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Abstract

A nonlinear method for directional information processing is introduced, along with an
application of directional feature enhancement. In this method, an input is convolved with
a 2-D long. narrow kernel, which is rotated through 360 degree, continuously or discretely
in a large number of steps. An output is given by some function of the convolution
results. Linear features that are aligned with the kernel are enhanced. otherwise,
removed or suppressed. The method presented is insensitive to variation in the dimension
of linear features to be processed and preserves a good enhancement capability even for an
image characterized by low contrast and spatially varying brightness in noisy background.
Effects of the kernel legnth and width on the performance are discussed. A possible hybrid

optical-electronic implementation is also discussed.
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Fig. 1. A block diagram of the RKMT

operation. The output lout(x.y) is
given by an application-dependent
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Fig. 2. 1-D representation (broad side view)
of 2-D kernels.
(a) symmetric rectangular profile
(impulse at center may be excluded),
(b)Y symmetric triangular profile:
(c) asymmetric rectangular profile.
(d) asymmetric triangular profile.
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Fig. 3. Synthetic test images (256 X 256 pixels)

used for numerical experi-ments: (a)
noiseless image. (b) noisy input
image.
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Fig. 4. Convolution outputs obtained at four

kernel orientations:
(@=0°. h)=45", (©)=90". (d)=135".
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Fig 6. Enhancement of straight lines for
different kernel lengths: (a) L=15: (b)
L=25: (c) L=37: and (d) L.=49.

a8 b A4 AL 33 Ax: (a) [Max-
Min] <2#de]Ad: (b) cascade ¥ o]

Al (¢) median filtering (3% 3 mask).

Fig. 5. Results of applying directional opera-
tions (a) [Max-Min] operation (b)
cascade operation and (c¢) median
filtering (3x 3 mask).
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Fig 6. Enhancement of straight lines for
different kernel lengths (a) L=15. (b)
L=25, (c¢) L=37, and (d) L=49.
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One possible hybrid optical implemen-
tation. Incoherent optical convolver

Fig. 8.

with electronic min-max processor in
output plane. The prism compensates
for holographic carrier. Prism and
hologram turn as a pair to rotate on-
Min-Max
processor performs Min-Max calcu-
lations.

axis convolution kernel.
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