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1 Extended Abstract

Computational electromagnetic simulation has been widely used in research and engineering[1], and it usually
requires solving matrix equations with millions of unknowns. The solving process needs a large amount of CPU
time and memory. Therefore, it is still challenging to build real-time electromagnetic simulator in applications such
as non-destructive testing, biomedical imaging, etc. With the rapid development of deep learning techniques, deep
neural network demonstrates strong approximation capability and great function fitting ability[2][3]. Recently, the
deep learning techniques are applied to approximate complex physical systems [4][5]. After proper data training,
the trained network can mimic the solution precedure with significant speedup and fairly good accuracy.

In this study, we investigate the feasibility of solving Possion’s equation based on deep learning techniques. A
fast solver is proposed based on deep convolutional neural network. The training data for deep neural network
is generated by a proper finite difference solver, and cost function in the optimization is designed carefully. The
deep convolutional neural network was implemented in Tensorflow and was trainded on an Nvidia K80 GPU card.
The fast solver proposed in this paper can make correct prediction of potential field distribution in the computaiton
domain with the permittivity distribution and source location as input. Numerical results show that the preidiction
error in 2D and 3D simulation can reach below 1.5% and 3% respectively. The CPU time is significantly reduced
compared with traditional solvers based on finite difference method. The generalization ability has also been
improved compared with traditional learning techniques. This study indicates the great potential to apply deep
learning techniques to accelerate computational electromagnetic simulation.

References

[1] W. Chew, E. Michielssen, J. M. Song, and J. M. Jin, Eds., Fast and Efficient Algorithms in Computational
Electromagnetics. Norwood, MA, USA: Artech House, Inc., 2001.

[2] G. E. Hinton and R. R. Salakhutdinov, “Reducing the dimensionality of data with neural networks,” Science,
vol. 313, no. 5786, p. 504.

[3] Y. LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Nature, vol. 521, no. 7553, p. 436.

[4] S. Ehrhardt, A. Monszpart, N. J. Mitra, and A. Vedaldi, “Learning A physical long-term predictor,” CoRR,
vol. abs/1703.00247, 2017. [Online]. Available: http://arxiv.org/abs/1703.00247

[5] A. Lerer, S. Gross, and R. Fergus, “Learning physical intuition of block towers by example,” arXiv preprint
arXiv:1603.01312, 2016.



