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Abstract: Short term environmental/economic generation scheduling (E/EGS) is composed of optimal unit commit-
ment (UC) and environmental/economic dispatch (ED) in the scheduling period. In this paper the multi-objective hybrid
evolutionary algorithm (MHEA) which combines randomly-weighed multi-objective evolutionary algorithm (MEA) with
chaotic optimal algorithm (COA) is proposed for the short term generation scheduling problem. In the MHEA, the hierar-
chical genes are adopted in which the commitment genes are used for global optimization in UC and the parameter genes
are used for local optimization in ED, and the constrain problem can be solved by combining genes modification with
punishment function method. The chaos local linear search is also applied to good solutions to accelerate the convergence
speed of algorithm and reduce the computation time. Finally, the results of a case study demonstrate the capabilities of the
proposed approach to generate well-distributed Pareto-optimal solutions of the multi-objective E/EGS problem.

Key words: environmental/economic generation scheduling; multi-objective hybrid optimization; local search; chaotic
optimization
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1 ÚÚÚóóó(Introduction)
Å|�¸/²L$1¯K´��äkü��¿

�8I��.Cþ!ëYCþ9��5¼ê�·Ü

�ê��55y¯K,ÏLò�¸/²L©�?n¤
�åCþ½éõ8I�5\��ò¯K=�¤ü

8IKÖ©�¯K,8cæ^�Å|�`|Ü²L
$1�¢^�{Ì�k.�KF{ (LR) [1]!̀ kg

S{ (PL)!Ä�5y{ (DP)!Ä�'�{!¢D�
{ (GA) [2]!8¤�{[3∼5]Ú·b`z�{(COA)[6].
)û�¸/²LKÖ©��1 2«�{´A^õ8I
`znØ, Srinivasan D[7]JÑ�
õ8I`zEâ

)ûda¯K,��{���´g`z(J,¿�v
kJøXÚµe5��|¢Pareto`zc÷. Äu
?zõ8I`z�{[8]Jø
µ�²L©���{,
Ù¥�¹�¸�å,�T�{æ^�ÀJL§�U
�)é`zc÷�©a�Ø.
�é±þ¯K,�©æ^C�õ8I¢D�{

�·b�(Ü�·Ü`z�{,3¢D�{|¢�
ÐÚPareto`z+�,$^·bÛÜ|¢?�Ú`z
c÷,|^3·b|¢¥���k��£,ÏL�5
|¢3ÛÜ|¢�m\��`)�Âñ�Ý,Jp
)�°Ý,¼�
÷¿��J.

ÂvFÏ: 2005−02−27;Â?UvFÏ: 2006−02−23.
Ä7�8: I[g,�ÆÄ7]Ï�8 (60574030) ;�H��e]Ï�8 (04C718, 05C423).
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2 >>>åååXXXÚÚÚ��� ¸̧̧/²²²LLLKKKÖÖÖ©©©������êêêÆÆÆ
£££ããã(Mathematics formulation for E/EGS
problem)
>åXÚ�Å||ÜÚ²LKÖ©�¯K�£

ã�3NÝ�m«mS,Ïé��÷v�X��å
^���`�Y,¦3d«mSu>ÅÀ/¢íü
�/$1¤^�`.

2.1 888III¼¼¼êêê(Objective functions)
1) KÖ²L©�.
KÖ²L©��±L«�÷veZ��å��

5`z¯K¦ª(1)�d�¼ê��[3,4],

C(Pij) =
T∑

j=1

[
∑
i∈G

(ai+biPij +ciP
2
ij)+SCij +Vij + LCj]. (1)

ª¥: C�d�¼ê; T�áÏKÖ©��m; G�X

ÚSu>Åoê; Pi,j�1 i�u>Å3�mã j�

kõõÇ; LGj���¤^;u>ÅÑþ�~^u
>ÅkõõÇ��g¼êCqL«, ai, bi, ci�~ê.
ü�éÊ¤^ SCij�

SC(Pij) =

uij(1− uij−1)[µi + νi(1− exp(−T off
ij /τi))]. (2)

uijL«1i�u>Å3�mã j�é/ÊG�, éÄ
� 1, Ê�� 0; T off

i / T on
i �1 i�u>Åé/Ê�m;

µi, νi, τi�~ê.
u>ÅÑþ��z:�A[7]�±L«�

Vi = |gi sin(hi(Pij − Pij−1)| . (3)

ª¥ gi, hi�~ê. Ïd3O�Ñþ�7L\þz:
�A�K�.duØÓ/:�Å|>��XÚÑx
õÇ¤E¤��ä�Ñ´ØÓ�. �m jü��o

���d�6^�¼�, S.þæ^BXê�.5

O�[9]:

LCj = δ[PT
j BP + PT

j B0 + B00]. (4)

ª¥: P�n�u>ÅkõõÇ�¥þ, PT�P�=

�, B�n × n�é¡�
, B0�n��¥þ, B00�

~ê, δ�¤^��Xê.
2) k³íNü�.
k³íNÌ�´NOÚSO2�ü�, NOÚSO2

�ü��üÕïáÙ�.,ùpæ^Ú��ü��
.[12]

E(Pij)=
N∑

i=1

10−2(αiP
2
ij +βiPij +γi)+ξiexp(λPij).

(5)

Ïd�¸/²LKÖNÝ8I�L«�3�å^�e

F = wC(Pij) + (1− w)ρE(Pij), (6)

w��5�, ρ��ÝXê,ùp�ρ = 200000.

2.2 ���ååå^̂̂���(Constrains )
1) �ª�å^�.∑

i∈G
Pijuij = PLj + Ps. (7)

ª¥: PLj�XÚS3�m j�oKÖ; Ps�XÚ�

o��. o��´u>ÅkõõÇ!DÑ�ëêÚ
�äÿÀ(��¼ê,O����Ñ½UoKÖ�
�½z©'(½. ��ÏL�6^�¼����°
(�.

2) Ø�ª�å^�.
õÇ�å:

Pmin
i 6 Pij 6 Pmax

i . (8a)

ª¥: Pmin
i �1 i�u>ÅkõõÇ����;

Pmax
i �1 i�u>ÅkõõÇ����.

∑
i∈G

Pmax
i uij > PLj + PR, (8b)

∑
i∈G

Pmin
i uij 6 PLj − PR, (8c)

PR�ý3õÇ.
ü���éÄ/Ê��m�å:

(T on
ij−1 −MUTi)(uij−1 − uij) > 0, (9a)

(T off
ij−1 −MDTi)(uij − uij−1) > 0. (9b)

MUTi/MDTi�1i�u>Å��éÄ/Ê^�m.
DÑ��å:

Pmax
m 6 Pmj 6 Pmax

m , (10a)

Pmj =
∑
i∈G

kmjui,j. (10b)

Pmax
m ��m��DÑNþ, Pmj��m j3DÑ

�mþKÖ6, k�(¯ÝXê,�dDC�{(½.
÷·�Ý�å:

Pij − Pij−1 6 URi, (11a)

Pij−1 − Pij 6 DRi. (11b)

UR�þ,�Ç��, DR�eü�Ç��.

3 ···ÜÜÜ`̀̀zzzüüüÑÑÑ(Strategy of hybrid optimiza-
tion)
3���¹e,��8I¼êm�U´Àâ�,

Ø�3����Û�`),¦¤k8I¼êÓ��
`. ex∗´|¢�m¥�:, ��=�Ø�3 i(3
|¢�m¥)¦� fi(x) < fi(x∗)¤á¡x����



732 � � n Ø � A ^ 1 23ò

`)(Pareto optimal), d¤k���`)|¤�8
Ü¡�õ8I`z¯K��`)8(Pareto optimal
set). �A���`)�8I�þ¡��|�8I
�þ(non-dominator), d¤k�|��8I�þ�
¤õ8I¯K����`8I�, �¡�Pareto c
÷(Pareto front).
C�|Ü{�²;��5\�{ØÓ,C�

|Ü{3�g`zL§¥,k5Æ/UC�8I¼
ê��5?1·AÝµ�[10]. ù«�{��U
C�±æ^�ÅCz½ö��r�&E?è�/

ÚN¥�?zL§?z. ù�«+¥�¤k�N
�±kØÓ�8I¼ê|Ü?1·AÝµ�,l
¦`zL§lØÓ��ÝÓ�?1,�g$�Ò�
��Å||ÜÚKÖ©�Pareto`zc÷.
æ^·Ü`z�{,Äk$^|Ü(�ÄÏ�·

Ü?z�{��|Ü`z�Y+,3?zL§¥é
�`Ü©�Y$^Äu�5|¢�·bÛÜ�{\

����`�¸/²L$1KÖ©�Pareto`zc
÷.

