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Abstract—In this paper a reactive power (RP) measurement 

method is proposed. Application of Walsh function (WF) based 

algorithms allowed to simplify the multiplication operations 

required for the evaluation the RP in the single-phase and three-

phase power systems.  One of the unique advantage of the used 

method is toe eliminate the phase shift operation between the 

voltage and current signals that is required foe measurement of 

RP. Limitations and proposals for future performance 

enhancements of the analyzed algorithms are also discussed.  The 

simulations performed by use of Matlab 6.5 environment have 

confirmed the validity of the algorithms for measuring of RP in 

power systems. The simulation results have demonstrated the 

advantages of Walsh functions in that the computational 

demands is substantially reduced. 

 
Index Terms— measurement, reactive power, unbalanced 

three-phase systems, instantaneous power signal, Walsh function. 

 

I. INTRODUCTION 

HE reactive power (RP) is an integral part of the total 

electric power in power systems. In spite of the negative 

effect of the reactive power on the normal operating of the 

power systems, reactive power is the inherent phenomena of 

the most of power system components, such as electric 

machinery, energy transmission and distribution systems, 

power transformers, etc. All these power systems components 

have the behavior to store an electromagnetic energy, because 

they include the reactive components, mainly, inductance in 

the wide range power systems applications. That’s just the 

main cause for the existence of the reactive power in power 

systems. 

   The higher the reactive power the larger the current 

required for transmission the same amount of energy from 

source to the user. This problem significantly reduces 

efficiency of the energy transmission in transmission and 

distribution lines. Different type of compensation circuits have 

been developed and applied for the increasing an efficiency of 

the energy transmission process through compensation of 

reactive power. The level of reactance to be imposed by the 

compensation system depends on the value of the reactive 

power in existing power system, that is why, proper measure- 
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ment of reactive power in power systems is the one of the 

extremely important scientific research problems. 

In the field of measurement of reactive power the various 

methods and the algorithms have been developed and 

published in the scientific journals and international 

conference proceedings during last decade. The most of the 

known methods for measuring reactive power are based on the 

digital measuring approaches, although analog measurement 

methods are the most suitable for the application where the 

low-cost and simplicity are of the prime importance. Among 

the existing methods the reactive power measurement methods 

using different type of transforms such as Fourier, FFT, DFT, 

Wavelet, Walsh, etc form class of measurement methods 

designed for application as the imbedded part of complex 

power measurement and analysis systems. 

   Fourier and Wavelet transforms based measurement 

methods require generation set of orthogonal waveforms 

(discrete or analog). Since these transforms require 

multiplication and summation of the signals in the complex 

domain, the applications of Fourier as well as the Wavelet 

transform approaches are accompanied with the increase of 

the volume of required operations resulting to the high cost 

and less speed.   

   In this aspect use of Walsh functions for reactive power 

measurement reduces the volume of operations required for 

multiplication of the input signal by the Walsh function. Since 

Walsh functions have only two values, +1 and -1 over the 

normalized period, it becomes significantly simple to perform 

multiplication operation. Really, the multiplication of the 

signal by +1 is equivalent to the original signal. In other 

words, signal remains unchanged.  

   Multiplication of the given signal by -1, actually, is the 

same operation as the inverting of the original signal. This is 

main advantage of the Walsh transform based method of 

reactive power measurement. By use of this approach the 

series of instruments have been developed, investigated, and 

simulated for single- as well as the three-phase power system 

networks. 

Among the existing RP measurement methods the methods 

using the shifting of the one of the power components, voltage 

or current, by the 4/ , and then multiplication these 

components, are widely used in applications where the 

requirements to the power network harmonic distortions are 

not critical.  One way to eliminate an effect of input frequency 
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change on the output result is the use of frequency insensitive 

digital sampler for shifting the input voltage signal by 4/ .  

