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E 1 INTRODUCTION

, This is a report on the calibration of the Flight 1 Model

Thematic Mapper. It is divided as follows:
Page
1. Introduction. . . . . . . v ¢ v v v v v v v h e
2. Spectral Response . . . . . . e e e e e e e e e i
4 3. Radiometric Calibration of Bands 1-5 and 7, . . . . . 32
4., Radiometric Calibration of Thermal Band 6 . . . . . . 52
: 5. Square Wave Response. . . .« . ¢ v v v v 4 o v v v . 66
6. Line Spread Profiles and the White Light Leaks, . . ., 73
X 7. Coherent Hoise. . . « . « « ¢ v v v v v v o 4 h e e 155
! 8. The Scan Profile. . . . . . . . v . ¢ v o v v v v .. 157
. Commands and Telemetry. . . . . . . « « ¢ v v v 4+ & 224
The body of the report summarizes the calibration data, some

of which is attached. The more voluminous data are bound separately
and fewer copies were made. These will be available at GSFC or SBRC-*
[ upon request.

Table 1.1 lists all the references.
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Reference

1.1

**1,2
*2.1
*2.2
*2.3
*3.1
*3.2
*4.1
*4.,2
*4.3
*4.4
*6.1

**6.2

**6.3

*%6.4

**6.5

**6.6

*%6.7

**6.8
*6.9

8.1

*8.2

*%9.1
**Q,2

HS236-8162
H5236-7873
HS236-8084-2
HS236-8151
HS236-8101
H5236-7398-1

HS236-9042
HS236-8167
HS236-8043

HS236-8163
HS236-2080

HS236-1891

H5236-1887

HS Ref. #D4596

TABLE 1.1 - References

Title

"GSFC Specification - Thematic Mapper System
and Associated Test Equipment"

"Flight Model Preshipment Review"
"F-T TM System Relative Response" C. J. Kent
"TM Spectral Matching" M. J. Grady
"Spectral Matching Test Rasults, 2nd Revision" J
"48" SIS Calibration Data for Flight Model TM" J. Walker
"TM ACO2R Test Result Summary Flight 1 Model" J. Lansing & J. Walker
"BL-10 Clarifications (Revised" W. Shockency & J. Lansing

L

J

d

J

Author

. Lansing

"Thematic Mapper Thermal Band Radiometry" . Linstrom
“TM F1 Band 6 Calibration for Ground System" . Lansing
"TM F1 Band 6 Calibration" . Lansing
"TM ACO7R Test Result Summary, Flight Model Number 1" . C. Campbeil
“TM PFPA Flight Band #1 S/N 401"

"TM PFPA Flight Band #2 S/N 401"

"TM PFPA Flight Band #3 S/N 401"

"TM PFPA Flight Band #4 5/N 401"

“Thematic Mapper Band 5 Cold Focal Plane Flight S/N 201"
"Thematic Mapper Band 6 Cold Focal Plane Filight S/N 201"
"Thematic Mapper Band 7 Cold Focal Plane Flight S/N 201"
"Light Leaks in the Prime Focal Plane Assembly-II"

“Thematic Mapper Scan Mirror Assembly Flight -1 Model
Unit Acceptance Test Data Package"

“Thematic Mapper SMA Along-Scan Profile Review-Meeting
of July 17, 1980"

"Thematic Mapper Telemetry Handbook"
"Thematic Mapper Command Handbook"

D. Brandshaft
N. J. Constantinides

P. R. Prince

Janice Takeda
Janice Takeda

*indicates a reference that is included in this report.
**indicates a separately bound reference that was sent with this report.

e .xff.i

Date
4-78

9-23-82
3-1-82
7-21-82
10-25-82
8-9-82
6-25-82
5-8-83
12-8-83
12-2-82
6-29-82
11-19-81
10-5-81
8-28-81
10-5-81
3-15-82
4-15-82
3-15-82
11-19-82
3-24-81

4-9-80

7-80
12-80



2—- SPECTRAL RESPONSE

The T™'s spectral response was computed from the spectral
response of its components. The results of this computa-
tion are presented in reference 2.1.

Spectral response data must be used in the rac. -metric
calipration of the ™ (see section 3). The spectral
response curves given in tables 3.1 =-3.6 were generated
for this purpose before the more thorough calculations
in reference 2.1 were complete. The small differences
bpetween the two sets of curves do not have a significant
effect on the radiometric calibrations.

The uniformity of the spectral responses of the detectors
within a band is specified in reference 1.1. as follows:
"After system calibration, the peak-~to-peak signal vari-
ations between c¢hannels within any of the first five -
bands and band seven, when all channels of a band are
viewing the same scene radiance, shall be less than 4.5
percent of the minimum saturation levels (see 3.2.9.4)
for the two test conditions whose parameters are diven
in Table IXI. For the first test condition the radiance
varies linearly between the levels specified for the
"lower band edge"” and the "upper band edge”. For the se-
cond condition the radiance of the scene is wavelength
independent at the levels specified in the "flat" column.

TABLE 111
Spectral Minimum
Radiance at Radiance at In Band Saturation levels
Band Lower Band Edge  Upper Band Edgze Flat Radiance From 3,2.9.4

No, (mw/em -5r=em) (mw/cmi~sr-m)  (mw/em®-st) (mw/cmz-sr)
1 5.7 10.0 0.45 1,00
2 9.9 2.1 0.77 2,33
3 3.2 7.8 0.25 1.35
4 13.2 14,1 1.93 3.00
5 2.3 1,7 0.40 0.60
7 0.47 0,41 0.12 0.43

The spectral matching test is briefly described in refer-
Test results are presented in reference 2.3.

ence 2.2.

Bands 1 and 4 do not appear to meet theilr spectral

matching specifications.
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SUBJECT:

Ref. 2.1
SANTA BARBARA RESEARCH CENTER
A Subsidiary of Hughes Aircraft Company
INTERNAL MEMORANDUM
5. L. Engel cC. 2ata Bank DATE:
Cptics File
Distribution REF-
F~1 TM System Relative FROM:
Spectral Responsa
BLDG.
EXT.

November 1982

2221-729
HS236~81l62
C. J. Kent

Bl]

6268

MAILSTA. 78

Rer: HS236-7213, T.M. System Spectral Response

Relative spectral response curves have peen analytically obtained
for the Flight 1 T.M., to satisfy the ACOl spectral coverage test,

bv using data taken from system component measurements.

A descrip~

“izn of the metheds usad in deriving this data and a consideration
oI the adequacy of the calculated spectral response in fulfilling
the obiectives of ACO0l are detailed in the referenced memo, HS236~

7213,

Filter and detector response values (with the exception of the

Band 6 detectors) are the same as used for proto flight calcula-
tions. The values were obtained from witness sample({s) represen-
tative of all components in a single lot. All of the TM filters, for
each spectral band, were cut out of a single large substrate. Sim~-
ilarly, the detectors used on the F-1 model were from the same
manufacturing lot as those used on the P.F. model (with the excep-
“ion of Band 6). The scan mirror data used in the calculations is
data measured on SLC mirror samples {as was done in the P.F. model
calculations). Relay sphere response data is alseo the same as used
in P.F. calculations since all the spherical relay mirrors are from

a single coating lot. All of the remaining system components have
unique response data which were used in the calculations.

Table 1 is a summary of the optical throughput for each band. Table 2
is a summary of the lower and uppe:r band edges (relative 50% points).
The a + bA correction f:ctor has not been used in the calculations.

Following Table 2 are plots of the relative spectral response in
each band for A) the entire system, and B} the optics only, i.e., no
filter or detector. Also attached are the points used in plotting

each curve.
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T.M.

FLIGHT 1 MODEL

AVG. THROUGHPUT OPTICAL TRANSMISSION

.\‘\\*\\‘“Eéffxﬁ*ﬁ 1 2 U3 4 s | 5 7
COMPONENT A5-.52{.52-.60|.63-.69{.76-.90{1.55-1.75(16.4~12.5(2.08-2.35{ um
Scan Mirror 960 .950 .951 . 950 . 968 .947 .972
Priméry Mirror .951 .959 .969 .974 .98¢4 .955' .976
Secaondary Mirror|.951 . 959 .969 .974 . 984 .955 .976
sLC :.960 | .950 | .951 | .9s0 .968 .947 .976
Mirrors (2) l.964 .958 .961 .964 371 L5830 g .9876
Filters |.920 | .945 .900 | .950 .850 .800 .850
(Band width-aA) | .066 .083 .069 .130 .216 1.199 .250
Spherical
Relay Mirror - - - - . 959 .972 . 967
Folding Mirror - - - - 972 .980 .973
Ambient Window - - - - .972 .962 .984
Dewar Window - - - - .982 .965 .998
Throughput .739 . 751 .734 .784 .666 .530 .693
TABLE 1
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T.M. PLIGHT 1 MODEL

SPECTRAL BAND COVERAGE SUMMARY

. Lower Band'Edge' Upper Band Edge Bandwidth
Band (Rel. 50%) (Rel. 50%) g AX
um pm um
1 L4522 .5178 .0656
2 .5280 .6095 .0815
3 .6263 .6933 .0670
4 7760 .9045 .1285
5 1.5674 1.7840 .2166
6 10.45¢00 12,4300 1.98400
7 2.0971 2.3490 .2519
Table 2
4
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TO:

SUBJECT:

Ref. 2.2
SANTA BARBARA RESEARCH CENTER
A Subsidisry of Hughes Aircraft Compeny
INTERNAL MEMORANDUM
J. B. Zoung cc: Optics Tile DATE:
R. V. Howitt Data Bank (6)
REF:
TM Spectral Matching ERON:
BLDG.
EXT.

