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General Review of the Control Prcbiems in Power Systems 

1.1 Introduction: 

In this c~.::pter the overall picture cf power system control is 
presented . In suosequent chapters the par=icular analytical models required 
for analysi~ and design are given as well as the specific study of typical 
power system problems. 

The prob lems associated with t~.e contrcl of an electric power 
system fall broadly into two categories: fir~tly , those problems associated 
with the off-line analysis, design and optimi~ation cf settings of regulator~ 
and controllers; and second ly, the actual operating problems associated with 
the on- line implementation of the results ef the analytical , synthesis and 
optimization calculations . . 

The firs t group of problems resutres tte ccnsideration of system 
models suitab le for analytical study and the tcols available to the investigatCT. 
The s~cond group of problems leads to hardware ccnsiderations - communication 
syst ems, instruml!ntation and monitoring de·, ices, data handling and process i n&; 
equipment, decision making devices and computers and the regulating and control 
gear itself. 

The purpose of this set of notes is to deal wi th the first group of 
problems in an attempt to illustrate the back~ro~nd cf control theory required 
by the engineer in the power systetn field and to point the way toward the 
areas where a concentration of effort is r equi rec to meet new needs. Consideration 
is given to the models with which the investi~atcr must deal, the actual protlems 
of a control nature which must be faced end t he analytical tools which are 
available and under development for attack: ng these problems .. 

.-. 1.2 The Power System from a Control En!(ineer's !'oint of View 
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. An electric nower system consi~ts basically of a set of generating 
units or sources with "their associated prine 11oving.; controlling and protective: 
equipment: a s~ of e'!_ergy absorbing-= le~nt~ cr loads _!Od t he comp l ex network 
~~SffilSsion lines . tranSformers, switches , etc. necessa~· to interconnect 
the energy sources and sinks satisfactoril~ .. The prime function of the control 
systems in a power network. ·is to automatically maintain a balance between the 
real and reactive power supplies and demands)in such a way as to maintain 
optimum system performance. From 1:he customer's point of view this performar.ce 
is judged i n terms of the quality of voltage and frequency levels mai ntair,ed 
and service continui"ty; while from the supplit;r's viewpoint, the judgement 
is largely one of operating facility and economics. 

In the cor.tmon cont.Tol t.heory teroinology the pow~r system can be 
consldcrerl to be a high order intera~tin~ oultiv~ riablc process, basically 
nonl i ncar •.;i th tiJii"CV:Jr.)!:.li!£ ~oeh1 CH'ilts, sub' cct to pseudo- random disturb in~ 
val"i:J.\I lc$. The co11trol ph ii.osophy whid1 !las tcer: generally adopted to cope 
w·ith the .:ontrnl oi this 5ystcm is that c•f a t.ierarchial type of structure 
(See Figure i .I ) . In tl:e o"Jeral l control structcre· there are individual 
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controllers op~rating directly on specifi c svs tem e l ements such as bo i len, 
tur bi.nes, exci ters and so on at the sing l e u~i t level. Usually there rs-... _ __. -·-~-

some overall pl ant controller which coordinates the actions of close:y 
related uni ts. The plant controllers in turn recehe supervi sin,c: direction 
from area controllers. Again the area ccm:rol acticns are coordinat ed by 
master cont rollers which mai ntain desired conditions over a mul t iple area 
i nterconnected power pool . To date, the control de~ ices at the lower 
levels in this stru: ture have been predominatly analOR devices . These are 
being replaced in sJme instances by dig i t11 devices as t he more complex 
supervisory control structure evolves. On- line digital cont rols a t the 
area and interconnected system.1levels are well est ablished in the i ncustry. 
On- line dig i tal moni t oring a~ data colle~tion are common at al l l evel s 
in the structure. 

The factors which enter into the problems of dynami c contrcl of 
frequency and voltaAe in an electri c power system can be summarized in te~ 
of a number of mathemati cal relat ionships. In general these ar e nonl i near 
differential equations and cannot be~glyed completely as they stand , however. 
they do provide.ins i ght'into the main features of the control problems. 
Basically there are three sets of relatio~ships: thJ SC which descri be the 
real and ~eactive power fl ows jn the static nart of the electri c network anci 
~onnected loads, those which describe the behaviour Jf the eeoeratin~ unit s 
with their prime movers and excjrers, and those whic~ describe the contr ol l ers 
at the various leve l s in the control structure. 

