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Active phase stabilisation in electronic speckle pattern
interferometry without additional optical components
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Abstract

Ž .We present a system for electronic speckle pattern interferometry ESPI using fibres and spatial phase shifting with
active phase stabilisation. The control loop for the synthetic heterodyne phase stabilisation system is included in the
measuring set-up. No additional optical components are required and the phase is stabilised at one image point of the field of
measurement. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In combination with phase shifting techniques,
Ž .electronic speckle pattern interferometry ESPI has

become a versatile tool in the field of object defor-
w xmation measurements 1 . A general problem in such

a type of quantitative interferometry is the influence
of external disturbances on the result of the measure-
ment. We will confine ourselves to three types of
disturbances of great practical importance, namely
mechanical vibrations, drifts in the components, and
large scale temperature fluctuations. All these effects

Ž .result in global phase fluctuations w t that areg

constant over the field of measurement but vary in
time t.
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Ž . Ž .Fig. 1 top shows typical phase fluctuations w tg

measured within a bulk-optics Mach–Zehnder inter-
ferometer on a vibration isolated table. The optical
paths in the interferometer arms were separated for a
length of about 70 cm with a maximum distance of
some 50 cm. According to the measurement proce-

Ždure detection of intensities representing absolute
. Ž .values of phase differences , the phase w t seemsg

to fluctuate in the range of 0 to p, but actually p is
exceeded. As can be seen from the corresponding

Ž . Ž .power spectrum of w t Fig. 1, bottom , most ofg

the phase fluctuations are in the frequency range
below some Hz, resembling 1rf behaviour. When
fibres are used in the set-up, the phase fluctuations
are even larger, because the phase of the light trans-
mitted through a fibre strongly depends on the envi-
ronmental temperature. The phase changes are in the

Ž . w x Žorder of magnitude of 10–100 radrKPm 2,3 this
and other papers on single mode fibres can be found

w x.in Ref. 4 .

0030-4018r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
Ž .PII: S0030-4018 99 00523-4

For more information:

Heinz.Helmers@uni-oldenburg.de

schellenberg
For further information:




