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Lecture No. 09
Phasor Estimation Algorithm-V

Hello friends. So, in the previous lecture, we have discussed regarding the recursive DFT.
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‘Summary of Previous Lecture

21
* Recursive DFT:  X,4; =[X, + C[x(N+7) - x(r)|]e(" W)
e

—

* Example of Recursive DFT
b ehaiactl

—
* Advantages and Limitation of Recursive DFT

e

" Least Squares Estimation Technique (LES)

So, we have discussed that, if | use the formula of recursive DFT, then we need to calculate for the
next window only those samples which are newly available in that particular window and we need
to discard the sample which is not required in the new window. Moreover, we have also discussed
the example of recursive DFT and after that we have discussed the advantages and limitation of

recursive DFT.

And we have discussed that if | use the recursive DFT, then the important advantage we have that
is the computational requirement reduces. However, at the same time the recursive DFT has the
same limitation as the full cycle or upcycle DFT have that is when decaying DC component is
present in the acquire signal say, in case of fault, then the accuracy of phasor estimation that is not

proper. And finally, we have discussed a new phasor estimation algorithm that is LES technique.
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A
| Example of LES |

* Consider a current signal having 50 Hz fundamental frequency sampled at
800 Hz sampling frequency. Calculate phasor values of the dc, 1%, 3" and

5t harmonic components from the sampled signal. ;’ ’%D sl

Sample {5 1
numher‘

2 3 4 5 6 7 8 9 0| n (13 |15 16

i(n) L) 41 92 | 68 [ 51 [ 31 | L3 | 44| -109 | -10.1 | 52| 2.8 [ -L1 [ 09 [ 27 | 84 | 149

* Size of matrix X depends on the components whose phasor value need to
ﬁ )
be calculated.

Now, let us consider one example of this LES technique. So, to understand this, let us consider a
current signal having a fundamental frequency of 50 Hz and this signal is sampled with a sampling
frequency Fs = 800 Hz. We wish to calculate the phasor values of DC value, first that is
fundamental term, third harmonic and let us say fifth harmonic from the sampled values. And the
given sampled values that is given in this table and the sample numbers are given here and for each

sample the acquired value that is also given here and these values are for 16 samples.

So, as for 800-hertz sampling frequency the number of samples in one cycle that is 800 by 50. So,
that is also 16. Now, we know that the size of matrix X which is unknown that depends on the
components whose phasor value needs to be calculated. So, let us say if | wish to calculate phasor
value or fundamental term or third harmonic or fifth harmonic, so, depending upon that the matrix

size of X that is changed.



(Refer Time Slide: 02:58)
e

| Example of LES |
* As 3 harmonics are present other than dc component, the value of ‘H’ will be 3.
* The matrix X is defined as s Raisiiiiie
SR I \/
ll\(h(}l
lﬁ”’ﬂ}
an = I‘\nxll‘
[;sinf),
[ cost
* where, 'x\'”“j,.,

* [yis the dc value.

* [, I and [ are the peak value of 1%, 3 and 5% harmonic component,
respectively.

» (), 0, and 0; are the phase angle of 1%, 3" and 5" harmonic component,
respectively.

So, as 3 harmonics are present other than DC components. So, here in earlier case first, third and
fifth these 3 harmonics are there other than DC component. So, we have the value of H that will
_IO -
I; cos 6,
I; sin 6,
be 3 in this case and the size of matrix X thatis X,x; =|I3c0s08;
I3 sin 65
I5 cos 65
_15 sin 05_

7X1

So, as | told you lo is the dc value and I, I3 and Is these are the peak value of first third and fifth
harmonic component whereas, 61, 63 and 0s are the phase angle of first third and fifth harmonic

component respectively.
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|

Example of LES

* Now, the next step is to decide the value of/‘p’)that can be used for
calculation of matrix A.
*  With H =3, the minimum value of pis 7.

p2QH+Y) =) p2(0)

()

Sample
number

10

i(n)

9.2

6.8

51

31

44

-10.9

84

149

So, the next step is to decide the value of p. So, that can be used for the calculation of the other
matrix. So, when we consider the value of H that is 3 because we need to calculate first third and
fifth other than DC component. So, the minimum value of p that is 7 from this equation 2H+1, so,
2xH is 3+1. So, minimum we require 7 samples to estimate the unknown values of fundamental

third harmonic, fifth harmonic and dc term.

