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Introduction

It would appear to be quite feasible to remove certain types of
distortion from images using quantitative data pfbcessing techniques
provided that the distorting influence can be precisely determined in
quantitative form. TFor example, it should be possible to reduce the
effects that camera motion during film exposure cause in a photograph
provided that the values of the various opbical and motion parameters
are available. In order to test this hypothesis a specific type of
distortion in optical. scanner data was chosen for initial study. The
details of this study follow.

The electronic equipment employed in recording and playing back
airborne scanner data may distort the signals if this equipment does
not have sufficient bandwidth, This is the case for scanner daba being
analyzed at LARS. The system funcfion is that of a sharp cutoff low
pass filter. As a result, the response of the system to a discontinuity
in the scene scanned such as might be encountered as the séanner sweeps
from a field of high intensity to one of low intensity (or vice versa)
shows overshoot and ringing. This phenomenon is quite apparent on the
gray scale printouts of 1968 flightline FF2l which has a highway running

dovn the center of the printout. Figure 1 shows a gray scale printout
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‘of the data in the band from 0,62 to 0.66 micrometers. On the left

side of the highway alternating vertical light and dark bands portray
the problem. Figure 2 shows a graph of eleven consecutive lines of
data from run number 68000200 (Flightline PF2l) for columns 185 to 230,
lines 630 through 6L40. The scan is from right to left. Figure 3 shows
the average of these eleven lines, The large peak at column number 215
is caused by the highway referred to above. Theﬁfinging to the left of
the peak is clearly visible and can be seen to damp out in approximately
4 cycles. The problem is quite evident in the vicinity of the road
because the apparent width of the road is approximately one half the
period of the oscillation. Thus the first portion of the input signal
is a positive step and just as the response completes its overshoot and
starts down, the negative step occurs and reinforces it. The problem is

also observed when a single step function in the signal is encountered.

Computation of the Impulse Response

In order to process the data to correct for the distortion caused
by the system it is necessary to know the system impulse response.

The system impulse response may be computed from the equation:

Y(w

H(w) = X(w

where Y(®) and X(®) are the Fourier Transforms of the output and input
signals respectively and H(w) is the system function. This, of course,
assumes that the input and output signals are accurately known. Then

the impulse response h(t) is given by:

h(t) = Fr{u(w)])




In the case of the scanner data, the input to the system is the
record of the spatial intensity variation which the scanner senses from
the scene. It was decided to pick special ground features that would
meke it possible to deduce the shape of the input signal by looking at
the output and using a priori knowledge of the ground scéne. Attempts
to determine the input signal corresponding to the scan of the road,
which is seen in Figure 3, were unsuccessful evidéﬁtly due to the fact
that the road's profile is not a simple combination of equal positive
‘and negative steps. Several different scenes from other runs were
studied to determine if a reasonable estimate of the impulse responses
for the system could be obtained from the scanner data. All of the
attempts to compute~h(t) from these data were unsuccessful.

It became clear that a cerefully controlled experiment in which
the scanner would scan a known scene was needed. A special flight over
an area where the scanner would see a pulse of relative brightness in
the channel for which the impulse response is to be computed would be
required.

On at least one occasion, a flight was made over just such & scene.
Special flights had already been made over large color panels laid out
on the ground for the purpose of calibrating the scanner. These paﬁels
are about 800 square feet and are of several colors.

A double resolution digital tape, LL4O semples per scan line, was
prepared (Run 66005200). The color panels were located in the region
bordered by lines 686 and 787 and columns 338 through 381. Figure U
shows the gray scale printout of this block for chamnel 5, corresponding

to 0.62-0.66 micromcters. The problem in question may be clearly seen




i

in the upper left color panel as vertical bands of gray (symbolized by
minus signs) and white shading. Figure 5 shows graphs of lines 690
through 694, columns 300 through 400. Two color panels are seen with

the obvious overshoot and ringing. Figure 6 shows graphs of lines 701
through 705, columns 300 through 400, Figure 7 is the average of the
five lines in Figure 6. The data of Figure 7 were used in the determina-
tion of the impulse response of the system.

The data of Figure 7 were preprocessed, redefining column number 381
as the origin for the abscissa, and subtracting 52.5, which is the data
value at column 381l. Forty data points were used to define the output
of the gystem, y(t). Figure 8 shows the preprocessed data for y(t).
Figure 9 is the assumed value of the input signal, x(t), which is to:be
used in deconvolution to produce H(w), the desired system function,

The system impulse response, h(t), can then be computed. The
Fast Fourier Transform algorithm was used to perform the deconvolution.
The number of points chosen for N was 512 in order to achieve good
resolution in the frequency cdomain. Figure 10 shows Y(®w) on an arbi-
trary frequency scale. The spectrum of y(t) shows it to be a low pass
band limited signal. Figure 11 is the magnitude of Y(w)/X(w). It is
seen that Y(w)/X(w) contains discontinuities due to the inaccuracy of
the assumption on x(t). This inaccuracy causes the zercs of X(w) and
those of Y(©) not to coincide. This coincidence is a necessary condition
if Y(©) is to be the result from passing X(®) through the system with system
function H(w). As a result the data of Figure 11 was hand smoothed so
as to remove these discontinuities, see Figure 12. Also in the process of

the hand smoothing of the data, the frequency was truncated at 150
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frequency units, which is somewhat larger than the bandwidth of y(t).
Finally, Figure 13 shows pt {Y(w)/x(w)}, the computed estimate of
the impulse response, h(t). Thus, h(t) has the properties expected

of it, i.e., those of a sharp cutoff, low pass system.

Check of the Computed Impulse Response

The impulse response resulting from the computations above was
used to correct a complete data line starting in the dark area before
the scene and ending in the dark area far enough beyond the scene. In
order to do this, a special tape was converted with contained data for
a complete revolution of the scanning mirror. The data line in question
scans two of the color panels. Figure 14 is a computer-made graph of this
line before correction. The Fast Fourier Transform was used with N equal
to 1024 to accomplish the deconvolution. In order to reduce the Gibbs
phenomenon apparent at discontinuities of x(t), the Hamming window function
was used to weigh the data in the frequency domain. In effect this tends
to correct the system function to the Hamming shape rather than a
rectangular one. The deconvolution of the data of Figure 14k, employing
the Hamming window, results in Figure 15. Figure 15 shows only the cor-
rected line of data. The overshoots and ringing are clearly reduced in

this function.

Conclusion

Correction of the one line of data in Figure 18 shows a definite
improvement. A further step is to cﬁrrect all the data for a particular
run and observe a gray scale printoutbin order to note the reduction in

oscillations formerly observed. Further study is required to see if the
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the impulse response is invariant with respect to the channel used. Once
each channel's impulse response has been computed, a crop classification
could be carried out with the corrected data to analyze for improvement

in classification accuracy results.
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Figure 1l. Data line through color panels before correction,
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Appendix A

Fortran program to compute the impulse

response of the system,
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Appendix B.

Fortran program to correct the data line

of Figure 14 to produce Figure 15.
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