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Measuring Optical Transmission Matrix Based on
Three Steps Phase Shift Interferometry and Focusing

Wang Jiannan™, Li Wei, Liu Jietao, Sun Xueying, Guo Chengfei, Shao Xiaopeng”
School of Physics and Optoelectronic Engineering , Xidian University, Xi'an, Shaanxi 710071, China

Abstract Focusing and imaging through scattering medium based on the optical transmission matrix is a hot topic in
the field of optics recently. To measure the optical transmission matrix of the scattering medium and study special
properties of the scattering medium, we propose a method named three steps phase shift interferometry to measure
the optical transmission matrix of the frosted glass, and analyze eigenvalue distribution characteristics of the optical
transmission matrix in Hadamard basis and Cartesian basis. Then combining the optical transmission matrix in
Cartesian basis and phase conjugation, we achieve single point and multipoint focusing through scattering medium to
verify the controllability of focusing points of the scattering medium. We study properties focusing through
scattering medium with the camera in different positions, and measure the depth of focus of the optical system. We
verify the lenslike effect of the frosted glass based on the controllability of the focusing points and the depth of focus
of the system. The results show that three steps phase shift interferometry has the advantages of less measuring
time and high enhancement factors of focusing; The eigenvalue distribution characteristics of the optical
transmission matrix in Hadamard basis and Cartesian basis are both following the Gaussian distribution, which
agrees well with theoretical prediction, and the correctness of the three steps phase shift interferometry to measure
the optical transmission matrix of scattering media is verified; the focusable depth of focus of the system is long,
within which the single point and multipoint focusing can be achieved.
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Fig. 1 Comparison between modulation in Hadamard basis and Cartesian basis. (a) Cartesian basis, gray is

not reflection pixel, equals to 0, white is reflection pixel, equals to 1; (b) Hadamard basis, gray and white are both

reflection pixels, gray equals to —1 and white equals to 1, phase lag of gray is = comparing to white
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Fig. 2 Schematic of focusing through scattering medium based on OTM
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Fig. 3 OTM measuring system of scattering medium. (a) Optical schematic of measuring matrix and focusing;

(b) experimental devices of measuring matrix and focusing
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