Yol
SB g ol cblis glayiag s &yl
IR0 oy 05lond cogmw 9 Comy il
http://jwsc.gau.ac.ir

ST ol S $lod SO 31 ding? (5518 0 36
(ABC) (5 guco Jus s 590 ) axol> mis 59531 31 o0liiul b

" e ladl sans 9 (sol s sage” | o 9SS ol ol 4
b o823l o e 5 poke 03 8 Slslial o sde S5 oKl ¢ T (slansla S i)l ol )IS aa gl 2315
L ol MBI s sty ke Dl jas g 2] b2 )lST
QO/E/YA 1ty g 6 £ AE/8/0 22l s s

S

e L3 aol s Sleay SlaalSasl 3 B rae (5550 o 3a sTelo e (211G o35 el ibaa 5 aiil
Fros S Olpear 3 Az Ol 03 e e L3 ol Ul bl S lacay 51 Ul e e
Sy S 13 o Sl ol Joddly s Slay laelSins) 51 (ol 53 Sl a5 5550 sl HAs%
03,5 Srasls 5 by 4 el ssd e oMol 5l oS (L 5w Gib oSl siate 5 3l s S s
b el plals AS e et st 4 1) 0L5 Sl L wuge 2 s pl bl e iy
S G Jole o Fgn ool (lo3lIG 55 ol S5 55 LnolSamsl ol 31 (6l 0 ooy (SlaelSis) s
w2l E ) OBl pl (olwang LGS Sl ealinal AL o bacaay 3 Sas o Glaay Glaptonn 55 45 2
Lyl p5 53 lacaey Sl eslinul 31 oy oman 5 0k oS Sles (slaessd 55 ey Sl ang oaS L G 55l e
S alles b o sl SR nl 03 e ped e 1y Sleay (B ae (6551 4 3a (ol O b (510 e
e Sy amelr (S0 Ol o s glaysa Ll Sl 4B Seldl lagn, S seb s gl Sl
A eslal (ABC) o suas

Sl sSa s jho polie I glandy O goas g SOl uls e e wls ass pl s i, g 5 g
oyt Slod o5 S 3 gy O D3 sl b ) Candy and) cpl slasls 51K a oS A iy s
AE U S s o iy p e e les O pots ey dug (6013 0 e b s s 5 das OLES I
Jls 1y BItABC) (S 5 jio o imme by sl o2l 1 e (loind —(loting oo S
oo L MATLAB Lo 55 a5l anel> {,.:_Uﬂ\ Jde cpl 53 ad Gl ey augr 015 10 0 4ol cpanS
Woge wlp el Sl e 5 A 520 OBl 5 el 35l e e Olgeas EPANET Jue S5 0
5ol e e aep sl 3le Sy K s sk s S eslanad s o Jlsl wble 1 gols e 4
Sl e, Gl SO L ol sy cpl o aig ol S e 3 S s able Slacwy

mehdibahramil2 1 @gmail.com :43\e J yee *

Yo



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

4 S do 3 VY i (615 0 0 Sl 53 (6550 a5 s 35 dan Culey pes a5 sl 0L C,LJ aasl

D0 S el 2 Sol Ao 3 A s 50> BitABC (,.:UJQ\)'\ oslatol pioman il 2AS S8 ()l e e
slees LPSO p-:i))ij\)'\ st opl s edel Cowsa Gl ag e S IS Slees L-PSO {,.:Ujfl\

