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Section 1

INTRODUCTION

The objectives of this study were to provide both qualitative and
quantitative comparisons of several radiometric processing procedures
applied to MSS data, to assess the adequacy of present MSS calibration
procedures, and to assess the impact of a modified MSS radiometric pro-

cessing procedure on the throughput of the Master Data Processor.

The radiometric calibration currently performed by NASA on image data
received from the Landsat Multispectral Scanner (MSS) is based on a
linear radiometric transformation derived dynamically from six samples
of the calibration wedge data provided by the MSS for each image lime.
This radiometric calibratjion procedure leaves a residual periodic
variation in image radiometry which is termed striping. This radio-
metric variation, in addition to its impact on the visual quality of
processed imagery, introduces a systematic radiometric error which may
compromise the validity of results obtained by machine processing for

information extraction.

Over the years, various techniques have been proposed to compensate MSS
digital data for striping. These proposals have concentrated on tech-
niques which characterize the response of individual MSS5 detectors by
examining the image data reported by each, and egualize this response
across the detectors of 2 spectral band. These techniques have heen
shown to provide considerable reduction in visible striping. They fail,
however, to address the questions of why the calibration procedures
employed are not effective in eliminating striping originally, and

whether the calibration procedures can be modified to eliminate striping.



N

These questions could only be answered by studying the calibration
procedures and the data available to perform the calibration. It was
anticipated that investigation of the temporal stability of the complete
set of calibration wedge data, together with interdetector comparisons
of this data, would provide the information necessary to formulate a
more effective MSS calibration procedure, thus eliminating these inter-

detector variations as part of the calibration process.
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Section 2
PROCESSING DESCRIPTION

The study was designed to empirically investigate both destriping pro-
cedures and the MSS calibration procedure, evaluating their effectiveness
by both visual and quantitative procedures. It alsc considered the
characteristics of MS5 calibration wedge data in order to elucidate the
temporal and interdetector effects which exist in this data.

The study consisted of the following tasks:

a. Preprocessing of scene CCT to produce band separated images

with associated calibration data

b. Destriping processing and MSS calibration processing

C. Visual evaluation of processing results

d. Power spectrum analysis of processed image data

€. Detector~specific image histogram generation

f. Multispectral classification of agricultural areas in processed

scene data

g. Evaluation of MSS Calibration Data

h. Evaluation of the impact on MDP throughput of the selected

destriping procedure.



One Landsat scene, provided in both calibrated and uncalibrated form,
was used in this study. This MSS scene, E-2183-16433, contains water,
rural crop areas, and areas of high and low radiance. Both the radio-
metrically calibrated and radiometrically uncalibrated versiomns of this

scene were processed and evaluated as described below.

2.1  PREPROCESSING

Each of the two versions (calibrated and uncalibrated) of the scene were
reformatted to produce complete images of each of the four MSS bands,
with the calibration data from the CCT provided for each MSS mirror
sweep. These images were radiometrically adjusted to match the charac-
teristics of the IBM Drum Scamner/Plotter, and recorded onr photographic

film, to permit inspection for data quality.

2.2  RADIOMETRIC PROCESSING

The radiometric processing techniques investigated in this study are

outlined below.

2.2.1 IBM's Destriping Procedures

Type al. Mean and standard deviation equalization based on the
data from a single MSS mirror sweep (1.e., six contigunous
lines of image date), with the resulting detector unique
gain and bias radiometric compensations applied to the

data from the subsequent mirror sweep.



Type a2, Mean and standard deviation histogram equalization based
on the data from the first 60 mirror sweeps of the image
{approximately 15% of the image data in an MSS frame),
with the resulting detector unique gain and bias radio-
metric compensations applied to the data for the entire

image.

Type a3. Mean and standard deviation histogram equalization based
on the data from the first 195 mirror sweeps of the image
(50% of the image data), with the resulting detector
unique gain and bias radiometric compensations applied to

the data for the entire image.

Details of this processing are presented in Appendix A.

2.2.2 Modified MSS Calibration Procedures

Type bl. The smoothed gain and offset values developed for the
lines of the initial 98 mirror sweeps of a spectral image
(approximately 25% of the image data) were averaged for
each of the six detectors in a spectral band, and these
six averaged gain and bias sets were used as the radie-
metric correction for the entire image. This smoothed
gain and offset calibration employed the six calibration

wedge values present in the CCT data for the scene.

Type b2. The smoothed gain and offset values developed for the
lines of the entire spectral image (100%) were averaged
for each of the six MSS detectors of that band, and these
six averaged gain and bias sets were used as the radiometric

correction for the entire image.

The algorithm used to calculate the smoothed gain and offset is presented
in Appendix B.
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Section 3
EVALUATIONS OF PROCESSED IMAGES

The comparative evaluations which were performed in this study of
radiometric processing procedures are shown in Figure 3-1, together with
the data processing required to generate products for comparison. These
results of evaluations are discussed in the following subsections. All

the evaluations except multispectral classification were performed on

the scene data from MSS band 1 (0.5 to 0.6 micrometers), which exhibited
the greatest visually apparent striping in photographic recordings of

the unprocessed, uncalibrated scene data. The multispectral classification

evaluation employed data from all four MSS bands.
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3.1 EVALUATION BY DETECTOR-SPECIFIC HISTOGRAMS

A comparative evaluation among images of MSS band 1 was made using
radiometrically uncalibrated data processed by the type al, a2, and a3
destriping procedures and the type bl and b2 MSS calibration procedures,
and radiomelrically calibrated data processed by the type al destriping
procedure. The evaluation was made on the basis of histograms of the

data reported from each of the six MSS detectors in each of the six
radiometrically processed spectral images. Detector-specific and aggregate
histograms of this data were generated, and the consistency of each
individual detector histogram with thg corresponding aggregate histogram

was considered. These histograms sre presented in Figures 3.1-1 through
3.1-6.

A conventional statistical approach to evaluating the goodness of fit
between the aggregate histograms and their associated detector-specific
histograms was used to test the hypothesis that the frequency distribntion
of pixel values for an individual detector is one sixth of the frequency

distribution of pixel values over all detectors, using the statistic:

BP0
=1 0,70

[

Where NJ1 is the number of occurrences of pixel value i for

detector j, and

Nl is the number of occurrences of pixel value i for all

detectors.

All of the calculated X? values for the histogram sets, as given in
Table 3.1-1, greatly exceed the critical X2 value at the 0.005 level of
significance (i.e., there is less than a 0.5% probability that a random
set of pixel values, taken from a population whose frequency distribution

is given by the aggregate histogram, would show such poor agreement with

3-3



the aggregate histogram), forcing the conclusion that none of the pro-
cessing techniques has achieved a completely satisfactory equalization

across the detectors.

The calculated X? values do, however, provide a summary measure of the
deviations of the distributions in each of the detector-specific histo-
grams from the distribution in the corresponding aggregate histograms.
By summing the X? values for the six detectors of a spectral image, an
overall measure of these deviations is obtained which can be used to
rank the performance of the various radiometric processing techniques.
On this basis the best equalization of the detector histograms was

obtained with the type a2 processing of the uncalibrated scene data.
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Table 3.1-1.

Chi-squared Values for Comparison of Detector-Specific Histograms

Degrees
of X" Values Sum
Radiometric Freedgm 05
Processing in X 3=1 i=2 1=3 1=4 1=25 ji=6 X XZ
3 0.005
Uncalibrated Scene Data 10 254587 1316226 375530 9126 39104 8929 2,003,503 25.2
after Type al Processing
Uncalibrated Scene Data 10 36392 50097 65716 47192 | 127396 52941 379,733 25.2
after Type a2 Processing
Uncalibrated Scene Data 10 35113 178514 41636 80355 | 102538 80897 519,054 25.2
after Type a3 Processing
Uncalibrated Scene Data 17 487846 69935 | 174762 67419 92641 63042 955,646 35.7
after Type bl Processing
Uncalibrated Scene Data 17 488333 69918 | 175037 67403 92638 63020 956, 348 35.7
after Type b2 Processing
Calibrated Scene Data 19 130507 104505 | 259655 | 341799 | 417700 | 421118 | 1,675,284 38.6
after Type al Processing
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Figure 3.1-6. Detector-specific Histograms for Calibrated Scene Data
from MSS Band 1 after Type al Radiometric Processing

3-11



3.2 EVALUATION BY VISUAL INSPECTION

A comparative evaluation among images of MSS Band 1 was made using
radiometrically uncalibrated data processed by the type al, a2, and a3
destriping procedures and the type bl and b2 MSS calibration procedures.
The method of evaluation was viswval inspection of film recordings of the
radiometrically processed images. The images were ranked om the basis

of the visually apparent striping which they exhibited.

Photographic prints of the scene data used in this visval evaluation are
presented as Plates 1 through 6. The actual evaluation was made from
the negatives used to produce these prints, in order to avoid any varia-
tions which might be introduced in producing prints from the negatives,
and to provide the best possible presentation of the data during evalua-
tion. Negatives of image data for the five radiometrically processed
versions of the scene for MSS band 1 (0.5 to 0.6 micrometers), together
with a negative of the unprocessed, uncalibrated data, were arranged
randomly in a two-wide by three-high array and uwniformly illuminated
from behind. Five experienced members of IBM's digital image processing
group were then asked to rank the six images on the basis of the visually

apparent stripang.

The rankings which were obtained are presented in Table 3.2-1, together
with an overall ranking obtained by summing the individual rankings. On
the basis of this overall ranking, the type a2 processing of uncalibrated

scene data is clearly preferred.
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Table

3.2~1. Results of Visual Evaluation of Radiometrically Processed Scene Data

for Landsat MSS Scene 2183 - 16433, MSS Band 1

Rankings Obtained*
Image Image Case Case Case Case Case Overall
Number Description 1 2 3 4 5 Ranking
1 Uncalibrated scene data, 1 2 & 3 3 13
type bl radiometric processing

2 Uncalibrated scene data, 1 5 5 2 1 14
type al radiometric processing

3 Uncalibrated scene data, 1 1 1 5 5 13
type b2 radiometric processing

4 Uncalibrated scene data, 1 3 2 1 2 9
type a2 radiometric processing

5 Uncalibrated scene data, i 4 3 4 4 16
type a3 radiometric processing

6 Uncalibrated, unprocessed 6 6 ] 6 6 30
scene data ’

*# 1 = best
6 = worst




3.3 EVALUATION BY POWER SPECTRA ANALYSIS

A comparative evaluation among images of one spectral band was made
using radiometrically uncalibrated data processed by the type al, a2,
and a3 destriping procedures. The method of evaluation was power spectra

comparison.

Power spectra for two 128-l1line by 50 sample subimages were generated for
each of these radiometrically processed images. The subimages were
chosen to provide ‘power spectra of a low frequency and a high freqt}ency|
region. Power spectra were taken only in the "along track" direction of
the image, since the linear gain and offset radiometric transformations
employed by the destriping and calibration procedures have known effects
on the power spectra in the along scan direction. The specific subimages

are identified in Plate 7, which is an overlay for Plates 1 through 6.

The power spectra obtained for this evaluation for regions in the
uncalibrated scene data and in the three radiometrically processed
scenes are presented in Figures 3.3-1 through 3.3-12. In these figures,
the abscissa is the unnormalized squared value of the discrete Fourier
coefficient, while the ordinate is the index of the coefficient, and
ranges from 0 to the index corresponding to the folding frequency, which

is 64 for the 128-line transforms used in this evaluation.

In engineering terms, the spacing between the Fourier components is:

_ 1
" (128 lines) (80 meters)

AF = 9,766 X 10_5 cycles/meter

while the frequency range of the plotted spectra is:

Ff = 64(AF) = 6.25 X 10-3 cycles/meter.
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Components of the power spectra which correspond to striping would be

expected to occur at intervals of:

1

Fst ) (80 meters)

= 2.083 X 10 cycles/meter,

corresponding to index values i = =n Kl/ASOﬂ’//’K128)(80H where n is
an integer. For the frequency range of the plotted spectra, i = 21.3,
42.7, and 64.

In the power spectra of the high frequency region presented inm Figures 3.3-1
through 3.3-4, there is only minimal evidence in the uncalibrated scene
data of greater power concentration at those frequencies which would
correspond to striping than at other points in the spectra, and there is
less evidence of this effect for the processed data. The peak in spectral
power which is seen at the folding frequency, in the absence of lower
frequency striping-related harmonics, cannot justifiably be attributed

to striping, since power at this frequency alone corresponds to a two-

line periodicity rather than a six-line periodicity. In the power

spectra of the low frequency region presented in Figures 3.3-5 through
3.3-8, the expected councentration of power at the frequencies corresponding
to striping is evident, in the unprocessed data, as is the suppression

of power at these frequencies which results from the three different

types of radiometric processing.

A less complex power spectrum comparison of the striping in these images
is provided by power spectra which were generated for a smaller (30
sample by 64 line) low frequency region contained entirely within the
originally defined low frequency region and containing only image samples
of the Missouri River. These spectra are presented as Figures 3.3-9
through 3.3-12. The simple power spectrum of this uniform-level subimage
provides a background against which the power concentrations at the

striping frequencies are much more apparent than they are for the power
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spectra of Figures 3.3-1 through 3.3-8. For this smaller region, the
Fourier coefficient indices calculated for the striping frequencies are
10.7, 21.3, and 32.0, and power concentrations are quite apparent near
these values in Figure 3,3-9, the power spectrum obtained for the uncali-

brated scent data.

A quantitative characterization of the power present at the striping
frequencies for this small, low freguency subimage in the uncalibrated
data and in the three processed data sets is presented in Table 3.3-1.

In this table, the power levels at the striping frequencies are expressed
in decibels above the average power level for the particular spectrum in
order to normalize the data for this average, which differs among the
source data sets. From this table, it is apparent that the type a3
radiometric processing is most effective in suppressing the power at the
fundamental striping frequency, and the type a2 radiometric processing
1s marginally better than type a3 at suppressing the first harmonic.

Both of these techniques considerably enhance the relative power present
at the folding frequency. An exact explanation for this effect is
unknown, but the detector-specific histograms presented in Figures 3.1-1,
3.1-2, and 3.1-3 suggest that the "forbidden" pixel values produced by
these two radiometric processing techniques, which are different for
each detector, result in an effective increase in the quantization noise
present in the image. Since such an increase would be detector-related,
i1t could appear in the power spectrum at the highest frequency, the
folding frequency.

Overall, the type a3 radiometric processing provides the most effective
combined suppression of the fundamental and first barmopics of striping,

and is the most effective technique on this basis.
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Table 3.3-1.

Relative (to Average Power) Power Spectrum Values for Restricted

Low Frequency Image Region at Frequencies Corresponding to Striping

Fundamenktal First Harmonic Second Harmonic
1 5311 i 3321 i 3332
f = 2.15 X 10 7 cyvcles/meter f=4,10 X107 cycles/meter | f = 6.25 X 10 ~ cycles/meter

Uncalibrated Scene Data 4.04 db 5.78 db 4.83 db
Uncalibrated Scene Data after 2.42 db 1.80 db 5.87 db
Type al Radiometric Processing
Uncalibrated Scene Data after 0.08 db -0.08 db 10.17 db
Type a2 Radiometric Processing
Uncalibrated Scene Data after 0.02 db ~0.0% db 10.25 db

Type a3 Radiometric Processing




3.4 EVALUATION BY MULTISPECTRAL CLASSIFICATION

A comparative evaluation by multispectral classification was performed
between twe multispectral image data sets, one produced by application

of the type bl MSS calibration procedures to the four bands of uncali-
brated MSS data and the other produced by application of type al destriping
procedure to the four bamds of calibrated MSS data.

Each four-band data set was evaluated using a parallelpiped (limit)
classifier. For each data set, a training field for each of two classes
was selected based on the ground truth data. These training fields were
used to determine the class limits. A test field for each of these
classes was identified, and the four-vectors within each of these fields

were classified against the class limits for the class.

This procedure was then repeated, exchanging the definition of training

and testing fields.

Plate 7 1s an overlay for Plate 5 which identifies the location in the
image data sets of the Hand County LACIE Intensive Study Site 2, which
contained the fields employed in this evaluation. Figure 3.4-1 is a
diagram of the field structure in this site, and the specific fields

employed (5, 50, 204, and 270) are identified on this diagram.

The results obtained in these classification experiments are presented

in Table 3.4-1. In all cases, the Type al radiometric processing on
calibrated scene data has produced image data for which a higher percentage
of the field pixels are correctly clagsified than has the Type bl radio-
metric processing on uncalibrated data. However, if the evaluation is
based on the volume of the four space parallelpiped which characterizes

the classes, a preferred radiometric processing cannot be identified,

since for spring wheat this volume is smaller for the Type al processing

of calibrated data, while for oats this volume is smaller for the Type

bl processing of uncalibrated data.
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Because of conflicting conclusions which resulted from this experiment,
and because of the lack of spearation of the class regions in four-space

which is evident in Table 3.4-1, no reliable conclusions can be drawn
for this evaluation.
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Table 3.4-1. ,Results of Evaluation by Multispectral Classification

A %

Olase Feld] mss 4-%;?2; view | Noof Field | mss some | viewm | Noof F",fg‘c:‘s‘:f;;'c Nrmtas of Pots ’t::zrrrr‘;f:?l: Clasnbd
ip | Band | Range Vector | Pixels o | 8and | Range Vector | Pixels Source Data | Freld 1= Traming | Field 2 = Traming
{Counts} | {Counts) {Counts] | {Counts) . Freld 2 = Test Field 1 = Test
Mature | 204 1 ] 2356 42 270 1 1" 260 30 Typeal 13% 71%
?v"r“;gf 2 1 290 2 34 385 Calibrated 4 Pixels 30 Pixels
3 12 535 3 i8 605 Data :
4 7 280 4 9 300
4-Space Volume 5544 4-Space Volume 60588
Mature | 204 L 7 240 42 270 1 14 285 30 Type b 1 33% 50%
E"h’;:f 2 11 290 2 32 445 Uncalibrated 1 Pixel 21 Pixels
3 1 550 3 19 620 Data
4 7 280 4 11 31.0
4-Space Volume 5929 4-Space Volume 93622
Mature 5 1 13 270 37 50 1 11 280 24 Typea i 83 3% 67 6%
Oats 2 27 370 2 20 375 Caltbrated 20 Pixels 25 Pixels
3 19 620 3 23 560 Data
4 6 305 4 11 280
4-Space Voiume 40014 4-Space Volume 55660
Mature 5 i 8 295 37 50 1 7 290 24 Type b 1 54 2% 54 1%
Oats 2 14 445 2 10 425 Uncalibrated 13 Pixels 20 Pixels
3 12 655 3| 18 605 Data
4 6 315 4 10 285
4-Space Volume 8064 4-Space Volume 12600
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3.5 SUMMARY OF COMPARATIVE EVALUATION RESULTS

The results obtained in the comparative evaluations of the radiometrically
processed image data are summarized in Table 3.5-1. From this table, it
1s apparent that the Type a2 radiometric processing of uncalibrated

scene data has provided the most satisfactory compensation for striping

on an overall basis. Scene data produced by this technique was ranked
first when evaluated both visually and by means of detector-specific
histograms, and was ranked second when evaluated by power spectrum

analysis.

