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Abstract

In transntission systerr planning, n,hcrc
neri' load gro*th. ne \\i gcncrittion site s ltttcl

perhaps il nc\\' r'oltagc levcl arc to bc

considerecl. a .ontptilcr aidccl rttctltocl o1'

i,isualizitig 'ne\v circuits in a ttctr.r'ork

cr,rntcxt is nce.clctl..-l'ltis problcnt is solvctl
belbre, usinq lnanri traclitional tcclrtticlttcs.

These techniqLres are hcLtristic attci

optinrization tcchttiqucs. DC lirtcltl'
progranrrrinu optinrization . tcchrtiqtrc
(DC L.P.O.1") is Lrscd in this papcr as a

trildili()naI lccl)n irlUc.

Artillcial NcLrral Nctu'ork 'l-cchnicltrc is

suggestccl AS .r ltc\\'ancl last ntcthocl lo solvc
the plannrng prolrlent as thc potcrltial
benc ll ts o l' t .\ c u ra I N ctrt'orks (-\ tett(l bc1'tltltl

. the high cotttpulation rates provitlccl l-rv

nrassive parailelisrn. A {'eed-litrn'arcl
Propagation Nenvork Train is used.

1. Introduction

Nctn'ork planrring is an irttportaltt l)art o1-

po\\'er svstcnr plauning. lts tasl< is ttt

detdrntinc att olliinxtl nctrvol'k cttttligttt ;.rtitrtt
accorclinI to load gro*,th anci gcrtcrrttiott
planning schcnre liir thc planning pe riocl scr

as to llrcet thc rccluirenrcnt o1- dclivcrirtg
electricitr sa{tlr,and econotnically [ ].

An extensivc e floft has been startccl lbl'thc
solution of the planning problcnr trt,iiiz.ing

both nrathcrttat ical proIrantnti lt g tcchlt irl trcs

(optrnrizatiorr tools) ancl cligital c()rttptlter

t:l In orilcr lo clcvclo;: practicll atrtl

successlul solutiolt tncthods, accLlriltc

planning titodcls as *'cll its potvcrlitl
'mathqrlatical progratnnting solutitltl tools
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so Ir i rr g po \\/cr systcnr plann ing problent .as

it rrse s ortly active po\vcr N4*' litrecasts. and
thc crrurr introcluced by using thc load llorr'
appr'o\inration is acceptable in thcse studies

IJ].I5]

Arti llc irrl NcLrral Nct*'orks ltave been
stLrtlicil lbr lr.)any years in the hope o1'

aclricr ing hurnan-like perfbrnrance in nranr
llcltls. Ilack-propagation Ncural Netri'ork is

sur:,ccstcd lbr studf ing the transntission
s\stcnl planning. Tltis. netliork contpcrsed

ol- rlcrlr()ns lnocles) ciistributc'd in lal ers.

Noclc clcnrcnts are conncctc'ri viarieights
thut lrc tvpicalil' adapted during use to
inrprorc the pcr{brntancc. As tltc trairted

llrc)l)agtrtion nct\\,orks te ltcl to giYe

lcasonal'rle alrs\vers rvlten presented rr'ith
inpLrt that thel' ltave ne\{er secn. T1'picallv, a

ncri, input n'ill lead to an outpLlt similar to
thc correct output for input vector u"sed in
training sirnilar to the nen' input being
pre scntcd t6] l'he Back-propagation
trailrinu is rrsccl otr a Set of iltput/targct of
thc nct*,orh (tlrgct is a sct r)l'solutiotts that
has bccn obtained lrclnr tlie linear

1-llogranrnring application on thc nL't\\'ork
rvith nranl' various corresponding inpLrts.

