the integration of system that can monitor the environment (humidity, 

temperature, and pH level) for the vertical farming system. 

3. To analyze the effectiveness and data collection between all sensors in the vertical 

farming system. 

1.5 Project Scope and Limitation 

This project's scope is listed to ensure objectives can be achieved while developing 

an automated vertical system for the micro-environment plant root of ruminant grass. 

This project covers only the software and hardware part, mainly focusing on the 

automated vertical system for the micro-environment plant root of ruminant grass. The 

software and hardware build are needed to finish this project, such as ESP32, Arduino 

IDE, Blynk App and C++. 

The area of this prototype of a vertical farming system is 0.5m x lm x lm (height 

x width x length). This vertical planting project has two separate horizontal floors. The 

container size for this vertical farming is 20-centimetre x 20-centimetre x 100 

centimetres (height x width x length). The distance between the seeds is between 5-10 

centimetres from each other, and each container is within 5 - 6 seeds. The grass involve 

is Napier Grass and fertilizer that been used in this experiment is sheep manure fertilizer. 

The soil that been used in this project is organic soil. 

Each crop has a soil moisture sensor that detects water reduction rates, 

environmental temperature and humidity, and pH levels in the water tank to ensure that 

the soil and crops are ideal and controlled. To minimize human intervention, a A 
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microcontroller has been utilised to manage the proper quantity of water to discharge 

based on the moisture condition of the soil, minimising human interaction. It uses a 

power supply as the power source of the system. This system automatically collects data 

and monitors the soils' condition based on the Blynk app platform. 

1.6 Thesis Outline 

This five-chapter thesis explains the automated system for managing plant root 

micro-environment for vertical ruminant grass farming. Chapter 1 explains the 

introduction, including the purpose of this experiment and the critical point to be attained 

through this project, as well as the present system's problem, the project's target, and the 

scope of this project. The literature review from previous studies is the topic of Chapter 

2. In Chapter 3, all aspects of the project's development technique are explained. The 

system's outcome and analysis are then exhibited and discussed in Chapter 4. Finally, 

Chapter 5 discusses the developed system's conclusion and prospective improvements. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

In this section, the review of literature focuses on journals and articles that are 

related to the project and research. Furthermore, the prior publications and articles 

analysed for this study must compare and contrast implantation processes and 

conclusions. The purpose of this literature review is to synthesise prior research on the 

plant root system in ruminant grass, especially in the design of vertical farming systems, 

where an automated system can monitor plant roots and sensor functionality on various 

types of soil. This experiment in the literature review will be done on various types of 

soil, and data of sensor efficiency on plant-root based on soil moisture, soil pH, and 

humidity surrounding the vertical farming area will be obtained. Furthermore, the data 

analysis for soil moisture, pH, humidity, and temperature should be double-checked. 

Finally, the classification component of this prototype was identified, based on the article 

that was examined. 
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2.2 Ruminant Grass 

Graze is a grass or legume used in a number of methods to feed animals. It can be 

used as pasture or fodder (cut and carry grass) or stored as hay, silage, or haylage. As 

pasture or fodder, a variety of forages are utilised to feed livestock. Guinea grass 

(Megathrysus maximus) and Napier grass (Pennisetum perpureum) are two popular 

ruminant feed grasses (Wong et al. , 1982). Guinea grass and Napier grass, as well as 

other grasses, are virtually as good as palatable goat feed in Malaysia. (Glyricidia, 

centrosema, and humidicola grass) 

2.2.1 Guinea Grass 

Figure 2-1 : Guinea Grass 

Guinea grass is a grass native to Africa's tropical regions. It's a popular tropical 

grass used for grazing, cut-and-carry, silage, and hay across the tropics. It's a green, fast­

growing grass with a high nutritional content and animal attraction. However, to meet 

nutritional needs or increase animal performance, it is usually advised to supplement it 

with protein sources. Guinea grass is an excellent feed plant because it thrives in a wide 

range of soils, including light shade from trees and bushes, and it can tolerate long 

periods of drought and fast-moving fires without hurting its underground roots. Guinea 

grass may produce up to 30 metric tonnes of dry matter per acre per year. Cook and 
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colleagues (Cook et al., 2005). The cultivar and fertiliser applied affect the yields. 

Guinea grass, for example, yields about 7 t DM/ha when unfertilized, whereas N­

fertilized pastures can yield up to 42 t/ha. Hong Thong Phimmasan (Hong Thong 

Phirnmasan, 2005). The stand should not be cut or grazed below roughly 30 cm and 

should be cut or grazed at around 4-weekly intervals to produce the best mix of quality 

and quantity. 

2.2.2 Napier Grass 

Figure 2-2: Napier Grass 

The Napier grass is found in tropical Africa's sub-Saharan region (Clayton et al., 

2013). It's been utilised as a source of food in practically every tropical and subtropical 

location on the planet. It's a versatile plant that can thrive in a variety of climates and 

agricultural methods, including dry and wet climates, small-scale and large-scale 

farming. It's a versatile feed that's especially popular in the tropics for cut-and-carry 

systems. Mannetje, 1992; FAO, 2015). Napier grass is a full-sun plant that can tolerate 

mild shade but not complete shadow under a dense forest canopy (Francis, 2004). Napier 

grass is a high-yielding, fast-growing grass that is influenced by the weather, particularly 

temperature and rainfall (Aroeira et al. , 1999). Napier grass demands a lot of fertiliser 

and constant attention (Mannetje, 1992). When fertiliser inputs are substantial, yields 

vary from 20 to 80 t DM/ha/year (Francis, 2004; Skerman et al., 1990). Yields range 
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from 2 to 10 t DM/ha/year when no or inadequate fertiliser is used. Bogdan, 1977. To 

maximise dry matter production and nutritional value, harvest Napier grass when it is 6 

to 8 weeks old (Lounglawan et al. , 2004). 

