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Improved PSO based optimal design of gravity dam section

DU Zhanke'?,SI Zheng', LI Shouyi' ,CHENG Shuai'

(1 Institute of Water Resources and Hydro-Electric Engineering , Xi’ an University of Technology ,Xi’ansShaanzi 710048 ,China;
2 State Grid Xinjiang Akesu Electric Power Company Limited , Akesu, Xinjiang 843000, China)

Abstract: [Objective) This study applied the improved particle swarm optimization algorithm (PSO)
to optimization of gravity dam section to provide support for the optimization design of gravity dam. [Meth-
od) Aiming at the fact that general PSO algorithms have the disadvantages of falling into local extremum
caused by linear decreasing inertia weight,an improved PSO was proposed. The improved PSO uses the re-
lated properties of the trigonometric function to improve the dynamic changes of inertia weight along with
time. It makes inertia weight maintain a large value in the initial stage, which decreases gradually and main-
tained a small value at the end. Thus, the global search capability and convergence performance were im-
proved. A calculation program of gravity dam section optimal design based on the improved PSO was com-
piled and a non-overflow gravity dam section optimal design of a water conservancy project was calculated.

The calculation results were compared with the results of GA and SPSO. [Result] The optimal result of
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gravity dam section based on the improved PSO was A(X) =05 147. 3 m®, while that based on SPSO was

A(X)=5416.5 m®. The 9. 45% decrease greatly improved the economy. The steps needed to obtain opti-

mal solution were reduced by 31. 8% from 22 steps of SPSO to 15 steps. The proposed improved PSO algo-

rithm obtained better optimal results with less steps. [Conclusion) Structure optimization calculation and

design of large-scale water conservancy project can be achieved by the improved PSO algorithm.

Key words: gravity dam;section optimization;particle swarm optimization;inertia weight
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Table 1 Core code of the improved PSO MATLAB program

174 T AR R 7 A A R 156 T
Rows Core code of program Interpretations for core code of program
1 UE AV BT 7 TR A7 S ) Sk
1 InitSwarm=rand (SwarmSize,2 % ParticleSize+1); 0 K AL ) o7 A

2 Swarm(k,1: ParticleSize)) ;
3 while Criteria™ Termination Condition
4 w=(0.6540. 25 % cos(pi * k/LoopCount)) * (a % sin(2 *
pi* k/LoopCount)+1);
5 For i=1.SwarmSize
G V3i+1)=w=x* V() +tc % rand (ppess (1) —2(i)) + ¢z *
rand (guest (1) —x(i))
7 VG+1D=min(Vy ,max(— Vo . VGE+1)));
8 Gt =x(D+r*V3iG+1;
9 ParSwarm(row,2 % ParCol+ 1) = AdaptFunc ( ParSwarm
(row,1:ParCol)) ;
10 end
ParSwarm(row,1:ParCol) =AdaptFunc( ParSwarm (row.,
11 <
1:ParCol));
Criteria= OptSwarm(ParRow—+ 1, :) — ParSwarm (row, 1;
12 .
ParCol) ;
13 end
14 Output the Best Solution

InitSwarm (k, 2 * ParticleSize + 1) = AdaptFunc ( Par-

Initialize the position and velocity of particle swarm

TS R TR 09 58 I
Calculate the fitness value of the initial particle swarm
M5 45 S IR h TR A 1 A SR 3R

End cycle when result meeting the end condition

HOE I PEAL TR { Updated inertia weight value

TE M J¥ Update velocity of article swarm

FIR fhiK7 7 B ) 3 B Limit the speed of particle swarm
HHk T REA 7 % Update position of particle swarm
EHORL B 0038 N (E

Update the fitness value of the particle swarm

TR R 2 15 5 A

Calculate the current optimal solution of particle swarm
T3 s B A 5 24 e A e 1 25 (8

Calculate the difference between current optimal solution and
optimal solution

iy 4 R A Output the best solution

KR FE A MATLAB 2012b FiE 17308, 15 3
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Table 2 Comparison of optimization design by the improved PSO,GA and SPSO

% 3 WU B 280/ m [ 73/ MPa F bR iR A ACXD) /m?
Cachlation :zhcmc Design parameters of gravity dam section Stress ()lfjective
) T k) Wik Dam toe Wl Dam heel function A(X)
mEE D GA 82.467 5 16. 259 6 74.226 5 2.345 2 0.314 9 5861.0
e R BB SPSO 87.226 5 15. 845 6 69. 856 8 2.823 6 0.365 2 5530.7
RS 92.123 5 14.750 6 64.852 3 3.189 0 0.895 6 5147.3

Improved PSO
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