DIGITAL METERING OF ACTIVE AND REACTIVE POWER IN MONSINUSOIDAL CONDITIONS
USING BILINEAR FORMS OF VOLTAGE AND CURRENT SAMPLES
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The sequences of regulsrly spaced voltsge and curent samjikes
foem the basis for digital metering of sctive power. Many algon-
thens for messurement of sctive power and reactive power were
propesed and implemented ap to now. Some of them are more
used then the others, butl none, a4 yel, is recognized as the most
suitalsde une For the purpose.

Ome of the reasons for sach o state of the ant is that disoussi-
and on the definition of active and reactive power in nonsinasoi-
dal ditdons &re still inming. For ple, sctive pawer 5
sometimes undestood 85 an pversge of instantmeous power taken
im the period. and sometimes 2 the sverage of the fundamental
harmonic anly. Even more diputable i the definition of the resc-
tive pawer[1].12].03]. 04 1.

The commson fexture of 8l currently used algorithms is thar
they provide the same vaboe if the voltsge and the current are pu-
re dnusoids, but they renslts differ i the other harmonks are poe-
sent, Therefore it is dificult to decide which ane i the most sl
lable for the purpose.

Ome of the causes of such a state is that there are not et digl-
1l algorithms for some definition of es. For =
Kusters inductive and  reactive power can be obtained by so-
lide sate devices, there are no proposed way io calcubate Hudes-
mu'% reactive power by an analog or a digital way. That makes di-
fieult fo predict their response for various Sgral content, so that
algorithns may be compared.

The zim of this paper is io provide & theoretical base for the
caleulation of (ke responss to the perlodic ggmals, and (o proms-
e & pew method for (e dedign of new algorithms.

This method is based on a general expression, which matema-
ticaly can be defined a5 o bilinear form of the signal samples,
Saime existing slgorithms may be recognired s special cases of
such: & form, and the other have bilinear forms as their building
blacs [9].1n 6] and |9 ] such forms were used 1o design the
algorithms for line impedance measrement and pawer measure-
meent, but umder the smumptionn that signals sre pure dnsoids

In this paper the same formi are used for mesiarament of 2c-
tive end reactive power of the pericdic signals. Since active and
reactive pawer are  often sxpressed s freqsscy domais, it i
comve nient to define signal models in sich 5 manner.
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Signal models

In sready State condition voltage and cament are periodic sig:
nals i the mokse term i neglected., IF sciive and resctive power
are calculated by integration and multipBeation. then it is posib-
' to obtain exactly such values us the sum of active powers of all
the harmomics or sctive and resctive power of the Gt harmanic,

However if the same algorithms are performed by multiplics.
tin and summmation of mples, then meaningfal results may be
obtined oaly if the mumber of the harmoenict i adfusted in acoor-
dance with Miquist mte]5 |. This is the reason o sdopt the folk-
wing madal of voltage and curment samples:
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Here n represents discrete time, d = Ir /N, ond Mg 05N — 1
M is even). Since v, and i, are periodic series. with & pericd N,
they n be repretented with their Dhicrete Fourier Senes { 1F5)
eoeflicients denoted Vikhand Tikl Their values are:

¥ -d%, k=0,1,2....M
Vim g ¥, '™ gun k... N-1 3)
0, other valoss of k

I-#™ , k=0,1,%....M
Iy ¥ E=N-M, ... N=1 {4}
O, arher values of k

Tik) =

Thie bdlimeas Torm s defined a5: [ §).
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The coelMicients by, can be seem 2 the weights attached to
the product of voliage and cument mples ken in discrete tives
k and m mements belore the prefent moment n respecrively. For
example, the algorithm for active power caloalation, desonbed by
the expression
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can be recognized as a bilinear form having b, = -8 ik-m).
The comitruction of new algerthm can be vewed B 2 sebection
af & N g N weight mairix M, baving a5 its elements by, . b ilds
paper the possible values of ilisear fooms of periodic sipnals will

e Tousrd, snd the principles of the algorithms design will be given.

