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. - ‘Qt - Oi
minf(X) = ; 7@{ (5)
s.tX e [ X, X,..]
X Q WA i AT Q, WA« APLA W m R K -4
Step 3 FIIRALEERI S, BCERIEADRE, FIRELEL 0 BHEN T o |, JRERET N1 2R T T
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Step 4 & SCTHE, REAHEMEL n SF22 N S, S,, Sy RIS, 3L 4 TR, RN S,
Step 5 BEHLWIIRAL FRED &R AL X |2y o e FREE V,
Step 6 MHE(5) TS T HER T AYIE N EL, HAHE (1) ~ (3) EORr AR AL R TP
ARAE P, BEE I ST E, FEAN B P, BCE AW REA T iR TR
Step 7 PR B A THERL T NMERMALE P, = arg{minf(X})}
Step 8 HALA T REHVRL T3 N BE (R, PR B 4 DT REPRL T MERALALE P, = arg{minf(P})} .
Step 9 FIWTF I BAL L SR AWEL , WRWE 2, F2 0] Stepl0; B, ¢ = ¢ +1, FFHAT Stepo,
Stepl0 FELS R ARG TACALE P, | BITFIAL R B0

3 HEFEkir

RE AN CHPSO FEykMERE , AR SCRIH 8 A8 2% sREICHHZ A L B MEREEA T I 0IE | IF 55 PSO Fik F04%
RBEATXILE, W3R 1, CHPSO BBk SE E R e KB ACREL T =2 000, FIEFALEE n =40 B F o RIZR
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WE RN a,=1/6, a,=1/3, a;=1/2, PSO BILSEBEE R e RKIERREL T =2 000, FEFRAR n =
50, w,,. =0.90, w,,, =0.35, 4T HF 2FETHF ¢, = ¢, =1. 494 45, PMREEERR K[ -0.5,0.5]
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Tab. 1 Reference functions

W PRI Lk g HUEER P AL
1 Eggcrate S(X) = a7 + x5 + 25(sin’x, + sin’x,) 2 [-m,m] minf = 0

[1 & 1< .
2 Ackley S(X) == 20exp(-0.2 3296,2) - eXp(HZCosTnx,) +20+e 30  [-32,32] minf = 0
i=1 i=1

D
3 Sphere X)) = thz 30 [-100,100] minf = 0
i=1
D i
4 Quadric X)) = D2 (Xx)? 30 [-30,30] minf = 0
i=1 k=1
1 L L X
5 Griewank AX) = m;xf - iUlCOS([T) +1 30 [-600,600] minf = 0

D D D
6 Zakharov AX) = D+ (D0.5i,)% + ( 2,0.50x,)" 30 [-5,10] minf = 0
i=1 i=1 i=1
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(&ExR)
s PRAL Fik ek HUEERE BLiNs gy
D
7 Sumsquares f(X) = Zix? 30 [-10,10] minf = 0
i=1
D D
8 Schwefel 2. 22 £ = Y a1+ ] I | 30 [-10,10] minf = 0
i=1 i=1
|[F-F"|<le-3 (6)
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Tab. 2 Function optimization contrast results

W PRAL GRS RARE wHE PR brifE 22 IR/ %
CHPSO 0 0 0 0 100
1 Eggcrate
PSO 2.88e-88 2.96e-74 1.61e-75 6. 44e-75 100
CHPSO 8.88e-16 8.88e-16 8.88e-16 1.97e-31 100
2 Ackley
PSO 3.62e-2 2.8925 2.064 2 9.91e-1 0
CHPSO 1. 54e-265 5.4le-241 2.70e-242 0 100
3 Sphere
PSO 5. 16e-4 1. 16e-2 3.65¢-3 2.91e-3 5
CHPSO 2. 71e-260 8. 12e-239 4. 06e-240 0 100
4 Quadric
PSO 1.32e-1 5.56e-1 3.49¢-1 1. 10e-2 0
CHPSO 0 0 0 0 100
5 Griewank
PSO 8. 94e-4 1. 5867 2.0le-1 3.4le-1 10
CHPSO 4.15e-257 6. 18e-239 3. 09e-240 0 100
6 Zakharov
PSO 9.8%-2 2.40e-1 1. 66e-1 4.03e-2 0
CHPSO 1.21e-259 3. 09e-245 1. 61e-246 0 100
7 Sumsquares
PSO 6.48e-3 6.94e-2 2. 68e-2 1. 68e-2 0
CHPSO 2.76e-129 7.68e-123 6.33e-124 1. 70e—123 100
8 Schwefel 2. 22
PSO 2. 06e-2 0.145 1 7.56e-2 3. 14e-2 0

