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= ABSTRACT- Real-time monitoring of several parameters such as the current and the rated power is provided by this
design. Users become more conscious of their consumption with specifications based on recorded data using this design.
Additionally, it enables users to quickly identify abnormal issues such as spikes that result in device failure. Also, this design offers
remote access to received data by cloud platforms with mobile applications. This study evaluates the performance of an Energy
Monitoring distributed among 17 electrical devices in three houses over a period of 30 days. The design demonstrated high accuracy
and minimal error in its readings for the related devices with effectively capturing detailed energy consumption values. Based on
results, the analysis of power and current efficiency at different power levels reveals notable performance variations. House 1 runs
efficiently at low power levels; yet, efficiency levels indicate higher power levels with (96% ,97%) power and current reading
efficiency respectively. House 2's efficiency at medium power displays more pronounced inefficiencies than House 1's, although it
still keeps its current efficiency constant with (90% ,97%) power and current reading efficiency respectively. House 3 demonstrates
that it is ideally adapted to handle high power levels, exhibiting the highest overall efficiency in high power conditions with (97%
,98%) power and current reading efficiency respectively. The extra power in every case shows how well help users to use this design
with the extra reading power for other devices or reducing house power to reduce in electrical bill cost.
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1. INTRODUCTION designed with several topologies which deal with different
Wide range of IoT application issues arisen these days and ~ SOurces as in [4]. Monitoring Costumer's loading energy is
growing with the need of providing practical answers. essential to the rule of energy saving because it leads to provide
Monitoring system based 10T has been proposed in several @ comfortable controlling methods, they can assess suppliers.
studies by using different types of applications to omit human 10T provided monitoring in addition to controlling and saving
interference like android applications as in [1]. This article ~ energy when data is correctly gathered from users and shown in
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obtaining meter readings in addition to illegal power Source ~ LORa modulation. In this paper, measuring parameters via
detection appears to be extremely challenging with time-lost ~ Sensors have been feed to loT cloud server. Overall system
process. An easy obtainable technique to deliver power  Performances were increased and controlled in the final system
consumption data by different users wirelessly to measure ~ Node. InloT system, devices are connected without human hand
parameters in addition to detect illegal users. In [2], authors  especially for working devices through remote control. Smart
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meters assess to recode data for companies, factories and homes
as well with either current or voltage recording ability as in [7].
In this paper, authors display their work through phone
applications and website with indication message when
overloading current occurrences. Real time easily and readable
bill enable users to manage energy usage as a suggested study
for domestic applications in Mexico as in [8]. Authors provided
low cost-design based on sensors and photon electronic board,
which can be used by anyone. Output power is received after
analyzing process with a specific algorithm to provide alert with
amount of power usage. Energy Monitoring benefits are wide,
reduce cost of electrical bill is considering an essential privilege
through managing of wasting power. Authors presented their
work to solve obstacles relates to extensive use of 10T especially
in Smart Grid fields as in [9]. In this study author presented
several parameters monitoring using "Things Speak™ software
to fill electrical bill. While in [10], Authors presented a
controlling system it to increase Smart Grid performance to
99.74% through ANFIS controller. Figure (1) shows the loT
Design Concept for Energy Meter (EM) general system.
Sensitive information transmitted to the cloud through loT
Sensors, could be leakage or being extracted. In [11], authors
addressed the issue of extracting private customer’s data while
meter is sending for monitoring energy by using RepEl design.
They used implemented algorithm on embedded node to for
monitoring the leakage information of 4 houses to hide the
privacy data from required data. This work provided about 10%
or less of leakage information from selected houses with only
3% of working shift in 10T devices. New devices that day by
day introduced especially with 10T applications with population
growth has created significant hard less for users to try
managing related energy. Smart meters are also shown widely
not for energy monitoring, but also for management process. In
[12], different communications approaches with different
protocol strategies smart meter design for 4 companies based on
loT devices.

