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Focus and Scope

The International Journal of Integrated Engineering (IJIE) is a single blind peer
reviewed journal which publishes 3 times a year since 2009. The journal is dedicated to
various issues focusing on 3 different fields which are:

Civil and Environmental Engineering. Original contributions for civil and
environmental engineering related practices will be publishing under this category
and as the nucleus of the journal contents. The journal publishes a wide range of
research and application papers which describe laboratory and numerical
investigations or report on full scale projects.

Electrical and Electronic Engineering. It stands as a international medium for the
publication of original papers concerned with the electrical and electronic
engineering. The journal aims to present to the international community important
results of work in this field, whether in the form of research, development, application
or design.

Mechanical, Materials and Manufacturing Engineering. It is a platform for the
publication and dissemination of original work which contributes to the understanding
of the main disciplines underpinning the mechanical, materials and manufacturing
engineering. Original contributions giving insight into engineering practices related to
mechanical, materials and manufacturing engineering form the core of the journal
contents.
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Publication Frequency

The International Journal of Integrated Engineering (IJIE) is published online with a
frequency of three (3) issues per year. Besides that, special issues of IJIE will be
published non-periodically from time to time.

Open Access Policy

This journal provides immediate open access to its content on the principle that making
research freely available to the public supports a greater global exchange of
knowledge.
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Publication Ethics and Malpractice Statement

Publication Ethics and Malpractice Statement:

1. Editor Roles and Responsibilities

The Editors and/or Editorial Board should:

Review submitted manuscripts.

Keep information pertaining to submitted manuscripts confidential.

Disclose any conflicts of interest.

Identify topics for special issues, which they may guest edit.

Evaluate manuscripts only for their intellectual content without regard to race,
gender, sexual orientation, religious belief, ethnic origin, citizenship, or political
philosophy of the authors.

Be responsible for making publication decisions for submitted manuscripts.
Review suspected incidents of plagiarism.

Advise on journal policy and scope.

Attract new authors and submissions.

Editor Responsibilities toward Reviewers:

Assigning papers for review appropriate to each reviewera€™s area of interest
and expertise.

Establishing a process for reviewers to ensure that they treat the manuscript as a
confidential document and complete the review promptly.

Informing reviewers that they are not allowed to make any use of the work
described in the manuscript or to take advantage of the knowledge they gained
by reviewing it before publication.

Providing reviewers with written, explicit instructions on the journala€™s
expectations for the scope, content, quality, and timeliness of their reviews to
promote thoughtful, fair, constructive, and informative critique of the submitted
work.

Requesting that reviewers identify any potential conflicts of interest and asking
that they recuse themselves if they cannot provide an unbiased review.
Allowing reviewers appropriate time to complete their reviews.

Requesting reviews at a reasonable frequency that does not overtax any one
reviewer.

Finding ways to recognize the contributions of reviewers, for example, by
publicly thanking them in the journal; providing letters that might be used in
applications for academic promotion; offering professional education credits; or
inviting them to serve on the editorial board of the journal.

2. Author and Corresponding Author Responsibilities

Principles related to authorship with general consensus include the following:

Individuals who contributed to the work but whose contributions were not of
sufficient magnitude to warrant authorship should be identified by name in an
acknowledgments section.

All individuals who qualify for authorship or acknowledgment should be
identified. Conversely, every person identified as an author or acknowledged
contributor should qualify for these roles.

Individuals listed as authors should review and approve the manuscript before
publication.

Editors should require authors and those acknowledged to identify their
contributions to the work and make this information available to readers.

The ultimate reason for identification of authors and other contributors is to
establish accountability for the reported work.

Authorship should be limited to:

Individuals who have made a significant contribution to the conception, design,
execution, or interpretation of the reported study.

Identification of authors and other contributors is the responsibility of the people
who did the work (the researchers) not the people who publish the work
(editors, publishers). Researchers should determine which individuals have
contributed sufficiently to the work to warrant identification as an author.
Individuals listed as authors should review and approve the manuscript before
publication.

Individuals who contributed to the work but whose contributions were not of
sufficient magnitude to warrant authorship should be identified by name in an
acknowledgments section.

All individuals who qualify for authorship or acknowledgment should be
identified. Conversely, every person identified as an author or acknowledged
contributor should qualify for these roles.

Those who have made significant contributions should be listed as co-authors.
Others who have participated in certain substantive aspects of the research
project should be acknowledged or listed as contributors.