So, let us consider the case number 1 in which we consider the value of p that is 7 exactly same as
the number of unknowns. So, here these are the 16 samples and when we use these samples and

when we consider p=7, so the window becomes like this, we need to consider sample number 1 to

sample number 7.
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A
| Example of LES |

* Now,

,=2x7x50 rad/s, and T, = 8

. Substitutmg the values of @, and 7, the matrices A and B can be determined

as \/J/
> @ €080 L *\‘ln\N“l\ cos3ayl;  Vsin3el 1'0\'3/'1(11 sinba [ ll 14.1 “/

92 (!
(y?s' |

1 cos s@ 21, -sine, 21, cos3wm,21.

1 ‘“‘”‘U”; —slnm”l'll H\\‘N“]l,

| \
J cosay7T, =sinay71; cosday 71, -sinda, 71, cos5my71, -sin m/! . L} 44
| \ E/

A

And when we use the value of wy, = 2 x  x 50 rad/s, and T = ﬁ s and if you substitute the

-sin30,21; cos5e,21; -sin wHZ!\ |

—\ln’»u Z mnn 3T, - mm 3T,

values of w, and Ts, the matrices of A and B that can be look like this.

1 coswogTy —sinwyTy; cos3weTy —sin3wyTy cosbwely —sin5wyTy
[1 coswy 2Ty —sinwg 2T; cos3 wg2Ty —sin3 wy2Ty cos5wy2T; —sin5 wOZTS‘
1 coswy3Ty —sinwy3Ty cos3wg3Ty —sin3wg3Ts cosS5wy3Ty —sinb wy3T;
1 coswo7T; —sinwy7T; cos3we7T; —sin3wy7Ts cosS5Swo7Ts —sin5wy 7Tl .

On the other hand, if I consider the B matrix, then B matrix is nothing but it contains your sampled

r14.17
9.2
6.8

values. So, it starts from il and it goes up to i7.| 5.1
3.1
1.3

—4.417x1

So, if I consider here, il is 14.1, and i7 is -4.4. So, you can see this is 14.1 and this is minus 4.4.
So, accordingly, you have the matrix B, the size of which thatis 7 x 1
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| Example of LES |
R
IH v
1 cosql,  =singl, cos3eqpT, -sindql, cosSeyl,  -sinde,l, I, cosf H.)l
1 cosap2l, -sinap2l, cos3m 2], -sinde 2], cosSep2l, -sinSey2] [.sind 92
& e 1 1 68
1 cosap3l. -sinep3l, cos3ey3l, -sindey3l; cosSep3l, -sin5ep3] x |Leosh]) = 51
’ Ipml}} 3.1
p= ” e, . I cosé. 13
I cosep71, =sinep71. cos3ay71, -sindey71, cosSey7l, -sin5ey71 b II" 3 -44p4
i .siné. 4
| i ) Us™%ga
) | g
A X X = B

100 100 000 100 000 100 000 0 / 141
cosf) 92
sin b

100 092 -038 038 -092 -0.38 -0.92
100 071 -071 -0.71 -0.71 -071 0.71
100 038 -092 -092 038 092 038
1000 0.00 -1.00 000 100 000 -1.00

38 -092 092 038 -092 038 pgy

Now, if I use this relation [A][X] =[B]then our unknowns X that is also 7, because it starts from
the dc value, the fundamental term third harmonic and fifth harmonic. So, here, when we use this
[A][X]=[B]and when we want the value of X, then finally, if I put the value, you will have the

