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We make distortion-tolerant nonlinear composite filters using views of a 3D reference object
reconstructed from digital holograms. As an example, we demonstrate tolerance to out-of-plane
rotation and longitudinal shift.
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1. Introduction
The use of optoelectronic systems for information processing has been widely explored.1-6 In particular, a lot of
work has been done on 2D pattern recognition using optical correlation techniques.4-6 Recently, these techniques
have been extended to be used in conjunction with digital holography in order to recognize 3D objects.7-9 In this
presentation, we show how it is possible to create nonlinear composite filters with various views of a 3D reference
object reconstructed from digital holograms. These composite filters allow us to achieve distortion-tolerant recognition. As an example, we demonstrate tolerance against out-of-plane rotation and longitudinal shift along the z-axis.

2. Description of the technique
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Figure 1. Experimental setup -M mirror, BS beamsplitter,
using the Fresnel-Kirchhoff integral to
SF spatial filter, L lens, RP retardation plate.
simulate the propagation of the light,11 we
can then reconstruct the amplitude of the object beam in any plane, including the plane of the object. Moreover, we
can use a partial window in the hologram for this reconstruction. Depending on the lateral position of this window,
we can reconstruct different perspectives of the 3D object.9 We can use these properties to reconstruct several views
of the object to be recognized and use them to make a nonlinear composite filter.9 This filter is compared to
reconstructed views of the tested 3D objects which are also obtained from digital holograms.

3. Experimental results
We record a digital hologram of a die, which will be our 3D reference object. We use three partial windows to
reconstruct views of the die. The locations of these windows allow to reconstruct perspectives of the object with a
separation angle of twice 0.6°. Moreover, for each window, we reconstruct views in five different planes
longitudinally located at -20 mm, -10 mm, 0 mm, 10 mm and 20 mm from the plane of the object. We thus obtain
3 x 5 = 15 views of the die with which we construct a composite filter.9 In order to test this filter, we record 19
holograms of the die with several out-of plane rotations within a 9° range (Images #1-19). We also record holograms
of the die with a very different illumination (Image #20) and in a different 3D position (Image #21). For this latter

case, we will present the correlation in the best focus plane. Finally, we record holograms of seven various 3D
objects (Images #22-28) which are different from the die.
Fig. 2(a) shows the values of the correlation peaks for a filter made with only one view of the die which is close
to Image #10. It can be seen that - except for the one that is very close to the training image - the true targets are
barely distinguished from the false targets. In Fig. 2(b) are shown the correlation results for the previously described
composite filter. It can be seen that it is easy to discriminate true targets from false targets by using a threshold.
When comparing Figs. 2(a) and 2(b), it is clear that using a composite filter enhances the recognition of the out-ofplane rotated 3D object. Moreover, since the composite filter includes defocused views of the reference object, it is
able to recognize the die even when the reconstruction plane is longitudinally shifted along the z-axis.9 We thus
achieve a longitudinal shift tolerance.
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Figure 2. Correlation results with various 3D test objects. (a) Filter made from one single view. (b) Filter made from 15
focused and defocused views based on one single hologram.

4. Conclusion
We have described a method to perform distortion-tolerant pattern recognition of 3D objects. The 3D
information is obtained through digital holography; distortion tolerance is achieved by using nonlinear composite
filters. As an example, we have demonstrated some tolerance to out-of-plane rotation and to longitudinal shift along
the z-axis. This technique can be applied to other kinds of distortions.
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