Since the multispeciral classification evaluation was performed for only
the type bl processing of uncalibrated data and the type al processing

of calibrated data, the inconclusive results obtained from this evaluation
do not compromise the identification of the type a2 processing of uncali-
brated scene data as the best overall procedure. Had this evaluation
tdentified a preferred processing technique, one could still not conclude
that this processing technique was superior to the type a2 processing of

uncalibrated scene data.

3-34



Table 3.5-1.

Summary of Evaluation Results

{1 = best)

Uncalibrated Scene Data

Processing Type

Calibrated Scene Data

Processing Type

Lvaluation Method al a2 a3 | bl b2 al
bBetector Speciflc Histograms | 6 i 2 3 4 5
Power Spectrum 3 2 1 - - -
Multispectral Classilication inconclusive results
Visual Evaluation 4 i 5 2 2 -
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Section 4

EVALUATION OF MSS CALIBRATION DATA

The calibration wedge data for one MSS band was investigated to charac-

terize 1ts temporal stability, by detector, and the relationship between

the calibration data for the various detectors. For this investigation,
the full set of MSS band 1 calibration wedge data corresponding to the

first 210 mirror sweeps of MSS scene E-2183-16433 was employed.
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4.1  TEMPORAL VARIATION OF REPORTED CALIBRATION WEDGE VALUES

For each detector of MSS band 1, plots of the mean and root-mean~sgquared
variation of 50 calibration wedge samples were generated. These plots
statistically summarized the temporal variationr of a2 larger number of
these values than the six points employed for calibration. These plots
are presented as Figures 4.1-1 through 4.1-6. On these plots, the
abcissa 1s the decompressed calibration sample value, and the ordinate
1s the sample number, counting the first sample of calibration data as
1. For each calibration sample considered, the range of values it
assumed 1s i1ndicated by a string of asterisks, which show the limits of
the mean sample value plus and minus the standard deviation. These
plots show a stable but non-linear response characteristic over the
region of the ordinate where the ordinate scale 1s linear. (Note that
on both ends of the ordinate, the scale of the plot is compressed with
respect to the central region. This was done in order to display cali-
bration sample values over the full range of the wedge without producing
an excessively large plot.) Over the low value range of the calibration
data, and for ali detectors, the calibration sample values are stable to
wilhin a standard deviation of plus or minus one count, and there is
evident no characteristic which suggests that the calibration data 1is

1nadequate or inferior for any particular detector.
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4.2 GAIN AND BIAS COEFFICIENT TIME SERIES

The MS8S calibration procedure was applied to the standard six points

from the calibration wedge data, and the resulting time series of gain

and bias coefficients was plotted. These plots are presented in Figures 4.2-1
through 4.2-12, In these plots, the scale of the abscissa is the same

among 8ll the individuwal gain plots and among all the individual bias

plots, so that wisual comparison among corresponding plots for different

detectors is not deceptive.

For the gain coefficient plots, the plotted values have been normalized
into the range 0 to 1, where 0 corresponds to an actual gain value of
95.52, and 1 corresponds to an actuwal gain value of 122.64. Thus, the
quantization of the plotting for the abscissa 1s an interval of 0.27 in

the value of the gain coefficient.

For the bias coefficient plots, a similar normalization has been employed
In this case, the minimum plot wvalue of zero corresponds to a bias value
of -47.670563, and the maximum plot value of 1 corresponds to a bias
coefficient value of 52.329422. Thus, the guantization of the plotting

on the abscissa is an interval of 1.00.

To provide an intuitive appreciation for the meaning of the fluctuations
observed in these plots, the way in which the gain and bias coefficients
are employed in radiometric calibration of MSS data must be considered

The equation whaich is used to calibrate the data is:
v = Kax | VP2 _ Ry T
c AR q bs

where the symbols are defined in Appendix B. This car be

rewritten in the form:

V =GV + B
e



vhere

and

p--165) (P2) o |8 ma +

For the radiometric calibration implemented in the MDP for MSS band 1
(0.5 to 0.6 micrometers), the nominal values for the constants in these

expressions are:

K - 1
AR q
p =1
KV
Max +rf = @
[T RMin ]
VMax = 127

Using these values for the constants in the calibration function, the

expressions for G and B become:

_ 127
6=3%
s
127
B=- 3 &g
=

Since we are using unsmoothed values for the gain and bias values in the
present investigation, the subscript 's' will be dropped, yielding as
the expression for the calibration function:

v =22 (y.a)

c b
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The effect of the observed variations in the gain and bias coefficient
valnes in the plots can be demonstrated by means of a Taylor series
expansion of the calibration function about nominal coefficient values.

The variation in the calibrated sample value is given by:

127 127
Av = —|[==L qv-a) | Ab - 220 ] Aa
¢ [b2 ] b=b_ P | b=b
o [+
Q
127 127
= - 25l (AB)V + ==~ |laAb - DA ]
b2 ) b2 [ao S8
O [}
= (AG)V + AR

where a and bCl are typical values for the MSS calibration coefficients

and
Ac = - L )
b
o]
and

b2
0

Table 4.2-1 presents a compilation of the maximum and minimum gain

AB = 227 [aoAb - boAa]

coefficient values observed in the gain coefficient plots, together with
the corresponding bias coefficient values, typical coefficient values
obtained by averaging the values from the plots, and deviations from the
typical values obtained by taking one-half the difference of the values
obtained from the plots. The effect of these typical values and the
observed deviations is shown in Table 4.2-2, which presents the values
of the coefficients of the calibration function and series expansion of
the calibration function, taking into account the observed inverse
relation between variations in the gain coefficient and variatioms in

the bias coefficient.

4-11



Note that the variation in the additive constant is limited to approxi-
mately ¥ 1, and this for the unsmoothed data. Thus, the variations in
calibrateq‘sample values attribantable to this term in the calibration
function are at most of this magnitude. The amount of variation in
calibrated sample values attributable to the multiplicative factor
depends on the value of the uncalibrated sample, but for a typical
uncalibrated sample value of 20, is of the same magnitude as that due to

the additive term.

Pairwise comparison of the gain plots (or bias plots) for the detecters
(e.g., @etector 1 against detector 5) reveals no apparent correlation

in the variation of the coefficient values along the time series. If
striplné, which on close inspection exhibits a six-line periodicity and
158 therefore necessarily, even if non-causally, detector related, were
attributable to a systematic, detector-related variation in the cali-
bration function, cne would expect to observe a consistency in these
variations across detectors (e.g., the bias value for detector 1 varying

i1n synchronization with that for detector 5).

Thus, while there exist fluctuations in the calibration coefficient

values which are of sufficient magnitude to produce a striping effect,
these variations do not have the interdetector correlation which would
be necessary to identify 1nadequate radiometric calibration processing

procedures as the cause of the striping of MSS images.

4-12
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Table 4.2-1.

Summary of Variations in Gain and Bias Coefficients

Ohtained with Mss Calibration Procedure

Gain Bias
Deyiation Deviatrion
Minimum Maximum from from
Detector Gain Bias Record Gain Bias Record Typical Typical Typical Typical
b Ab a Aa
[ o
1 95,51874 | 1.72894 123 102.64764 | 0.76947 115 99,08 +3 36 1.25 +0.48
2 104.12521 3.38972 8 114.47604 | 2.86726 71 109, 30 +5.18 3.13 +0.26
3 1046.42088 | 2.57248 37 112.57640 | 0.98093 47 108.50 +4.08 1.78 $0.80
4 112.91699 | 3.32911} 127 122.64281 1.55055 49 117.78 +4.86 2.44 +0.89
5 97.20721 | 4.04221 146 105.33539 | 2.26438 205 101.27 +4 06 3.15 §0.89
6 106.34644 | 2.89016 40 114.60645 1.52419 197 110.48 +4.13 2.21 +0.68




Hi-y

Table 4.2-2.

Variations of Calibration Function Coefficients

M8S Calibration Coefficlent Values Calibration Function Coefficients
Gain Bias Gain Bias
Detector Typical | Deviation Typical { Deviation Typical | Deviation Typical { Deviation
Value from Value from Value from Value from
Typical Typical Typical Typical
b Ab a Aa G aG B AB
o] [+
1 99.08 +3.56 1.25 +0.48 1.282 | ¥4.60x107% | -1.602 | +0.673
2 109.30 | +5.18 3.13 +0.26 1.162 | ¥5.51x1072 | -3.637 | +0.474
3 108,50 | +4.08 1.78 +0.80 1.170 | F4.40x107% | -2.084 | +1.014
4 117.78 | +4.86 2.44 +).89 1.078 | F4.50%1072 | -2.631 +1.068
5 101.27 | +4.06 3.15 0. 89 1.256 | ¥5.03x107% | -3.950 +1.274
6 110.48 | +4.13 2.21 +0.68 1.150 | ¥4.30x107% | -2.540 +0.877
127 _ 127
6=+ B=-F %
[+] [s]
127
A6 = -ab 2 AB="1"2'1 aab - b asa
b 2 9 o
o bo




$5.518723

122.682792 AND BININUN GAIX VALUE OF

TIME SERIES OF NORMALIZED GAIN VALDES PFOR BAND 1, DETECTOR 1

NORMALIZED WITH RESPECT TO MAXIMDN GAIN VALDE OF

GALX

0 0.80 0.90 1.00

0- 10

0.60
—fp m—

At

0.30 0.40

0.20
purd

0.10
—_—

BRECORD O
WGABER +--

MMM MO O QMM I 3 SOV P S AT AN DM AL L D T P = v ony 710
WIION O e e 0 LA 03 A0SO CRi = (] NP PR 0 A R O QP PO P GO O DU e
NINEAY) 01000 B MMANINIWD LD N M M et S OM MMM ONUND-D OGN WD O
MO DO T = = =LYUY ) (V3 [ e o W 7 00 (D O1 (1) P 0 1= W G 0 e = N D0 00 o 2 Qo Q) v
3 AT 2 0\0 00 0P AUOD = N B SO AR WINO O S 90 DT OO 2N DO
AR I R R N R Y I O e Y
NAD DN =AM OSOONT ™ S ONINOONNDEDO QO QMR O O™ AN RN e

9900990000990098099999900990000009900000099999900
Lol od Lol ol ol ] - Ll ] Lol o 15 g o e e - Lol o

oRIGINAL PAEE 2

)

» %

LE X X - * * % * %
LX *»
* * * %

LR
LR ] * % LR S LA R AR X}

* % * » -
g ¥

P O PO DA O (NI X110 03 OV v (N SFUID T™ DT (N7 SIS = D NS E= N TS M TS

T e e e N AN O N NN (1 M M M S T S O ST T o Sy

4-15 |

Figure 4.2-1 (Sheet 1 of 5)



95.519723

1
122.642792 AND MININUR GAIN VALUE OF

DETECTOR
$

GAIN VALGE O

MAXIMUm

TIAE SERIES OP NORMALIZED GAIN VALUES POER BARD 1

NORNALIZED WITH RESPECT TO

e ieiralla Ga bt The ae 7o 2 Tar L Lt Saa 1o Lot Lt bl 0 0 Sttt it Tag Lt Dyg 1 B- Lol T B b o o e T O s R laa o}
G = 4. NN FANLNWNIDN OB OO0 & 3OS MM O OMMA NSO ORI NML
NN ODARNNIMM.O SO D R IDARRND AP P P A OIS D NS T T P i
22-!-IT.?T-1..5500888399““114“““881122224%977“%77;2238
RN 000 Qv et 2y e ar 3 & FOWMN DONOINAD UMD BATWN (A NOD TS
AR AN N N NN NN
P g g 0 0 P P Y VD T DU AN P P O 0 O (O o A D D TR TR PR 0 (0 DD KR K

000000000099999999990099&;9000099009999999900999999
. ™ - —— —

GAZIN

0.90 1.00
s T -t

0.80

0.70

0.50

0.40

0.30
T S g

0.20

e e s

LT X ] * 4 * % * % * % * &

0.10

0

QLTI FUO P 0 VO = NN GO DO ™ (N ZTUWS ™ 00 Ch O™ CIMZP ) O DO D= N IO g D

M BRAHA NI I D00 000 O 0 00 DI P P o e o (e 2000 00D B D0 a0 R AFIROIO NN
o L ad

ox -

ane

[+

4-16

Figure 4.2-1 (Sheet 2 of 5)



95.518723

1
122.642792 AND RININUN GAIN VALOE OF

. DETECTOR

GAIN VALUE OF

MORMALIZED GAIY VALUES FOR BAND 1
MAXInUN

NORMALIZED WITY BRESPECT TO

TISE SERIES OF

P ) O [T T N PR P 4 2 0 SN T I DO P (U P P I T M e gy M I O O
NNZ FVVNRNINO D OO O3 ORIV NN =PI 903 FMMOWS O SMM D0 O
Pefs m e 2 N WA AN M MR MDD ON0 T NS PO AT P DD MM 0 M3 0
mma 038884““&0#1155551122005588837788220099225533

QAMMI 3 SNNAND SO ERRFRNNARAMAIINNT T I OODTOEEDSDODNAS,
-.--t--.-..--..--..-.c.Q.‘-..-.w-..--...-
QOMEASFNARRNANRNND OO O T GO NN ™ PP e m D NN D O A O
OORANORNNNA MR ONACOIORADOANDODSNNOOSOINDODONANIOD
[ —— e g ot - - - - - =

GAIN

1.0_9

ORIGINAL PAGE i3S
OF POOR QUALITY

0.90
-—

0.80

0.70
e Bt o

0.40

¢.30

* % * 3%

0.29
=
™

* %

SRR RREN %"
- % LXK

0. 10
———

“ *»
[~ 2 —r %

03 02 OO P QOO T (N M UMD [ QOGO () ZFUNAD [ G0 O DTS WO O O O = (M) S O~ O D
HAIC OO D00 OO = f= e e e 7 e OO OHN O O CINM M YN M T (MY 2 o3 23 o S T o sy ap o Y
mﬁ111111111111.1.‘ A P e e g T o o o (P Y g e e e o
=
Kme
- -]

4-17

Figure 4.2-1 (Sheet 3 of 5)



GAIN

95.518723
0.80 0.90 1.00

it o o e i v o 1 o e o

0.70
—

— ——

0.560

1
122.6482792 AYD RINIAUN GAIN VALUE OF

0.50

PETECTOR

0.40

0.30

MAII40W GAIR VALUE OF

0.20

0.0
+--*~—-—--+—----—-o--

DG NMNM N MM 7 TN MO MM LD SN Y D0 0TI MM MNMO WM e
MMM MANOIWS E OO ST MM OO M2 AN g P OO e 0 OM PN 0 e e 00 O .0
ABOUYANINA NI F & A RPN U P B OO 92 0 SN P e (AU O O] 10 D10 OO AT T
L O ENGD SO A0 SRLLYLEY T 1 o I3 00 L0 N O ONV T 00 40 O\ N T W 10 €0 €D €0 GO O 1= = P P (S (AN LAY P e e v QD O ™
MMty 2 AN O OV 200NN I IV Sud FOoONN O OOERNDEOD.0 SIS X D0
LR I I R BN B N N BN RN B I N R B B R I B B I R R I BT I I R R R R R N N R N K BN RN B AN ]
OOANAGNAGOOTERANNTE R N0 O OFet = e O0 N M P 1 i e e o O NV P e cn L e

00999999000099990099009900009999990000999900009900
——— ———— e —————

e ———

* % * * ¥ LE X T3

t

*n

»
*
*
*
-
»

-y [T X * P

AL MO DOVOT NP0 0 O TN o O O R O & MDD T L O™ N 2P N~ DI NG
G AN WO VWO D0 DOOOUHOD W [ [T P P e [ P ) 0 DD [0 DD WO N AR NN D
03111#1!1111i}|11111111:l1111141!111114431!111111i#1l11119~

BU
me

PTINE SERIES OF NORMALIZED GAXIY VALUBS POE BARD 1,

NOEMALIZED WITY RESPECT TO

4-18

Figure 4.2~1 (Sheet 4 of 5)



95.518723

HININUN GAIN VALDE OF

82792 ANWD

GAIN VYALOES PFOR BAND 1 DETECTOR 1
AAXIADN GAIN VALUE O0F  122.6

B

L
B

TIME SERIES QF NORMALIGED
RORBALIZED WITH RESPECT TO

AN NOD
MM AN AN
NP e
VORI T Py
(el Tl - STy Ty . -
[ B B B B B I A |

oo banbad = I Ter Lo Loh o

9900009900
2D~

GAIN

0.50 0.60 0.70 0.80 0.90 1.00
+ + -+ — —

0.40
—

0.30

* %

* 3w

0.20

0.10

L]
t
+
|
,
_
m
1
1
1
|
|
_
]
1
*

0

N N OO S
000000001
2

¥~ g
RO
[ralle e la T T Ty Ta Lo [o)
xn
B
=

RECORD

4-19

Figure 4.2-1 (Sheet 5 of 35)

