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PRELAUNCH ABSOLUTE RADIOMETRIC CALIBRATION OF THE
REFLECTIVE BANDS ON THE LANDSAT-4
PROTOFLIGHT THEMATIC MAPPER

ABSTRACT

The results on the absolute radiometric calibration of the
Landsat-4 Thematic Mapper (TM), as determined during pre-
launch tests with a l22-centimeter Integrating Sphere (IS),
are presented., Detailed results for the best calibration of
the protoflight TM are prie#sented, as well as summaries of
other tests performed on the sensor from June 1981 to March
1983. The dynamic range of the TM is within a few percent
of that required in all bands, except bands 1 and 3. Three
detectors failed to pass the minimum SNR specified for their
respective bands: band 5, channel 3 (dead), and band 2,
channels 2 and 4 (noisy or slow response). Estimates of the
absolute calibration accuracy for the TM show that the de~
tectors are typically calibrated to 5-pexcent absolute error
for the reflective bands; 1l0-percent full-scale accuracy was
specified. Ten tests performed to transfer the detector
absolute calibration to the internal calibrator show a
S-percent range at full scale in the transfer calibration;
however, in two cases band 5 showed a l0-percent difference
and a 7-percent difference. These errors are given under
the assumption of identical operating conditions for all
transfer tests; known temperature sensitivities for the TM

- have not yet been included.

KEYWORDS: absolute radiometric calibration, dynamic range,

noise, signal to noise, gain, offset.
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INTRODUCTION

Since the 1972 launch of the Landsat-l satellite, views of
natural and manmade features on the surface of the Earth
have been routinely provided to data users at a relatively
coarse resolution (<150 meters) on a repeating basis (once
every 18 days). These images have had a prcfound effect in
many areas, including agricultural production; water re-
source, rangeland, and forestry management; land use and
urban and regional planning; geologic survey and mineral
resource management; oceanography; cartography; and disaster
warning and relief, Landsat data have been used in many
studies involving hydrology, agriculture, geology, forestry,
and land resources in addition to urban area delineation,

The latest in the series of Landsat platforms (Landsat-4)
was launched from Vandenberq Air Force Base, California, on
July 16, 1982, It carried a new sensor, the Thematic Mapper
(TM) , that will observe the Earth through atmospheric win-
dows in the visible, near-infrared, middle-infrared, and
thermal-infrared portions of the electromagnetic spectrum,
Although this sensor will return new information to users of
Landsat data, its value will depend critically on how well
the TM can be calibrated.

Absolute calibration of a satellite instrument (or absolute
radiometry) may be defined as the ability to relate the

. voltage or digital output of the sensor to the input radi-

ance. It includes the determination of the accuracy to
which that conversion is made. Absolute calibration demands
the use of a carefully controlled and monitored standard
source that can be directly related to absolute standards
maintained by the National Bureau of Standards (NBS). 1In a
system like Landsat, the calibration must provide the rela-
tionship between the digital counts output by the sensor to
the radiance input to the detectors in each spectral band.
Achieving absolute accuracy to some specified value allows
the determination of relative scene spectral radiance. With

‘known solar irradiance at the ground and known atmospheric

characteristics, the scene reflectance may be determined.
Understanding the sensor characteristics and how they may
change with time allows the accurate detection and analysis
of temporally varying features and comparison with other
sensors such as the Multispectral Scanner (MSS).

This paper discusses the prelaunch absolute calibration of
the protoflight TM reflective band detectors and the onboard
internal calibrator that will be used to correct observed
scene radiance values and to monitor the health of the sen-
sor. The results of the calibration and ‘estimates of its



accuracy are presented. The TM thermal band requires a dif-
ferent approach to calibration and is discussed in Lansing
and Barker (1983). The procedures and the standard source
used to calibrat. the sensor and the internal calibrator are
discussed in Barker et al., (1983a). In-orbit characteriza-
tion of the TM is presented in Barker et al. (1983b). An
excellent summary of the TM instrument and its major subsys-
tems is given in Engel (1980).

ABSOLUTE CALIBRATION OF TﬁE REFLECTIVE BANDS

CALIBRATION OF THE DETECTORS

Gain and Offset Determination and Dynamic Range

Six different detector calibration tests were performed on
the Thematic Mapper (TM) with the l122-centimeter (diameter)
Integrating Sphere [IS(122)]) to determine gain, offset, and
the resulting measured dynamic range of the instrument. The
dates and test designations for the six calibration tests
are given in Barker et al. (1983a). Certain key assumptions
must be made to interpret the data from the IS(122) calibra-
tions of the TM:

° Radiance output from the I1S(122) in each TM band
and at each level is known; that is, the sphere has
not changed characteristics from the time of its
calibration until the TM calibration is performed.

® Due to alignment and TM operating mode, the detec-
tors are seeing the peak output from the IS(122).

° The TM voltage response to radiance is linear and
uniform,

Some of these assumptions may not be true for certain
calibration tests.

During each test, TM data were acquired as the lamps in the
IS(122) were switched off according to the test sequences
described in Barker et al. (1983a). The test sequences used
in the detector calibration give 20 different radiance
levels. These data were analyzed to determine the charac-
teristics of the 96 detectors in the reflective bands. Se-
lection of the proper gain resistors to establish che
dynamic range of the individual detectors was performed only
once (test A in Barker et al., 1983a).

Sample results for band 3, channel 9, from test C2 are ghown
in Figure 1l; the residuals for that data are shown in Fig-
ure 2. Gain, offset, dynamic range, and signal-to-noise

5
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ratio (SNR) for these parameters for test C2 are given in
Tables 1 through 7; statistics for these parameters are
given in Tables 8 through 13 for the same test. Results for
the other tests are given in Barker et al. /[1983c¢c). The
gain and offset are calculated by a least-sguares fit to
data, such as shown in Figures 1 and 2. The calibration
equation is as follows:

Qijk = ik Lijk * Oik
where Qj4kx 1s the averaged digital count TM output for de-
tector 1" (1 to 16) in band k (1 to 5 and 7) and radiance
level j (1l to 20), Lj4k is the corresponding spectral
radiance (milliwatts per square centimeter per steradian per
micrometer), and gjk and Ojk are the derived gain and offset
for the ith detector in band k. The least-squares fit gives
values of gjk and Ojk as well as their standard.errors. The
band-averaged gain and offset, the band-averaged SNR, and
the derived dynamic range for each band are summarized in
Table 1l4.

The information presented in Tables 1 through 14 should be
considered estimates of the best results possible from the
TM calibration, not examples of actual calibrations of the
TM with the IS(122).' A complete set of derived calibration
parameters from all six tests has bzen obtained. A summary

-of average gains and offsets for three of the tests is given

in Table 15. Table 16 shows average gain changes between
tests' in percent for odd-numbered, even-numbered, and all
detectors by band compared to test C2., Although all gains
are lower in the March 1982 tecsts than they were during the
initial radiometric calibration, all bands and detectors
appear to be within specified values for accuracy and
dynamic range. Calculated offset values increased in nearly
all bands; values for test C2 are nearly those expected for
the background level of two or three digital counts, while
those for test A were not,

The apparent systematic nature of the residuals shown in
Figure 2 is probably due to the integrating sphere calibra-
tion and not to the TM detectors. Other sources of infor-
mation, such as the sphere calibration of the flight unit TM
in July 1982 and the analog-to-digital test measurements on
both the protoflight and flight units, show that the TM de-
tectors are extrcmely linear. Special care was taken in the
sphere calibration for the flight unit tests in July 1982,
and preliminary results from those tests indicate no such
systematic effects.
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Our choice of test C2 as the best calibration of the T™M for
use during postlaunch activities was dictated by several
considerations:

° The I53(1l22) was recalibrated in May 1982; these
output radiances were used to cbtain the results presented
in Tables 2 through 7 and are not affected by any signifi-
cant use of the IS(122) from March to May 1982, Tests A and
B, however, are well removed in time and sphere usage from
both May (and February) 1982 and June 1980 sphere calibra-
tions. : '

] A change in IS(122) output in the blue wavelengths
from the June 1980 to the February and May 1982 sphere cali-
brations (2 to 4 percent or worse at some wavelengths ac-
cording to Walker (1982a, b)) may in particular affect TM
band 1.

) The cooled focal plane assembly (CFPA) (bands 5, 6,
and 7) was removed frem the TM in August 1981 for repair,
This invalidates the band 5 and 7 calibrations during the
A tests,

o Alignment of the IS(122) and the TM was question-
‘able during test B; in addition, no CFPA data were taken
during that test. '

[ One 25-watt lamp burned out after the February 1982
sphere calibration check; the new lamp was calibrated during
May 1982, .

Changes made in the CFPA in August 1981 may explain most of
the observed differences in bands 5 and 7 between tests A
and C. Changes in sphere output from June 1980 to February
and May 1982 should also be considered for bands 5 and 7 as
well as band 1. It is not clear, however, that changes in
the sphere can account for more than 1 or 2 percent of the
observed differences in band 4 (see Table 16).

To further evaluate the accuracy of the calibration of the
TM with the IS(122), errors have been computed for detec~
tors 1, 8, 9, and 16 in each band. These are based on com-
puted errors in gain and offset from the least-squares fit
and standard deviations for the averaged digital counts from
the highest observed sphere radiance level in each band that
does not saturate. The errors are part of the transfer
error in +he calibration from the IS(122) to the TM. These
results aire listed in Table 17. The error, in percent, in
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radiance for the highest unsaturated sphere level is com-
puted as follows, based on the calibration curve Q = GL + O:

AL (3) = 100 * \/“AQ’T" o) ? , (éﬁ)z
L - 02 G

These values provide a measure of the full-scale precisinn
of the calibration of the TM. Other sources of error in the
calibration, such as errors in the radiance output by the
IS(122) in a TM band and the relative spectral response in
the band, are also contributing to the transfer error from
the IS(122) to the TM. The estimated error in the TM cali-

" bration is discussed in a later section.

The measured dynamic range, minimum saturation level (MSL),
and maximum radiances for each detector were presented in
Tables 1 through 13, They are computed from the inverted
calibration curve L = (Q - 0)/G at digital count values of
zero, 243, and 255. The MSL radiance is computed at 95 per-
cent of full scale. This level was chosen by Santa Barbara
Research Center (SBRC) as a measure of both full-scale SNR
and dynamic range and allowed for possible errors in tne
calibration as well as in scetting the detector gain. The
measured dynamic range of the TM is summarized in Table 18
for the full-scale values. The table gives the average MSL
radiance, its standard deviation, and the minimum MSL
radiance, which is computed as follows:

RMINi = Minimum (RMSLij)

where RMIN; is the minimum 3L in band i and RMSL;4 are the
MSL radiances for all j detectors in band i. For éxample,
the RMIN value for band 1 occurs in detector 3 (see Table 2).
(similar values are given in Table 14 for the lowest maximum
observable radiance and the highest minimum observable radi-
ance in each band.) The minimum MSL values given in Table 18
have also been compared to the specified dynamic range for
each TM hand. Each band saturates at a higher level than
specified, up to 15 percent for band 3. The within-band
variability of the measured dynamic range is about 1 per-
cent. Although this would lead to minimal stripping in a TM
scene, it should be compared to the specified relative ac-
curacy level of one digital count. The range of variability
by bands is from 1.3 to 3,0 digital counts.

Signal-to-Noise Determination

The SNR ratio for each detector was calculated at twe stand-
ard radiance levels for each test. First, the mean (signal)
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and standard deviation (noise) for each detector were calcu-
lated from a large number of scans at each standard source
radiance level. The resulting SNR values at each radiance
level were then fit by a linear function of spectral radi-
ance. Finally, the fitted straight lines were evaluated at
two reference levels, and the high and low SNRs shown in
Tables 1 through 7 resulted. Only three channels do not
meet the specifications: 5/3 (dead), 2/4 (slow response),
and 2/2 (noisy). When band 2/chzannel 2 data were examined,
it was noticed that the SNR-versus-radiance curve showed a
pronounced trend typical of a Schott-noise square root curve
(Osgood and Lansing, 198l1). Detector 2/4 does not show a
significant problem until rapidly changing intensities are
presented to it. Thus, the gain/offset determinations from
the largely static IS(122) radiance levelis show no apprecia-
ble difference when compared to other detectors in band 2.
The 2/4 detector does, however, have a much slower response
time to changing radiance values, particularly those charac-
teristic of the TM internal calibrator (IC) light pulse.
Under these conditions, the detector is sluggish but still
useful. .

CALIBRATION OF THE IC

The purpose of the calibration transference was to determine
the radiance value for each detector in each band for each
IC lamp configuration. As the TM was viewing the eight
radiance levels provided by the IC lamps, its output was
monitored. .By the procedure outlined in Barker et al.
(1983a,b), an average integrated calibration pulse value in
digital counts was determined for each lamp configuration
for each detector. These values were then converted to
spectral radiance using calibration coefficients (gains and
offsets) determined during the absolute calibration test
with the I8(122). The IC data are nominally taken between
the two radiance level series that make up the IS(122) test
(Barker et al., 1983a), with the IC automatic sequencer on
and the lamps operating in normal mode. Some data have also
been collected for the backup mode of IC operation. Because
the data collection for the calibration transference is a
part of the calibration of the TM with the IS(122), this
test is always performed in an ambient environment, not in a
vacuum test chamber; the IS(122) is too big to fit inside a
vacuum chamber. To obtain data taken during in-orbit-like
conditions (in vacuum), it is necessary to transfer the re-
sults to a set of data taken in these conditions and as
close in time and instrument operating conditions to the
absolute calibration test as may be feasible; even so, dif-
ferences due to so-called vacuum shift may still be noted.
Several tests have been performed to transfer the 1IS(122)
calibration of the TM detectors to the IC and are listed in
Table 19. Three additional sets of IC data taken in vacuum
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chamber tests have been include:d. Some comments on these
tests are in order,

First, although any set of IC data may potentially be used
to establish the calibration transference, data collected as
close in time and environmental conditions to the TM detec-
tor absolute calibration as possible are to be preferred to
minimize effects of environmental changes on the transfer,
Although the March 1982 test (test 7 in Table 19) was per-
formed 1 day after the three IS(122) calibrations (tests C),
this test has been selected as the reference for intercom-
parison of transfer test results as well as for postlaunch
operations. This is because it is closest to the date of
launch, a large volume of IS(122) data is available, and
continuity of absolute calibration of the CFPA detectors
with postlaunch operational activities exists.

Second, four data sets have been included for comparison
purposes: the November 1981 test, which lacks CFPA detector
data, and three sets taken from vacuum chamber testing.
Tests 9 and 10 were special tests performed in vacuum at
General Electric and designed to mimic expected in-orbit
operational conditions (E. Beyer, General Electric, private
commtnication, 1982).

Third, there are only two tests for the backup mode of IC
operation; none was performed during the March 1982 test
series, If the backup mode is to be used during postlaunch
operations,-a set of transference data for the backup mode
will have to be constructed from other sources. Internal
lamp self-consistency problems have been noted with these
data sets taken in backup mode.

The results of the calibration transference for test 7 of
Table 19, which was selected as the reference transference
data set for the TM, are presented in the appendix along
with the results of test 9. For each IC lamp configuration
and each detector, the averaged observed digital count out-
put obtained with the Hughes pulse integration scheme and
the corresponding spectral radiance are given., The spectral
radiances were computed using the observed digital counts
and gains and offsets given in Tables 2 through 7 for

tests 7 and 9. An illustrative plot of average calibration
pulse value against lamp radiance is shown in Figure 3 for
tne reference test (test 7).

To evaluate the repeatability of the calibration transfer
from the IS(122) to the IC lamps, a straight-line, least-
squares fit was 'erformed for each detector using all eight
IC lamp levels b¢iween a given test and the reference test,
An example of one such comparison is shown in Figure 4. The
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Figure 4

TM/PF: COMPARISON OF CALIBRATION TRANSFER RESULTS, BAND 3/CHANNEL 9
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fit was computed two ways, one using radiance value compari-
sons and one with digital counts. The result of these com-
parisons is given in detail elsewhere (Barker et al., 1983d)
and will only be briefly summarized here. For each test
comparison, a slope and intercept and their respective
standard deviations and a figure of merit for the overall
fit were computed by the method of least squares for each
detector. For the data shown in Figure 4, the results are
summarized in Table 20. The figure of merit used is the
standard error of the estimate. For either radiance or
digital count comparison, the figure of merit is less than
0.45 percent of full-scale IC lamp output (lamp configura-
tion 1l11). These values are typical, not best estimates.

