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ABSTRACT

Data analysis of the thermal vacuum IR calibration testing of the GOES SN03 imager is 
presented. Responsivity versus time data indicate that the instrument is stable and uncontaminated. 
Data on responsivity versus various instrument temperatures are presented to assess expected 
diurnal on orbit thermal effects. A complete set of calibration coefficients, including offset, slope 
and quadratic terms along with corresponding statistical errors, is presented. A possible target 
related systematic quadratic calibration error source is discussed. On orbit radiance temperature 
errors are estimated to be about 0.1 K to 0.4 K, depending on instrument operating conditions. The 
effect on temperature error due to frequency of onboard blackbody calibrations is presented. 
Finally, the effect on drift related noise due to frequency of space clamps is shown to be smaller 
than previously anticipated.
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1. INTRODUCTION AND SUMMARY

The Imager and Sounder instruments, designed and built by ITT Aerospace/ 
Communications Division, are the first U.S. generation of geostationary 3-axis stabilized 
meteorological sensors. Serial number SN03 instruments are the first production units to be flight 
qualified and are scheduled for a mid 1994 launch. The instrument and satellite design are 
described in detail in Reference 1. The purpose of this report is to describe an independent 
analysis of the instrument level IR radiometric calibration testing of the SN03 Imager. Table 1 lists 
important Imager operating parameters for reference with the calibration results described in this 
report. The full i'l l post processing calibration results are to be reported in Reference 2.

TABLE 1

Important Imager Parameters

MAX NEDT RADIANCE 
MAX SCENE NOM SPEC THERMAL 

I — Band
um

FOV
furad^

SCENE
TEMPno

RADIANCE
mW2 “imsrcm

SCENE
TEMP

(K)

(@ NOM 
SCENE) 

(K)

DERIV 
(@ NOM 
SCENE) 

mW
m2srcrrf XK

2 3.78-4.02 102 320 2 300 1.4 0.037

3 6.5-7.0 196 320 50 230 1.0 0.146

4 10.2-11.2LL 11.5-12.5

98

98

320

320

160

120

300

300

0.35

0.35

1.678

1.751

The primary objective of the instrument level IR calibration testing is to measure response 
and noise while viewing a temperature controlled external calibration target (ECT) for all IR 
channel/detector/electronic side combinations. Tests are conducted at various instrument operating 
conditions characterized by different regulated patch (detector) and mission (baseplate) 
temperatures. Calibration equations relating instrument output counts (relative to space) to target 
radiance are determined. Calibration tests are conducted in test phases before and after vibration 
which are referred to as preliminary thermal vacuum (PTV) and final thermal vacuum (FTV), 
respectively. Table 2 lists the number of ECT temperatures used for IR calibration at the various 
instrument operating conditions for both PTV and FTV. Generally 7 or more ECT temperatures 
are necessary to satisfactorily determine calibration and coefficients; a single ECT temperature is 
used to check response and noise. The resulting full set of calibration coefficients is used in 
conjunction with on orbit instrument conditions and predefined algorithms in the operations ground 
equipment (OGE) during satellite operations (Reference 3).

1



TABLE 2

Number of ECT Temperatures In IR Calibration Testing (Pre T/V - Fin T/V)

Patch Low 
.. (94 K)

Patch Mid 
-£.101 K)

Patch High
1104 K)

Mission Low 10 - 7 1-7 0 - 0
(baseplate 282 K)

Mission Nominal 
(baseplate 293 K)

1 - 7 1 - 7 1 - 7

Mission High 
(baseplate 300 K)

1-7 1 - 7 0-0

Other objectives of the IR calibration testing are to track instrument response through 
thermal transitions, to check for the presence of contaminants on cold instrument optical surfaces, 
and to assess the radiometric impact of the frequency of space clamp and onboard calibration 
intervals using the internal calibration target (ICT).

This report presents several IR calibration data analysis topics pursued independently of the 
standard ITT data post processing. In chapter 2, an analysis of ICT data is presented, including 
responsivity versus time during calibration runs, radiance temperature errors of the ICT and an 
estimate of the temperature errors of the ECT using an "on-orbit" data analysis scenario. In chapter 
3, responsivity data for the various IR channels is shown as a function of the patch temperature and 
aft optics temperature. Results from PTV are compared with those from FTV. In chapter 4, 
estimates of the scene radiance temperature on-orbit due to detector responsivity changes as the 
aft optics temperatures vary diurnally are calculated. The temperature errors accumulate in 
between ICT looks and estimates of temperature errors versus frequency of ICT looks are 
presented. In chapter 5, the various calibration coefficients, including slope and quadratic 
coefficients, are trended over FTV testing for the various mission and patch temperature conditions. 
Chapter 6 presents a discussion of the temperature errors resulting from the assumption that the 
measured nonlinearity in channel 2 response is solely an artifact of the ECT. Finally, in chapter 
7 an analysis of the imager drift data is presented which shows that only a slight increase in noise 
results from 36.6 second compared to 9.6 second space clamp intervals.

