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conput,inE Technique using ANNg for Optinal $cheduling of
l{ydrothernal Power Systerns with lnclusion of Punp-Storage plante

Mohamed Moenes SAtAfriA

Electricai Errgineering Depl., Faculty cf Erig. {Shoubr.ai,
l-08 Shoubra Street, Cairo. Egiygrt .

Abstract
The paper d.eels with the appl ication rtf the techno L*gy of the
artificiei neural networks {ANNs) on a power syetem to abtain the
c,ptim,s1 schedul ing of g"eneration. The presented. hydrothermal
p*wer systenr {llTPS} contains pump-storage pLants (FSps) besides
the thermal plants (TPs) and hyrlro-plants {tiPsj . Given the sy.stem
l"oad in each tine interval of the optimization period in a6dition
ta the decision variables (DVs) of TFs and HPs moreover o! pSFs

far both operati*n conditions (gfenerating ar. pumpinq), the most
eccnomical generation of each power plant caR be evaLuated. Aisc,
the generated frower by PSPs in each qerreratiorr operation or the
prjwer taken by these pl ants in each Fump operation wi i I Lre

;;r*dicted. Estiriatir:n of the correspond.ing aptimal g*n*ration
ccrsl c'f Lhe TPs is occurred. The conputing technique can
determine the avaiiable water vo1urue of HPs and af FSps. ANhis
have h*en rLes j. grnerl and trai ned wi th patterns of i nput ancl oulput
{.at'r '*t di f f ererit val ues of, trai n i nqi paremeters . Agreeab 1e
rLi;Jults have been obLained and presented.

Keywords
Sptimal schedul ing
therma 1 operat ic:n .

pl ants.

1. fntroduction
Fower systems fr.re

, Short-r$nge optiniization, Optimal hydrc*
Artificial Neural Networlss, pump-storagre pawer

interconnecting fcr purpcrses af e#onorny inter-
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change and reduction of reserv€ capacity. Economic operation of
po!{er slrstems deal s wi th ihe mes.ns and techni.ques f or achi*vi ngi

minimum *peratirrg cost to supply a given pred lcterL l<rad. Any
devietion fr*m the optimum loading would" result in Bn increase in
f t:.e1 i.nput and cclngequ€nt1y in the generation cost. 'Ihe optimal
Opez-at i*n cf thermal power systems *has be*n d.iscussecL i n Ref s.
t6l, 18l , t15l and t18l , while it has been presented in Refs. tj.-
51, tll-141 far the HTPSs. DVs of the generating units must be
estimated fron unit commitment study taking into consideration
the optimal gerreration cosls "^rith f ul i f i lment sf the oper.ation
constraints 17-LaJ, iL6l and LL71 . To esti.mate DVs of psps iri
each lime interval, the additional generatian cr:st in pump

operation and the costs thrat can be saved by setting the plants
in gerieratian operation must be evaluated. and. comparecl l14l .

The niaxirnura principie methad (MFM) by porrtryagin lz]t , l4l , l13l
and 1L4i has d rqirie range of appl icatian in the a.rea. of the
optimizalion probLem side by side with the grad ient methorle llSl ,

calrulus varj.ations nnd dynamic programmJ"ng lil, LZ1 and i161.
Th* ru,:st irnpr-rt"l6n1 advantage of MPM is def ining of the sc.rlution
f ,:r TPs anrl HPs whi ch i:perat* at poi. nt,s or 1 imi ts of
disu'onlinility.

Artif icial intel l igence techniques and ANNs are wid.eiy used in
lhe area of the power systems and they represent efficient
aiternatives for unit commitment l19l , voltaEe stebi i ity
assessrnerrt L211 , L29l and for the thermal*rating coraputaliorr *f
the lransmission lines l28l. The ANNs have beerr applied also far
the load f,c,recasting i221, 1251, contingency analysis LZ3t and
fr-'r th* optimal operation of hydra-steam power systenrs 1301 .

iJsinqi *f ANNs has an increasing atlenti.on due to lheir gr$ss
capabi 1it.y, rapidity and lnai idity f or on-l ine op*ration.
MPM hns J:een app l ied in Ref . t l-41 on d HTFS cantaining a PgF and.