In order to enable remote monitoring and management of
energy use, smart meters with internet connectivity are
integrated into the design and execution of energy meter
monitoring over the Internet of Things. Compared to standard
analog meters, this method has many benefits, such as
automatic invoicing, real-time data collecting and better energy
management as explained in [13] and [14]. Sensors,
connectivity modules and microcontrollers are commonly
found in Internet of Things smart meters, while sensors monitor
voltage and current. The communication module sends data to
cloud servers for monitoring and analysis, frequently using
technologies like WiFi or LoRaWAN as presented in [15-17].
An ATMEGA 328p and node MCU Micro Controller, for
instance was used to create automated billing and detect power
theft as introduced in [14]. Despite the many advantages of
smart meters, some applications still favor classic analog meters
because of the high deployment and operational costs of smart
meters. However, these problems were resolved, particularly in
rural regions by implementing Low Power Wide Area (LPWA)
platforms like LoRa as suggested in [13] and [16]. Furthermore,
blockchain technology was being investigated to improve smart
metering systems' data security and privacy as mentioned in
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[18]. loT-based energy meter monitoring systems offer
effective, affordable options for automatic invoicing, remote
control, and real-time tracking of energy consumption.
Depending on the particular needs and limitations of the
application region, these systems have been implemented
utilizing a variety of technologies, ranging from basic WiFi
modules to more sophisticated LoRaWAN networks as
introduced in [17], [19] and [20]. Smarter and more sustainable
energy systems were made possible by the combination of 10T
and energy metering, which not only increases performances
but also makes advanced features like demand-side
management and power theft detection possible which is
explained more in [21].
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Figure 1. 10T Design Concept for Energy Meter general system

With numerous concepts and implementations being put out to
address energy saving and effective management, smart energy
monitoring systems have been grown in significance in recent
years. Open-source hardware and software platforms have been
used to create Arduino-based energy meters, that use touch
screen interfaces to capture and show historical energy usage
statistics as in [22]. In order to conserve energy and money,
these technologies let consumers observed usage trends and
adjust their energy consumption habits. With features like data
storage, remote monitoring and the ability to measure various
variables simultaneously, loT-based smart meters have also
grown in popularity as introduced for the same purpose in [16]
and [23]. Energy monitoring systems now incorporate cutting
edge wireless technologies like Zigbee, 10T, Android mobile
apps and cloud computing, which allow for real time power
consumption tracking, the detection of unusual usage patterns,
and the estimate of energy bills as in [24]. It is noteworthy that
LoRaWAN connectivity has proven to be very successful in
rural areas for loT-based smart meters, offering low-power,
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long-range and economical solutions as mentioned in [16].
There was a lot of space for improvement in management and
energy savings through the use of smart energy monitoring
systems. These systems include characteristics like wireless
communication, real-time monitoring and even artificial
intelligence approaches. They range from straightforward
Arduino-based designs to more intricate 10T-enabled solutions
as suggested in [25]. To improve user identification and billing
procedures, the combination of RFID technology and prepaid
systems has also been investigated in [26]. In order to further
optimize energy use and progress green technology, future
smart meters may integrate sophisticated capabilities like power
quality monitoring, PV integration and appliance usage
scheduling as in [25].

i 2. MONITORING SYSTEM USING
ARDUINO

Current technologies make network system or basically loT
more popular and led Industries to enter new worlds. Serves
every day are need to be enhanced in every aspect to move with
the idea of transforming human interference to machine
monitoring and controlling. 10T related gadget make this
Controlling need essential issue to manage devices using low-
cost boards like Arduino as in [27]. In this paper, authors
Controlling the two-wheel robot balancing with static or
unstable objectives. This objective was achieved in a second
demonstrating the intended control’s ability to keep device in a
steady state. Controlling medium for crops as in greenhouses
was also designed using Arduino based on loT principles idea
as in [28]. Arduino was used due to its simplicity for
constructing comparable climate conditions and can be operated
such with little experiences. The system delivers their
judgments gathered data from greenhouses through different
type of sensors and data will be transferred through 10T. The
rightest decision should be made to improve micro grid working
with the ability of stabilization using principles of Arduino and
loT as in [29]. Environment parameters are determined through
sensors that subsequently delivered to the management system
to regulate the energy. Temperature monitoring and controlling
is also required for several fields as in goat pen management in
[30]. Marinating healthy animals should produce food properly
which reduce the slow manual observation based on outcomes
with SSR relay assistance allows to adjust the heat for goat pens
through utilized relay. Irrigation systems also designed through
the idea of 10T, sensors and Arduino boards like smart irrigation
doors which controlling the opening and closing gate for this
System as in [31]. In this study, door will be controlled to assist
fields like rice from drying through Connected adequate types
of sensors for water levels and a city. A specific amount of
water level is the basic parameter to turn on or tum off water
pump and shown through Android application. Information
based on 10T technology with Arduino should be sent in a short
of time to deliver these data to Arduino application. Achieving
the desired objectives for such fields and application should be
done through fast devices with low power operation. Advanced
technologies in sensors makes authors to investigate the
differences between Arduino and other devices as in [32]. Based
on these advanced approaches in 0T, Solar Power tracking
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could significantly increase solar system efficiency through
Keeping it directly facing the sun through days. This can also
have done by controlling motors which calibrate the two solar
impact angles with Arduino assistance as suggested in [33].
Panel weights, moving rotation, borders and sensors are some
of adjusting points that may limit this work and need to be in
consideration. Weather monitoring and building energy
management using 10T and Arduino involve using sensors and
controlees to gather data from different environmental
conditions. These data will be analyzed often through online
applications for decision or automate responses as explained in
[34], [35]. These fields and systems need to setting alerts for
extreme conditions or unusual energy recorded pattern. In
addition, 10T provides accession to real time information from
any device and anywhere with the privilege of energy saving
and improving system as in this work. The contribution of this
paper is the implementation of Energy Meter over I0T using
Arduino can significantly improve the management of energy
consumption through different smart devices. This design
provides real time monitoring including current, voltage and
rated power. these data make users more aware of their
consumption with specification as well. It is also allowing users
for the prompt detection of unusual cases like spikes that lead
to equipment failing or in efficiencies or in their working [36],
[37] and [38]. Also, analyzing of historical data related to
houses and facilities can be store for unusual patterns
identifications. This system also provides a remote access
through mobile application of received data via cloud platforms
with the ability of controlling energy consuming devices
remotely [39]. This work reduces the need of manual
management by improving access ability from anywhere. [40],
[41]. This study provides information about non-efficient
devices with recommendations for reducing energy
consumption with faults alert continuously as in [42]- [44].
These type of studies helps to eliminate unnecessary used
energy which lead to saving cost and reduced electrical bills. In
addition, the study provides the advanced implementation of
control straightens regarding real-time data with the ability of
integration with other smart homes. It is also offering practical
platform for experimenting with 10T, energy monitoring and
data analysis that helps researchers to gain knowledge about loT
applications as mentioned in [45]. The design of energy meter
monitoring over loT using Arduino contributes to modem
energy management through Smart houses or even smart cities.
It provides real-time data collection, wireless monitoring
process and increasing controlling capabilities. This design led
to substantial cost saving with better understanding of energy
patterns.

