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ABSTRACT  

This application note describes a single-phase power/energy meter. The design  

measures active power/energy, potential, and current in a single-phase distribution  

environment.  The heart of the meter is PIC processor.  All measurements are  

taken in the digital domain and measurement results are available in LCD. The main aim of this 

intended paper is to implement and construct a digital energy meter for domestic appliances. 

This energy meter will measure the electrical energy digitally, so user can easily identify how 

much energy they used at one time. It can also calculate the amount of bill which has to be paid 

by the customers. There should be very less relative error in the device. 

Keywords: PIC Controller, Quality, Energy Meters, Domestic Appliance  

INTRODUCTION 

This application note describes a single-phase power/energy meter. The design  

measures active power/energy, potential, and current in a single-phase distribution  

environment.  The heart of the meter is PIC processor.  All measurements are  

took in the digital domain and measurement results are available in LCD.  

Power  meters  are  sometimes  mention  to  as  energy  meters  and  vice versa.  

According  to  terminology, (active)  power  is  a  measure  of  what  is  required  (or 

consumed) in order to perform particular useful work.  For example, a bulb with  

a 100W rating consumes 100 watts of real power in order to create light (and heat).  

Energy, per definition, is the measure of how much work has been required over a  

known period of time. In the light bulb example, enlighten the bulb on for an hour  

it will consume 100W × 3600s = 360000Ws (watt seconds) = 100Wh (watt hours) = 0.1 kwh 

(kilowatt hours) of energy.  The energy meter described in this application note can be referred 

to as a energy meter or a watt-hour meter.All measurement  
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results can be calibrated in the digital domain, eliminate the need for any trimming  

components. The calibration event can be self alter, and eliminate the time-spending  

manual trimming required in traditional type electromechanical energy meters. The  

Digital calibration is fast and efficient, minimize the overall calculation time and  

cost. The brain of the meter is the software firmware code, which is provided open  

source. In spite of it includes all the functionality required for a single-phase meter, it can be 

alter and updated at any time, even in the working mode.  The software code is entirely 

written in micro C, which makes alteration easy. 

 

LITERATURE REVIEW 

Bhushan D. Sawarkaret.al. (2016) [1].The research paper on “A Review Paper on 

Automatic Meter Reading and Instant Billing”.The existing systems are either an electronic 

energy meter or an electro-mechanical meter which are currently in use is limited to record up 

to kwh units. The kwh units recorded by meter readers monthly, on foot which need to be 

processed by a meter reading company. Meter for long-distance data information transfers 

which based upon GPRS, but this system can’t be implemented so easily because the regular 

use of GPRS is still a dream to the common man. H. M. Zahid Iqbalet. al. (2015) [2].The 

research paper on  “Automatic Energy Meter Reading using Smart Energy Meter”. An 

automatic remote meter-reading system based on GSM is presented in this paper. This paper is 

useful to obtain meter reading when desired so meter readers don’t need to visit each customer 

for the consumed energy data collection and to distribute the bill slips. A. Chandra Sureshet. 

al.(2014) [3]. The research paper on “Design and Development of Embedded Energy Meter” 

.Now a days every house, Organizations, factories, industries, business establishments, shops, 

offices etc. need at least one energy meter to calculate Energy consumption. The Discom 

(Distribution Companies) gives the bill according to the user utilization. And the energy meter 

shown number of units consumed by the user in digital form in Energy meter. R. 

Dhananjayanet. al. (2014) [4].The research paper on “Smart Energy Meter with Instant 

Billing and Payment”.This paper mainly focuses on the measurement of energy consumption 

and providing data for billing and a system for payment at your place. In this paper, we present 

a simple design for Automatic Energy Meter reading with payment facility with the help of 

Zig Bee communication technology. By this technology we can communicate at faster rate 

without any data loss and it provides high security in serial communication. E.MoniSilviyaet. 

al.(2014) [5]. The research paper on “GSM Based Automatic Energy Meter System with 

Instant Billing”. In this paper, we propose a  system which measure the current consumption 

unit through IR sensor unit. The IR transmitter is placed in the rotating unit of the EB meter. 

The receiver photo diode is placed in a certain place which is used to find no of rotation. By 

getting the number of rotation we get the current consumption. After getting the current 

consumption the ARM processor will reduce the unit given for specific user .The unit here is 

taken as numeric value. If the unit is reduced to minimum value it will intimate the user 

through alarm and LCD unit. SarwadeNarasing J., (2014) [6]. The research paper on  “An 
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Intelligent Energy Metering Using Zigbee and Arm”. Traditional meter reading for electricity 

consumption and billing is done by human operator from houses to houses and building to 

building. The concept is to reduce the time delay .Hence it need not wait for the slack time of 

other previously task . 

AswiniBavani Ret. al.(2014) [7]. The research paper on “DESIGN OF SMART METER 

BASED SECURITY SYSTEM USING GSM TECHNOLOGY”. The novel approach is a 

centralized system that is being fed by the captured data obtained from various energy meters. 

The environmental variables like pressure, moisture, temperature also needs to be captured 

along with the energy for better control of the situation. In this article, temperature sensor 

communicates to the connected smart meter. The temperature readings will be transferred 

along with the energy readings to the centralized system for further action in order to avoid the 

accidents in power plants, sub stations etc. S.Sukhumar1 et.al.(2014) [8]. The research paper 

on “GSM BASED AUTOMATIC TRIP CONTROL SYSTEM FOR ENERGY 

MANAGEMENT”. This paper presents the development of Automatic Trip Control System 

for Energy Management using GSM. The proposed system monitors the usage level of 

electricity of every consumer at all the time. S.Gopinath1et. al.(2013) [9]. The project on 

“Embedded Based Digital Energy Measurement for Improved Metering and Billing System”. 

In this research paper, the proposed concept is to replace the traditional manual meter reading. 

Now a days the traditional manual Meter Reading was not suitable for longer operating 

purposes as it spends much human and material resource. Mrs. S.H. Sheteet.al. (2013)[10]. 

The research paper on “GSM Enabled Embedded System for Energy Measurement & Billing”. 

In this paper, before the advent of electronic Measuring system the procedure for measurement 

of electrical parameters was more tedious & time consuming. The man power required was 

more. The customer is supposed to pay first for mistakes done by the service providers &latter 

on struggle for the correct bill. The aim of the paper is to develop a measuring instrument that 

enhances the measurement of electrical parameter as well as send these parameters to service 

providers using GSM technology. Manisha V Shindeet. al.(2013) [11]. The research paper on 

“NEW DEVELOPMENT IN ENERGY METER READING SYSTEM”. In this paper, 

Traditional meter reading for any utility consumption and billing is done by human operator 

from houses to houses and building to building. This requires huge number of labor operators 

and long working hour to achieve complete area data reading and billing. Human operator 

billing are prone to reading error, also has errors while recording what was read and during 

data entry. Md. MejbaulHaqueet. al. (2011) [12]. The research paper on “Microcontroller 

Based Single Phase Digital Prepaid Energy Meter for Improved Metering and Billing 

System”.This paper presents a single phase digital prepaid energy meter based on two 

microcontrollers and a single phase energy meter IC. This digital prepaid energy meter does 

not have any rotating parts. The energy consumption is calculated using the output pulses of 

the energy meter chip and the internal counter of microcontroller (ATmega32). A 

microcontroller (ATtiny13) is used as a smart card and the numbers of units recharged by the 

consumers are written in it.  
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MEASUREMENT OF ENERGY RELATED QUANTITIES  

Real Power 

For time varying voltages and currents, the power transfer to a load is also 

timevarying.  This time varying power is referred to as instantaneous consumed power. 

The real power is the average value of the instantaneous consumed power. The Mean Power 

rely on the rms value of load voltage and load current and the phase angle between them 

𝑃 =
1

2
𝑉𝑚 𝐼𝑚cos(𝜃𝑣 − 𝜃𝑖) = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − 𝜃𝑖   (i) 

The real power (P), in watts, dissipated in an AC R-L, R-C, R-L-C circuit is dissipated 

in the resistance only for AC sinusoidal current and voltage, 

Apparent Power 

Apparent power is the combination of reactive power and true power, and it is the 

multiplication of a circuit’s voltage and current, without regards to phase angle. Apparent 

power is calculated in the unit of Volt-Amps (VA) and is symbolized by the capital letter S.  

The Apparent Power (S), in volt amperes (VA), is the product of the rms value of voltage and 

current. 

𝑆 =
1

2
𝑉𝑚 𝐼𝑚 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠      (ii) 

Power Factor 

The Power Factor (pf) is the cosine of the phase difference between voltage and current.  