1.00 1.00 0.00 1.00 0.00 1.00 0.00 7
1.00 092 -038 038 -092 -0.38 -0.92
1.00 071 -0.71 -0.71 -0.71 -0.71 0.71
1.00 038 —-092 -092 0.38 0.92 0.38
1.00 0.00 -—1.00 0.00 1.00 0.00 -1.00
11.00 -0.38 —-0.92 092 038 —092 0.38 454,

matrix A that looks like this

where | have calculated the value | put the value of Tsand w, and hence you can have this

matrix, you already have the matrix B which is given as

114.17
9.2
6.8
5.1
3.1
1.3

‘_4-4‘7x1

So, now, you can easily calculate the matrix X which is given as



I; cos 6,
I; sin 6,
I3 cos 65
I3 sin O3
I5 cos B3
I sin O |

7X1
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Example of LES
* Now if we solve for [X]M:U:TLJX{B.L

17x1

-—

—_—

(1, L7156 |

I, cost) 10,7248 °=1.715 v
* Weget  [hsindll -(1.’14;;2 Fune {1)111’!1[{1/-:10.12 -19°
X=|Leosgyf|\ = 22172 3 Harmonic=3.024/42:85°
.~ 20567 i .
Iysind, N 5" Harmonic =

!_;('osll»,u 0.0624
.»Iismﬂ, 7 »ll,‘)‘)&l ¥

17865° =

* However, the above values are not exactly sam¢ as the actual.

m
10 x cos(2fyt) o8 (3 X 2mfyt +é%+ 1xcos(5X2mfyt + E)

So, when you do that, as | told you, you have to take the pseudo inverse. So, that is the pseudo

inverse is nothing but [X],x; = [[A]T]7x7 X [Bl7x1

So, if you do that, then you will have the wvalue of X here this 7 terms

1o ] 11,7156
I; cos 6, 10.1248
I; sin 64 -0.3462
X= |15 cos s = 2.2172
I3 sin 65 2.0567
I5 cos B5 0.0624
LI5sinfs 1, | L0.9984 1,4

So, here you can see that the dc value that comes out to be 1.7156. The fundamental term that is
this first two term I; cos 8, + I, sin 8, if you obtain the magnitude and angle you will get 10.122 —
1.9°And similarly, if you see the third harmonic, that is I cos 65+ I5 sin 85, then you will have the
magnitude 3.0242£42.85°. And same way for fifth harmonic term, you will have the value

1486.5°. However, if you see if you compare this value with the actual value of the signal, which



is given by this, then you can see that the dc value actual value of dc that is 2 whereas you obtain
1.71.

Similarly, the fundamental term magnitude is 10 actual value you will have 10.12, angle is not

there here you are getting some angle. Similarly, for third harmonic, the magnitude is 3.024, you

have 3 and the £ is 42 whereas here the angle is %- And same way for fifth harmonic the magnitude

is 1, but the «that is g actual value, whereas whatever value you obtain, that is 86.5 so this values

are not matching. So, further to get the accurate result of this phasor values of dc fundamental third

and fifth harmonics, let us increase the number of samples that is p.
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| Example of LES |

. Now,Iet]usestimatethephasorwit@j’ |2 !
L I

Sample
number

1 2 3 4 5 6 7 8 9 10010 [ 1213 ]1d4]15]16

i(n) 40 92 [ 68 [ 51 | 30 | 13 | 44| -109 | -10.1 | 52 §-28 [ -L1 [ 09 | 27 | 84 | 149

* Hence, the size of matrix for the calculation will be,

{A}px(ﬂ% I)X[X3(2H+I)x1 =m1x1

——

Wl X?X[X]m :[Bhoxl

So as | told you, when we increase the value of p, which is greater than 2H +1, then your matrix
A that becomes a non square and that is why you have to take the pseudo inverse. So, let us consider
the p =10. So, here now, you are going to use your p that varies from the i1 to i10 and here in this

case if you calculate the size of the matrix A, then thatis p x (2H + 1).
So, here your p samples that is 10 so, it iS [A]l19x7 X [X]7x1 = [Bliox1
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| Example of LES |
« We have [4][X]-[B]