2.'l'heorctical Formulations

2.I DC Linear I)rogranrming Optintizatitrn
-l'cchnirlLrc 

Irorruulations

I lrc ,rlrjct'tiic rrl'llre nurtlrr'rtutlieltl ttt,rtlcl is

ruinrnrizirl[ thc cliscounteri cupital attd
clpcrlting cosls associatecl rr'ith tltc st'stctn
cxpansion ovcr tltc planning Itttriz.orr. Tlte
constraints associatccl u,itlt this ntodel are
^....,-..ri^l1,, rl..- ^1..,..;^-l .,,.,1 -^^..^-.;,--l



The mathematical simulation model utilized
in this method at any iteration is: - '

ml+ntz o

Min. F= I t, {max1 l4l'14*"r D} trl
j= I

Subjebt to: -

1- Power balarlce constraint equation at

bus i.

t P1,L
ke k (i ).

' i:1.2

2- Loop equation for

T.\LI
iek l(t)

t = 1,2,.....,n1v

3- Line limit constraint for line i.

max( lRl,l"r*nl l) < Pi'u* (4)

i = 1,2,....,n1

Where:

N : number of buses.

m\+ m2'. number of lines existing and new.

linearized cost coefficient of Iine i.
the magnitude of power flow in
line i ( existing or proposed).
the magnitude of power flow in.
line i in reverse direction .

set of lines connected to bus i.
net power at bus i .

set of existing lines in loop i.
number of basic loops.
maximum power flow in line i
depending on (right - of-way).
reactance of line i.

nl :total lines existing and new.

2.2 Neural Network Formulations.

Figure I shows a two-layer neural network.
A Feed-forward back-propagation with a

sigmoid logistic non-linear function F (x) is
used [6].

x( t) w( l.N,+l) )(l)

x(2) )'(2)

X(Ni)

Y(Nr)

Figure 1. A l'u'o-la1'er Neural Netu'ork

Step.l: h-ritialize rveights. set all weights
and node offsets to small random values.

Step 2: Present a continuous valued input
vector X 

'X 2....., X A,, and specify the

desired outputs dr , dz, ...-,dr^
Step 3: calculate actual outputs, use the

sigrnoid nonlinearly form equation (5)

above and calculate the outputs 1'1 , Y2 ,

fxt
Step 4: Adapt the weight (w)' using the

recursive algorithrl.

Wi,(t+ I ): wir (t)+r1 6ixi. (6)

i=1,2,...,N; j= N.i +1, Nj +2,.-',Nr* N,

In this equation w i; (t) is the weight from

hidden node i or from an input to node j at

time t. x1 is either the output of node i or is

an input, 11 is a gain term. and 6i is an error

term for node j. if node j is an output node,

then
5i= yi ( I -yi) (di-yi) Q)

Where: - .
di :the desired output .

Yi : tl-re actual output.
If node j is an interval hidden node, then

6t=xi( I -x1)X6pw,1 (8)

Where k is' overall nodcs in thc layers

aboVe-node j. Internal node thresholds are

adapted in a sirlilar maitner by assunrin$

the connection wcights on links lron
auxiliary constant-r'alid inPuts'

= ttti

, ..., N-l

loop i.

Pi = w i

(2)

(3)

B

ci
Pi

4+nl

ki
wi

kl(r)
nlv

max

Pi

X;

/(\



mgrncntum tcrm is addcd and weight

changcs arc smoothcd by

W,, (t +l):
W,; (t)+ qt5,x,1-rr(W,r (t)- W,, (t-l)) (9)

Whcrc: "0<a< 
1.

Stcp 5"lleircat by goirrg to step 2 until
convergcllce occLlrs.

3. Applic:rtions and l{esults

3.1 DC [-inear l)rorranrming Applications
and Results

Consider an expansion of the six-bus
system uscd by Garver t4] and
subsequently by villasona [J] In the system
shown in figurc 2.the goal is to design a

transmission network that will supply the
future load pattern without overloading any
generators or transntission lines. Assume
that busbar I is dispatched to 50 Mw and
busbar 3 to 165 Mw. A new site (busbar 6)
has been selected to build a new generating
station dispatched to 545 Mw. The base is
100 Mw. The br-rs data is given in table
l,and the network data is given in table 2.

54s

Figure 2.

160
.::: 'i

'6

Initial Network Configuration.

