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Fig. 1. (color online) The detection principle of po-
larization difference imaging. «, polarization angle of
light from background (B); 3, polarization angle of
light from target (T); P; (¢ = 1, 2), polarization ana-

lyzer.
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Fig. 2. A comparison of information processing us-
ing (a) conventional polarization difference method
and (b) computational polarization difference imaging

based on Stokes vector.
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Fig. 3. Experimental setup for underwater polarization-
difference imaging. A, attenuator; B, beam expander;
P, polarization generator; T, underwater target; F, filter;

Po, polarization analyzer; L, lens; D, diaphragm.
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Fig. 4. (color online) A comparison of regular imaging
(Intensity) and computational polarization-difference
based on the Stokes vector (Stokes-PDI) in the scat-
tering case of (a) N = 0.26 and (b) N = 2.79: (i)
regular imaging; (ii) polarization-difference imaging;

(iii) curves.
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Fig. 5. A comparison of the image contrasts using (a) regular imaging and (b) computational polarization-

difference imaging based on the Stokes vector. N, mean scattering number; C, image contrast.
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Abstract

Polarization difference imaging technique can effectively solve the underwater image deterioration problem that is
caused by the interaction between light and water. Therefore, it has a significant application value in detecting and
recognizing underwater target. In a traditional polarization difference imaging system, the object image is carried out by
the common-mode rejection of background scattering light. However, the polarization state of the background scattering
light is unknown, so the polarization difference imaging is realized by the irregular mechanical rotation of the optical
polarization analyzer with two orthogonal polarization orientations. Therefore, it needs more time to determine the
optimum detection angle of the polarization analyzer and cannot perform real-time underwater imaging, which restricts
the rapid detecting function in the process of underwater imaging. In this paper, the detection principle of underwater
polarization difference imaging is considered to exploit the difference in the polarization angle between background
scattering light and target light. According to Marius’s law, the physical model of polarization difference imaging is
that the common-mode rejection of background scattering light will be achieved when the angles between the vibration
direction of background and the two orthogonal polarization orientations are 45°. Because the Stokes vector can be
used to express the polarization angle of light, we propose the principle and construction of a computational polarization
difference imaging system for real-time underwater imaging by incorporating the Stokes vector into the established model.
It replaces the mechanical rotation of the polarization analyzer in a traditional polarization difference imaging system
with the information processing of the Stokes vector. The experimental results show that the proposed method not
only has the same effective performance as the conventional polarization difference imaging compared with the regular
imaging, but also can improve the blurred imaging performance caused by an underwater scattering effect as well as
increase the underwater detection distance. This method realizes rapid underwater target detection and recognition
because it saves a large amount of time compared with the traditional one. Further, if we combine this method with
the current polarization imaging instruments that capture the Stokes vector instantaneously, then a real-time automatic
underwater polarization imaging can improve the efficiency of the underwater target detection and recognition. These

findings are helpful for designing and developing the underwater polarization difference imaging systems.
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