the t:bl,:ined results have been used in this work for trnirring of
the suggested artif icial neural netw,:rks {$AIrlNsl - Feed*forward.
rrulti-layered networks with the generalized. d.e1ta rule an<l back
pr*page+-ian c'f error wi l1 be designed tc r:btain continuc,us
pl*nningi b*tween lheir input end output dala.

l" 10
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2, Econonic Dispatch Of Hydrothermal Generation With PSPs

The'aim af the ob_jective function of a power system contains W

TPs, M of HPs in addition to p of PSPg is to rninimize'Lhe totai
genere.titrn cost {TGC) over the optimizaliorr time period that wi l. I
l:e rl*vid*d int* N time intervals. In each time interval n, TGC is
*qunl to the sum of the generation casts Fin(Pjni of each plant- i

TGC = uN- tt= l-

lf,- tT7 \r 1n \r ln/

EW
i=1"

F1n (Pin) Atn

PinZ + Br Pin + Ci

r1t

{21

qenerat,i.on cost FT {ni can

ff]

Where Pin is the generated pow€r af each thermal unit i in the
intervaL n and Atn is the lengi.h of this time i.riterval -

FisiPls) can be *btained in terms cf the ccrresp*nding generatian
Fin and the cost constants Ai, B1 and Ci aE fol lows

7t,n1

Ti11 the time lntervel n, the thermal
be predicted by

FT(n) = rt(n*i ) * ?:, Fin (Pin) arn

In each tine int*rval, the sum of the output Pin of each plant of
TPs and Pjn *:f *,rch HP in addition to the oulput Fgn of each F5P
j^n q*nerating operation PG must be equal tc the load demand FRn

plus ttre sum of the consumed power Ppn of each PSP in pump

.:peration PP morecver the transmission Iosses af the systen PLrr.

The lrasic control variables (BCVs), which are pi,r, pjn, pgn,

Ppr,, the water volumes V jn, Vgn and Vpn of e,rch HP end PSP in
generation or punp operation, respectively, must satisfy in each
time int-erval n the folIowing inequality constrainis- In other
words, each BCVs must not violate each corre*ponding maximum and

mi*in:un linits (F, V and P, V).

-WL l. i n
1-t

M
Ti_

J-r
Fjn * EP: Pq"n = PRn + FLn * 

"F: 
Fpn

g-a P-r

111
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f)- €-Iri P1

P5

;'!r

P; {_J

Pss

I].r Ln

If.'Jn
D
'gn

(5)

t6)

{7)

(8)

(el

{10)

{11}

tt2)

can be

i nterval

(Pt Fin) {Pin - Pi ) - X1in2 = 0

Where XLjn is an additional controi variabie.
The water volume ujn) of Hps, in each time interval n,
deduced fron the corresponding volume to the previous
v, tn-t ) u= fol lows

vj in, - o, {n-1) + AVjn - y5 pj,,

Where AYjn is the additional volume of
interval n, Y_i is a constant that relats
volume end the generated power of that plant

{IJ,.,

the plant j in the
between the dror+down
I]' Jn'

The water vclune vn{n)
pump operation wi 1 I be

terms of their constants

and. uo{n} of PSP for both generation or
obtained by the fol iowing equations in
Yn and Yp, respectively,

r/ (n) 1r (n-1) v D"g og tg tgn

vp{n} = vo{n*1i + Yp Ppn

(14)

(15)

EpsPpnsPp
V; vjn

!gsVgnsVg
IpsVpnsVp

l{her"* Ig = Ip and Vg = \'p
The inequalities (5)-{11) can be converted ta equelity cons*
treints by r-lsing the method of Valenline in calculus variations,
t14l, in terms of the additional control variables (ACVg) es
given in Eq.tLzl, which is corresponding to the inequality (s).
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*

The $aiitonian function *(n) can

intervel n, as

be constructed, in each lime

*{n} = Utn) t fT{n-1} F jn (Fin) Atn i._w+t-
i =l-

+ tl {n} i(in Pin._lcr
L2.
i=1

+ EM. Kjn P5n + llT *n"
J=l 9=l

Pgt-PRn-PLn

+:W
i=L

Kin l,zi (t)

EM- Kjn t, j tn'
-J=l

r qM. Kjn tuj t") t (v j
J=I

- 
11, Kjn trj (n' tvj {n}

DE'
- E"- KDn PDnl

P=1

t {P1

r (P;
)