21 Fomr o3 ¥ 2gd 2D e

Sl o g Ll e 5 i sla A C,qu_,aJM C‘JM‘ S12 o g Ao aol n aslis :dﬁf‘wﬁ,ﬁ

.J\J QL:..: \) JJ\A JL‘}: 463\9

EPANET las slaolKans! (oo suae 5505 arel V":“ﬁ‘ istls slaoly

g8 Sl o mis s el saalile slac
s bl Olpae s S culadle 5 el
Mool o S Cglare 3w | Q\@;}T
b Olge 1 gl om Gop Llpds Lol
235 St 5258 5 Shamn s $20050
O5 ooy 5 ylas SsS sk O s L;.j
5 JSe ol el (S e Sl gladd s
5 VAN O 5 sy s (V430) Ok
SO 5 Ol 5 K5 Sl (TeeY
Silwiag 8l p e g0 anslr (Giluaig o) Sl
G [V P = VRT3 EyT VTP e
3 o,y O A & 0) WS eslatal 5k
Silwang ¢l PSO ﬂ)}g\ S (YeeA) SLasl
Slle g oy slaolKasl 51 (515 00 sl
sslinal s el 4 O3 de ol Jlsl
Jsb s 55 cwd L) faass 55 (M) L3 ges
Slss g edd a3 § 5 3 cub il K
e 4 oamg b OSs Ob 5l bld el
son 2o Sileang s o s Doy
al Ol dae 53 omed 35 alwse 0L
Tl e Ay K D st ey S S0
aseia s oy A Sy o3 45 Sl odd i yaS
Sl S5 e S5 (V) s e Liled o
Il sloles oy slaelKansl (5513 0 0 (S 3luiings

wi

Aolo
Solope g Sbauy Sl xS e

4 by Ol 835 5 el Slaptes WYL
laas a (3l Pl Al o iy 3 605 2o
Bim 5 cnlin Sl L OF 0l U el (15 0 56
$Aa0bes slaasl ool CGoda O3le &l 0,53
Slas laelSansl 3 ok U3 350 AL lay
Sy Sl b e, Gl el el s
5 0pS G oSl iate 5 30 3 gy 3 e
3 o el spd e el Sl w5l
s oy ol bl ey 005 Al
plale LS o s V:m:.wnt.gb b3l slaay 5o
Sl et Sy SLelSis) s Ak 2 ol
Al e oI el gl 5 LaelSausl ol
Slag St 3 Shas 5 IS 6 Lol o 5ege
A Okl 48 ol 5l sl e e 3,Shes o g5
e cplply Gl e Ciliis o o 5 g
A 3 el Sl ui S A=lg )5 B ye (5
5 Sl gline Slay il gla s 4
S wS S S 4 bcws LU OSGYI o
Oeomen LSL Jlb s bl Slas S
S5 Ogm oyl Gleky Caenl Sl auOb;
ool Cgline Gy alid Cilises Slela 5 8,0 el

wag kOl asl v il oS cnl ol Cusdly L(A)



Olye 9 (JoSuiS ol 0l 4

g, 9 S0
il b ass nl s g5leane 255
Lol dusl sble G s ey (6005 0,40 4L
ol o3 a5 5 e g Slay sleelS|
Siselt L) wlile slacas Cunsy allas
Olpsn wsle Y oy o5 K s (ol O35
o b renl s A B S S s st (gla e
cosS Sl s el lagin coale o
A el " S5 a0 Jiles o35 BitABC
wo SIS s e 05,5 BItABC =, S
O 5 L5 v i b8 L (pdsl &8 <l ABC
Stle ool = By el eals axw s (Y00 8)
og0 53 Ol Culs e 5 ol by )5l ABC
(’:‘Uﬁﬁ‘ gl o2 (V) cd e (gt Jlesd
ABC o2, S e g gmiter ol (6 o alai
o) il gla Slas Sl os 125 adal, S L
ae ddr eyl sld S (S

By oo e il b Soglp ol

Vi ZX@/A(%‘ &(x!i | Xy )) M)

Jii ER) Jﬁw sdaasolis "A" ke ol S
Sy o Ses edasolss "&" cudle Mxor"
S o Sles skl " codle 5 "and"
sde S @y bl Lol ABC s aisb s Mor"
e gle sl 5l =) ) ol Rk
53 bl i e J S Of b g oy Gl s s
SN s S @y L BItABC (o, S
i b e S pl 5o kS el Y e sl
VL Ol esls cod a1 Ol e o (5l L

syt JES 05 g By i &

™

i

| rand(0,1)<r
| 0if rand (0,1)>r

Yy

ola (V) 3 ge0 eslanad 5l 4 03355 Aw g_.JT
il (ltig w2 S () DK
Slacws 3l ls po e 4l (iluang Gl a5
Sheslizal a8 Wsls LA 5 Wi sad eslizal ame 590
ol e Gl b a4 a9 lacws
Sol> oty Aty by B rae (550 A sa Ll
(V) das Ll

