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Abstract

Regarding the complexity of WDNSs, the need for computerized modelling of WDNSs is felt
more than ever for monitoring their performance at the operational stage. One of the most
important issues in modelling is to adjust the results of modelling with the real status of the
system. So it is necessary to calibrate the model by observed data. Finding a suitable method for
adjusting the model's coefficients is one of the main challenges in computerized modelling. In
this paper, a modified particle swarm method is presented for adjustment of water distribution
network coefficients by modifying the velocity equation of the particle swarm and combining it
with the mutation operator. Thus by defining the coefficients of the models, four models such as
standard particle swarm optimization model (SPSO), modified standard particle swarm
optimization model (MSPSO), standard particle swarm optimization model with a mutation
(SPSOM) and modified standard particle swarm optimization model with a mutation
(MSPSOM) are constructed. The Rastrigin test function is used for verification of the modified
particle swarm equation and the two-loop network is used for verification of models and also
the four-loop network and real water distribution network are used for detailed analysis. The
optimization is done in MATLAB by combining the particle swarm optimization algorithm and
the EPANET software. Comparison of the results of the standard particle swarm model and the
modified standard particle swarm model for the Rastrigin test function showed that modifying
the particle swarm velocity equation increased the model's ability to determine the actual
answers and reduced the costs. The MSPSOM model finds the optimal answer for two-loop and
four-loop networks with a probability of 96.7 and 95 percent respectively. So it is the best
model among all models in this criteria. Also, the MSPSO model finds the optimal answer for
two-loop and four-loop networks in the lowest time compared to other models. So it is the best
model among all models in this criteria. Comparing the results of the models in the Ahar water
distribution network showed that the modified standard particle swarm with the mutation model
has the lowest minimum and average values of the modeling data error. So it has the best
performance among the particle swarm models. In general, the correction of the particle swarm
velocity equation in the form of the standard particle swarm model, and the correction of the
particle swarm velocity and its integration with the mutation operator in the form of a modified
standard particle swarm with a mutation has a higher ability to adjust the water distribution
network coefficients.

Keywords: Particle Swarm Algorithm, Water Distribution Network, Adjustment of
Coefficients, Mutation.
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Table 1. Two-loop network data

Pipes Nodes
No Length Diameter HW Elevation Demand
(m) (mm) Coefficient (m) (L/s)

1 1000 450 130 210 0

2 1000 350 80 150 25
3 1000 350 130 160 30
4 1000 150 70 155 35
5 1000 350 100 150 75
6 1000 100 80 165 90
7 1000 350 100 160 55
8 1000 250 70
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Fig. 3. Four-loop network (Lensey et al., 2001)
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Table 2. Four-loop network data

Pipes Nodes
No Length Diameter HW Elevation Demand
(m) (mm) Coefficient (m) (L/s)

1 3048 610 110 45.7 0

2 1524 457 110 48.7 44

3 1524 406 100 50.3 41

4 1676.4 356 100 48.7 37

5 1066.8 305 120 45.7 31

6 1676.4 356 120 47.2 24

7 1371.6 305 90 442 24

8 762 152 90 42.7 0

9 305 90 100 39.6 27

10 670.6 381 90 41.1 22

11 1981.2 457 110 442 0

12 1524 356 100 39.6 17
13 1676.4 305 120

14 914.4 356 100

15 1219.2 305 100

16 1219.2 406 90
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Table 3. Demand pattern coefficient of Ahar network (Dini and Tabesh, 2014)

thr) 1 2 3 4 5

7 8 9 10 11 12

DP 064 042 0.19 0.15 0.15 035 0.83 1.22 1.4 1.5 1.54 1.54
t(hr) 13 14 15 16 17 19 20 21 22 23 24
DP 1.49 141 134 1.3 1.24 .22 1.13  1.08 1 0.87 0.74

.(Dini and Tabesh, 2014)

S 5 oY
o=l s e sleane sladae ol Tl s ol 5o
ol Cu s (nswarm) 1SS e s Sl slaw Juls s
S 2ol 5 (Cr) 05 o Curbgn 0 2 e 55 S >
2SS (55 st (C2) Dhd CsB e o e s 3
53 Csp iSlas s (W) S 1SS G s Sls 5 s