2



2. BB-ECAL RESULTS AND ON ORBIT TEMPERATURE ERRORS

2.1 INTRODUCTION

During imager thermal-vacuum testing at ITT, radiance measurements are collected from 
three separate targets: a cold space target, a variable-temperature external calibration target 
(ECT), and an instrument internal calibration target (ICT). The difference in radiance counts from 
the space target to the ECT versus ECT temperature is used to calibrate the instrument. The 
relative radiance counts between the space target and ICT (collected at approximately the same 
time as ECT measurements) can then be used to check for any systematic variations in instrument 
responsivity versus time and to check the accuracy of the ECT calibration as well as verify the 
efficacy of the ICT. In the first section, the responsivity versus time during final-thermal-vacuum 
testing is analyzed for the various mission and patch conditions. The second section then calculates 
the radiance temperature of the ICT, using the calibration parameters determined from ECT 
measurements, and compares these with the measured temperatures. The final section then used 
the ECT and ICT data to calculate an "on-orbit" temperature error, using an algorithm related to 
that used on-orbit for calculating the ECT radiance temperature.

22 RESPONSIVITY VERSUS TIME DURING FTV

Figures 1 through 7 show plots of the normalized two-point responsivity versus time for the 
various mission and patch conditions from FTV testing at ITT. As can be seen from the plots, most 
of the deviations appear to be random and typically less than 0.5%. Below this value, changes in 
responsivity have a negligible effect on the calculated target radiance. The one exception to this 
is the calibration run corresponding to mission normal / patch mid / side 1 data, which shows a 
decrease of about 5% for a few channels at one time point which corresponds to the 308-K ECT 
temperature. Plots of the residues show no anomalous behavior in the vicinity of this point. So, 
whatever the cause of this anomaly, it does not appear to have affected the calibration.

23 ICT RADIANCE TEMPERATURE ERROR

One calibration check of the ICT, performed by ITT and repeated here, is to calculate the 
radiance temperature of the ICT based on the measured counts using the quadratic fit parameters 
from that testing condition. Thus, for each testing condition the relative counts from the ICT 
measurements are converted into the corresponding radiance using the quadratic fit parameters and 
then converted to scene temperature by inverting the spectral radiance relationship for each 
channel. The results of these calculations are shown in Figures 8 through 11. The ordinate in the 
figures is the temperature difference between the calculated temperature, as described above, and 
the measured temperature of the ICT which is an equal weight average of the 8 sensors in the 
target over all 10 USI’s. As can be seen from the figures, the temperature errors rarely exceed 
0.5 K and are typically in the range of 0.1 - 0.4 K. The one anomalous point for the mission 
nominal / patch mid / side 1 conditions corresponds to the same anomalous responsivity described 
earlier. The temperature errors also appear to be uniformly positive, which implies that the 
measured radiance off the ICT is greater than that for the ECT at a given temperature. This may 
be due to reflected light off the ICT, which is not expected to have as high an emissivity as the 
ECT.

3
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Any differences between the temperature errors presented here and those calculated and 
presented by ITT are due to differences between the way ITT calculates scene radiance 
temperatures and the way they are calculated for this analysis. ITT calculates the radiance of a 
target, either the ICT or the ECT, by taking the measured temperature and uses a previously 
calculated look-up table for the corresponding in-band radiance for each channel. These tables 
include the measured, except for imager channel 3, spectral transmissions for each of the detector 
channels convolved with the Planck function. When going from radiance to temperature, as in the 
present analysis, the ITT processing uses a polynomial approximation to the Planck function which 
has in-band transmission coefficients for each of the detector channels. The analysis performed for 
this memo, however, uses the same spectral radiance look-up tables to go from radiance back to 
temperature.

2.4 ON-ORBIT TEMPERATURE ERROR ANALYSIS

This analysis calculates a radiance temperature error for the ECT, using ICT measurements 
to set the linear part of the system calibration and ECT measurements for the quadratic part. 
These are then compared with the measured ECT temperatures. This is similar to the manner in 
which the instrument is calibrated on-orbit where ICT measurements define the linear calibration 
term and the quadratic term is derived from the FTV tests. The resulting temperature errors are 
seen to have a systematic dependence on ECT temperature. This is accounted for by including an 
offset term in the relative counts between ETC and space and ICT and space. The physical origin 
of this offset is unknown but may be related to emissivity differences between the three targets.