1.3 Real and Reactive Power Flows in the Ket work 

Rea l power and var flows through the stat i: network from the gen­
eTating points to the load point s are goveD'le<i by the principles expressed 
in Equations (1.1) and (1.2), for a system containi ng n gener ating units. 

n 
p . = el l: E. E.Y .. cos (6 • . - 6. + 6. ) 

j = 1 l J lJ l.J l J 

n 
Q - I: 
ei j=l 

E.E.Y . . sin(o .. - 6. + 6.) 
1 J lJ 1) 1 J 

(1. 1) 

(1.~; 

where P . and 0 . are the real and reactive powers injected into the networ k Cl ·el 

at the ith node. 

E. L§. and E.L§. are the voltages at the ith and j t h nodes. 
1 1 J J 

Y . .!& . . = (C. .. + i ll .. ) is the transfer admittance betwoen tbe ith anc. 
lJ~ LJ 1) • 1) 

jth nodes . 

fn an ooc :-at i ng sy,;tcm the real a:1d rcactit·c power injections 
(P . and Q . ) into t he r.<Jtwo·rk at the sup;: I'/ p::.ints ~nd the pattern/ of power e 1 et · 
and v.:~r flo~<s rh ·rough th.: newark arc :> <.:t to provide for adequate supply to 
the consumer s wi t hout overloadi ng any of the system components . Duri"R 
normal oper2.t ion the ;1ctual level s of the volt:t!(e anc frequency variables 
vary fro m the oa~e r.r :.vcr::q~e value~ and r.hc w1 o l t.l S)Stem is maintain"d in 
a state of d)'n:.r.1ic <q uil i br:. un: <>bout t he upera ting pc int by t he coordinated 
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acu on of a ll the syste11 control clement s. The cont ro l actions are ac: ua lly 
~xercised on the system from manual or automatic supervisory controlle:-s by 
wa~ of set ooint adjust~ents on the controllers on i ndiv i dual RCncratiD~ 
uni ~s . throu~h tao sett~n~s on ma~nitude and phase ~hifting transforme:-s , by 
switching of lines and comnensating static el~ments such ·as reactors and · 
cap•ci tors and b~· synch::-onous condenser action. The vol tagc mngni tudes at 
t_hc nodes (Ei, E;) vary with the cenerator excjrorjc.n !cyels . th 
volta{(e tap settl.ngs and "the pattern of power_ 11nd_vt. 
1ne 6 arglcs CUan~e With .generator pyjmc mover shaft torque yariatiOOS with 
chaJ>ges in system oower and var flow oat 'terns and wi th changes in settin.~ 
of phasE shifting transformers. The transfer admittances between node~ (Y .. ) 
~ii:rv ..:ith network switchin p, and with chan cs in c • er loa . l.J 
In g.enera e customer oa s are nonlinear, beinR !Censi tive to the frequency 
and voltage of the source which supplies · them . 

1. 4 TI1e Generating Units and Their Prime ~lovers anc Exciters 

The control cr.aracteristics of the generating units and thei 1" 

a~;;cciat ed prime movers and exciters can perhaps ben be illustrated br way 
of a signal flow graph representat i on of the relaticnshi ps which exist. 
Such an illustration appears in Figure 1.2. The mathematical expressions 
for the links connecting the variabl es are collmlex in that they contain 
traascncer.tal and tri!(o~ometric yunct ions of variables, products of variables 

·~n~ nonlincarities due to nhysical system characteristics. In general it is 
possible to reo resent tt.ese complex expressi ons in nathematical terms.. The 
Park DQC Two-Axis trans formation is usually emnloyec with the synchronous 
machine to remove some of the complexities of the machine representation. 
For small signal qualit)' and stability studies the linearized approximati~ns 
of ~he actual equations valid in the region of a specific operating poi nt 
are sat is factory. 

The frequency resoonse characteristic of the common types of 
hydraulic turbines have been measured in the field lxy OldenburgerC3l For 
mc; t i nstallations the •ater(compressibility)can be neglected. It has be~n 
deo1oostrated that so far as the electric system is concerne1! the transfer 
ft.:'lction of a steam olar.t is dictated bv the J:ut:b_i~~ since the tim!l 
cc,:'lnant.; of the steam 1'-enerator are siitnificaJit'!Y~nR and for dynamic neej 
centro! operation the steam source to the turbine c3n be assumed to be 
infinite. On major system disturbances the actual performance of the steam 
st.~oiy~tstem may be si~ificant and should not be dismissed without ccns i deration . 
The control and ontimiz£tiqn of a high performance steam generator is a major 
protlcm i n its own right. 

