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'Electricity & W.Business Indonesia Comnets Plus Jakarta, Indonesia 2Electricity
Digital Solution Indonesia Comnets Plus Jakarta, Indonesia *Smart Meter PT PLN
(Persero) Jakarta, Indonesia “Energy metering expert Indonesia Comnets Plus Jakarta,
Indonesia

PTS3-4 3 107 Development of Meter Data Management System Based-on Event-Driven 403

Streaming Architecture for IoT-based AMI Implementation

Ignatius Rendroyoko', Antonius Darma Setiawan?, Suhardi’

13School of Electrical Engineering and Informatics Institute Technology of Bandung
Bandung, Indonesia

"Department of Electrical Engineering Jakarta Global University Jakarta, Indonesia
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Fan Qirui', Liu Xuezhong?, Yuan Pengfei’, Zhang Yue*, He Mingpeng’, Hu Bo®

123 State Key Laboratory of Electrical Insulation and Power Equipment Xi’an Jiaotong
University Xi’an, China

43-6Dongfang Electrical Machinery Co. Deyang, China
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PTS3-4 4 15 Guidance on Communication Media Selection for Advanced Metering 408
Infrastructure in Indonesia
K.G.H. Mangunkusumo, A.S. Surya, D.R. Jintaka, H.B. Tambunan
Transmission and Distribution Department PLN Research Institute Jakarta, Indonesia

PTS3-4 5 14 NB-PLC Performance Evaluation for Advanced Metering Infrastructure 414
K.G.H. Mangunkusumo, A.S. Surya, D.R. Jintaka, H.B. Tambunan
Transmission and Distribution Department PLN Research Institute Jakarta, Indonesia

PTS4-1 1 113 Application of the Phase Shift Full Bridge Converter for the Single-Phase Full- 419
Bridge Inverter to Improve the Output of the Renewable Energy
Thao Huynh Van!, Thanh Le Van?, Tuyet Mai Nguyen Thi’, Minh Quan Duong*, Le
Xuan Chau’
12-34University of Science and Technology, The University of Danang Danang, Vietnam
SNaval Academy Vietnam Nhatrang Vietnam

PTS4-1 2 109 Design of AC Electric Vehicle Supply Equipment based on Safety Standard 425
Khotimatul Fauziah!, Yuli Astriani?, Dionysius A. Renata®, Afrias Sarotama*, Agus
Suhendra’, Eka R. Priandana®, Riza’
12356 7National Laboratory for Energy Conversion Technology BPPT Serpong,
Indonesia
“Center of Technology for Electronics BPPT Serpong, Indonesia

PTS4-1 3 59 A Model Reference Adaptive System for Online Rotor Parameter Estimation of 431
Induction Motors
Ikhwan Wiranata, Jihad Furqani, Arwindra Rizqiawan, Pekik Argo Dahono
School of Electrical Engineering and Informatics Institute Technology of Bandung
Bandung, Indonesia

PTS4-1 4 47 Detection of Air Gap Eccentricity On Three-Phase Induction Motor Using 3-Axis 436
Digital ELF Gaussmeter
Reza Sarwo Widagdo, Dimas Anton Asfani, I Made Yulistya Negara
Department of Electrical Engineering Institut Teknologi Sepuluh Nopember Surabaya,
Indonesia

PTS4-1 5 106 Influence of Three-Phase Impulses with Different Sequences and Rise Times on 442
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PTS4-1 6

114

Effect of Jump Voltage and Rise Time on the Temperature and Electric Field
Distribution Along the Stress Grading System of An Inverter-fed Motor

Ping Liu', Xuezhong Liu?, Qirui Fan?, Shaobo Huang*, Bo Hu’, Zhiming Liang®

1-23Gtate Key Laboratory of Electrical Insulation and Power Equipment Xi’an Jiaotong
university Xi’an, China

43-6Insulation Research Center Dongfang Electric Machinery Co. Ltd.

447

PTS4-2_1

Tropical Lightning Strike Potential as a Cause of Qil Tank Fire in Indonesia

Farhan Hafiz Budisatrio, Bryan Denov, Suwamo, Syarif Hidayat, Wisnu Adyatma S,
Reynaldo Zoro

School of Electrical Engineering and Informatics, Bandung Institute of Technology,
Bandung Indonesia.

