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1. INTRODUCTION

Electrical energy plays a significant role in our daily routine life. Everything happening in the
surroundings is dependent on electricity. With the latest technologies, electricity is not just bound to
industries or houses as well as it is now a source for the automobile industry and many others accordingly.
The world is watching the advancement in technology, so there is a need for automation and smart modules
to control the demand and supply. The internet of things (1oT) is the latest term in technology. In the modern
world, its applications are found in many areas related to smart and automated control of power. Some of the
most common applications of 10T are referred to as: building automation, smart homes, wireless
communication, and security systems.

Technology is exaggerating day by day, at the same instant, the system needs high security and
automation [1]. A country that wants to advance its living standards and grow its economy must have a bulk
of energy supply. The cost of electrical energy has been provoking over the years. In developing countries
like Pakistan, electromechanical energy meters are in use for decades [2]. The manufacturing cost of these is
low as well as these meters have several bad aspects that are not possible to neglect. In the traditional billing
system, the energy meters are located at the location of the user, and the meter reader is required to go to the
user location to record the energy consumption of the user then the information is communicated to the
power supply utility to charge the user [3]. In some cases where it is difficult to record the meter reading, the
bills are estimated, and it is one of the major concerns of the users [4]. In the traditional metering and billing
systems the tempering of energy meters is quite common and also the meter reader tempered the reading of

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

3366 O ISSN: 2088-8708

the residential or commercial consumer for a bribe [5], [6]. The customer and the billing sector in the country
have to face several errors because most of the work is being done with help of manpower and there is no
automation [7]. The traditional billing system has no advantage other than mere billing that is also erroneous,
power outages are a common problem, and the response time of the utility personnel is insufficient.

The advanced technologies in developed countries have changed life as well as they are running
operations with automation [8]. Pakistan needs to implement the same technological developments to make
human life better. There is a high increase in demand for energy with the latest housing schemes. With the
increasing energy demand, there is a need for an automated energy meter or smart energy meter. Smart
energy meters not only give great accuracy but also reduced tampering. It provides the best customer care by
sending a warning message of low balance and power consumption updates [9].

In smart billing, the method of payment is prepaid [10]. In this method, the customer buys the
number of units that he needs to use for the activities. It is his concern whether he makes use of those
purchased units effectively or finishes them in one day. Once the units purchased are consumed, the customer
needs to purchase the units again. The goal of this system is to design and implement a prepaid power billing
system with load control to direct the amount of electricity supplied. The critical requirement for the
implementation of smart energy metering is the connectivity between the user and power supply utility.
Every meter needs to communicate with the database effectively [11]. Smart energy meters measure the
voltage, current, and energy consumption and provide real-time information to the user [12]. The information
is provided to the user via global system for mobile communication (GSM) technology, and the user can
monitor the information on the mobile [13]. Some of the advantages of prepaid power billing are as follows:
easy to read on your meter screen, much more convenient and straightforward for consumer’s busy life,
decline the manpower, option to control the loads, and paper saving as no need to print the bills.

GSM is used in the system. GSM stands for Global system for mobile communication. It is
commonly used for communication all around the world. Generally, it operates at 850 MHz, 900 MHz,
1800 MHz, and 1900 MHz frequency bands and its ability to carry data rates is about 64 kbps to 120 Mbps
[14], [15]. In this system, GSM SIM900A is used for sending and receiving data. It is acting as a
communicator between the user and smart meter doing power billing [16]

The microcontroller that is used in the system is Arduino Uno. Arduino Uno is the most common
type of microcontroller. Arduino usually contains eleven digital pins where some digital pins are pre-owned
as the pulse width modulation (PWM) pins, six analog pins, three ground pins, two VCC pins, and one TX
and RX pin [17]. Generally, Arduino is used for programming electrical systems. Bluetooth HCO5 is adopted
in the system for changing tariffs, and the power supply company has the authority to alter tariff rates.
Bluetooth is a wireless device used for communication. Bluetooth is a short-range (around 10 meters) device
and receives and transmits data at 2.4 GHz frequency bands [18], [19].

In an experimental study based on more than 300 consumers, it was found that, smart meters are
good for consumers as well as they are not ready for the implementation of these meters [20]. For instance,
clients’ reaction against smart meter deployment may be incited by issues such as a privacy violation, have
an effect on bodily well-being due to radiation from the radio frequency of these meters, and heavy bills [21].
Negative reactions from purchasers may additionally hinder the implementation of smart meters, as visible in
the USA and numerous European nations [22]-[24].

To overcome the problem of theft, overbilling, meter alleviating, a prepaid energy is made in
Pakistan [25]. A case study was done in Pakistan for implementation of GSM based smart energy meters to
be implemented for safe and secure reading and to avoid a meter reader from doing any changes in the
reading [26]. Every year many of the dollars lost in fraud and meter reading alterations and illegal activities
of the consumers [27]. From these aforementioned issues, we have decided to have a system in Pakistan,
which would be efficient and be able to control the load using GSM.

