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Matched data storage in ESPI by combination of spatial phase
shifting with temporal phase unwrapping
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Abstract

We combine the spatial phase-shifting technique with the real-time fringe counting capability of temporal phase unwrapping to
provide simple solutions for some practical tasks in ESPI. First, we develop a method for automatically matched data storage intervals
and apply this technique to a long-term observation of a biological object with strongly varying deformation rate. Second, we easily
obtain on-line displacement and deformation data during the observation of a complexly structured discontinuous object. c© 2000
Elsevier Science Ltd. All rights reserved.
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1. Introduction

In interferometry, spatial phase shifting (SPS) has
proven its value especially in the measurement of high-
speed events [1–3] due to its single-frame phase-measuring
capability. Also, its potential for increased temporal reso-
lution compared to temporal phase shifting (TPS) has been
utilised, for instance to obtain phase maps at a higher rate
[4]. But not only can the phase front be monitored at video
real time, it can additionally be tracked and unwrapped
pixelwise in time, which immediately yields displacement
and deformation data and possibly eliminates the need for
a-posteriori data processing. This approach is known as
temporal phase unwrapping [5]. It has been used for pro-
�lometry [6] and was recently applied to ESPI in com-
bination with TPS [7,8] and also with temporal Fourier
transform evaluation [9].
In this paper, we employ temporal phase unwrapping

with SPS [10,11]. We use this combination �rstly to au-
tomatically generate matched data storage intervals for the
long-term observation of objects with strongly varying de-
formation rate. Secondly, we demonstrate that temporal
phase unwrapping can be very valuable in the deforma-
tion and displacement analysis of discontinuous objects.
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Let us introduce the following notation: every object
state is represented by a two-dimensional phase map
’(x; y)mod 2�; the su�x “mod 2�” will be omitted for
clarity in the following discussion. A certain object de-
formation is described by a phase di�erence ’d(x; y) =
’f (x; y) − ’i(x; y) between an initial (index i) and a �-
nal (index f) object state. In spatial phase unwrapping
’d(x; y) has to be converted to a continuous phase map,
�d(x; y); by �nding an appropriate step function S(x; y)=
2�n(x; y); n ∈ Z. Temporal phase unwrapping does this
along the time axis for each pixel separately by �nd-
ing a step function S(x; y; t) = 2�n(x; y; t). This is usu-
ally done by assuming that the phase maps ’(x; y) are
recorded according to the sampling theorem, i.e. phase
di�erences greater than ±� between same pixels in con-
secutive frames do not occur. If such a transition is de-
tected in ’(x; y) nevertheless, it must be a 0 ↔ 2� wrap
that is accounted for by in- or decrementing S(x; y; t). The
advantage of this method is that errors due to faulty —
mostly under-modulated — pixels will not spread across
the image as this may be the case for spatial unwrapping.
In longer monitoring sequences however, the advantage

of temporal unwrapping can become a disadvantage: it ac-
cumulates data, including errors, and severely corrupted
phase maps �d(x; y) cannot be restored a-posteriori. It
would therefore be favourable if both, the temporally un-
wrapped data and several phase maps ’(x; y) were stored
for future processing. From these phase maps conventional
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