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Research on extracting water weak texture based on optical filtering

Zhang Xiangxiang'?, Fu Yutian', Chen Yonghe'

(1. Key Laboratory of Infrared System Detection and Imaging Technology, Shanghai Institute of
Technology and Physics, Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The submarine movement underwater can produce special internal wave which will rise and arrive at
the water surface and make up a kind of the special weak texture. The texture makes it possible to detect through
infrared remote sensing device. But the texture signal usually has very low contrast and is always mixed with
intensive clutter in the sea surface background. Therefore, it is very difficult to extract these special textures from
all the captured information. After comparing the advantage and disadvantage in the state of art for the texture
extraction, optical filtering based on incoherent light was used for enhancing Signal-Clutter-Ratio(SCR) of the
weak texture on the water surface. That will make the extraction much easier. Based on the optical principle of
interference filtering and SCR evaluation method for the ability of the device to extract the weak texture signal on
the water surface, optical filtering method for signals with different frequency was analyzed and evaluated by
SCR. The optical transfer function of interference light was optimized according to the target frequency of the
weak-texture signals. The simulation and experiment were implemented for verifying the feasibility. The
optimized double-aperture optical system has better ability to extract the weak texture, which has showed that 7%
SCR enhancement can be derived for the weak texture model and signal from this system. Combined with the
digital contrast method, the ability for extracting the weak texture from the sea surface can be further improved.
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Tab.1 SCR enhancement for ideal model

Item Single aperture  Double aperture ~ SCR enhancement

SCR/dB —44.6 —34.2 +23.3%
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Fig.7 Kelvin wake and weak texture signal image simulation
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Tab.2 SCR enhancement comparison between low

frequency and high frequency of Kelvin wake

through double aperture

Item Single aperture Double aperture

Imaging

Aperture function

Non-interference MTF

Digital contrast
enhancement
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Tab.4 SCR enhancement comparison of different

apertures

Type of aperture Single aperture Double aperture

Imaging
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(a) Setup for imaging comparison
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Fig.12 Imaging effect comparison between double aperture and single aperture
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