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Abstract: A dual-view polarization resolved digital-holographic system is presented.
The necessary calibration for both polarization and spatial coordinates are outlined. As an
example the system is is used to track spherical microparticles in a cuvette. © 2019 The
Author(s)
OCIS codes: 090.1995, 290.5850, 290.5855

1. Introduction

Holographic particle tracking have the advantage of providing 3D information from a 2D recording. The position-
ing along the optical axis is, however, non-trivial and some kind of focus criteria or metric is needed to determine
the position [1]. Dual-view and tomographic systems have been used to improve the axial resolution up to the
lateral one by reconstructing the scene from more then one view [2–4]. Polarization resolved holographic systems
have been achieved by multiplexing two off-axis reference waves with perpendicular linear polarization [5]. One
hologram is then used to reconstruct a complex amplitude for each polarization component. By doing this the
scene can be resolved both spatially and by polarization. This is ideal for studying scattered light from micro
particles that are, in general, polarization dependent and a polarization resolved system hence contain more in-
formation about the sample. In this paper the polarization resolved multiplexing is combined with the dual-view
configuration. The system is intended for studying both spherical and non-spherical microparticles

2. Setup

The dual-view polarization resolved setup is shown in Fig.1a. Linear-polarized light from a double-pulsed Nd:YAG
laser is split into an illumination and a reference part. The reference part is split additional times until four different
reference beams are obtained. The beams are launched into polarization maintaining fibres that are connected to
the apertures in the two imaging parts. On the detector the reference waves interfere with object light with mutual
polarization. The illumination part from the laser is expanded and illuminates the sample from underneath and
scattered light from particles is imaged by two identical telecentric systems with magnification M = 1.25.
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Fig. 1: (a) Setup of the dual view polarization resolved holographic system. Inset (a) shows the illumination from
underneath and inset (b) shows the two linearly polarized reference waves from the fibers. Mirrors are labeled
with M, beamsplitters with BS, lenses with L, apertures with A and fibre couplers with FC. (b) Results from the
polarization calibration on Camera 1, errorbars show ±2σ



3. Calibrations and Measurements

For the system to be polarization resolved it is required that the reference waves on each camera are linear and
perpendicular with respect to eachother. For simplicity the reference waves are adjusted to be vertical and hor-
izontal polarized, respectively, as is shown in inset (b) in Fig. 1a. For the polarization calibration the sample is
replaced by a mirror, a λ/2 plate and a diffuser. The fiber ends on each camera is rotated so the polarization of
the output is parallel with the table for one of them and the other is perpendicular. To verify that the registration
is polarization resolved the λ/2 plate is rotated an angle α from 0◦ to 180◦ with 5◦ increment. The direction of
the linear polarized light then changes with 2α . For each angle 5 holograms are recorded. The magnitude of the
polarization angle can be estimated as

β = arctan
(
|E⊥|
|E‖|

)
, (1)

where E⊥ and E‖ are the reconstructed complex amplitude perpendicular and parallel with the table, respec-
tively.The estimated angle is shown in Fig. 1b. The process is then repeated for camera 2 with similar results. For
the spatial calibration a cuvette with water and spherical particles is used as sample. In the system the cameras
are configured to be perpendicular. The elongated particles along the optical axis in the reconstructed volume
from one camera will therefore be perpendicular with the elongated particles from the other camera. The crossing
between them should ideally occur around the center of each ellipsoid. But due to miss-alignment the crossing
may be shifted. The elongated traces from one camera is hence truncated with the corresponding trace from the
other camera. From this the correct translation for the spatial calibration can be found. As an example particle po-
sitions and velocities in the cuvette are estimated from two consecutive holograms. The reconstructed traces from
the particles are truncated and the position is determined by the centroid of the truncated region. The resulting
positions and velocities are shown in Fig. 2a. The polarization angle β for the 13 particles found is shown in Fig.
2b. The polarization angle is about 80◦ but some individual variation exists. Ideally they should all be 90◦ since
the polarization is preserved for spherical particles.
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Fig. 2: (a) Estimated particle positions and velocities. (b) Polarization angle β for the 13 particles in (a).
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