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Multi-point Controllable Wavefront Shaping Based on Superpixel
Method

ZHAO Yang, DING Yingchun
(College of Mathematics and Physics, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: A new algorithm for iterative optimization of wavefront shaping which is the combination of
Nondominated Sorting Genetic Algorithm Il ~Hybrid and the superpixel method is proposed, using digital
micromirror devices for light field modulation. Multi—point controllable light focusing of reflective
wavefront shaping is realized. Our method has two advantages. On the one hand, while increasing the
enhancement factor, it also ensures that the uniformity of the intensity of multiple focal points is
controllable, that is, all focal points have uniform intensity; on the other hand, the structure of reflective
wavefront shaping is more conducive to application. In order to verify our algorithm, we use frosted glass
as the scattering media in the experiment. The experimental results show that, compared with the genetic
algorithm based on superpixel method, the enhancement factor of the focal point is increased by 24.12%,
and the coefficient of variation is reduced from 13.3% to 4.2%. This research provides a new method for
reflective wavefront shaping multi-point light focusing, and has potential application value in the field of
optogenetics and light capture.
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(a) Ordinary DMD mask pattern (b) Superpixel mask pattern
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Laser: 532 nm solid-state laser, OL1: 10x plan objective lens, EOL: beam expander collimator, P: polarizer,
DMD: digital micromirror device, L1: convex lens with focal length of 150 mm, SF: spatial filter, L2: convex
lens with focal length of 50 mm, L3: convex lens with focal length of 100 mm, S: scattering medium,

OL2: 4x objective lens, CCD: vision camera, DAQ: data acquisition card, PC: computer
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(d) Speckle-II before optimization  (e) Focus map optimized by the proposed algorithm (f) Best mask image of (e)

B5 oA RARMAEEEATRUNEZR SR

Fig. 5 Experimental results of optimization using two algorithms
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