March 1,

2221-520
HS236-7873

M. J. Grady

1982

Bll mamLsTa. 78

6269

In the proposed spectral matching test the Thematic
calibrated using the 48" inctegrating sphere, and is
with a scene
source at the focal point of Collimator #3. The des
radiancze of this scene was determined as follows.

radizance of different spectral shape using a

Mapper is first
then presented
filtered
ired spectral

On the basis_of

the spectral radiance curve for the %8" integrating sphere, (figure 1),
the derivative of the radiance in each spa2ctral band was computed )

assumiag closest linear fit.
modeliag dL/dA (where L = spectral radiance).

Shaping the scene radiance amounts to
Guidelines for doing

tiis .were taken from Table III of the GSFC Specification "Thematic

Mapper System and Associated Test Equipment.”
from this table is the difference

Ziven band. Figure 2 depicts dL/dA characteristics

The criterion taken
in dL/d) between two scenes for a

for the large

sphere and the desired characteristics of the collimator, om the

basis ¢f zhe normalized GSFC spec criterion.
resulting spectral radiance.

Figure 4
inserticn of filters, given the data in figure 5.

Figure 3 shows the

gives tha spectral radiance of Collimator #3, prior to
The table below

gives the cdesired filter characteristics as well as the filters
chosen.
Desired Actual
Transmission Transmission
Ratio Between Ratio Between
Band A(um) End Points Filter Chosen End Points
1 .45= ,52 1: .83 Coraing 4-70 l1: .81
2 .52- .60 12 .78 Corning 1-57 1: .80
3 .63- .69 1l: .46 Corning 4-69 l1: .44
4 .76= .90 1: .41 Schott KG2 1: .39
5 1.55-1.75 1:1.38 Corning 4-67 1:1.32
7 2.08-2.35 1:1.56 Corning 5-59 1sX.S7

Figure 6 displays the transmission curves for the above filters.
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March 1, 1982
J. B. Young 2221-520
R. V. Howitt -2- HS236-7873

TM Spectral Matching

It should be noted that the last column above represents nominal
catelog values only. One of these filters is presently in-house
(Corning 1-57); the rest will need to be ordered.

Figure 7 shows the test layout. The TM is oriented with its
optical axis at 30° to the normal of an 18" flat which folds the
collimator output. The flat is removed and the 48" integrating
sphere placed in position. After calibration, the 18" flat is
set back in place and measurements are made using the collimator
output. After initial alignment, it will not be necessary to
move the TM during the test.
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Michael J. Grady
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Ref. 2.3
DRIGINAL PAGE IS
OE POOR QUALITY
S AN T A BARDBARA RESEARCH CENTER
A Subsidiary of Hughes Aircraft Company
INTERNAL MEMORANDUM
TO: J. ENGEL CC. L. O‘CONNELL DATE: 21 JULY 1982
T. SCIACCA REF: HE236-8084-2
SED 152-1

=7: SFECTRAL MATCHING TEST RESULTS
SEC

OND REVISION EXT: 6261

FROM: J. LANSING
BLDG: B1i1i MS: 40

]
Al
m
rid
O
m
*

M. Grady, "TH Sgectral Matching.,"
HS236-7873, 1 March 1982° o
M. Dougherty, "Rstionale For Replacing
ACO1, S8pectral Coverage Test. ™
HEZ236=1727, 18 January 1980.

n

Testing conforming toc Reference 1 appeared toc give
cut—of—specirtication tesults attributable to spatial
non—uniformity in +*he saurce rather than spectral
response differences. A variant of the test was devised
to separate out the spectral respocnse efrect. In ¢his
test, the same data as before are taken with the
filtered source . mounted in the collimator and then a
second set of data is taken with the spectral filter
removed (the signal level is adjusted with neutral
dsensity filters). The data are signal levels in MUX
counts, which are c¢onverted to effective spectral
radiance, using gains and offsets frem ACO2 calbration.
To satisfy +the spectral matching requirement. %the
difference between the radiance values with and without
the spectral filter should be nearly the same for each
channel in a band. The minimum channel difference is
subtracted +from the maximum channel difference to give
an errtar quantity which is expressed as a percentage of
the minimum saturation level.

Ancther correction +o <The error quantity is
necessary to account for the fact that the dirfference in
spectra for the collimator with and without the filters
does not contform to the specified values, as interpreted
in Reference 1. M. Grady reviewed the collimator and
filter spectral data and provided correction Tactors as
needed. The re2sults are summarized in Table 1. Test .1
and Test 2 were run according to the initial plan with a
Trealignment between the tests to correct a suspected
vignetting condition. Test 3 was the variant test just
described. The +test 3 data were reduced only where
mecessaTy., for *the bands not within specification. The
"test 3 corrected" numperes used the correction factors
mentioned above. Band 5 correction was determined to be
:n & direction %o reduce the quantity, which was already
small enough that further calculation was dropped. The

‘Tinal wvalue" column simply summarizes the test of the

- A s A S8 e -

- ®
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T3cie.

Bands 1 and 4 are outside

reguirements. Assuming

sescribed hetTe are valid,

RereTence 2

The detectors and filters were fabricated using the

iatest tecnnclogu. s0

improvement could be made.

the specistication

that the tests and analysis

1t is not known that any

Table 1. Spec=zrzl matching summary:
Maximum channel=to—channel variation

Zand Test 1  Test 2.
FERCENT

1 - C. 89

2 0. 54 0. 45

2 0.30  0.35

4 1.76 1. 50

- +* 0.73

7 * 0. 42

+«Bad data

*+%*Data not reduced

**%* Numbers revised

Test 3 Test 3

corrected

0. 80 0. 46 ***

P8
0. 62 1.74: %**
0. 11

Recommendation:

use as 1is.

Final
value

. 46 ***%

. 45

O O O

.39

[

. T4 k¥

/U. Lansing

~ -

W

the detector arrays and band
filters are the items which are possible sources of the

variasions. These are discussed in some detail in
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3 ~ RADIOMETRIC CALIBRATION OF BANDS 1-5 and 7

Absolute radiometric calibration of the TM reflected 1ight bands proceeds
through 4 steps:

1) Calibration of the 48" integrating sphere.
2) Calibration of the TM against the 48" integrating
sphere in air.
3) Calibration of the external calibrator against the TM in air.
4) Calibration of the TM against the external calibrator in air
and vacuum.

The last two steps are required because the TM's radiometric sensitivity
changes when it goes from air to vacuum. This vacuum shift is caused by
the outgassing of the multilayer coatings on the TM's mirrors and band-
pass filters. The external calibrator has fewer coatings in its optical
system and they are thinner than those in the TM. Thus, the external
calibrator should not have a significant vacuum shift.

The results of step 1 were reported in reference 3.1. The measured values
of the spectral radiance from the integrating sphere as a function of wave-
length and radiance Tevel are given in table 3.7. This data, together with
the relative response data given in tables 3.1 -3.6 was used to calculate
the band average spectral radiance from the integrating sphere as a function
of radiance level and spectral band. The results are given in table 3.8.
Finally, the values in table 3.8 were multiplied by the nominal bandwidths
of spectral bands to yield a nominal in band radiance as a function of
radiance Tevel and spectral band. These numbers are given in table 3.9.

(The relative response information in tables 3.7 -3.6 was calculated from
measurements of the spectral responses of the TM's components, e.g., mirror
reflectivities, filter passbands, and detector responses. A more definitive
calculationg was performed after the data in tables 3.1 -3.6 was compiled.
The results of this calculation are given in reference 2.1. The difference
between the two calculations are negligible in this context.)

Step 2 has been repeated six times.

Test Date Location T Power Supply Used
- A July '82 SBRC Primary
Ea B Oct. '82 GE Primary
= C Jan. '83 GE Redundant
D Jan. '83 GE Primary
™ E°  Aug. '83 GE Primary
&> F  Sep. '83 GE Primary
= The change observed over this test series was:
b* Band ' Percent Change
» 1 -6.0
E’ 2 4.6
= 3 -4.7
4 -1.8
g 5 0
» 7 +1.3
32
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Reference 3.2 repurts on the results of the first of these tests,
signal to noise measurements, and data from the on board calibrator
(OBC). Data is presented in both tabular and graphic form. The
primary data from step 2 is a table of TM channel outputs vs integ-
rating sphere radiance level. The data for all four tests is re-
ported in tables 3.10A -3.19D. Tables 3.71A -3.11D give the results
of straight 1ine fits of channel output vs band average spectral
radiance. Gains are given in units of (mux counts/{(mW/cm*=sr-um)
and offsets in mux counts.

The 0BD can be run in either of two modes, normal mode and backup mode.
In normal mode the calibration Tamp outputs are held at one of eight pre-
set Tevels by a photodicde based feedback locp. In backup mode each
calibration Tamp is driven with a preset current. In either case the
0BC shines a calibrated Tight into each detector every time the shutter
passes over the focal plane. Thus, the detectors see a pulse of light
once each scan and the height of the pulse serves to calibrate the TM.
Ideally, the calibration pulse would rise to a maximum intensity, stay
at this maximum intensity for some period of time, then fall off to zero.
The actual calibration pulses do not show this "flat topped” behavior.

As a result, the observed pulse height depends on the measurement algorithm.
The measurement algorithm used at SBRC is this:

Al1 data samples are collected from a window or portion of the scan
which includes the entire calibration pulse. The largest data sample
is found and muitiplied by a fraction F. The data samples closest in
value to that product are found and assumed to represent the pulse edges.
The sample halfway between those samples and the N samples on either side
of it are averaged to give the pulse amplitude. N is selected to avoid
the pulse edge region. See figure 3.1.
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Drifts in the OBC calibrations were observed during thermal vacuum
testing of the flight model Thematic Mapper. These appeared to track
with the temperature of the Mapper. Correlation analysis of the 0BC
calibration data and several temperature measurements inside the
Mapper was done. The best correlation was obtained using shutter
flag termperature. The visible bands (1-3) had the highest correl-
ation with correlation coefficients of greater than 0.95 except for
the odd detectors of band 3 which were around 0.9. Band 4 and Band 5
odd detectors had correlation coefficients ranging from 0.82 to.0.93.
Band 7 and the even detectors of band 5 had poor correlations of less
than 0.8. See Table 1.