This paper is comprised of the following sections: In the first section, general information is
discussed while section 2 represents the proposed system. In section 3 focuses on calculation. Moreover,
sections four consists of simulation and hardware results. In the last section, the conclusion is discussed.

2. PROPOSED METHOD

Figure 1 exhibits the block diagram of the system. In the block diagram, power is supplied to the
step-down transformer and current transformer (CT), and the resultant pulses (voltage and current) are given
to the microcontroller with the help of a supporting circuit. 20 x 4 Liquid crystal display (LCD) is used in
the system for displaying output. All the steps that are related to load control are performed by the customer
through GSM. First of all, the customer has to purchase units for turning on the load. After that customer
with his registered number will send a short message service (SMS) to GSM for turning on the load. If units
are less than 10% of the total units, then the system will send an SMS to the customer, “Your Balance is
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low”. If the units become zero, then the system will cut off the supply and send the SMS to the customer,
“You have no Balance”. The main feature in this system is the customer can get the update of energy
consumption by just sending an SMS to the GSM. He can control his load remotely. A power supply
company like Lahore electric supply company (LESCO) in Pakistan has the authority to change tariff rates.
The power supply company is connected to the billing meter through Bluetooth. It can change the tariff at
any time for the consumer. The consumer has to purchase the units according to new tariff rates next time.

Step down
Supply | — transformer
| |
Current . Supporting
transformer |~ | circuit sMS — Consumer
LCD — — | GSM
«— | Module
Ez:;;ri:"pph‘ Arduino
Uno
l Load
S Relay —
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Figure 1. Block diagram

3. RESEARCH METHOD
Transformer designing has a partial factor in software implementation. 220V AC to 5V AC
step-down transformer is designed by (1).

Lsec/Lpri = (Vsec/Vpri)z (1)

After calculating Lsec value of the step-down transformer, it is added to the transformer properties shown in
the Figure 2. So, 220 V AC to 5 V AC transformer is successfully achieved. The microcontroller can be burn
by providing alternating current (AC) signal. The signal that is given to the microcontroller must be in
between 0V to 5 V. By using a combination of resistors and capacitor which is giving direct current (DC)
offset to the signal that is moved between 0V to 5V and it is given to the microcontroller shown in the
Figure 3. The output of the waveform of the signal is shown in the Figure 4.

As a result, there is no negative cycle in this analog signal and it can be given to the microcontroller.
By converting the analog signal into a digital signal, voltages are measured. For the current measurement,
ACST712 current sensor is used in Proteus. The current in the wire is detected by the current sensor and
generates an output analog signal which is proportional to the current. This analog signal is given to the
microcontroller that converts the analog signal to the digital signal and the current is measured. Power can be
calculated by the (2).

Power = Voltage X Current X Cos 8 2

The unit of power is the watt. If a one-kilowatt load is consumed in one hour, then one electrical unit (kWh)
is consumed. The unit is measured by the following formula given in (3).

Unit = **= x 3600 ©)
1000
For calculating power factor, the time difference or phase difference is measured between two
signals (i.e., current signal and voltage signal) and converting time into the degree, that’s how power factor is
measured by the (4):
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cos 0 = F x dt X 360 4

where F is the frequency, dt is the time difference and 360 is a constant used for converting time into a
degree.
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Figure 4. Oscilloscope waveform in Proteus
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4, RESULTS AND DISCUSSION

The simulations and hardware results have been achieved which are discussed hereunder.
In section 4.1, Proteus software simulation have been discussed. Whereas in section 4.2, hardware discussion
is made.

4.1. Software results

On Proteus software, a detailed analysis has been done then designed a simulation of the proposed
system. There are four figures where the main results are shown. Figure 5 shows the software simulation
whereas Figure 6 shows 20 x 4 LCD. It is showing the current statics of parameters running in the project at
the moment. Figure 7 shows the virtual window in which the functions are performed by the customer. If the
customer sends the command “ZA” to the GSM then the relay will be opened and loads will be disconnected
from the supply. GSM (SIM900A) is used in the system, which is acting as a wireless communication
protocol between the system and the customer. Now, if the customer presses “ZB” then the loads will be in
ON state because the relay has been closed now. The current statics are sent to the customer by pressing
“ZU” which is shown in Figure 7. The units are added to the system by pressing “Z1” for one unit. Similarly,
by pressing “Z2” two units are added. Likewise, the customer can add up to “Z9” in the project which means
45 units in the system. The customer has to send an SMS to the power supply company from the registered
number that is displayed on LCD in Figure 6. Now, if the consumer wants to change his registered mobile
number, he will simply press “Z0”, and write his new number to change his phone number on which he will
receive the future information associated with the meter.

