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FARFAGCE

We have inherited s very riech body of knowleldge
in eybernetios ging back hundrels of years. Theories are
ammeyous and tools are adundant. Ingenious adaptations of
the ols are proliferating every day to real wordd prodiems.
The present vork is an eperiamt vith the pplications of
the eybernetical tools in clestrieal power industey. Our
endeavour deals vith the iterations of ocdservation -
uanzﬁ?}- aperiamt « theory « medelling « validation
eyole .
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ARAZRALZ

Powver industry 18 a part of the global system %
suppert 11fe. It sonprises a mamber of subsystems whose
intersetions are effected throuigh the use of direst links
and large amount of feedbacks. ipplisation of eydemnetical
setheds to analyse information related processes in power
indestey would yield wseful results. ™he present
investigation deals vith the experinemts vith the
wplisations of cydernetical todls to the five different
atpeets of the slestriodl power industry.

For en~line operation of hyiroelestrie pover
plant ok real time basis it is esseatial tc have aa aseuvate
oo 5% ahead estimation of river flow The presant
investdgation develops the hourly flov simulation Seehnigue
wvith the eydernetieal methed of recursive least square
instrument variaile algorithm vith paraneter tragking
adap tiveness., Bffestiveness of the developed teghnique
has been demcustrated vith field data observed at different
sauging sthtions of the hilly river Teesta in North Beagel.
tn line flowv simnlation has been done at Goronation Bridge
poins whiach has the potentiality of a large hydroelectries
plant with an estimated generation espaeity of
about 1000 i,



Orowth models af Kleetrieal Energy eonsumption
has been developed vith gress mational predust, gvoss
domestie enpital formation and other asseeiated variables
as exogencus ones. The medel has been develeped in the
forn of a polynomial of optimum complexity with the help
of the multilayer group method of data handliing
al gori thm.

A desired rate of growth of energy eonswptisa
has been assumed.(n the basis of this growth rate the trend
of energy consumption Wpto 5000 AD has been emtrupeolated,
™he nedel of energy consmption has been obtained in the
form of a pelyromial of optimal complexity by essputer
alded self organisation of mathemationl models, 4 medel
for energy utilisation fastor is alse edinined. Ihe medels
eanl be used as handy tools for planners of power industry.

dtate estimation techniquo provides a pewerful
el to ebtain a data dase for on-line supervision and
ecutrel of power system. In this work recursive type least
sguare teshnique is used to obtain tho state estimation of
the pover system paraneters. The estinmates of the outﬁ
wvill help in selecting on-line contingeney plane
4n Allustretion is given to show the application of
the methods developed.

Dynanie progranuing teehnigue of applied
aybernetics has been Used for optimal ordering of nodes
for load flov analysis. The illwstratioa showe tHhat the



vi

doveloped nethed 1is capadlie of improving the esmputational
effieiongy of the load flovw analysis.

Investigation, earried ocut in this work, has
halped in developing negessary softwares for off-1ine planning
and on-11ne contrel of slegtrical power industry. It alse
shovs that eybernetiocal methods are powerful todls for
analysing the different aspeets of eleetrical power systems.
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CEAPTIRR I

INTRODUGCTION



CHAPTIR I

1.0 INTRODUCZTEION

The preseut investigation is an aesount of ewr
aperinents vith the spplications of different eybernetieal
Wwols to the real world prohiems of elestrienl pover indusiry.
The investigation deals wvith the five Wweoad aspests of
eleetrical pover industey namely,

(1) On-1ine simulation of hourly river flews for Jumief
«the river hydroslectrie plant §

{11) Keetrical energy consupition medel with interasting
parameters by a leaming identification algeritihm §

(111) Medinm-tern and long-term predietion wedels of
annial installed espacity and consumption of cleetrienl energ)
hy eomputer-aided self-organisation of mathenatienl medels §
(3v) dtates estimation of elestrical pever systems W a
tracking algerithe ; and

(v) Oauss-seidel load flovw vith optimally ordered nodes
by dynanic programaing algorithu.

The practical iplementabdility of 4ifferent netheds
of applied eyberneties and pattemn recognition sueh a8
Fosuwrsive least square instruwment variable algorithm with
on-line adaptiveness in parameter variations, multilayer and



combinatorial group method of data handling algeritime of
sonpu ter-aided self~organized leaming identification teehnigme,
least square recursive states tracking algerithm and dynemie
programaing algorithn of op tinim nodes ordering teehnigue for
power networks have been demonstrated. Whereever Neeessayy
mdifieation and imprevemsnt of the existing snalytieal
technigues have been suggested for prastieal fmplementations.
e computational prosedures have been developed in well
organised progranas paskages in high level software.

The report contains eight chapters., Me contents and
the seope of the individual chapter are beiefly deserided
below ¢

7 | f&cdwm
lld Qupter I
The chapter I deals vith the introdugtion and the

prebdlen of investigation., It sontains the sespe of the work
and the sourees of data.

LiLS  Gupter U

The chapter II deals extensively with the sarvey
of the existing literature and the etate eof-the-are,
It diseusses the effectivenses and the shortecmings of the
previous works. It exposes gradually the hammonious evoletion
of the seientifie thoughts pertaining to the present
inves tigation.



) R W% pter II1

T™he ehapter III deals vith the online simmlation
of the hourly river flows for run~of-the river hydre-clestrie
plant. It develops the ourly flov simslation Sestnique vith
the eydernstieal method of recursive least square instrument
variadle algorithe vith en-line paraneter tracking adep tiveness.
e effestivensss of the developed techniqus has deen
denonstrated with field data observed at the differeat gamuging
statins of the hilly river Teests in orth Bengal,

bdid Chapter 1Y

™he eshapter IV dwaleps a mathematiesl deseription
of anmal mergy conswption in India vith population, gress
aational produet, gross domestie saving ani gress demestie
epital formation as exogencus variables in the fora of @
polynomial of optimum complexity vith the help of a learning
identification teshnigue known as multilayer group methed of
data handling algorithn. The developed model is found to
simulate adeguately the effwets of interactions of different
teshnoeevnenic parsmeters oa annial elestrieal energy
sohswmp tion.

LS Qupter ¥

In shapter V a meodel of amual installed plant
ompasity of electricsl energy of Indis has been adtained in



Wie form of polyncaial of cptinum complexity by esapuser
«aided self-organisation of mathematieal models. Desired rates
of grovth of anmual installed plant espacity and anamal energy
conswp tion have been assumed. On the basis af the growih rates
s polynonial models of optinum eomplexity have Wwen odtained
for anmmal installed plant capacity and energy ecusump tion.

A model for plant annual load fastor has also been obtained in
the form of a pelynomial vith harsonie terms. The developed
models ean be used as handy tools for plamers of pever

indwe try.

dodo® Chapter W

I8 1is obsarved that the atate estimation teehnigue
provides a povesfl tool o obtain a data dase for on-lime
supervision and gontrol of power systems In this chapter
Pecursive type least square teshnigue wvith paremeter tragking
algrithn has been used to sbiain the estimation of the power
system state variables. Incorporation of the pavaneter trasking
algoritim nakes the state estimafor amenablo to on-line
tperaticn: The estimates of the states will dalp in seleeting

en-line contingeney plan. An illustretion is given to show
the pilieation of the method.



dede? Chepter WI

his ehapter deals with the Ganss-Seidel lead flov
ehnigue of slestrical pover networis with sptimally emdered
nodes ly dymsnis progressing algoritim of spplied eyberneties.
e alporitim bas been fllustrated vith IRER 14 Dus dystem.
1% bas heen observed that the emputational effieimey is
Sapreved vith optinal sxdering dy dynamie programming
al goritim.

Lls Chpter NI

areas of further yeseareh are suggested. At the end g 1ist of
refurensed WMiliography is enclosed.

LS deuress of Date

Sats pertaining o the Ivesta river systenm have boet
ohtained fyem Jalpaiguri Fiald Bivision of the Central Nater
Gommission, Govermment of India.

Data relating to the electrisal energy constaption
medels with interacting paraneters have betn obtained fyem the
Becnsnie Survey, 1981 - 82, Goverment of Imdia,

Rata pertaining to nedimm ters and long temm
predietion models of installed plant eapasity and elestrical
mergy eenswption have been obdtained from the Sixth Mve
Xoar Man, 1080 - 81, Govermment of India.



Data relating %o the state estimation of elestrieal
Pover system have deen obtained fyrem the 5 - Bus netwerk given
in Computer Netheds in Power System Analysis « GiW. Stages and
A B Kl Ablad, NoOrey Rill, 1068,

Data for illustration of dynamie pregramming ,
algerithm for optimm ordering of modes have been obtained
fyem IBEE 14 Ius system.
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CEAPTER IX

TUR GUAVEX OF BIR EXISTING LITERATURE AND THB
4TATE. OF- TUR-ARD

2.0 Intvedustion

The cutesme of the present investigation is the
rvesults of our experinents with the applisntions of diffesent
setheds of eoybverneties W the eleetrical power indwsiwy,
The metheds vhieh are relevant to the present favestigation
are diseussed vith the assosiated state-of-the-ars,

2.1.0 On-line Simulation of Hourly River Flows

The chapter 1II deals vith the en-1ine simmlation of
Mourly river flows for run-of- the-river hydreeleetris plant.
Rr on-1ine cperation of hydresleetris power plant on regl- tine
basis 4t is essential b have an assurate one step ehead
sstimation of river flow The presens investigation develeps
the hourly fiow simulation technique with the oybermetisal
methad of resursive least square instrument varialle algeritim
vith pareneter trasking adaptivensss.

fhere are many ways of obtaining resursive algeritims.
Sone of m‘ﬁlj’m on recureive idmtification netheds
are given in . It is not attewpted %o present all 1%
variants in their vide spectrum of use. The diseussion is

linited to that part wvhich is relevant % the present



investigation and it deals vith more than just the subjess

of estimation algoriths ¢ 1% treats alse the sudjeets of
system identification and foreeasting. This is due %o the
faet that the techniques of estimation derive in part fyem
the troader field of system identificatisn wvhieh ingezporates
oS timation with model strugture identifisation, medel
verificetion and mpdel validation. T investigater iz heavily
debted to Boot‘ Um his excellent treatment of the suldest
in & highly understandable tuterial mmhlgvu-lm
Exesllent treatment of the time series by !m has aoted
as a guide.

In the present investigation hlask btox models have
botn assumed and therefore only such wedels are disoussed,
™is type of models is often encountered in physieal system.
W¥hen suitadly transfommed the model vy anstable %

thij doderstrom ot @l y and
has given & good eoverage on resursive
identificaticn aethods,

Recursive teshnique has been defined W !‘.“4.11.7
as "a technique in whioch an estimate 1is Wpdated an reeeipt of
fresh informations.” &teps of develcpusns of the Resursive
paraneter ostimation algoritim has besh depieted in
Mg & 10
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L. LINEAR LEAST >QUARL REGRLISION ANALY G

2. LEAST SGUARE ESTIAATION OF PARAMEITERS.

5, RECURSIVE LEAST SOURE ESTIMATION OF PARMETERS
AND ALGORITHAMS.

4. RECURSIVE INSTRUMENT VARIABLE ALGDRITHMS.

5. RECURSIVE ESTIMATION OF SLOWLY VERYING PARAMETER
WITH EXPEMENTIAL.WE%GHHNG OF PAST DaT4 .

FIG. 2.1.0
AN OUTLINE OF THE DERIVATION OF RECURSIVE
ESTIMATION ALGBRITHMD




il Linear Least Square ﬂ_“.!‘” Q_n is

Without making any asswmption about the physieal
phenmmena of the system vhieh are thought to govern the
systen's dynanie bdehaviour the systen is often viewed as &
Mack doxn. Identification means that a model is fitted %0
measured Uy /71 = 1,84000n _/ of the inpus signal amd
¥ £ 4 % Lifyees n 7 of the cutput signal. Tw analysts
of time series suggests that there 1is & prebadility that
he eurrent values of the output X (8 ) is a funetion of
the previous ocufput observations, the autoregressive tevms
Tt 22y Tt glyeee § and the past odservatisns of
tpnt Tyt )0 Ugltg 0y Uil g)y Ugtyy)
Wgether vith the current unknown realistie noise process
V(). Therefore the system may be asswned as

28 a ”
Iin) = z ALYty )¢ E‘ ZS“B‘(C._‘MV(Q)
i=d J=l A=l

eee (B 1.1)

. Betemmination of _n 4s known as model erder
detemination, Mm&‘ whu suggested cuiput. cutpus
and output- L1put eorrvelation as an intuitive eensideration
for medel erder determination vhieh is alse the medel
strusture identifisation.

10
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In the polynomials of backward shift eperator,
e oquation ( 2.1,1 ) ean de rearranged s

n
aghxiw = D 3@ huy N « Vi (% 2.8)
, - _,

where the Dackvard shift operater ¢ 2 1s defined ly

Tlrm = 34 ®1.3)

and
A =2 A e p, F e - p " e led)
.“Q“) - S‘1 q"" * S" ‘-ﬂ ose * SJ‘Q‘. (8 L.8)

Mis nedel is quite auam‘g, 1t requirves that
the eguations be 1linear in paraneters .
Bguation ( R i.8 ) can bs represented &

X(t) = Z3()e=c » Vity) = L.6)

where -
%) =/ Ty eee Xl 00y Uil 3) oee Uyl )

coelplty 1) vor Uplty ) __/7 ®2.7)
“ | ,
o< U‘/ﬂloﬁoﬁ.' Su ses Sh Y gll Y S“../7 ﬂul-”
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S.1.8 Least Estina of Pavemetors

Least square estimate of the parsueters is odiained
W mininising the loss funstion defined as the sun of the

squared errors,

E (X )e ¥ )3 )" 9
knl

s 4

-~

in vhieh the estimtes < of =< that minimises J ave
onlled $he least aguare estimates. The medel respense ePrer
Tity) = Y(hy) = Z7(%)<are net in general idemtisal vith V(%)
Mt converges to V(%) as < eonverges is true valwe of < .
Differentiating J with respest 0 paraneter veetor
and then setting the vester of derivatives egual % sete
ve have the well known equations for the least square parenster
estinates,

< vl 7
X w/ E () z’(u) / ‘/ E_ () XYiw)/ B 1 20)
L =i ' Xl >,
Seded fecursive Leash Rstia of

Rostrsive form of least square estinmatioh of pareneters
45 en elegant way of wpdating estimtes < whieh changes as it
echverges W true value < ,
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Consider the equaticn

Y(ty) = 2T () < o Vi)

The least square estimate < of < 4s givem by the
oguation (R 1,10), With direct analogy frem eguation (8, 1.10)
we Bay wribe.

- K -1 k
A / T /4 ‘ 7
XSy = / 2(8g)2"% (84 )/ a(sglxls4) / R 10 21)
" = z “/ Z e

i=d 3=1

Bgation (8.1.41) can be written in esincise form as

Tloe) = Pltg) bitg) 0 4s 18)
vhere
-k 1
A/ >
Plg) = / z (%)% «,JJ/
€ m
and

- K
A £ 7
plty) = / Bl )XC8g) /
W B ) e

3=

Resuraive relationship for P(. ) and d(.) oan be set a¢
T |
CrapS e ) satayg
=l

i
W IR ARY T8t o 1S O 1.42)
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Sintlarly
Blt) = Bty ;) + (%) X(ty) 0 2 20)

Preaitiplying ly Pt) and post-maltiplying Wy P(v, ;)
ve got frem equation (3.1.13)

Py, 1) = Plb)eP (n)2(0)2% ()P (8 ;) (= L, 18)
Post multiplying by Z(%y) equation (R,1,18) gives,
Pty )5() = POIZNI 103 ()P (8, V2 ()T Buli28)

Post malsiplying W O~ 13T ()P (8, )3 (0) T ! ey, )
oguation (B, 1,18) gives,
Py, 2108t ()P (o, ) Z(0) T L orin
» Png)i ()3T ()P (b, ) = 2.17)
Bren equation (.1.18) ve got

Pltg) = P(by ;) = P(o)3 ()3T (0)P (0, 1)  (Rul28)

Finally sudstitmtion of equation (8.1.17) in equation (% 1.18)
gives,

Pnde Pl 1= Py (0 S2esTo)r . Datop T

2t ()P (0. 1)
voo (B 2.19)
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Bov from eguation (8. 1.48)
Zity) = Pltgde bity)
t WS

2l LV ) e P (5, Qz (1o r (o, pria) T
TN TR [ Bl 1 )43 ()X ()
and sinee P8y, ) By, ) = (% Q)
T (agde 2y 0eP (8, )34 102T (0 )P (4 )2 ()] 122 ) ey 2
P "u. VRO ()P (4 D2 ()18 (P (4, D3t T '
x 2 (gIP(y, IZON ()

sinee 2¥(wy) P(y, ;) 3(8) 15 sealer and henes

}
Creatog)re, )2 T 10 alee sealars Meretere
N\ - - 3
2 tagdm Dy JeP (8, )E () 203T )P (4, )2 (007 2T () Dty )
o poy 30y Jstapray D3 T oy

At honee we get the recursive least square parameter estimation

: senyy »
- Q%Qla -lnnrrv“n"
gLy 4 2euMOgpNppy
14 0a306
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slgprive as
L) Ly, 1) Pty )30 w) Saeating) 2oy, 3 00).]

X)) <28 (0) 2 (9, 0.7 (a1, %0)
where

PindoP (4 =P (4 2 (00102 I (4 5 (T KT COIPCH, )

ees (BadeBl)

vith
- bl |

/ 7
Py y) =/ amyaty)  / o2 98)
il W
3=

Least cwz_,wxgc is of great Lpertanes N
Fareneter estimation o Iut this does Mt overecns the prediem
oF bas.

The protlien of bias is diseussed delow

he non-resuraive least square estinstion of pavemeter
is given Wy

-k I _ X

. / e . 7 4 7

< (e )w / } 2(v)5°(8) / 7/ Z B850 (84)/ (2 1. 99)
A jul < & Pty J

wvhere the system equation iz taken as

X(ty) = 22 (8) = + Viyy) (B Le86)
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Upoa substitution of eqgmation (R 1.84) in equation (% 1.23)
we have

»d _ k -
7/ r 7
“(i.)a/ } 3(33)3 (t‘) /7 E 3“" VZ | (")"90'(") //
IA oty L Py A ' --/_/
-k d _ k
/ 7 / ? 7
»/ E Z(vy )2 (ta) / L/ Z 3('3) 4 (i‘) < f
& iy o Jul o/
Q.l 7
4-/ E ztt,)z“(t,) / / ?- 3(") "“‘) /
4 o
I
Wn;
- D SR
. / ? /o 7
Ctylmcc+ / } 8(‘3)3 8)/7/ o+ E I(O‘)V(C‘)/ (2 1.98)
' el 4 & oty

Equation (R.4,85) shows that for estimate < (4y) %o be unbiased
the folloving nxm.mu st hold

£a v} « 0 fral K LIS

Whis 1s mmuh.u Vitg) = o(ty) where o(ty) is a
vhite moise uqumo .
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A pointed out W lnk‘ “Jm nost prastienl
ecases of interest V(ty) 4is not a wvhite gassian sequense and
the estimate < 1s mot unbiased. %o oversome the preblen of
bas many variants of resursive parameter estimation algeritims
have doon suggested_snf yhieh recursive instrument varialle
algeritim of !m‘  and 1sed least square formiatien
of Bastings and James et al are isportant. The essential
somponents of these algorithms are similar, The recursive
mwmt variable np?,f;: n’l‘: l;:s.gyua:m to esompuiation
and as olwerved by Young it may wvell
offer and unified and eomprehiensive gpproach to system
fdentification,

®i4 Romursive Instrument Wariabdle Algoritha

Nest likely souree of biased estimate is the presense
of anto correlated molse process R§V(ty) Vit )i e 0 fer
all k whteh taplies E{X(ty ;) V() %= O, L.0. theve is
a sigaifisant eerrelation betwesn the noise sequenge and the
past values of ocutput. Refersing to squation (%.1.3) and with
suitable estimate of the paremeters in AW 2) and By (¢"Y) as
QY ana By (L) respestively a deteratnistie time series
Gemoted oa anxiliery model ean be ecmputed as

» ,
YL lAG H A e ) By e ) (@, 1.27)
=
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Bywation (8,4.8) and (8.1.97) suggest that (1) variation
in T'(y,) should be strongly eorrelated vith variations in the
avise eorrvpted outpus observations X(ty) bt (11) wese
veriations in (%) should be uneorrelated vith V(t,)
previded V(w) 1s wot esrrelated vith the measured irput
sequence Uy (%) 1.0 BiTy(wx) V()] = 0 for
Al 3,k1, |

Sequense of Y(8y) 1s ealled the sequence of
instrunental variables. Consequently the vestor 2(%;) 1s
nodifiod a5 (%) defined by

Bode [/ Tl pduees Tty 2)s U0 Dyees Uity ),

ooe Ugltyp) _/7, (% 1.98)

Conditions of unbiased estinates are modified as
a{?ctg) V)i = 0 feral1 k

Meplacing Z(ty) W (%) and not 3T(y) wy 2T(yy)
houristically, Recursive Instrument varisbdle Algeritim is given
w

2 (mde @ (a0 Pty PRI 18T 0P (4, NS ()

2% () 2 (4 ) (8 1,99)



Pow) = Py, ) -Pir, ) Zity)

- -, i
Szt Py, 2000 T 2T ()Pl ) (e 2. 30)

with
wd :
({RT ) C XN Y

/
Pig) = 7
VA

g

This recursive algorithm is used %0 estimte the
pareneters of a Yegnession relationship whieh varies with tine
%y passing thyough time series data and atteapting %o trask the
parameter variations. The data may de proeessed iteratively,
oaeh ting using a data set in order to further refine the
otinates 1o obtain better statistical efficiensy. Nor a given
bloek of X data elements the recursive methed Serminate afber
K steps where as the iterative progediire eontinnes wntil
parameters no longer ahanges with further iteratien, Nor en-line
proeess this oan also be used as the mu‘n.;j-m
wdating af the aunxiliary model parameters .

dometines large errors are found betwesn the predieted
and the ebserved cutpat. IMis is not so ateh a eunsequange of
spurious errors in the measurement bt are due primarily %
ehanging values af the model parsmeters.
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e .8 Setermination of Instrument Warialles

The instrument variables Y(.) ins(.) are

obtained through a separate paraneter trasking alperithn oo
detatled delowe

n » n
Y e ) A GO 7 ) STyl

i} isl im0
.

. Z Oy (T =Rl e st @lam
et

wvhare the third ecmponent is the moving average esmponent (%)
is the ervor sequence.

Tis), the estimate of X (%) ean de vritten as

Teo) = a¥(h g) 2y, p) (% 2,39)

lr(ﬁb‘) 'L/ ﬁl’ /3‘”", Slﬁ' Su“oonn. Sn’

3%1. c%‘. oes J/
z “h-l) = /, :‘%1). !“b-.)”“’ ﬂl(l‘_u)
L

7
Ssepeney v.“‘m‘) _// (8 10 34)



he coefficiont veetor ‘a’ ean de estimated nmun?
| L 94,58,86,87
the quadratic performance eriterion Jy(a) ’

defined as,
k
Ixa) 4 z (x(%y) .l'l“‘_l”’ *
d=d

T «1
v (aealty)) 8 () (0 alty)) (B 10.38)

where a(ty,) 4is the availadle a priori estimate of the
oveffivient vestor ‘a' and 3(%) 1is the positive definite
weighting matrix of the order al xml wvhere al = nem(nel)+Q.

Nr nininisation,
x
Sixa)
; ' =8 z s(sy_1 208y -u"z(i,,;)
a Py
-l
+88 ((a-alsy)) (2 1, 38)

It follows fyom equation (8.1.36)

k k
el -
E a sy, X0, )ﬂ (%o)a(ty)= Z s (s, l)l’(t‘_ e l(t.)a
=Y Ind
d soe (B1.37)
¥ 1
X k
S e ) sty et ety B 2038)

Imd
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an) = 2 sl E()e § L glatty) R0 1, 39)
J=d

Bemoting the esefficient vester 'a' as a (tk) at the tim
instant O,

-l
i () alhy) = dlny) (B, 1. 00)

altg) = Bin) alty)

Rren oqations (2.1.38) and (2. 1.30) the fellowing reeursive
oguations are oBtained,

wd - |
§ 0,0 =8 ) 0 sty sTow) R Lo 1)

d(t'u) = dlty) *» s(hy) Xy, ) Bele48)

N um inversion lemma the resursive parameter estimation
algerithns %0 odtain the instrument vartables X (4,) are,

8(heg)e (I8 (0 )8 (IS (b )oa® (W8 ()T (Beledd)

8ty 0n B0 8 (0dn (40T (08 () ava T ida Cuds () T
vee (Beli6e)



The algeritime ave initialised with
Blty) =
!“‘) s 0 fer 3 = 0O -l’t.; ‘000 »

I (unttmatrix ) a(ty) = O

and g(") s 0 for d = 0, ody ~3§ o;o’i

S le ppiication of Reeursive least iquare

Zaghnique

In the foregeing diseussion a mrmin
nethodolegies of w? estinmation have been presented.
Waitohoat and !am have demonstrated the feasidility of
oonstrusting realistie dynanie stochastic vater @ality
( BoD = DO ) models for non-tidal river systems. The models
arve satisfastorily 1dmtified and satistieally validated by
referense %o prectical field data of flow BOD« DO in a 85 Kn
stretehr oz Cuse River fystem in u.yn} Whitehead
and Young y Joung, Waitehead and Beck have been able
%o demonstrate the partisular utility of resursive methods of
tiae series analysis both for idmtification and estimation
of wvater rescurces systems models. The recursive algoritims
have preved %o be valuable aids for obtaining relatively
officint sstimtes of various model pareneters in g straight
forvard and simple manner, Resursive algoritims provide a
poverful general methods of data prosessing well suited to
e modelling prodlen of vater resocurges systems,
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den Gupta and Mﬁﬂ“ o have used recursive
least square nensistionary time series analysts teshaique fer
on-1ine foresasting of daily dissolved oxygen levels of &
non~tidal river, dep OGupta, Maulik and Chandduri have deserided
an wpplisation” = ~of the dynsmie least square sstimatien
algoritims for on~line modelling of dissolved oxygen levels of
a nob- tidal river passing through a highly industrislised region.
The mathenatical deseription of the dissolved exygen levels
allows for the real time monitoring of vater quality. ey
have modelled the blo-chemicel oxygen demand of a en~ tidal
river by recursive least sguare instrument variable algoritim.
ey hmz_'g.w}nd vith observed data that recursive instrwaent
variahle teshnique is amenable %o on-line essputation
provided adequate Yeal time data are availadle in time.
They have used a separate paraneter tragking alporvitim for
estimting the instrument variables. The present investigator
has used this technigue in the investigation. -
Maulik, den OGupta and Chaudhuri have OWL uJ
a oimple dynamie model of daily fiows of a nob-Sidal river bW
reoursive least square non-stationary time series teshuique,
Taey have gisco_used recursive least sguare instrument variadle
dprlﬂ-‘ ’Jter on-11ns estimatioa of hourly flew of a
non-tidal river. Instead of a separate parsmeter tresking
algoritha they have estimated the instrument variabdles in the
form of a memory sequence estimated apriori from an odserved



segueties ©f past data. The errors of the medel ave found
% be guite high,

2.2.0 Annual Electrical Energy Consumption Model

In chapter IV a mathematical deseription of anmmgl
eleetrical energy consmmption in India hes deen developed vith
population, gross national produet, gross demestie saving and
gross domestic oapital formation a8 exogenous variadles in the
form of a polymcamial of cptimum ecmplexity with the help
of a learning identifisation technique known as multilayer
growp method of data handling algerithm.

%%l Mltileyer Growp Methed of buta Nendling

Algoritims

Ivaxinenke'sS **/muitilazer grow methed of data
handling is a heuristic method of self-organisation of
different partial medels, Mis methed involves the generation
and comparison of all possidle esmbinations of imput ocutpus
and to salect the Dest possille ones aseording o the
eriterion of integral square error,

In sultilayer growp method of data handliag
algoritims, polynomials are used as the basiec neans of
investigation of complex dynsuical systems. The polynemials
of prediotion are regression equations vhieh eonneet the
current values of cutput with the current and/or past values
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of Lput variables. Regression analysis allows to evaluate
the os-efficients of the polyncmial by eriterion of ainimum
nesh square error. Then the polynomnials are trested in the
Same manner as are sesds in the agricultural seleetion,
;’n wnigue sathenatical eonoept propagated and “%:ﬁ
by Aosdemieian A, 0. Ivakhnenko and his eo-workers
of the Institute of c”'?:o?' Kiev, Udik.

Yolterra series _ {ntroduced to non-linear
systes analysis Yty um" “J. learning filter of Gador,
Wiy and Weodooek Mand the peresption of hnﬂntl‘
have prOvided the eongep basis for multilayer GNDN,
Astron ard Wtf‘ pointed cut that prodlems may arise
with the use uf volterra series or high degree polymmisl %
pprexisate non-linear funetions bdecanse of the fasgt that
WMiero are nany ev-officients to estimate, many data are needed
and the computation with the resulting large matrices may b
prohiditive, Ivakhnenko's sultilayer GMIN algorithms are free
of these prodlems. He medels the inpat ocutput relationships
of eomplex p using sultilayer network struoture of
mmw-‘ ® poreeption type, who designed the model
of Wwaln's pereep tion.

dalient features of sultilayer GNDE as spplicadle
An multilayer seleetion preesss vhieh is used in the present
Savestigation are Wriefly deseribed here.

Bach cutput element in the network implements a
malinear funetion of its inputs, The function fwplemented -



15 usually a seeond oxder polyncmial of its inputs, dinee

sach elment generally takes Swo inputs, the implemented
funetion by an element in one of the layers is given by

R R R X X (22 4)

Only these dmu whose perfomance indices exeeed the
Shresheld at that layer are sllowed %o pass to the next layer.
Merefore; the netwerk represents a feed forvard transformation
wherely cach succeeding layer in the netwerk inereases by two
the degree of the multipolynomial fit to the input preperties
of ;o Figure %.2.1 depiets the conoept of feed forward
transformation.