451

PTS4-2 2

23

Observed Acoustic Radiation of Thunder Using Microphones Array
Ariadi Hazmi
Dept. of Electrical Engineering, Universitas Andalas, Indonesia

457

PTS4-2 3

123

Analysis of Corona Characteristics of HVAC and HVDC in a Simulation
Environment
Sasindu Thennakoon!, Dinuka Dilshan?, Ruwansi Kaldasani®, Rasara Samarasinghe®,
Rohan Lucas®

1234 Department of Electrical Engineering, University of Moratuwa, Katubedda, Sri
Lanka

SDepartment of Electrical, Electronic & Telecom. Engineering, General Sir John
Kothalawala Defence University, Rathmalana Sri Lanka

461

PTS4-2 4

121

Analysis of Currents in Dielectric Gloves Due to Medium Voltage Surges John
Morales, Flavio

John Morales', Flavio Quizhpi-Palomeque?, Mateo Quizhpi-Cuesta®, Francisco Gomez-
Juca*, Byron Cabrera R*, Victor Humala A°

Instituto de Energia Eléctrica, Universidad Nacional de San Juan. Energy Research
Group (GIE), Universidad Politécnica Salesiana, San Juan J5407, Argentina

234Energy Research Group (GIE) Electrical Engineering Career, Universidad
Politécnica Salesiana, Cuenca Equador

S6Electrical Engineering Career, Universidad Politécnica Salesiana, Cuenca Equador

466

PTS4-2_5

146

Verification and Calibration of Impedance Measuring Instrument

Ilham Muliawan Hamzah, Syarif Hidayat, Bryan Denov

School of Electrical Engineering and Informatics, Institut Teknologi Bandung, Bandung,
Indonesia

472

PTS4-2 6

77

A Simulation Study on Lightning Current Distribution in Telecommunication
Tower

Bryan Denov, Syarif Hidayat, Suwarno, Reynaldo Zoro, Syadila Refiasto, Farhan Hafiz
Budisatrio

School of Electrical Engineering and Informatics Institut Teknologi Bandung Bandung,
Indonesia

478

PTS4-3_1

28

Development of Overhead Transmission Line Assessment Index
Rofiul Huda', Rahman Azis Prasojo?, Suwamo?, Rizally Priatmadja*

123 School of Electrical Engineering & Informatics Institut Teknologi Bandung,
Bandung, Indonesia

“Central Java Transmission Central Unit PT PLN (Persero) Bandung, Indonesia.

484

12




12021

2021 3rd International Conference on High Voltage Engineering and Power Systems (ICHVEPS) ICH’\/E PS

Session
Number

Paper
No.

Title, Author & Institution

Page

PTS4-3 2

43

High Voltage Conductor Effect Estimation on The Nearby Buried Piping System

Dimas Aji Nugraha, Guntur Supriyadi, Aji Suryo Alam, Joko Hartono, Hakim Habibie
HU

Transmission and Distribution Dept, PLN Puslitbang Jakarta, Indonesia.

490

PTS4-3 4

34

Characterization of Glow Plasma Treatment on Nanosilica Under Different
Treatments Time

N. M. Saman', M. H. Ahmad?, Z. Buntat?, Z. Adzis*, Z. Nawawi®, M. A. B. Sidik®, M.
I. Jambak’

1234nstitute of High Voltage and High Current, School of Electrical Engineering,
Universiti Teknologi Malaysia, Johor Bahru, Malaysia.

367 Department of Electrical Engineering, Faculty of Engineering, Universitas Sriwijaya,
Ogan Ilir, South Sumatra, Indonesia.

495

PTS4-3 5

72

Aging Behavior of Mineral Qil, Gas-to-Liquid (GTL), and Natural Ester Liquids
in Presence of Cellulosic Materials

Mawla Ahmad, Ilhamid Daris, Hardiansyah Rahmat, Suwarno

School of Electrical Engineering and Informatics Bandung Institute of Technology
Bandung, Indonesia.

501

PTS4-3 6

74

Mitigation of Insulator Ultraviolet Emission Measurement Errors using Facular
Area

Tumiran', Mochammad Wahyudi?, Noor Akhmad Setiawan®, Faiq Arkan Dewanto®,
Kukuh Pambudi’, Dharma Saputra’

1.234Department of Electrical and Information Engineering Universitas Gadjah Mada
Yogyakarta, Indonesia
SPLTU Jawa Tengah 2 Adipala Indonesia Power Company Cilacap, Indonesia

507

PTS4-4_1

98

Application of Online PD Monitoring System Based on Large-scale Distributed
Detection on High Voltage Cable Line

Min Chen!, Koji Urano?, Zhipeng Zhou?, Jingjing Lu*, Yingying Liu®, Yanting Xie®

1234 Technical department SE Technology Limited Hong Kong, China
36 Technical department ZF Technology Limited Guangzhou, China

512

PTS4-4 2

86

Partial Discharge Characteristics of Low-Density Polyethylene Nanocomposites
Incorporated with Plasma-treated Silica and Boron Nitride Nanofillers

N. M. Saman, N. A. Awang, M. H. Ahmad, Z. Buntat, Z. Adzis

Institute of High Voltage and High Current, School of Electrical Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia, Johor Bahru, Johor, Malaysia

518

PTS4-4 3

87

Enhancement of Electrical Treeing and Partial Discharge Characteristics of
Silicone Rubber filled with Silicon Nitride Nanoparticles

N. M. Saman, A. H. M. Nasib, M. H. Ahmad, Z. Buntat, Z. Adzis, M. A. M. Piah

Institute of High Voltage and High Current, School of Electrical Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia, Johor Bahru, Johor, Malaysia

524
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PTS4-4 4

85

Ultra High Frequency Partial Discharge Sensors based on Various Microstrip
Patch Antenna Designs

S. Jaruman, N. M. Saman, H. C. Xiang, M. H. Ahmad, Z. Buntat, Z. Adzis

Institute of High Voltage and High Current, School of Electrical Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia, Johor Bahru, Johor, Malaysia.