Tablc l. Ccneration and Bus Data

Net
(Mw )

-30
-244
125

-"r60
-240
545

Table 2. Paths and T'ransrnission Line Data.

Figure 3 illustrates the solution to the
problem, the resuit of applying the DC
L.P.O.T progrant to the s),stem of figure
2,and shows the overload paths on which
circuits should be considered to minimize
the transmission investment cost.

The overload path solution in figure 3
indicates a need for 331.25 Mrvof circuit
capacity between buses 6 and 4,213.75 Mr,r,
of circuit capacity between buses 6 and 2,
and 6l .25 Mw of circuit capacity between
buses 3 and 5. Remain overload paths are
not needed

To plan transmission lines on the over load

Busbar and sitc
No.

'1. (existing)
2. (cxisting)'
3. (existing)
4. (existing)
5. (existing)
6. (new site

.50'0
165

0

0

545

80
240
40
I 60"

244
0

Linc
No

Tcrnrinal
No.

Length
(milc) (pu)

Capacity
(Pu)

I

2

)
4

5

6

7

8

9

r0

ll
t2

r3

I4

l5
l6
t7

r8

t9

20

2t

l-2
l-4
t-5

2-3

!- Lt

3-5

2-l
3-l
4-l
5-l
6-l
3-2

1-2

5-2

6-2

4-3

5-3

6-3

4-5

6-4

6-5

40

60

20

20

40

20

40

38

60

20

68

)o
40

3l
l0
59

20

48

63

30

6l

0-10

060
0.20

0.20

0.40

0.20

0.40

0.3 8

0.60

0.20

0.68

0.20

0.10

0.3 t

0. l0
0.59

0.20

0.18

0.6i
0.30

0.6 r

r.00

.80
1.00

r.00

r.00

r.00

r.00

r.00

.80
1.00

.70
l.00
1.00

r.00

r.00

.82

1.00

1.00

.75

r.00

.78



one follorlecl b1' Garver [4] u'ill"bc u"A
iill putpot* of this exarnpte is to lllustrate

horv the facilities and overload netrvorks

intcract attd hcttce. circr'rits u'ill be added

one at a tirtre in the overloael patlt u'ltct'e the

largest overload exists. Aftcr each tlerv

adclition,, the problent r'r'ill be resolved'

(Eve1;, circuil added is assutrred to irave a

maxittrutl capacity of 100 lt4u')' This

procedure n'ill continue r-rtrtil no overioad

renraitrs in tiie tiet'ul'ork.

Using the rt'ruttcl - up procedure above in

tiie exanrple of figure 3. The patir 6-4

st'lected for tlie first insertiotr' The ittsertiotr

u'as ntade for the trlaxitnutl or erload lines

rurtil tro orterload is occurred. 'fltcrt final

solution is shou'tl in figure 4 and tairulated

as case 1 in table 4. Taking the final

solutiorts for thirtectt variable pattenrs u'ith

dilferent iniected power values otr the buses

of the netri'ork shor'r't.t in ligure 2 as

indicated in table 3 and the corresponding

results are shorvn in table 4. Part I. table 4'

Part ll.

,

t2q(t

at
lt'75 |

l
,

240

30.-s5

62.53

lEJ.47

Figure 4. Final Solution of DC t-.P.O.T.

Table 3. Patterns data for DC l-.P.O.1'

Table 4. The output of DCI L.lt.O.-f (part I)

f
3 60.5 3

r60

t
80

Irigulc 3. DC L.l).O.'l' Solutiorr
Ilus l)roblcnr.

Pattern

No.

Linc fl
Line I l-inC2

I

2

3

4

5

6

7

8

9

t0
ll
l2
l3

5123
54 00
46 77

47 29
52.'12

55.47
57 ll
51 24

6l 55

52 6l'
l_t 6tt
5() 6()

46 4l

30 55

12 90
39 57

40 70

Iu ()4

ll40
4t 2t
41.t9
44 3t\
33 06
30 92

14 t0
)tl () 

I

60E
4.(04

-t119
-t3 11

-4 )1
li 16

-4 1l

-10 t5

loz
rr 5Q

-() 55

r05

::.

