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introduction
 The increased growth of power system both in size and complexity has 

brought about the need for fast and reliable relays to protect major 

equipment and to maintain system stability. 

 The conventional protective relays :

electromagnetic

static



The electromagnetic relays have several 

drawbacks:

1. high burden on instrument transformers

2. high operating time

3. contact problems

4. Etc.



 static relay features:

1. Compactness

2. lower burden

3. less maintenance

4. high speed

 several drawbacks of static relay:

1. Inflexibility

2. inadaptability to changing system conditions and complexity



 The advent of microprocessors in the 1970s initiated a revolution in the design and 
development of digital protection schemes.

 With the development of economical, powerful and sophisticated microprocessors, 
there is a growing interest in developing microprocessor-based protection relays which 
are more flexible because of being programmable and are superior to conventional 
electromagnetic and static relays.



 The main features which have encouraged the design and development of 
microprocessor-based protective relays are:

1. Economy

2. Compactness

3. Reliability

4. Flexibility

5. Improved performance over conventional relays

 A number of desired relaying characteristics, such as overcurrent, directional, 
impedance, reactance mho, quadrilateral, elliptical, etc. can be obtained using the 
same interface.

 Using multiplexer, a microprocessor can get the desired signals to obtain a particular 
relaying characteristic.



 The relaying signal i.e. fault current and voltage contain harmonics and d.c. offset 

components which require filtering before feeling them to the relay.

 The microprocessor-based relays which assume sinusoidal waves for the fault voltage 

and current use analog band-pass filters which pass 40-70 Hz signals.

 But at low frequency, the analog filters are slow. Research is in progress to develop 

faster relays using digital filter techniques.



Overcurrent Relays
 An overcurrent relay is the simplest form of protective relay which operates when the 

current in any circuit exceeds a certain predetermined value, i.e. the pick-up value.

 Using a multiplexer, the microprocessor can sense the fault currents of a number of 
circuits. If the fault current in any circuit exceeds the pick-up value, the microprocessor 
accepts signals in voltage form, the current signal derived from the current 
transformer is converted into a proportional voltage signal using a current to voltage 
converter. The a.c. voltage proportional to the load current is converted into d.c. using 
a precision rectifier. Thus, the microprocessor accept d.c. voltage proportional to the 
load current.

 The output of the rectifier is fed to the multiplexer. The microcomputer sends a 
command to switch on the desired channel of the multiplexer to obtain the rectified 
voltage proportional to the current in a particular circuit. The Microcomputer reads 
the end of conversion signal to examine whether the conversion is over or not. As soon 
as the conversion is over, the microcomputer reads the current signal in digital form 
and then compares it with the pick-up value.





 In the case of definite time overcurrent relay, the microcomputer sends the 
tripping signal to the circuit breaker after a predetermined time delay if the 
fault current exceeds the pick-up value. In case of instantaneous-time 
characteristics, the operating times for different values of currents are noted 
for a particular characteristic. These values are stored in the memory in 
tabular form. The microcomputer first determines the magnitude of the fault 
current and then selects the corresponding time of operation from the look-
up table. A delay subroutine is started and the tripe signal is sent after the 
desired delay. Using the same program any characteristic such as IDMT, very 
inverse or extremely inverse can be realized by simply changing the data of 
the look-up table according to the desired characteristic to be realized. The 
microcomputer continuously measures the current and moves in a loop and if 
the measured current exceeds the pick-up value, it compares the measured 
value of the current with the digital values of current given in the look-up 
table in order to select the corresponding count for a time delay. Then it goes 
in delay subroutine and sends a trip signal to the circuit breaker after the 
predetermined time delay.