Glaosds amlr (S gladle s
ssbs S S Olpen (ABC) g san
s L UKy s e ) e
loosss k) S e, Sl Lol s S Ll
@S el G s e aleld s Jes
(Y200) B8 Ja s b sl s, Sl i
Ls ) gode ileang flw il Gl
55 et Jlesl L (YY) OLas 5 0Lals .(F)
!y 1, DisABC {,.:Ujfj\ ««Js ABC {,.:Ujfj\
" s A el o b aenS fles
23 GuS J,.<J.«.¢ Jls {,.:Ujfj\ el o sl ann s
ple 2 ) s ol ol SO L a5l ABC
Sl sl 30l (S5 e slals gl
Pl L (YY) SIS 5 Dl ol s 3l (8)
4w DE 3PSO S 5 i slag Sl 5l 55
Sl b 1 ABC 5l Ks "S5 i
L3 505 41, normABC 5 AMABC BinABC
V)

axalr o, S35l eslinal L5l a3, 5l s
2SN s Ao flas ohs e b
(Lo Pst b pd)) (ol oo g 0o (Solwang
Sl I Sl Slay e 53 35 50 Slacey |
3 el oDl B a5l e 4 03350 A

Jﬁ&\bgwéj@jﬁwmdw

1- Artificial Bee Colony



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

5 A Oy s O o gl D) olSa!
9 (HSst) (a\ t u"L‘J 0,85 > (oK.:.w.i\ )\ J,.S

ool 3 HED Slas s 3 2550 slacil

1335 o menS
H,=HS 6 +Hf, )
m(s) 1.852
10.68L] 2, O
Hfst = D5 C v)

s Jsb 35 C 3D 3 LV daly
Ao g gl Op sl s WS RS Sl
Al a8 cl Bl S Slay o Qu s oK
b 5o ool O Glacy Shoy o5 4 5o
A 2 S Sl S (-)'Y el iy g Sles
B S L S IR S RN
Al e ol Slas gLl Sl ey e
3l Ul ol S oSl ey gl S0 b
=BV 5N gladal) slbe 55wl Sy e 3
Glwans Jsb 53 plal ol 5 el Slay 03
t by s o 5s ool o Hy 5 Qg eolie
adaly 53 Olejen ssbas 45 Ll o dle (5 in
gl g esdle S Gl ey aasiie dilas 5 7
Pl 5 e (23 5 b 3 () Sy OLel,
el Slag
0,3 O3 giludde jo oS Cl S5 fﬂ
Gos Sl 5 Bl a3 EPANET2 Jue s
L oS ol OF ol cpl s a5 as Blod 055
e Jhe s Sl 5 Bl 553 05,5 bl
b el maly S LBl s e sl S
355 S5 e 53 3 Sl o3l S s S Ges
& Sl 05k Sslegl ke EPANET Ju

S0 4.‘.1; .la..ﬂj.? ol Jf@' LS)‘JJ'.mJ@'i ML:J.:

YA

EPANET Ju S 4 o8 sl is5leand ko
Claseie dan jste A3l e s, 50 e |
Ojlbe (Nl bl lasiie o 5l 4K
S Glawy Clasie Al 3505 Jde 55 LKL
Jle gl ol 0oy e 53 SIS owia
b e R G ne polie lomen AL Cd &S
0 G5A Cwed Ol s Ry 35 Sl
3.3, S i m Jde gl sl Cales Slela
£ e Sles laelKansl L of Jis! bl S
O3 S5 Ol peds e 5 Sl Bae 5
ot Gk Sl ol pe,e s 2 e
Solwans e 5l eslinal L. gd oo mnd (5515 0 g0
23 Rl b Sl e S Bas 5 agse
12 gt

st m(s

) K
EnergyCost = Z Z(E_y.t xCE,) )
1 t=1

s=1 j=

E P xAt

sjt (i)

sjt =

Qs'Hs
ngt = ng
e

(©)

sjt

JS Sles 550 auss Energy Cost ol 55 o
Gda &S Col Jbisyse Sley e,y Jsb s e
et 5 Qge Pyt Egt ol O @S Jltie cpons
Qedily 5 (23 ¢ B pas Ol (b pan 550 o5 5
5 il ol t Sles 3k s ol S ool ol ] ay
2 SOS G5 cele Slsks s cws CEy
o3k o3 ¢l S oS! Sl gl H el t Sles o3
Ly slas M(S) ¢ Slej o3L Jsb At ot Sl
S s ool slaesl sl Ko oKl s
A3k e ey GlaalSan)
Sled o3k o3 ol 8 oSl Sy plis,l 0 alal;
d_i,;l:m\ da Ol slis 4 a5 L Hy) (Q\ t



Olye 9 (JoSuiS ol 0l 4

Sybe B 5 Ges 258 Olss o o 50
0> edd o3 Ol Ges 8 XS Oy A3
Ll e sl 4 Cand oy lesl s Ol
2 el L olg e 1y bad ol sl asls ials

HGIVPY

5 ol od sbme Sl plis)) Hinak «0f 55 oS
5> 2l otd e Bl el Hiink & O35
092 Ls\.,\:.:‘ )Jkufu: DL EJT&A&HIni’k (.k Qj.>v.d
Ol ik Oy Jtls O Cw,\Hk‘,wuﬁ%
sy 1y Bslas (s ,slas BitABC {,.:Ujfj\
EpY ul-yb— E) Q"j'ﬁ) CA:MJ) M LSLA).::L:A
aajf&awbusxéj;ﬂﬁolhnwﬂi;ﬂﬁ
pled Gl P O IS s e s s
O b ) .:.sj_f&a dowl>ee o sla e
s opl by (A3l o il files ¢l BitABC
Aol Oy pmds Bl @L? 4 odeg 03,5 bl L
S le Sl Glas gazme O pot (S5 b 4l
(Las o g | ey Sy xS &S J xS
EPANET du\«d B JEJ)‘)A 4"-’)§ Ls'iﬁjj)“
dda CU )\J}.ﬂ e.,\.:vrnja.\j JJ;.\S J,.:;LZ.A st\m
153 S o awsls 5 alal, 5l (Fitness Value)

FitnessValue = EnergyCost + Penalty 1 + Pendlty2 (1)

EPANET Jus Loy :(Energy Cost) 551 4y 3

o ph dsle Sl a8 dls ites O p0n
55 g oslaal Vel SIEPANET Jue s (65 5

yva

DS 353 ol Lules S 53 AS s s
Law;\z,\pxg;ti&)&;'-%ga\ﬁg«{@l
S e 4l e i Fonds S sl
2o b edd oot wel boedd (giluas
b Soleaig Loy bl 5 25 o Iy oy i
O3bs gl s cpl 5l Sl (gl S o Jrss
ol iy a5 Bl e ST g Bl Ges o
al illas E:BJ (e &S 355 o odls o3l=l
53 o80T 5d (550 S B g edd frand
L Bl 5l a8 S s O3k Ges S s
S s b clite (3L 038 sl STas
day o B @U dowl>ee VKLA 53 by e S
Pyt
$3betiogy dlos 558 5 Bun Wb (ool (gl e
Ol Pla= @y p 3550 Jls BEIELRYY @L?
2y daald Jgb s Jaas 51wy Ol
O3 Pl 5 ey Conds predd Sla it
il Slele s oSl A e Slace
odlee ol glacossts il e a0l
A3 ol A g e i 53 53 Olge
4 by (SIssdes S 5 Cansimly S el
$3A Sl 050 5 (Ko 056 gz e slac
Giloand Aol 3 3 s Spon S il e
syt ey Lol & 0T 1 350 e Bl
I 5 Bsb sbadd Cole, b llas § 515 Il
© s Ale O Sl A oleand
S Ae el O Bl s A s g O
D dal gt S ol

ol 03 s 4 b e Ladd Sis i
dob 53 O3l Ol Ges & S 0 Ol Ladd o
S b Sl s Bl 5l Ll gols e e 000
S GRS P Cer L3 s S Syl (55

