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Abstract A mathematical model for the optimal schedule of water injection pumping

stations is established, in which the minimum electric power consumption is taken as the

objective function, and the restrictions to the displacement and pressure are taken as con-

straint conditions. In the genetic algorithm dual coding is adopted, the fitness function is

adjusted, and random parent-number fitness-weighted cross and many mutation methods are

adopted. The simulated annealing algorithm is combined to give the method of determining

initial temperature, thus the hybrid genetic algorithm is formed. It can improve the speed

of convergence and avoid premature convergence. A processing method of displacement is

proposed, so the displacement restrictions are satisfied and the number of infeasible solutions

is reduced. Example shows that the algorithm is efficient.
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[1]
, �oI�VM9>Cej��>p6b�jk�?T�>v_�Zz>}QzjMW�:A��O�1;<�MW�>v_(�X�a�>v_�j�mHMrze\�V'(
%t�>1ga�>6eq#y�\7rv�>�e�[�Oaj`6�(pJ!�>
e�1tajM[7Yre%j�>�_��#�8W`zjv_Z6K>��	v__��OeUe��X�>v_�mHMrzqT(3"
a 0-1 "6�2!"6eX����HMqT�

[1] �RLeHM���Æ��N9℄A�9�fEfJb��Wv�s��x�4e%H��[2∼4] �QFeHM����(1E5dHM���\�V'(/z{tL�>me%j>6�~J8Ti\N"hmY�>��l�
�q
�>mYLOrC�eq#yHXt
%H��[5] (t}3"�>mY�e$D�#B_�39��HM�omeL"/CB>6%t�*�Æ3d|#$D�
e�������s�BE`�X�a�>v_���ot}MW�>v_e�iq#�u-9�X�>v_�mHMrz9#R��*PQ9UD5QE� (Hybrid genetic algorithm, n� HGA) �}ee5qT�a
�X�>v_�mHMrzqT�eBE�
2 w/W&<;8�>�e�[�
aj`6'iÆf"6��>v_>p6 f ′ %�iU$:9�j9#R�i

min f ′ = γ

N
∑

i=1

δi
HiQi

ηpiηmi
(1)#�
Hi im i N�>�e/C�j{i��eL")0 poi S�")0 pei y9�Qi, ηpiim i N�>�e`6B
C�ηmi iuvm i N�>�p^e
C�N i�>� 96�

δi = 1 [ 0, 1 '$m i N�>�_��0 '$[_�γ i[lSEv9�[7Yri
1) 1g>0fIYr[2]

. }Q NN "�oe�>1g��o i efI�Ci
ui − u′

i −
∑

j∈Ii

sijsgn(pi − pj)|pi − pj|
1/α = 0, i = 1, · · · , NN − 1 (2)#�
ui, u

′
i i�o i e2L�2�>6�sij i�o i B j yme1b#0v9�pi, pj �)i�o i, j e)0�Ii '$S�o i �2e�o��`D�α i<v9�sgn i��:9�t<i

sgn(A) =

{

1, A > 0

−1, A < 0
(3)

2) >6fI[7�#�>�e +>6BgQ#�>
e�>6yB (
v_ E>6 QALL), 

N

∑

i=1

δiQi =

Nw
∑

j=1

uj (4)
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Qmin
i 6 Qi 6 Qmax

i , i = 1, · · · , N (5)#�
Qmin
i , Qmax

i �)im i N�>�e%�B%X`6�
4) �>m+>6[7��>mY#�>�`6yBBJ!�me&>61t�


∑

i∈Ij

Qi 6 Qmax
sj , j = 1, · · · , S (6)#�
Qmax

sj im j �>me%X&>6�Ij '$m�>mY�>�e`D�S i�>m 96�
5) �>
)0[7�#�>
e�o)0-B�Qj1te%j��)0�


pi > pmin
i , i = 1, · · · , Nw (7)#�
pmin

i im i "�>
1te%j��)0�
1g�rfE7C��1g>0fIYr�v
`J!��
�oe5QE�4'7C�>6fI[7��`6[7B�>m+>6[72
`9J!�)Ee0F�:9�Æ# (1) B�R[7Yr# (7) �Mis[7qT�i$kJeU$:9i
min f = f ′ + M

Nw
∑

i=1

[min(0, pi − pmin
i )]2 (8)#�
M iF�?��

3 WF7SH	��
3.1 +Pt}HMrz7C�1℄���%H��aj`65"qT��o1E<��H�m3�1E����H�E 1, 0 &'$��e�[�O�m��1E�9�H�'$#�e`6�q0L3"=zi N e<��H.A3Y��U�
3.2 0S1TJI^:� pop size (}U2R) "=zi N e<��H�'iJ"
}�i9o�-���e:��:�J"��#�`61℄�J!>6fI[7��`6[7B�>m+>6[7�}QT3"J"�:���/z:�3"����H�*}j��\����d|
1) �)tL#�Hi 1 e\?l}B�e%�`6S%X`6yB�*<jgQ
Qmin