3. METHOD AND MATERIALS
3.1. Hardware Components

3.1.1. Arduino Nano

Some of loT applications prefer Arduino Nano among other
Arduino types due to critical factors. Space Size limitation
makes Nano version easy to be embedded into small devices or
projects. Uno and Mega version are even larger which make
them inconvenient and considering as a disadvantage for size
constrained projects. Working with projects related to power
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consumption, monitoring devices is also should have low power
to sustain the long battery life compared to high power of Uno
and Mega Version. In addition, Nano board is easier to integrate
into circuit and typically cheaper than other versions. loT
applications need to deal with analog inputs in addition to
features like PWM which Nano provide it as in Uno and Mega
but with compact size and similar functions. Arduino Nano is
perfect in general for 10T small projects due to its compact size,
low power and cost effectiveness as mentions above.

3.1.2. ESP8266 Wi-Fi

Several reasons that make ESP8266 Wi-Fi preferred over their
similar function family in 10T applications and for a wide range
when Wi-Fi feature is crucial. Design simplicity, low cost in
addition to working ability up to 160 MHz due to 32bit RISC
processor make ESP8266 has adequate power for many loT
applications. While other devices that have Wi-Fi such as
Arduino-Uno has less processing Power with 8-bit processor
speed and running at 16MHz only. Also, ESP8266 is accessible
with Arduino programming due to its rich libraries and forums.
It supports different power modes like sleep mode, which
consumes little power and useful for battery dependent loT
devices. Furthermore, ESP8266 easy to program due to its
compatibility with Arduino IDE and other developed equipment
like platform 10 and Node MCU firmware. Other devices and
micro controller require additional modules unlike ESP8266
Which includes built in Components such as PWM, ADC and
GPI10 with more function achievement.

3.1.3. ACS712 Sensor

In current measurements devices, ACS712 is preferred than
plenty of similar function devices due to Hall Effect
characteristics. Therefore; ACS712 measure the flowing current
through a conductor without effecting or even without directly
touching it, that avoid any electrical interferences. Some current
sensors used shunt resistors or other techniques that require
good calibration, in addition to heat increments with voltage
drops effect. At the same time, ACS712 consists of sensing
element for current and conditioning circuits with a single board
that assess design to be easier and low-cost. ACS712 is
available in multiple current ranges such as *30A, which allows
for flexibility in sensor selecting that match specific loT
applications. In case of zero current flowing, ACS712 has low
voltage at offset case which provides more accurate
measurements with less drifting over time. Other sensors
provide more complexity in design to show an analog voltage
unlike ACS712, which has this privilege that simplifies the
integration with ADCs to read measurement data. Utilization of
ACST712 provides well isolation between low voltage connected
devices which used in this project and high currants T30 A
devices that need to be measured. This property enhances safety
in addition to risk reduction of damage to connected sensitive
boards like Nano or ESP8266 Wi-Fi.