The exciters c.f most units in service today are rotating de gen~ratcrs 
of t he convent i onal sco~rately excited type or high power rototrols or 
arr o l idyncs . The trend i.s now to install static SCR ·controlled rectifier 
pcwcr s ~o:pplies for exciters t~. provide for faster and more trouble-h~ 
ocernt ian . 

l. S The System Controll ers 

The controllers which directly affect the quality or the el~ctrical 
s upr.1y c::~n be classifieC. in terms of: 

~ ) t he indi vidual generating uni t governor s, vo l tage re~ulators and hoi le r 
con~ro ls . 
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a.) tr. t ::rcU; ~c·ntrc... h:.-:; wiaJ~h cont rol llh.: c:r.crgy intcrch .. mgc hct.wcen 

cvr r: ·(:tt•c..l ;..rt:o.~'i ., , 

il i J tt.(, ..:cvnomi c d i>~~~I...C.~ cont ro I 1<: rs which s_ched!,!)C )lcncrati on in 
ac<-o:dancc w1 th cos.t. cri tcriu. 

!.~ .1 l hi! ·i r.diyidu~l u~it controllers. 

The actu;oricn of the wicket gates or. a hydraulic turbine or the 
$t;am vahc~ on a >tlnn tu-:bine requires a considerable effort.; the spaec 
or fr•qu.:ccy scns1ng prcb l<:m on the othc r hand rcqui res very sensitive 
initr ullen tat ion. ' To e·,tody both of these requirements in a single governor 
untt :r;qu:. res. a combi:~:.t ion of techni4l1Cs. In older governors, the mechanical 
ll'at:t.-:I)>C fly -ball uni t was used f or speed S'-'llSing. This was coupled through 
~ech:m.ical-hydraulic t:r:msducer to u hydraulic power amplifier thence to 

the . f::-~ al actuator. fr more recent governor d., signs the fly-ball speed 
sensor ha~ been replaced by an electrical frequency sensor of ei~her the 
resonant frequency or Fulse rate countlng type. An e lectro-hvdrau I i c 
transducer is used to couple to t he hydraulic power gain staKe. With t~e 
mecnan~cal-hvdraJiic gc\•ernor, t wo [Odo! P-1 cont::-ol is available. Derivath•e 
ac:i~n is possible although the speed sensing is in manv cases not accurate 
Qr S1IO:> t:l enough to make this practical_ With e lectri ca l speed or freq·•ency 
seasin~ ·,cwever it js possible and practical to nake use of three mode P-I-0 
coatro_ ~ith its inherent ~ ' H -

The tendency i n the most rece nt instal :ati~ns is to go to all­
ele-=tronic autom.ltic voltage regulators with high gain _.SQ!. exciters. This 
re!S.Ilt s in a fas:, trouble-free excitation systeo bur has caused trouble due 
t o ;econd order effects. It has been found that excessively h.l eh cain . .in~ 
vo: :age Cant raJ (OO!l. wi 11 C~!!~- _a f!_egative gamping_ eff!q in the Spe_£\!._,C_?_I!t~l 
loa~. Speed <;!.!'Or si~na! .. ~ou~!.i~_g fr2!1! ~h-~ ~pee.d._co:lJ:.W! !!IO.JtJ.n.~.2. . t.h~ . ...E!!~e 
~cl JO'i:?.E is. -:e!l\'ired to ~t.'!:bi+I~e 1\&a.L~H . ..t.ll.i.:i- Up to the time this serpn. 
or der e ffect caused difficulty th~ s peed control and _~~o-con~rol systems 
"e~_gnsid~red to bt: inJependent and controller designs were founded oa this 
)a~is. :'his is obvious!:' nii" longer- ·auequate-:. 

