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Abstract

This paper presents a single phase digital prepaidrgy meter based on two microcontrollers andralsi phase
energy meter IC. This digital prepaid energy meesinot have any rotating parts. The energy consomjs calculated using
the output pulses of the energy meter chip andhtieenal counter of microcontroller (ATmega32). Acrocontroller (ATtiny13)
is used as a smart card and the numbers of undBamed by the consumers are written in it. A redggtem has been used
which either isolates or establishes the connecbetween the electrical load and energy meter throtigh supply mains
depending upon the units present in the smart Earekgy consumption (kWh), maximum demand (kW) toi& recharged
(kwh) and rest of the units (kwh) are stored in Affenega32 to ensure the accurate measurement avée ievent of an
electrical power outage that can be easily read f@20x4 LCD. As soon as the supply is restored, gneteter restarts with
the stored values. A single phase prepaid enerdggrmpeototype has been implemented to provide nreasent up to 40A load
current and 230V line to neutral voltage.Necessaggmm for microcontrollers are written in c-languagand compiled by
Win-AVR libc compiler.

Keywords: Energy meter IC, Microcontroller, LCD, Relay coritumit, Smart card.

1. Introduction

The present system of energy metering as well lasghin Bangladesh which uses electromechanicdl an
somewhere digital energy meter is error prone andonsumes more time and labor. The conventional
electromechanical meters are being replaced byalegironic meters to improve accuracy in meter irepdstill,
the Indian power sector faces a serious probleneve#nue collection for the actual electric energypdied owing
to energy thefts and network losses. One of thegrmeasons is the traditional billing system whilnaccurate
many times, slow, costly, and lack in flexibilitg avell as reliability [1].

Meters, in the past and today in a few countriesenelectromechanical devices with poor accuracy an
lack of configurability. Theft detection was alsalallenge.Recent developments in this directi@mséto provide
opportunities in implementing energy efficient nratg technologies that are more precise, accueater free, etc.

[2].

A Prepaid Energy Meter enables power utilities adect electricity bills from the consumers priar its
consumption. The prepaid meter is not only limitecdAutomated Meter Reading but is also attributéith wrepaid
recharging ability and information exchange with tltilities pertaining to customer’s consumptionadls. The use
of electronic token prepayment metering has beefelwiused in UK for customers with poor record alment
[3]. A paper suggests a design of a system whichbeaused for data transmission between the pdrsonguter
and smart card [4]. Another paper suggests maksegofi state of art technologies like WiMAX in Preb&nergy
Meter owing to the idea of centralized accountmgnitoring and charging [5]. Polyphase prepaid gnenetering
systems have also been proposed and developed drasechl prepayment and a card reader [6]. Wisefrepaid
energy metering sytem has been proposed whichpocate RF based system [7]. Digital energy metesygjem
as an alternative for the clectromechanical systasibeen proposed and developed with the Periphaeaface
Controller (PIC) and necessary software [8]. Dugh® low cost of microcontrollers, Prepaid Energetdt has
been developed using a microcontroller from therbtibip Technology Inc. PIC family [9].

In this paper, we have proposed a microcontroliseld single phase digital Prepaid Energy Metergusin
two microcontrollers from the Atmel AVR family bease of its performance, power efficiency and design
flexibility and an Energy Meter IC. In this papeci@dit card is used which is capable of commuirigatith both
the distributor unit from where the credit card &dw be recharged and the energy meter to whicimdihaber of
recharged units to be laoded. An electronic circaited USB burner circuit is used to load the ezglkd units both
in energy meter and smart card. Softwares have Heeeloped in c- language and compiled by Win-AWR |
compiler. The proposed enrgy meter has been impltaden the laboratory and finally results obtaimede been
presented and compared with electromechanical gmeeger.
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2. Development of The System Architecture:

met

The system architecture of microcontroller basedlei phase digital prepaid energy meter for impdove
ering system is shown in figure 1.
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Fig. 1 Prepaid energy metering system

The energy metering system consists of Energy Metép, Microcontroller, Voltage and Current

controlling unit, Smart cart, Relay and Liquid GijldDisplay (LCD).

Energy Meter IC generally produces electrical pulseportional to the power consumed by the consame
the power supply of microcontroller.

Microcontroller calculates the energy consumedheydonsumer utilizing the output of Energy MeteipCh
and programs loaded on the microcontroller.