To evaluate the error involved in the transfer of the abso-
lute calibration to the IC, the error in the calibration of
the detectors must be determined, as shown in Table 17. Be-
cause the detectors are calibrated first and the calibration
is then transferred to the IC, this error is twice that
given in Table 17. Thus, the error in the transfer is typi-
cally 1l to 2 percent, depending on the band. This estimate
is included in the error propagation analysis dlscussed in
the next section.

ESTIMATED ERRORS IN THE TM/PF CALIBRATION

It was noted in Barker et al. (1983a) that the IS(122) is
calibrated against a secondary standard that is related to
standards set by the National Bureau of Standards (NBS).

The overall sequence of calibrations is shown in Figure 5.
Each standard lamp has a rated lifetime during which its
output will not change. For example, the Optronics Labora-
tories, Inc., standard (NBS) used by SERC has a rating of

50 hours of use with the calibration holding to within

1 percent for that period. The IS(122) is used for long
periods of time in calibrating the TM and, if the sphere
were calibrated directly against the SBRC standard, the
standard calibration would quickly degrade. Thus, the SBRC
standard is used to calibrate secondary standards similar in
design and characteristics to the SBRC standard (for ex-
ample, see Campbell, 1980 and wWalker, 1982c). In Figure 5,
the lamp filament symbol labeled "PRI" on the upper left
represents an Optronics standard quartz-halogen 1000-watt
lamp that has been calibrated against an NBS standard lamp.
The vendor-stated uncertainty in the transfer of calibration
from the NBS lamp to the Optronics standard (SBRC lamp S466)
is 1.3 percent at a wavelength of 450 nanometers, 0.9 per-
cent at 1600 nanometers, and 3.1 percent for 1600 to

2500 nanometers, These errors are mainly due to uncertainty
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in the NBS scale of irradiance. The cumulative root sum of

square error at each step in the calibration is then given by

2 2 1/2
9cum = \%al + Ctrans

where ogyp is the cumulative standard error, oga)l is the
source calibration error at the previous step, and ogyraps is
the transfer error or source-to-source measurement error,
Thus, at 450 nanometers, the known error in the calibration
of the IsS(122) is 1.9 percent. The IS5(122) must be recali-
brated periodically to ensure that the output of the sphere
has not changed significantly due to lamp aging or spectral
changes in the surface of the sphere. For example, study of
data from June 1980, February 1982, and May 1982 (wWalker,
1982b) has shown a decreased output from the IS(122) in the
blue wavelengths. The overall change is a net decrease by 2
to 4 percent for the brighter radiance levels.’

The transfer error associated with the spectral calibration
of the IS(122) by the secondary standards has been specified
to be less than or equal to 2.0 percent. This error is the
standard deviation obtained when comparing spectral radiance
values at 50-nanometer intervals between 450 and 2500 nano-
meters for two separate measurements at each lamp level
setting. Values d&re typically between 1 and 2 percent.
‘These are higher than those for the transfer from the stand-
ard lamp S466 to the secondary standards, primarily because
the signal levels differ more in the IS(122) calibration.
This standard deviation is an indicator of the consistency
and precision of the IS(122) calibration. The absolute ac-
curacy of the calibration is not so clearly defined,
Campbell (1980) points out that two different measurement
techniques used at SBRC gave results that differed by as
.uch as 7 to 8 percent at some wavelengths; typical values
are 2 to 3 percent. There is presently no known reason why
either of the two methods should give results that are any
more, or less, correct than the other. The method selected
is the one that provides a higher signal level and, there-
fore, a better SNR. The other method provides a good SNR at
certain wavelength and lamp level combinations, but still
gives different results,

Thus, the precision of measurement of the transfer of the
NBS calibration to the IS(122) calibration is typically

2 percent but depends on wavelength (5 percent in the in-
frared). Due to the differences noted above between methods
of calibrating the I5(122) with the secondary standards and
uncertainties in the NBS scale of irradiance, the absolute
accuracy of the calibration of the IS(122) is no better than
5 percent. In Figure 5, the cumulative errors are given for
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a wavelength of 450 nanometers; these are typical values and
are higher in the infrared and lower in the red. The preci-
sion of calibration of the TM with the IS(122) is 2.8 per-
sent (at 450 nanometers). The absolute accuracy based on
the above discussion is then no better than 5 percent, due
to a typical difference of 2 to 3 percent between IS(122)
calibration methods and to uncertainties in the NBS scale of
irradiance. The transfer of the detector calibration to the
IC is then no better than 6 percent.

To summarize, the absolute calibration of the TM reflective
band detectors is affected by

° Uncertainty in the NBS irradiance scale (typically
l.2 percent)

° Transfer errors between lamp standards (typically
1.0 percent)

e Differences between methods used to calibrate the
IS(122) with a secondary standard (typically 2 to
3 percent) ’

° Changes in IS(122) lamps and interior surface be-
tween calibrations of the IS(122) with the second-
ary standard (2 to 4 percent between June 1980 and
May 1982) .

In Figure 5, the cumulative percent error given for the
calibration of the protoflight (PF) TM and the IC are for
the March TM calibration and the May IS calibration. Due to
other uncertainties mentioned earlier, these are lower than
the estimated absolute accuracy quoted.

DISCUSSION OF RESULTS

RADIOMETRIC PERFORMANCE REQUIREMENTS

The prelaunch radiometric calibration procedures are de-
signed to ensure that the TM meets its performance require-
ments. The radiometric specifications can be divided into
three groups: dynamic range, sensitivity, and accuracy.
The requirements are listed in Table 21l.

The TM is designed for land observations: the reflective
bands are therefore designed for maximum dynamic range for
the expected land radiance levels (Fraser, 1975; Duck,
1977) . This range can be tested using a well-calibrated
external source. The radiometric sensitivity is expressed
in terms of SNR for reflective bands. The relative accuracy
requirements are quite stringent: about 1 quantum level for
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between-detector accuracy and 2 percent for between-band
accuracy. The overall absolute accuracy specified for the
T™M is 10 percent.

While in orbit, the TM must rely on its IC to convert indi-
vidual channel voltages into correct scene radiance values
and to monitor the health of the individual detectors, be-
cause there are no provisions for performing an external
calibration with the Sun or other extraterrestrial body. It
is thus very important that the prelaunch absolute calibra-
tion of the detectors be accurately transferred to the IC
lamps. The absolute accuracy actually attained during the
calibration of the TM was stated earlier to be no better
than 5 percent for the detectors and 6 percent for the IC.
This requirement has thus been met. The relative band-to-
band accuracy of the IC is discussed in Barker et al.
(1983b) .

CALIBRATION OF THE DETECTORS

Gain and Offset Variability

Long-Term Gain Stability

The long-term stability of TM radiometry is quite good.
Measurements of its absolute calibration over 9 months (from
June 1981 to March 1982) showed that the variations are be-
‘tween 3 and 5 percent (Table 16), well within the required
l0-percent accuragy. Variability of individual channels is
also within specification.

The within-band variability is quite good. Table 22 summa-
rizes the within-band standard deviations of all the tests.
While the band-averaged gain values change by 3 to 5 per-
cent, there is no appreciable change in the within-band
spread of individual channel gain values. This indicates
that the observed absolute calibration variations are due to
changes affecting the whole system, and that the relative
accuracy within a single TM band has not deteriorated. The
small within~band variability implies that there will be
very little striping in an image, even if no calibration by
the IC is performed.

Short-Term Reproducibility of Channel Gain

The short-term reproducibility can be established by re-
peated measurements. The three sets of tests performed in
March 1982 were used to obtain an estimate. Although they
were different because of mirror scanning .mode and IC se-
quencing mode, they were still the best and most complete
set of repeated measurements available. Table 23 shows the

40



gs/zaq/air
(érigav/va-19¢

"L ANV S SANVE8 HOd
NOILVIAIQ QHVYANVLS ANV SNYIWN NI a3aNI1INI 10N IUIM SINTVA ISIHL "186L HIGWILdIS NI Vd4D

40 HIvd3Y O1 3INa G31SNYL 38 O1 10N JHY V 1S3IL HOJ SANVE INV1d TVI04 Q31000 HO4 S3INTVA,

NOILYIAIQ

£800°0 §S00°0 81000 £500°0 9860070 ¢9E00°0 QYVYQANVLS

950°1 06E°0 LOLC $80°C 1200 <60°0 NVvIW

. Lol 06E°0 eELo | 080°0 €L0°0 160°0 . £

£90°L 90y°0 vEL'o | 180°0 <Lo’o 980°0 A

650°L ¥8E°0 o | 6L0°0 €L0°0 £50°0 19

- - LEL°O 980°0 - 890°0 Z60°0 a

el€3t'd) el1S5°0) SEL°0 160°0 1£0°0 £€60°0 (44

elsr’L) el8LE°0) PELO <60°0 100 " 060°0 A
L S 14 £ 4 13

4531
GNVva .

SNIVD IDVHIAAY 4d/INL 40 SNOILVIAGA AYVYANVY1S
zz o1qel

41



mean and standard deviations for the three band-averaged
gain values, The short-term reproducibility is excellent,
indicating the TM to be a very good instrument. However,
noticing the small standard deviations of all the band-
averaged gain values, it is obvious that the short-term re-
producibility of individual channels is also very good. As
an example, Table 24 shows the short=-term reproducibility of
channel 16. This channel was selected because of the some-
what large coherent noise component observed (Barker et al.,
1982Zb). The reproducibility is good. Good within-band var-
iability and stable short~-term performance guarantee that
the raw image of the TM will show little stripping and that
neighboring sc¢enes will show similar radiance levels. Post-
launch observations lead to similar conclusions (Barker et
al., 1983b).

Offset Stability

The value of individual channel offsets is closely tied to
the corresponding gain value. They are obtained through a
least~-squares linear fit_to the IS(122) radiance measure-
ments. Because of this, change in gain and offset values
cannot be totally separated. However, some interesting con-
clusions can still be drawn:

° Channel 1 offset values for all reflective bands
are high., Table 25 gives a comparison of the channel 1 off-
set and the mean offset for the same band. In most cases,
these channel 1 values are the largest positive numbers for
that band. No corresponding trend in the gain values is
observed.

e There was a very strong odd-even effect for the
cooled focal plane bands for test A, After the assembly was
repaired, this effect disappeared.

° The offset values for all channels within a single
TM band are close to one another, From Table 25, it can be
seen that the standard deviations for all bands for both
tests Al and C2 are small, on the order o” 0.25 digital
count. These numbers can be further reduced if channel 1 is
removed from the computation of the mean. This improvement
will not affect the data analy51s, because the offget values
are treated individually in the radiometric correction
algorlthm. . The smallness of the standard deviations does,
however, indicate that the channels are well balanced within
a band.

o The offset values are quite stable for all the
absolute calibration tests. Table 26 shows the mean offset
values for all bands and all tests. All mean offset values
are positive,
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Table 25 .

TM/PF OBSERVED OFFSET VALUES SHOWING THE MEAN, STANDARD
DEVIATION, MINIMUM, MAXIMUM, AND CHANNEL 1 VALUES FOR ALL
' BANDS AND FOR TEST A1 AND C2

TEST | BAND MEAN ob MIN | MAX | CHANNEL1
A1 1 0.44 0.34 0.31, 1.19 1.19
2 0.89 0.16 0.72 1.36 1.36
3 0.81 0.20 0.53 1.2 1.2
4 0.92 0.22 0.54 1.41 141
5 1.532 1.08a 0.79a 5.192 1,840
7 2.578 0.742 1.358 3.862 3.830
c2 1 2.58 0.18 2.37 3.18 3.18
? 2.44 0.16 2.32 2.99 2.99
3 1.58 0.20 1.24 2.13 2.13
4 1.91 0.22 1.67 2.53 2.53
5 3.02 0.11 2.85 3.28 3.28
7 2.41 0.20 2.15 2.95 2.95
8COOLED FOCAL PLANE VALUES ARE NOT TO BE USED BECAUSE THE PLANE WAS
REMOVED AND SERVICED AFTER THE A TEST.
bSTANDARD DEVIATION.
* iosroszim
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Signal-to-Noise Ratio

The computed SNRs for all bands for test C2 are presented in
Tables 2 through 7. All but five detectors satisfied the
specifications by significant amounts; two of the five
passed, but barely (1/4 and 7/7). Channel 3 of band 5 is
dead, and channels 2 and 4 of band 2 are bad, one due to
noise (2/2) and the other due to slow response (2/4). The
5/3 detector is the only one for which no usable data are
obtainable, and this should be treated as dead in the post-
launch data processing. Most TM detectors satisfied the
specifications although the error in the computed SNR values
is somewhat high (typically 4 to 5 for all bands) due to the
large scatter,

Dvnamic Range

Table 18 gives the ratio of the specified to the average MSL
radiance by band, the minimum observed MSL radiance, and the
ratio of the standard deviation of the average to the aver-
age value. All detectors are within 1 percent of the aver-
age, except in band 4 (1.2 percent). The larger standard
deviation there is due largely to detector 10, which is an
cutlier and is less sensitive than the other band 4 detec-
tors. All bands have somewhat poorer dynamic range than
specified; band 3 is the worst case, with band 1 next.

Bands 2, 4, 5, and 7 are only slightly different from the
required values. Whether this will adversely affect TM
image data for these bands is not presently known.

A stated requirement for the archived radiometrically cor-
rected data produced by the Landsat-4 Scrounge data proc-
essing system for the TM has been that the original raw data
must be retrievable. 'To guarantee this, the radiometric
lookup tables used to generate the corrected data should
expand or leave the same any raw digital count value. For
example, if the original value is 100, the specified dynamic
range for the corrected data may give a value slightly
greater than 100 by some fraction. The minimum saturation
level radiance given in Table 21 for. each band is thus ap-
propriate for this requirement because the TM gains have
already been set to give a saturation value 5 percent higher
than the MSL. However, the postlaunch performance cf the TM
must also be considered. Data presented in Barker et al,
(1983b) show that the gains determined with IC data have
shown an expotential-like decline for bands 1 through 4 and
have stabilized at approximately 3 to 6 percent below pre-
launch values presented here. Bands 5 and 7, however, have
shown an oscillatory behavior. Band 7 seems to show no
change overall, except for the 2-month oscillation. Band 5
has shown an increase after launch and then the oscillation
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and possibly some decrease. The largest change was an in-
crease of 8 percent in band 5. If we recommended using the
prelaunch MSL radiances as the upper limit to the dynamic
range for the data processing corrections, we would risk
loss of some image data in bands 5 and 7. Hence, for

bands 5 and 7, we recommend using radiance values 10 percent
lower than the maximum possible values for RMAX. Table 27
gives the upper and lower radiance limits for each band that
we recommend for use in the postlaunch data processing sys-
tems,

CALIBRATION OF THE IC

The two most important parameters derived from these test
comparisons are the slope, which measures the relative
change between tests, and the standard error of the esti-
mates, which is a measure of the goodness of fit. The major
contributor to the latter is noise due to the IC pulse inte-
gration and averaging procedure,

To determine to what extent the IC lamp levels may vary due
to differences in environment or operatlng conditions, other
IC lamp data are presently being studied. The standard de-
viation of the average calibration pulse for a lamp state is
typically 0.5 dlgltal count. The average difference between
forward and reverse mirror sweep scans is typically 0.5 dig-
ital count; both values are band dependent. The forward-
reverse differences are uncorrected for dark background.
These problems are related to overall IC stability under a
variety of operating and environmental conditions and are
discussed in more detail by Barker et al. (1983b). Present
estimates of repeatability with the transfer data indicate
that the IC gives calibration radiances repeatable to tne
S5-percent level or better, except for band 5; band 5 is
better than 7 percent. Table 28 shows flgure of-merit
values for the comparisons between transfer tests 1 and 7
and between tests 9 and 7. The latter is a comparison of
ambient to vacuum calibration transfer. Table 29 shows re-
sults for the derived slope for the same test comparisons.
Differences noted partlcularly in band 5 may be attributed
to slight differences in operating conditions. The other
bands typically show changes of 5 percent or less. The dif-
ferences between tests 1 and 7 for bands 5 and 7 should be
ignored due to changes made in the CFPA in September 1981;
these changes introduced a dlscontlnu1ty between previous
calibrations anc¢ those performed in March 1982. :

Typically, the radiance comparisons between tests have shown
more variability than the digital count comparisons (see
Table 20). This may be understood by noting that there are
slight differences in environment or operating conditions
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between the different transfer tests that have not been ac-
counted for. 1In particular, Clemann et al. (1982) has noted
a linear correlation between various temperature parameters,
particularly the calibration shutter flag temperature, and
the digital output of the T™M. Thus, the sensitivity of the
T™ (gain and offset) changes slightly with these internal
temperatures; we are presently studying these effects with
these and other TM IC data to firmly establish the correla-
tion and the overall degree of stability of the IC (Barker
et al., 1983d). Even so, the results of the transfer test
comparisons show good repeatability (5 percent or better for
all bands except band 5) without including operational dif~-
ferences; when they are included in the analysis, we can
expect to see a significant improvement. The results for
tests 1, 3, and 4 that were taken during the June 1981 abso-
lute calibration show that the above considerations are
valid. The variation in slope values among these three
tests is less than 0.7 percent in all bands.