3.1 ///ÚÚÚNNN���(((������OOO(Structure design of chro-
mosomes)
/ÚN�L«��)Å||ÜÄÏÚKÖ©�

ëêÄÏ�·Ü(�,|ÜÄÏæ^�?�?è,L
«u>Å3,��éÊG�, “0”L«Tu>ÅÊ
�, “1”L«Tu>ÅéÄ.ëêÄÏæ^¢ê?è,
z�ÄÏ^��¢ê�LéA��ÄÏ¤©��

²LKÖ�z©',Ð©���âKÖ�éÄÅ|
oõÇ¤Ó'ÇÀ�. õ8I?z�{äkÌ«+
ÚPareto`zc÷«+, Pareto`zc÷«+��
|¢���`zc÷�N, �)õ8I·A�!ü
8I·A�!��ÚÄÏ�êâ.

3.2 ���ååå???nnn(Processing of constrains)
éu�å?n, ± �{  æ^Ø��°(

v¼ê{[4], �ù«�{éuØ�1�Y'~��
�,O�þé�,Ïd�©æ^3O�·AÝ�©ã
©Ú?n¿éÄÏ?1?���{, =3UCÅ|
|Ü`z�ã?nKÖõÇ�åÚéÊ�å,òØ
÷v�¦�ÄÏ?1?UÚO�,3�¸/²LKÖ
©�·b`z�?nKÖ²ï!DÑ�Ú÷·�å,
éu3��ãØB?n��åæ^v¼ê{.

F =
t∑

j=1
F (j)+β1FTR(j)+β2FTD(j)+β3VTL(j).

(12)
ª¥: F (x)��¯K8I¼ê; βi�vÏf, FTR(j),
FTD(j)��÷vKÖI¦9ý3õÇ, VTL(j)��

L�NNKÖ.

3.3 ÄÄÄuuu···bbb���ÛÛÛÜÜÜ���555|||¢¢¢(Chaos based local
linear search)
·b`z���«��|¢�{,Ù":´==

|^·bCþ�A½S3�Å5ÚH{55|¢�

`),¿vk|^®é��ÛÜ�`),���`)
 u�«m�,)�Âñ�ÝE,�ú,`k��
p�Å|ü�Ù�`KÖ©�  3÷KÖ,Ïd
g,��{´r·b`z��Û|¢Uå����

ÛÜ|¢�{�(Ü.�d,�©æ^�«Äu�5
|¢�·bÛÜ`z�{[11],|^cg�{|¢é
��ÛÜ�`:P ∗old, �2�N1g·b|¢é�
�ÛÜ�`:P ∗?1'�,e ‖P ∗old − P ∗‖ > ε,K
÷��L = P ∗ − P ∗old, lP ∗Ñu��5|¢¦

ÑP 0,^P 0��P*. äN�{�¢y�YXe:
ÚÚÚ½½½ 1 Ð©z. dª(15))¤·bCþ{yi −

0.5}, i�Å|�ê,¿�N1, N2�Ü·��ê.

zi,t+1 =4zi,t(1.0− zi,t),

zi,t ∈ [0, 1], i = 1, 2, · · · ,m + 1, (13)

yn =
{zn + 0.5, x < 0.5,

zn − 0.5, x > 0.5.
(14)

C���S�VÇ©Ù¥¥%�Ý�>��,Äu
·b�ÛÜ�5|¢�¢D�{�(ÜQ�\¯�

{�Âñ�Ýq���L@Âñ.
ÚÚÚ½½½ 2 ò·bCþ±cã(½�ëêÄÏ

�Ä:C���AéÄÅ|�#N)�mPk, ¿
éõÇ�å?1?�, =�ÅÀ�1 j�u>Å,
ÙõÇCzÖ�Ù¦u>ÅõÇ�Cz. O�
�õÇ�A�Ü©5U�I fk, XJ�c:�5
U�I��u®k��`�, = fk < f∗, K�
3®k�`:!�c:9Ù�A��`5U�I

�P ∗old = P ∗,P ∗ = Pk, f∗ = fk, XJ f∗²N1Ú
|¢��±ØC,� ‖P ∗old − P ∗‖ > ε,K=Ú½ 3;
ÄKUYS�|¢.
ÚÚÚ½½½ 3 ¦L = P ∗−P ∗old,PNN8Ü�R,�

�5|¢
{ f(P ′) = min

η
{(P ∗ + ηL)|P ∗ + ηL ∈ R},

P ∗old = P ∗, P ∗ = P ′, f∗ = f(P ′).
(15)

ÚÚÚ½½½ 4 S�gêm = m+1,XJm > N2,K
ª�|¢, d�P ∗

i =�ÛÜ|¢�`:, f∗���

��`),?U�AëêÚ·A�,ÄK=Ú½ 2.
du|^
eü{, ¤±�\¯�{�Âñ�

Ý,Ï�´õÇëê�ÛÜ|¢,�U�m«m©O
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O�,¿��O�?�õÇÜ©�5U�I�,Ïd
~�
O�þ.

