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Abstract

In transmission system planning, where
new load growth, new generation sites and
perhaps a new voltage level are to be

considered. .a computer aided method of

visualizing +new circuits in a network
context is needed.-This problem is solved
before, using many traditional techniques.

These techniques are  heuristic and
optimization  techniques. DC  linear
programming optimization  technique

(DC L.P.O.T).1s used in this paper as a
traditional technique.

Artificial Neural Network  Technique 15
suggested as a new and fast method to solve
the planning problem as the potential
benefits of Neural Networks extend beyond
.the high computation rates provided by
massive  parallelism. A feed-forward
Propagation Network Train 1s used.
'

1. Introduction

Network planning is an important part of
power system planning. Tts task is 1o
detérmine an optimal network configuration
“according to load growth and generation
planning scheme for the planning period so
as to meet the requirement of delivering
electricity safely and economically [1].

An extensive effort has been started for the
solution of the planning problem utilizing
both mathematical programming techniques
(optimization tools) and digital computer
[2]. In order to develop practical and
solution  methods, accurate
as well as powerful

successful
planning models
‘mathematical programming solution tools
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solving power system planning problem-as
1t uses only active power Mw forecasts, and
the error introduced by using the load flow
approximation is acceptable in these studies
[4].[5]. '

Artificial - Neural - Networks have been
studied  for many years in the hope of
achicving human-like performance in many
ficlds. Back-propagation Neural Network is
suggested  for studying the transmission
svstem planning. This- network composed
of necurons (nodes) distributed n layers.
Node clements are connected via weights
that are typically adapted during use to
improve the pcrt‘ormunci‘. As the trained
networks tend to give
rcasonable answers when presented with
mput that they have never seen. Typically, a
new input will ead to an output similar to
the correct output for input vector used in
training similar to the new input being
presented  [6]. The Back-propagation
training is used on a Set of input/target of -
the network (target is a set of solutions that
has  been obtained from the linear
programming application on the network
with many various corresponding inputs. -

v

propagation

2. Theoretical Formulations

2.1 DC Linear Programming Optimization
Technique Formulations

The objective of the mathematical model 1s
minimizing  the discounted capital  and
operating costs associated with the system
expansion over the planning horizon. The
constraints associated with' this model are
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The mathematical simulation model utilized
in this method at any iterationis: - °

ml+m?2 .,
Min. F= Z C i fmax( |Pi] | P DY (1)
= :

Subject to: -

1- Power balance constraint equatron at
bus 1.

Z' X P, =W, '(3)

iek 1 (1)
i=1.2,....nlv

3- Line limit constraint for line 1.

max( |P;|,| Py ) < BT @)

N :number of buses.
ml + m2: number of lines existing and new.
C; :linearized cost coefficient of line 1.
P, ¢ the magnitude of power flow in
line i ( existing or proposed).
P, : the magnitude of power flow in
line 1 in reverse direction .
k; :setoflines connected to bus i.
- W, :netpoweratbusi.
k1(i): set of existing lines in loop i.
nlv : number of basic loops.

p™ : maximum power flow in line i
depending on (right — of-way).
X;  : reactance of line i.
" nl  c:total lines existing and new.

2.2 Neural Network Formulations.

Figure 1 shows a two-layer neural network.

A Feed-forward back-propagation with a
" sigmoid logistic non-linear function F (x) is
used [6].

T e\ — &\

Figure 1. A Two-layer Neural Network

Step 1: Initialize weights, set all weights
and node offsets to small random values.

Step 2: Present a continuous valued input
VECIDr K| Mgmuss % and specify the

s
desired outputs d; , dy, ..., dy, . ,
Step 3: calculate actual outputs, use the
sigmoid nonlinearly form equation (5)
above and calculate the outputs y; , y2,

......... w Py

- Step 4: Adapt the weight (w), using the

recursive algorithm.