,rj

I
,iii

'.!R

187.-s3

+78.75

r00

?"8.'7 5

Pattern
No.

Bus porver (N'Iii )

Bus I Bus 2 Bus 3 Bus -1 i Bus 5 Bus 6

I

2

4

5

6
'7

I

9

l0
il
t2
l3

-30 0
-33 5

-33 0

-35.5
-36 0

-38 0
-39 0

-39.5
-42 0
-43 5

-50.0
-4 8.0
-510

-240.0
-250 0
-264 0
-280 0

-288 0
-2 70.0
-312 0
-3 30.0
-336 0

-340 0
-365 0

-3 84.0
-408 0

lli 0

ll_i 5

ll1 5

150 0
150 0

148 r5
162 i
r59 5

175 0

175 0
t60 0
200 0

2l]5

-l6cr 0 I -1.100
-ltu0 I -15()0
- I t(r tr I -l{,J 0

-rroo I -:iio
-rq: t, i ,:ss o
,roi ;s | -:xu u

-r085 l -rll0
.:ooo |-r::o
-21-l 0 I -.i i(, u
-'1gg | -rjoo
-:ooo | -.iooo
-t560 I .isl0
-r;ro I -rrrso

515 0

570 0

s99 5

620.5

65{ 0

605 0

708 5

745 0

763 0

796 5

845 0

872.0

926 5

(rl li() I ,r7 I I

.121(r I .llr,,,o1'thc Six-



l"ablc output of'l)C L.l).O.1" (parr II) Tablc 6. Ncural nctwork tcst patterns output
[,ine

liru mtr flnv (Mw)
l. irre

6
rsrit 

*

ltttl)
)l()(lt
ll5t
ti 12l

lilll
15167

7\tn
1-ntt

vn&t

l,inc
l-5

-Yt)5l
.rltu
17t -ll
llt/l(B
.ll\)( tl
.l t6: I

4.it 5!
,U175

45)_55

4lt2l
12.s2
.r&J tl
416'|

I nlt
I

2

)

4

5

{),ls

.ilE
v)tD

T7l)

f5 7()

i.2 Artif rcial Ncural Applications ancl
Rcsu lts

Applying on the neural network shown in
figure l. The number of input layer
,neurons, Ni :6, the number of hidden layer
neurons N.r =8, and for the output layer
nellrons. Nr:10. A dummy neuron with
fixed oLltpllt : - I has been addecl to
gelterate additional weights bet,uvecn the
Bias point and the hidden neurons. also
bet'uveen the Bias point and the output lay,er.
cc : 0.8, I:0.87 and the sqllare_error =.00l.The network rvas trained- by initially
selecting small random i,veights. Weights
were adjusted after every traii until weights
converge. The convergence occurred after
34625 iteratior-rs. The input data for the
nellral network is the input of the patterns
data for the L.P.O.T as shorvn in table 3 and
the' target data for the neural-net is the
solution results of the L.p.O.T as shor.vn in
table 4 part I and II. Table 5 tabr_rlates the .
fii'e patterns testecl by the neural netr,vork
technique. The output of these five tested
patterns is indicated in table 6.

fable 5. Input bus pou.er for patterns to be
tested by neural netrvork

-l'he main objectivc ol- this papcr is to
slrggcst' iin accuratc ntethod in planning
stagc. . 'l'his suggcstccl nrcthod is the
uti I i zati o n o i I-ced- lb rwa rcl I) ac kpropai-rat i o n
neural rrctwork lor transrnission s),stcnl
planning. DC.L.p.O.T' is appliccl as a
conventional method but bcsaLrse of its
computation burden and time consunring,
the neural network is suggestecl.,Compare-J
with rhe DC L.p.O.T' merhod, tack_
propagation is faster, sintpler and it can
deal with inputs that it has ne.,,,er seen
belore giving results near to the actual
values with a small error.
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Brnpowq Mrv)
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