2.3 Vertical Farming Structures in Different System 

Indoor vertical farming system with many disconnected entities was suggested by 

Isakovic Haris, et al. (2019). The proposed system, as previously indicated, includes 

three levels of operation. A virtual computer that is hosted on a distant server is used to 

implement the cloud level. The server platform's performance varies depending on the 

size of the indoor vertical farming system. Figure 2-4 depicts a fog node as a Raspberry 

Pi Model 3 B single board computer. It acts as a local control device for the actuators 

and sensors, and it may operate independently if the top cloud level is removed. 
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Figure 2-3 : Vertical farming stack's high-level architecture (Isakovic Haris, et al. ,2019) 

The figure below depicts a hydroponics vertical growing system with modular 

components. The application is broken down into three sections: The first part, which is 

hosted in the cloud, is responsible for high-level control and user interaction; the second 

part, which is implemented in the fog layer, is responsible for physical manufacturing 
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process control; and the third part, which is responsible for intermediate control and data 

acquisition, is handled by sensor nodes and the relay actuator control unit. The platform's 

software stack is based on the Arrowhead distributed service-oriented architecture, 

allowing it to be expanded or altered as needed. It provides a safe environment for 

individual services to communicate and share data across devices. 

Figure 2-4: Experimental indoor vertical farming setup (Isakovic Haris, et al., 2019) 

Ikhwan Muhammad Hanif bin Ismail and Norashikin M. Tharnrin (2017) created a 

vertical farm that produces crops in a highly regulated environment, which might be 

considered agricultural genetic engineering. Agriculture is vital to the people, and the 

benefits of agriculture are obvious to the public. Vertical farming aids in the restoration 

of coastal regions to their original form. It can also assist to reduce insect numbers. 

Vertical farming may take advantage of empty or underutilised space in industrialised 

and sophisticated cities. Vertical farming provides for year-round food production. It 

may also aid in the creation of an atmosphere that encourages healthy urban living for 

those who choose to live in the city. 
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Figure 2-9 shows the indoor vertical farming experimental setup platform utilised 

in this work by Muhammad Ikhwan Hanifbin Ismail and N orashikin M. Thamrin (2017). 

The rack is made up of four layers of a wooden platform with the main topic being 

Typhonium Flagelliforme plants, often known as herbs plants. During the day, growing 

lights and LEDs are mounted on each platform to provide light for the photosynthetic 

process. On the other hand, the effectiveness of the lights is not tested in this paper. 

Three soil moisture sensors and one water level sensor were used to perform an 

analysis over the course of a week. At a depth of 5.5 cm, soil moisture sensors are placed 

in the ground. The seeds are put in a vase with a height of 20 cm in this experiment so 

that they do not germinate or sprout and have controlled roots. A rich loamy soil was 

chosen for this investigation due to the suitability of these seeds. The soil is fertilised, 

has a mixture of sand, clay, and other organic matter, and has a loamy texture that is not 

too compacted. So that it does not lose too much moisture. The water level sensor is 1.5 

cm above the bottom of the tank. Thus, the sensor detects the pot's lowest level of water. 

Figure 2-5: Setup for Indoor Vertical Farming (Muhammad Ikhwan Hanif bin Ismail, 
Norashikin M. Thamrin, 2017) 

2.4 IoT integration with sensors 

Azimi, F. H. et al. (2020) design the control block diagram is proposed as an open 

loop control system as in figure 2-6 and figure 2-7. The values measured by the input 
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sensors are principally received and processed by the microcontroller, as this project's 

goal is to continually give real-time monitoring of all sensors. Wi-Fi was used to send 

all essential data to the web hosting and database servers. In this type of continuous 

control system, the output has no influence or effect on the control action of the input 

signal. Users can always monitor the current measurement of the sensors using a 

smartphone with an application as an interface, but they can't alter the output in an open 

loop system since it has no knowledge of the output condition regardless of the input. 

Sensor value Microconlroller User interface 

I INPUT I _.. I PROCESS 1-- web hosting and 
data-base server 

--..1 OUTPUT I 

Figure 2-6: Block diagram of monitoring NFT hydroponic system (Azimi, F. H. et al., 
2020) 
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Sensor 
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Internet 
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Figure 2-7: Data acquisition method ofNFT hydroponic system (Azimi, F. R et al., 
2020) 

All the data was graphically transformed into line charts, allowing for easy reading 

and comprehension of the information through well-organized and understood statistics. 
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For each sensor measurement, the two data acquisition strategies of weekly average data 

and hour data of every minute were compared. The information was gathered on any two 

days throughout a week of system operation. From the two days of observation, just one 

hour of data from day and night is used as raw data. Between the hours of 12.30 and 

13.30 p.m. during the day and 10 and 11 p.m. in the evening, data is collected. During 

the hour of data collection, data from the BL YNK server was gathered every minute. 

Every hour, each sensor acquired 60 data points, for a total of 120 data points each day. 

From 12 a.m. to 11 p.m., the system gathered data for all sensors hourly for the 

whole week. The data was only captured every hour, giving each sensor a total of 24 

data points each day. Before computing the mean/average value for each sensor, a total 

of 672 data points are gathered over the course of a week. 

Norashikin M. Thamrin and Muhammad Ikhwan Hanifbin Ismail (2017) designed 

a vertical farm that could grow crops in a highly regulated environment, which may be 

considered agricultural genetic engineering. Figure 2-10 depicts the entire process of 

measuring and managing the indoor vertical plant. The vertical farming system, as 

shown in this diagram, is ready to be managed by the user via a web browser on a mobile 

phone or computer once an internet connection has been established. When the user 

clicks the 'ON' button in the web browser, the water pump and valve are turned on. The 

soil moisture sensor is utilised in this situation to determine the humidity of the soil 

moisture. The data is saved in the Arduino platform's memory when the sensor senses 

dampness. The data is then delivered in real time to the mobile phone or PC through the 

Ethernet module. 