530

PTS4-4 5

159

Testing New Design Partial Discharge Detector Using Vector Network Analyzer
and Charge Calibrator

Umar Khayam, Naufal Hilmi Fauzan

School of Electrical Engineering and Informatics, Institut Teknologi Bandung, Bandung,
Indonesia

536

PTS4-4 6

161

Study of Antenna Development for Partial Discharge Measurement
Umar Khayam, Farradita Nugraha

School of Electrical Engineering and Informatics, Institut Teknologi Bandung, Bandung,
Indonesia

541

PTS5-1_1

105

Power Transformer Oil Measurement Prioritization based on Technical and
Economic Criteria using Analytic Hierarchy Process

Rahman Azis Prasojo, Heri Sutikno, Suwarno, Nur Ulfa Maulidevi, Bambang Anggoro
Soedjarno P.

School of Electrical Engineering and Informatics, Institut Teknologi Bandung, Bandung,
Indonesia

PT. PLN (Persero) Bandung, Indonesia

547

PTS5-1 2

55

Experimental Setup for Ferroresonance Initiation On 3-Phase Low Voltage
Transformer

I Gusti Ngurah Satriyadi Hernanda, I Made Yulistya Negara, Dimas Anton Asfani,
Daniar Fahmi, Naoki Satryo Anggito, Chairul Bahy

Electrical Engineering Department, Sepuluh Nopember Institute of Technology,
Surabaya, Indonesia.

552

PTS5-1 3

110

Early Warning of XLPE Power Cable Transformator Breakdown by Using Partial
Discharge Testing

Fabianus Marintis Dwijayatno', Tessamonica Luthfia?, Nelson Silaen?, Ahadiyat*
'Substation and GIS Assesment Department PLN UIT JBT, Bandung, Indonesia; 234
Planning and Evaluation Department PLN UIT JBT Bandung, Indonesia

558

PTS5-1 4

103

Design of a Rectangular Microstrip Patch Antenna as UHF Sensor for Partial
Discharge Detection on Power Transformer

Jean Pierre Uwiringiyimana, Suwarno, Umar Khayam

School of Electrical Engineering, Institut Teknologi Bandung, Bandung, Indonesia

563

PTS5-2 1

164

Special Protection System (SPS) Designing and Testing Based on Vulnerability and
Frequency Security Index: Case Study Of Batam-Bintan System, Indonesia

M. Rivandi Fadli, Kevin Marojahan Banjar Nahor, Nanang Hariyanto, Rizky Rahmani,
Fathin Saifur Rahman

Electrical Power Engineering School of Electrical Engineering and Informatics Bandung
Institute of Technology Bandung, Indonesia

569

PTS5-2 2

169

Real Time Simulation of New Defense Scheme Based on Centralized Remedial
Action Scheme For Batam-Bintan Electrical System Implementation

Nuel Yosia, Kevin Marojahan Banjar Nahor, Nanang Hariyanto

Electrical Power Engineering School of Electrical Engineering and Informatics Institut
Teknologi Bandung, Bandung, Indonesia

575

PTS5-2 3

13

Interarea-Oscillation Damping with Dual Power Oscillation Damping Controller
of a Utility-Scale Wind Power Plant