Correction of calibration data as a function of shutter fiag temper-
ature resulted in a significant improvement in the standard deviation
across 20 to 30 calibrations as shown in Table 2. Uncorrected cali-
bration deviations ranged from 0.9% to 3.4%. Corrected calibration
deviations ranged from 0.3% to 0.7%, the typical improvement being a

factor of 3. Band 7 showed poor calibration using the O0BC with standard

deviations of approximately 30%. Corrections were not performed on
channels having a correlation coefficient less than 0.8.

~ The results of 3.12 are presented in Table 12A & B.
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2

: WAVELENGTH RELATIVE WAVELENGTH RELATIVE ‘
; {um) RESPONSE (1m) RESPONSE .
(%) (%) ;
: 0 419 0. 07 0. 422 24, 45
> 0. 423 0. 0% 0. 494 97. 83
0. 428 0. 20 0. 435 98, 10
0. 432 0. &0 0. 498 98. 37
. C. 436 1, 70 0. 300 99, 13
0. 440 3. 71 0. 502 100, 00
C. 442 4,72 0. 504 32, 74
0. 444 5.79 0. 504 5. 45
| C. 446 7. 47 0. 508 8%, 24
C. 448 i5. &8 0. 509 83. 11
* 0. 450 33,99 0.5t . 78. 94
C. 452 47.52 0. 513 75. 81
0. 454 58.° 69 C. 515 4B. 73
0. 454 &8, 95 0. 517 48, =2
0. 458 71011 . 0. 519 . 31.93. _
0. 460 72. 16 0. 521 13. 28
0., 4462 74.70 0. 523 g, 13
Q. 464 77.31 0. 525 &. 98
0. 464 79. 42 0. 527 5. 33 -
G. 448 - 80,98 0. 529 4, && :
Q. 470 g2, 25 0. 531 3. 98
0. 472 83. 27 0. 533 3. 30
0. 474 84, 40 0. 535 2. 62
0. 476 86. 44 C. 537 2. 04
o~ 0. 478 88. 43 0. 539 1. 82 i
&. 2480 S0. 47 0. 543 0. 92 i
0. 482 T 91,32 0. 547 0. 56 f
C. 484 2,17 0. 551 0. 48 !
C. 484 93, 04 0. 555 0. 40
Q. 488 2?4, 00 0. 559 ©. 31
0. 490 94, 93

i
1
i
*
3

TABLE 3,1 — RELATIVE RESPONSE vs WAVELENGTH FOR BAND 1
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e 3

HAVELEMETH RELATIVE WAVELENATH ELATIVE
) (um) RESPONSE (um) RESRONSE
(%) (%)
0. 501 0. 21 0. 573 0, &9
0. 505 1,25 0. 575 $0. 57
C. 509 2.33 0. 8577 0, 73
) G. 513 3, 47 0. 579 91, D4
3 0, 515 5, 44 0. 581 1. Bt
0. 517 9. 82 0. 583 92, 32
; 0. 519 16, 35 0. 585 25, 21
f 0, 52 o4, 79 O, 587 7. &8
- 0. 523 33, 41 0. 587 7e. 71
0. 525 41, 90 0. 591 99, &7
T © Q.527 a9, 99 0. 5O3 100, 00
l; G. Sa% 57. 18 0. 553 2. &
0. 331 si 42 0. 597 Q7. 57
; Q. 535 &4, 31 G, 597 G4, o8 i
[ 0. 535 &7.22- : 0. &01 88, 70 - P
: 0. 537 70. 15 0. &03 g82. 10 :
- ¢. 539 73. 12 0. &05 73,87
{ 0. 541 75. 20 0. &07 59. 01 e
I G, 543 77.20 0. 609 45, 14 o !
O. 545 79. 43 0. 611 35. 47 -
_ 0. 547 81. 53 0. 613 D4, A& i
X 0. 549 83. &7 0. 615 17. 96 ;
0. 551 84. 83 0. 617 13, 06 ;
" 0. 553 85. 94 0. 419 3. &9
1'~- Q. SES = 0. 601 7. &0 i
: 0. 557 /7. 92 0. 623 5, 49 f
. 559 B8, 70 0. &25 4. 85 |
I G. 5461 89. 83 0. 627 4, 22
i 0. 543 20. 44 0. 621 2. 92 3
0.565 %0. 50 0. 635 1. 89 f
v 0. 567 0. &2 0. 639 1. 15 i
|, 0. 5469 90. 74 0. 643 0. &9 i
0 571 0. 72 0. &47 Q.23

TABLE 3.,2 — RELATIVE RESPONSE vs WAVELENGTH FOR BAND 2
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.25
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.75
.12
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RESPONSE
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90. 59
91. 4B
9z 71
94, 17
I5. &8
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$8. 05
%2 00
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$9. E3
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57. 37
©3. B9
£3. 53" -
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. Bs
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.02
. 40
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TAELE 3.3 ~ RELATIVE RESPONSE vs WAVELENGTH FOR BAND 3
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I
a WAVELEN2TH RELATIVE WAVELENGTH RELATIVE
I (um) RESFOMSE {um) RESPONSE
&) (%)
i C.73 0. 23 0. B2 92. &1
' G. 724 0. 42 0. B4 ?2. 63
Q. 738 0. &1 a. 850 72, 53
T 0. 742 0.79 0. 854 2. 37
L & 748 1. 12 0, 958 a9, 79
0. 750 i, 87 0. B&2 86. 47
Q. 754 2, 99 0. Bos as. 50
&{ <. 758 5. 5o G. 870 8E. 7a
: G. 762 8. &5 0. 874 B85. 43
0. 7&é& 15. 83 0. 878 87. 14
f * 0. 770 27, 62 0.88% - 84, 81
: C. 774 4148 0. 885 Bi. &9
0.778 57, 04 0. 820 78. 63
* g.78a TL D0 0, B394 77,17
i§ 0. 786 85. 95. . 0. B9S . 73, 26
Q. 790 ¢3, 24 0. 902 &63. 21
0. 794 94, 96 0. 204 40. 44
%ﬁ 0, 798 9w, 32 0. 910 21, 20
s . G. Bo2 100. 00 0.%14 .45
0. BOA 992. 24 0. 918 4, 97
i 0. 810 g, 39 0. ¥22 2. 50
4 0. 814 94. 55 0. 224 i.38
C. 818 24, 7& 0. 930 0. 75
= 0. 822 93, 01 0. 934 0. 59
g; 0. 8264 21,93 0. 938 0. 42
+ 0. 830 _ 92, 06 0. 942 0. 28
0. B24 P2, 14 0. 946 Q.14
i’ 0. 838 9, 25
i TABLE 3.4 — RELATIVE RESPONSE vs WAVELENGTH FOR BAND 4
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TABLE 3.5 — RELATIVE RESPONSE vs WAVELENGTH FOR BAND 5
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2. 278
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TASBLE 3.6 ~ RELATIVE RESPONSE vs WAVELENGTH FOR BAND 7
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TABLE 3. 7A -~ SPECTRAL RADIANCE (mW/ch‘//Um/stﬂr) FROM THE 48" INTEGRATING SPHERE AS

| oorvey S ey,
A

(/um)

0. 40 2
0. 45 ()
0. 50 13.
0. 59 21.
0. &40 28.
0. 65 36.
0.70 42,
0.75 47.
0.80 S50.
0. 85 50.
0.90 S51.
0.95 50.
1. 50 24.
1. 955 23.
1. 60 22.
1. 65 21.
1.70 i9.
1.75 17
1.80 14,
2.09 8
2.10 7
2.19 7
2.20 &6
2.25 &
2.30 S
2.35 4

1

. 647
. 854

407
102
924
436
739
612
294
809
429
826
870
996
640
283
571

. 935

959

. 104
. 438
. 065
. 761
. 033
. 268
. 703

(]

2

. 293
. 212
. 927
. 155
. 901
. 263
. 241
. 060
. 452
. 936
. 480
. 961
. 335
. 811
. 654
. 459
. 9460
. 213
. 055
. 043
. 436
. 152
. 878
. 239
. 926
111

1.
4.
7.
13.
20.
26.
a1.
34.
36.
a7.
a7.
a7.
18.
17.
16.
15.
14.
12.
10.

3.

9.

9.

4.

4,

a.

a.

3

46
985
660
250
937
301
035
596
617
042
927
136
216
604
609
600
337
843
994
935
464
232
990
410
&/7
4462

[SEARARCIE I

4

. 9583
. 021
. 829
. 419
. 062
. 453
. 260
. 3195
. 041
. 413
. 853
. 9508
. 942
. 457
. &51
. 860
. 832
. 605
<191

203

. 900
. 278
. 091
. 624
. 182
. B49

RADIANCE LEVEL

NNNWOWWWNDO

)

. 198
. 095
. 024
. 428
. 191
. 610
. 977
. B921
. 250
. 600
. 027
. 782
. 452
. 296
. &b64
. 047
. 246
. 282

105
834
9515

. 359
e BTT
. 784
. 904
. 231

A FUNCTION OF RADIANCE LEVEL AND WAVELENGTH.

b

1. 1989

3. 095

b, 026

9. 428
13. 191
16. 610
19. 577
21, 871
23. 250
23. 600
24, 027
23. 782
11. 651
11. 296
10. 6464
10. 047
. 246
. 282
. 105
. 834
. 9195
. 359
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. 784
. 904
. 231
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B o

1%
2.
9.
8.
i1.
14.
16.
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19.
20.
20.
20.