3.1.4. SRD-05V Relay

SRD-050V has an easy way to interface with a variety of low
voltage system and compatible with utilized components like
Arduino Nano, ESP8266 and ACS712. Other relays require
additional circuit for voltage conversion due to it high voltage
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operation like 12V or even 24V. SRD-O5V Relay has the ability
for controlling multiple devices at the same time due to its
ability of switching between two different circuits. This project
needs component that can handle high current and voltages
because of reliable switching with physical contacts ability.
This project also needs an isolation between load and
controlling circuit which should protect electronic components
from sever load condition. Figure (2) explain the usage of these
components in this work. The Arduino Nano acts as the central
controller in this work for processing data and executing
commands. It was connected to an ACS712 sensor, which
measures the electrical current flowing through a circuit. The
ESP8266 Wi-Fi module enables the Arduino Nano to
communicate wirelessly to send data to the internet. The SRD-
05V Relay operates as a switch that the Arduino Nano use to
control high power devices like turning devices on/off based on
the data from the current sensor. These components create a
system for monitoring and controlling electrical devices with
wireless communication capabilities by the help of Arduino.

D12 D11 Di@ D9

oo [T
h

(d)

Figure 2. The proposed system components (a) Arduino Nano, (b)
ESP8266 Wi-Fi, (c) ACS712 sensor, (d) SRD-05V Relay
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3.2. Software Architecture

3.2.1. Arduino IDE and Libraries

The Arduino IDE was used to program the system and standard
libraries were also used to integrate the Arduino Nano and
ESP8266. To connect to the internet, the ESP8266 makes use
of libraries ESP8266WiFi.h and WiFiClient.h which were
compatible with the Arduino IDE.

3.2.2. Communications

Standard serial communication was used as the communication
protocol between the Arduino Nano and the ESP8266 Wi-Fi
module. ESP8266 receives data from the Arduino and uses Wi-
Fi to communicate it to an 10T server. A smartphone software
like RemoteXY, which offers a graphical user interface for
monitoring sensors like temperature, current consumption and
illumination, was utilized to keep an eye on this data.

3.3. Communication Protocols

3.3.1. Wi-Fi (ESP8266)

Facilitate communication between an loT server and the smart
meter system, the ESP8266 module joined a Wi-Fi network.
Receive data to and from the server, the ESP8266 makes use of
TCP/IP protocols. Current readings and the condition of
electrical devices managed by the relay were among the real-
time data that the system sends to the server.

3.3.2. Wireless Data Transfer

The ESP8266 wirelessly sent the current measurement data
from the ACS712 sensor to the 10T server for analysis. This
stage guarantees that consumers used the smartphone
application to remotely monitor and control gadgets in their
houses.

3.4 System Integration and Functionality

3.4.1. Monitoring and Control

The ACS712 sensor sent input to the Arduino Nano which
serves as the main processor and measures current
consumption. The SRD-05V relay utilized this information to
regulate the linked appliances' power condition by turning them
on and off. Through a smartphone application, users remotely
monitoring with controlling the system due to the ESP8266's
ability to establish wireless contact with the 10T server.

3.4.2. System Design and Reproducibility

The system described was based on the modularity of its
components (ESP8266, Arduino Nano, ACS712 and SRD-05V
relay) that making it simple for readers to recreate the system
for comparable loT applications. To increase the design's
reproducibility, the article added wiring diagrams, precise
software code in addition to step-by-step instructions.

3.5  Wiring
Connections
The following wiring diagram outlines
components of the system with connection way.

Diagrams and Component

the different
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3.5.1. Component Connections
1- Arduino Nano
e A0 was connected the output of the ACS712 current
sensor to read the analog voltage corresponding to the
current measurement.
e D2 was connected to the SRD-05V relay to control
switching of the connected devices.
e GND was connected to the ground (GND) pins of all
other components.
e VCC was Powered from the 5V supply.

2- ESP8266 Wi-Fi Module
e TX/RX was connected to the RX/TX pins of the
Arduino Nano for serial communication.
e VCC was connected to the 3.3V power supply.
e GND was connected to the ground of the system.

3- ACS712 Current Sensor
e VCC was connected to the 5V supply.
e GND was connected to the common ground of the
system.
e The analog output pin of the ACS712 was connected
to the AO pin of the Arduino Nano for current
measurement.

4- SRD-05V Relay
e VCC was connected to the 5V supply.
e  GND was connected to the ground.
e The input control pin of the relay was connected to a
digital pin on the Arduino Nano D2.
COM was connected to the power line of the appliance
or device being controlled.
e NO was connected to the device's power line (for
switching on/off).