MF 2 ATLAE %8N R AR FP AL B A 37 32 4T 20 IRIIE GG T, CHPSO S M S5O JiE s s I
PSO 5k, KA R B LMl e 25 1 VS ABR 22 24 HE PSO Sk i Ab 45 R 485 17 10 MR UL |, =
PER IR K 3] 100% , JUH & X} Eggerate, Sphere, Quadric, Griewank, Zakharov, Sumsquares F1 Schwefel
2. 22 PR AL ZE R [ PSO B4R & 1 100 DR E 2 L I SR M 3 e 1 DI A A B A T
71, Hr CHPSO B3EXTT Eggerate, Griewank PREL G ULRCRIASE] T HIRHALME , A5 R AUIH 418
P BHE PR EZE A 0,

AL DL BTN [R] A 1) 2% S R RT3 2 SR D) S A B =2 L B CHPSO Bk A5 1 Ay FRAR 1Y)
FORCR , IR UE PSO FEAR L, AR S AR W] ., F 90 5 i 1 -O0RG BE 2 Jm i R g

4 B

ARV = FA R E v PEEEuE 2000 4 32 2 MUY B4 7K A7 It B0 0 BIEA T S B oe . SEl i) 32 2 s
W3, Zf/N e (LMS) iR =R DUR AT IR Z IS A Hedse, 24k FH Uk 2 0 A BF LMS 3
HAFAKM R EPIE R, B, A S0 CHPSO, PSO 2 LMS 85k %t e il | 76 vl KA i & DUk &2
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T CHAT S IR O AR R ZZ L XHH e, FIER A XS 1R 22 L XHH e, X2 RIEAUSHOERIAT A, HE
H1,CHPSO 5 PSO S5 R 25 1] - 100 ~ 100, Hop SRR E K [F) 1. SR EAG LR AIR LK 4 K
1L
&3 2000 £ LMAY 32 Bk GLF B R
Tab.3 Measured data of 32 groups of water level and flow discharge in 2000

e yAC R VU e AL PR
KAi/m  FE/(md-sTh)  KA/m o R/ (md - sTh) KOi/m R/ (md -sT)  KA/m o R/ (md - sTh)

1 0. 40 16.5 2.45 5.83 17 2.40 130 3.50 59.5
2 0. 50 20.5 2.50 6. 83 18 2. 60 145 3. 60 69. 0
3 0. 60 24.5 2.55 8. 00 19 2. 80 160 3.70 79.0
4 0.70 28.8 2. 60 9.35 20 3.00 176 3.80 89.8
5 0. 80 33.2 2.65 10. 8 21 3. 60 227 3.90 101

6 0. 90 38.0 2.70 12.4 22 4. 40 295 4.00 113

7 1.00 43.0 2.75 14. 1 23 4. 60 315 4.10 126
8 1.20 53.5 2. 80 15.9 24 4. 80 335 4.20 139
9 1.30 59.0 2.85 17.9 25 5.00 356 4.30 153

10 1.50 70.0 2.90 20. 1 26 5.20 377 4. 40 168
11 1. 60 76.0 2.95 22.3 27 5.40 399 4.50 183
12 1.70 82.3 3.00 24.9 28 5. 60 421 4. 60 198
13 1. 80 88. 8 3.10 30.3 29 5. 80 444 4.70 214
14 1.90 95.3 3.20 36.3 30 6. 60 536 4. 80 232
15 2.00 102 3.30 43.1 31 6. 80 560 4.90 250
16 2.20 116 3.40 50.9 32 7.00 585 4.98 265