==

100 <092 038 -038 092 038 092 |57

100 1.00 000 1.00 0.00 1.00 000 14.1
100 092 -038 038 -092 -038 -092 I 92
100 071 -071 =071 <071 -071 071 1"““” 68
100 038 -092 <092 038 092 038 0 51
100 000 -100 0.00 100 000 -100 lsin6, 31
100 -038 -092 092 038 -092 038 X | lycosthy| = 13
100 -071 -071 071 -071 071 071 heingy 44
100 -0.92 -038 -038 -092 038 -092 Iscost 109
100 <100 000 -100 0.00 -100 0.00 lysints 1 -101

So, here if you calculate the value of matrix A, you will have the value of matrix A like this

1.00 1.00 0.00 1.00 0.00 1.00 0.00 1
1.00 092 -0.38 038 -092 -0.38 -0.92
1.00 071 -0.71 -0.71 -0.71 -0.71 0.71
1.00 0.38 -092 -092 0.38 0.92 0.38
1.00 0.00 -—1.00 0.00 1.00 0.00 -1.00
1.00 -0.38 —-092 0.92 038 —-092 0.38
1.00 -0.71 -0.71 0.71 -0.71 0.71 0.71
1.00 -092 -0.38 -038 -092 038 —-0.92
1.00 -1.00 0.00 -1.00 0.00 -1.00 0.00
11.00 -092 038 -0.38 092 0.38 0.92 11ox7

by putting the w, and Ts the matrix B you have that is sampled values which starts from 14.1 to

r 14.1 1
9.2
6.8
5.1
3.1

1.3
—4.4

—-10.9

—10.1
—5.2 J0x1

tenth value that is minus 5.2. So, you have this value
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| Example of LES
* Now if we solve for + 1
Xha=[4] ] By
= 7x10 -~
—
I, cost 10.01 ISH dc=1.9908
" We get I,sinf, -0.0168 szdmummlz10;_01_21—_(D°
X=Lcos6,| = | 21262 3 Harmonic=3.002/44.9°
fsind, adies 5% Harmonic=1.00/89.9°
[5cos0; 0.0016 “ —
| 5sinds o | 10083 |

* Itis to be noted that accuracy is improve as p is increased

n m
i(t) 10 X cos(2mfyt) + 3 x cos (3 X 2mfyt +— |+ 1 X cos |5 X 2mfyt + =
@ - ( ‘ 4) ( : 2)
And now, if you calculate the unknown matrix X, [X],x1 = [[A]*]7x10 X [Bliox1

then you can have the value of X which is pseudo inverse of A that is a plus 7 cross 10 and B

matrix that is 10 cross 1 or Px1. So, you have the value of X that is

1o ] 1 1.9908 1
1, cos 6, 10.0118
I; sin 6, -0.0168
X= |15 cos 03 = 2.1262
I3 sin 6, 2.1188
I5 cos g 0.0016
_15 sin 95‘7><1 L 1.0043 “7x1

So, whatever value you obtain, you can see that the dc value that is 1.99 which is again very close

to the original actual value 2.

You have the fundamental component if you take magnitude of this and angle, you will have
10.012£ — 0.1°. So, that is also very close to actual value and the third harmonic term, you can
see it is 3.002244.9° which is also close to the actual value and again you can take the fifth

harmonic value of which that is 1.00489.9°that is also very close to actual value.
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|

Example of LES

* Now, let us estimate the phasor with/p=16 i
Yy
R R R R A R A T
number
i(n) 0 92 [ 68 [ 51 [ 30 | 13 | 44| -109 | -10.1 | 52 | 28 [ -L1 [ 09 | 27 | 84 | 149

* This leads to the size of matrix for the calculation

[A}pqun)x{X}(an)xl =mpx1

mﬂx

————

e

7x1 :L

1,

Now, let us further increase the value of p. So, now, let us consider the value of p =16. So, now,

we are taking all 16 samples in one cycle from il t0il6. So, if | consider 16 samples, then the size

Of thiS A matriX that iS [A]pX(2H+1) X [X](2H+1)X1 = [B]le'

[Al16x7 X [X]7x1 = [Bliex1- S0, now, let us see what the value of unknown matrix X is