Voltage and Current controlling unit feeds the attwrrent and voltage of load connected to consigide to
the energy meter chip.

Smart Card interfaces with the microcontroller umitvhich the number of units recharged by the oorer are
written.

Relay mainly performs the opening and closing obanection between energy meter and load througplgu
mains depending upon the number of units presethieismart card at a moment.

Liquid Crystal Display shows the energy consumptimmmber of unit recharged by the consumer, reshef
unit and maximum demand.

The energy billing system is shown in figure 2. Témergy billing system mainly consists of a user

operated PC, USB Burner circuit and Smart card.
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Fig. 2 Prepaid energy billing system
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The server unit sets number of units in the smartl @according to the consumer’'s demand. The teat#s are
already programmed in the PC of energy billing eystand the system will only load the number ofsunito the
smart card.

3.  Hardware Development of Prepaid Energy Meter

The hardware architecture of Microcontroller bad@gital prepaid energy meter is shown in the Big.
The energy consumption is being calculated usiegetiergy meter IC and Microcontroller (ATmega38)otder to
prevent unauthorized connection, a tampering deteanit is present in the Energy Meter IC.

The Microcontroller based digital prepaid energytenesystem can be divided into eight parts as ‘gelta
sensor, Current sensor, Energy Meter IC, Microadletr, Smart Card and its Communication with Sefverminal,
Relay Control Unit, Display Unit and Power Supplyit) In the following circuit diagram, ¥ represents the
positive supply and g represents ground. The hardware description ditgi@rts is separately introduced as
follows
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Fig. 3 Hardware of digital prepaid energy meter
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a. Voltage Sensor

In this scheme, energy meter IC (AD7751) is hism®und the neutral wire and a resistor dividersisd to
provide a voltage signal that is proportional te time voltage. A voltage divider is made in conatian of 1 M2
resistor and 1R resistor. The output voltage across thelrksistor is applied to the voltage channel ofahergy
meter IC.

b. Current Sensor

The voltage outputs from a calibrated resistds.885 nf2 connected with the neutral wire is applied to the
current channel of the energy meter IC. Currenhnbhhas a programmable gain amplifier with gaih,@, 8, or
16. The maximum peak differential voltage is +660@ divided by the gain selection.

c. Energy Meter IC

Energy meter IC has two ADCs that digitizes theagg and current signals from the supply main. &hes
ADCs are 16-bit second order sigma-delta convesétts an over sampling rate of 900 kHz. A high-p&Hsr in
the current channel removes any dc component fhenetirrent signal. This eliminates any inaccurakigbe real-
power calculation due to offsets in the voltagecorrent signals. The real-power calculation is \da&tifrom the
instantaneous power signal. The instantaneous psigeal is generated by a direct multiplicatiortteg current and
voltage signals. In order to extract the real-powemponent, the instantaneous power signal is lagsp
filtered.The low frequency output of the energy endC is generated by accumulating this real-pawfarmation.
The output frequency is therefore proportionalhte average real-power. This average real-powerrrdton can
in turn be accumulated by a counter to generateeresxgy information.

d. Microcontroller

Microcontroller is a programmable device which @m$ a microprocessor, memory, input-output ports
etc which can be compared with the microcomputdcrddontroller is a single chip computer. As miavatroller
is a low cost programmable device. It is used amahtomatic control application. Now the pulsesdpaed at the
pin CF is directly applied to the counter pin of timicrocontroller. The microcontroller counts théges that appear
at pin 1 of Microcontroller (ATmega32) within evePp seconds. The number of pulses per second aubatpin
22 of Energy Meter IC is directly proportional toetinstantaneous real power information for a paldr load.
Information such as power, energy, and maximum delmere stored at the EEPROM of the Microcontroller
(ATmega3?2).

e. Smart Card and its Communication with Server Terminal and Energy Metering System

A microcontroller (ATtiny13) is used as a smartccar which the numbers of units to be recharged a
loaded by interfacing with the USB port and theruggerated PC of server terminal. The ATtiny1l3 w#ind the
information contained on it to the microcontroli@gkTmega32), when the DIP switch connected with tive
microcontrollers is switched on. Then the inforimatof microcontroller (ATtiny13) will be transfexd to the
microcontroller (ATmega32) and stored in the EEPROMhe microcontroller (ATmega32) while erasing th
content of the ATtinyl3. The number of rechargedtsuare contained in the EEPROM of the microcotgrol
(ATmega32) and will be gradually decreased with ierement of the energy consumption by the loalde T
updated value after the execution of the every stédp be stored in the EEPROM of the microcontrolle
(ATmega32). Now the consumers have to rechargestieart card from server terminal for further usesnérgy
after finishing the previously recharged units.