Wij(t+1)= wj; (1)1 dixi. (6)

i=12,..N; = N;+1, Nj+2,.. N+ N

In this equation w jj (t) is the weight from
hidden node i or from an input to node j at
time t, X; is either the output of node i or is
an input, 1 is a gain term, and &; is an error
term for node j. if node j is an output node,
then

= yi (1-yi) (di-yi) ' (7)

Where: - _
d; :the desired output.
yi :the actual output.
If node j is an interval hidden node, then

8i=xi(1-X) L8 Wik (8)

Where k is overall nodes in the layers
above-node j. Internal node thresholds ar€
adapted in a similar manner by assuming
the connection weights on links from
auxiliary constant-valid inp915~



momentum  term s added and weight
changes are smoothed by

Wl_) (t +1 )T

W, (0 M8, (W, ()= W, (1-1))  (9)

Where: O<a<l.
Step 5 -Repeat by going to step 2 until
‘convergence oceurs,

3. Applications and Rcsu.lts

3.1 DC Lincar Programming Applications
and Results

Consider an expansion of the six-bus
system  used by - Garver [4] and
subsequently by villasona [5]. In the system

shown in figurc 2.the goal is to designa
transmission network that will supply the
future load pattern without overloading any
generators or transmission lines. Assume
that busbar 1 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 bus data is given in table
l,and the network data is given in table 2.

o

Figure 2. Initial Network Configuration.

Table 1. Generation and Bus Data

Busbar and site
No.

1. (existing)
. (existing)’
. (existing)
. (existing)
. (existing)
. (new site)

(N

Dispatch! Load | Net !
(Mw) | (Mw) | (Mw) .
S0 | 80 | 230
0 | 240 | -240
165 | 40 | 125 |

0 160. | -160 |
0 240 | -240 ‘
545 0 545

Jdow s w

Table 2. Paths and Transmission Line Data.

Line | Terminal | Length X Capacity

No. No. (mile) (pu) (pu)
I = 40 0.40 1.00
2 1-4 60 0.60 |. .80
3 1-5 20 0.20 1.00
4 2-3 20 ~0.20 1.00
5 2-4 40 0.40 1.00
6 3-5 20 0.20 1.00
7 2-1 40 . 0.40 1.00
8 3-1 38 0.38 1.00
9 4-1 60 0.60 . 80
10 5-1 20 0.20 1.00
11 6-1 68 0.68 .70
12 3-2 20 0.20 1.00
13 4-2 40 0.40 1.00
14 5-2 31 0.31 1.00
15 6-2 30 0.30 1.00
16 4-3 59 0.59 .82
17 5-3 20 0.20 1.00
18 6-3 48 0.48 1.00
19 4-5 63 0.63 15
20 6-4 - 30 0.30 1.00
21 6-5 61 0.61 .78

-~

Figure 3 illustrates the solution to the

problem, the result of applying the DC.
L.P.O.T program to the system 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 Mw of circuit

capacity between buses 6 and 4, 213.75 Mw.

of circuit capacity between buses 6 and 2,
and 61.25 Mw of circuit capacity between
buses 3 and 5. Remain overload paths are
not needed. '

To plan transmission lines on the over load



one followed by Garver [4] will be used.
The purpose of this éxample is to illustrate ' "4 g
how the facilities and overload networks '
interact and hence, circuits will be added
one at a time in the overload path where the
largest overload exists. After each new .
addition. the problem will be resolved.
(Every circuit added is assumed to have a
maximum capacity of 100 Mw). This
procedure will continue until no overload
remains in the network.

L&)

Jsing the round — up procedure above in
the example of figure 3. The path 6-4
selected for the first insertion. The insertion
was made for the maximum overload lines
until no overload is occurred. Then final
solution is shown in figure 4 and tabulated Figure 4. Final Solution of DC L.P.O.T.
as case 1 in table 4. Taking the final

solutions for thirteen variable patterns with - '
different injected power values on the buses Table 3. Patterns data for DC L.P.O.T
of the network shown in figure 2 as

T . : Pattern Bus power (Mw) -
3 “OITe )
indicated in table 3 and the corresponding No. |Bus1TBus2|Bus3|Bus4 | Bus5|Bus
results are shown in table 4. Part 1. table 4. 1 300 | -2400 | 1250 | 1600 | -2400 | 5450
’ 2 235 | 2500 | 1335 | <1700 | 2500 | 5700
Part I1. 3 330 | 2640 | 1375 | 21760 | -2630 | 5995
4 355 | 2800 | 1500 | -1800 | 2750 | 6205
5 2360 | -2880 | 1500 | -1920 | -2880 | 6540
6 -380 | 2700 | 14875 | -16575 | -2800 | 6050
7 390 | -3120 | 1625 | -2085 | -3120 | 7085
8 395 | 3300 | 1595 | -2000 | -3350 | 7450
9 420 | -3360 | 1750 | 22240 | -3360 | 7630
10 435 | 3400 | 1750 | -2480 | -3400 | 796
¥ 500 | 3650 | 1660 | -2000 | -3900 | 8450
12 480 | -3840 | 2000 | -2560 | -3840 | 8720
13 510 | 4080 | 2125 | 2720 | ».ww