3.5.2. Wiring Diagram

e  Arduino Nano (A0) — ACS712 (OUT)

e  Arduino Nano (D2 or D3) — SRD-05V Relay (Control
Pin)

e  Arduino Nano (GND) — All GND pins

e  Arduino Nano (5V) — ACS712 (VCC), SRD-05V
Relay (VCC), ESP8266 (VCC)

e ESP8266 (TX/RX) — Arduino Nano (RX/TX)

3.5.3. Software Code and Libraries

The software code was written using the Arduino IDE and
utilized several libraries for communication and sensor
interfacing. Below are the utilization libraries for this design:

1- ESP8266WiFi.h
2- ACS712.h

3- WiFiClient.h

4-  ArduinoJson.h
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In addition, functions were utilized for establishing connections
to the local Wi-Fi network and another function for sending the
current measurement data to an 10T server by HTTP. Also,
another function was used and called to the system to read the
AC current value from the ACS712 sensor.

3.6 Power Consumption and Efficiency

The Arduino Nano normally took just about 19 mA of power
with 0.01 mA when in sleep mode with fewer operations.
During Wi-Fi connectivity in particular, the ESP8266 consumes
the highest power usually read between 70 and 200 mA. This
value is appropriate for battery-powered applications because
its power consumption lowered to 20 pA when in deep sleep
mode. The ACS712 sensor uses 10 mA of power, which is
effective when considering the whole power. Turning on the
relay normally uses around 70 mA, although this is just
temporary which also may have occurred when the relay is
turned on. The total power consumption of the system in two
available modes are:

» The Active Mode when Wi-Fi was connected: Depending on
the Wi-Fi module and sensors working mechanism, the system
need between 100 and 300 mA.

* The Sleep Mode when ESP8266 was sleep: If the Arduino was
inactive and the ESP8266 was placed into deep sleep then the
power consumption lowered to 20-50 mA.

Figure (3) represented the proposed system for three houses
with different numbers of electrical devices. Its first check the
energy meters in each of the three houses to see how much
electricity they are using at a given time. Each house may have
different amounts of electrical devices, so their energy usage
will different practically. Every day for a month, write down the
energy readings from the meters in each house, which asses to
keep track of the accuracy of meter readings. Analyze data from
all three houses to understand how their energy meter usage
patterns differ or still has the stability readings.

BIATH

1..N 1..M lL..Q

1- Reding of Energy Meter (EM)

2- Daily Data Recording for a month -

Figure 3. The design procedure and related measuring methodology
for Energy Monitoring (EM) proposed system
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For example, compare the energy reading of devices in House
number 1 for several days and compare it together to evaluate
system performances based on differences between readings.
These steps will be repeated for all three houses for the same
purpose. After all of three above steps, evaluate how well each
house's energy system meter is performing. When energy
readings are consistent over selected period, it means that the
meter reading is stable. Compare the performance of each house
to see if they are using this meter efficiently based on selected
devices.

Figure (4) shows all system components (Arduino Nano,
ESP8266 Wi-Fi, ACS712 sensor and SRD-05V Relay) inside a
box to create a compact device which monitor the related
readings for selected electrical devices. The Arduino Nano get
information from the ACS712 sensor, which measures the
current, while the ESP8266 Wi-Fi enables wireless
communication. The SRD-05V controls high power devices by
turning them on/off based on the Energy Meter readings. The
box keeps all these components organized and making the
system functional and easy to manage.

Figure 4. Proposed system implemented inside a plastic box

In another side, relays connected directly between Arduino and
appliances as shown in figure (5) below. The relay with power
source 5V DC work on process the output signals from
microcontroller to control the appliances (turn on or turn off). It
operates as electronically circuit to closing and opening
electronic contact circuits. After connection, components install
electric point on the box.

Figure 5. Relay connection with microcontroller
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The system comprises several sensors and actuators, which
connected to the Arduino controller. The main objective of the
controller in turn is to send and continuously update the user
data to the Internet of Things server via the ESP2866 Wi-Fi
chip. Homeowner, in turn can monitor the collected data from
the sensors such as (temperature, intensity, lighting, the
consumed, and the amount of water in the water tank) by the
smartphone application (RemoteXY) to control the amount of
the electricity consumed in the house.

= 4, DESIGN RESULTS

After completing the process of connecting all of the electronic
parts of proposed system and installing them in a suitable plastic
box. The code was uploaded with application (RemoteXY)
connections. In this project different devices were connected to
measure their energy and current for 30 days from the 1st of
July/2024 to the 31st of July/2024 and monitored the
consumption of the amount of energy for a single day on
15/7/2024 as shown in table 1, 2 and table 3.

