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Optimal scheduling of water-supply pumping stations based on

cell excluding double population genetic algorithm

LIAO Li, ZHANG Cheng-hui, LIN Jia-heng, LI Hong-bin
(School of Control Science & Engineering, Shandong University. Shandong Jinan 250061, China)

Abstract: The optimal scheduling of pumping stations is the key to realizing efficient operation of water industry system.
An optimal scheduling model of water-supply pumping stations based on approximation of exponent curves was proposed. The
shaft horsepower of the pumps was used as the objective function, and both water supply target and high-efficiency area of
pumps were taken as the constrained conditions. With the proposed model. solutions based on the cell excluding and variable
population genetic algorithm (CEDPGA) were obtained. The CEDPGA not only got valid cells by cell exclude, which were
possible parallel schemes and satisfied engineering requirement on lower switching frequency, but also gained optimal load distri-
bution of the working pumps., which has higher precision. The simulation results showed that the CEVPGA is more effective
than the conventional GA .

Key words: optimal scheduling; genetic algorithm; cell excluding; double population; water-supply pumping station

1 5|5 (Introduction)

B /03 B 7K 3R 89 3EFr i B K73 8 4% 1 [ Br
K, BERAT K B AT 8RR IR R, T RENE
BRI ADF 52w 69 00 AL 08 BE R, 3t 17 29 g
B R eMk, BA EERNILE UIE KHE
PFes . b AR (R R e FE B is 7K
FHEHEMLAL & BT KR 1755 7 BLAY ] B,
WEMKIEAR GAEL K EBREBITREYRE
4, 37050 7% JER EHLA YR S 3 A ARG RFE K
REMGSEE, REFKENYIRREmE D . Kk
£ A48 B 1AL B 3 LRy i PR — AR
E R R /N Bhr R AR R 2, R TR
BERMEG AL N 5 K R 58 R B R 1A 78 48
AL RRE SRR EZ Z0F HERN B K
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8, LR R AL SR AR TR 1E LB 5 55 PR R L 00 22 51
BOK . CHR[ 1358 Z M 7 s 4E T 2t 3R R ti B/
VIR R GRS, 7F 6 LR B ko kE
TREFEFEMIIE ) A SUESS — R R S A REERE |,
12 0 K UK B D B 4 R S, [RIB 1R e
WORE I, R T 15l e E R b L 7K R PRl £
E, A SCHEFRE RN T 5 18 T REFE R R 5L
B LR BSK ,3R B A B BN I . AR e 5 4
— e (BRI AR BT IZ LT R A (ge-
netic algorithm, f&iF% GA) KK ##v] LUEHH B iR 2
EE Al

St {E4E GA FE AT RS (M R E A
FRAK W S A8 B BR R, A SO B MU X — R T4
AR 3N 11 R 2R AR A AU E B ik
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R T MR HERR XU B 3 A Sk 9T TR S A
PRI B RSR . 7 AL SE e R W] BT B
{8 A & LA PR, BBV | M 0 1 1K 15 8 ol s A
EITE.

2 Fif 4L B o) & i) #1242 (Modeling
for optimal scheduling problem of water-sup-
ply pumping stations)

2.1 KRR £ #L & (Approximation of pump

characteristic curve )

AER IR KR R RE th 2k @ S A i (kA
(IR AR RIRT B R AR (EBUE R T | nl X AKR
B EAMREM AT S KRN E- 21
( Q\—H,\) ﬂ]?%,ﬁ%iu%ﬁyf)\#ﬂ%éiﬁ/ﬁ 3 JEIE
HRERARG TR E S, IR LR R A
MBI K, B, A SCHR M 48 B 20300 5 T ik, B
XA

Hy, = ¢ — aet, ()
KEMRE-TE (Q\-Py) MEEFRELAHEY
E RIS N
Py = do+ d,Qy + d:().z\- (2)
Bk EMMEY A/
(%:S,Fli:s?,g:sl (3)

