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Abstract 

 

This paper presents a design and implementation of real time electrical energy computing tool to measure 

and record the electrical energy based on type of detection devices, Hall Effect current sensor and 

Microcontroller. The tool was installed on the system power supply of the room and compared with kWh 

meter. Finally, we found that the energy record has error of average power calculating results is 0.077%. 
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1. INTRODUCTION 

 

Studying the way people use electricity makes us know their behaviour in using power each day. Because 

of this, it creates appropriate and effective power management. This is why studying power using behaviour 

is considered very useful. However, collecting the amount of electrical energy used in houses needs to be 

kilowatt-hour meter (kWh meter) type, since it can’t be collected as real-time information, so the information 

can’t be analyzed to find power using behaviour. 
Therefore, the researchers have created the real time electrical energy computing tool, which is used to 

measure and record the amount of electrical energy by using Hall Effect current sensor. This equipment is 

capable for measuring low electricity that is linear. In addition, the researchers used the Microcontroller 

AVR (model ATMEG 16) [1] which can convert information from A/D signal. This way, it reduces steps in 

designing the equipment. Then, the equipment will be installed in power releasing system with kWh meter, 

so that we can compare electrical energy quantity. We will also use C-Programming [2], [3] to the 

Microcontroller compile electrical energy using information. 
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2. DESIGN STRUCTURE AND CONTROL 

 

This study is divided into 2 parts: The structure designing and the controlling use Microcontroller. There 

are calculating current, voltage, power, and expenses based on the conditions of the researchers 

determination. 

 

2.1 Design Structure 

 

 
 

Figure 1. Flow chart of electrical energy computing tool. 

 

From Fig. 1, it’s a flow chart showing general working of the system. In the experiment, the researchers 

designed equipment to measure and record electrical energy by using Hall Effect current sensor [4] and 

Microcontroller AVR (Model ATMEG16). Also, the sampling of signal measurement is to calculate and 

record real time power using. Date and time are recognized by Real Time Clock (RTC) Model DS1307 
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which is installed in electric current system with error 0.74% of kWh (MITSUBISHI) Model MF-33E [5]. 

When it is tested with load 100 watt to compare the error of the equipment and record the tested electrical 

energy quantity from the design. 

 

2.2 Controls by Microcontroller 

In this study, the researchers used Microcontroller to receive the voltage from Hall Effect current sensor. 

We also adjusted the information to be analogy by using A/D converter. The binary can be calculated form 

eq. 1. 
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Where INV  is an input voltage, REFV  is a reference voltage. 

 

Calculating power quantity being used in each period needs to be measured voltage and current flow. So 

the researchers installed Hall Effect typed to find the result for calculating the quantity of electrical energy 

use as in Fig. 2. 
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Figure 2. Set up of Hall Effect sensor. 

 

Mmeasurements of voltage and current flow can be done by sampling method. For each sine wave will do 

the sampling for 20 times. In this step, the researchers tested sampling rate from 100 time/period, and the rate 

was reduced til 10 time/period. It was found that 20 time/period sampling is still accurate according to the 

multi-meter that was used to measuring. It also required least sampling information storage. Fig. 3 shows the 

sampling rate and Fig. 4 shows information of the digital sampling rate respectively. 

 

 
 

Figure 3. Sampling rate for 20 times/sine wave. 
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Figure 4. Information of the digital sampling rate. 

 From Fig. 4, it is the information of voltage and current from eq. 1, which is in peak positive. So, the 

information in peak minus will be adjusted to peak positive, using eq. 2. The voltage and current that are 

adjusted by eq. 3 will be shown in Fig. 5 respectively. 
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When ( )F x  is output digital 8 bit. 

 

and     ADCeqa  512  

512 ADCeqb                                                                                            (3) 

 

 
Figure 5. Information of digital voltage after adjusting the voltage. 
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digital voltage 

real voltage

 

Figure 6. Information of digital voltage and real voltage. 

 

From Fig. 6, the comparison between digital voltage information which is from reducing adjustment and 

real voltage measuring using oscilloscope shows that each period of the sampling both information are 

related in direct variation. The information of voltage from the measurement is divided into 2 parts which are 

information of voltage that flows through load, and information of current. The both information is 

calculated to find electrical energy value in each period by using eq. 4. 

 

v iP D D                                                                                                       (4) 

 

When 

P  is electrical energy each period of the sampling. 

vD  is data of voltage. 

iD  is data of current. 

 

When the equation 4 is used to find the result of electrical energy, the researchers find the total of each 

sampling by using Integrate method in the first til the twentieth sampling to find electrical energy value in 

each period. Then the researchers find the total result of the electrical energy used in 1 second. The total 

value will be recorded and used to calculate the electrical energy using per hour in the future. 

 

3. EXPERIMENTAL RESULTS 
 

The researcher has created the electrical energy measuring by sampling using Microcontroller. Also, the 

errors in the result are tested. The design tool will store the information in its SD card memory and will show 

electrical energy using quantity on the LCD screen when the power calculation electrical energy is installed. 

The information is collected in May, 2014 for 3 rooms. 

 

3.1 Record of information 

The researchers collected the results of power using quantity by using the designed tool to compare with 

kWh meter. The information was recorded once a day for 31 days. The results are shown in table I. 
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Table 1. The results of recorded information 

 

 
 

3.2 Finding Errors 

From the information collected in table I, the efficiency of the this tool can be found by considering the 

occurring errors. This is comparing the power values derived from the designed tool and the kWh meter as 

shown in table II. 
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Table 2. Error results 

 
 

From table II, it is found that the errors from the two types of tool occurred in 3 rooms but there were 

very few error values. The error value of the average power is only 0.77%. This error happen from the 

frequency in sampling to measure the signals. If there is a lot of sampling, there will be limited by memory 

sizing. 

 

4. CONCLUSION 

 

When the real time electrical energy computing tool is installed in main system with kWh meter, it is 

found that it can measure and record electric power value efficiently according to the objectives the 

researchers created. Moreover, recording electrical energy values have very few errors for the electrical 

energy calculating tool in each room. 
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