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ABSTRACT

A Novel Evolutionary Algorithm and Application to Inverse Problems in MEMS:

A novel evolutionary algorithm is proposed for solving inverse problems in MEMS. The new algorithm presents two hybridization operations in traditional genetic algorithms to speed up the convergence of evolution process. It takes only 4.1% ~ 4.7% number of function evaluations required by the traditional genetic algorithm to reach global optima of benchmark functions to be tested. The new algorithm is used for solving two inverse problems in MEMS. One is the identification of flow-pressure characteristic parameters of a valve-less micro-pump. The other is on-site calibration of material property parameters and bonding quality of a piezoelectric actuator-sensor. Numerical simulations have demonstrated the effectiveness and efficiency of the proposed evolutionary algorithm.

Dr. Xu Yigui is currently a Research Fellow with Singapore-MIT Alliance. He obtained Ph.D. from HuaZhong University of Science & Technology, China, in 1996. His research interests cover simulation and optimization of structures and MEMS, structural damage detection and health monitoring and inverse problem algorithms.

A Posteriori Error Bounds and Output Bounds for Coercive Partial Differential Equations Using Approximate Hybrid Flux:

One of the biggest problems with finite element analysis lies in the fact that an assessment of the reliability of the FE solution is difficult to obtain. Many a priori and a posteriori error bounds estimators for this question has been proposed. A priori error estimators are based on knowledge of the characteristic of the solution, and provide information about the asymptotic rate of convergence as the number of degrees of freedom tends to infinity, while a posteriori estimators are based on information obtained during the process. As compared with the a posteriori estimation, a priori estimation usually does not provide information about the actual error in a finite element solution, so a posteriori error bound estimation has received considerable interest. 

    This paper focuses on the development of methods for the efficient calculation of the error bound estimators to FE solution, and also the output bound estimators to the linear functions of FE solution to partial differential equations. The a posteriori error and output bound estimators proposed in this paper are of implicit elemental residual forms, which needs solving the error in each elemental Neumann problem. 

    Two problems may arise in solving the error estimates in the elemental subproblems. One is how to solve the hybrid flux on the boundary of the local problems, another is how to treat the equilibration condition which is the necessary condition for insuring the existence of solution in the local problem. For the first problem, an approximate hybrid flux, which was obtained only from the solution of the working mesh, was used instead of the truth flux. For the second problem, a modified form of the local problem was used to make the equilibration condition satisfied automatically. Based on the resolving of the two problems, an easily implemented and inexpensive a posteriori error bound estimator and output bound estimator for FE solution of the coercive partial differential equations was presented, and the relationship between the error bounds and output bounds was also established.

An example of Poisson problem with both Dirichlet boundary conditions and Neumann boundary conditions was used to verify the procedures.

Dr. Xuan Zhaocheng received his BSc from Lanzhou University in 1988, and PhD from Dalian University of Technology in 1998. He is currently a Research Fellow at the Singapore-MIT Alliance. His main academic interests include structural optimization and computational mechanics. His current research is on the numerical method for partial differential equation.
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