The standard on-orbit calibration of the GOES imager involves first fitting final thermal- 
vacuum data of ECT relative counts versus temperature to a quadratic function of the form:

^ect = y + mi(A^Ecr) + k ect  ^{^ )
where NECT is the in-band target radiance of the ECT on the detector, ACECT is the difference in 
averaged counts of the ECT above the space target, and y, nq, and R are fit parameters. NECT 
is determined from temperature measurements of the ECT target along with previously generated 
spectral radiance look-up tables calculated from measured and inferred optical efficiencies 
convolved with the Planck function. When the instrument is on-orbit the quadratic part of the 
calibration is assumed to be maintained, while the offset term is assumed to be negligible and set 
to zero, and the linear term is calculated from measurements of the ICT. Thus, the linear m1 term 
on-orbit, mICT, is calculated from

where NICT is calculated from ICT temperature measurements and ACict is the counts of the ICT 
relative to space. The radiance of the earth is then calculated, using these parameters, as

15



(3)Nearth *' mICl{ACearth) + R{ACearthf *

The goal of the present analysis is to develop an estimate of the radiance-temperature error 
associated with Nearth from thermal-vac measurements. To this end an analysis is performed 
whereby NECT is calculated from equation (3) instead of NMrth. Thus, for each ECT measurement 
the value NECT is calculated from

(4)

The radiance temperature associated with NECT, TgCT®10, is then calculated by inverting the 
spectral radiance relation. This is then compared with the measured ECT temperature, TECTmeas, 
for various ECT temperatures. This analysis is somewhat circuitous since results of ECT 
measurements are used to calculate the quadratic parameter, R, which then goes into an equation 
to estimate the radiance temperature of the ECT. Nevertheless, some insight into the quality of 
the calibration can still be gleaned.

Plots of the "on-orbit" temperature error, Tf^-p*310 - TECTmeas, versus TECT are shown in 
Figures 12 through 15 for each mission and patch condition tested. As can be seen from the 
figures, the general trend of the temperature error is to go from positive to negative values with 
increasing ECT temperature, crossing through zero at a point near the ICT temperature. This 
behavior is primarily observed in channels 4 and 5 and, to a lesser extent, in channels 2 and 3. The 
trend can be qualitatively understood if one assumes the existence of an offset, or non-zero value, 
of the relative counts as the ECT temperature is extrapolated to the temperature of the space 
target. Figure 16 shows diagrammatically the effect of such an offset in calculating "on-orbit" 
radiance errors. The solid line represents the actual relationship between the relative counts and 
the target radiance, which does no extrapolate to zero relative counts at zero radiance (the size of 
the offset has been greatly exaggerated and the nonlinearity has been neglected). On-orbit the 
system response is defined by a line which goes through zero relative counts at zero radiance as well 
as through the one calibration point, ACict, at NICT. Neglect of the offset, then, will produce an 
overestimate of the actual scene radiance at low scene temperatures, relative to the ICT 
temperature, and an underestimate of the scene radiance at high scene temperatures. The effect 
on the calculated temperature errors will be a positive value of the calculated minus measured 
temperatures for T < Tict, negative values for the temperature errors for T > Tict, and zero 
temperature error for T - tict-

In order to verify the above hypothesis, the count offset, 6C, is estimated from the offset 
fit parameter, y, from fits of NECT to ACect. This is given by (neglecting the quadratic term)

bC - Zl . (5)

It should be noted that the sign of 6C is such that a signal is still measured when the hot target 
radiance goes to zero. Thus, this effect cannot be simply explained in terms of reflected energy off
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the space target which would produce errors of the opposite sign. One possibility previously 
discussed^4! is a difference in emissivities between the space target and ECT target. Unfortunately, 
this has not been verified due to lack of proper instrumentation.

The offset from equation (5) must then be incorporated into the analysis in two places. The 
first corresponds to when the slope is estimated from the ICT measurement:

m ICT

NICT ~ R[AC'lCT?
(6)

A C'ICT

where AC’ict ■ AC1CT - 6C. This assumes that the mechanism which resulted in the offset between 
the ECT and space target is also active between the ICT and space target. The offset is again 
incorporated when the ECT radiance is calculated after equation (4):

N'ECT

nict ~ r[ac'ict)

[A C'ict)

[AC'ECT) + R[AC'eCT? (7)

where AC’ect ■ ACect - SC. Plots of the temperature error calculated from the results of 
equation (7) are shown in Figures 17 through 20. As can be seen, the incorporation of the offset 
brings the temperature errors much closer to zero and makes them for the most part independent 
of ECT temperature. If the assumption that the offset is an artifact of the experimental setup is 
valid, then these reduced temperature errors may be more indicative of on-orbit performance. 
Nevertheless, since 6C is determined from the intercept fit parameter, y, which itself is determined 
from fits to the ECT data and there is some uncertainty as to the physical origin of this parameter, 
then the analysis results may be more representative of an internal consistency check of the 
calibration.