ALLB, Qmax
ALLB, d| QALL (�
 [Qmin

ALLB, Qmax
ALLB] �hY�2) �)tL#m��Hi 1 e\?l}B�e%�`6yB�*d|j{(��Q Qmax

Sj
. �4J!
65"Yr�i����
'F����i�-������:�����H�)E Uk '$����Hi

1 e\?
��U�el��k = 1, · · · , kn, kn i����H�i 1 e\? "9�~J�I^:�#����H}Be`6�#�9�He:���i
1) 
#�`6[7�hYI^:�#\?le{ QUk

;

2) tL U1 ∼ Ukn \?le`6yB Qkn
ALL, *'� QALL e{�
#�`6[7�hYrv QUk

{� Qkn
ALL = QALL;
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3) }#�>mY�`6yB��d|BO'�}Q?L+>6[7emÆ�R>6rv`jMm�℄}Be����Hi 0 ��zÆ`6_3Æij%�`6�j{3k5QE�e4'�\
fEU$:9�-Q�B�
4~\7����Hi 1 e\?laj�9�H&'$v_e_��#�
3.3 R7Ug�V)B:9{ Fi (5QE�}^BL��e4��U$:9eHM���}B)B:9{jke���℄�i9�	5QE�eHM�Z�})B:9{��)℄e%�(�1e��o1Ee"S%��#�y

Fi = exp

(

fi

t

)

(9)#�
t iSR℄
XE��DJemz39��T"SJ�℄1EE
y�#��"h����rvJe)B:9
mz�� (5QE�eg) fELe#��U)B:9{9=~����U�"h��e�C�
�q0�N9")=e��UIHv"
}�gAe3��℄mz-|yz��U$:9{�
e��U)B:9{9=ÆtjX�V� 
H���UeH'(kQ{��N9
}�M[�-m[6]
.

3.4 R71^F\^.u'�rvJe)B:9�Jme{tV�BJ"
}e�}�ZL��ÆtJ"
}�%�)B:9{�}Q%X)B:9{e�{i pr ∈ (0, 1), i�b^�
Jme'W#i
t0 = (fsmin − fsmax) ln pr (10)#�
fsmin, fsmax iJ"
}�%�B%XU$:9{�q0{teJm)E9J"
}e�}�Z��N97�[7jeJm}E�fE�m[HM�6eD�[7]

.
m:9"E<Ee tn+1 = αtn �#�j� 0 < α < 1.

3.5 I/.u}Q<Ee5��{7��4{7e�"U(
p�i{7J:�e�"U\�-"�
qTe� m
-jk�e��o�9}Ue�0��
p{7:�ke3�i9�N
6zo��o1EI^���)B:9{kw{7 [8]
(Random parent-number

fitness-weighted crossover,n� RPFWX), 8�	{7
4�R��MCz�
Srinvivas

[9] g�RL93
�)B5QE� (Adaptive genetic algorithm, n� AGA),'�jV'*�B
}evU�Z�{7C Pc e�)BfE,#1E8y�#
Pc = k1

Fmax − Favg

Fmax − Fmin
(11)#�
k1 i<9�Fmax, Favg, Fmin �)i℄mZ�M}Ue%X�f�B%�)B:9{�{74'x:� pop size × Pc "�"U�}QM3"�"Ue RPFWX �A���j�U4'� 2 /
1) 
�Z
}�I^{t kc(2 6 kc 6 pop size) "3S{7e�Z"U�$A3"`D Ikc, q��Z"U-℄�A3"�"U�2) '��Z"Ue)B:9{�A�Z"Ue\?{��U�A��i
�m3�e����H{7
}Q�Z"U`D Ikc �m j "��U c

j = (cj
1, · · · , c

j
N ) e#\?{O'��i

cj′

i =

{

1, cj
i = 1

−1, cj
i = 0

(12)
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cc′i = sgn


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j∈Ikc

Wjc
j′

i



 (13)

cci =

{

1, cc′i = 1

0, cc′i = −1
(14)j�

Wj =
Fj

∑

i∈Ikc

Fi

(15)����H{7J�}��A��Ue����H��\����d|��4���i���9�He{7��i���{t3S{7e"U��m��e�9�H{7
�\?{efE��i
cci =

∑

j∈Ikc

Wjc
j
i (16)�9�H{7J�}v_�> 6Bm+>6��O'���S:�J"���℄�{7JE��Ae pop size×Pc "�"UVSV
}�~9e�"U�RPFWX 4'�D9(��Z"U�u�?��ZZ
(=e� mBL
CB(H�6�

3.6 -f.uI^"h3��U��"=�j�)B"=C Pm efE,#i
Pm = k2 +

k3(Fmax − Fi)

(Fmax − Fmin)
(17)#�
k2, k3 i<9�i9R�5QE�}�a:9eHM�Z�1E�
"=4'&$kE�eBL�.�"=��℄�}����HB�9�H��4'�'��>v_e�iq#�I^"h8y 3 
"=���e3
�

1) j�[[���℄����Hem i lL 0 "i 1, 
j�3N���/zd|��He�����4���i
jM�Hi 1 e\?}Be�9�H
ov Qi { (��xj�`6[7Bm+>6[7). �℄����Hem i lL 1 "i 0, 
o�3N���/zd|��He�����4���iÆ Qi {k`�Hi 1 e\?}Be�9�H
�
2) �[�5oLS�Æ����Hem i lL 1 "i 0, ℄�I^"h9m j lL 0"i 1, d|��H�����4���i{S Qi, Qj {�*d|�{(�
j`6[7�hY��4?L�i�
�x>6[7eq#y}#�`6��rv�
3) 5���k�v�℄�I^"h5l����Hi 1 e\?l i, j, 
�xj`6[7B�>m+>6[7emRy���y4'

{

Qi = Qi + ∆

Qj = Qj − ∆
(18)#�
∆ i3~�eI^�v6�

3.7 =K4aj<p.u'�)B:9{eX��_EE
y"h�BR℄
XE��\Q Metropolis d)�ie��6D[10] ��De����}U"h�:�y3Z}U�/zBEE
y�"h
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�R}U�I^"h3"��U j, i B j Æu��y3Z}Ue�i1E Metropolis d)�i
< ∆f = Fi − Fj , � ∆f 6 0, iÆ��U j ��`y3Z}U��i:� [0,1] ymeI^9 r, �4 r < exp(−∆f/tn), i℄0Æ��U j ��`y3Z}U��i�Æ��U i ��`y3Z}U�\Q Metropolis d)�ie��6D�
�1H��e℄��O�ze�1;����x9}Ue�0���3/�N9E����0%H�e�Z��i9�x5QE�ey�,3��℄���9%H�=6D[11]
. 
_E�"��ÆJ"
}�%H��Uh�
9$em 0 l�MZ�MfJ���~B(����U9$em 0 l�kh�*Z�-3S5Q_E�

3.8 ro?kE�,3�e	~2i1J! 2 "Yr
/z�%H��U2! q (q iE�	~2i�^�%H��U�Ge%XZ9) ZLO��"M�jU�%H��U}BeF��B�Q%t�z ε. ℄℄�J!q5"Yr��
��iE�,3�[~fE�2L%H���iz�
m4'�*jXF�?��<'RU9k 1, 
T5QE�e4'�℄�i9�~E�-,3�s�
L'R�Æt%X'RZ9 nmax, ℄-ZJ!
6Yr�\'RU9W`%X'RZ9��[~'R�8℄m%H�'i%	�42L�
4 KQH,'��oE��E C++ U,��9�X�>v_�mHMrzC �*8XrMWT1M>�z�>v_i*��9+E���>v_�u�y
�>m 13 )��E-℄���>� 22N�}_� 10 N��>
 607"��>6i 75420m3/d. HMmv_>p6i 491740kWh/d(�>[>i 6.52kWh/m3). )E [3] �e����HMJ�v__� 10 N�>��v_>p6i 485810kWh/d(�>[>i 6.44kWh/m3). �1E�oUD5QE�HMJ�v__� 9 N�>��v_>p6i 481195kWh/d(�>[>i 6.38kWh/m3). HMmJ�>�e_�q#q' 1. HM�4��-\�>[>yz9 0.14kWh/m3, �o��>
e_�)0W`1te�)0e�*LHMme 96.4% 
�` 100%, v_e_��#
`9Q{�	� ( 1 JPs{nK�6~�(

Table 1 Results of before and after optimal schedule�?n A �F�A `�~� [3] 
�IN�5 �p
�IN�5`��A a7 (m3/d) `��A a7 (m3/d) `��A a7 (m3/d)

1 1 1 6594 1 6785 1 7825

2 1,2 2 6918 t t
3 1 1 8043 1 7950 1 7659

4 1,2 2 7636 2 7843 2 8210

5 1,2 2 7684 1 7562 1,2 7903,9285

6 1 t 1 6502 t
7 1,2 1 7992 t t
8 1 t 1 7980 1 8188

9 1,2 1 7268 1 7874 t
10 1,2 1 8115 t 2 9680

11 1,2 1 7890 1 6975 t
12 1,2 1 7280 2 8012 2 8125

13 1,2 t 1 7937 1 8545
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