Table 4. The output of DC 1..P.O.T (part])

s
ﬁ’attcm Line flow (Mw) o
) No. Linel | Ling2 | Line3 | Lined4 | Lme) |
1 5123 3055 | -5247 62 33 608
2 54.00 3290 =53 40 6310 4.64
3 46.77 3957 | -5334 73 16 1259
4 4729 4070 52 49 7251 137
5 52.72 38 04 .34 67 56 30 -4 34
6 5547 31.40 4% 87 8238 8.36
7 5701 | 4121 | -5933 | o017 | AT
8 51.24 4139 | -5313 2237 | -1082
. \ I . . . 9 61.55 443% | <6389 | 9711 507
‘I'lgurc 3. DCL.P.O.T Solution of the Six- 10 saer | 3306 | 4216 | a700 | 302
: Bus Problem. I 3308 3092 14 60 65 -1259
‘ 12 50 60 34 10 236 71 5407 -0.55
13 ac4) | 2891 | 2437 | 1soe | 3032




Table 4. The output of DC L.P.O.T (part 11)

Table 6. Neural network test patterns output

: Line power flow (M)
Patlert T oo Line | Line | Line | Line
Ne- 0 5 20 18 21
T 1873 W53 18147 |00 00 o
2 190(4) RYIWE! 1820 0000 0000
: : 20006 71 3 2816|0000 000
J ms| 380(3 4397 | 0000 00
/ 5 23 41901 210 | 0000 0
o 3113 410621 1% | 0000 0
L7 2207 |* 45458 | 2532 | 0000 0000
| g 8187 a7 |25 | o000 000
I mil 48955 2345 | 0000 0000
1 10 2784 a3 WB | 7524 0000
Lol 25514 3052 M361 | 5861 15026
[ 12 23407 48812 2066 | 0000 | " B33
L Lo | s | e | e | e

3.2 Artificial Neural /\bplications and
Results — +

Applying on the neural network shown in
figure 1. The number of input layer
neurons, N; =6, the number of hidden layer
neurons Nj =8, and for the output layer
neurons, Ny =10. A dummy neuron with
fixed output = -1 has been added to
generate  additional  weights between the
Bias point and the hidden neurons, also
between the Bias point and the output layer.
o« = 0.8, n=0.87 and the square-error =
.001.The network was trained by initially
selecting  small random weights. Weights
were adjusted after every trail until weights
converge. The convergence occurred after
34625 iterations. The input data for the
neural network is the input of the patterns
data for the L.P.O.T as shown in table 3 and
the target data for the neural net is the
solution results of the L.P.O.T as shown i

table 4 part I and II Table 5 tabulates the -

five patterns tested by the neural network
technique. The output of these five tested
patterns is indicated in table 6.

Table 5. Input bus power for patterns to be
tested by neural network

Bus power (Mw)

"2- S

[ No. | Busl| Bu2 | Bus3 | Bust | busS
30 240 125 -0 5
4 3% | 2w | 2% gn

| 240
2 3%
3 51 408 2125 2R 408 9265
4 380
5 2391

Bus6

525 380 170 26 885
-550 -1 175 235 &7

Ptm - Linc power flow Mw) ]
Mo et 12 [ [ 10 [T Jﬂufﬁpﬂkj}) Lacl8 Ln2l)
| 515 | s @53 | 558 | 15743 | 3001 | 1818] 0000 | o
2 s | 3 KD |L-150 | 25036 48040 | 2871 oo | 243
34501 | 200 U868 | 365 | 2054 | 011 | 27| 6729 | g3
4 38| 7% 396 | 920 | 2650| W51 | 208 ()oK | 14521
5 | 4| 1% | 705 | 02 2952|1030 2000 747 @j

4. Conclusion

The main objective of this paper is to
suggest an - accurate method in planning
stage. - This  suggested method  is the
utilization of feed-forward Backpropagation
neural network for transmission system
planning. DC.L.P.O.T is applied as a
conventional method but because of its
computation burden and time consuming,
the neural network is suggested. Compared
with the DC L.P.OT method, back-
propagation is faster, simpler and it can
deal with inputs that it has never seen
before giving results near to the actual
values with a small error.
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