RECOMMENDATIONS

Our study of the prelaunch absolute radiometric calibration
of the protoflight TM reflective bands has shown several
areas where improvements in the calibration can be realized,
particularly when applied to the flight unit T™. Accord-
.ingly, we have separated our recommendations into two cate-
gories: protoflight and flight, '

PROTOFLIGHT TM

The best calibration of the protoflight TM reflective bands
prior to launch was performed in March 1982, The test des~-
ignated €2 in this paper is to be preferred due to the
operating configuration and the state of calibration of the.
IS(122) afterwards. Tables 1 through 13 summarize the im-
portant parameters for this test for all detectors. Addi-
tional evaluation of the TM absolute detector calibration is
still in progress and is concentrating on the areas of tem-
perature dependence and the effect of nonuniform analog-to-
digital conversions on the calibration of the TM. 1In
addition, the raw data from the I1S(122) calibration is being
examined to ensure that the peak output of the IS(122) was
seen by all TM detectors and to evaluate the impact of a
non-flat (IS(122) output (if any) on the detector calibra-
tion. We are also evaluating the feasibility of recollect-
ing prelaunch calibration data to study the effect of a
drifting background (DC restore of offset voltage to a no-
minal reference corresponding to 2 or 3 digital counts) dur-
ing an image scan. In-orbit data are also being obtained to
study this effect.
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The calibrations of the IC that best characterize the trans-
fer from the I5(122) to the IC are the March 20 transfer
(test 7 in this paper) for determining the ambient charac-
teristics of the IC and the March 9 transfer (test 9 in this
paper) for referencing the vacuum characteristics and trans-
ferring the calibration from ambient to vacuum (by
comparison with text 7). The use of these data sets as a
reference for in-orbi% data is discussed in Barker et al.
(1983¢c). Additional studies of protoflight TM data, both
prelaunch and in-orbit, to study temperature dependencies of
the IC (particularly due to the calibration shutter flag)
are needed. (See Clemann et al., 1982). The dependence of
the IC calibration on such parameters as the number of minor
frames centered on the pulse to average, number of scans to
aJerage, etc., are discussed in Barker et al. (1983b).

FLIGHT UNIT TM

Recommendations for the calibration of the flight unit T™
have been developed through experience with the protoflight
calibration and application of the calibration while radio-
metrically correcting in-orbit protoflight data. Changes to
the calibration procedures and to the type and quantity of
data collected should be made as follows:

. Cross-calibration of all Landsat integrating
spheres (one for TM and two for MSS) directly at NBS rather
than more than one step (lamp source) removed from NBS as is
presently the case; include the thermal band in the calibra-
tion if possible

o Operation of the IS(122) in scanning mode for all
tests (already done; see Lansing 1981) and, increase the
size of the video data window collected in each scan

° Use of multiple IC data collects during sphere
calibration to improve statistics of the calibration trans-
fer to the IC and to allow for correction of temperature
dependencies :

o Use of a linear ramp for system-level measurement
of analog-to-digital conversion and inclusion of these meas-
urements in the IS(122) calibration

° Calibration of a lamp source small enough to use
during thermal vacuum chamber testing to measure change in
TM detectors and IC due to so-called "vacuum shift" (com-
pared to the ambient IS(122) calibration)

° Collection and study of sufficient background data
to characterize changes in reference level during an image
scan '
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APPENDIX - SPECTRAL RADIANCES FOR THE IC

The averaged digital counts and their corresponding spectral
radiance values for each lamp configuration of the TM IC
calibration transfer are given in the following tables. Two
reference sets are given, March 20, 1982 (test 7 in Table 22)
and March 9, 1982 (test 9), representative of ambient and
vacuum conditions, respectively. Tables A-1 through A-16
pertain to test 7, Tables A-17 through A-32 pertain to

test 9. Tables A-1 through A-8 and A-17 through A-24 give
the averaged digital counts, Q, determined by the Hughes
averaging procedure (Barker et al., 1983b) for the eight
lamp configurations (100, 110, 010, 0Oll1, 111, 101, 001, and
000, where 1 indicates lamp on, and 0, lamp off). Using the
gains and offsets for each detector given in Tables 2
through 7. The corresponding radiance values are computed
as follows: ‘

Q-0

L = G

where L is the resulting radiance, Q is the averaged digital
count, G the gain, and O is the offset. These values are
presented in Tables A-9 through A-16 and A-25 through A-32,
Each table gives mean values (MEAN), standard deviations

. (SDEV) , standard deviations c¢f the mean (SMEN), and coeffi-
cients of variation (CVAR) for odd-numbered, even~numbered,
and all detectors in a band. Values for detector 4, band 2,
are not given in Tables A-1 through A-16 because the Hughes
computer program treated it as a dead detector (like band 5,
channel 3). Values for this detector are presented in the
other tables, derived directly from raw data taken in ther-
mal vacuum testing.

Finally, Tables A-33 through A-40 give the ratio of digital
counts for test 7 to test 9 for all eight lamp configura-

‘tions. These tables are presented to aid in evaluating the
so-called "vacuum shift" generally noted in the response of
a satellite sensor between ambient and vacuum operating con-
ditions. The mean values and standard deviations given have
the same meaning as before (e.g., Tables A-1 through aA-8).
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Table ‘A-1l.

»

Lamp 100 for Test 7

in Digital Counts

. BAND

CHANNEL
™I ™2 ™3 T™4 T™S ™7
1 107.69 102,53 90.99 92,12 47.25 61.09
2 104,79 92.95 91.94 96.76 63.07 57,11
3 108,76 100,11 89,71 92,70 - 59.34
4 106.56 - 91.32 97.34 67,93 57,06
5 107.94 101,71 90,13 91.30 45.82 58,97
6 104,48 92.60 92,85 98,21 66.91 56.85
7 107,01 99,46 89.58 91.40 46,05 58,41
8, 104,79 91.23 91.58 97.23 67.23 56,43
9 106,39 100.47 89.79 91.87 45,85 59,19
10 105.29 90.47 92.14 101.11 66.55 56,45
1 107.84 99,53 89.03 90,86 46,10 38.88
12 105,62 90.15 92,78 98,30 67.04 57,83
13 108.10 100.37 89.78 o gk 45.87 53,36
14 105.47 91.46 91.56 97.88 €6.46 58.08
15 108.89 100.35 90.60 89,84 46.64 59,48
16 104.96 80.15 91.33 96.57 68.25 59.70
MEAN ODD 107.95 100.56 89.95 91.61 46.23 59.21
MEAN EVEN 105.25 91.29 91,94 97.93 67.30 57.44
MEAN  ALL 106.60 96.24 90.94 94.77 57,47 58.33
SDEV '0DD 1.04 1.06 0.63 1.00 0.54 0.86
SDEV EVEN 0.65 1.3 0.62 1.44 0.70 1.08
SDEV  ALL 1.63 4.91 1.18 3.47 10.90 1.32
SMEN 0DD 0.37 0.38 0.22 0.35 0.20 0.30
SMEN EVEN 0.23 0.43 0.22 0.51 0.25 0.39
SMEN  ALL 0.41 1.27 0.30 0.87 2.81 0,33
CVAR 0DD 0.97 1.05 0.70 1.09 1.16 1.46
CVAR  EVEN 0.62 1.25 0.67 1.47 1.04 1.80
CVAR  ALL 1.53 5.10 1.30 3.66 18,97 2.27
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Table A-2. Lamp 110 for Test 7 in Digital Counts
BAND

CHANNEL -
™1 ™2 T™3 T™M4 T™5 T™?
1 174,43 180.62 155,73 184,85 87.56 106.21
2 169,00 157.38 160.44 181.46 125.46 110.28
3 178.64 177.00 154.07 185.57 - 103,95
4 170,13 - 159,72 182,28 125.62 11045
5 175,68 179.49 154,79 183,10 85.77 103,49
6 163,16 156.22 161.91 183,86 123,76 110,07
7 17385 | 176.04 153,90 183.26 86,18 103.02
8 167.96 154.04 159.97 182.47 124,25 109,31
9 173.67 177.55 154.65 184.08 85.66 103.88
10 1€5.03 153,05 160.89 189,43 123,18 109,08
1 175.05 176.01 163,12 182,13 86.23 103.24
12 168.94 152,41 161.79 183,65 123,96 11173
13 175.£2 176,77 154,43 186.13 85.88 102,56
14 169,14 164,57 159.81 183.21 122,85 111,96
15 177.06 177.64 155,55 180.49 87.00 103.83
16 168,91 152,51 159,10 180,90 125,52 114,47
MEAN  0DD 175.54 177.64 154,53 183,70 86.33 103.77
MEAN EVEN 168.91 154,31 160,45 183.41 124,33 110,92
MEAN  ALL 172,22 166.75 157,49 183.55 106.59 107.35
SLEV  ODD 1.69 1.63 0.86 1.86 0.71 1.10
SDEV  EVEN 0.67 1.91 1.02 2,65 1.10 1.76
SDEV  ALL 2.64 12.17 3.19 2.21 19.64 3.95
SMEN  ODD 0.60 0.58 0.30 0.66 0.27 0.39
SMEN  EVEN 0.24 0.72 0.36 0.94 0.39 0.62
SMEN  ALL 0.91 3.14 0.80 0.55 5.07 0.99
CVAR  0DD 0.96 0.92 0.56 1.01 0.83 1.06
CVAR EVEN 0.40 1.24 0.63 1.44 0.88 1.59
CVAR  ALL 2.11 7.30 2.03 1.21 18,43 3.68
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Table A-3. Lamp 010 for Test 7 in Digital Counts
BAND
CHANNEL :
™ ™2 ™3 T™4 T™S T™?
1 70.42 81,40 68,27 96.56 43,66 48,83
2 65.60 66.63 70,91 87,77 60.54 55,96
3 71.58 79.26 67.14 96.21 - 47,35
4 67.21 - 70.56 87.98 60.37 55.89
5 70.53 80.24 67.35 84,81 42,48 46.98
6 65.64 66.26 71,56 89,00 59.46 55,85
7 69.67 78.67 66.92 85,42 42,53 46,87
8 66.89 £5,30 70.66 88,25 59,60 55.36
9 69.45 79.23 67.03 95.64 42,32 47,08
10 €6.07 64.70 70,98 91.34 59.09 55.21
1 70.26 78.70 66.45 94,54 42,58 46,87
12 66.70 64,44 71.33 88.75 59,46 56.50
13 70.73 78.61 67.04 ° 96.57 42.41 46.51
14 66.18 65.35 70.55 88.41 58.87 56.66
15 70.92 79.44 67.48 93.67 43,14 47.40
16 65.79 64.21 70.41 87.58 60.54 58.03
MEAN 0DD 70.45 79.45 67.21 85,43 42,70 47.24
MEAN EVEN 66,14 65.27 70.87 88.64 59,74 56.18
MEAN  ALL 68,29 72.84 69.04 92,03 51.79 51,71
SDEV  0DD 0.69 0.97 0.53 1.04 0.51 0.7
SDEV  EVEN 0.57 0.92 0.41 1.20 0.66 0,89
SDEV  ALL 2.31 7.38 1.95 3.67 8.82 4.69
SMEN  0DD 0.24 0.34 0.19 0.37 0.19 0.25
SMEN EVEN 0.20 0.35 0.15 0.42 0.23 0.32
SMEN  ALL 0.58 1.91 0.49 0.92 2.28 117
CVAR 0DD 0.98 1.22 0.79 1.09 1.20 1.50
CVAR EVEN 0.86 1.41 0.58 1.35 1.1 1.59
CVAR  ALL 3.38 10.13 2.82 3,99 17.03 9.06
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Table A-4. Lamp 0ll for Test 7 in Digital Counts

BAND
CHANEL

M1 ™2 TM3 ™4 TM5 ™7
1 115.88 127.03 105.64 . 140.70 66,56 80.75
2 109,45 106,48 111.09 135.10 92,42 88.80
3 118.09 124,15 104,29 141,01 - 78.88
4 110.05 - 110.64 135.87 92.20 88,95
5 116,22 126.09 104.81 138.96 64,86 78.42
6 109.28 106.03 112.32 137.14 81.07 88.65
7 116.37 123.45 104.23 139.48 65,10 78.11
8 108.98 104.33 110.83 136.06 91.41 87.¢5
9 114.88 124,55 104,67 140,23 64.84 78,85
10 109.35 103.49 111.45 141.03 90.68 87.85
11 116.47 123.51 103.68 138,40 65.23 78.28
12 108.44 103.18 112,08 136.84 81.15 80,03
13 116.90 123.79 104.43 141.78 64.95 77.86
14 109.70 104.47 110.77 136.49 90.50 80.04
15 117.38 124.68 105.31 137,29 66.07 78,83
16 109.48 102,80 110.37 134.80 92.67 92,36
MEAN ODD 116.40 124.66 104.63 139,73 65,39 78.76
MEAN EVEN 109.46 104.41 111,18 136.67 91.52 89.34
MEAN  ALL 112,93 115,21 107.91 138.20 79.33 84.05
SDEV  ODD 1.06 1.29 0.63 1.49 0.67 0.90
SDEV  EVEN 0.31 1.38 0.70 1.94 0.84 1.47
SDEV ALL 3.66 10.53 3.45 2.30 13.62 5.59
SMEN 0ODD 0.37 0.45 0.22 0.53 0.25 0.32
SMEN EVEN 0.11 0.52 0.25 0.69 0.30 0.52
SMEN  ALL 0.9 2.72 0.86 0.57 3.48 1.40
CVAR 0DD 0.91 1.03 0.60 1.07 1.03 1.15
CVAR EVEN 0.29 1.33 0.63 1.42 0.2 1.65
CVAR ALL 3.24 9.14 3.20 1.66 17.04 6.65
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Table A-5. Lamp 111 for Test 7 in Digital Counts
r BAND
CHANNEL
™! T™2 T™3 T™M4 ™S T™?