The selestion hypothesis enpleyed ty Ivakhnenko to
selest the elements t© be tised in the sugeesding layers involves
o basie eonhelusions ; the eouposith charaster of e system must
be based on the use nf the signals whieh control the totality of
the elenents of the system, and the long history of the art of
selection as odserved in the case of plants and animals ean %
nmﬁMly extended % the eeience of enginesring sydernetics.

Let us saplain the two sonditions, To get, say, plants
in the agriewlteral sense vith sertain specific prepesties,

a large mmder of plants are sown which may have these
preperties, and the plants are evcssed. From the harvest of
the first generation, the plants are chosen which better cur
requirenent ( the first self selection ) as compared to others.
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The sesds of the selected plants are again sown and
erosseds From the sesond harvest we select certain seeds and
the seels are sown, and 80 en.

Mles employed in the proeess of mass selestion ave

as follows

1) or each generation eertain optimal mmbder of
seeds are sown.

11) The seleetion process sanmot be sompleted in &

single generation ( at least 3 %o 4 generations

are needed ),

Pereep tion amw‘ ‘Uot Mosenblast duplicate
the above mentioned process. Pereeption ean be used for
fdentification of extremal processes, in contrel theery sense.
The conplex surfaes of extremal hunp is sppreximated by
pelyncaials. The signals appiied to the pevesption inpus
eontain information about the surfase of interest %o us,
e surfece is usually deserided by a number of eperiamtal
points and simple funotion of their eowordinates. In acsordanes
with the seleetion hypothesis, the siwple M of sesond
degres that are casiest to inseride in the surfases are taken.
he combination of data are subjected t0 the first thresheld
selection, in accordange wvith the integral square sryor
sriterion aa a separate eheeking set. Only seme of the
polynomials vhich fit best intc the sought surfase are allowed
to pass into the second layer vhere they form mere etaplex
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eonbinations of polymomials of fourth degree. Frem the
Second layer again the polynomials vhieh f£it best inte the
sought surface are singled out and sre allowed % pass inte
the third layer and 80 on. The precess econtimes sv long as
niniaum of a selestion eriterion is obtained, This
sonstitutes Ivakhnenko' s‘g“;:%:y‘n nothed of

data handling algoritims .

The so~efficients of sach layer in the network are
deternined in the feolloving aanner.

Consider one element in the first layer. It
implesments the function Ag(x) ehown in equation (B %.1),
The data are divided into two sets - training and cheeking
sets ). Assume that these are N. input vectors in the
training sat sach one af them 1is couposed of p-property

values,
]" - (m.%,..:;‘.)
Re 1;'. see g ] m.'l.)

Denote the n th desired cutput as @y A set of six
so-offigients for the elements (mmmmtu:uu:.,)
must de ultained so that the integral square ermy bdetween the
outprss of this element Yy and the true outpat § 1s sinimised.
The es-effigients are adtained by solving Geuss Novmal
equations. The system of equations are writtun as
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02 = 0ge 0" agT S Ayt aghy ¢ aEy
. 23

L

* 8 8
O = 0yt 0,3y % 0gky * Aglipedyyt agly, * Ag¥y,

in the matriz form ¢ = YA wvhere ¢, X and A are Nxli, Nxs and
Gzl matriees respestively ( the first element of eash rov of
R~ mateix is unity ). Veetor A eontains a set of six
es-effistents vhieh enables Shis slement %o be appreximated to
the true cufputs in assordanes with the method of least aguare.
While estimating the co-efficients 1t has been intuitively
assumed that the equation errer is a wvhite moise process vith
sere Bead, esnstant variange and unecrrelated with inputs,
and 1t 1s significantly small., The seeond assuaption i3 that the
mnu_pujawnh are exactly known without any seasurement
m‘“ .

his process 1is repeated for each element in the
fizat layer vith the components in matrix x changing each
tine depending sn the identity of two inpats t©o the partievlar
slenents. he same technigue i repeated to find the six
so-offisients of cach element in the sugoeeding layers.
After the Yalues of the co~effisients are obtained the
perfommanee index of a given clement is deternined by
somputing the integral asguare error between the cufput
of each slement and the true output on the whole data set,
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Galy these elements wvhose perfornanee index are satisfactery
are allowved %o pass %o the next layer. Figure 2.5, 8 shows a
flov chars of aultilayer GMIK algoritim « the Ivakhnenko's
thesry of self-organisation,

Computational method for multilayer QMIE algoritims
has besn briefly deseribed in the ensuing sestion,

The conplete deseription of any prosess is given
w

O.f ‘llg !'. l” YY) ‘l) (2 2.4)

The precess is to be eonstrusted of several layers of partial
deseription of two input variables taken at a time.

'l - f(‘*al.)p ,. - f(laul‘): ssey l‘. - t“bl".)

e ‘(,‘Q")’ l. = ﬂr,a‘h eve " - ‘(’I-l',.)

n
’ % ooneeosen

2 a-2)1

and so ohy vhere B and p are the mamber of pairvise
oombingtions of first and sesond layer respectively.



RATIONALIZED QUTPUTS AND INPUTS

CHOOSE TIME LAGS ON THE BASIS OF AUTO CORRELATION AND
CROSS CORRELATION FUNCTIONS OF OUTPUTS) 4ND OUTPUTS -
INPUTS RESPECTIVELY

OF VARIATIONS

SEPARATE DATA INTO 1RAHING AND CHE CKING SETS ON THE BASIS

OUTPYT
BECOME
INPUTS

YES

FlG.

CO - EFFICIENTS

FROM QUADRATIC POLYNOMIALS WITH ALL INPUTS TAKEM TWO
ATA TIME THE TRANING SET DATA TO CALCULATE THE REGRESSION

i
v

RV [ S

OETERMINL THE BEST FITS TC THE CHECK NG SET DATA ON THE
BASIS OF INTEGRAL ERROR CRITERION: PASS BUT PREDICTORS TO

THE NEXT LAYER WHERE THEY BECOME INPUTS

LOWEST INTEGRAL SGQUARE ERROR OF TUIS

No

LAYER 15 LESS THAN THAT OF THE PREVIOUS LAYERY /

PICK BEST CVYERALL

PREDICTOR

2.2.2 FLOW CHART OF MULTILAYER GMDH ALGORITHMS .
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Irputs whioh have styong sorrelation with the
output are selected. Correlation funstions are defined a»

B2
Ebm- 7) gUer ) F)
I’"( A )= Oén'}-"““n-omm—un--nv—-----ou---mwu aWae)
/“m . X 2 7'3
et ) aw.D/
_, 1=l Jnle)
| ) -
z W)=y ) ®@*+7 ) X)
Kyg()) = IR T, (5. 2,7)
. ‘
/ B - B 78
. Z Q@) -y E_ (x(3) « x) _//
f1al ‘ P ))

where Ky () and Ky () are sutossrrelation and eress
sorrelation of cuput and sutput-inpus respectively for
differens lag 72 , 7 ®w 04,8yeed § N = mmbder of

data ”ut!.
Data are retionalised in the form
X(k) « X@ain)
xk) & ae. - (2 2.8)
Xnax)-X @atn)

vhere X(k) is the actual value of data at the b-th instang
of Sime.



he eo-efficients of the first layer of partial deseription
% given as shown in the equation

Ta ® foa® S SR S Sy * gy )

where a, is the mmber of etabinations and dye are indiess of
combinations of inpat variables taken two at & times The
et-efficients are computed ly solving a system of mosmal
Gaussian equations, The left hand sides of the eguation are
sat ogial to the values of cufput ut every peints, After
finding the values of the ev~-efficients the values of the
internediate variables are obtained. IThen using the data set
the integral square error between the intermediate variabdles
and the true output is determined, Only the variables wvhieh
give lov error are selected for subsequent use. These variables
are retained veriables wvith high erver figure are discarded,
The nmmbder of intersediate variables should de kept same a8
the naaber of imput variables. In the seeond layer of
selection the co-effigients of the partial deseription,

| s _®
IR N AR RASNIASNE NS * A

of the layer are caloulated and the accuracy is cheeked again
te select the aseurats intermediate variables of the layer.
The presess of selecotion gontinmues sc long as the integral
a@cmmhunmmm the next layer
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starts inereasing: Thms multilayer GNDE oomes to practical
sonvergeney.
e integral square error criterion is defined as
L 23
S (11 (emerved) - 11 (mote1))”

? ‘ - ..?é..-nu-“.—Q--q\‘“-u‘u-a-uaouou ‘& &u)
4

2
E ( X3 (odeerved))
iw}

Bvery internediate variable is exmamined for its eoffeet
oh predietion assuraey. e training set is used for finding the
w-effigients of the partial deseription, whereas the checking
S0t is used to evaluate the quality of partial deseription.

Thas sl tilayer GNIR has inherent decision regularisation,

Polynomial deseription of the process is odtained in
the ferm of partial deseription of intermediate variables of
different layers. Kliminating the intermediate variables the
etuplete pelynomial deseription of the process is obtained
in the form of Gader-Eolmogerev type of polynomial a»

In
e Seme 33

a =a
+ } E z MagaX Ty ¢ o0s (2., 18)
iel Jul Kk |



B8 ,&;..m of Jaltilayer GNDN

With the help of multilayer GNOH algovittms
Ivakhneaks obtained the polynomial deseription of British
ssommy for prediction and eontrol on the basis of
eharasteristie varisiles established by Parks and — %/
Houristic self-organisation sethod proposed Yty Ivakhnenke in

GMIE o) poritims hnz_,:::’ in a modified form Yy Ikeda,
Oohial and devargi for developing a non-linear river

flov model from the availadie data of river fiows and mean
areal precipitation, It is observed from the numerieal
eonparisons mede betwesn the prediction model by OMIM and

by eladorate hydraulis methods, that there are significant
isprovenents in the heuristie prﬁiﬂhz_gla’rlm for

real tine eowputation. Iamura and Xonda have used GMIN
algoritims for identifying spatial pattern of air pellution
eoneentration in a large area. maﬁ:‘s‘ QMO algoritims
have been used bty Duffy and Frankiin 0 model an
mviromeental system producing high nitrate leval in

agrisul tural drain wvater in the eorn bdelt in the United dtates.
e nethod amounts to fitting a polynomial th the multiinpug
single output response surface. They ebserved that the GIEN is
advantageous vith systes characterised Ny complexity with
many variables and paremeters, 11l defined aathesatieal
strustures and limited data, These algorittms are useful

for espirically generating hypothesis about vhich relatively
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| e/
11ttle 1is known. R K. Mehra has enployed GNBE for

forecasting vheat erop ﬂzlg’?lu wealher data, A comparison
of the results with Bater shows that erep predietion
using GMIH compares faveurally with the results shlained wesing
theoretical-empirical nodels based on over ten years of
research. The structural inforsation obdtained frem GMIN as %o
which input variables bave significant effeet on wvheat erep
yield 15 also quite significant. Mehra has suggested the use
of all data points alternstively as training and oheeking
sets. mz_.ww. is expected to give good resulis,
Chandhuri has used GNDE for fdentification of the
interactions of meteorelogical proeesses on monthly tess
oop produstion. It is obdserved that mul tilayer QMM gives
good prediction results, identifies the significant variadles,
and gives an insight into the eontrolling aspects to adhere
0 4 desired level af tes orop pmumz.,” 7
Maulik, Sen Gupta and Chaudhuri have developed
a dynamie model for sixth hourly predistion of river flows,
by sultilayer growp method af data handling algorithm,
correlating the different wp-stream fleows and the ratnfall
at the different gauging stations in the catohment region
af a river with the flow et the point af forecasting.. -
ey have also edbtained a real time predistion Md‘ ot
for hourly flow at a point in a river system eorrelating the
heurly flows at different gauging stations in the Wp-strean
region, e models are found the sisulate adequately



the major variations observed 12.&0/_’10“ neasurenonts,

den Gupta, Maulik and Chaudhari have Peported that the
multilayer GMDH s quite sapable of modelling on real time
basis the dissolved oxygen levels, ineorperating interseting
paraneters of a non-tidal river passing through a highly
industrialised region.

220 Combinatorial Grewp Nethed of Pata Handliag

In chapter V the medel of anmmal installed plant
sapacity of electrical enevgy of India has besn edbtained in
the forms of polynomial of optinum complexity bWy cewputer
aided self-organisation of mathematieal models,

With the theory of m-nmmn‘ ‘Wum
heuristie learning algoritha ecumotly known as grewp methed

of data handling it has been possible % formulate mathematieal
apdels for ecomplex processes vith prediction optimisations

The ecnoept of self-organisation can be illustrated
o8 fullows. When the model ccaplexity gradually inereases the
somputer finds ty shifting the different models, the mininum
of a selection eriterion which the eccaputer has beon ordered
o look for. Thus the computer indicates to the operetor the
model of optimum complexity.
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%31  Preeess Bquatien

m:nm‘. yam besn developed fyem the
fllustration given in .

™e physieal process involved in a stomm pericd
418 stechastie in nature. The process can be represented in
the ferm of a finite order stochas tic €1 fference equation
of the type as

Tx) = £0x; Ooen)y 3p Otem)y %g(Rep)pore) ®31)

DyRePressy a%e the instants af the

R1y Bgy Xgy sy respectively
which have highest eorrelation vith 7y, ) Ve write

k)™ ¥ flov at the »-th instant

x(k-n) = x5 flov at a W=strean gauging station 1
vhieh has highest esrrelation at lag
iastant n

ag-m) = 3gy flov at a Westrean gauging station 8
 whieh has highest sorrelation et lag
instant =) and so an
Let us assume

(ke ) a0 1 wdy23,4,85 J =mngdyqr
S0 the precess equation becomes
yof (x3, gy Xgo Ry By ) 2 38)



42

The funetion £(.) in equation (R 3.8) 1s sought
in the elass of guadratic polynomials on the basis ef ¢ tadle
of polymemials of gradually ineresasing cemplexity of eight
variables as shown in Table £, 3.1 with the theory of
self-organisation of different mathematical models,

The model af optimum complexity is selested on the
basis of minimum of integral sguare eriterion, Iategral square
ozver is defined as

i 8
S Teap) = 74,4

a im .
x T s ar o 48 e B G W - band “ & a)

2 2
E_ ( Feaph))
isl

vhere rm(t). £81,8)000) ¥ hours, are the tatulated values
of the oupus variadle in the interpelatisn region and yq (1)
are the values ef the variadie obtained from the medel,

%8  ipplicstisn of Combimatorial Grewp Methed

of Data ‘ Al thm

emm‘ qu used eombinatorial GMDR algorithm
% odiain the nediun term and long term prediction models of
snnal Indian tea predustion. Different types of models of
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polymaials of incressing ecuplexity have besn Sested.

‘The polynomials vhich give miniwun of & selection eriterion
have been found, It is found that anmual tea evep predustion
is a nonstationary preeess. It is olwerved that the lav of
anmial tea crzg‘g uction varies vith time, mn:. Sen Gmpta
and Chaudhuri have obtained a sinple dynamieal model of
hourly flov of s river vwith a minimum of sixth lag instange

in the measurements of up-strean flows at different vp-stresn
gmging stations using eombinatorial GMUK algorithm. The medel
has been verified w‘wm against field data. Sen Gpta,
Manlik and Chaudhuri have odtained a dynanie model of
optimun eomplexity for daily foresasting of disselved oxygen
levels of a non tidal river wvith the help of the ssmbdinatorial
GMIE technique. The model has been verified by field measuresent
of the diseslved exygen eclliected over a 30 day peried froa tw
Tiver Cem in Eastern England. The distinet periodicity has been
ohserved in the daily dissclved oxygen levels. The simmsoidal
terms have besn ingorporated in the polyncmial medel.

240 States Estimation of Rectrical Pover 20‘

he realiable ocperation of ¢ pover network depends
on a real tine data dase for menitoring, security and eontrel
of power system. States estimation programme ean enhanse the
data dase for on line real tinme operation of pover networks,
The basie funetion of an estimstion programme is te eonvers
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the telenetered raw measurement data intw a reliable
information base. The infommation base eontains all essplex
s voltages, pover and current flovs as well as injunstions
along with the network status and parameters erre¥s,

el A £ o 8 e

States Betimators

The powver system state nz;ap’ya results frem
tvo big fields, lo:g %og is and estimtion theery.
.G dchweppe~ ' ' ' appears %o be firet sstentist %o

initiate the spplication of the modern contrel Steshaique of
state estimtion, detestion and parameter identifieation,
originally developed for W’;’o jons, o meet the pever
system needs. Dopaso et.al. have developed A. R.P,
dtate estimators for real toring ef pover systea
state variables. Arafeh u.al‘ " have given ¢ goed eonverage
providing assessment and ecomparison of different state
estimation techniques.

e veighted least eguare nethod is the general
basis of state sstimtion algeritins aetually used. An fiterative
progedure based on Fewton-Maphson'e methed is used % ashieve
sonvergengs of the state variables,

e state estimation algorithus are divided fato two

eategories, nanely, static state estimation algorithm and
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Srasking ‘,;7. j-u-uu algorithm, Static state estimation
is defined a8 the proeess of somputing the network ncde
voltnges vhish are the etates of the power asystems from a set
of measurenents made upon the network at a saspling instant
(f.0:. ) snap shot measurements ). The set of measurements
inglude astive and reastive node injesticons or line flows
eurrent and voltages ete. Ia real time on-line cperation
quasi-dynamic tragking state estimator is used for recursive
estimation of the state eariables. Recursive estimation is @
process uf updating the estimated state sach sampling instant
on the reeeipt uf fresh information,

In the method 2% Sed in chapter 1V a recursive
Ups tragking algoritim is used, Tough a snap shot of
asssurenents is considered %o illustrate the application eof
the developed netheod in an Literative sequences, the metiwd
1a quite usuable for on-line diserete time contrel cperation
for the powver network. Ia shapter Vi s complete derivation
of the pever system states estimator vith a tragking
algorithe has been given in details vith the Reeetsary
1llustration.

56,0 nss-de vith ordered
Nodes s Pre Al gori thm

1t 1s desired that transmission system should de able
% tranmmit electric energy economically and relially frem
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gonsration eentres to all load eentres at a generally
aseeptaile voltage level, This negessiates the study of the
load flov in a pover system W determine steady operating
states. Results of the load flov analysis are used for
stability analysis and for power system planning eperstion
and eontrol. A large number of rageriesl_algoritims have been
developed over the last W yur:?”'”'?nnn most of the
algorithms are variations of two mumerical technique such

a» (1) Causs-Seldel method and (11) Newton Taphson method.
e present effort is an exposure of the Gauss-ieidel method
ander different s conditions vith optimal ordering of duses
by Dynamic Pregramming algorithm.

Be8. 1 gm mﬂng of Nodes

™he computational effiefiency of load flow analysis
depends on the order in vhich the Gaussian eliminmation is
pexformed on sparee matriges and total number of new non sero
slements are generated in course of elimination, It is observed
that the emputational efficiency is greatly faproved if the
asdes are ordered in an optinal way.

The Principle of solution of spagsity oriented node
ordering prodlem oan be stated as huoé%:‘om“’“aﬂ'u‘?

An initial segnent of an optimal ordering is a gromp ©f
asdes of a network which has She preperty that their optimally



ordered elimination of the remaining nodes in a netyerk
eonstitutes an cptimally ordered eliminatien of all Whe
nodes in s network.

e principle of cptinality as stated adove s
applied to the prodlem of optimal ordering of spareity eriented
nodes in power system network. Mis cptimisation prodien is
solved h‘.;:ot:;r}un procedure ty Rynanic Pregramming
al gorithm following an optimum decision poliey,

The objective of the sparsity oriented cptimum oxdering of
nodes 18 to determine ths best possibdble wvay of performing
Gaussian elimination, so that the amount of f£1ll1 in or the
valengy af the elimination is minimum } the valengy of n
node is the number of aew paths added among the Pemaining
set of nodes as a result of elimination of the node and

the valenoy of an ardering is the total number of mevw paths
gonerated in the process of performing the nede elimination
in the order speecified,

in ohapter WII & eomplete derivation of the
dynanis progranming algoritim has deen given vith an
11luatration on IERE 14 W08 aystem,



CEAPTER I1I

O LINE SIMULATION OF NOURLY RIVER FLOWS FOR MUN-OM THE
RIVER HXORO-ELECTRIC PLANT



CREAPTER 1II

ON-LINE SINULATION OF HOURLY RIVER FLOWS JOR NOW- O 2MR
RIVER HYDRO-RLECTRIC PLANT

30 Iatredustion

Assessment of the present state of the hydrepover
gwmeration in Indfs indigates that the huge water power of the
rivers flovwing through the Himalayan regions 1is virtually
untapped. A realistic estinmate of the availability of water
power of the river Teesta iu North Bengal in the Eimalaysa
region in the wp-strean of Corcmation Bridge point as a singla
generating station ef the run.of-the river typa suggests the
generation in the range of 1000 M. Complexities of the
hydrelogieal characteristics nf the ZTessts vatershed regisa
in the msuntain necessitates the on-line monitering of heurly
river flov and real time control of hydraulie strustures of
the power plant in conjunetion with the monitored variables.

Computer based digital supervigory system needs a
highly realistic hourly flow simulation model to b ingotporated
in the ROM of the respective processor. imall general purpese
mieroccmputer can be tsed as peripheral controlless with
preprogramued estimation al pritim in conjunetion with
etmputsr eontrol supersystem. The present investigation



develops the hourly flov simwtlation technigue with the
aybernetieal methed of reeursive least square instrument
varialle algoritim with paremeter trasking adeptiveness in
the estimation of instrument variables. The effeetivenses

of the developed technigue has deen demonstrated in obtaining
an on-line simulation model of the hourly flows ef the Mily
river Tessta in North Bengal at Covonatioa Bridge Foint en
the basis of the odserved data at different w-strean

Sanging stations.

&40  Modelling of Heurly River Fows ly Reeussive
Least m Instrunent Variahle nglﬂ-

il Developaent of Recursive Alzruht

e recursive tecnique has been defined as a

technique in which an estimate is updated on reeeips of fresh
information,

Systens Dynamis Equatioa

A strong correlation of the down-stream flows vith
that at up-strean flows, particularly at the eonflusnese of the
tritutaries, suggests that the process may be represmted in
the form of a mon-stationary time series with a predadility
that the ourrent value of the output X(tx) 1s a funetion
of the previous output observations, the antoregressive



Sorns !‘kl)’ !‘%". ssey the pant valugs of the “m
sorrelated deterministic inputs

nl('..'l) .v.("_n) goee 931‘ ".'3_ 1).’.“..’.. 1) pose

tOgether with s current unknown prealization of the noise
process 7 (tx ). The process can be represented as

X e ) A Tty
1a2

bl )
E_ z 59403 (b pyg) ¢ 7lty) (% 1)
Jal 40

Deteraimation of n 1s knowm as the model order determingtioen.
It 1s suggested that the output correlation is an intuitive
eonsideration for model determination wvhich is also the medel
strusture tdentification.

With baskward shift operetor ¢ 2(.) defined
a8 T Y0t ) = YOty ), equation (.1.1) transforms to



& isl
»n ~ n » 7
-l
2 / 2 d L L, T o) (3 2. 8)

Here, ‘2(&) nay be expressed in a moving average
seguenge as

P

Ling) = ?_ Niap) ¢ vity) (320 9)
pmi

wvhere vity) 1s a vhite noise imnevation process with

${vem) v} = 0 for g x
EAMUSIRION Sl L IR (30 204)

- This medel 1s quite flexible since it requires that
the equations should be linear in parsmeters. |
Bquation (3.1.2) may be represented as

Tity) = aZy) ¢ + () (30 2.8)

where < 1s the parameter vester vith the property of slowly
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varying with time and amenable to reeursive adaptiveness, and
l’(tg) » ‘/ !“._‘)noig !(t._.): vl(t._'x)noo

ﬁl(t"b‘)tuo " (ﬁb,.)nn .‘. (h"l'.)‘/7 (Wi

where 23, J w 1y8icvicieeg B Stands for the lag time instant

of Wp-strean flows whiech have the strengest eorrelation vith
the dowm-strean flov X (%),

QHi8 .;."‘.E.“ Iggn uuuttg_gt Pmm_!

e paraneter values of equation (3%.1.8) ave estimated
W ninimising a loss fungtion defined as the sum of the sguare

arzrers a8
¥
PR Z T - s RR)
= AL LU 1
ksl

e estimates < of o that ainimise 7 are ealled least
squares estimates. Thas, for ainimiszation,

53
-'.gfé'“ = o
.2/ 2 sing)a¥n) /-8 / 2 B ()X (ty) /7
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Heneoe the well known equations for least sguares
Paraneter estination as

- ¥ 7—_§N
2o/ ) stnon [/ Taworen 7 (nL8)
L kul < k=1

HL3 Algrites for Resursive Least Square

Estimation of Parameters

I 1% 1s assumed that the estimate X of = is s
slewly varying funetion of time, the nev value of < defined
a8 (%) will sppear as each information is serially
prossssed reeursively,

The algorithms for least square resursive estimation
of paraneters have been obtained as

D) w Ry ) POty 1) 5(ty)
’~ 7!
C 1t array amy) _/7 Y (%)
-s¥ () ity ) (3 2.9)

Poog) = Pony ) =P (ty 108 () LeaT (ty) P

4
(b, 05 (%) -7:‘ ()P % (8. 1) (3 1420)
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via Py

Frem loast squars estimation () and P°()
may be initialised for a block of data or for the whole
data set,

The parameter estimation algoritims of egquations
(2 4:9) and (3,4.10) do not oversome the problem of bies,
The eonditions for unkiased estimates have been stated in
oquation (3.1,4). Por most eases of prastical interess,
vity) is net a wvhite Ganssian sequence and estimates of

o, are ROt unbdiased,

To oversome the probles of bias many variants of
sosursive paraneter estimtica algoritims have deen suggested.
Of whieh the recursive instrament variable algoritims are
found % be easily amenable %o simulatioms with repid
sonvergent properties.

%led  Beewrsive Instrment Wrisble Algoritims
for Paraneter Bstimation

he nost likely scuree of biased estinate is the
presenge af signifisant noise sequence esorrelation betwesn
moise sequence and the past values of the outpet,



Referring to equation (3. 1.2) with suitable
ostinates of the paremeters, an auxiliary time servies medel
ean be eomputed as

/‘
/

-~
!(%) -
VA

) N 7¢\
7_ Ay Y / Xlty) +
i=d d

a8

/ 7
7_ / 2 $,1 4‘:/ Uy (Y pg-1) (%l ld)
Ind

Equations (% 1.8) and (3 1.11) suggest that any
variation 1n T(ty) should be strongly eorrelated vith variasions
in the moise corrupted output observations Y (ty), Wt the
variations in ¥(4) should be uncerrelated with ¥ (%)
provided Y (ty) 4s mot eorrelated with the measured imput

sequences Uj (ty ,0)) Le0ey
350t L] = 0 fral sk we L

The sequense ?(&) fs ealled the sequenee of
fnstrment variables. Comsequently, the veetor s¥(ty) 1o
modified as E7(%y), defined iy

Qr(t.) = l:.?(‘i-l)”"3"‘-!’"‘“‘"1"" op

Ul(t‘,’b“).nm. "h“br.”"' ’n(“.") .7
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The eonditions of unbiased estimtes are
medified as
s Tdf = 0 forall
it ﬁvcw m,)} « 0 for kpy
- f" for ks

Replasting s(ty) by F(ty) and mot sT(h) w3% (%),
the resursive instrument variable algoritims are given as

Klty) = X (4 1)+ POy ) R 1 ¢ sT(ay)
LAY By S : ixtw - %) 2 (v z’}
Poing) = POty ) = PPty ) R0 20 2Tty

1
Py ) BT 4Tl P (3a2018)
vith
Tity) = //..? A, ¢} /7 Tin) +
L =l 1%

- 7
2 / }_ 53’ Q" / W‘ (‘."“‘)
10 ~

gm &
- k ‘1
A / 7
and Py) &7 D fagatay) 4
* A =i d " 4 .



() and 7°(.) have been initialised by the least
square methed using the vhele data set or a hloek of datas
The instrument variables ¥(.) 1n3(.) are edtained

threugh a separate parsmeter tracking algeritha as detailed
belows

s n a
M) = ) ATy )e 9 > Dy Uylhgyy)
dud Jsl iwo
q
. Z&chu(s.,‘). Xty )+ o (o) (3010 13)

where the thind eemponent is the moving average etmponent, s (ty)
is the errer sequenee.

T(ty), the estimate of Y(t,) ean be written as

) = aTiy, ;) sy ;) (310 24)

vhere S
.'!“51) C‘:f /3&: /@‘.uto. Sm' Sununu' S“O

7

o SURL N U

80ty 3) u‘/ !(‘,x)’ x«'_g)n‘n, 31“"’1)
coreres Oy ) [ BL18)
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e eo-effieint veetor 'a’ san de sstimated ly ainimising
the gquadratie performance eriterion Jix(a), defined as,

k
nw e ) (xap- e e
Jul

o (a-alte))” T 3(te) (a- alty)) (30 10 16)

where a(ty) 1s the availadle a priori estimate of the
oo-officions vestor 'a' and 8(%y) is the positive definite
woighting matrix of the order al x ml wvhere al = ménlasl)e Q.

Fory ainimisation,

3ixa) <
it a8y Al (X - aT st )
3e =i

e85 (8 (a- alty) (3 26 17)

It fellows from equation (3 1,17)
k k

2 8(8y, 20X (%) ﬂ-l(fg)l“.) - 2 l“‘_l)lr“‘_;)
=i =i

s 820 8 (% 1. 18)
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k
£ e) = } :Ct),;):'(t,_l) iy (324 29)
=i
and
k
TR T R SN (20 2,80)
I=d

Penoting the co-efficient veetor 'a' as a (8) at the Rime
inatant %, "
& (ty) alty) = d(y)
or (% 1.8)
alty) = a(ty) daly),

From eations (3 1,19) and (3.1.80) the felloving resursive
- equations are obdtained,

wd -l
8 () =8 (e sin)a’ () (31, 88)
‘“501) = d(ty) + s(ty) Yity,) (3. 1.83)

By matrix inversion lemma the recursive parssster estimation
algerithms %o obiain the instrument variables Y (%) ave,

B (b, 3 Juil (e )-8 (8 )8 (te)n® ()8 (84 ) LonT ()8 ()8 ftﬂj y
soe (B de 20D)
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e algoritims are initialised vwith

sy s 1 (untt matrix ) 3 aflty) = ©

!“3) s 0 for § = 0,ely,el) seey

N\
and s(‘:) s 0 for J = 0.01' «-‘; eeede

%80  Detalls of Investigation Mtes

The river Teests, 148 catciment and the sheervation
8ites are descrided delow.

