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Abstract— A cost effective novel single phase digital energy meter is developed with the help of an ARM based 
microcontroller which is capable of calculating true values of active, reactive and apparent power, power factor, Total 
Harmonic Distortion (THD) and energy consumed. The designed meter is simple, portable and easily reconfigurable 
according to specific needs. 
The parameters calculated are transmitted to the billing station through wired means of communication thus eliminating the 
need for the utility personnel to visit each home individually for noting the meter readings/generating the bill. This data gets 
logged in and is used for generating bills and can also be used for analysis in order to improve the power quality and 
understand the load and usage pattern. 
The detailed bill generated can be mailed to the customer’s Email ID and minimal information extracted from this bill can be 
sent to the user’s registered mobile number automatically via SMS. 
 
Index Terms— Digital Energy Meter, Electricity Bill Generation, GSM Module, Low Cost, Mbed NXP LPC1768, User 
Notification. 
 
I. INTRODUCTION 
 
The need for electrical power is immense in today’s 
scenario and it will keep increasing in the days to 
come with the advent of new technologies. This calls 
for an automated method of energy distribution and 
data collection since the present methods of visiting 
every home for noting down the meter readings will 
become obsolete with the increase in the future 
residential needs.  Automated meter reading reduces 
operation costs by allowing remote access to the 
energy meter and eliminating the need for the 
personnel to visit every home. 
The conventional (electromechanical) type of meter 
involves moving parts. This makes them less accurate 
since they can be prone to wear and tear over time. 
Electromagnetic interference also poses another 
problem since it would affect their performance. 
Moreover, the traditional meters consider only the 
fundamental component. But non-linear loads such as 
battery chargers, adjustable speed drives introduce 
higher harmonic components in the current and 
voltage. Neglecting the higher order harmonics of 
voltage and current would not include harmonic 
power components in energy calculations. Hence for 
better accuracy and reliable results harmonic 
components of power should be taken into account. 
Electronic or Digital energy meters solves the main 
drawback of the traditional meters since there are no 
moving parts and the measurements and calculations  
are done solely by the digital electronic components. 
Higher order harmonics can be easily considered in 
the calculations which makes it more accurate. 
Traditional energy metering methods being replaced 
by remote access of the data is discussed in [1]. 
However automatic meter data reading concept is not 
incorporated.  

A scheme in which data is transmitted wirelessly to 
the billing end from the energy meter is discussed in 
[2]. Data is used only for billing and it does not 
discuss about the data analysis. 
A system that has hardware interfacing, PC, high end 
software to calculate the harmonic content of the 
system has been presented in [3]. Involving high end 
software would make the system expensive.  
An idea that explains the transmission of the data 
from the energy meter using Bluetooth technology 
and telephone network has been presented in [4]. The 
range of Bluetooth is limited and the usage of 
telephone network adds to the cost. 
In this paper we propose to develop a low cost energy 
meter that measures nine electrical parameters, 
display it locally and transmit it to the billing station. 
At the billing station, database for each user can be 
developed. The user will be notified about his/her bill 
information through an SMS containing minimum 
bill details using a GSM module since it has no 
limitations in regard to the range. Data analysis of the 
data acquired can be done which would be helpful in 
determining the need for power factor improvement 
or can be used to implement smart schemes like “time 
of the day tariff”.  
 
II. SYSTEM OVERVIEW 
 
Figure 1 shows the overall schematic diagram of the 
developed system. As shown, a voltage sensor is 
connected in parallel and a current sensor is 
connected in series to the load which measures the 
analog voltage and current signals respectively and 
also steps them down to an acceptable range for 
electronic measurement. To reduce the effect of 
unwanted higher frequency harmonics a low pass 
filter is used. The on- chip ADC is unipolar in nature 
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i.e. it only accept signals between 0-3.3V pk-pk thus 
to bring these stepped down voltage and current 
signals to acceptable limits of the ADC, level shifter 
has been used.  ADC of the microcontroller will 
convert these tuned down analog values to their 
respective digital values. Based on the designed 
algorithms, arithmetic operations are performed by 
the processor to calculate the various electrical 
parameters. 
The calculated parameters are then transmitted to the 
remote terminal (billing station) through wired means 
of communication where they get logged in an excel 
(.csv format) file. 