ORIGINAL PAGHE JM.C
OF POOR QUALLLY



~47.670563

1
52.329422 A¥D MINI®ON BIAS VALUE OF

“AXINDA BIAS VALUR oOF

TIME SERIES OF NORMALIZED 3IAS VALOES POR BAND 1, DETECTOR

NORMALIZED WITH RESPECT TO

AT RS SO LN AOMI S T RO P TQMAM OO0 DA D AN NO WO D
AR MM QDO O OOWODM S f A ND IO DMME R ANTM MO OMP=MMONNM M
AAVANNM MMM N UD B0 0D D000 DU PP MMN N NM AN IO O NI NN
e, P i g o P P (S GILTLO CNO N O 0] CR OO e 97, O P o 20 O T 0 e P P LA LA N N TR OAD P 1
OO0 NNE@M™ i MMS O 0 59 HMMOSHNNNOOMUOMOOQO T O oD D
L N I I IR I N I B B A R R N N N N N N N N A N N
e e e e %, £ 3 % 3 £ 1 e e g g R e ) () 8 e % (00 € O € 23 T S e e e ey

BIAS

e

3
(2L KX 2L R RN W LA XX NS LA K KRS J R ERER W
* ¥ * » * &

G.50

0.480

0.30

0.20

0.10
L R

NMINOOND ™™ NMFN B DR DT LR DN =M L OO S M NGO DS
e e e e AN IO IO N A SO 00 M Y OO S ot S S ooy Srar U

RECORD O

4-20

Figure 4.2-2 {Sheet 1 of 5)



-37.670563

1
52.329822 AmD AININDNM BIAS VALUE OP

DETECTOR

TIAE SERIBS OF MORNALIZED BIAS VALUES POR BAND I,
NORMALIZED WITH RESPECT TO RAXIANUM BIAS VALUE OF

oSO R M N AN IR R AN NO D NN TO O Qe et NN T IN @ 00 SN
40 @O P P 0 O 0 S MM MNP (N AL O O NS D O LN S AN EN OO e OB P A N M
P o A M oW B DA VWIS S O MM VLAV S S B MM I U D S U0 O 00 1 A MO S
oo e oo O N O LAY D O P = e 00 00 B P P DD O [ O O ¥ e = 0500 OO O OO O O LY P P =
D ™ [ [ o 1) F1 (0 CH OO D PP vy MO PR ) 20 PR R E R TR TR NN (N O DM S R LA S S MM NS O
CRC I B DU N 2 B R BN I B B R 2 B I N R R N T R B R N NN R B N NI NN R NN RN BN N N BN B B RN BT R N N N
DI ST (23 (0 € P 4 e g 4 £ 7 P ) (T P 4 €D 1 () O A e g e g

BIAS

et
.
-
ORIGINAL PAGE I8
OF POOR QUALITY
O
o
L]
o
-2
-]
L]
[ -]
o+
sl
L]
(=]
ol
at
@
m.ﬁ * e L X EZE R E R R R YR ER BE R L &3 I EE TR EFTE L EE YL L]
0-_“ LE L X ] L X
|
|
N
21
+
sl
(=04
M
L]
<
|
_
S
~
.
-
&4
-
L]
[
]
]
(=K 4
mmmnﬂwﬁ%mwwwmuﬂwﬁ%mwwmnnnnwnnmwwmuuw%%mw%%mwww%%wwwm
5
i

4-21

Figure 4.2-2 (Sheet 2 of 5)



MININUN BIAS YALOE oOF ~47.670563

1
52.329422 AND

DETECTOR
MAXINUM BIAS VALDE OF

TIME SERIES OF NORMALIZED SIAS VALOUOES FOR BAXD 1,

NOBMALIZED WITH RESPECT TO

1 NI DD RO OO [ S 2 V[ T3 P i o P 3 St ARG S0 GTIMMD0 0.0 OIWY
oSO OODMMMMNAININDS T A COMANDDO OO0 OBMMMM OO )™= o AV S o
e 2P P IM I O VINE  ASY P NN D MO O DO D CIM Mt (MM O e sy
M OO e 00 e OO D O D P U N TG0 DA T e e e O (0 e e 0 O SN O T DN
ISR N G DI PR R [ T S D P P o) DR R e 5 SO D O SO 0.0 LI g
[ I I T N R N N B NN R N R BN D N R R R RN RN T R TN N BEN BN TN R R I Y IR R R B R B NN NN IR R B N I B 3
[Tl oY=l ol Ll ot kT e Tt T F Yt Y Y Tt L ]
=23
(=2}
[ )
a
(=% 3
=11
L]
o
(=X 3
[.. ]
1 ]
o
o4
~
L)
[=]
m
}
[~]
St
3t
°
[}
]
!
1
>
I X EESEXESIEERTS N ] L X 2 X J % % + [T X XY R ER X § ] o+ W W W
+ * ¥ » % * % [ X % K J * ¥
Q
o
-
»
Q
]
]
]
o+
™
L ]
=]
S+
o~
[ ]
)
]
|
et
ot
[=]
]
m
]
]
S+
LR 00N ST U DT OO T DN DO D OV O N SHONO [ OO ™ O M 3O DO O ™ M s o~ oD
HADCO OORODOr = e e e NN NN OO NI M MM M MY e M e == o e = S o T Y]
nnw“.lclnlnl.li-...:lql-i...-..n.l.l..l..l.l-l.l.l.l.-.l-lql.lql1111111111111111111‘1111
-]~}
-1 .

4-22

Figure 4.2-2 (Sheet 3 of 5)



-47.670563

1
52.329822 AYD NININMDE BIAS VALDE OF

DETECTOR
¥ALINDN 3IAS VALOE oF

TIME SERIES QP NORMALIZED BIAS VALUES FOR BAND 1,

RORMALIZED WITH PESPECY IO

DEFTTINAAMTND ORI FIOONNMMG IRNNNDT A INDD O 0 2o DDNDD
NN NMMM e oy v NI MM O O YA D ORI L0 00 D AP AN QO h N P T
DAENS SN ORI NN RO Qe S MmN D PR M0 MMM MM O
55551111171..765112255%077221711113377221100777711.22
WHRARGOOOODD DM DINNPNA NS PN O D FMEIF D DD NN O BN BSDDD
I A R R R I R A N OO R Yy
1 CD 0 CoY P e 0 gl 0 iy (8 e () () (P O P 0 (3 R e () ) O P ()07 (D) A e g

BIAS

1.00

ORIGINAL PAGE 13
OF POOR QUALITY

0.70 0.80 0.90
— e o o o i e oy

0.60
oy

;
L EZ XA AL A ERT RS IESEEE SRS I NEI SIS ERE RS RS R RN R Y

0.50

0.490
Fmm——————

0.30

0-29

el e

0.1

-

(=]

£ R PO P OO ™ (NN WO QO Ch QT (M SRNAD M OO S ORNIST WS I O NS ™ (N SIS ©

& SAINNNINAEIIOAD OO DADADWO [ [~ 0 P P P 00 DM D 00D @ D MDD AT N O

mnu.l‘l-l.l._l.l.l.l.l.l.lql.i.l ..... T 0 e e (o [ (o 0 e o e o ot 1 e € 5 e = e et (N}
x

MO
=1

4-23

Figure 4.2-2 (Sheet 4 of 5)



we-7

TIAE SERIES OF NORMALIZED BIAS VALUES PFOR BAWD 1, DETECTOR 1
HOBRSALIZED WITH RESPECT TO MAXINON BIAS VALOE OF 52.329422 ASD AININUEN BIAS VALUE OF =-47.670563

BECORD ¢ 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
HOMBER #=m-—womep mmmm e d + + + 4 -+ +~— -+ +

201 *

202 *

203 *

208 *

205 *

206 *

207 *

208 *

209 *

210 *

Figure 4.2~2 (Sheet 5 of 5)

[ =l = P e 1 ]
L NN N B I BN 3N N
WONN OONNDWD
T O wd I BRI LALA



95.518723

122.682792 AND NININUN GAIN VALUE OF

MAXIsUA GAIX YALUE OF

TIME SERI®S OP NORMALIZRD GAIN VALOES POR BAND 1, DRTECTOR 2

NORMALIZED JITH RESPECT TO

GAIN

BT LIS 00 v LY 0 [V e ot e V) 000D Y I P 0 0 "0 S T 4 A (P ) P
NI N T OIS P 0 B0 1 T DH B AN N IS MM S N3 DO T 5 3 0 SN
L RO OB L D LGP AMMAS SOMME RS0 DN CMMANOSE DN 0S50
OO MMOB NN MO D NNLIIDE N OO G OO M N T =N (N 00 NI M @

AT PRI M O DA OO 2 FQDNNMM D D.0NA O TRNMM D AN TNM
LR B I R I I B O N B R A N O N L I O O B N O O N B O B B N B N TN O B I RN IR N N )
QOO0 T AN DO [ v o D 00 0 QM S O U L AVD O B 0 P RSV M
mEoSOQOCOTTOOOC0OCOON OO RS EoO 000000000 QOO oM™

et D P . D Y (M e e (P £ R (A e [ ol (e e o D (e e A e [ e A O R P o P P S G

0.90 1.00
e e o e e e

0.80¢

4 *»

00‘0

0.30
A

0.20

0.70

L 3
*
Figure 4.2~3 (Sheet 1l of 5)

ORIGINAL PAGE i3
OF POOR QUALITY:

RECORD 0
NGABER 4-owmmmomt oo

4-25

M FUNO MW VO = N DM O T QF= A M P 20 MO N M SO Q0T O (N PO N S
CTEL TS e e S OO OO NN T M N O Y VKT 25T of o S ar orsT srstdn

v



$5.518723

YALUE OF

BIAINON GALW

I22.642792 A%D

DETECTOR 2
MAXINOY GAIN VALUB oF

TINE SERIBS OPF YORMALIZED GAIN VALUES POR BEND 1

ROBMALIZED WiY:d RESPECT TO

D QNN P N O o I VOV P e A P e 0 3O D NOROWN o st M e s 00
O I D OINT YR T A A W Y O OO 0 MM S I S S AN T e P ) SO e e Dy D e A o)
PP AIIOAD (O OO ™= = O 20 P D10 D DM D NN WO O DM D0 DO A DO OB Pt PP PN
22”9'“883399886666888855227722883377116699uuﬂasuu.gg
0 O N A P POV EP I NS 2P P 3 O B NN P PO OMMAT S B DO M ImM I me SO ONN
R EEE R E T R R R N N N L L LR
O QAN MNS S ONAG OO M AN O 0 TP =P P P f o =D MR SO DN NN OO NN N
- S = e O (D (O P P O O T T OO OO TR O OO T T OO OO R OO e e
(P s P P P D R P s e e gels e e g g g g P - e g S g i g el R il s e L s g et TR T

GAlR

o4
[+
[ ]
-
BB
o ORIGINAL PAG
3 QOR QUALITY
o @ ;..Wc =
o
@i
L]
]
m.—v -» %
»
ol
* * * % - % *
— L X L. X 4
at bl
0- * %
L X J * % *
»* % * %
* %
&+ % * %
* %
q * %
] _ * & * &
] * @
* %
w Lﬁ L X
[ ]
<
* %
o -
o
4
(=
¥
¥
I
544
[ ]
o
2t
L[]
[ =]
F
t
(=2 J
) A= () o CID M= M P N (MU G 00 h Q= E M oM @ h O™ N2 1) O M- OO T M U O 0 O
Mnssssssgsss O OO OGO e P e e P P @5 03O0 20 0 B DDA NN ggm
A
ma

4-26

Figure 4.2-3 (Sheet 2 of 5)



95.518723

s DETECTOR 2
RESPECT TO MAXIXUM GAIY VALOEZ OF 122.602792 AND NININUN GAIN VALOE OF

TINE SERIES QP MORMALLZED GAIN VALUES POR BAND 1

NORMALIZED WHITH

GAIRB

1.00

0.90

0.20 0.30 0.580
Form e e o e e e e e e i o i i o

G.10

Q

o
28
om
o
s
am

DO DD D I SIS DD DUILI OO PP A 0 (1 0 0, Y D oI DD TP 1 P v 03, CO 0O
MMNN SR D DRANNDONN DM o & MM PN N OGO MM AT BN RN
IO DOM I OIS OONN OO0 M N DA PP VS NN .00 8 DU O 0 B0
D RANTT S D W0E AMN CHNLO S S ADD N NAA MM T 2 AN D DA NN
NNCOAMMMI 20 o= O S MANDAUNN MDD TNNGS Orr S ORN S TOOM MMMSOO0
-t.-.‘..-0....0.-.-......-.-.D.....-0.--.-0-.-.
DNENP= ISP o ple =00 00 ¥ 1 DL P P s FRUA ) ¥ L RIT M O OO M MIOD 0 0D (0 00 1 1 1 (1 (T et e e v
T e P ) O O S P e P O O S e R Lo T St

A S L D e (U e (P 1 R T L S (e 8 e g e i ot g . g P P o g

s o o

* 4% LA

LA A X

* & * *

123“567890123“5%890123“5675901..-& AL RO = L D~ DO TS
OO OOT=T = F= =t e A AN OO (IO CIOHIM £ M 1y My MNIFIFIF TN
R P e s e g

T 1 o P T e e e g e o T P 1 1 T ek e g e o

4-27

Figure 4.2-3 (Sheet 3 of 5)



GAIR ~

1.00

95.518723
0.90

0.70 0.90

0.6?

4
$22.642792 AND MINIWUA GAIN YALUE OP

0.50

DETECTOR

2
0.40

0.30

HAXINUN GAIN VALUZ O
ﬂuﬂq g% A e e e e e e e T e e e e s —

GAIM VALUES POR BAND 1
TO
0.20

J.10

TIAE SERIES OF NURYALIZED
0

HORMALIZED WITH RESPECT

RECORD

2NN O M0 ST SPUNGNINCI ST 5P SIF P 00 00 [ [ 1) 00 68 1 e ) ) 0 O R e oy WO T OO TS D W)
ANNADDMPAN N = NN MM 0.0 000 @R SO NN VMM A A M= onh
GO NN 20 0D O [ P P A O P [0 00 O MM NI OWIWIWD OGP0 O o= )0
[ yed pudt J2a T2 175 ] 9883322“uoo-lqlgg9%75588338333556699331‘99—..-.”
SIS P 0 NNMNOT D0 8 S OISO M) T P SO = e G e e P O A D M
AR I R N N N R N Y Y e
AN AN OSRADO AN OV G QM= 1= v 200,50 MM U= R D00 N MNO RGBS 0 0N
) 0 C (0D T WO (T (T P O € P T (0 R P ) ) () (D P D (D P TR N Y P ) O S O D (DT
| g 0 o e e g g e e U R S P S S S (6 R e e (e e T e g T

. * % * %

LE
LR ¥} LR ) * % *

* *

O A DO (MU D D VDT N NGO QO O (1M oru’) O QS O (N FUNOI~ DO
WIS 1 D00 0 DO PP P o o o0 00 000 000 SR AW AR WO
P U 1 P 0 P e R e e e 4 e e £ 1 1 9 e e vt e e e (]

4-28

Figure 4.2-3 (Sheet 4 of 5)



62-%

TIME SERIZS OF NORNALIZED GAIN VALUES FOR BAND 1, DETECTOR 2
NORMALIZED WIT? RESPECT [0 AXIMUM GAIN VALUE 0{' 122.642792 ARD BININON GAIN YALUE OF 95.518723
RECORD 0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 GALN
uuuggq == —_— + e — T —t -_— + + + +
| : Ba:gian
203 : }osig}zst
204 | * 183192331
206 * 107-92941
507 * 113.38571
208 * 1323850
8 * 103-86799
210 * 108.46793
Figure 4.2-~3 (Sheet 5 of 3)
t:f?
=)
3%
» e
v
ﬁ?i's*
Yr



-47.670563

52.329422 AND BIMINUN BIAS YALUE OF

MAXIAUM BIAS YALOE OF

TIMN® SERIES OF NORMALIZED BIAS VYALUES POk BAND 1, DETECTOR 2

NOBRRALIZED WITH RESPECT TO

DA ANALI IO P 0 W[OS EF S B PN P N D DM N AN D DM WP sp ) = I LU 00 DT
ﬂuﬂ“0&7700““?7776600559955009999??1166061166ubhﬂgg
1“6%2 9“9966&“3333993&88“1007955880022331133226b77

-k D UIGWD M R P e OO M NS S UC) OUDAD D P [ v hgh e T OO
%3002mm32200005599£200337777558d883311993399330055
[ N E NN RN N N N N N NN NN TN N YN L ]
Laadats (3 1o o Dt T Ta T ol Tt Ty T T L f T T Tl o Do ol Tot Lol o Tt ol ol ol S Tl T Tl Tt Tat T ol Tt T Tt Fat Tl Tt Tl Tl Dl o)

BIAS

0.80 0.90 1.00
- _—.’ e

0.70

* * 8 * 8 * ¥ % ¥ * * * %
"tt_ *‘ t.-. *‘ t.' t**‘ ‘* t*t.:.

-
RIreaner R EREN e

0.