A closer examination of the intercept, y, which can be thought of as representing a stray 
radiance which is left over if the radiance versus counts is extrapolated to zero relative counts, 
shows little correlation with patch temperature, but some correlation with mission temperature, 
especially in channels 4 and 5. If y is characteristic of the targets alone then it should not be 
affected by either mission or patch temperature unless it is influenced by emitted radiation from 
the instrument. When y values for each of the channels is plotted versus wavelength and fit to a 
Planck function then the best-fit temperature is near 200 K for most of the mission / patch 
temperature conditions (Figure 21 shows one example). Thus, the equivalent temperature of the 
blackbody spectrum defined by these stray radiance values does not directly correspond to 
temperatures for likely sources of reflected radiation, including the instrument.

2.5 SUMMARY

Analysis of imager FI V ICT data has shown that, except for one wild point, the responsivity 
of the imager during calibration runs remained constant to within 0.5%. When the calibration fit 
parameters are used to determine the radiance temperature of the ICT, the results are uniformly 
higher. Calculated ICT temperatures are typically about 0.1 K higher for side 1, 0.3 K higher for 
side 2 and, in all cases, less than 0.5 K higher than the measured temperature for all channels. An
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analysis has also been performed which mimics the on-orbit determination of the calibration 
coefficients and uses these to determine the radiance temperature of the ECT. These temperatures 
show a systematic variation when compared with the measured ECT temperature which can be 
traced to the ignored intercept term of the calibration. The physical origin of this term is uncertain, 
although it is most likely due to an artifact of the calibration test configuration. The measured "on 
orbit" temperature error is small compared to the absolute radiometric accuracy requirement of + /- 
1.0 K.
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3. RESPONSIVITY DEPENDENCE ON OPTICS 
AND PATCH TEMPERATURES

The following presents ITT generated thermal-vacuum data of the normalized imager two- 
point responsivity versus patch and relay optics temperature. A comparison is made of the 
measured responsivity from PTV tests with that measured in FTV tests.

Figures 22 and 23 show plots of the normalized two-point responsivity versus patch 
temperature for the various imager IR channels corresponding to sides 1 and 2, respectively. In 
Figure 22, unregulated patch measurements, taken during PTV, are compared with regulated patch 
conditions in both PTV and FTV. In Figure 23, data from regulated patch measurements from 
PTV are compared with corresponding measurements from FTV. The data indicate a consistent 
drop in the responsivity between PTV and FTV of about 1% for all detectors. This could be due 
to a change in the target conditions, such as an aging of the external calibration target, or it could 
indicate a drop in the throughput of the imager system, as would be caused by dust buildup on the 
scanning mirror, for example. The fact that the responsivity decrease is uniform for all channels 
suggests that the problem is not due to any change in individual detector performance. The 
agreement of the regulated and unregulated patch data for PTV (Figure 22) suggests that the patch 
thermometer gives a good indication of the detector temperature. This information is valuable if 
the patch goes out of regulation on-orbit and responsivity changes in between blackbody looks have 
to be adjusted according to measurements of the patch temperature.

The total variation of the responsivity with patch temperature is on the order of 1 % (from 
patch low to patch high) for channel 2, almost 3% for channel 3, and 20% and 25% for channels 
25 and 26, respectively. The tendency of channel 3 detectors to increase their responsivity with 
patch temperature is due to a different bias point for these detectors.

Figures 24 through 26 contain plots of the normalized responsivity versus relay optics 
temperature for side 1 (Figure 24) and side 2 (Figures 25 and 26) IR detectors. Again, a generally 
uniform decrease in the responsivity from PTV to FTV measurements is observed. The decrease 
in responsivity with increased relay optics temperature is presumably due to an increase in the 
background radiation which causes the detector to operate closer to the nonlinear regime. The 
responsivity drop with mission conditions from mission low to mission high temperatures varies 
from about 2% for channel 2 to about 5% for channel 4 and 5 detectors. The agreement of the 
responsivity for side 2, FTV, data taken during thermal transition conditions with that taken during 
thermal regulated conditions suggests that the relay optics temperature can be used as an input for 
estimating the effect of temperature variations on responsivity on-orbit (see Section 4.0).
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4. DIURNAL RESPONSIVITY CHANGES AND 
ON-ORBIT TEMPERATURE ERRORS

4.1 INTRODUCTION

Thermal vacuum tests of the SN03 imager indicate that the responsivity of the IR channels 
varies in a systematic way with various instrument temperatures. The best correlation has been 
observed to be with the relay optics temperature. Figure 27 shows plots of the normalized 
responsivity versus relay optics temperature for patch-mid/side-2 in final thermal-vac testing. The 
open symbols are a compendium of data from two transition tests, taken about two weeks apart, 
one from mission low to mission nominal and one from mission nominal to mission high. The solid 
points on the figure are the normalized responsivities from the 320K ECT temperature points of 
the IR calibration runs for the three mission temperatures. All the data points are normalized to 
the lowest temperature responsivity from the mission low to mission nominal transition data. The 
decrease in responsivity with relay optics temperature is presumably due to the increased 
background flux from the optics causing the dynamic operating range of the detector to move 
further into the nonlinear range. The non-monotonic behavior for the lower temperature 
responsivities of channel 2 has also been observed in SN03 preliminary thermal-vac data. As can 
be seen from the plot, the total variation of responsivity with instrument temperature is about 2-5% 
and the agreement of the various responsivity data collected weeks apart and under steady-state 
versus thermal transition conditions attests to the validity of the correlation with relay optics 
temperature. One would, therefore, expect this correlation to remain valid on orbit.

