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Abstract— An energy metering and monitoring system for rural area is implemented using wifi technology .The electricity used by the 

consumer may be for domestic or commercial purpose can be known by using single phase or three phase energy meter.The 

consumption of electricity is usually known by the pulses produced by the digital energy meter.Based on the electricity usage ,the pulses 

produced are recorded and measured in kilo watt per hour.The amount for the consumed units is been calculated according to tariff 

with the minimum charges.In the existing system the person from the electricity board has to visit each house and enter the details of 

recorded readings into the spot billing machine .The bill will be generated and distributed. In this proposed project ,instead of a person 

visiting  each house for generating the bills ,a renesas microcontroller (R5F102AA) is used with the digital energy meter which helps in 

collecting the consumption details and is displayed in the LCD.The details of consumed number of units is sent to the server system 

using wifi transmitter.At the receiver end using .net and microsoft visual studio frame works, for the number of units consumed 

,amount is calculated and displayed in a GUI. There are many ways to read, monitor and record all the consumer power usage using 

GPS/GPRS or SCADA but in this project it has been proposed for Wifi based technology to transmit the total electrical energy 

consumption to main server system. 
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I.  LITERATURE SURVEY  

 

        In this project the main intention is to meter and monitor the electricity usage and transmitting it through the wifi technology 

for developing rural area.For achieving this  there is a lot of experiments  going on.The different technology,such as  

GPS,GPRS,SCADA,zigbee, are being used for transmitting the data of electricity usage. Ms.Ashna.k and Mr.Sudhish N 

George[1], developed an automatic meter reading system (GSM Based Automatic Energy Meter Reading System with Instant 

Billing) in 2013 for domestic use. In this project a low cost simple wireless GSM energy meter is designed and it is associated 

with web interface, for the automatic billing and managing the data collected globally.The developed AMR system consists of 

three main parts: a digital GSM power meter installed in every individual consumer unit, transmission facility (SMS gateway), 

and billing server at the energy provider side . 

This GSM energy meter is constructed with the microchip single phase dedicated energy metering IC MCP3905A, a 

display, 8-bit PIC Microcontroller PIC16F877A and  GSM modem. A 10A class I single phase meter is designed with embedded 

GSM modem which utilizes the existing GSM network to send its power usage value as SMS to the energy provider wirelessly. 

While sending the message each time, the same data is also stored in the associated non-volatile memory (EEPROM).  

 RTC module is also integrated in the meter to have time stamped recording of usage details. Consumer can login to view 

this bill. By selecting a particular month he can view his usage history any time. The consolidated bill prepared sent to the users 
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mobile, for a particular month of usage.Prepared Bill is successfully sent back to the registered consumer at the time of bill 

generation itself.  
 

Ms.Karthiga S, Mr.Vignesh S, Mr.AlexStanislavous ,Mr.Kiran Thomas [2] developed an automatic meter data collection 

system(Automatic energy calculation through wireless smart meter using zigbee). The system is designed with two modules 

Consumer module and EB module in the system.In the consumer module, consumer side has an energy meter, micro controller, 

indication unit and LCD display.  

 The microcontroller used in the project continuously monitors energy meter reading and the bill amount is calculated for 

the consumed units till last usage. The details can be seen in LCD display. The obtained data is sent to EB server each month 

through the Zigbee transmitter. An indication unit is provided so that consumer can know in if the usage exceeds than the normal 

usage, delaying the payment and also in case of any variation in tariff by the EB. 

  In the EB module the basic component PIC16F877A microcontroller is used in both the modules .The modules are 

designed for the automatic energy meter reading system using the Zigbee wireless communication for the electricity board. The 

Zigbee used in this project is attached with both the modules. The data which has to be transmitted is sent from the Zigbee 

transceiver in the home module to the EB Office module via the Zigbee network. The office side has a similar module that 

receives the data. The Zigbee transceiver, is a wireless communication module, which helps in transmitting the billing details 

calculated by the microcontroller regarding the electricity usage to the electricity board office every month. Thus this 

methodology reduces the human effort to a great extent. EB module can provide information regarding the tariff variation to the 

consumer, as a notification on the LCD display with lamp indication. 

 

Ms.PrachiAgrawal [4] developed a practical model of pulse detection from the meter and Electric Metering System 

based on Radio Frequency (Radio Frequency based Automatic Meter Reading System) in 2014.  This system has the transmitter 

connected to the meter and it helps to count the pulses from the meter. The pulse which is being consumed or used by the 

subscriber meter is transmitted by the transmitter to the receiver. The receiver that is linked to the main server receives the pulses. 

The receivers are linked to the computer and units are displayed. Sitting at a place using computer a particular subscriber 

reference number is entered by worker of the electricity board to the computer which is installed in the energy meter. Receiving 

the meter reading signal by subscriber to the substation for billing it is being received by a 100 channel modem and is then 

entered to the computer then it is calculated for billing by electricity board. Through this process , annual calculation can be done 

easily by the computer itself, which makes work easier for the electricity board for calculating the bill amount.  
In all these systems energy meter readings are measured in different ways and transmitted through different wireless 

communication systems such as GSM, Zigbee, Radio frequency and scada system. There is an another way for measuring and 

monitoring the energy that is using wifi  system  for transmission which would be very useful to get the consumption details of 

electricity usage without involving much of human efforts. 