»8%i1

é4 Ses

The river Tessta rising from the Himalayan renges in
north dikkin and passing shrough the deep gorges for nearly
i38 Kns. debonches upon the plain of Wess Bengal near Seveke,
fhe Teesta 15 a very fast flowing river. Its average veloeity
15 6.8 metre per second. In vinter its vater is seagreen.
3d sommer and in rainy season vhen the iee in the glasier melts
quiekly and vhen its catehment is bathed in torrential raine
the nilky wviiite water flow through the river surging its
aaryovy Himalayan fluvial eourse.

The accompanying map, Fig. 3.2.1 depiets the Tessta
river and its catebment. A brief deseription of the river is
given, The river Lohnak originates fwom the snov lime in
North Aikkin at a height of aboat 6401 metres.



e river Pekicin originates from the Zemu glacier at a
hoight of 4968 metres. These two rivers combine at Lachen,
after vhich 1% is known as the Zemuehn Fiver. AS Chungthang
Lashen Cha river joins the Zemu Uhn from the north sastern
side, This eomdined flov is further augaented ly the river
Lashung Chit at down-stream of Chungthang to form the river
Zeesta. Thus the Teesta, is Bngali langnags ealled Trisreta
meaning that three flows have combined together, is formed
by the rivers Zesu O, Lachen Ch and the lachung Chm,

AS Sankalan the river Talums Chu originating frem the Talung
gracier in north vestern dikkin at a height of about 5373
netres, joins the river Tessta. Wto dankalan lengih of the
river fyom the origin is abdout 70 K.u. and the eatchment
uulh adous 4800 sq. K.m,

Fren idankalan the river Teesta flows through the
narsov Himalayan gorges and comes to dingtam, Abous 15 K.m,
w-stresn of dingtam the river Dik Chm joins the Teesta.
At dingtan from the castermside the river ongni Chm jJoins
the eesta. pto Kantitar the length of the river s
spproximate 1i4 K.n, froa the origin and the catelment area
is spproximate 474 sq.K.n, from the origin,

AS Bongro the river Roago Chu from the eastera
eatolment region joins with the Tessta. The length of the
river from the arigin upto Mongpo 1s spproximate 116 K.u.
snd the total catohment area of the river including its
tritutaries wpto Mongpo 1is spproximately 8408 sq.K.n. from
the origin.
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Near Singlabazar the river Great Rangit eonbines
vith the river Ramsn snd the river Little Rangts and fiows
a8 the Great Rangit river. This combination of three rivers
bring in an addition of about 1966 sq. K.m. of catehment ares
%0 the Ivesta catelment. At abont 3 Kon. W-strean of
Teestadasar the Oreat Rangit joins the Teesta., The eonfluenge
of the Great Rangit and the Teesta is unforgettable.
The elear sea green vater of the Great Rangit miwes with the
silky wvhite vater of the Tessta and thus oreating a wonderful
soekiall of nature. The length of the river from the origin
Wwto Jeestadesar 1is about 13 K.u. and the cateiment
is (approms) 7734 8qe Keie

UWto Coronation Bridge the length of the Teesta
fyom the origin is (bnn.) 188 K.n. and the eatsimens area
1s abous 81€7 sq.K.n. Upto devoke its length from the origin
2s ( epprox.) 160 K,n. and the oateiment area is adout
817 8q. Keme

In the plains the important tribdutaries of the
Tessta are the Lish, Ghish, Chel, Neora and the Karla. Upte
Deomohani Road Bridge the length of the Tessta from the
origin is ( approx.) 806 K.m. and the satehnent avea
$s ( approx. ) 9438 ag. Kem.

The Tessta nixes with the Erabmsputra.



% The Main Odeervation Stations

The main observation stations frem vhere the date
for the investigation reporied in thia chap tor were eollested
have been shown in the mape A dWief deseription of the
stations are given below.

“&3 brief note of various observation am‘

de SANKALAN BRIDOR

a) Losation 3 Late-27" 20'N, Long.-83° 38'm,
| on river Tessta in hilly terrain of
North Bikkin deown-stream of soufluenee
of Lashenehu, Lachungetm and Talumgehm.
National Highway 31 4 is adous 3 K.,

fron the site.
b) Nature of |
8tation ! Gauge and Diseharge vith 15 Vets K7,
VWirelees fasilities.
e) Mode of t Hourly gange ochserved round the sleek
observation during monsoon. Discharge ehservation

thriee a day at 0800, 1500 and MO0 hre.
using wooden fleat and & flocat run of
30 m. Cross-sestion taken onee & menth
using sounding of 15 Kgewts



- 4) length of river fron

origin upto site 3 70 Km. ( approxs )
¢) Catohment area Wp®
site frem orvigin ¢ 4800 sq. K.m. ( approm.)

£) bDate of commencement
of gauge/dissharge ! A8, 10,78/ R,18.78

) Maxm. observed gauge |
s / 7%0 n. on 8.7.79 (1900 Nve,.)
Diseharge Quring  § = los 64 Oauees on 18,7.79 (1000 hse.)
nonsoch of 1979

h) Mamxm, over recorded
bl \ mw-ua.o.n(mm.)
anad e 1799.07 a-ul on u.v.n 0700 s, )

1) Type of Raingauge : NIL.

KHAN T ZAR

a) Location s late-87" 10.6'N, Long.-88° 30'% in
| Sikkin on Teesta. NE-31 A 15 abeut
i K.m. from the sites
b) Nature of Station 3 CGauge and Disgharge with 18 Watt.
‘ L7 wvireless fueilities.
e) Mede of 3 Hourly gauge ohserved round Whe eleek
observation during wonsoen. Dissharge observation
thrice a day at 0800, 18900 and
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16800 hrs., using Wooden float and a
fleat run of 30 X Cress-seetion taken
onge a veek using sounding of 88 Kg.vt.

4) Length of river ¢ 114 K.me ( epprox.)
from origin
wpio site
o) Catelment area : @74 i Km ( spprox.)
| Wpto aite foem

origin

£) Bate of commenomment of
" observation of Gauge/
iseharge t 18.6.,70/18,6.70

‘ beerved
§) Kom.o 96,79 moon 8,7,79 (5000 hye, )

620ge/Disetakes ! ot 0 Omoss on 53.7.79 (0700 hve,)
during monscon
of 1979

Naxm. over recorded
h) 207:.80 meon 1% 10.73 O8O0 hye.)

L R T S S s
Gnge/Dilschargs ! o or.7¢ Comoss o 18.6.70 (1900 nre.)

1) Yype of reingauge ¢ One & R Raingauge and one ordinary
. Fainganges .



3) ongre

1)

M VER RANGPO CHU s

(a) losation ! lat.-27° 200 X, uu.-lﬁ' a'n.

on river Jongpo eim 1.0, tridutary
of river Teesta near the junetion
of InRP. Mond at Nl « 31 A §0
about 1 K, M, from the site.

(») Nasure of 3 Gauge and Diseharge with 15 Watt,
dtation Ko ¥, Wireless fesilities,

(s) Made of observation ! lourly Osnge ebserved Foumt
' the cloek during monseen. Pischarge
observation thrice a day at 0800,
1800 and 14800 hys, using weeden
float and a float run of 0w
Cross-seetion taken onse a week
using sounding of 20 Kgewke
(4) Date of commensement of ! 8,6:70/ 1. 7.7
oheervation of Gauge/
Diseharge |
(o) Mazm.odserved
Gange/Discharge ¢
during monsoon
of 1079

304,608 NSr.on 2.8.79 (0300 hrs.)
603,26 Cumecs on 83,7, 79 (1200 hye,. )
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(£) Mamme ever regorded
304.808 Ngr.on 38,79 m e, )
Gange/Discharge

3
732,0i8 Cmess on hes.

(g) Lype of Raingange ¢ Cne erdinary raingsuge,

“) SINGLABAZAR

(a) losation ! Late-87° O7* ¥ and Long. 88° 1¢' B,
on river Great Mangi$ L,0, tridutary
of river Teesta, 1s 2 K.ny frem the
site.

(b) Nature of Station ¢ Gauge with 15 Watt. K. F, Wiveless

| faeilities,
(s) Mode of
observation 3 Hourly gauge ehsorved yound $he sloek

| during the monseon,
@) bate of ecmmencement
 of ebservation of
Gauge/Discharge ¢ 1l.18.69
(o) Masm. observed
Qange/Discharge
during monsocn 793 310,00 Mtr. on 84.7.79 (000 Wre, )
(£) Mamm. ever recorded
Guuge/Dlschargs + 310,35 Niz, on 12.10,73 (3300 hre,)
(g) Type of raingange $ One S.R. Raingauge and cne endinary
Faingauge.
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ww'

(a) losatton 1 lLat-87°7.5'N, long 88° 28.8'3
on river Raman 1.0+ trilmtary of ﬂm
Teesta, is 1 K.n. from the site.
(b) Natare of ¢ Gauge and Diseharge.
Station
{e) Node of Observation @ Nourly gauge sdserved round the
elogk during monscon. Disgharge
ohservation thrise a day at 0000, 1900
and 1600 hre, using weeden fiset and a
flcat run cf 30 Ntr« Crose-sestion
Saken onoe a week using seunding
of 88 Kg.wt.
@) Length of river froa
origin wto site * 32 Keme { approm)
(e) Catshment area wpto
site from origin ¢ 386 dg.K.m ( aprrom:)
() Date of sommsnoenent of cobservation
of auge/Discharge ¢ 1l 1569/ 1.5,73

Nam. obsarved
® ° 300,00 Mtr.om 89,7, 79 (1000 hys.)
Gatge/Discharge during ¢

140,63 Camess on $9,7,79 (1800 hrs,)
monsoon of 1979

G) Maxms over recorded ¢ 380,18 Ntw. on 1% 10,78 (8800 hre. )
Gatige/Dischargs 481,468 Cumess on 16:8:.78 (9900 hre,)

(1) Type of Raingauge @ NIL.
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(144) o RIVER LITTLE RANGLT
(a) location 1 lat.-27 a-:- 'N, long. 88® u.} '
oA river Little Bangit i,e. tridmtary
of river Tessta, is about 3 K. from

the site.
(d) Nature of ¢ Gauge and Plscharge with Non.exchange
dtation telephone fasilities with Singladbesar.

(e) Mode of observation ¢! Hourly gauge observed round
the sloek during monsoen, Discharge
obeervation thrige a doy at 0800, 1900
and 1600 hrs. using wooden float and a
float mn of 30 Ntr. Cross-sestion
taken once a day using sounding

of 88 Kg.wi.
(4) length of river fryom origin
uwpto site 3 3 K.me ( dpprox.)

(e) Catetment area Wto site
from origin : 184 ig. Kems ( #pprox. )
(2) Bate of eommnencement of ocbservation
of Gaunge/lischarge 2 21.6:7% 1.7:7%%
() Nom. of OMOEVEl 121,83 Nereon 8.8.79 (3400 hre)
Gange/Piseharge TR TTTRTE NS B R
during monscon of 1979

(h) Mamn. ever recorded ‘au.n Mireon 12,210,733 (1800 hrs. )
" Qange/Pischarge 208,57 Cameos on 7.9,78 (1700 hrs.)

(1) Type of Raingauge  NIL.

o




5) IERSTABAZAR
(a) losation ¢ Lat.-27° 03’ K, long. 88° 88'E on river
Tecsta down-strean of the sonfluense of the Great
Rangit with river Teesta NE-31A is abous 3 Kom.
fron the site.
(d) Nature of Station 3 QGauge and Diseharge vith 15 Watt,
Wireless faeilities odservation made on the suspension
Wwidge on river Teesta on Fi-31A., Also having
non-exchange telephons 1ine between canp shed and
Wridge point,
(e) Mode of observation & Hourly Gauge observed round the
eloek during the monseon. Blischarge observation thriee
a day at 0800, 800 and 1000 hrs. using weoden fleat
and a float ran of 50 Ntr. Cross-seetion taken onee
a aonth throagh sounding of 85 Kg.wt.
(4) Length of river frem origin
Wee stte ! 13 K ( spprox:s)

(e) Catslment area upto site from originé 7714 8g Kome (approx. )

(2) Date of ecmmencement of observation
of Gauge/Placharge ¢ 1.5.69/ 88.8.74

(g) Mamm.obeerved Oanige/
Diseharge during
monsoon of 1979

(h) Mamm. ever resorded ‘uv.oo Niroon 13 10,78 (0800 hos, )
Gauge/Dincharge 7648.45 Camess on 13:10.78 (D600 hre. )

(3) Zype of Maingauge ¢ One & A Raingauge and one ordinary

raingmuge.

811,80 Mtreon 84.7.79 0400 hrs, )
15906, 17 Comees on 347,70 W0 hrss)
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o) onoxaxoN
(s) Iocation ¢ An iaportant forecasting point on Fiver

Teesta on NE.31.

(h) Nature of dtation : UGauge and Discharge with 18 Watt.
Vireless facilities and non-axehange telephens line
betwveen Camp shed and bridge point and canp shed o
devoke site.

(e) Mode of observation ¢ Hourly gauge chserved reunt the
elock during acnseon. Jlscharge edservation thries
a day at 0800, i80C and 1800 hrs. using weeden
float and a float run of 70 Nere Cress-sestion
taken ones a month through sounding of 58 Kgewt,

(6) Length of river from origin

| upto site ¢ 158 K.ms ( approms )
(e) Catelment area Wto
site fyom origin @ 8147 8g.Kem. ( appryom.)
(£) Date of conmencement of observation
of Gange/Discharge i10,8,74/ 18.74.

(g) Mazm. observed Gan
e 5% 151,40 M57. o 307,79 (0800 Mre, )

Dlacharge during 1 aees on B4.7.79 700 hve.)

monsoon of 1979
() Mamm., ever recorded ‘m.m Nsze ot 12.10,78 (3630 hws.)
Gauge/Discharge 8000,00 Cumees o 13.10.78 (D0 hye, )

(1) Zype of Raingange $ NIL,
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Table showing the diatance of variocus gaige edeervation
in various basin from the forecasting stations and

their travel time. |
a1 Base Statton [ ¥/C dtaston [ Miver distanee ! pprox.
¥od i } botween base [ gnl
) X i station to zcx tine
1 X I statton in KodJ

W .- L > Wioga W56 s G920 0N B0 agss Whregn i - ey

i, dankalan Bridge (ovemation Bdg. 84 10 Bre.
8. KXantitar Coronation Bdg. 4 o 4 Rrs,
3 longyo Corenation Bdg. 48 4 Hys,
4 dingladasar Coronation Bdg. 84 4 lry
8. Nayabazar Covonation Bdg. 84 4 Rvs,

6 Tesstabasar Goronation Mg » 2 Evs.
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53 Resuld:s of mueun

Data frem 14.00 e, on July 83, 1979 % 15,00 hr,
on July 88, 1979 were cbserved at the gauging stations at
dgnkalan, Great Rangit ( dingladaser ), Jonge ( Teesta ),
Tosstabasar and Gozenation Bridge. The stations are
shown in Mg 3.2.2.

Table 3.8.1 showe the correlation eo-effigients
of the hourly river flov at Coronation Bridge vith flow
at the wp-atrean gauging stations, Inpus variables are
selested on the basis of the strengest eo-efficient of
eorrelation vith flows at Corodation Bridge.

fable 3. 2.8 shews the imput-cutpat variables
rationalised in accordanes vith

X0) o Xysn
B(K) B coccavmecens (1) vhere X(,) 413 the shserved
- Taax~ Xain
value and the values and X .0 and X4, are the maxisum
and the ninimws values af the data sequencs. The eo-efficient

of co¥Pelation has beon defined as

K. - N v
2 /-‘t)--‘} 2 y(i)//x(h‘mu- 5__ z(t) /
M ‘ 7\ ) - n&-.éafn .- .o-lhf:‘ JL -:i:}o” J
Fa YW L] a 7‘
"3 rard 3 g/ Z /@)-12 xay /
L garé fal o J=miep & el J

soe (Rel)
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TARLE 3.8.1

77

Correlation Co-efficiont against Timeshifs Coremation Bridge,
Teestadasar, agoe ( Jesta ), Great Rangest, Sankalan.

Instant § Goronation imm X§ bmuu g Ceronation

Tess tabasar J

Sankalan

{ I(Mh)llnmt X

0 ¢, 0481 0. 7888
i 0. 9786 0.8308
8 0. 9840 0. 8748
3 0. 8888 0. 887
4 0. 7891 0.8683
8 0.67%7 0, 8088
¢  0.8616 0. 738
7 0. 4343 0. 6403
8 0. 3863 0.5600
9 0.8300 0. 4760
10 0. 1880 0. 4018

S

0. 7874
0. 7768
0. 7908
0. 7854
0. 7488
0.6649
0.9788
0. 4897
0. 3884
0.2454
0.1503

Loyl o ]

0. 6534
0. 7078
0. 7488
0. 7888
0. 7088
0. 7473
0.6690
0. 5698
0. 4531
0. 3301
0.2088
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TABLE 3.8.8

OUTPUL.INPUT VARIABLES IN RATICNALIZED UNITS

DATE

CP:I-DOWOI m JonmAT SANKALAN
Tl TR n;cc,,lm.u._,)g:' (%001 Balte. o)
M

DA TS U -0 4 S U 20 Shggy W AR A A 1 S WD USRS A s

July 83,
1979

14.00

0. 319681
0. 450849
0. 804308
0.736863
0, 698307
0.637368
0. 888417
0.560439
0.478887
0. 417588
0. 368637

0.8¢048¢
Ou 44444
0. 741112
N
0.650088
0. 666606
0.622888
. 877777
0.858588
0. 435888
0. 377777

0. 444444 O, 006088
C. 844444 0. 000006
0, 800000 0,817381
1.000000 O, 392304
1.000000 O, 347806
1.000000 O, 304947
0. 977777 O\ 304347
0.838008 O.580408
0. 800000 O, 304347
0. CBESRS O, 304947
0.833333 0. 204347

0. 088181
0, 090009
0, 090909
0, 000809
0. 000009
0+1130%8
0.21338
0, 090909
0.090000
0.088281
0.088181
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TABLE 3.8.8 (Continmed)

m Ieomnutrmn x i

DATE

X

f X( q; ) m;(t._;)”g(t..ug Xﬂ.(\_,)

July 84,

01.00
OR.00

0. 340689

0. 488871
0. 827478
0.571488
0. 604308
0.,692207
0. 747888
0.714888
0. 956043
1. 000000
0. 918087
0. 884178
0.730863
0. 689340
0.67.488
0. 494808
0. 450649
0, 488672
0. 34818
0. 373086
0.417888
0. 439680

0.833333
0877777
0.600000
0.844444
O. TN
0.933333
1, 000000
0.912441
0. 828028
0.711112
0.668666
0. 800000
0.588866
0.811111
O. 488383
O« 404444
0. 433333
0. 423232
0. 488282
0. 496606

0. 430888
0. 406066
0o 444444
0. 400000
0. 404444
0. 577777
0.62808
0. 644444
0. 644444
0.666066
0. 800000
0.800000
0. 840444
0.800000
0. 701141
0.conNN8
0, 628822
0. 877777
0. 502282
0. 432888
0. 400000
0. 400000
0. 385685
0. 311212

C.888008
0.888008
0. 434788
0. 434708
0. 434782
0+ 456821
0. 581739
0. 808827
C. 765508
1, 000000
1. 000000
0. 788608
O« 888817
C. 521720
0. €79860
0. 434788
Oe 434788
0. 434788
0. 413043
0. 434788
C.434708
0. 478260
0. 488860
O. 488881

J{L Y

0.088181
0,000909
0.000909
0. 136383
0.181818
0.27787
0. 318181
00 409090
04 500000
0.636363
0.86383¢
1.000000
0,777
0.6386383
0.879645
0. 488638
0+ 409090
0.29645¢
0. 182818
0. 181818
0. 181818
0.181818
0.861383
0.8737M?
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TABLE 3.2.8 (Continued)

hr
I

July 28, 01.00

1979

OR,00
03. 00

iﬂMﬂ!ﬂI m
!‘ & ) FL‘EI)I’!(%‘; x"‘k.) m“t‘_‘)
sl St S St il

T
-xmm

0. 439860
0. 438571
0. 433076
0. 396604
0. 340659
0.896703
0. 888747
0.352747
0.841788
0.219780
0. 197808
0. 196813
0. 186813
0. 164835
0. 148887

L L L 2 )

0. 456666
0. 466686
0. 444444
0. 428088
0. 400000
0. 377777
O. 377777
0. 377777
0. 33333
0. 283888
O.866608
0.84444¢
OuB44444
0.28028%
0. SR8RA8

- 0 W

0. 866608
0. 866066
O, 288888
0.888888
0.823388
0.882308
O, 222888
0.800000
0.200000
Ce 177777
0 377777
Qe d??777?
0. 158888
0.133333
0. 133333

0 39130¢
0. 391304
0. 367886
00 364868
0w 413043
00 436788
0. 434783
0. 430788
0. 3043
0+ 360068
00 386006
04304947
0.883608
0.980069
0. 380069

0. 878727
0.278787
0.838638
0.830636
0.338638
0.830638
0.181818
0. 181818
0. 181818
0. 281818
0.181818
0. 281818
0.138383
0.136383
0. 108878

SN SR A G
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Using reeursive instrument variable algeritim with
paraneter tracking adap tiveness for estimation of instrment
variables the mean error and the integral agiare evrer
for R=s2 and § =8 were found as 0,013478 and 0,014917
Yespeatively. The integral square eryor has been defined as,

]
21‘/ X(8y) - ‘i‘(t,)
168 = -3" ——enoees - (% 28)
2 L !(t;) J7
FTS)

Br a moving average seqiuenes of P = 8, 7(tg) was foumt to
have a mean ervor of 9,850888 5-03 and a varianee of the erver
sequenee v(k) as 0.934178. Cheerved and the errers detwesn
the $heerved and modelled values of $e bourly river flows are
shown ia Mg 3.2.3a and 3.2.3b srespestivaly, Parameter
vestor ' ' and the matriz P* have besn initialised for
Mock of data using least sguare technique. Table 3.2.3

md Tadle 3.2.4 gshow the initial values of the parameter
vester ' ' and the P* matrix respestively.

Thus, the recursive instrumental variable algoritime
have beeh found to simulate y the observed hourly
flews for real time onuma" + The computer prograanes
in BASIC language are given in the Appendix as Al.l « ALS.
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INITIAL VALURS OF THR PARAMETER VECYOR * & *

S L B LE B o0 e o s w v -

TABLE 2.8.3

0.280781
«0. 388690
0. 166041

83
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s
3
4
8
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TARLE 3.0.4

INITIAL VALUES OF P*(.,. ) NATRIX

88, 580864 - 2. 889083
- 8, 880083 4.177748

- 40, 030819 §&. 355676
- 33, 521385 13, 017608
« 33, 106048 -83. 537688

7. 568788-13. 053607

-16. 301838 9.1968%7

15, 003694~ 11. 808087
0. 987803 10, 415648
35, 0R0081 0.8385984
- 14. 871545 6. 358086
6.180561 1.193887
- S.088847 4.076049

6. 49440018, 928888

N

« 17, 543808
- 37, 433908

9. 629418
- 7.808047
- 8. 780300
« 8.3%0788

- 8, 480804
- 3.768308

- 8.911984

- 8.500097
«1%, 157318

1. 880106
= 40, 960881
- 3. 078008
- 8.881819

0.048001

1. 038974
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TABLE 3.8.4 (Continued)

- 68, 248040

- 485, 479030
- 395 470063
86. 771804

- 2.588897
- 30, 978607
47.006228
-28, 18179
- l.90ese2
- 7449749
10, 621928
- 1486700

1.698188

- 288177

« 18, 157318
18. 657978

-8, 181179

L. 333767
8.713M48
- 8.727901
3. 5983

« 0.875008

4766638

«17. 543808

- 424112

1.880156

- l.90¢0Rs

1. 339747

- 7.199703
0.578893
= 1.5100%¢
8. 388088

3832064

« 37. 433006
- 48. 718748
- 40, 9369661
47, 790688
« T. 449749
- B 719448
- 7.190783
5. 210148
-85, 645643
= l.1O7681

3% 787488

7. 7RRE80




TABLE 3.2.4 (Contimned)

4 19,934508 - 8.430854 - 3.763396 - 8.911984
8§ - 2078808 - 8.561819 0,046001  1,03%974
6  -16.687083 G.034580  3.840898  14.064387
? 10,481918 - 1466709 L. 696162 . 3.888177

8 - 8. 727001 3.506983 - 0.875600¢ 4. 766638

0.073303 - L.51803¢ 5.2058088  3.331084
~88.645043 - L 167631 787456  7,782880
90,858900 1900406 - 8.807861 - O, 987870
1.900408 18, 300408 -17.847788 4283845

- 0. 807861 - 17.847788 37.880808 - 16.807204

& & & £ 8

-0, 987570 4.883848 -16.38780¢ 20, 010860




CRAPTER 1V

RLECTRICAL BNERGY CONSUNPIION MODEL WITH INTERACTING
PARANETERS BY A LEARNING IDENTIFICATION ALGORITHM



CiAPFTR IV

ELECTRICAL WUERGY CONSUNPTION NODEL WITK INTERACTING
PARANETERS BY A LRANNING IDENTIPICATION ALOORITEN

40 Iatwvavetien

™he levels of emergy consumption reveal the levels
of eultaral and egonomic development of different csuntries.
Zechno-oeononie And sceio-eecnomie parenstsrs of energy systen
are inmuhm[éh; Jnu-g system has distinet eybernetie
features. Venikov has pointed out that desp-lying feedbask
paths exist in energy system. Thus it is understandadle that
signifisant interaction sxists between energy eohowmp tien
and different techno-economic parameters.

™his paper presents a matiematieal deseription of
annual energy conswption vith population, gress natienal
produet; gross domestic saving and gross domestie espital
formation as emogencus vmnlq in the form of a pelymewmial
of optinun complexity with the help of s method of spplied
aybernetios eommonly known as multilayer grouwp methed of data
handling algerithe ( GMIEI ). The method has the petentiality
of identifying, implicitly in a learning identifisatien
environment, the interactions and feedbasks of interastions
of different imput parameters on the output of the proeess.



o give a mathemationl deseription of the ammal
ohergy eonsumption as a funstion of a set of exvgeneus
variables interrelated vith one ancther through desp-lying
foesdbask paths is a cosplex proeess. Nedern Contrel thesry
bated on differential or difference equations is met adequate
to deserible the process. In view of this diffienlly, the
method of modelling applied here uses a teshnigue of
self-organisation., This GMIN sl goritim of self-erganisation
involves generation and comparison of different yegressioen
polynomials by using all poseible eombinations of input
variables and nelection therefrom of the best possible enes
aeoording to the eriterion af minimum integrsl square ervey
defined in equation (4. 1.11). The GMDE technique is found %o
sistlete adequately the input-cutput relationship af the
complex progess of annual electrical enurgy consmption as @
function of & set of input variebles ( impus set is not
exhaustive ),

4 1.0 Brief Deseriptien of GNAH

e mul tilayer group method of data handling
Anvolves the use of regression polyncaials as the basiec nemns
of investigation af complex dynanical systems. The relevant
polynomial is a regression equation whieh eonnests a valwe of
an cutput variable wvith past or carrent values of ocufput and
input variables. The regression snalysis in this sase helps



in evaluating the eo-offigients of the polynoatal ly using
the eriterion of ainimun integral square erzor. e
polynonials are then treated in the same Ramner as that wsed
for selection of seeds in agriculture as per a unique
sathematica)l coneept propagated and established ty
Ivakxaneake’ 27 |

Me salimt features of QNN as applieadle in the
ease of mtltilayer selesticn process used in the present work
are noy briefly deseribed hede ¢

Zhe process ean be deseribded by

o = f(!‘n l':oto.!.) “&1)

and it inwlves the construgtion ef several layers of partial
deseriptions using two imput variables at a time, o. g,
the £irst layer can bde represented as

¥y » rixg,m ) (“2.2)

for J = 180y B
with k & 14800ey B ( J k)
and L & 1,800y =B where l-(:)
Likevise the sesond layer can be represented a8
8= ¢(7,: » Yy ) 4 21.3)
for ' 5 1)850eey &
vith X' s L,8eeey m (Jak)
amd L' ® 01,8400y P where p = (:)



and 80 ony it being Boted that m and p are the numbers of
pairvwise combinations of the first and segond layers
respestively. The first step eoncerns the selegtion of impat
variables on the basis of strong eorrelation ( defined in
equation (4 1.7).

e oo-efficients of the first layer of partial
deseription are caleulated by solving a system of nermal
Gaussian equations. The left hand side of the egations are
Set egual to the values of output at every point, After
finding the valuss of the eo-efficients, the values of the
intermediate varielties are adtained. Then using the odserved
data the integral square error is determined for each of the
variables. Only those veriables wvhich give lov error ( self
selestion threshold ) are eelested for subsequent use.

