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Fig. 1. (a) Schematic diagram of parallel beam splitting of
anisotropic crystals; (b) quarter wave plate converts linearly
polarized light into circularly polarized light; (c) schematic
diagram of imaging based on anisotropic crystal birefrin-

gence.
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Fig. 2. (a) Demonstration diagram of light transfer function. The light source is a He-Ne laser (A=632.8 nm). Half-wave plate

(HWP), controlling light intensity to achieve the best imaging effect of charge-coupled device (CCD). The birefringent crystal
beamsplitter (BCB) and QWP are placed between GLP1 and GLP2. L1 (lens 1) and L2 (lens 2) form a 4f system, f1= 75 mm, fo=
175 mm. (b) Spot split comparison chart; (¢) The measured space transfer function graph.
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Fig. 3. Schematic illustration of the edge detection experiment. The focal lengths of the four lenses in the 4f system are 75, 75, 175,
and 125 mm. The distance between the CCD and L4 is equal to f1, and the distance between the test object and L1 is f1. Two 4f

systems complete edge detection.

4 (a)—(d) BARBEFRE; (e)— (h) % th /938 %504 K
Fig. 4. (a)—(d) Input target graph; (e)—(h) output edge differential graph.
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Abstract

Optical differential operation is the core principle of optical detection of edge images. Compared with the
traditional digital image processing methods, the optical differential operation has high efficiency, simple
structure, and needless to consider algorithms and power consumption. An optical differential operation device
based on anisotropic crystal is proposed in this paper. Omni-directional edge imaging under multi-angle spectral
components is realized by using a customized crystal chip. The scheme is mainly based on the birefringence
effect of anisotropic crystal. It needs to separate the left and right circularly polarized component of the beam
horizontally, and then filter the linearly polarized light in the middle. The whole device is integrated into a
straight optical path. Although it has higher requirements for the thickness of crystal, it is simpler, cheaper and
more stable than spin Hall effect and super surface principle. The experimental results also demonstrate that

the scheme can be used in quantum observation, biological cell and medicine.

Keywords: anisotropic crystal, optical differential, edge imaging, birefringence
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