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INTRODUCTION

This work represents a continuation of that originated by
Jack Derry and reported in LARS Information Note No. 052770:

"A Preliminary Study of Image Quality Improvement Through Data
Processing®.

The basic problem considered was the reduction of the
transient response "ring” produced by the sharp cutoff low-pass
filter frequency response of the composite analog signal processing
equipment employed in the recording and playing back of the
airborne scanner data prior to digitizing and reformatting. This
ring produces a train of "ghost®” images each displaced in time
and reduced in intensity compared to the preceeding image and
overlaid on the original undistorted image. As shown in Fig. 1,
this ring produces the multiple images or “ghosts"” to the left
of the road in the center of the photograph. It should be noted
that the scanner movement with respect to time is from right to

left.
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In addition to reducing the optical quality of the scanner
image, it is suspected that this transient ring may lead to data
classification errors, particularly in regions immediately to the
left of a discontinuity in luminance level. It should also be
noted that any program which attempts to correct for variations
in scene illtmination resulting from cloud shadows must also correct
for this transient ring which would occur at the cloud shadow
boundaries.

DETERMINATION OF THE FREQUENCY RESPONSE OF THE COMPOSITE ANALOG
SYSTEM

Since the distortion characteristics of each component in the
analog signal chain are not available, it was decided to choose a
signal of approximately 50% of the total dynamic range of the scanner
data, assuming that distortion at this signal level is negligible,
as a calibration reference signal to determine the composite analog
system frequency response. In addition, this calibration signal
must have been generated by a signal at the scanner output which
can be described with reascnable accuracy by a minimum number of
parameters, and must contain a sufficient data record length to
include all significant cscillations of the transient ring without
containing new da®a in the region of the ring. The calibration

to 705 and. columns 340 to 390

-t

samples used by Derry from lines 70
of channel 5 of the color panels of Run 66005200, as shown in Fig. 2,
seemed to match the desired criteria. It was assumed that the
original analog signal at the scanner output for this area of the

above run was composed of two rectangular pulses.
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The basic approach used to determine an estimate of the frequency
response of the composite analog system was to obtain the frequency
spectrum for an average of lines 701 to 705 of the calibration samples,
using the Fast Fourier Transform algorithm. FORT, choosing N=1024
so that a good approximation to the continuous spectrum is obtained,
and dividing this spectrum by the frequency spectrum of the assumed
rectangular-shaped input signal. Although this basic approach is
fundamentally straight forward, a number of parameters had to be de-
fined to obtain a good estimate of the system response.

Four parameters were chosen to describe the discrete estimate
of each of the fectangular pulses assumed to have comprised the
original analog scanner output signal for the calibration samples,
which for the first rectangular pulse were defined as follows:
the number of intermediate sample points between the "zero level”
and the peak of the pulse (defining the leading edge of the pulse),
defined as parameter N14; the number of sample points between the
start of the record length of the data for the calibration area
and the first data point on the peak of the first input pulse, de-
fined as parameter N10; the number of sample points defining the
duration of the peak of the pulse, defined as parameter N1l; and
the slope of the peak of the pulse, defined as DLTX1l. The corres-
ponding parameters for the second rectangular pulse were N27, N22,

N28, and DLTX2.
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Two criteria were used to determine the best set of parameters.
First, since the discrete spectrum estimate of the frequency res-
ponse of the analog system is defined as the ratio of the discrete
frequency spectrum of the system output signal to that of the 0 ol
put signal for the chosen calibration sample, it is clear that if
the poles and zeros of the numerator and denominator polynominals
do not coincide at all frequencies, discontinuities will result in
the frequency response estimate of the analog system. These dis-
continuities are clearly shown in Fig. 11 of Derry's report. If
it is assumed that the frequency response of the composite analog
system did not contain such discontinuities, which should be a
reasonable assumption in view of the type of equipment employed,
then the magnitude of the discontinuities in the resulting esti-
mate of the system frequency response could be used as a measure
of the accuracy of the parameters previously defined.

Second, if the estimate of the system impulse response is ob-
tained from the inverse Fourier Transformation of the frequency
components, two requirements must be satisfied. First, the im-
pulse response must be casual; and second, the impulse response
must decay essentially to zero after a finite time. After exami-
nation of the transient ring for many points in the run from which
the calibration samples were chosen, it was found that the tran-
sient ring had significant values, greater than 0.5%, for the first

30 to 40 data points following the beginning of the transient.




After extensive analysis, the best parameter set for the
assumed input signal was obtained. N1=12, N10=1, N14=0, DLTX1=0.0,
DETN2=0.0, N2¥=0, N22=31, N28=12, PK1=02.8, PKl= 7.5, ¥Fig. 3,
which shows the maghftude of the discrete estimate of the analog
system frequency response, has discontinuities of at least an
order of magnitude less than previously possible. Fig. 4 shows the
corresponding discrete impulse response estimate of the composite

analog system.

DETERMINATION OF THE DATA CORRECTION FUNCTION

The basic approach used to correct the data consisted of mul-
tiplying the frequency spectrum of a suitable impulse response cor-
rection function, based upon the estimate of the composite analog
system impulse response, by the frequency spectrum of a line of
uncorrected data.