 
Fig1: Block Diagram 

 
This collected data can be further used for data 
analysis in order to improve the power quality or to 
understand the power requirements of an area during 
the course of the day which will become useful in 
applying features like “Time of the Day Tariff”. It 
can also be used for billing the user.Bill, having a 
detailed breakdown of the tariff is generated at the 
utility station itself and can be mailed to the user. 
After the bill is made, minimal information from the 
bill is also send to the user via SMS on his/her 
registered mobile number, with the help of a GSM 
module.  
An mbed NXP LPC1768 microcontroller board has 
been used which has an ARM® Cortex™ -M3 
processor working at a 96MHz clock. It offers 
innumerable features which totally fits our 
requirements, such as ample data and program 
memory (512KB Flash, 32KB RAM), 6 channel 
12bits on-chip ADC, up to 26 GPIO pins etc. 

 
III. HARDWARE DESIGN 
 
Depending on the requirements, voltage and current 
sensor of appropriate range are chosen which will 
give a tuned down bipolar output. After ensuring that 
the sensors are giving proper output, level shifter 
circuit has been designed to provide the required DC 

shift so that the voltage and current signals remain in 
the range of 0-3.3V. At last in order to remove the 
high frequency harmonics and noise a low pass filter 
has been designed. Testing the circuit at each stage 
ensured proper working of the whole system. 
 

A. Voltage Sensor  
LEM LV-25P 400 PCB mounted voltage transducer 
has been used which can measure primary RMS 
voltage up to 400V.The sensor is a closed loop Hall 
Effect sensor which generates a secondary nominal 
RMS current of 25mA for a primary nominal RMS 
voltage of 400V. To convert the sensor’s current 
output into an equivalent voltage output a measuring 
resistance (Rm) is connected in series with the 
sensor’s output terminal. For the sensor to work 
satisfactorily an external voltage of ±12/15 V needs 
to be applied. Voltage sensor circuit is shown in 
Fig.2. 
 

 
Fig 2: Connection diagram of LEM LV-25P 400 Voltage 

sensor. 
 
The value of the measuring resistance is chosen in 
such a way that the output voltage is within the 
measuring range of the ADC, which is 3.3V pk-pk. 
For a single phase energy meter, the expected 
primary nominal RMS voltage is 230V. By using 
measuring resistance of 60Ω across the output 
terminal of the voltage sensor, voltages as high as 
300V (RMS) can be measured by the on-chip ADC of 
the microcontroller used.  
 

B. Current Sensor 
The LEM LA25-NP PCB mounted current transducer 
is a highly sensitive closed loop Hall Effect sensor 
and can measure primary current up to 25A.The 
sensor generates a secondary output voltage of 5V for 
a primary current of 25A. 
So for a primary nominal RMS current of 5.8A, the 
sensor’s output is 1.16V (RMS) which is the 
maximum RMS voltage that can be measured by the 
micro-controllers on chip ADC. The peak value will 
be ±1.64V. 

 
Fig3: Connection diagram of LEM LA25-NP Current Sensor 
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C. Level Shifter 
The outputs of the voltage and the current sensor are 
alternating in a bipolar fashion but the ADC can only 
measure voltages in positive range. Therefore a level 
is designed to provide a DC shift to the waveforms so 
that they can be read by the ADC. The output of the 
voltage sensor varies between ±1.22V at 230V input 
and the current sensor output varies between ±1.64V 
for a current input of 5.8A. A DC shift of 
approximately 1.65V will be adequate enough to 
bring the values in the range of ADC. Two separate 
level shifters are used for the voltage and current 
sensor. Starting with the theoretical calculations, a 
voltage divider circuit is designed to get the desired 
DC offset. The values of the resistors are found out to 
be R1=R2=1MΩ; R3=R4=R5=R6=R7=1kΩ. 
Level shifter circuit has been simulated using 
Multisim software to verify the expected DC shift. 
Fig. 4 shows the detailed circuit diagram. After 
verifying the result through simulation, the circuit is 
then rigged up and tested which shows a DC shift of 
1.68V which is acceptable for our requirements. The 
level shifter circuits has been designed using IC741 
operational amplifier. 
 