Ho: Qn, Hy M Py A EREMER LRI, S = "Ll\
RV L, n HIEPRFGE  ny ABUER &

TR B ~ Q)R] ERREET, KE
Mt REH R A

Q-H %k .
H = cS? - aS%el 875 (4)
Q-P %k
P = doS* + 4,08 + d-0°S. (5)
A b 56 BN T0RE S b A (L 1R BE [n] B HE B 22 45
Y R

2.2 HAFHEE (Model)

H U AL BE I U R ALK BB 1Ty
RS 1B 1T B0 T 4B, R, R 1 A2
EWERBITMERMN LY, L0518 LR
#At.

BixFEWIERE T n EKE P EA m EHH
HR, AR,

EREBHEF W, W= [W,,W,, Wy, W, ],
Hbhw, Y41 <i<mBtAE | GRERNTER

jﬂ% i B8 f E’JI{’F'UE"‘(I
TAE).

EXWERT S, =[S S, S5 - S,1,
HeprSi= 1,2, ,m BRE GRHAERERRHLL.
2.2.1 #9514 (Constrained conditions)

@ HoKIEFRAHR . K E KR, & EEMHB O
PR H A% PR SRR NS R Z M, it
Y m ﬁ*ﬁ#ﬂiﬁﬂ' SENEYES)

TAE,0

xR

[W _.1 (c,-s? - H)]
Q= _| Wy a8 *

W 1 ﬂ)]

_Jl[ W, bl_ln ( a , (6)
H=H =H, = =H,. (7)

O BERNBAR. N THEKESREITH
T, N H
Qivin < 0i < OQimanr L = 1,2,77,n. (8)
HA, Qi Qi K ERBX A H LR G ERD
T A, B SRS 6 KEEA R LR
MELRIAE i s (X PSR RN, A
TARKEFMER)E,F S0 FEERIFE#
THERE MR SR B A A s, R SR W AR X
FUEMZL AB, MERM A X EHBMZ AB, ik
EF T TR MPE 04, OB Bt 1 LR B 54 X3,
s 1 TR
WAL TR 04 K

Ho= git0k (9)
T T2 OB N
H = ggioz (10)
T2, X)) (9 F(10) A7
Qimin =
- a2
max {b;)";“'ln (Cibo:-“;%,;n H") ) \/HEL; X Q;‘A},
i =1,2,>.m
e i=m+1l,m+2,,n,
(11)
Qimax =
min {;iln (Ci ;i Hi) ,\/% X Q;B}
(12)
i =1,2,,m
Qi i=m+1l,m+2,,n.
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© WHELLAR . H T IE TP IR, &
HOKEBA RIS TR AR — M B0 &
H:J:FE%J l,mu Si 6 [SiminilJ-

H A,

M1 EEErESRX

Fg. 1 High efficiency region of adjusting speed pump
2.2.2 fR4Lia) B 4% (Modeling for optimal problem)

Ry IR R H YL R FrE SR B g
BRRIRRAN T, Lo A& RSB LR I
RS /L, IR, AR SCIE /K R LR S BB D e B ME
HAre 8 BB R B i — R E R E 5
IR BEATHY , 58 KW AH LE X SE S VER o i 38
R EARAT , AT AR B 52 B, PR AT B AR R A AR
fllalt . WA A ral s Al R oy R RIS IEACE 1 n
GKEHPHE m EHRER HRNEEE, A
RIGMAUKIERRI 458 H REBE Q C4h %, 3
FOKFERHBRIEITRSGHTE W RS IFHREERN
PR S, B E K REFE R - FH LY
RELQH) FEHENM /). TE. a1
(4) ~ (12) v AL AL @ R R R R

min J =

S[Wi(dOES% + dliois% + dliozisi):l +

=1

>3 IWildy: + di:Q, + daQ)], (13)