The corresponding author should:



Ensure that all appropriate co-authors have seen and approved the final version
of the paper.

Give consent to the manuscript submission for publication.

Manage any requests to add, delete or rearrange author names in an article
published in an online issue.

The authors should:

The author-editor relationship is founded on confidentiality. Authors should hold
all communication between themselves and the journal in confidence. Authors
should designate a specific contact for all communication about the manuscript
throughout peer review and (if accepted) the publication process. Authors
should observe journal policy on communication with external peer reviewers
(the policy may vary depending on whether a journal uses masked or non-
masked peer review) and should observe journal policy on prepublication
embargoes.

Ensure that they have written entirely original works, and if the authors have
used the work and/or words of others that this has been appropriately cited or
quoted. The authors should provide a statement attesting to the originality of the
study they have submitted for consideration. Originality is crucial, because many
journals have limited space and editors may give a low priority to studies that,
regardless of scientific accuracy and validity, do not advance the scientific
enterprise. Some journals may ask authors to provide copies of reports on other
studies (articles, manuscripts, and abstracts) related to the study under
consideration.

Copyright Assignment. Authors are usually expected to assign copyright to the
journal publishing their study. Assignment of copyright is a legal document in
which the authors assign certain rights to the publisher. Upon acceptance of an
article, authors will be asked to complete a 'Journal Publishing Agreement'. An e-
mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the
online version of this agreement.

Secure the necessary reproduction rights with the rights holder for any third
party material (images, digital content, etc.) you have used prior to submission.
Ensure that they have acknowledged any funding that have contributed to the
publication.

Provide the raw data in connection with a paper for editorial review, and should
be prepared to provide public access and retain such data for a reasonable time
after publication.

NOT in general publish manuscripts describing essentially the same research in
more than one journal or primary publication.

NOT submit the same manuscript to more than one journal concurrently
constitutes unethical publishing behavior and is unacceptable.

Include disclosure of all relationships that could be viewed as presenting a
potential conflict of interest.

Promptly notify the journal editor or publisher and cooperate with the editor to
retract or correct the paper.

Ensure that the manuscript contains a statement that all procedures were
performed in compliance with relevant laws and institutional guidelines and that
the appropriate institutional committee(s) has approved them.

Include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects.

Obtain appropriate consents, permissions and releases where an author wishes
to include case details or other personal information or images of patients and
any other individuals.

3. Peer-review Process

Reviewer responsibilities toward authors:

Providing written, unbiased feedback in a timely manner on the scholarly merits
and the scientific value of the work, together with the documented basis for the
reviewera€™s opinion

Indicating whether the writing is clear, concise, and relevant and rating the
worka€™s composition, scientific accuracy, originality, and interest to the
journala€™s readers.

Avoiding personal comments or criticism.

Maintaining the confidentiality of the review process: not sharing, discussing with
third parties, or disclosing information from the reviewed paper.

Reviewer responsibilities in regards to citations:

Recommending the addition of important or relevant published works that are
widely available into the citation list.

Discouraging the citation of unrelated works.

Alerting the authors on the possible errors or misuse of citations whenever
necessary.

Informing the authors on knowledge of cited works that have been updated or
retracted.

Reviewer responsibilities toward editors:

Notifying the editor immediately if unable to review in a timely manner and
providing the names of potential other reviewers.

Alerting the editor about any potential personal or financial conflict of interest
and declining to review when a possibility of a conflict exists.

Complying with the editora€™s written instructions on the journala€™s
expectations for the scope, content, and quality of the review.

Providing a thoughtful, fair, constructive, and informative critique of the
submitted work, which may include supplementary material provided to the
journal by the author.

Determining scientific merit, originality, and scope of the work; indicating ways
to improve it; and recommending acceptance or rejection using whatever rating
scale the editor deems most useful.



¢ Noting any ethical concerns, such as any violation of accepted norms of ethical
treatment of animal or human subjects or substantial similarity between the
reviewed manuscript and any published paper or any manuscript concurrently
submitted to another journal which may be known to the reviewer.

¢ Refraining from direct author contact.