Tese variables are retained and ether variables are discarded.
In the sesond layer of selestion, the co-offieiemt of the
partial deseriptiocn of the layer are caleulated and the

assurasy is ohecked again % selest the agcurate intermediate
varialies of the layer ; 33, Sgies -3y The proeess of selestion
eontimes so leng as the integral sguare error on the wvhele data
St oomes % o minimum and then starts inereasing in the next
layer or, the integral sguare error approaches an asymw totia
mininum,.

e polyncmial deseription of the proeess is
obtained in the form of partial deseription of the intermediate
variables af different layers. Eliminating the interaediate



o

variables, the somplete polynomial deseription of the
proeess 1s odtained in the form of Gabor-Kolmegrev Wpe
polynomial as

n "
Crr ) My ) ) mynx

isi ful jumi
= a n |

+ z }_ 2 SLA; X X Xy + 000 i q)
isl jmi kel

Use of GMBH in formulating the electrical energy ecnsumptisn
rOoceRS ¢

4.1 Imput Data?

The input data from the Indian teshno-eecncuie
sesnario consisted of the anmual energy generated ( gress ) in
Mn.Ewh, population in million, gross national preduet at fastor
eoss ( Rs. Crores ) at 1970-71 prices, gross domestie saving
and gross domestic ocapital formaticn as peresnt of gross
demestie product at market prices from 1960-61 % 1M80-8)

The complete data are shown in Table 4.1.1 . All the Felevant
data X(k) for the k-th year vere rationalised as
Ik) - X4a

xlc) = :..:- -‘.“ - (G d.8)




TABLE 4.4.4 INPUT DATA

8087 26893

seen? 26834

NS 29210

33133 20399

38888 28791

40818 89081
: 4315 31590
4908-60 Bis4R 827,0 Mes0 bl 8. 4
490570 BS6844 S838.9 3818 8. 4 173
APP0.-71 €iRL1 S8LS 408 6.8 8
497078 C4B4 58AS 37000 17. 3 iS4
i9M.73 70818 678.9 20899 16.8 i 9
i973.7¢ 78798 588.9 3B410 9.3 80,0
AVN-70 76678 90G.8 087 is. 8 101
4978.76¢ 8888 6153 43871 20,0 A9 9
A9%e-77 956A5 688,08 43184 28,0 20,4
A07%-78 68988 O34 48884 2.8 197
A978.79 110130 68L,0 49343 4.4 4.8
4975-.80 118830 G636 44966 5.8 5%, 9
4080-81 119687 &8..8 80607 25,8 4.8
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4Li.8 omulation of the precess m

e annnal elestrical energy consumption ean be
represented ly a general form of proesss equation s

yk) at L‘-I (e-1), 'ﬁnﬂ)po-u!;&h!;ﬁ-«u'ang

ag(k)ymg Gtul)yeee .la&).laﬁ-l)”uj (@ 1e8)

where Kk, k.l, k2,...y refors respestively to the eurrent
day, one day preceding the current day, two days preceding the
ourrent day and sc on and y& )y x36)p %96 )y 2g6e) ant x,6)
are the rationalised data for anmal eleetrical energy

eonsusp tion, population, gress national produgt, gress
domestic saving and gross domestic espital fommation
Zespestively.

The argaments having eorrelations with y &) are
then selected for ineciusion in the progess eguation of the
basis of the correlation funetions for the time shifs ) ,
in years, defined as o

=2

N

/ ‘ 7

Z /Ayl d ) ya)@aaer) 2 }_ k) /

n =y ¥ <
v}n(a)‘ W 40N S o - 2 520 Pgs SR PO D IR S
&

7
/ z w).é zmn 2 (xa»-é Z xmb/ .

twl k=l (IS TS kel

ese (M la?)

vhere N 1is the mmber of data points,
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After such selection of argments as having correlation with
ammal energy schsumption the proeess equation bdeecmes
F(k) =2y (6 1) 25 (k) g2ty (0-1) o2 (I-2) g 2 (X) ymg (M2 ) g 29 (%) 7
oes (451.8)
or demoting these respestive arguments as y (k) ay,y(-1) »xj ,
ﬁl‘k} - !.'o l*('-l) L x,', 3“5'3) - u’, l'.&) = "3
2g(k-1) » xg' and x4(k) = my', the process equation bessmes,
Toe (x)'y mg's %5°0 Xg's %' Xg's x9' ) (0 2.9)
Table 4. 1.2 showe the eorrelation eo-efficients of different

ommgenons variables with the annual eleetrical energy senswption
for different lagged instanges in years. |

&i.d nrst &ﬂ" of selestion

There are (;) = 81 possidle ecmdinations of
selesting two arguments at a time out of eeven. For every sush
etmbination, the partial regression equation is witten as

' ' - 18 , o o8 |
Ta ® %o’ “1a" "2’ “2Br%e’ “W®p * 5o (e 2.20)
vhere a = 1;8500¢9 81) vhile b and ¢ are indices for all
81 ecabinations. And this lead % 21 systems of normal



TABLE 4.1.8
CORRRLATION CORFFICIENTS COF DIFFERINT EXOGENOUS VARLABLES
WITH THE ANNUAL BLECTRICAL ENERGI CONSUNPTION FOR
BIFFRRINT LAGGED INSTANCES 1N YRARS.

Tine [ Anmmal I Ananal I Annual f Amnual I Ammual
iastansl Mnergy { Inergy { hergy 1 herg I Inergy
(XYoar) [ Consumptiod Constmp- 1 Consump- I Constmp- ) Consuap
Je ltton- ] tion & tden i.m
I Mmergy  LPepulationl-Gross [~ Qress = Gress
X Consump- [ I National | Pomestis } Domes tie
[ tion X I Produst I Saving - Gapital
o 1 0.996851  0.998315  0.547489  0.880148
1l 0. 982801 0. 9798090 0. 973108 0. 06668 0. 848097
2 0. 938138 0, 986809 0. 985808 0. 376006 0.808719
3 G.M 0.883833 0.888008 0.801000 0.743843
4 0.899787 0.680488 0.604880 0.6880 88 0.84048
8 0.816081 O0.488483 0.848807 O0.587807 0.498883
¢ 0. 310304 0.37780% 0. 347884 0. 400281 0+41170
X 4 0.130834 0.088781 0. 1AL 0.288488 0:,411783
] «0. 080708 -0,108718 <0,04887¢ 0. 078007 0.800831
) «0.8440068 -0.8308348 -0.,837088 .0.174818 0, 08¢ 300
0 e0: 411811 «0.468869 -0.402088 <0.338790 .0.180841




Gamssian equaticns with matriees of the order 6 x 6
he so-efficionts . 's are then estimated My solving notmal
oquation eystens eonstrugted from the data set: Mor estimating
the ev-efficients it is assumed that the eguation errer is
very saall, being distriduted vith zero mean, eonstant
varianee and also unsorrelated vith the inpats, The seeond
assusption is that for the construetion of the medel the
inputs and cuputs are known exaetly vithout any measurement
wrer.
The sesuracy of every variatle y, 1is ealeulated

iy using the entire data set. From all variables seven mere
segurate ones are chosen vhieh give lov values of integral
square error eriterion as

S | 7"

z / ’m“) - Im“ﬂ) /

n “L v

' 4B 8 weccencccaccnnnacs cemannen (&l 1)
] 8

Z //; () /7
observed
. VA -

S lsd Seleetion of other lg_g

deven intermediate variadles of y, layer chosen
from the firss layer give 81 emmbinations of two argments of
7o layers Again in the seecnd layer these beoomes



o7

' ® Buut ALTL A AT Ut ATy ¢ Ay

soe  (42.18)
vhere a = 1;80..9 21 while > and ¢ are indiem of all
2l embinations. Caleulation of the co-effisients of 48 and
estimation of the accuracy of s, are repoated a8 in the
sase of 7,

The seven s, variables are then ¢hosen for the mext
layer ug

ug =7 + 1% 9‘.:;4» 9‘.:‘.;0 9“3':0 ?a‘;:' . (d.19)

In this way each layer is tested for ascurasy lty using the
entire data set and oa the basis of niniaum integral sghave
error eriterion explained earlier. Por all layers, variadles
on the left hand side af the equations are kept equal to the
value of the cutput variable.

48.0 Iliustration

It vas observed that as the layer ingreases the
Antegral square errors eonverge asywptotieally %o a very ssall
value. To make the model suitable for prastical spplication the
integral equare error of 3, 4083465~ O4 at a; was ecnsidered
for the point of ternination of formagion of proeess egation,
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The ohanges of integral square error for different layese
aFe shown in Fig. 4. 2. 1. The integral square erress for
different conbinations in different layers are shown in
Table 4:2.1 in aseending order,

The annual energy eonstmption in India has desn
fdentified dy the polynomial as

7 = 5
S5 = 74000888 0,3 + 1. 430800y] - 0,490069 yg
-3, 780734 7} 7} + 17306702 3"+ 18,5008 3!

71 = =0.031487 + L.470818 xg - 0.608808 x, + 6. 060670 n} x}
8 8
-3.820007 5" - 2.804044 x{

Yo = 0074198 + 0,934731 xg ~ 0131838 x,
+ 0063813 Xy =) + G.000608 x} + 0. 150088 u}®  (MB1)

Mg 22(a) and 4.2.2(b) shows the observed values and erress

betwesn the ohserved and the modelled values of amaual

electrical energy eonsmption in India in raticnglised uait,
Modelling errors are founi to have a varisnes

of 1.0000L4 nd mean of 8. 7ROIT4R-04, end are sleest found

to be udgorrelated for 1 v J, e software developed in

BABIC langnage is given in the Appendix as AR L.
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TABLE 4.8.1
TAB INTRGRAL 8yUARE BRRORS FCR DIFFERENT COMBINATIONS
IN DIFFERRET LAYERS.

xg'2g 5.600734R-04 7'y 3 408348 3-04¢
x3'zg’  5.7148833-04 'y 3. 437870 B-04
xg'zg'  5.7968%43-0¢ 7'y, % 488158 B- 04
'y’ 6.3308243-04  ¥p'y, 3 827988 3-04
T 7. 097180 2. 04 7s'7e’ 3. 898408 B~ 04
X' BI04 yg'y, 3. 903861 8- 04
xy'xg’ 7.4317708-04  7g'ys' 3. 918394 -04

TABLE 4.8.1 (Continued)

R f o)
A S S U Gy SN 5 W s 0 s R 0 TP O AP g TP S s i PR

2.800680 3-04 Ul 2. 438887 B-04

S48y

setg 2.996808 B-04 Uyl 2. 454077 B-04
sysg 3, 083008 R-04 Ul 2. 433861 B~ 04
sgtg 3.088660 £-04 Uplg 2. 430578 - 04
Sgtg 3. 076447 3-04 Ugls 2.530489 5. 04
S38g 3 088061 B-04 Ugty 2. 549498 5-04

g%y 31988182.04  Ugly 2. 738488 B-04




CEAPTIR V

NEDIUN TERM AND LOBG TERN PREDICTION MODELS OF ANNUAL
INSTALLED PLART CAPACITY AND CONSUMPTION OF BLECTRICAL
SNERGY BX CONPUTER-AIDED SELF-ORGANISATION OF
NATHENATICAL NODRLS



CRAPTER V

MERIUN TERN AND LONO TREM PREDICTION MNODELS OF ARNUAL
INSTALLED PLANT CAPACITX AND CONGUNPTION OF ELECTRICAL
INERGY BX CONPUTER-AIDED 3ELR-ORGANISATION OF
NATHEMATICAL MODELA

8,0 Intredustion

This work relating $o the short temm and long ters
foresasting models of anmual installed plant eapasity and
sonstap Sion of electrical energy of India has been divided into
four parts. In the first part an annmal model of installed
eapasity of electrical energy for medium term (6 % 7 years )
prediction has been obtained, Vifferent types of polymcmials of
inoreasing complexity have besn tested:. The polymomial whigh
gives ainiaum of a selestion eriterion has been found, In the
Sesond part ssswmming an annual grovth rate ef installed
oapasity of 8 £ a long term prediction medel of installed
plant ecspacity of eleatrical energy has been odtained.

In the third part assuming an annual growth rate of
eleetrisal energy consumption of 8 § e long term predietion
medel of annual energy sonsumption has been obtained, The anmial
Plant load faetor has been found $0 have e distinet preiodicity.
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In the fourth part a polynomial medel of snmial losd faster
has boon ohtained incorporating periodic temms,

With the theory of self-organisation commonly knewn
as growp method of data handling it has been possible to
formulate mathenatical models for complex processes with
predietion optinisation,

The conespt of self-organisation ean de fllustrated
as follows $

When the medel complexity gradually inereases the
otmputer finds dy shifting the different models, the minimum
of a seleestion eriterion vhieh the cosputer has been asked to
ook foy. Thms the ecaputer indicates to the operater the
medel of ap’tm complexity.

8.1 MNeiius-term predistisn medel of snmmi instelled
!lnt gmg of elestrical snergy

We have annual installed plant espacity data frem
1081 - 1981. Pzgg }mtty spectra versus cyecle per anmn
ebaracteristie of the data does not shov any harmenieity
in the proeess. o 1t 1is obvicus that the process does mot
eontain any sinusoidal harmonic parts. The correlasion
e-efficionts versus shift of instances of time ( equation 5.%.8)
show thni the eurrent year installed plant sapacity is strongly
eozrelated wvith the past three years installed plant eapasity.
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Thus the process is assumed to have a finite differenee form
struoture of the following nature.

xk*l L 4 ‘!k' Y 10 Y90 & ) ®Be2s1)

We write,

Yol ® ¥ installed plant eapacity of electrical energy for
the k+l «- th year.

Iy = x3) installed plant eapacity of elestrical energy for
the k - th year.

Te.l w mg, installed plant cspacity of eleetrisal energy for
the k-1 - th year.

Iyg = X5 installed plant caspacity of slestrieal energy for
the k-8 « th year.

fy = X time instant for the k-th year

‘0;101‘(!1, g 83'2‘) @.2.8)

e funcsion £(. ) 1s sought in the elass af quadratie
polynomisls on the basis of & Tadlo of polynomial of gredually
inereasing complexity of four variebles as shown in Tabdble 8,1.1,
with the help ef the theory ef the self-organisation eof
combinatorial group method of data handling algoritim, The
model of optimum complexity is selected on the basis eof the
ainimun of the integral square error criterion.
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The integral square error is defined as

L) 'y
S (Yean@t) - Xg,q@))

fal
LB 8 cvnconnoccncans connes ®.1.3)

: s
7 (X))
tal

vhere Xi , (1)) 1 = 1y8)eec) X years are the talulated values
of the variables in the interpelation reglon and Yy . (1) are
the values of the variable obtained from the medel. The time
instanees % is taken a8 1,8,¢00, k = 1961, 1068,.,.. and so on
e models from the Table 8.L.1 comprising of four variables

are tested for all the data points.
The model of anmual installed plant oapacity of

eleetrical energy in MW for India is obtained as

Yy = 88584.157006 « O.890089 x;
=0, 330078 xg -0, 185849 =y
*770,0L1884 x4 + 1.06648168 B-08 x,xg
- 8.57186548 B-09 x;x,4 ®elod)
In finite difference form,

Yoy ® 0884.157006 + 0,59968 Yy
~ 0.330978 Y ; - 0. 185840 ¥ o
¢ 770.911984 tx + 1.08648188 B~ 08 Xy X,
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The corresponding minisun value for the integral square
ezrer and the aean error are 9, 306641 E~ O4 and 8,684 R - O8
zrespestively.

The errors betwesn the observed and the medelled
values are found to be almost unsorrelated for k ot J,
Fige Sedela and 8, 1L, 1D shows the oblserved and erreys betweon
the obesrved and the modelled values respestivelys. Fig, S.l la
has been extrapolated for seven years of prediestion of the
installed plant capaeity of electrical energy L.0¢,
pto 1988,

8.3 &, tm predistion medel of installed
plant gmw

Daring the pericd from 1970 - 80 the installed plant
oapacity of electrical ensrgy has grown at an average ammal
~ 2ate of 7.8 5. Considering the deletericus lLupast of pover
shortage on the productive sectors, both industry and
agricul ture, of the eeonomy the Planning Commission of the
Gove. of India has suggested an average anmal grewth rate
of il.3 per gent during the Sixth Five Year Flan peried
(1980 «» 86 ). Dw growth rate has deen suggested on the
assmp tion that a distinet fsprovement in the working of
povey plants and strist adherenes to the working sehednles
of powe® projests. Over the years the trend has been a
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mounting negligence and an appalling dasklags. The plant
load factor has been moving in the vicinity of 48 per ems.
1t 1s nov suggested that an anmual grovih rate of installed
plant espasity of 8 per cent would de @ realistic estimate.
Besause of the interacticns of different deep lyiag feedbask
paths it may be recognised that this growth rate s o
evaplicated progess and is l1ikely to change slowly rather
than quiekly.

(n the basis of an anmmal growth rate of 8 per emt
the installed plant capaeity of electrieal energy has besa
extrapolated Wpto 4 times the 1081 Lfigures.

A mathematical model in the form of a finite differenee
egiation has besn postulated as '

Teer ® T (Xppo¥p 1% Ty g0 ™ ) B.21)

The four argaments Yy, Y\ ;, Y\ g0 X) o are selested desmnse
of \heir strong cerrelation on Yy,i;. The eorrelation
oo~ offioient at 2 shift instanes ) 18 defined o

S /03 S MW&,-4 T W)/
Gp(P)adml e W o
//L%c-é‘.:)' Xyod S 1) /é
. 2G5 2 3 o S
fal ku} Jule) k=)

soe BeBeB)
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Pelynomnials of gredually inereasing eomplexity of five
variables are shown in Inble 8.8 1.

he nodel of optintm coiplexity whieh gives ainimwm
of integral square eriterion is found tc be

Igel = = 838.764083 ¢ O, 999068 Xy
+ 0167739 Xy, - 0,0R0E88 X, o
+ 0,086804 X\ o - 170471615 &
- G977 R O? Xp Xy,
* 2818640 B~ 11 Y, Yy o 5.8 3)

The eorresponding values of the integral sguare errer and the
mean error are 1.884107 B~ O4 and 1.818884 B . 08. |
The ervors are found $o be almest unsorrelated for
kg 3.
Fig. 6.8 la end 8.8.ib shows the extrepelated anmmal
installed plant eapacity Wpto 1008 and errers of modelling

respestively.

[ % ] Hmpwcmmoxm eleotrical

oRergy eonsump tion

n the basis of an anntial growth rate of 8 per cent
the elestrical energy consumption has beenn extrepolated to
8 tines its 1981 consumption figures. It has been odleerved
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there will be a significant Liaprovement of the quality of
life of the Indian people if the energy sonsmptien is
inereased to five times its 1981 figures. All reasomable
solutions to alleviate the multitudes of somplex preblens
involving population growth, econonies, energy, develepment,
transport and eommunication invelve sharp inereases bdoth ia
the amount of energy eonsumed and in the effieiensy of
their use.

A long term energy ecnsumption model has Wen
postulated in the fors of a finite difference equation as
stated below ¢

xku sf (X, () !&.t !h_v L ) Gel)

The arguments are selected on the basis of the eerrelation with
the catput Xy ,..  The polymomial medel of cptimum somplex has
been obtained a0

Tpey = = SR J74T7 + LAUSLO Xy
+ 0,088099 Y\, ~ 0, 114970 Y, o
+ 0,088869 X\ o - 198.685781 &,
- 3701969 B- 08 Yy Y,
+ 4.807808 B~ 18 Xx X g B 3.8)

he eorrespending integral sqiare erzer and Nean 6ryer ave
7.188383 B~ O8 and 3,400083 E~ 0%
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The errors are found to be uncerrelated for k o6 J,
Pig. 5.3.1a and 5.3, 1d shoy the extrapolated ammal elestrical
onergy econsumption and the errors of modelling.

8.4 Polyncaial model with periodisity terms for
ancue) plmnt leed faetey

The purpose of this part of the vork is % odbtain a
polymomial model for annual plant load fastors The observed
data are proeessed aceoxding to the method stated bdalow

The amnjial neasured data for load factor arve

P(1 )yt = 1,8 o000y n
1 Ddeing the instant in years,

The nean value is given W

L)Y
¥ §
n

isl

Mtossvarianee of the data at lag instant k 15 given Wy

Epk -
i / - 7 / 7
W) 5 eeme > S P@ - FOO S Sram) . Fop
- W=k 1:1" ' o & o/

ese (BudeB)

« i
where k =0, 1,8, ssep N and M<-2- .10
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he normalised eo-effieients of covarianes are given \y

al(x)
Rk )8 concavenn. B.4.3)
Mo )

e estimtes of the normalised powver density spectra for the
data are givea Yy

M
P(W ) = eee N RACK ) ess WK Buded)
k=0

veere W, = 374, (n -;-; 0 (£ 0.8

R =5 0)1s8) ooy N

Bx has been defined as the weight for vindow eorrestion and
Bay be taken as

I = L0 for O<k<N
0.8 for k s O)N 6. 4.8)

These rav estimate of pover spectral density are sacothed W
using Hamming Window to obdtain the final estimates of the power
spestrun, The smoothed estimates of the oxdinates of the pewver

spectirim are
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(W ) =084 PE( Wy ) »0.48P6( VW, ) j for Ruw 0
$( My ) = 0.83 PO Wy, )+ 084 Pi( 1y )
+ 083 Pa( W, )3 for O<h<N
S(Wy ) = OB4PI( Wy ) *0a8PE(1y )} for hul
soe (s 4e8)

The pertiodieity in terms of funigaental and its hammonies ean
e estimated frem the pover spectral density - frequengy
esharasteristier o8 shown in Fig: S.41. The process has been
found t have a 10 yearly cyele ( 1.0.y Oul ayeles per enmum ).
Gnly one lag instant of the anmual plant load fastor has deen
found o be strongly correlated with current instant of the
annmal plant load fastor.

Consequently the funstional model of the annual plant
doad fastor in funetional form is given ly

P(k )= f(P(ked )y 8in (BTLK ), cos (BTl k ),

sin (8 £,(k-1))) o008 (BTL(KL ))) + (k)
soe Bete?)
Let P(k) my)P(Rked ) mx;, 8in (87L£,k) = my,
008 BTk uxgy 810 BTL, (-1) = xg
008 87 (Rel) s g and (k) .}
Bguation (5.4.7) beeomes
r-t(:”a..z,.x‘,:‘)#} (5, 4.8)
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The estinate of y as ¥y is defined as
Ilf‘llp gy Xg» 8‘035) Bt 9)

The funetion £(. ) 1in equation (5,4.9) s sought in the

elass of quadratic polynomials on the basis ef a Tadle of
polynomials of gradually increasing ecomplexity of five variables
as shown in Table 8,8.1 with the theory of self-orgmnisation of
mathemationl models. The model of optimum eomplexity is selested
on the basis of miniaum integral square errer eriterion as
defined in squation ..i.3).

The medel of optimun complexity is obSained a8
P(k ) = 0218817 + 0,808000 P(k-1 )

+ 17,.088008 sin 0.2k
- 16,2090890 o008 O0.2Tk

- £3,161i83 ain 0.2 m(kel )

+ 2.984181 o8 0.2 m(kel )

e 17,073073 P( k1) ein O2rk

+ 18,829761 P(k-1) ees O0.27k

+ 80,968488 P(k-1) sin 0.2 T(kel)

- 7 R=12 P(k=1l) eos 0.2 m(ke 1)

oo e e 20)

e sorresponding integral square errer and mean eFrer are
2.848190 5-04 and 1. 800687 B-~03. 7/ («) is found to be almest
ungorreleted for k 9o § and vith varianee at 0.909893,
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Flgs Bee22 and 8.4 2b show the observed valugs of the
plant load fastor and the mon‘]:o?n the ebserved and
the modelled values respectively « The software
developed in BASIC language is given the Appendix as

AS.l and AJ.8.
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CEAPTER W

S2ATE) RETINATION OF RLECTRICAL POVER SXSTEM XY A
TRACKING ALGORI TRN



GTATE RETIMATION OF RLECTRICAL POWER SYSTIM BX A
TRACKING ALGORI 2HNM

.0 Introsustion

he reliable operation of a power mtwodk depends on
a Teal time data base for monitoring, seeurity and ecatsel of
power Systen. itate estimation prograammes can enhange the data
base for on-line real time operation of power netwerks, e
basie fungtion of an sstimation programme is to eonvert the
felemetered rav seastrement data into a reliadle informstion
base. e information base eontains all complam Ws veltages,
power and current flows as well as injeetions almmg with
aetwork status and parameters errors. For a sucesssful eperation
of a state estimator it 15 essmtial that the measurenent
system sist have a degres af redundengy greater than unity
(3.8. ) ( number of measurenents )/ ( nmamber of state variadles)>l).
Besanse the redundengy in the measurenent set Lmproves state
et timtion acsuraey.
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Gl #tatw Batimation Iracking Al geritim

The dysten Bquation is

Zafix)» 7 for the k-th iteration
30) = £ (x0c))e ¥ (8o 4 1)
k

Lot
o= 3§77} (8.2.2)

flx) is a non-linsar fungtion of x, and 2 1s defined as a
positive, definite weighting matrix o¢

is }{tz.iux-if} . 2.3)

The objestive funstion is formulated as for the k-th Lterstion

k
awm) s ) S0 - 2T 0" w0 J3m) - 20T

Jnd

ETELIN : fl(e)( »xl)/ 6.1.4)

x(o) 1s a priori estimate x and 8(0) 1s the initialised
positive definite weighting matrix.

By Taylor's series expansion, neglecting higher
order terms

3X) - fp) = AZM) - Ax Pl y) (8. 1.8)
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: k
Coam) e Y O 43w - axtre 7 et
J=nd

522G)- sxTra, )T + axt i) ax 80 de8)
Mor miniaisation
Iy txn)

x |
-l . ?
DD P WA W - A - 4
LT ;dmﬂu £a8G) - ax’rey ) T

e 88 0)ax (6:1.7)

k x
2 PG, ) 0" 42G)e & 0)Axe D Py 0 iy 0%

3=l J=d
[ X ¥} “‘h‘)
Let x
5'1&) - } r(g=1) ot ¥ Jo1) (Bele®)
=i |
and X
ak) = } )0z o 520 ax (61, 10)
=
8o,

kel )= a0 + PA)O L AZ(Re1) . 1.11)
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Lot theo estimate of A x at the k-%th fteration is Agh)

oo Tk Axk) = a®) (8.2, 18)

From equaticn (8,1.9)

flx)eddmerx) ot i x) ®.1.19)

3y Matrix inversion lemma,

Let

) ro ot r’m ao:)
Nedk)o oaceee 6. 1. 24)

1P me 0P 0L

Mal tiplying equation (6.l1.14) hy equation (6,1.19)

M kel ) = 1o80)P0) 0”2 PR 0X) -

S00)70c) 0 ‘r’cxmmmn r’omaz)mu o)

W o e

1+ r’(m a)re) ot
eoe Bs2.18)

Sinee o) and PPX)SIPCR) are sealer

20070) 0~ e+ s0ra) 0”2 Plasaxirer) 0”2 2tax)

.amm»"r'm.uwrwd'%’auwmw‘r'w

" (k’l) .x - . anon Sen " T 5 G- 4SS I S I0 S AP I W

1e r’ )s Ge) P k) 0°

see 8.2.28)



80y
eliner) =1

0.0 Aa I(k’l)

. B(K). P(k) 0 7T 0x)8 )
L I a‘”&) 's(k)" e -. L D1 e

1 r3(x)a 0)rce) 02

Ax( kel ) » 8( kel ) &( ked )

Prom equation (8.1.19) and (6.1 11),

01 T
d)Px)® P (e) 3(k)
Ax(ked ) = // dk) e« - )

‘ wrlmsora) ot

/"~ =i 7
. dk) » Px) Az (Red) @ _/

Az(hed ) = Axx) ¢ 8R)PO)AE( ked ) 0~ 2

186

@ 2. 27)

Beda28)
®.1.19)

@.1.90)

@..8)

S07X) 0 P ) A xX)e80)T) & 17 )8 )P ) 0 25 (el

L 4 Lo L P BT U0 U UD 0 A A A B U W VP A 00 A A S O AU AN i 0 N N

1+ rt0at)ra) o=t

AxCked) = Axk) + 800PG) O 0 AZ0ed) - AxTRIPR) T

- - “1
e S rTasmra) 0"

6. 1. 58)
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#0 the algoritims for the regursive estimation of states
of the power aystem are

AZOel) = AxCe)oB0IPA) 072" 2Zkel) - axOIPR)T
f 3 L] 1
x " wrioseore) ot 6. 1.2%)

SGkel) = B0c) - SOOPX) O 27008 0)

- - p §
x e rtasarx) oot . L.230)

6.3 lwlemensation of the Algoritim

- dtep A

Individual measurements are considered one after another
a8 o Sealer quAntity, e.gs 83, 3gy Sy seo and S0 OB O i3
the varianes of scasurements of individual guantity and it is
assumed to de eonstant for all the measured variables and its
value is Saken a8 88500, 4 - is initialised as a positive
definite welighting matrix of diagonals as 0.0004 and all
non-diagenals as sero. Initial values of the state vestors
are taken as those values ndtained from an off-1ine load fiow
analysis with reastive somponent of the voltage af cne s as

sero. F(.) 1s the cerrespeniing ccluman of the Jasodian
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Step 8
Deviations of P and Q of the measured frea the
salenlated ones are cbtained for all the tmses such a8

A’;&) - P‘- ’1&) ealoulated, AQAQ) = Ql'- Q‘&) saleulated.

