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MEASUREMENT OF DISPLACEMENT BY SPECKLE CORRELATION.

MERANIE POSUNUTIA POMOCOU SPECKLE KORELACIE.

Brozman D.

V ¢lanku je popilsané meranie posunutia pomocou speckle
korelacie.Velkost posunutia je odvodena 2z polohy maxima
medzikorelacnej funkcie intenzitnych rezov objektivnym
speckle polom pred a po posunutf.
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Several methods are available for measuring displacement
by using holographic and speckle interferometry
(1]),(2]).Speckle patterns, which result from random
interference of laser light scattered by a diffusive surface,
enable to measure displacements and strain 1in a wide range.
In this paper is presented a method of measuring displacement
from speckle displacement, which was proposed by Yamaguchi
(3].

Speckle displacement caused by surface displacement (4]
can be theoretically derived from the peak position ' of the
cross-correlation function between the intensity
distributions at an observation plane before and after the
displacement. The cross-correlation function can be expressed
(5] through
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where I, ,I, are intensity distributions before and after the
displacement, respectively. Complex amplitude U, at the
observation point before object displacement 1is given by
Fresnel-Kirkhoff diffraction integral [6]

Upexy = ijlo( x) €XPLik(Lz¢ x) +Lpc x, x» ) 1ds (2)
and after object displacement

Uzexy = \[Jflo(x+Ax)exP[ik(L‘-z(x+Ax)+uP(x+Ax,x'+Ax'))]ds (3)

If we substitute (1),(2),(3), assume intensity fluctuation
aI=I-<I> and assume that the <correlation patch of the
microscopic fluctuation of comple» amplitude on the object is
much smaller the the beam spot and that the root mean square
surface roughness 1is larger than the laser wavelength (7],
cross-correlation function becomes to reflect fig.1

[2
CAIgcxy alzcxetr > = J‘J‘{Io(x)Io(x+¢x)EXP(ik[X/Lp(t—AXI)]}dS|(4)

For range of the correlation i.e. for small value ofax, the
cross-correlation function given by (4) takes its maximum at
t=aX' and thusaX means the speckle displacement caused by the
object displacement. In the case of fig.1, the speckle

displacement is given by
aX = (Lp/Lzcosza + 1)ax (5)
An example of the intensity distributions is shown in

fig.2. The signals represent displacement x=100um.It was

measured and verified that speckle displacement is
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proportional to object displacement, as shown fig.3. We can
see good proportionality between object displacement and the
peak shift of the cross-correlation function.
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Fig.1. Coordinate systems for experimental arrangemant.

30
g 23
S
i on
g 10
& ]
@ °
. W
2 s
i =
2 s
g 18
8 s
@ °

1.2
e.7
.6
0.3

\2 A &

-9.3

Fig.2. Intensity distributions in observation plane before
and after object displacement.Bottom dependence shows
a shift  between cross-correlation function and
autocorrelation function.
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Fig.3. Dependence of the speckle displacement on the object

displacement for different Lz.
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