.,\.35 é)\}ﬂej.@.z 092 6@‘ L QJ,>:A g)J..JG ‘-5.“2-



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

Slp eddag 5 slS dde Dl i) S
Lol 5l augr (5ol e g 0o Jenllysins s
Jde ol L8 bl a0 Ol 1y Jlste Slay
BitABC o 8l 5 Sois S s Gl
Gilotse e il MATLAB Los s
53 A5 o33 as s MATLAB Lses 53 s, e
e s S (St oleand Gl Je ol
S i Gl sy (Sl b el
Sl 5 el 3 51 a0 Ol seas EPANET2 Ju
L 5 odd 5,05 MATLAB L. ,s (DLL)
Bl s oSt Y Sl Gl
Slles Gl o Gilatgy Jo 355 o Sdssien
A osls ann 5 |3 o 53 el S5 gbudse b L
i Ssoke S s L MATLAB L s
3,8 Gl
055555 dew ol JUE! Slile 5ley sbaelSany!
St b 4y 033553 A 3L T JUSl 1 8 4
Rl ol glaanza 5o ssd e plnil Sl L
OB ot S sladbl S L - b
Sl peskS WY Aol s O5ass A b s
Dsdes WYL S ead Sl s el
S LS o ol ) i 5 o T e
Sl s O caSlame Osakee YV o !
Bl St 3l kS 00 Aol s &S it
i ed a a5 oS e el sl
(Y 52 25 0

EPANET Juo Soled Ko 55 ¥ K
OLE 1 833008 e 3l Sl et O Gl e

..,\AJL;G

1- Dynamic Link Library

YA+

wS Gl gl &S sl >~ Penaltyl
A 53 O3be e o> 5 ST 515 51 s 4

Pyss

Nt T .
ZZ(HHLL _1)2 v Hli <Hmin,k
Penaltyl = a x4 £ ! ' (\+)
H, t
: vV H/ >H

22 G

K=11t=1

max, k

O3bee S sl Np oy ojled kol s oS
sleosl S ol T 5 Jlaisyse Sley o3l o )led t
ales O3le 5 O Ges slis & ol Sl

Py
Odel 3y a gl S ol Glaay > Penalty2
ke Goe 25eS 3y e a8 S a3 Ges 35S
o095 slenl 5o Glo 2t d O35 Gas 35S 5l o
s el 36 ey gl s 0T Gee a4 o

15 g oo dnlous
N
Penalty2=ﬂ><{z(ﬁ7fk_l)2 \Y H}Z“<Hmi‘k} ay)
K=l ’

Sie il e de oo B 0Ol s S
L s e b eslizal (a5 el cul ol
S gl e osie e B 5 e
dpbgn Lol opd 8 S 55 S S Lol ol
Sl w2, S by el sy ol Sl
53 Sz e o B30 03,5 Eale, 1) ab g e
O s oy b 355 e sl Lp B S
A Sl Sl (e oS o e oSS S )
Lo (et OISl 2l J 35 5 Sl 508
Gle sl 3 ol s ag Eb @l s S

EPWAEPRE &.)}ﬁ‘



O)Sed g (JoSuiS ol 015

@ BitABC (s ¢!
BitABC Algorithm

(3ol (5o ) sl abin ol ss
Random Determination of Sources

BGus 2l awloo
Objective Function Evaluation

P

| (Employee Phase) f":c"““ sl 5 lz]t - EPANET2 Juo Lawogi (Sl e an38 Julon

| Hydraulic Simulation using Epanet2

v

| (Onlooker Phase) Ll (slas55 518

v L | 2ol Bos g Bpae 551 anje Lslone
_ . 15 1 0 40 0,90 Slej sla oL 4o oy
| (Scout Phase) Sialing slo,gs; 51 |—>| SR 257 (ST SRR ® 0
hd <+ - Energy Cost and Reservoirs Water Depth

Calculation during operational periods

L

I
I
I T oo e
I S oz 3 slaane = Bas o5
I
I
[

Sl 7
focd oles sl
iis equal
max-iteration?

O sl 513 5l Jgoe
Objective Function= Energy Costs
+Reservoir Water Depth Violation

Penalties

EPANET Ju 5 BitABC S".")-"{" bls,l o o6 — g 5lwang Jbo Oyl 5 -V IS
Figure 1. The optimization model flowchart-Connection between BitABC algorithm and EPANET.