Pi) x1in2l

P-i ) xz jn2l

I:) - x3jnZl

AVjn + Yj Pjnl

!^gi - 
"qgnzl

Pin) {Pin

P5ni (Pjn

V5n ) (V1n

(n-1)vj

. i:: i{on t1lp(') tup(n)
P=t

Hhere t (n) is a variable

multiplicators to include the
all values af X are ACVs; Kin'

vo 
(n-t ) -

vector,
operation
Kjn, Kgn

L13

* zFG iion ,uotn) ttFn - Pgni (Pgn
ql= 1

. ;:: xnn tzs('i tivs - vsn) {vsn * vsl x5s,r,2l

* rP: Kqn LBs(n) ion(n) - vn(n-t) + Yn Pgnl
9=l

* EPI Kpn Lgo(n)
P=r

Ppn) (Ppn - Pp) - Xopn?l

ptr
't 2-

P=L
- (n)hpn L10p

I {Pp

ttvp - Vpn) (Vpn tp) - xzpnzl

Yp Ppnl

el I values

constraints
and Kpn are

{16i

of L are

in * in) and

DVs of TPs,
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HFs and of FtsFs in generation or pump operatian, respectiveiy.
ItVs are Gbtained from unit commitment by ranking the plants in
optimal iist that fullfj.iis requirements wilhin given availabie
facilities. Each variabie cf DVs must equai i. when the plent i.s
in aperation and equals 0 ir lhe plant is ont af operation.
T* s*1ve the pr,:h1ern by usingi MpM by porri,ryagiri, n 

(n) rnust he
maxirnieed arrrL th*ir first rl.erivatives i+ith respect to BC'fs and
&CVs irr arldition to the veriable vector' ancl multipi icators niust
be equal eerc. A nonlinear equ,:tions system will be resulted.
Newton-Raphsan nrethod is appli.ed to ccnvert ihe rranlinear system
to B lineer system lhat cdn be solved" by Gauss-Jard"an method to
*blain lhe conLrol variables.

3. Neural-Network Technoiogy
Th* back propag,rtion learning algor j.thm wi 1l be used f ar f eed-

f ar'ward networks. in which the inf ormatian passes throuqh the
interurediate layers from lhe input layer (IL) to the autput iayer
{OL} u*ing transfer functions and" summation. The information will
lse prcpagated back through the network duringr the learning
opernlian t."-' update lhe ccnnection wei.ghl:,: iclrisi " which are
csnriected between the consecut ive I ayers " A I i bi ases rst the
hidden I *yer {HL} arrd. oL must be al so upd aterl L?,o1 , lz4l , La6 j
and {-n71 . The cut-put cf each neuron in rL equals tc: its input.
Brrt for HL and oL, the input x3 end output y; of each neursn can
be girren in ter'ms of the biases b; and threshold. z s of the
neurons aF foiior{s

X_i = I. wjj Yi + b;
J

v- "t r -(X.;+Zi)
'J L I i1 + e r ' ]

Where wjj are CWs between the neurons i
in the previous layer of output yi.
By applying the generalized. deita rule,
which dre connected between 0t and HL,
respectively, must be modified by

awg;'{f ) = n 6k (pi Y_i (p) + cr awpi {p*t

tL7 \

/ 1{)\\ ru,/

n a layer and the n€urons

lhe weights wki and wji,
also betrreen tii, and 1L,

4ln
-L-Lq

il_9 i
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And

,aw-ii {p}
Where,

63E (P) =

6r.{p) =

= 4 63'(p) Yi(p) + cr A*ji(p-1)

tYfO - Yt(n) 1 Y:r (p) t1 * Yig (r) I
Ng

Y_i (p) i1 Y5

{20)

tzL)

{22}(P) I i=Nj+l 6iE (P) wk j

where N3' , Nig are the total number of n€urons te i 1 HL and oL 
"

respectively, p is the pattern number, it varies between l- and
the total number of patterns Np, Yirc is the desired. output of
neuron k, q is the learning rate and a is the momentum sonstant.
Th* values af n and s are between 0 and 1".

The range,rf the input and output of ANNs must be r+ithin 0 and L

to avoid saturation caused by the sigmoidal function. Therefore,
befcre f-he starting of the training, the data must be normalized..