The design and implementation of RP sensors and 

measurement instruments is currently dictated by the strong 

demands to the electrical energy savings during transmission 

and distributions. The evaluation of the RP is also one of the 

important tasks in electric power industry, especially in the 

electrical energy quality estimation and control. The RP 

influences directly to the power factor and as a result 

overloads the connecting cables between the electrical energy 

sources and energy user and plays a vital role in the stable 

operation of power systems. Moreover control of RP and 

proper selection of the compensating method and 

corresponding devices mostly depend on the knowledge about 

the portion of reactive component in the total power. 

The classic way to determine the reactive power includes 

evaluation of the reactive power by using the measured values 

of the apparent power S, and the active power P.  

This way of RP evaluation requires the measurement of the 

root mean square (RMS) values of voltage U and current I, 

and then performing the multiplication operation in order to 

obtain apparent power S. But this operation is complicated due 

to the measuring of the RMS values of U and I, which are 

difficult to measure.  

The extension of the wavelet transform to the measurement 

of RP component through the use of a broad-band quadrature 

phase-shift networks is demonstrated in [1]. This wavelet-

based power metering system requires the phase shift of the 

input voltage signal. In [2] the application of new frequency 

insensitive quadrature phase shifting method for reactive 

power measurements has been verified by using a time-

division multiplier type wattmeter. An electronic shifter based 

on stochastic signal processing for simple and cost-effective 

digital implementation of a reactive power and energy meter 

was developed in [3]. The development of a method using 

artificial neural networks to evaluate the instantaneous 

reactive power is described in [4]. In this method the back-

propagation neural network is used to approximate the 

reactive power evaluation function. In [5] the digital infinite 

impulse response filters are used to measure the reactive 

power. 

Although proposed algorithm allows to evaluate the 

harmonic components of the RP, the suggested method is still 

complex because the performing of the filtering procedures. 

Most of known research works are based on using the 

method of averaging the value of the product of the current 

samples and the voltage samples with shifting to the quarter 

one of the samples (current or voltage) relatively to another.  

Although the Fourier transform (FT) based digital or 

analogue filtering algorithms allow the evaluation of RP 

without shifting operation but a large number of multiplication 

and addition operations are required when applying FT 

algorithms for RP evaluation. For example for a 16 point DFT 

256162  complex multiplications and 2401516  complex 

addition operations are required. The various algorithms (for 

example FFT known as the Cooley Tukay algorithm) have 

been developed to reduce the number of multiplication and 

addition operations by use of the computational redundancy 

inherent in the DFT. Unfortunately, FT based algorithms are 

still computationally complex. 

The attraction of WF based approach to RP evaluation 

comes from the key advantages such as following: 

 (a) a requirement of IEEE/IEC definition of a phase shift 

of 2/  between the voltage and the current signals, typical for 

reactive power evaluation is eliminated from signal processing 

operation; 

(b) the multiplication operation between tow digital data 

is replaced with the multiplication operation between digital 

data and positive or negative unit(+1 or -1). In other words, 

the multiplication operation is performed by simple altering 

the sign of the given digital data from positive to the negative 

sign so that to be multiplied by -1. Thus the WT analyzes 

signals into rectangular waveforms rather than sinusoidal ones 

and is computed more rapidly than, for example FFT. WT 

based algorithm contains additions and subtractions only and 

as a result considerably simplifies the hardware 

implementation of RP evaluation.  

The authors in [6] have analyzed WT algorithms employed 

to energy measurement process and they have shown that the 

Walsh method represents its intrinsic high-level accuracy due 

to coefficient characteristics in energy staircase representation. 

Authors in [7] states that decimation algorithm based on fast 

WT(FWT) has better performance due to the  elimination of 

multiplication operation and low or comparable hardware 

complexity because of the  FWT transform kernel. 

The basic idea of this WF based algorithm consists in the 

resolving of the voltage and current signals separately along 

the WFs, at first, and then obtaining the RP as the difference 

of the products of the quadrature components. At least four 

multiplication-integration, two multiplication, and one 

summation operations required for RP evaluation makes this 

algorithm comparatively complex and less convenient for 

implementation. It was the aim of this paper to evaluate RP 

component from instantaneous power signal without phase 

shift of 2/  between the voltage and the current waveforms 

with relatively less computational demands. This objective 

was achieved by using the WF.  

