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Optimal operation of joint flood control for cascade reservoirs
based on SPADE algorithm

HE Zhongzheng'?, XIN Xiuyu'”, WEI Bowen'”, YIN Heng'?, XU Fugang”, DENG Huan'’
(1. School of Infrastructure Engineering, Nanchang University, Nanchang 330031, China; 2. Key Laboratory of Poyang Lake Environment and
Resources Utilization of Ministry of Education, Nanchang University, Nanchang 330031, China )

Abstract: Joint flood control and optimal scheduling of the cascade reservoirs is a mathematical problem that
transforms the complex reservoir scheduling problems in the actual process into abstract optimization problems in
the mathematical sense, and transforms these problems into different constraints, and seeks the optimal solution
based on these constraints. The combined operation of reservoir groups needs to consider the influence of
meteorological, hydrological, hydraulic and other factors, as well as the conflict of interests between upstream and
downstream and between multi-functions. Domestic and foreign scholars have used dynamic programming (DP),
progressive optimization algorithm (POA), genetic algorithm (GA), and particle swarm algorithm (PSO) and other
algorithms to solve the problem. However, the above traditional optimization algorithms still have the problems of
poor stability and easy to fall into the local optimal situation, and still need to carry out more in-depth research on
the algorithm parameter updating mechanism, search strategy and other aspects.

SPADE algorithm is an improved differential evolution algorithm, which uses adaptive success history

difference strategy to improve random search efficiency, and adaptive success history parameter update strategy and
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elite group conservative strategy to improve local convergence speed and global search capability. The algorithm
divides all the populations in each generation into elite and base populations in the process of differential variation,
the elite population conserves the good genes without adopting the variation strategy, and individuals in the base
population randomly select each variation strategy for evolution according to the probability, in which the
probability of selecting the differential strategy in each generation is reassigned according to the evolution success
rate of each individual produced by the differential strategy, and the flow of the high-quality genes is effectively
controlled. A joint flood control optimal scheduling model of a group of terrace reservoirs with the objective
function of minimizing the maximum flow rate discharged from the reservoirs is established, combined with the
flow constraints and their constraint violation evaluation indexes, and solved by applying the spade algorithm in
order to improve the computational efficiency and the flood control and peak shaving ability.

The effectiveness of the proposed algorithm is examined through numerical experiments containing 10 test
functions and an example experiment of joint flood control optimal scheduling for the middle reaches of Ganjiang
River cascade reservoir group. The relevant experimental results show that: In the numerical experiments, the
evaluation indexes of the optimal value of the statistical convergence error, the average value, the standard deviation
and the number of successes, the evaluation indexes of SPADE algorithm are better than those of SHADE, SADE,
GA, PSO and ABC algorithms in eight test functions, and the performance is also more outstanding in the remaining
two test functions; In the case experiment of joint flood control optimization of cascade reservoir group in the
middle reaches of Ganjiang River with the goal of minimum sum of square discharge of Xiajiang Reservoir, SPADE
is obviously superior to SADE, GA and PSO in the index of peak cutting rate by analyzing the historical flood
process of 1964 single peak and 1973 multi-peak type. Compared with the two historical flood conditions, SHADE
increased by 0.9% and 3.4% respectively, which reduced the peak flood discharge of Ganjiang River. The above
analysis fully verifies the superiority of the proposed algorithm, which can be used as an effective tool to solve the
cascade reservoir group joint scheduling problem.

The above analysis fully verifies the superiority of an improved differential evolutionary algorithm based on
the successful history adaptive strategy proposed and its effectiveness in the application of the joint scheduling
problem of a group of terrace reservoirs. The combined flood control optimization operation of cascade reservoir
groups can rationally utilize the flood control capacity of reservoir groups and effectively play the role of reservoir
groups in flood blocking and peak cutting, which is of great significance to reduce the downstream flood control

risk.

Key words: flood control and scheduling; cascade reservoirs; differential evolutionary algorithm; success history;

differential strategy; elite population

© 660 HiFRELH



	1 梯级水库群联合防洪优化调度模型
	2 改进差分进化算法
	2.1 经典DE算法
	2.2 自适应成功历史差分策略
	2.3 精英种群保守策略
	2.4 交叉和选择
	2.5 自适应成功历史参数更新

	3 数值实验
	4 实例分析
	5 结 论
	参考文献