Mayur Basu, Jinho Kim, Robert M. Nelms, Eduard Muljadi

Electrical and Computer Engineering Auburn University Auburn, USA

581
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PTS5-2 4 115 Simulation and Prevention of Indonesia Southern-Middle Sumatran West Ring 586
Grid Power Swing Phenomena when Open looping
Dispriansyah!, Agustriadi?, Agus Trimanto?
ITransmission and load control center PT PLN (Persero) P3B Sumatera Pekanbaru,
Indonesia
2Operation System PT PLN (Persero) P3B Sumatera Pekanbaru, Indonesia
3Transmission Academy PT PLN (Persero) UPDL Semarang Semarang, Indonesia
PTS5-2 5 166 Static Security Assessment using Randomforest Based on Digsilent-Phyton 591
Simulation
Eko Agus Murjito, Kevin M. Banjar-Nahor, Rizky Rahmani, Fathin Saifur Rahman,
Nanang Hariyanto
Electrical Power Engineering School of Electrical Engineering and Informatics Bandung
Institute of Technology Bandung, Indonesia
PTS5-2 6 117 Implementation of Auto Reclose for Combined Overhead Line with Underground 596
Cable using Distance Relays. A case study at Gajah Tunggal 150kV Substation
Hikmah Prasetia, Amdi Nopriansyah, Yudha Nugroho
PT PLN (Persero) UIT Jawa Bagian Barat Jakarta, Indonesia
PTS5-3 1 71 Analysis on Workability of Maintenance of Transmission Assets: A case study from 600
Java-Bali Transmission Grid
Dhandis R. Jintaka, Putu Agus Aditya Pramana, K. G. H. Mangunkusumo
Transmission and Distribution Department PLN Research Institute Jakarta, Indonesia
PTS5-3 2 18 Evaluation Of High Voltage Live Working MAD Changes Related To Maintenance 605
And Substation Equipment Design In the Case Study of UPT Tanjung Karang
Aryo Tiger Wibowo'!, Kurniawan Danu Diharja?, Ferry Fadli’, Abdul Fajar*
'P3B Sumatera PLN Indonesia Pekanbaru, Indonesia
’Divisi PET PLN Indonesia Jakarta, Indonesia
SUPT Tanjung Karang PLN Indonesia Lampung, Indonesia *UPT Pulogadung PLN
Indonesia Jakarta, Indonesia
PTSS5-3 3 5 Improving Transmission Line Maintenance Strategy by Digitizing Maintenance 610
Report Process and Maintenance Data Visualization
Rizally Priatmadja, Arief Ibrahim Wuller, Rintoko Setyo Wibowo, Ali Rofii, Deni
Yanuar Kristiadi, Tejo Wihardiyono
PTSS5-3 4 17 Investment Assessment using Monte Carlo Method for Power Grid Project in 614
Jawa-Madura-Bali System
Anindita Satria Surya!, Musa Partahi Marbun?, Yehuda Bayu Kristiawan®, Achmad
Syerif Habibie*
4Transmission and Distribution Department PT PLN Research Institute Jakarta,
Indonesia
2System Planning Divison PT PLN Head Office Jakarta, Indonesia
3Planning and Project Control Department PT PLN Pusat Manajemen Proyek Semarang,
Indonesia
PTS5-3 5 157 Network Stress Assessment of Planning Distribution Approach on High 620
Penetrations E-Mobility and DERs
Candra Agus Dwi Wahyudi'! Fathin Saifur Rahman?
'Planning Department PT PLN (Persero) Jakarta, Indonesia
2School of Electrical Engineering and Informatics Institut Teknologi Bandung Bandung,
Indonesia
PTS5-4 1 58 Power Quality Analysis of Solar PV/Micro-Hydro/Wind Renewable Energy 624
Systems for Isolated Area
Dwi Sahidin, Tri Desmana Rachmildha, Deny Hamdani
School of Electrical Engineering and Informatics Institut Teknologi Bandung Bandung,
Indonesia
PTS5-4 2 46 An Overview of Reliability and Power Quality of Distribution Network due to 630

Penetration of Rooftop Photovoltaic System and Plug-in Electric Vehicle
Dhandis R. Jintaka, K. G. H. Mangunkusumo, Putu Agus Aditya Pramana
Transmission and Distribution Department PLN Research Institute Jakarta, Indonesia
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PTS5-4 3 67 A Voltage Rise Mitigation Control Scheme of Utility-Scale Battery in High PV 634
Penetration
Wijaya Yudha Atmaja, Sarjiya, Lesnanto Multa Putranto
Department of Electrical and Information Engineering Universitas Gadjah Mada
Yogyakarta, Indonesia

PTS5-4 4 130 Study of Power Quality Problems for Improving The Quality of Electricity in Java: 640
Case Study of East Java Regional Industry Customers with Power Greater Than
30 MVA

A. S. Habibie, M. Ridwan, D. R. Jintaka
Ristek TND PLN Research Institute Jakarta, Indonesia

PTS5-4 5 41 Backward Forward Sweep Algorithm for Unbalanced Three-Phase Power Flow 645
Analysis in Distribution Systems Containing Voltage Regulator

Tagiyuddin, Suwarno, Gibson H. M. Sianipar, Muhammad Nurdin

School of Electrical Engineering and Informatics Institute of Technology Bandung
Bandung, Indonesia

PTS5-4 6 60 Performance Analysis of Offshore Floating PV Systems in Isolated Area 651
Radhiansyah, Tri Desmana Rachmilda, Deny Hamdani

School of Electrical Engineering and Informatics Institut Teknologi Bandung,Bandung,
Indonesia
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ICHVEPS 2021 Organization

