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The run times listed in Table 5.2 illustrate the
importance of rapid convergence of regression iterations to
a minimum-error reconstruction. 1In general, the number of
iterations is relatively insensitive to window size but
increases for higher regression orders. Fortunately, as
indicted by Figures 5.8-5.10, first-order iterative
predictors produce optimal or near-optimal reconstructions;
for these estimators a minimum error was achieved in from
one iteration (MSS2) to three iterations (AERIAL). At an
extreme, up to twelve iterations were performed on MSS1 for
the second-order 5 x 5 regression without finding a

minimum.



CHAPTER 6

SUMMARY AND RECOMMENDATIONS

Spectral regression estimations of mosaic data
provided equivalent or lower average reconstruction errors
compared to second-order DPCM for the two four-band
simulations at 1.75 bits per pixel but higher error for the
three-band image at 2.67 bits per pixel. 1In all cases
regression results were superior to optimal PCC spatial
interpolation. The reconstructed regression images
displayed sharp edges with some visual edge noise and
texture distortion in regions of low contrast. When
spectral regression was combined with four-bit spatial DPCM
coding the effective bit rate was reduced by half with only
a slight increase in error. This illustrates tthe disjoint
nature of the redundancies that are exploited by the
spectral and spatial predictors.

In low-contrast regions where interband correlation
is also low the estimator is heavily weighted by the
estimated band mean as calculated over the window. For
large windows this can result in excessive smoothing and
could contribute to the observed texture shifts. An
improved technique would be to locally adapt the estimator
window size. Tapering the window should also theoretically
provide a more stationary parameter estimate, although the
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amount of improvement available over rectangular windows of
variable size may be questionable.

The error difference between iterative regression
reconstructions and regression estimates based on original
statistics as seen in Figures 5.11-5.13 and the visual
quality of Figures 5.20 and 5.21 indicate that parameter
estimation rather than the regression model itself is the
limiting factor in reconstruction performance. The
interpolation images used as initial approximations provide
an erroneously low estimate of spectral correlation, as
seen in Figures 5.6 and 5.7, and thus incur mean smoothing.
Simulations were performed which multiplied interpolation-
estimated correlation coefficients by a constant factor of
1.5; a slight (about 3 percent) improvement in NMSE for the
MSS1 image was noted. The investigation of more
sophisticated methods of "second-guessing" the
interpolation correlation maps should be pursued.

Another approach is to seek more accurate spatial
interpolators. For example, PCC interpolation could be
made spatially adaptive. The simplest modification would
be to use different o parameters for the horizontal and
vertical directions, while full adaptation would modify
these parameters at every image point. The optimal o could
be tied to the scene content by modelling the image as a

spatial Markov process. The resulting power spectrum could
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then be used to predict the variation of reconstruction
error as a function of a . The choice of local a would
then involve a measurement of the local spatial correlation
coefficient. This procedure would also be useful for non-
adaptive PCC interpolation as otherwise the choice of «
must be based on visual quality or previous experience with
similar imagery.

One problem in the practical implementation of
iterative spectral regression is the identification of
optimum iteration number in the absence of a measure of
reconstruction error. In general, the image variance
increases from the smooth interpolation estimate with each
iteration; perhaps a study of the rate of increase would
yield a reasonable criterion, such as an inflection point,
for terminating the regression loop.

The accuracy of spectral regression in multi-
spectral image modelling may have applications outside of
mosaic sampling. An obvious choice is the incorporation of
a spectral predictor into a spatial-spectral DPCM scheme.
However, locally adaptive parameter estimation as used in
the mosaic simulations would pose a heavy computational
burden on the transmitter; the degree of improvement that
nonadaptive spectral prediction would provide over a simple
increase in the order of a spatial predictor is an open

question.
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Further uses of spectral regression modelling could
include employing the covariance function that most closely
resembles the best spectral regression model of a data set
to derive Karhunen-Loeve coefficients for a spectral
transform coder. Another application could be the post-
processing of multispectral images that had been DPCM-
coded. As seen in Figures 5.26 and 5.27, such imagery has
characteristic granularity noise which is spectrally
uncorrelated and is thereby more noticeable in color
displays than in individual bands. An adaptive filter
might be devised which would spatially average the
individual bands based on the departure of band samples

from local regression estimates.
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