The paper is organized as follows. In section two the WF 

based analogue and digital signal processing approaches for 

RP evaluation are described. The DSP based evaluation 

approach by using discrete is proposed in section three. In 

section four the simulation results of WF based RP evaluation 

system are given. Section five includes the conclusion of the 

paper. 

II.  A  CONTINUES TIME AND DESCRETE TIME RP EVALUATION 

ALGORITHMS  

A. Continues Time Measurement Algorithm 

When in single-phase circuit a source voltage u(t)  and a 

current flowing through load i(t) are the pure sinusoidal 

signals, the instant power  tp  is given by [8]   

 

   tQtPPtp  2sin2cos  ,                                                (1) 

 

where P  is the average or active power in Watts, Q  the 

reactive power in VARs, T/2   the power system 
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frequency in sec/rad , fT /1 the period in sec , and 

Hzf 50 is liner frequency in Hz. 

Time diagram representation of the right-hand side terms of 

(1) is shown in the Fig.1. Fig.2 represents the third order WF, 

),3( tWal  with the normalized period of 2/T [9]. 

Multiplication of both sides of (1) by the third order 

WF, ),3( tWal is given by  

             

  ),3(2sin),3(2cos),3(),3( ttWalQttWalPtPWaltWaltp      (2) 

 

Time diagram representation of the right-hand side terms of 

(2) is shown in the Fig.3. Note that multiplication of (1) by the 

),3( tWal results in rectification of reactive component of the 

power,  tp (Fig.3, curve 1). 

 

 
Fig. 1. Graphical interpretation of the power components defined by (1):  

ttu sin4.2)(  )5.0sin(5.0)(  tti  , Hzf 50  

 

As the next step we take integral from both sides of (2) 

during time period of T : 
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As can be seen from Fig.3 the average value of both product 

functions of ),3( tPWal  and of ),3(2 tWaltPCos   during the 

time period T equal to zero. Thus, the first and second 

integrals in the right-hand side of (3) become zero. Thereby 

(3) is rewritten as follows 

 

 
Fig.2. Graphical interpretation of  third order Walsh function.   

 

 
Fig.3. Graphical interpretation of  third order Walsh function 

1- ),3(2sin tWaltQ  ; 2- ),3(2cos tWaltP  ; 3- ),3( tPWal  
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 Carefully look at the curve 1(Fig.3) and the integral given by 

(4) allow us to summarize that the average value of the 

oscillating  reactive power can be measured by use of the 

derived algorithm without the phase-shift operation of the 

voltage(or current) signal to the 2/ with respect to the 

current(or voltage)signal. 

Mathematical expression for RP evaluation is obtained from 

(4) considering Fig.3 (curve 1), as follows                                                                                      

  

TT

dttQ
T

dttW altp
T

Q

00

)2sin(
1

),3()(
1

                             (5) 

Thus we obtained an equation (5) that allows measuring of 

the average value of the reactive power. 

 

B. Discrete time Measurement Algorithm 

To derive the digital measurement algorithm for RP an 

expression for instantaneous power given by (1) can be 

rewritten in discrete form as follows 

 

    
























 n

N
Qn

N
PPnp

 4
sin

4
cos                                    (6) 

 

Where .1,...,2,1,0  Nn  N  is the number of samples in power 

of 2. N is determined in accordance with Nyquist criterion, 

sTTN / , sT is the sampling period. 

For derivation of the digital algorithm for the RP evaluation 

we use the discrete expression of the WF [10]-[13]: 
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                             (7) 

where i is order of WF in the WF system,  i=0,1,2,…,N-1, k  

is argument of WF and defines the bit(digit) coefficients of 

k  represented in binary code,   1,0,...,
221  kk  , 

m  is the bit(digit) coefficients of m  represented in binary 

code,   ,...,,
2210 m  1,0m , m is a binary 

representation of highest-order WF serial number in the WF 
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system. For evaluation of the reactive component of EP we 

use the third-order WF,  kWal ,3 . For the third-order Walsh 

function 3  therefore only 16   and 15  . Remaining 

bit coefficients of the m , 4,3,2,1m  are equal to the zero: 

 200000113  . In this case the third-order WF is given by 

 

22245 )1()1()1(),3(
)01()(

2
 


W               (8) 

 

The argument, k  changes depending on normalized time 

of T=0.02sec. as shown in the Fig.4. Fig.5 depicts the 2 and 

third-order discrete WF. 