~NNMUNNNWNOCNDDO0
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038
481
197
0?4
308
214
758
699
8195
0462
404
182

. 919
. 533
. 992
. 474

784
976

. 979
. 230

953

. B12
. 701

352

. 099
. 869

.-"Q

== UNNNRNUNCNNDD

{J

. 071

2491

. 374
. 870

584

. 085
. 203
. 247
. 973
. 297
. 961
. 387
. 904
. 246
. B15
. 363
. 787
. 084

246
818

. 9795
. 168
. 391

074
815

. 635

b b b b e
alafiotatat Lt E-E-RHE&EE B R BARARARARCEEHENROEAR e

2

712
. D24
. 9464
. 934
. 701
. 687
. 433
. 7598
. 938
. 718
. 939
. 788
. 771
. 903
. 144
. 790
. 325
. 778
. 120
. 214
.013
. Ra22
. B854
. 642
. 410
. 273

(NOTE LEVELS 5 AND & ARE IDENTICAL.)

ot o o 7S I 7 - RN I |

10

. 408
. 270
. 504
. 002
. 596
. 120
. 453
. 923
. 210
. 453
. 690
. 601
. 215
. 121
. 854
. 588
. 245
. 809
. 291
. 772
. 623
. 554
. 471
. 265
. 141
. 027
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e
L

A
(Pm)

. 40
. 45
. 90
. 99
. 60
. &5
70
.79
. 80
83

.99
. 90
. 99
. 60
. 69
.70
.79
. 80
.09
10
19
. 20
. 29
.30
.39
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TABLE 3.78 - SPECTRAL RADIANCE (mw/cma'bum/ster) FROM THE 48" INTEGRATING 8SPHERE AS
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448
158
. 287
. 665
. 127
. 524
. 738
. 736
. 375
. 617
. B34
. 761
. 807
. 725
. 482
. 232
. 915
. 514
. 027
. 631
. 499
. 433
. 347
176
. 053
0. 945
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14

. 247
. 642
. 261
. 016
. 802
. 9563
. 249
. 784
. 131
. 261
. 389
. 344
. 662
. 973
. 441
. 311
. 131
. 916
. b61
. 895
. 819
. 771
. 730
. 656
. 960
. 499

RADIANCE LEVEL

OO0 0000 rmrelRNNILII2DIDPRWUN==0O0

15

. 210
. 910
. 065
. 702
. 365
. 007
. 590
. 046 |
. 346
. 458
. 968
. 939
. 264
. 187
. 074
. 969
. 816
. &35
. 423
. 763
. 694
. 662
. 620
. 955
. 479
. 436

A FUNCTION OF RADIANCE LEVEL AND WAVELENGTH.
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. 169
. 437
. 865
. 382

215
433

. 211
. 285
. 937
. &37

734

. 712
. 865
. 799
. 708
. 620
. 496
. 350
. 174
. 633
. 980
. 944
. 924
. 466
. 399
. 399

17

0. 160
0. 119
0. 810
1. 286
1.799
2. 290
2. 723
3. 046
3. 237
3. 277
3.334
3.290
1. 618
1. 558
1.475
1. 394
1.288
1,153
0. 991
0. 534
0. 481
0. 463
0. 450
0. 347
0. 337
0. 306

-——

CO0OPCOOOOOrRrHENNNNNN~~OOOD
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. 1320
. 307
. 973

A9
330
&H94

. 008

257
101
141
478

. 449
. 209

163

. 103
. 040

258
858
726
393
a57
343
326
278
249
223
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. 078
. 209
. 396
. &34
. 883
. 130
. 338
. 499
. 994
. 6249
. 651
. 633
. 797
. 774
. 733
. 691
. 6359
. 966
. 487
. 262
. 239
. 227
. 206
. 190
. 161
. 139

O000000O00OO0O00O00C0O00OO0O00OCO0OO0OC
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041

. 103
. 200
. 320
. 451
. 974
. &80
. 761
. 808
. 821
. 834
. 827
. 399
. 387
. 3bé&
. 345
. 320
. 285
. 249
. 130
. 115
. 118
. 096
. 089

080

. 076
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RADIANCE

LEVEL BAND 1 BAKD 2 BAND 3 BAND & BaND S BAND 7
1 11. 478 24,187 37. &00 S0. 606 20. 1046 &, 337

2 ?.877 20. 821 32. 170 43, 743 17. 444 9. 493

2 8. 291 17. 497 27. 190 3&., 879 14.738 4, 6465

4 b. 716 14, 252 22. 165 30. 275 12, 148 3. 829

S 2. 156 10. 924 17. 1&6% 23. 4E83 g. 489 2. 9%0

& 2. 156 10. 934 17. 169 23. 483 ?. 489 2. 790
7 . 4.450 . 381 14, 695 19. 972 7. 9946 2. 9195

g 3. 752 7. 253 12. 492 17. 1979 6. 761 2.1946

g 3. G346 &. 500 . 10,018 13. 458 o. &4469 i.721
10 2. 142 &, &34 7. 369 10. 374 4, 342 1,373
i1 1.956 4. 245 6: 721 g. 937 4, 004 i.266
i2 1.78& 3. 879 &. 167 8. 724 3. 675 1. 162
12 1. 435 3. 082 4. 894 &, 870 2. 850 0. 897
15 1. 080 2. 327 3. &7 5. 2179 2.134 Q. &8&
15 0. 211 1,944 3. 117 4, 422 1. 859 0. 5BE
ié Q. 739 1. 592 2. 523 3. 606 1. 532 0. 489
17 0. &96 1.4%0 2. 371 3. 263 1,318 0. 409
18 . 510 1.100 1.753 2. 426 0. 982 0. 302
19 0. 341 0. 735 1, 169 1. 613 0. 651 0. 198
a0 0. 172 0. 372 0. 594 0.814 0. 327 0. 097

TABLE 3.8 - BAND AVEREGE SPECTRAL RADIAMCE (mwlcma“gum/sﬁer) FRCM
THE 4B" INTEGRATING SPHERE AS A FUNCTION DF RADIANCE LEVEL.




o RADIANCE
sl LEVEL BAND 1 EAND 2 BAND 3 BAND 4 BAND 5  BAND 7
- 1 0. €03 1.925 2. 256 7.085 4,021 1. 711
] 2 0. &1 1. 666 1. 530 6.124  3.489 1. 484
oo 3 0. 580 1. 400 1. 631 5. 163 2. 948 1. 259
. 4 0. 470 1.140 1. 330 4. 238 2. 430 1.034
. T 5 0. 341 0.875 1. 030 3. 288 1.898  0.807
i & 0. 341 0. 875 1. 030 3. 288 1.898 0. 807
7 0. 311 0. 751 0.882  2.797 1. 599 0. &79
P g 0. 262 0.636 . 0.750  2.402 1. 392 0. 593
{ < 0.213 | 0.512  0.4&01 1.912 - 1.094 _ 0. 465
10 0.150 0.371 0. 442 1,452 0. 868 0. 371
. 11 0.137 0. 340 0. 405 1. 335 0. 801 0. 342
-y 12 0. 125 0.310 0. 370 1. 221 0. 735 0. 314
S b 13 0. 100 0. 247 0. 294 0. 962 0. 570 0. 242
14 0. 074 0.186& 0. 222 0. 731 0. 437 0. 165
- 15 0. 044 0. 157 0. 187 0. 619 0.372 0. 158
i 16 0.052 '0.127 0. 151 0. 505 0. 3046 0. 132
17 0. 049 0.119  0.142 0. 457 0. 264 0.110
- 18 0. 036 0. 088 0. 105 0. 240 0. 196 0. 082
i 19 0. 024 0. 059 0. 070 0. 226 0.130 0. 053
- 20 0.012 0. 030 0. 036 0.114 0. 065 0. 026
{
1, TABLE 3.9 — NOMINAL IN BAND RADIANCE (mW/cm™/ster) FROM THE
48" INTEGRATING SPHERE AS A FUNCTION OF RADIANCE LEVEL. THE
T BANDWIDTHS USED IN PREPARING THIS TABLE WERE:
T BAND 1 0.07 pm
LS . BAND 2 0.08 um
T BAND 3 0. 06 um
g BAND 4 0. 14 um
BAND 5 0. 20 um
e BAND 7 0. 27 um
d-
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CHANNEL @AINS in Counts/(mW/pm/cm /ster) Q

[

EARD BAND BAND BAND BAND BAND ;

1 2 3 4 5 7 ;

CHAN 1

1 16, 70 8. 31 10. 65 11.14 79.08 145 &1 ;

2 1&.83 8.27 10.78 11.09 7B.20 144 45 K

3 17.05 8.2 10.67 11.01 78.65 145 &4 i

4 16,81 8.25 10.74 10.95 78.28 145 0% ;

5  17.11 B.27 10.&4 11.0&6 78.72 134 4% ;

&  16.77 8.23 10.60 11.28 78.70 144, 32 :

7 17.02 B.25 10.51 11.04 7B, 11 134.0% |

B 16.84 8.33 10.49 11.14 79.55 135 &7 {

? 14, 89 8. 23 10. 5% 10.94 78.72 145 61 ?
10 16 95 8.28 10.67 11.17 79.35 145 3&
11 14. 2 8. 31 10. 96  11.0&6 79.33 1i& 72
12 16.95 §.234 10.72- 11.05 79.22 134.08
12 146,91 .27 10 6t 11.04 79.74 133, 74
14 16,77 .8.25  10.72. 11.06 78.34 135 97

15  1& B89 8.-33 10.47 11.02 78.74 145 Ba ;

16 & 72 2.20 10.76 11,11  7%.03 145 .44 §

CHAMNHKEL OFFSETS in Counts

BAND BAND BAND BAND BAND BAND .