General Chair

Suwarno (ITB, Indonesia) The 3rd International Conference on High Voltage Engineering and
General Secretary : Power Systems 2021 (ICHVEPS 2021) will be held in Bandung (Virtual
Umar Khayam (ITB, Indonesia) Conference), The Capital of West Java, Indonesia 5-6 Octaber 2021. This
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Fathin Saifur Rahman (ITB, Indonesia) and Informatics, Institut Teknologi Bandung, Indonesia and technically
sponsored by IEEE Indonesia Section , Power and Energy Society Indonesia
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Chair : Nanang Hariyanto (ITB, Indonesia) 250 participants fmm 15 countries such as Indonesia, Malaysia, India,
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gﬂ:rrnngj:,:g Anggoro (ITB, Indonesia) Germany and Korea including a number of prominent invited speakers. 3rd
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Sumaryadi (PT. PLN Persero) as well as students from universities and researchers and practitioners
Andreas (PT. PLN Persero) from power utilities and industries all over the world to submit abstracts
Ariadi Hazmi (UNAND, Indonesia) and papers to this conference. All accepted papers will be sent to IEEE Xplore
Salama Manjang (UNHAS, Indonesia) (and Scopus) and selected papers will be recommended for publication in
Sarjiya (UGM, Indonesia) International Journal on Electrical Engineering and Informatics and Journal
Technical Arrangement : of Engineering and Technological Sciences.

Chair : Pradita 0. H. (ITB, Indonesia)
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Power Systems 2021
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New Family of Voltage-Source Converters Derived Using New Basic Cell for
Microgrid Applications

Pekik Argo Dahono, Andriazis Dahono

School of Electrical Engineering and Informatics, Institut Teknologi Bandung
Bandung, Indonesia

Research Trends in Online Partial Discharge Monitoring and Diagnosis
Utilizing ICT in Electric Power Equipment

Masayuki Hikita, Masahiro Kozako

Department of Electrical and Electronics Engineering, Kyushu Institute of
Technology, Kitakyushu, Japan

Research on insulation defect localization technology of power equipment
Guanjun Zhang, Xiaochang Hua, Haotian Zhang, Dingge Chang, Haibao Mu

State Key Lab of Electrical Insulation and Power Equipment, Xi'an Jiaotong
University, Xi'an, China

Potential of Biomass as RE Source for Sustainable Electricity Supply in
Eastern Indonesia

Tumiran', Mohammad Na'iem?, Sarjiya®, Lesnanto Multa Putranto®,
Tomy Listyanto®, Adi Priyanto®, Ahmad Adhiim Muthahhari’ and
Rizki Firmansyah Setya Budi®

3478 epartment of Electrical and Information Engineering, Universitas Gadjah
Mada, Yogyakarta, Indonesia

2Department of Silvikultur, Universitas Gadjah Mada, Yogyakarta, Indonesia
Department of Forest Products Technology, Universitas Gadjah Mada,
Yogyakarta, Indonesia

®System Planning Division, PT. PLN (Persero), Jakarta, Indonesia
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Bandung Bandung, Indonesia
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*3%Energy Research Group (GIE) Electrical Engineering Career, Universidad

Politécnica Salesiana, Cuenca Equador

*®Electrical Engineering Career, Universidad Politécnica Salesiana, Cuenca
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Treatments Time
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Application of Online PD Monitoring System Based on Large-scale Distributed
Detection on High Voltage Cable Line

Min Chen’, Koji Urano®, Zhipeng Zhou?, Jingjing Lu®, Yingying Liu®, Yanting Xie®
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Faculty of Engineering, Universiti Teknologi Malaysia, Johor Bahru, Johor,
Malaysia

Enhancement of Electrical Treeing and Partial Discharge Characteristics of
Silicone Rubber filled with Silicon Nitride Nanoparticles

N. M. Saman, A. H. M. Nasib, M. H. Ahmad, Z. Buntat, Z. Adzis, M. A. M. Piah
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Electrical Power Engineering School of Electrical Engineering and Informatics
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Transmission and Distribution Department PLN Research Institute Jakarta,
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"“Transmission and Distribution Department PT PLN Research Institute
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The development of quail eggs
Abstract Abstract: smart incubator for hatching
_ Recently, one trend of research is an investigation on vertical farming based on the internet of system based on microcontroller
Document Sections things (IoT). It involves some methods of controlling system, physical parameters including and Internet of Things (loT)
I Introduction sensors and transducers, both hardware and software, and energy consumption. Nevertheless, lzn(:lir'::;?:;a:r‘:gac'grg“mfzﬁzzgoonr;
this paper focuses on electric power and energy consumption. The electrical quantities were Technology (ICOIACT)
Il. Research Method voltage and current, which were sensed and entered to Arduino Mega 2560 to be processed, Published: 2018
Il Results and and further to a Node MCU ESP8266, smartphone, and Blynk to monitor and log the data of '
Discussion power based on the internet of things (IoT). The loads were LED lamps and pH pumps through Incorporation of the Internet of
a relay. The controlling systems were scheduled and fuzzy bases, to be compared. The power Things within the Introductory
IV. Conclusion was directly monitored and logged in every one minute by using the Blynk of a smartphone, Course on Microcontrollers

whereas the energy was computed by using trapezoidal and Simpson's composite rules. For é?)?f;iii:;‘;ré;ers IIECECaticr

