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Abstract

This paper adopted the Tabu search (TS) approach to optimal Unit Commitment Decision
(UCD) in order to reduce the total operation cost of power systems. In this paper, we used a
lar ge-scale practical power system, Taiwan Power System (Tai-Power System) as example approach
to the optimal UCD by TS, to indicate its high potential and practical values. From the test results,
it can be found that the tabu search is the most effective technique to solve the combinatorial
optimization problem.
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(MW)  (MW) @MW) ($IMWh)  ($/h) (h) (h)
1 80 40 170.4 8.336 0.0307 2 3
2 120 60 309.5 7.0706 0.0202 2 3
3 190 80 369.0 8.1817 0.0094 2 3
4 42 24 135.4 6.9467 0.0848 2 3
5 42 26 135.1 6.5595 0.0969 2 3
6 140 68 222.3 8.0543 0.0114 2 3
7 300 110 28737 8.0323 0.0035 2 3
8 300 135 391.9 6.999 0.0049 2 3
9 300 135 455.7 6.602 0.0057 2 3
10 300 130 722.8 12.908 0.0060 2 3
11 375 94 635.2 12.986 0.0051 2 3
12 375 94 654.6 12.796 0.0056 2 3
13 500 125 9134 12,501 0.0042 2 3
14 500 125 1760 8.8412 0.0075 2 3
15 500 125 1728 9.1575 0.0070 2 3
16 500 125 1728 9.1575 0.0070 2 3
17 500 125 1728 9.1575 0.0070 2 3
18 500 220 647.8 7.9691 0.0031 2 3
19 500 220 649.6 7.9550 0.0031 2 3
20 550 242 647.8 7.9691 0.0031 2 3
21 550 242 647.8 7.9691 0.0031 2 3
22 550 254 758.9 6.6313 0.0029 2 3
23 550 254 758.9 6.6313 0.0029 2 3
24 550 254 794.5 6.6611 0.0028 2 3
25 550 254 794.5 6.6611 0.0028 2 3
26 550 254 801.3 7.1032 0.0027 2 3
27 550 254 801.3 7.1032 0.0027 2 3
28 150 10 1055 3.3353 0.5212 2 3
29 150 10 1055 3.3353 0.5212 2 3
30 150 10 1055 3.3353 0.5212 2 3
31 70 20 1207 13.052 0.2509 2 3
32 70 20 810.7 21.887 0.1676 2 3
33 70 20 1247 10.244 0.2635 2 3
34 70 20 1219 8.3707 0.3057 2 3
35 60 18 641.4 26.258 0.1836 2 3
36 60 18 1112 9.6956 0.3256 2 3
37 60 20 1044 7.1633 0.3372 2 3
38 60 25 832.2 16.339 0.2391 2 3
39 60 25 834.2 16.339 0.2391 2 3
40 60 25 1035 16.339 0.2391 2 3

7+ RLN S E| lFrJt"rLl—];[Jﬁjﬁ B iR 87%E I TS E SRR VR
BN LB A ORI B 1 L Haﬁ?%ﬂ/ﬂ% 3 B o Ep1 o HIFVBSREEL
AL AL Bt fil - ey i
TER VIR IR S AR - T A



# 2 fRREER

SE -

BrE gy =k
e grEl N 40
PRI H 24
T N z 40+ 24
E D RE g 50

TFe 3 T BT L (A RESTR
fr.: ) gﬂ;@ o El”]xiﬁg/r ]:q“lli;&}':[kﬁ': o FLI,YF“
el [éﬁ%ﬁ’%‘*n# - N 24 JEHI‘HH/
ﬁl%ﬂ%ﬂlaﬁ ij%,% SIERLY | T A0 AR
PRET A
EZ%FV ¢ AR E—“Eafga.fi &
WP LES PRI clL R J§F BT
BN i ﬁyﬁﬂm ij.,# ,“ﬁgﬁj
i > [ AREEF R PR S
1‘j¢FJ74£E| J@Rﬁ Hippl T %L[’srﬁﬁff '}yl'xg]\’y—
2“}*5@@}7@? M4 Uj*ﬁ?%@ﬁt RE 52
RLALSE A
3o RN fpr - EHEE (Y 100
#) [N JEEFEZ?“E@PJEEJ B
4‘4:?1/ TS Vs F [H§™ FE’“EH'
’Zfiﬁiﬁjﬁf PIoER T 5 S v E
o = kLA “'”[iﬁ&l FHIRHE 357
* Yt@’#*ﬁ@%l{ IET R (GA) N Eﬂiﬂa"’?%\l
ISk o % RE S )k (BL ﬂgﬁg‘m‘) roe=0
ﬁ[‘ﬁ‘rﬁ ’*E‘@*—M'W%‘f’?“ s e “‘J
AR —r1ﬁﬂ§'[§§ F—f);k}'j: "‘ﬂﬂ:l‘ﬁ 5
W HIpE 4 5
* 4 FREEES 1