4. Application of Neural-Network Technology on the optimal
Scheduling of HTPSs

The presented power system
PSP. MPM was applied to oblain
the system in Ref . t14l and thie
train the suggested artificiai

consists of 4 TPs, one Hp and one
BCVs of the optimal scheduling of
obtained results will be used to

networks (SANN1) and (SANNZ).

4,L Topolpgy of SANNL

Fig. tf) illustrates the first network SANNL. Number of neurons
of IL is NI = B, number cf neurons af HL i.s NJJ = g, number of
neurons of OL is NKK - L0, the total number of connection weights
NW = l"6t and the total number of biases NB = 1_9.

4.2 Input and output data of SANN1

Number of the variables which are used as input data of lhe
network is I inputs, which are DVs of the four Tps, Kt-K4, and of
the hydra p1ant, KS, besides of FSP for g:enerating operaticn, KG,

cir for pump operation, KP, in addition to the received power by
the system ioarl PL. The network is trained lo give 10 outputs:-
- Powers of TPs, P1-P4, Power of the hydroplant. P5,

Pc)wer of FSP in generating or purap operation, FG or FF,
* Water volumes of the hydro piant, WS, and of FSF, WF, and

- The total gieneration cost TGC.

l_ 15
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fnput L*yer

ttt u

Hidden Layer

l\fT"l n!! U U J

Output Layer

NI{I{ = :- O

'I Cla (-)

l-s

21

;2

,? {?

'-)q

1A

utlD

ttrtiii,fl),oc

B:asesw=
I{F = Lg

Fig. {f } Ti"re f ir"sL suggiested artif icial neural network SANN1
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Numbe,r of the used treinin-patterns (NP) for the input and output
data is 45 pattern and the number of the test patterns {NT) is 5"

4.3 Initialization of the input and output data
DVs of el1 plants are already initialized because their values

are equel 1- or 0. The other inpui and cutput v,eriables are
initial ized by division of each value by the correspond.ing
maximum value .es indicated afterward.s in the presented. tabeis,

4.4 Topology of SANNZ with removal of pgp

when PsP is removed from the system, a new network wi 1 1 be
designed and trained by corresponding results after removinqr lhe
piant data. Then, Nr = 6, NJJ = 6 NKK = z, NW = za NB = i.3.

5. Reeulte
The training patterns of the

,3re given in Table L and Tabie Z,
4 show the test patterns of the
nelwclrk -

input and output data for SANIyL

respectively. Tebie 3 and Table
input and output data of that

Table l Ths training patterns of ttre input d.ata for sANNj.

n K1 K2 K3 K4 KF I(G PL

Max. value

-35
38
4Z
45

L

5
I

L2
L3
16
?0
2B
?9
30
31
36
<u

43

4
I

1L

L5
1.9
1"7

L

1,

1
L
3.

1
L
t
1
1
L
1.

1
l_

1

L

1
1
1
1
1l

1
L
L
1
1
T

L

L
1-

i.

L

1
1
L
1
1
L
L
L
L
1
L
1
1

l_

0
3,

L
L
L
1
3,

1
1
t
L
L
t
L

1

0
0
0
0
0
1
1
1
1
1
0
L
0
0

l_

1
L
1
U

0
0
0
l_

0
1
0
0
1
1

L

0
0
0
3-

0
1
l_

0
0
0
1
t
0
0

800 Mw

0.2500
0.3500
0.4750
u. / It3
0.71_?5
0.8750
1 .00CI0
0.7500
0.7500
0.7500
0.7500
0.9500
0.4625
0.35110

r1/
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;

The .abtained values of CWs between

f o] lowilrg matrix.
IL and HL are given in the

o.t7
0.02
-0. L3
1 .39

*0.98
1 .66

*0"44
a rl'l'*J - 0J

u.r/ u.t/
0.0? CI.02

-U. IJ _U. IJ
1_.39 L.39*0.98 -0.98
1.66 1.66

-0.44 -0.44
-3.83 -3.83

0.17 A.L7 A.L7
0.02 0.o2 0.02
-0.13 -0. L3 -0.13
1.39 1.39 1.39

-0.98 -0.98 *O.98
r".66 1.66 1.66

-0.44 -0.44 -0.44*3.83 -3. 83 -3.83
CWs between HL and

o.L7 A.L7
0.02 0.0?