Authors one day, the fuzzy-based method could save 85.05 Wh (5.44%) and 84.32 Wh (5.42%) Published: 2021
compared to the scheduled-based method, using the trapezoidal and Simpson’s composite

Flgures rules respectively. The hourly-absolute-based energy differences between the scheduled and Show More
References fuzzy bases were 116.66 Wh and 116.03 Wh using trapezoidal and Simpson’s composite rules
Keywords respectively, for one day. While both computations yielded a deviation of 0.40% only. Thus, the
fuzzy-base controlling method could considerably save consumed energy.
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I. Introduction

Conventional farming is manual monitoring and labor-consuming and may be farmers’ high
loading [1]. Therefore, there have been some types of research concerning smart agriculture,
farming, or hydroponics systems using a fuzzy system [1], fuzzy logic and wireless sensors [2]
and fuzzy micro-climate controlling [3], fuzzy logic, and Nutrient Film Technique (NFT)-based
system [4]. They also involved loT [5] and loT-automation bases [6], indoor loT automation [7],
IoT with artificial |nte|||gen(l:e 8. d a.utomated IoT and fuzzy
logic [9], loT and fuzzy logic cont ybrid [11]. They involved
intelligent sensors [12] and automation concerns [13] too. The soil condition was investigated
too, such as a minimized soil [14] and soil humidity [15] concerns. The researches were also
conducted on irrigation concern of smart farming, such as precision irrigation [16], loT-based
smart irrigation [17], loT-based multi-agent irrigation [18], and automatic irrigation controlling
[19]. Moreover, they also investigated energy efficiency [20] and clean energy [21] concerns.
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Abstract— Recently, one trend of research is an investigation
on vertical farming based on the internet of things (loT). It
involves some methods of controlling system, physical
parameters including sensors and transducers, both hardware
and software, and energy consumption. Nevertheless, this paper
focuses on electric power and energy consumption. The
electrical quantities were voltage and current, which were
sensed and entered to Arduino Mega 2560 to be processed, and
further to a Node MCU ESP8266, smartphone, and Blynk to
monitor and log the data of power based on the internet of things
(10T). The loads were LED lamps and pH pumps through a
relay. The controlling systems were scheduled and fuzzy bases,
to be compared. The power was directly monitored and logged
in every one minute by using the Blynk of a smartphone,
whereas the energy was computed by using trapezoidal and
Simpson's composite rules. For one day, the fuzzy-based method
could save 85.05 Wh (5.44%) and 84.32 Wh (5.42%) compared
to the scheduled-based method, using the trapezoidal and
Simpson’s composite rules respectively. The hourly-absolute-
based energy differences between the scheduled and fuzzy bases
were 116.66 Wh and 116.03 Wh using trapezoidal and
Simpson’s composite rules respectively, for one day. While both
computations yielded a deviation of 0.40% only. Thus, the fuzzy-
base controlling method could considerably save consumed
energy.

Keywords— energy, fuzzy, power, Simpson’s composite,
trapezoidal composite

I. INTRODUCTION

Conventional farming is manual monitoring and labor-
consuming and may be farmers’ high loading [1]. Therefore,
there have been some types of research concerning smart
agriculture, farming, or hydroponics systems using a fuzzy
system [1], fuzzy logic and wireless sensors [2] and fuzzy
micro-climate controlling [3], fuzzy logic, and Nutrient Film
Technique (NFT)-based system [4]. They also involved 10T
[5] and loT-automation bases [6], indoor loT automation [7],
loT with artificial intelligence [8]. Besides that, smart
farming involved automated loT and fuzzy logic [9], loT and
fuzzy logic control [10], and loT and fuzzy-based hybrid
[11]. They involved intelligent sensors [12] and automation
concerns [13] too. The soil condition was investigated too,

978-1-6654-4354-8/21/$31.00 ©2021 IEEE

such as a minimized soil [14] and soil humidity [15]
concerns. The researches were also conducted on irrigation
concern of smart farming, such as precision irrigation [16],
loT-based smart irrigation [17], loT-based multi-agent
irrigation [18], and automatic irrigation controlling [19].
Moreover, they also investigated energy efficiency [20] and
clean energy [21] concerns.

Based on the literature reviews, the researches concerning
smart farming which involved energy consumption are still
rare. Therefore, this paper presents power and energy
conditions in the research of smart farming.