1 219,59 225,38 192.57 226.49 109,72 137.32

2 211,38 196,39 199.73 227.68 156,74 142.16

3 224,37 220,79 190,43 227.93 - 135.04

4 214,33 - 198,57 228.72 157.23 142,98

5 221,09 223,94 191,50 225,09 107.65 134,49

6 210.74 194.99 201.58 230.68 154,82 142,49

7 219.16 219.61 190.35 225.02 108.17 133,76

8 210.77 192,43 198,81 229,24 155.27 141,49

9 218,43 221,51 191.11 226.80 107.56 135.00

10 212.19 181.17 200.44 236.84 154,19 141,22

1 220,93 219.58 189,53 224,08 108.32 134,29

12 212,93 190.52 201.40 230,66 156.32 144,57

13 221.70 220,73 191.18 223.33 107.85 133.38

14 212.11 192.97 199.06 | ...229.98 153.85 144.86

15 223.27 221.53 192.65 22279 108.83 134.84

16 211.50 150.28 198.27 27.12 156,80 147.78
MEAN  ODD 221.07 221.64 191.16 225.94 108.30 134.76
MEAN EVEN 211.89 192.68 199.73 230.12 155.53 143.44
MEAN  ALL 216.53 208.12 195.45 228.03 133.49 139.10
SDEV  ODD 2.04 2.04 1.09 2.13 0.77 1.20
SDEV EVEN 1.21 2.31 1.29 3.01 1.27 2.19
SDEV  ALL 4.96 15,10 4.57 3.31 24.41 4.80
SMEN ODD 0.72 '0.72 0.39 0.75 0.29 0.42
SMEN EVEN 0.43 0.87 0.46 1.07 0.45 0.78
SMEN  ALL 1.24 3.0 114 |- o083 6.30 1.20
CVAR 0DD 0.92 0.92 0.57 0.94 0.71 0.89
CVAR EVEN 0.57 1.20 0.65 1.31 0.82 1.53
CVAR  ALL 2.29 7.26 2.3 1.45 18.29 3.45
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Table A=-6. Lamp 101 for Test 7 in Digital Counts
BAND
CHANNEL -

T™1 T™2 TM3 T™4 T™5 ™7
1 153.06 148,24 128,50 135,88 £9,78 92.41
2 148,69 133,10 132,09 143,70 100.07 89.80
3 156.65 145,15 126.91 136.16 - 90.40
4 150,17 - 131.46 144,39 100,00 89.84
5 154,16 147.41 127.63 134,55 68.18 89.84
6 148,24 132,18 133.43 145,53 88,52 89.58
7 152.47 144,44 126,90 134,92 68,55 89.50
8 147,94 130.39 131.62 144,46 98.85 88,91
© 9 152,23 145,93 127.54 135.57 68.13 90.29
10 148,92 129,57 132.70 150,21 98.05 88.93
11 153,99 144,42 126.30 134,26 68.58 89.91
12 149,02 128.84 133.38' 145,49 96.76 91.00
13 154.59 145,64 127,46 136.99 68.28 89.37
14 149,20 130.56 131.85 145,12 97.95 91.25
15 156.82 145,84 128.38 132,70 69,28 90.65
16 148.97 129.03 131.27 143.63 100.21 93.58
MEAN 0DD 154,12 145.88 127.45 135.13 68.68 90.30
MEAN EVEN 148.89 130.53 132.23 145.32 99.05 90.36
MEAN  ALL 151.51 138.72 129.84 140.22 84.88 90.33
SDEV  ODD 1.57 1.35 0.76 1.33 0.62 0.97
SDEV  EVEN 0.69 1.61 0.86 2.1 0.92 1.56
SDEV  ALL 2.84 8.06 2.58 5.53 15.70 1.25
SMEN  0DD 0.55 0.48 0.27 0.47 0.24 0.34
SMEN  EVEN 0.24 0.61 0.30 0.75 0.33 0.55
SMEN  ALL 0.74 2.08 0.65 1.38 4.05 0.31
CVAR  0DD 1,02 0.93 0.60 0.99 0.91 1.07
CVAR EVEN 0.46 1.23 0.65 1.45 0.93 1.72
CVAR  ALL 1.94 5.81 1.99 3.94 18.50 1.38
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Table A-7. Lamp 001 for Test 7 in Digital Counts
BAND
CHANNEL
™! T™2 TM3 T™M4 T™MS ™7
1 48,61 48,53 40.67 47.30 25.73 34,96
2 45,36 42,04 42,38 49,78 34,81 35.42
3 49,27 47.20 39.85 47.17 - 33.80
4 46.65 - 42.10 49,96 34,63 35,31
5 48.47 47.88 39,97 46,35 24,71 33,46
6 45,52 41.91 42,94 50,54 34.26 35.25
7 48.13 46.89 39,65 46,80 24.94 33.39
8 45.80 41.36 42,48 50,06 34.35 35.06
9 47.80 47.24 39.73 45,79 24,73 23.72
10 45,94 40,91 42,62 51.77 33.88 35,07
11 43,37 46,93 39.40 46,31 24.83 33,59
12 46.40 40.80 42,75 50,56 34,24 . 35,77
13 48,57 47.17 39.81 47,35 24.87 33.19
14 45,93 " 41.39 42,46 50.44 34,00 36,04
15 48,92 47.38 40.22 45,89 25,27 33.88
15 45,61 40,98 42,35 49,88 34,96 37.01
MEAN 0DD 48,52 47.40 39.91 46.74 25,01 33.75
MEAN  EVEN 45.90 41,34 42,48 50,37 34,39 35.62
{EAN  ALL 47.21 44.57 41.20 48,56 30.01 34.68
SDEV 00D 0.46 0.56 0.39 0.53 0.37 0,54
SDEV  EVEN 0.44 0.49 0.27 0.65 0.28 0.66
SDEV  ALL 1.42 3.1 1.37 1.96 4.86 1.13
SMEN 00D 0.16 0.20 0.14 0.19 0.14 0.19
SMEN EVEN 0.15 0.18 0.10 0.23 0.13 0.23
SMEN  ALL 0.36 0.82 0.34 0.49 1.25 0.28
CVAR 0DD 0.95 1.18 0.98 1.13 1.47 1.59
CVAR EVEN 0.95° 1.18 0.64 1.28 .1 1.84
CVAR  ALL 3.01 7.12 3,32 4.04 16.18 3.25
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Table A-8. Lamp 000 for Test 7 in Digital Counts
BAND
CHANNEL

™I ™2 ™3 TM4 T™S T™?
1 2,71 2.68 2.61 2.70 2.92 2.84
2 2,20 2,21 2,18 2,22 2,57 2.39
3 2,34 2.28 2,39 2,33 - 2.36
4 1.69 - 2,32 2,22 2,57 2.42
5 2.35 2,12 . 2,16 2.06 2.69 2,19
6 2.26 2,26 2,22 2.27 273 2.44
7 2.28 2,09 2,16 2,06 2.64 2,56
8 2,15 2.20 2.39 2.33 2.84 2,39
9 2,34 2,10 2.19 2.05 2.60 2,31
10 1.85 2,10 2,14 2,04 2.60 2,47
1 2.25 2.17 2.07 2,03 2,63 2,28
12 1.66 2.10 2.12 2.01 2.58 2.35
13 219 2,12, 2.01 2.04 2,69 2,13
14 2.7 2.16 2.25 2,05 2.59 2,52
15 - 2.21 2,10 1.98 2,04 2.80 2,15
16 2.25 2,24 2.26 . 2,04 2.63 2.50
MEAN  ODD 2.33 2.21 2.20 2.17 2.7 2.35
MEAN EVEN 2,03 2.18 2.23 2,15 2,64 2.44
MEAN  ALL 2.18 2.20 2.22 2,16 2.67 2.39
SDEV  ODD 0.16 0.20 0.21 0.24 0.12 0.24
SDEV  EVEN 0.25 0.06 0.09 0.13 0.10 0.06
SDEV  ALL 0.26 0.15 0.16 0.18 0.1 0.18
' SMEN  ODD 0,06 0.07 0.07 0,08 0.04 0.09
SMEN  EVEN 0.09 0.02 0.03 0.04 0.04 0.02
SMEN  ALL 0.06 0.04 0.04 0.0% 0.03 0.04
CVAR  ODD 6.9 9.09 9.48 10.88 4.25 10,31
CVAR EVEN 12,53 2.83 4.09 5.87 3.76 2.35
CVAR  ALL 11.89 6.75 7.06 8.48 4,08 7.34

Y213(H301H3
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Table A-9. Lamp 100 for Test 7
CHANNEL

™1 ™2 T™M3 T™4 TMS ™?
1 6.679 12177 8.246 8,165 0.574 0.392
2 6.496 11.163 8.523 8.766 0.848 0.373
3 6.724 12,191 8,292 8.235 - 0.386
4 6.528 - 8.533 8.819 0.838 0.370
5 6.658 12.114 8.334 8.282 0.557 0.384
6 6.481 11,005 8.556 8.805 0.831 0.371
7 6.657 12,057 8.319 8.248 0.556 0,280
8 6.482 10,981 8.549 8.774 0.830 0.372
9 6.556 12,146 8.2%0 8.285 0.556 0.384
10 5.483 10.889 8.579 8,802 0.827° 0.373
1 £.714 12.148 8.317 8.271 0.554 0.385
12 6.520 10.959 8.577 8.854 0.825 0.374
13 6.724 12,081 8.268 8.245 0.551 0,385
14 6.538 10.932 8.449 8.795 0.822 0.376
15 6.736 11.956 8.271 8.184 0.563 0.392
16 6.463 10.995 8,556 8.734 0.840 0.385
MEAN 0DD 6.681 12.109 8.292 8.239 0.559 0.386
MEAN EVEN 6.499 10.989 8.540 8.794 0.833 0.374
MEAN  ALL 6.550 11,586 8.416 8.516 0.705 0.380
SDEV  ODD 0.060 0.078 0.031 0.045 0.008 0.004
SDEV  EVEN 0.028 0.087 0.043 0.037 0.009 0.005
SDEV  ALL 0.104 0.584 0.133 0.289 0.141 0.007
SMEN 0DD 0.021 0.027 0.011 0.016 0.003 0,002,
SMEN EVEN 0.010 0.033 0.015 0.013 0.003 0.002
SMEN  ALL 0.026 0.151 0.033 n,072 0.037 0.002
CVAR 0DD 0.893 0.642 0.370 0.551 1.357 am
CVAR  EVEN 0.436 0.792 0.503 0.425 1.027 $.462
CVAR  ALL 1.580 5.036 1.582 3.393 20.072 1.865

63

9214{534)/83



x"\;,‘

o
ORIGINAL FACE 13
OF POOR QUALITY
Table A-10. ILamp 110 for Test 7 in Radiance Units
BAND
CHANNEL
™I ™2 T™3 TM4 ™S ™7
1 10.947 21.731 14,252 16.617 1,101 0.697
2 10.570 19,101 14,984 16.596 1595 0.735
3 11.048 21.786 14.370 16.664 - 0.688
4 10.519 - 15.028 16.660 1,580 0.7%
5 10,943 21,604 14,420 16,773 1.078 0.6€5
6 10.528 18.779 15.032 16.639 1570 0.734
7 10.919 21,562 14.398 16,743 1.074 0.662
8 10,492 18,756 15,040 16.607 1.569 0.736
9 10.808 21,691 14,384 16.776 1.074 0.687
10 10.502 18.622 15.085 16.624 1.562 0.737
1 10.998 21.710 14,368 16,758 1,071 0.687
12 10.524 18.727 15.061 16.683 1,557 0.738
13 11.044 21.494 14,318 16.685 1.067 0.687
14 10.578 18.683 14,864 16,615 1,552 0.741
15 11.056 21.387 14,302 16.599 1,085 0.696
16 10.492 18,803 15.018 16.522 1.576 0.754
MEAN  ODD 10.970 21,621 14.354 16,702 1.079 0.688
MEAN EVEN 10.526 18,763 15,014 16.618 1.570 0.738
MEAN  ALL 10.748 20.296 14,684 16.660 1.341 0.713
SDEV  ODD 0.085 0.134 0.058 0.070 0.011 0.005
SDEV  EVEN 0.033 0.153 0.068 0.048 0.013 0.007
SDEV  ALL 0.238 1.472 0.346 0.074 0.254 0.026
" SMEN ODD 0.030 0.047 0.021 0.025 - 0.004 0.002
SMEN EVEN 0.012 0.058 0.024 0.017 0.005 0.002
SMEN  ALL *0.059 0.380 0.087 0.018 0.066 0.007
CVAR  0DD 0.775 0.621 0.405 0.418 1.036 0.749
CVAR EVEN 0317 0.816 0.454 0.287 0.857 0.934
CVAR  ALL 2.214 7.253 2.358 0.444 18.962 3.701
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Table A-11. Lamp 010 for Test 7 in Radiance Units
BAND

CHANNEL
™1 ™2 T™3 TM4 ™S T™?
1 4,297 9.592 6.137 8.570 0.527 0.310
2 4,010 7.921 6.540 7,935 0.750 0,365
3 4,328 9.589 6.161 8.553 - 0.305
4 4,057 - 6,562 7.955 0.740 0.362
5 4,292 9.506 6.190 8.606 0.511 0,303
6 4,012 7.787 6.559 7.062 0,734 0.364
7 4,277 9,477 6.178 8.619 0.511 0,302
8 4,013 7. 6.564 7.948 0.732 0,365
9 4.223 9.515 6.153 8.633 0.511 0.302
10 4,010 7,705 6.577 7.936 0.730 0.365
" 4,318 9.544 6.178 8.613 0,509 0.303
12 4,059 7.750 6.562 7.978 0.728 0.365
13 4,343 9.400 6.140 .| 8584 0.507 0.303
14 4,045 7.724 6.475 7.927 0,724 0.366
15 4,330 9.404 6.124 8.540 0.517 0.310
16 3,995 7.743 6.5€0 7,904 0,741 0.373
MEAN  ODD 4.301 9.503 6.158 8.590 0.513 0.305
MEAN EVEN 4,025 7.772 6.550 7.943 0.735 0.366
MEAN  ALL 4,163 8.655 6.354 8.266 0.631 0.335
SDEV  ODD 0,039 0.075 0.024 0.034 0.007 0.003
SDEV  EVEN 0.026 0,072 0.032 0.024 0.003 0.003
SDEV  ALL 0.146 0.897 0.204 0.335 0.115 0.032
SMEN  ODD 0.014 0.026 0.009 0.012 0.003 0.001
SMEN  EVEN 0.009 0.027 0011 | 0009 0.003 0.001
SMEN  ALL 0.036 0.232 0.051 0.084 0.030 0.008
CVAR  0DD 0.911 0.786 0.395 0.395 1,363 1.039
CVAR  EVEN 0.637 0.921 0.494 0.307 1.138 0.947
CVAR  ALL 3,506 10.317 3.216 4,053 18.143 9.441
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Table A-12. Lamp 011l for Test 7 in Radiance Units
BAND
CHANNEL

T™1 T™2 ™3 T™4 TM5 ™7
1 7.202 15,175 9,605 12.593 0,827 0,525
2 6.791 12.830 10,330 12,310 1,165 0.590
3 7.247 15,190 9.669 12.620 - 0.518
4 6.747 - 10.367 12,376 1,151 0,586
5 7.182 16.089 8,716 12,690 0.805 0.515
6 7.786 12,646 10,382 12,366 1,145 0.588
7 7.1%0 16.035 9,703 12,694 0,802 0,513
8 6.747 12.603 10.376 12,342 1,144 0.589
"9 7.093 15.128 9.689 12,739 0,804 0.517
10 6.739 12,498 10,406 12,338 1,140 0.580
1 7.264 15,146 9,705 12,692 0.801 0.517
12 6.762 12,586 10.391 12,389 1.135 0.592
13 7.285 14,966 9,639 12,673 0,797 0.518
14 6.807 12,529 10,255 12,344 1,133 0,592
15 7.274 14,925 9,636 12,589 0.814 0.525
16 6.743 12,591 10,371 12.265 1,154 0.605
MEAN  ODD 7.217 15.082 9,670 12,661 0.607 0.519
MEAN EVEN 6.766 12.612 10.360 12,340 1,146 0.591
MEAN  ALL 6.992 13,929 10.015 12,500 0,968 0.555
SDEV  0DD 0.064 0.038 0.040 0,056 0.010 0.004
SDEV  EVEN 0.026 0.108 0.048 0.041 0.010 0.006
SDEV  ALL 0.238 1,279 0.359 0.172 0.175 0.038
SMEN  0DD 0.023 0.035 0.014 0.020 0,004 0.002
SMEN EVEN 0.009 0.041 0.017 0.014 0.004 0.002
SMEN  ALL 0.059 0.330 0,090 0.043 0.045 0.009
CVAR  0DD 0.885 0,652 0,419 0.440 1,237 0.836
CVAR EVEN 0.390 0.658 0.460 0.332 0.800 0.987
CVAR  ALL 3.400 9,185 3.580 1,379 17,731 6.824
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Table A-13. Lamp lll for Test 7 in Radiance Units
BAND
CHANNEL