14 -
?&)4
Elevated
7] Reservoir
8
u _
¥ N
Yol
pl 3 - Third station
§ So WS Reservoir
e ¥ o]
R1 i} T2 T3 Dorudzan "y Second
! " 2 — - 25 .y’ Dam Fofoany station
- e
5 )
53 . 1 e
Y o]
First station
Reservoir :%

At ol b e EPANET i Siled JS3 ¥ IS5
O3oaps e 350t Sl e Gl b Soled IS -Y s

Figure 3. Schematic diagram of the Shiraz water supply Figure 2. Schematic diagram of the Shiraz

system from Doroudzan dam in EPANET model.

dewlses Ll Cﬂ\b\ Glas oS! 53 (55
SSosbe il e (SOl G5 cwd
5 Lok (olaS ey Vo4 jasald Slela
Clite 0)95 pa 55 B Ced 5 odd e 0L
e gl oLy Jiasy ol s o
S S5 A Sl Al 5 Sl
2V doder Sppon 655 e ale L
S5 Jaw ste 4y sa a5 ol S5 LB s 4 S L
A5 b W Ll Ghagn ol s (S

Al a4 S

YA

supply project.

0li 4y Glwang Jie b bl ol
srse Sy Slaolaml J) ane )50 e s
S0 et s 03353 w5l Gl oA
Sl 23S R s s Jsene S
5l ey 8 St e QUL Gl s
3 oxes sk 4 JWEl e Sl L
gk axml e (Yoo A) L2
2 S GA ced sl SR
gl ycd slie jaalls il glacell

sbaayp gluang 0851 o Seee 51 S5 oLl



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

$olin 9 GoLOLe (5,LpS slae,gs 5o (Jb)) (S (6551 Cond gl Ll =Y J gt

Table 1. Calculation of the electrical energy price (IRR) in periods of low load, medium load and full load.
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Table 4. Total cost of energy in optimum operation state (obtained in the best model run).
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Table 5. Comparison of the total cost of energy in the optimal operation with non-optimum operation scenario.
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Figure 5. Changes of water level in the main reservoir (high reservoir).
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Figure 6. Water level changes in the reservoir of pumping station (no. 3).
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Figure 7. Water level changes in the reservoir of pumping station (no. 2).
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Abstract

Background and Objectives: The optimization algorithms inspired by honey bee’s social
behavior are among the most recent optimization techniques. Artificial bee colony algorithm
(ABC) is one of these algorithms. Today, considering the dramatic increase in pumping energy
prices in water conveyance systems, problem of optimal operation of pumping stations is one of
the hottest research areas. In many pumping stations there are no specific guidelines for the
operation of the existing pumps and station operator acts to turn on and turn off the pumps
based on experience and need will be announced him. This traditional method imposes a lot of
extra cost to system. Therefore, in addition to proper design of pumping stations, operation of
these stations is also extremely important. The most important factor affecting the pumping
station performance is the performance of the pumps, thus pumps should be used as much as
possible in their maximum efficiency.

Materials and Methods: In this research a pump operation schedule is represented as a string
of binary values with each bit representing pump on and off status during a particular time
interval and pump optimal scheduling problem is coded as a problem of finding the best binary
string which results in the least energy price. In this study a Binary Artificial Bee Colony
Optimization algorithm based simulation- optimization model has been developed for optimal
scheduling of serial pumping stations. The model integrates ABC optimizer and EPANET
hydraulic network solver in MATLAB software. The proposed model is applied to find the
optimal pump operation schedule of Shiraz water conveyance system from Doroudzan Dam in
an ordinary day of the year. Then, the optimal operation mode on this special day was compared
with a non-optimal utilization scenarios. The average cost of electrical energy was considered
equal to 275 Rials in this study.

Results: The results showed that having regard to all the constraints of the problem, the energy
cost in the optimal operation was 32% less than average one in an ordinary day. Bit ABC
algorithm also caused about 8 percent improvement in optimal algorithm of -PSO with the
general neighborhood, but the cost of response obtained in this study was about 2 percent higher
than the -PSO algorithm with local neighborhood.

Conclusion: The comparison between the optimal operation program and the previous
researches results showed the model’s abilities.
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