1 2 3 4 5 7 b

CHAN |

1 2. 36 2. 38 2. 53 273 3.27 3.72 ‘
2 1. 97 1.73 2. 06 1. 94 3. 03 3. 10
3 1.8%9 1.95 2. 07 2. 37 2.9% 3. 15

4 1.87 1. 70 1.83 i.98 3. 07 3. 13 ,

5 1.79 1. 43 2. 00 2.03 2. 94 S. 0B ;

& 1. 99 1. %94 1.89 2.26 3. 09 3.13 .
7 1,78 1. 64 2. 0% 2. 65 2. 93 3. 03
8 2.03 1.81 1. 96 2. 14 3. 27 3. 15
g 1. 47 1. 80 2. 15 2.23 3. 00 2. 97
10 1.7%9 1.79 1. 96 1.97 3.20 3. 04
11 1. 60 1.93 2. 05 2.32 2. 95 3. 06
12 1.73 1.71 1.92 1. 94 3. 04 2.94
13 1.75 1.71 1.94 2. 02 2. 93 2. 84
14 1.91 1.74 1.95 212 3.17 3. 19
15 1. 45 1.74 1.57 2,10 2.92 294
16 1.85 1. 64 1. 98 2. 02 3. 11 3. 15

TABLE 3. 11A - TM CHANNEL GAINS AND OFFSETS FROM THE
CALIBRATION AGAINST THE 48" INTEGRATING SPHERE
TAKEN ON
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TABLE 3.11B — TM CHANNEL GAINS AND OFFSETS FROM THE
CALIBRATION AGAINST THE 48"
TAREN ON

RN DN~

BAND

ia,
14,
14,
1é.
1&,
1&.
&,
14,
1a.
14,
16.
1s.
16,
16,
14,
1&.

e T A T}
AN - S-S

2&

a8

4
,

18
43
1z
33
18
21
28

~

o1

e
=

o3
13
24
27

CHANMEL GAINS in Caunts/(mw{pmfcmlfster)

0 W0 MO 0D 0 H D00
Q
K

01 O e e
[ N R N R e

CHANMEL OFFSETS in Counts

BAND

o

.17
. 44
.72
LAl
. 38
.72
.44
&4
50
. 50
.73
.51
. &6
. &7
. 90
. 4%

. .

(ool ool ol S S S S T e S e S S T ()]

10,
i0. £
10.
10,
10,
10,
10,
i0.
10.
i0.
10.
10,
10,
10,

10,
10,

53

BAND

00000 EOOOOODOVON

3

a3
B4
87
&1
74
&7
73
78

.87

71
74

. &7
. b2
. &7

&7

.78

BAND

11,
11,
i1,
11.
11,
11,
11,
11
11,
11,
i1,
ii.
11,

11,
11,

11,

3

26
20
12
ok
17
14
14
a5
07
30
14

is.

1&
i
15

23

BAND

IR T S S T A T T 14 ]

4

.03
.39
. 69

28

.42

ob

. 04

53

.42
. 29
.65
.24
. 32
. 43
. 36
. 32

BAND

BAND

5

9

INTEGRATING SPHERE

B&AND

-
L4

BAND
7
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CHANNEL GAINS in Cuunts/(mﬁfpmfcm“/ster)

BaAKD BAND BAND BAND BAND BAND
1 2 3 4 =4 7
CHaARN
1 16. 23 8. 10 10. 5%  11.23
P 15,14 8. 0& 1D. &4 11. 18
3 1&, 34 8. 04 10. 57 11. 10
4 16.15 2. 0& 10. &2 11.05
= 156, 40 8. 07 10. 55 11,19
& 16. 10 8. 03 10. 51 i1.14
7 14, 32 8, 0% 10. 41 11,12
=] 146,15 8.13 10. B8 11. 22
? 146, 19 8. 02 10. 44 11. 05
10 14, 24 8. 08 10. 58 11. 27
11 14,30 8 10 10, 47 11,14
12 16. 2& 8. 13 10.&60. 11.15
3 1&, 24 8. 0% 10, 351 i1. 14
14 1&. 0% . B. 0% i10. &2. 11,17
15 14,21 8.-12 10. 57 11. 43
14 14, 24 7.99 10. && 11,21
CHANNEL OFFSETS in Counts
BAND BAND BAND BAND BAND BAND
1 =4 3 4 S 7
CHAN
1 2.146 2. 11 1.17 1.%21
2 1. 84 1. 41 0.72 1. 24
3 1.73 1.73 0.70 1.55
4 1.74 1.38 0. 48 1.20
S 1. 45 1. 33 0. 99 1.28
& i.88 1.67 0. 51 i.43
7 1. 39 1.40 0.57 1. 90
a8 1.99 1.61 0. &8 1,42
g 1.50 1,55 0.72 1. 346
10 1.&6 1.47 0. 5% .13
11 1.43 1.73 0. &0 1,53
iz i. &0 1. 47 0. 57 1. 13
i3 1. 55 i. 43 0. 48 i1.21
14 1.7%5 1. 46 0.57 1.29
iS5 1,51 1.48 0, 52 1.25
146 1.70 1.4% 0. b3 i, 22

TABLE 3. 11C - TM CHANNEL GAINS AND OFFSETS FROM THE
CALIBRATION AGAINST THE 48" INTEGRATING SPHERE
TAKEN ON
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Q
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g e

e
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BAND
1

CHAN
1 15. &0
2 15. 48
3 15. &4
4 15, 47
5 15. 71
& 15, 54
7 15, 51
2 15. 48
9 15. 51
10 15. 57
it 15 61
12 1%. 59
13 15. 58
14 15 a2
15 15. 54
i& 15. 56
BAND

1

CHAN
1 2. 30
2 1.93
3 1.87
4 i.5%9
5 1.76
& 1.97
7 1.74
8 2.2
g . 1.44
10 1. 80
11 1. 58
12 1.746
13 1.63
14 1.85
15 1. &4
16 1.83

CHANNEL GAINS in Counts!(mﬂ{ym!cm“fster)

ZAND

~
e

. 88
. B85
.84
. 84
. 85
.82
. 84
.72
.81
. 8&
. 89
. 72

. 88

.71
.78

NEEN PN RN RN EN RN RN BN RS RN RN RN RN |

.84

BAND

10.
10,
10,
i0.
i0,
10,
10.
10,
10,
10.
10.
19,
10.
10,
10.
10,

ut

21
23
ig
27
iv
is
04
25
10
23
i0
=8

i1&

27 .

22
20

BAND

10.
10,
10.
10.
10.
10,
10,
10.
10,
10,
10.
10.
10.
10.
10.
10.

.1

70
g4
78
73
82
81
80
87
73
24
g4

={y
8&
78
85

81.

BAND

73.
78.
7E.
78.
78,
78.
78.
77.
78.
78.
79.
79.
78.

78
78
79

5

98
05
o0
24
&5
&7
17
48
72
83
34
21
78
. 33
.93
11

CHANNEL. OFFSETS in Counts

BAND

2

.27
. 94
.87
. 54
. 01
.82
. O&
.74
.71
. 59
. 88
.61
. 60
. 40
. b4
. 58

[ A i O O S Tl S S O Sl L} ]

BAND

2.
1.
i
1.
1.
1.
-
1.
2.
i.
i.
1.
1,
1.
1.
1.

3

4&
79
2?7
73
84
74
86
88
01
81
87
77
75
81
79
88

B

n

PMUOMRUBNPRURM -

AND
4

. b&
14
43
g5
20
31
&4
.21
.15
. 00
41
07
i4
17
.17
13

B

UHNUPEENURUEREREW

AND
5

o7
25
27
27
i3
25
iz
50
28
38
24
29
15
37
18
. 35

BAND

137.
144,
147.
144,
148,
144,
148,
147,
147,
147.
148.
148.
144,
148,
147.

147

7

aF
21
a7
o5
287
a3
432
78
&5
31
&7
&b
48
37
43
.81

&
Ir
Nz
o

TABLE 3. 11D — TM CHANNEL GAINS AND OFFSETS FROM
CALIBRATION AGAINST THE 48" INTESRATING SPHERE
TAKEN ON ‘

PEHNUEUURUROPEEERW

8=
. 22
34
.28
11
25
01
24
.10
iz
iz
oz
04
24
.1t

. 28

THE
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CORRELATION - SHUTTER FlLL&aG TEMP VS. ON-BOARD CALIBRATOR CALIBRATION

~ TABLE 12A BAND 1 2 3 4 5 7
® DETECTOR 1 0.9523 0.9583 0.8832 0.8301 0.72341 0, &607
. c 0. 9556 0.9621 0.9092 0.8475 C.8205 0.7129
8 5 0.9584 ©.94658 0.9124 0.8498 0.8277 O.&958
i 7 0.9558 0.9645 0.8990 0.9217 0.8615 0.6414
9 0.95%4 0.%6b& 0O.9066 0.8202 O0.B8548 O.6840
11 0.9557 0.%&697 0.9068 0.B415 0.8644 0.&997
13  0.9511 0.%&45 0.9021 0.8709 G.8527 O. 6953
15 0.9521 0.9636 0.903&6 0.8265 0.8182 O0.7253
- ——— B
1 AVE  0.9551 0.9644 0.7029 0.8510 0.8287 O0.4&8%4
. 2 0. 9669 0.9686 O0.9629 O0.8955 0.3589 O0.751i3
! 4 0.9703 0.9857 0.992& 0.9279 0.405& - 0.7858
L & 0.9672 0.9673 0.9938 0.8850 0.3504 O0.7840
B 0. 9674 0.94699 0.9949 0.9330 0.4002 O. 4887
T 10 0.9682 0.9691 0.9938 0.524%9 0.0403 0.7552
L. 12 ©.9700 0.9724 0.9925 0.£919 0.3757 O.7605
14 0.9675 0.970& O0.9945 0.8992 0.3438 O©.7549
[ 16 0.9672 0.9614 0.9944 0.8497 0.2713 0.7648
" “VE 0.5682 0.9481 0.9902 0.9009 0.3233 0.7:557

s B

Cozas = G
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TABLE 12B Uncorrected and temperature corrected calibration data