™1 T™M2 T™M3 T™4 TMS T™?
1 13.830 27,208 17,671 20.412 1,390 0.907
2 13,268 23.907 18.691 20,870 2,002 0.952
3 13.919 27,250 17.803 20,508 - 0.£98
4 13.294 - 18.717 20,948 1.987 0.952
5 13.815 27.028 17,876 20,656 1,363 0.895
6 13,245 23,517 18.752 20,922 1,974 0.955
7 13,808 26,970 17.842 20.604 1,358 0,850
8 13,209 23,508 18.727 20.905 1.971 0,957
9 13.637 27.135 17,809 20,710 1.358 0.897
10 13.224 23,333 18,828 20,823 1,965 0,959
" 12.923 27,158 17.837 20.660 1.356 0,898
12 13,305 23,483 18,783 20,996 1.961 0.960
13 13,963 26,916 17,758 20,593 1.351 0.808
14 13.306 23,400 18,553 20,502 1.954 0.964
15 13.984 26,743 17.746 20.527 1,367 0.508
16 13,175 23.542 18.755 20,750 1.979 0.978
MEAN  0ODD 13.860 27,051 17.793 20.584 1.363 0.899
MEAN EVEN 13.251 23.527 18.726 20,894 1.974 0.960
MEAN  ALL 13,555 25.407 18.259 20,739 1,689 0.929
SDEV  0DD 0.113 0.169 0.064 0.086 0.013 0.006
SDEV  EVEN 0.049 0.183 0.081 0.065 0.015 0,008
SDEV  ALL 0.326 1.828 0,487 0.183 0.316 0.032
SMEN  0DD 0.040 0.060 0.023 0.034 0.005 0.002
SMEN  EVEN 0.017 0.069 0.029 0.023 0.005 0.003
SMEN  ALL 0.081 0.472 0.122 0.046 0.082 0.008
CVAR  ODD 0.817 0.624 0.361 0.468 0.943 0.656
CVAR  EVEN 0.370 0.777 0.431 0.312 0.770 0,885
CVAR  ALL 2.403 7.185 2,668 0.880 18,693 3.469
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Table A-14. Lamp 101 for Test 7 in Radiance Units
BAND
CHANNEL

™1 T™2 TM3 T™4 TM5 T™?
1 9,579 17.770 11,726 12,154 0,868 0.604
2 9,281 16,110 12,311 13,106 1,264 0,556
3 9.668 17,812 11,805 12.180 .- 0.596
4 9,266 - 12,344 13.162 1.250 0,592
5 9,581 17.689 11,863 12,282 0,849 0.593
6 9.262 15.842 12,361 13.133 1,242 0,594
7 9,556 17,640 11,845 12.272 0.847 0.580
8 9,221 15,828 12,349 13.114 1,240 0.595
9 9.453 12,775 11,837 12,309 0,846 0.595
10 9.234 16,721 12,418 13.150 1.236 0.597
1 9.656 17,761 11,848 12,207 0,844 0.596
12 9.264 15,786° "12,392 13,183 1,233 0,598
13 9.687 17.657 11,795 12,240 0.840 0.597
14 9,313 16.734 12,236 13,125 1,230 0.601
15 9,709 17,507 11,779 12,183 0,855 0.605
16 9.236 15.867 12,365 13.080 1,251 0.613
MEAN ODD 8,611 17.701 11.812 12,238 0.850 0.597
MEAM  EVEN 9,260 15,841 12,347 13.132 1.243 0.598
MEAN  ALL 9.435 16.833 12,080 12,685 1.060 0.598
SDEV  ODD 0.085 0.099 0,047 0.065 0.009 0.005
SDEV  EVEN 0.031 0.131 0.057 0.036 0.011 0.007
SDEV  ALL 0.192 0.967 0.281 0.464 0.203 0.006
SMEN  0DD 0.030 0.035 0.016 0.023 0.004 0.002
SMEN EVEN 0.011 0,049 0.020 0,013 0.004 0.002
SMEN  ALL 0.048 0,250 0.070 0.116 0.053 0.001
CVAR 0DD 0.886 0.559 0.394 0.529 1,113 0.866
CVAR EVEN 0.331 0.824 0.459 0.274 0.906 1.093
CVAR  ALL 2,031 5.744 2,323 3.658 19.194 0.958
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OF POOR QUALITY

Lamp 001 for Test 7 in Radiance Units

CHANNEL

DM NOOOOEWN -

D i o T S S
D H WA O

MEAN 0DD
MEAN EVEN
MEAN  ALL

SDEV  0DD
SDEV  EVEN
SDEV ALL

SMEN 0ODD
SMEN EVEN
SMEN  ALL

CVAR 0DD
CVAR EVEN
CVAR  ALL

BAND
™1 ™2 TM3 T™4 T™S ™7
2,903 5.571 3.577 4,080 0.293 0,216
2,726 4.891 3.849 4,423 0.415 0,225
2,927 5,569 3.584 4,103 - 0,213
2,766 - 3.859 4,455 0.409 0.223
2,897 5.545 3.613 4,125 0.283 0.211
2,734 4.811 3.875 4,444 0,406 0.224
2,804 5,632 3,601 4,123 0.283 0.210
2,738 4,808 3,870 4.439 0.404 0.225
2.854 5,555 3,568 4,135 0.282 0.212
2,741 4,765 3.823 4.432 0.402 0,225
2.922 5,572 3.618 4.128 0.281 0.213
2,775 4,800 3.877 4.474 0.403 0.225
2,932 5.526 3.591 4.131 0.281 0,212
2,760 4,781 3.835 4.447 0.402 0,226
2,536 5.492 3.583 4,103 0.286 0.217
2.724 4.832 3.884 - 3,422 0.411 0.232
2.209 5.548 3,895 4.116 0.284 0.213
2.745 4.812 3.867 4,441 0.407 0.226
2,827 5.205 KN K| 4,278 0.349 0.219
0.027 0.032 0.014 0.020 0.004 0.002
" 0,019 0.041 0.020 0.018 0.005 0.003
0.088 0.381 0.142 0.168 0.063 0.007
0.010 0.01 0.005 0.007 0.002 0.901
0,007 0.016 0.007 0.006 0.002 0.001
0.022 0.0%8 0.035 0.042 0.016 0.002
0.926 0.576 0.3%6 0.477 1.578 1.062
0.707 n.860 0.508 0.400 1.1582 1.248
3102 7.326 3.7%6 3,942 18.158 3.152
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Table A-16. Lamp 000 for Test 7 in Radiance Units
i BAND
CHANNEL
™1 ™2 ™3 T™M4 T™S T™?

1 -0.030 -0.038 0,045 0.015 ~0.005 - 0,001

2 -0.012 -0.015 0.058 0.026 ~0,005 0.000

3 ~0,018 -0.,016 0.047 0.034 - - 0,000

4 ~0.057 - 0.082 0.037 -0.004 ~0.000

5 -0.020 ~0.033 0.054 0.029 ~0.004 -0,001

6 -0.016 -0.035 0.056 0.029 -0.004 - 0,000

7 -0.018 -0.028 0,057 -0.014 ~ 0,005 0.002

8 -0.022 ~0.040 0.083 0.053 ~0.004 0.000

9 ~0,019 -0.035 0.062 0.015 ~0.006 -0,000

10 - 0,039 ~0.030 0,061 0.027 -0.004 0,000

1 -0.018 -0.025 0.079 0.012 -0.005 -0.000

12 -0.054 -0.029 6.059 0.020 ~0.004 -0.001

13 -0.023 ~0.024 0.054 0.033 ~0,005 - 0.000

14 -0.017 ~0.038 0.055 0,012 ~0.005 ~0.001

15 -0.024 -0.034 0.043 0.032 ~0.004 - 0.000

16 -0.008 -0.023 0.059 0.004 -0.004 ~0.000
MEAN 0DD -0.022 ~0.030 0.055 0.019 -0.005 0.000
MEAN EVEN ~0.029 -0.030 0.064 0.026 -0.004 ~ 0,000
MEAN  ALL -0.025 -0.030 0.060 0.023 -0.004 - 0,000
SDEV  ODD 0.004 0.008 0.012 0.016 0.001 0.001
SDEV  EVEN 0.019 0.008 0.01 0.015 0.000 0.001
SDEV  ALL 0.014 0.008 0.012 0.016 0.001 0.001
SMEN  ODD 0.001 0.003 0.004 0.006 0.000 0.000
SMEN EVEN 0.007 0.003 0.004 0.005 0.000 0.000
SMEN &Ll 0.003 0.602 0.003 10.004 0.000 0.000
CVAR ©DD ~19.167 -26.384 21.066 84.395 ~10.836 4520.922
CVAR EVEN -65.269 ~29.657 17.791 57.237 - 10,501 -203.816
CVAR  ALL - 54,603 ~26.931 20.288 68.263 -13.204 - 561,405
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Table A-17. Lamp 100 for Test 9

in Radiance Units

BAND
CHANNEL

™1 ™2 ™3 T™4 T™S T™?
1 105,94 101.19 95.56 97,12 44,79 59.30
2 104,91 94.71 96,49 101,32 63.93 57.87
3 108,22 08.77 94.37 97,07 - 58.36
4 106,25 £9.04 95.69 102.31 65.29 58,27
5 106.88 100.55 94.90 95,69 44,64 57.93
6 104.68 94,81 87.00 103,31 64.44 58,09
7 105,65 98.42 93.88 96.09 45.27 49.95
8 105.12 93.05 95.67 102,04 65.06 57.65
9 105.53 89,40 94,06 95.71 a“n 58,20
16 105.32 92.75 96.10 106.10 64.31 57.08
1 106.57 98.38 93.01 85.19 45.52 58,08
12 105.55 £2,13 96.75 102,62 65.47 58.53
13 107.19 99,16 94,19 97.26 44,83 57.84

14 105,57 93.53 96.04 102.29 64.13 58.77 -
15 107.55 £3.71 94,93 93,97 44.86 57.90
16 105.71 191,89 95.12 101,55 64.60 59,33
MEAN DD 106.69 99.45 94.36 96.01 44,96 57.19
MEAN EVEN 105.39 92.74 96.11 102.69 64.65 58,20
MEAN  ALL 106.04 96.09 95.23 99.35 55,46 57.70
SDEV  0ODD 0.96 1,01 . 079 1.14 0.32 2,97
SDEV  EVEN 0.52 1.84 0.64 1.51 0.57 0.70
SDEV  ALL 1.00 3.75 1.13 3.68 10.18 2.15
SMEN 0DD 0.34 0.36 0.28 0.40 0.12 1.05
SMEN EVEN 0.13 0.65 0.23 0.53 0.20 0.25
SMEN  A': 0.25 0.94 0.28 0.92 2.63 0.54
CVAR 00D 0.90 1.01 0.84 1.19 0.71 5.18
CVAR EVEN 0.49 1.98 0.67 1.47 0.88 1.21
CVAR  ALL 0.94 3.90 1.19 3.7 18.36 3.72
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Table A-18.

ORIGINAL PAGE (€
OF POOR QUALITY,

Lamp 110 for Test 9 in Radiance Units

BAND
CHANNEL
T™M1 T™M2 T™M3 T™M4 TMS ™7

1 170.75 177.91 162.38 193.28 82,03 103.02

2 167.12 160.01 166.06 192,33 118,07 110,37

3 175.02 173.84 160.55 193,89 - 102.11

4 169,15 150.33 164.91 194,38 120.73 111.24

5 172.62 176.84 161.74 191.45 83,14 101,12

6 166.78 159,73 166,85 195. 71 119.26 110.86

7 170,93 173.35 169,92 191.17 84,12 87.38

8 167.39 1£6.98 164.75 193.685 120,10 109.84

9 170.84 175.08 160.27 191.42 .83.30 101.81

10 167.78 156.42 165.38 201.24 118.92 108.82

" 172.42 173.41 158,52 180.04 84,60 101.38

12 168,12 155.61 166.39 194.19 121,26 m.ez

13 173.45 174.28 160.39 194.49 83.20 101.09

14 168.09 .. 157.59 166.05 193.62 118,65 112,04

15 173.78 175.61 161.70 188.33 83.26 101,10

16 168.55 154.92 163.36 192,14 118.26 112,89
MEAN 0DD 172.48 175.06 160.68 191.76 83,51 99.88
MEAN EVEN 167.87 156.45 165,34 194.65 119,62 110.99
MEAN  ALL 170.18 165.75 163.01 193.21 102,71 105.44
SDEV  ODD 1.7 1.66 1.24 2.05 0.62 5.08
SDEV  EVEN 0.78 3.06 . 2.90 1.09 1.32
SDEV ALL 2.66 9.90 2.66 2.85 18.62 6.77
SMEN 0ODD 0.56 0.59 0.44 0.73 0.24 1.80
SMEN EVEN 0.28 1.08 0.39 1.03 0.39 ha7
SMEN  ALL 0.67 2.47 0.66 on 4.81 1.68
CVAR 0DD 0.91 0.95 0.77 1.07 0.7 5.10
CVAR EVEN 0.47 1.96 0.67 1.49 0.82 1.19
CVAR ALL 1.56 5.97 1.63 1.47 18.13 6.42
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Table A-19.

ORIGINAL PAGE i3
OF POCR QUALIY

B e im0

Lamp 010 for Test 9@ in Radiance Units

. BAND
CHANNEL

™1 T™M2 TM3 ™4 T™MS ™7
1 68,40 80.37 70.06 100,35 41.21 46,78
2 64.76 68,17 72,18 83.79 56.96 54.98
3 69.59 78.25 69,19 99.99 - 46,09
4 €5.93 64.10 71.89 34,84 £8.15 65.36
5 68,53 79.68 69.49 98.54 41.03 45,60
6 64.81 68,13 7253 95,59 §7.21 55.21
7 67.88 77.73 68.71 98.87 41,62 39.36
8 64.87 66,76 71.83 94,49 57.91 54,79
9 67.85 78.68 68.81 98.61 41.07 45,90
W 55.25 66.66 71.93 98,18 §7.22 54,16
11 68.30 77.95 68.00 $8.05 4a.77 45,70
g 65.34 €6.07 72.25 94,99 53,38 55.68
13 63.71 78.09 68,88 100,10 41.16 45,67
14 65.43 67.13 71.75 94.68 57,15 £5.67
15 69.03 78.16 69.3% 96.83 41.24 45.56
16 65.20 65.93 71.06 93.82 57.5%4 56.16
MEAN 0ODD €8.54 78.75 69.07 98.92 41.30 45.08
MEAN EVEN 65.20 €6.62 71.85 95,05 §7.57 65.24
MEAN  ALL 66.87 72.68 70.46 86.98 49.88 50.16
SDEV 00D 0.59 0.92 0.62 1.20 0.28 2.35
SDEV  EVEN 0.40 1.32 0.48 1.40 0.53 0.61
SDev ALL 1.78 6.36 1.83 2.36 8.41 5.50
SMEN 0ODD 0.21 0.33 0.22 0.42 0.1 0.83
SMEN EVEN 0.14 0.47 0.17 0.50 0.18 0.22
SMEN  ALL 0.45 1.59 0.38 0.59 2,17 1.38
CVAR 0DD 0.86 1.7 0.0 1.21 0.68 5.21
CVAR EVEN 0.61 1.98 0.66 1.48 0.92 1.1
CVAR AlLL 2.68 8.75 2.18 2.43 16.83 10.97
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Table A-20.