If the digital reading of the sensor is less than 800, the soil has a low moisture 

content. The user then uses the web browser software application to activate the water 

valve. In vertical farming, water is given to the affected soil via a valve. If the reading 

on the serial monitors on the Arduino Ide or in the web browser is greater than 800, the 

soil is suitably hydrated. As a result, the farm's water supply is turned off when the 'OFF' 

button on the water valve is pressed. 
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Figure 2-8: The monitoring of moisture and water levels complex operation. 
(Muhammad lkhwan Hanif bin Ismail, Norashikin M. Thamrin, 2017)) 

2.5 IoT Implementation between Software and Interface 

Isakovic Haris, et al. (2019) developed the software by combining two local 

automation platforms, each operating the Arrowhead runtime environment. The different 

services are depicted in Figure 2-5. The controller cloud is in charge of controlling 

actuators and reading sensor information. The intercloud orchestration solution from 

Arrowhead connects it to a management cloud. It provides a user interface for scheduling 

irrigation and lighting. The Gateway and Gatekeeper services from Arrowhead are used 

to connect the two clouds. 
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- Management Cloud 
Coonoller Cloud 

Figure 2-9 Software Stack 

The app is made up of several Arrowhead-compatible services. Each service 

provider must register with the Management Server and inform the Authorization 

System of permitted customers. Consumers utilise the Orchestrator to find a service and 

then communicate with one another via a REST APL The Event Handler receives 

measurements and control choices as events, which are subsequently sent to subscribers. 

Dotted lines in Figure 2-9 indicate communication between services as a result of 

occurrences. 

1. Sensor Node Firmware: Sensor nodes are pre-programmed with generic 

firmware that allows them to communicate with higher layers through Bluetooth 

Low Energy (BLE). Each service is also enhanced with sensor collection 

capabilities. Each sensor node has its own Bluetooth Low Energy (BLE) address. 

The controller can only connect to a single sensor. in the same way The Arduino 

IDE [24] is used toprogramme the sensor nodes. 

2. The Controller Cloud: A fog-based local cloud serves as the controller cloud. It's 

designed to operate the indoor vertical farming system at a minimal level, with a 

significant relation to the sensor network and motor control board. 

Management Interface is the only service that connects with Management Cloud. It 

serves as a connection between the cloud and the operational fog layer. It is connected 

to Management Cloud via the Arrowhead Gateways Service. 

15 



The Controller Service subscribes to water level events and receives plans from the 

Admin Console. It analyzes existing aims to an anticipated condition of the indoor 

vertical farming system on a regular basis and sends commands to the Actuator Service 

to achieve the desired condition. Those instructions can be accessed via occurrences for 

logging purposes. 

TCP/IP is used by the Dynamic Program to control valves, LEDs, and the pump 

through the Relay board, following instructions from the Controller Service. In the 

controller cloud, it records all activities and sends them to the administration cloud as 

needed or on a continuous basis. The administration service also receives and delivers 

new schedules to the Controller Service. 

The Administration Cloud's most significant component is the Administration 

Platform. It's the only Arrowhead-compliant application that can talk to other 

Arrowhead-compliant services. It is responsible for linking the user interface service to 

the entire system. When new schedules were transferred to the controller server, the UI 

application visits it. Inter-cloud orchestration is utilised by the Management Interface to 

find its public Arrowhead interface, which is then used to send log file to the 

administration cloud, where they will be stored to a database and managed by the User 

expenence app. 

A website for entering schedules and seeing basic stack-based data is available 

through the UI application. Figure 2-10 depicts the user interface for one level, along 

with some sample data. Several environmental sensor data are shown at the top of the 

screen. 
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Figure 2-10 one level, user interface with exemplary values. (Isakovic Haris, et al. 
,2019) 

A hydroponics vertical farming system with modular components is shown in the 

diagram below. The platform's software stack is based on the Arrowhead distributed 

service-oriented architecture, allowing it to be expanded or altered as needed. It provides 

a safe environment for individual services to communicate and share data across devices. 

Norashikin M. Tharnrin and Muhammad Ikhwan Hanifbin Ismail (2017) designed 

a utilised the web browser is built using a Hypertext Pre-processor (PHP). PHP reads a 

website page, talks with file systems and databases, and then delivers a web page to the 

web server through the browser. The database is updated when the system is turned 

"ON," allowing the data to be shown on the website using the PHP function db connect. 

The internet connection that has been constructed to connect the web browser to the 

vertical farming hardware system is seen in Figure 2-11 . 
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Two watering techniques have been devised based on the lower and upper threshold 

values acquired from the soil moisture sensors. The system that will be turned 'ON' based 

on a lower soil moisture level is described by the lower threshold. Otherwise, it must be 

switched 'OFF.' The system will turn on if the soil moisture sensor detects a little amount 

of water, and it will turn off if the sensor detects a considerable amount of water. In this 

project, the bottom barrier is set lower than 600. The upper threshold is a mechanism 

that turns on depending on time and turns off based on soil moisture. 
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Figure 2-11 IoT implementation between web browser and indoor vertical farming 
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CHAPTER3 

.METHODOLOGY 

3.1 Introduction 

This chapter covers the design schematic circuit hardware, experimental setup for 

data analysis, and IoT setup for data collection that were utilised to complete and execute 

this project smoothly. Its purpose is to guarantee that the project's development is 

proceeding smoothly and that the targeted outcomes for sensor integration, such as soil 

moisture, pH, and humidity, are achieved. It also guarantees that the project adheres to 

the objective-based guideline, which calls for the creation of a closed-loop and open­

loop monitoring system employing IoT application which is Blynk App. 

3.2 Experimental Procedure 

The system can be divided into two main parts. The first part is an open-loop and 

closed-loop control system of water pump of the vertical farming system (VFS). The 

pump is in the tank that contains water and diluted sheep manure fertilizer. The water 

pump will automatically pump the water whenever the water moisture in the soil is above 

3000 means the soil moisture is not suitable to the ruminant grass. Otherwise, the user 

also can manually pump the water whenever the user needs to pump the water or the 

nutrient or set the time when the user wants to pump the water. 