e I

UNCORRECTED DATA
BAMD 1 p=} 3 4 5 _ 7
AVE  STD &VE  STD AVE STD  AVE STD AVE STD AVE  STD

i
L)
I

e —

i 0.9&7 0.016 0.978 0.0C14 -.025 0.Gi5 1.022 €.009 1.037 0.032 0.912 ¢.282
7 2 0.947 0.015 0.%80 G.013 1.023 0.014 1.025 0.01C 1.04% 0.031 0,939 0.2%C
i 5 0.545 0.015 0.981 C. 014 1.024 C.014 1.022 0.009 1. 058 O.031 0.743 0.292
' 7 0.%4E C.01& C.980 0.0i4 1.022 0.01i4 1.024 0.00% 1.051 0. 033 C. 941 G.292
§ 0.54% 0.0G15 0.%79 C.C13 1.02C C.014 1.019 0..009 1.055 0.032 0.947 €.293
I’ il C.$&4 G.CLT 0.977 G. 014 1.027 0.0G15 1.021 0.007 1,04% 0.032 0.945 C.292
4. 13 0.948 0.015 0.974 0.CGi3 1.024 0.014 1.024 0.(009 L.G0354 0.032 C.948 UJ. 293
I 0.942 ©.CLl5 C.972 C. 014 1.023 0.0i% 1.G24 CG.C0%? 1. 05C 0:032 C. 939 0.290
0“‘,5
L2 0.97: c.cie 0.98& 0.Cia 1.Cs6 C.034 1.027 0.C10 1.001 O.026 0.897 C.278
B 2 0.945 0.Ci& C.9%& 0.C15 1.0&3 0.035 1.02% 0.00%9 C.990 C.G1lE 0.905 C.280
- = G.%462 G.017 0.99& 0.CiS 1.059 0.035 1.026 C.010 1.004 O.025 C.90C 0.278
gl £ C.9463 0.CIB 0.98S 0.0l4 1: 0&C 0. 036 4.025 C.010 31.015 0.023 0.904 0.28C
S 40 Q.945 6. 016 0.93C 0.012 1.063 0.035 1.024 C.00% G. &82-0..040 0.905 0:28C -
. 1& O %&& C.018 €. %75 G.G15 1.040 ©.037 1,085 0.Q10 1i.005 0.018 0.904 0.28CG
? ii 0.9&43 0.01B 0.974 0. 014 1.G&6C C.03F 1.028 ©.G11 1.008 C.021 0.%03 6.27%
s iz 0.963.0.017 C. 970 0.013 1.0460 G.033 1.037 0.010 1.000 G.02& 0.F03 .27 7
[ .
L, CORRECTED DaATA
BAND 1 2 © 3 4 5 7
I LET AYE ©TD AVE STD AVE STD AVE STD AVE STD AVE st -
i 1 0.948 C. 005 C.972 0. COS5 1.027 0. 005 1.022 0.004 1.037 6.032 0.Fi2 0.282
S £.94E8 €.00S 0.980 C. 00T 1.023 0.G0& 1.025 Q.005 1.051 C. 019 0.939 C.z29C |
o 5 0.945 0.C07 G. 981 0.004 1.025 0.007 1.022 0.004 1.040 C.019 O. 943 C.292 |
E 7 0.%6% 0.004 0.980 0.004 1.G25 0.007 1.083 0.005 1.054 0.012 . 941 0.292 |
s & 0.970 C. 004 0.979 0.C04 1.024 0.0O07 1.020 0.004 1.055 0. 018 C. 947 C.293
. i1 0.9&8 €.007 G.578 0.005 1.025 0.C07 1.G21 G.003 1.05C 0.01l& 0. 945 G.292
| 13 0.96% 0.004 0.974 0. 005 1.025 0.007 1.022 C.004 1.055 0.018 0.948 0.293
v 15 0.962 0.0046 0.973 0. 005 1.025 0.007 1.024 0.00S 1.052 Q. 019 0. 939 C. 290
[“ 2 0.971 0.004 0.958 0.005 1.C68 C.005 1.02%7 0.004 1.001 0.026 0.897 0.278
| 4 0.95&6 6.007 C.9%8 (. 005 1.065 C.C05 1.023 €.005 C.99C ©.018 0.905 0.280
& 0.942 0.005 0.998 0.005 1.060 G.GC04 1.027 0.0C5 1.004 ©.025 0.900 C. 278
- 8 0.964 0.007 0.98% 0.004 1.042 0.005 1.02&6 ©.005 1.015 Q.023 0.904 0.28C
|: 10 0.9&& 0.00& 3.981 0.004 1.064 0.005 1.023 0.005 O.&83 0. G40 C. 905 C. 280
Yt 12 0.94% 0.004 0.975 0.005 1.063 0.00& 1.025 0.005 1.005 G. 018 0.%04 0.280C
. 14 0.955 0.007 G.975.C.C05 1.042 0.005 1.03C 0.C04 1.008 0.02i G.903 ¢.27%
;16 0.945 G.007 0.971 €. 004 1.062 0.005 1.02% 0.004 1.000 C.0R24 0. 903 0.27%

E
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4 RADIOMETRIC CALIBRATION OF THERMAL BAND

The reference sources for calibrating the thermal band are two
conical blackbodies available at the focus of a collimator in the
assemhbly called the calibrator. The blackbodies' accuracy is estimated
to be +/-1% with the major ineccuracy added by calibrator mirror re-
flectance, estimried to be +/-6%., A full aperture infrared source had
been planned for more accurate caiibration, but since the specified
absolute accuracy was "...better than 10% of full scale radiance....,"
that source was deleted to save costs.

The spectral radiance supplied by the calibrator is calculated by
means described in Ref 4.1, and the gain is calculated as the ratio of
signal counts difference to spectral radiance difference, when the two
bTackbodies are viewed in succession.

At the time of the calibration, the signal counts while viewing
the calibrating shutter and the mirror on the shutier which relays the
radiance of the onboard blackbody are also recorded, and the tempera-
tures of the shutter and blackbody. The spectral radiance of each of
these is calculated similarly to that for the calibrator blackbodies.
The difference in counts divided by the difference in radiance for the
shutter and onboard blackbody are referred to as internal gain. The
internal gain can be calculated from telemetered quantities when the TM
is in orbit and used with the ground calibration data to adjust the out-
put such that a blackbody filling the TM aperture causes zero counts at
260K temperature and 255 counts at 320K. The process is described in
references 4.2-4.4,
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Ref. 4.1 ' | FEE.-.E C s ?‘;

SANTA BARBARA RESEARCH CENTER - -
A Subsichiary of Mugnes Awrcratt Company L'DMO DA ‘\BANK

INTERNAL MEMORANDUM DO NOT REMOVE

eglalin 14

TO: Distribution CC: G. Hjé@ DATE: 20 iexid -_" -

REF: HS236-7398-
J. Lansing
FROM: W. Shockency

e

SUBJECT: BL-10 Clavrificaticms (Rﬂvi%ﬁ)

BLDG. 774 MAILITA. 79
£xT. 4351

REF: ES236-6666, Test Requirements for BL-10, Radiometric
Caliorstlon of 3d. 6, 29 April 1980.

I. Introduction

The purpose of this IDC iz to clar*fy the method of determinina
L?F: (effective radiance shown in Appendix E¥in teferenced ICD,

znd to call out more explicit definition of the end points of
the detectors transfer characteristics. Since the lssuance of
the initial IDC, more quantitative measurements have been made
on both the throughput of the entire THM instrument and the
External Calibrator.

Spectrzl Respounse

H
H
.

Table C-1l of Appendix B3 depicts the normalized response of
the TM (from radiance input to the aperture to output of
the Bd. & detectors) £for the 3 expected temperature states
of the CFPA, 90°, 95" and 105°K.

The LEFF in Eq. 3 of Appendix BE is first applied to determine

the T¥ respomnse to an IDEAL BB. Once this is determined for
a2 given IDEAL BR within the specified range cof the

™ CLEFF 260°K to LEFF 320°K), the External Calibragtor BB

(either the REFBB or MTFBB) equivalent radiance is determined

by applying equations A, 2, and 3.

EFF far an

are given in Appendix BE, also. It

To elarify this process, the expressions relating L
IDEAL BB, HTFBB, and REFBB
is rtecommended that tables be constructed for LEFF {IDEAL .BB)
and L (MT¥ and REFBB) which will be useful in determining

EXF
CALIBRATOR ‘BB temperature commands for desired LEFF (IDEAL 3B).

-

% This Appendix is superseded by the zttached Appendix BE.
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III. Exrernal Calibrator
The expressions in Appendixz BE have been nodified to show the
appropriacte transfer characteristic of the REFBB and MTFBB.

MTTF
Kote that the REY and MTE LEFF

in that the optical paths are different.

transfer equations are different

-1

Graphical TM Detector Model

The attached graph, Figure I, of Appendix BB is a model of

a typical detector expected transfer curve. The purpose of
the figure is to show how points on the curve axe to be
determined--by calculation, measurements, or by derivaction
{a combination of measurements and calculations). The end
points on this curvé which will be determined by temperature
commands of the Extermal Calibrator BB's represent specified
equivalent SCENE temperatures. These temperatures are used
a5 the boundary extremes throughout zll testing in EBL-10;
therefore, any place in the BL«10 (HS236-6666) document end
point commands are czliled ocut, the temperatures of HTFBB =

* *
251.3°K and REFEB = 323.B°K are to be used.

. NETD Calculations

-4

A. In reference document, pg. lbéa, change to

Temp. °X AL/3T(MW/CmZ=-SR-°K) @ CFPA = 90°K-105°K
300 ' 0.0137 OIZ1
320 0.0164 .OIS

PROTOFLIGHT FLIGHT 1
BE. In Ref., pg. l6e, change to

1L Py ™ 0.85, 2) pp = 0.89, 3) € = 0,985
C. In Ref., pg. 17f, - eliminace (£f)

D. In Ref., pg. 19, NETD

LEFF = agffactive radiaznce for IDEAL BB .

L /AT = data base values

EFF

* Note the command temperatures to the External Calibrator BB's
have been determined by applying the process described inm I-III,
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APPENDIX BB

Radiznce/Temperature Relations

Severzl data reductiom processes require conversions relating
radiznce and temperature Ifrom various thermel sources withirn the
TH, Ideal BE, and Exterpal Calibrator., The following expression

is to be used:

L = 1.19096 10" | (Eiif;i> :

,
A5 (EXP 343%%13-59 - 1)

L = spectral radiance in Watts/em? - sr - um R

A = urm wavelength

T = temperature, 'x

Rzdiznce Czlibrztien Determinations f£rom External Calibrator

The spectral vyadiance, LEFF,-which is proportioconal to the TH
nultiplexer output is basically a fumertilion of twe elements. One
element is the radiance from the Calibrator or an Ideal BB, and
the other is the effective transfer characteristics of the TH

COTMPONENtsS.

