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Development of an loT-Driven System for High
Valued Crop Farming

Domingo Junior P. Ngipol, Thelma D. Palaoag

Abstract: The use of technology in agriculture plays a vital
role in revolutionizing traditional methods of farming. The
insufficiency of technology and the use of traditional methods of
farming results to low yielding of crops. The integration of smart
agriculture using Internet of Things is an absolute solution in
modernizing the traditional methods of farming. This paper
aims to design and develop an loT-driven system for high valued
crop farming which automates farming processes like watering,
distribution and application of fertilizer. It provides real-time
monitoring and collection of information about the farm
conditions like moisture, temperature, fertility of soil and level
of water. Qualitative and quantitative data were gathered by
means of interview and survey questionnaires which were given
to Alfonso Lista, Ifugao farmers and Yaojiaxi Corporation
personnel. The majority of the respondents evaluated the
functionality of the system as “Fully Functional”, usability as
“Very Usable”, efficiency as “Mostly Efficient” and
maintainability as “Mostly Agree” based from the result of I1SO
standard criteria survey questionnaires. The developed prototype
realized smart farming which promotes sustainable agriculture
involving the integration of 10T technology into existing farming
practices that definitely reduces manual work, man power and
provides efficiency on the use of farming resources.

Keywords: Internet of Things, Smart Agriculture, High
Valued Crop Farming.

I. INTRODUCTION

The economic development of a country mostly depends
on agricultural products as it is the primary source of food
and other crude supplies. It provides employment
opportunities, income and domestic product to the people.
The Philippine labor force in 2017 with 42.78 million people
has engaged in the agriculture business with 10.26 million
people in it, signifying a 25.44 percent of the national work
force [1]. However, the use of traditional methods of farming
greatly affects farmers which results in low yielding of crops.
It is evident that the automation of manual processes of
farming and the use of automatic machineries improved the
yielding of crops [2]. Improving farm productivity is
essential in order to increase farm productivity and to provide
the fast rising demand of food caused by fast population
growth all over the world.

According to the United Nations’ Food and Agriculture
Organization, agricultural product must be intensified by 50
percent in order to provide food for the fast rising number of
people that is likely to reach 10 billion by 2050. The urgent

need in increasing the crop efficiency is vital as it is the
foundation of various solution for food scarcity and farm
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productivity problems [3]. The sustainability in agriculture
plays an important role in addressing this challenges since it
offers technological advancement that increase productivity
and profitability while conserving resources, minimizing
waste and environmental impact, and promoting
agroecosystem resilience [4].

Hence there is a need to integrate smart agriculture using
Internet of Things (loT) technology in order to achieve
sustainable agriculture with increase  productivity,
profitability and the worth of farming vyields [5].
Non-traditional food yields in the Philippines such as
vegetables, fruits, flowers, condiments and spices are
considered as high value crops. These high valued crops are
likely to have greater market cost as compared to the
customary cereal grains and traded produces. High value
crops are mostly grownup for business in either domestic and
international markets and are not often part of the regular
food of the local people.

Over the past few years, loT technology has been
introduced in nearly every single part of the current society.
Amongst these areas are Smart Cities, Smart Health Care,
Smart Industry, Autonomous Vehicle, Smart Agriculture,
Precision Agriculture and others [6]. Internet of Things is
acknowledged as one of the greatest significant parts of the
future technology which gains attention from various
companies and industries like Google, Apple, Samsung and
Cisco[7]. The loT is referred to as the Internet of Objects that
integrates numerous technologies such as computers, the
internet, network sensors, wireless communication
technology and embedded systems to create a system that is
capable of data transmission without human intervention [8].
As a developing model, the 10T has boundless prospective
that can devise an important influence on the future of the
world [9].