The amalysis and the design of the algorithms will be dane s fre—
quency domain, using the techniques of DFS.

The value of bilinear form of periodic samples

The product v, |, , where n and roare diserete limes may be
considered a5 8 two-dimensional separshle signal x,, . If this si-
gnal passes through & linear two-dinensicas!  FIR system having
higi k,om=d, 1, 2,... N=1 2 its impulse respanse, the ralue
af the sutput v, will be:
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The twi—fimensianal [FS af the cutput, denoted ¥ (p. ) will
be

Fip.qh=fip. q) Vi Timh

Here Hip.q) & two—dimensioral Discrete Fourire Transform of
il real sequence by, - [0 can be easily shown that it has the fo—
Sowing properties:
H®ip. q) = B (N—p. N-gq) i8)
i iperi g1 = ip. gy = H (pad g = H ok (%)

Also, i Bip.q) isreal

hiw®hea (L]
and if Hip.q) B imagirary
™ M {1y

The cutpat can ba expreised = an inverse DFS:
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If r=n, then
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Then, bl {n] can be expressed a:

b‘im-JN-':':_E.nThuw,;'" 115}
This expression s 5 start —paint for che algonithm deiign.

The slgorithm design

If the current and the valtage are periodic sigraki, sctive and
reactive power, by all the known definitions are constant. So, any
bilinear form st have a value independent on m is order te rep-
resent some algorithm for sctive ar reactive power measisrement.
This condition impases the following restrictions of BF (k)

BF (kh=0, k=i,%... M-I i16)

These conditions can be Tullfiled in fwo ways:

) If some u{mwrh:lhlqnlmm{mmhlrmiri
nat present in signals). then H (p, ) & free to sebect,
bh I bath ¥ (p) and Tiq) are different from sers (since the

P of the pandent h jics in signals s ex-

pected |, then
Hipqi=a,

I these conditiors are satisfied, the (constant ) value of the bili-
near Farm will ke

BE (n) = _!!.4_ ﬂ?m;-# E&[mh‘-ﬂ!{h’-p] an
Taking into sccount that
il (p N—p) = H*(N—p. pl =, +jb,. p=1.2,....M {18)

and replacing V (p) and T ig) with i3} and (4}, the following va—
fue of B4 (n} is obtained

B (m) = g Wyl + ;E'_'.q_r_w_u_
'l'hu?- and Q-mmﬁnmd:m power of the m—th

huaFmanibe.
5o, the value of 8 constant bilinear form @2 Unesr combina-

tiom of active and reactive powers of individoal harmonics.
Some exampies of the posible valors of a  bilinear Torm are:

1. a, = 1, and all the other a, and by, are pero:
Bl n)= P, iActive power of the first harmonic)

I Allthe a, are equal to 1. and all the by sne equal to rero:
b-i'{n}- E ?r {Average pawer, of sum of all harmosic’s
sctive pawers)

3. b, =1, and all the other 8, and b, are zero:

B (n) = €, (Reactive power of the first harmonic)

4. Allthe b sre eqizal e one, and all the a, are zero:

I;' in}= :i] ), | Bisdeana’s deflinition of the reactive powar)



5. .iﬂlhrl‘utwn-.md b, =k
" Btum) = .E::Im. (The term appetars b the Kistar's dufind-
then of the inductive reactive power |

&) All the &, sre pero, and by, = 1/k

ﬁ:nb-:l_':.!;l-_.-“t [The term appeass in the Kuster's defl-
mition of the capacitive reactive pawer )

Thee abuwe examples show how the vabse of the bilinear form
can be sdapted o sult many exisring definitions of sctive and
reactive power. [f may be noted that siser now, no digital algosi-
Mmmhnkdlﬁunnfﬁldqmu'sudlm!dr
finitions of reactive power.