-U. IJ -U. TJ
1.39 1.39*0.98 -0.98
L.66 l".66

-u. +{ -u.4+
_J - tJJ _J. UJ

U.I/
tt ll_/

-0. 13
r" .39

*n rlR

r. .66
-0.44
-3.83

The obtained values of OL are given hy

u.l

u.l
0 .:l
a! '1

lt -J

U-l1

0,2

*'f A

*2.6

-2.b*3.6

-1 .8?
_1 A?

4 6-
--L . (J6

- r .6,/,
*t_ .8?
*1.S2
-1 R?

-1.U1

-0. L3 -5.9V
-0. L2 -5.97
-0.12 *5.97
-0.12 -5.97
*o .3.2 -5 .9V
*0. 12 -5 .97
-0. 12 -5.97
-0. L2 -5.97
-n 1' -q Q7

4.16 -5,66 0.0
4. 16 *5.66 0.0
4.L6 *5.66 0.0
4.t6 -5.66 0.0
4.16 -5.6b 0.0
4.16 -5.66 0. 0
4. 16 -5.66 0. L'l

4.t6 -5.6b 0.0
4.1"6 -5. 66 0 . 0

n i .'1 -ln
-\.r.t -Lr.&'t
-u .4 -u . !,4
-0.4 *o.24
-r1.4 -0.24
-{.J.4 -U . t4*CI.4 -CI.24
-0.4 -0. 24
-u.4 -u. t4
-u .4 -u . itl

obtained by SANNI" with
system and when it will
and 5ANN2 at different

The obtained. values of lhe hiases of HL are f O.VZ A.72 O.72

0.72 A.72 8.72 A"7Z A.72 A.72 3 " and of the OL are t 5.59 21-.39

14.25 0.98 8.94 *L4.32 14.10 3.04 7.23 1.0? l.
The obtained results of the output data are tabuinted in Table 5

with percentage mean abselule error (EMAS) = 6'154 number of
required iterations for the network ccnvergence is IN = 2319 and

training rate 4 = 0-4 and momentum constant cr = 0"4

The obtained reslts of the output data by 5ANN2, after traininE
it by the corresponding data after removal of PSP far the same

values cf the system load PL, are given in Table 6 trii:h AMAS =

9.387, Il.l = !548 , n = 0.1- and ct = 0-S

When P5F is reRtoved, it can be suggested thal, the requi:"ed data

of the system can be obtained by training SANN} afler
substj.tuticn z€ros for ai1 values of the correspondingi data of
PSP. The obtained dala dre i l lustrated in Tahle 7 wi.t:h frMAS =

5.L73, fN = 822, n = 0.8 and or = 4.2
Table S shows SI,IAS and IN, which are

including pSP in the hydrothermal power

be removed bv the two networks SANNl

values of the traininq parameters n and tr, with accurdcy tolerance

E=IU

I IH



lr*ernational Oonlerenc,e on t{odettng and Bimulatlosr t*s'zffi 11*14 Aprll 2ttt0. Catro. Eg:pt

Tabie 2 Training patterns oi- the output d.ata f or sANN'.

WS WP TGC
PSP4P3P2P1

PGPP

1I
1
:
4i

ri
J

6

B
!l

10
J'lar
'I '7

13
'I -.1J,a
1R

1d
17
:tB
19

'l I

'fr
'f'f

JJ
'-l ..1

'lq

?7
'f rf

29
30
3i.
')1

'>l

')AJ:
'f ri

3b

?lf

39
.l 11A\J
.4|a_L
.4f

;3
44
.1 C

1.00
1 .00
:t .00
1 .00
0.43
0.39
0.43
0.43
1 .00
1 .00
1.0{l
1.00
1 .00
1.00
:t .00
1.00
1.00
I .00
i.00
1 .00
_I. .01-)
i ttr I

l, .0rl
1.00
1 .00
:i" .00
1 .00
1 .00
1 .00
1.00
r. .00
1 .00
1 .00
1.00
1 .00
1, .00
1.00
t .00
U. ,'U
rl 7a
0.78
ti,rq
i1 fr-.

tl ?(l

L'i .39

a.7L
a.7I
il ?1

0. 71
c.:6
i.\ 1r

0.:6
0. :6
0.49
0 .49
Lr..l9
0. 89
1.00

l_.00
1. LrO

f.ilO
1 .00
1, UU
.t .00
1. LrO

:[ . LrO

Lr .5L
1.riO
11 fiJ

1 .00
1 .00
0. 51
:L .00
1.00
1.00
1 .00
t .00
1.1r0
1 .00
1.00
1.00

t-]. 5u

Ll. 56
c.:E
0.:B
0.:8

0.00
0.00
0.00
0. 00
0. 51
11 Fl\J. Jl.