Il. RESEARCH METHOD

Fig. 1 shows the block diagram of the power system part in
the designed smart farming prototype. The quantities of
current and applied voltage were entered into an Arduino
Mega 2560. Furthermore, the power entered to Node MCU
ESP 8266, to be monitored and controlled by a smartphone,
displayed and recorded by the Blynk application. The power
supplied LEDs (light-emitting diodes) and pumps for
controlling the plants.

Current > : Node »| LED
Arduino
Meoa .| McCu
2530 | ESP
Voltage > 8266 »| Relay
\ 4 \ 4
Pump
Smartphone Q
3%
9
\ 4
Blynk j

Fig. 1. Block diagram of power part on smart farming
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The program of voltage sensor for measurement is the
flowchart, as shown in Fig. 2. The first was an initialization
of the voltage sensor. In this stage, the system determined the
communication line, used by the voltage. Furthermore, the
voltage sensor received the ADC value from the Arduino and
multiplied it with the results of the linear regression
calibration with the ADC value in the program to get the
voltage that passed through the sensor.

Voltage sensor
initialization

ADC value .

reading

Sensor
calibration

¥

Sensor passed
voltage

End

Fig. 2. Flowchart of voltage measurement

The current measurement used an ACS721 sensor. The run
program followed the flowchart as shown in Fig. 3. At the
stage of ACS721 sensor initialization, the system established
a communication path and identified the sensor library.
Furthermore, the microcontroller reading of the current
sensor was carried out a calibration to get a current value of
the ADC signal, to be entered into a linear regression
equation from some of the data that has been sampled to get
the value of a linear equation. Thus, the current sensor
reading could approach the actual value to get the power in
the program, by multiplying the current and voltage sensor

readings.

Sensor
initialization

<
4

ADC value
reading

Current
calibration

v

Current
values

End
Fig. 3. Flowchart of current measurement

By using ACS721, the system establishes the communication
path and the identity of the sensor library. The reading of the

microcontroller for this current sensor is carried out by
calibrating, to get the current value of the converted ADC
signal in the program to generate the voltage value on the
current sensor. Furthermore, the voltage result is carried out
by multiplying the current sensor value and a constant.

After reading each parameter by the sensor, the reading
results of the data were sent to the node MCU
microcontroller. From the node MCU, the data were sent to
the cloud Blynk server to store and monitor the results of the
sensor readings on the smartphone. The program, to run this
command, follows the flow chart is shown in Fig. 4. Starting
from the Arduino, serial communication with the node MCU
was carried out, where the results of Arduino sensor readings
were sent to the node MCU, they were continued by sending
sensor reading data to the cloud server Blynk, using an
internet connection to store the data on the server and
monitored on the Blynk application on the smartphone.

Arduino
v
Node MCU

¥

Initialization of
Blynk cloud server

Inte

connected ?

Send measuring
data on Blynk

End

Fig. 4. Blynk storage flowchart

The power was computed by using (1).
P = vxi @9

Figs. 5(a) and 5(b) show voltage and current sensors which
were used for the system. The system determines the
communication line used by the voltage. The voltage sensor
receives the ADC value from the Arduino and converts it by
multiplying and dividing the analog value or ADC with the
resistor value on the voltage sensor to get the voltage passes
through the sensor.

Fig. 5. (a) voltage and (b) current sensors



This system used a relay, a type of switch group which
operates based on electromagnetic principles which are used
to move contactors to connect the circuit indirectly. The
closing and opening of the contactor are caused by the effect
of magnetic induction generated from the inductor coil which
is energized by an electric current. This study used a 5 volts
relay, 6 channels connected to a water pump. Another
specification is a contact current of 10 A, on 250 V ac or 30
V dc.

Fig. 6 shows the used grow light LEDs (light-emitting diodes)
for the illuminance controlling as necessary on the smart
farming. The grow light emitted color spectrum is dominant
in red and blue, suitable for plant growth.

Fig. 6. Grow light LEDs

As a server service, Blynk is used to support the Internet of
Things Based on Android and iOS, it can be used by
smartphone users. It also allows designing interfaces with
various output and input components that support sending
and receiving data, and displaying it on the screen. The
representations of data can be in the form of visual numbers
or graphs. Blynk Server is a cloud-based backend service
facility that is responsible for managing communication
between applications and hardware [22].

The power was consumed by the grow light LEDs and
peristaltic pumps. While the consumed energy was the
integration of power as a time function. Nevertheless, the data
recording of the power was intermittent, so that the consumed
energy was computed by using numerical methods. The
famous methods of numerical integration for many segments
are trapezoidal and Simpson's composite rules [23]. Thus, the
energy was computed by two methods, trapezoidal dan
Simpson’s composite rules [23], as the basic formulae (2) and
(3) respectively.