(Refer Time Slide: 13:05)

Example of LES

" We have [4][X]~[B]

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.92
0.71
0.38
0.00
-0.38
-0.71
-0.92
-1.00
-0.92
-0.71
-0.38
0.00
0.38
0.71
092

-0.38
-071
-0.92
-1.00
-0.92
-0.71
-0.38
0.00
0.38
071
0.92
1.00
0.92
0.71
038

038 -092
=071 -0.71
-092 038
000 1.00
092 038
071 =071
-0.38 -0.92
-1.00 0.00
-0.38 0.92
071 071
092 -038
000 -1.00
=092 -0.38
-071 0.71
038 092

)

100 000 1.00 0.00 1.00

-0.38
-0.71
092
0.00
-0.92
071
0.38
-1.00
0.38
071
-0.92
0.00
092
-0.71
-0.38

0.00
-0.92
0.71
038 |
-1.00
038
0.71
-092
0.00
0.92
-071
-0.38
1.00
-0.38
-0.71

0.92 N6x7

IU
I, cost),
[,sinf,
[5cos8;
[;sind,
I.cos0;
I;sind |,
7x

/

®

14.1 i,
92
6.8
51
3.1
13
44| |
-109
=101 |

-52

-1
09 | |
27
84

cold

So, here when you calculate the matrix A by putting the value of woand Ts, then you will have this

value of A you will have the B matrix that is your sample values from il to i16. And then you have

the unknown matrix X.
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| Example of LES |
* Now if we solve for + -
Xha=[A]] 8]
o 2 J16x1
7x16
s e
O b
I,cos), | 10 l dc=2
' Weget  |Lsing| 00 quim)u'um!:19;0_z0°
X=|Lcosty | = 24‘2“ 3 Harmonic=30745°
i 212 [
fyandy| o 5% Harmonic =1.0.290°
I cosd, | (]‘()!/
ssints g |1 g

4 2

n it
i(t) 10 x cos(2fyt) 1-@ oS (3 X 2mfot —) 1% cos (5 X 2mfyt —)

——

2
I; cos 6, 10
I; sin 6, 0.0
So, you have finally the unknown matrix X which is X= [I3 cos 63 = 2.12
I sin 65 2.12
I5 cos B5 0.0
_15 Sin95_7x1 L] “7x1

So, now, you can see the dc value comes out to be 2 which is exactly same as the actual value the
fundamental component that is this value, which is 10.020°and this is also same as actual value.
Similarly, if you consider third harmonic term, then the if you take magnitude and angle you will
have 3.0£45° which is same as actual value and same way if you consider fifth harmonic

magnitude and angle 1.0£90°, you will have the same value.

So, as we increase the number of samples in a particular window, then the accuracy of the LES in
terms of estimation of phasor values of unknowns that also increases, but as we increase the
number of samples the computational requirement also increases. So, we have to optimize at one

particular point that out to how much accuracy we want by increasing the number of samples.
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| Least Squares Technique (LES) |

& Impact of decaying dc component
* The waveforms of current signals during faults are distorted and
contain decaying dc components and several harmonics.
* The decaying dc component can be visualized as

() =1 " +1, cos(a,t+0,) +1,cos 30, +0)
Where, /» —
. i(lffth/e instantaneous value of current at time .
[, 1, and Lare the magnitudes of the dc, fundamental, 3" harmonics.
* (), and 0;are the phase angles of the fundamental and 3" harmonics

* @, is the fundamental angular frequency of the current signal.
* 7isthe time consta aying dc component.