The application and use of the modern 10T technologies in
the farming practice allows customary ways of farming to be
changed necessarily on every single aspect, paving way to a
new agriculture pattern of precision agriculture [10]. lot
devices such as wireless sensor networks, network-connected
weather stations, cameras, and smart phones are capable of
gathering huge total of environmental and yield performance
data reaching from time sequence data from sensors, to
three-dimensional data from cameras and to human

observations. This data are examined to filter out invalid data
and compute personalized crop recommendations for any
specific farm [11]. IoT technologies such as IoT devices
provides a better way of collecting, gathering, exchanging,
and transmitting data which absolutely delivers an
handling and

innovative means in data smart

decision-making [12].
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The Internet of Things provides the fundamental network
infrastructure to the physical and the digital worlds through
which smart things, ranging from micro sensors to heavy
agricultural vehicles communicate to each other [13]. It is
capable of transforming the agricultural domain into more
efficient and productive farming and improves the quality of
life of farm personnel by decreasing heavy labor and tiresome
farm duties [14]. At present, a huge quantity of smart objects
and diverse kinds of devices are unified and interconnect by
means of the internet protocol. With an upsurge in the setting
out of smart objects, the internet of things ought to devise an
important influence on human life in the near future [15].

Smart agriculture includes the use of the Internet of
Things (loT) to provide solutions via the automatic
monitoring of crops, as well as related farm conditions [16].
Successful farm output needs crop performance to be
monitored and anticipated in an extensive variability of
environmental, soil, fertilization, and irrigation conditions
[17]. Moreover, lot-based smart farming allows farmers to
have enhanced control over the course of growing crops and
making it more predictable and easy to manage [18].
Consequently, the absolute integration of 10T technologies
into smart farming advanced the agriculture to a new level by
which the whole agriculture industry is modernized with
increased productivity and profit. In a broader perspective,
the scope of smart agriculture which covers 1oT improves or
solves critical issues such as drought response, crop yield
optimization, land and water management, and pest control
[19].

In this regard, the research aims to determine the
agricultural status, existing crops farming technology and
infrastructure for high valued crops in Alfonso Lista, Ifugao.
It also draws the features considered in the development of
the loT-driven system for high valued crops farming. The
level of acceptability of the developed system is evaluated
using the 1SO 9126 standard as to its functionality, usability,
efficiency and maintainability to address added features

necessary in the development of the system.

Il. METHODOLOGY

The study has been designed and developed through
quantitative and qualitative research methods. The data
collection method was primarily made through in-depth
interviews and survey questionnaires with Alfonso Lista,
Ifugao farmers, the farm manager and farm workers of the
Yaojiaxi Corporation — Alfonso Lista.

The implementation of the 1oT-Driven System for high
valued crops farming is continued through a tough choice of
indispensable loT Technology framework as shown in Fig. 1
which encompasses the end-device, edge-device and server
and backend. The end-device includes actuators and sensors,
Embedded 10T platforms, wireless technologies and power
sources which primarily aim to acquire and collect data from
the physical world.

The edge-device includes network technologies such
Wi-Fi, Bluetooth and 3G which serves as gateway that
provides data routing and addressing paths for network
communication. The server and backend includes the mobile
application and the monitor that constitute the front end of
the whole loT framework which provides personalized based
services according to user relevant needs.

The system evaluation was based from the I1SO 9126
standard which was utilized as an effective tool for
evaluating the level to which the system can be used by
identified users to accomplish measured purposes with
functionality, usability, efficiency and maintainability in a
measured background of usage. The features of 1ISO 9126
standard survey are moderately fast and stress-free for the
respondents to complete and for the researchers to give
points, advantageous and can be scored instantaneously after
completion. It is composed of eleven statements having a
five-point scale each that ranges from one (1) as Strongly
Disagree to five (5) as Strongly Agree.
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Fig. 1. The Internet of Things Framework.

I1l. FINDINGS

Agricultural crop farming in Alfonso Lista, Ifugao were
using traditional methods of farming which greatly affects
the productivity of the Ifugao farmers. Farm machineries
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such as tractors and harvesters are readily available during
the preparation of soil for planting and the cultivation of soil
after planting.
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However, crops watering and fertilizer distribution and
application are done manually which causes water scarcity or
wastage and fertilizer misuse. The lack of crop monitoring
and soil testing results to misuse of fertilizers which in turn
causes soil quality degradation and hinders bountiful yield.