Power factor can also be found by dividing real power (P) by apparent power (S); so we have: 

 

𝑃.𝐹 =
𝑃

𝑆
= cos(𝜃𝑣 − 𝜃𝑖)    (iii) 

𝑃 = 𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡𝑃𝑜𝑤𝑒𝑟 × 𝑃𝑜𝑤𝑒𝑟𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑆 × 𝑃.𝐹 (iv) 

Power and Impedance triangle 

It is possible to show the relation between S, P and Q in the form of a triangle, and 

known as the power triangle as shown in Figure (a). A similar relation between Z,X and R can be 

given by the Impedance triangle as shown in Figure (b). 
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Figure 1: Power Triangle, Impedance Triangle. 

If S exist in the first quadrant; the reactive power is positive; which means that the circuit has a 

lagging power factor and the load is inductive, and if S is in the fourth quadrant the power is 

reactive; which means that the load is capacitive and the circuit has a leading power factor , as 

illustrated in Figure1.  

COMPONENT DESCRIPTION 

MATLAB Introduction 

PIC16F877a:- PIC is a family of modified Harvard architecture microcontrollers made by 

Microchip Technology, derived from the PIC originally developed by General Instrument's 

Microelectronics Division. The name PIC initially referred to Peripheral Interface Controller. 

PIC devices are popular with both industrial developers and hobbyists due to their low cost, wide 

availability, large user base, extensive collection of application notes, and availability of low cost 

or free development tools, serial programming, and re-programmable Flash-memory capability. 

Special Microcontroller Features 

•   1,000,000 erase/write cycle Data EEPROM memory typical 

•    Data EEPROM Retention > 40 years 

•   Self-reprogrammable under software control 

•   In-Circuit Serial Programming™ (ICSP™) via two pins 

•    Single-supply 5V In-Circuit Serial Programming 

•    Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation 

•    Programmable code protection 

•   Power saving Sleep mode 

•    Selectable oscillator options 
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•    In-Circuit Debug (ICD) via two pins 

 

Fig-2 Pic16F628 Pin Diagram 

RESULTS AND ANALYSIS 

The microcontroller is used from PIC series that is PIC16F628A, It is 18 pin microcontroller and 

it have five input-output port .Our motto is to make low cost energy meter.In Conventional 

energy meters they only shows the wattages(power) used by the user but the user is not able to 

calculate the money of the bill. For the money we all are depends on electricity department 

whenever department sand us the hard copy of the bill then we knows the actual amount of the 

bill that is to be paid by us. But in this work the energy meter is made that will show the power 

consumed by the user and it also tell the user that how much the user have to pay for the bill. For 

fulfill this task the microcontroller is used that is PIC16F628A that is 18 pin microcontroller and 

I have two port which is 8 bit each port and rest two pin are one is Vcc an Other is GND. Let us 

see with the help of figure 3.It shows the microcontroller with their input-output port or we can 

say that in other words input output pins. 
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Figure-3 PIC16F877A Microcontroller 

As we know that the microcontroller works on +5V power and lets come to other part of the 

thesis that is the basic circuit that microcontroller is required for resetting is the reset circuit .In 

this work we used a switch and a 10k resistance for reset the microcontroller and one more thing 

is that we also use a button or we can say that in other words switch .This helps the 

microcontroller to reset. Some time we also use the 5.5V zener diode in between 10k resistance 

and the switch because PIC16F628A have the ICSP (In Circuit Serial Programming) so we are 

not to require to remove the controller from the circuit and then reprogram an put into the circuit 

but we can bun the program in microcontroller in circuit that is known as ICSP and we can see 

the complete reset circuit below figure 4. 

 

Figure-4 Microcontroller’s Reset Circuit 

For the output of the PWM I used a LCD display which is also known as 16x2 LCD.This is 

because this lcd is divided into two part first part is row part and other is columns part so the lcd 

have two row and sixteen columns and they are also known as pixels of the lcd now the lcd have 

sixteen pins that have there own use let us discuss .in this arrangement I connect 1
st
 and 16

th
 pin 

to ground and 2
nd

 and 15
th

 pin to Vcc(+5V) .We can see that how to interface the lcd with  

microcontroller  in fig. 5 
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Figure-5 LCD Interfacing 

As we have study about the individual parts of the thesis now let’s see with the help figure 6, the 

complete Diagram of the energy meter is shown below which not only shows the Wattage but 

also Show us the Money also as per our uses. 