4. Publication Ethics

The Editorial Committee aims to shape the scientific journal environment such as
ethical publishing practices, inform those involved in the editorial process, and foster
informed decision-making by editors so the integrity of our publications is upheld. in
addition, publishers and editors take reasonable steps to identify and prevent the
publication of papers where research misconduct has occurred; in no event shall a
journal or its editors encourage such misconduct, or knowingly allow such misconduct
to take place; in the event that a journala€™s publisher or editors are made aware of
any allegation of research misconduct the publisher or editor shall deal with
allegations appropriately; the journal should have available guidelines for retracting or
correcting articles when needed; and finally publishers and editors should always be
willing to publish corrections, clarifications, retractions and apologies when needed.

5. Copyright and Access

Authors who claim ownership to the data being reported, along with the
manuscriptd€™s authors, may be asked to sign over certain publication rights to the
journal through copyright transfer or a licensing agreement. Authors should be aware
of, and must abide by, the terms of these agreements.

6. Archiving

The International Journal of Integrated Engineering (IJIE) is published online with a
frequency of three (3) issues per year. Besides that, special issues of IJIE will be
published non-periodically from time to time.

Publisher

Penerbit UTHM as the publisher is committed to ensuring that advertising, reprint or
other commercial revenue has no impact or influence on editorial decisions. In
addition, Penerbit UTHM will assist in communications with other journals and/or
publishers where this is useful to editors. Finally, Penerbit UTHM will work closely with
other publishers and industry associations to set standards for best practices on ethical
matters, errors and retractions-and are prepared to provide specialized legal review
and counsel if necessary.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement'. An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the

online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. If excerpts from other
copyrighted works are included, the author(s) must obtain written permission from the
copyright owners and credit the source(s) in the article. Publisher Office has
preprinted forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement'.

License
Open access licenses

Open Access is by licensing the content with a Creative Commons (CC) license.

This work is licensed under a Creative Commons Attribution-NonCommercial-

ShareAlike 4.0 International License.

Publisher Office

Articles published under an Publisher Office user license are protected by copyright.
Users may access, download, copy, translate, text and data mine the articles for non-
commercial purposes provided that users:

e Cite the article using an appropriate bibliographic citation (i.e. author(s), journal,
article title, volume, issue, page numbers, DOI and the link to the definitive
published version)

e Maintain the integrity of the article

¢ Retain copyright notices and links to these terms and conditions so it is clear to
other users what can and cannot be done with the article


http://penerbit.uthm.edu.my/v3/images/jurnalOJS/Copyright%20Transfer%20Agreement%20Form%20IJIE%20July%202017.doc.pdf
http://creativecommons.org/choose/
https://creativecommons.org/licenses/by-nc-sa/4.0/

e Ensure that, for any content in the article that is identified as belonging to a third
party, any re-use complies with the copyright policies of that third party

¢ Any translations, for which a prior translation agreement with Publisher Office
has not been established, must prominently display the statement: "This is an
unofficial translation of an article that appeared in an Publisher Office publication.
Publisher Office has not endorsed this translation.”

For permission to use documents beyond permitted here, visit our website :
http://penerbit.uthm.edu.my/ojs

This is a non commercial license where the use of published articles for commercial
purposes is prohibited. Commercial purposes include:

¢ Copying or downloading articles, or linking to such postings, for further
redistribution, sale or licensing, for a fee

¢ Copying, downloading or posting by a site or service that incorporates
advertising with such content

¢ The inclusion or incorporation of article content in other works or services (other
than normal quotations with an appropriate citation) that is then available for
sale or licensing, for a fee

e Use of articles or article content (other than normal quotations with appropriate
citation) by for-profit organizations for promotional purposes, whether for a fee
or otherwise.

Use for the purposes of monetary reward by means of sale, resale, license, loan,
transfer or other form of commercial exploitation.

Charge

The Journal does not require any article processing charges (APC) or any article
submission charges (ASC).

Paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication with chargers depending on pages required.

Address

Authors should submit their manuscripts via the conference system, the online
submission, peer-review and editorial system for International Journal of Integrated
Engineering: http://penerbit.uthm.edu.my/ojs/index.php/ijie
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Abstract: This paper presents the design and development of low-cost Internet of Things (IoT) system for remote
monitoring of agriculture ecosystem. The aims of the research are to evaluate the accuracy and reliability of data
collected and transmitted with developed IoT system and access from remote location. These data are then
compared with the readings of the conventional stand-alone sensors or meters. The system is set in the laboratory
and utilises low cost microcontroller, sensors, Wi-Fi network communication, cloud storage, mobile and web
application. Microcontroller Arduino Uno ATMega328P is used with ESP8266 Wi-Fi module to enable the device
to be connected to the Internet. The sensors used in this system are selected base on the plant’s growth factor. All
data collected from the sensors are sent to the Cloud platform such as ThingSpeak and Blynk. Periodical
monitoring is carried out on laptop and mobile phone. The results showed that the data taken from the soil
moisture, soil temperature, light intensity, surrounding temperature and humidity are accurate and reliable.