Numerous features were reflected in the development of
the loT-driven system for high valued crops farming based
from the existing crops farming technology and
infrastructure in Alfonso Lista, Ifugao which aims to
revolutionize farming method of the Ifugao farmers. As such,
the researchers used microcontrollers, sensors and actuators
to automatically facilitate  farming processes such as
watering, fertilizer distribution and application, real-time
monitoring and analysis on farm circumstances like weather,
moisture, temperature, humidity, fertility of soil and level of
water. Fig. 2 shows the loT-Driven system block diagram.

Power Supply

I LCD I"{ Solenoid Valve <§‘
}_.H Water Pump ||

| GSM Shield Buzzer J
Real Time

Clock
Mobile Phone
PIR Motion

Sensor

Soil Moisture |
Sensor

Temperature
—>
Sensor

Water Level

ATMega2560
|
Sensor

i

Microcontroller Relay Switch

—

Water Flow Module

Ratc Sensor

!

i

Fig. 2. System Block Diagram.

The loT-driven system provides useful services to the
farmer which allows them to easily manage their farm with
automatic crop monitoring, watering, distribution and
application of fertilizers. The system reduces manual work
and man power which in turn decreases farming
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expenditures. It allows an automatic notification to the
farmer regarding the level of water and fertilizer which
anticipates the need to refill the water and fertilizer tanks. It
also automatically notifies the farmer whenever there are
burglars and destructive animals around the farm. The
system efficiently uses farm resources such as water,
fertilizers and chemicals which absolutely prevents
environmental hazards.

The overall 1oT system infrastructure that enables the
connection of all components into a robust system is
presented in the Fig. 3. In this context, the microcontroller
governs the entire task for the whole system. It is powered by
a rechargeable battery that is being recharge by a solar panel.
Basically, a drip irrigation system is used to facilitate the
watering, distribution and application of fertilizers with the
automatic control of various sensors like the water level
sensor which enables the water pump to turn on or off
whenever it reaches the water level threshold value, the
solenoid water valve which open or close whenever it triggers
by the real-time clock and the soil moisture sensor.

The sensors such as the soil moisture sensor, temperature
sensor, water level sensor, passive infrared (PIR) sensor and
the water flow rate sensor were utilized to obtain and collect
data from the 10T environment which is processed and serves
as a basis for the actuators (example: water pump, solenoid
valve, buzzer and GSM shield) to operate. As a mode of
interconnecting the electronic component of the system,
various network technologies such as 3G, Bluetooth and
Wi-Fi was utilized to address distance constraints. Monitor
such as LCD and smartphone were used for user notifications
and graphical representations.

Solar Panel

Chemical Tanks Water Tank

Pump

Smart Phone

Fig. 3. 10T System Infrastructure

The loT-driven system is suitable for high valued
vegetables in the Philippines such as potato, string beans,
sweet peas, cabbage, pechay, broccoli, hot pepper, bell
pepper, sweet pepper, garlic, onions and fruit bearing plants
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such as dragon fruit and other crops were the loT-driven
system is applicable. Fig. 4 shows the loT-driven system
prototype.
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Fig. 4. 10T-Driven System Prototy

A total of forty (40) farm workers from the Yaojiaxi
Corporation and Ifugao farmers served as respondents of the
study. The scale below was used as an indicator to determine
the qualitative description.

Table- I (a): Qualitative Description per Functionality
Indicator [20]

Limits of Scale Quiality Description
421-50 Fully Functional
3.21-4.20 Mostly Functional
2.61-3.20 Functional
1.81-2.60 Slightly Functional

10-18 Not Functional

Table- I (b): Functionality Indicators.

