
As long as the outputs of the OPAMPs are different, in other 
words, as long as there is phase difference between the voltage 
and the current, the XOR gate outputs the logic 1 output signal. 
This output signal, obtained from the XOR gate, is given to a 
digital input of the microcontroller and how long the incoming 
signal remains at logic 1 level is measured in the level of 
microseconds at which the incoming signal remains at logic 1 
level by the microcontroller. Since it is known that the grid 
frequency is 50 Hz, it is found that 1 full pulse is 1/50 equals 20 
milliseconds. Because of 1 full pulse is 360 degrees, 20 
milliseconds corresponds to 360 degrees. In this case, if found 
duration in microsecond level is 20 milliseconds and 360 
degrees, the calculations are made by proportioning. The power 
factor between the voltage and the current is found by taking the 
cosine of this angle. This method is preferred due to ease of 
programming, the proper fastness that is targeted for this project 
of XOR gate operation and ability to detect even small time 
differences. The measurement is performed during 1 second and 
the average of the measured values is taken and sent to the user. 
Designed circuit by using XOR is shown in Fig. 4. 

 

Fig.4. Circuit Design II of intelligent energy measurement device (iDev)  

A power supply unit which supplies +/-5V DC to OPAMPs 
via the circuit that is designed for measurements, and supplies 
power to the microcontroller, other measurement devices and 
relays at the same time is designed. A transformer which gives 
2 voltage outputs is chosen as step down voltage transformer. A 
5W transformer is chosen considering the power requirements 
of symmetrical supply voltages, measurement sensors and other 
components. The bridge wave rectifier for rectifying and the pi 
type filter for filtering are used. 7805 and 7905 positive and 
negative voltage regulators which can regulate consistently are 
used for voltage regulation. It is prevented for obtained voltages 
to exceed +5 and -5V by these two voltage regulator. It is 
extremely important for fed power to be extremely linear and 
has the least noise because of demanding of power unit is a 
microcontroller, OPAMP and logic gates. In order to filter the 
noise that caused by regulators, the regulators are taken into pi 
type filters. Thus, it is possible to supply extremely linear and 
least noise power to demanding units.  

 The selected circuit elements are assembled in according to 
calculations as shown in Fig. 5. Application server software is 

developed following the connections that made between the 
designed circuit and the microcontroller card. It is provided to 
computer to read measurement results by the connection 
between embedded system software developed software and the 
embedded system to detect values entered to the computer. In 
addition, essential calibrations are made by test measurements 
of the designed circuit by means of this server software. 

 

Fig.5. Implement of intelligent energy measurement device (iDev)  

 The implemented iDev design is tested on a 36-W 
fluorescent lamp circuit, fan and an electric stove that heats with 
resistance. Test results are shown in the Table I. As seen on the 
table, it is observed that measurement is made with accuracy of 
2%-%3 maximally. 

TABLE I. COMPARISON OF VALUES MEASURED WITH IDEV AND HIOKI 
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