For a 5 bus system we have 4Z(k) as
Z.AP; Oc)y2Pg (k) .A': () oA"‘&)sA's &).AQ,; &)“ M&&)fﬁ &)_7’

where ke i3 the iteration eount.
he state vegtors at the k-th 1iteration are demoted

A.].&).A..&)' evey A"&’. Atg&)'o--. At.&) see}) Sinee

Af;(k) = O forall k

KRenents of the Jasoblan matrix (9 x © ) are computed for the
h-th fteration as Pik). o

o introduse recursivensss in the algoritim and for
posaible on-1ine applicatioa P and § are iniflalised as the
nessured guantities and as the iteraticn procesds P and
beeone one atep bask af the ealculated values of P and Q a8
otated as

APy(k) o Py (R=1) = Py(x) and A ) = Q300e1) « Q)s
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itep 3

Iteration proeseis with the algorithms for the state veetors

as

o “
:‘u (ked) .‘n Geed)geee T &04):
Vo :
' '
L ¢ s

:M&‘Q)..ﬂ &’l),oo . gﬁag&'ﬂ"

e e’ ' - '}
:ﬂu&).lu&). oo."“&) : : ‘u&’.‘u&). seep lnﬂt) :
': . : ® : . :‘
' e : : ' ' R '
:&1&)"‘&)’ see 98gp (k) : : 891 0c)y808 (x)y 0o yBppOe) :
- - " e A e 3
:'u&) : :'u&)”’l&)"" .’91&": ‘u&)y‘aa)”oo' ln&) '

el . ' .
o 0t - :
', ' ', R '
', ' ' . . 4
', ' T . '
L L ¥ ’
:;Iu&) : : ‘Q‘&).I’&)nu' 8gg (k) :
“2e “’uﬁ).h&)no- 'Po3 &).7 :gu&h'n 0c)gene "”&T: :;n &-)-:
L U
> ' :: o '
. ‘ ® '
) ', " ’
U (X ] '
:%ﬁﬂ.lg(l)..u.m&)::'nﬁ):

‘e a"‘h)
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T 0e)™ 1 He 007 Ty )y eney B10®) T 1T p 007
deglied) ' et ag 00y wey Bgel) ' 0 BO0) 'O
fheglked) ' *+ vy, . ' o R t

L L * 't ¢
',AC‘(kﬂ.) Py, o . . ' ¢ o '
P 1. ' * ' ' X
‘Atgaﬂ) ' theglk) e v, . 't e . '

: (ked) : ' Afe (k) : : : ' :
tA‘. 3 LI “ S I ) [} : ]
‘Af,&ol) L | ' e ' o '

¢ LI | " s I ’
JAfgleed) [ - ' s .
‘Af'&"l) ' A"(ﬁ) ' .‘l&’. seep Sop k) L hla, '
' - ' <! ' | U <

[P‘Chl) - ‘.A .1&),000' A"Q). A&a)0¢0¢. A'.&) J

x & 100y By Cdeees Pa®) T '] x

,30 ‘.’u&), M&)nn."&&)] :“ﬂu&)”.., l”&)': :-’u&": .-1

> o cr
- A
: .Qxﬁ)gooo"-"&) : : "1&)'
* A

ese (8.8.20)



13

Nov, (el ) e (k) e Ag(ker) ¢.8.8)

L]
14

.

og(kel )= og(k )+ 2ag(ker)
fo(kel ) s fg(k )+ Agg(hed)

*

fe(hol ) » (k) s Agg(hed)

d%p ¢

G0 to step 8, 4f max A2Pi(kel) <= tolevance and
L2 max AQq (kel) (= toloranse, then go to step &
Rse @® 70 Step 8,

e 8

Print resules.

(e

A S-Bus 7 1ines network wvas eonsidered. No¥ hlcrczﬁ?
of 0.,01 state vesters were found to enverge after 3 iterations .
the pewer Retwerk under econsideration has been shown in Fig.6.8. 1.
Line paremeters, line Admittanse, Bus Adnittance Nateix, Initial
values of the #tates Yectors, Aetive and Reastive BDus Power

Measurements are show in Tahles 6.8.1, 6.8, 8, 6.8,3 and 6, 0. 3,
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6.2.4, Mor iteration 1 elements of the Jagodian, the weighting
Matrix 8( X, ), the dtates Vestors ¢(.) and £(,) ave shown in
Table 6.2.8, 6:8.6 ani 6.8.7 respectively.

Por iteration 8, the elenents of the Jamedbian,
the veighting matrix 8 (I,J ), the States Vestors are shown in
Tables G.8.8, 6.8.9, and 6.2,10 respectively.

For iteration 3 , the weighting matrix 8 (X, J ) and the
8tates Wotors ave shown in Tables 6.2.11 and 6.8, 18 respestively.
e softvare developed in BASIC is given in the sppendix as Ml



0.0 + § 0,08

0,08 + § 0,84
.06 + 3 0,18
0.08 + § 0.18
0.04 + § 0,18
0.0 ¢+ 3 0,03

0.08 + § O.R4

0.0 ¢+ § 0,08
0.0030.”

0.0 +« § 0,08
0.0 + § 0,08
0.0 + § 0,018
0,0 + § 0,01

0.0 + § O, 0R8

134



TABLE 6.8.2

LINE ADMITTANCE AND LINE CHARGING

m*-*-x | x - 1-—1 " — -
Line No. ] Between | Line X Line Hal
Bases adni ttance [ charging

DN 40 S g A Py i) A5 WAt Wt BN 0 S gD ap -0 WSED 16 Sy WL URARE- U S0 WS wi T A A

1 1-8  5.00.3 15,00 0.0 ¢ J 003
8 1-3 L8S-5 %76 0,0+ 3 0,088
3 8-3 L66-J 500 0.0+ 30,08
4 2-4 L66-) 500 0,0+ 3 0,08
s 2.8 88503 7850 0.0+ 0.0i5
. 3-4 10,003 30,00 0.0 +3 0,02

138
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1 6G5-318.89 -~ 8.000§185,00 ~1.86¢33.78 0 0

2 «8.000116,00 10,83-338.41 -1.66+35.00 - 1.66+J8,00 ~8,80+57.80
3 ~LB5VISTE - L66+35.00 18.92-338.69 - 10,004330,00 ]
¢ ° « L.66+)8.00 <10,004§30.00 1% 91 128,69 - L.8S+33. 78

5 0 - 8.80+37.80 0 e LEGHISTIS $.78-31L81




TABLE 6.8.

INITIAL VALUES OF THE STATE VICT(R

W I i AU

"~

e

-,

iy RSN

T
s No. | Aetive Voltage I Beactive Woltage
M

D |

1. 080

1.0463

1.0804

1.0193

1. 0123

- - A IR

«0.000

-0,0813

«0.,0898

«0,0081

.c.m

137
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TABLE 6.8.4

ACTIVE AND REACTIVE BUS POWER MEASURNMINT

Bus Ne.

i

Generation

480,58

Load

0

0

8 ¢ & 8

Y
}-I luu:th‘ Negavars | lbmtili é

¥ (Y

»

138
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TABLE 6€.2.8
ELENINTS OF THE JACORCAN MATRIE FOR FIRST ITERATI(N

b 3 7.847? - 8.3 - 1.388 0 0
2 - 6001 13,1793 - B.0003 . 82,0003 - 3.0008
3 - L6 - 8.1466 16.208 .18.88 0
4 o - 2.1743 -13.048 16. 4603 - 1,607
s ° - M9 0 ~ L7 4MUW
¢ 10744 -18.9 - %07 0 0
7 ~i5.438 33,0009 - 5.1 - 5. 048 -~ 7.719
8 « 378 - 4% 3NN 097 0
® 0 - 4,938 -35.688 8. 101 - 37008
0 0 - 7.3185 o = 3.6697 10,770

B e MR-

TABLE 8.8.3 (Continuned)

4 T a Y T e

1 19,889 168 . 3978 ° 0

8 -15.438 M0 - 5,148 < 8148 7.729
3 « 3176 - 49633 37,3056 39,78 0

4 0 - 4938 29,088 37,0683 -3, 7038
s 0 - 7.3108 ° - %6597 10,6803
¢ - 5.403 8.30 1. 988 ° 0

7 6001 -18.8168 £.0003 82,0003 3,0008
8 L8l 8.1486 -17.0668  12.88 0

® 0o 81743 13,048 -17.83.3  L6%7
0

) 3. 349 0 1.6745 05,5045

AR
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TABLE

G.2.6

VR GNTIBG MATRIX 8( X,J ) JOR FIRST ITRRATION

7- m’l "“

7.8470% 08

S 45768 00
€. 1804K ~08
6.56108 -06
717088 ~08

————

7.37818 -06

7.4988% ~08
7+6480R -08
7.65308 - 08
7.71198 - 08
2.809¢R - 08
6. 58408 - 08
G 64488 ~08
7.98818 -06

7. 6430% -08
7.93888 ~-08
7.8386% -06
7.8686% -08
3.8074% 08
6. 4881K - 08
6. 89642 ~08
7.4581F - 06

7. 52138 ~08

140

gy

788178 <08 7,8479% ~08

7. 6830% 08 7, 7219K -08
783068 <08 7.8686X 08
7.9836K 08 7.80€E -08
7.8048K% -08 8. 18678 -08
3. 6188% <08 3.6374X -08
6. 47961 ~08 6. 39898 - 08
6.9028% -08 6.8380% - 08
7.4728% =06 7.6789% - 08

® u N o0 s 0 w K

L

2. 48768 ~08

3. 5008K - 08
3.60748 -06
2.61888 -0
203745 - 08
8. 18R -07
1.06938 - 06
14 18608 -06
1. 43NE =08

6 J504R 08

. 29808 « 08
6. 4881R - 06
6. 4786K - 08
6. 2589 -08
1.0893% -06
8,7378% - 08
8. 78885 - 06
1.79908 -06

- -

TABLE 6.8.,6 (Contimmed)

A

7.1708R% - 08

7.80818 ~08
7. 45818 - 08
7.47888 - 08
7.6789R - 08
1. 43918 - 08
d. 73908 - 06
£2.08108 -08
4 3108% - 08




TABLE 6.R.7

STATES VECTORS o(.), £(.) FOR TLIRD ITERATION

voltage J voltage luu

Nllm{ l‘tﬁ“ I Mﬂn} } Angle

Wy

i 1. 0808
2 1.0389
3 0204
4 1.0101
8 1,0180

U W A0 A YO

0

’o.m

«0.0001

«0.008¢

«0. 1180

1, 0808

1.0403

1,0144

1.0147

1.088¢

mm

8. 4518

~8§.8187

141
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TABLE 6.8.8
ELININTS OF THE JACCGBIAN MATRIX FOR THE SECOND X TERATION

142

T 1 8 1 3 I <« T @&
7.8049 . 5,863 - 1.3133 o °

e 5:.9067 13,1530 . 1.9968 o 1.9988 2.9933
« 1.6010 « 2.1347 16.14¢ 18,8087 °

o - 8,1658 <18.9938 18,3009 lL.6241

o - 3.4103 o - 1,708 4.8180
19,8330 -15.7897 - 3.0300 ° 0

15,3808 338731 - 5.1069 .« 5.1088 X0
o 26766 - 49088 37.7U0 -89, 419 0

0 - 48808 89,3398 37,7188 26674

o - 73306 0 - 3.0683 10,9478

1
s
s
4
8
L
?
8
s
0

19, 7807
« 18, 3208
- 308768

- 8.,3881
8. 9067
1.6010

TABLE 6.8.8 (Contimmed)

«17. 1881
1. 7081

- 5,703




TABLE 6.2.90
WEL GHTING MATRIX 8( I,J ) FOR SECOND ITERATION

| e SIS B

® ® ¥ & 6 » 0 B M

7.0319R - 08
7.10878 - 08
7.8808K -08
7.8838E - 08
7.8774% - 08
3. 43898 - 08
6. 08842 - 08
¢ 4538 - 06
7.89068 - 08

7. 1087 - 08
7.80798 =08
7. 39188 - 06
7. 39848 - 08
7 40841 - 08
3. 48393 08
6. 1086% -08
6. 8313% - 08
7.4121% -08

7.88088 -08
7. 39188 -08
7.04588 08
7.6480% - 08
7.8948 - 08
3, 5844R - 08
6. 31678 - 08
6. 76348 -068
7.80838 - 08

7.8838% - 08
7. 3084% - 08
7.6489% - 08
7.66088 -08
7.6100R - 08
3. 88848 - 08
6. 32138 -06
6. 76018 «08
7. 6101K ~08

143

P+B774E O

7. 40848 -0t

7.80488 -08
7+61008 - 08
7. 78838 -08
3. 5545R -08
6. 26743 -08
€. 71138 - 08
771078 =08

'uuﬂ.uaauﬂ{."f

TABLE 6.3.9 (Contimued)

N ~ s

3 43885 -06
3. 4839K - 06
3 03445 -0¢
2 §884E - 06
3. 59485 - 06
5. 18468 - 07
6. 85878 07
7. 48658 -07
9 ISS8R - 07

6. 08645 -06
6. 10668 - 08
6. 31678 - 08
6. 313N - 08
6.86748 -08
6.8678K -07
1.6487R -06
1. 68458 - 06
1.8087K - 08

E—

6. 44538 - 068
6. 53138 - 06
6. 75348 -06
6.7601K -06
6.71138 =06
7+ 48688 =07
1.6845K -06
L.81188 -06
1. 37548 06

R



TABLE 6.8.10

STATES VECIORS e(.)y £(.) JOR SE0OND ITERATION

s 1 Astd 1 Reaett I Yol X Mg
"o ] Witage I Witage. INapnitate I ‘

AR PP W s T e o X L T TS Lo - S SIS o TP

1 Loses O 10848 0

2 1,080 <0.0821  1.0433 8,868
3 L0 -0.0897  1.018¢ «5.0638
4 L0139  -0.0968  1L.088 -8, 3998

s 1.0148 ~0.1131  1.0809 «8.3614

144
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7.03198-08
7. 10R78-08
7.88063-08
7.38388-06
7. 87743-08
3 43085-0¢
6. 0B643-06
6. 44538-08
7.89063-08

TABLE 6.8.11
WAL GITING MATRIX 8( 1,7 ) FPOR THIRD ITEMATION

7. 10878-06
7.80792-08
7. 230183-06
7.39843-08
7+ 4084305
3. 639806
6. 1006206
6.53132-08

7. 41818-08

B

7.88088 - 08
7. 018K - 08
7.6488K -08
7. 64898 - 08
7.56048%8 - 08
388448 .08
6. 31678 - 08
6. 783K - 08
7.60538 - 08

< ,

g N A S, S T s A g Ay o g NP PO g

7.28388 « 08
7. 3IR4R -08
7.64898 08
7. 66088 - 08
7.61008 « 08
3. 8884R - 08
6. 32138 - 08
6. N01R - 08

7.61918 - 06

—

A

TABLE 6.8, 11 (Continued)

g e

3. 43088 - 08 6.0864% -00 6. 4453K% -08

3. 339% ~08 6.1086R ~-06 6.5313% ~08
3 $844% ~06 6. 21678 ~06 6.7834% ~08
3. 588432 -~ 06 6. 32138 -06 6.7601K - 08
3. 50488 ~06 6.3674k -06 6.7113% -08
8. 1048R ~07 G.8672K -07 7, 4568R - 07
6.8072R - 07 1.6427K ~-06 1.6845R ~08
748688 «07 1.6848K ~-06 1.8118% -06
9 1868K - 07 1.8087R 08 1. 764K - 06

—_—

"

7.2998% ~08

7. 41818 -08
7.60888 -08
7+6191E - 08
7. 71078 « 08
9. 1858E - 07
1.8087R - 08
1. 37548 - 08
8. 50808 - 08
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7.8774R ~08
7.4084R ~-08
7.86948% -08
7.6100R - 08
7. 78838 - 08
3. 5948E -08
6.86748 - 08
6. 7113E - 08
7. 72078 - 08




TABLE 6.2.18

STATES VRCTORE e¢(.), £(.) JOR THIRD ITERATION

Bas | Aett ﬁ..unf X
N b “&- inns

I Wltage ] Witage I Magni

mmmom”“nmwmm

i 1.0848 0 1. 0848 0

3 1.0480 -0, 0882  1.0433 -8, 8083
3 1.0148 -0.0897  1.0188 - 5,068
4 .0139 -0.0088  2.0188 -8, 3008

8 1.0148 «0. 1131 1. ORO® =0s 3614
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CEAPTER VIX

GADSS-SEIDEL LOAD FLOW WISE GPTIMALLY ORDERED NODES
B DINANIC PROGRANING ALGORITRM

7.0 Iatsedustion

It 10 desirved that transmission system should be able
9 transnit elostriec mergy eectonically and reliatly from
gsneration eentres % all load omtres at a generally acesptable
voltage level. This nesessiates the study of the load flew in a
pover systen to doteraine ateady operating states, Nesults of
the load flov amlysis are used for stability analysis and for
power system planning,cperation and eontrol. A large masber of
mnerical algorithme have been developed over the last 585 years.
™o nost of the algoritims are variations of two mamerieal
toshnique sueh as (1) Ganss-Seidel method and (11) Newton
Mphson nethod. The presmnt offort is an exposure of the
Gauss~dsidel method under different bus gonditions with eptimal
ondering of uses Wy Oynmmie programming algeritime ™he
algorithas are developed in easily understandable manner and
Allastrated on IREE 14 bus system.
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7.1 Wi Type

Pover dystem Buses are characterised as follows.

(1) Pe @ Bus ¢ AP« QIus i3 one vhere total s power
in esmplex form is speeified. At suech @ p~th bus the eomplex
power is

1 I, = B~ 3q
« (Por Bp) = 3(Qgp= Q1p) (70 2a2)

vhere B =, +J 1) and the subseripts Gp and Lp refer
%o the gensration and load respectively at the p-th bus,

1) P~ ¥V Bas 5 AP~ Vius is one whera real power P, 1is

spesified and the voltage magnitunde is maintained at a ecnstant
value, At sueh a s the charasteristies are

e /‘x' /7 P P 7.1.8)
= - [
l a‘v_/ o = P
vith -
/ /7 ('u’)% ?.1.3)
- 0 de 3
L g o % ‘

(11) Sving Bus or &aek Bus 1 Swing Bus or Slagk Bus 1s &
Jas vhere the eomplex voltage is specified. The conespt of a
sving s 1is necessary beesuse in the system the losses are

a0t known in advance, and hence it i3 not possible to fix
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injected real power at all the buses. It is the standand
prastice to designate one of the voltage contrelled uses
having the largest generation as the sying tus. AS this s
the complex power is not speeified and 1s caleulated o the
end yhen the losd flow ealeulations are eonverged. The phase
angle at the sving dus is spegified and is Staken as sewo.
Hence the sving tus is considered as the reference Wms.

7.8 Power tom tien

Bus frame of referenge of the 1line paremeters ina
the admittange form has gained videspread appliensieon dessuse
of the simplicity of data preparation and the ease with whieh
the ms adaittance satrix caa be formulated and modified for
any sulsequent network changes. The method using the s
sdni ttance matrix remains the most ecencmisal frem the point
of view of computer time and memory requirements, The salutions
of the aljebrale equations deseriding the load flev process
are based on iterative tesinique tecanse of the non-linearity
in the power esquations. The present investigation deals with
the Ganss-Seldel iterative technigue using Y bms and
optimally ordered nodes bty Dynamis programming algerithm.

e network equation is written as

) 4 »a - Xm 'w‘ ‘70 8 1’
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X Ms ineludes line admittanse and the effeets of shunt
elements to ground such as static eapaciters and reastors,
1ine sharging, shunt slements of tramsforser eqguivalents,

Algoritims for caleulation of Ygyy 4&s stated
below 3

(1) Road bus eode p - q s lwpedanees 35, ,1ime
) gt
eharging 7'““, transforner tap 'a’ §

(8 ) Gtain reeiproenl of transmission line fapedanes s

e
% get admi ttange 7"0
(3) Obtain total line charging and shunt sspasiter at
eagh bas
(&) Obtain self adnittance at bue p as
n
Yop = 2 5q
qud
- ’P"”’. * e *,’. (7.8.R)

end sutual admittance from p to q as

e ® ~ ¥y
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(s ) When the ofS-neminal turns ratio 'a’ is represented
at s p for a transformer eonnesting p and q, the
Self admittanee at us » s

Tppn 7y3* Tpg* ot y’v 'Nn* [ }(-" 1) (7.2.3)

The mutusl adnittance from p %o q 1is

t 4
x" " - ‘.‘!&0 w.&‘)

/

and self admittanse at s q is

4
!“ - ’u 3 Poeet y /"Qoo"’“" d e -; )’"
- ’“ n"’“ see ”“ (7.2,.8)

7.3 Agorithas for (ptinal Crdering

Non sero pattern of the tus adunittanee matrix is
prepared as

I’!‘,!ll ”!“-1
OTHRRV1ER !“-o

A sisple 1llustration for preparagien of non sere pattern of
s adnittense matrix is given as below.
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Cemsider a 14 nodes network of IEER 14 BUS system,
Computational efficieney of lead fiow analysis depends on the
order in yhiech the Gaussian elimination is performed on
sparse matrices and total mumber of nev Noa 3070 slements are
gonerated in oourse of elimination. It 1s observed that the
somputational efficieney is greatly improved if the nodes ave
oxdered in an cptimal way.

The prineiple of solution of sparsity oriented nede
oxrdering prohlem oan be stated as follows.

An initial seguent of an cptimal omering is a prow
of nodes of ¢ network whieh has the preperty that their
eptimally axdered elimination of the remaining nofes in o
Betwork eonstitutes an optimally ordered elimination of all
the nodes in o netwerk.

The prineiple of optimslity as stated adove is
$hlied to the predlem of optimal oxdering of sparsity eriented
nodes in pover eystem networke. This eptimisation predlem is
Sclved in an iterative proesdure by Dyammie Pregramming
algoritim following an optinum decision polieye The objestive
of the aparsity oriented optinum ordering of nodes is to
deternine the best possible way of perforaming Gaiiesian
eliminaticn, so that the amount of £1ll in or the valeney
of the elimingtion is mininum § the valeney of a node is the
amber of nev poths added among the remaining set of nodes a8
a result of eliminatica of the node and the valensy of an
oxdoring is the total number of nev paths generated in the
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proeess of performing the node sliminatien in the ender
specified.

The odjective funstion for optimal ordering is
Stated as

/ 7 / 7
Mintaise J/ ulk) /= ) £/ x(k)ulk) / (7230 1)

vhere

k ¢ stage variable. Indicates the atep of the
elinination algoritim.

x{k) 1 itate variable, Nede to be eliminated at stage k.

u(k) ; Decision variable. Pointer indieating vhich nede
z(k) 1s to be eliminated at stage k.

/ 7
£/ / 3 Valeney of mode x(k)
A «

A $5 the total nmber of nodes %o o elininated, T™he state and
degcision variables are related bWy the state equation,

2(k+1)e 2{(k)+ual(k) (7:3.8)
vith

2(k )E X(k ) = {‘ /im 1""00' I} (7:3.3)
(k)= x(1) for 1 = 1483000y (Red) (7:3.4)

u(k)< U(k) l%/‘ st dy £ 8000y ¢ (n- ;’} (7.3:.8)
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™he prodlem of eptinisation is formulated o
follows

Given the state equation (7.3,8) and the gonstraints
(7.2.3); (7.3.4) and (7,3.8), find the ecutrol sequence u (1),
a(R)yseey uin) that minisizes the chjective funetion (7.3.1).
The optisization problem is sclved by dynamie programming
algoritim,

he soaputational precedure is izplemented as
follows

Initially at stage 1, the valensy of sash node is
essloulated and stored in the first column of a 08t matrix §
sores are stored in the first solumn of a correspending deeision
or eontrol satrix. Then starting with node 1 of stage 8,
the valeney af every ordering sequenes sonsting of & node at
stage 1 and node 1 of atage 8 1is evaluated, The ordering
sequense vith minimum valeney 45 ket by storing the valeney
in sombined elimtnation of ryowv 1 column 8 of the eo8t matrix,

At the corresponding loeation of the desision matrix
s eatrel value is stored videh traces backwerds from mode 1
%o the sslected node at stage l. This process 1s repeated for
the all the nodes in stage 8. Similarly the process deserided
Just above is repeated £or 3,4ye0.y) (B 1), and n stages.
in the B« th stage the smallest valus in the cost matrix is
abtained at the J§ - th node, the j - th node 1s the last nede
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in opsimal cpdering seguense. The other nodes in the cptimal
ewdering ean be obtained regursively with the help of
degision matrix.

7.4 an Illustrative Emasple

Consider the exmpls as stated above. The non sere
pattern of the matriz is shown in Table 7e4ed. At stage 1,
the valensy 1s stored in the first column of the ecst matrix,
Table 7.4:2 and the control % = 0 i3 stored in column 1 of
the deeision matrix, Table 7.4.3 . After completion of all
the stages the cost matrix, the decision matrix and the
sequenee of nodes elininated are shown in Tables 7,48, 7ed.3,
7.4.4 Fon seve pattern of the uncrdered and ordered mses
are shows in Tadle 7. 4.5 and 7,4.8 respectively.

Reordering of tuses

After the eptimal ordering of the buses is kmown the
s adnittance matrix is recrdered and the nodes are alse
reordered.
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TABLE Teded

le O« PATTERN OF BUS ADMITTANCE RATRIX OF

IRRE 14 BUS SX3THM
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TABLR 7.4.8

DIFVRRENT STAGRS OF COST MATRIX

Stages/sl 1 ig i3 i
er/iadntalaed

i i7218 1 TV X
nfovioltimlu;nlu 4

0 .
P
3 0 ¢ 0 0 0 ¢ 1 x =2 X2 XL = = =
i3
e
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TABLR 7.4.3

DIFFERENT STAGRS OF DRCISION NMATRIX

m}xinxuc;aunnxzomgninux’u
m X 1 x ¥ X ¥ I I I vx

g e e e S i g g s X g g AT g g™ i P . = v g~ A g e | e b g v s gy s

8 ¢ 72 7 ¢ 3 x x x x x ®* X x X
9 o 8 88 8 8 7 7 7 85 8 4 3 -1 =x
a0 o ®» % 9 9 8 8 8 ¢ 6 5 4 1 =x
2% | ©Q 0 20 0 0 9% 9 9 7?7 7 ¢ s & .1
i8 0 M 4 44 U W 8 x xz x x x =2 2
i3 6 1 1 1 1MW U ® x x x = =2 =x
a4 O 13 13 13 13 18 18 18 W0 W ¢ x x =
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TABLE 7.4.4
DI PFERENT STAGRS OF NODR ELININATION

1 3.1 %1 %731 x
2 1.8 30 3 1-8-8 W XK ]
3 1.3 %3 719 e%i183
4 3-4 *k4e >0 %siq
8 1.8 >18 > 18- 0805
¢ -6 3 18-6 3 1-15-8 81 18-6
7 8.7 »8-7 187 >b887
8 1-8 48 198 $5»95-5-8
9 1.8 (% X %9 *%3i0
1.0 1 10 8% 10 ESXSRT
u  1-u +U &7kl &%tll
3 1.8 3118 %118 =23l
i3 i8-13 3 i3-13 1 13-13 &%l 1813
SV

114 >4 &%t 14 &h3iis
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TABLE 7.4.4 (Continwed)

6 ? . s |

eyt p— e e ———— s

b x x =

2  %ii-38 8% 1 18-13- 38 x

3 7413133 x x

4 %314 8% de 18- 98- 4 SRiniS1d02 4

§ 73188 %iil30-8 =Rlitnlds8-6

6 87%1is-36 &% if38-6 8% i 1815526
48267 x x

8 x x 4

9 823,89 8%l 1809 8% b 18-13- 3-8 9
8% 3 18- 10 8%li810 8%i-12153.8-20
%3 1-8-11 8%lifsll SRliS15-58.11
RESRS 3 873 Jr8-4-18 x
8% i 12-3- 13 8%llfe8ell SRNliBBild
873 la814 8%1ifld SRiiSI1nSl4

Y T ~T
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TABLE 7.4.4 (Contimed)

———

———— d w -
o ega et ———————————— — - e rman e ———
b 8 X X

8 x

3 x x

4 8 Pdr 8l 8-8-4 x

s &%iiily 848 8 PinlileldShetldb
6 8% dn 18219 8- 4-6 8 dnife i 28B4 6
? x =

8 x x

9 8Pl ifeld 5849 $%ii1813-30.8-4.9
10 Gl i1 8. 4. 10 isiild386-4-10
U $2rBisstell SRLI1SIEell
i8 x x

13 x x

14

LRSIt SRLiSiSREeld

DA
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TABLE 744 (Continmed)

RN AR R N

e i——
P e ey

»

o & N o o

£ & & £ &

1

SRR ORISR

i8

W Sy oo o st 4 S TR R Ao SR AR s SN S I a0 TN O P e

Tl 13 30-414-8-8

x
7l i1S 58.4-14-5-9
8u e 1o 18+ 13- 3o 80 4- 14- 5- 20
P ldriBelid 386 4611
X

8o P dn 18- 13- 3 8- 8- 4 10- 14

R

&7l 1819884 14-5-0.6

b 4
B Rl 18- 180 3o Be 4o 140 8-6- 9
8T dn 18- 13 3o 80 & 14 5-6- 20
8Tl 182 13 o8 4 140 6= 6- 1)
x
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TABLRE 7.4, 4 (Contimmed)

 § x x
s z b
3 x x
4 x
8 x x
L x x
1 4 x
s x | x
 +%LI1538.4145.6-10-9 x
¥ L%018.183041606600 L2LI1I1320.4145.6--11.20
¥ 8Pl 1819 3-8- 4 14-5-6-5- 11 8%l dfie 18 3o Bn go 14+ 5060 20- 11
n x |
i3 = x
" x
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TARLE 7.4:.8

UNCRDERRD BUSRS

A =z x =

8 = = S

3 T = X

4 X X x =x | X

8§ x =z X X X

¢ x = X X x
? X x =

o
N
N
|
N
n

0 X =z =

a4 T =

s x X =
i3 = x =
P x T x
— e ———————————
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TABLE 7.4.8
OPTINALIX ORDERRD NUSRS

.}, u}ﬂu.}. .h.{ ¥3.h ’z u

7 = x x |
i x z = =

8 = =
i3 x = = x

3 T = x

4 = zr x = =x =

4 x

s x T = x

¢ x = x =
® X = T =
0 2 x =
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7.8 &Solution M“

A bus vith largest generation is assumed a8 a
“slagk WS or any other bus as speeified. The selution of the
load flow probdlem is initialised assuming voltages fer all
buses except the slask bus. At the slack s veltage is
speeified. The currents are caleulated for all Wses emespt
the alask dus s from the bus loading equation

( Pop = Pup )= 3 {Qgp 91p

x’ » oo
5
Pm 1y8s0eep (7.8.1)
P
and
Is Ig) Xgg coc Yp b
: = : .’ “.'O.)
H 9 g oo ¥ :
'z
L*d L J L=

a
Iop By + 2 !n l‘ -!’ (7:.8.3)
qud
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Henoe

7 P = 18jeeep 0 (7.8.4)

- n
l....l.../x,.z Yo By /
P L VU s

Ipp -1
QP

The equation (7,6.4) involves only the bus veltages
as variables. e correspondiing voltage eguations are non-linear
in ferm and require iterative technigues for their selution.

i
Lot Lp = «ceee) the equation (7.8.4) can be written o

Ly
Ml )= § (g 1) < 7
sk / .p e -~-p.¢ - 3 /
B =l . 2 b 0 .«
= 1
L ol
coo (748.8)
n
Kkp o
..;..- - 2 ‘!5’"‘ Pm 1,80y (7.8.6)
Y qe 1 pwhs
L
vhere

/ 7
Kkp = / (PP )ed (Qee il )/ by
l @& Ly ® ‘b /

is known as the bus parameters
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and a

n,‘ » Lp 2 !" is the line parameters.
qul
"y

If the lus p is a voltage oentrolled bus Kip 48 t0 Mo
Tesonputed for every iteration.

7.6 Wltage Oontrelled Buses

In Ganss-3eidel method with Ypusz the reactive
power at a Yoltage contrelled tuis p must be enleulated before
ealoulating the voltage at that bus. deparating the real and
imaginary parts of the bus power eguation

n
"b"" ?-J(Q.,o Up )=lp. z Ipq Bq ¢ the resstive
el

s pover

n
| 8
qc-‘P-QLP..’ "’ * l’,l’, * Z {-t" ‘q s‘ * “"‘)
q=1
P veq

- .p‘ f‘ G" - Cq "Q ’} (7.6.2)
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vhere
L TR TREL TR

0:, * t,' - % Bp ( seheduled ) ﬁ (7.6.2)

In exder %o cslounlate the reastive bdus power needed to give the
secheduled bus voltage, the equation (7:6.1) must be satisfied,
The present estinate of o} and £ must be sdjusted aeeerdingly.
e phase angle of the astimated bus voltage is

k

£
¢ = aretan 2o, e ajusted sstimte of ¢ amt 1,

» %

k

are Q:(m)- o sechednled ¢os s,
k Sk

g, (nev ) = Rp seheduled sin »

where superfix k is the iteration esount in Ganss-Seidel method.
dudstituting c: (now) and !:(m) in equation (7.6.1) the

rengiive pover Q: is obtained and is used with ¢ (new) fer

ealeulating the mev voltage sstimate B, '

If the calewlaué Q) exeords the G ey then
G tagz) 15 00nsidered as the Tesstive pover of the Wa § i Q)
10 1006 than @) uin) MR Q) 1n) 18 considered as the
Peacgtive pover of the s, and the bus is considered as P - Q.
The W4 parameter Kip 4is recomputed.
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Then the equation (7.5.6) 1s selved by Ganss-Seidel

Sterative mothod. In this method the nev eslealated B3

fanediately replaces l: and is used in solution of the

subsegent equations.

7.7 Line Nevw &m
After the voltages of the duses are ecuverged to a
solution iteratively, the line flows are deternined as

vhere Trg 18 the line admittanee
7,," is the total line charging admittanes.

The reversed pover flovw is
» L
r’.mw - B (B - By )y“-t!.l,y;v.

he slack s power ean be determined by summing the flows on
the lines terminating at the slaek Mus.
Tolerance test wvas made to0 aghieve convergenes as

B . s

The ealoulation vill be terminated vhen Al.kﬂ' 1s a
predeternined small valwe - .
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, 20 ashieve quicker sonvergense the veltage is
aceslerated as

l:’; - l: . oCAI:ﬂ
where < 1is a predetermined value swpirieally odtained in
the neighbourhood of 4.6.
A coamplete flov ehart for Gauss-ideidel lead Mow
Adalysis with optimally ordered nodes 1s show in Fige7:7 .
Ano ther method of sub-optimal erdering is alse
ingluded in the illustration. This technigue states that
*This scheme partly simulates the Ganss
eslimination proeess and requirves that at eash step of
fov - colwmn elimination, the node with least mmber
of off-diagonal terms be eliminated next. If meve
than one rov - column meets this eriterion, selest
any one."

he above scheme of sub-optimal exdering is kneowm
as Tinney's seeond scheme. Computation time for this sshene
1s less than that of optimatimal ordering by dynsaie
programaing.
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7.8 Illustration

IEER 14 bus system is considered for the load
fiov analysis. Sub-eptimal bus ordering acsording %o Timmey's
Sesond dchene was obtained as 1,3,8,8,7,18,4,5,10,11,6,9,
i3)i4 and the valengy of ordering was 8.

Gptimal s ordering asccording to Dymaaie
Programning algorithm vas obtained as 8,7,1,18,1593,8,4914,8,
€;9,14,10 and the valensy of ordering wvas 4. Pr a toleranes
dinit of 0.0 the mn-ngnxju flov caloWlation
eonverged after 14 iteration o Fige 7:8.1 shows the
IREE 14 BUS system and the Tahle 7.8.1 shows the deseription
of the IREE 24 U3 system. The software developed in BASIC
language is given the Appendix as AS.1, AB.B and AS. 3.
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TABLE 7.8.1

DESCIIPTION OF THR IKES 14 BUS MYSTIN

BUS DATA
T T Generatten [ lesd B
- Tl o
b § 238. 4 «l8.9 0.0 0,0
2 .0 PYPREEEE W BT
3 0.0 234 S48 180
4 0.0 0.0 47.8 39
s 0.0 0.0 7.6 1.6
. 0.0 2 1L8 7.8
7 0.0 0.0 0.0 0.0
8 0.0 17. 4 0.0 0.0
9 0,0 0,0 29. 8 16. &

10 0.0 . 0,0 90 5.8
u 0.0 0.0 3.6 1.6
18 0.0 0.0 6.1 1.8
13 0.0 0.0 18 8.8
i4 0.0 0.0 a9 8.0

a
|
|
i



Bo. ; Muses
1 s

I ¥

3 =4

4 ¥ 2

s 28

6 34

7 &8

8 5-6

&7

0 %8
L e
TR X

13 w0
u eu
5 e
1 e
17 14
1B wu
1 1.1
20

0, 06701
0. 01336
0.0
6.0
0.0
0.0
0.0
0. 03181
0. 09498
0. 12891
0. 08088
0. 18711
0. 08808
0.82098
0. 17093

0. 17e
0. 82304
0. 17388
0. 17103
0. 04211
0. 36808
0. 80918
0. 17615
0.58618
0. 11001
0. 08450
0. 19890
0.25881
0. 13087
0. 27038
O. 19807
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CRAPIER WVIIX

CONCLUSION AND SCCPR OF JURTHER WORK

The present wrik 1s & repert of cur epwriamis
wvith the applieation of different nethods of pplied eyberneties
in elestrical pover industry.

In chapter III we Dave developed the hously flew
simulation teshnique with the gybernetieal method of yesureive
least sguare instrument variable algoritim with onsline
parameter trasking adaptiveness. The effestivenses of the
developed teehnigue has been demonstrated vith the £iald data
observed at the different gauging stations of the hilly river
Tessta in North Bengal.

™he seeningly ecmplex algoritims and high perfersance
sompitational requirements have in the past limited the
applisaticn of estimation techniques to asvespase Sechmolegy
and missile guidance system wvhere there are high esst
performange tradsoffs. Recontly, LSI nicroproesssers have
had a dramatis impast in the ccatrol of data proeesssing area.
L3I and VIEI technology have advanced so rapidly that the current
high performance microprocessors have the compusational
eapabllities to implement estimation and eontrol algeritims.
In this part sufficient details of the reeursive least sguare
instrument variables algorithms are given vith asseciated
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Pareneter trasking adaptivemsss in the instrument variadles
iacluding real time experiments to alloy one to assess the
requirenents and sapadilities of microprosessor based
estimation algoritims for real time monitoring ef hourly
river flows and for o-line scntrolling of the hydranlis
struetures of the large sise run-of-the river hydvosleotris
plant. The abllity of the algorithm bhas not yet deens tested
on real world problem.

In ehapter 1V a mathematical deseription of ammual
alestrionl energy consumption in India has deen develeped with
population, gross national preduct, gross domestie saving and
gross donestic onpital formation as exogenous variables in the
form of a polymomial of cptimum complexity wvith the help of o
learning identifisation technique known as the multilayey grewp
nethed of data handling algerithm. The model is fourd ¢o
simnlete adequately the eoffects nf Iintersetions of different
techno-economie parameters on anntial eleetrieal snergy
eonsunp tion.

™he modelled data are found to be in close agresment
vith the observed ocnes. From the results af the {llustration
it is cbserved that multilayer growp method of data handling
Seshniqie is capable of aseriding strueture on precessed data
by providing missing information to systems wvith uneersainties
eperating in a complex dehavioural enviromment, Other
toshne-eeononie and soeio-econonic paremeters ¢, g national
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produativity index and indices showing the quality of 1ife
of the pacple ean be ineorporated in the develuped model.

In ehapter V the medel of anmal installed plant
cpacity of alestrical energy of Indieo has been edtained in
the form of polynomial of optimum complexity by ecmputer atded
selS-organisation of mathematieal models. Desired rate of
gvovih of annual installed plant capacity and sammal energy
consmp tion have heent assmed, On the basis of the growth
Fates the polymomial modele of cptimum complexity have been
obtained for annual installed plant eapacity and energy
sonsumption: A model for plant amual load faetor has alse
boeon obtained. The wodels ean be Used as handy teols for
pianners of power industry.

T™he polyncmial models presented in thigs work ave
foumi % aimulate adequatsly the variations in the observed
datas The nodels ere handy teels for planners of powver industry.
A slese lock inte the nodel for plant amnual load fastor will
bring  ecut many importent features eof Indian pover industry.
™his vulmum has been kept outside the purview uf oury
present retcarch interest.

| In shapter VI we have develeped State Batimation
Seehnique whieh provides e powverful tool to edtain o data dase
for en-line supervision and eontrol uf pover system. In this
work reeursive type least square teshnigue with pavaseter
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tragiing algoritim has been used to obtain the estimation
of the pover system state variables. Incorporation of the
pareneter tracking algorittm makes the states estimator
amenable to on-1ine cperation. Ihe estimates of the states
will help in selesting on-1ine eontingensy plan: M
1llustraticn i3 given to shov the application of methods
and the softwere developed.

e trasking state estinator develeped ablove Mas
doen $1lustrated using only one snapshot of measurements,
It ean handle the slowly varying charagteristies of fue powver
system and thus 1s eapadle of funetioning properly under
diseretetive on-line cperating eonditions.

ais part presented a nev type of state estimation
dlgpritie, Tis algeritim is suitadle feor oth estimating en
real time basis the static states and quasi~dynamis states
for on=1ine cperation. The algoritim has fast converging
sharegteristie ainge it doess not involve matrix inversion.
The spproximations used in this method vere shown not ta have
any negative impast on the disgriminatory ablility of the data
detestion and identification prooess, iinee the sequengs of
operations, during iterations for static states as well as
for reeursive sstimation of guasi-dynamie states for on-line
operation, 1is idetisal for hodh e(.) and £() systems,
the sedularisation of the algorithm and the use of strustured



Programming are possidble. lowvever, it 1s believed that
migh oeffort 1s still nesded for real 1ife aprlisation
of the developed algoritim.

In ehapter VII Ganss-deidel load flov with
eptimally ordered nodes by dynamie programming algeritim
of applied eyberneties has been deseribed. Algoritim has
besn $1lustrated on IKRE 14 Bus System. It has deen
observed that the computational efficiensy is lwproved
vith optimal ordering by dynamie programming algeritim,

he Gauss-Seidel load flov vith dynmmie
programming algoritins have isproved the computational
efficisngy of the load flew analysis. The convergense of
load fleov saleulation is quiek. SPECTRUN/ -3 micfoprocessor
of DCM data products was used for ealonlation. Begause of
the memery limitations higher order bus system eculd net
be tested. It is hoped that numder of iteraticns will be
drastically redueed if other fast converging loat flovw
nothods are used.

Iwvestigation, earried cut in this work,
has helped in developing nesessary softwaxps for eff line

plamning and on-line control of electrical power industyy,

It alse shoys that oybernetical methods are powerful toels
for analysis the different aspects of electrical power
systems.
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COMBINATORIAL ORCUP MRTHOD OF DATA HANDLING ALQORITHM

CUNPILE QNDOUMB 3B
HIBASIC COMPILER V 2.0

i
83
&
L
8t
6s
4

LPRINTER WIOTH 80

PRINT ®COGMBINATURIAL GMOE ALGORITHM POLINGMIAL®

PRINE "WITHGUT S(UARR TERNS®

PRINT

INPUT "UATA & VARIABLES® § N,K

KXs (Ko 4)°K/8+8

DEM ¥ (KK,KK) , X Of,K¢4) B (XK), 2001 ), C(XK) B2 (XK),
Y0 (XK,XK), CR(18)

BIx XE )

INPUT "INPUT DATA FILE NAMB" ; D §

OPEN DB 48 1t FOR I=l 70 NIREAD s 15 X (T, 1)SNEXT I

KRJ =370 K+LFOR I = 1 70 NiRRAD wi 13 X(I,J)1NEXT It
NEXT J1CLOSE 1

KRI =l 70 NX(X,8)uis NEXT X

PRINT "TRST DATA"IFOR I = 1 70 KeltPRINT X(1,1),sNEX? I

PRINT

INPUT *MATRIX FURMATIGN 7 BE GKIPPRD 7 XBS = 1 NO = O" A

IP A= 1 THEN 20

FRIs i 10 KKe 43 ORI = 1 70 KKsY0 O ,J )uDSNEXT 7,2

KR Is 1 10 NsB(1)uK(X,1)8B(2)nlsMelt PR LuB T0KiLlul+l

FOR Jubl T0 KelsMaitelsB 0OsX(I,L)* X(X,3 )eNRX? J,L

FOR L=l TO M- 16J0R Jul T0 M1 YO (LyJ )= YO(L,J)+B(141) B Y )1
NEXT J5 NEXT L
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NEXT I$INPUT"COMBINATORIAL MATRIX FILE NAME COMBN.I%;A$
CREATE A$ A8 1: FUR Jul 70 KKiPOR Iul 10 KK« 1

PRINT sl YO(X,J3)s NEX? I,J3 CLOSE 1

o 70 0

20 INPUT "COMBINATORIAL MATRIX FILE COMBN.I"; A$

OPEN AS A3 1:FOR Jul TO KKtFOR Inl TOKK - 1

RRAD wely YO(X,J): NRXT X, J : CLOSE 1

30 INPUT "HOW MANY COMBN WANT TC TBST ™} KL
PORLOOP = 1 TO0 BL 8 JORJ = 1 0O XX3 FOR Isl TOKK = 1
Y(I,9 ) = X0(X,J )s NEXT I,J

INPUT ®HOUW MANY TERMS OF POLMN. TG BB 3KIPPED ™; ™
IF ™ « O THIN 40

IF ™ = 100 THEN 100

S FOBR V= 1l 10 M: INPUT "WHICH ONB SERIALLY 7y CR( V)

434
4“4

Irck (V) =KX THIN &0

PR IJoCR(V) =¥l O KK- Vi WRI = CR(VY T0KKw Vo 1

YXF )oY Q42 J+1L)IREXT X3,V

40 WRJ =170 KK-T1B10 )= YT, 1)0 NEXT J

FOR Jnl 70 KK. TR 14 PGR I=l T0 KK TR 10X (X0 ))uX (X, Jo1) tNEXT I,J
NN=KXK- TH- J$PRINT"NC, OF TERMS OF THE TRSTRD POLMN, "t NN:PRINT
PRINT®Y (1, )" tPRINT: JGR J=1 T0 NNtPRINT Y (1,J ); tNEXT? JtPRINT
REM MATRIX INVERSIGN ALGORITH

60 WR L = 1 TC BN

Zal/X (L)L) SPRINT*Za"} Z3PRINTIX (L,L)=l3FOR Inl T0 NN

48t YA,L) = X(I,L)* Z4NRXT Xt FORJ=l 20 NN



Ird = L THRN &0

ZuY(Ld) X(LyJd) =08 WRI =l 20 NK

Y(I,0 )Y (X0 ) XCI,L)%2 3 NRX? X

80 NEXT J

NEX? L

PRINT "MATRIX INVRRSED"

PRINT TAB (10);"COBPFICIENTS OF THE PCLYNGMIAL®: PRINT

FOR Inl T0 NN:SUMROS R Jul 70 NN SUM-SUM+Y (X ,J) * B1QY)

NEXT J3C(I)=8UMsPRINT C(1),s NEXT I

FOR I=l TO Nt3UM=01B (1)=X{X,1)s B(R)= X(X,8)s M8

FOR Ls8 70 K3L8al+11POR JuL® TO KeltMaiiel

BOt)= X(A,L)* X(X,7)¢ NEXT Js NEXT L

FOR J=8 TO M- TM18UM=8UM+C W -1) *B(J)s NBXT J

ME) = SUM &+ NEXT I

FOR I=l TC NeXEQ)=X(Z,1) «-XM(X): NERX? I

PRINT TAB (1)j "SERIAL"§ TAB (18)§ "OBSERVED™} TAB (38)}
"MOUELLED VALUBS™} TAB

FOR Imd T0 NIPRINT TAB(L);1; TAB(A5)3 X(Xyd)3 TAB (38)3 XM )3

TaB(85)3 XE()
PRIRT s+ NEXT 1
SUMC = 03 SUMA= U2 GUMB= C: WRI =1 TO N
SUNA=IUMA*XE(Q ) * XE(X)s SUMBudUMBeX(X,1)* XX ,1)
SUMC = SUMC + XB (I )
NEXT X3 ERR = SUMA/SUMB: SUMC = SUMG/E
PRINT "IRTEGRAL 3QUARE ERROR =™; ERR t PRINT
PRINT ®MEAN BRROR ="j§ 3UMC : PRINT
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f11

INPUT “ERROR FILE WEROED ? X/K = I/ O%; A

IPA=0 THEN 11

INPUT "BRROR FILE XBRR, I} A$

CREATE Ap A3 13 FORI = 1 TO NsPRINT g1 XBCI )
RBXT I: CLGIR 4

INPUT "MAIRIX PRINT FILE RRyD. ? XBd = L NO = O*) B
IrBb=0 THEN 1l

INPUT “INVERSED MATRIX FILE COMBMAT.I™; A3

CREATE A% As 1

FOR Iml TO K1 IR Jwl 70 NNIPRINT 13 ¥ (X ,J ) sNEXT J,13CL08E 1
i1 NEXT LOOP

100 STOP

D

NO ERROR3 DRTECTED

CONSTANT AREA 1 8
COIE aIZB ¢ 3668
DATA STMT AREA @ 0

VARLABLE ARBA @ 264

A
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Al POWER SYSTEM STATES RSTIMATION
COMPILE NRS3 8B
HIBASIC COMPILER V2.0
13 LPRINTER WIDTH 80
83 PRINT TAB(8); "POWER SYSTEM STATRE RSTIMATION®
3! PKINT
4' INPUT "NO. OF BUSRS & NO. OF LINES «"; NB, LPQ
8s XM X (LPQ,6), Z2(LPq),0(NB,NB), B (NB,NB)
6t INPUT "P -~ ¢ R, YPYI/8 (R&IX) VILR XZ o*; X$
78 OPEN X8 A3 13 R Ind O LPY ¢t WRJI = 1106
83 READ wil 3§ XX, J)1 NEXT J,1
93 CLO4S 1
403 INPUT "P4RX PRINT NEEDED ? YES = 13 No=Os™§ PQR
dis IF PGR = O THEN 804
183 PRINT *P Q R X YPZ2L1/8 - R YPQL/8-X*
i3 FOR Isl T0 LPQt PRINT® I="11: FJORJ = 1 20 8
14t PRIAT Y(I,J),% RRXT J1 PRINT: NEXT I
i8¢ 801 ORI = 1 70 LPQ
18t ZeX(X,3)* Y (X ,3)+X(X,4)* X (X,4)1Y(X,3)=X (X,3)/21
Y(I,4)m - (1,4)/Zt NEXT I
iPs INPUT "Py ADMITTANCR PRINT NEEDED 7 YES = 1 NOuCu="; I
i8: IF¥ L = 0 THIN 502
493 PRINT “P-Q LINR ADMITZIANCE & LINE CHARGING*
80t FUR Iml TG LPQIPRINT"I="3I21OR Jul T0 GIPRINT X (X,3),¢
NEXT J3% PRINT: REXT X
215 8608 KR Jul T0 NBSFUR Inl 70 NB2G(X,J )u01B (I ,J )wOsNEXT 1,J
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8
84

s
353
261

an
28
391
401
44
Y
43
44
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FOR =l 20 MBsdUMAGISUMBwG FUR Jul TC LPQ

IP X(J,d ) =5)<>0 THEN 20

GUMARSUNACY (J 0 3)+X (J ,6) 2dUMB=SUMB+Y (J ,4) X (7 ,8)

40 BEXT J

KR JInd 0 LPQ

12 O@,8) « 1)O0 THRN 42

SUNASBUMACY (4 3)4Y (7 ,6) 15UMBaSTNBSY (7 42+ & ,6)

il NEX? J

0Q,X)= dUMAs B{ ,X)= SUMB

IP 14D THEN O

FOR J=l 20 LPQ

Ir @@,1) - 1)90 THEN 21

II=l+dt FUR K=l T0 KB

IF 0 @,8)-K)0 THD 6l

00 ,K)w =X (F43)13(K,1)=00 ,K )1B (X ,K)= <X J,4) 1B (X,1)uB (X ,K)

41 KEXT X

21 NEXT J

9 NEXT I

INPUT "BUS ADMITTANCE PRINT BEED4D 7 XE3sl NO= Gw™; BUS

IrBUc = ¢ THEN 8503

PRINT "BUS ADMITTANCE MATRIX™s PRINT

PRINT “ACTIVE ADMI TTANCR COMPUNENTI™s PRINT

PCR Inl TO NBIPRINT"ROWa™3;IsFOR J=l 70 NBSPRINT Gﬂﬂ)g‘
NEXT J3 PRINT

NEXT IsPRINTIPRINT"REACTIVE ADMI TTANCE COMPONENTSY
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48% POR Iwi TO MBPRINT"RCW="§IsJOR Jul 70 NBSPRINT B(X,J),!
BEXT J3 PRINT
478 NEXT IPRINTIPRINTASSUNPTIGN OF BUS WOLTAGES®
483 503 INPUT"REFERENCE BUS Ji="3J1
49t BIM B(UB,L),FONB,1),PL(NBy4),P 01B,8),Q 0fB,8),8 (3B, 8 * NB)
80t R Isl 70 NB: R Jul 10 NB1B (X yJ )ueB (X7 )SNEXT J,It IR Inl 10 X
811 INPUT *B(X,1) & F(X,1) =" B I, 1)yP(X,1)'BRX? X
881 IRPUT®QENERATION & LOAD POWER FILE =(lL="; B$
638 OPEN B§ A8 R:FCR Ial 70 NB:JOR Jul 10 4tREAD s83PL(I,J)s
BRXT J,X¢ CLUSE 8
84t PRINT “QENERATICN ACTIVE & EACTIVE LOAD ACTIVE & RBACIIVE"
88 INPUT "NVA BASE ="j BASE
863 INPUY *LOAD POWER PRINT NREIED ? YESsl NO= O="j LP
87 IP LP = C THEN 804
&8t FOR Iwl 70 MB: FOR J=li T0 4tPRINT PL(X,J7),8 NEXT J,1
59 304 KR I = 1 70 BB
60t PLE,1)n(PL{X,1)-PL(1,3))/BASRIPLU,2)= « (PL(Xy2)-PL(1,4))/BASE
618 PU,4) » PL(,1)¢ ¢q(,d)= PL(X,8 )
éR¢ NRXT X
€3¢ INPUT *TOLLERANCE=" § TL
643 INPUT “iIGMA="} &I 0MA
661 INPUT "THETA="; THETA
663 I%EnliNBRs2 ¢ KB
67 POR Iwd 7C NBR =1t PORJul TO NBR « 13 8(0,J) = ©
68t 8(I,I ) = SIOMAY NEXT Js NEXT I
691 100 FR I=l TO NB
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70: SUMA = O ¢t 3UMB = O

74t KRJI = 170

PL =B{ 1,0)* (BG,2)*0QJ)+ F(J,0 )*B( X3 ))

PR =l( 1,1)* (FU,L)%0QJ)- B(Jy1 )*B(X,))

Wb alP( I,4)* (BW,1)*0(X d)* P(J,1 )*B( I3 ))

B me B(I,1)%P(F,2)%00QJd)= B(I41 ) *B(IJ ))

SGUMA » SUNA* PLloP2s SUMB = 8UMB + q1 » 4 2

770 NEXT J1P(X,8)mdUNAS §(X,8)n SUMBSNEXT It KITH= ITH = 1
78% PRINT TAB(10)$ "REAL AND REACTIVR BUS POWER *

78% PRINTSPRINT "BUS NO. ,P (X,K+1),P (X ,K)oq (X ,K+1),Q (X ,K)*1PRINT
803 TOR 1=l T0 NBIPRINT TAB(10);"BUS (“;I;")% PRINT

813 PRINT P(X48),P (X41)yq(1,2),Q(X,1)tPRINT: NEXT It PRINT
88: FOR Is=l 2O NB:PRINT TAB(10); Q(48),Q(X,1)tPRINTANEXY I¢PRINY
8% DIM DRLP B), DRLYQIB), C(IB), D(NB),JN (WBR,NBR)

84! DIN JN1 (IB,NB) ,JNS (5, NB) ,JN3 VB, NB) ,JN4 (WB,NB)

88* DIN DRLE(NB),DELY (WB)

86% PRINT TAB(10);"DRLP (X) DELy (X )"sPRINY

87t WNR]I =1 N3

88 DRIP(X)w PAyl) ~PU,R)DELY(E )= T yd) » §( I,8 )

891 PRINT I, DRLP(I), DELY(X)s PRINT

901 NEXT 1

948 XN XD (NB,8)

9 KRI=]1 0NB

93t YD(X,1 ) = DRLP(X)2 XD(I,8 ) =» DRLYQX)

22 e



D4t

NEX? 1

NRIs=l1l TONB
IPYID(I,1)<0 THEN 58
ac 10 87

98: 868 YD( I, ) ==~ XD(I,1)

991
2003
1018
1083
B Te
104
1083
pt o F)
107
4082
109
4101
148
1481
43
14t
1151
4103
1171
118

87T Iryn(1,2 )< 0 THEN 59

20 70 60

SO XD(I,8 ) =~ XD(1,8)

60 NExT I

Ml =0 AR =0

KNRI=di I0MNB

IF (X1« XD (I,1))>0 mHmN &
Ml =« XD(I,1)

R Ir (X 8- XD (I,R))0 THEN 61
DX2=YD (1,8)

61 NERXT I

IP (N1 DYB)>0 THEN 63
DXl » X8

63IF (Ml- T ) =0 THEN 64
PRINT “ITERATION COUNT = "; KITN: PRINT
FRI =1 20EBs CA) = 0:D(I)= OsNEXT )X
FRI =1 70KD

mnR(I,l) '3(1,1)*!‘(1,1) *P( X1 )
C)n (PC(I,8)*R(I,L e (X2 )P (1,1 )/
DX)= (P(X,8)*P(X,1 )= q(1,8 ) R(I,1))/

216



217

4498 BRXT 1

4808 PRINT: PRINTs PRINT

i21s INPUT “JACGBIAN REQRD ? YES = 1 NO = 0% BB
i28: I7 BB = 0 THEN 5856

423t KR I =1 TONB

1848 JML(I,X ) = B(X,1)* 0(X,X)-P(X,1)* B(X,X)+» C(1)
1883 NEXT I

196¢ OR I = ] T NB

487 FOR J =1 T0MB

488: IFP I =J THWN 167

4891 JRLI(I,J) = B(I,1)* G(X,7)-P(1,1)°* B(X,J)
4303 167 NEXT J

4343 KEXT I

d38: VR ] = 1 O NB s FORJ =1 10 BB

1338 JN2 (X,d) = 08 NEXT J,I

434t R 1 = | 10 NB

4363 JN2Q,I) =RUX,l)* B, ,I)+2* Pa,1)* G(X,2)+D Q)
43683 BBXT I

4371 WR1I =1 TUNB

138t WRJ =1l TCNB

130t IFl =J THEN 72

1408 JN2(,J) = BA,1)*BAJ)e PA,1)* aQ,J)
d4lt 78 NEXT J

d48% KEXT I

143t WGR I =1 TC MB

dddt KR J =1 TONB



VT
1483
ien
i@t
14013

54
Ha
63
Ha
581
ABG:
B

891
1608
613
168
4634
644
1881
1663
1873
1681
1891

£18

IPI =J THEN 74

JN3A W) = BA,L)*BAJI+ PALLI*CQA,J)

74 NEXT J

NEXT I

ORI =1 TN

JN3U,I) =» RA,L)*BA,J)e PUL,L)*GA,X) - DA)

NEXT 1

KR I=] 0N

R J =1 TONB

IFI =J THM 76

JNAd) = BE,1)* 03X, J)e PX,)*B(A,I)

76 NEXT J

NEXT I

FR I =l 70X

JE4AQ,1) 2 «BU,0)* X, 1)+ FO,L)*BAX)e ¢OX)

NEXT I

KR Inl 70 NBSFOR J=) T0 NBSJN( )= JNL(X,T)8 NRXT J,1
JOR I=l T0 NBSFOR JaNBel TO NBR3IN (X ,J)aJN2 (I ,J-ND)INEX? J,1
FOR Im NB+ 1 TONB2 3 ORI = 1 10 NB

JN(I,J ) mJIN3(X - NB,J) s NEX? J,I

FOR IaNB+l 70 NB2: FOR J= NB+1 170 NB2

JN(I,J ) = JR4( I.NB,J-NB) s NEXT J,I

PRINT

INPUT "PRINT CUPY OF JACGBIAN NEEDED YR3 = 1 NO=0s"; LL
IF LL = O THEN 656

PRINT "ELEMENTS OF JACCBIAN®



171

i781

219

PRINT: ORI = ] 10 NBRt PRINT"ROW="3I
FOR Jul 7C NBSIPRINT JN(X,J),:NEXT JsPRINTINEXT IsPRINT?

d73 556 PRINT

d74
A7
1761
4773
178
4791
1802
Bl
182
83
84
188
1862
87
488
4891
490:
d94s
498
1931
4944
1883

DIM DELE(WB), BPELPOIB)

KR Iwl 70 RBIDELE(I)= QtOUBRLP(X)=03NEXT I

PRI =L 70 NBE |

FOR JuliBel 0 NBB-13JN (I,J)sJ8 (1,J+4)INBXT JINEXY I
XM XP (MBR),DELY (QIBR) ,Z (NBS)

KR I=l T¢ NB:DELV{ )sDELE(X )sNEXT It FOR l«NBel TO KBSl
DELV( )= DELF(I-NB+l)

NEXT IsFOR Iwl 70 NBsYP{ )w DELP(I)s NEXT I

JOR IaliBel 70 NBRIYP ()= DRLQ(I-NB)s NEXT I

REM FOR I=] TO NBS-11 FOR Jul 70 NBS- 138(I,J )0

REM 8(I,I) = SIGMA: NEXT JuNEXT I

FOR I8 = 1 TO NBS

DXM PE(NBR) ,DK (NBR), A (NB2) , DA (WBR) , DB (WBR) , DC OWBR)
FORI = 1 T0 ¥NB3-1tA()= DELV(I)® NEXT 1

WRI =l 70 NBS-L

ZQ )= IN(I&,1)sNEXT L:X=XP (13)

FOR I=l TC NBS. 113UNA«013UNB=0: FCR KD=l 1O NBS. 1
SUMAIUMA+S (X ,XD) * Z(KD) 1 SUMB=SUMB+Z (XD * 3 (KD, )sNEXT KD
DA )wiUNA DB (I )=3UNB2DB (I )=DB (I) * THETASNEXT I48UNCal
FOR Isl 70 NBS-4: SUMCeSUNC+DB(X)* Z(X)INEXT I

FOR Iml 10 BBS-130CQ )= DA(X)/8UNC: FOR J=l TC NBS-1
80 )ud(X,J) -DCX)* DB )INEXT JINEXT I3 SUMASY



1961
97
1983
1902
2001
204
208

8

2083
206

2001

211
218

214
2183
8181

2323
2183

280

FOR I=l 70 NBS. 1t SUNA=SUMA-A(X)* Z(X)sNEXT ItPR(I8) = SUNA

KR Ial 70 NBS.13 S8UMD=Ot FCR J=l TO NBS- 1

SUMD=SUMD+S (1,3)* 2()

PK (1 )=8UMD DK (X )=IK (I ) *THETASNEXT J tNEXT I:FOR Iul TC NBS-1

Ad)s AQ)+PEQE)* IK(X)eNBXT Xt NEXT I8

PRINT TaB(40)5 "A(X)"s PRINT

PRINT *CHANGE OF ACTIVE & REACTIVE BUS VOLTAQGRS"

PRIN?T

FOR Isl 70 NBS. 13 PRINT A(L),: NEXT Is PRINT

INPUT *5(L,J5) PRINT RByD» ? XES = 1 NOmO"; PP

IPPP = 0 THEN 666

PRINT TAB (10);*3(I,J) MATRIX": PRINT

FOR I=l 70 NB2-1: FOR Jml 70 NB2. JSPRINT 5(I,J),tNEXT 31
PRINTs PRINTINEXT 1

666 FOR I = 1 I0 NBtDELE(X)=A(I)¢NEXT I

JOR Iw2 70 NB1DELF(I)mA (NB+l.1)tNEXT I

FOR Isl 7C NBIE(X,1)=B(X,1)+DELE(X)INEXT IsITHuI TH+11DELPU1)x0

POR In® T0 NB:PU,1)s P(I,1)+ OBLP(I): NEXT I
DIM BMAG (NB), GAMMA (NB)
FGR I=l 10 BB'M!G’“’ BI,1)+ ’ayl)‘ ra,1)

BMAG (I ) mBgR (A) 3GAMMA (I )= « (180/3, 142) * AN (P(I,1)/5(1,1) ) sNRXT .