ORIGINAL PAGE 1§
OF POOR QUALITY

Lamp 01l for Test 9 in Radiance Units

BAND
CHANNEL

T™1 T™M2 T™M3 T™4 TME ™7
1 112,53 12371 108.14 144.70 62,60 77.36
2 107,35 107,63 112.79 142,32 86,73 87.14
3 114.65 121.03 106,91 144,85 - 76.60
4 108.34 101.08 111,97 143,79 £8,68 87.86
5 113,11 123.08 107.59 143.14 62,53 75.89
6 107.10 107.58 113.42 144.90 87.72 87.64
7 111.86 120.53 106.40 143,23 63.35 65.91
8 107.67 105,53 112.03 143.50 88,30 86.83
8 111.88 121.63 106,68 143.20 62.79 76.41
10 107.77 + 105,31 112.33 148,02 87.60 85.93
1" 112.80 120.71 105.48 142.34 63.80 78.25
12 107.76 104.67 113.21 143.94 839.04 £3,19
13 113.65 121.13 106,76 145,53 62.74 75,93
14 107.%0 106.05 112.29 143,51 87.12 88.48
16 114.20 122.31 107.59 140.46 62.76 75.96
16 108.24 104.31 111.36 142.45 87.82 83.35
MEAN ODD 113.08 121.77 106.96 143.44 62.94 75.04
MEAN EVEN 107.77 105.27 112,43 144.18 87.87 87.68
MEAN  ALL 110.42 113.52 109.69 143.81 76.24 81.36
SDEV  0ODD 1.03 1.16 0.85 1.64 0.47 3.72
SDEV  EVEN 0.41 2.09 0.68 2.12 0.78 1.06
SDEV ALL 2.85 8.67 2,92 1.87 12.89 7.04
SMEN 0DD 0.36 0.4 0.30 0.58 0.18 1.32
SMEN EVEN 0.15 0.74 0.24 0.75 0.28 0.38
SMEN  ALL 0.7 2.17 0.73 0.47 3.33 1.76
Cvaix ODD 0.91 0.96 0.79 1.14 0.75 4.86
CVAR EVEN 0.38 1.98 0.61 1.47 0.89 1.21
CVAR ALL 2.58 7.64 . 2.66 1.30 16.91 8.65
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Table A-21. Lamp 11l for Test 9 in Radiance Units
' BAND
CHANNEL
™! ™2 ™3 T™4 T™S ™7
1 214,74 221.32 200.09 234,37 104,35 133,54
2 209.67 199,49 206.57 238,14 147.81 142,50
3 219.99 216.62 198.11 23575 - 132.44
4 211.3) 187.01 205,11 240.52 151,31 143.58
5 217.21 220.22 199.69 , | 23337 104.78 131,50
6 208.94 199.24 207.51 241.50 149.45 143.20
7 214.87 215.63 197.26 232.73 105.90 113.39
8 209.67 195.56 204,97 239.95 150,36 141,79
9 214.77 218.09 128.08 233.63 105.07 132.29
10 21034 195.37 205,62 245.47 149,06 140.40
1 217.01 215.97 195.85 232.59 106.67 131.72
12 210.09 193,76 207.13 240.64 151.93 144.17
13 218.09 217.41 198,15 236.82 104.92 131.41
14 210.57 196.78 205.28 240.33 148.43 144,53
15 219.30 218.78 199.72 230.85 104,92 131.41
16 21119 193.16 203.31 238.70 149,35 145.80
MEAN  ODD 2:7.00 218,01 198.37 233.76 105.23 129.71
MEAN EVEN 210.22 195.05 205.69 240.66 149.71 143.25
MEAN  ALL 213.61 206.53 202.03 237.21 128.95 136.48
SDEV  0DD 2.08 2,02 1.43 1.89 0.79 6.64
SDEV  EVEN 0.83 3.98 1.36 224 1.40 1.69
SDEV  ALL 3.82 12.24 4.01 4.08 . 23.00 8.41
SMEN  ODD 6.74 07 0.51 0.67 0.30 235
SMEN  EVEN 0.30 1.41 0.48 0.79 0.50 0.60
SMEN  ALL 0.95 3.06 1.00 1.02 5.94 2.10
CVAR 00D 0.96 0.93 0.72 0.81 0.75 5.12
CVAR EVEN 0.40 2.04 0.68 0.93 0.94 1.18
CVAR  ALL .79 5.93 1.99 172 17.83 6.16
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Table A-22.

ORIGINAL. PACE [8
OF POOR QUALITY

Lamp 101 for Test 9 in

Radiance Units

BAND
Ch ANNEL

T™1 T™M2 TM3 TM4 TMSE T™7
1 143.49 144,50 133.46 141,60 €6.21 89.83
2 146,97 133.92 126.62 148,32 83,72 80.21
3 152.87 141,22 131,85 141,57 - 88,94
4 148.41 125,76 135,85 151,55 95.83 80.88
5 161,08 143,72 132.80 139,83 €6.28 88.23
6 146.58 134,06 137,50 152.33 84,55 90.62
7 149.39 140,72 131.24 140.18 67.03 76.48
8 147.15 131.48 135,84 150,37 85,32 89,81
9 148.40 142.22 131,66 140.06 €6.37 88,82
10 147.45 131.35 136.35 186.59 04.47 88.82
11 150.79 140.83 130.22 139,40 67.40 88,51
12 147.50 130.25 137.08 151,52 86.19 91.28
13 1561.75 141,96 131,76 142.1 €6.43 88.30
14 147.74 132.34 136,10 150.92 94,09 91.65
15 152.41 142.65 132.94 137.44 £6.48 88.33
16 148.25 128.91 134,90 149,85 94.74 92.48
MEAN  ODD 150.80 142.23 132.00 140.28 66.60 87.18
MEAN EVEN 147.51 131.13 136.28 161.57 94.86 90.73
MEAN  ALL 149.20 136.68 134.14 145.93 81.67 88.96
SDEV  ODD 1.38 1.35 1,05 1.51 0.45 4.36
SDEV  EVEN 0.63 2.65 0.81 2.30 0.56 1.12
SDEV ALL 2.04 6.08 2,39 6.12 14.61 3,58
SMEN ODD 0.49 0.48 0.37 0.53 - 017 1.54
SMEN EVEN 0.22 0.84 0.29 0.81 0.20 0,40
SMEN ALL 0.51 1.52 0.60 1.83 3.77 0.89
CVAR 0DD 0.92 0.95 0.79 1.08 0.68 5.00
CVAR EVEN 0.42 2.02 0.59 1.51 0.9 1.24
CVAR ALL 1.36 4.45 1.78 4.20 17.89 4.02
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Table A-=23.

R, o e
Gfﬂb‘ﬁ‘dﬂhﬂﬁ;&s P‘l'::h) L’u

OF POOR QUL

Lamp 001 for Test 9 in RadiancCe Units

CHANNEL

™I ™2 ™3 T™4 TMS ™?

1 46,23 46.46 40,84 47.71 24,25 33,67

2 44,06 a7 42,74 50,87 32.40 34,76

3 46,94 45,09 40.19 47.53 - 33.01

4 44,82 39.39 42,27 51.36 33,03 34.94

5 46.44 45.94 40.31 46.79 24.03 32,69

6 44,22 41,90 42,91 51,87 32,84 34,83

7 45,78 44,85 39.93 47.06 24,45 28.23

8 44,32 40.91 42,32 51,38 33,1 34,59

9 45.85 45.25 39,96 46.84 24.10 32,84

10 44,41 40,79 42.54 53.22 32.64 34,31

1 45.20 44,86 39.47 46.62 24,51 32.80

12 44,63 40.56 42,86 51.64 33.18 35.10

13 46.51 45.18 40.04 47.52 24.10 32.71

14 44,58 41.25 42,59 51.53 32.52 35.24

15 46,65 45.54 40,27 45,95 24.19 32,75

16 44,70 40.54 42.39 51.21 32.92 35,68
MEAN ODD 46,32 45.40 40,13 47.00 24,23 32.34
MEAN EVEN 44.47 40.89 4253 51.63 32.83 34.93
MEAN  ALL 45.40 43.14 41.35 49.32 23.82 33.63
SDEV  0DD 039 . 0.57 0,40 0.59 0.18 1.69
SDEV  EVEN 0.27 0.80 0.25 0.71 0.29 0.42
SDEV  ALL 1.01 2.42 1.31 2.47 4.45 1.79
SMEN 0DD 0.14 0.20 0.14 0.21 0.07 0.60
SMEN EVEN 0.09 0.28 0.09 0.25 0.10 0.15
SMEN  ALL 0.25 0.61 0.33 0.62 1.15 0.45
CVAR 0DD 0.85 1.25 0.99 1.25 0.76 5,23
CVAR EVEN 0.60 1.95 0.58 1.37 0.87 1.20
CVAR  ALL 2.23 5.61 3.16 5.02 15.43 5.33
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Table A-24. Lamp 000 for Test 9 in Radiance Units
CHANNEL

™1 ™2 ™3 ™4 TMS ™7
1 3.19 2,92 2.93 2.80 2.84 2.76
2 2.66 2.3 2.35 2.23 2.66 2,42
3 2,64 2,44 2,53 2.39 - 2,32
4 2,45 2.42 2,31 2,14 2,57 2,38
5 2.73 2,33 2.31 2.17 2,51 2,28
6 2.7 2.53 2.41 2,37 2.66 2,45
7 2.49 2.24 2.28 2,13 2,62 2.94
8 2.78 2.32 2.49 2.47 2.82 2,56
9 2,47 2.21¢ 2.28 2,15 2.48 2.22
10 2.50 2.20 2.33 2.16 2.61 2.53
1 2.42 2.27 2.08 2,12 2,50 2.27
12 2.49 2.23 2.35 2.7 2.59 2,44
13 2.46 2.24 2,20 2.07 2,57 2.09
14 2.70 2.28 2.46 2,19 2.63 2,47
15 2.49 2,22 2.16 2.09. 2.54 2.1
16 2.70 2.36 2.57 2.23 2.65 2.56
MEAN  ODD 2.61 2.36 2.35 2.24 2,58 2.37
MEAN EVEN 2.62 2.34 2,41 2.25 2.65 2,48
MEAN  ALL 2.62 2.35 2,38 2.24 2.62 2.42
SDEV  ODD 0.26 0.24 0.27 0.25 0.12 0.31
SDEV  EVEN 0.12 0.1 0.09 0.1 0.08 0.07
SDEV  ALL 0.20 0.18 0.20 0.18 0.10 0.22
SMEN  ODD 0.09 0.08 0.10 0.09 0.05 0.11
SMEN  EVEN 0.04 0.04 0.03 0.04 0.03 0.02
SMEN  ALL 0.05 0.04 0.05 0.05 0.03 0.06
CVAR  ODD 9.86 10.12 11.51 10.98 4.81 12,97
CVAR EVEN 4.76 4.57 3.7 5.11 2.88 2.70
CVAR  ALL 7.47 7.61 8.29 8.27 3.96 8.14
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Table A-25. Lamp 100 for Test 9 in Radiance Units
BAND
CHANNEL

™! T™2 T™3 ™4 T™MS ™7
1 6.567 12.014 8.670 8.621 0.542 0.380
2 6.503 11,380 8.953 9,188 0.794 0.378
3 6.627 12,024 8.733 8.631 - 0,379
4 6.509 10.634 8.948 9,277 0.804 0.378
5 6.591 11,972 8.783 8.688 0.542 0.377
6 6.494 11.276 8,945 9,271 0.799 0.379
7 6.571 11.928 8726 8.681 0.546 0.323
8 6.503 11.206 8.937 9.216 0.802 0.380
9 6.502 12,013 8,692 8.639 0.542 1,378
10 6,485 11,171 8.954 9.244 0.798 0.377
1 6.633 12.005 8.694 8.673 0.547 0.379
12 6.516 11,206 8.951 9.250 0.805 0.379
13 6.666 11,931 8.681 8.647 0.538 0.381
14 6.545 11.185 8.870 9.199 0.792 0.380
15 6.651 11.877 8.673 8,567 0.540 0.381
16 6.510 11.212 8.916 9,194 0.793 0.382
MEAN 0DD 6.601 11.971 8.706 8.643 0.542 0.372
MEAN EVEN 6.508 11,159 8.934 9.230 0.798 0.379
MEAN  ALL 6.555 11.565 8.820 8.937 0.679 0.376
SDEV  0ODD 0.054 0.053 0.039 0.039 0.003 0.020
SDEV  EVEN 0.020 0.223 0.030 0.035 0.005 0,002
SDEV  ALL 0.062 0.447 0.122 0.305 0.132 0.014
SMEN 0DD 0.019 0.019 0.014 0.014 0.001 0.007
SMEN EVEN 0.007 0.079 0010 | 0013 0.002 0.001
SMEN  ALL 0.015 0.112 0.031 0.076 0.034 0.004
CVAR 0DD 0.825 0.444 0.450 0.453 0.593 5.417
CVAR EVEN 0.301 1.997 0.331 0.284 0.646 0.446
CVAR  ALL 0.944 3.869 1.387 3.412 19.462 3.804
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Table A~26.

ORIGINAL PACE (€
OF POOR QUALITY

Lamp 110 for Test 9 in Radiance Units

BAND
CHANNEL
™1 T™2 T™M3 T™M4 TME T™M7
1 10,708 21,400 14,869 17,385 1,040 0.675
2 10.450 18.425 15,514 17.601 1,499 0.736
3 10.821 21,404 14,982 17.419 - 0.675
4 10.457 18.159 16,520 17.777 1,517 0.737
5 10.749 21,280 15,075 17,545 1,043 0.670
6 10.441 19,208 165,496 17,723 1,612 0.74Q
7 10,733 21.228 14.967 17.474 1,048 0.576
8 10.456 19.120 15,494 17,626 1.516 0.739
"9 10.629 21,386 14,812 17.452 1.043 0.672
10 10,424 19.039 16.510 17.671 1.607 0.735
n 10.830 21.386 14,900 17,494 1,080 0.674
12 10.472 19,127 16,494 17.650 1.522 0.738
13 10.889 21,188 14.877 17.441 1,033 0.677
14 10,512 19.054 15,356 17.570 1,497 0.742
16 10.848 21,140 14.872 17.332 1.036 0.677
16 10.469 1991 15.425 17.560 1.46 0.744
MEAN ODD 10.776 21,302 14,932 17,443 1.042 0.662
MEAN EVEN 10.460 19,030 15,476 17.647 1.508 0.739
MEAN  ALL 10.618 20.166 15.204 17,645 1,291 0.700
SDEV  ODD 0.086 0.106 0.073 0.065 0.006 0.035
SDEV  EVEN 0.028 0.372 0.058 0.074 0.010 0.003
SDEV ALL 0.174 1.203 0.288 0.125 0.241 0.046
 SMEN  ODD 0,030 0.037 0.026 0.023 .0.002 0.012
SMEN EVEN 0.010 0.132 0.020 0.026 0.004 0.001
SMEN  ALL 0.044 0.301 0.072 0.031 0.062 0.012
CVAR 0ODD 0.796 0.497 0.486 0.3 0.584 5.278
CVAR EVEN 0.265 1,957 0.374 0.422 0.678 0.403
CVAR ALL 1,643 5.963 1.£96 0.712 18.664 6,609
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Table A-27. Lamp 010 for Test 9 in Radiance Units
BAND
CHANNEL
CTM1 ™2 T™3 T™M4 T™5 T™?
1 4,168 9,466 6.304 8.915 0,495 0,296
2 3,957 8.1 6.560 8.491 0,703 0.358
3 4,203 9.463 6.355 8.897 - 0.296
4 3.977 7.571 6.659 8,583 0,712 0.358
5 4,165 9.426 6.392 8.952 0.495 0.293
6 3.960 8.014 6.65 8.565 0.705 0.360
7 4,163 9,368 6.347 8.938 0.499 0.251
8 3.948 7.952 6.646 8.522 0.710 0.361
9 4,121 9,448 6,320 8,906 0,494 0,295
10 3,958 7,947 6.666 8,542 0.705 0,357
" 4.193 9.450 6.324 8.939 0.499 0.295
12 3.973 7.954 6.649 8.550 0.714 0,359
13, 4,214 9,335 6312 8.903 0,491 0.298
14 3,997 7.943 6.588 8.502 0.702 0.359
15 4.210 9,370 6.302 8.832 0.493 0.297
16 3,958 7.958 6.622 8.480 0.702 0.361
MEAN ©ODD 4.180 9.416 6.332 8.910 0.435 0.290
MEAN EVEN 3.966 7.931 6.643 8.530 0.707 0.359
MEAN  ALL 4.073 8.673 6.487 8.720 0.608 0.325
SDEV  ODD 0.032 C.051 6.032 0.038 0.003 0.016
SDEV EVEN 0.017 0.157 0.027 0.039 0,005 0.001
SDEV  ALL 0.113 0.775 0.163 0.200 0.109 0.037
SMEN ODD 0.01 0.018 0.011 0.014 0.001 0.006
SMEN EVEN 0.005 0.055 0.010 0.014 0.002 0.000
SMEN  ALL 0.028 0.194 0.041 0.050 0.028 0.009
CVAR 00D 0.764 0.547 0.502 0,430 0.597 5.481
CVAR EVEN 0.421 1.976 0.407 0.454 0.659 0.370
CVAR  ALL 2.781 8.935 2.511 2.292 17.967 11.500
e
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Table A-28.

