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The advantages of spatial phase shifting �SPS� compared with temporal phase shifting in the field of
electronic speckle pattern interferometry are described. Some periodic phase reconstruction errors
occurring in SPS are discussed. It is shown that these errors become minimal for a spatial phase-shift
angle of 2��3. Furthermore, a modified phase reconstruction formula is presented by which the noise
in the reconstructed phase map is reduced. © 1997 Optical Society of America
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1. Introduction

Temporal phase shifting �TPS�, recently reviewed in
Refs. 1 and 2, has been used for quantitative analyses
in electronic speckle pattern interferometry �ESPI�
for a decade.2–4 The technique requires the record-
ing of at least three phase-shifted interferograms,
which must be taken sequentially. This can lead to
disturbances by thermal and mechanical fluctuations
during the required recording time. In addition,
fast object deformations cannot be detected.

These problems can be solved by application of spa-
tial phase shifting �SPS�. In the multichannel
technique5–7 three or four phase-shifted interfero-
grams are simultaneously generated on separate
camera targets. However, this method is very ex-
pensive. It requires precise alignment of the targets
with subpixel accuracy, careful gain and offset syn-
chronization of the different images, and powerful
laser sources, because the object light is split several
times.

A different approach to SPS was introduced by
Ichioka and Inuiya in 19728 in the field of interferom-
etry. A reference wave is obliquely superposed upon
the object wave, thus generating a linear spatial
phase shift between the two wave fronts. The phase

shift that then occurs between neighboring pixels of a
video camera permits the local object phase to be
retrieved from any set of three adjacent pixels
throughout the interferogram except the edges. The
calculation of the object phase was carried out by
analog real-time processing of the video signal within
the frequency domain. Mertz used a similar ap-
proach in 1983,9 but changed the method of analog
phase calculation to strongly resemble a three-step
phase calculation formula. Meanwhile, SPS is used
in interferometry in combination with digital signal
processing.10–14

In the field of ESPI, SPS was introduced by Stein-
bichler and Gutjahr in 1991.15 In the same year,
Williams et al.12 introduced a five-point method for
SPS in the field of interferometry and pointed out the
applicability of this approach to ESPI. Since then
the use of SPS in ESPI has been described by various
groups.16,17

A schematic setup of an ESPI system that uses SPS
is shown in Fig. 1. As in conventional ESPI systems,
the mean curvature of the object wave O and the
curvature of the reference wave R are adjusted
equally. The virtual origin of O lies at the coordi-
nates �0, 0, ��z�, while the origin of R lies in the
same z plane but is shifted laterally by �x to ���x, 0,
��z�. Let �R�x, y� and �O�x, y� be the phases of the
spherical reference wave and of the object wave, re-
spectively, at the location of the sensor in the x–y
plane at z � 0. In an approximation, �O�x, y� may be
written as the sum of the phase of a spherical wave,
�OS�x, y�, and a speckle phase, ��x, y�, which contains
the desired information about the object surface. By
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