0. 51
11 E1

0.51
c. 51
0. 51
0.5i_
0.60
0. b0
0. 60
al F-

0 .57
0.57
{l 57
L'j . B0
0 .80
1.00
0. B0
r. .00
0. B0
r .00
0. B0
0.62
a .67
fl h?
0.53
0.53
0.58
nq2

r'\ Ff

0.71
a.7L
U,/I
0. 5i.
0. 5i.
rl 61
ii ql
n ql
0.51
0.51

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
u.0
0.0
1.0
1.0
1.0
t.0
1.0
1.0
_t .u
i.0
1.0
1.0
1.U
1.0
1-0
1.0
1.0
0.0
0.0
0.0
0.0
0.0
1.0
L.0
1.0
0.0
0.0
II II

rl.0
0.0
0.0
0.0

t. .0
1.0
1.0
1.0
1.0
1 .0,
1.0
1.0
1.0
1.0
1.0
0.0
0.0
Lr.0
0.0
0.0
0.0

0.0
nn
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1,U
1.0
1.0
1.0

0.0
0.0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
Lr.0
Lr. 0
1.0
l_ .0
'1 ft

1.0
1.U
1.0
1.C
:t .0
1.0
1.0
1.0
1.0
0.0
0.0
0.0
1.0
1.0
_t. u
1.0
1.0
1.0
1.0
1.0
0.0
0.0
0.0
Ll. 0
0.0
0.0
0.0

0.953
0. 956
0. !r59
0. 962
0.965
0. 968
n a7'?
o.975
0. 978
0.984
0.987
0.991
0. 994
0.9:r7
1.000
u.995
0. 990
0.984
4.979
0. 974
0.969
0.963
0.958
0.953
0. 948
0. 942
0.937
0. 932
4.927
0.921
0. 925
0. 928
0.93i.
0. 934
0.937
0.932
4.9?7
J.y1b
0.919
0. 923
0.9:5
f': Q ),:
rl o ?"
0. 938
4.942

0.981_
0. 983
II tJH\

0. 989
O. 9BB
0 .990
0. 992
0. 993
fl (tQq

0.998
1.000
0. 998
0. 998
0. 998
0. 998
0.996
0. 994
0. 993
0.991
{l qF,l
il 'lR7
{l qA ri

0. 983
0. 982
r'i. 980
0. 978
4.976
{l a7tr
0. 978
4.979
0. 978
4.976

n a'7)
0 . :r70
0. 968
rl. 967
0. 9b3
0. 9b5
0.95o
c. 968
0. 970
4.971
a1 .'\ -7 Fw,:,,j

0. 975

n 1Jo
o.t79
0.179
a .179
o .262
0.262
0 .263
0 .263
0.357
0.357
0.357
0..156
0 .585
il \Hr1

0.585
0.549
0.5.i9
0. 549
0.549
ur. B15
i-r iilI<

1.C00
0 .825
1 .000
0 .825
1 .000
0. B:5
0 .597
0 .529
0.597
0 . 516
0 , 516
0.516
0.516
0.516
o.7A4
4.704
0.7C4
{) ? qif
r.) ) -1 I

lf )4i

rl t,1iv ..J-l_

0.:o:
il 'lA 

"u. {:bl

Table 3 Test patterns of the input data for 
'ANN1.KZT I K3T

1
1-
J
Aa

5

1
I

1,

r
I

L

1

1

1
,l

1
1

1

i.
1

1

1

0
i.
I

1
1

0
0
1
1

0

1

I

0
1

0

1

1

0

0.250
o .47=
t1 DTF

0.950
0.350

7Lg
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Table 4 Test patterns of the output data for SANNL.

I F].7 P2T P3T P4T P5T PPT PGT WsT WPT TGCT

t_

?

J

4
E

1.0
1.0
1.0
1.0
1.O

1_.00
1 .00
l-.00
1 .00
0.39

a.7r
0.49
l. .00
1 .00
0.28

0.00
0. 51
4.57
4.7'r
0.5r.