’"1 1 Cl'—H
i\‘—’[WiEln( a )]’

imin CiS%min—H /! H }
max { bi In ( a,-S%mjn )9 HleiA = Oi =

(13a)

. 1 ¢, — H H .
min {Eln (‘), E;QiB}’ i =1,2,-,m,

a;
(13b)
Qa< Qi< Qp,i=m+1, m+2,,n.
(13¢)
S € {Simins11, 1 = 1,2, ,m, (13d)

W, € {0,114, (13e)

Hep. W, A% GBKEMTERS, 0.5, a,b;,
(i = 1,2,-,n),d,(j = 0,1,2) 3HIH% i GK
FEHE HE AR MR A BN ER

AR R R — A BB R OKEHBA
BRE) XBEEETROKERR), A ERY
R ELAY R IR 2R E &L R,
MAKREGR R THERA T ERRBEEFE
BARY . T8 R B —F e SRR B & R AT
TRAL T @ o B AR AR dr b AR ML SRR B 2
BB, EARBERMALM SR B xR B R E &
St Al g MR, R BRI A Al
RATRA, LHIE G RGN T X Tk
ARl DR, A SOR s R i oK R R s R e
BRI BCAE R O TR E kA8 R 3T S
BE A SO & SR s 5 B b AT 1 Bl
3 BEMEEZESMEHR (Genetic algorithm

and cell exclude)
3.1 EEHEZEE N (Introduction of genetic algorithm)

Holland F* 20 t£42 60 4F4K 42 1 938t R B A4
PR g GAMY | & Fha vk B 1R 35 A0 1 o M I a
BRI E R, JFTEE 2 G B PG T S A
ERROR R A B R e, NS R A 8
TRAL R AN (6] B9 g A AL ] S 8O 58 S 1R AR 3R
BE , A BEERAG PR HERR Y T IR ACR . A SR A Ial &
A 0 g B R T b s s et b i R b R
B R EE AR IE 2 8 WSt s Xy R & 44, R A
SCHER[5 142t RO BB K ST eR B0 L S o B 8 B
AR K BRI B ARORS R S0 o 501 B 2R T AU B
T AT A, BB R R KA B R
B, A SRR & H bR R (R

1 =1,2,,n.

J=1vallo- 2 wal+ X waol.
(14)
He
Qimin - Oi’ Qi < Qimin’
AQ:‘ = 0’ Qimin = Qi = Qimax’
Qi - 0imax9 Qi > thdx
{14a)
TIAF o BA
o = aiT, T =yT, y€[0,1]. (14b)
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oW Mmoo 5 m A EnH

H: o HOIERERE, y HIREERHISE. WRERF W L 2
A AL R B AR RIEF R A N (17)
pa— 1 = - 7

1) EBEVER AL LR . BNE H pi g B 04T 1Y
MEBERAT —RBEEER, X & (LA
EaREEFHEH AL BN RTR; 2) X
BIERAEREHO ZHHmIE R, 3) B F
BRER AT 7 RN
3.2 FufsFnpeARHERS (Cell and cell exclude)

7E GA § o fkgm it , Al HBEZ Tk HE &
HE WENMEHERBEMA S G EEELSHE
L HIE GA B RS R S Kk EHKZITHE
FRCHBT R n GRENE K2 ), 3L
AR 2 R REE K . T ol B9 L Priz 4T L H IR
BRE A DI JE S R i & b L
FE L FRIE R, A DL SR E Y Bz TR K BALA L B
DIESRYIRREOR B HIL, A9k GA R s
B H5r A EERER TSR A THEER, AN
KE/hGARITTER. T2 (E&9 ARERNEA,
F MR HERS (cell exclude) X GA A8 48 =5 [6]
FTREHE b7

ATt h £ am R ET
KB —FE MO BRR R A A R RLE

EX 1 R332/ EE, HRERET
W BT A R R T S IR SRR IS Z.

EX2 FREEF W, WE 011" W, 5
W Z A RHERARE RS (Z) MR Z ARAE.
2y =, (15)

A SCRALRE A, A W, BRRYAI&KED
TAERS, MR F(Z2) T TR REK.