I=2F 0o + 2825 F () + fx)] @)

1= 2[FCeo) + 45055, FOr) + 25020 f() +
jien) (3)

There were two methods to run the system, namely scheduled
and fuzzy-based methods. The former was a determining
operation in a range of 18:30 and 05:30. While the latter was
operated automatically for 24 hours. Both methods operated
simultaneously.

I1l. RESULTS AND DISCUSSION

Fig. 7 shows a sample display of monitoring parameter charts
on Blynk. The charts consisted of PWM, fuzzy power,
scheduled power, and illuminance. The scheduled power was
the LEDs were turned from 18:30 until 05:30. It is seen that
there was a slight difference between fuzzy power and
scheduled power. Generally, at night, the fuzzy power was
lower rather than that at noon. This occurrence was caused by
not any illuminance in the night. However, in the noon, the
fuzzy power was slightly higher than that scheduled power.

Fig. 7. Display of monitoring charts

Fig. 8 shows the current and PWM charts versus ADC binary
codes. It is shown that both parameters approached to be
linear and similar, to decrease as the ADC binary codes
increased. Thus, the component operated properly. Besides
that, the current tended to be linear. Thus, the current and
PWM were linear.

60 300
. & Current (mA) EPWM
50 ~ + 250
N \.~
—~ i RN 4
<40 NI 4 200
E . \*: . y =-17x + 8655 =
<€ 30 A B~ + 150 =
o N a
S N
O 20 4 N + 100
y =-81.5x + 41488 NI
10 A N - 50
<.
X,
0 T T o
506 507 ADC 508 509

Fig. 8. Current and PWM versus ADC

Fig. 9 shows the consumed power at every hour both for
fuzzy and scheduled methods. The scatter plots were based
on the median values during one hour. No doubt, at night, the
scheduled power was slightly higher than that using the fuzzy
method. The average power of the scheduled method from
00:00 until 06:00 was 91.97 watts, whereas the fuzzy used
power was 83.53 W. Therefore, the difference average power
was 8.44 watts. While, from 18:00 until 00:00, the scheduled
average power was 79.73 watts, and that the fuzzy method
was 71.67 watts. Thus, the difference in the average power
was 8.06 watts. Therefore, the night, before and after 00:00
o'clock, the average power difference was almost the same.
While, in the noon, from 07:00 until 17:00, the fuzzy method
power was visually slightly higher than that the scheduled
power. The average fuzzy method power was 51.48 watts,
whereas the average scheduled power was 49.84 watts.
Therefore, the difference in average power for both methods
was -1.64 watts. In the noon, both methods were almost the



same. This case was probably caused by the illuminance of
solar irradiance.
120

100 4
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Fig. 9. A day consumed powers

Fig. 10 shows the every hour energy. Generally, it shows the consumed
energy at the night was higher than that at the noon. This case was caused by
the illuminance of the solar irradiance at the noon.
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Fig. 10. A day consumed energies

Fig. 11 shows the scheduled-to-fuzzy method difference
energy. The difference energy was positive at the noon and
negative at the night. Nevertheless, the positive values of
power difference were considerably higher, than that the
negative values, as around five times. The used fuzzy method
energy could be saved 85.05 Wh and 84.32 Wh compared to
that the scheduled-based method, using trapezoidal and
Simpson’s composite rules respectively, or it is 5.44% and
5.42%.
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Fig. 11. A day scheduled-to-fuzzy difference energy
The hourly-absolute-based energy differences between the

scheduled and fuzzy bases were 116.66 Wh and 116.03 Wh
using trapezoidal and Simpson’s composite rules

respectively, for that day. While both computations yielded a
deviation of 0.40% only. Thus, the fuzzy-base controlling
method could considerably save consumed energy.

IVV. CONCLUSION

The power part of the l0T-based vertical farming has been
implemented. It involved some methods of control systems,
including sensors, both hardware and software, and
consumed-energy computations. The electrical quantities
were voltage and current, which were sensed and entered to
Arduino Mega 2560 to be processed, and further to a Node
MCU ESP8266, smartphone, and Blynk to monitor and log
the data of power based on the internet of things (1oT). The
loads were LED lamps and pH pumps through a relay. The
controlling systems were scheduled and fuzzy bases, to be
compared. The power was directly monitored and logged in
every one minute by using the Blynk of a smartphone,
whereas the energy was computed by using trapezoidal and
Simpson's composite rules. For one day, the fuzzy-based
method could save 85.05 Wh (5.44%) and 84.32 Wh (5.42%)
compared to the scheduled-based method, using the
trapezoidal and Simpson’s composite rules respectively. The
hourly-absolute-based energy differences between the
scheduled and fuzzy bases were 116.66 Wh and 116.03 Wh
using trapezoidal and Simpson’s composite rules
respectively, for one day. While both computations yielded a
deviation of 0.40% only. Thus, the fuzzy-base controlling
method could considerably save consumed energy.
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