J)C)‘).’) L W C)Lé‘kka‘) u‘}: ““i}‘p ‘(Vmax)J\JS:j“

Journal of Water and Wastewater

Ts U T ,nl Glddal Joe 1355500 o35 Ry T JSS s
O 3 S5l Cemdgo Qs 5 Q0 Q) T s 33 (S
Wl 5Lt (g ls a0 ged o gl 8oy B St 5 &Sk 4 (53509
i 5 eSa 31l slanals ol OF 595 4t Gl oty (s
i 35 0 el L) s s 5 a8 s Lt Juls o8 S0t
aSlas S 55 Lad lade o 5laas S T sl glassls
6l s T s Jie Sl sl 590 VA sl s 4z YY
Cola gl o Viladd s ol oz (o0 slade o 5l s
Gl ad, LS slis adies )4 s gl 550 ) 5 Joe
¥ s 55 oapa ¥ g 5 YV 5 Yo 08T slon S uls e

Vol. 30, No. 5, 2019

VWAA Jlo D oslads Yo 5y0



dx.doi.org/10.22093/ww;j.2019.142659.2727

o Mol Sy dzs piy 85

LS e Ol Joe oy a5 N /YO 4 V/FY SIB
i OBl V/FY LB oo e 13 o «ly

o) 55 S Cd Y B v ey 50 SPSOM o s R,y
Y JSCs s gl aadasls is o/ 0P B e o o Slude e
el sad 03 4]

Sl e Dl 4 O o Y S s Ll
sl /oY G is 5l e £ Gl L SPSOM Ju
£ 6l e s s ppants el B 2018
il gladas ul o b samme so il o /08l e

R PRI QL.L.V ¥ d}.\? BE)

1 -
— —e—100 —m—200
ST
b
o8 -—-/.\-\-
<
£ 071
2
=
@ 0.6 1
s
o0
£ 0.5 1
=
|
= 04 . . . .
1.5 1.45 1.42 1.39 1.35
B
Fig. 6. MSPSO sensitivity analysis diagram by variation
of B

B ol 1is LMSPSO Juo Cols Lo Sls 503 -8 I3

1.0 A
—e—100 —m—200
§ 0.9 1
5
Z 08
=
<
=
E 07
=
=]
% 0.6 1
on
£
E 0.5 4
=
0.4 T T ]
0.00 0.02 0.04 0.06
Mutation rate

Fig. 7. SPSOM sensitivity analysis diagram by variation
of mutation rate

é;;;\m,upSPSOMJMQ:NLM;J?L;JJ\;}A;—V‘}SJ

Journal of Water and Wastewater

sl (Rim) Sl5 g X C) sylastead Sl 3 ars r:..“)}ili
£ n_swarm le> 5 Ol 3 aus f":'“’f'” el o 5l galass
(Sedki and Ouazar, 2012) ¢slgiey pslie &ygoas W 5Cy
ol Sl Lo ol o Ll s ad @ S ks
ot Jgma 0k Vo (g5lodng glodae 51 S5 picsl il i b
Shis g Dl O g 2o YL el 5wl
3 Vol Ol slass gl Canlis Lo oul s (ol o
5l S5 s Jatn ol ot fs o o] ¥+
S50 S s o Sam s sl S22 51
FEO AT NI PPN VP IOX ST JU0FS RGIN IRV I
aS a0 olis O S 55 b ls sed Dl eds W55 n Sl St s
St 5o 5y lailind S5 s Jan il sty 51z
il s oS iy s iy ol 40l il 55 Wl
o=l 5 a8l Rl g Ol 4 oy slasl (s e iy
25l g oy Jlake o 2 4 VY ol S s ey 3 50
PRWIPRCVSSNPTIR SRS PEro vl | v RCPRVGH | P AN

i O] ety a8 a5 gt VY

—e— 100 —&— 200

Finding the optimal answer (%)

3 6 9 12 15 18 21

Maximum velocity

Fig. 5. SPSO sensitivity analysis diagram by variation of
maximum velocity

s Sl Dl 5s5 L SPSO Jue sl Lo s 5 -0 S

Cly s MSPSO Jis ssbws sy s gai £ JSE s
Bt sl il s sl L3 B it | i
e VO L V/YO oy sy ol oo S ol VO LY Lyl
i sl
N/EY G0 IP s a5 L5 IS8 s Ll