Solar beam testing carried out at Space Systems/LORAL has generated various predictions 
of the on-orbit temperature variation of the imager during a diurnal cycle. Figure 28 shows the 
results of Phase 1 testing of the SN02 Imager (without the additional sun shield) depicting various 
instrument temperatures versus diurnal time for the 10 degrees north of equinox case with the scan 
mirror fixed and pointing at nadir. These data can be used in conjunction with the responsivity 
versus temperature data from Figure 27 to estimate the temperature error caused by changes in the 
responsivity between BB looks due to the diurnal variation of the optics temperatures. Since relay 
optics temperatures were unavailable at the time of the writing of this memo, the vis-optics 
temperature will be used from the Phase 1 tests. The instrument modifications for the Phase 2 tests 
(for which the vis optics temperature were not available) resulted in a diurnal variation of the 
baseplate temperature of 12C - 30C, compared with 12C - 34 C for Phase 1. Therefore, the 
inclusion of the sunshield should reduce the calculated temperature errors, though the difference 
is not expected to be significant.

42 PROCEDURE

The first step in the calculation was to parameterize the responsivity as a function of vis 
optics temperature. This was done by Fitting the responsivity versus vis optics temperature to a 
second order polynomial (Figure 29) and vis optics temperature versus diurnal time to an eighth 
order polynomial (Figure 30). The order of the polynomial fits was chosen high enough to 
adequately represent the data but not so high as to be sensitive to noise irregularities. The fits 
served the purpose of averaging over noise and providing a uniform interpolation of the data. As 
can be seen from Figure 29, the responsivity is not as well correlated with vis optics temperature 
as with relay optics temperature. This reduction in correlation necessitated the use of only second
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order polynomials for the fits. Higher order functions, while being able to represent the non­
monotonic behavior in channel 2, became too sensitive to the noise in the data.

The temperature error was calculated as:

where 6 is the maximum scene temperature error, which occurs just before the next blackbody look, 
tbb is the time between blackbody looks, dT/dN is the derivative of the function relating scene 
temperature (assumed to be 300K for this calculation) to the radiance on detector, 6N is the 
perceived radiance change due to a responsivity change over a period between blackbody looks, and 
Tvo is the vis optics temperature which is a function of the diurnal time, t. For the sake of 
simplicity, the detector response is assumed to be linear, so the change in radiance can be linearly 
related to a change in responsivity as:

= (ac)»"ji

= (AC) 1 1 

4a * a]" *mi
where AC is the relative-mean counts above space, and mj - 1/R, where m1 is the slope term from 
the instrument calibration equation and R is the responsivity in units of counts per radiance of 
(counts)(cm)(m2)(Sr)/mw. TThe quantity R[Tv0(t)] was calculated from the polynomial fits and AC 
is a constant and approximated by:

AC »
^300 ' Yo 

"*1 ’

where N^ is the radiance for each channel corresponding to a scene temperature of 300K and Yo 
and mj are the offset and slope fit parameters corresponding to the Imager mission-nominal/patch- 
mid/side-2 case. Both N-jqq and dT/dN are calculated from the ITT supplied spectral-radiance files. 
With the above formulation the temperature error, 6T, can be considered the measured 
temperature minus the actual temperature at a time just before a blackbody look.

43 RESULTS AND CONCLUSIONS

6T as a function of the time of day has been calculated for times between blackbody looks, 
rbb, of 30 minutes, 20 minutes, and 5 minutes, which is shown on Figures 31, 32, and 33, 
respectively. As can be seen from the figures, the maximum temperature errors occur around 1:00 
a.m. and 8:00 a.m. which correspond to the times when the rate of change of the vis optics 
temperature is a maximum. The times of the maximum temperature errors are shifted slightly from 
channel to channel which is presumably due to the small differences in nonlinearity of the 
responsivity versus temperature for each of the channels. The temperature errors also appear to 
generally be the greatest for the long wavelength channels and the least for the shorter wavelength
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channels, except for channel 3 whose temperature error splits the levels calculated for channels 4A 
and 4B. This interchannel variation is the results of the competition between the wavelength 
dependence of dT/dN, which is larger for the short wavelength channels, and the overall 
responsivity change, which is generally larger for the longer wavelength channels.

