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Abstract - This paper presents an Optimal Power Flow (OPF) algorithm using Interior Point Method (IPM) to swiftly

and precisely perform the five minute dispatch. This newly suggested methodology is

based on Affine Scaling Interior

Point Method, which is favorable for large-scale problems involving many constraints. It is also eligible for OPF
problems in order to improve the calculation speed and the preciseness of its resultant solutions. Big—-M Method is also
used to improve the solution stability. Finally, this paper provides relevant case studies to confirm the efficiency of the

proposed methodology.
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2.3 Affine Scaling Method(ASM)
23.1 Starting Point (X %)

X°: feasible region Wil ZAlsior Huz, X o ®
£ 84 E°] nonzerooloiok = W& JHAR A3, &
AFo M= =71 AAE sl Economic Dispatch$
DC-Power Flow? s & o]&3ls AL Agdo)

2.3.2 Search Direction (Gk)
AdumrAel HA3 7oA AlEHE FXEF59 gradient

& Search Direction® & # 34 5, feasible regiong Hoj
¢ $7 Qo)

&, the (4 #ol EHARFF
gradient®} projection matrix®] HoZ FAE search
directions A}-& 3}

Gr= M F(X*) @

o] 7] A, k ! iteration index
G* search direction, GF= [91,:, gzk; ey g,'f]
M*= (- AT (AkAkT)' lAk]i projection matrix

233 Step Size (@)
at= min {z*/¢.") ®)
‘?l’, gik < O ) VZ

2.3.4 Scaling

ASM& Z9 8l affine
transformationg °o}-&3tel, X*Z feasible regiond] % 2
Ao X3 EE feasible region® WEAI= HAHAL AA
=3

linear transformation

Xt= (DF)~x* (6)
A= AH(D) @
oi7]x, DF : scaling operator (a square matrix with

the components of X k on its diagonal)
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235 Affine Scaled version

» Affine Scaled Search Direction (Gk)

GF= MY F(XF) ®

0:17]}\1, Mk: [I— AkT (A‘kA'“ IcT)—lAk]
VF(X*) = (DH)V F(X")

= Affine Scaled Step Size (@)
a*= min {lizk/!;zkl} 9
B ogF<0 i=1,..,n
» Affine Scaled version2| a2 7§ M ntH
XF+1 = Xb 4 patGE (10)
7]4, p: safety factor (0.9 < p < 1)
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Fig. 1 Algorithm of Affine Scaling Method
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2.5.1 Modified IEEE 6 Bus
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28 2 Modified IEEE 6 Bus Al2#)
Fig. 2 Modified IEEE 6 Bus System

E 1 27 doje
Table 1 Generator data
Max(MW) | Min(MW) a b r
G1(Bus 1) 600 100 450 | 134 | 000264
G2(Bus 2) 400 50 50 | 157 | 000388

E 2 M2 dlolg]
Table 2 Line data

a = Az EFMW)
Line 1 (1-4) 500
Line 2 (1-6) 400
Line 3 (2-3) 200
Line 4 (2-5) 400
Line 5 (3-4) 300
Line 6 (4-6) 400
Line 7 (5-6) 200

® 1, ¥ 25 Modified IEEE 6 Bus Al2® 9] 2d7], 42
gole g uehin, 23 dHolgeE 19 2 AR 715
. AZ dolHE F&4 &, R=00]3, A€~ X& 0.001
E BE M2/ FYsdn YA

E 3 =73

Table 3 Initial values
Pai 668.1063123
Pg2 231.8936877
01 0.006538206
62 0.002516611
03 : 0.002714286
04 0.003911960
05 0.000000000
fs 0.002483389
st 5.4817276
S? 48.3388704
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Table 4 The Result of line flows