2 e el 5 a8l g Ol 4 Jae g 2o

Vol. 30, No. 5, 2019

Q

VWA Jlo o bt Fo 550

oy



ar

dx.doi.org/10.22093/ww;j.2019.142659.2727

&2 S0

F33m ol o5 oS iz shass L gl gl S 2l s
Jos ool 5i2e O LY sl gl Jlo sbay ol (S
L«x@"lﬂ\mr@\“ Vs begme jsba Vsl b s azes
s Jao 55,5 a1 oly Sl Jsta 6120 515,50 ¥ s
D ot s (b (1 0V0 s Lo by ¥ e b
Sl s g 3d5m cal o ST 1 (831 Sl Jgme 12
C)L.a\‘twﬁ.@_w\;ﬂ.iﬁ)w‘wa:ﬁmijp
Sy mad 55 Jooe bl i3 anis &S5 S e dslas
ol el Sl 4 3n 5 215801, a8l
bls—0se culis B s ead (B e bdae LS
o Sl il 53 Kt 53 B S I E )50 LSS
e b sl bdas 51 S a was el sbadas 1S
oM ot Jlael S5 Yoo Jan szl 5L o s it ||
Jie gl bl ol 53,550 & U s s el
Cily Mo ol 80 5l sy B8 s s luiliad b as
e e Lotz 53550 VY o5 uSThay 1) e sz
T 1o oty oy 4 ity (6 28105 5 Bl o s
o) ol agzo el B 5V e ol Jie cpl 3850 5]
Rl das gl olas asze gAY el G il
S €5 lend S s Jsn < pame s Tl 5 ST
S5y 1 i oS o S sland s 518 1S e e
IS i 48558 s (o e Ol
o=l s 6l el sl Sl s r’“’ﬂ WS
et 3l sslizal e st sl Lilisen sl ISal, ISt
Lol ador 51 Loz, s slo Shos pinon 5 (S 5
adsheanladslenig S Gy GResgy ol 0 il

S s (g 5letig o) Sl o =¥ Joar
Table 4. Particle swarm optimization algorithms

coefficients
Parameters n_swarm C; C, W Vmin Vmax  Rm
Value 200 2.0 2.0 0.8 -12 12 1.42 0.04
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Table 5. Performance comparison of formula 2 and corrected formula 3 for the Rastrigin test function

N SPSO MSPSO
3 5 8 12 3 5 8 2
1 88 5000 5000 5000 200 315 749 1982
2 86 150 5000 5000 220 699 1275 4293
3 51 5000 5000 5000 234 548 1422 2846
4 81 626 5000 5000 156 670 1437 1852
5 146 4237 5000 5000 357 344 352 1732
Average step 90 3003 5000 5000 233 515 1047 2541
Average(f(x)) 0.00 0.40 2.18 5.77 0.00 0.00 0.00 0.00
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Table 6. Summary of model results for 60 consecutive runs (two-loop network)

SPSO MSPSO SPSOM  MSPSOM
Number of consecutive runs 60 60 60 60
Number of finding optimal answer 46 54 54 58
Minimum steps to find optimal answer 10 14 13 12
Maximum steps to find optimal answer 61 105 132 169
Average evaluation of the objective function 13000 10200 11200 12800
64.3 48.5 52.9 61.1

Average Runtime (s)
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Table 7. Summary of model results for 60 consecutive runs (four-loop network)

SPSO MSPSO SPSOM MSPSOM

Number of consecutive runs 60 60 60 60
Number of finding optimal answer 29 46 54 57
Minimum steps to find optimal answer 23 29 37 44
Maximum steps to find optimal answer 61 132 326 393
Average evaluation of the objective function 45000 27200 42000 42400
2244 132.1 204.6 207.1

Average Runtime (s)
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Table 8. Classification of HW coefficients based on the pipe diameter and age (Ahar WDN)

Diameter

Order (mm) Age (yr) Categories
1 20 0-10 A2,D1 A2,D4 A4,D5
2 75-90 10-20 Al,D2 A3,D4 AS5,D5
3 100 20-30 A2,D3 A4,D4 A2,D6
4 150 30-40 A3.D3 A5,D4 A4,D6
5 200 50-60 A4,D3 A2.D5 AS5,D6
6 300 A5,D3 A3.D5
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Table 9. Summary of the models results of the Ahar water distribution network

Categories ACO SPSO MSPSO SPSOM MSPSOM
Cl1- A2,D1 72 103 115 97 115
C2- A1,D2 108 92 93 101 95
C3- A2,D3 115 115 115 115 115
C4- A3,D3 92 92 93 93 93
C5- A4,D3 88 87 87 87 87
C6- A5,D3 106 115 115 115 115
C7- A2,D4 99 103 105 104 104
C8- A3,D4 81 115 115 115 115
C9- A4,D4 89 97 97 97 97
C10- A5,D4 108 115 115 115 115
Cl11- A2,D5 113 115 115 115 115
C12- A3,.D5 79 81 81 81 81
C13- A4,D5 87 65 64 65 65
C14- A5,D5 64 60 60 60 60
C15- A2,D6 111 109 109 109 109
C16- A4,D6 101 100 100 101 100
C17- A5,D6 86 85 85 85 85
Min model data error 2791.42 274276  2742.23  2742.55 2742.14
Max model data error 2807.64  2759.13  2746.44  2746.90 2744.53
Test data error 774.97 777.84 777.61 777.95 778.03
Journal of Water and Wastewater ONSB 5 o dlxe
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