The control of the combust ion process in a high performance fossil­
fue _ p i ant i s a comple x operation. ~yprious system .Ra~ters are hifhly 
int~ct~~; however for the purposes of desc~~ti~~-~~~ -~o~~!~~-~~~ems . 
c an us t-all!' be considered as the separate funcnonal sub-systems: combusnon 
.::ontrO'l. .--f~·eawa'ter ... con:'::-oCana-s team"leiilperature control. · 

in a t~ermo-nuclear station the usual steam control problems are 
pr~ ent ~nJ the combusion control problem is replaced with a reactor r~ 
act i vity control proble~ . · 

Durin!: norm::. I opc ntion it b often advant;weous to huyc severa i 
gene rators in om• ~t3tio- s hqre the variations in rea l and/or 
dcm::t:d ir. accor d3nce •·i r:. some prcarrant.:ed schedule. T!.!h-\i~sC-..!i~s:....!:~~!..!..L~~~~ 
by LSi.rg a "ioi nt -oog rati on" scht!mc for the! govcTnor.! and 
~Lcrco·., t:l05:C indivulu:~: unit contro~lcrs arc inter n · · 
J.ar -rcni :ll:s opcratlon. . one tH:n the summ.:.tion of nll the controli ers 
tn such a plant constitutes a p l an t controller. 

J :~ 
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1. 5. ~ 1\rc:. ..:ont r -:>l1crs 

area co,tro ll crs i s to control the generation in 
nrca to adi ust itsown ~enerntion to 

ol i o• i t s own lo3<i changes. n .c total generation within eaCh area is "tatched 
toflii: t o tal area lvad plus or mi:1u~ scheduled energy interchange with '"djacent 
areas. This operat ion is achievcJ through the supervising action of set 
,oint ~Jjustmenr )£ : ndividual ge~erator load (governor) controllers. 

To i llu5trate the action of such a controller consider tho ar.:a 
:oot::-c·l signal pr:xl-.Jced as a result of a system disturbance. It is 

·
1
oc = kff_ + ~toP::1 

.oth.ere ~ is the c."la:'lgc in gener:~tion called for by the area controller. 

>~ten; 

This pr)vides set poir.t information for the unit governors in the 

llf, the frequency deviation in the a rea ; 
1\P , the devi ation away from scheduled area import or export a\er 

te tie lines; 
kf and kt aTe regulating coefficients. 

The contr~l signal 1\G is used to adjus t governor sertings in the 
:1rca to restore f requency and tie-line flows to scheduled values. 

1.5.3 Economic dispatch controllers 

Economi::- :iispatch can be applied to the generators of one are~;. or 
~n a ~ultiple-are3 basis; the decision is really one of management not ~f 
t~hnical feas ibility. The object of the economic dispatch control is to 
llloccte generati)r. amongst the various participating generators such t ~at 
the ninimum cost )f delivered power is achievcJ. Cohn(7) shows that ~ 
J~tinizing problem is solved when a ll generators arc operating at the same 
i ncrerrenta l cost :values for de !Tiiereif"QOWer. This is expressed mathemiUically 
-;y-the equation 

dF n 

\ 

.. l dP • ). = oP ~ 
. I-T 

. • n 

•here :. b the in=remcntal cost of po;.cr deliv.:red fo r the are;~. 

dF 
ll h . l . f dP , t e L:Jcrcmenta ger..,ratlon cos t or source n. 
~ 

aP 
~PJ:. , the bcremental tr:~·;,~i ssi on l<>ss for sour ce n. 

n 

(l . 
~ p 

1. . 
:.p J 

n 
is rhe incr~mcr1C~i ir:1~t .r.n o f po~·cr Uclivcr~d. 

I I :,i 
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At tltl! pr~scnt tlP.ll! ~n-line Jrwlc:o I Jidtal or hybrid computl!r 

control system::; arc :JVai ln.:> I€: to d ... tenniOf1 ·lad achjeyc ''rltiotum CCncrat~ on 
ullocatlon. These contro llers use stored ~ta such as thermal generator 
heat rates I fuel costs and transmission los; coefficients and on-line 
measured data such as tie-line flows, genention levels a"t the plants t:J 
evaluate the A's On the basis of these cv4lc~tions set point data is trans-
mitted t o individual &cnerator governors to re&djust individual outputs to 
achieve minimum cos t of operation. 