f. Relay Control Unit

Five relays each of rating 10A are used. Ongyrsl@anly used to provide the coil current. Wheis tielay
will conduct then it energizes the rest of the ysland consequently the load current will flow thgb the four
relays only which acts as one relay of rating 4®en the number of units stored in the EEPROM resdero,
the microcontroller (ATmegs32) initiates a pulsdhe base of the transistor. Then the transistthbeiswitched on
which initiates the operation of the relay and espgently the relay will be off. When the credirdas again
recharged, the ATmega32 will send a pulse for whighrelay establishes a connection between trek dod the
supply mains.

g. Display Unit

The liquid crystal display controller displayplahnumeric characters and symbols. It can be amefijto
drive a dot-matrix liquid crystal display under tbentrol of microcontroller. In this paper, LCD nigainly used to
display energy consumption of the laod, the numifeunits recharged by the consumer, rest units,immax
demand of consumer.

h. Power Supply Unit
Every electronic circuit needs appropriate poweppdyu for its operation. Basically Microcontrollers,
Energy Meter ICs, Liquid crystal display and relayperate on +5 volts supply. For this reason, weehsed a 5
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volt power supply. We have taken into consideratfemsmall energy consumed by the power supplif ttsat will
be paid by the consumers.

4. Basic Data Acquisition and Energy Calculation
a. Data Acquisition for Calculating Power

The Energy Meter IC AD7751 produces an output fesgy that is proportional to the time average value
of the product of two voltage signals. The inpultage signals are applied across pin 4, 6 and pih & Energy
Meter IC. The Energy Meter IC also provides an oufpequency at pin 22 of Energy Eeter IC equah®® output
power that can be calculated using an equation as

Fo 5.74x% V1><V2 x Gainx F1—4

1)
2
VREF
where, \ker= Nominal reference voltage for Energy Meter IC5=2olts
k=17
Gain=1

V,= Voltage apllied across pin 4 and 6 which is prtipoal to load current
V,= Voltage apllied across pin 8 and 7 which is prtipaal to line to neutral voltage

This output frequency is proportional to the realvpr information. During calibration we have gog thhequency
F=0.5 Hz against 1.5 kW load. When F= 0.5 Hz, thewer=1500 Watt. So for any value of the frequeaicly (say
F= X Hz), Power, P will be

> 1500% X )
0.5
P = 3000x X 3)

b. Energy Calculation
The complete equation for determining the energynits consumed from Power, P is obtained as falow

1kWSec

1000

1WattSec= — KWh 4)
1000x 3600

Energy= __PxsSec Units
1000% 3600

1WattSec=

Energy= w Units (5)
3600000

5. Software Development for Prepaid Energy Meter
The system software is implemented by C languaug the developed code is edited, compiled and
debugging by Win-AVR software.

a. Algorithm for Energy Metering system at consumer’'send
1 Start
2 Initialize the display.
3 Decide whether the number of units in Microconeplik sufficient or not. If the balance is insuitiat then
disconnect the load from supply otherwise connethé load to supply.
4 Count the number of pulses initiated from EnergyteéC AD7751 with the help of counterO when the
load consumes power.

5 Measure time with the help of timerl.
6 Calculate power,P =3000x X using this equation, where X denotes the frequesicyulses that is
produced by the Energy Meter IC.
. . . 3000x X xSec .
7 Calculate energy using the following equati@mergy= —————— Units
gy g geq ay 3600000
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8 Store energy and power reading into the EEPROMTah&ga32 Microcontroller for future use.

9 Check whether the button for number of units regbas pressed or not. If the button is pressedichec
whether a valid smart card is inserted or noth# inserted card is valid then read, store and tepitie
recharge information and display the update statuhe LCD

10 If the valid smart card is not inserted then réplea step 3

Start

Initialization:
Clear display,
Relay off

Is the number of units
sufficient?

r “

Disconnect the load from supply Connect the load with the supply
mains mains

:

Count the pulses provided by AD7751
from the counter-0 as X

y

Count the time of accumulation of pulses from
timer-1 as t, sec

y

Calculate: real power,
P=3000xX

v

Yes Calculate: Energy,
No l E=P x t /(1000x3600) Units

!

