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Abstract: We propose a novel digital holographic microscope system with synthetic 
polarization. It can obtain the light intensity of different polarization states in a single shot
and achieve the descattering of underwater imaging through polarity calculation. 

1. Introduction

When light travels in natural water, its path will be changed by refraction, transmission or reflection due to the
presence of fine particles such as soil particles and plankton. At the same time, the presence of background stray
light in water also has a great impact on the underwater imaging effect [1]. Polarized imaging can effectively
remove the influence of light scattering by obtaining light with different polarization states [2]. At present, the
light intensity of different polarization states is obtained by assembling adjustable polarizer in front of the camera.
Digital holography has been widely used in the field of high-resolution imaging in recent years [3–5]. The holo-
graphic image generated by the coherence of object light and reference light can be separated and extracted on
the spectrum. In this study, we propose a synthetic polarized digital holographic microscopy system, which can
obtain the holographic image without scattering in a single shot.

2. Underwater scattering model and synthetic polarized digital holography

The propagation mode of light with the influence of scattering in water can be described by the underwater imaging
degradation model. Inspired by [2], it can be denoted as

Is(x,y) = [1− t(x,y)] · I∞, (1)

where Is(x,y) is the radiance of the underwater scattering light, I∞ is the scattering light at an infinite distance and
t(x,y) is the transmittance of the scattering light. The total light intensity IT (x,y) obtained by a CCD or a CMOS
camera for underwater digital holography includes the scattered hologram light intensity IH(x,y) and the scattered
background light Is(x,y), given by

IT (x,y) = IH(x,y)+ Is(x,y) and IH(x,y) = ηH(x,y) · t(x,y), (2)

where η is the factor to compensate for the absorption effect of water. Combining (1) and (2), we can derive the
holographic signal light H(x,y) without the influence of scattering as

H(x,y) =
IT (x,y)− Is(x,y)
η(1− Is(x,y)/I∞)

. (3)

According to Mie thoery, the scattering light is partially polarized and the object light is unpolarized. We use linear
Stokes parameter to describe the polarization of the light, given by

S0(x,y) = I0(x,y)+ I90(x,y), (4)

S1(x,y) = I0(x,y)− I90(x,y), (5)

S2(x,y) = 2I45(x,y)−S0(x,y). (6)

We describe the state of polarization in terms of the degree (Dp) and angle (θp) of polarization, denoted as

θp =
1
2

arctan
S2

S1
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√
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S0
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Fig. 1. System setup for synthetic polarized digital holographic microscope.

(a) (b)

Fig. 2. The hologram of USAF 1951 without (a) and with (b) synthetic polarization descattering.

Therefore, by substituting (4) - (7) into (3), we obtain

H(x,y) =
I∞ (S0(x,y)θp −L(x,y))

I∞θp −L(x,y)
, (8)

where L(x,y) = 2I0(x,y)
cos2 θp

−S0(x,y). Except I∞, all the parameters in (8) can be substituted by I0(x,y), I45(x,y) and

I90(x,y).
We design a synthetic polarized off-axis digital holographic microscope system to capture the light intensity of

the above polarization states in a single shot, as shown in Fig. 1. The light emitted from the laser source is divided
into four equal parts by three beam splitters (BS1, BS2 and BS3), which are polarized into 0, 45 and 90 degrees of
reference light respectively by the polarizer (LP1, LP2 and LP3). The fourth beam passes through the water tank
containing the sample and carries the sample information to the three reference light beams synthesized by the
beam splitter BS4 simultaneously and respectively. The holographic images recorded by the CMOS camera can
be filtered in the frequency domain to obtain the light intensity values under three polarization states.

3. Result and discussion

A USAF 1951 was placed behind the water tank filled with water as an imaging sample for this experiment. The
descattering results are shown as Fig. 2. Part of the holographic fringes and object information are recovered. This
method could be further applied in the region of underwater high resolution micro and nano particle imaging.
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