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A Method for Finding Minimal Surfaces of Membranes
Using Simulated Annealing

Toku NISHIMURA*!
Olkumi YAMANAKA*?

Keywords : Membrane Structure, Minimal Surface, Global Optimal Solution, Simulated Annealing

In membrane structure design, generally uniform stress surfaces are recommended as the design prototype surface.
Neglecting gravity, Minimal surfaces are equivalent to the uniform stress surfaces. The surfaces are whose surface area are
minimum among surfaces which spans a given boundary closed curves. Their average curvatures are equal to zero.

The problem, which examines properties of minimal surfaces, is called Plateau problem. The Plateau problem has highly
non-linearity. Therefore we cannot solve the problem analytically to arbitrary boundary conditions. In practice, it needs to get
approximated solution by a numerical method. The plateau problem usually implies the multi-valued boundary-value problem.
We have to give care to initial value dependence. Especially using the decent method, we often encounter local optimal solutions.
To avoid the local optimum solutions and to find global optimal solution, we utilize simulated annealing. This method is a
stochastic local search and the one of heuristic method.

In this paper, we propose a computational method to find minimal surfaces using simulated annealing. The essential
features of proposed method and numerical results are shown as follows:

(1) This method is not mathematically purposive but based on trial and error at random.

(2) Aslong as giving control parameters, such as initial temperature, the update coefficient of temperature, movement of

solution and number of iteration, appropriately, it is possible to find minimal surfaces.

(3) Itis shown that if the number of searching is not adequate, re-annealing may lead to the minimal surface.

(4) The application of simulated annealing is effective in the problems with initial value dependence.
(5)  The representative numerical examples, such as catenoid and Wiener- Douglas problem (Courant’s example), show
the effectiveness of the proposed method.

*1 Professor, Department of Architecture, Kanazawa Institute of Technology, Ph. D.
*2 Graduate Student, Graduate School of Engineering, Kanazawa Institute of Technology
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