The first element may be expressed by the following equation:

“carzn/zs " Ranis®erlT, o ¥ (1 - Pegrre®pp? Lr,u (B4 1D
PCALIE = 0.89 for Refyp, 0.85 for MIF g

EBB = 0.995 Z
LT;BB = iadia§ce of BB at Ti from (Eq4)

LCALIB = radiance out of CALIB
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APPENDIX BB (Cont'd)

Ly y = Tadiance of the calibrator mirrors (composite) as
=2 fuactiaorn of their temp.,

gt *Tis ﬁlTéga*'szSjﬂ;TLFB' vdkﬁrﬁ- 5b&>$crﬁéﬁs axﬁaimaxzuﬁndﬁardethmeﬂi
The second element has been determined by measuring the thruput of

g the TM instrument and is depicted in the following table:

- Teo®FLIGHT  1.410 c-1 T Thrupur for Bd 6 (2) /0 oo

& ' CF24 CFPA CFPA FLIGHT & (’EM‘E).
A(um) (90°K) (95°K) (105°%)}  PeRYF DET.2,4

| 10:2 .0306.  .0306. .0306 . ,02% .04
10.4 L4089 .409 .409 323 229

[ , 10.6 .836 .836 .836 572 778

- 10.8 .919 .919 .891 el L84 -

T 11.0 .998 .998 .838 . %] 4a75

4 11.2 .876 .876 .596 4 ass

. 11.4 .907 .803 .367 499 . .933

% 11.6 .891 .685 L247 929 42\ .
11.8 .721 © 437 .166 54 a7r? |

- 12.0 437 .260 114 .ai A8 §

- 12.2 .262 .164 .09 . 934 4ss

- | 12.4 094 . 067 .003 545 .594

- 12.6 .006 . 004 -— .o4Z 040

3 12.8 .0008 G006 — ,00% 004

) The effective spectral radiance, LEFF’ is calculated from the

F following:

;

5 Lepp = EC1)  (2) AX % (Eq- 3)

L(2) AX

A = 0.2y (from 10.2 to 12.8m) i

Eﬁ' See {'a\\ow'-nf prge for altzrnate eiua:i’-‘ﬁ"\ '

LT e W S Ay - —
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. 252,25,%253

APPENDIX BB (Comt'd)

The calculations for (1) ir this equation use the actuzl measured
temperatures, Tz,-of the wmirrors in the calibrator.
’

T Wi TC é s .

1 Take,average of /fealibrator mirror temperatures using telemetry Paramces
numbers 245267 &xd—=7: This Is required in the data reduction,

g printouts, and plots wherever LEFF 1is called out for either the

i. ¥TF or RETF blackbody.

X The above effective radiance takes into account the actual Epectral

] shape of the TM transmission and detector respomsivity. This
gffeetive radiance can be translated to scenme temperature by
substituting am IDEAL BE for the (Eq. 1) and finding the temper-
zture of the BB which gives the same effective radiznce as the

]1 calibrator. .Conversely. particular temperatures of interest .
can be subs.ituted to find effective radiante. .
I ALTERNATE EQUATION

= Ki/(exPCK-;,/T —D . (Ef 4)
or conveY‘S‘il P

:r T= Kl/ﬂn(K\/LEFF*O. (EZ’S-)

\.gFF

- wherne

ﬁ ,?x:nj et Peatolf \:gk"i' F—V\glﬂ' L *

= Dat),3 Det. 2,4

qox  KgF 611bz o844 0708

Koz 12843 126077 1260.35

2 z 52

- 1=K 5 & / samz as GoK

K,= 129%.1 |
i o K. o= THSTL

- oSk K[ SAnmg  O5 CIOK

K, = i

> 79&'(' US;V\f avere4e */5;)”85, Kf &0 - '7@/ K, =1260.55, /0“.@;
- . cesolts within 0.05°% fr TA.

: ‘ 57
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T RESPONSE TO IDE&L B3

2oy (2) ax

F
r1

(2) AA

e~y
241
txd
1
PPN
t 5 ]

her = o] ’*
where (1) LBB,TEHP 1.19096%10

[ 1.43879v¢10%
i . , A (EXP-————:E————. - 1)

‘. ) . in watts/cm?sy Hm, A = um, T240 to 340°g -

in 5°R(INC)

| X
= AA = 0.2um

{2) (See Attached Table) and calculate for
R.- H
! T™ @ 900K, Ly Hm 5°K(INC) for 240 to 340°K )
’ | 957K | |
s /DS ‘K :

- . 58
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T S ST e ¢

TM RESPONSE TO REFBB/CALIE.

Az
Iy (@ M
{TM)
Loy, CALIB
Az
£t @ m

(1) See Attached Table @ TM (90°%)

(10.

= (0.995) (.89) L 20y + [1 - .995(.89)]
12.8 L1;n1

53
Tc

(1) L
CALIB/REFBB

(10.2) . . - N
L.,'12.8
7’}.1;?:’.97 ok T in AF.PEPPI/( 33)

Calculate (1) for I, = 325, 320, 315,

300°K, 322.7

TH RESPONSE TO HTFBB/CALIB

—— [

In Above Process, Replace (1) by Following: ‘

10.2 1 :
(1) L (0.995) (.85) L ( Y + [1 - .995¢.85)]a :
CALIB/MTF . . Typp 128 m ;
(10.2) ;
1 ‘12.8
T,= 297 {0R T3 /N APrEwpix BB)
M
Caleculate (1) for Tyrr ™ 240, 247, 260, 300,
315, 251, 325, 320,
255, 297, 305
Az
L ™ > (1) (2) AA .
EFF - Al
CALIB . ii (2) A

59
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l Ref. 4.3 i |
: SAKTL BARBARA RESEARCH CEXNTER
Lt subsidiery of Hughes Aircrait Company
i IKNTERNAL MENORARNDU N |
i) TO: R. C. Cocley CC: J. Barker (GSFC) DATE: 8 Dec 1983
. J. Engel SED 524
SUBJECT: TM P4 Band 6 Calibration L. Linstrom (GSFC) REF: HS236-9042
j‘ For Ground System L '
1§ FROM: J. C. Lansing
: BLDG: B11 Mail Sta.101
I EXT: x6261
SE i L. Linstrcrn, "Thematic Mazpper Thermzl Band
T adiometry," 8 May, 1982 (Drazft Copy)

(AN
’ N oty
|-t

s

Reference | is 3he source of calibrztion equations and constants.
esed in the ground system for the Protoflight TM on Iandszat 4.
RNeierence 2 summerizes the dete reduced from the Thermzl vacuum

-

o tests of the Flight t TM, now on Landsat D!. This memo shows the -
dzte Irom reference 2 recast to f£it the form of reference 1 to be
an more useful for {he ground system. The =zppendix shows how the

cuantities are caleculated.

Reference 1 EBag (g) and (2) are effective spectral radiance (X) im- - |
pW.co~ .sr~.He~ " 25 a Ffunction of temperature (T) in Kelvins for ,
us any blackbody, for itwo detector temperatures in the Protoflight. 3
TM. Tne F1 detectors do not change spectral response as the
Protoflight detectors did, so & single eguation is sufficient. :

¥ = (5.1292E-5 * T — 1.7651E-2) * T + 1.6023 (1)

§; Reference 1 Eq (3) & (4) perform the inverse, converting effective
spectral radiance o temperature. For the Fi,

i 7=((21.25 * N - 82.44) * N + 173.55) * N + 193.30 (2)
Reference 1 Egq (5) & (6) give the conversion of telemetry counts
o(V) to internal reference blackbody temperature (%),°C, or (IT),
- X, 2nd should be urnchanged. .

- $ = 17.073 + 0.10263 * ¥ + 2.2576F~4 * T (3)

T= (2.26E-4 * V +0.1026) * V + 290.22 : (4)

-y =

Reference 1 Bg {7) for the blackbody gain function is wunchanged:

FBB = (CB ~ CS) / (NB - NS) (5) .

-
L where FEB is the bdlackbody gain funcition, CB is the average
bizckbody pulse zauplitude, CS is the average counts over the de
3 ressore 'period, NB is the effective spectral radiance of the
K *lzz2kbody, end NS is the effective spectiral radiance of the
© ghuTTer. Effsetive spectral radiance .can be calculated from
—sxfsrasure using & formula such as (1), or in the case of the 61

e - e S C = o
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Ref. 4.4
SANTA BARBARA RESEARCH Cf
* A Subsidiary of Hughes Aircrafit Company $ R i
INTERNAL MEMORANDTUHN: . :
T0: J.L. Engel CC: L. Linstrom (GSPC)DATE: December 2, 1982
J. Barker (GSFC) REF: HS236-8167 SED239
SUBJECT: TM F{ Band 6 Calibration . PROM: J. Lansing
BLDG: B11 MS: 40
EXT: 6261

Reference: 1. J. Lansing, "A Band 6 Calibration Problem,”
HB3236-8013, 3 June '82
2. L. Linstrom, "Thematic Mapper Thermal Band Radiometry;"
8 May, '82 (Draft Copy) ) .. .

The El Segundo thermal vacuum test data has been analyzed and an
estimate of the calibration made. The calibration is summarized in
Table 1. Item 1, the shutter scene-equivalent radiance equation, fits
the test data very well, for The period from the second day +the TM was
cold to the end of the test 9 days later (21 dazta sets). The earlier
data (2 sets) appear to have a value for "a" which is 0.025 greater.
The Item 3 data have a2 similar pattern. Perhaps the discrepancy can be
resolved at GE, or later with ground truth. Items 1 and 2 together are
sufficient information for use as a calibration, if they were
accurate, which remains to be established. The ratio of gains is
discussed in Ref. 1. Items 3 and 4 are added for information.