 

Figure-6 Energy Meter 
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As we have seen the energy meter that how did we make it and now let us see that how it works 

Electronic Energy Meter is based on Digital Micro Technology (DMT) and uses no moving 

parts. So the EEM is known as “Static Energy Meter” In EEM the accurate functioning is 

controlled by a specially designed IC called ASIC (Application Specified Integrated Circuit). 

ASIC is constructed only for specific applications using Embedded System Technology. The 

output of ASIC is available as “Pulses” indicated by the LED (Light Emitting Diode) placed on 

the front panel of EEM. These pulses are equal to Average Kilo Watt Hour (kWh / unit). 

Different ASIC with various kWh are used in different makes of EEMs. But usually 800 to 3600 

pulses / kWh generating ASIC s are used in EEMs. 

 

Figure-8 Energy Meter Reading at 0.2 W 



IJRIT International Journal of Research in Information Technology, Volume 4, Issue 7, July 2016, Pg 99-112 

Ms. Sarita, IJRIT-108 
 

In above figure we see that the energy meter shows the reading, in this we can see that 0.2 kWh 

and the amount for that reading is 1.74 Rs and such type random reading is taken within time 

interval which is shown below. Let’s see other diagram too. Figure 9 Energy Meter Reading at 

3.9kwh 

Fig.9Energ Meter Reading at 3.9kwh 

In above figure we see that the energy meter shows the reading, in this we can see that 3.9 kWh 

and the amount for that reading is 63.930 Rs and such type random reading is taken within time 

interval. 

After theoretical reading we will move towards practical reading by the energy meter. 
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Figure-5.11 Output of the practical energy meter (1) 

 

 

Figure-5.12 Output of the practical energy meter (2) 

Now we see that with the help of the below table that how it gives its reading with the regular 

interval of time with the uses of the power. 

Table-1 Reading (kwh) Vs. Money(Rs) 

Reading (KWh) Money(Rs) 

0.1 0.587 

0.2 1.174 

0.3 1.761 

0.4 2.348 

0.5 2.935 

0.6 3.522 

0.7 4.129 

0.8 4.696 

0.9 5.283 

1.09 5.873 

1.1 6.457 

1.2 7.444 

1.3 7.631 

1.4 8.218 
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1.5 8.815 

1.6 9.392 

1.7 9.979 

1.9 11.153 

2.09 11.743 

2.1 12.327 

2.2 12.914 

2.3 13.511 

2.4 14.588 

2.5 14.675 

2.6 15.262 

2.7 15.849 

2.8 16.436 

2.9 17.423 

3.09 17.613 

3.1 18.197 

3.2 18.784 

3.3 19.371 

3.4 19.958 

3.5 20.545 

3.6 21.132 

3.7 21.719 

3.8 22.316 

 3.9 22.893 

 

Table-2 RMS standard Meter Value Vs. PIC Based Meter 

Number of 

measuremen

t 

Measured rms value of 

voltage(volt) (Standard meter) 

Measured rms value of 

voltage (volt) (PIC Based 

meter) 

Relative 

Error (%) 

1 100.09 100.08 0.009991008 

2 100.24 100.22 0.019952115 

3 105.04 105 0.038080731 

4 105.62 105.3 0.302972922 

5 110.29 110.12 0.154139088 

6 110.75 110.89 -0.126410835 

7 115.24 115.12 0.10413051 

8 115.98 115.8 0.155199172 

9 120.32 120.35 -0.024933511 
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10 120.44 120.29 0.124543341 

11 125.12 125.1 0.015984655 

12 125.29 125.26 0.023944449 

13 130.67 130.55 0.091834392 

14 130.89 130.84 0.038200015 

15 135.11 135.12 -0.007401377 

16 135.56 135.5 0.044260844 

17 140.5 140.29 0.149466192 

18 140.8 140.78 0.014204545 

19 145.34 145.33 0.006880418 

20 145.56 145.53 0.020610058 

21 150.9 150.97 -0.046388337 

22 150.99 150.98 0.006622955 

23 155.45 155.6 -0.09649405 

24 155.76 155.75 0.006420134 

 

5. Conclusions 

In this paper design and implementation of reliable digital Energy Meter based on PIC 

microcontroller is described. With the designed new energy meter; measurement and LCD 

display of the desired data are possible. Each system section is carefully designed to meet the 

desired accuracy and bandwidth. Micro C language code is firmware compact and the entire 

energy calculation algorithm is executed in minimum number of CPU cycle.  