Table 4 shows a comparison between the proposed design and
other related design. In [46], the system with a 2-kW power
rating and 92.5% efficiency was designed for low-capacity
applications while the remaining 7.5% was lost. In [47], there
was a significant reduction in both watering usage and energy
consumption for low power applications. The design in [48]
was adaptable to a wide range of power levels (50 to 634 W)
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while maintaining high efficiency (80% to 100%), which
indicates system's reliability in different operational cases.
While in [49], authors focused on longer testing issue which
would be necessary to fully validate the system's performance
and reliability over extended periods. Another researcher
worked with a design that would handle up to 1.5 kW and is
priced at a low cost of $4.61, which indicates affordability and
efficiency in control applications as in [50]. The energy
consumption varies across different cases as studied and
designed in [51], with a savings of 25 kWh indicates that the
design has successfully reduced energy consumption across
these scenarios. The proposed model performs very well in
terms of both power and current reading efficiency. Each house
from three selected houses in the model maintains high levels
of efficiency, which suggests effective energy management and
optimal performance. The proposed 10 kW design
demonstrates the best efficiency compared to the higher kW
design and the low-power application as well. It maintains high
efficiency in both power and current measurements, suggesting
that it is a well-optimized solution for its intended scale. This
design is also presenting a cost-effective and efficient solution
which is valuable for residential or lower-power facilities. The
proposed model's high efficiency in power and current readings
across three houses underscores its effectiveness in energy
monitoring based on table (1-4). The proposed design can be
considering as strong suggestions for applications where
efficiency and performance are crucial.

able 1. Energy Meter Reading for one selected day (15/7/2024) among three houses with different electrical devices for

HOUSE_1
Input Parameters Output Parameters
House Device Actual Actual Power Value current Power Current
Number Name Power in | Current in Watt Value in mA Reading Reading
Watt in mA Efficiency Efficiency
HOUSE 1 | Hair Dryer 400 1750 368.76 1676.18 92% 96%
(1% Speed)
HOUsE 1 | HairDryer 700 3200 688.1 3127.72 98% 98%
(2" Speed)
HOUSE_ 1 | Beard Shaver 3 13 2.62 11.93 87% 92%
HOUSE_1 Fridge 350 1600 34053 1547.88 97% 97%
HOUSE_1 Laptop 110 500 105 477.29 95% 95%
HOUSE_1 Plasma TV 130 600 120.36 547.08 93% 91%
HOUSE_1 Fan 60 250 5491 248.32 92% 99%
Total Sum 1753 7913 1680.28 7636.4 96% 97%
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% Table 2. Energy Meter Reading for one selected day (15/7/2024) among three houses with different electrical devices for
HOUSE_2

Input Parameters Output Parameters
House Device Name Actual Actual Power Current Power Current
Number Power in | Currentin Value in Value in Reading Reading
Watt mA Watt mA Efficiency Efficiency
HOUSE_2 Fridge 290 1350 287.09 1304.97 99% 97%
HOUSE_2 Water Filter System 8 38 7.71 35.07 96% 92%
Water Dispensers
HOUSE_2 Cooling Water case 190 900 184.7 839.55 97% 93%
only
Water Dispensers
HOUSE_2 650 3000 597.62 2716.47 92% 91%
Cooling and Heating
Water case
HOUSE_2 Lamp 24 100 23.68 98.527 99% 99%
HOUSE_2 Electric Oven 2500 7500 2482.7 7492 99% 100%

:: Table 3. Energy Meter Reading for one selected day (15/7/2024) among three houses with different electrical devices for
HOUSE_3

Input Parameters Output Parameters

House Device Name Actual Actual Power Current Power Current

Number Power in Currentin | Valuein Value in Reading Reading
Watt mA Watt mA Efficiency Efficiency
HOUSE_3 Blender 85 400 80.8 367.29 95% 92%
HOUSE_3 Electric Kettle 1850 8500 1839.54 8495.03 99% 100%
HOUSE 3 | vacuum Cleaner 650 3000 621.06 2822.98 96% 94%
- (1t Speed) ’ ’
MoUSE § | VEEIm Gl 1500 6600 1414.21 6428.24 94% 97%
(2" Speed)

HOUSE_3 | Washing Machine 500 2200 453.01 2059.15 91% 94%
HOUSE_3 Iron 2200 10200 2185.94 9987.42 99% 98%
HOUSE_3 Steam Iron 1900 8200 179451 7976.08 94% 97%
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“ Table 4. Comparison result based on electrical devices used and monitoring places