0.0
0.0
L"0
1.0
0.0

1.O
1.0
0.0
0.0
1.0

0.0
0.0
1.0
t_ .0
0.0

0. 959 0.985 0. l_79
0. 981 A .997 0.357
0.995 0.996 0.549
0.921 0.965 0.704
0.935 0.973 0.704

Table 5 The obtained results for the test patterns of the
output data by SANNL,

I F1 P2 F3 P4 p5 PP P6 w5 WF TGC

1
2
3
4
5

L.0
1.0
1.0
1.U
1.0

0.91
0.68
1.00
1 .00
0.44

a.72
0.46
1_.00
l_.00
U. JU

0.53
0.5?
4.71
a.72
0. 5L

0.00
0 .00
0.99
1 .00
0.00

1.0
1.0
0.0
0.0
1.0

0.0
0.0
l_ .0
1.0
0.0

0. 953
0.953
0.954
0.954
0. 953

0. 986
0.983
0. 999
0. 999
0.980

0.330
0.299
o.745
4.7L2
O,zBL

Table 6 The obtained results for the test" patterns of the
output data by 5ANN2.

i F1 P2 P3 p4 FS W5 TGC

L
'>

J
t+

5

1.0
1.0
111
1.0
1-.0

0.61
0.60
L .00
1..00
0.92

0.43
0.43
1 .00
1 .00
0.81

0. 19
0.19
o.87
0.90
0.30

0.00
0 .00
L .00
1 .00
CI.00

0.957
0.957
0.959
0.959
0.957

0. i"B3
0.183
0.818
0.85r"
4.271

Table 7 The obtained results for lhe test patterns of the
output data by $ANN1 after removal of P$P.

I P1 P2 P3 p4 ps PP PG ws WP TGC

L
2
3
4
5

1.0
1.0
1_ .0
L.0
L.0

U.tJY
0.78
1 .00
l_.00
0.39

o .67
0. 54
1 .00
1 .00
4.27

0.55
0.54
o.73
o.75
0. 50

0. 00
0.00
0.99
1-.00
0.00

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0. 954
0.954
0.952
0.952
0. 955

0.0
0.0
0.0
0.0
0.0

U. J44
0.318
0.7r"0
0.733
0. 268

1?n
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3

Teble" B Comparison between BMAS and number of
lhe two sugEested. networks with ascuracy i

iterations NI by

imit e = 1.0*3

r n ci SANNl. gANN2

:1.

2
3
4
5
6

I
a

1"0

0.9
0.8
0.6
0.5
NA
U,N
0.3
u./
0.8
0.1"

0.6
0.6
0.5
a.7
0.4
0.6
0.5
0.4
0.2
0_8

With PgF Without PSP

NI tsMAS NI. EMAS

3807 7 .439 L24t 7 .t96
2947 7 .754 1009 7.034
1852 7 .27,0 630 6.579
2682 8.640 LA76 6.30?
233"9 6. 154 495 6.762
22t8 6.639 513 7. 108
2252 6.234 492 6.91L
631_ 7 .VL1 802 6.348
592 7 .537 922 6.L73

2249 6.955 502 7 .294

%MAS

2435 10.395
2223 1A,254
2828 9.68?
3r_83 9.954
2760 9.507
2651- I .486
2735 9.494
2468 9.657
276L L324
2548 9.387

N1

6. Conclugions
Agreeable output data for the optimal operation of hydrcthermal
power system cian be obtained by using the neural-network
technoiogy. ANNs are valld for the on-1i.ne operation and have the
capability to give the required data once these networks have
been trained regardless of the solution method vrhich has been
appl ied.
The learning parameters have a significant influence on the
obtained resul ts and computation tine, therefore, several
different parameters must be taken into accounl to obtain
satisfi.ed results. Suggested artificial neural networks SANNs

have been designed to obtain the required output data of the
optinal scheduiing of the hydrothermal generation by introducing
of the decision variables of each plant and the lcad power in
each time interval. The data of the optimal operation of d

hydrothermal power system including or excluding a pump storage
plant can be obtained fram the same suggested network r+ith
ecceptable values of mean absolute error. The netwr:rk must be

lrained by the correspondingr data for both situations.
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