GA:z TSz
RET S 2P | 2408663 | 2,387,072
T 30 AP P 288 287
(seo)
S 50 50
e 0.98 0.99

Fp[ 4 VB PR Ft | RETEr e
A TR R b A1 B -

B IR  TERSAC PRG ] 29

* 4 [}%‘?4 TS VEF [T FEEIH‘.}
%Eﬁ&; rﬁbj kfﬁ'ﬂﬁtﬁ“ﬂiﬁﬂﬂﬂ
i%ﬁ%wﬁﬁﬁquﬁ%#

i
ﬁptu
ﬂ¢ﬂ”ﬁﬁ“%ﬁwﬁ&*/wm
P lrgflﬁﬂ
1 TShL- W oz B » SO
= ’:'[F %&l%@ﬂ“ Ja H‘,clsu Fﬁij«"sr
S U F 7\[&%}“ mﬁfﬁlﬁ”ﬂ[‘ T = i
ﬁg EJ_Zé I/ -
2. TSt~ f[ﬁ'éf‘ré’~ ‘HQ‘[‘Z&%?ﬁﬁTl‘iﬁE@?EJE.T
jt ’ FIJ%;%H\E‘, TR lm‘ﬁL BT
TUE TEF}[E’\TH fh’rjjﬂlj f CEIR Fﬂ[ d
;ﬂjﬁﬂlgﬁbﬁ“ o IR PR
A ERY Hﬁﬂh FF SRR
ﬁﬂJ H °
3. 817] TS S B KR
A TSHYRER ] T’wﬁ '/[HTFUI
0] RS ) T
YAl U fm e 2 me
4. TS@I?&[ ﬁ# ﬁygﬁh “'iﬁJEJTFEI }33
HBT‘HEJ i *?ﬁ'@ﬁ”ﬂ%@ﬁ LA
wwﬁglt@wEwmﬁ
T TS AT YL
3%'533‘?1 =1 ﬂ*“;gj = -,fIHF i F_, =R gl
RS popERreis JE‘ BEIERC -

P e
éjrtf’ﬁ%&*"i‘iﬁfﬁﬁ% e AT
ENRZ: RN T[“[#IIE@%F F[EI

LA 1B BRI o
W = SRR PR AR H&FJ(E' gL
S

2. NG - 15 1
p *J‘Et}ﬁﬂf%ﬁdﬁf?ﬂiﬁkﬂ VSRR

Y



30

|

FI

I

~

A=
4

|

PHETR

ort
\
-

Tt

0k

Bk =

AR

e

PR

Ct

)

<
A

TR
1=
=

f

T

i

s,

AN

Y

I

111 11100
=

HREE - st

It
WAL -

3

-

‘%‘40&'5‘

Tl

1111111111111 111111 111111
1111111111111 111111 111100
0o0o0O0O0OO0OO0OOOOI11111111000O0O0I1T1111
0oo0oo0o0o0o0O0OO0O11111111111111111111
0001111111111 111111111111°50°00
060o0o000O0OOOOT1T111111100WO0O0111111
0 o00O0O0OOOOOOOTI>11210O00O0O0O0O0OO0TGO0TGO0OTO
000 O0O0OOOOOOOTI110O0O0OO0OO0OOTGO0ODTI1IO0TGO0OTGO0OOQO
000 O0OOOOOOOTI711100O0O0O0OO0OT1O0TO0TGO0SFO0
000 O0OOOOOOOTI>1L10O0O0O0OO0OOTO0OI1ITO0TGO0OTGO0OODO
1111111111111 111111 111111
1111111111111 111111111111
0o0oo0o0O0OO117111111100O0O0O0O0O0I1I11111
0000111111111 1111