Parameters
Reference - - - Accuracy (or other related metrics)
Number Device Name Maximum rating power
5 Homes
= 0,
[46] ¢t 2 kW 1.85/2=92.5%
59.61% watering usage decreasing
[47] Irrigation Scheduling Low Power Application 67.35% energy consumption,
System(pump) o .
+22.58% crop yield increasing
[48] Fan plus two lamp types [50 — 634] W [80% - 100%]
[49] Greenhouse Environment Low Power Application The design has been tested during a time of
about 30s.
[50] PV energy Monitoring 1.5kW Controller price ($) = 4.61
- 0.5 kWh casel .
. . ' | for all h 25-
[51] Electrical devices - 0.35kWh case 2 and ncreali\em? rs:vh:aze\?a(l\llj\l: S
-18 kWh case 3 9
. Power and Current Reading Efficiency for
H‘;ﬁ;ggfd Three H(r’:ssesc‘:‘i’\'/t:l 6.5and 6 LR Three Houses are (96%,97%), (98%,97%)
2 . / and (97%,98%) Respectively

User satisfaction was depended in practical on the accuracy of
the data, the ability of the system to provide real-time feedback
in addition to the ease of interaction through the user interface
through the mobile phone. The user key satisfying metrics were
data accuracy as shown in the efficiency data above, the
system’s ability to provide accurate readings for power and
current directly influences user satisfaction.

Also, higher efficiency which was near to 100% for all utilized
devices in three houses demonstrated that users trusted the data
and take actions based on accurate information. While, the Wi-
Fi-based system allowed real-time monitoring by RemoteXY,
meaning users continuously monitoring their devices, leading
to higher satisfaction due to instant control over their
appliances. The ability to control devices remotely based on
real-time data demonstrated high level of satisfaction, as users
took immediate action to reduce energy consumption or
troubleshoot issues. Based on results, Table 5 shows user
satisfaction over different house readings and their ability of
controlling measurement process.

Table 5. User satisfaction over different house readings
based on measurement data

Response 156 ms 147 ms 145 ms
Time
User
. . % % T%
Satisfaction 96% 98% 9%
Real-tim
Remote sze:;ye
Control and control by Hl.gh accur_acy consumption
app. and with real-time .
Feedback . data with
high feedback . .
accuracy quick device
switching

Another factor of user satisfaction was response and switching
time for data transmission from sensor to cloud via ESP8266
and SRD-05V Relay respectively. These two factors for three
utilization houses, based on design various factors as Wi-Fi
stability and sensor processing time are shown in table 6. The
range of response times varies slightly, with some devices like
the Fridge which in House 1 and Iron in House 3 had faster
transmission times due to simpler data requirements. While
devices like the Electric Oven in House 2 had higher response
time due to the larger amount of data being transferred. In the
other hand, the fridge and water dispensers had longer switching
times which is considering as high power needed devices with
higher inrush currents. Also, devices like the Lamp and Beard
Shaver had faster switching times because they are relatively
low power devices compared to others, meaning less
mechanical work for the relay to switch on and off.

Table 6. Response and switching time over different house
readings based on measurement data

House Device Relay Sensor to Cloud

Switching .

Number Name - Response Time (ms)
Time (ms)

Hair Dryer
House 1 (1st Speed) 25 ms 150 ms
House 1 Beard 20 ms 180 ms
Shaver

House 1 Fridge 30 ms 120 ms

House 1 Plasma TV 20 ms 160 ms

House 1 Laptop 15 ms 145 ms
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House 1 Fan 18 ms 170 ms
House 2 Fridge 28 ms 130 ms
Water Filter
House 2 System 22 ms 160 ms
Water
House 2 Dispensers 30 ms 140 ms
(Cooling)
Water
House 2 Dispensers 26 ms 155 ms
(Heating)
House 2 Lamp 12 ms 120 ms
Electric
House 2 Oven 25 ms 150 ms
House 3 Blender 20 ms 160 ms
Electric
House 3 Kettle 30 ms 130 ms
Vacuum
House 3 | Cleaner (1st 18 ms 140 ms
Speed)
Washing
House 3 Machine 27 ms 145 ms
House 3 Iron 22 ms 125 ms
House 3 Steam Iron 19 ms 150 ms

Table 7 shows that all devices in the three houses are operating
within the acceptable range for loT data transmission which is
less than 200 ms, ensuring real-time data communication to the
cloud for monitoring. While, the SRD-05V relay performs high
efficiently with switching times less than 25ms which it was
suitable for controlling high-power devices with minimal delay.