 

. 

II. INTRODUCTION 

 

In recent years with the increase in population there is a rapid increase in usage of electricity. Nowadays electricity has 

become the basic requirement to lead a comfortable life for people, it may be for domestic usage such as residential or 

commercial purposes such as factories, shops and other users. It is difficult to handle and maintain the power with the increasing 

demand and requirements. Every day new and advanced technologies are being designed and implemented for the power 

management .The power management in rural area is very difficult but in the developing rural areas various new methods can be 

implemented for efficient power metering and monitoring. 

 The power consumed in each of the domestic and commercial purposes are measured using the digital meters according 

to which the amount will be calculated and collected from the consumer .The traditional manual meter reading system is not much 

effective as there may be some manual errors caused while meter reading or billing. For the meter reading in the rural areas, meter 

reading person has to visit each house. It may consume time to check the meter details and collect the details then upload the 

details in the system which has data base  which checks with the previous reading and gives the number of units consumed. Based 

on that with the minimum charges and the tariff fixed, amount is calculated . The bills are generated and  distributed to the 

consumer. There may be chances of error in this method while taking the meter details due to which there will be variation in the 

bills and the risk of redistributing the bill again. If the consumer has not paid the bill the person has to visit the house and 

disconnect if not paid and reconnect it after paying.  

 In some rural areas the meter reading person visit each house enter the details of present reading based on unique number 

given into the SBM (spot billing machine) developed which has the details of the previous month  and the unique number.Once 

the present reading is entered the difference between the readings will be taken and the consumed units will be calculated for that 

number of units the amount will be calculated based on minimum charges and the tariff and the bill will be generated at that 
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instant and can be distributed to the consumer. Presently this way of meter reading and generation of bill is being done. But this 

proposed project presents an easy way of billing and transmitting through wireless communication without involving human 

efforts and reducing the errors. 

III. BLOCK DIAGRAM 

 

 
   

Figure 1. Block diagram for metering and monitoring of power usage 

            

                                                       III . WORKING PRINCIPLE 

        . 

The Fig1 shows the block diagram for energy metering and monitoring using wifi technology.An digital energy meter is 

used which is connected to the load (bulb). The renesas microcontroller (R5F102AA) is used. The load is made on. The pulse 

generated in the meter is tapped out to the optocoupler and through relay to the microcontroller. It calculates the number of pulse 

and displays it on the LCD.In renesas controller the programming is supported using the cube suite .The current transformer is 

used with the load to check the current value in amps .If the load exceeds the capacity it turns of the entire load automatically. The 

load capacity should not exceed the value. 

The Renesas controller is programmed to count the number of pulses in terms of units.Generally 1unit is equal to 

3200pulse\kWh .In this project 1pulse is taken as equivalent to 1 unit.The number of units is displayed on the LCD. This units are  

transmitted from the renesas controller to the wifi module serially. The data in the microcontroller is taken in the form of bytes 

from the controller UART and the individual bit is transmitted to the wifi module UART where the data is reassembled in the 

form of bytes. The data in the wifi module which is in the form of zeros and ones will be transformed into radio waves. This radio 

wave is sent through the antennae of the wifi module device. The receiving end is a laptop supporting the wifi. The radio waves 

are transformed to zeros and ones format. The GUI is used to display the data of units used and the amount to be paid .The GUI is 

supported by the Microsoft visual studio with the .Net and C# frame works. 

 

 
Figure2.The hardware used in the project 
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Figure 3. The LCD display 

 

 

   The Fig:2 shows the hardware components used in the project. It consists of an energy meter, bulb,relay 

,optocoupler,wifi module and a renesas controller board with the LCD display.The figure 3 shows the LCD display of the 

microcontroller showing the details of number of units in terms of U.The amount as A in Rupees and sending the data at every 10 

pulse count. 

IV. FLOW CHARTS 

 

 
Figure 4.Flow diagram of the transmission end 

 

In this project the prototype is made on the, the first task is to initialize the device using the software programs.   At the 

server end first the microcontroller ,load and the energy meter is initialized. The load is connected to the digital energy meter.The 

energy consumption is known from the pulse generated in the meter through a led on the usage of load.The pulse generated is sent 

to the microcontroller via a optocoupler . The microcontroller is programmed to count the number of pulses. The pulse is counted 

by microcontroller and is given in terms of units U. Each pulse is taken as a unit per kWh .The data from the controller is sent to 

the wifi module uart serially. The flow diagram at the server end is as shown in the flow chart Fig 4 it gives the complete idea  at 

the transmission end or sending end part of the thesis. 