oo0o00011111111111111111111000
0oo0oo0o0o0O0OOOOBO?I1111111110©0W011111111
0o0o0O0OOOOOTI 111111100O0O0O0T11T111100
000 0OOOOOOI1O01O0O0O0O0O0OTO0OTO0CDO0OO0OTGO0ODO0OO
000 0OOOOOOI1O010O0O0O0OO0OO0OTO0OCDI1ITO0T®O0TGO0OOQ0
000 O0OOTOOOOOTOT11IO0O0OOO0OOOTOOTOTGODTO0OT1
1111111111111 111111111111
1111111111111 111111 111111
oo0o000O011111111111111111111
o0oo0oo0o0o01111111111111111111115000
0001111111111 1111111111111250°00
0o0o0O0O0OO0OO0OOOOOOI111121100WO0O0111100
0o00O0OO0OOOOOO111110HO0O0O0OO0T11IT1IT1000
000 O0OOOOOOOTZ110O0O0OO0OO0OOTO0ODTI1IO0TGO0OTGO0OOQo
000 O0OOOOOOI111100O0O0OO0O0O0OT11IO0TO0TG0SFO
000O0O0OOOOOOOI11110U0O0O0OO0TG0LI11IO0TO0OQO0TO0O0
1111111111111 111111 111111
1111111111111 111111111111
0011100111111 111110000O011111
o0oo0o000O0O1111111111111111111000
1110111111111 111111111 100
0001110011111 1110000HO011100
0o0o0O0OOOOOOI 2111111100 0O0O0O0TO0TGO0SFO0
000O0OO0OOOOOOI1I11010O0O0O0O0O0DO0TGO0CLSGO0OO
0o00O0OO0OOOOOOO111110100UO0O0O0OO0TG0LTGO0OTOWO
0o o o0 o0O0O0OO0ODO0OO0OO0OO0OO0OT1I1QO0UO0TUO0UO0UO0O0UO0UO0TO0TO00

5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

R4

i

?E:qu

1

3. E [ - Y

N

o
J
]

il
I [
f

:}{—1

PHH

T

N=
",

S

:'[’@:IJ:L\[ ’
ﬁ{ﬁl [~

f

EX 2
M-

et

SIEA

. Q%IJI‘, TE[F‘T}EI

E
;VF‘] El

[
T

4,



YL R

[ 1) Allen J. Wood and Bruce F. Wollenberg,
Power Generation, Operation &
Control, John Wiely & Sons, Inc.,
1996.

[2] Sheble, G B., “Solution of the Unit
Commitment Problem by the Method
of Unit Periods,” IEEE Trans. on
Power Systems, Vol. 5, No. 1, 1990, pp.
257-260.

[3] DillonT. S. and Edwin, K. W., “Integer
Programming A pproach to the Problem
of Optimal Unit Commitment with
Probabilistic Reserve Determination,”
IEEE Trans. on Power Apparatus and
Systems, Vol. PAS-97, No. 6, 1978, pp.
2154-2166.

[4]) Snyder, . W. L., Powell, Jr. H. D., and
Rayburn, J. C., “Dynamic
Programming Approach to Unit
Commitment,” |EEE Trans. on Power
Systems, Vol. 2, 1987, pp. 339-350.

[5]) Lowery, P G, “Generation Unit
Commitment by Dynamic
Programming,” IEEE Trans. on Power
Apparatus and Systems, Vol. 102, 1983,
pp. 1218-1225.

[6] Cohen A. |. and Yoshimura, M., “A
Branch-and-Bound Algorithm for Unit
Commitment,” IEEE Trans. on Power
Apparatus and Systems, Vol. PAS-102,
No. 2, 1983, pp. 444-451.

[ 7] Zhuang F. and Galiana, F. D., “Towards
a more Rigorous and Practical Unit
Commitment by Lagrangian
Relaxation,” IEEE Trans. on Power
Systems, Vol. 3, No. 2, 1988,
pp.763-772.

[ 8] Ouyang Z. andShahidehpour, S. M., “A
Hybrid Artificia Neura Network/
Dynamic Programming Approach to
Unit Commitment,” IEEE Trans. on

e A PR ] 3L

Power Systems, Vol. 7, No. 1, 1992, pp.
236-242.

[9]) Sasaki, H., Watabable, M., Kubokawa,
J., Yorino, N. and Yokoyama, R., “A
Solution Method of Unit Commitment
by Artificiad Neura Networks,” |IEEE
Trans. on Power Systems, Vol. 7, No. 1,
1992, pp. 974-985.

[10]) Zhuang F. and Galiana, F. D., “Unit
Commitment by Simulated Annealing,”
EEE Trans. on Power Systems, Vol. 5,
No. 1, 1990, pp. 311-317.

[11]) Dasgupta D. and McGregor, D. R,,
“Thermal  Unit Commitment using

Genetic Algorithms,” IEE
Proceedings-C, Vol. 141, No. 5, 1994,
pp. 459-465.

[12] Glover, F., “Tabu search: Part I,
ORSA Journal of Computing, Val. 1,
No. 3, 1989, pp.190-206.

[13] Glover, F., “Tabu search: Part II,”
ORSA Journal of Computing, Val. 2,
No. 1, 1990, pp. 4-32.