Over the range of periods for responsivity updates, or blackbody times, the character of the 
diurnal variation of the temperature error appears to remain fairly constant with the magnitude of 
the error scaling linearly with update period. This is demonstrated in Figure 34, which is a plot of 
the maximum temperature error over the diurnal cycle (which always occurs near 1:00 a.m.) as a 
function of the responsivity update period. The maximum temperature errors show a very linear 
dependence with update time. This linear dependence should eventually roll over for responsivity 
update periods of 2-3 hours, over which the vis optics temperature near midnight is no longer 
monotonically increasing.

It should be kept in mind that the temperature errors calculated here are the maximum 
errors which occur just before a new blackbody look, or some other form of responsivity correction, 
is performed. Just after each blackbody look the temperature error would be reset to zero and 
would then rise as the temperature changes in the instrument cause the responsivity to change. On 
orbit the period between blackbody looks will be 20 to 30 minutes and, while it is unrealistic to 
significantly shorten this time, there are several OGE processing scenarios which would allow the 
responsivity to be adjusted based on measurements of instrument temperatures which have known 
correlations with the response.!5! In this case the blackbody look interval would be replaced with 
the interval over which the responsivity was adjusted and these calculations should serve as a guide 
as to the relationship between the adjustment time and the temperature errors. Adjustment times 
as short as 2 minutes have been considered for OGE processing, which would result in temperature 
errors less than 0.03C.
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5. MISSION TRENDS OF CALIBRATION COEFFICIENTS

Imager FTV calibration testing determined linear and quadratic calibration coefficients for 
7 instrument operating conditions as shown in Table 2. Mission (baseplate) and patch 2 
temperatures are regulated on orbit at fixed levels depending on season. An understanding of the 
variation of calibration coefficients as a function of these temperatures is useful in understanding 
seasonal limitations to instrument performance. While the complete listing of coefficients can be 
found in the Appendix, Figures 35 through 50 present characteristic trends of the slope and 
quadratic coefficients for each channel/detector/electronic side combination.

Figures 35 through 38 show slope variations with patch temperature (at mission nominal). 
Channel 2 shows very little change and channel 3 shows a slight decrease with increasing patch 
temperature. Channels 4 and 5 show large slope increases with increasing patch temperature. 
These effects are consistent with standard detector models.^

Figures 39 through 42 show quadratic coefficient variations with patch temperature (at 
mission nominal). Error bars indicate the standard statistical error obtained in the curve fitting 
process. It is clear that channels 4 and 5 show an increase with patch temperature. Since there is 
no reason to expect anything other than a constant or a monotonic variation with temperature, it 
is reasonable to interpret channels 2 and 3 as constant.

Figures 43 through 46 show slope variations with mission (baseplate) temperature (at patch 
low). Variations are generally smaller over the full range of mission temperatures than over the 
full range of patch temperatures. Again channel 2 shows very little change. The increase in 
channels 3,4 and 5 slope is probably due to a change in detector response at increased background 
flux levels that accompany increased optics temperatures.

Figures 47 through 50 show quadratic variations with mission (baseplate) temperature (at 
patch low). Assuming that variations should be monotonic with temperature, it is difficult to attach 
significance to these variations. The relatively large size of the error bars also supports the 
interpretation that the quadratic coefficient is unaffected by mission temperature.
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6. SIGNIFICANCE OF THE QUADRATIC COEFFICIENT

For HgCdTe photoconductive channels 3, 4 and 5, a slight detector saturation mechanism 
called Auger recombination leads to a quadratic response at high detector photon flux loadingsJ7! 
Based on maximum flux levels of up to 1016 photons/sec/cm2, up to a 0.3% nonlinearity can be 
expected. This is approximately what is measured in FTV. However for InSb photovoltaic channel 
2, no such physical detector mechanism is known to explain the observed nonlinearity. Also, no 
quadratic effect has been observed in prior development of AVHRR instruments which also use 
InSb detectors. Hypotheses for the channel 2 nonlinearity include: a nonlinear preamp feedback 
resistor; and inaccurate relative spectral response; large amplitude high frequency noise; a 
calibration error in target temperature sensors; and a thermal gradient into the surface of the 
calibration target.^

The thermal gradient hypothesis is based on the idea that a finite thermal conductance 
between the embedded target temperature sensors and the target radiating surface, as shown in 
Figure 51, leads to a temperature difference between the directly sensed temperature and the 
radiation emission temperature due to radiation exchange with the ambient surroundings. In Figure 
51, Q indicates the thermal conductance and R(T) indicates radiance from a surface at temperature 
T. The temperatures of the target sensor, the emitting surface and the ambient surroundings are 
indicated by Tt, Tc and Ta, respectively. The general characteristics of target temperature error as 
a function of target radiance as shown in Figure 52 are suitable to generate the observed quadratic 
calibration coefficient. In addition, the target gradient hypothesis has attracted interest because 
there is reason to believe that the SN03 calibration targets were constructed without adequate 
thermal conduction between the temperature sensors and the emitting surface. Imager SN02 
calibration using a different target did not show this channel 2 nonlinearity, although these results 
are somewhat difficult to interpret due to higher levels of instrument noise.