ORIGINAL PACE [
OF POOR QUALITY

Lamp 111 for Test 9 in Radiance Units

BAND
CHANNEL

™1 TM2. T™M3 T™M4 TM5 T™M7

1 6.988 14,769 9.837 12,857 0.775 0.502

2 6,658 12,972 10,490 12,978 1.091 0.578

3 7,031 14.802 9.916 12.977 - 0.503

4 6.639 12.11 10.494 13,107 1.105 0.578

5 6,985 14,721 9,987 13.077 0,775 0.498

6 6.648 12,836 10.485 13.076 1.101 0.581

7 6.967 14.673 9,909 13,041 0.779 0.43)

8 6.665 12.761 10.490 13.026 1,104 0,581

9 6.904 14.7€6 8877 13.012 0.777 0.501"

10 6.639 12,723 10,450 13.045 1.300 0.577

| 7.030 14,787 9.875 13.058 0,782 0.503

12 6,655 12,771 10,497 13.040 1,108 0.578

13 7.078 14.639 9,857 13.013 0.768 0.505

14 6,692 12.723 10.398 12977 1.090 0,582

15 7.072 14,635 9.849 12,833 0.771 0.505

16 6.670 ° 12,769 10.466 12,871 1.091 0.584
MEAN ODD 7.007 14.725 9,828 13.002 0.775 0.493
MEAN EVEN 6,658 12,707 10.476 13,027 .089 0,580
MEAN  ALL 6.833 13.716 10.182 13.0156 0.248 0.537
SDEV  ODD 0,058 0.069 0.049 0.063 0.005 0.025
SDEV  EVEN 0.020 0.254 0,034 0.051 0.007 0.003
SDEV ALL 0.185 1.058 0.306 0.057 0.167 0.048
SMEN OCD 0,021 0.024 0.017 0.022 0.002 0.009
SMEN EVEN 0.007 0.030 0.012 0.018 0.003 0.001
SMEN  ALL 0.046 0.264 0.077 0.014 0.043 0,012
CVAR 0ODD 0.830 0.468 0.496 0.483 0.597 5.167
CVAR EVEN 0.294 2.001 0.324 0.393 0.648 0.441
CVAR ALL 2.705 7.7 3,007 0.435 17.619 8.848
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Table A-29, Lamp 10l for Test 9 in Radiance Units
BAND '

CHANNEL
T™1 ™2 ™3 ™4 T™S ™7
1 13,521 26,711 18,368 21130 1320 0.881
2 13,150 24,289 19,336 21,836 1,886 2,955
3 13,644 26,729 18,528 21,218 - 0,881
4 13,104 22,663 19,338 22,038 1911 0,956
5 13.569 26,573 18,647 21.421 1,325 0.875
6 13,121 24,037 19,308 21912 1904 0.960
7 13,534 26,476 18,496 21.317 1.329 0.752
8 13,139 23,896 19.312 21,689 1.908 0.959
9 13.406 26.712 18,463 21,338 1326 0.879
10 13.107 23,851 19.319 21,587 1,899 0.953
" 13,673 26,707 18,436 21,451 1.334 0.881
12 13,126 23,888 19,322 21,911 1.917 0,958
13 13.733 26.501 18410 . [ 21.270 1313 0.684
14 13,208 23,869 19,138 21,851 1883 0.962
15 13.732 26.408 18.403 21.275 1317 0.884
16 13,155 23,903 19.236 21,860 1,833 0.965
MEAN 00D 13.601 26,602 18,469 21,303 1,323 0.864
MEAN EVEN 13.139 23,799 19,289 21,861 1,899 0.958
MEAN  ALL 13.370 25,201 18.879 21,582 1.630 0.91
SDEV  OnD 0.115 0.127 0.028 0.104 0.007 0.046
SDEV  EVEN 0.035 0.481 0.068 0127 0.013 0.004
SDEV  ALL 0.253 1.487 0.431 0.311 0.297 0.058
SMEN  0DD 0.041 0,045 0.031 0.037 0.003 0.016
SMEN EVEN 0.012 0.170 0.024 0.045 0.005 0.001
SMEN  ALL 0.063 0.372 0.108 0.078 0.077 0.014
CVAR  0DD 0.846 0.478 0.475 0.483 0.561 5.284
CVAR EVEN 0.266 2,022 0.350 0.579 0.695 0.402
CVAR  ALL 1.890 5.900 2,281 144 18.239 6.329
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ORIGINAL PAGE 18
OF POOR QUALITY

Table A-30. Lamp 001 for Test 9 in Radiance Units
BAND
CHANNEL -

™1 T™2 T™3 T™4 T™S ™7
1 9.351 17.312 12,186 12,674 0.822 0.583
2 9.172 16,211 12,738 13,626 1.182 0,599
3 9.430 17.322 12,272 12,670 - 0.586
4 9,155 15.141 12,761 13.823 1,197 0.559
5 9,387 17,240 12,360 12,780 0,824 0.582

6 9.157 16,072 12,743 13,755 1,190 0.601
7 9.360 17.179 12.257 12,758 0.827 0.502
8 9.171 15.963 12,750 13,658 1,184 0.602
9 9,275 17.316 12,224 12,723 0.823 0.585
10 9.14% 15.941 12,763 13,725 1,189 0.697
1 9.452 17.312 12,219 12.784 0.829 0.586
12 9.168 16,962 12,739 13.736 1,200 0,600
13 9.506 17.204 12,197 12,703 0.816 0,589
14 9,221 15.953 12.636 13,656 1.180 0.603
15 9.493 17.118 12,203 12,603 0.819 0.589
16 9.190 15.977 12,711 13.655 1.180 0.606
MEAN ODD 9.407 17:250 12,240 12.712 0.823 0.576
MEAN EVEN 9.172 16.902 12,730 13,704 1.189 0.601
MEAN  ALL 9.289 16.576 12,485 13.208 1.018 0.588
SDEV  0DD 0.079 0.076 0.058 0.063 0.004 0,030
SDEV  EVEN 0.025 0.321 0.043 0.068 0.008 0.003
SDEV  ALL 0.134 0.731 0.258 0.516 0.189 0.024
SMEN 0DD 0.028 0.027 0.020 0.022 0.002 0.011
SMEN EVEN 0.009 0.113 0.015 0.024 0.003 0.001
SMEN  ALL 0.033 0.183 0.064 0.129 0.049 0.006
CVAR (DD 0.840 0,441 0.470 0.494 - 0.526 5,197
CVAR EVEN 0.273 2.017 0.335 0.493 0.652 C.447
CVAR  ALL 1.439 4.412 2.066 3.908 18.583 4.120
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Table A-31.

ORIGINAL pagz 15

9F POOR QuaLj

TV

.

Lamp 000 for Test 9 in Radiance Units

BAND
CHANNEL

™1 ™2 T™3 ™4 T™5 ™7

1 2,751 5.318 3.592 4.117 0,274 0.207

2 2.643 4,858 3,883 4,524 0.383 0.221

3 2.781 5.325 3,617 4,136 - 0.207

4 2,652 4,536 3.875 4.574 0.388 0.220

5 2.768 5.308 3,645 4,165 0.274 0.206

6 2.651 4,810 3,873 4,566 0.388 0.221

w7 2,754 5,279 3.627 4,146 0.277 0.176

'8 2.644 4,753 3.874 4,560 0.388 0.222

9 2,731 5.307 - 3,610 4.140 0.274 0.206

10 2.645 4,751 3,885 4.560 0.386 0.220

1 2.784 5.313 3.622 4,157 0.276 0.207

12 2,663 4.770 3.887 4,573 0.3%0 0.220

13 2.800 5.281 3.613 4,147 0.271 0.209

14 2.674 4,763 3.847 4.547 0.383 0.221

15 2,792 5.267 3,597 4.109 6.272 0.209

16 2.667 4.776 3.887 4.545 0.385 0.222

MEAN  0DD 2.770 5.300 3.615 4.140 0.274 0.204

MEAN EVEN 2.655 4.752 3.876 4.556 0.386 0.221

MEAN  ALL 2.713 5.02¢ 3.746 4.348 0.334 0.212

SDEV  0DD 0.024 0.022 0.017 0.020 0.002 0.011

SDEV  EVEN 0.012 0.095 0.014 0.017 0.003 0.601

SDEV  ALL 0.062 0.291 0.136 0.216 0.058 0,012

SMEN 0ODD 0.008 0.008 0.006 0.007 0.001 0.004

SMEN  EVEN 0.004 0.033 0.005 0.008 0.001 0,000

SMEN  ALL 0.016 0.073 0.034 0.054 0.015 0.003

CVAR 0DD 0.858 0.423 0.483 0.479 0.817 5.584

CVAR EVEN 0.448 1.991 0.369 0.378 0.655 (.450

CVAR  ALL 2.298 5.780 3.624 4,963 17.405 5.606
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ORIGINAL PAGE 19 '
OF POOR QUALITY
Table A-32. Lamp 100 for Test 9 in Radiance Units
BAND
CHANNEL
™1 ™2 ™3 ™4 TM5 ™7

1 0.000 -0,009 0.075 ' 0.024 ~0,006 -0.001
2 0.017 0.004 0.073 0.027 ~0,004 0.000
3 -0.000 0.003 0.080 0.039 - - 0,000
4 ~0.609 -0.003 0.081 0.029 ~0.004 - 0,000
5 0.004 -0.012 0.068 0.039 ~0,006 0.000
6 0.013 -0.001 0.074 0,038 -0,005 0.000
7 ~0.006 -0.010 0,069 -0,008 -0.005 0.004
8 0.007 ~0.024 0.093 0.065 ~0.004 0.001
9 -0.011 -0.022 0.070 0.024 ~ 0,007 - 0,001
10 ~0.001 -0.018 0.080 0.038 -0.004 0.001
11 -0.007 -0.012 0.080 0.018 -0,007 -0.000
12 -0.001 -0,013 0.080 0.035 -0,004 -0.000
- 13 ~0.007 -0.010 0,071 0.036 -0.007 -0.000
14 0.017 -0.024 0.075 0.025 -0.004 -0.001
15 ~0.006 -0.020 0.059 0.037 ~0,008 -0.000
16 0.021 -0.008 0.089 0.022 -0.004 -0.000
MEAN  0DD -0.004 -0.011 0,069 0.026 -0.007 0.000
MEAN EVEN 0.008 -0.011 6.084 0.035 -0.004 0,000
MEAN  ALL 0.002 -0.011 0.075 0.031 -0.005 0.000
SDEV  0DD 0.005 0.008 0.007 0.016 0.001 0.002
SDEV  EVEN 0.010 0.011 0.007 0.014 0.000 0,001
SDEV  ALL 0.010 0.009 0.009 0.015 0.001 0.001
SMEN ODD 0.002 0.003 0.003 0.006 0.000 0.001
SMEN EVEN 0.004 0.004 0.002 0.005 0.000 0.000
SMEN  ALL 0.003 0.002 0.002 0.004 0.000 0.000
CVAR  0DD - 119,580 -67.327 10.356 61.327 - 14,551 1148,270
CVAR EVEN 125.825 -97.003 8.655 38.706 -9.380 6348.906
CVAR  ALL 477.553 ~80.049 12.152 49.7" - 27.966 1590.828
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OF POOR QUALITY

Table A-33. Lamp 100 Ratio of

to Vacuum

Digital Counts, Ambient

BAND
CHANNEL
™1 T™M2 TM3 T™M4 TM5 ™7
1 1.01658 1.01319 0.85217 0.94851 1.05438 1.03020
2 0.99831 0.98138 0.95280 0.95502 1.06485 0.98692
3 1.01429 1.01356 0,85056 0.958C5 - 1.01677
4 1.00286 - 0.85438 0.95154 1.04038 0.97%19
5 1.00888 1.01155 0.9497% 0.95417 1.02633 i.01786
6 0.99815 0.97664 0.95723 0.95062 1.03835 0.97861
7 1.01287 1.01058 0.95420 0.95127 1.01713 1.16835
8 0.99688 0.98043 0.95728 0.65283 1.03328 0.978%0
.9 1.00817 1.01081 0.95455 0.95593 1.02412 1.01701
10 0,99972 0.97540 0.95880 0.95297 1.03472 0.98306
H 1.01187 1.01180 0.95724 0.95450 1.01267 1.01372
12 1.00066 0.97851 . 0.088%4 0.957¢0 1.02403 0.98808
13 1.00849 1.01223 0.95314 0.85431 1.02320 1.00202
14 0.99900 0.97795 0.958335 0.95692 1.03637 0.98829
15 1.01250 1.00646 0,95442 0.95604 1.03973 1.02740
16 0.99293 0.98113 0.86022 0.95085 1.0565% 1.00628
MEAN 0CD 1.01183 1.01125 0.95325 0.95422 1.02831 1.03767
MEAN EVEN 0.99864 0.97873 0.95663 0.95358 1.04107 0.986392
MEAN  ALL 1.00623 0.98610 0.95494 0.95390 1.03511 1.01229
SDEY 00D 0.00276 0.00209 0.00250 0.00340 0.01448 0.08365
SDEV  EVEN 0.00295 0.00252 0.00286 0.00288 0.01323 0.00%09
SOevV ALL 0.00741 0.01691 0.00313 0.00300 0.01484 0.04549
SMEN 00D 0.00098 0.00074 0.00089 0.00120 0.00547 0.01897
SMEN EVEN 0.00104 0.00095 0.00101 0.00102 0.00468 0.00322
SMEN  ALL 0.00185 0.00437 0.00078 0.00076 0.00383 0.01137
CVAR 0DD 0.27298 0.20648 0.26262 0.35663 1.40807 5.17062
CVAR EVEN 0.29569 0.25761 0.25887 0.30231 1.27044 0.62144
CVAR  ALL 0.73730 1.69728 0.32767 0.32049 1.43346 4,49350
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Table A-34. Lamp 110 Ratio of Digital Counts, Ambient
to Vacuunm
BAND
CHANNEL -
T™1 T™M2 TM3 T™M4 T™S ™7
1 102181 1.01521 0.95905 0.95638 1.05584 1,03098
2 1.01130 0.98356 0.96616 0.94348 1.06257 0.89919
3 1.02064 1.01757 0.95965 0,95708 - 1.01798
4 1.00578 - 0.96867 0.93775 1.04052 0.95294
5 1.01770 1.01498 0,95701 0.95640 1.03167 1.02275
6 1.00828 0,97802 0.97037 0.43946 1.03771 0.49199
7 1.01708 1.01551 0.96235 0.95862 1.02454 1.17829
8 1.00339 0.98126 0.67097 0.94274 1.03449 0.99515
9 1.01657 1.01406 0.96497 0.96170 1.02831 1,02042
10 1.00744 0.97841 0.97284 0.84128 1.03588 1.00240
11 1.01525 1.01496 0.96590 0.95838 1.01928 1,01835
12 1.00484 6.97943 0.97234 0.94559 1.02230 1.00057
13 1.01406 1.01422 0.96279 0.95700 1.03230 1.01459
14 1.00623 0.98086 0.96827 0.94620 1.02630 0.99926
15 1.01885 1.01155 0.96202 0.95811 1.04459 1.027C6
‘ 16 1.00217 0.98443 0.97392 0.94150 1.05245 1.01308
MEAN ODD 1.01774 1.01476 0.96172 0.95796 1.03383 1.04138
MEAN EVEN 1.00618 0.98085 0.97043 0.94226 1.04028 099932
MEAN  ALL 1.01196 0.99894 0.96607 0.95011 1,03727 1.02035
SDEV  ODD 0.00250 0.00157 0.00313 0.00188 0.01251 0.05581
SDEV  EVEN 0.00279 0.00261 0.00281 0.00295 0.01220 0.00671
SDEV  ALL 0.00646 0.01762 0.00533 0.00844 0.01235 0.04413
SMEN  ODD 0.00089 0.00055 0.00111 0.00067 0.00473 0.01973
SMEN EVEN 0.00099 0.00099 0.00099 0.00104 0.00431 0.00237
SMEN  ALL 0.00161 0.00455 0.00133 0.00211 0.00%19 0.01103
CVAR  0DD 0.24598 0.15432 0.32566 0.19647 1.20968 3.35921
CVAR EVEN 0.27696 0.26654 0.28957 0.31338 1,17250 0.67097
CVAR  ALL 0.63818 1.76433 0.55182 0.88816 1.19088 4.32450
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Table A-35. Lamp 010 Ratio of Digital Counts, Ambient
to Vacuum
BAND
CHANNEL
™1 T™2 ™2 T™4 T™S T™?
1 1,02964 1,01281 0.97439 0.96220 1.05929 1.04378
2 1.01289 0.97744 0.98236 0.93587 1,06283 1.01786
3 1.02859 1,01290 0.97040 0.96218 - 1.02734
4 1,01947 - 0.98572 0.92774 1.03820 1.00969
5 1.02917 1.00820 0.96920 0.96209 1,03053 1,03032
6 1.01280 0.97263 0.28658 0.93102 1.03939 1.01143
7 1,02643 1.01132 0.97386 0.96507 1,02184 1.19092
8 1.01580 0.97819 0.98785 0.93395 1,02917 1.01042
9 1.02379 1,00620 0.97422 0.96988 1.03030 1.02573
10 1,01270 0.97058 0.98687 0.93037 1.03277 0.01835
1 1.02875 1.00960 0.97726 0.96422 1,01934 1,02559
12 1.02094 0.97527 0.98716 0.93428 1.01840 1,01650
13 1.02946 1.00671 0.97327 0.96471 1.03044 1,01828
14 1.01148 0.97344 0.98325 0.93373 1,03000 1.01774
15 1.02734 1.00352 0.97249 0.96745 1.04607 1,04034
16 1.00908 0.97398 0.99083 0.93356 1.05218 1.03322
MEAN  0DD 1.02790 1.00899 0.97313 0.96472 1.03397 1.05029
MEAN EVEN 1.01439 0.97451 0.98633 0.93256 1.03787 1.01702
MEAN  ALL 1.02114 0.99290 0.97973 0.94864 1.03605 1,03366
SDEV  0DD 0.00188 0.00320 0.00256 0.00293 0.01406 0.05742
SDEV  EVEN 0.00399 0.00276 0.00281 0.00276 0.01399 0.00752
SDEV  ALL 0.00768 0.01804 0.00728 0.01683 0.01365 0.04312
SMEN  0DD 0.00067 0.00113 0.00030 0.00104 0.00531 0.02020
SMEN EVEN 0.00141 0.00104 0.00099 0.00098 0.00435 0.00266
SMEN  ALL 0.00192 0.00466 0.00182 0.00421 0.00352 001078
CVAR  ODD 0.18310 0.31681 0.26278 0.30368 1.35941 5.45680
CVAR EVEN 0.39358 0.28344 0.28500 0.29619 1.34815 0.72334
CVAR  ALL 0.75221 1.81699 0.74280 1.77429 1.31769 4.17183
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to Vacuum

