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Design of Multi-Level Diffractive Optical Elements Using Particle Swarm
Optimization Algorithm
E. Hoseinzadeh, Mir M. Mirsalehi
Electrical Engineering Department, Ferdowsi University of Mashhad, Iran
Abstract- In this paper, the design of multi-level diffractive optical elements (DOEs) using particle-swarm optimization
(PSO) algorithm is investigated. The Fraunhofer approximation is used for analysis and the root mean square error is
considered as the cost function. To evaluate the results, we have also implemented the Gerchberg-Saxton algorithm and

compared the root mean square errors, diffraction efficiencies and roughnesses of the designs obtained by both algorithms.
The simulation results show the capability of PSO algorithm in designing multi-level DOEs.

Keywords: Particle Swarm Optimization, Diffractive Optical Elements.

PACS No: 050.0050, 220.0220, 230.0230
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Algorithm Error (RMSE)

(L=4) E (a) E(b) H(c) H(d)
GS 0.008300 | 0.003200 | 0.007000 | 0.003700
PSO 0.001200 | 0.000279 | 0.001400 | 0.000292

Roughness (p)
GS 3.456600 | 9.169400 | 4.022400 | 6.131800

PSO 0.073000 | 0.074900 | 0.085300 | 0.093200

Diffraction Efficiency (DE)
GS 0.886600 | 0.853000 | 0.871400 | 0.815900

PSO 0.743300 | 0.771900 | 0.727900 | 0.768800
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Algorithm Error (RMSE)
(L=4) E @) E(b) H(c) H(d)

GS 0.008300 | 0.003200 | 0.007000 | 0.003700

PSO 0.001200 | 0.000279 | 0.001400 | 0.000292

Roughness (p)
GS 3.456600 | 9.169400 | 4.022400 | 6.131800
PSO 0.073000 | 0.074900 | 0.085300 | 0.093200

Diffraction Efficiency (DE)

GS 0.886600 | 0.853000 | 0.871400 | 0.815900
PSO 0.743300 | 0.771900 | 0.727900 | 0.768800
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Algorithm Error (RMSE)

(L=8) E (a) E(b) H(c) H(d)

GS 0.007800 | 0.004600 | 0.007000 | 0.003000

PSO 0.001100 | 0.000246 | 0.001200 | 0.000270

Roughness (p)
GS 3.844600 | 18.509700 | 3.666200 | 7.806700
PSO 0.065800 | 0.062100 | 0.057500 | 0.085100

Diffraction Efficiency (DE

GS 0.940400 | 0.932400 | 0.930800 | 0.914600
PSO 0.813800 | 0.819600 | 0.803300 | 0.810200
Ol tlsS a1 7 sl (A ib @l ¥ Jgu

Algorithm Error (RMSE)

(L=16) E @) E(b) H(c) H(d)
GS 0.007800 | 0.003200 | 0.006700 | 0.001900
PSO 0.000971 | 0.000232 | 0.001100 | 0.000260

Roughness (p)
GS 3.742800 | 7.350000 | 3.776200 | 4.739300
PSO 0.053600 | 0.062200 | 0.051200 | 0.089700
Diffraction Efficiency [1(DE)[
GS 0.969900 | 0.971500 | 0.962000 | 0.961400
PSO 0.829300 | 0.837900 | 0.826800 | 0.827100
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