Read, store and update the Store the energy and power reading
recharge information for future use

Is units recharge button
pressed?

Is valid card inserted?

Display
“Invalid
card”

@lay the update status
\ on the LCD

Fig. 4 Flow chart for energy metering system atsconer’s end
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b. Algorithm for Energy Billing System at Server End
1. Start
2. Initialize the signal
3. If the push button is pressed, start data transfére ATmega32 from ATtiny13 microcontroller othése

go to step 2.
4. If the confirmation message is found from ATmegaB2n erases the content of the smart card (AT8hyl

and finish otherwise go to step 2.
r @ |

Initialize the Signal

Is the push button pressed?

rY es!

Start data transfer
to ATmega32

Is confirmation
message found from
ATmega32?

Yesw

Erase the content of the credit card
(ATtiny13)

Fig. 5 Flow chart for energy billing system at sarterminal

Table 1. Test Result of Energy Measurement by tbedsed Prepaid Energy Meter
Expected Energy Energy Output from Percentage of

Time (sec) output (kW-sec)  Measurement (kW-sec) error
0 0 0 Not Applicable
20 24 23 417
40 48 47 2.08
60 72 70.6 1.94
80 96 97.5 -1.56
100 120 122 -1.67
120 144 145 -0.69
140 168 168.5 -0.30
160 192 192.3 -0.16
180 216 215.7 0.14
200 240 240.3 -0.13
220 264 264.1 -0.04
240 288 288.05 -0.02

6. Results and Analysis

The Energy Meter was tested in the Measurement riaddmdes of Rajshahi University of Engineering &
Technology, Bangladesh. An Electric Heater of M2 tating was used as a load that draw currentpdbb.5 A.
The supply voltage was between 210 Vand 230 V. @nereasurement process is described step by stéjpstAA

Microcontroller Based Single Phase Digital Prep&dergy Meter for Improved Metering ... (Md. Mejbawldtie)
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wattmeter was used to measure the power consumébdeblpad. Then energy consumption was measured aft
every 20 seconds using the obtained power infoondtiom the load. The computed energy consumptoread
from the Liquid Crystal Display. The experimentasult for the testing of prepaid energy meter imrarized in
Table 1.

The results shown in Table 1 are the expectedygrautput in kW-sec obtained from the load povie?,
kW and time and energy output from measurementishdisplayed by LCD after every 20 sec. A certmimount of
power is supplied to the load, this power is mairgtd over a certain period of time and the eneaqsamption is
calculated and finally displayed. The tests weneedover a 3 minute period, measurements were &l@ny 20 sec
and a very high accuracy level is observed pagityiafter longer periods of time.

7. Conclusion

This paper has demonstrated for measuring therielglcenergy consumption of an electrical load tiwo
wire distribution systems with the proposed enemter as an alternative to the conventional elewahanical
meters. This microcontroller based energy metetopype has been implemented to provide measureupetd 40
A load current from a 230 V line to neutral voltagée proposed energy meter is capable of measeriegyy
consumption for all loads conditions i.e. powerda@nd non-sinusoidal voltage and current wavegortndoes not
posses any rotating parts that help in the preventif meter tempering, which is an attractive featfor the
utilities. The proposed energy meter includes altaa threshold” feature that will eliminate angeping effects in
the meter. In addition, the process of reading@hergy consumption is facilitated by the LCD digpthat is
simpler than that for the analog meters which reducuman errors while noting down the meter readiigs
energy meter has the potential to change the fugfitee energy billing system in Bangladesh. Thergy billing
system may help the energy distribution compargeetiuce costs and increase profits, to improveerimef and
billing accuracy and efficiency, and to contribtite energy in a sustainable way. To recharge tloeogontroller
chip, it must be taken to the server terminal dt.drhe energy billing system provides employmentriearly 2-3
people in every server terminal for jobs like regiag smart card and processing the distributirpofver in a
convenient way. In future, mode of recharging thiaug card can be improved by wireless communicaiietween
the server terminal and energy meter unit..
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