 
Fig4: Circuit Diagram of Level Shifter. 

 
D. Low Pass Filter 

In order to eliminate the higher order harmonic 
components (>20th order) and higher order noise, a 
low pass filter has been designed which help in 
obtaining more accurate power factor and THD 
measurements. The input of the filter will be the 
output of the level shifter circuit. The filter circuit 
will then feed its output to the on-board ADC of the 
microcontroller. 
A second order active low pass Butterworth filter has 
been designed in order to obtain a passband gain of 
unity and also a quick roll off rate of 40 dB/decade. 
The filter is designed to get a cut off frequency of 
approximately 1 KHz as the 20th harmonic for a 50Hz 
signal will be at 1 KHz. Following formulas have 
been used to calculate the value of resistors and 
capacitors present in the filter circuit: 

R1=R2=R                                (1) 
C1=C2=C                                (2) 
푓 = .                                    (3) 

The filter circuit is then simulated using Proteus 
Design Suite and after verifying the simulation result 
the circuit is then rigged up and then tested along 
with the level shifter and the sensors. Fig.5 shows the 
circuit diagram of the designed 2nd order low pass 
filter. The above filter and level shifter designs are 
replicated twice as both the sensors uses the same 
design of the signal conditioning circuit. 
 

 
Fig5: Circuit diagram of 2nd order low pass Butterworth filter. 
 
IV. SOFTWARE DESIGN 
 
A program was written in C/C++ for NXP LPC1768 
microcontroller that will take voltage and current 
samples as inputs and calculate various electrical 
parameters. A detailed description of the equations 
used for the electrical parameters calculation is given 
below. 
 

A. Equations used for Electrical Parameter 
Calculation 

Discrete time equations are used to calculate the 
various parameters. V[n] and I[n] denote the 
instantaneous values of voltage and current. ‘k’ is the 
harmonic number, ‘n’ is the sample number, ’N’ is 
the number of samples in a cycle. ‘m’ is the highest 
harmonic order considered which is 20 in this case. 
Fs is the sampling frequency used.  

1. Voltage and Current 
The RMS value is the square root of the mean 
(average) value of the squared function of the 
instantaneous values. 

푉 = ∑ ( [ ]× [ ])   (4) 
2. Harmonic calculations 

The total harmonic distortion, or THD, of a signal is a 
measurement of the harmonic distortion present and 
is defined as the ratio of the sum of the powers of all 
harmonic components to the power of the 
fundamental frequency. 
퐵 = ∑ 푉[푛] × sin   (5) 

퐶 = ∑ 푉[푛] × cos    (6) 
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푉 = × 퐵 + 퐶    (7) 

%	푇퐻퐷 =
∑

× 100   (8) 

휃 = tan      (9) 
ϴk  is the phase angle of voltage/current. 

 
3. Active Power 
푃 = (∑ 푉 퐼 cos휃 ) + (푉 퐼 )   (10) 

Where Vk and Ik are the RMS values of the kth 
harmonic of voltage and current. 
ϴk is the phase difference between kth harmonic of 
voltage and current. 

 
4. Reactive power 

The reactive power is also dependent on the harmonic 
content of the system. 

푄 = ∑ 푉 퐼 sin휃   (11) 
 

5. Apparent Power and power factor 
퐴푝푝푎푟푒푛푡	푃표푤푒푟 = 푉 × 퐼   (12) 
푃표푤푒푟	퐹푎푐푡표푟 = 	

	
(13) 

 
6. Energy Calculation 

Energy is calculated every one second using the 
instantaneous values of current and voltage 
accumulated over this period using the formula 
below. 