Keywords: Remote Monitoring, Smart Precise Agriculture, Internet of Things, Monitor Crop, Sensors Technology

1. Introduction

Sarawak is the largest state in Malaysia with 124,499 km? land area which made up 37.5 % of Malaysia [1].
Despite having huge landmass, Sarawak’s agriculture sector is under develop. Agriculture-based food products are
mostly imported from the outside, making Sarawak one of the largest food importer [2]. Sarawak is not ready to
become food exporter due to low farm productivity [3]. Lack of human labour, continuous use of traditional farming
methods and no effective supply chain networks are the major hurdle to the agriculture sector. Current scenario for
agriculture sector is based on traditional farming, which is far from sustainable agriculture principle. Traditional
farming causes environmental pollution which eventually lowering the farm productivity [2].

To improve agricultural productivity, the crop performance under different growth ecosystems such as soil
conditions, soil nutrients level and environment are vital to recognised [4]. As for that reason, farmers must implement
new innovative agriculture practise namely as smart agriculture or smart farm. Smart agriculture utilised Internet of
Things (IoT) technology. IoT term was first coined in 1999 which describe a system where the internet is connected to
the physical world via universal sensors [5]. Internet of Things (IoT) is a hot concept newly emerged that will influence
how farmers manage and pursue modern farming. IoT provides automation and wireless communication between
devices to devices. IoT is made possible due to the decrease of cost of technologies such as cellular network,
smartphones, short range wireless communication, and sensors. [oT carry out smart function that are not able to be
performed efficiently by human.

*Corresponding author: zhushair@unimas.my 1
2020 UTHM Publisher. All rights reserved.
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Real time continuous monitoring, accurate information and automation can be executed reliably with IoT. Basic
IoT architecture include microcontroller unit, network connectivity, sensor module, memory and user interface [6]. In
farming context, the plant will be embedded with sensors, connected with network connectivity, cloud storage and
mobile application.

The objective of this smart monitor system is to develop a simple, inexpensive and reliable system utilising sensor,
microcontroller unit, network communication and mobile or web application. From this system, farmers can monitor
their crop remotely, collect data from their crop and finally use the data to determine the threshold value which can be
used for designing smart agriculture practices.

2. Literature Review

Every single aspect of Smart Agriculture is discussed in [7]. The article discusses the key drivers of technology in
agriculture, also what are the barriers, major smart agriculture applications, future practices and current technology.
From the article, farmer’s motivations in implementing IoT in agriculture are to reduce climate effects and to achieve
higher yields, optimised resources and automation. Inexpert manpower, expensive, and lack of connectivity coverage
are few examples of the barrier in executing IoT in agriculture. Soil condition monitoring, smart irrigation, zero
fertiliser waste, pest and disease management are the discussed smart agriculture applications.

Smart farming based on remote monitoring are becoming more famous. The goal of [8] is to create farm-
environment monitoring system using Arduino Yun as microcontroller unit with Wi-Fi connection. Sensing result can
be seen on JavaScript-based browsers. Video cameras are installed to view real-time crop growth. This smart
environment monitoring system is reliable in terms of safety. The data is safely stored inside localhost and real-time
viewing is possible.

In [9] the research aims to design smart micro farm to monitor Algae spirulina growth. It uses a microcontroller,
such as Arduino, and sensors to create a real-time monitoring system via the internet to monitor water temperature,
ultraviolet intensity, and water turbidity. Sensors used in this research are DS18B20 temperature sensor, ML8511 UV
sensor and SENO189 turbidity sensor. All sensors give voltage output measurement. From the voltage outputs, the
readings are then analysed accordingly. This system can perform smart automation accordingly when sensor reading
meets requirement.

Project was carried out in [10] to study the smart farm monitoring on environment at paddy warehouse. The
prototype of a smart capsule was developed to measure the humidity in paddy bags stored in various locations within a
warehouse. The smart capsule used Node MCU ESP8266 microcontroller and the SHT21 humidity sensor to send data
to the Blynk server over a Wi-Fi network. This monitoring system can perform systematic data storage and effectively
display all data.