0.20 .30 G.00

0.10
HOMBER 4-—=-——m——f —mm=re mm e e — e o e e e e

04 O CHR O NS O 00 O ST 00N 21O DO 5T (4 U WO D OO ST MO DO i
Lt st bk ol b sl b S 1 10 Tt Tt Ta e T Tat o DT Tt T T T T T g o= 5 6 s B 2 g T

RRCORD 0

4-30

Figure 4.2-4 (Sheet 1 of 5)



-#T.6T7T0563

52.329822 AND mINIRON BIAS YALUE OPF

AAXINUS BIAS VALUE OF

TINE SERIES OF NORMALIZED 3IAS VALUZS POB BANMD 1, DETECTOR 2

ROERMALIZZD WITH RESPECT TO

B OAOASONNOEMM SO MmN TS DIRG9 DO U O OIS DT
€ DD MOLHEP0 0T TN FTIHOD DO QO CVEUIU e &= S S O 0 WO T OD 2 P U e e
o OO D P P DD D SO O e e P P P TG [ (O T 0 OUO e D P e T ey N S ar e
-~ .l__l99115565%64&.838355661%0223399660077889933““3899
S DONMNG OSOMMMANG DO oM NN O P M D D 0 DT SMMDDNUID D
R N N N N N N I N N O BB B BN A B AN B B B I B I N B B R R B AN I RN
TN = 0 N N O (OO OO O OGO % 1 (N IO N O TN 10 g g 0 (N N O 4 4 0 (8] 00 9 (N O 1 ey () e g g
-3
&1
[ ]
- ﬁw
ORIGINAL PR 2
H oEy
. OF POOR QUAJ
[-T 3
()]
]
o
o
wli
+
¢l
=]
3
[
ol o
Yy
[»]
o _ ™~
6% fe}
by (]
< o
L5
1 2]
i S
i
1 LX) ~3
W.—.tt‘t#‘tt.#tttt#t_ * % * 9% % * % * * #* 22 2 XS X XY L ]
' » % LR = 8 2 * . * " o4
.
0" ot
1
i Q
| H
| &
= z
[N] =
ol
]
]
o+
|
> |
[+
]
]
)
i
t
t
[~
~N |
LIS oY
ol
]
¥
|
|
21
]
ol
|
m
I
1
o+
QI 0 (0 D DGO T AN U B O0h E INOY SO 0O 0N O ONM TN O (O Q=M ST O M 0 DD
RMSSSRE#?;SSbA???bbG06677441777?&41BBBAX?58888Q66:23999990
-
B8
e
o

4-31



-47.670563

2
52.329422 ASD AININUM BIAS YALUE OF

DETECTOR

12

TIME SERI®S OPF NORMALIZED BIAS VALDOES POR BAXD 1
HORMALIZRD WITH RESPECT TO “MAXI%UM BIAS VALUR O

QM M S ol D DO AL DI O I A 1M P2 e 1 T G S ST N Ghle o o o AL e P Y A8
O Py o P AU S O Py AW TN D DA DT SN .05 0 RO S AWIN
SIS A WP OO AN A T 2D DR AN AN P MO N ONON DO O M re e O e P g =
@93377003322““331166775555119933“07799663311553333
O P e (ST SN O QUL NN DO SN AL 52 0 TS BUIVI 2340 O YA P DR W (e
A& 8 0 0 0 5 4 % 0 v ¢ 0 & 0 v v b d &40 ARt o
e O O T O OO O O 7 7 PN O O O IN OO O 1 1 03] [N 10 40 g (N 19 190 (0 (0N N T 090 (0] D10 3 e o e

BIAS

1.00
-— —

0.90

0.80
e

0.70
——

0.60
— —

* #*
Htt. (22 XX X R XX * % LR 2 B
* * *

L2 2 X 4 LR 2 B R 2R 22 *
* *

*
* * #* * LE D B X 3 J

0.50

0‘“0

0.3¢

G.10 e 20
nnqawq H o e o e e e . e
15

O S LD OGS © (M-S O IO D (M O AGH TN S LSt 1) WO O S ™ (M SN O O
OOOOQ IO rerr et e pe e e (O T OO OO I VYA T (1 en) e oF oF 2F oF 28 25 3 STt
1 D e 1 e e e Y e (e P U D (P O e e R 0 il (L e P e i e e e o g e g e

-y

RECORD O

4-32

Figure 4.2~4 (Sheet 3 of 5)



52.329822 ARD NMININDA BIAS VALUE OF ~47.670563

YALUE OF

HAXIATO® BIAS

TINE SERIES OF HORMALIZED BIAS VALUES POR BAED 1, DETECTOR 2

NOEMALIZED RITH RESPECT TO

WO DR DN NN DDA RO M DANND O D BN ND N[N 0 D0 D
izt e ™o OO PRI S T OB Gt SO NIV TOODT INDODF T SN
NANGDLOQNNOOWLLOM A I IO N N SR MM G O NN D O D B O NT
NOLO OO A28 DO DO P~ N AN O O MM SO0 = D DA OO 000 0
SOOCKDRWER MM OQI FOOMMG OO VMM N IO DNV DS DO ONIIMMO S
IR A RN R I R R N I R
ENONCIOFP= P 18 O 0N T O O P SO0 0 N O = O OO OO OO CNON NP 1 OO O A T 8 A OO I ON OO O

BIAS

1.00

<

PA
RIGINAL
w,m, pOOR QU

0.90

0.80°

0.60
it e iy e e v s e e T i e i s . i i e s e st

2.9

*ﬁ.#‘*‘#".*ttlt"'*t*t*****‘#*‘#*‘**#t*#*‘*‘*t.‘*t

D.40 D.50

0.30

1
|
D+

QLGP OISO O O O 5 IO 00 OO 1IN O S0 WO CO OV D ™= CIM U IO P 0 R O A T U O~ D N ED

&1 ANV UM O OO ODADWOND D0 [P o e P 200D 000 T DO W0 200 TR T heh S

mB.I.I-I-I-I.l.I R P P (D o e i e e O T D 0 T U R e T e i e e e (]
f -3

[oi=]

[

4-33

Figure 4.2-4 (Sheet 4 of 3)



e~y

T'IME SERIES OF NOURMALIZED 3IAS VALUES POR BAND 1, DETECTOR 2
RORMALIZED #ITd RESPECT TO REAXINUM BIAS VALUR OF 52.329822 AND NININUX B3IAS VALUE OF -47.670563

RECORD O 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 BIAS
ﬂnugﬁ Farm i e i o e e + —— —t - — ———4 ——— -+ -+
* 2.5;868
202 * 2.578638
203 * 2.67243
204 x 2672583
205 * 2.91364
206 * 2.91304
207 * 1.55793
208 - 1.55793
209 * 2.58247
210 . * 2.587T47

Figure 4.2-4 (Sheet 5 of 5)



GAIN

-+

95.518723
.50 1.00

0.80

0.70

0.60

e L

0.50

122,682792 AND YINIWOM GAIN YALUE OF

VALUE oF
0.40

0.30

MAXINDON GRIN

0.20

0.0

TINE SERIES OF NORMALIZED GAIN VALUES POR BAYD 1, DETECTOR 3

WORNALIZED WITH RESPECT TO

RECORD 0O

SUNANIAE e A0 0 QTN D SO D et S e NN @ANN S P ONDOWINWIES TR I 0 Q0O
o o FMNNAWNZ S I Mt o o 500 O™ PO OO MMOC NI NOOS S S TSR Iy
DD QNI e AU N 2 I D i X MM IR G O D0 3 F OO DM 00 MM ooyt
OO NN DN M N, 72222uu0088553311ﬂ-“33772222227700-}.7””
S rNNOST IR M MMM OOOCDOSMPN NP I MM OO 2 P T P OODDNAN

RN EEE O R R R N
AAARTT I 0N O O O@OARO O 3 FARDBOON OO AR N I P ARORNINN RN (N
SO, OCOOM OO OoOOO00000OTrTOOO0O0 000000 ODO™EO0
R R g i g (0 I e i e e et o . P g v i i e e - e P i P e P e i

~
[7s)
Yt
. *e o
—t
X}
+
» e %
L X * * Mw
e
L L X X »a * % * % L X X ) g
LX ] * & 1
LX) L X} - % o
o
U
* % * % I
=
o
[ X ) LX) [
X3 * %
»e
* %
LS N
ORIGINAL PASE o
OF POOR QUAL
U 2P UNLO D OO O O TP WO [ SO O O = O = IO D SO R P 090 =3 U LD I (1) (h D v 007 iy O I O
T e e e e AL AN OO N MM N M A MM 2 3P P T N

HURBES +-------2—t ——---—==

4-35



95.518723

122.682792 AND NININDN GAIN VALOE OF

“AXI®UM GAIN VALGE Q°F

TIME SERIES OF NORMALIZED GAIN YALUEZS YOBR BAND 1, DETECTOR 3
RESPECT TO

NORMALIZED WITH

GAIN

- =1

QONNP=E I3 XA AN NN 2 FACTHANN D I = 4D SO MM GO OO O O ==
22O AN DO OIS SISO\ (N F TP ST IR e () )k e T S S P P N N = o Ay
NN EMMARMNNNIOOMM S I SODSVN SIS IO IAMAINREONNITI I D 0.0
71119b&:52011A537=§U014171A£222;71&3:90ﬁ£l&oﬁu8115=438
NN 0 2 OO0 ONINS FMM OO S P DA T T AW

IO
2NN

B4 1 ¢ % 3 8 00 % 008 280 sk s et
DRSO OO ™ SO ARNNNINN DA RRIIN NP AT h PP = S O TGO DT A~

QO OO o000 O™ TOQO0 GO MO OO OO IO O O0OC OO0
T P A gk [ P g0 U A e e g e S P R P P D S (A [ T O il ke e e e e O e Y (R AR W G

0.80 0.90 1.00

0.70
D

0.60

+ 4

*
.

0.50

» %

.40
- e e

J.30

.20

0.10

ORIGINAL PAGE I
OF POOR QUALILY

* %
+ ¥

* 0% 8 * %

MUMBER 4--——me—c——t

RECORD O

OO0 (000 DT P SO GO O O ST O = I GO SO 20 S OO T U O o v
WO O WD O OO OG0 f T P e P i P (00 Q0 IDGH 4D 13000 O AWV S TR O he

-

4-36

Figure 4.2-5 {Sheet 2 of 3)



GAIN

1.00

0.90
-——t

95.518723

0.80
o

o —

RININOY GAIN-VALOE OF
0.70

3
122.682792 AND

DETECTOR

0.40

S

¢.30

MAXTIXON GAIH VALUE O
———————— e e e g

G.20

0.10

@A LU DD I s P 8 O WL B P NN (1 AN MM @) SOOI DD DU NOR O
0o oo 2P 20 2P EP GVIN000 AT TN D DU S ST O AP ) (3 T ALY B NN S PSP S e e e i o O OO N
OPRVHVOOLODDOOVEONNNNIT VDO SRM D @ NNMF AN DO QOO MM DDA
1122226522226655999922633652288778822225600221-183
VI LE e S22 [ 2 2F o 3PP O NP O D B B B MUN N DN WD T o S OO QO S 2

IR R R O N e T Y e
SANNNRANNLLONSNT[ONRNMOARNDORDS P PPy U OO D NADNNN DR O OO

0000000000OOOOOWOODODOOOOOO011000000000 O™ OOOOrT OO
4 D D P A D T R 0 4 e el o e e o e e e e T (O e O e

»* %

L XX X} * % * # * % L2 2 X ] L 4
* % * %

LR

» %

8T (M N0 D RS M SN O M QO == (MO I OO M O @S O M SN DS
BIROQO QOO I OQOFm T I e e r O O OO RN SN OTEN D D MM MO M N7 (T o357 o oF op oy S oy ohan
LT 0 o e e e e o o 4 T T P S 1 1 1 T T k(P e e e 00 0 P A (T (e et

TINE SERIES OF NOE“ALIZEL GALN VALUERS POR BAHD 1

RORMALIZED wITH RESPECT TO

REC

n
=]
n

4-37

Figure 4.2-5 (Sheet 3 of 35)



95.518723

122.682792 AYD RININDOM GAIX VALUE OF

SAXINU% GAIE VALUE O

MALI
SPEC

WORMALIZED GAIN VALUES POR BAND 1, DETECTOR 3
BCT PO 4

TIRE SERIES OF
SORMALIZED WITT RE

M NN AN LA Y I I S I S SN DGBOO NI DADIWNTT T e e MWD O OO SN OWUHN
W CIP v e e i T R LY S T S T S I ST WS o o e v e Y10 T O 2 SRS e 2 G VD D OIINTHN
- 383399995583.4&.14.455883377333%300‘1003822.06“.“552222
8 CNSNMMLE SO e e DA PO I T OINONNG SO ON OO S N OMID OO N O PP e Nt
HENNINIMAS I FOOREODOS FIFTEIIOCF FOOFIOOMM I IR AINNNTOF NG
..O.I.b...........‘.lt.-.----........-.-..-...-
A ADDDODSO O MNNN = SONARNINO A AN DOEO ORDP O FANONINIOO SPe™
P e L e et = L= = L= batant Y= = e L o e P To P Yo L L T Lo Lo S o T Lo Lo L L= Lol
P i e g s O R R e e [ e o 0 (0 R e e S e ek (e P P O S e e e T
o
31
L]
-
ORIGINAY oy 11T,
L )
=
o
m
[ ]
o
m-'
L4 ~
o 1y
L)
LR =}
-t
o ﬁ * %
U+ ] L]
+ LR
o, LR mw
=t
L) * % LX A
k "% -t
[ 2 X X J L X 2 LR X X ] * % * » To]
%ﬂ LX) * % i
2]
g -
[} XXX} ~F
ot
1
_ o]
* % &0
(-2 ki
= * % x4
]
=]
* *
* % LR ) * *
D+
”
L]
<
(=% 4
~Ni
o
=
i
i
21
s
(=N
(=2 J

£ S PN S GO0 ™™ O 2100 WO [ D) = (90 SHNE OO T ONM SO M DA S M SRS DN D

£ AN LN LAY WD D WO WO DD DDA D o P o o P P o o e 00 00 0203 70 00 @3 D OO AV AV AN 3

ma111ll = g e et g e D D U T Y [l (N R g g s g P P g P a0 P e N
»

ol
-]

1)

4-38



6E-Y

TIME SERIES OP WORBALIZED GAIN VALUES POR BAND 1, DETRCTOR 3
KORMALIZ2ED WITH RESPECT TO MAXINDOM GAIY VALUE OF 122.662792 AYD RBININUM GAIN VALUE OF 95.518723

RECORD O 0. 10 0.20 0.30 0.40 0.50 0.60 .70 0.80 0.90 1.00
NUMBER + 4 = e e + - e — s ot e T e st —————— L

203 | *

202 .

203 *

204 *

205 *

206 *

2 :

309 I *

210 | *

Figure 4.2-5 (Sheet 5 of 5)

(7]
-
[
=

[T S g ——
Ot et O ok b DD
LU b o \DAD il b WD
R

COE £ 0O D sl
~J=IOE NP
S W OOMNNOS
ACAD O O i) LIWSLD
FENQ WWNLNwlw]



~47.670563

52.3294622 AND NININDM BIAS VALUE OF

TIME SPPIES OP NORYALIZED BIAS VALUES POR EBAND 1, DETECTOR 3

NORMALIZLD 41T BESPECT 1O MAXINUY BIAS VALUE OF

DN D DOONNDOCOO D D DUNWND QOGN OME 2 P [ 0 DUNDIN AN N DO O D NN A
MMM M O30 OM MO MO TN O SF SO IS P e e M S ON N ST MM O A eI
e o o P P ey SO [ P (NN ST 2T [ e VU SIS PR e e O O o N N T IO e S e e o o
0 0 00 00 WD == 1 0 00 3 2 P e 00 QO S O O OO N (P 000557 1y = 4 U0 1) 00 CO O AT e 1D €0 0010 03 SN O QO D P
VNN NI NS OO NG 2.0 OGN OO D QNN O MMAMNANOIN AN N NSO oD
EEEREE I N O I I Il D
P o o e 4 s i S R e 1 (1 R PR e 1N (] (] 9 P e g e A ] £ P (0 (NPT gy i g

BIAS

1.00
s

ORIGINAL PAGE 1§
OF POOR QUALLTY

- +* % % " LES X * * LR 2 X 2 LE S X * *
»

* * ¥
q-“‘3¥ LE X X J XX X 3 * n -+ * # * % *x »

0.50

G.40
——

0.30

9,20

0.10
NUBEE + -~ —--—m—b —mmoom ==t

N SF O R T O N PO T O O A SO D OV T (N LN WOE (O0h O T (P U DOVD
PR S e S e N O OO NN N I N T L AR ST sy o S oAt

8ECORD 0

4=-40

Figure 4.2-6 (Sheet 1 of 5)



~47.670563

3
52.329422 AYD MIRINO¥X DIAS VALUE OF

ECTOR

rl DET

MAXI®D¥ BIAS YALUOE O

TIMP SERIPS OPF NOR™MALIZED BIAS VALUEBS POR BAMND 1

NORMALIZED WIT1 RESPECT O

= o DA MIMMNe 60 T o oF G2 @ OO O I T 0N WY OO TS T MO MY T 00 D) I S ST S SO
2233665599332233226099332265??33222299333300223311
ST NN O O P I O G P B o P IO DI P B TP U D AT 2P O LY O 0 P [ #0  ae p fo f  op
7711‘1““55114“8822883388888322117755551188uu778 1Ts]
0 @ANNRRANNMM N NN NN R OCNINOAWNIM M N N MO AT A MM N ANLANM Mo DN Ao D
-.-.IQOO-......-..-....‘-D.-.‘....-..-.-....-.-..
P D 5 (] (N 9 P (1] 0] () € W (] (] R 1 (] e e g e e (] £ e o R g (]

BIAS

0.90 1.00
e

0.80
o e

L&
»* L2 ] LA L X ] * *
tllt‘* *t ***‘*‘#* **

*
*

X LR LA K J
La LE S X R N * »

0.50

U.40
tmm ey

[ r——

0.30

0.20

0.10
NUNBER 4o omooosoy ooomomsgone
5

0

M UHOM GO = (N F AL O O S (M SHND M S G 0N S WO~ S0 A G T (M S0 00~ D O
PIWHASUOIURNDLD DWOD DD OO B PP [ o [ S e DD D0 7 VOB AN ORDNDD PN
-

RECORD

4-41

Figure 4.2-6 (Sheet 2 of 5)



-47.670563

52.329422 AND BNININGA BIAS VALUE OF

"AX14UM BIAS VRLUE OF

TIME SERIES OF NORMALIZED BlaS VALODES POR BAND 1, DETECTOR 3

NOHRNALIZED WITH RESPECT TO

OO MWW NP FRDRNOT S DODMNMND P FN P IO DL OO DT S VDHDDOUUWIN Mm@
NN MmN NSNS S AN O O AN NN NGO SO QNAIVNISOMMM MO oNNMMIMMo S
P o OGN B P VO D CHE T O (P [ L8 b0 O e T (O e s W00 95 P e i frmi [ e s o P S 5] 0 0
ngﬂﬁswgg-lssggqlqu.l18899836666“"«.00““88831‘1228811““

