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Hitherto no method, to our knowledge, was known to incorporate spatial phase shifting for the measure-
ment of pure in-plane displacements. We demonstrate that the modified Duffy two-aperture configu-
ration �Opt. Lett. 22, 1958 �1996��, which is sensitive to only the in-plane displacement component and
offers increased sensitivity, lends itself to measurement with spatial phase shifting. The configuration
can also be used for obtaining displacement derivatives by the introduction of shear with the tilt of a
mirror. © 1997 Optical Society of America
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1. Introduction

Phase-shifting techniques are invariably used nowa-
days with all interferometers. The incorporation of
phase shifting in interferometry has resulted in the
removal of phase ambiguity, increased the accuracy
of measurement, and led to almost real-time opera-
tion. Temporal phase shifting has been in vogue
since the past decade.1 However, when the phase of
the wave changes during the period of temporal
phase shifting, spatial phase shifting �SPS� is
required.2 SPS in electronic speckle pattern inter-
ferometry �ESPI� involves the generation of carrier-
frequency fringes whose spacing should correspond to
the distance that covers three pixels when a CCD
array is employed, thus allowing for the 120° phase-
shift algorithm.3–5 This fringe pattern is usually re-
alized by superposition of a laterally offset spherical
wave to the speckled image at the CCD array. Since
three pixels are employed for SPS, the spatial reso-
lution is degraded in comparison with temporal
phase shifting along the direction normal to the
fringes.

For the measurement of pure in-plane components
of the deformation vector the methods developed by
either Leendertz6 or Duffy7 are used. Duffy’s
method is inherently less sensitive, whereas SPS can-
not be implemented with the Leendertz method.
Recently Sirohi et al.8 presented a method of in-plane
displacement measurement and contouring that is a
modification of Duffy’s method and a direct descen-
dent of the Michelson stellar interferometer.9 The
method increases the sensitivity for in-plane mea-
surements compared with Duffy’s method and has an
advantage in its range of measurement over the
Leendertz method, as the decorrelation sets in rather
slowly because of large speckle size. We now realize
that this configuration is an ideal arrangement for
carrying out SPS. It is important to note that in-
plane sensitivity can be varied from a very low value
�dictated by Duffy’s arrangement or the f-number of
the imaging lens� to nearly a half-wavelength per
fringe.

Similarly, for obtaining fringe patterns that corre-
spond to the derivatives of the displacement, the
wave from the object is sheared and the interference
pattern between the sheared images is recorded by
the CCD camera.10 Since SPS requires the presence
of carrier fringes, it is not easily implemented in
shear ESPI. Only recently Pedrini et al.11 used a
Mach–Zehnder interferometer after the imaging
lens, which is used for both shearing and generating
carrier fringes. The modified Duffy configuration,
however, lends itself to the generation of carrier
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