Now, to understand the impact of decaying dc component on LES algorithm. Let us consider the

signal current signal. When we acquired the current signal in case of fault then we know that the
waveform of this current signal is distorted and that signal contains decaying dc component along

with several harmonics and fundamental term. So, decaying dc component that is given by let us
—t
say the equation i(t) = Ipe® + I, cos( wgt + 6;) + I3 cos( 3wt + 63)

So, your i(t) that is nothing but the instantaneous value of current which changes with reference to
time lo, 11, and Iz are the magnitudes of dc fundamental and third harmonics and 6, and 65 are the
phase angle or fundamental and third harmonics respectively. w, is the fundamental angular

frequency of the current signal.
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| Least Squares Technique (LES) |

* Expanding the decaying dc component with the help of Taylor series
and retaining the first two terms of that expansion, the modified
equation is given by,

{A},yx(zmz)x[x ](2H+2)x1 =(B ]px"l

R

P

Now, if we expand this term using the Taylor series and if we retain the first two terms and

neglecting the higher order terms, then we have the modified equation of this i(t) that is given by

this equation i(t) = I, — I?Ot + I; cos(wot + 01) + I3 cos(3wyt + 63)

So, here you can see we have the two terms of dc that is one is lo and another is minus lo by tau

into t. So, now, the size of matrix A, B and X that becomes like this.

So, size of [A] that becomes p x2H +2, because we have the two terms here for dc value. The size
of [X] that also now 2H +2 X 1 this 2 are again unknowns instead of earlier 1 dc value unknown,

now, 2 dc values are there and the size of [B] that is nothing but the p x 1 that is as it is.
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| Least Squares Technique (LES) |

)+ 1, c08(3a,t+0;)

{AL!XQHQ)X{X}(

=sinayls  cosdagT;  -sin3oyT; L i(1)

2H+2)d =|B va'l

15'*?@1 cosay I
AL 11 coso2l; -sing 21, cos3e, 2], -sin3e,21. i(2)

( 1 315 cosa3l; -sinw 31, cosdo,3l; -sindo,31; I;cosd, | _li(3)

X1

sind,

[
o X : : [,cos); »
cosopT; =sinagpT, cosdagpT, -sindapT, b |Lsing, | i(p) 1
o

A x X =B

So, if | consider the same signal of current which contains the dc value fundamental and third

/ '1 ],
v U

harmonic term, then the size of which is given by this [A],xzu+2) X [X] 2u+2)x1 = [Blpxa

and if you obtain the A matrix,
1 Ty  coswgTy —sinwgTs; cos3wgTy —sin3 wyT 7

1 2T, coswy2Ty —sinwg2T; cos3 wy2T; —sin3 wy2T;

1 3T, coswy3Ty —sinwg3T; cos3wy3T; —sin3 wy3T;
|1 pTy coswypTy; —sinwypTy cos3 wepTs —sin3 “)Ost-pxs

then you can see that here the first row when you start with sample number 1 n is equal to 1, but

this term is again newly added that is Ts.

Same way, when you increase the number of samples n is equal to 2, then this term is added and

as you go up to p, then this term that is added compared to the earlier one. So, here moreover in

matrix X unknown x | /1 €0s 61 this term is also now available.

“6x1



So, the number of unknowns that is more than the earlier one and the size of matrix A also changes

whereas, the size of matrix B remains as it is.

(Refer Time Slide: 18:06)

A
[ Performance Analysis of LES |

* |ts performance is better than DFT when measurement error and noise
are present in the sampled signal.

* However, to achieve better accuracy (accurate prediction of the phasor
values), higher values of p is required which increases window size.

* |ts performance is better than DFT/cosine filters particularly when the
decaying dc component is present in the acquired signal.

So, if we carry out performance analysis of the LES, then the performance of LES is better than
the DFT when we consider the errors and noise in the acquired signal. However, to achieve the
better accuracy, obviously, as | told you, we have to increase the value of p and that increases the
window size. However, the performance of LES is better than the DFT and cosine filters and

recursive DFT particularly when the decaying dc component is present in the acquired signal.
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| Comparison of LES with DFT and Cosine Transform |

* Let us consider a current signal i(f), having a fundamental frequency of
50 Hz, a sampling frequency of 800 Hz, and a window length of 16
samples.