Such a target thermal gradient would result in a systematic error in the quadratic coefficients 
which are determined for all channels. A correction for this error could be made by assuming that 
channel 2 response is exactly linear between zero signal at zero target radiance and the measured 
signal at a target radiance corresponding to the temperature of the ambient surroundings. The 
adjusted linear radiance is less than the original quadratic radiance fit for hot targets, while it is 
greater for cold targets. Figure 53 shows the adjustment to target channel 2 radiance (for the case 
of 2a/1 mission high patch low) required to make channel 2 exactly linear as previously described, 
along with the radiance difference per K for this channel. Figure 54 shows the resulting target 
temperature error (adjusted - original) as a function of target temperature. In addition to results 
for the typical case of mission high patch low, results for test conditions corresponding to the 
maximum and minimum quadratics are also shown. The target temperature error is very similar 
for each case. The maximum error is about -0.25K for a 320K target. Note that by construction, 
there is essentially zero error at an ambient target temperature of about 290 K.

Table 3 shows the resulting adjustment to the measured quadratic coefficients for mission 
high patch low. Channels 4 and 5 are most affected, with the channel 5 quadratic becoming 
essentially zero. The overall desirability of this adjustment is still uncertain, and possibly can only 
be resolved by an independent radiometric measurement of the ECT.
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Figure 52. Target thermal gradient temperature error characteristics.
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TABLE 3

Mission High, Patch Low, Adjusted Quadratic Coefficients

---------------------=-------
Channel # Measured O Adjusted O

3a/1 3.5 E-8 0

3/1 1.8 E-6 1.2 E-6

4a/1 3.7 E-6 1.2 E-6

5a/1 3.2 E-6 0.4 E-7
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7. DRIFT NOISE AND FREQUENCY OF SPACE CLAMPS

7.1 BACKGROUND

The Imager performs space look and clamp operations tQ reduce the effects of low 
frequency drift on channel noise. In the full disk imaging mode, space clamps are made at the end 
of each 2.2 sec EW scan line. In the small area imaging mode, space clamps periodically interrupt 
imaging to scan to space. The more frequently space clamps are performed, the lower the resulting 
noise. However, more frequent space clamps also result in increased time needed to scan a given 
area. The actual frequency of space clamps should be determined by a tradeoff between the desired 
scan times and the allowable levels of channel noise.

Table 4 summarizes the Imager measured scan NEDT and low frequency drift 
characteristics. Drift characteristics have been obtained according to the method described below. 
Using approximately 96 seconds (219 samples) of detector noise data, power density at nineteen 
frequencies is computed with a computationally efficient wavelet algorithm.^9! We used the Haar 
wavelet basis. Using an iterative maximum likelihood method, a 1/f function is fitted to the 19 
wavelet coefficients. The 1/f function is described by three parameters: knee frequency, slope and 
white noise.

TABLE 4

Imager NEDT and Low Frequency Noise Status

CHANNEL 2a 2b 3 4a 4b 5a 5b

SPEC NEDT (K) 1.4 1.4 1.0 0.35 0.35 0.50 0.50

Scan NEDT (K) SN02 Mission N, 
Patch L, Side 1

0.23 0.19 0.35 0.22 0.20 0.47 0.48

Scan NEDT (K) SN03 Mission N, 
Patch L, Side 1

0.16 0.17 0.12 0.09 0.09 0.15 0.16

1/f KNEE FREQUENCY (Hz) 2.3 8.5 329. 249. 185. 101. 83.

The standard ITT IR drift post processing is intended to simulate the OGE data processing. 
Predictions of the NEDT levels corresponding to 2.2, 9.6 and 36.6 second space clamp intervals. 
Unfortunately, errors in the ITT computer code make the predicted SN03 NEDT levels larger than 
they actually should be.

12 SCAN TIMES FOR VARIOUS SPACE CLAMPS

The time required to scan a small area frame consists of time required to image and time 
required to perform space clamps. The following time allocation for scanning a 3000 km x 3000 km 
centered frame performing space clamps at 9.6 s intervals has been developed by E. Koenig, ITT.
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In reading this list, it is helpful to know that 3000 km occupies 4.81 deg from geostationary altitude 
and requires 375 NS lines; the Imager scans 20 deg/s EW and 10 deg/s NS; and 8 deg is required 
to slew to space. In the list, I indicates time allocated for imaging functions and S for space clamp 
functions.