IoT-based Smart Garden with Weather Station system, which can be used to monitor the growth of plant every day
and predict the probability for raining was introduced in [11]. The system was equipped with a sensors and actuators,
where it can be monitored and controlled by using a smartphone. Sensors used in this system are DHT11 temperature
and humidity sensor, LDR, soil moisture sensor and barometric pressure module sensor. Values from sensors such as
temperature, humidity and barometric pressure are compared with online value. From the comparison, it is assumed
that the sensors from this smart garden system are working accurately.

In [12], a new system is implemented for smart farming called ‘connected farm’. Connected farm systems provide
smartphone application to monitor and control the connected farm. Sensors collected data such as the soil moisture,
temperature and carbon dioxide monitoring from the farm. The data can be access through the apps and any issue arise,
an alert is sent to the farmer. The apps include farm control. Through farm control, farmers can react to the alert sent.
For example, if the soil moisture sensor uploads a value less than a threshold suggested by the knowledge base, farmer
can trigger the irrigation system using farm control. Besides that, experienced farmers can share their knowledge and
guidance with others. Knowledge such as optimal growth conditions can be easily accessed through the apps.

3. Methodology

The methodology section is summarised into four parts. The first part discusses the conceptual design and flow.
The second and third part focuses on the hardware and software connection while the final part introduces the farm
meter used in this system.

3.1 Conceptual Design and Design Flow

Crucial parameters that affect the plant growth are light, water, temperature and nutrients [13]. Water is vital for
plant’s survival. Water in soil (soil moisture) can affect the nutrient uptake and root’s growth. While water vapour in
air (humidity), is required for photosynthesis. = Beside humidity, light and temperature are also essential for
photosynthesis [14]. Therefore, parameters such as light, water and temperature are stressed in the monitoring system.

To monitor the parameters, sensors are put at two places of the plant and categorised as two group. The two
groups are surrounding weather and soil conditions. The first group of sensors will be collecting data of surrounding
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weather of the farm. For this group, sensor such as temperature sensor, humidity sensor and light sensor are used.
Second group will exclusively monitor soil condition. This group will use sensor such as soil temperature sensor and
soil moisture sensor. The conceptual design for this system is shown as in Figure 1.

Database

SURROUNDING ﬁ
WEATHER SENSOR

MCU + Wi-Fi
‘7@

: [

TEMPERATURE

AND HUMIDITY LIGHT —
SENSOR SENSOR

Remote User
SOIL SENSOR Monitoring

SOIL SOIL
MOISTURE | TEMPERTURE
SENSOR SENSOR

Fig. 1 - Conceptual design

Figure 2 shows the overall system’s flow. There will be two sensor nodes for this system. All these sensors will be
connected to Arduino Uno ATMega328P with ESP8266 Wi-Fi module. ESP8266 Wi-Fi module is used to connect all
sensors online. All the sensors data can be monitor through two platform, ThingSpeak and Blynk. At the same time, all
data will be store in database and can be downloaded as a CSV file.
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> .

) ONLINL CLOUD
e -
/SOTE SERSOR 2 I
R L 4 “

& / 13PR266 ARDUINO i
3 WIFL UNO Bl‘ynk Dhatalussr
o MODULE ATMEGA32BDP MOBILE =T

APPLICATION

YL6Y D518820
SENSOR SENSOR

Fig. 2 - System's Flow

3.2 Hardware

Figure 3 shows the overall system’s hardware connection. Arduino Uno with ATMega328P microchip is a used as
microcontroller unit. The Arduino Uno ATMega328P contain two part. The two part are the hardware part and software
part. The hardware is the Arduino Uno board. The board has 14 digital input pins and 6 analogue input pins. The
software part is the Arduino Integrated Development Environment (IDE) which use language like C programming
language [15]. To connect the hardware to the internet and send data from microcontroller to the cloud, ESP8266 Wi-Fi
module is used. ESP 8266 connects with the microcontroller using AT commands whereas the microcontroller
communicates with the ESP 8266 using UART with definite Baud rate [16].
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DHT11 DS18B20

ESP8266

YL69 LDR

Fig. 3 - Hardware Connection

Two sensor nodes are categorised. Frist node is to monitor soil condition, two sensors are used. The two sensors
are DS18B20 temperature sensor with waterproof probe and YL69 soil moisture sensor. YL69 soil moisture measure
the resistance of electrical conductivity of water. Moist soil conducts electricity better than dry soil. The higher the
conductivity, the lower the resistance. Hence, the reading relies on the water content in the soil [17].