: o . N=H
| i(t)=20¢ > +10cos(ayt) + 3cos| 3+ |+1cos| Sat+5 |
L= o :

Sample

1 2 3 4 H 6 1 8 9 10 (11| 2|13 ] 4]15]16
number

i(n) 3010269 (244 (224 (204 18 | 11 55 84 [ 129 | 145] 165 18 | 21.4 | 288 [ 316




Now, to understand or to compare the performance of this LES technique with DFT and cosine

transform, let us consider a current signal i(t) which is given by this equation i(t) = 20e~5¢ +

10 cos(wqgt) + 3 cos (3w0t + %) + 1cos (Swot + g)

So, this equation contains dc term, it contains the fundamental component, it contains the third
harmonic as well as it contains the fifth harmonic and this current signal is acquired with a
sampling frequency of 800 Hz having fundamental frequency 50 Hz. So, number of samples in a

cycle that is n that is equal to 16 and that 16 samples are shown here.

(Refer Time Slide: 19:23)
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Now, if I plot this signal then this signal looks like this. So, you can see that there is a decaying dc

term along with some fundamental term and some other harmonics.

(Refer Time Slide: 19:41)
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* |f we compute the phasor values for the given signal i(f) using DFT,

Cosine Transform and LES method, we obtain following results.
p=2H1)

DFT

Cosine
10.15£-3.38° | 10.12£0.68"

2.96£40.92° Not able to calculate

——

Not able to calculate

0.93£82.60

P= 71
|

[+1cos 5m“!+% P= o

n

1

S
0wc

i(t)=20e + 10cos(@,t|+3cos| 3a,t+

So, if we obtain or calculate the phasor value of this equation using LES, DFT algorithm and cosine
algorithm, then let us say we want to compare with the fundamental phasor. So, let us consider the
value of k=1. So, in that case the actual value of phasor that is 1020°. And if | use the DFT
algorithm the phaser value obtained that is 10.15 £ — 3.38° whereas, the cosine term we have the
value that is 10.1220.68°.

But if I use the LES technique, we will have the exactly same value that is, we have in case of
actual one. Same way, if | calculate the phasor value for third harmonic putting k=3, then we have
the value of this phasor for third harmonic that is 3 £45, this is the actual value and if you compare

if you obtain this value using DFT, then you have the value that is 2.96 £40.92°.

However, as we have discussed in case of cosine transform that cosine transform is applicable only
for fundamental component, if we want to apply for third and higher order harmonics, then it is
not able to calculate the phasor value. So, that is why it is unable to calculate this value. Whereas,
if I use the LES algorithm, then the value obtained for third harmonic you can see that is exactly

same as 3 z 45° that is the actual values.

And similarly, if I use or if | calculate the phasor value of fifth harmonic term by putting k=5 then
we have the value that is 1 £90° degree and if | use DFT then you will have the value that is 0.93
£82.6° degree whereas, as the usual cosine algorithm is not able to calculate and LES algorithm

you will have the value 1290° again which is exactly same as the actual value.



So, you can definitely say that whenever we wish to calculate the phasor value for fundamental or
third or any other harmonics including dc term, then LES algorithm performs better compared to
the DFT algorithm and cosine transform algorithm. The only thing is that the number of samples
required by this LES that is higher than the unknown values. So, as you increase more samples,

you will have the better result which is actually very close to the actual values.

So, in this lecture, we have discussed initially one example of the LES algorithm and that example
we have discussed by considering three different value of p. So, initially we have considered the
value of p let us say that is seven. So, the number of unknowns that is same as the 2H+1. So,
whatever samples you are acquiring, that is 7 and the number of unknowns that is also 7 and then
we have seen that we do not get the required accuracy means whatever phasor value we obtain
those values are not close to the actual values, then we have increased the value of p and let us say

we have considered 10

And then we see that the accuracy of the phasor values that improved compared to the p equal to
7. And finally, we consider p equal to 16. And in that case, we have observed that phasor values
of the all the terms which we obtain that is almost equal to the original actual value. After that we
have discussed when we consider the impact of decaying dc component then how the LES is
performed compared to the other algorithms like DFT and cosine transform. And we observed that
LES performs better when decaying dc component is present in the acquired signal compared to

the DFT and cosine transform. So, thank you.