퐸푛푒푟푔푦 = ∑ ( [ ]× [ ])  (14) 
 

B. Code Development for Parameter 
Calculations 

The Minimum sampling rate as per the Nyquist 
theorem should be 2 KHz as the maximum frequency 
of interest is 1 KHz, in order to obtain up to 20th 
Harmonic of a 50 Hz signal. The Nyquist rule says 
that the sampling frequency (Fs) must be at least 
double the maximum frequency of interest. Sampling 
frequency has been chosen as 2.5 KHz for better 
accuracy of the measured parameters. The choice of 
sampling frequency also depends on the rate at which 
the ADC operates and the time taken for calculations 
to be made. A timer interrupt is activated every 0.4ms 
that samples the current and voltage signals and 
stores them separately.Suitable multiplication factors 
based on the ADC and the sensor output were 
multiplied to the voltage and current samples. The 
values obtained after this step are used as v[n] and 
i[n] in calculating the various quantities as discussed 
before. 
Choosing a sampling frequency of 2.5 KHz for a 
system frequency of 50Hz results in 50 
samples/cycle. All the parameters except energy are 
calculated for every cycle and averaged over two 
seconds (100 cycles) to obtain stable results. Energy 
is calculated from the voltage and current samples 
accumulated over one second. Once the calculations 
are done the values are displayed locally on the 16x2 

LCD and also transmitted to the remote terminal 
periodically. 

 
C. Data Transmission and Data Logging  

After averaging the values of the various parameters 
(except energy parameter) over a period of 2 seconds, 
they are then transmitted to the local LCD display as 
well as to the remote terminal (say, utility/billing 
center) for easier access to the user’s data. Present 
day energy meters do not have the facility to transfer 
the data to the billing station thus making the process 
of meter reading for billing, etc. a cumbersome 
manual process. One of the distinguishing features of 
our proposed energy meter is reduced human 
intervention as the personnel from the billing station 
does not have to go to each house to collect their 
meter readings and bill them. 
Both wired and wireless mode of communication can 
be used to transmit data to the billing station. 
Considering a nearby PC to be our billing station a 
wired serial communication through USB cable has 
been implemented in this design. The parameters 
transmitted then appears on a terminal window which 
can be then be logged into an excel file.Fig.6 depicts 
the display of the various parameters on the “Tera 
Term” terminal window at the billing station. 
 

 
Fig6: Display of parameters on the terminal window (for RL 

load) 
 
 A timestamp is also attached to every data while 
logging into the excel file in order to develop a 
database for every user. Fig.7 shows the logged 
values of the parameters with exact date and time at 
which the data was logged.Once the data gets logged 
it can be used for various purposes like billing, data 
analysis etc. 

 
Fig7: Logged values of the Parameters with Timestamp (for 

RL load) 
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D. Billing and User notification 
As the data for every user gets gathered in excel 
sheets, at the billing station, it can be used for billing 
the user. Billing is usually done on a monthly basis 
but as the data gets logged continuously at the billing 
station therefore bill can also be generated on a semi-
monthly basis. 
A program for billing purpose has been developed 
using MATLAB®. Original tariff rates [5] from 
Mangalore Electricity Supply Company Limited 
(MESCOM) website has been used for generating the 
bill. Bill for two types of LT consumers can be 
generated using the program. The first type of 
customers are those who does not have to pay a 
penalty for low power factor. As per MESCOM these 
customers come under LT2(a) category. The other 
type of LT customers are those which are fined for 
low power factor and these people come under LT3 
category of MESCOM. The program asks for few 
inputs, as shown in Fig.8, which needs to be given by 
the person generating the bill. 
 

 
Fig8: Inputs to MATLAB program for bill generation of LT3 

type customer. 
 
A customer information database is also created in 
Microsoft Excel as shown in Fig.9, therefore as soon 
as the customer ID is entered in the program it 
extracts the user’s name, address, sanctioned load, 
etc. from the database. 

 
Fig9: Customer Information Database. 