AN FATHINS o O OUIWI WA 22 2 MM A NN R MM AN N IO = i eI
AR RN R R R R R R
PR RO PO (N O PP () (] 1 Pl 0 h ikl gk U ] (] € 0 ] (] O T R et P A )

BIAS

1.00

ORIGINAL PARE I
OF PGOR QUALIFY

0.50

0.70 9.80
——— i

0.60
— —

* » * 4% * 4 * * * * * %

X
(A XA XX R X J L X 2 *» LA R 2 R 2 2 * % L X L2 E R XX * % %

0.
Figure 4.2-6 (Sheet 3 of 5)

0.480

0.20

0.1 0.30
e e i e o e e s ey e e e

0
+

£ M SMOP DAOT N M IO OO QT CIM SO O O™ (N O O A ST N SN O D00

Bnﬂu03000000'11“1‘1—!11222222222235 MMM MMM S S o S N

...0.-31.111-! P S T [ e e R A R I e e e [ P (AR e e T £ S [ i ey g e
H. f

M

-1

442



BIAS

~47.670563
.80 0.90 1. 00

MININOM BIAS VALU® OF

0.60

3
52.329822 ARD

DETECTOR

EAXINDY BIAS VALUE OF
0.0 G.20 0.30 0.40

e

TIME SERIES UPF NORMALIZED BIAS VALJES POR 2JAND 1,
¢

NORBALIZED WITI RESPECT TO

—a—

0.70

_

81

R — —

po-

BDNNNNC B3 M AN D AP D DO DTN D DN N O m MmN A NGO D o0
MMONNOO G QMMMMG O MO -OM MMM P FOINMMNAN O D N NMMIM M AGUSOMNNO 0D
P2l o o 22 £ ST ONO P YT O IS P D o o P P P e o o o 0 D € VO™ P ™ P O SN AN = = P
88881111113%8899333838992288227711998833888811uués
WM MANNANNNONOINNG Q58 OO P B2 AR I D™ P D0V 2 AV AN AN NN MM S
AR R R O Y N N N N N T
0 0 (] NN 0 10 1 4 0 g e (] 5 0 1 i R 0 g i o e ] (N (5 3 NN P A

* % # * % *
*

LI XX # % " *
(2 X X J LA A 2 L2 X 2 X X% X * * * %% » "*n L2 3 * %

20T O B N O™ NMTUNBS M0 QT CIM SO (0 O™ (N H 0 O 0 Q= (NS OO BN O
S EANVINANINONTIY 2D SO OO P I DD DD DT AP AN DN TATHhD

mﬂalqlql.lnlnlolqlo!.l.l.!-.l.l;l e o o 1 e e o o o 1 1 P 0 1 = o 0 o o e o 1t o 4 e P e P e = 0]
t

(S]]
-

4-43

Figure 4.2~-6 (Sheet 4 of 5)



9%

TIME SERIES OP HORMALIZED BIAS VALUES FOR BAND 1, DETE

CTO
NORMALIZED WITH RESPSCT TO MAXIMOM BIAS VALOE OF

R
52.320822 AND MININUM BIAS VALOUE OF -37.570563
RECORD 0O 0.10 0.20 0.30 0.530 0.50 0.60 0.7 0.80 0.90 1.00
EUHEEQ e -+ —— e + —+ e - + + + +
") *
202 *
203 *
204 *
205 *
206 *
207 ™
288 *
210 *
<
Figure 4.2-6 (Sheet 5 of 5) 23
g &2
Q2
w &
=
&
&

B
&1 3N

AL

w
D -t
e o
& 0

[ RN
NN N S &
SN WD
AN U wI B s\
[<adealoaboal W& F1--F7 7 ¥
NRRNNOOR

T I el e vk sl wel ool e o



95.518723

122.642792 24D AINIXOM GAIN VALOUE OF

£ BAND 1, DETECTOR 4

SAXINOY GAIN VALUE of

TIAE SERIES OF WORMALIZED GAIN VALUES PO

MOENALIZED WITH RESPECT TO

| ANMILUOLIMMOC OO OO DO S I P AN MM NN O D Ol S O A NS SO e

~ 5633ﬂ.u2233u-.h1“u.“ﬂ.n..uwaas.bnucl-l3333553333443353113333&8

o DORASONONRPOOOO 0D 8 DO OESAI™ TR oo g J [ O SO A O SR P e R Gn TR O

AL ] 992%2““““333322003300223322““22““4“22““33834“4“““

MM AOARIOT IS OB T eI 3OO I OMMIDONDOICOODOMM 0.0 SCS00.0
AR ANAAEE R R N T T Y e e e Y
660077.1..78500007799559977.06003877838377333366838822
1.....2211-111-!2222.l.l.lq....l11.1.1-11122111..!1-11.[111-1111-1:11.-..-122
L 0 i 7 1 0 0 0 0 0 P o i 1 1 1 0 0 1 1 0 50 ol s ol o [ i {0 e . O e (A e e e
e *#
o
.
-
M-
ORIGINAL PAGE L
L X2 X R GW%MH&
* LE ﬁﬁawoo D & M
(=2 *
E-)3
. *u
=]
* 8N * % * % i * LE X ¥
_ LR % LR
21
-] * % * #
2K 2] * % * %
o
* #
[~ 3
~
Q
”~~
[+
* % "
Yl
(o]

o] -

3 o

»

s 9
Kl
| 72]

[l g
_ ~

04 i

n o~

[

° <
U
=
&

21 -

[} ] F

<

(=2

m

L

o

]
4
'
t

f=R 2

™~

a

ol

i
1
“

2t

L&

ol

i
m
]
|

(=% ]

D3123.ﬂ.567890123.4567890123n—.567390123n~557890123"567890

“Ww— 1..1-111.11-1..Icl222«42222223333333333"““4“n..nn.ﬂ.u..ﬂ.us

(5} -

[l

-}

b-45



95.518723
GAIN

0.70

.60
- o

122.682792 AND BININON GAIN YALUE OF
0.50

0.40

———

&
+

0.30

MAXINUM GAIN VALUE OF

RESPECT TO
020

0.10

TISE SERIES OF NORMALIZED GAIN VALUES POR BAWD 1, DETECTOR A
1)

NOEMALIZED WITH

RRECORD

oMM DoMMONOODEOMMMIOOMMNOTNO OO0 OO IMMMINOOSOMN I~ OO0
PR TIA T TO) SF 22 IV 1 L S M) TR AP 0 N I O MU AT S ST MMM e MM M LN S
OO ERARMNANS DIONT OO AMAOTT A ORONO AR DWARARD OO0
1OVO NN PCINO O I OWOWNNNNT SITNNOWST 2 3T T TOOMNNNNT I IONNT TOOMM
AOMMMNMIOOMNAROONNOOMTMIOOMMARIOCODOMT MM OVCOOOMMNOOMMIPT
YRR N I O N N I I O O OO Ny Y
OOANOOQADSONODMODOM>O0 POHOOMDD O VOO MM DO DNNm HODDNNCO
A (N (] T 0 ] (N P T e (] A T R ] (N R g e e g e g (A (5 [P T 8 e g e e g ] ]
P e e e D D D A L (A P (e i e o P S D R R Y Y P T e e 0l e it (i e R e e

* %

® * L3 J * %

* » * » * % LES L E N LA X X 2 *
® %

* &

NSO T™ N ha i~ OGN

vy, D~ Lol D= O Th DT NM 1o ole
NN NN DN DO DD B e o b P e B D (0 3 ARG L I A7

DOLHO D RNP ORI
-

lunsgq OISO SN
2
53

4-46

Figure 4.2-7 (Sheet 2 of 5)



95.518723

4
122,682792 AND XININON GAIY¥ VALUE OF

DETECYOR

YALIMUY GALIN VALUR O

o

+

TIME SERIES QP NORMALIZED GAIW VALUES POR BAND 1

RORMALIZED WIT4d RESPECT

D000 OMMAM MMM INO DN N ON QDM DO (= DOMMO DO OIMMO O QD
MMM F 2 23 I OO N EHSH ST PR e AR = (VO e SE MY S ST MM MM M T A RA R D
SRR VANV CR RO DO AR OF = B o A= 3 SAAD 0 DD UG ¥ 1 Theh S 2N RO C O = e vy n)
u“u“quuunoomoozzzzaa“ua84“110 MNONSE ST S ONSF I ONEr P 2 rNN O MM
VOOV ORNNNTOM SISO A0SO I /SN RNRMMSOIOODOMMOOAOMMI MM~

AEAAERE R R I I R N N O Y
WO M 00 W RN NP AN OO 0 VOBNCIAOD DN M NOASDOMOSOMm@m
R R A e (P e b et P e o g e et P A o b g (01 (] P e (] (VT 1 O (] e e
e i 0 e e g R R g 0 g e - P 0 P P [ P e i A8 e e e e

GAIN

ORIGINAL PAGE I
OF POOR QUALITY

1.00
-

._ﬁ LA 2 3 * %

0‘90

[ Z2 X2 2 X X3 L3 3 » & ¥* #* * * % %

!
“- LR * *
* % * ¥

c.80

LA 2

0.70

0.60
- —

1

0.
Figure 4.2-7 (Sheet 3 of 5)

o P
- 4
*
=]
(=X 4
™
.
(=
=] 1
ST
)
ol
]
i
o+
-1
3|
(=]
1
]
[=-R J
RSPl O0 GO ¥ N IO DO O (N SO A3 L™ (M AT LD [~ D T O™ 0 M o O VD
EE BIOHO QOO OO0 O T 7 1 e v o = = OGN O OIS O OO 04 Y73 Y1010 1Y SF 53 S8 oF TP oS oY o)
ma-l.l._l.l.l.i!..l.i.lala o o P e g = e Y e e e e T 7 et 4 e e e
=
BID
E-1 ]

b-47



GAIN

95.518723
.60 0.70 .80

4
602792 AYD RINIBNOR GAIN VALUE OF
D.S?

122,

DETECTOR

O. uo
B e 3

¥AXIMUY GAIX VALUE OF
0.30

AIN VALUES FOR BAND 1,

— —

G.20

NORMALIZED &

G.10

e i 2 s ey e

(- F—

BV AMNO QMMM OO 0.0MMDOMM BB NNOOOOTDGOODOADOOOOT
() I L AT IV AT ST ) (V1 PP oy 3 e e £7] () 00 05 Py (I LY 0P (T TR N MMM MM ST MM 3 S MMM
OOMMANN NSO ISmE= e RO NSO D INMT FTADNNOQANNR™= O ON NN
55115.“223322882265““5522552%3“uﬂ.qau5533ﬂ.ﬂ.2233h~uun~
1-1000033““33050099003333113;7«4B.OOOO‘.I.O.DOQDU“H.OOOO
----o---..u-.—o-o.-.-t.-o-.o--o-oo-..-o-
000 e 1) 5 €D @D DD DD [ P 00 70 T T D TG D DI P DM D M N0 D NN O Q0 DR
P NI N DN O e 9 (O IR O O (N AT 0 g e s g e e e £ e T T

5 ot g e [ U U S Y T T g e e P Y e A e (LD (e G R 1 [ R Y Y T e e

» ¥

* % » * * % * ¥ LA R R X X »u *un"

L] #* ¥
* %

€210 ™ M MO @ TV (Yo L0000 b D P 0N U [ O O (NSO P @ Ch SR (N 23 LOWD - (R v
LRI PUAL LN DA O DDA RO D P D P P P e 2 B P 0005 DD 0@ ODO DN TR RPN
() (T3 1 0 1 A e 5 e o (e 0 o £ 7 g P 7 0 1 T T P S T T e g e e R 0

ROEMALIZED WITH RESPECT TC

TIME SERIES OF

4-48

Figure 4.2-7 (Sheet 4 of 5)



TIME SERIES OF NORYALIZED GAIN VALUPS FOH BAND 1, DETECTOR &
NORMALIZED WITH RESPECT I0 HAXI4OM GALIN VALUR oOF 122.682792 AND MINIMUN GAIR VALOE OF 95.518723

oY~y

RECORD 0.10 020 0.30 0.80 0.50 0.60 0. 70 0.80 0.90 1.00
1] - -t +——— - —— -+ — + —— + ———
n3E4 .

202 *

203 *

200 2

205 *

209 =

20 *

208 *

209 *

210 *

Figure 4.2-7 (Sheet 5 of 5)

aG

d 'TVNI{)IH'U

v

vno 2004

¥8

"

AL

r

GAIN
117.02WM7
117.02 W47
118.08930
118.04930
118.04930
118.04930
119.90088
119.90643
118.04930
113.04930



~27.670503

52,329822 A¥D NIRINUY BIAS YALDE OF

DETECTOR &
“AXINGY BIAS YALUE OF

*INE SERIES OP WORMALIZEY BIAS VALUES POR BAND 1,
HORMALLZED RITY FESPEIT T3

3
.-}

0.90 1.00
-—

0.80
-

0.70
—

G.60
_—

0.50
——

0.40
-+

0.40

o e e e s i e

0.20

0.10
-

)
'
O+

- ey 5 VLR RSN MM NG D OP P M M A AN WD M MO OMOIUNN LW D
ST AOINNANMNO OOONNMMANMMOO O T T TONN DOVNNNOI DD NN T aroy o N
AR Er0.g SR N AT (I e N S (N SO O P b P i o o S E A S AN S S OO
OO D DI P T 0, 20 A0 SO = 7 00 SOUI LY O G O N O D T 1) LY 1= e it C1 PP 4 20 OV R GV 1 1o PO
SOD SNNMMIAD D ODONNOODONNNNIIVONA I INANRANNACAP T IOIAIOWN
-.-..tQOOOC.-.-v.-...-c-...o-.-..Qa-......t.-.-
NN P 10 0 g e g g 0 A 0 O] (0] PO 0 (O O i 0 (0] (et 70 0 008 (] O P O O e e e

®* »
- » % IS RN A SRS RS ES LR X S [ZE 2 L2 X R & 8 % X J LE L X L 8 J
LA " " LA + %

£ Bae= ) N O Q™ NG RO G ST O SO QMO TN SN WO OO T M SO oD
oy W g 0 A R A e SOOI O N N N OMIN N ( (N MHN Sp oy SF oF TS sy er e

4-50

Figure 4,2-8 (Sheet 1 of 5)



-47.670563

52.3294822 AND RININUN BIAS VALUE OPF

NAXINUM BIAS FALUER OF

TISE SERIES OF HORMALIZED BIAS VALUES POR BARD 1, DETECTOR &

BOEMALIZED WITH RESPECT 1O

BT VIO IP I o U T ) e e AN AR GV m M AU SO U AT
AP I NN D MO OO T IO P IO OO NG O 7 25 o O CHONO SN P S A 0 v e oy 0
TAAERILIYIL) P00 00 o o 1m0 ) LY T S 0 4 o o 150 22 P e e o o, B [ 10) 120 1 10 o oo P L o a3 O
OCOMIIANI DOANNNANNNG ONTE INNIINARNSD D NN IOTNOOINNSIDD
-t--..tOQQQ-....&-‘O-.--lncnc...-....-.-.--
OO N 0 000 00 0 50 (0 £ 0 (] EN N N 1 000 0 1 0 (0 (] 157 100 00 o o £ (] 1 1 ] (] 15 1 0 1 £ 1) 9 40 (N (7 9

BIAS

1.00
-

IGINAL
"on. 200

0.70

0.60

e
.tt.*.-.tt. LA 2 & X X

el it it e ey —

...“ * & t#**tl*t# #* ¥ **t!*.t_l‘*t

* - % * » *

0.50

o4
-
.
-]
[}
(=R
(2]
)
=)
=
~N
.
[=]
=L
-
.
(=]
i
i
O+
AP AN SO QO T NV ST WO GO TN T (V) oF o) WO COOM 7 (N MNZF NS [ 03 VY= N M 21 O D VO
A AN NN NIIAUNDWOAD OO DAOND WD [ = P P o P e (00 000060 /T3 00 @ @ O WD VANV
om -
Lwr
[l
o

4-51

Figure 4.2-8 (Sheet 2 of 5)



-—47.670563

i
52.329622 AND NININON BIAS VALODE OF

DETECTOR

13

MAXINUS JIAS VYALCE O

TIME SERIE: OF NORMALIZED BIAS VALOES POR BAYD

YORSALIZED WITE RESPECT TO

]
o
m

0.80 0.90 1.00
H e

0.70
——t

0.60

0.50

1
!
i
b

Q.40
——t

O.30
-+

0.10 0.20
o rm——— ———————

0

WU DS VG TR A P I P PP R AU Y T P 0O, R i 8 0 L ) 0 ) D LS L P T e
NN NN NNNMM MMV DO S PO FOIN™ MM I NOIOONMNIT N NNN I I 00
oo o [ o e P P YA N S O VT PR D O P P O O e G Gl 1 1 o o (o e o, e o, (o oo, [ 0 050 10 LY 53
- g g e 0 S T U L G VO SR P O W TP (N (N7 1 [0 1) R0 1 (1) GV P 403 £ 7 1 172 03 CO | ST )
APAMNANNODOOOBAOMNNS AR T INMMMOOLININNANANY SNOIAND SO THD
[ I R N B B NN BN R R NE I R B I T R R BN RN NN I R B N B BN R R O TN R R B NN BT BN SR BT R Y TN I I B R
e (L R 00 TN O OO O ENA] O] N P 0 (O 002 1) 17 (0 5] 475 50 1 0 (3] ([ 0= 100 (e 0l 0 0 el el O [N (0

* % * %
“‘****‘*““. t't‘**#**i *‘ **#t**#

LE R & * %
* *

*

O P N I OO h O™ OV IO P 200N QP (N SHMO I~ O OP MO DO D= CIM SO~ NS

ARIO0 O QOO0 OOII™ P r v o = (YOI O N O3 N MM My ey MM e MM S o ST s T ST ST 8T

m%-11 e O P S e T T TR T T R T T P R e ke g 0 [ e g e e ek et o e g o
=

o=
an

5 N—IMN

Figure 4.2-8 (Sheet 3 of 5)