Second node will monitor surrounding condition. Two sensors used are DHT11 and LDR. DHT11 sensor is used to
monitor temperature and humidity. LDR is for light intensity monitoring. DHT11 sensor make use a thermistor to sense
the temperature and humidity module to measure the humidity [18]

3.3 Software

3.3.1 ThingSpeak

ThingSpeak is an IoT analytics platform service that allows user to aggregate, visualise and analyse live data
streams in the cloud. Instant visualisations of data are posted to ThingSpeak instantly from smart connected devices
[19].

For ThingSpeak, user needed to create a channel and select how many chart fields are used. For this system, five
fields are created. Using both ThingSpeak and Blynk is easy. From Blynk, a widget call “webhook” is used to “hook”
both platforms together. When sensors send data to Blynk, it will simultaneously send data to ThingSpeak. In webhook
setting, the ThingSpeak channel API is set to hook both platforms.

3.3.2 Bylnk

Blynk is an IoT platform that allows to control, interact and monitor IoT devices such as Arduino, Raspberry Pi,
ESP8266 and many more. A graphic interface of the project can be built simply by dragging and dropping widgets [20].

Through this app, all sensors value will be display. Figure 4 shows the application interface in editor mode. All the
widget used is as shown in Figure 4. Values such as humidity, soil moisture, temperature and soil temperature are
shown in ‘super chart’ widget while LDR value are shown in “display value” widget.
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Fig. 4 - Blynk App Interface in Editor Mode

Other widgets used are ‘webhook’ widget and ‘notification’ widget. Webhook use to connect both Blynk and
ThingSpeak together. Notification widget will help to notify user when hardware device is offline.

3.4 Farm meter

All the sensors are calibrated, and the accuracy of the values are compared with generic agriculture meter available
as shown in Figure 5. Soil meter can measure three values such as soil moisture, light Lux level, and pH value. Digital
thermo-hygrometer measure temperature and humidity level. Digital thermometer with waterproof probe also used to
compare soil temperature.

Fig. S - Soil meter, digital thermo-hygrometer and digital thermometer respectively

4. Results and Discussions

In this section, the device, web and mobile application performances are analysed and summarised in two part. The
first part discusses on software’s visualisation and application. Second part focuses on accuracy and data reliability.

4.1 ThingSpeak

Figures 6 (a), 6(b) and 6 (c) show the visualisation in ThingSpeak. Last field shows the LDR value in numeric
display which is to replicate Blynk “display value” widget.
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Data collected from the sensors are stored in ThingSpeak database. In ThingSpeak platform, data is retrieved by
exporting csv file from the website. Figure 7 shows the example of the data exported from ThingSpeak. The sensors
data is updated with 5 minutes interval.

A | B | ¢ | b | E | F | 6 |
1 j created_at entry_id fieldl field2 field3 field4 field5 Is
2 2019-07-02 11:50:23 +08 1 /pin[0)/ /pin[1])/ /pin[2]/ /pin[3]/ /pin[4])/
3 12019-07-02 11:57:57 +08 2 0 0 348 27.25 831
4 12019-07-02 12:02:58 +08 3 0 0 36.168 27.25 837
5 [2019-07-02 12:07:58 +08 4 0 0 38.123 27.25 836
6 (2019-07-02 12:12:58 +08 5 0 0 39.003 27.188 844
7 |2019-07-02 12:17:58 +08 6 0 0 40.274 27.25 853
8 |2019-07-02 12:22:58 +08 7 0 0 41.056 27.188 852
9 2019-07-02 12:27:59 +08 8 0 0 39.98 27.188 844
10 2019-07-02 12:32:59 +08 9 0 0 40.274 27.188 854
11 2019-07-02 12:37:59 +08 10 0 0 41.838 27.313 839
12 2019-07-02 12:43:00 +08 11 0 0 42326 27.25 819
13 2019-07-02 12:48:00 +08 12 0 0 42.62 27.25 829
14 2019-07-02 12:53:00 +08 13 0 0 43.109 27.313 824
15 /2019-07-02 12:58:00 +08 14 0 0 42.522 27.313 815
16 2019-07-03 11:00:16 +08 15 0 0 26.295 27.625 809
17 2019-07-03 11:05:16 +08 16 0 0 30.108 27.625 819
18 2019-07-03 11:10:16 +08 17 0 0 32454 27.625 809
19 2019-07-03 11:15:16 +08 18 0 0 34506 27.75 818
20 |2019-07-03 11:20:16 +08 19 0 0 34.409 27.688 815
21/2019-07-03 11:25:17 +08 20 0 0 35.093 27.688 813
22 2019-07-03 11:30:17 +08 21 0 0 35.582 27.75 786
23 2019-07-03 11:35:17 +08 22 0 0 36.07 27.75 808
24 12019-07-03 11:40:17 +08 23 0 0 36.461 27.688 821
25 2019-07-03 11:47:37 +08 24 0 0 37.439 27.688 816
26 2019-07-03 11:52:37 +08 25 0 0 38.123 27.75 818
27.12019-07-03 11:57:38 +08 26 0 0 38416 2775 839