 
As soon as the program gets the required inputs it 
generates a bill for the appropriate customer in an 
excel sheet with complete breakdown of the total 
tariff. This bill can be send to the customer’s email 
address. After the bill is generated an SMS with 
minimum information is also automatically send to 
the customer’s registered mobile number. GSM 
SIM300 module has been interfaced with the 
MATLAB software for this purpose in our design. 

V. RESULTS 
 
The entire hardware setup was rigged up after 
successful testing of the individual circuit 
components and the algorithm used. Various 
combination of linear loads using R, L, C and 
nonlinear load such as laptop load were used for the 
analysis. 
 

A. Results of the Parameter Calculations 
 The readings obtained by the proposed energy meter 
for various combinations of loads are tabulated in 
Table I, Table II and Table III. The readings obtained 
for various loads has also been validated using 
Schneider Electric PowerLogic™ ION7650 and the 
percentage deviation has also been depicted in the 
below tables. The readings obtained by the designed 
meter has been found out to be fairly accurate and 
reliable. 
 

Table I: Parameter values obtained for RL load 

 
 

Table II: Parameter values obtained for RC load 

 
 

Table III: Parameter values obtained for nonlinear 
(laptop) load 
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The percentage error calculated in the above tables 
are w.r.t the values obtained by the Schneider Electric 
PowerLogic ION7650 meter. Fig. 10 shows the 
energy meter data as displayed on the local display 
unit, matching with the values of proposed Energy 
meter as shown in Table I. 
The current and voltage THD values measured by the 
designed meter for the linear loads is slightly higher 
than what is measured by the Schneider Electric 
Meter because some amount of harmonics were 
introduced by the voltage and current sensors used in 
our proposed energy meter.   
The Schneider Electric PowerLogic™ ION7650 
measures THD up to 60th harmonic and hence the 
current THD for non-linear load measured by it is 
more than that measured by the designed energy 
meter which only considers up to 20th harmonic. 
 

 
Fig10: Meter readings on the local LCD display for RL load. 

 
B. Bill generation and User Notification  

At the billing station, for generating the bill for two 
different types of customers a MATLAB program has 
been written which has been discussed earlier. Bill 
generation and user notification for one type of 
customer is shown below.Figure 11shows bill 
generated for LT3 type customer with detailed 
breakup and description, whose information was 
entered as shown in Figure 9. 
 

 
Fig11: Bill generated for LT3 type customer. 

After the generation of the bill on the excel sheet, an 
SMS will be sent to the user’s registered mobile 
number containing the minimal billing information 
required by a user. Figure 12 displays the screenshot 
of the SMS received by the user. 
 

 
Fig12: SMS sent to the User’s Registered Mobile Number (LT3 

type customer) 
 
The above bill was made on a monthly basis, but as 
the data gets continuously logged for every user 
therefore billing can also be easily done on 
customer’s demand for any duration of time as shown 
in figure 13. 
 

 
Fig13: A semi-monthly bill generated for LT2a type customer 

 
CONCLUSION 
 
After the installation of the designed energy meter it 
does not require any significant human intervention 
for tuning or for noting the meter readings 
periodically as the meter is capable of transmitting 
the data to the billing station at regular interval. 
Since the meter is based on an easily programmable 
microcontroller, it can be easily reconfigured and 
modified appropriately for a coherent integration with 
a wide variety of systems like smart grids, home 
automation systems etc. As the energy consumption 
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data is being logged with the exact date and time, it 
can be used for later analysis as and when required. 
The data analysis could help in coping up with power 
quality issues, implementing smart tariff techniques 
like “Time of the Day” tariff system, etc. 
The idea of pre-paid billing system can also be 
incorporated in which the energy is supplied to the 
user depending on the amount for which he/she 
initially ordered for. 
Without using any additional hardware circuitry, the 
meter can be reconfigured to include even higher 
number of harmonics for parameter calculation by 
making few alterations in the written program. The 
use of less hardware also indicates lesser cost of the 
designed setup compared to the presently available 
energy meters with similar capabilities. 
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