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ABSTRACT

Moire contours are seen on a curved surface viewed through a grating when the surface is illumnated
with a matched grating. We have been able to replace both the projection and viewing physical gratings
with gratings of variable spacing generated in acousto -optic cells, and have been able to observe and
record Moire contours.

The gratings are generated by amplitude modulating 70 MHz AO cells with a 1 to 10 MHz square
wave. The gratings become visible on the curved object by strobing the illuminating laser beam with 50
nsec pulses by means of an AO modulator. Data is given showing the variation in grating spacing with
AO modulation frequency. Figures are presented showing the variation of the Moire contour spacing
with the AO modulation frequency and with target contour. The results for an angled flat plate target are
compared to those in the literature.

INTRODUCTION

The phenomena of Moire fringes, discovered by Lord Rayleigh in the mid nineteenth centuryl, have
been employed for a number of applications, such as contour mapping, vibration analysis, and 3 -D to-
pography during the past decade2-10. Simply put, whenever two regularly spaced gratings are superim-
posed, coarser fringes appear. In the case of contour mapping, these fringes are characteristic of equal
depth contours for the surface upon which the gratings are projected. Two techniques have developed,
shadow Moire and projection Moire. Here we consider only projection Moire.

In this paper, we describe a new type of technique called AO Moire topography. AO Moire topogra-
phy is unique in that it uses the acousto -optic interaction to dynamically generate and project the gratings.
The advantage in the use of AO cells are that the grating spacing, the subsequent Moire contour resolu-
tion can be changed electronically, and thus altered to match the resolution required on the target with
possible reduction in the computation necessary for pattern recognition or machine vision.

SYSTEM DESIGN

The main elements of the AO Moire topographical system are two Tellurium Dioxide (TeO2) acousto-

optic cells11. TeO2 is used because of its large refractive index, its low optical absorption, and its resis-
tance to optical damage. AO Moire topography operates as follows: As shown in Figure 1, a 633 nm
He -Ne laser beam is sent through an 80 MHz acousto -optic modulator which is driven by a 50 nsec pulse
at a 1 to 10 MHz rate. The diffracted beam is expanded and sent through a 1 to 10 MHz 50% duty cycle
square wave modulated 70 MHz acousto-optic cell, which produces a visible grating in the cell due to the
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strobe action. The diffracted grating beam is projected upon the surface of the object to be examined by a
relay lens system whose magnification varied from lx to 5x. The output is observed through another 70
MHz acousto -optic cell which causes the Moire fringes to be formed. Electronically the grating is gener-
ated inside the acousto -optic cells by square wave modulation of the acoustic wave. The spacing can be
rapidly changed by changing the 1 to 10 MHz modulation frequency. The contour fringes are recorded
through a microscope TV camera for analysis.
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1) He -Ne laser
2) 34mm spherical lens
3) 17mm spherical lens

11 4) acousto-optic modulator
5) 10X microscope objective
6) beam stops
7) 100mm spherical lens
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9) 95mm spherical lenses
10) 500mm spherical lenses
11) target
12) microscope TV camera

O
Figure 1. Acousto -optic moire topography

EXPERIMENTAL RESULTS

Several experiments were attempted. The initial configuration used the acousto -optic modulator, and
one acousto -optic cell (8a in Figure 1). With this setup, we were able to verify that the acousto -optic cell
can generate visible and projectable gratings and that the grating spacing can be changed electronically, as
shown in Figure 2. The AO cell was operated at from 1 to 10 MHz which corresponded toa physical
grating spacing of 1.6 to 15.6 lines per mm. Figure 3 gives a plot of grating spatial frequency in units of
lines per mm versus the AO cell modulation frequency.
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Figure 3. Grating spatial frequency vs. AO modulation frequency
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For the next experiment, the system was operated with the modulator, one AO cell (8a in Figure 1),
and a matched physical grating (at location 8b in Figure 1). The physical grating spacing matched the
spacing of the acoustic wave in the cell12. We compared the Moire contours generated by this setup with
those generated when the matched grating was replaced by a second AO cell, and a typical result of this
experiment can be seen in Figure 4 for a cone target. For all of the remaining experiments, the AO Moire
topographical system was operated as shown in Figure 1, with an AO modulator and two AO cells.
When the AO grating spacing was changed electronically, the Moire contour spacing was changed, as
can be seen in Figure 5 for the cone target. Figure 6 shows the Moire contours generated on a flat plate
target for several different plate angles.

We made a quantitative comparison of the results for the tilted flat plate to those reported by Halioua,
et. a 1.1° by scaling data taken from his Figure 6a. Figure 7 shows the excellent agreement achieved, fur-
ther demonstrating the equivalence of the AO and conventional grating technique for producing Moire.

Moire
spatial

frequency
(lines /mm)

1.4 -

1.2 -

1.0

0.8

0.6

0.4 -

o AO 7 MHz
Ref 10

0

0

0
o

0

0.2 I I I 1 I

10 20 30 40 50 60
Flat plate angle (degree)

Figure 7. Moire spatial frequency vs. flat plate angle:
AO experimental results compared with Halioua, et. al. [ 10].

DISCUSSION AND CONCLUSIONS

We have shown that it is possible to use acousto -optic cells to generate gratings and that one can dy-
namically change the grating spacing electronically. A system was constructed in which an AO grating
projected onto a target was viewed through another AO grating, and Moire contours characteristic of the
target and the grating spacing were seen and recorded. In all cases, the opening of the lenses and the
windows of the acousto -optic cells will limit the field of view, but the field of view can be changed by
changing the relay lens ratio, which also changes the projected grating spacing, and thus the on- target
resolution for the same AO frequency. The ability to electronically change the resolution on the target
should have important consequences in reducing the amount of computation in areas of machine vision
and robotics. This technology has not yet reached its full potential. With advanced technology in acousto-
optic cells, AO Moire topography may open doors to more efficient means of 3 -D sensing and machine
vision.
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