 In order to avoid false tripping of an overcurrent relay due to transients the 

program can be modified slightly. When the fault current exceeds the pick-up 

values, the fault current is measured once again by the microprocessor to 

confirm whether it is a fault current or transient. In case of any transient of 

short duration, the measured current above pick-up value will not appear in 

the second measurement. But if there is an actual fault, it will again appear in 

the second measurement also, and then the microprocessor will issue a 

tripping signal to disconnect the faulty part of the system.





impedance relay

 The characteristic of an impedance relay is realized by comparing voltage and 
current at the relay location. The ratio of voltage (v) to current (I) gives the 
impedance of the line section between the relay location and fault point. The 
rectified voltage (V dc) and rectified current (I dc) are proportional to V and I, 
respectively. Therefore, for comparison V dc and I dc  are used. The following 
condition should be satisfied for the operation of the relay.



 As the impedance relay is non-directional, a directional unit is also incorporated to 
given directional, a directional unit is also incorporated to give a directional feature so 
that the relay can operate for the fault in forward direction only.

 The levels of voltage and current signals are stepped down to the electronic level by 
using potential and current transformers. The current signal derived from the current 
transformer is converted into proportional voltage signal using a current to voltage 
converter. The voltage and current signals are then rectified using precision rectifiers 
to convert them into dc. The rectified voltage and current signal (V dc and I dc 
respectively) are fed to two different channels of the multiplexer which are switched 
on sequentially by proper commands from the microcomputer. The output of the 
multiplexer is fed to the A/D converter through a sample and hold circuit. The 
multiplexer (AM3705), sample and hold (LF398) and 8-bit A/D converter ADC0800 
form the data acquisition system (DAS). The data acquisition system (DAS) is interfaced 
to the microprocessor using 8255A programmable peripheral interface. A clock of 300 
kHz for ADC0800 is obtained by dividing the 3 MHz clock of the microprocessor by ten 
using the IC package 7490. Suitable clock for ADC can also be obtained by using 
programmable timer/counter, intel 8253, the controls for analog multiplexer, sample 
and hold, and ADC are all generated by the microcomputer under program control.
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reactance relay 





















Generalized Mathematical Expression for 

Distance Relays







 The radius of this circle is















Measurement of R and X

 In microprocessor-based distance relaying, the microprocessor calculates the active 
and reactive components (R and X) of the apparent impedance (Z) of the line from the 
relay location to the fault point from the ratios of the appropriate voltages and 
currents, and then compares the calculated values of R and X to the pickup value of 
the relay to be realized in order to determine whether the fault occurs within the 
protective zone of the relay or not. The active and reactive components of the 
apparent impedance (Z) are resistance (R) and reactance (X), respectively. The 
algorithm presented in this section for the calculate of R and X assumes that the 
waveforms of voltage and current presented to the relay are pure fundamental 
frequency sinusoids. But the post-fault voltage and current waveforms fail to be pure 
fundamental frequency sinusoids due to the presence of harmonics and dc offset 
components signals is necessary in order to eliminate harmonics and dc offset 
components and to obtain pure fundamental frequency sinusoidal signals. An active 
bandpass filter having a band-pass of 40 to 60 Hz is employed to filter harmonics and 
dc offset. Filtering of harmonics and dc offset from the post-fault voltage and current 
signals can be achieved by employing digital filters. A number of digital algorithms, 
based on the digital filtering technique have been proposed for the calculation of R 
and X. 



Measurement of resistance

 The resistance as seen by the relay from the relay location to fault point is 
given by:









Measurement of reactance

 The reactance seen by the relay is given by









Mho and offset Mho relays

 The characteristic of a mho relay on the impedance (R-X) diagram is circle 
passing through the origin, as shown in Fig. 8.12(c). With such a characteristic, 
the mho relay is inherently directional as it detects fault in the forward 
direction only the mho characteristic, occupying the least area on the R-X 
diagram is least affected by power surges which remain for longer periods in 
case of long lines. Therefore, a mho relay is best suited for the protection of 
long transmission lines. Therefore, a mho relay is best suited for the 
protection of long transmission lines against phase faults though this relay is 
affected by are resistances more than any other type of the relay, the value of 
are resistance in comparison to the impedance of the long lines is much less. 
Thus, an arcresistance does not affect much the performance of a mho relay 
in case of long lines, for very long lines, the tripping area of mho relays can be 
futher reduced by blinders.