Table 7. Response and switching average time over
different house readings based on measurement data

House Average Response Average Relay
Number Time/ms Switching Time/ms
House 1 156ms 22ms
House 2 147ms 23ms
House 3 145ms 23ms

Figure (6) and figure (7) show the total average efficiency for
house_3 and the three houses according to related devices with
the efficiency reading of one house based on power and current
reading. The design displays a 96% power reading efficiency
and a 97% current reading efficiency in House 1's low power
case. This indicates that 96% of the input power is effectively

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 12, Issue 4 | Pages 1427-1439 | e-ISSN: 2347-470X

used, with the remaining 4% denoting the quantity of power that
is accessible for other uses instead of being lost. Furthermore, a
97% current efficiency means that 97% of the input current is
utilized efficiently, leaving 3% extra. The design operates very
well at low power levels, as indicated in table 5 with leaving a
low value for other possible devices. The power reading
efficiency for House 2 at medium power is 90%, while the
current reading efficiency stays at 97%. In this case, 90% of the
input power is effectively utilized, leaving 10% extra value. The
design is less efficient at medium power levels, as evidenced by
this from 96% in House 1's low power case. The design retains
good current management at medium power levels, which
stands at 97%, does not alter in spite of this decline in power
efficiency. The remaining 10% of power might be used for
another application after good controlling and management.
The power reading efficiency in House 3's high power case
jumps to 97%, while the current reading efficiency rises to 98%.
Just 3% of the input power is left over after 97% of it is properly
used at high power. The design is more suited for high power
levels, based on table 6 by the efficiency gain over the medium
power case. With only 2% of the input current remaining after
effective utilization, the current efficiency of 98% indicates that
almost all of it is utilized. This increased efficiency at high
power suggests that the design is better suited to manage high
power processes, which reduces the amount of excess power
that is left over. The efficiency of House_3 measurements for
the power and current is shown in figure (6). While the total
reading efficiency is shown in figure (7) for the whole devices.

HOUSE_3

Figure 6. The efficiency reading of HOUSE_3 based on power and
current reading

Average Effeciency for 3 Houses

ffic

Figure 7. The total average efficiency for the three houses according
to related devices for both power and current
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A review of three selected devices, the hair dryer's (with 2
speed) and beard shaver's power readings throughout the period
of the designated month indicates that all devices’ operations
were highly stable which is shown in figure (8). This implies
consistent performance with little variation in power
consumption or in power reading.

Hair Drye d) air d Sp jeard § r Total

Power Reading Through |oT

Figure 8. Power reading stability among 30 days and for three

different devices

5. CONCLUSION

The examination of power and current efficiency at varying
power levels reveals significant differences in performance
based on Table (4-7). When power levels are low, House 1
operates efficiently; however, when power levels rise,
efficiency levels indication. In comparison to House 1, House
2's efficiency at medium power shows more notable
inefficiencies, but it still maintains a steady current efficiency.
With the best overall efficiency in high power settings, House 3
shows that it is well-suited to manage high power levels. The
additional power (remaining efficiency numbers) in each
scenario reveals how successfully each system transforms input
power and controls current at different power levels. Energy
meter monitoring over 10T is a very important way to monitor
energy usage and make informed decisions about energy
consumption. By using loT-enabled Energy Meters (EM), it
possible to track energy consumption in real-time and identify
areas where energy can be saved by using control system. In
this paper, researchers provide a conclusion for EM monitoring
over loT. 10T enabled EM provide a significant advantage over
traditional energy meters by allowing remote monitoring and
control of energy consumption. With 10T, the energy usage data
can have transmitted in real-time to a cloud-based platform,
where it can have analysed and processed and sending to users.
This work investigates the efficiency of EM system applied to
15 distinct electrical devices across three houses over a single
month. The system exhibited low error rates and high accuracy
in recording energy consumption data. This evaluation proves
the system's reliability in delivering precise with stable readings
by offering a clear view of energy usage patterns across 15
devices. The results highlight the system's potential to enhance
energy management by providing detailed, which improve
energy efficiency and reduce consumption in electrical bills. It
is also enables homeowners to track their energy consumption
and identify areas where they can be decreasing energy
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consumption. Researchers advantage of loT-enabled energy
meters is their ability to provide alerts and notifications when a
building's energy consumption exceeds a certain threshold. An
alert was sent to the building or any related responsible
indicating that energy usage needs to reduced. This helps to
prevent wastage of energy and decreasing energy bills.

The results of tables 5,6 showed that the complexity of the
devices and their power needs significantly influenced the
response and switching times for data transfer and device
management. Response times were slower for devices that
required more extensive data, such the Electric Oven in House
2 and faster for devices with simpler data transmission needs
like the Fridge in House 1 and Iron in House 3. Conversely, low-
power devices like the lamp and beard shaver benefited from
faster switching, whereas high-power equipment like the
refrigerator and water dispensers displayed longer switching
times because of their larger inrush currents. However, as Table
7 demonstrates, every device in the research kept response times
below the 200 ms barrier, guaranteeing successful real-time
communication with the cloud. With switching durations of less
than 25 ms, the SRD-05V relay also showed remarkable
efficiency, which makes it ideal for handling high-power
devices with little delay. All measurement results demonstrated
that the system can fulfil the performance standards needed for
dependable and effective 10T device management.
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