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ABSTRACT

The Internet of Things (IoT) has become an emerging topic of social, technical, and economic
significance in recent years. This paper aims to study, design, test, and implement an electric
power control and monitoring system in low-voltage distribution networks based on loT
technologies. This system can be remotely controlled and monitored by using 0T devices via a
personal computer (PC) or smartphone which is connected to the Internet network. In order to
accomplish this goal, a complete tested system including a smart device application, a cloud-based
database, an application programming interface, and a hardware setup is proposed in this paper.
The electrical variables consisting of the voltage, current, real power, and energy consumption are
measured, displayed, and monitored in real-time. Besides, the demand-side management (DSM)
technique is also integrated into this tested system to efficiently manage a site’s energy
consumption with the aim of cutting the cost incurred for power supply. Finally, this electric
power control and monitoring system based on 10T technologies allows for the whole monitoring
data stored in a cloud-based database that can be analyzed and reported for further purposes.
Keywords: Control and monitoring; demand-side management; distribution network; energy
consumption; 10T technology
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HE THONG DPIEU KHIEN VA GIAM SAT DPIEN NANG DUA TREN
CONG NGHE IoT POI VOI LUOI PIEN PHAN PHOI HA AP
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TOM TAT
Trong nhitng nam gan déy, Internet of Things (IoT) di trd thanh mot chu dé vé xa hoi, ki thuat va
kinh té dang dugc quan tam dac bi¢t. Bai bao nay nhim muc dich nghién curu, thiét k&, kiém tra va
trién khai mot hé thong diéu khién va giam sat dién nang dya trén cong nghé IoT. Hé théng nay c6
thé duoc diéu khién va giam sat tir xa bang cach sir dung cac thiét bi IoT théng qua may tinh c4 nhan
(PC) hodc dién thoai thong minh ma n6 dugc két ndi voi mang Internet. Pé dat dugc muc tiéu nay,
mot hé théng hoan chinh bao gém thiét bi thong minh, co s¢ dir liéu dam may, twong tac 1ap trinh va
hé phz‘?ln ctng duogc dé xuét dé nghién ctru. Cac dai lugng dién bao gém dién ap, dong dién, cong suét
tac dung va dién nang ti€u thy dugc do luong, hién thi va giam sat trong sudt thoi gian thyc. Bén
canh d6, mot k¥ thudt quan 1y nhu cau phu tai (DSM) ciing duoc tich hop vao trong hé thong nay dé
quan ly hiu qua sy tiéu thy nang luong ¢ phia phu tai véi muc dich nham cét giam chi phi phét sinh
d6i v6i phia ngudn cap. Cubi ciing, hé thdng nay cho phép toan bo dir liéu giam sét tich trit trong co
s& dir liéu dam may co thé duge phén tich va béao cao cho cac muyc dich xa hon.
T khéa: Diéu khién va gidm sat; quan Iy nhu cau phy tai; mang phdn phéi; dién nang tiéu thy;
cong nghé loT
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1. Introduction

The Internet of Things (1oT) is an important
topic in the technology industry, policy, and
engineering circles. This technology has
become headline news in both the specialty
press and the popular media in recent years.
In the electrical engineering sector, loT
technology is becoming more attractive [1]. In
this work, the main aim is to study, design, test,
and implement an loT-based system by
associating equipment. It can be monitored and
controlled from any place in the world only by
the authorized personnel at a very low cost.

The 1oT application in the electrical
engineering sector has been done on previous
works [2]-[6]. In reference [2], authors create
a prototype system that can control and
monitor electrical appliances by using loT
technology. The system can observe energy
efficiency base on monitoring and controlling
air conditioning appliances and standard
overhead lighting units. Authors in [3] have
studied the use of loT in performance
monitoring and real-time control of
photovoltaic systems. In [4], a scheme of
intelligent energy management based on loT
application is proposed for monitoring a smart
home. The low-cost 10T energy monitoring
system was proposed in [5]. This system is
designed and implemented by using many
applications such as electricity billing system,
energy management in smart grid and home
automation. This designed and implemented
system is based on a low-cost voltage sensor,
current sensors, and an SD3004 electric
energy measurement chip and an ESP8266
WeMos D1 microcontroller for retrieving
data from sensor nodes and sending data to
the server via the internet. In [6], authors
describe a novel low-cost loT sensor for
measuring and analyzing power quality at the
input of any individual alternating current
appliance, providing an early detection and
analysis system which controls those critical
variables inside the facility and leads to

anticipate faults with early-stage alerts based
on on-time data streams treatment.

Related to using loT devices to control and
monitor the electric power, the works in [7]-
[11] present many studies about application
10T devices such as Arduino microcontrollers,
voltage, current sensors, smart meters,
smartphones, etc. These devices are used to
design and implement low-cost systems for
measuring in smart meters [8], [9] and for
monitoring and controlling smart home
energy management systems [10], [11].
Based on the above analyses and the
motivation of future reality. this paper study,
design, test, and implement an electric power
control and monitoring system based on loT
technologies in the laboratory-scale system
to better help students understanding the
application of loT technologies for the
control and monitoring electric power in
low-voltage distribution networks.