-47.670563

DETECTOR &
MAIIAGY EIAS VALOE OF 52.329422 AYD BINTINUM BIAS VALUE OF

TIRE SEHIES OF NORMALIZED BIAS YALUES POR BAND 1,

NORMALIZED WITH RESPECT TO

PO ID SO LTS TP O S O OO VT A LU S MM R A ey 1 PO N AU I MIMIc DY e et A A T
”91722““00“ FIXODDONNMNDNOIF AT T O SO QNN NOWWIMISI NS QOO CNINMNMN

1% 28 T I P 075 PO NN S 00 3 €20 P 50 I [ PO o 1 188 o P 0 P 3 O (o P [ P [ o ) G0 P o = N O] P o P
= On 00 000 3899995511mm83113g355111111881199331111
mEAMARRS IR SO 2 NNNMNOD LO™F 0 5D ORNINN RS AN ID O DN
AR N I I O O N
L] A . P D g i g ] [ 18 0 (0 S o e 0 ] ] S e e e (R 3 ] £ P 1 I U e g e

BIAS

6B X
L PES
oS

1.00

s o e —

o
-]
[
[ =]
(=% ]
|
]
o
=4 4
(o]
4+
Lt
o
i
1 ~J
Se
-3 +
*
o g
oL
v
n ~—
i =] h
mﬂtt * % * & (2 R A2 8 X N J * % BRERBERRERAEERERE AR i
*» LX) LR * %% LE R o~
*
e e
LJ]
1 ¥
[=)
[=1y]
[-X ] ot
= P
L]
<
[~
™
L]
L=
]
1
1
i
D¢
~Ni
5
[~
i
1
|
_
[=3 4
- |
L ]
ol .
1
m
[}
]
(-2
Dn-lz_iuﬂ.sfb? COONO ™ CMSE D Ot o O (M ST UMD P 0 O™ (NIMNT LN O™ 0 D™ O W WO P D
A3 BIWHAMNUILTAANG' £ DOWD OGO TN [ P e~ ([ OO 00 (/0 9 0 WD WD G DOV VAN D
muu-l-.l-l.l-l-l.l.lal.l11111111111‘111111‘.1.1-11111.1._!1-1-11-11111 ——y
n
=0
i

4-53



HS-y

TIME SERIES OF NORMALIZED BIAS VALUES FOR BAED 1, DETECTOR 4
HORMALIZED WITH EKESPECT TO MAXINUN BIAS VALUE OF 52.329422 AND WININOM BIAS VALUE OF -47.670563

RECORD O 9.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
HUMBER #-—=——=w o —— S e + + + —— i - + + ————

201 *

202 >

203 :

504 :

208 *

287 :

%Og I %

210 | *

Figure 4.2-8 (Sheet 5 of 5)

.

w
-

vt P B el o ik N BN

LB DN B N BE BN BN BN N
OO OO BN N

b bt o vl vk MY

Sod U1 L v el d )t ot
NWWRNNNNOD
Ao oAatnthiie W



95.518723

S
122.682792 AND AININGR GAIN VALUE OF

DETECTOR
GAIH VALUE OP

LED GAIN VALDES FOR BAND 1,
SALInUR

T 10

AL
BSBE

i

TIYE SERIES OP NQR“
MOEMALIZED WITA

MO M T O MM P 2 @D YO QI MM N D D O 0 O @ am B Q NOIM M A o
WAMM I NN T ANNNNONAN S TN MM or o X NS 3 DA0INGS AN DM N D
N LY P N O P N AP A I N B e W S B P P 89 M R RO O T 1 OO e T GO0
o OV G = AN T e O e P e VR N O VYN P NN = e N OO D O O
MM MmN MMMMg OMEMMEMMAM AR N0 01 NN OWON I AN MIINM™
[ I SO T T O DA B BNC N T B N B R RN RN RN NN BN N RN I BN RN BN R N T B RN IR B R I RN R BN RN B R NN BN BN R B R
S o D) D (S D O e A0 (00 N R R S b (0 O O e A I e R OO

300000000000000000000980000000990000009999009900
o e (o g (O i o e e g e e e P - ——r————

GAIN

L

1.00
-+

0.90
- +

0.80

0.70
L

0.60
e —

——t

Q.

2.20 0.30 G40
e e e e e e

J. T

0
+

DR‘23 3567.890123“567890123%67890123“59390123”5.% NC

m S e O N [ Ta Tt ot Dot T T TR ES TR TO T B 0 = e Pk Jray
nu

S]]

-1 ]

4-55

Figure 4.2~9 (Sheet 1 of 5)



95.518723

5
122.682792 AND NININOUN GATIRX VALUE OF

%AXI®UY GAIM VALDE OF

zs OF WYORMALIZED GAIN VALUES PFOR BAND 1, DETECTOR

NOENALIZED WITh RESPECT [0

TINE SERIL

VIO SOOI AN SO AL (= e P D@ 0 OEIWID U100 D0 .00 QD01 9 DDA O SOUN
SOOI PN NN NMM M M NN CROWD = o PO OMN MM TN O DN P on Meses
P P ANV P LU T L Y e [ P o [ e [ P LY P LU ) (A o 073 (Y08 1 s o Y} L) P P o P DI TR O
33”“6655““7?ngn9_066_0580099980775577778877559999“4
WY ID OO OO TN ENTND O oD e oo o Pooe P e oo e (O 1 P o 1) 3O DD NN O LTy CVD D L3OO O D P Pl T
AR R I L N N Y I N O O I ey
0000003300“1“'000099“3111‘““1138‘100991133111100
QO0OOOOOS000O0OCOOCORNDCOOOCODAONNOOLOMIPOCROQODOO0
P e S P S e R e e ¢ g - - o e g g e e o e

GAIN

0.90

0.80
O et 4

0.70

0.60
o -

1

0.4%0
i o e e s s . e i . e e S S =

* %
* ¥

=]
] - % *

L]
(=]

* *»
A REE - % * % L - % * %

=] LX) - #
2_tttt LX) LEX X ) » %
L]
21

]

“ LE) * %

|
[~ 3 * *
~ |

(]
(=0 |

{

i

1

I
[~
DR123ﬂ567890123u567890123u5678901233567890123456?690
MBSSS VI ILRS D00 00 00 OO B (s Pl D0 100 D0 B OGO R AR CROD DS
m -
O n
Mo
-3

4-56

Figure 4.2~9 (Sheet 2 of 5)



95.518723

5
122.682792 AWD NMINIAUA GAIN VALRE OF

DETECTOR

: RESPECT 10 ™MALIMU™ GAIR VALOE OF

¥RIFEL OF NOREALIZED GAIN WALOES FOR BAND 1,
J250 &1TH

TIAE St
HORRKAL

2 VIO OO MM S OISO S0 0 2 AN MM MM OO DORMNMNDO N T et P DO
H MMOOFIOONMND HTIOOSNNMAINNN DOMM JONNN NS NOO SN RFFOIMNNNNS T
I U P P e P (o e e P P YN TR WU [ P P e Y A O AN D WO Y e [ P
¥ W= M ML SOME AR o X~ AV A @A I (NP P OO OO S WD O
et RN O N DO O PO o O DM B S STV I A O 0NN S DO DN NI 2 00
L B O B R I N D T I R R B R B B R RN B B BN N R RN I BN N N RN B R A RN RN RN R N N N I
PR IO O OO MM O OO OO QP A Oy A R o S e ANV R O O e O O e
0008000000000000000009900990000000000990000990000
T e i U T R T e R 1 R P Y 1 R o e g s o g g e g e s g -
o
at
[N |
-
= 4
&t
»
o
4
ol
L]
(=]
o+
et
*
-]
o
ol
[
=
1
|
1
(=&
At
[ ]
<3
Q
=1
a4
[~}
{
L oee
(=% ]
m |
.“ LX)
e ]
t *
] * % * » * % * &
[N ¥ 3 LE LR 3 L2
" * ¥ Ew
[= 27 * 8
o~ LA B X LE X X X N} - %
m“ * %
_ L X 2
* %
m % »
=
=1
LY
=] .
] *
1
{
]
i
1
(=2 J
10T ONM O QA O N SISO G0 G OTHOI0 SF NMOE OGO (N MET O M D DO INM r i o0 o
5 A QD QOO J O r e e e e v CIOEN OO N TNCE M M e M NS ST ST O ST ST S S
m31111111111l11“‘1111311111111111111111111‘1111111111
r .
i~
=

4-57

Figure 4.2-9 (Sheet 3 of 5)



95.518723

T122.642792 AND MININUM GAIN YALGE OF

AXINUA GAIM VALOE OF

GAIN VALUES POR BAND 1, DETECTOR 5

ZED
T TO

ALI
BEC

e
s

R
E

TINE SZKIZS OF NO
YORMALIZED WITH E

OOMMN RN OF 0 QP 0 G PSS P P OO M AL M N LA NPT D SN
2 NS I 310 000 SONNNNNOIMMAN NPT N ONMMN MMM NS ON N AT o0
e # U O ATV ) o P 1) I TV P P P o G N DA O 8 e P o 0 O TR LY NN P ey
SN[ = MM NN IO SO P OO DN DN OO 0 OO YO D = [~ M P D D VR = Y
DO NI TN NOOTE OO0 LMD OB DO D O DO ST I DGR S MM T N
B4 6 8 0 0 8 £ % 0 89 8 8 FF U d 0T8N e s s e AN
bbb ad el Lot ol Ty Te o Tos ko v Al ol T Lol puiet T foe Lo Ll ogts T T T T T T Y | ol e ol ol ol e Tt ol iYLl ot T

OOQANMSOOOOOMNOOCOOOOoCO0DD0OOOOOANCOODOONOOON0ODS
Lt ol g g 1 1 e e P P o e o O e P P R (A e (i R Y e et o e e i e

GAIN

1.00
e .

0.50
-

0.80
- —

0.60 0.70
o —

0.50

¢.40
———

LA

0.30
—————

*
a
»*
*

* ¥ * ¥

»
*
x
*
*
»

G20

Pli et s Rt

g

0.10

8D O

ONM 2 WO O O UYL U0 N D= B O [ 00 O™ 8 M 210 OE~ 200V O F C4M o ™ Och

NN 01000 0 SO0 O DD T [ [ P o e 0) 00 0 DM 0 DD D DA RDRNNDRNS

m311-11-11.!1111!111111111!11111111. Lkl ol o ot el ™t
n

Bl

:-3-

T Ll d o' |

4~58

Tigure 4.2-9 (Sheet 4 of 5)



65-%

»

TINE SERIES O® WORMALYZED GAIN VALUES POR BAXD 1‘ DETECTOR S
NORMALIZED RITY RESPECT I0 “AXINUM GAIN VALUE OF 122.642792 AND MININOM GAIN VALUE OF 95.518723

RECORD O 0.0 0.20 0.30 0.40 0.50 0.60 ¢.70 0.80 0.90 1.00
BUMBER #—————————b —==—— ==+ O e H + - —y— r

O «
*

bl RINRIBIN N
wODoOOoOD
OADTO I LN I Lab o
LR ]
* %
* 8

* #

Figure 4.2-9 (Sheet 5 of 5)

«
-
)
o

s sk s el
(=TT 0T F= Tl T T )
b OO NN b OO
EEEEREEER
] e LTI L W £ G € O
DO OO L) O AL B =
UHALIILALN=] wJLLA
IO W B
VHAMLWIEWDOOo0O

ol o



~47.670563

DETECTOR 5
YAXII%UM OSIAS VALUE OF 52.329422 AND SIWIRUN BIAS VALUE OF

TIME SERIES OF SORMALIZFD SIAS VALUES POFR BAND %,

NORMALIZED WITY BESPELCT TO

PP P NS PO s P 0O OO P U U P O O P WO NN A NI N O D [ o o
W0 8.0 NV SOWNICDNANN DO 500NN 0RO AN DO O ey
MIMO 00 OMM D OMMIMNSCh MMV O 0.DNTIDD OO CAND VMM DO r=r=r 0.0r M
@E@P o 3 0) 3 I D COMIPHT NGO C0 I &1 ¥ = AN (NG 3338 53 Men OO ST SE D 0D 1™ 0= e g 4 v o100y
OEOONWH L0D-DOCSOO0 0OE OVMMFIODNLHOOIT I FOIDOD O AN I IOCID
AR AR AN A R A N R N N N I oy ey
M NCION N M A CEN MM (YR (N O OO N N OHN UM M M MM M me NMm M e NN M M

BIAS

0.70 0G.80 .90 1.00
——— ———

0.60
— m—

LE ] (Z A X2 S AR EN YN X * I EZ SR REERYEE 223 * »
ﬂ Yy * % * »

0.50

0.40
——

0.20 0.30

6.1
NONBER === b e mm mm e = e e

= N IO D OOTT O SO DG O ™ N STUNAODS WO O™ (Y M 1O 0 O (N M =+ Of~ S
T T e S T N AINCIN N ONIN N MM T MIM MO oy o S st o S o0

RECORD 0

4-60

Figure 4.2-10 (Sheet 1 of 5)



BIAS

~87.670563
0.70 0.80 0.%0 1.00

0.60

5
$2.329422 AND WININUN BIAS YALOE OF

DETECTOR
wAXINOM EIAS VALUZ of
.20 0.30 0.40 0.50

0.10

TIME SERIES OF NOR™ALIZEw 31AS VALUES FOR BAND 1
0

SORMALIZED WITH RESPECY TO

RECORD

QNN MDD ™ = AR O NN TS 200 00 IIOD DTS I TP NN O O SP SP0 DN A A M (T
DOAARDIDOORAU 0.0 L5 VO OOOMINMSWY SUIVININARUINIS SN BN WD OB DOV
OOAROM N NANIN O DO DMl e, 0.0 0O AN DO AP S AN NN OW DT
995566NN5533111133338811114“8833993399883300“"1122
Ee el IO L VOO DOOY L0 ILBNMNOOEEODLTOIOO N NBDW 97N

AR EE R N N N N N NN N
MM MC] N A IO SN M OO N NCI M MM MM MM N MM OO N O M

| ORIGINAL PAGE 1L
OF POOR QUATILL

~
y
4
o]
o~
T o
1 a
i <]
| o
[£p]
~
[T X R TN} LI X L EE X YT - % LXE R R E SRR R * % - m
.“v » % * % * L 2 X ] L% 3 » ¥ * % 1
] ™~
i .
~F
1))
ot
=]
- =11]
o
B
¢
i
1
+
]
1
]
]
1
1
1
]
]
{
i
t
|
+
]
]
]
1
|
1
1
+
HNZBﬂ567890123u567890123ﬂ567890123ﬂ567890123u567890
oy OO IR HNUIOD 00 OO0 O O (ISP i B S OO DM D Moo a) AGAAC DM
L od
n
1=
=

4-61



~47,670563

S
52.329422 AYD AININONM BIAS VALUE OF

DETECTOR
<AXIYUY BIAS VALOR OF

TIME SERIES OF RORMALIZED BIAS YALUES FOR BARD 1
RESPECT TO

HORYALIZED WwI1TH

P AN R 00 O VNI NGO DM OGS OO0 O o =3 3= AN AN NG O nn)
W0 I ED B0 O DO DOOINNNGSSO SN INO D ™ 0 OO INNGSO OO
O 5 @O D OO INIVIY SO QMM NN N =00 W P NN N VM P 00O P N MNP O O
11%0““9933994&.99335533551183000066332238.4.466.4.433“.“
COARCOTFSOOMMNAOTIOVTFAOOOY O0DDNDCNNTSO L I ONDNNOSOOOON

LN I I N T B DN DY B DA Y BN B N B BN R R N R B RN I BN R I BN B RN R NN I R R R I B TN B I B T R Y
GNP MMM A N O NI M M A MW M I N OO O N NI O O N M S O e o S e O O

BIAS
~——4

1.00

0.90

0.80
- —

0.70

0.60
—p—

* %
LI XX XX Z ) W N * % * %% L EE R X X J LA X X ]
LR * * %% * ¥

0.50

v i e e e e i sl i

0.80

0.30
o ——

uv.20

——— ————— e

u. 10

SO SO OGN0 T OO 10 B P 00 G O O SO SO DT O SR SO SO h O O SRS D
QLOQIOITO DT T r v = r e vy SO (O N NI ITRY ( ( 00 VI ST Ap ar oy oA S oy P N
= 0 S T R R P R o 0 e T Pl e AR e e o e s e 5 e T e

RECORD
RUMBER +-~~

4-62

Figure 4.2-10 (Sheet 3 of 5)



-47.670563

52.3295322 AND RINIAND® BIAS VALUE OPF

“AXINON® 3IAS VALOE OF

TIAE SERIES OF HORMALIZED BIAS VALUES POR BAMD 1, DETECTOR 5

NOBMALIZED WITH RESPECT TO

VI 2 2 MO A NDDNN O GODAMND IO O O TS RS © PP Aunch n
SO DSWY DN PO ACONIVNODO0 0000 D00 IHANSONNOD & SNNJ 00D
LDLRONNL IRROQNNO O VI e O P e NN D AN~ 0 DM OO0
"M009977666ﬁ%03333336633““33666666009900661183““99
&DMN0 H'OOONANNNANO OO0 ONNDSVDVOONNNANND IS D DONGD J 0 0D+
--..--o--'--...o.-.-.oc-.--u....-o--tv-n.-
PRI VY IS I (DA MM TN T TN O O 0N M e TN SIS O T TR RN T

BIAS

1.00

¢.90

0.80
- e

0.70

0.60
— —

*
*

LR 2 B J XA R RIS E R ERNETERE R LY RN * e *» L X 2 K 3]
* *

* * ¥ * *»

*

0.10 0.20 9.30 0.40 0.50
NOMBER #-=—mmmmt mmm e oo e S e e e e

0

= OO D O MO NNMLITUN O 0 Oy O (NN SOOI OO = (N WO O O™ N ) =LY O~ 0o
IS LIRS 0 0 B0 00 O\ O b=t P Poil o P e 00 2 2040 T USSR O TR AN T e
e e T T T e e e e o P e e I 7 1 T e o o e e o . o % e e P o e o oo 1o e £

BRECORD

4-63

Figure 4.2-10 (Sheet 4 of 5)