 

The data will be sent from the server end through the wifi device .The data sent is  in the form of radio waves.These radio 

waves is transformed to zeros and ones.The program at the receiver is executed and login GUI will be displayed.The GUI  is the 

user login which has user name and the password . The user name and the pass word is entered, if it is correct another GUI is 

displayed.If password or username is wrong then a message is displayed as invalid . 

 

 The next GUI contains the IP address and port number details .The details of IP adress 192.168.16.254 is entered with the 

port number 8080.If entered correct a message connected is displayed.If IP address or port number is wrong a error message is 
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displayed.The GUI is connected  and is ready to receive the data.On receiving the data at every 10 units,the amount is calculated 

as per the slab units fixed.The slab units used in this project at receiving end is,if the unit is less than or equal to 30 the amount is 

Rs.1.40.For next 20 units it is Rs.2.90.For more than 50 units the cost is Rs.5.90. The GUI  has RR number which is a reference 

number,number of units and the amount blocks.As the data of units is received the GUI displays the units and calculated amount. 

The flow diagram at the receiver end is as shown in the flow chart Fig 5it gives the complete idea  at the receiving end part of the 

thesis. 

     

 
Figure 5.Flow diagram  of the receiving end 

      

    

V. RESULT AND ANALYSIS 

At the receiving end ,the login GUI which has the username and the password  is as shown in the fig:6.The both 

username and password must be entered.If the password or username are entered wrong then an invalid message is displayed.If 

the password and username both are correct then  a GUI which is as shown in the fig.7 is displayed. 
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Figure 6.The GUI with login 

 

The details of login are correct another GUI which has ip address  and the port number to be given  is displayed. The ip 

address used is “192.168.16.254” and the port number  is 8080.If these two are entered correctly then it gives a message 

connected. Once connected it is ready to receive the data sent ,if any of the ip address or port number entered wrong we get an 

error message as invalid. 

 

 
Figure 7.The GUI with the connected message. 

 

Once the GUI is ready to receive the data, microcontroller sends the data of pulses every 10 units .The data is sent 

through the wifi transmission which is displayed in the GUI .The amount for the number of units is also calculated using 

Microsoft visual studio with .net and C# frame work.As updating is easier, if there are any changes in the tariff.The fig:7 shows 

the GUI display of 40 pulse received with the amount in rupees.  

 
 

Figure8 The GUI output displaying units and amount 
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If the pulse rate is some value Y imp/kWh considering 3200 imp/kWh producing energy meter, it indicates the pulse rate of LED 

if 1000 Watts /second is consumed in 1 hour . If a 100 watt bulb is switched on for 1 minute ,the pulse rate P will be 

                                P= Yx100x60 / 1000x3600 

 This is for 1000 watts consumed for 3600 seconds the output pulse will be Y per hour. Therefore the pulse rate for100 watts for 

60 seconds is P. Thus the pulse rate would be 

P=3200 x 100 x 60/1000 x 3600 = 5.3 pulses /minute. 

 

The tables shows the output details,the number of pulses,amount in rupees when a 40 watt bulb is used and a 60 watt 

bulb is used. 

 

If a 40W bulb is used then the pulse rate obtained is 

P=3200x60x40 /1000x3600 =2.1 pulses 

Thus the pulse rate is 2.1pulse\minute.The  LED should blink for 2 times per minute.The ouput results obtained for 40 W bulb is 

as shown in the below table. 

 

Pulse Count Amount in Rs Time  in minutes 

10 14 4 

20 28 9 

30 42 14 

40 71 19 

50 100 23 

60 159 28 

70 218 34 

 

If a 60W bulb is used, the pulse rate  for a minute is P=3200x60x60 /1000x3600 =3.2 pulses 

Thus the pulse rate is 3.2 pulses\minute .The  LED should blink for  3 times per minute. The ouput results obtained for 60 W bulb 

is as shown in the below table 

 

Pulse Count Amount in Rs Time  in minutes 

10 14 3 

20 28 6 

30 42 9 

40 71 12 

50 100 15 

 

 

VI. CONCLUSION 

 

Successfully obtained the real-time values using different load (bulbs).The output obtained is tabulated.Wifi based 

energy meter is easy to install and beneficial for both energy provider and consumer. The digital energy meter is interfaced with 

the wifi module.This reduces revenue cost and reduces the human errors and problems like over running of the meter, over load. 

This leads to reduction of outstanding dues.This device improves usage level and energy monitoring. It requires less of human 

effort.This project is   very useful in getting the details of the energy consumption from rural area  without a person visiting each 

house to get the details of number units consumed and the details of amount .It provides efficient meter reading, avoids the billing 

error and reduces the maintenance cost .If the whole of rural area have wifi connection then this prototype is very useful to get the 

details of energy consumed in units and the cost from the GUI displayed at the client end. 
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VI.FUTURE WORK 

At present, it is implemented as energy metering and monitoring for rural area using wifi technology. Further, one can 

consider extending this system for linking the account details of the consumer to automatically deduct the bill amount. So one can 

consider doing better , as it will be easy for both the energy provider and consumer.                                  
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