The Io T technology is practised in the second section of the system. The data from 

four sensors (pH, soil moisture, temperature, and humidity) can always be sent into the 

Blynk applications server thanks to the characteristics of the ESP32 microcontroller. The 

second portion of the system, the monitoring system, and the deployment of the IoT 

system, will be the subject of this study. 
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3.3 Block Diagram 

As illustrated in Figure 3-1, the control block diagram is designed as an open-loop 

and closed-loop control system. The values measured by the input sensors are principally 

received and processed by the microcontroller, as this project's goal is to continually give 

real-time monitoring of all sensors. Wi-Fi was used to send all essential data to the Blynk 

apps. Users can always monitor the current measurement of the sensors using a 

smartphone with an application as an interface, but they can't affect the output in an 

open-loop system since it regardless of the input. Aside from that, users can manage the 

output by setting the time when they want the system to start or just pressing the button 

on the apps to start the system. Users may always check current data measurements over 

the internet, but there are no tools to regulate the system's output. 
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Figure 3-1: Block Diagram of Vertical Farming System (VFS) 

3.4 Overview System Flow Chart 

The total system flowchart for this project is shown in Figure 3-2. It depicts the 

data acquisition flow from the system's input to its output in general. The system will start 
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reading data from the pH, soil moisture, temperature, and humidity sensors. Following 

that, all sensor data and measurements will be sent to a Blynk App server through Wi-Fi 

connection. The ESP32 microcontroller is first connected to the internet via Wi-Fi 

communication, and all data is transferred via Wi-Fi communication from the 

microcontroller to the Blynk App. By comparing the current pH, soil moisture, 

temperature, and humidity measurements to the reference value, the microcontroller will 

process a decision-making statement. 
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Figure 3-2: System Flowchart 
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3.5 Design of Vertical Farming 

25 Oc 

8 
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Figure 3-3 Design of Vertical Farming System 

Table 1 Table of Specification Vertical Farming System 

l\1All\ STRUCTURE 

Frame 
Area Covered, m 
Length, m 
Width, m 
Material 
Connector 

Plant Beds 
l st layer 
2°d layer 
Total Capacity 
Material 

Tanks 
Plastic Tank 

l 
1 
0.2 
20mm, 1 m PVC Pipe 
20mm PVC Joint 

8 
9 
17 
PVC Gutter 

Capacity 
56liters 

In the experiment, the vertical farming model will be represented by a prototype 

using PVC materials. The casing for the ESP32 module will cover using electronic box. 

The prototype has two floors with humidity, temperature sensor, soil moisture, and 
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watering system in this situation. In addition, the design monitors the sensor between 

Arduino IDE and Blynk App using the Internet of Thing (IoT). Figure 3-3 shows the 

prototype of the vertical farming system. Figure above presents the general fabrication 

of the vertical farming system. The structure of integrated Vertical Farming System is 

triangular pyramidal in shape with approximate Im long, Im width and 0.25m height 

each level. The effective area of the structure is about I meter square. From repeated 

measurement, the system recirculates a total volume of I Og of Nitrogen every 70 seconds 

with an average flow rate of 27.5mililiters per second. It has also 2 layers of plant beds 

which was designed to hold a capacity of 5 - 6 plants with 3-5 cm spacing. Comparing 

this result with the conventional farming, the designed vertical farming system has a 

significant edge in terms of yield produced per unit area. Using IOOcm x 20cm spacing 

in the conventional farming, the maximum number of plants that can be planted in a 

25ft2 lot was commuted to be 22 plants, whereas the designed vertical farming system 

can hold 44 plants with the same area. This is almost 50 percent increase in the maximum 

yield per unit area with the use of the designed triangle vertical farming system. 

3.6 IoT Software Monitoring in Real-Time Signal 

The graphical user interface (GUI) built using Blynk app. It is a open-source 

application that can be used by anyone. The interface essentially includes a selection 

panel containing samples for pH, soil moisture, temperature, and humidity levels. The 

block diagram where the system happens and collect the data by using Blynk app 

reading. 
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Vertical Farming - ESP32 ,_____ BLYNKAPP - Data collection 
System manually 

Figure 3-4: Block Diagram for IoT Integration 

3.6.1 pH Sensor Setup 

The pH level sensor also involves the system for detecting the acidic ion level of 

the soil. When the pH sensor detects the pH value on the water tank, it is acidic or 

alkaline based on the output voltage on the pH probe sensor. ESP32 sends the data to 

Blynk Apps. Blynk apps will displays the result of pH level and shows it to the users. 

This system also can be monitoring whether the system in operation or error while 

collecting the data. Figure 3-4 show the setting in the Blynk App for the pH sensor in 

the water tank, we use V6 because in the coding we use virtual pin 6. We use 

Blynk.virtualWrite (V6, ph_act2) - refer to appendix. So, in Blynk app, it will read the 

input from the microcontroller ESP32 from V6 and display the output reading of pH 

sensor. 
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Figure 3-5 : Blynk setting for pH sensor 

3.6.2 Temperature & Humidity Sensor Setup 
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Figure 3-6 (a) Humidity sensor level I (b) humidity sensor level 2 
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Figure 3-7 (a) Temperature sensor level 1 (b) Temperature sensor level 2 

In this system, DHT22 sensors are used for detecting the humidity and 

temperature value. It displays the humidity as relative humidity (RH) and temperature in 

"Degree-Celsius". It is a digital temperature and humidity sensor and suitable for use with 

the ESP32. Figure 3-5 show the setting in the Blynk App for the humidity sensor, both 

sets on VO and V2 because on the Arduino IDE. The humidity was set on 

Blynk.virtualWrite(VO, h) and Blynk.virtua1Write(V2, hl)- refer to appendix. Figure 3-

6 show the setting in the Blynk App for the temperature sensor, both sets on Vl and V3 

because on the Arduino IDE. The humidity was set on Blynk.virtualWrite(Vl , t) and 

Blynk.virtua1Write(V3, tl) - refer to appendix. 
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3.6.3 Soil Moisture Sensor Setup 
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Figure 3-8 (a) Soil moisture level 1 (b) Soil moisture level 2 

Figure 3-7 show the setting in the Blynk App for the soil moisture sensor, both sets 

on V7 and V8 because on the Arduino IDE. The humidity was set on 

Blynk.virtua1Write(V7, moistsen) and Blynk.virtua1Write(V8, moistsenl) - refer to 

appendix. 
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3.6.4 Water Pump Setup 

OUTPUT Pl 

I TIM ER r-f --

(a) (b) 

Figure 3-9 (a) Button (b) Timer 

The pump is in the tank that contains water and diluted sheep manure fertilizer. 