79-%

TINE SERIES OF FORMALICED 3IAS VALUBS POR BAWD 1, DETECTOR 5
NORMALIZED WITd KESPECT TO NAXIMUE BIAS VALOE OF 52.329422 AND WININDS BIAS VALUER OF -47.670563

RECORD

*uAges

202

BIRNINOAI NI N
wmOQOOOo O
OO ~HA NS W

0 0.1 0.20 0.30 0.40 0.50 0.60 0.7¢ 0.80 0.90 1.00
o o v e o T e e i i s i - ———— i oy e - i o o _-_" — + + + —y
| .
| L
I *
L
*
*
*
*
*

Figure 4,2-10 (Sheet 5 of 5)

o
[
-
w

LS ST S TSIV
(R EEREXEEERE]
SO EONNG O EE
b2 CNLTONONE U
O i B0 DD
© O ndndind WO O NG
ol G O QR Gu LN LN Lo )



95.518723

122.682792 ARD NMISINUN GAIN VALOE OF

MAXIMUM GALN VALUER oF

T

TIME SERIES OF WORMALIZED GAIN VALUES POE BAND t, DETECTOR 6
RE SPECT

NOBRMALIZED WdITH

LI - e (e - Lol i s = DT [ - BT N T W TTAY SN C0 MIMANISOW S SN I N O e -
= PO IEERRARS OO i § O OO AN O 83 NN O 00O XN
oy eeAN PSSy 00 O3 M0 MU N D@ T M MDD T e R G P e (00 O e m T m e e
0 OOODMMITr o “99223322221199110%‘1..“6ﬂ.ﬂ.ZZuwﬂ.ﬂ.ﬂ.0.99955-l1
DO AN M2 00 O O T8 P 0 0 0 o oo S 05 0T 1T S o PR V) T R ) ) ) S8 2P S O P P
-..-o-o-..-.-.--..-l-.-.-.-.---......o.l-
0033331.76522332233222211-333322112244d3_06“433337?77
A i s g () () () P e A P R R R R e e R e e e ) £ () € P e e g, (2 £
Ll ol ol ol [, == P % 0 T L N {0 N S Y el e ke e e g e g g e R g
[~ ]
a1
-
\ kY
f ORIGINAL PAGE I8
< 4
=N
[
=]
o
&l
L]
o
=Y
=T " " L 2]
+ 8 ..\J.l
-]
* % * % LY 2 R J
* * . e [T
L X ] o
* #
' e weew » % i
* * 4%
21 1
d , 3
L X 3 N
7]
Q)
L}
~
21 - i
. ™~
-1 M
* % ~r
* -
* * m
] * »
_ e &
L]
st A
3 _ By
-
m -
e
™|
LN
°|
|
|
|
i
<
™~
o
0.
|
i
m
=3
.|
°l
]
i
o+
WR123H567890123“567890123ﬂ567890123u567890123“567890
OM I e SO OO QN CINM MO M oM M o S op arar oy srarin)
(31
[i=]
o

4-65



95.518723

-]
122.642792 AND RININOBR GAIN FALUE OF

DETECTOR

1,
or

D
1} ]

NAXInU® GAIN VAL

TIAE SERIZS OP RORMALIZED GALN VALUPS POE BA

MOBMALIZED WITd RESPECT TO

ML FOGHNARN IV A MMt MmO 0.0 X TAMMAIM M NC Y 8. 0MMIMm SO MmN
2 OONNNNMMARMNRODS I OB E OSSO S.GNOND DO OTTF TANDS OO
O OMNT EARRRIIFOWNTT T SO OOUNAS M MANN N M Mt e =S AN MM
11””3&5:212668ﬂ¥a = 00 MMM O A OO O Ch O ENLOLN N N 00 £OT= P v = 01 G MM T O
Pl 3O L) £ 1 0 0 s o gt o, P (Y O o e 29 OO 9 o =0 P o 00 A0 e [ o o 4 oy 1) =
AR AR R E R T I I T T
PR T TR OO P L [ e O DN 0 OF T 07 0 (N 0 (V) 1) ¥ 5 O TRV () (V) 091 CD 000 173 0N €D €YY (Vs v o e {1 ] o o €Y 01
W e P e S O T T RIS L A gl 0 (0 () P T T (e e o R e R 4 (7 () P
T P S T A Y P T R TP S s (A5 (g e e ™ A e [ I T g (A T e g

GAIN

1.00

-

3

0.90
— —

0.80

0.70
*
*

* % * % * %
+H AR N * e * % L2 X R )

* %

0.60

*
*

0.50
—

* 8

0.40

0.30

0.10

0.20
T ST e Y

0

Q= DM SO P @O O M IR0 O € ¥ NI ST LD P SO CH O3 LD I SO 0N O (N My el (=]
MMSSS:EﬂDSSR:ED96666666?&41!77775&&93885932&889939%&?99%%0

-
%3

n
[2]=]
-t

4-66

Figure 4.2-11 {Sheet 2 of 5)



BN UGG DM AN ANNOHOUNS X X U0 OTITM M 0 8 O e RrdAlmme ey 00
MANNINOQEEDOMT QRN S 00D IS0 DO DO T TO0 D LNNMM I M
NMEE QDB NIVHADN S TR OARTHNO O OO0 P YU 7 M= e /v 1)1 0= = 3 7 P e O U
T S S22 O OO N (N 00D WOWDAD O NG EN Y GO U LY EN O 1= ¥ 1 e .01 £ £ ¥ 1 O] N O LY = 1 0 0T £V
113322uu00771ll11|4u77M800557711775811771122711100
-.-...:....-...-.--.-.-...-.-.....—--.u-..-.t
33““22993300112222331‘00&!—!u“0033113385777777112§3
S (T (0 W P P T 5 e P 8 R i () R 0 R e e e £ 0 2 £ ¢ (T e e e g g
e e e o e P o P o 0 e e i 000 1 0 7 1 e 5 ot 1 1 0 0 o e 0 o o e e o 0 o o o g g o o

GAIN

iR

ORIGINAL PAGE i
OF POOR QUALITY

95.518723
0.90 1.00

0.30

0.70

—
*
®

LR

122.6532792 A¥YD WINIWUN GAIN VALUES OF

* * e

Figuré 4.2-11 (Sheet 3 of 5)

0.40

0.30
- —

20 SAIN VALUES POR S5AWD 3, DETECTOR 6
G.20

ALIZ
PECT TO HMAXIAUM <AIN YALUE OF

Al

TIME SERIES J? NUR
YOEMALIZED WITd RES

L
E
G.10
e e - — v

D ¢

S 2 O O™ NN O O™ T WO [ DO VO™ (e = AOO LD N TP D DS
KOO QOIOQOM == = T O O NOIN 3 NN M T 0 (I a5 o S o oF o628 3T 10
m51111:§i1111.4 T £ T e g e = £ e O v T

n

MD

-1

—— e

4-67



GAIX

.00

95.518723
0.90

g
+

0.80

DETECTOR &
vALOR of 122.682792 AYD MINIMOM GAIN YALUE OF
0.u40

0.30

VALOES POR BAND 1

MAXI®DN GAIW

33331122““"733173333“&.00553333535577337722b.n775533
““”99900 T a8 22 P o 21 33 D DS ORN DD MM DO UNDD [ Pt o o [ 2 P O O XD 0
- ﬂﬂ?ﬂﬂ33l"3311%5005M3M~NM%5W%3%331133333833665:..“
- P g g g g g e g o S Th =t = A D O™ OO

7117771“N”117111777Hﬁ”00““111 NN = b b NN S S
AR L Ll R A R N N N E ]
e (] (S () (P (7 £ 158 1 ) (9 (] O] ) R (3 0 NI ) T = I i P P NN T 2 O
R (0, 0 PO e P e et R A 4 PR T D [ S g g D P O s O (A S e i (7 ) O S £ g e g
A e R D L - U 0 [ D D N il e g % e e e g T g

* % * %

* % * » * %

* %

=N O S O COOVD T O M O O O QY NO U O P~ O O (T ) WO O O T N O O h O
mn5555555<556666666667777777777338888338899999999990
Y 0 0 00 0 00 e b 0 U . ([ O 7D 5 1 [ 1 S ey (e et e (O P e g (]

TINE SERIES OF NORMALIZED GALNM

NOBMALIZED WIT2 BRESPECT 10

RECO
(.}

4~68

Figure 4.2-11 (Sheet 4 of 5)



69-%

TIMAR SERFIES OP NORMALIZED GALH VALUBS POR BAND 1, DETECTOR 6
HOEMALIZED WITH RESPECT TQO MAXIMUYM GAIN VALUE OF 122.6R82792 AND MININUNS GAIR VALUE OPF 95.518723

RECORD & ¢.10 0.20

0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
xunggn $om——e -——t + ~+ ——t — ——t +

—— ——— -
*
*

NN
[=]=1=]
LI !

NN RN
—SCoOCCo
O @Jonine
[ 4

"

LA 22}

Figure 4.2-11 (Sheet 5 of 5)

0

ovd TYNIIG

g

400

AFIYN0

€t

@
-
)
=

T DT T I P e g
s gl e ks i s e e
b i b e 04 o b e ik
NN e

b il b gk
\Oga-auu--nwm
G s W T b o JT
oo.pn-q&auu

£ B

e oaf



~37.670563
0.90 1.02 BIAS

0.80

0.70

PR

0.60

6

LD ONINP = oF Y AR D D 00D D 0 o o S S DA 0 8 O DI eSS
QAN NOQMM MM NP T oD O 5003 MO e ) 0 ok e 2 e h oD
NN NNDQOOANNT =S 00NR[I0OMMOOIT 20 OM MUY D DO DD DD OO
”8"”566688556583668888"1}0655537”6 Ot pei~h O OO O I OO

N NN D NG QAP N O o B [ i [ AT N G T 3NN OD DN NG DN MIMoD
IR N N Y R I I T
OV P 0 0 (N (] (] e e (2 U8 Py e g g 7 [ i () % 1 e e e e g e (1] ] O] P8 1 €23 ) e A NN

* ¥
* * LE 22

mﬁ‘t LA R X ]
LX X X ] [ FXZ S EEEENY SRR RN SRR R R X N ¥ LEE R R Y ]

52.329822 AND MININUN BIAS FVALUE OF

DETECTOR

J.30
————

MAXINGY BIAS VALUE OF

0.20

0.10
HUMBER #--——n-fmb ——=-noio—

TIME SERIE®S J¥ NURWALIZED BI\S VALUES WOR BAND 1%,
HORMALIZED WITH RESPECT O

RECORD 0

OIM FUNOM OO NI SNO = MM SUNO M OM Q™ M THONOE D v O C M S N~ a3
P PP T AN O O TN S A MMM MR et S o e or P D

4-70

Figure 4.2-12 (Sheet 1 of 5)



-47.670563

6
52.329422 AND NININUM BIAS YALOR OF

DETECTOR

TINE SERIE>» OF WORMALIAED HI1IAS VALUES POR BAND 1
NORMALIZED WITH BESPECT TC YAIITUY BIAS VALGE of

0 QAT VN ANNMM O 00 0 BP0 DS Ef Pt D D MO 0010 HUID D~
&2 o3 S UOHAINI M MNWLD OIF 318 230 SN AP P rm vt AL 3 0.0 =0 3.0 DI I IP M Ch P
33”“““”“’!7“5‘1993333223.0991155009999 T LHOM MM ANEIN HOS
T DD DN Chi~ (e O AT NN D O TN ™ M A D OO [ P P e D D DS O D
nnggszzﬂ_gﬂ. “77007"”_.I.442299“3399001100557777.4"5599
AR A N I Y I N N Y Y
B e [ () P ] (P PR £ (3 Y (N P T (] (] 1 1 g g e g e N €

DIAS

1.00
-t

s 19
GINAL PAGS 37
OF PooR QUALET

0.90
——

S+
@i
»
S|
t
o
1
-— P
(-] uy
4
o
! o~
=)
11 4
] 3]
< L]
L=
[42]
St
o~
O+ . . - s a *n " » ~
Olee sRGE  RBaw ERBR RN ERAR me ERRRLRNE . b
’
o .
- ~r
QG
i -
_ &
o+
&1 o
._ < ]
I~
i
1
1
1
o
™
3
ol
i
i
i
i
o
i
;|
7
|
m
o+
-
.}
ot
1
I
t
1
o
£ @ NN U IO [ DD T (N THU O T 1= (Y SO P~ G O™ RV 1) «O (D GV O (O S LD~ D D
MM555555555665666666677?7?77777635088t38899%999999%0
-
e .
My \
e

4-71



BIAS

1.00
-+

0.90

—— o e i e g e i e e e e

-47.070503
0. 70 0.80

—— e —

52.329422 AND AININDM BIAS VALUE OF
0.60

0.40

0.30
e = e e e e i o e

“AXI40n JIAS VALOE OF
0.20

0.12

o
+

QORI @R MONNNORCOPS D00 0D VMM 5 S el 3 0 D0 O SN
WONNMM e MSLAND DM T S O OMNMM O B 3 200 e 330U A G XM O
I3 3F O IR S FRan G Ch WP A UNOWTWT D ORI D DT 3P 70N M) 0 D SV [ = {7 A DD
5571-559966999966666655882222995577887768977"”5666
FRONNO O FRNN QO 2 23T NANNANNMMOD AT 2 AN O OhA M M F AN
A0 989 0 0 435 00 0 s h ot 000 a0t At b s Lt s EEE
P O (N O T O O R T P 0 (D 1 g N O NG O OV €1 P e g e A 1 O SN (V] 9 e e g e

ﬁ L X - " L2 2 XXX J * & LA R A X 5 & N
LA X R R 2} LA LE 2 2L K X J LE X XN E LA R X N X 3
* ¥

DR.I23”5678901)—3“59890123"567890123“56789%23hﬂs'b—.lﬁugo

330000000UO!I1-I.|1¢-|-I¢I|I-INL222222222.J333333333“«&.““l.u.n.huwﬂwnwhu.s

m511111111‘511- - T Tt S e e P [ e e s e g T Y e e s o L ol
=

TIME SERIES OF SOR%ALIZED BIAS VALOBS POR 3AMD 1, DETECTOR 6

NORMALIZED WIT4{ RESPECT TO

4-72

Figure 4.2-12 (Sheet 3 of 5)



~47.670563

[
52.329422 AND WNININON SIAS VALUE OF

5 POR BANYD 1; DETECTOR

BAXINUM BIAS VALCE ©

TO

Q¥ NORWALIZED 3IAS VALUE

WITHd RESPECT

BIAS

Cocl 0.30 0.40 0.50 0.o00 0.70 t.80 0.90
BUARER #-=——o-mot —mom s oe ——— ——

C. 10

0

RECORD

WD O LN 5 O™y 3D ED DO O TN P 4= 7 O D= 1) 2 2 e oy
XX IOMUMMI T LI3D JTHO A TRATINNOLMTMITT DO 0 SIh DOQ O G
MIFAPMARRAULSIR N T M IR UL TE S D 0 T Mo o T H ISP o~ [ .08 = o 2 oh
nnﬂHUb§66&52:5Wﬂ1£bnn9Qiﬁﬂu8669066E2f99357ﬂ5q441885592439

QO P == OQARO KNP S SO0 M F o Mo SNNOD
-o.----..‘.-.--l.-.-.o..o--t.l...o-..-.-
T NN 0 0 07 0 0 P00 100 0 1 0 O D0 1 0 Oy () 1 A0 0 (0] (7 (5 990 0 et e o e ] (] i o g s e e ] )

| ORIGINAL PAGB.IS
OF POOR QUALITE

&
+

e
+

"
-+

LA J * % * "% * * 8

L * %
LA K X J *» (A2 R XX E ] XXX R ] L E R X EE AR Y ] LA X R X B J

4

23“5678901#&3“567890123“567890123u567890123456780
ORI NI D 00 O 000 SOOI (ot P 2 000 D 2 0NIE A T AN DOvhhey
T e g e e T P O T R e P T T e T e gy ™y 3]

4-73

Figure 4.2-12 (Sheet 4 of 5)



A

L)
-
"
|

£E 3
HOPMAL

o
pagn

(12
1
COCCCLIGYR

N NRIINEIDIAED
L) A U b a0 Y

- r

RIE NOIMALIZED S8IAS VALUES 208 BAND 1, DETECPOR &
42D WITR RESPECE 20 “MAXI“0OY BIAS VALU® OF 52.329422 AND MININUM BIAS VALUE OF -37.670563
U T 1)) (elv 0.30 C.40 0.50 0.60 0.70 0.80 .90 1.00
A e e e e e e s i v ;-o — + == —— e + +
*
*
I »
*
*
| *
I .

* #

Figure 4.2~12 (Sheet 5 of 5)

w

o

&L b

WO CatmiC 0N 0

il ) il el el venl g gl b
LI R B B B B R O]
SeIIGEINET




4.3 INTERDETECTOR CORRELATION PLOTS

Interdetector correlation plots of the means and root-mean-squared
variation for 50 calibration wedge values were generated in order to
display the relative radiometric characteristics of the six detectors

and to evaluate the adequacy of the present linear MSS calibration
procedure, as well as that of the varions linear striping removal
procedures. These plots use sample position within the calibration wedge
to 1dentify corresponding detector response samples. To the extent that
the calibration radiances presented to each detector at corresponding
sample positions are the same, the plots present the relationship which
ex1sts between the responses of the detector pairs. These plots are
presented as Figures 4.3-1 through 4.3-5. A list of the sample positions
in the calibration wedge data used to provide data for the plots is

given in Table 4.3-1. Position 1 is the first sample of the calibration

wedge data.