3.4 õõõ888III···ÜÜÜ???zzz���{{{(MHEA)
õ8I?·Üz�{�Ì�g�´3KÖ`z

�ãé·AÝp�Ü©�N¢1Äu·bÛÜ�5

|¢Ï`,^5\¯¢D�{�Âñ�Ý.?z�{
Xe:
ÚÚÚ½½½ 1 Ð©z. (½«+���?zëê, �

Å�)Ð©«+. duØÓ�Ð©�mG�`z(
JØÓ,�¼��N�`�Y,d`z�{(½NÝ
Ð©�mG�,�NÝÐ©�mG��(å�mG
��Ó.
ÚÚÚ½½½ 2 ?zO�. O�z��Y�©8I¼

ê�, �â¼ê��#Pareto`zc÷«+. �
): 1)|¢�|��N¿�\Pareto`zc÷«
+; 2)|¢ Pareto`zc÷«+¥��|��N,¿
Ø�|��N; 3)XJ	ÜPareto`zc÷«+ê
þ�Lý½��êþ,�ÏLàa�{~�.
ÚÚÚ½½½ 3 ÀJI�.�Å(½�w, 0 < w < 1,

Uª(6)O�8I¼ê�, l«+¥ÀJI�, �N
�ÀJ�VÇ�:

Ps(Pi) =
Fmax − F (Pi)

n∑
j=1

(Fmax − F (Pj))
. (16)

Ù¥: Fmax���¼ê�, F (Pi)��NPi�¼ê

�.
ÚÚÚ½½½ 4 ���CÉö�,��ÄÏæ^üãª

��,é��ÄÏ±VÇPm1?1CÉ,Ùö��é
 ?1��,UCu>Å�éÊG�,·A��p�
�N��?\e��,�ÅÀJ`zc÷«+�N
�\ó�+¥. �
~�)¤�Ø�1ÄÏ,�é)
¤�ÄÏ?1?Eö�,XéuØ÷v��éÊÚ
ý3õÇ���ÄÏ?1?U,�á5KÚBRL,
¦�¡ÄÏ?UØUCc¡®?U�ÄÏCþ. ë
êÄÏ3d�ã�±Ð©�ØC.
ÚÚÚ½½½ 5 ÛÜ|¢.
²LeZ�$��,é«+¥�10%`D�N?

1ÛÜ|¢,|¢Ð©�N�ÀJU±e�{(½:
�Å(½�w, 0 < w < 1,�â�g�d®�
Ñ�ü�8I�Uª(6)O�õ8I¼ê�,ò«+
¥ 10%�õ8I¼ê�UVÇPm2?1ÛÜ·b�

5|¢ (��Ø�L 5�) ,3ÛÜ|¢¥��þ�±
ØC,�Ò(½
�Z|¢��.Xã 1¤«,X�Å
(½���w = 0.3,O�·A����g`D�
N�g� a, b, c, d, e,±Pm2�VÇUw¤���?

1ÛÜ|¢,O�ÛÜU?·A�.b��� r, s, h,
g,dã�±wÑ�NhÚ g�|��N, s��`�

N.���õ8I?z�{�',duæ^`D�N
?1ÛÜ|¢,¿�(½
�Z��,�I?U^S
UC�·A�Ü©,¦|¢�ÇJp.

ã 1 ÛÜ|¢ÀJ«¿ã

Fig. 1 Illustration of the selection of initial solutions

for local search

ÚÚÚ½½½ 6 �âÊ�^��äÏ`´Ä(å,XÄ
K=Ú½ 2.
õ8I·Ü?z�{µãXã 2¤«.

ã 2 õ8I·Ü`z?z�{µã

Fig. 2 Scheme of the MHEA

4 ïïïÄÄÄ¢¢¢~~~(Case study)
ò�©�{A^���äk12�ü�¥�5�

>åXÚ¥,Ùu>Åü�ëêêâ�L1.
��KÖI¦XL 2¤«,�?1'�^.�K
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F{LR[1]!·Ü¢D�{HGA[5]ÚCºÝ·b`

zCOA[9]éÓ�¯K?1Ï`, �{zå�, =�
Ä²L (¤^)8I, `z(JXL 3¤«, GA�{

ÚCOAÑ¼�
KÖNÝ`z�, MHEA���`
z��Ð, COAO��m�õ, GAg�,MHEA3
Ï`ÚO��mÑäk�Ð�(J.