 Offset mho relays, whose characteristics are shown in Fig. 8.12(a) and (b) are 
used for zone III in a three –zone protective scheme employing mho relays for 
zone I and II for the protection of power transmission lines against phase 
faults. This scheme is shown in Fig. 8.15(a) for long transmission lines, mho 
and offset mho characteristics, as shown in Fig. 8.15(b) are used to 
discriminate between loads and fault. An offset mho characteristic with 
negative offset has more tolerance to are resistance. By offsetting the III zone 
mho characteristic to overlap the origin, it can also be used for power awing 
blocking. 

 The tripping area of a mho characteristic can be restricted by two overlapping 
mho characteristics as shown in Fig. 8.16(a) and (b). The tripping area is the 
common area between two mho characteristics. This type of characteristic 
occupies a very small area on the R-X diagram and hence it is least affected by 
power surges. A restricted mho characteristic can be used for the protection 
of very long lines. To take care of the resistive faults near the busbar, offset 
mho characteristic, as shown in Fig. 8.16(b) can be used.





Realization of Mho Characteristic

 The characteristic of a mho relay can be realized using 
three techniques i.e.

I. instantaneous amplitude comparison technique

II. phase comparison technique

III. generalized mathematical expression.



(i)  Instantaneous Amplitude comparison 

Technique.



















(ii) phase Comparison Technique








(iii) Generalised Expression Technique






Realization of Offset Mho Characteristic







Realization of restricted Mho Characteristic







Quadrilateral Relay

 The quadrilateral relay is best suited for the protection of EHV/UHV and ELD 
transmission lines as it possesses the valuable property of possessing the 
least tendency for mal-operation due to heavy power swings, fault resistance 
and overloads. It is also suitable for short and medium lines. Its characteristic 
can be designed to just enclose the fault area of the line to be protected. The 
electromagnetic version of this relay requires four units, each corresponding 
to one side of the quadrilateral, or a mho relay with two blinders. A static 
relay employing a multi-input comparator gives a better quadrilateral 
characteristic than the electromagnetic relays. But this relay does not possess 
the flexibility needed for obtaining different characteristic. A microprocessor-
based scheme can easily obtain a quadrilateral characteristic using the same 
interface which is used for other types of distance relay. It has the flexibility to 
obtain a desired quadrilateral characteristics by simply providing the proper 
data. Quadrilateral characteristics are shown in Fig. 8.24 (a) and (b).



 The block schematic diagram of the interface for realisation of quadrilateral 
characteristic is shown in Fig. 8.21. The microcomputer measures the resistance 
and reactance at the relay location using the technique as described in Section 
8.7.

 The measured value of the resistance and reactance are compared with the 
predetermined values of resistance and reactance, respectively. The 
predetermined values of resistance and reactance are stored in a tabular from in 
the memory. These values are selected to give the desired quadrilateral 
characteristic. The characteristic can easily be extended in the resistive direction 
using appropriate data in the memory to cater for large fault resistance in the case 
of a short line. The extension of characteristic in the resistive direction is 
independent the reactive direction.













Generalised Interface for Distance Relays

 The schematic diagram of the generalised inter face for realisation of different 
functions, like data acquisition and processing under an elaborate program control. At 
the core of this program is a signal processing algorithm which processes the incoming 
digitised relaying data to detect the fault. Recently, strong interest in applying digital 
techniques to protective relaying has been indicated by many publications in this field. 
Most of the work reported in journals concentrates on the development of digital 
signal processing in algorithms for relaying of EHV lines in general distance relaying of 
transmission lines have been derived during the past two decades and a comparative 
evaluation of different algorithms for line relaying has also been reported.



 The aim of the most of these algorithm is to extract the fundamental frequency 
components from the complex post-fault voltage and current signals containing a 
transient dc offset component and harmonic frequency components in addition to the 
power frequency fundamental component. As the microprocessor requires 
computationally simply and fast algorithm in order to perform the relaying function, 
only a few algorithms are suitable for microprocessor implementation. Algorithms 
which are suitable for microprocessor implementation are described in subsequent 
sections. These algorithm are based on the solution of differential equation, discrete 
Fourier trancsform, Walsh-hadamard transform and rationalised Haar transform 
techniques.