EX 3 ERE ZASHEREELE, MRt
LI A R

Hor A SR Bodad i s HERR 0 5 23R8 RY
TEA CIRALE B AR, RS HERR ™ B HERR I 4

1) Xt Ftkists (Q,H). B W BToE /Y FFEK
ETKENATHEH T, 2B YEHE 0 1Y
FE TR .M (12) 715, A R E
o] T 2

S WiQimin + E [ Wi biln (
1= t=m+l i

| Wy, -~ W, I.

C,'—'H

i HSQS

!

12

As I

WO + D [W L ( (16)

1 b b
2) %R KGR E S V) SRR D R
AR AE, A MR A R e R ) 77 5 B,

L

!

1

3) AR AR B (Z) < n. B4F, 5
B TAE % B R W R K SUR AT e, B, B A5
f(Z2) B/ A

min f(z) = min >, | Wy, — W, I.
=1

B s HE R 0 28 TR 2

Step | HUffLi2 £(Z) BI¥E AN f(Z) = 0;

Step2 FEMUfRH A(Z) B9 W BYFFE A REBUE
P R EE e [ R (16) (1 W R
AR ;

Step3 FIWTRGHFERER F(Z2) BFE K
. EATHE W F(Z) = (Z) + 1, ¥ Seep 2; &5
WA IR A(Z) AR 45K

B A LR, MR GEERZE R OME
MR, A O e R M — Y. Y AU Y A
f(Z) = | Bf, Rb g5 2 W B BT A o] e BUEL R BB +R
BB/ NIRRT A MR, R ot M e HERR B 1%
FEHEEDT.

T ETE H AR, IR 41 A s HEBR R 4K B A 3K
Ml R BH7E R FERA B ER T BRI ES
REE S/, NEEFEMA KEEL FRRETRS.
XA A 4 HEBR ME TN 1) & AL 98 K (16) B K
(19), 8RJ5 5 FH MR HERR A J7 325 SR BUR R ML

%‘[Willn( (;H)]st

H

t=m+l

m “ - H
}_; uLWfQima\' + S [ Wf blln ( C( ) ] ’
1= t=m+l L a;

0<k,-<1,ui>1.

(18)

¢

’"w
L kiWiQinlin
1=

(19)
HAEERE 4, w WEREZEREKEREBTTN
B 1 M A B SR T E 8 T R HERR , AT AR 215
P fi kR el FNERRE E&A %L
SHURE A RS R AR B & B R BRI IL AR, AT 15 2
HFATRER LA TR TR
4 RS HEBR U B i 18 0K (Cell exclude
double population genetic algorithm)
TEfEGRIEEENERT , RRSARREN
B RSB S B R R AR (R R B TR GBI
SUEEAR A RS REE SHE, AR TH
S HER: 575 SO I N WL RREE TR R HHAS & ML HERR
S B ik {81 (cell exclude double population genet-
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ic algorithm, f&FK CEDPGA).

Horp XURH BE 38t 1% B i (double population genetic
algorithm, {ii ¥} DPGA) Ay 3E A B 2B 2R E Y
REARRME S B TR A AR R
KA THE:. - IMBEETHETERERTN 4
Ffp R, FEF BRI RTRAERN SIS 5
—MREETAET R RSN EHEME 8
5 BTSRRI RE R K, R R
(Kt DPGA feff FLICH RBRTE &% A F LS 58]
D38 T AN P48 2 LA G DR R e T R
RS AR EREER N EEEEREAR
AR ERMIRE 2 GA M9 B A TR B (AU
o) B LA B R AR 77 A 1A Y R B A1 7 8 5 1T ), T
HBHRERMERZEUERERENE P LHT 2 &
1% . DPGA MR HERI I 2 Bk .