Fig. 7 - The example of data collected in ThingSpeak database

4.2 Blynk

The Blynk mobile application was able to display the status of each hardware device as shown in Figure 8. The
"online" status showed that the device work normally while the "offline" status indicated that the device losing Internet
connection. A notification would be sent in case any device was disconnected from the system. Once there was an
offline device, the Blynk application would send an alert message as shown in Figure 9.

(9 ] OFFLINE

Plant Monitoring Plant Monitoring
# HUMIDL... | SOILMOISTU... | TEMPERATU...  w\ SOIL TEMPERATU... »\ HUMIDL... | SOILMOISTU... ¥ TEMPERATU... ¥ SOIL TEMPERATU...
60 28 30 270 60 28 30 270
56 25 29 267 5% 25 29 267
53 22 28 264 53 28 264
49 19 26 262 49 19 26 262
=451 252259 =45=1¢ 25=259%
Live 1h 61 1d 1w 1M 3M e [2 Lve 1h 6h 1d Tw M 3M e [7
LDR THINGSPEAK.COM
LDR THINGSPEAK.COM n L‘n
736 N Ll 736 D

Fig. 8 - Blynk Hardware Status
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Fig. 9 - Example of Notification system

For Blynk Application, the data from “super chart” widget is emailed by selecting the “export to csv” option.
Figure 10 shows the example of the data downloaded from Blynk. Blynk cloud is free to use but limited by data rate.
For this system, Blynk records data from sensor with interval of 5 minutes.

A B C D E F G
Epoch time Time GMT Time UTC +8 Humidity (V1) Soil Moisture (V3) Temperature (V2) Soil Temperature(V4)
1562039820 2/7/2019 3:57  2/7/2019 11:57 57 34.8 29 27.25
1562040120 2/7/2019 4:02  2/7/2019 12:02 55 36.168 29 27.25
1562040420 2/7/2019 4:07  2/7/2019 12:07 55 38.123 29 27.25
1562040720 2/7/2019 4:12 2/7/2019 12:12 58 39.003 29 27.188
1562041020 2/7/2019 4:17  2/7/2019 12:17 54 40.274 29 27.25
1562041320 2/7/2019 4:22  2/7/2019 12:22 58 41.056 29 27.188
1562041620 2/7/2019 4:27  2/7/2019 12:27 53 39.98 29 27.188
1562041920 2/7/2019 4:32  2/7/2019 12:32 58 40.274 29 27.188
1562042220 2/7/2019 4:37  2/7/2019 12:37 54 41.838 29 27.313
1562042520 2/7/2019 4:42  2/7/2019 12:42 58 42.326 29 27.25
1562042820 2/7/2019 4:47  2/7/2019 12:47 58 42.62 29 27.25
1562043120 2/7/2019 4:52  2/7/2019 12:52 56 43.109 29 27.313
1562043420 2/7/2019 4:57  2/7/2019 12:57 53 42.522 29 27.313
1562122800 3/7/2019 3:00  3/7/2019 11:00 62 26.295 29 27.625
1562123100 3/7/2019 3:05  3/7/2019 11:05 61 30.108 29 27.625
1562123400 3/7/2019 3:10  3/7/2019 11:10 60 32.454 29 27.625
1562123700 3/7/2019 3:15  3/7/2019 11:15 59 34.506 31 27.75
1562124000 3/7/2019 3:20  3/7/2019 11:20 59 34.409 32 27.688
1562124300 3/7/2019 3:25  3/7/2019 11:25 60 35.093 28 27.688
1562124600 3/7/2019 3:30  3/7/2019 11:30 59 35.582 29 27.75
1562124900 3/7/2019 3:35  3/7/2019 11:35 59 36.07 29 27.75
1562125200 3/7/2019 3:40  3/7/2019 11:40 60 36.461 28 27.688
1562125620 3/7/2019 3:47  3/7/2019 11:47 60 37.439 28 27.688
1562125920 3/7/2019 3:52  3/7/2019 11:52 59 38.123 29 27.75
1562126220 3/7/2019 3:57  3/7/2019 11:57 59 38.416 29 27.75
1562126520 3/7/2019 4:02 3/7/2019 12:02 59 38.416 29 27.75