To achieve the stated in the introduction objective we 

multiply both sides of (6) by (8) and sum the product terms 

over  the .1,...,2,1,0  Nn , that is 
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Since the 2)1(


  is periodic and )/4cos( Nn  is orthogonal 

with the 2)1(


  over the 1,...,2,1,0  Nn , the first and second 

terms on the right side of (9) vanish. Thereby, the (9) is 

rewritten as 
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As can be seen from Fig5, third order discrete WF with the 

normalized period of T has the discrete values defined as: 
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)1( 2   

So Eq (10) can be written as  
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   (11)                                                 

   The analysis indicated in Fig.3 and 5 intervals shows that 

the function of  Nn /4sin   has negative values at the intervals 

of  N/4, N/2-1  and 3N/4, N-1, then  the Eq. (11) simplifies 

to 
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Since  
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Eq (12) defines the RP over the period of T   
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Fig.4. Time representation of final three bit coefficients of the binary 

representation of k  

 
   Fig.5. Time representation of 2 and third-order discrete WF 

    

III. DESIGN OF ELECTRONIC REACTIVE POWER METER  

 

The block diagram of electronic RP meter is shown in the 

Fig.6. The voltage and current signals are fed to the inputs of 

the analog multiplier (AD633), which produces time 

continuous output waveform which is proportional to the 

product of the input voltage and current signals, i.e. 

instantaneous power )(tp  defined by (1). Output waveform of 

AD633 is diagramed in the Fig.7a. The output of AD633 is fed 

to the analog-to- digital converter (ADC0804) controlled by 

the control logic (CL). The ADC0804 converts the input 

signal )(tp to the output digital data samples )(np  from each 

output signal of the digital sampler (DS). The digital samples 

)(np  defined by (6) are shown in the Fig.7a.  The sampled 

signals are formed from input voltage signal )(tu to achieve 
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the frequency insensitive measurement. The output signals of 

the DS are shown in the Fig.7b.  The output from the 

ADC0804 is fed to the inputs of the up-down counter (UDC) 

through the multiplexer. The multiplexer is used to connect 

the output of the ADC0804 to either the up input or the down 

input of the UDC in accordance with the (11). First and third 

quarter part of the )(np ,  

 24,23,22,21,20,19,18,17,8,7,6,5,4,3,2,1i (See Fig.8a) are 

entered to the up input and the second and the forth quarter 

parts of the )(np , 

 32,31,30,29,28,27,26,25,16,15,14,13,12,11,10,9i (Fig.8b) are 

entered to the down input of the UDC. So in accordance with 

(11) the remainder number in the UDC to the end of the 

second period of the input signal becomes equal to the RP of 

the investigated circuit. The UDC binary output is indicated in 

the display.  

 

 
Fig.6. Block diagram of electronic powermeter 

 

IV. DIGITAL SAMPLER  

The important component of the proposed electronic RP 

meter providing the independence of the measurement results 

from the change of input signal frequency is the DS. DS 

produces sampling signals with the predetermined frequency. 

Moreover, sampling frequency is correlated with the 

frequency of the input signal to be measured. 

The block diagram of the DS is represented in the Fig.9. A 

zero crossing detector produces the pulses when input voltage 

signal )(tu crosses the zero level. As seen from Fig.7, the 

duration of this impulses becomes the half (T/2) of the full 

period T of the input voltage signal )(tu . During this first 

period of T the CL enables the output impulses of the clock to 

be passed through the binary ripple counter (BRC) only to the 

input of the binary storage counter1.   