PRIRT TaB (65)3"BUs NO, ACTIVE AND REACTIVE WVOLTAGRS VOLTAGE
MAGNITULE ANGL

PRINT
RR Ial TG RBIPRINT TaB (10)3I,E(d,21),Fd,1)3PRINT



8193
2303
8813
2081
an
284
2863
298

PRINT TAB (A0); EMAG(X),QAMMA (X )s PRINTS NEXT I
FOR Inl 70 NBSP (X, 1)wP (X,8)8¢(X,2)m3 (X,8)sNEXT X
0 70 400

64 PRINT

PRINT TAB (10); "STATE ESTIMATION RESULTS"

PRINT

PRINT TAB(30); “ACTIVE BUS VULTAOGES": PRINT

FOR Isl T0 HBs PRINT B(I,1), # NEXT ISPRINY

287: PRINT TAB (10)3 “REACTIVE BUS VGLTAGES": PRINY
888 FORI = 1 T¢ NBIPRINT F(X,1),t NEXT I: PRINY
2295 S0P
2320: =D

B0 ERROR3 DRTRCTED

CUNSTANT AREA 8 16

CODB SIZE ¢ 9082

DATA SIMNT ARBA @ 0

VARLABLE ARRA ! 6568

A

221



ABsl OPIIMAL ORDERING BY TINNEX'S SCHRME 2

COMPILE OPTILOR #B
HIBASIC COMPILERR V2,0

1
s
Nn
4
81
63
Y 4
8
91
108

i
in:
13
4
i8
16

17

LPRINTER WIDTH 80

REM OPTIMAL ORDERING ALGORITHMS TINNEX'S SCHRME ©
INPUT "NG, CF BUSES & NO., OF LINEi="; NB, LPQ
OIM AX(NB,NB)

OIM X (LPQ,7),XBUSR(NB,NB),XBUST (NB,NB)

INPUT*P- & B % XPQR/S-XPYX/8-TR FILE YZ="}X$
OPEN ¥§ A3 1t FOR Iml 70 LPQIFUR J=d T0 7

REBAD ¢ 13X (X,J )3NEXT 7,13 CLOSE 1

INPUT"LINE DATA PRINT REYRD. XYRiwl NU = O"; PP
IPF PP THEN 501

PRIRT "LINE DATA": PRINT

FOR Isl TO LPQIPRINT *"LINE="; I: PRINT

FOR Jml 70 74PRINT Y (X ,J )3 s KEXT JSPRINT: NEXT X

8501 FOR Isl 70 LPQIZuY(X,3)* Y (X,3)+ Y(X,4)*YQ,4)

YX,3)aY X,3)/20X (X yd)= X (X ,4)/28 NEXT 1

61 INPUT "LINE ADMITTANCE FILE YA.I%} A$

CREATE A$ AS 1! FUR Ial T0 LPQIFCR J=l 70 7
PRINT el § X (X,J)¢ MEXT 3,13 CLOSE 1

FOR Jul TC NB:1FOR I=l TC NBs YBUSR(,J ) = 0
YBUSI (C,J) = Os EEXT I,J

FOR sl TG NB1 SUMAO: sUMBaO: FOR Jud 70 LPQ
IF (X(J,4) - 1 )0 THEN 10

g2



23
24t

223

IPYX@,7)<>1 THEN 10

SUMA=SUMASY (J 4 3) +Y (J 46 ) SUMB=SUNB+Y (7 ,4)4X (J,6)
0 NEXT J

NRJ =1 N LPy

IP (XU,8) -1)00 T W

IPY(J,7 )01 ™ U

SUMASSUMASY & ,3)+Y J,8)1 SUMB=3MB+ Y J,4)4Y (F,6)
11 NEXT J

YBUSR (I,1)= SUMASYRUAI (X,X)= SUNB

IFI = NB THEX ©

PR J=l T0 LPQ

Ir (X1@,1) -1)00 N 21

IrY(J,7 )01 W 21

IIlsl¢lt FOR K=II TO NB

IF (YW,8) - X)©0 THRN 4l

YH0SR (I,K)= =Y (J,3)3 YBUSR(X,I) = XBUSR(,K)
YBUSE (I ,K)m =X (7 ,4)3 XBUSE ( K,X)w YBUSE (X ,K)
4L BEXT X

21 NEXT J

9 NEXT I

FOR I=l 70 NBS FOR Jul T¢ LPQ

IPCYW,1) -1)0 THEN 102

IPX@,?) = 1 THEN 101

YBUSE (X,I)w YBUSI 0,1)+X T ,4)/ X T,7)*X(3,7))
101 NEXT J

NEXT I



o1
80s
61s
a8
83+
se?
883

6és
a7

YR I=l 70 WB: PR J=l T0 LPQ
IF XG,8) -1)<>0 THEN 104

IPYWU,7) =4 THS 104

XBUSL ( I,X ) = XBUSI ( X,0 ) + X(J,4 )

04 NEXT J

NEXT I

FOR Is=i TG NBt FUR Jmi 10 LPQ

IP (X(Jdyd )« 1)50 THEN 108

IPY(J,7 ) =i THEN 108

KR =l 7 NB

IP(X(J,8 ) -K)0 THRN 103

IBUR (X 4K)= <X 'y 4)/X (F,7)1XBUAT (X,1 )= YOS (X,K)
103 ¥ExT X

102 NEXT J

NRXT I

INPUT I3 ANY GHUNT CAP, YEB = 1, Nos O ="} B
I?PB= ¢ THEN 106

406 INPUT *CUNNRCTED TV WHICH BUS & VALUB=";BN,C3
YBUSE (BN,BN) = XBUSI ( BN,BN ) + C3

INPUY "ANX OTHER BUS WITH SHUNT YRS = 1, NCsGu"jBEB
IF BBwo THEN 106

% TU 106

108 INPUT "BUS ADMITTANCE MATRIX PRINT? YTRéml NOwO"; PP
IPPP = C THER 6§08

PRINY *BUS ADMITTANCE MATRIX®S PRINT

PRINT "R « COMPGNENT3"s PRINT

224
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FOR Isl TC NB § PRINT "ROws"} I 8 FURJml 70 KB
PRINT YBUSR( X,J ); INEX? J3 PRINT s NEXT I

PRINT "J « CUMPGNENTS": PRINY

FOR I=l TG NB § PRINT "ROWs"jIs FOR Jul 70 ¥B

PRINT YBUSI (X,J);s NEXT J: PRINT s NBXT I: PRINT

FOR I=l1 T0 NBs PRINT "ROWe"jIt! FOR J=l TO NB

PRINT YBUSI (X,7),3 NEXT J: PRINT: NREXT It PRINT

808 INPUT "YBUSR FILE NAME YR"; A$ 1 CRERATE Af AS 1
FOR I=l TO NB: FUR Jul TO NBs PRINT w¢l; YBUSR( I,J )
NEXT J+ EEXT I: CLOSE 1

INPUT *YBUSI FILE NAME YI"; BSsCREATE BS AS 2:FOR I=l 70 NB
FOR Jul T0 NEsPRINT se®; YBSI (X,J)sNRXT J,I:CLOSE 2
FOR I=l ¢ NBIFOR J=l TU NB1AX(I,J )= YBUSI (I,J)BEXT J,I
FOk Imd 70 NB @ FOR J=i 70 NB

IF AX(I,J ) = O THEN 200

AX{ Iy ) =1

200 NEXT J

EEXT I

INPUT *FILE BAME AXIJ="; C§

CREATE C$ A3 2t FOR I=l T0 NPt FOR Jul 10 NB

PRINT w8; AX( I,J ); NEXT J,I: CLOSE 8

) PRINT *MATRIX AX( I,J )"

FCR Isl TO NBs FOR J=l TO KBS PRINT AX( I,J )3
NEXT JsPRINT : BEXT I8 PRINT ¢ N=NB

UIN GRDER (N),A( N,B ), ADI (W), ®A(N), GFD(N)
FUR Iml TC N3 FORJ=l 20 N



104
084

1081
40861
07
4083
1093
4304
1118
118
1138
pRry
183
416¢
4474
4483
4493

pL-FE ]
A8R¢
R34
i24:
125
186

A(Iy ) = AX( X3 ) & HEXT J,X
WRI =l KtP=20sVA(I)=O
KRJ =l T0 N

IPI =J THE 610
IPA(ly ) =0 THEN 420
PupPels A(P)=d

610 NEXT J

IFP= | THER X
FRL=s]l1MNMPeltUsaAW(L)
FRE=sLr L T0 Pt VaalB(3)
IPA( VU,V )00 THN 20

VA (I )=VA (1)+14

20 REXT &,L

W HNEXT I STAGE = O3 VALANCY = O
36 GTAGE = STAGR + 1

IP STA0R = N+ . THNN 110
SMALL = N

FRI =] N N
IPA(I, ) =0 THRN 40

IF GMALL = VA(I) THEN 40
SMALL = VACI)

RE = I

40 REXT I

ORDER ( STAGE ) = RE
VALANCY = VALANCY + SMALL
MRI=1 T N

- 226



L ]

127
4983
189
4301
i3
1381

4344
138
1988
197
138
1393
1401
1413
1421
1431

1481
1463
47t
a8
1891
4503
d513
82

A(IJRR ) = 0
NEXT I
P=sg
PJOR J =l T0 N
IF A
FACRR ) =0 THEN 80
PaepPe Lt AN(P)
PL =P -
80 REXT J
IFP=j THEN 78
KR I=1 0 X
IPACI )OO THER 72
NR L=
o i TOPLl~- 1t Usald(L)

Il TOPlL: V= AN |
IPI = U THEN 68 o
IFI =« V IHEN 60
I
PA(I,V)=0 THEN @8
Ira(i,v) =0 THEN €0
PwpPelt ANNCP ) nl

-
60 NERXT &
66 NEXT L
70 KEXT X
FOR
wl#l!ﬁ?&-l'ﬂ!W(
" ‘
A Jd =]l +iT0PL V= aN(J °
(Q,Y)aUA(V,U)-J. )
NEXT J,1
7% K
RIlslTOPtUa=aADI(])

227



832

581
e
57

58

d89:
1801
Bl

831
1642
1883
4661
467
168
1691
4701
1743
178
173
174
4752
1763
177
4781

C=02: VA(U ) =0

KRJ =1 0 K

IPU=J THEN 80

IPa(U,J ) =0 THEN 80
C=C+l130MmM(C)nJd

80 NEXT J

IF C =l THEN 100

WRLal T0 C- 1t K=0M(L)
PORS =L+l TOCtM=OM(3)
IFA(K,M) O THEN 90

VACU ) = VA(U ) + 1

90 NEXT &,L

HEXT I

100 00 T0 35

440 PRINT ®ORDER"

KNARI =1 0 N

PRIET GRORR (I )}

NEXT I

PRINT

INFUT "GROBRED SBQUENCR FILE CRD.I%; M
CREATE P A 63 FUR I = 1 YO NBIPRINY 463 ORDER (I )
NRXT I t CLOSR 6

PRINT "TCTAL VALANCY= "3 VALANCY

PRINT

 DIN OYBUSR (NB,NB), CYBUL ( NB, MB )
IKPUT "QROERED BUS PRINT REYRD. Y E3ul NO=O®™; PP

228
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179: IP PP = O THEN 503
A80% FOR Iml 70 NBSNN=CROER(I):FUR J=l TO NB
181t NNeORUER (J ) s CXBUSR (X ,J ) =X BUSR (WX, NM) 2 CXBUST (X ,J )=uXBUST (N, WM)
188: NEXT J,I
183t PRINT "ORURRRD R - BUS": PRINTSFUR Iml 70 NB
i8¢ PRINT "ROWs™yI: PRINTS POR Jul T0 NBtPRINT OYBUSR(X,J )y tNEX? J
488s PRINT s NRXT I
1862 PRINT “J-BU3": PRINT ¢ FOR I=l 70 NB
487: PRINT "ROW="; It PRIN?
A88: FOR Jul 70 NBIPRINT CYBUSY (I,J )¢ $NWEXT J3PRINTSNEXT I
189: INPUT ®ORDBRED BUS FILE REQRD, ? YE3 = 1 NO=O"}PB
190s IP PP = O THEN 803
1018 INPUT *OYBUSR PILE NAMB = GXR*™; CJ
498: CREATE C# A3 31FOR Isl T0 NBSFOR J=1 T0 NB
A93: PRINT g+ 33 (XBUSR( I, )s NRXT J,I: CLOSE 3
d94: INPUT “(XBUSI FILE NAME « CXI"; D§
1983 CREATR D A8 ¢t WA I =1 70 NB
196% FOR Jml T0 NBSPRINT wed; CXBUGI( I,J )s NEXT J,Is CLOSB 4
497 503 BND
NO ERRORS URTECTRD
CONJTANT AREA ¢ 8
CODE S1ZB §996
DATA STMT AREA 3 0

VARI ABLE ARBA %4

A



AB+8 OPTIMAL ORDERING OF NCGDRS BY DINAMIC PROGRAMMING ALGORI TENM

COMPILE DORDEL $B
HIBASIC COMPILER V2,0

18
8
38
4
83
63
N

REM DYRAMEC PROGRAMMING GROSRING ALGORI THM
LPRINTER WIDTH 80

INPUT ®N¢ OF BUSES"; N

DIN AX( N,N )

INPUT ®AXIJ FILE NANE"; A

OPEN A A 1

FURI =1 TONIRR Jml 20 X

RERAD wtlj AX( I,J )3NEX? J,Is CLOSE 1
DIN GRDER(N),AQF,K) ,BODR OV), VALANCY (X),CV (N, N ), LROW (F ) ,OFD ()
FORSTAGE = 1 T0 N

IP STAGE = 1 THEN 130

PR 8T = 1 70 N3 CHECK = O

IF CV(S87,8TACE ~ 1)= N THEN 108
NCGDE (STAGE) = &T: TOValN *N: PROW = O
KRPR=l T N

IP PR = NUIE (3TAGR) THEN 100

NOER ( 4TAGE« 1 ) = PR

IP STAGRE = 8 THEN 10

IF CV( PRy3TAGE «1)= N THEN 100
FG K = 8 TV 4TaGR - 1:V = 3TAGR - K
UsBuwi (Ved)

NOD = NODE (Vel) « CV( U Vel )

IF NOD = NODE (3TAGR) THEN 100



NGIE (V) = XODs NEXY X

10 FOR Jul TO N3 FOR Iml TONSA( X, 0 ) = AX(X,J )

NEXT I,J: Wie0: IR K=l TC 8708

Re NODEB(X)1PuwOsPOR Cul TO N2 FCR Isl 70 X
RR = NGDB (I )

IFC=RR THEN 20

NEXT I

IPA (RC) =0 THEN 30

PupPel s OOP) = ¢

80 NEXT ¢

IF P(=]l ™MW ¥

PR Lesl TOP« 1 FORN=L*l TOP
IsOM(L)IT=OM(NX)

IA (I, )40 ™M 20

VA= VA*L3A( 340 ) = 13A( T, ) = 1

30 NEXT N,L

3B NEXT X

CHERCK = CHECK + 1

IZ OV = VA THEN 100

T0V = VA 2 PROW = PR

400 NRXT PR

IFr CHRCX<X THEN 108

VALARCY (3T)m « L3CV(4T,3T40R) w N3 GO 20 120
08 VALARCY (41)=T0VaCV(3%,5TAGR)wdS PROW
@0 10 140

106 CV( 4T, SGTAGE ) s N

231



67:
éss
693

110 NEXT STsPRINT *STAGR"; STAGRIPRINTSFOR Iml TO N
PRINT ®VALANCE™} VALANGY (X)3*CV*jCV(I,8TAGR)
NEXT I: PRINY

120 NEXT 4TAGE

GMALL = N * Nt P=0

KRIsl 0 X

IP VALANCY (I ) mel THEN 140

IF GMALL <= VALANCY (I ) THEN 140
SMALL = WALANCY (X )

d40 NEX? It KR I =1 T0 N

IF GMALL OVALANGY (X ) THEX 150

PaupPeds LEW (P ) =l

480 KERXT I

WRI=41 v P

OROER (N ) « LROW(I )3 WRJI =]l W K.}

C =N «Js RO=ORDER (Cod )8 GRUER (C)=CRDER(C+1) « CV(RU,Ced)

NEXT Js PRINT "QGROER"3I: PRINT

FORJ =1 70 N: PRINT ORDER (J )j: NEXT J
PRINT 3 NEXT 1: PRINT

END

NG ERRORS DETECTED

CCNGTANT AREA @ 8
CODE 4IZR 1819
DATA SIMT ARBA ¢ 0
VARIABLS AREBA 24

A
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AS 3

GAUSS SKIDEL LOAD FLOW WITH OPTIMALLY
ORDERED NODKS

COMPILR OPTLP §B
HIBASIC COMPILER V2.0

i
83
3
4
8
83
73
8s
9

LPRINTER WIDTH 80

INPUT *N¢, OF BUSES & NO. OF LINES®; NB,LPQ

DIM CRDER (NB),X (LPQ,9),YBUSR(NB,NB),XBUSI OIB,NB)
INPUT "YBUSR FILE NAME = OYR.I"j Al
OPEN A$ AS Uit FOR I=l T0 NB: FOR J=l 10 NB
RBAD wtd; YBUSR(I,J)s NEXT J,It¢ CLOGE 1

INPUT "YBU4I FILE NAME = (XI.I"; B3
OPEN B§ A3 81 FOR Inl 70 NB: KR Jul 70 NB
READ w48 YBUSI (X,J)s NBXT J,I: CLOSE 8

INPUT "YA,I FILE NAME"; Ab

OPEN A§ A8 18 FCR Isl 70 LPQ: POR Jul 70 7
RRAD w13 YO ,J)8 NEXT J,1: CLOSE 1

INPUT "ORDER FILE NAME ORD.I"; AS: OPEN A$ A3 1

POR I=l 70 NBSREAD gt 13 ORDER (I)s NEXT It CLOSE 1

IR I=l T0 LPQ: IR Jul TO NB
IFY(d,1)<°0RDER(J) THEN 420

$IxX X 1)8X (X, 1)m J1X X ,8)= JI2G0 TO 7
480 NEXT J

7 RRJI=l T0 NB

IFX(X,8)<{>O0RDERYJ) THEN 481

233
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JInY (1,8)3 X(X,8)n J1X(X,0)= JJ3 GO 10 8

481 NEXT J |

8 NEXT I

INPUT *LINE ADMITTANCR PRINT ? YRS = 1 NO = O"; BB
IFEB = O THEN 422

PRINT "LINE ADMITTANCR": PRINT

PRINT "CP 0Q YR YI LCR LCI TTIC P Q": PRINY

FOR I= L TC LPQ! FOR J=l 10 9% PRINT Y, d)s

REXT Js PRINT: NEXT I

482 INPUT *SLACK BUS = Jia% J1

DEM EBUSR(NB,2), EBUSI (NB,2), P(NB,4),PA(NB),PROIB)
DIM LPR(NB, LPI WB), KLP(NB), KLI (NB)

DIM KLPR(NB,NB),KLPI (MB,NB), BBUSRA (O/B,8) , KBURI A (¥B,8)
KR Isl TONB

IF IsJ1 THEN 54

| BBUSR(I,1) = 1t RBUSI(I,1 ) = O

EBUSRA(,1)= 1t RBUSIA(,l) = O

8¢ NEXT I

INPUT *SLACK BUS ACTIVE & REACTIVE VOLTAORS=") V3VR, V3VI
BBUSR(J1,1)s VBVRSEBUSI( J1,1 ) = VWX

PRINT "PARAMEBTRAS OF VOLTAOR BQUATIONS": PRINT

IRPUT "QENRRATIGN & LGAD POWER FILE = GL ="; B§

OPEN B§ A3 23F0R I=l TOU NB: FOR Jsl T0 4

READ w8y P({I,J)¢ NBXT J,I: CLOSR B

INPUT "G . L PRINT ? YES = 1 KO = O"; BB
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I¥BB =« O THEN 8

PRINT* GENERATION-ACTIVE & REACTI VEALOAD-ACTIVE & RBACTI V2*
FOR Inl 70 NBs FOR Jul 70 4t PRINTY P(I,J),8 NEXT J,I
8 INPUT "NVA BA3E"; BaSK

PRI =1 T00NMB

PAGR)=(P(,1)-P(X,3))/BASRs PR(I)= « (P(X,8)P(1,4))/BASB
DuYBUSR(X ,I) * YBUSR(X,I )+ YBUSE (X,I)e YBUSX (I,X)
LPR(I)s YBUSR(I,I)/DSLPI (1)u ~XBUSI (X ,1)/B

NERX? I

NRI=1 T0NB

IPI = Ji THEN 87

KLR(I)= PA(L)* LPR(I) + PR(X)* LPI(X)

KLI (I)s PA(X)® LPI(X) - PR(I)* LPR(X)

67 NBXT I

KLR(J1 ) = 08 KLI(J1 ) = O

INPUT * BUS PAR. PRIRT ? YES = 1 NO = O" BB

IFEB = O THEN 3

PRIRT "BUS PARAMETRRS": PRIDT

FOR I=l TO NB: PRINT "BUS="§ ORDER (I)s PRINT
PRINT “"KLR(X),KLI (X)="¢KLR(I),KLX (X)¢ PRINY s NBXT X
3FRI=1T0NB: FORJ =1 To NB

KLPR( 1,5 ) = Ot KIPI( I,J ) = 03 NBXT J,I

ORI =1 T0NB

PORJ =21 TCNB

Ird a1 THEN @



71t
7723
738
748

KLPR(X,J) =YBUSR(X,J)* LPR(I) -YBUSX (X, J)* LPI(X)
KLPI (X ,J) «YBUSR(I,J)* LPX(X) +IBUSI (X,7)* LPR(X)
60 NEXY J

HEXT I

INPUT "LINRE PAR,PRINT 7 YBS = 1 NO »0"jBB

IPBD =0 THEN ¢

PRINT * LINEB PARANETRRS": PRINT

FUR Iml TC NBt PRINT "ROWs"jORDER()s MR Jul IV NB
PRINT KLPR(X,J)y) KLPI(X,J) & NEX? J

PRINT : NEXT X2 PRIN?T

4 DIX DLR(VB,8),DLX (NB,3),E8USCI A O/B,8)

DIM DLRA (NB,2),DLXA(NB,2)

REM BBUSCIA STANDS FOR CONJUGATE FOR WOLTAGE

K1t FOR Il TO NBSEBUSRA(I,1)= BBUSR(X,1)
EBUSIA(I,1) = EBUSI (,1): NEXT X

INPUT “ACCLRRATION PACTOR ALPRAa"; ALPHA

INPUT "TCLERANCE = TL = *; TL

IRPUT "HOW MANY BDSR3 ARE VOLTAGE CONTROLLED 7™™; L
DIM PY( L,4 )

INPUT *VCB.I FILE KANE"§ D

OPEN D§ A3 63 FOR Inl T0 Ls POR Jul 10 ¢

READ gk 63 PV(I,J)sNEXT J,I3CLOSE 6 3 FUR Isl 201
LL = PY(X,1): BBUSR( LL,K )= PYV( I,8 )
EBUSI ( LLyK ) = O 8 NEXT I

80 EBUSRA ( J1,K+1) = EBUSRA( J1,K )

BBUSIA (1, Kel) = BBUSIA (J1, K )

236



1043

103

1063
1801
aon
1083
1061
4101
1111
d18s
1194
diqs
118
116
147
183
ii9
1903

132

237

BBUSR ( J1,K+1)= EBUSR ( J1,X )

EBUSI (J1,K+l )= BBUGI (J1,X )

0oaus 107

FORI =l 10 KB

IPI sJl THR 61

DLRA (I, 1) =03 DLIA (X,1) =0

DLR (1,1) =030 (I,1)=0

61 NRXT I

VR I =l 0 NB

IF I =J1 TN 90

EBUSCIA (I,X ) =-1.0*8BU8XA (I, K)

90 NEXT I

KRI=1 0 NB

IFP I =J1 THEN 68

D=EBUSRA (X ,K) ¢ EBUSRA(I,K)+ EBUSCIA(I,K)* BBUBCIACL ,X)
ERL =(KLR(I)+ EBUSRA(I,K)+ KLI (I)¢ BBUSCIA(X,K))/D
Kl =(KI(X)e* BWUSRA(I,X)- KLR(I)« EBUSCIAZX,X))/D

IF I=l THN 64

ERE = 03 K80t FOR J=l 70 I-1

ERB=ERB+KLFRI,J ) ¢ BBUSRA( ,K+1)-KLPI (1 ,J) » KBUSIA G ,K+1)
K2=RI3+KLPI (I ,J ) "EBUSRA (J ,K¢1)+KLPR(X ,J) ¢ BBUSIA G , KoL)
NEXT J

64 ER3=0

H3=0

IF 1.8 THEN 700

FOR J =l¢el T NB



1238

1961
1273
1883
1391
1303
43413
1383
1331

1383
1363
1373
1383
1391
1401
1412
1423
1438
1448
1481
148!
147

238

ERS=ERI*KLPR(I ,J ) ¢ EBUSRA (Y ,X) - KLPX (X ,J) ¢ BBUSIA G ,K)
EX3«EI3¢KLPI (I ,J) ¢ RBUSRAQ ,K)+ KLPR(X,J) « BBUKIA(J,K)
KEXT J

0IF I =1 THIN 111

G 0 12

111 R = O

K2 =0

118 EBUSR( I,K¢l ) = RR1 - ER2 - RR3

BBUSI ( I,Xel ) = K1 - RI2 - RI3

EBUSRA (I ,K¢d)=EBUSRA (I ,K)+ALPHA *(EBUSR(I ,X+1 )~ BBUSRA(Z ,K))
EBUSIA (I,K¢l1)=BEBUSIA(X ,K)+ALPRA *(BBUSI (X ,K+1)- NBUSTA(I,K))
68 NRXT 1

PRINT "ITERATICN IDia"; ITN: PRINT

INPUT "ITERATION PRINT RB4D.? XES = L KO = O" BB

IPBE w0 THEN § '

PRINT "BUS VOLTAGES & ACCEBERATRD BUS VOLTAGES™s PRINY

FOR Iml 70 NBsPRINT "BUS NO.="; ORDER (I): PRIN?