L 1 u>Åü�ëêL

Table 1 Parameters of generation unit

Pmin Pmax ai bi ci bus α β γ ξ λ UH/h DH/h UR DR M v τ

1 25.0 100.0 2183.35 181.00 0.0612 1 6.492 −5.554 4.092 2.0 e−4 2.857 2 2 51.0 74.0 70 70 4
2 25.0 100.0 2187.75 182.00 0.0596 1 6.490 −5.554 4.091 2.0 e−4 2.857 2 2 51.0 74.0 70 70 4
3 54.25 155.0 1430.28 107.154 0.0473 1 5.639 −6.047 2.543 5.0 e−4 3.333 3 2 55.0 78.0 150 150 6
4 54.25 155.0 1427.34 106.940 0.0473 2 5.639 -6.047 2.543 5.0 e−4 3.333 3 2 55.0 78.0 150 150 6
5 54.25 155.0 1435.97 107.583 0.0487 4 5.639 −6.047 2.543 5.0 e−4 3.333 3 2 55.0 78.0 150 150 6
6 54.25 155.0 1433.17 107.376 0.0481 4 5.639 −6.047 2.543 5.0 e−4 3.333 3 2 55.0 78.0 150 150 6
7 68.95 197.0 2591.31 230.00 0.0259 1 3.380 −3.550 5.426 2.0 e−3 2.000 4 2 55.0 99.0 200 200 8
8 68.95 197.0 259.649 231.00 0.0260 1 3.380 −3.550 5.426 2.0 e−3 2.000 4 2 55.0 99.0 200 200 8
9 68.95 197.0 260.176 232.00 0.0263 1 3.380 −3.550 5.426 2.0 e−3 2.000 4 2 55.0 99.0 200 200 8
10 140.0 350.0 1770.57 108.816 0.0153 4 5.151 −5.555 6.131 1.0 e−5 6.667 5 3 70.0 120.0 300 200 8
11 100.0 400.0 3119.10 75.031 0.0195 5 4.586 −5.094 4.258 1.0 e−6 8.000 8 4 50.5 100.0 500 500 10
12 100.0 400.0 3100.02 74.921 0.0194 3 4.586 −5.094 4.258 1.0 e−6 8.000 8 4 50.5 100.0 500 500 10

L 2 ��KÖI¦

Table 2 Load demand for hours
�� KÖ/MW �� KÖ/MW �� KÖ/MW

1 602.7 9 1675.8 17 1602.3
2 588.0 10 1852.2 18 1881.6
3 529.2 11 1940.4 19 1940.4
4 499.8 12 1999.2 20 1705.2
5 602.7 13 1925.7 21 1.2495
6 823.2 14 1734.6 22 970.2
7 1158.4 15 1587.6 23 764.4
8 1411.2 16 1499.4 24 662.2

ã 3 Pareto`zc÷

Fig. 3 Pareto-optimal front

ã3���� Pareto`zc÷, �±wÑ²L
Ú�¸8I´�p¿��, �Ò´`J±é��
���Û�`), `z)��âäN�¹ò©?
1ÀJ.

L3 `z(J'�

Table 3 Compare of results obtained from different
approach

LR HGA COA MHEA

`z�(×106) 3.4910 3.4345 3.4317 3.4299
�m/s 323 245 2257 142

5 (((ØØØ999AAA^̂̂ÐÐÐ"""(Conclusion and expecta-
tion for application)
�©A^õ8I·b·Ü`z�{¦)>å

XÚ�¸/²LKÖNÝ¯K,nÜ�Ä
éÊ�
Ñ!��ÚðÓÅ�z:�A.æ^ÄÏ?�Úv
¼ê�(Ü, ^õ8I?z�{|¢ Pareto`z
c÷. æ^`D�N?1·bÛÜ�5|¢,¿�
(½
�Z��, �I?U^SUC�·A�Ü
©,¦Â¢�ÇJp. �ý(JL²T�{(�{
ü,Ï`�Ý¯,U÷v)û¢SKÖ²L/�¸©
�¯K��¦.
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Q1 = [176.4785 − 349.7259 208.1909],

Q2 =

[
−519.4601 582.4832 194.0667

212.5087 − 331.9907 523.8909

]
,

Q3 = [90.5042 825.8450].

根据式(10),得到α−分散控制器:

K1 = [5.8874 −2.0112 −0.5011],

K2 =

[
−6.4347 1.3129 −0.1114

6.5816 − 0.4561 7.3240

]
,

K3 =
[
−11.2779 −1.7195

]
.
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