Several criteria were used to determine a suitable impulse res-
ponse ‘correction function. First, ideally, the convelution of the
composite analog system impulse response and the impulse response
correction function should be a unit impulse. However, since the
frequency spectrum of a unit impulse is a constant over the fre-
quency range from zero to infinity, and since the composite analog
system frequency response asymptotically approaches zero rapidly
for normalized discrete frequency component estimates above about

230 as shown in Fig. 3, and since the spectral components of the
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output of the composite analog system, being shaped by the fre-
quency spectrum of the composite analog system, are significant
only for normalized discrete frequency components below about
230, the frequency spectrum of the ideal impulse response correc-
tion function must be approaching infinity for.ccmponents above
230. PFrom a practical standpoint, such a function could not be
used; since it would enhance any noise introduced by the tape or
the digital processing of the uncorrected analog data which had
normalized spectral components in the region above about 230

in Fig. 3.

Thus, it was necessary to consider a "shaping" function in
the frequency domain which would "weight"” that spectral region
occupied by the uncorrected data; or another way to state the
same criterion, the ratio of the frequency spectra of the de-
sired impulse correction function to that of the composite analog
system must be equal to the "shaping"” function instead of unity.
Since the impulse response of this "shaping® function must be as
close to that of the unit impulse as possible, i.e., not having
any significant secondary lobes, and must be described by a small
number of parameters, the Hanning and Hamming "shaping" functions
were considered. It should be noted that as far as this first

criterion is concerned, the Hamming function is the best choice.
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The second criterion, and possibly more important than the
first, is that the impulse response of the correction function
decay as rapidly as possible. The significance of the criter-
ion lies in the fact that if an error is made concerning
the data which immediately preceeded the first data sample to
be corrected, am oscillatory error will result in the %cor-
rected" .data having a magnitude proportional to the impulse res-
ponse of the data correction function. Thus, if the impulse res-
ponse of the correction function takes a long time to decay to
insignificant levels, the "corrected" data will contain these os-
cillations which will propagate through the corrected data for
approximately the same time duration as that of the impulse res-
ponse of the correction function. Since spectrum analysis of nu-
merous lines of uncorrected data indicated that significant com-
ponents existed for about 236 discrete normalized components on a
basis of 1024 total discrete spectral components, the Hanning
frequency shaping function with a parameter of 236 produced a
correction function with an impulse response which decayed in less
than half the time required by the Hamming function.

The importance of the second criterion lies in the fact that
the data points immediately precceding the first data point to be
corrected on a given scanner line are lost because of the digitiz-

ing procedure cmployed during reformatting.
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The third criterion for the impulse response correction
function is that it must be causal. Thus, once a correction
function is obtained which satisfies the second criterion, its
impulse response is sufficiently delayed in time so that it appro-
ximates a causal response. The resulting funetion is shown in
Fig. 5.

Before the spectral components of the data correction func-
tion are multiplied by those of a line of uncorrected data, one
additional procedure must be considered. As a means of mini-
mizing the correction error introduced by not knowing what pre-
ceeded the first data point to be corrected, a ramp function be-
ginning at the "dark level" calibration value and terminating
100 sample points later at the level of the first data point to
be corrected was assumed to preceed each line of uncorrected
data. This ramp function is an approximation to the actual func-
tion produced during the time that the scanner morror is partially
covered by the scanner window, and its duration was approximated
by examining line graphs of the digitized data before reformat-
ting.

The effectiveness of this overall correction procedure is
demonstrated by comparing Fig. 6 which represents a graph of
the data on line 695 and Fig. 7 for line 705 of run 66005200

channel 5 to Fig. 8 and 9 respectively.




Conclusions:

Fig. 10 shows the results of the correction applied to the
data of Fig. 1. More work is still required to obtain a better
estimate of the original analog system impulse, or equivalently,
frequency response characteristics upon which the data transient

*égrrection function is based. Much of the difficulty in obtain-
ing a good correction function arises because of apparent analog
system non-linearity and the limitations of the color panels as
calibration standards.

Also, further work is necessary to determine if it is possi-

- ble to generate a single correction function which would accurate-
ly correct all data channels and all runs made with the same basic
analog recording equipment. Preliminary investigations have shown
that the correction function generated from channel 5 of run
66005200 will correct the other channels of this run with essen-
tially the same accuracy as was obtained for channel 5. In addi-
tion, this same correction function made an acceptable correction
of the same channel and flight line taken 2 years later.

Although no classification of corrected data has been made
to date, the necessary software exists; and it is felt that the
present correction function would be suitable to perform an ini-

tial classification to determine the magnitude of accuracy im-~

provement.




Figure 1. Scanner Image from Run 66005200, Lines 400-1000,
Columns 1-450, Channel 5.
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Figure 2.
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Figure 3. Frequency Response Estimate for Composite Analog

System for Optimum Input Signal Parameter Set.
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Estimate of Composite Analog System Impulse

Response for Optimum Input Signal Parameter Set.
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RUN NUMBEReossssssssas 66005200 DATEcees sesesssssse 6/30/66
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Figure 6. Graph of the Corrected Data in Line 695, Channel 5,

Run 66005200.
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RUN NUMBERccessesesss 660052C0 DATEcoccacsaccacenscsa 6/30/66
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Figure 7. Graph of Uncorrected Data in Line 705, Channel 5,
Run 66005200.
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Figure 8. Graph of Corrected Data of Figure 6, Run 66005202.
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Figure 9. Graph of Corrected Data of Figure 7, Run 66005202,



Figure 10. Scanner Image from Run 66005202, Lines 200--800,
Columns 1-450, Channel 1.
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