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Digital Correlation in Laser-Speckle Velocimetry
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sional flow from laser-speckle images of L L — _’l ML_
seed particles distributed sparsely in the [ ., * —
flow. Some prior methods of laser-speckle "a‘“‘{ l = Ll St i
velocimetry have involved various combi- 3 S e
nations of optical and electronic tech-

niques, have tended to be slow, and have
required considerable intervention by ana-
lysts. A more recent method that led to the
present improved method involved the

Laser-Speckle Images of seed particles are
recorded in pairs, with an equal interval within
each pair and unequal intervals between
successive pairs. A synthesis of the first

semiautomated digital correla.tion, on a images of all the pairs is then correlated with
desktop computer, of speckle images re- a synthesis of the second images to obtain
corded at equal intervals of time. This the velocity field.

predecessor method was relatively fast be-
cause, unlike methods that included opti-
cal techniques, it did not require mechani-

cal scanning of images. The new method, -
which involves the digital correlation of im- p(m,n) = E"Ey[f(x’ y ==t
ages recorded at unequal intervals, can {Ex):y[f(x.y)— <f>]2
ber the potential 1 bo the fastest Yot Lo yr)— <o)
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Digital correlation is a method for the L5 Wx—m,y—n)<w>]2}*
recognition of patterns, in which a small i
portion of a first image is located and iden- where p(m,n) is the coefficient of correla-
tified in a small portion (called the “‘win- tion for a window centered at coordinates
dow”’) of a second image, which could be m,n in the second image, f(xy) is the in-
distorted and displaced with respect to the tensity of the second image at point x,y
first image. In this case, the images are within the window, w(x—m, y—n) = the
the laser-speckle patterns taken at two intensity of the first image at the cor-
slightly different times, and the second pat- responding point, <f> is the average in-
tern is slightly distorted and translated with tensity of the window portion of the second
respect to the first one because of the flow. image, and <w> is the average intensity
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firstimages is measured via a coefficient
of correlation:



of the corresponding part of the first im-
age. The position m,n for which p(m,n) is
a maximum is the position at which the
second image is considered to match the
first image best.

In the basic approach to velocimetry via
digital correlation, systematic matches of
intensity samples are extracted from a se-
quence of digitized speckle patterns re-
corded at different times. Displacements
between matched patterns are then divid-
ed by the increments of time between ex-
posures to obtain a velocity field.

When the speckle images are record-
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ed at equal intervals of time, periodicity
and sparseness in the spatial patterns can
give rise to false correlation peaks. To sup-
press the tendency toward false correla-
tions, images can be enriched and partly
randomized. The images are still record-
ed in pairs with the interval between the
first and second images in each pair equal
to the interval between the first and sec-
ond images in every other pair. However,
the pairs are recorded at unequal intervals
(see figure). An enriched, randomized first
image is synthesized by adding together
the intensity patterns of the first images

of all the pairs. An enriched, randomized
second image is synthesized similarly from
the second images of all the pairs (see
figure). Then the correlation is performed
between the synthetic first and second im-
ages to obtain a velocity field more nearly
free of errors.

This work was done by John A. Gilbert
of the University of Alabama in Huntsville
and Donald R. Mathys of Marquette Uni-
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