The rest of this paper is organized as follows.
the hardware and software of the control and
monitoring electric power in low-voltage
distribution networks are developed in
Section 2. The experimental results and
discussion are discussed in Section 3. Finally,
Conclusion is presented in Section 4.

2. Proposed system
2.1. Hardware design

In this paper, we design the electric power
control and monitoring system for single-
phase low-voltage distribution networks. The
block diagram of the proposed system is
presented in Figure 1. In which, the circuits
no. 1, 2 and 3 represent the power supply,
load no. 1, and load no. 2, respectively. The
voltage signal of the circuit 1 is acquired by a
voltage sensor (ZMPT101B) which is denoted
by the voltage transformer (VT). The current
signals of three circuits are also acquired by
three current sensors (ACS712) which are
denoted by the current transformer CT1, CT2,
and CT3 respectively. Also, a relay is
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installed for each circuit with the purpose to
control the circuit. These relays are controlled
by an Arduino WeMos microcontroller board
which is used to program according to
proposed algorithms for calculating electrical
quantities from the voltage and current
sensors. The electrical variables including the
root mean square (RMS) voltage, RMS
current, real power and energy consumption
of three circuits are measured and displayed
on the local liquid crystal display (LCD).
Besides, they are also transmitted to a
personal computer or smartphone via a Wi-Fi
Internet network. This means that the system
can be remotely monitored and controlled in
real-time.

11D

IDWm
R

Single-phase
power supply
220VAC, 50Hz

—— LCD

[ Computer

Figure 1. The proposed test system
2.2. Software design

The measurement background of electrical
guantities which is calculated in the proposed
system is carried on according to the standard
IEEE Std. 1459™-2010 [12]. It is supposed
that the voltage waveform of the ZMPT101B
sensor output is sinusoidal with its amplitude
(Um) and the initial phase angle equals zero.
The voltage waveform is sampled by an
analog-digital converter (ADC) in Arduino
WeMos with a sampling time (At) as follows
[71, [12].

u(k) =U,, sin(koAt) @
where Up is the voltage amplitude, ® = 2axf,

f is the frequency (Hz), At is the sampling
time (s); k is the k™ sample.

The RMS is the square average of samples in
a sampling duration. Therefore, the RMS
voltage (Urms) is determined as follows:

1 N

2 (utk))’ @

k=1

Urms =

where u(k) is the k™ voltage sample; N is the
total of voltage samples.

It is supposed that the output current
waveform of ACS712 sensor is also
sinusoidal with its amplitude (In) and initial
phase angle equal ¢. The current waveform is
also sampled by an ADC in Arduino WeMos
with a sampling time (At) as follows [7], [12].

i(k)=1psin(koAt—o) (3)
where I is the current amplitude.

Therefore, the RMS current (lims) of the
current signal will be determined as follows:

1 N
lrms zﬂfﬁg '(k) 4)

where i(k) is the k™ current sample; N is the
total of current samples.

If an instantaneous power is real power at any
instant of time, then

p(k) =u(k)i(k)
=[U, sin(keAt) ][ 1, sin(kwAt — )] (5)
=Up 1, [sin(koAt)sin(koAt — )]
where p(k) is the k™ instantaneous real power
sample, u(k) is the k™ voltage sample, i(k) is
the k™ current sample.

Therefore, the real power is an average of
instantaneous real power in a sampling
duration and it is determined as follows:

1 L5 n:
==>"p(k) == uk)ik) (6
N Nia

The energy consumption is
A=Pxt (7)
Based on the measurement background

mentioned above, we build an algorithm for
measuring electrical quantities as shown in
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Figure 2. The algorithm is programmed on
Arduino IDE software and then uploaded to
the Arduino WeMos microcontroller.
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Figure 2. The proposed algorithm for measuring
electrical quantities

Demand-side management (DSM) is the
planning, implementation, and monitoring of
grid interaction designed to produce changes
in the neighborhood's load shape by changing
the energy consumption magnitude and time-
related patterns [13], [14]. The functionalities

of DSM revolve around the six strategies
shown in Figure 3.

O @
Peak Strategic
clipping conservation

—_—
@ | ®
Valley Demand side Strategic
clipping managment load growth
®
Load Q Flexible
shifting load shape

Figure 3. Demand-side management strategies
In this paper, we apply two DSM strategies
including peak clipping and valley filling
methods in order to implement into the
proposed system. The total real power of
circuit 1 is compared to the minimum real
power (Pmin) and the maximum real power
(Pmax) to give a control decision of peak
clipping or valley filling accurately. The
DSM algorithm is as follows:

If P1> Pmax then the load 2 will be turned off
after 3 seconds and the total real power of the
circuit 1 will equal to the real power of the
load 1.

If P1 < Pmin then the load 2 will be turned on
after 3 seconds and the total real power of the
circuit 1 will equal to the real power of loads
land 2.

In order to remotely monitor and control
using a PC or smartphone via Wi-Fi Internet,
we apply the Blynk App to design a control
and monitoring software. This software is
used to monitor electrical quantities including
the RMS voltage, RMS current, real power,
and energy consumption in the system.
Besides, the software can be used to control
the relays and to accomplish the DSM
function. Each object on the Blynk App is
assigned by a virtual variable to update
continuous data transmission  between
Arduino WeMos microcontroller and cloud-
based database in real-time. The proposed
control and monitoring algorithm on the
Blynk App is shown in Figure 4.
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magnament  ——
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Figure 4. The algorithm on the Blynk App
The user interface on the smartphone is
shown in Figure 5. From this interface, we
can carry on functions including (i)
open/close the relays of circuits; (ii) on/off
DSM function; (iii) vary the setting of Pmin
and Pmax; and (iv) display RMS voltage, RMS
current, real power, and energy consumption.
Besides, we can also execute reporting
functions to send time information and the
measurements to the desired email. Therefore,
customers can easily manage their energy
consumption. The customers can select one of
four reporting modes as follows:

(i) Monthly report, if this method is selected,
the program will email to the customer the
energy consumption on the last date of the
specified month or every month.

(if) Weekly report, if this method is selected,
the program will email to the customer the
energy consumption on the weekend of the
specified week or every week.

(iii) Daily report, if this method is selected,
the program will email to the customer the
energy consumption of the specified date or
every day.

(iv) One time report, if this method is
selected, the program will email to the
customer to inform the energy consumption
when the function is active.

GRAFH PROTECT

Control
and DSM
function

Monitoring
function

Reporting
function

Figure 5. The user interface on the smartphone
3. Experimental results and discussion

The proposed system is developed as shown
in Figure 6. The LCD in this system is used to
display measurement parameters. To make
experiments, electrical appliances are used to
represent for the loads in the system.
Therefore, it is supposed that the load 1 is
4x60W bulbs and load no. 2 is the 750W
hairdryer. Moreover, to transmit all
measurement data to a cloud-based database,
the system must first be established to
connect a Wi-Fi internet network at the
installation location as shown in the algorithm
of Figure 4. After installing the experimental
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system, the Blynk App which is designed on
smartphones is run to control and monitor
remotely the system.

LCD

ACS712 (1)
ZMPTI101B

ACS712 (2)

ACST12 (3)

Output 1
Arduino

‘WeMos Output 2

Input
220VAC

Relay 3 Relay 2 Relay 1
Figure 6. The experimental setup
On the smartphone, after the Blynk App is

linked to the system all measurement
parameters as mentioned in Subsection 2.2
are displayed under a numerical type as
Figure 7(a) or a graphical type as Figure 7(b).
This means that the system can help us easily
monitor all measurements in real-time. In
addition, we can make a manual action to
control the circuits in the system by clicking
on the push button of the relay. The reporting
function is also done in Figure 7(a) by
selecting the reports button on the interface.
Then we select a reporting mode to export the
desired monitoring results.

In order to show the effectiveness of the
system, two experimental monitoring results
are presented in this paper. Firstly, a 15-
minute monitoring result that is exported from
the system is shown in Figure 8. The voltage,
current, real power and energy consumption
measurements are shown by an order from
top to bottom in Figure 8. From the results,
we can see that the measurements are updated
every minute. Secondly, a 24-hour monitoring
result which is exported from the system is
shown in Figure 9. The two results show that
the grid voltage oscillates around the nominal
voltage 220V. The current, real power varies
their values because the loads are turned

on/off while the experiments are carried on.
Finally, the energy consumption increases
time-by-time.

GRAPH  PROTECT CONTROL PROTECT

(a) Numerical type (b) Graphical type

Figure 7. Experimental results on the smartphone
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Figure 9. The experimental result in monitoring
24-hour

In this work, to evaluate the DSM algorithm
which is presented in Subsection 2.2, the
DSM function is activated via the button on
Figure 7(a) and then the minimum and
maximum power settings are set to 150 W
and 750 W, respectively. It is supposed that
load 1 of the system is varied by turning
on/off the bulbs. This experimental result is
displayed in Figure 10, which shows a
captured snapshot of the monitoring result
when the DSM function is activated in the
period of the experiment. Two circle-
locations on the snapshot are the instants at
which the DSM function is done to valley and
peak clipping, respectively.

P\(‘Pmin PI>Pmax

(Load 2 is turned on)
Figure 10. A snapshot of DSM technique
4. Conclusion

In this paper, a 220VAC single-phase low-cost
electric power control and monitoring system
based on loT technology is designed and tested
in a laboratory at the authors’ University. The
Electrical variables consisting of the root mean
square (RMS) voltage, RMS current, real
power and energy consumption can remotely
be measured, controlled and monitored using a
PC or smartphone which is connected to the
Internet. The demand-side management
technique is also implemented into the system
for efficiently managing a site’s energy
consumption. The experimental results shown
that the system operated accurately and
efficiently. From these experimental results, it
can be seen that the proposed system can
control and monitor electric power for low-
voltage distribution networks. Finally, the
system can also be developed with more new
features in the future.

(Load 2 is turned off)
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