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ABSTRACT

In recent years, optical fringe-projection and other optical interferometric techniques for surface profiling have received
much attention because they are whole-field and non-contacting; very high data processing speeds can be achieved using
computer image-processing techniques. These advantages over many other mechanical probe-based techniques are
particularly useful for the measurement of large surfaces as well as for micro-systems at the sub-micron level.

In the fringe-projection technique, a reference optical grating is first generated and then projected onto the surface of
interest. For a given optical set-up, the distribution of the reference grating is perturbed in accordance with the profile of
the test surface, thereby enabling direct derivation of surface profiles from measurements of the perturbed fringe
distribution. The reference gratings are readily generated with a Michelson interferometer, which uses a beam-splitting
cube and mirrors — these optical elements are readily available in all laboratories. A major drawback ofthis technique is
the need for good vibration isolation, as otherwise unstable fringes will be generated. Alternatively, beam-splitting cubes
with coated reflective surfaces can be used, but this would not allow adjustment of the frequency of the generated
fringes.

This paper describes a very simple method ofgenerating and projecting optical grating for surface profiling. The working
principle is based on the reflection-refraction of a commercial beam-splitting cube. By carefully adjusting the orientation
of the laser beam, the frequency of the grating can be varied. A distinct advantage of this method over the Michelson
interferometer lies in its ability to generate stable carrier fringes under lax vibration isolation conditions.
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INTRODUCTION

Common optical methods for surface profiling include the use ofmoiré and holographic interferometry, fringe projection
and otherst'3 Among them, the fringe projection method is perceived as the simplest one because optical fringes can be
generated and projected easily with a Michelson interferometer or a LCD projector. The use of the Michelson
interferometer requires stringent vibration-free testing conditions, thereby confining its applications to laboratory
environment. The use of a LCD projector does not require stringent vibration isolation but this involves high capital
investment. This paper presents a very simple method for generating and projecting optical gratings onto a test surface.
The working principle is based on the reflection-refraction of a commercially available beam-splitting cube. By varying
the angle of incidence of the laser beam, the frequency of the optical grating that is generated can be easily adjusted.
Furthermore, this method does not require the use ofmany optical elements; therefore the need for vibration isolation can
be lax.

GENERATION AND PROJECTION OF OPTICAL FRINGES

As shown in Figure 1, a laser beam with incidence angle 9 is refracted at Point E and later split at Point 0 on the
hypotenuse of a beam-splitting cube. The two beams OAC and OBD exiting from the beam-splitting cube are expanded
using a converging lens that is placed in front of the cube. Linear Young's fringes are generated by the interference of the
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exit beams AC and BD, and they are subsequently projected onto the test surface that is placed at distance L from the
converging lens. When the test surface is a flat screen and when L is much larger than the distance h between C and D,
the pitch p of the generated fringes is given by the following expression.

L&
(1)

where L is the distance between the converging lens and flat screen, ,% is the wavelength ofthe laser source, and h is the
distance between C and D.
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Fig. 1. Generation and projection ofoptical linear fringes

The distance h between C and D can be varied by carefully adjusting the incidence angle 0, resulting in a change in the
pitch of the grating. When the flat screen is replaced by a test surface, the distribution of the grating is perturbed in
accordance with the profile of the test surface. The CCD camera shown in Figure 1 captures the image of the perturbed
fringe pattern for subsequent analysis using a computer system. The fringe pattern is subsequently analyzed using the
Fast Fourier Transform method together with a suitable phase unwrapping algorithm.'4"5

EXPERIMENTAL ILLUSTRATION

Figure 2 shows the perturbed fringe pattern that is observed on the surface of a 3-D object —a paperweight (50mm by
70mm) resembling the face of a lion. Figures 3 to 5 show respectively the wrapped phase map, the unwrapped phase
map, and the reconstructed surface profile using Fast Fourier Transform.

The optical set-up illustrated in Figure 1 may also be used for profiling the surface of a large object. Figure 6 shows the
fringe pattern that is observed on a cover O.8m-width and im-height. Figure 7 shows a 3-D plot of the surface.
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Fig. 6. Purturbed fringe patterns on a cover Fig. 7. A 3D-plot of the cover

Fig. 2. Perturbed fringe patterns on a paperweight Fig. 3. Wrapped phase map of the paperweight

Fig. 4. Gray scale map of the paperweight Fig. 5. A3-D plot of the paperweight
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CONCLUDING REMARKS

In this paper, a fringe-projection method for three-dimensional surface contouring using a commercial beam-splitting
cube is described. A distinct advantage of this method over the Michelson interferometer lies in its ability to generate
stable fringes with lax vibration isolation. Furthermore, the density ofthe fringes can be varied by changing the incidence
angle ofthe laser beam. This subsequently enables the measurement ofboth large and small components.
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