Figures 3-8 and 3-9 show the setting on Blynk app for timer and push button. Both are 

on the same V9 because V9 output for water pump. 

3.7 Calculation for Water Pump 

For the water pump, we develop an open-loop and closed-loop system. Where the 

system can automatically pump the water in the tank to the soil or the user can manually 

set the time when to pump the water or control the pump directly through the Blynk App. 
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Table 1 Refereul'e value of nutrient coucen 
tration In aninrnl manure "as excretf'd." 

Dauy cow, lacra1111g 
Beef cow. firushm~ 
Swme.grower 

wme. ~esratmg 
Swme. lacta1ing 
Poultry. broiler 
Poultry. layer 
Tud;ey female 
Horse. 111tense 
~iteCCl.S<' 

Sheep (lamb)* I goat 

Ianure nuhient 
concentration, a\ ncreted 

P ,O . KO 
lb nutnent/T manure 

Ll.' 5.2 37 
11 ~ H 93 
167 6.5 
129 83 10' 
152 10 I ll6 
2L8 14.6 149 
36 265 165 
300 193 159 

11.9 5.9 S.9 
~6 

195 2:!.3 23 5 

Most vatlJe'i calculated from data in ASAE Standards 0384 2 
2005 Valoes for sheep manure from MWSP 2004 

'Sheep vaoUes can also be used for goat manure 

, utnent results of manure analysis may be presented 
as ·'p<>unds per ton .. for solid manure or "pounds per 
1000 gallons .. for hqutd manure. for sem1-soltd 
manure ( 10-20°·0 dry matter) the umts used for 
reponmg depend on the method that the manure ts to 
be apphed to the field (e.g tank truck vs box 
spreader!. 

Figure 3-10 Nutrient concentration reference values in animal manure (Murphy, S. 
(n.d.). Manure Sampling; Analysis.) 

The majority of the numbers were computed using data from ASAE Standard D384.2, 
2005. MWSP values for sheep manure, 2004. 

Based on figure 3-10, sheep manure nutrient concentration as excreted pounds per 

1000 gallons; Nitrogen is 19.5, Phosphorus pentoxide is 22.3 and potassium oxide is 

23 .5. In this experiment, our water pump able to pump the water 550ml in 20 seconds. 

Based on calculation. 

lpound = 453 .592 g 

1000 gallons = 3785.41 litres 

By doing ratio method calculation Eq. (1.1): 

3785.41l 
453.592g 

0.55l (water pump) 
0.066g (nutrient supplied) 
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Based on Eq. (1 .1 ), we do the ratio between the pounds per 1000 gallons with the 

capabilities of water pump to pump the water and how much the nutrient supplied in 

grams. 

453.592g 19.5 (nitrogen value) 1.2 
0.066g x 

453.592g 22.3 (phosphorus value) 1.3 
0.066g x 

453.592g 23.5 (potassium value) 1.4 
0.066g x 

Based on Eq. (1.2), we do the ratio between the nutrient within pounds per 1000 

gallons over the nutrient supplied by using the water pump with the value of Nitrogen 

nutrient. So does with the Eq. (1 .3) and Eq. (1.4), the ratio between the nutrient within 

pounds per 1000 gallons over the nutrient supplied by using the water pump with the 

value of Phosphorus and Potassium. 

So based on the calculation on Eq. (1.2), (1.3) and Eq. (1.4). We get the result of 

nutrient the pumped with the water pump is: -

N = 2.83mg 

P2 0 5 = 3.24 mg 

K2 0 = 3.42 mg 
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Based on literature review, N, P, and K requirements for Napier are 100, 22 and 

22 kg ha-1, respectively (Boonman, 1994). By comparison, 1 hactares = 10000m2 and 

in our project Vertical farming system the area is approximately I m 2
• By doing the 

calculation by ratio method. 

1000009 
10000m2 

x (nutrient needed in gram) 

lm2 

So, we get the result of nutrient need in our project: -

N = 10g 

p = 2.2 g 

K = 2.2 g 

From the result we get that how much time needed for the user need to pump the 

water for the 1m2 area is: -

70.67 seconds - I Og Nitrogen 

13.58 seconds-2.2g Phosphorus 

12.87 seconds -2.2g Potassium 

From the calculation, we can conclude that the user can manually set the time for 

the water pump to pump the water into the soil. Approximately the user just needs to 

pump the water around 70 seconds for the Napier grass get enough of Nitrogen, 

Phosphorus and Potassium nutrient needed. 

31 



3.8 Overview Hardware Setup 

Relay 

Water Pump 

• 
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Temperature & Humidity 
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·---~ Soi l Moisture Sensor 
2 tr < 1 

Figure 3-11 : Overview Hardware Setup 

Hardware design aims to design hardware according to the specification and flow 

of the system. This hardware design follows the form of block diagrams which consist 

of the arrangement of tools and system as illustrated in Figure 3-11 . The leading 

hardware is the microcontroller unit, soil sensor, watering system, and IoT module in 

this automatic vertical farming system. ESP32 has chosen a microcontroller because it 

has a high-performance single board computer, efficient in high multitasking 

programmer and can support different programming languages. However, this 

microcontroller used C++ to code the system because it is straightforward to use and 

understandable language to compile the code in fewer lines. For this vertical farming 

system, there is several sensors that been used in this system - 1 pH sensor for tank. 2 

soil moisture sensors for each level. 2 temperature and humidity sensors (DHT22) for 

each level and 1 water pump to pump the water into the soil. 
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3.9 Experimental Setup for data analysis 

Figure 3-12 Acquisition and integration of the sensors analyze process 

This system consisted of four main components called capacitive soil moisture 

sensor (YL-69), pH sensor, humidity & temperature sensor (DHT22) and water pump. 

loT platform (Blynk App) was used to collect and integrate the data. The assembly 

program system for ESP32 was written using Arduino IDE to control the build-in Wi-Fi 

module inside the microcontroller (Figure 3-13). 
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3.10 Summary 

Summary of Chapter 3: To acquire the precision value for result data analysis, all 

procedures must be carefully followed. In order to discover the predicted associations 

developed in this study, this chapter also outlines the research strategy that was used to 

gather and evaluate data. The chapter begins with a discussion of the study design before 

moving on to the population for whom data will be gathered and the technique of 

selection. The sensor data analysis is influenced by the following factors. Finally, the 

emphasis shifts to data collection methods, with a focus on the sensor. Finally, the 

various techniques to data analysis are reviewed. 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Introduction 

All of the data was graphically transformed into line charts, allowing for easy 

reading and comprehension of the information through well-organized and understood 

statistics. For each sensor measurement, the two data acquisition strategies of days 

average data and day data of every hour were compared. 

Figure 4-1 depicts a real-time system monitoring dashboard system that may be 

accessed through smartphone. The dashboard interface is powered by BL YNK, an IoT 

cloud platform. The dashboard values are provided for intended audience, who are large­

scale ranchers who simply need to see the key parameters of each parameter for quick 

access and monitoring. The dashboard is meant to be simple and easy to use for 

monitoring reasons. Users may monitor and analyse real-time sensor data on the Blynk 

platform, and the system will automatically control individual valves based on the 

parameter. All parameters were recorded, translated into time series charts, and 

displayed as line charts for four factors: humidity, pH, temperature, and soil moisture. 

Over the course of two days, all of the measurements were obtained (Day 1 and Day 2). 
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{a) {b) 

Figure 4-1 (a) Blynk App Interface (b) Real-time data reading 

The data was collected throughout the course of a week of system operation on any 

two days. Only twelve hours of data from the two days of observation are used as raw 

data. The data was collected during the hours of 12 and 12 a.m. During that day' s data 

collection, data from the BL YNK server was taken every hour. 

4.2 Soil Moisture Sensor Integration 

Table 1 show the Soil moisture reading when the water pump is being on, and the 

reading were taken on the Blynk apps. 
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Table 2: Soil Moisture Reading 

Soil Moisture Reading 

Soil Moisture Reading 

3097 
956 
723 

4000 
4000 

- Soil Moisture Reading 

12:46PM 12:47PM 

Time 

12:48 PM 

Figure 4-2 Soil Moisture Reading 

12:49 PM 

We'll need to use the analogue output of the sensor because it's attached in 

analogue mode. The soil moisture sensor gives us a number between 0 and 1023 when 

we take the analogue output. Because moisture is monitored on a normal scale, we'll 

transfer these values from 0 to 4000 and display them on a serial monitor. 

The soil moisture level is determined by coding, with 4000 indicating that the soil 

is dry, and 500 and below indicating that the soil is saturated, which occurs only after 

heavy rain. Furthermore, the irrigation system is set to turn on when the soil moisture 

level exceeds 3000. Table 1 shows that the soil moisture value obtained in first position 

is 3097. This happens when the probe is inserted into dry soil. As a result, the irrigation 

system has been activated. As a result, the level gradually drops until it is below 1000. 

After that, the irrigation system is turned off, and the soil moisture level is kept below 

1000. To ensure that the probe could accurately measure moisture levels, it was removed 

from the soil and covered with dry clothing. As a result, the soil moisture level rises from 

37 



582 to 4000, and remains at 4000 once the probe is covered with dry garments. The 

watering system was also turned on at the same time. As a result, in order to construct 

this exact scenario, it must be manually turned off. 

4.3 Temperature Sensor Integration 

90 

~ 80 

~ 70 
:.a 
'§ 60 

~ 50 

~ 40 --

Temperature & Humidity Reading 
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'-" --------------~--------------------~ 20 

= 1;:i 10 
~ a o 
~ 

12:00 l :00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11 :00 12:00 
PM PM PM PM PM PM PM PM PM PM PM PM AM 

Time 

Figure 4-3: Temperature & Humidity Sensor (DHT22) Reading 

Table 3: Temperature & Humidity Sensor (DHT22) Reading 

Time Temperature I ° C Humidity/% 
12:00PM 31 57 
1:00 PM 32.1 50 
2:00PM 33 45 
3:00PM 31.2 51 
4:00PM 29.6 57 
5:00PM 27.l 66 
6:00PM 27.6 66 
7:00PM 27.5 67 
8:00 PM 26 72 
9:00PM 25.2 76 
IO:OOPM 24.8 79 
11:00 PM 25 76 
12:00 AM 24.5 82 

38 



The result of surrounding temperature is shown in Figure 4-2. The sensor was 

leave outside and the reading was taken. According to the graph and table 2, the 

temperature initializes at 31C at 12pm, then increases to 22C, and remain between 31 -

27 at evening time. The humidity remains between 57 - 66 on evening normally it is on 

high humidity because of high temperature during daytime. On night-time, the 

temperature gradually decreases from 6pm to 12pm due to transition between day and 

night. The temperature decreases from 27 - 24.5 at 12am. Otherwise, the humidity reading 

is increasing because it is getting night-time, and the temperature is getting colder. There's 

a chance that a little section of the sensor is still exposed to the air. It does, however, 

show that the reading on the Blynk app altered in response to the temperature sensed by 

the DHT22. 

4.4 pH Sensor Integration towards Vertical Farming System 

12 

10 

OJ) 8 
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:a 
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~ 
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2 

0 
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-·-Chicken manure pH reading 
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Time 

Figure 4-4: pH reading graph 
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Table 4: pH reading vs Time 

Time Sheep Manure pH reading Chicken manure pH reading 

l:OOPM 9.413 7.1 

1:01 PM 9.001 7.546 

1:02 PM 10.553 8.674 

1:03 PM 9.887 8.23 

1:04 PM 10.5 7.445 

1:05 PM 9.11 7.92 

1:06 PM 7.413 7.413 

1:07 PM 7.413 7.413 

1:08 PM 7.413 7.413 

1:09 PM 7.413 7.413 

l:lOPM 7.413 7.413 

Figure 4-4 and Table 3 above the reading taken from the Blynk app and the 

experiment were conducted during 1 :OOpm. Both pH sensors were put inside the soil and 

the sheep and chicken manure fertilizer that have been diluted with water been pumped 

into the soil and the reading were taken. We only can get the reading around 6 minutes; 

more than 6 minutes and the pH reading were static on 7.413 because the pH sensor gets 

faulty, and the reading cannot be taken anymore. 