I. o The Cont ro I Prob tems 

The control problems 1o1hich exist o1ith power systems centre around 
the mot·e general probl ems of 

i) optimizing systcn performance with existing hardware as it now exi.>ts 
in actual systems: and 

ii) synthesi:in~ extensions to existing systems and wholly new systems t o 
~ cope with increased future demands. 
~ I I 

Th.: risks due to poor judgement i:a either of these general areas 
involve vast sums of noney so it is essenti~l that reliable analytical ~ools 
be made available to predict the performance of control concepts and systems 
long .before they are put into practice. 

l. 6.1 System identification 

J 
The models referred to in this chapter aJid developed more ful:y in 

~ subsequent chapters represent the general forms of the models which exist: 
----~ however, a large amount cf system field tes:ing is required to detert!llne 

the definite nume rical mcdels which exist in operating systems. Due ~o the 
complexity of intercor.nections which exist o.nd the inherent nonlineatities 
of most elements, this testing must be done in every system. Only then 
can the investigator te assured that the an~lyses he makes on that particular 
sys tem are really mear.in!lful I Two types of mod:>ls arr rcqpj red: the large 
signal mode Is whj ch ccntain all the non! i ne~riti cs, ct c. encountered du~ing_ 
major system disturh~. and small sign~!· or linear models which hole 
for small dis!.!:!!~S.Il~. !l.~t..~.eL£.Q!lditions. -------- . . 

Recent advances in computing mcthcds have- ·lllade it possible to 
analyse larger sys tems but these analyses are meaningful only in so far as 
the models truly represent the ac~ual syster~ under study. J<umerical methods 
~-.2~-!Ln .. deyel?.P.£.!! .. !:.!1. study larscr _g_~ sturbance:s in large _s.r_st_:.!_ll~, matri.lt 
methods using state SEace techni[UCS have been £ound useful for small signal 
studies. - · - ·---- _ ......... -·-· ¥- ·· · ·· · ... -·-·-·- - -

The items which require particular fi.eld study for identification 
at the present time are the_gcnerat}Qg unit~ themselves and the characteristics 
of composite loads. Stagcc tests usinR step response and frequency response 
methods can be used i~ some instances for i dcnt~fication purposes but in 
general no standards have been dev~loped by the industry for tests on 

,.., 
...... 

op~rating systems and no test equipment i s ;:.vail able sped fically for this 
application. The usc of statistical corrclatio3 m~thoJs for system iderrti­
fication offers :1 number :Jf advantages and,shou:d be investigated further. 

I I 
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The question of sys tern s tabi lit~' is solved by the method of 
nu11erical i ntegrat i orc of the nonlinear di ffe rent ial equations for l arg!! 
d.1si:i.irbance'sorby-~il ( c1ri on .!ir:thi-!\oti~h Hurwitz. ~ri terio~ ! . . ei~enval ue 
m~.!-oth~. li.!l~.E.r. _ $yge_~~--~~c~niqucs. for s mal.L 4ist.ur.bances . In the 
lat ter category the ~thods are adequate; however, in t he former, the 
ques t ion of stabili;:i' can be answered al though doing so by direct int egration 
of the equations is a. lengthy process . Some progress has been made in the 
applicacion gf the Li~2.unov. Direct t1etbod_ to ana.~cY~~s. • .of .~Ji!l?i.L:hJ:Lof_lh.e 
~lin!:'•u: _Sy$_tcm hut .. Lconsi.de_r,,abl~ amoynt of work is requ ired in this area 
bc_='o.~e cj)J!..=hod c.11,1 ~e said . ~o be of pnctical value . Up to the presenr 
tine no Liapunov funcr:i on has been found which can include al l of the 
nonlinear effects whi:::~ a rc significant in determini ng overall stabili ty 
i n a mul timachine syst;m. 

I n the case Jf s t ab ility assessment in the presence of l arge 
disturbances the tend:ncy in the pa~t has been to des ign systems to cope 
wi t h ~one arb itrarily ~stablished criterion such as the wors t possible 
disturbance. ff fast : r stability assessment could be made it should be 
possible t o approach t~e design from a probability point of view and thereby 
es•ablish more reason~jle and consistent design criteria. This approach 
requ1re s more knowled;~ of the stab i lity measures as well as the adaptation 
of probabili t y method= to the particular situation. 

1.6.3 Controller synt:tesis 

In the past . voltag~ frequen cy controllers for gene~g 
un: ts ha·~-be~.': .. synth:si ~~~~~~-- -~ption t!)'!,~ .. .!.!t.!L_!!o/!L£91U..'\:2L!Q.ops 
we:-e indep!_n~.J; .. aniL.:.;m.:;!.nJ:.i:l:ii.l:.U.D£. Such is not the case as has been 
denonstrated with the introduction of fast acting static AVR's. Stop- gap 
measures such as us ins u_peed __ errOI sAs~L.JJl t:h.e. AVJLhalCJLl!.~SJl. ~~Sed J:O 
~C..Q!!l~ E.!:t~i ~f~_cul:L_~O~.!:ve.:, . it w~u ld appear th~~-. ~ n~ 3>P:o_a~~~~~~e 
regu,.Utcu:. d.eS I IW ... P..r()bieJ!!.. 1,\S.~!)g multi vari <>.b le co~trol cqnceP-t~. l]liglj~. Ee 
fruj~. At least ~~e criteria for the design of the cross coupling 
elements could be s pe: ified more logically than at present. 

