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 The significance of power or energy measurement has been very acute in 

recent times with the increase of Grid-Tied Solar PV system that needs Net-
Metering. Power can be flown in both directions, from grid to load or from 
load (PV- Panel) to grid line. If power flow from both side is not calculated 
and surplus power which is not being used at the time instant is not stored, 
accurate billing is not possible. That is why a bidirectional power meter is 
required which can measure both the positive and negative power at any 
instant. The aim of this paper is to develop a bidirectional power meter using 
microcontroller. The work of this paper constitutes a microcontroller, a current 
sensor, bulbs as load and a display. The rms values of voltage and current is 

determined and showed in the display. Then the calibration is done inside the 
developed program. After that the power is calculated and showed in the 
display. Then the direction of the power is determined depending on the 
direction (whether positive or negative) of the power which is also dependent 
on the phase difference between the voltage and current. If there is no phase 
difference between the voltage and current, then the power is positive and 
leaving from the grid. If there is 180 degree phase difference between the 
voltage and current, then the power is negative and entering to the grid. The 

direction of the power flow is very important for efficiently of the  
proposed meter. For some defined load the accuracy of the developed meter is 
calculated as 94%. 
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1. INTRODUCTION  

Accuracy of power measurement is a vital requirement of energy sector now-a-days for Grid-Tied PV 

systems. According to Energy Efficiency and Conservation Rule, Government has committed EE&C 

implementation within 2030 [1-6]. The voltage or current producing in a power producing device or solar panel 

can be measured easily and so the power. But in case of Grid-Tied Solar PV system power may come from 

grid to the system at the time of low radiation. This power coming from grid is known as positive power. And 
power producing by generator or solar panel that goes to the grid is known as negative or outgoing power. The 

incoming and outgoing power have to be measured using a bidirectional power meter. Here a bidirectional 

power meter has been developed using Arduino nano board as microcontroller. The program code has been 

developed using Arduino software. At present time, proper measurement of voltage and current is vital for 

reducing the system loss of electricity. If power coming from grid and going out from the generated device 

cannot be measured and stored, the net bill cannot be calculated. For this purpose a low cost meter has been 

designed using locally available devices. The direction of power flow can also be determined using this meter. 
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Root Mean Square (rms) values of voltage and currents can be displayed here by developing a code in IDE 

(Integrated Discrete Environment) and integrating the power the KWh can be calculated [7-12]. 

 

 

2. METHODOLOGY 

The complete hardware of the bidirectional meter consists of four units. The block diagram of the 

complete system is shown in the Figure 1. 

 

 

 
 

Figure 1. Block diagram of the developed system 

 

 

2.1.   Controlling Unit 

As the system will be driven by the software, the control unit has been developed using a 

microcontroller based board. Although this unit could have been developed using discrete microcontroller, (for 

Eg. PIC, ATmega etc) for the simplicity of design, here an arduino nano board has been used. 

Two analog signals have to be measured here for the design purpose and Arduino nano has more than 

one analog input channels with sufficient number of input output pins to interface. The display unit has been 

interfaced to the input output pins of the Arduino nano board so that it has been wise in the contest of system 

cost. 

 

2.2.   Voltage Conditioning Circuit 

Although the microcontroller or Arduino board can measure voltage, 220 V line voltage is very high 

to be directly applied to the microcontroller. Hence a Voltage Conditioning Circuit has been developed using 

a step down transformer. The transformer converts the 220 V line voltage to 12V [13, 14]. As 12 V is yet 

greater than the Arduino input capacity (5V), a voltage divider circuit has been used (1:10). The output of the 

Voltage Conditioning Circuit is AC so that it has both positive and negative half cycle. But the Arduino cannot 

read negative voltage. To shift this negative voltage to a suitable level, a 3.7 V DC voltage source has been 

used in series. The output of the Voltage Conditioning Circuit has directly been connected to analog input A1 

of Arduino nano board. The Experimental or hardware setup of the system of metering is shown in Figure 2. 

 

 

 
 

Figure 2. Schematic diagram of the complete system 
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2.3.   Current Sensor 

Different types of current sensors can be used for designing the system. Here a hall effect current 

sensor has been used (ACS 712) which is a bidirectional current sensor. The current capacity of this sensor 

ranges between -30 Amp to 30 Amp. In this research, 30 Amp current sensor has been selected to increase the 

capacity of the developed meter. Hence, the capacity of the developed meter will be: 

 

30 A×220 V=6600 Watt = 6.6 KW (1) 

 
When no current flows through the current sensor, output voltage is 2.5 V. For the positive half cycle 

of the current, output goes from 2.5 V to 5 V. For the negative half cycle of the current, output goes from 2.5 

V to 0 V. Since, the output voltage range of the current sensor is already within the range of the Arduino, no 

conditioning circuit is required. The output of the current sensor has directly been connected to analog input 

pin A2 of Arduino nano.  

The performance characteristics of the current sensor is shown in Figure 3. 

 

 

 
 

Figure 3. Input and output of current sensor 

 

 

2.4.   LCD Display 

LCD display can be used in two configurations. For a 8 bit display data will be sent at a time. Here, 4 

bit display has been used as Arduino nano has less number of I/O pins.  For a 4 bit display system, data has to 

be sent twice. All the units have been interconnected to make the complete system. 

 

 

3. RESULTS 

The whole system is controlled by a program. The program has been developed using Arduino IDE 

(Integrated Development Environment). The program has mainly two algorithms. 

a) One is to determine the rms value from the sinusoidal current and voltage. 

b) Another one is to determine the direction of power flow. 

 

3.1.   RMS Value Calculation 

For calculating the incoming and outgoing power at first the rms value of voltage and current has to 

be determined. Voltage and Current of the system following sinusoidal shaped wave may have phase shifts. 

The flowchart for calculating voltage and current is given below in Figure 4. 

As Arduino speed is limited, it is difficult to switch between voltage and current again and again. If 

voltage and current is switched repeatedly data will be lost during this period of time. That is why samples of 

voltage and current are taken at the same time for measuring rms value of voltage and current. Data will not be 

changed for this short period of time. After getting the value of voltage and current power will be calculated 

using this formula P=V×I (for resistive load). Simultaneous value of voltage and current has been determined 

for calculating the positive and negative power. 
When the calibration mode is zero, the measured value of voltage and current from the line can be 

calculated by using Multimeter and Clampmeter respectively. This value of voltage and current have to be 

calibrated with scaling factor. While running the mode 1 of Arduino code, Unscaled voltage and Current will 

be appeared at the LCD display. These values of unscaled voltage and current have to be stored for further 

calculation of calibration. 
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Figure 4. Flow chart for measuring rms voltage and current 

 

 
The calibrated value can be determined for the following formula used in Arduino code:  

For Voltage: 

Vscale= original_voltage/unscaled_voltage      

Vscale = 226/64.35  

Vscale = 3.51 

 

Measured voltage from line by multimeter = 226.7 V 

Unscaled_voltage = 64.35 V 

Measured current by clapmmeter = 0.27 

 

Here unscaled voltage is the line voltage but it is needed to be calibrated and then the calibrated voltage 

will become scaled voltage. The line voltage is too high to run the microcontroller (Arduino nano). For running 
an Arduino nano very little dc voltage (like 2 to 3 volts) is needed. The line voltage is 220 volts and it is made 

12 volts by using a 220 to 12 volts step down transformer. Then by a voltage controlling circuit and with the 

help of a battery Arduino input is given. The output of the Arduino nano is in terms of very low voltage but 

220 volts were given so the un scaled voltage is calibrated with the calibration factor and then it is called the 

scaled voltage. 

 

For Current: 

Iscale = original_current/unscaled_current  

Iscale = 0.27/30.1  

Iscale = 0.0089 

 
Measured current by clapmmeter = 0.27 A 

Unscaled_current = 30.1A 

 

Here unscaled current is the line current but it is needed to be calibrated and then the calibrated voltage 

will become scaled current. The line current is too high to run the microcontroller (Arduino nano). For running 

an Arduino nano very little dc current is needed. The line voltage is 220 volts and it is made 12 volts by using 

a 220 to 12 volts step down transformer. Then by a current sensor the grid current is measured and converted 

into a voltage. With the help of a battery Arduino input is given. The output of the Arduino nano is in terms of 

very low but the grid current was very high so the calibration of both voltage and current is needed. 

 

3.1.   Experimental findings 

All the sections are constructed in a bread board and complete setup in shown in the Figure 5.  
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Figure 5. Complete hardware setup 

 

 

3.1.1. Positive Power 

The positive power that is absorbed by the load can be determined by the difference between the 

phases of voltage and current coming from the grid to the load. If there is no phase difference between the 

voltage and current, then the power is positive [15-20]. 

In this project, a program in Arduino software is developed where the phase difference can be detected 

and then it is run with the hardware setup. Then the result is shown in the display as +ve. Now the positive 

power means that this power is coming from the grid line. Data table for positive power shown in Table 1. 
 

 

Table 1. Data Table for Positive Power 
Value of 

loads 

connected 

and 

parameters 

measured 

25 w 40 W 60 W 

Measured 

by Meter 

Measured 

Value 

Percentag

e of Error 

Measured 

by Meter 

Measured 

Value 

Percentage 

of Error 

Measured 

by Meter 

Measured 

Value 

Percentage 

of Error 

Vrms 210 200 3.75 230 223 8.42 220 215 4.87 

Irms 0.11 0.12 0.18 0.17 0.28 0.27 

Power 

(+ve) 

23.1 24 41.4 37.91 61.6 58.6 

 

 

3.1.2. Negative Power 
The negative power can be determined by the difference between the phases of voltage and current 

coming from the grid. If there is a 180 degree phase difference between the voltage and current, then the power 

is negative which can be also measured using this proposed meter. Data table for negative power shown in 

Table 2 and the test setup shown in Figure 6. 

 

 

Table 2. Data Table for Negative Power 
Value of 

loads 

connected 

and 

parameters 

measured 

25 w 40 W 60 W 

Measured 

by Meter 

Measured

Value 

Percentage 

of Error 

Measured 

by Meter 

Measure

d Value 

Percentage 

of Error 

Measured 

by Meter 

Measured 

Value 

Percentage 

of Error 

Vrms 231.36 234.74  

7.06 

240.36 238.59  

6.58 

251.23 246.74  

5.71 Irms 0.12 0.11 0.17 0.16 0.25 0.24 

Power 

(-ve) 

27.76 25.8 40.86 38.17 62.81 59.22 
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Figure 6. Test setup photography 

 

 
The power that is displayed in usual case is considered as positive power as a bulb is used as load 

which is a power consumption device [21-26]. If any power producing device like generator is connected then 

negative power can be produced.  

 

 

4. CONCLUSION 

Total System Cost summary is calculated and the proposed system has been proved as cost effective. 

All the components used in this system are affordable. For displaying the negative power without changing the 

current direction, a generator can be connected at the end for further improvement of the system. In this paper, 

power factor calculation is not added which can be developed later. 
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