[14] Glover, F., “A user’s guide to tabu
search,” Annals of Operational
Research, VVol. 41, 1993, pp. 3-28.

[15] Bland, J. A., “Tabu search and design
optimization,” Computing  Aided
Design, Vol. 23, No. 3, 1991, pp.
195-201.

[16] Glover, F. and M. Laguna, Tabu
Search. Boston, MA: Kluwer, pp.
2-151, 1997.

[17] Cuvijovic, D and Klinowski, J., “ Taboo
search: An approach to the multiple
minima problem,” Science, Vol. 267,
1995, pp. 664—666.

[18]) Wen, F. S. and Chang, C. S, “Tabu
search approach to alarm processing in
power system,” IEE Proc. Gen. Trans.
Dis., Vol. 144, Jan. 1997, pp. 31-38.

[19])] Wen, F. S. and Chang, C. S,



“Transmission  Network  Optimal
Planning Using the Tabu Search
Method”, Electric Power Systems
Research, Vol. 42, 1997, pp. 153-163.

[20] Lee, C.Y. and Kang, H. G, “Cdll
planning with capacity expansion in
mobile communications: a tabu search
approach,” |EEE Transactions on
\ehicular Technology, Vol. 49, No. 5,
2000, pp.1678 — 1691.

[ 21])IEEE Trans. on Power Systems, Val. 15,

No. 2, 2000, pp. 490-495.

[22] Hajji, O.; Brisset, S.; and Brochet, P,
“A New Tabu Search Method for
Optimization with Continuous
Parameters’; |EEE Transactions on
Magnetic, Vol. 40, No. 2, 2004, pp.
1184-1187.

[ 23] William H. Press and Saul A. Teuko,
Numerical Recipes in C++: The Art of
Scientific  Computing,  Cambridge,
2002.

[24] John H. Mathews and Kurtis D. fink,
Numerical Methods Using MATLAB,
Prentice Hall, 2002.

[ 25]) Gdlego, RA.; Romero, R.; and
Monticdli, A.J., "Tabu search
algorithm for network synthesis’ ;

iE-28

— PN R R
3 R P RITRE R I'“‘FHJEEW*EJ%
w@%w’wkqﬁ3%$@&ﬁﬁﬁ
fﬂ#MIW%&”%J“ﬁ*°J
[lﬂﬁj “£:~I—a:j‘i’x I—i%[%‘,[a@g\?ﬂ i ﬁ—‘]‘FPU o
flt& F=f | (Population Size, By ):
fuw ﬁ%ﬁﬂ« SR R JH'
?T‘LIGAIE[J%E‘H‘. £ QEAJEJ ok
FIos S S Rl Tﬁ” E‘Eﬂ: 'E? Fua
Fal [*[]7 ﬁ7 1?%\':@{1% I'Im

eSS PR R 32

TREREE A AR g > T
H%me%r# TR A«
ﬂ&% & > DRy [
EIITUT FI J%W ["\Jﬂ_“ ’ - Jﬂ%:j
,'HFH% =5 { [ T I fJ@ﬁ'J?%
EEA 10*500 AT
2. P filE(Crossover Rate, C,): 4 [l
SN Piel 38T FTo B = pdfis o 4 il
N vk T
s (E i [ﬁ E EIHQ‘“]E[ e
%Wi$]yﬂﬁtﬂwﬁﬁﬁmﬁ
Wasig s 1];”%];[ S| E‘I} ElHrﬁA T1
ORI S ELT ] = = B0 © 1%:
TR L e
Zefgk(Mutation Rate, M, ): Zkiehsi
BT RLES S BERE L (P Er e Y
B AR i Rl ]
I BB [ ki
S LB R o = @I ° [
= - M, SRR UL -
=] fEr(Maximum Generation Number,
M )] BT GA frofi s -
U = E IR S 'Hi_ﬁ - il
ﬁfﬁkéﬁﬁ%grjﬁ Esiie
Nt s RE S
?”ff%ﬁ'w R -

#A GA ﬁﬁ%’%ﬁ?ﬂ%@“—

w

BYEn | FEE | EE
MEEg~T | P, | 40

ENTES C, 0.8

TRF M, | o1
B8 | ™, 50




B A PR R 33

= ST R

The GA agorithm

begin
initializethe all parameters;
randomly generate the old population;
for generation := 1 to max_generation
computethefitness of each string in the old population;
storethe string with the highest fitnessto the solution set;
whilethe string number < population size
do{
apply reproduction, crossover and mutation
operatorsto generate new population;

endwhile
endfor
restorethe string with the highest fitness the solution set asthe
final solution;
print out the final solution.
end
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