2.5.2 Modified IEEE 14 Bus
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A2 EFMW) ZFFHMW) _t Ny
Line 1 500 2626245847 § 1
PN N - 6 10
i Line 2 iE 40 I s &l 7
Line 3 200 197674419 q\') $ y
1 5 9 8
Line 4 400 2516611296 — I , I
Line 5 300 119.7674419 \ _i 4
Line 6 400 142.8571429 -Légl- 3
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! Line 7 i 260 | % 83304} .
- o - a2 3 Modified IEEE 14 Bus AIAH]
Fig. 3 Modified IEEE 14 Bus System
¥ 32 Economic Dispatch®} DC-Power Flow?] #& o] E= 6 Y Holg
L8t HAdd =27%S Jehla, # 45 DC-Power Flow Table 6 Generator data
o] 3 _Ei Al 3 11 — od Ao ,ﬁ o
jo‘aﬂ 07_%}—1 Ei% M(,)jlied DC-OPE n iO‘]Q_SO-J _i_, X-Ej Max(MW) Min(MW) a b r
- ]‘;H ‘J°§€ mg; ; o‘ier flow OQT"T HLA}EC J‘PTE G1(Bus 1) 600 150 | 4500 | 134 | 0.00264
3 7 =7
ji . 3‘:’0 L‘; Li_o‘ 14 g‘:}’er go‘: - = jf] 011 zg—)’( G2(Bus 2) 500 100 5600 | 141 | 000249
= ’ 7F F = =2
o TN AAAFIF F7 e &34 BelF 2 G3(Bus 3) 500 100 5700 17.1 | 000279
st GA(Bus 6) 300 50 9220 | 158 | 000382
G5(Bus 8) 400 50 6200 | 157 | 000328
E 5 @MY (Bs=107° M=10" p=099)
) x 7 M2 fo|e
Table 5 Computationai Results -
Table 7 Line data
Az HEL
MINOSS (Iter=10) | ASM (Iter=9) Error(%) A= (M;)%v)%* A= (MW)E6k
P 571.428571 571.428777 3.605E-05 Line 1 (1-2) 400 Line 11 (1-5) 500
Line 2 (2-3) 300 Line 12 (2-4) 300
Pg 328571429 328571246 5.5696E-05 : -
Line 3 (3-4) 400 Line 13 (2-5) 700
0N 0.00557143 0.00557142 0.00017949 Line 4 (4-5) 600 Line 14 (4-7) 300
02 0003 000299590 00003333 Line 5 (5-6) 600 Line 15 (4-9) 500
100300 ) ) Line 6 (6-11) 300 Line 16 (6-12) 400
03 0.00271429 0.00271478 0.00036842 Line 7 (7-9) 350 Line 17 (6-13) 600
p Line 8 (7-8) 500 Line 18 (9-14) 400
4 0.00342857 0.00342857 0.00000 Line 9 (9-10) 400 Line 19 (12-13) 500
95 000000000 000000000 000000 Line 10 (10‘11) 300 Line 20 (13‘14) 500
06 0.00200000 0.00200000 0.00000
® 8 £3l Holg
Table 8 Load data
. na oA 25 h s o nag
# 5% Modified [EEE 6 Bus Al2€le] DC-OPF 23zt RRE (MW) e 2 MW)
& uehdo s1gext €= 107° Me 107 safety factor BUS 2 30 BUS 10 200
0.99 BUS 3 70 BUS 11 100
fand = =] e - -
p=0992 AHATE slPch MINOS5e] ZAzel vl ma) BUS 4 100 BUS 12 200
2 o wE35eAE ASMo| MINOS5¢H ¥ Aol molm BUS 5 = BUS 13 20
Ax Fm, WEL oM O;ZAT WEG QAL BUS 6 200 BUS 14 500
36x107' %)z de 5 extgd v s A, BUS 9 200 - -

WMoz ¥ o s FY4 AN MINOSS A Ae
Aot deg B F Yok
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Table 9 initial values

Pg 60000000000
Pg. 500.00000000
Pg; 141.97275100
Pgy 273.84920800
Pgs 334.17804100
01 0.013077185
02 0.011252199
93 0.010100456
04 0.008228986
b5 0008902170
06 0.003550310
7 0007820290
08 0.011162070
9 0.004069814
610 0.002229979
o11 0.002390145
012 0.001240248
613 0.000930186
014 0.000000000
S5 25.0476230
83 2.3213320
S5 6.9813795
= 10 el Flo{Fo| e Maxfat

Table 10 The Result of line flows

R Az &% z5%

Line 1(1-2) 400 182.4985408
Line 2(2-3) 300 115.1742905
Line 3(3-4) 400 187.1470415
Line 4(4-5) 600 67.3184136
Line 5(5-6) 600 535.185964
Line 6(6-11) 300 116.0165515
e T w1 smomes
Line 8(7-8) 500 334.178041
Line 9(9-10) 400 183.9834485
Line 10(10-11) 300 16.0165515
Line 11 (1-5) 500 114.9896553
Line 12 (2-4) | 300 302321332
Line 13 (2-5) 700 235.0029184
Line 14 (4-7) 300 40.869582
Line 15 (4-9) 500 415.917205
Line 16 (6-12) 400 231.0062068
Line 17 (6-13) 600 262.0124136
" Line 18 (9-14) 400 “406.9813795
Line 19 (12~13} 500 31.0062068
Line 20 (13-14) 500 93.0186205
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E 11 2 (Es=107°, M=10°, p=0.99)
Table 11 Computational Resuits

MINOS5 ASM
(Tter=31) (Tter-18) Error3%)
Pg 600.000000 599.999876 2.0667E~05
Py 444.660494 444661310 0.00018351
Pgs 230.493827 230.492946 0.00038222
Pas 300000000 299.999981 6.3333E-06
Pgs 274845679 274846042 0.00013207
&1 001308796 0.013087961 7.6406E~06
G2 001123765 0.011237655 4.4493E-05
03 001054012 0010540117 2.8463E-05
04 000823765 0.008237653 3.5204E~05
Os 0.00893827 * 0.008938270 1.1188E-06
Os 0.00368981 0003689814 0.00011112
G 0.00748611 0.007486112 3.0724E~05
03 001023457 0.010234574 3.9083E-05
f9 0.00398611 0.003986110 2.5087E~06
f10 0.00222068 0002220679 4.9534E~05
611 000245525 0002455247 000012219
012 0.00135185 0001351852 0.00013315
013 000101389 0.001013889 0.00011836
014 0.00000000 0.00000000 0.00000000
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