In  this  achievement,  different  methods  for  sensing  the  current  and  voltage are  proposed  

and  implemented This system is designed  based  on  an  PIC microcontroller which acts as a 

data acquisition processing and display system. In this case study we proposed a simple and 

versatile display method where the measured data can be easily monitored and display for user. 

The new measurement system will certainly help to decrease efficient usage of time as 

compared to conventional method of getting the same results. The entire table gives 

comparison between the standard and PIC energy meter. It can be concluded that the accuracy 

up to 0.1% to 0.2% can be obtained for voltage and current measurement and less than 

1% accuracy can be obtained for energy calculation. 

6. References 

[1] Bhushan D. Sawarkar, Mrs. Snehal S. Golait“ A Review Paper on Automatic Meter 

Reading and Instant Billing”. International   Journal of  Advanced Research in Computer and 

Communication Engineering Vol. 4, Issue 1, January 2016 

[2] H. M. Zahid Iqbal, M. Waseem, Tahir  Mahmood“ Automatic Energy Meter Reading using 

Smart Energy Meter,  Journal of Communication, Vol. 9, pp.2043-2049 (2015). 



IJRIT International Journal of Research in Information Technology, Volume 4, Issue 7, July 2016, Pg 99-112 

Ms. Sarita, IJRIT-112 
 

[3] A. Chandra Suresh, Dr. Kvnm Prasad, N. ChandraSekhar Reddy, A. Arif“ Design and 

Development of Embedded  Energy Meter”. International Journal of Engineering Research & 

Technology (IJERT)ISSN: 2278-0181Vol. 3 Issue 7, July - 2014 

[4] R. Dhananjayan1, E. Shanthi2 “Smart Energy Meter with Instant Billing and Payment” 

International Journal of Innovative Research in Computer and Communication 

Engineering(An ISO 3297: 2007 Certified Organization) Vol.2, Special Issue 1, March 2014 

[5] E. MoniSilviya, K. MeenaVinodhini, SalaiThillaiThilagam.J. “GSM Based Automatic 

Energy Meter System with Instant Billing”, International Journal of Advanced Research in 

Electrical, Electronics and Instrumentation Engineering An ISO 3297: 2007 Certified 

Organization Vol. 3, Special Issue 3, April 2014 

[6]Mr. SarwadeNarasing J., Mr. DehadrayBhushan M., Mr. KhedkarSachin T “An Intelligent 

Energy Metering Using Zigbee and Arm7” Journal of Electronics and Communication 

Engineering (IOSR-JECE)e-ISSN: 2278-2834,p- ISSN: 2278-8735.Volume 9, Issue 3, Ver. I 

(May - Jun. 2014), PP 01-04. 

[7] AswiniBavaniRAthulya Das S ,ShubhasiniSugumaran“Design of Smart Meter Based 

Security System Using GSM Technology”. International Journal of Innovative Research in 

Science, Engineering and Technology(An ISO 3297: 2007 Certified Organization)Vol. 3, Issue 

2, February 2014. 

[8] Shun Zhang, Tiegang Gao, and Lin Gao “Gsm Based Automatic Trip Control System For 

Energy Management.”.International Journal of Innovative Research in Science ,Engineering 

and Technology(An ISO 3297: 2007 Certified Organization)Vol. 2, Issue 12, February 2013. 

[9]S. Gopinath, R.Suresh, T. Devika, N.Divya, N. SuthanthiraVanitha“Embedded Based 

Digital Energy Measurement for Improved Metering and Billing System” International Journal 

of Advanced Research in Electrical and Electonics Engineering. Vol 3,pp.390-395 (2013). 

[10] Mrs. S.H. Shete Mr. V.A. Kulkarni “GSM Enabled Embedded System  for  energy 

 Measurement & Billing” International Journal of Scientific & Engineering Research Volume 

4, Issue 1, January-2013 

[11]Manisha V Shinde, Pradip W Kulkarni., “NEW DEVELOPMENT IN ENERGY METER 

READING SYSTEM”, International Journal of Scientific Research and Management Studies 

(IJSRMS)ISSN: 2349-3771 Volume 1 Issue 4, pg: 124-129.  

[12] Frank Hartung, Martin Kutter, “Microcontroller Based Single Phase Digital Prepaid Energy 

Meterfor Improved Metering and Billing System”, International Journal of Power Electronics 

and Drive System (IJPEDS)Vol.1, No.2, December 2011, pp. 139~147 