B
£ > PR T i1

SERRE W

K 2 DPGA it HER]
Fig. 2 Flowchart of DPGA

B, B HERR SR B S G ROA M B RA

Step 1 & M REHEBR IR FN A A ;

Step 2 W RFPEER (FH L SR &S AR
Fs P 1) S s A A e

Step 3 WS REBER LA L L SRR .

St A SO AR R AR, M SRR f(Z) = 0
i, iR RO A R R ME— 1Y, R A5 3 ) B
ALRRAE R YAMRENKRZ [(Z) = 1
i A RES A N ANEE . HEHFEANSAFFE N
PR RILEE IR, R T ZEKE S
BT R R BB ), B0 450 25 1 R S I
RN 1) NREEREME PSS E T
RABETIHHTE; 2) WRFE BT E
BTSRRI TH, N0 e e 1790 3R 433 T4
FIRERERBRPHTTR.

LHYMWEMRE (Z) = TR REEA £ 4

AMME k€ 11,2, nl, EXEHBRBITHE
HEE TAR(S0 Hz) BT % g ) e AL 108 3 L 19 1 [ & 8,

B=18 B B - Bul
00 i Rk R R L VA R 7 RO AR HE R
& 3 Fs.
A FFIR B B3 A b e B
S BTG, B =1 r=n+1
il # /3 % s 1115, >B, Kyt £ B CON|
W% | <K
LMK F R N | #=CON, JFIN 5 &

T JHEILHIE hE

2)

Y
Litnil it % |

o

B3 AU R BRI
Fig. 3 Flowchart of selection of optimal

scheduling scheme

5 {AE %38 (Simulation example)
BEHERGEEFE EKE BESHA
500S59A,300S58A 1 200S63A B!, & i RIS A5 A B
FHEHBAES A BEAEEN AR EEERE
0.7~1, kB ER. R OBRHE 0=
2200 m*/h, B 0358 H =46 m. HE R IR 1LA
%,
5w, FREEXMMMAKEFSHNER] IR &
KEW R E 2 in (FELEFRA
Boland C + + 15 & #ife, F1E 486DX - 66 PC ¥l 114
TE 45 K 3R B A M Rl il 4R 19 = 0K B o 33 X Y
i, AR RN KRR ARG A
1) 500S59A.:
H = 69.388975 — 1.661942¢% 013390
P = — 143.203947 + 0.511465Q - 0.000137Q%;
2) 300S58A:
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Bow o®m o5 o A 021 %
H = 56.98576 — 0. 58]6e" %%3%0 FEL P HE BR XURh B 35 1 8 1 R L\ A ik o)
P = 26.210857 + 0.173987(Q - 0.0000630°; . BNEE S MFEERA = 0.0012. EBME
3) 200S63A: FREPIRF BRI 2V = 200,P, = 0.01,P. =
H = 60.441692 — 1.281633¢% %37 0.4,P, = 0.3, THHFHMERIWGIEE) 5 1,IBE
P =5.2+0.247778Q - 0.000370". RHIZHE v = 0.998. 45 &4 Mk 200 18, &AL
X1 KEATHEA RIFAR B RTE 20 RBL7E AR AY (+ 1/8) & U
Table 1 Serial number of pumps PER 5. BAR I R FPEEALE 4 200, P, = 0.01,
5 Lk P, =0.4,P, = 0.25.
"o S00S59A B W, = [0,0,0,0,0,0],0 = 1,8 = [0.96,
& 2 300S58A _
£ 3 200863A 0.96,0.90], BHAERMEI IR, HPHELH
& 4 500S59A BRILFAETE.
i; 2 g:ﬁﬁ 1 3 A A, CEDPGA 3£4K78 5 NS EE , B
R E T E(HE 1) N 50089A REERE S
A2 KR A 300S58A EUfE 3R 4 H- B iz 17 . Ho 7, 500S59A #Y iff ik
Table 2 Characteristic parameters of pumps ®: S, = 0.903530,Q, = 1390.154485,P, =
KE g B WIE A 235.604335;300S58A RIfE#E £ . Qs = 807.743882,
BT o/m+h! H/m Py/KW o /(%) Ps = 125.643431.
1500 > 315 74 TERRHME, RER3I T 5N ENEEEH
e ez IhE A AR A, (ELX I A 250k 25 AT LA A 76 5 A
529 53 100.5 76 MSAHREFER - I BEEFE. mEmLE
300858 720 49 118.6 81 ARSI FE S B K |, & I BK R LA B ATH SR
N a i TR FI S TR, B MAS A B LA, A )
200S63A 270 4% 451 75 HHRENERHE T REF N EMEALG S B EAM
324 37 46.6 70 ESE-9: 03 W ek rtu g O
# 3 CEDPGA 7 A% R &
Table 3 Simulation results of CEDPGA
. REFET S —— 2
A
1 2 [1,0,0,0,1,0] 0.903530 2197.898637 361.247765 364.384289
2 [1,1,0,0,0.0] 0.918823 0.968235 2200.118130 361.345824  361.522124
3 (1,0,1,0,0,0] 0.992941 0.990588 2200.307493 369.644064  370.102974
4 [0,0,1,1,0,0] 0.9 2200.201520 370.583542  370.884295
5 (1,0,0,0,0,1] 0.990588 2197.923835 369.099541  372.198055
1 3 B ] 211