The counter capacity of the BRC is defined in accordance 

with the demand to the sampling rate of the instantaneous 

power signal )(tp .  

The number of impulses stored in the binary storage 

counter1 to the end of time interval of T is given by, 
 

NTfM c /)(
                                                                         (14) 

 

Where, sf is the clock frequency and N  is the counter 

capacity of the BRC ( mN 2 , m is the number of bits). 

 
Fig.7. Output waveforms: a) analog multiplier and ADC; 

b) input )(tu and DS output  signals. 

 

Note that, N  is defined from Shannon criterion on sampling 

frequency At the beginning of the second period T of )(tu the 

CL enables the output impulses of the clock to be passed only 

to the input of the second binary storage counter2. When the 

number of the clock impulses stored in the second binary 

storage counter becomes equal to the M , i.e. the number, 

stored in the first BSC1 the code comparator (CC) produces its 

first output impulse. This impulse resets the BSC2 to zero and 

becomes the first output impulse of the DS (Fig.7).  Since the 

clock pulses continue to enter to the input of BSC2 

continuously during second full period of T  (Fig.7). When the 

number of impulses counted by the BSC2 becomes again 

equal to the M , the CC produces the second output impulse of 

the DS resetting the BSC2 to zero. 

The time interval between the instant of BSC2 was reset to 

zero and the time instant of BSC2 has counted M number of 

impulses is given by 

 

MfT cs /                                                                            (15) 

Where sT  is the sampling interval (See Fig.7) and ss Tf /1  

is the sampling frequency. Substitution (15) into (16) gives the 

expression relating sampling interval sT to the input signal 

period T : 

kTTs /
                                                                              (16) 
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Fig.8. Sampled power signal )(np : a) first and third quarter part; 

b) second and forth quarter part. 

 

 
Fig.9. Digital sampler 

 

So repetition interval of the DS output impulses is the 

k times less the T . This relationship can also be written in 

terms of the DS input and output frequencies:  

 

kffs                                                                                   (17) 

 

It is evident from (15) and (19) that, the number of collected 

data N do not depend on the input signal frequency; 

consequently measurement results are also independent on the 

input signal frequency. 

Carefully look at derived expressions of (15) and (16) 

allows to state that designed electronic meter meets the 

requirement of coherent data acquisition and thereby is the 

good solution for the preventing of the energy leaking from 

spectral components [6] when input signal frequency f  is to 

vary because of the power distribution system instability. 

Thus, sampling period sT becomes the function of the being 

sampled input signal period T . Proposed approach to DS 

implementation provides coherent data acquisition as a result 

avoids the spectral leakage in the comparatively wide range 

deviations of the power frequency in the investigated circuit. 

Thus an extreme requirement on different algorithmic and 

hardware solutions to achieve the coherent sampling while 

dealing with the sampled data is avoided. 

V. SIMULATION RESULTS 

The simulation circuit of the proposed novel analog signal 

processing (ASP) structure for evaluation of RP and active 

power from instantaneous power )(tp is shown in Fig.10. The 

simulation circuit includes: voltage source, )(tu ; current 

source, )(ti ; multiplier, which produces, the instantaneous 

power )()()( titutp  ; zero- and third-order Walsh code 

generators; the pair of multipliers for obtaining the products of 

the zero-and third-order WFs by )(tp ; integrating analog-to-

digital converters ADC1 and ADC2 used to produce digital 

codes proportional to the evaluated values of the active and 

the reactive components of the EP, respectively. During 

experimental studying the input voltage, )(tu  and the current, 

)(ti  signals were taken as [14-16]. 

 

)sin()( tUtu m   and  )sin()(   tIti m  , 

where mI =2A, mU =4V, f 2 , f = 50 is the linear 

frequency in Hz,  =314 is frequency in rad/sec,  -phase 

shift between the voltage )(tu  and the current )(ti  signals. 