PRINT RBUSR{ ,X+1),R8USK (I ,K+1),B8U8RA(X ,K+1),RBUSTA(X ,X¢1)
NEXT I 3 PRINY

8 VORI =1 TCKB

IFI =J1 T™E 66

DLR( I,K+2) = BRUSR (X,K+1) - EBUSR( I,X )

DLRA( yX¢l) = RBUSRA(I,K+1) ~ EBUSRA(X,X)

DLI X X¢l) = BUEI ( I,Kel) - BUSI( I,X )

DLIA(X \X+1) = BBUSIA(Z,Kel) ~ EBUSIA(X,K)



483
1491
150s
51
188
153
54
185
843
187
i58:
1583
1608
81
1683
71 1)

4481
66
1671

1891
1701
748
178:

66 NEXT 1

DMAXR = DLR( 4,K+1 )¢ DMAXI = BLI( 1,K+1 )
IF DMAXR <O THEN 701

a0 T0 708

701 DMAXR = - IMAXR

708 IF DAXI (O TREN 703

G0 70 704

703 DNAXI = - DMAXI

M4 KR{1{ =8 N

Ir I =J1 THEN 70

IF DLR (XI,K¢l )< O THEN 708
DEL = DLR ( I,X+l )

@ 0 706

708 DRL =~ DLR ( X,K*1 )

706 IF ( DMAXR - DEL )> G THEX 70
UMAXR = IRL

70 NBX? I

KRI =g T0NB

IFl =J1 THEN 73
IPDLICI,Kel )CO THEN 707
DRLL = DLI ( I,Kel )

@0 ¢ 708

707 IBLL =« DLY (I,X¢ 1)

708 IF ( DMAXI - DSLL ))0 THEN 73
DMAXI = DEBLL

239
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1731 73 NRX? I

1743 IF ( DMAXR - DMAXI )5 O THRN 68

476: L = DMAXI

176 @ 1M 71

A77y 68 DL = DMAXA

178: 70 17 (DL - 2L )<O THEN 78

179+ ITH = ITH + 1

1802 WOR I =1 T0 NB

181t IF I =J1 THEN 88

1583 EBUSR(X ,K)=EBUSR(X ,X+1)3 BBUSI (I ,X)= RBUAX (I ,Kel)
183 EBUSRA(I ,X)=EBUSRA(X ,K+l1)3 EBUSXA(I ,X)uBBUSIA(T ,K¢d)
184: 88 NEXT I

iag: G0 T0 80

186: 76 Kl = Kel

1873 PRINT "LINRFLOWS & POWRR SL BUS"s PRINTIPRINT

188 DIM PQ( LPQ,6), QP ( LPQ,6 )

1898 R K = 1 70 NB 8 WRI =1 10 LPQ

1903 Ir (1,2 )0k THaN 201

W1 J =X (1,8)

1983 Pil=EBUGRA (K,X1)+ (EBUSRA (K,X1) - BBUSRAQ ,K1))
193! PRx « BBUSCIA (K K1) *(BBUSI A(K,K1) - BBUSIA( J,K1 ))
1943 Pa= BBUGRA (K,X1)* (BBUSIA(K,K1) - EBUSIAU,K1))
1968 P4= BBUSCIA(K,Ki) *(EBUGRA (K)K1) ~ EBUSRAU,K1))
1963 PlL = Pl + P2 1 P8 = PI+PA

1971 PW = (Pl *X(1,3) - P2 *Y¥(1,4)) *BASR

1983 QI=EBUSRA (K,K1) *NBUSRA (K,K1 )2 Q4nEBUSIA (X,K1) *EBUSIA(K, K1)



1991
2003
20411
8083
8038
204
2083
20612
807
2083
2001
210
811
218:
813
P YPY)
8183
2163
8173
818
8108
8801
221
2823
223
8241

241

Q= (Q3+Q4) *Y (I,6)

Q s(P1% X(1,4)+P2+X(1,3) +Q3)* BAR
PQ(I148)eX(1,8)3P¢(146)uX (1,9)8PQ(141)uX (X,1)8PQ(X,8)aX (X,8)
PQE3)=e PH st PQ (Iy4) =g

201 NEXT I

NEX? X

PRINT * LINE POWER MOW *

PRINT

KR Isl 70 LPQ PRINT "ROW«™;IsPRINT

FOR Kul 70 6sPRINT PQ(X,K),sNEXT Ks PRINTSNEXT Is PRINT
PRINT ®LINE POWER FLOW REVERSED® : PRIN?

FOR K=l TV NB: FOR Ixl 70 LPQ

IFY(1,8)CK THER 301

d =Y (I,1)

PL=EBUSRA (X,K1)5( EBUSRA (K,K1) - BBUSRA U ,KL))

PR= . BSUSCIA (K,X1) *(BBUSI A (X,X1)- BSUSIA 0 ,K1))

P3= EBUSRA (X,K1) *(EBUSIA(X,K1) - EBUSIAQ,K1))
P4=EBUSCIA (K,X1) *(EBUSRA (K, X1) - ESUSRA U k1))
PlaPl+PR1PRaP3+P4 |

Pun(Pi®*X(I,3) - PR *X(I1,4))° BASR

QI=EBUSRA (K, K1) * EBUSRA(K,K1)t QauNBUSIA (X, K1) * XBUSIA (X, K1)
Q3= (Qa+qe)* X {d,6) |
Qu(PL% (X,4)+P2* X (1,3)¢ Q3)* BASE

QP,1)aX (X,8)1QP X,8)aX (£,1)1QP X ,3)uPWI QP (Xy4)s «Q
QP(I,6) = Y (X1,9)5QP X,6)= Y (1,8)

301 ¥mxe I



29281
gRe:
2871
88
sa9
28303
234:
238:
233
2343
2853
8361
2371
838
230
2402
TV
-7 ¥
8438

2483
246
3473
2448
849
8503
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NEX? X

RRI =1 7T0 LPQ

PRIXT "RON="j}IsPRINT: FOR K=l 70 6

PRINT QP(I,k),t NEXT KsPRINTs NRXT Is PRINT

SUNAwO; SUMB=O |

FOR I=l 10 LPQ

IPPQC I, ))J1 THEN 401

SUNA=SUNAWPY (1, 3)¢ SUMBaSUNB+PQ(I ,4)

40L NEXT I

PRINT "SLACK BUS ACTIVE POWER ="; SUNA' PRINT

PRINT "SLACK BUS ARACTIVE PCWER= "y SUMB * PRINT

DIM BMAG(NB),GAMMA (NB)

FOR I=l 70 NB3A=EBUSRA (I ,X1) *EBUSRA (X ,X1)+BBUSIA (X ,X1) *EBUSIAQ,XD
BMAGQR) = SQR(A)

GAMMA (T ) 1, 0 %(180/3, 248) * ATN(RBUSIA(I ,X1)/RBUSRA (X ,X1))
PRINY "BUS NO., VOLTAGE MAGNITUDE ANGLE"s PRIN?

PRINT ORDER (), BMAG(), GaOMA (T)

PRINT s NEXT 1

00 70 113

107 REM COMPUTATI(N OF VGLTAGE CONTROLLED BUSES

FOR IInl TO LALLaPV(II,1)sQRIN=PV(IX,3)/BASS

QRMAXaP V(LI ,4)/BASKS VCBLLaPV(II,8)

ANGLLL=ATH (RBUSI (LL,K)/EBUSR( LL,K ))

TETA= ANGLLL® ( 180/3, 148 )

EBUSR(LL,K+1)=VCBLL %008 (ANGLLL )$ BSUSI (LL, K+ 1)=VCBLL*SIN(ANGLLL)
REM CALCOLATION OF REACTIVE POWER AT BUS LL
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8848 QRe (EBUSR(LL,K+1)* EBUSR(LL,X+1)* YBUSI (LL,LL)
2881 QReQh+ (MIUEX (LL,K+1) * EBUSL (LLyKel)) * YIUST (Lb,yLL)
883 3UMsD* JOR Iu=l 10 NB

84 IF I = LL TN 108 _

8853 A=RBUSR(I,K)* YBUSR(LL,I )+uBUSI (X,K)* YRUST (LL,X )
866 As A * BBUAL ( LL, Kl )

287: BaEBUAL (I ,K)* YBUSR(LL,I ) BBUSR(I ,K) ¢ YDUSI (LL,2)

. B «B * BOUSR( LL,K+1 )

269 GUN = UM ¢+ A + B

860s 108 NEXT I

8613 QR= QR + 0N

8681 A =« ABS ( QR )

863: IV A = QRMAX THEN 109

864! A = QRMAX : ® 70 111

266 100 IP A = QNMIN THN 110

866: A = QRMIN s GO0 10 1111

£67: 110 IBUSR (LL,X)= EBUSR(LL,K+1) BBUSE (LL,K)nEBUST (LL,K+1)
868 RBM RRCOMPUTE KLR & KLI

869 1111 4R = A

£70: DuYBUSR(LL,LL)* XBUSR(LL,LL)+YBUSK (LL,LL) * YBUSK (LL,LL)
874 LPR(LL) = XBUSR(LL,LL)/DSLPI (LL)= «XBUSL (LL,LL)/D
278 KLR(LL) » PA(LL)* LPR(LL)+ QR* LPI (LL)

873 XiI (LL)= PA(LL) * LPI(LL)« gR* LPR(LL)

L od



£74 NBEXT 1I1I
276 RETURN
276: 113 aroP
277 Bd
NO ERROR3 DETECTED
CONSTANT ARBA 3
CODE 81Z%
DATA SINY ARBA 1
VARIABLE ARRA
A

24

0
632

244



BIBLIGGRAPRY



BIBLICORAPEY

HO, X,Cp "Miitorial - Is 4t application or is it
experinental science 7", IERR Transactions en
Automatic Control, Wl. AC -~ 37, No, 6,
page 1142, December 1983,

Astrom, K.J., and Rykhoff, P., “"dystea Identification,
A durvey," Aatomatics, Wl. 7, pp. 123 - 188,
March, 1971.

Beck, M. B., "dystem Identification, EBstimation and
Porecasting of Water Quality Part 1 ! Theory
*Working Paper, WP-79.31, April 1979, International
Institute for ipplied dystem Analysis ¢
A~ 2361 laxenburg, astria.

Young, P.C., "A Recursive Approach to Time deries
Analysis,® Bulletin of the Institute of MNathematics
and its applicaticn, Yol. 10, pp. 809 - 204, 1974.

doderstrom, T., L. Ljung and I, Gustavsson, "A
Theoretical Analysis of Recursive ldentification
Methods ," Auntomatioa, Yol. 14, pp.283i-~-844, 1978,

Ljung, L., "On Positive Real Transfer Funetions and
the Convergence ef dome Recursive dchemes,*

IRER Trans. Automatic Control, Yol. AC. 22,
Mg, 1977,



rJ

- -

L8/

(97

L7

VAW

L8/

413/

L i/

Ljungy L., "Analysis of Recursive &tochastic
Algoritims,” IREE Trans. automatic Control,
Yol. AC- 22, Aug. 1977,

s "Convergence Analysis of Parameter

Identification Methods," IERE Trans,, Wi,

AC - 23, No. 5, 1978.

» "A Thecretical Analysis of Recursive

Identification Algoritims,” Automatiea,

Yol. 14, pp. 231 - 244, 1973,

s "Asyatotic Behaviocur of Rrxtended
Kalman Filter as a Parameter Estimator for
lLinear Systems," IERE Trans., Vol. AC - 24,
No. 1, Feb. 41979, pp. 36 - 80,

Yeung, P.C., “(ptimisation in the Process of Nolse
— A Quided Tour," Report Number Ai/R8 (1978),
Centro for Resource and Environaental Studies,
Australian National University, Canbderra.

Chaudhuri, A 4., "dystem Analysis of Tea Industry @
Identification, Modelling and Prediction,”
Thesias dulmitted to the University of
Calcutta -~ Dec. 1979,

Bykhoff, P., System Identification - Parameter and
State BEstimation, Willoy, London, 1974.

Draper, N.R,, and dmith, H,, “"Applied Regression
Analysia,™ willoy, New York, 1966.

246



(7

i/

Rt

CB7

{97

247

Beck, M.B., "Real Time Control ef Water Quality and
Quantity,” Research Nemorandum, RN. 78- 19,

April 1978, International Institute of Applied
dystem Analysis, Laxendurg, Mstria.

Hastings - James, R. and dage, M. W, , "Recursive
Generalised Least Square Procedures for On-lLine
Identification of Process Parameters,”

Proceedings of IRE, 1i8, pp. 2087-2068, 1069,

Young, P.C , "Some Gbsorvations of Instrumental
Variable Methods of Timo deries Analysis,®
International Jeurnal of Contrel, Wl. 23,
pp. 593 - 612, 1976,

s “"OGeneral Theory of Modelling for Bedly
Defined dystems,” pp. 103 - 138, Modelling
Identification and Contrel in Environmental
dystems, Rdited by G.C, Vansteenkiste,

Ams terdom, North-Holland, 1978.

Young, P.C., and Jakeman, A.J., "Refined Instrument
Variable Methods of Recursivo Time Series Analysis
Part I 1 dingle Input, dingle Cutput Systems,"
Report Ai/Ri2, Centre for Reseurces and Envoronmental
dtudies, Australian National University, Canberra,
Australia, 1978,




(07

L8y

g wj

248

Young, P.Cey and Jakeman, A.J., "Refined Immtrumental

Variable Methods of Recursive Time Series Amalysis
Part 11 : Multivariable dystems,” Report A3/R13,
Centre for Hesearch and Envircnmental Studies,
Australian National University, Canberra,
Australia, 1978,

» "Iefined Instruammtal Variable Methods of

L83/

Reoursive Time deries inalysis Part III ¢
BExtensions,” Report Ai/R17, Centre for Rescurees
and Environmental Studies, Australian National
University, Canberra, Australia, 1978,

Young, P.C., Jakeman, A.J., and NeMurtrie, R.K,,

"An Instrumental Variable Method for Model
dtrugture Identificaticn,” Report AS/R2g,
Centre for Rescurge and Environmental &tudies,
Anstralian Rational University, Canberra,
Australia, 1978,

Young,P. G, dheuswvell, 4. H., and l‘oﬂﬂiﬂg. Colhy

*A Recursive Approach to Time deries Analysis,®
Technioal Report CURDL/B - Control/IR1S,
University Engineering Departaent,

Cambridge, U.K, , 1971

Kashyap, H.L., "Rstimation of Parameters in a Partially

Whitened Representation of a Stochastic Process,"
IBER Trans. Automatic Centrol, Vol. A G 29,
pp. 13 - 21, Feb, 1974,



(e 7

L6 7
Vg v}

Vg W}

(07

{07

249

Kashyap, Role, and Rao, A.R., "3tochastic Modelling
of River Flow," IREE Trans. Automatic Contorl,
VYol. AC =~ 19, No, 6, Degcember, 1974.
y "Dynanic Stochastic Models from Bpirieal
Data,"” Academic Press, New York, 1976,
» "Real Time Recursive Prediction of River
Flows," Atomatica, Vol. 9, pp.175-183, 1973
Whitehead, P., and Young, P.C., "A Dynamie - Stochastic
Nodel for Water Quality in Part of the Bedford Ouse
River dystem," Modelling end Simulation of Water
Rescurces dystem, 0.C. Wansteenkiste, ( Bd.),
Korth-Holland Publishing Compuny, 19078,
» "The Bedford Cuse dtudy Dynamic Model,"
2nd demi-Annual Report to the Steeving Qroup of the
Greal Guse Associated Committee, 1974, Contrel Growp
Iaternal Mole CN/74/1, University of Cambridge, U.K.
Yonng, P.C., Whitehead, P. 0., and Bech, M,B., "The
Bedford Guse dtudy Jynamis Model," lst Semi-Annual
Report to the dteering Group of the Great (use
Associated Committee, Coatrol Group Internal
Note, Cl/73/4, 1973, Univerasity of Cambridge, U.K,
Sengupta, 3.X.,, and Chaudhuri, A.3., "Real Time
Rorecas ting of Vlssolved Oxygen Level of a Hon-tidal
River,® Journal ef the Envirommental Engineering
Division of the Institution of Engineers (India),
%l1l.62, Pt. RN 3, June 1988, pp, 187 « 10,




280

LB/T  smgwpta, 8.K., Maulik, N.N. and Chandhuri, A&,
*"Jorecasting of Daily Dissolved Oxygen Levels of
a Non. tidal River by Dynanie Least Square BRecursive
Bstimation Technique,” Journal of the Enviremmental
Bagineering Division of the Institution of
Engineers (Indis), Vol. 63, June 1983, pp. 138~ 136.

Vg W, » "Modelling of Bio-Chemical Oxygen Demand
(B.0.D.) of a Non-tidal River by a Learning
Algorithm and Recursive Instrument Variable
Technique,” aceepted for publication to the
Journal of the invironmental Ingineering Division
of the Institution of Ingineers (India).

L3/  Maulik, MLN., Gengupta, 4.K. and Chandhuri, A 8.,
“Real Timo Morecasting of Daily FMow of a Fon-tidal
River,” Journal of the Civil Engineering Division
of the Institution of Engineers (Indfa), Wl. 63,
pt. Q,3, Novemder 1982, pp. 138 - 136,

s "Real Time Bstimation of River FMlow During
A Short Span dtorm Periocd,” Journal of the Civil
Engineering Division of the Institasion of
Bagineers (India), Yol. 63, pt.C1.4,
January 1963, pp. 213 - 218.

L9/  Ivakhmenko, A. G, "Nsuristic Self-Organisation ef

Problems of Enginesring Cybernoties,” intematies,

Val. 6, pp. 207 - 819, 1970,

g v



CnJ

87

VW]

L 97

yx v

W)

Laud

251

Ivakhnenko, A.G., and Kappa, Yu. V., "Group MNethod
of Data Handling for dolution of Vgrious
Interpolaticn Problems of Cybernetics,"
decond IFAC Symposium of Idontification amd
Proces s Paramecter Estimation, Prague,

Paper 21, 1970,

Ivakhnenko, A.G., "Polynomial Theory of Complex 3ystems,"
Transaction of systems, Man and Cybernetics ef
institution of Rlectrical and Rlectronies Engineers,
ILEB, Vl. SMC L, No. 4, Letober, 1971,

y "Long Term Prediction and Control of Complex
Processes," Tekhnika, Kiev, 1978 ( Book in Russian ).

Yolterra, V., "Theory of Punctional and Integral and
Integro-Differential Equations," london,

Blackis, 1930,

Wiener, N., "Non Linear Problems in Random Theory,"
New York, Willey, 1958,

Gabor, D., Wilby, WeP.L., and Wood Cook, R., "A Universal
Non-linear Filtar Predfotor and simulator wvhioch
(ptimixzes 1tself by a Learning Process," Proceedings
of the Institutivn of Electrical Engineers, london,
IEE Proe., VYol. 103, Part By, pp. 488 « 433,

Rosenblatt, F., "Prineiples of Neurodynamies, "dpartan
Books, Washington, 1962,

Astrom, K.J,, and Bykhoff, P., “dystem Idemtification, A
durvey," Antomatica, %1l.7, pp.123-168, Mareh, 1971,



' wi

VX -Wj

X v}

L8607

yyiwj

(837

282

Rosenblatt, PF., "Perception : A Probabilistic Model
for Information dtorage and Organisaticn in the
Brain," Psyehological Review, Wi, 86,

Pps 3B6 - 408, Noveaber, 1968,

Ivakhnenko, A. G, "The Group Method of imta Handling
a Rivael of the Method of dtochastic spproximation,®
doviat mtomatic Control, No. 3, 1968,

Ivakhnenko, A.G., et al., "Group Method of Data Handling
in the Problem of Pattern Recognition and Deeision
Making," doviet automatie Control, No. 5, 1968,

y "Group Method of Data Handling in the
Problem of Identiflcation of Multiextremael FPlant,®
doviet Automatie Control No. 2, 1969,

Box, O i.Pe, “Use and Abuse of Regression,” Technometries,
Vol. 3, pp. 685 -~ 689, Nov,, 1966,

Parks, P,, and Pyatt, Y., "Controlling the Beonomy - An
Exereise in Collaboration,” Electron Power, %l. 15,
August, 1969, pp. 270 « 274,

Ikeda, daburo, et al., “Sequential GMDE Algorithm and
its AppPlication to River FMlow Predictions,”
Institution of Klectrical and Electronies Engineers,
IEEE Transaetion on dystems, Man and Cyberneties,
Vol, #MC - 6, lo, 7, July, 1976.

» "Non Linear Predietion Model of River Flow

by delf-(rganisation Method," International Journal

of dystem uolence, 1976.




(837

L84/

(o657

;817

xw

283

Tamurs, H , and Konda, 7., "large Spatial Pattern
Identification of Alr Pollution by a Combined
Model of dourco Peraeptor Matrix and Bevised
GMDH," IFAC Symposium of Environmental dystems
Planning, Design and Control, Kyoto, Japan,

Aug, 1- 8B, 1977.

Dagey, JoJdsy and Franklin, Mo A, "A Case 8tudy of
Bnvironmental dystem Modelling with OGreup Method
of Uata Handling," Joint automatic Control
Conference, Usi, Ay Proc. ppe 401 - 124, 1973,

3 "A Learning Identification Algoritha and
its Application to an Environmental System,”

IBER Trana, dystems, Man and Cybernetics,
Yol. 3MC - 8, Ne, 8, Mareh, 1978.

Mehra, R. K., "Group Method of Data Handling Algorithms
(OMDH )+ Reviev and Experience," IRER Oonference on
Decisicn and Control, December 7 - 8, 1977,

New Crleanas, U.,d, a.

Baier, W., and Willians, G.0. V., "Regicnal Wheat Yield
Prediction from Weather Data in Canada," WHO
dymposium on Agromotrology of the Wheat Crop,
Braunsohwelg, Federal Republic ef Usrmany,

Got. 1973, pp. 263 « 283

Mostafi, A, and Chaudhuri, A.d., “Use of Maltilayer Owoup
Method of Data Handling for Predicting Tea Crop
Producticn,® Journal of the docliety of Indian Agrieul-
tural dtatistios, Vol.XXXIIX, Ne. 1, April, 1981




254

697  Maalik, M. N., den Oupta, &K and Chaudhurs, A8.,
*"Rainfall- run-off Model of Flows of River for
A Short dpan Storm Period by Learning Algorithm,"
Indian Journal of Pover and River Valley
Davelopuent, January - PFebruary, 1982,

L6807 s "Predigtion ef Hourly Flows by Computer
Alded 3elf-Organisation of Mathematical Models,"
'Irrigation and Power' Journal, Vol. 40, Vo, 1,
January, 1983.

Wy y "Forecasting of River Mov During dtors
Periods by a lLearning Identification Algorithm,"
Journal of the Civil Engineering division of the
Institutiocn of @ngineers, (India), Wol. 63,

Pte CL 1, July, 1968,

687  sen Gupta, 8.K., Maulik, XN, and Chaundhuri, A, 8.,
“Learning Identification Dynamic Algorithms for
Modelling of Ulssolved (xygen Incorporating
Interacting Parameters,” Journal of the Environmental
ingineering Division of the Institution ef Engineers
(India), Yol. 64, Fedbruary 1934,

[’63_7 Ivakhnenko, 4 G., "Pressent 3tate of the Theory of Computer
Alded Self-Organisation of Mathematical Model,"
doviat Automatie Control, Vol, 8, September - October,
1978,




L 84/

L68./

Le6s

Ler7

e/

69/

Chandhuri, A.d,, "Medium-Ters and Long-Term Predietion
Model of Anmaal Tea Crop Production Using Heuristic
Learning Algoritim," Journal of the Indian Soclety
of agricultural 3tatisties, Vol., XXXIII, No, 8,
Aigust, 1981,

Manlik, M, N,, den Qupta, &.K. and Chaudhuri, 4 3.,
"Rorecasting of Hourly River Flow Using Heuristie
Learning Algoritha," Joarnal of the Civil Mgimeering
diviaion of the Institution of Engineers (Indias),
Yol. 63, Pt. CL 1, July, 19882,

den Gupta, doK., Maulik, M.N. and Chaundhuri, A &,
"Porecasting of Daily dissolved Oxygen Levels of e
Hon- tidal River by Self-Organisation of Mathematical
Models,” Journal of the Environmmental Engineering
Division of tha Institution of Engineers (India),
Yol, 63, Journal - EN, June 1983,

Stagg,0.W., and Kl-Abiad, A.H., "Computer Methods in
Power dystem Analysis,” -~ New York, Mo-Graw Hill,
1968,

dehweppe, F. C. et.al, "Pover dystem Static 3tate
Estimation, Pt. 1 ¢ Exact Model," IREE Transaction
on Power Apparatus and dystems, Wl. FPAS - 89,
January, 1970, pp. 120 - 128,

» "Powar dystem Static-dtate Bstimation, Part Il

Implementation,” IRER PAs Vol. PAS « 89,

January 1970, pp. 126 - 130.




nJ

LNnJg

Ly

'y v

g

i

256

dehvweppe, V. G et.al, "Powver dystem statie-dtate
Estimation, Part III Implementation,® IREE PAd
Yol. Pad 89 January 4970, pp. 130 - 138,

s "otatic dtate Estimaticn in Electric Pover
dystems ," IERE Proceedings Wl. 62, pp. 972 - 988,
July 1974,

Dopaso; J.F. et.al, "state Calculation of Power Systems
from Line Flow Measurements, Part II,* IRRE PA3-901,
No. 1, ppe 145 - 151, January/February 1972

Bopasc, J. V. et.al, "Implementation of the AEP Real-Time
Monitoring System," IEER PAS - 68, No, 8,

Pp. 1618 - 1629, September/Cetober 1076.

Allemowgy J.J. et.al, "A Past and Reliadle 3tate Estimation
Algorithm for ABP'd New Control Center,” IEER
PAs - 101, No. 4, PP. 933 - 944, 19882,

Arafeh, &, A., ot.al, "Estimation Algoritimas for Large-scale
Power dystems,"” IEER Trans. Power App. Supt., PAS - 08,
Ppe 4988 - 1977 Nov./Des. 1979,

den Quptas,d.K., and Chaudhuri, A.3., "Real Time FMorecasting
of Dissolved Uxygen Level of a Non-tidal River,"
Institution of Engineers (India), Vol. 68,

Pp. 487 « 130, June, 1988,
Alvares, C., and Albertos, P,, "Un-Line Cbservability

Determination as @ Mirther Result of State Estimation
Algorithms,® IEEE PAS - 101, pp. 767- 774, April 1968,



287

17 Pai, MaA., "Computer Technigues in Pover dystem
Analyeis,” Tata MeUraw-Hill Publishing
Company Limited, New Delhi, 1979,

197 Irissani, O.,3asson, A. M. and Hodges, S.F., "An (ptimal
Ordering Algoritha for Sparse Matrix Application,"
IRER Trans. Power Apparatus and Systems,
Yol. PAS - 97, Nov./Dec. 1978,

807 Date, 1.5., "A Survey ef Sparse Matrix Researeh,”
Proec, IEBBE, Vol. 68, Ro, 4, #pril, 1977.

L8l Tinney, W.P. and Meyer, W.3., "dolution of Large dparse
dystems by Urdered Iriangular Factorisation,”
IEEE Trans. Automatic Control, Yol. AC - 18,
Ppe 338 « 346, 1973,

(887 Tinney, W. 7. and Walker, J.W., "Direct Solution ef
dparse Notwork Equations by Op timally Oxdered
Iriangular Factorization," Proc. IRBR, Yol,85,
pp. 1801 - 1800, 1867,

L83/ Ogaodiri, B.C., Tinney, W, F., Walker, J.W.,
*Sparsity-Dbirected iecomposition for Gaussian
Klinination on Matrices,"™ IEEB Trana, Power
Apparatus and dystems, Wl. PAS - 89,
pbes 14l - 150, 1970,

847 Tinney, W. P and Sato, N., "Techniques for Rxploiting tho
Sparsity of the Network aAdmittance Matrix,"
IERE Trans. PAS - 88, 1963, pp.944 - 960,



{887

(867

(877

{87

897

L9907

258

8tott, B, and Hebson, B,, “dolutiocn of large Power
dystem Networks by Urdered Eliminations ;
A Comparison of Urdoring dchemes,"”

Proc. IEF ( london ), 1971, pp. 188 « 134

Bellman, R, and Uryfus, &, “Applied Dynamie
Programming," Prineeton Univ., Press,

Princeton, N.J., 1968.

Larson, R B., "dtate Increment Dynanie Programaing,”
American Klsevier Publishing Company, Ine., M. Y.,
1963,

Jhampati, J. and Chaudhuri, A 3,, "On-Line &imulation
of Hourly River Mows for Rin.of- the River
Hydro-elactric Plant," send for publieation in
the Journal of Civil Engineering Division
of the Institution of Mgineers, India.

Jhampati, J. and Chaudhuri, A.S., "Electrical Energy
Consump tion Model with Interacting Parameters by
a Learning Identification Algorithm," send for
publicatiun in the Journal of Kleetrical BEngineering
Division of the Institution of Engineers, India,

Jhampati, J. and Chaudhuri, A.i., "Medium Term and
Long Term Prediction Models of Annual Installed
Plant Capacity and Consump tion of Rleetriecal
Bnergy by Computer-Alded del f-CUrganisation of
Mathematical Models," send for publication in
the Journal of Klectrical Engineering Division
of the Institution of Engineers, India.



259

(917 Jnampati, J. and Chaudhuri, A.d., "States Estimation
of Klectrical Power dystem by a Trasking
Algorithm,” seni for publieation in the
Journal of Eleetrical Engineering Vivision
of the Institution of Engineers, India.

L9/ Jnampati, J., den Qupta, 3.K. and Chaudhupi, A.d.,
"Gauss-3eidel losd Miov vith (ptimelly
Ordered Nodes by Dynamic Programming
Algorithm,” send for publicaticn in the
Journal of Electrical Egineering Division
of the Institution of Engineers, India.

937 Venikov, V.i., "Automstic Pover iystem Ovatrel,"
Mir Publishors, Moscow, 1988, pp. 3 « 43,