Thie design of an slgosithm based on 2 bilinear form follows
three main stege:

I. Chooss apropriste &, snd by, .

Put fip.N-pira,+jb, . p=0.1,...,M
HiN=p.ph¥a,=]b,, p=l..... M
I The cther values of H (p. q) are ar zero. or arbitrary:
a) Wp=0.1. 2, M, N=M.....N-1 or
q=0,L.LM N-M.... N-1 Hip.q)is
arbitrary but restrictions (8) mest be chaerved,
T} ANl the other values of (. q) must be zere,

1. Find h,_ %5 isverse DFS of Hip, q)
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Two examples of algorithm design

The aim of the presentation of these examples is to demonst-
rale the sase of the design in bilinear form.

The firit example will thow that algoniihm for caboulation of
active power oof the fist karsanic based om Fourier technigue i
a special case of o bilinear algorithm.

The secand example will preduce an algorithm for calculation
af Budesnu's definition af rective power, As far a3 the suthors
fkenow this is the flrst shgaritbum bn digital or anabog form that sol-

" wes the task.

151 Example
The cansidered signals have three sgnificant bammonics (M=1)
and [ |pant. The number of the mmples in period must savisly the
ramequality derived from the Niquist mre:
NaIM+2=8 i
The lowest value of N = 8 & sslectad for this algosithm. The
following steps determing sequencs b, ©

L. Simce EfrHF'F1.lrEuDum:l.- I, tmy =g, =b=h,m
“b,=0

HiL,Th=a,#b=1 ., HI(T. li=s,—jb,=1

HiL 6j=a +jb,=0. HI6 2=a,~jh, =0
H{), Sjma#jb,=0. HI5=a,—jb=0
H{0.0)=u,=0.

. Since the faurth harmonic is absent, the elements H (p. 4).
H 14,9 ) are free to select, bt restrictions (87 must be res.
pecied. ”

All the other values of H {p, q) must be zero.
I the condition that b, = h_, & sdded, the Table | shows
walises of H{p.gq):
Tabke L
o

i

Lol
= =
~J

(=]
el

| ]
o

AN EE-I - -]

ole|lels|e|ale|alw
J
w
Glolacls | ala|la|la

B

=R RN - -T -

o
a
Q
o
o
n,
L]
o
a

sl el alwl ol -

Hip g W™ W™ =

'?
:
=
+*
-
E
L
=
+
L]
B
0
=
+

|
boce 0= Ly 4, o0 2K+ n s 22k g con B2
If ng=mn;=m;=n,=mn =0, then h,_ is the same as For the Fo-

arier hased algosithm.

131 Example

The signal is (e same a2 in the previous example. The value of
the biline s fosm shoukl be equal 1o the sum of the reactive powe-
s of harmosics.

L oag=s,=a=a=0
by=by=b,~1
AiLTi =iz 6h=H % 5=j,



fon=fie y=0i5.3=—); HO.0=0

I The valses of A ip, 4)and H (4, q) are free to sedect, bur
Festricon (8] have 10 be reipected.
AN the ather valises of FI{p, q ) miso be zero:

Values ﬁqp\.qi““[ﬂﬂmﬂﬂﬂt Tabbe 1. It is ssu-
meed that all the usdetermined H (p, q) are st to zero.
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0. The sequence hy s determined by the expression:

The end of the cxamphe.

Canclesion

11 has been shown that & bilinear form of perodic sigral sam-
phs oy e osed o caboul hitrary linear rirc tion ol 5o
tive and resctive po of mdividual har uider the assam-
pion thet samphe frequency respects Migquist rate.

By proper sebection of the weight attached 1o the dividual
active and reactive power, it is passibie fo obtain sctive and reac-
tive power of the whale signal, in accondance with varous defini-
tions. The proceduare of the bilinear foem synikesis, baed on DFS
technigue i developed. Two examples of the slgorithm design e
given.

The first example shows that Fousier based algorithm for the
cabculation of the active power of the first hasmoaic is o special
case of bilinear form algorithm that s b the Ssme Lk,

The second example is the st known case of a8 slgorithm
for the caloulation of the Dudeamu ' dafinition of the reactive

poweT.
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