The phase shift,  between the voltage )(tu  and the current 

)(ti  signals has been varied in the interval of  900 . The 

signal proportional to the instant value of the 

power )(tp which is applied to the first inputs of the pair of 

multipliers is given by, 
 

)(tp  )314sin(8 t  )314sin( t  

The time representation of the signals )(tp and   

)(tp *  kWal ,3 are shown in the Fig.11.  The signals 

)(tp and )(tp *  kWal ,3 are integrated and converted to 

 

 
Fig.10. Proposed   ASP technique based structure for the   active and reactive 

power evaluation 

 

digital form using the ADC1 and ADC2, respectively. The 

digital codes, generated by ADC1 and ADC2 represent 
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resulting evaluated values of the active and the reactive 

components of the electrical power (Fig.10). The results of the 

experimental verification are represented on the Table 1. 

From the Fig.12 it can be seen the error appearing because 

of the change of the phase shift φ in the interval of from 0 to 

90
°
. 

 

 
Fig.11. The Components outputs signals versus time representation 

 

 
Fig.12. Relation between the measurement error Q  and the phase-shift 

rate . 

 

The essential advantage of the proposed method for 

evaluation of RP has been verified by experimental studies. 

One of these advantages is that in contrast to the known 

existing methods the proposed method does not require a 

phase shift of the current signal to the 2/ with respect to the 

voltage signal. The phase shift operation requires the 

corresponding hardwire which may result in the additional 

measurement error. The author is currently working towards 

the estimation and correction of harmonic distortions influence 

on proposed RP evaluation method. 
 

 
TABLE I 

SIMULATION RESULTS OF THE RP EVALUATION ALGORITHM  

  
Results of  
calculating 

Outputs of the 
simulation circuit 

Percentage 
error 

 

 

P,W Q,VAR P,W Q,VAR δ 

0 0 4,000 0,000 4,002 -0,0127 100 

1 5 3,985 -0,348 3,987 -0,3613 3,558 

2 10 3,939 -0,694 3,941 -0,7069 1,790 

3 15 3,864 -1,035 3,866 -1,047 1,169 

4 20 3,759 -1,367 3,761 -1,38 0,912 

5 25 3,626 -1,690 3,627 -1,702 0,724 

6 30 3,465 -1,999 3,466 -2,011 0,593 

7 35 3,277 -2,293 3,278 -2,305 0,508 

8 40 3,065 -2,570 3,066 -2,581 0,424 

9 45 2,830 -2,827 2,83 -2,837 0,342 

10 50 2,573 -3,063 2,572 -3,072 0,292 

11 55 2,296 -3,275 2,296 -3,284 0,259 

12 60 2,002 -3,463 2,002 -3,47 0,201 

13 65 1,693 -3,624 1,693 -3,629 0,131 

14 70 1,370 -3,758 1,368 -3,763 0,135 

15 75 1,038 -3,863 1,036 -3,867 0,103 

16 80 0,697 -3,939 0,696 -3,941 0,057 

17 85 0,352 -3,985 0,3469 -3,986 0,037 

18 90 0,003 -4,000 0,0008 -4,0000 0,000 

 

 

VI. CONCLUSION 

The evaluation of reactive component of EP with 

application of a WF simplifies the volume of computing 

operations on some order in comparison with sets of 

algorithms based on decomposition of signals on harmonics 

(trigonometric components). Evaluation of RP using WF 

results in certain advantages:  

 

a) During the processing of the signals on the base of WF 

time-shifting of the signals acts on the structure of the 

signals. This influence becomes useful during the 

evaluation of the power components allowing the 

obtaining extra knowledge concerning the phase-shifts on 

the harmonics of the input signals; 

 

b) The requirement of IEEE/IEC definition of a phase shift of 

2/  between the voltage and the current signals, typical 

for reactive power evaluation, is eliminated from signal 

processing operation; 
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c) The RP is evaluated without the phase-shift operation 

between the voltage and current waveforms to achieve 

increased efficiency of computational operations and 

hardware implementation; 

 

d) During DSP the multiplication of the sample values of the 

signals  by corresponding order WF is performed simply, 

by alteration of sign of the signal samples from +1 to -1 

only during even quarters of the input signal periods. 
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