AT 8 B B R HERR SRR BRI 1R R R AU
XA SO AL ), IR ) GERE T KT T AR R
HEHF, o3I AES GA S EHER: + 24 GA
(CEGAME T3 HEE58 2B A RNk 4 Fiw.

HiZ 4 TTH, i PR MER S B NEEER
INFR, RS GALERIBER 3 PR 2 X—LIL#E;
S g oA P R R HERR Uy vk AR R e A B 15 A R A
SECR, FTLME S GA kB i [ 81 . 1 CEGA
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PEH - T P HE R AUR B 1 ik 4 S R (L 69

KRR HEER + 145 GA RIS  REAR S H 19 31K 3
PR X —BUTE BELZ TR E T
CEDPGA i< — 8t 3% 2 [H &y CEDPGA 1E4% % I
VTR R AR P R RS R
RRFEAEIE A X UM LAY 22 5 2 R Bk
MBS
% 4 H4 GAL CEGAWF A4 R A
Table 4 Simulation results of
conventional GA and CEGA

RE BN F S N
REBF NS g

5 [1.1.0,
3 0. 35 4 <
GA  0.0.0] 0.918823 0.9682 728 s
CEGA [01'10’(%' 0.903530 417 s

DA b A7 B0 56 £5 52 0 B, AR SCRR 42 U i B HE
[ XURh B35 {4 B B CEDPGA. T &R B & K IE & .
SPr TR BARS . HA TSI .

6 4512 (Conclusion)

D) AR s S s il &K R E
MHER B BERY b, DAZK 2R B a9 B ITh 3 i /NME 8 H bR
B UMK IERFUK RS X B R A H AT
TR R LA TR B ) BB ) F S R

2) B3R SA I AL VR BE o) B B0 B R & 22
T — b TR ST B B R HE R LR B 1L T Rk
1TR% ZEEE SO R R R 0 T R R
AT RELEAL B, S B TR L M R HERR
EARBE , A LB EL YRR TRE RO,
DLE S KRR 8 7 U T R HERR T B A
TR MEZE—R K, KAKE b TR SRS
Ll TREPIKEMRK B E D ER. REHEE
AMMENEAF SRR TITE, BAR
E K R R R AT B CRAM &R
BREITEVER T EBB RN BRMRETE.

3) P BT FREA , 25 SCHR U 1 A B HEBR WURP
BT E B B AER R SO, REOE S R IR S H TR et
RMFE R T E.

HIt, A SCHBF T R XS B R v L b7 12
BTN E TAREABEEFHISE L.
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