1.6.4 Optimization of controller settings 

Due to the ~on l inear characteristi cs of t he controlled system it 
is not poss ibl<! to sp~ ~ify an "optimwn" set of controller parameters . With 
theo advent o f on- line digital moni t a r i ng i t is possible to continuously 
up- date controller se:tings to ma i ntain· op timum dynami c performance as 
Op<.: r.ating condi t ions : hanRe . Vinual ly no ~<Ork has been done in this area 
s p<.:ci fically applicab I.e to t he ov<.! rall power system problem; although a 
cor.sis!t·rah 1!· .Jmoun.J:,J>f r« ":i ·"'··rrh h .ts bcs·n di n·L·tcd toward t he optinrization 
of s e tt ings on an i nd i viduai .l.U.li.J;. The scttin,;s for s~c<:d governors on 
hz:_ro gcncE..!2!sfliS .t~ rei vcd ~::; i t:crab1e attc.ntion(9 and mc thpds haue 

~cc· n ueveloped to pro·.- iae good rc,;nonsc to sing le step disturbances . 
l.ar.esan ( IU) h.:.a.~ shown :h:.tC tht.! opt l l':um sc tri n )• for a single Jis t\ trrianc c 
~~net be tEe moS't!i J : i s. fac t or\:-j.-or .. , mo rt..• n.:;,di::.tic uscu.:io .. r~1 nd on~ 
<,l_i ~ t u-rbar.c<:. c •. miY5an"1ia:f"rurt!lcT >th)Wil t ll:.<t the performance of a I in<!ar 
sy~ t .:m and its .:ont•·..,tlcr subj<.!ct~.j t<' psc:ud .>-random disturbances can bE­
rc:..Ji 1:; anJiy:ctl u::in ! :1 N:l::kov p l '<i«':; :; to ;·~:p r~sent the di s turbance . 
Thi~ 1:"L:th·?d i$ ..tpplicth l\~ to ur1~ l l n..: :n· ::y:; tt.:J:J but is partic ul arly u~cful 
iu the c \r~tl ua.tion of :hl Cj t..i~l tty of p~l·t,J.t"Pt .tiH.:c 01: vol tage and frcqucnC}" 
cur. t -:-c 1 :\.! rs . 
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ln the.: ~a5~ o t trc.l cont rolJt-·rs , U11.! ::·ol. cy ar the prc:ient :in~e is 
to b3~c til~ settings on ~Jit s iJcrat ions ~ 1· s t c~u,-statc r1lcration. It 1as 
been sho"n(il) that this i ; not adeq1.at<: f ;r JynJ.mic operation and that more 
detailed criteria arc I'CljUired especially whnrc mixed thermal and hydr? 
generation is used in ao _ntcrconnecrcd s tst~m. 

In overall s ys tem plannin~. nutt.od~ have been dcvclopod(ll) ..,hich 
wi 11 allow for tho;, ,! ~ve :::lpmcnt of gcncn.t-on and transmission facil i ti~s on 
a consistent r.!llabilit;• basis. Similar : e:chniqucs could be adapted t •J 
pr<JVide cons istent rcli~.n l ity in the u; tc rd operating system. This would 
require th~ factorin~ i r. of reliabil i ty c =itcria into the conomic di sp.atch 
control and would requir~ "on-line" dat.; handling and control. 

1.7 Conclus ions 

In this chapte r an attempt has t een ma:lc to outline the types of 
control problems which e<is t in an cluctrica~ po~er syste m and to focus 
attention on some of the Farticular areas which require :oncentrated study 
and d~velopmcnt at the p-cscnt time. Io ~cncral terms these problems requi=e 
further original devclopce nt of methods of analyz:ing lar6e complex S)'Slc;ns 
and the adaptation of ex:sting on-line co~puter :ontrol and optimization 
techniques to particular power system cas~s . 

In subsequent chapters of :he~e notes, detailed dcvelopm~nts of 
pertinent analytical moc.els are given ar.d tnical analytical and s:rnthesis 

. procedures are illustrated. 
i 
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