Lamp 011 Ratio of Digital Counts, Ambient

BAND
CHANNEL
™1 T™2 T™3 TM4 TMS ™7

1 1.02977 1.02682 0.97689 0.97238 1.06329 1.04383

2 1.01955 0.98929 0.98488 0.84922 1.06562 1,02023

3 1.03001 1.0257¢ 0.97549 0.97282 - 1.02983

4 1.01586 - 0.98806 0.94495 1.04082 1.01240

5 1.02748 1.02447 0.97328 0.97078 1.03724 1.03323

6 1.02039 0.98555 0.95030 0.94643 1.03825 1.01148

7 1.03135 1.02420 0.97954 0.87380 1.02769 1.18496

8 1,01202 0.98363 0.98932 0.94818 1.03521 1.01299

9 1.02680 1.02406 0.98120 0.97929 1.03421 1.03203

10 1.01468 0.98272 0.89212 0.84642 1.03520 1.02239

11 1.03249 1.02314 0.98297 0.897234 1.02248 1.02663

12 1.01557 0.98583 0.99005 0.95066 1.02372 1.02081

13 1.02865 1.02183 0.97818 0.97422 103524 1.02543

4 1.01674 0.98513 0.98650 0.55110 1.03885 1.01765

15 1.02785 ' 1.01945 0.97874 0.97744 1.05288 1.03911

16 1.01139 0.98643 0.99112 0.94629 1.05528 1.03365
MEAN 0ODD 1.02530 1.02372 0.97829 0.97413 1.03800 1.05188
MEAN EVEN 1.01577 0.98622 0.98304 0.94791 1.04162 1.01895
MEAN  ALL 1.02254 1.00622 0.98366 0.96102 1.04040 1.03541
SDEV  ODD 0.00192 0.00221 0.00318 0.00224 0.01426 0.08412
SDEV  EVEN 0.00313 0.00236 0.00256 0.00236 0.01299 0.00724
SDEV ALL 0,00755 0.01948 0.00621 0.01578 0.01316 0.04101
SMEN ODD 0.00068 0.00078 0.00112 0.00100 0.00539 0.01913
SMEN EVEN 0.00111 0.00089 0.00080 0.00084 0.00459 0.00256
SMEN ALL 0.00189 0.005023 0.00155 0.00344 0.00340 0.01025
CVAR 0DD 0.18633 0.21633 0.32456 - 0.29104 1.37281 5.14487
CVAR EVEN 0.30833 0.23916 0.25856 0.24933 1.24732 0.71077
CVAR -ALL 0.73812 1.93688 0.63154 1.43373 1.26530 3.96038
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Table A-37. Lamp 111 Ratio of Digital

Ccunts, Ambi’ént

to Vacuum
~ | BAND
CHANNEL
™1 ™2 T™M3 T™4 T™S T™?7
1 1.02255 1.01834 0.96242 0.96637 105149 1.02832
2 1,00817 0.98446 0.96691 0.95610 1,06044 0.99763
3 1.01992 1.01928 0.96123 0.96683 - 1.01958
4 1.01430 - 0.96310 0.950971 1.03912 0,99588
5 1.01787 101691 0.95838 0.96453 1.02746 1.02279
6 1.00861 0.97866 0.97143 0.95519 1.03596 0.89504
7 1.01999 1.01846 0.96495 0.96687 1.02137 1.17969
8 . 1.00524 0.98399 0.96997 0.95537 1.03263 0.99787
9 1.01701 1.01566 0.96481 0.97079 1,02376 1.02051
10 1.00881 0.97852 0.97477 0.96484 1.03440 1.00578
1 1.01809 - 1.01671 0.96772 0.86343 * 1.01550 1.01949
12 1.01350 0.98323 0.97233 0.95855 1.02235 1.00282
13 1.01658 1.01550 0.96485 0.96837 1.02798 1.01495
14 1.00731 0.98C61 0.96968 0.95694 1.03653 1.00229
15 1.01810 1.01254 0.96460 0.96507 1.03722 1.02607
16 1.00148 0.98509 0.97519 0.95147 1,04985 1.01358
MEAN 0DD 1.01876 1.01667 0.96370 0.96653 1.02625 1.04143
MEAN EVEN 1.00843 0.98208 0.97105 0.95617 1.03891 1,00136
MEAN  ALL 1.01360 1.00053 0.96737 0.96135 1.03440 1.02133
SDEV  ODD 0.00185 0.00199 0.00284 0.00233 0.01185 0.05602
SDEV  EVEN 0.00413 0.00287 0.00311 0.00443 0.01153 0.00521
SDEV  ALL 0.00630 0.01801 0.00475 0.00634 0.01226 0.04372
SMEN  ODD 0.00065 0.00070 0.00100 0.00083 0.00448 0.01980
SMEN EVEN 0.00146 0.00109 0.00110 0.00157 0.00407 0.00220
SMEN  ALL 0.00157 0.00465 0.00119 | 0.00158 0.00317 0.01093
CVAR 0DD 0.18118 0.19551 0.29420 0.24153 1.15102 5.37872
CVAR EVEN 0.40922 0.29274 0.32029 0.46323 1.10837 0.62009
CVAR  ALL 0.62142 1.80049 0.49111 0.65937 1.18562 4.23040
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Table A~-38. Lamp 101 Ratio of Digital Counts, Ambient
to Vacuum

BAND
CHANNEL
™1 ) T™2 T™M3 ™4 TMS T™M7
1 1,02384 1.02580 0.96283 0.85966 1.05394 1.02811
2 1061172 0.29391 0.96685 0.96235 1.06773 0.99547
3 1.02477 1.02783 0,96250 0.96179 - 1,01640
4 1.01183 - 0.96769 0.95278 1,04352 0.98855
5 1,02037 1.02564 0.96032 0.96156 1 .02é55 1.01824
6 1.01134 0.98585 0.97037 0.95535 1.04190 0,98852
7 1.02063 1.02640 0.96692 0.96253 1.02280 1.17014
B - 1.00536 0.99171 0.96831 0.96066 1.03705 0.88000
9 1.01892 1.02608 0.86865 0.96792 1.02644 1.01654
10 1.00882 0.98644 0.87325 0.95861 1.03779 1.00018
n 1.62121 1.02549 0.96989 0.96319 1.01749 1.01586
12 1.01025 . 0.98917 0.97204 0.96020 1.02678 ' 0,99693
13 1.01870 1.02581 0.96740 0.96395 1.02783 1.01208
14 1.00986 0.98654 0.96876 0.96185 1.04103 0.99555
15 1.02236 1.02237 0.86565 0.96557 1.04205 ' 1.02630
16 1.00431 0.99326 0.97309 0.95848 1.058777 1.01182
MEAN 0ODD 1.02135 1.02570 0.96552 0.96327 1.03130 1,03796
MEAN EVEN 1.00840 0.98957 0.97024 0.95875 1,04420 0.99589
MEAN  ALL 1.01637 1.00884 0.96788 0.96101 1.03818 1.01692
SDEV  ODD 2.i30212, 0.00143 0.00340 0.00264 0.01246 0.05368
SDEV  EVEN €.00269 0.00357 0.00266 0.00332 0.01280 0.00776
SDEV ALL 0.00677 €.01882 0.00383 0.00373 0.01389 0.04286
SMEN ODD 0.00075 0.00051 0.00120 0.00093 - 0.00471 0.01898
SMEN EVEN 0.00095 0.00135 0.00094 0.00117 0.00452 0.00274
SMEN  ALL 0.00169 0.00486 0,00036 0.00093 0.00359 0.01074
CVAR 0DD 0.20760 © 0.13937 0.35245 0.27365 1.20833 5.17174
CVAR EVEN 0.26621 0.36035 0.27433 0.34642 1,22552 0.77920
CVAR ALL 0.66634 1.86595 0.3955¢ 0.38828 1,33786 4.22420
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Table A-39.

oriGEAL BT
OF POOR GRALITY

Lamp 001 Ratio of Digital Counts, Ambient
to Vacuum

BAND
CHANNEL

T™M1 T™M2 ™3 T™M4 TM5 ™7
1 1.05146 1.04451 0.95€00 0.99148 1.06109 1.03827
2 1.02958 1.00639 0.89150 0.97856 1.07448 1.01882
3 1.04868 1.04698 0.89141 0.99238 - 1.02372
4 1.04080 - 0.289588 0.97282 1.04821 1.01057
5 1.04354 1.04214 0.99154 0.99065 1.02835 1.02383
6 1.02951 1.00013 1.00048 0.97432 1.04336 1.01183
7 1.05134 1.04547 0.99314 0.99457 1.01883 1.18282
8 1.03333 1.01094 0.99606 0.97431 1.03743 1.01379
8 1.04255 1.04413 0.99406 0.99887 1.02633 ° 1.02681
10 1.03431 1.00274 1.00180 0.97279 1.03803 1.02232
11 1.046%0 1.04614 0.c9828 ° 0.99330 1.01318 1.02414
12 1.03961 1.00889 0.99754 0,87925 1.03189 1.01908
13 1.04438 1.04390 0.99415 0.99640 1.03189 1.01456

14 1.03020 1.00346 0.89696 ! 0.97897 1.04545 1.022%
15 1.04877 1.04043 0.92884 0.98872 1.04440 1.03442
16 1.02039 1.01089 0.99924 0.97401 1.06214 1.03743
MEAN 00D 1.04734 1.04421 0.99468 0.99455 1.03217 1.04608
MEAN EVEN 1.03222 1.00578 0.99781 0.97563 1.04763 1,01959
MEAN  ALL 1.03978 1.02627 0.95624 0.98509 1.04042 1.03284
SDEV 00D 0.00346 0.00139 0.00295 0.00326 0.01€04 0.05571
SDEV  EVEN 0.00646 0.00407 0.00326 0.00286 0.01410 0.60850
SDEV ALL 6.00935 0.02007 0.00339 0.01020 0.01651 0.04087
SMEN 0ODD 0.00122 0.00070 0.00104 0.00115 0.00606 0.01970
SMEN EVEN 0.00228 0.00154 0.00115 0.00101 0.00428 0.00300
SMEN  ALL 0.00234 0.00518 0.00085 0.0025% 0.00426 0.01022
CVAR 0DD 0.33060 0.19035 0.20686 0.32777 1.65416 5.32574
CVAR EVEN 0.62552 0.40424 0.32670 0.29305 1.34576 0.83342
CVAR ALL 0.89954 1.85558 0.34081 1.03594 1.58657 3.95704

R ra LRLY M K]



PR W s W s LI et i S WMl x s

ORIGINAL PAGE I3
OF POOR QUALITY

Table A-40. Lamp 000 Ratio of Digital Counts, Ambient
to Vacuum :
' BAND
CHANNEL
™1 ™2 T™3 T™4 TMS TM7
1 0,84874 0.91923 0.89045 096452 1,02899 1,03085
2 0.82750 0.93593 0.93088 0.99516 0.96443 0.98961
3 0.88600 0.83615 094493 0.97528 - 1,01658
4 0.68905 - 1.00238 1,03837 0.99856 1.01477
5 0.86007 0.90883 0,93514 0.95015 1,06775 0.26033
6 0.83347 0.89097 092072 0.95662 1.02787 0.99653
7 091706 0.93409 0.94489 0.96833 1,00652 0.86978
8 0.77547 0.94652 0.96031 094695 1.00904 0.93608
9 0.94653 0.95327 0.96037 0.95485 1,04489 1.04369
10 0.74076 0.95658 0.91749 0.94547 0,99682 0,97597
1 0.92982 0.95312 '0.99323 0.96937 1,05126 1.00625
12 0.66705 0.94242 0.90272 0.92591 0.99784 0.95587
13 0,89245 0.94876 0.91475 0.98278 1.04554 1.01587
: 0.8043¢ 0.94893 0.91328 0.93633 0.98298 1,02037
15 0.88726 0.94791 0.92152 0.97628 1.10142 1,01589
16 0.83299 0.94940 0.87937 0.91275 0.98982 0.97583
MEAN  0DD 0.89599 0.93767 0.93816 0.96767 1,04948 0.99517
MEAN EVEN 0.77139 0.93858 0.92839 0.85719 0.99592 0.95463
MEAN  ALL 0.83369 0.93814 093328 | 0.96243 1.02092 0.98990
%IV 0DD 003350 0.01647 0.03100 0.01106 0.02982 0.05622
CLEV  EVEN 0.06606 0.02200 0.03774 0.04083 0.01853 0.02744
SDEV  ALL 0.08186 0.01853 0.03374 0,02939 0,03630 0.04308
SMEN 0DD 0.01184 0.00582 0.01096 0.00321 0.01127 0,01988
SMEN EVEN 0.02336 0.00831 0.01334 0.01443 0.00655 0.00970
SMEN  ALL 0.02046 0.00478 0.00844 0.00738 0.00937 0.01077
CVAR 0DD 3.73879 1.75689 3.30486 1.14304 2,84126 5,64935
CVAR EVEN 8.56443 2.34332 406439 4.26516 1.86012 2,78666
CVAR  ALL 9.81898 1,97488 3,61549 3.05335 3.55556 4.35184
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