Also, the power supply company can alter the tariff rates by sending the command “Z13” via
Bluetooth. It will change the tariff to the rate of Rs. 13 per unit. Figure 8 shows the virtual window of
Bluetooth commands. All the commands performed by the user and its working is shown in Table 1.
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Figure 5. System schematics
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4.2. Hardware results

To drive the system, the microcontroller ARDUINO UNO is used to perform all the functions
related to the project. Arduino develops free software known as an integrated development environment
(IDE) used to write a program. Arduino IDE is the most commonly used software just because of
user-friendly interference. Programs are written in IDE software in C or C++ language [14]. After writing the
program in IDE, the HEX file is generated. Then this HEX file is uploaded to the microcontroller.

In this system, we are getting the main supply from WAPDA which is 220 V AC, and connected an
adopter that converts 220V AC to 5 V DC as all the components such as Bluetooth module HC-05, Arduino,
GSM, embedded in the system, are operating on 5V DC. Bluetooth module HC-05 is used only to
communicate with the consumer from the supplier side. Bluetooth is chosen just because its response time is
fast than GSM. The power supply company will simply change tariffs while sitting in the room. Bluetooth is
interfaced with a microcontroller and has four pins that are TXD, RXD, VCC, and ground. TXD pin is
always attached to the RXD pin of the microcontroller and vice versa. VCC is provided with the 5 V source
moreover the ground is attached to the circuit ground.

PT and CT are used to measure the potential and current. The transformer is stepping down 220 V
AC to 5V AC, by using a combination of resistors and capacitor we moved the signal between 0V to 5V
DC. This analog signal as shown in Figures 9 and 10 is given to the microcontroller. The microcontroller
converts the analog signal into a digital value. So, voltages are measured from this analog signal. Similarly,
in the case of the current transformer (CT), the current is measured by the same strategy. Power is measured
by multiplying voltage and current and units are measured as mentioned earlier.
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Figure 7. Virtual terminal of GSM Figure 8. Virtual terminal of Bluetooth

Table 1. Commands of the user

Commands Working
ZB Load ON
ZA Load OFF
ZU Real time update
71-79 Units adding
ZOXXXXXXX Number changing
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Figure 9. Oscilloscope result across PT Figure 10. Waveform

Relay is also attached to the system to switch ON or OFF the loads. For operating the relay, relay
driver circuit is used. In relay driver circuit, optocoupler PC817, BJT transistor and diode IN4007 is used.
Optocoupler is also called an opto-isolator. Optocoupler is used for isolating two circuits. The circuit has an
infrared emitting diode (IRED) while the other one has a photo sensor that senses the light and gives a
differential output. Optocoupler is attached to the pin AO of the Arduino.

Moreover, Bluetooth application is used on the mobile phone name Bluetooth terminal which is
connected to the Bluetooth module by pairing both sides. By typing the command on the application from the
phone and it transfers the signal wirelessly to the module attached to the project. Suppose the user types Z12,
it will change the rate Rs. 10 to Rs. 12 per unit cost in the whole system. Afterward, the number of units
added to the system will cost the consumer with new tariff rate. In real-time, the supplier can change the rate
of tariff according to his own will.

GSM module is used to communicate wirelessly with phone and system. This module is attached to
only one mobile number of the user at a time. If a user loses his phone, he can change his number by sending
message to the GSM. For communication through GSM, AT command is used. For sending a message to
GSM, “AT+CMGS” is used. For sending a message from internal memory, “AT+CMSS” is used, and
reading a message, “AT+CMGR” is used [15]. It is being used to update the consumer about the current
information and status of voltage, current, power factor, power, and remaining units.

If the consumer sends a SMS “ZA” to the energy meter (GSM), the loads will get in OFF state, and
by sending a SMS “ZB”, the relay will be closed and loads will be attached to the supply and become in ON
state. Now, if the consumer wants to check its status and the remaining balance of the meter, he will send a
SMS “ZU” to the energy meter then update will send to the customer. The customer can change his phone
number through GSM by sending a SMS “Z0 (new number)” to the energy meter. Units can be added by
entering the command of “Z1-Z9”. The consumer has two SIMs in use: one for the GSM module and another
one for our mobile phone. The consumer will send the specific command reserved for only tasks involving
GSM communication. The communication between the customer and supplier is shown in Figures 11 and 12.
The final hardware prototype is shown is Figure 13 where Arduino, Bluetooth, CT, PT, relay, and LCD is
combined to perform power billing and load controlling through GSM.

¢ Energy Meter
Figure 11. Controlling load through GSM Figure 12. LCD output
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5.

Figure 13. Combined hardware prototype

CONCLUSION
To recapitulate, a prepaid energy meter is like mechanization of the first recharge, then service

prototype and more user-friendly as it has many benefits including the reduction of manpower. The meter
that is developed is capable of prepaid charging of energy, load control sector, and remain up to date about
the current status. It is proficient to use for small commercial as well as industry and residential needs. It is
also having a top-notch ability of two-way communication between the smart meter and consumer through
the GSM module for sending and receiving the immediate inducements, whereas the Bluetooth module
useful for a supplier in which it can change the tariffs accordingly.
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