These plots are essentially two-dimensional histograms where the abscissa
scale consists of radiometric values for the reference detector {detector 1),
and the ordinate scale consists of radiometric values for detector n (n

= 2,3,4,5,6). 1In constructing this plot, the mean value of calibration
wedge sample k of detector 1’.?1k’ and the mean value of calibration
sample k of detector n, ink’ plus and minus the corresponding standard
deviations about these means, 51k and S K are used to specify a region

of the plot array, and the counts in the array elements within this

regron are incremented by 1. The numbers in the interdetector correlation
plots are counts thus accumulated. This sort of plot provides a graphic
representation of the functional relationship between the radiometric
response characteristics of the separate MSS detectors (e.g., for two
detectors viewing a set of equal radiances, if the relationship between
the radiometric responses of the two detectors is linear, the plot will

be a straight line; if the responses of the two detectors are the same,

the line will-have unity slope and zero intercept).
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Table 4.3-1. Positions in Calibration Wedge Data of Samples

Represented in Interdetector Correlation Plots

160 380 530 680
180 390 540 690
200 400 550 700
220 410 560 710
240 420 570 720
260 430 580 730
280 440 590 750
300 450 600 770
310 460 610 " 790
320 470 620 810
330 480 630 830
340 490 640 850
350 500 650 870
360 510 660 890
370 520 670 910
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All five of these plots show a relationship between detector responses
which is essentially linear over the range from § to 80 along the reference
detector axis, with a minor departure from this lipnearity from 80 to 110
for all detectors. Detectors 4 and 5 exhibit the most severe departures
from a linear relationship, this amounting to 3 counts displacement from

a linear trend at a reference detector value of 110.

In order to provide a gquantitative comparison of the functional relation-
ship among the six detectors the slopes, p, = Ain//Ai, and intercepts,

q,» for each of the correlation plots over the linear region, from 0 to

B0 with respect to detector 1, were calculated for straight lines manually
laid on the plots. These slopes are presented in Table 4.3-2. Also
presented in this table are corresponding slope and intercept values
calculated from the typical gain and bias values (B and G) given in

Table 4.2-2, which were obtained from the gain plots of the standard MSS
calibration coefficients. To calculate these latter slope and intercept

values, the linear calibration functions for detector 1 and detecter n

1 i
and o =g i +b
I nn n
where g, 1s a calibrated sample value
i is an uncalibrated sample value
g is the gain coefficient G for detector i
b, is the bias coefficient B for detector i

1

are used. Note that the calibration processing for a detector is performed

so that, for a given incident detector excitation, r, the calibrated
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Table 4.3-2. Functional Interdetector Relationship
for MSS Calibration Wedge Data

Functional Interdetector
Interdetector Relationship
Relationship from MSS Calibration
= . = L f
Detectors in pnin + q, in P i, + g n
1 ]
Py 9y P, 95
1l vs 2 0.9866 0.0 1.1033 1,7513
1 va & 1.1586 0.9 1,1892 0.9545
1 vs 5 0.9794 1.0 1.0223 1.8724
1 vs 6 1.1055 1.5 1.1148 0.8156
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sample value is independent of the detector. Therefore, it should be
the case that:

o = 3 + -
g iy (r) b1 o

H

and o gnin {r) + bn = O

3

Thus independent of the incident detector excitation and calibrated

sample value

Batn * bn = giil ¥ bl
g b, - b
or 1 o=ty b By o4g
n n g 2 n
n n

Using the typical values established for the calibration function gain
and bias for as 85 and bi, the slope and intercept of the interdetector

relationship can be calculated.

Figures 4.3-6 through 4.3-10 are plots of the lines whose slopes and
intercepts are given in Table 4.2-2, comparing the interdetector relation-
ship obtained from the calibration data with that obtained from the MSS
calibration procedure. In these plots, the solid line presents the
interdetector relationship established on the basis of the correlation
plots, of calibration data, while the dashed line presents the inter-
detector relationship which M8S calibration processing anticipates. As
can he seen from these plots, there is substantial agreement between the
two different interdetector relationships for detectors 3, 4, and 6,
while for detectors 2 and 5 the MSS calibration relationship anticipates
a different relationship from that expected on the basis of the calibra-

tion data.

it is tempting to identify the discrepancy observed for detectors 2 and

5 as the cause of the observed striping. However, visual inspection of

4~79



the data in the smaller, low frequency region employed in the power
spectrum analysis reveals that the striping evident in the data set
produced by using the MSS calibration procedure on the calibration data
for a full scene of uncalibrated data (type b2 radiometric processing)
consists of an apparent discrepancy in the radiometric data values of
detectors 1 and 3 (approximately level 19) with respect to detectors 2,
4, 5, and 6 (approximately level 21). This observation is inconsistent
with the hypothesis that a faulty calibration procedure is the cause of

striping in data from detectors 2 and 5.

The foregoing analysis indicates that while the MSS calibration proce-
dure does not produce a completely accurate characterization of the
relationships among the MSS detectors, as represented by the calibration
data reported for the detectors, the phenomenon of striping cannot be
attributed to such inaccuracies. It must also be noted that the wvalidity
of this analysis depends critically on the assumption that the calibra-
tion wedge data used to establish the interdetector relationships repre-
sents the response of the detector pairs to the same set of radiances,
If the calibration lamps are not uniform, or the neutral density filter
used to generate the wedge is not uniform across the detectors, then

the i1nterdetector plots would need to be compensated for any such non-

uniformity before valid conclusions could be drawn.
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Detector 3 Radiometric Response
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Detector 4 Radiometric Response
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Detector 5 Radiometric Response
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4.4  SUMMARY OF CALIBRATION DATA EVALUATION

The analyses of the MSS calibration wedge data support the following
4.4  SUMMARY OF CALIBRATION DATA EVALUATION

The analyses of the MSS calibration wedge data support the following

conclusions:

Calibration wedge sample values are stable to within + 1

count (rms) for a given sample position in the reported data.

Variation in the bias adjustment in radiometric calibration of
MSS detectors is at most + 1 count for unsmoothed calibration

constants.

Variation in the gain adjustment in radiometric calibration of

MSS data is approximately + 1 part in 20 for unsmoothed calibra-

tion constants,

There 15 no evidence of any correlation in the fluctuation of
the calibratioen constants which would indicate this as the

cause of striping.

The relationship between the response characteristics of any
pair of MSS detectors, as a function of calibration wedge
sample position, is linear over a wide dynamic range. This
implies that linear radiometric transformations should be
adequate to remove striping by equalizing the effective
radiometric responses of the individual detectors in a given
spectral band, unless, improbably, this linearity results
from the cancellation of detector non-linearities by cali-

bration wedge non~linearities. '

4-91



f. Correlation plots of MSS calibration data reveal some inconsis-
tencies between the linear interdetector relatjonship derived
from the calibration data and that derived from the MSS cali-
bration procedure. However, these inconsistencies cammot be

identified as the cause of striping.

The analyses of calibration wedge data have failed to establish any
causal link between MSS calibration procedures and the phenomenon of
striping. One additional item worthy of investigation which could not
be pursued in this study is the effect of applving the radiometric cali-
bration developed from the MS8S calibration procedure to the calibration
wedge data itgelf. This study has already established that linear
relationships exist among the radiometric responses of the MSS detectors
as represented by the calibration data. If the MSS calibration procedure
is adequate within the limits of the calibration data, and if the assump-
tion is valid that, for all detectors, the same correspondence exists
between calibration wedge sample number and radiance incident on the
detector, then striping should be absent from the calibrated calibration
data, and 1t would thus be firmly established that the cause of striping

is not faulty calibration processing.

By concentrating on use of the calibration wedge data, one has a set of
detector excitations whose properties uniquely suit them to amalysis of
interdector variations. Histogram shapes can reasonably be expected to
be ¢onsistent without making assumptions regarding the statistical
nature of image data. Along-track power spectra for different sample
positions in the calibration wedge would differ primarily in the zero-
frequency term, thus facilitating the identification of detector related,
periodic, variations in response. With calibration wedge data, the
along-track extent of the data sample used to produce a power spectrum

is not limited by the size of imaged features, so that a finer frequency
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resolution can be obtained. Finally, visual evaluation of the effective-
ness of a radiometric processing techniques 1s performed for a standard
pattern, so that this form of evalunation is not complicated by evaluator
birases in selecting a particular section of the image on which to base

a decision.
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Section 5
INTERDETECTOR RESPONSE EQUALIZATION IN THE MDP

Anélysis of the throughput reduction and microcode changes required to
implement the selected destriping procedure in the MDP was performed.

The results of this analysis are presented here.

The results presented in Section 3 of this report identified the type a2
radiometric processing of uncalibrated scene data as the best procedure
for providing interdetector response equalization for MSS scene data.

In this procedure, detector-specific histograms of the image data from
the first 60 mirror sweeps of the input image data for a scene are
generated and then characterized by their means and standard deviations.
These 6 means and 6 standard deviations are then averaged to produce a
target mean and standard deviation. For each detector, a linear gain
and bias radiometric Lransformation is then determined which, when
applied to the scene data from that detector, will transform it so the
mean and standard deviation of the histogram of the transformed data are
equal to the target mean and standard deviation. This.section discusses
the effect of incorporating this radiometric processing procedure in the
Master Data Processor (MDP)

The radiometric calibration of MS8S data which is now performed by the

MDP 1s conceptually a two~step process:

1. Generation of the calibration function parameters, in which
for each detector, six samples of the calibration wedge data,
which is supplied every second MSS mirror sweep, are used to
calculate the gain and bias parameters of a linear transforma-
tion of radiometric values for use on the scene data for that

detector in each of the two mirror sweeps.
2. Application of this calibration function to the scene data.
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Extraction of the calibration wedge samples is performed during Input
Processing of the data stream from the HDT, and the samples are stored

in a disk file. Generation of the calibration function parameters from
the samples in this file is performed on blocks of these sample cor-
responding to an input data segment (i.e., the calibration samples
corresponding to the data acquired between two successive nadir points

in the World Reference System). These parameters are stored in a gain

and bias file for that segment. Calibration of scene data is subsequently
performed as an integral part of the resampling process, using parameters

from these segment files which are identified by the Resampling Applica-

tion Controller.

The type a2 radiometric processing does not employ any of the calibration
wedge data which is available from the MSS. It, instead requires the
computation of the mean and standard deviation of detector-specific
histograms, as outlined above and detailed in Appendix A. Using a
modification of the notation of Appendix A, the type a2 processing

requires computation of the walues:

K J S
=1 1
LT K kz__;l et uijk]
K , J
2 _1 Z 1 Z 2] 2
8, =% < (u..,) -~ m
i K =1 | J =1 ijk i
I
1
M== m
I =1 i
I
st T,
i=1
where uijk is the scene data value of sample j from detector i for

MSS8 mirror sweep k



J is the number of samples in the line

I is the number of detectors used to collect scene data in

one MS8S band (6, if the thermal band is excluded)

K is the number of M85 mirror sweeps contained in the
subimage employed for equalization {60 in the case of

type a2 processing).

The quantities

J
E “1ik

J
and Z (uij k)2

are already available to MDP, since they are contained in the 23 quality
data pixels at the beginning of each major frame on the HDT (HDT-¥M),
and thus are available for each detector on a lire basis. The MDP-MSS
system could be modified to strip off these sums instead of the six

calibration sample pixel values.

In the present MDP-MSS system, generation of the calibration function
parameters is an autonomous task which is performed on an input segment
basis, and which has no information available relating the specific
input segment to an output frame. Because the type aZ radiometric
processing requires interdetector equalization over the first 60 mirror
sweeps of a frame, replacement of the present calibration parameter
generation code with code to provide this radiometric equalization is

not possible without comsiderable redesign of the MDP-MSS system.



However, if the equalization processing is performed on the scene data
from the last 60 mirror sweeps in an input segment, rather than on the
first 60 sweeps of the input data for an output frame, such code replace-
ment is p033151e. This modification of the type a2 radiometric processing
implies the reasonable assumption that any 60 sweep sample of the scene
data for a frame is statistically equivalént to the first 60 sweeps.

The radiometric equalization transformations obtained from this processing
(one gain and bias set for each detector for each input data segment)
would then be used for the output data frame containing the nadir reached
at the end of the input data segment. It should be noted that this pro-
cedure, which requires only one gain and bias set per detector per

output frame, may decrease the size of the gain and bias file, which at
present is required to contain a gain and bias set for each detector for

cach sweep in a swath of MSS data.

In addition to the modifications discussed above, the present MDP-MSS
system would have to be modified so that the Resampling Application
Controller would cause the same gain and bias set per detector to be

applied over an entire output data frame.

Since the changes required to perform this form of radiometric processing
for destriping on the MDP-MSS system can be accomplished as described
above, a procedure which does not require any major revisioms to the

system data flow, the system throughput can be expected to be unchanged.



Appendix A
IBM DESTRIPING PROCEDURES

Al SWEEP HISTOGRAM EQUALIZATION

An algorithm of the following type satisfies the requirement for adjusting

detector gains and offsets between detectors to minimize striping.
a. Compute a histogram for each detector.

b. Adjust the gain and offset of each detector so that the mean
and standard deviation of the histogram of its corrected
output matches the average of the means and standard deviations

of histograms produced for each detector.

Let the average mean and standard deviation for the detector histograms
M, S: let the mean and standard deviation for the ith detector be m,,
$ > and let the output of the ith detector for sample j be uij' The
following equation then transforms u, . into a wvariable w.. having the

i7
mean and standard deviation of the ensemble:

- S _
ij_M+si (ugg = my)

w

The corrected output for the ith detector is wij' The gain and offset
for the ith detector then are:

5

1

=]
1]

M- mG



The quantities m s 8., M, and S should be evaluated over a span of data
such that the ground area scanned by each detector is statistically
equivalent. During a single sweep, the set of inputs to each detector

is assumed to meet this criterion.

Let ulj be the jth sample from the ith detector. Compute for i=1,2,3,4,5,6:

Tl
m, = %f ;é% uij (n = number of samples in the line)
n 2
2 [1 3 2] -m
8 = |= (u,,) i
i nooS
_ 2] 1/2
s, - [1]
L5
Then M= - L
6 =1 i

These computations can be implemented as follows. While a scan line is
being processed, the sum and the sum of squares are accumulated and used
to calculate Bi and Gi values to be used on a following sweep. In the
same pass the corrected values wij are calculated using the following

equation:

w.. =B, + 6, u_,
ij i i 1j

The values of Bi and 65 used are from the data of the sweep previous to
the sweep being corrected. This technique avoids having to make two
passes of each scan line: one to compute the Bi and Gi values and

another to use those Bi and Gi values to modify the line.
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A.2  SUBIMAGE HISTOGRAM EQUALIZATION

In the procedure for sweep histogram equalization described above, the
assumption is made that the data provided by any detector for one mirror
sweep 1s statistically equivalent to thst provided by the other detectors
in the same sweep. An alternative procedure, which has the advantage of
increasing the data on which this statistical equivalence is imposed, is
to base the interdetector equalization on the image data from some
significant fraction of the entire image. This image fraction can be

anywhere from one sweep to the entire image.

In this alternative equalization procedure, the gain and bias radiometric
constants for each detector are calculated and outlined above, but based
on hastograms derived from all the image data contained in a specified

subimage. The radiometric constants are then applied to the entire image

data set.



Appendix B
MSS CALIBRATION PROCEDURE

The radiometric calibration formula employed for the four MSS bands

available on Landsat 1 and 2 1s:

KV V-pa
y =D& g R -r
c AR q b min

where V; = calibrated pixel value;
V = input (decompressed) pixel value;

VMax = maximum pixel value (127 for three bands and 63 for the fourth
band);

AR = R - R_. , depending on each band;
max min

K, p, q, and r are constants (expected to vary infrequently);

-3
1]

smoothed offset (computed per scan line);

-
1]

smoothed gain or slope {computed per scan line).

This calibration formula assumes that the data either was taken in the

linear mode or has been decompressed.

The offset and gain coefficients are determined once per scan line as

a = zl: c,V,, b= Zi: D, Vv,

follows:

where i runs from 1 to 6.



The Vi are the linear or linerized detector calibration samples associated
with the scan line; Ci’ Di are regression coefficients, which may differ
for each detector and band, but remain constant during normal sensor

performance.

Smoothed offset and gain coefficients, a and bs’ for each detector are

calculated for every mirror sweep, n, as follows:
b_(n) = b_(n-1) + W(n) [b(n} - bs(n-l)]
a (@) = a_(a-1) + W(n) [a(n) - as(n-l):l

wvhere

n = sequential number of mirror sweep;

b{n), a(n) = latest value of b and a determined;

bq(n), as(n) = new smoothed value of b and a;

]

W(n) 1/n+1 for n=1 to 15,

W(in) 1/16 for n 2 16.

-

The Ci and [)i are predetermined on the basis of prelaunch radiance test

data.
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Appendix C
PLATES

Plate 1 - MSS Scence 2183-16433, MSS Band 1, Uncalibrated Data

Plate 2 - MSS Scence 2183~16433, MSS Band 1, Uncalibrated Data after

Type al Radiometric Processing

Plate 3 - MSS Scene 2183-16433, MSS Band 1, Uncalibrated Data after

Type a2 Radiometric Processing

Plate 4 - MSS Scene 2183-16433, MSS Band 1, Uncalibrated Data after

Type a3 Radiometer Processing

Plate 5 - MSS Scene 2183-16433, MSS Band 1, Uncalibrated Data after

Type bl Radiometric Processing

Plate 6 -~ MSS Scene 2183-16433, MSS Band 1, Uncalibrated Data after

Type b2 Radiometric Processing

Plate 7

Scene Overlay Showing Specific Regions Employed in Evaluations

(These plates are contained in the envelope at the end of this report)
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Data after Type a3 Radiometric Processing
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Data after Type bl Radiometric Processing

o
[}
+
«©
~
fal
s
—
«©
Q
=
=
Lam!
o
=]
5]
jas}
n
n
=
o
o
<
O
™~
|
o
o]
i
N
)
=
)
O
wn
0]
n
=
|
e
)
+
«©
—




2 " .\\ :.,
MPJ.,\« _-..‘ L
’_, g2 .v §
.\,

\: 4
;

o
[}
i}
«
~
Q
-
—
«©
3]
(=]
o}
r~i
o=
=1
)
m
wn
w2
=
o
(32
5
O
L]
1

Data after Type b2 Radiometric Processing

MSS Scene 2183

Plate 6




High
Frequency
Region

Lacie
Test
Site

Low
Frequency
Region

Missouri
River

Plate 7 - Scene Overlay Showing Specific Regions Employed in Evaluations