_
ea=iz Mme% (7)
m =i Q;
€. max — lréllas)fn QLQLQl x 100% (8)

A, Q. W SR O, N | LA m K IR AL
x4 REHEEAFHKLREXRIMUERERILE

Tab. 4 Water level flow relationship fitting and comparison of results of Longtan and Xiyang stations

Wi Ak e/ % 4 ma” % KL I R R
CHPSO 0.27 1. 00 Q =3.6159+27.2556 x H+ 13.376 5 x H> - 1.369 8 x H® + 0.085 7 x H*
/AR PSO 0.55 3.55 Q =58979+21.3577 xH+17.459 4 x H> - 2.386 7 x H> + 0.165 9 x H*
LMS 0.52 2.80 Q =0.0497 6 - 0.842 1 x H+10.909 8 x H> + 31.234 2 x H® + 1.851 3 x H*
CHPSO 0.50 1.64 Q =2.2289+50.2129 x H—53.680 6 x H* + 16.607 2 x H® — 1.149 8§ x H*
[itpE ] PSO 2.70 8. 80 Q=-0.2516+0.4515xH-4.4102 x H* + 1.059 9 x H*> + 0.430 5 x H*
LMS 0.95 6.43 Q=-0.7142+9.764 1 x H — 14.294 4 x H> — 48,1922 x H*> + 92.219 0 x H*

M 4 ] LIE i, CHPSO S Je T il /K AL i i S RAUB Y e, e, N 0. 27%F1 0. 55% 4 FE 53 51| L
PSO M LMS B 5 T 50. 9% 1 48. 1% ; X PR K AL B R UA W e, e, N 0. 50% 1 1. 64% ,
KEREA3 3IHE PSO B H LMS 242 55 1 81. 5% Ml 47. 4%, IS A5 YL T PSO B LM LMS Bk, £ 1
CHPSO B3 HA B WSSO B2 Fn 42 Jmy T-OEBE 0, I CHPSO 832 Ak /K A7 37 2 56 28 T LA BR A% 5 47 (1 41
GRR . K 1 RF BT CHPSO Sk A i i A5 25 AR X iR 25 /DN, RO LMS 15, 56T PSO B T
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Fig. 1 Flow fitting relative errors for Longtan and Xiyang station
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Application of convergent heterogeneous particle swarm optimization
to fitting stage-discharge relation

CUI Dong-wen
( Wenshan Water Conservancy Bureau of Yunnan Province, Wenshan 663000, China)

Abstract: By use of 8 complex functions, a heterogeneous multi group particle swarm optimization algorithm is
simulated, comparing with the traditional single population particle swarm optimization algorithm. Aiming at the
deficiencies of the stage discharge relation fitting in it is difficult to determine the parameters, using a variety of the
heterogeneous particle swarm optimization algorithm for optimizing the relative parameters of the stage-discharge
relationship, taking stage-discharge relation fitting of Yunnan Province Longtan station, Xiyang station as case
studies, and the particle swarm optimization algorithm and least squares fitting results are compared in the study.
The analysis results show that the convergence accuracy of the heterogeneous multi group particle swarm
optimization algorithm is much better than the particle swarm optimization algorithm, with good computational
robustness and global optimization ability. The relative error absolute values of the fitting for the relationships
between the water level of the Longtan railway station and the Xiyang station are only 0.27% and 0.50%
respectively. The fitting accuracy is better than that of the particle swarm optimization and the least square method.
The better fitting effect can be obtained by optimizing the water level flow relationship by using the heterogeneous

multi group particle swarm optimization algorithm.

Key words: stage-discharge relation fitting; convergent heterogeneous particle swarm optimization algorithm

parameter optimization; Panlong River; Xiyang River