Fig. 10 - The example of data collected from Blynk database
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4.3 Data accuracy and reliability

The reading differences between the farm meters and sensors are summarised in Table 1 and Table 2 respectively.

Table 1 shows the comparison between farm meter and sensor for soil condition. Soil meter measure soil moisture
in ten level and mark as dry (level 1) to wet (level 10) correspondingly. The YL69 soil moisture sensor measure in
moisture percentage. From the table, it is only assumed that level 1 is about 10%. The soil meter read level 3 for all
readings while soil moisture sensor reads between 30-36%. Therefore, there is no absolute way to tell the sensor’s
accuracy.

The average temperature difference between digital thermometer and DS18B20 is found out to be £0.5°C. The
difference between the digital thermometer and sensor are insignificant and almost similar. Then it can be assumed that
the sensor is working properly.

Table 2 shows the difference between farm meter and sensor for the surrounding weather node. The average
temperature difference between digital thermo-hygrometer and DHT11 is +0.7°C. The average temperature difference
between the thermo-hygrometer and DHT11 is considered small. The small difference is due to DHT11 measures
temperature in positive integer which ranging from 0 to 50°C.

The average humidity difference between digital thermo-hygrometer and DHT11 is +25%. The reading variance
between the sensor and digital thermo-hygrometer reading is due to different humidity measurement range. DHT11 can
only measure relative humidity level ranging from 20% to 80%. However, digital thermo-hygrometer can measure
relative humidity between 0 to 100%. For better result and comparison, DHT sensor type DHT22 should be used
instead. DHT22 can measure relative humidity between 0 to 100% which is same with digital thermo-hygrometer.

Table 1 - Reading differences between generic meter and Soil Condition Sensors Node

Date/Time Soil Meter, YL69 Digital DS18B20
Soil Sensor, Soil Thermo- sensor,
Moisture Moisture Temp (°C) Temp (°C)
(Level) (%)
100719/1030 3.5 36.4 27.7 27.1
100719/1130 3 34.7 27.8 27
100719/1230 3 34.7 27.9 27.1
100719/1430 3 344 27.9 27.2
100719/1530 3 349 28 27.4
100719/1630 3 34.8 28.1 27.5
110719/1030 3 30.8 27.3 26.7
100719/1130 3 329 26.1 25.8
110719/1230 3 32.6 26.7 26.2
110719/1330 3 31.7 27.1 26.6
110719/1430 3 32 27.2 26.7
110719/1530 3 314 27.3 26.7
110719/1630 3 31.9 27.3 26.7
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Table 2 - Reading differences between generic meter and surrounding weather sensor node

Date/ Time Digital DHT11 Digital DHT11
Thermo- sensor, Thermo- sensor,
hygrometer, Temp (°C) hygrometer, Hum (%)
Temp (°C) Hum (%)
100719/1030 28.8 28 73 48
100719/1130 29 28 69 45
100719/1230 293 29 69 44
100719/1430 29.2 28 66 41
100719/1530 29.6 29 61 38
100719/1630 29.5 30 62 39
110719/1030 279 28 75 47
100719/1130 28.1 28 76 48
110719/1230 28.7 28 79 53
110719/1330 28.8 28 78 51
110719/1430 28.6 28 77 52
110719/1530 28.4 28 77 48
110719/1630 28.4 28 75 47

5. Conclusions

This monitoring system utilised inexpensive sensor technology with Arduino Uno as microcontroller with open

ware platform such as Blynk and ThingSpeak. The monitoring can be easily done by using Blynk mobile application
and ThingSpeak web applications. The system is tested with generic agriculture meters and resulted an accurate and
reliable system. This monitoring system can help farmer monitor their farm in real time and provide reliable data.
Monitoring systems helps farmer to gather data needed to monitor plant’s health. All the data collected and store in
ThingSpeak database can be further utilised for data analytics.
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