The more research that is carried out, the better. Because the pH sensor kit is only 

meant for liquids, not dirt or solids, we can't use it on soil. The pH metre is sometimes 

known as a "potentiometric pH metre" because pH sensors measure the electrical 

potential difference between such a pH electrode and a reference electrode. The variation 

in electrical potential is equivalent to the solution's acidity or pH. 

40 



CHAPTERS 

CONCLUSION 

5.1 Introduction 

The Internet of Things-based Vertical Farming Monitoring System could help users 

save time and money by providing reliable information and analysis. Furthermore, 

because it is an online system, the system can provide users with rapid access. The 

system could also track the sensors and find the equipment in use, recognising critical 

changes in input. Furthermore, the system is either managed by the users or responds 

automatically to difficulties. Users could, for example, utilise a Blynk app to tum off the 

watering system or execute watering activities when the humidity level is severely low. 

The system's convenience is projected to boost agricultural yield while lowering water 

consumption. It also encourages traditional farmers to undertake environmentally 

responsible vertical farming, as well as providing better farming experiences for all 

users. 

This experiment was about developing an automated and IoT monitoring system 

for vertical farming systems. The fulfilment of this experiment begins with the sketching 

of the circuit and component that need to be used in this project for ruminant root­

planting, which was chosen after a cost, efficiency, and suitability for construction in a 

small space comparison with alternative systems. This project's overall instrumental 

system proved to be effective in measuring pH, temperature, humidity, and soil 

moisture. Users might manually control the water pump throughout the system instead 

of just monitoring it. 

Analysis on the accuracy of sensor is crucial to maintain the supply sustainability 

and the quality of ruminant grass in producing high-quality ruminant-based-products. 

While doing the experiment, we conclude that we cannot use the pH sensor kit for the 
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soil because it can get faulty after 6 minutes of getting the reading of the pH. thus, we 

need to use the pH sensor for the soil. 

Humidity and temperature reading shows a significant result with the low 

percentage of error. Thus, we can conclude that we can use the DHT22 sensor for the 

project. Hence, it can produce a higher quality of grass. In conclusion, the data analysis 

shows that all the tested variables can influence the production of ruminant grass. 

5.2 Recommendation 

The project's goals have been met. As for the recommendation to improve this 

experiment in the future, there is still a lot that might be done to improve the current 

prototype system. To begin with, the number of sensors might be raised to offer various 

types of data linked to vertical farming, such as pH, carbon dioxide levels, and air 

quality. In addition, a camera could be added for image processing purposes. 

Simultaneously, the colour of crops could be evaluated to identify crop quality, and the 

height of crops could be determined on a regular basis to investigate plant growth speed. 

The Nave Bayes classifier is one of many deep and machine learning approaches 

that may be used to classify the features retrieved from the sensor's data. The accuracy 

of the classification can be improved in the next experiment by gathering comprehensive 

soil measurement data and employing advanced features approaches and high-quality 

data acquisition devices. 

With the introduction of industrial-type sensors, this system can become more 

reliable. The adoption of industrial type sensors could solve several problems, including 

sensor calibration cycles and sensor longevity when used for extended periods of time 

in cultivation. 
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APPENDIX A 

#define BL YNK PRINT Serial 

#include <WiFi.h> 

#include <WiFiClient.h> 

#include <BlynkSimpleEsp32.h> 

#include "DHT.h" 

#define DHTPIN 25 

#define DHTTYPE DHTI 1 

#define DHTPINI 26 

#define DHTTYPEI DHTI 1 

char auth[] = "GgEUQjdZVOVGec8vB15UH52JgBdGy3jm";//Blynk 

char ssid[] = "ftech"; 

char pass[]= "abcd1123"; 

int SensorPin = 35; 

int SensorPinl = 34; 

int SensorPin2 = 39; 

int moist= 33; 

int moistl = 32; 

int pump = 18; 

unsigned long int avgValue; //Store the average value of the sensor feedback 

unsigned long int avgValuel; 

unsigned long int avgValue2; 

float b; 

int buf[l O], temp; 

int bufl[lO], tempi; 

int buf2[1 O], temp2; 

float calibration_ value= 20.24 - 0.7 + 7; 

float ph _act; 

float ph _ actl ; 
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float ph_act2; 

int pumpcon = O; 

int contl = O; 

int cont2 = O; 

int conPHl =O; 

int conPH2 =O; 

int conPH3 =O; 

DHT dht(DHTPIN, DHTTYPE); 

DHT dhtl(DHTPINI, DHTTYPEI); 

Blynk:Timer timer; 

BL YNK _ WRITE(V9) 

{ 

} 

int pin Value = param.aslnt(); 

Serial.print("Vl Slider value is: "); 

Serial.println(pinValue); 

if (pinValue == 1) { 

pumpcon= I; 

digitalWrite(pump, HIGH); 

} 

else { 

pumpcon=O; 

digitalWrite(pump, LOW); 

} 

void setup() 

{ 

pinMode(moist, INPUT); 

pinMode(moistl, INPUT); 

pinMode(pump, OUTPUT); 

Serial. begin(9600); 
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} 

Serial.println("Ready"); //Test the serial monitor 

dht.begin(); 

dhtl .begin(); 

Blynk.begin(auth, ssid, pass); 

timer.setlnterval(l OOOL, myTimerEvent); 

II timer.setinterval(lOOL, phh); 

void loop() 

{ 

Blynk.run(); 

timer.run(); II Initiates BlynkTimer 

} 

void myTimerEvent() 

{ 

int moistsen = analogRead(moist); 

int moistsenl = analogRead(moistl); 

float h = dht.readHumidity(); 

float t = dht.readTemperature(); 

if (isnan(h) II isnan(t)) { 

Serial.println("Failed to read from DHT sensor!"); 

return; 