 The exponentially decaying dc offset present in the relaying signals gives rise to fairly 
large errors in the phasor estimates unless the ofsset terms are removed prior to the 
execution of the algorithms. Data window is the time span covered by the sample set 
needed to execute the algorithm. Fourier, Walsh and Haar algorithms can either be a 
full-cycle window or a half-cycle window. The full-cycle data window increases the 
operating time of the relays to more than cycle. Since the distance relay’s operation 
within a cycle after the fault inception is desirable, the half cycle data window is 
preferable. The half-cycle window Fourier, Walsh and Haar algorithms in prticular
particular require that the dc offset be removed prior to processing, while the 
differential equation algorithms ideallydo not require its elimination. Therfore, the 
removal of dc offset component from the relaying signals is also discussed in 
sectionnext.



Differential Equation Technique









 Now for these two periods, the following diferential equations hold.

 By substitution of the know values, there remain two algebraic equations with 

two unknowns ,R and L. the solution of the simultaneous Eqs (8.17) and (8.18) 

gives the expressions for R and L. for the calculatin algorithm, the following 

difinitions are made.





 The Eq(8.19) and (8.21) are programmed to determine R and X from the  
sampled values of voltage and current.

 As this algorithm requires a very short data window of three-samples only, it 
is very fast and is most suitable for microprocessor implementation. The 
program flowchart for the computation of the R and X using this algorithm is 
shown in Fig. 8.27. 





Discrete Fourier Transform(DFT)

 DFT is a algorithm for extracting the fundamental frequency 
components of fault signal

 DFT is used to evaluate the Fourier coefficients

 Using the DFT, the real and imaginary components of  
fundamental frequency voltage and current phasors are 
calculated

 then The real and imaginary components of  apparent 
impedance (R, X) is calculated from these four quantities



 N sample of       taken at times

where                 is the sampling interval and T is a period of





DFT matrix representation

 Inputs:

 Outputs:

 If                  

 If        is the DFT matrix with row numbers k=0,1,2,…,N-1  

and column numbers m=0,1,2,…,N-1 and              is in row k and column m:   



Fundamental frequency components 

of voltage and current





Fundamental frequency components of voltage and current

 The real and imaginary components of the fundamental frequency (k=1) is:

 The real and imaginary components of the fundamental frequency voltage and current 

phasors by using the sampled values of them are: 



Full-cycle data window DFT algorithm

 In this case both voltage and current signals are sampled simultaneously to aquire N 
samles for each signal if Vm and Im be the sampled values:



Half-cycle data window DFT algorithm

 In this case, the transient dc off set component is filtered out from the 

incoming row data samples prior to they’re being processed

 After filtering the dc offset, the fault voltage and current waves contain 

only odd harmonics and half-wave symmetry

 the settling time is around half a cycle but display poor accuracy



Computation of apparent impedance

 The main objective of digital distance relaying is to calculate the 
apparent impedance of the line from relay location to the fault point in 
order to determine  whether the fault lies within the relay protective 
zone or not

 For distance relaying the half –cycle data window is preferable.

 Phasor representation of fundamental frequency components of voltage 
and current signals are expressed in complex form:

 Then the magnitudes(rms values) and phase angles of them are



 The apparent impedance is then given by

 To simplify the calculation and reduce the time of it , Z is calculated as follows



 The program flowchart for computation of R and X using half-cycle data window DFT 

algorithm is shown as follows:



Walsh function
 Walsh functions are a complete set of functions which form an ordered 

set of rectangular wave forms taking only two amplitude values namely -
1 , 1.

 The function is wal(k,t) that t is time period and k is the number of zero 
crossings in t.



 Walsh functions can be rearranged in ordering schemes such as walsh or 
sequency order and hadamard or natural order. they can transform to 
each other.



