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Application of NPSO — GRNN in Urban Domestic

Water Demand Prediction

LI Wan - qing' WANG Jing' MENG Wen - ging’
(1. College of Economics and Management Hebei University of Engineering Hebei Handan 056038 China;
2. College of Civil Engineering Hebei University of Engineering Hebei Handan 056038 China)

Abstract: this paper used the niche particle swarm optimization ( NPSO) global search ability to opti—
mize the spread parameter of GRNN which improved the general regression neural network ( GRNN)
performance; then a urban domestic water demand predictive model was established by basing on
NPSO — GRNN. The results showed that NPSO — GRNN fitting and prediction average relative abso—
lute error of Beijing domestic water demand data between 1988 and 2012 were 0.72% and 0. 36%
respectively the fitting and predicted results were lower than the result of BP neural network algo—
rithm. NPSO — GRNN algorithm can be better fitting to the trend of urban domestic water demand in
Beijing City it has higher prediction accuracy and generalization ability.
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Tab. 1 The related data tables of urban domestic water consumption in Beijing from 1988 to 2012
/10°m’ / / / /
1988 5.09 650.0 151.88 7.17 1 437
1989 5.14 664.0 165.22 7.45 1597.1
1990 5.86 798.0 194.55 7.72 1787.1
1991 5.66 808.0 261. 84 8.01 2 040.4
1992 5.84 819.0 314.52 8.31 2363.7
1993 6.26 831.0 412.90 8.51 3 296
1994 6.73 846.0 560. 20 8.73 4731.2
1995 7.05 946.2 788.40 8.87 5 868.4
1996 6.99 957.9 999.50 9.17 6 885.5
1997 7.56 948.3 1218.00 9.49 7 813.1
1998 7.87 957.7 1 458.70 9.87 8 472
1999 8.27 971.7 1 693.20 10.43 9182.8
2000 8.49 1 057.4 2049.1 11.5 10 349.7
2001 12 1081.2 2 484.8 15.4 11 577.8
2002 10.8 1118.0 2982.6 19.22 12 463.9
2003 13 1151.3 3435.9 19.71 13 882.6
2004 12.8 1187.2 4092.2 21.49 15 637.8
2005 13.4 1286.1 4854.3 22.03 17 653
2006 13.7 1 350.2 5837.6 23.65 19 978
2007 13.9 1416.2 7 236.1 24.77 21 989
2008 14.7 1503.6 8375.8 26.9 24 725
2009 14.7 1581.1 9179.2 27.69 26 738
2010 14.8 1 686.4 10 600. 8 28.94 29 073
2011 15.6 1740.7 12 363.1 29.38 32 903
2012 16 1783.7 13 669.9 29.26 36 469
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2 NPSO - GRNN  BP
Tab. 2 NPSO - GRNN and BP neural network training results and their comparative analysis

e 3 NPSO - GRNN BP
/10°m P T 3

/10°m /% /10°m /%
1988 5.09 5.11 -0.392 93 5.1 -0.196 46
1989 5.14 5.12 0.389 105 5.2 -1.167 32
1990 5.86 5.80 1.023 891 5.6 4.436 86
1991 5.66 5.81 -2.650 18 5.76 -1.766 78
1992 5.84 5.87 -0.5137 5.94 -1.712 33
1993 6.26 6.13 2.076 677 6.32 -0.958 47
1994 6.73 6.64 1.337 296 6.52 3.120 357
1995 7.05 7.04 0.141 844 6.79 3.687 943
1996 6.99 7.14 -2.14592 7.06 -1.001 43
1997 7.56 7.53 0.396 825 7.46 1.322 751
1998 7.87 7.85 0.254 13 7.68 2.414 231
1999 8.27 8.15 1.451 028 8.12 1.813 785
2000 8.49 8.49 0 8.86 -4.358 07
2001 12 12 0 11.48 4.333 333
2002 10.8 10. 89 -0.833 33 10.45 3.240 741
2003 13 12.91 0.692 308 12.39 4.692 308
2004 12.8 12. 80 0 12.29 3.984 375
2005 13.4 13.4 0 12.95 3.358 209
2006 13.7 13.7 0 13.49 1.532 847
2007 13.9 13.9 0 14.30 -2.8777

MAPE 0.714 958 2.598 815

3 NPSO - GRNN  BP
Tab. 3 NPSO — GRNN and BP neural network prediction results and their comparative analysis

¢ 3 NPSO - GRNN BP
/10° m’ T 3 T 3
/10° m /% /10° m /%
2008 14.7 14.58 0.816 327 14.78 -0.544 22
2009 14.7 14.65 0.340 136 14.97 -1.836 73
2010 14.8 14.78 0.135 135 15.06 -1.756 76
2011 15.6 15.56 0.256 41 16.30 -4.487 18
2012 16 15.96 0.25 16.58 -3.625
MAPE 0.359 602 2.449 978
—2007 15 2,
2008—2012 5 o %2
E14
2.2 g 12
N =30 @13? par101. SREG—
= 6 -~ NPSO-GRNNAL&—Fifl
. ¥, ~ BPRIA-FE
c,=c, =2 : ol oo
_4 1988 1992 1996 2000 2004 2008 2012
10 100, A
NPSO — GRNN E2 TAKERNAER AT E
BP Fig.2 Fitting-prediction value of water
demand forecasting model
MAPE ( Mean
2. 3. 2 : NPSO
Absolute Percentage Error)
— GRNN BP
- MAPE
: R MAPE 5%
MAPE=—3 yyiy (9) . NPSO - GRNN
Yi— ;5’1', - °
BP ( 106 )



106 ( ) 2015
J . 2013 44
(3) 1361 —365.
. 4
J.
3 2013 30(2) : 106 - 109.
5 . APH
1)
] 2014 31
N (2) :107 - 110.
° 6
J. 2010 36
N o (7):58 -59.
2) 7 M .
1990.
8
J. 2012
38(6) :31 - 34.
9 ) M .
1 J.
2006.
2010 26(6) ;541 —543. 0
2
J.
] 2010 17
2013 9( 1) : 136 - 139.
(6) :47 - 50. ( )
3 . TNT
( 102 ) Workshop IWANN 1991 453 —460 .
5
) T : 2013(Z2) : 183
~187.
3 6 ) GRNN
. 2009( 3) : 339
1) NPSO NPSO — GRNN a3
7
o J .
2) NPSO - GRNN BP 2012( 1) :16 -21.
8
J.
. 2009( 5) : 1276 - 1280.
9 MATLAB . MATLAB 30
M . : 2010.
1
1 ) J. 0
2008 02:14 - 19. I
5 2011 28(3): 100 —104.
J. 2003 1
04:26 - 29. I
; 2013(4) : 141 - 148.
12
J.
J. 2003

2011(7) :229 -234.
4 CUBERO R G. Neural networks for water demand time

series forecasting C . Artificial Neural Networks Int .

(5) :607 -610.