Initial space look and clamp:

s over and back (10.4-2.4)x2/20 0.80 s
s turnaround at space 0.20 s
s settle at start location 0.50 s
I 3 turnarounds (3x0.2) 0.60 s
I 375 scan lines (365x4.81/20) 90.19 s
I 375 turnarounds (375x0.2) 75.00 s

Number of space looks (N=25):

S over and back (2Nx8/20) 20.00 s
S invalid lines (4Nx4.81/20) 24.05 s
s turnarounds (5Nx0.20) 25.00 s
I retrace to start (4.81/20 + 4.81/10) 0.72 s
I settle after slews (0.5 + 2.) 2.60 s

time required for space clamps 70.6 s
time required for imaging 169.1 s
total frame scan time 240.4 s

This time allocation can be generalized for different space clamp intervals, with the results 
shown in Figure 55. If space clamps were performed at 36.6 s rather than 9.6 s intervals, time 
required for imaging would remain constant at 169.1 s, time required for space clamps would reduce 
to 15.9 s and total frame scan time would reduce to 185 s, an overall time savings of about 25%.

7J PERFORMANCE IMPACT OF SPACE CLAMP FREQUENCY

The change in noise counts resulting from moving from 9.6 s to other space clamp intervals 
can be estimated by analytically passing 1/f noise of various knee frequencies through a filter 
equivalent to the space clamp timing. The results are shown in Figure 56, with T indicating the 
space clamp interval. Channel 3 has the highest knee frequency (about 300 Hz) and thus is most 
affected by the space clamp frequency. The noise penalty for channel 3 for moving from 9.6 sec 
to 36.6 sec is about 5%. The noise penalty for channels 2, 4 and 5 would be slightly smaller.

7.4 SUMMARY

The small amount of low frequency noise present in SN03 Imager makes the option of 36.6 
sec space clamps during small frame imaging attractive. Compared to 9.6 sec space clamps, noise 
would increase by generally less than 5% while scan times would decrease by approximately 25%.
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APPENDIX A

IMAGER IR SCAN STANDARD REPORT FORMAT DESCRIPTION

The Imager IR scan Report (IIRR) software generates a summary of the Imager calibration 
from the IR scan test. The format of the IIRR output is concise and provides all of the relevant 
results of the test in both graphical and tabular form. All seven of the IIRR reports are in the data 
package (Appendix A1 - A7). The plots and tables are labeled for the first mission and patch 
temperature. The following is a brief explanation of the format of the report. The format 
described below for the first section is repeated in each of the seven sections.

Figures Al-1 through Al-4 are the linear fits and the measured data plotted on a radiance 
versus relative mean counts axis. These plots quickly verify the proper data was processed and that 
there were no gross anomalies in the data. They also show how much of the dynamic range is being 
used for each detector at a given sensor condition.

Figures Al-5 through Al-8 are the residues of the linear and quadratic fits. The y-axis is the 
residue as a percentage of the peak scene radiance and the x-axis is radiance. In smaller print at 
the bottom and top of the plot are the truncated ECT temperature and the truncated relative mean 
counts for each data point. At the far right of the plot, centered around zero, is the NEDN of the 
320K point plotted as a percentage of peak radiance. This gives a sense of the single sample noise.

Table Al-1 summarizes the noise and residue statistics. The first column is the detector 
number and side. The second column is the measured NEDT at the ECT temperature tested 
closest to the specification temperature. The next column is the specification NEDT and 
temperature. The fourth column is the peak linear residue as a percentage of the maximum scene 
radiance with the next column being the specification. On the residue plot, this would correspond 
to the black circle furthest from zero. The sixth column is the root mean squared (RMS) of the 
linear residues as a percentage of the maximum scene radiance. The next column is the peak linear 
residue in radiance units. The eighth column is the peak quadratic residue as a percentage of the 
maximum scene radiance. The ninth column is the RMS of the quadratic residues as a percentage, 
and the last column in the peak quadratic residue in radiance units.

Table Al-2 lists the linear and quadratic fit coefficients with their standard errors. The units 
for the parameters are; radiance for gammal and gamma2; radiance/count for ml and m2; and 
radiance count2 for R.

Table A1-3 lists the run numbers that were processed in the report, the dates and times of the 
test runs, and a subset of the telemetry. The temperatures listed in the table identify the sensor 
state and can be correlated with sensor performance.
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APPENDIX Al. IMAGER IR SCAN REPORT

GOES SN03 IMAGER

MISSION TEMPERATURE - LOW 

PATCH TEMPERATURE - LOW
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APPENDIX A2. IMAGER IR SCAN REPORT

GOES SN03 IMAGER

MISSION TEMPERATURE - LOW 
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APPENDIX A5. IMAGER IR SCAN REPORT

GOES SN03 IMAGER

MISSION TEMPERATURE - NOMINAL 

PATCH TEMPERATURE - HIGH
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APPENDIX A6. IMAGER IR SCAN REPORT

GOES SN03 IMAGER

MISSION TEMPERATURE - HIGH 

PATCH TEMPERATURE - LOW
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