Walsh or sequency ordering

 This set of walsh function is denoted by









Hadamard or natural ordering







 The M.S.B of the binery number will be the M.S.B of the given grey code.

 Now if the second grey bit is 0 the second bunery bit will be as the previous or the 
first bit. If the grey bit is 1 the second binery bit will alter.if it was 1 it will be 0 and if 
it was 0 it will be 1.

 This step is continued for all the bits to do grey code to binery conversion.

One example given below will make your idea clear.

let the grey code be 01101

Gray code to binary conversion



Walsh-hadamard matrices

 In the discrete case, uniform sampling of the set of N walsh function 

of any ordering at N equidistant points results in the (N*N) walsh-

hadamard matrices of corresponding order

 the (N*N) walsh-hadamard matrices in walsh and hadamard orders 

are denoted by and            respectively, where

 Each row of the matrix is a discrete walsh function.

 𝐻𝑤(𝑛  𝐻ℎ(𝑛







Fourier-walsh theory







 Walsh-ordered walsh-hadamard transform :

 Is the Walsh coefficients

 Is the Walsh-ordered Walsh-hadmard matrix 

 Is the data sequence

 Hadamard_ordered Walsh-hadamard transform   :

 Is the hadamard cofficients

 Is the hadamard-ordered Walsh-hadamard matrix

𝑊𝐻𝑇 𝑤

𝑊𝑤

 𝐻𝑤(𝑛

𝑋  𝑋𝑚, 𝑚 = 1,2, . . . . . , (𝑁 − 1

𝑊𝐻𝑇 𝑤

𝑊ℎ

 𝑊ℎ(𝑛



Computation of walsh coefficients using Fast 

walsh-hadamard transform 

 Based on matrix factoring or partitioning

 Direct computation of            coefficients using     operation 
whereas the FWHT reduces the computation to              operation

 Factors characteristics:

1. The number of matrix factors and stages is 

2. Any row of matrix factors contains only tow non-zero 
elements(+1/-1) which correspond to an addition/subtraction

3. Eash matrix factor corresponds to a stage in the reverse order

4. Total number of operation of all walsh coefficients is 

𝑊𝐻𝑇 𝑁

𝑁log2
𝑁

log2
𝑁

𝑁log2
𝑁







Computation of walsh coefficients using 

Fast walsh-hadamard transform

1. using matix factoring:

• Where 

• Where        is the kronecker or direct product of matrices

• Examples

     4 4 8( (1) , (1) ) (1)h h hdiag H U H U H U         





2. Using matrix partitioning:





 Example:

 Using              : 

( )vWHT



 USING                  : 



 USING                  :



Computation of apparent 

impedance
 Sampling both voltage and current signals over a full-cycle or half-cycle 

window (preferably half-cycle)

 Computation of  walsh coefficients by using

 Computation of the fundamental fourier coefficients(F1 and F2) by

 then





Haar transform(HT)
 Based on Haar functions which are periodic and orthogonal

 A recurrence relation to generate the set of N Haar functions har(r,m,t) is:

Where                            and 

 Each row of the haar matrix is a discrete Haar function

 is orthogonal i.e

 The Haar transform and its inverse are





 𝐻𝑎(4 =



Rationalized haar transform(RHT)
 Rationalized version of Haar transform

 Deleting the irrational numbers (power of  )

 Preserves all the properties of Haar transform

 The RHT is defined as

 Where

2



 And for N=16 :



 A fast algorithm for computation of RHT coefficients is based on 
matrix factorizing

 Based on this algorithm RHT can be implemented in 2(N-1) 
additions or subtractions





Relatoinship between fourier and RHT coefficients

The fourier expantion:

The above equations can be written in matrix form as

By substituting The fourier expantion in the the RHT coefficients equation:

The fundamental fourier coefficients F1, F2 are as follows:





Computation of apparent impedance

 Sampling both voltage and current signals over a full-cycle or 
half-cycle window (preferably half-cycle)

 Computation of  RHT coefficients the fast algorithm

 Computation of the fundamental fourier coefficients(F1 and 
F2) by

 then