} 

float hl = dhtl .readHumidity(); 

float t1 = dhtl.readTemperature(); 

if (isnan(hl) II isnan(tl) ) { 

Serial.println("Failed to read from DHT sensor!"); 

return; 

} 

if (t > 32) { 

if (contl == 0) { 

Blynk.notify("Temperature 1 HIGH"); 
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} 

} 

contl = 1; 

else { 

contl = O; 

} 

if(tl >32) { 

if(cont2 = 0) { 

Blynk.notify{"Temperature 2 HIGH"); 

cont2 = 1; 

} 

} 

else { 

cont2 = O; 

} 

Serial.print(String(h) +"" + (t) +" "+ (hl) +" "+ (tl) +" "+ (moistsen) +" "+ 

(moistsenl) +" "); 

if (pumpcon = 0) { 

if (moistsen > 3000 II moistsenl > 3900) { 

digitalWrite(pump, HIGH); 

} 

} 

else { 

digitalWrite(pump, LOW); 

} 

phl(); 

ph2(); 

ph3(); 
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if (ph_act > 9) { 

} 

if(conPHl = 0) { 

Blynk.notify("PH 1 ALKALINE"); 

conPHl = 1; 

} 

else if (ph _act < 6) { 

} 

if (conPHl == 0) { 

Blynk.notify("PH 1 ACIDIC"); 

conPHl = 1; 

} 

else { 

conPHl = O; 

} 

if (ph_actl > 9) { 

if ( conPH2 = 0) { 

Blynk.notify("PH 2 ALKALINE"); 

conPH2 = 1; 

} 

} 

else if (ph _ actl < 6) { 

} 

if ( conPH2 = 0) { 

Blynk.notify("PH 2 ACIDIC"); 

conPH2 = 1; 

} 

else { 

conPH2 = O; 

} 

if (ph_act2 > 9) { 
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} 

if ( conPH3 = 0) { 

} 

} 

Blynk.notify("PH TANK ALKALINE"); 

conPH3 = 1; 

else if (ph _ act2 < 6) { 

if (conPH3 = 0) { 

} 

} 

Blynk.notify("PH TANK ACIDIC"); 

conPH3 = 1; 

else { 

conPH3 = O; 

} 

Blynk. virtualWrite(VO, h);//humidity 1 

Blynk.virtualWrite(Vl, t);//templ 

Blynk.virtua1Write(V2, hl);//humidity2 

Blynk.virtua1Write(V3, tl);//temp2 

Blynk. virtualWrite(V 4, ph _ act);//ph 1 

Blynk.virtua1Write(V5, ph_actl);//ph2 

Blynk.virtua1Write(V6, ph_act2);//ph main tank 

Blynk.virtua1Write(V7, moistsen);//moistl 

Blynk.virtua1Write(V8, moistsenl);//moist2 

voidphl() { 

for (int i = O; i < 1 O; i++) //Get 10 sample value from the sensor for smooth the 

value 

{ 

} 

buf[i] = analogRead(SensorPin); 

delay(lO); 
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for (inti= O; i < 9; i++) //sort the analog from small to large 

{ 

for (intj = i + 1; j < 10; j++) 

{ 

} 

} 

if (buf[i] > buf[j]) 

{ 

} 

temp= buf[i]; 

buf[i] = buf[j]; 

buf[j] = temp; 

avg Value = O; 

for (inti= 2; i < 8; i++) 

avg Value+= buf[i]; 

//take the average value of 6 center sample 

float phValue = (float)avgValue * 3.3 I 4096 I 6; //convert the analog into millivolt 

//ph_act = -5.70 * phValue +calibration_ value; 

phValue = 3.5 * phValue; //convert the millivolt into pH value 

ph_act = phValue - 0.4; 

Serial. print("pH: "); 

Serial.print(ph _act); 

II digitalWrite(13, HIGH); 

//delay(800); 

II digita1Write(l3, LOW); 

} 

voidph2() { 

for (inti= O; i < 10; i++) //Get 10 sample value from the sensor for smooth the 

value 

{ 

bufl [i] = analogRead(SensorPinl ); 

delay(lO); 
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} 

for (inti= O; i < 9; i++) //sort the analog from small to large 

{ 

for (intj = i + t;j < lO;j++) 

{ 

} 

} 

if (bufl [i] > bufl DD 
{ 

} 

tempt = bufl [i]; 

bufl[i] = buflUJ; 

buflDJ =tempt; 

avgValuet = O; 

for (inti= 2; i < 8; i++) 

avgValuet += bufl[i]; 

//take the average value of 6 center sample 

float phValuet = (float)avgValuet * 3.3 I 4096 I 6; //convert the analog into 

millivolt 

ph_actt = -5.70 * phValuet +calibration_ value; 

//phValue=3.5*phValue; //convert the millivolt into pH value 

Serial.print(" pHt :"); 

Serial. print(ph _ actl ); 

II digitalWrite(l3, HIGH); 

//delay(800); 

II digitalWrite(13, LOW); 

} 

void ph3() { 

for (inti= O; i < 10; i++) //Get 10 sample value from the sensor for smooth the 

value 

{ 

buf2[i] = analogRead(SensorPin2); 
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delay(lO); 

} 

for (inti= O; i < 9; i++) //sort the analog from small to large 

{ 

for (intj = i + l;j < lO;j++) 

{ 

} 

} 

if (buf2[i] > buf2[j]) 

{ 

} 

temp2 = buf2[i]; 

buf2[i] = buf2[j]; 

buf2[j] = temp2; 

avgValue2 = O; 

for (inti= 2; i < 8; i++) 

avgValue2 += buf2[i]; 

//take the average value of 6 center sample 

float phValue2 = (float)avgValue2 * 3.3 I 4096 I 6; //convert the analog into 

millivolt 

ph_act2 = -5.70 * phValue2 +calibration_ value; 

//convert the millivolt into pH value 

Serial.print(" pH2:"); 

Serial.println(ph _ act2); 

//Serial.println("7.16"); 

II digita1Write(13, HIGH); 

//delay(800); 

II digita1Write(13, LOW); 

} 
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