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Measurement of random processes at rough
surfaces with digital speckle correlation
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We present a detailed investigation of digital speckle correlation to measure small changes in the microstruc-
ture of random rough surfaces. The corresponding alterations in the scattered-light field are recorded by an
electronic camera with subsequent numerical correlation. Among the classical theoretical approaches to de-
scribe the scattering at random rough surfaces, the composite-roughness model is advanced to calculate the
speckle correlation in terms of parameters of the changes in surface microstructure. For an experimental
verification, surfaces with similar microstructure are fabricated with a photolithographic technique. They are
employed for comparative measurements with high-resolution scanning force microscopy and for correlation
measurements under variation of experimental parameters. A good agreement between theoretically pre-
dicted and experimental correlation data can be observed. The results allow a quantitative whole-field moni-
toring of surface processes by remote optical means. © 2004 Optical Society of America
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1. INTRODUCTION
The light field that is reflected from an optically rough
surface under coherent illumination shows a characteris-
tic grainy structure. This so-called speckle pattern re-
sults from the interference of wavelets with a random
phase relationship.1 Despite the random nature of the
speckle formation, the specific pattern is strongly con-
nected to the specific microstructure of the generating
surface topography and can be taken as a coded finger-
print of the surface.

Any changes in the shape or structure of the surface
are reflected by respective changes in the scattered
speckle field, i.e., displacement and decorrelation. We
will distinguish between macroscopic deformations and
changes in the microscopic structure of the surface. The
latter are the subject of this paper and will be termed sur-
face processes. If an imaging system is used to observe
the surface under investigation, deformations consist of
surface alterations on scales that are large compared with
the resolution of the optical system, whereas surface pro-
cesses can be viewed as alterations on scales that are
small compared with the resolution of the optical system.
Usually both types of change, deformations and surface
processes, lead to a decorrelation of the speckle pattern.
In this paper we will concentrate on the decorrelation
that is due to microstructure changes, which will hence-
forth be called primary decorrelation. Although in all
measurements it is important to distinguish between the
two types of decorrelation, a separation is generally diffi-
cult to achieve experimentally.

For about 30 years, a number of researchers have ex-
ploited speckle decorrelation to detect alterations in the
surface microtopography, using several experimental cor-
relation techniques to compare the scattered speckle
fields. Holographic correlation is a method that provides
a direct correlation of two speckle fields by analog optical
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means.2–4 In double-exposure speckle photography, two
images of the object under investigation, before and after
surface alteration, are recorded on the same photographic
film. When the developed negative is probed by an un-
expanded laser beam, the resulting diffraction pattern
consists of a set of Young’s fringes, whose pitch and orien-
tation give the local displacement vector and whose vis-
ibility yields the correlation of the two speckle patterns.5,6

In holographic interferometry, the interference of two
wave fronts that are scattered from an initial and an al-
tered surface state is observed. The visibility of the in-
terferometric fringes yields the correlation of the speckle
amplitudes.7,8 The evaluation of fringe contrast for de-
termination of the correlation coefficient can also be per-
formed with the electronic version of holographic interfer-
ometry, i.e., video holography or digital speckle pattern
interferometry, in which image-plane holograms (inter-
ferograms) are recorded by an electronic camera and com-
pared numerically by an image-processing system. A
simple subtraction of two interferograms yields an image
consisting of bright and dark fringes, which indicate one
component of the deformation and show a visibility that
depend on the correlation of the underlying speckle
images.9 It can be shown that all correlation techniques,
despite their diverse experimental concepts, yield basi-
cally the same information, viz., the correlation coefficient
of the scattered speckle fields at the position of the record-
ing medium.10

In this paper we use the technique of digital speckle
correlation (DSC); i.e., we simply record the speckle fields
with an electronic camera and carry out the correlation
numerically. Besides the great simplicity of the experi-
mental setup, this method has the advantage that it al-
lows an arbitrary comparison of the recorded speckle im-
ages and thus an arbitrary comparison of the different
surface states during a surface process after the experi-
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