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Abstract- This paper presents three phase power meter for measuring electric parameters where 256 point FFT is 
implemented. As there is increase in high speed nonlinear loads, Power Quality monitoring cannot be ignored, considering to 
this require a meter with higher accuracy and computation. The design is based on FPGA processing where it is used 
because of its performance and flexibility and also ability to meet speed and update system functionality. Micro controller is 
used to control circuits of analogue part, display the values, communication with components via RS 422 interface. 
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I. INTRODUCTION 
 
Power quality became more significant for both 
utilities and customers. PQ issues and problem related 
to it are due to increase in the use of solid state 
switching devices, non linear loads, unbalanced 
power systems and industrial plants. The increase in 
use of non linear loads such as speed adjustable 
drivers and electronic ballasts made the necessity in 
power metering and power quality monitoring. A PQ 
problem involves variation in voltage and current due 
to fluctuations, harmonics and oscillatory transients. 
Hence, to improve PQ, a fast and reliable detection of 
sources for disturbance should be detected in prior. 
Thus, addressing to this we require a meter for PQ 
monitoring involves calculation of electric parameters 
such as real power, reactive power and power factor 
with greater computation and very accurate digital 
samples. 
 
ADS1220 which is 24 bit ADC provides digital 
samples with high precision. Digital signal processing 
provides the extraction of features and information 
from digital samples. In DSP, Fourier method is 
implemented on samples for calculation of electric 
parameters due to its less computation time, less 
sensitivity to harmonics and less sensitivity to none 
zero DC components.  
 

1. SYSTEM ARCHITECTURE 
Figure depicts the power metering system. here  
analog circuitry provides analog supply and also 
converts high voltage range to low voltage range 
suitable for the circuitry. 
 

 
Figure1: Power metering system 

 
For example using rectification, PTs (potential 
transformers) and CTs (current transformers) etc. 
Here we are using PTs and CTs to transform power 
system voltage and current to biased signals of 0 to 
5VDC.Sensor interface is provided to amplify the 
weak signal accepted by the controller. Two 
ADS1220 analog to digital converter provides digital 
samples and are processed to FPGA for metering 
computations and the results are forwarded to flash 
memory which is also interfaced with FPGA. 
ATMEL/ATMEGA microcontroller controls the 
operation of the device. It is used to controls circuits 
of analog part like provide start conversion when 
received from host where conversion of ADC starts, 
displays results and provides communication with 
devices via RS422 and RS485.  
For sampling 50Hz power system at 256 points per 
cycle we require 10.25 KHz sample frequency. Here 
two ADC are 3 channeled with conversion time of 9 
µs. Start of conversion signal is generated by micro 
controller to FPGA when host PC requests.. Once the 
start of conversion signal is received by ADC through 
FPGA, both the ADCs are strobed at a time so that 
current and voltage samples are acquired 
simultaneously.  
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Figure2: Scaling Voltage & Current to low values 
 

2. FPGA BASED PROCESSING: 
 FPGA based processing have been implemented due 
to its flexibility and performance. Configurability 
properties of FPGA make the system to use in 
different applications and hence FPGA based 
processing is implemented in power metering for 
measuring and monitoring the power and power 
factor.  
The figure (3) depicts the FPGA processing used in 
power metering. Here in FPGA processing, the digital 
current and voltage samples from ADCs are placed in 
FIFO to avoid missing of samples. Once the FIFO is 
full with 256 points then computations involving 
Fourier transform are performed on samples. Once 
the electrical parameters are calculated they are 
placed in Flash memory interfaced with FPGA. 

 
Figure3: FPGA Processing 

 
ADC(ADS1220) interfacing with FPGA(Artix 7):  
Communication between FPGA Artix 7 board and 
ADS1220  is serial peripheral communication  
through VHDL coding. Desired ADC  is configured 
by configuring registers of ADC by sending 
commands through the pin DIN.ADS1220 contains  
four  configuration registers and six commands and  
Communication from FPGA to ADC is through DIN 
and communication from ADC to FPGA is through 
DOUT pin. SCLK used here is 6.6 MHz. CS which is 
a active low pin which can be permanently tied low 
or high in the idle state. Once the start of conversion 
is received to FPGA through micro controller then 
FPGA sends START command to ADC through DIN 
and samples are achieved through DOUT pin serially   

3. THEORETICAL BASIS: 
Fast Fourier transform is the basis for power metering 
system. The FFT using here is radix 2 decimation in 

frequency real FFT as the number of input points 
must be multiple of 2 since 256 = 28.  Equation for 
obtaining N point DFT is 

 
Here the N represents no of samples and  
WN

nk = e-j2πnK/N. The FFT algorithm implements 
butterfly computation to cut down computation by 
applying symmetry and periodicity properties of 
WN

nk.  WN
m+N/2 = -WN

m  (symmetry), WN
m+N  = WN

m  
(periodicity). 
 Here W is the twiddle factor, the figure (4) depicts 
the basic butterfly computation 

.  
Figure4: Butterfly method 

 
There are two types of FFTs for calculating phase of 
the signal. They are real FFT where the input does 
not have imaginary term and complex FFT where the 
input has both the real and imaginary term. Since the 
samples do not have imaginary term, real FFT is 
implemented and this greatly reduces the number of 
computations. Complex FFT requires N/2 * log2(N) 
where as real FFT requires only N/2+ 
(N/4)*log2(N/2). In real FFT for calculating phase of 
the signal, even elements of the samples are 
considered as real part of the input and odd elements 
of the sequence are considered as imaginary part of 
the input. 
 

4. POWER CALCULATIONS: 
The input sequence given to FFT, following are the 
calculations used for calculating real power, reactive 
power, apparent power and power factor from voltage 
and current samples. 
Vn= An+jBn,  
In= Cn+jBn 
S=VI*=P+jQ 
From the above Equations,  
            N/2 
Psum= ∑ (An*Cn+Bn*Dn)   
           n=0 
            N/2 
Qsum = ∑ (Bn*Cn-An*Dn)   
           n=0 
 
Since, initially voltage and current signals are scaled 
down by potential transformer and current 
transformer and hence to get original power the above 
values have to be scaled up. The factor at which psum 
and Qsum to be scaled up  with gain factor. This gain 
factor depends on maximum rating of current 
transformer, number of sample points of FFT, and n 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982             Special Issue, Sep.-2016 

Power Quality Monitoring Using FFT Algorithm With FPGA Based Processing 
 

89 

is number of bits in ADC. Once the gain factor for 
voltage and current are calculated then 
Real power= P= Psum*Gv*Gi                                                                                                                                                            
Reactive power= Q= Qsum*Gv*Gi                                                                                                              
Apparent Power=U=√ (P2+Q2)                                                                                                           
Power factor = P/U. 
 
CONCLUSION 
 
Power calculations are measured on every power 
cycle, no averaging is performed and hence PQ 
monitoring on every cycle. DAC interfacing with 
FPGA is used to trip the system so that the system is 
protected when severe problem in power quality.  
The system is tested on 40W bulb with dimmed 
switch. As the bulb is dimmed, reactive power is 
increased and power factor is decreased and the 
values are  measured. 
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