R

pe

Questions N Mean | Interpretation

1. Itis easy for the users to 40 44 Very Usable
comprehend the logical concept and
applicability of the system
2. The system is easily learned 40 4.6 Very Usable
3. The system is operated with 40 42 Mostly Usable
minimal effort

OVERALL MEAN 4.40 Very Usable

Table 1l (b) shows the system’s usability with an overall
mean of 4.40 which imply that the developed prototype as
rated by the respondents is Very Usable and offers the ease of
use for a given function of the system. As stated in the 1SO
9162 standard, usability is the ability of the system to be
understood, learned, used and eye-catching to the user, when
used under identified circumstances.

Table I (b) shows that all of the evaluation criteria has an
overall mean of 4.33 which implies that the developed
prototype as rated by the respondents is Fully Functional and
conforms with the functionality projected by the respondents.
According to M. Salleh et al. [21], functionality is the ability
of the software to deliver functions that complies or conforms
to a given condition based on the functional requirements as
a result in the table. Therefore, the system complies with the
requirements of 1ISO 9126 as far as functionality is concern.

Table- 11 (a): Qualitative Description per Usability

Questions N Mean Interpretation
tlaslh;fﬁf:; performs the assigned | 40 | 4.5 Fur'?gtlilgnal Table- 111 (a): Qualitative Description per Efficiency
2. The system provides the expected 40 4.2 Mostly Indicator
results Functional Limits of Scale Quality Description
3. The system meets the user’s 40 43 Fully 421-5.0 Very Efficient
existing requirements Functional 3.21-4.20 Mostly Efficient
OVERALL MEAN 433 Fully 2.61-3.20 Efficient
Functional 1.81-2.60 Almost Efficient
1.0-18 Not Efficient

Table- 111 (b): Efficiency Indicators

Questions N Mean Interpretation
1. The system respond in a timely 40 4 Mostly Efficient
manner
2. The system utilize resources 40 4 Mostly Efficient
efficiently
OVERALL MEAN 4.00 Mostly Efficient

Indicator
Limits of Scale Quiality Description
421-50 Very Usable
3.21-4.20 Mostly Usable
2.61-3.20 Usable
1.81-2.60 Almost Usable
10-18 Not Usable

Table- 11 (b): Usability Indicators
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Table 11l (b) shows the system’s efficiency with overall
mean of 4.00 which implies that the developed prototype as
rated by the respondents is Mostly Efficient and provides the
required functionality with efficiency on used of system
resources. According to M. Salleh et al. [21], efficiency is the
ability of the system to deliver necessary performance that is
comparative to the number of resources used, under specified
circumstances.
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Table- 1V (a): Qualitative Description per
Maintainability Indicator

Limits of Scale Quality Description
421-5.0 Strongly Agree
3.21-4.20 Mostly Agree
2.61-3.20 Agree
1.81-2.60 Slightly Disagree
1.0-18 Strongly Disagree

Table- IV (b): Usability Indicators

Questions N Mean Interpretation
1. Itis easily diagnosed for system 40 3 Agree
errors
2. The system is easily modified 40 3.6 Mostly Agree
3. The system is easily ready for 40 35 Mostly Agree
testing
OVERALL MEAN 3.37 Mostly Agree

Table 4.1 shows the system’s maintainability an overall
mean of 3.37 which implies that the developed prototype as
rated by the respondents is Mostly Agree. As stated by Lincke
and Lowe (2007), the maintainability characteristic permits
closing on how far system can be maintained [22]. Therefore,
the system conforms with the requirements of ISO 9126
concerning maintainability.

IV. CONCLUSION

The developed prototype for high valued crops farming in
Alfonso Lista, Ifugao is a holistic solution in revolutionizing
traditional farming techniques which definitely reduces
manual work, man power and provides efficiency on the use
of farming resources. It facilitates the automatic irrigation,
distribution and application of fertilizer, farm security and
real-time monitoring of farm conditions like moisture,
temperature, humidity and level of water and fertilizer. The
implementation promotes sustainable agriculture with
affordable and easy implementation for small scale farmers.
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