The calibration actually used for Landsat 4 is based on equations
in Ref. 2, which can be modified to use the gquantities in Table 1.

The pertinent equatvions from Ref. 2 are repeated here with
original numbering and with equivalents from Table 1 or from Ref 1| in
brackets.

FBB = (CB-CS)/(NB-NS) (7)
FBB = blackbody gain function [G', internal gain]
CB = average bhlackbody pulse amplitude [be%
CS = average dc restore counts {Qg,
HB = blackbody effective spectral’radiance [ ]
NS = shutter effective spectral radiance [Igh
HS = 0.4 + 0.004%CS (8}
¥ = (CT - C3 + KC)/aC (9)
F = target radiance [Lgsc, scene radiance]
CT = target counts [Qgc, scene counts]
GC = 0.725%FBEB (10)
GC = channel gain (G, external gain]
EC = (0.9*NS=0.19)*FBB

The radiances NB and NP can be calculated using the temperatures
of the blackbody and shutter in a2 quadratic formula such as equation
(1). of Ref. 2, but with constants derived to fit the Flight 1 TM.

. 2
I =a'+ bt.TSh + ¢'Tgh 62
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Then substitution from item 4 of Table 1 can be used to derive new
"constanits" for eguation (8) of reference 2. These should be checked
for variation with temperziure.

Tsh = (CS~F)/4.61

Bguation (10) of Ref. 2 can be modified using item 2 of Table 1 to
give:
GC = (1 ) *¥3B

c+dT
BEquaiion %B) can be rewritten using item 1 of Table 1.

N = (CI-CS;/GC+a+bT¢p

y.‘ Lédhsing ﬂ(

63
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3 TABLE 1. FLIGHT { BAND 6 CALIBRATION

? 1. Shutter écene—equivalent radiance (mW/cm?—sr—um):

1 2 3 4
) Lesh =a + b Tsh’ a = 0.49 0.47 0.49 . 0.47
b= 0.014O 0.015 0.014 0.015
T, = shutier temperature, C
! 2. Retio of internal gsin %o external gain:
G'/G = ¢ + iTep, © = 1.41 1.45 1.42 1.47
’ d = 0.003 0.010 0.002 . 0.010
5. Internal blackbody scene-equivalent radiance:
Lepp = o 1.07 - 1.09 .06 . 1.09" ]
4, MUZ counts =% DC restore:
Qgp = © + 4.61 Ty, £ = 29.2 29.3 29.3 29.2

64
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The overall zzin of the TM mey be written
GC = (C2-C3B) / (¥-Kesh) (13)
where Nesh is the shuiter scene-eguivelent radiaznce. Rearranging,
K = (CT - CB + Kesh* GC) / GC (14)

comparing o Ea. (7),

XC = Kesh¥* GC (15)
Eg.(8) for GC uses the consianbs shown in Reference 2, Table 1,
iter 2 (reveated here) and & shutter temperature of 10°C. Some
izprovement in =zccuracy should result if the =zctuzl shutier
temperature were used. '
GC = BB / (c + @ Tsh) (16)
where I S . - -
Channel 1 .2 > . 4 :
c= 1.44 1.45 1.42 1.47 !
d= 0.003 0.010 0.002 0.010 o
Fa. (9) for KC used Eg (15); Eq (12) and Reference 2, Table 1,
Iter 1. The last 1s shown here:
Nesh = 2 + b ®sh -fﬁ : (172
where ) .
Channel 1 2 3 4
as= 0.490 0.466 0.48% 0.-465
b= 0.0139 0.0148 C.013T 0-0148 .

Note +that if actual . shutter temperature is used in Eg (16) in
place of Bg (&), B¢ (16) must 2lso be used in caleculating XC.
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5 - SQUARE WAVE RESPONSE

The TM's sguare wave response (SWR) was measured using the BL16/17

test procedures. Tables 5.7 -~ 5.9 are derived from the output of a
BL16/17 test conducted during thermal vacuum testing at Hughes-

ET Segundo. Figures 5.1 - 5.6 are graphs of the band average SWR

as a function of spatial frequency. They were copied from reference 1.2.

The computed values of the SWR are somewhat pessimistic because they
are not corrected for the MTF of the calibrator. A realistic correction
for the calibrator MTF would increase the SWR at 30 meters by a factor
of about 1.15. The correction factor for wider bars would be smaller.

One would expect to see small changes in the TM's SWR as a result of
Taunch vibrations, thermal cycling, and drying of the TM's graphite-
epoxy telescope tube.
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SQUARE WAVE MODULATION
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Figure 5.1
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Figure 5.2
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BAND 1

BAR SIZE CHANNEL BAND STAND

(meters) 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 AVG DEV
99 1.0¢ 1.0 1.00 1.89 1.88 1.92 1.890 1.990 1.9 1.0 1.00 1.88 1.0 1.08 .99 1.08 1.8 #@.802
60 .99 .95 1.908 .98 +99 .96 .94 .96 .97 .98 .96 .99 .97 .95 .92 .97 .97 @.921
45 .83 .78 .85 .82 .84 .79 77 .79 .79 .89 .79 .89 .79 .75 .73 77 .79 2.831
ig .73 .69 .75 .71 .74 .69 .68 .78 .71 .71 .69 .78 .78 .66 .64 .67 .78 B.928
35 .60 .58 .61 .59 .60 .57 .57 .58 .69 .59 .58 .57 .59 8- .56 .b§ .58 g@.918
34 .57 .54 .58 .55 .56 .83 .54 .85 .57 .56 .55 .54 .56 .53 .63 .52 .56 9.9817
39 .41 <41 .42 .41 .41 .41 .40 .42 .43 .43 .42 .41 .42 .42 .41 .41 .41 0.928
25 .22 22 .22 .23 .22 .23 .24 .24 .26 .27 .26 .26 27 .26 .27 .24 .24 9.82%

BAND 2

BAR SIZE CHANNEL BAND STAND

(meters) 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 AVG DEV
98 1.0 1.0 1.88 1.8 1.808 1.8¢0 1.8 1.80 1.990 1.99 1.8 1.90 1.88 1.8 1.99 1.98 1.89 £.880
60 .97 .98 .99 .99 .99 .99 .96 .99 .97 .99 .99 .98 .95 .98 .98 .99 .98 @.812
45 .82 .83 .85 .84 .84 .85 .82 .86 .83 .83 .84 .85 .88 .82 .81 .82 .83 @.916
49 .71 .73 .74 .74 .74 .75 .72 .75 .74 .73 .74 .74 .71 .73 .72 .73 .73 g.812
35 .56 .57 .59 .59 .58 .68 .58 .61 .59 .59 .68 .61 .59 .62 .59 .62 .59 @.0817
34 .83 .54 .56 .55 .55 .57 .54 .58 .56 .55 .67 .58 .86 .59 .55 .58 .56 @.217
30 .39 A8 .42 .41 .39 22 .41 .43 .42 .40 .40 .43 .41 .43 .49 .43 .41 9.914
25 .21 .22 .23 .22 .20 .24 .23 .23 .23 .22 .21 .25 .23 .25 .22 .24 .23 P.914

BAND 3

BAR SIZE CHANNEL BANL STAND

(meters) 1 2 3 4 5 6 7 8 9 19 11 12 13 14 18 16 AVG DEV
99 1.9 1.8 1.8 1.9 1.0 1.9 1.880 1.0 1.8 1.0 1.8 1.9¢0 1.0 1.990 1.98 1.99 1.88 PB.980
60 .95 .98 1.08@ .98 .97 .94 .99 .97 .97 .96 .97 .98 .96 .96 .99 .97 .97 #@.9815
45 .80 .83 .85 .82 .82 .78 .84 .82 .82 .79 .81 .82 .78 .89 .79 .79 .81 @.921
40 .78 .71 .74 .72 .72 .68 .74 .72 o .69 .78 .72 .69 .78 .73 .78 .71 @.918
35 .55 +57 .58 .58 .57 .54 .59 .59 .58 .56 .58 .68 .58 .58 .68 .58 .58 @.916
34 .52 .83 .54 .54 .54 .51 .56 .55 .55 .53 .54 .56 .55 .54 .87 .58 .54 98.015
39 .39 .38 .39 .49 .40 .39 .39 .39 .40 .38 .38 -39 .39 .39 .40 .40 .39 9.987
25 .22 .20 20 .28 .23 .21 .18 .21 .20 2R .19 .19 .21 .22 .23 .23 .21 @.914

TABLE 5.7 - SQUARE WAVE RESPONSE FOR BANDS 1, 2 AND 3
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BAND 4

BAR SIZE CHANNEL BAND STAND

(meters) 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 AVG DEV
99 1.68 1.48 1.8¢ 1.89 1.98 1.086 1.08 1.48 1.2¢ 1.8 1.0¢ 1.20 1.9 1.99 1.80 1.08 1.00 #@.008
69 .97 .99 .99 .99 .96 1.00 .97 .97 .95 .99 .98 .99 .94 .99 .97 1.89 .98 @.018
45 .83 .86 .85 .86 .82 .88 .83 .82 .81 .84 .83 .83 .78 .82 27 .80 .83 £.929
49 .73 .76 .76 .76 .72 .78 .74 .73 .72 .74 .73 .74 .69 .74 .78 .72 .74 @.923
25 .57 .69 .68 .68 .57 .63 .59 .58 .59 .68 .59 .61 .56 .62 .58 .60 .59 #.919
34 .54 .56 .56 .56 .53 .59 .56 .54 .55 .56 .56 .57 .53 .58 .55 .57 .56 @.817
39 .38 .48 .38 .39 .39 -41 .40 .37 .39 -39 .39 .41 .38 .43 .48 .41 .40 B.915
25 .19 .20 .18 .19 -19 .19 .19 .17 .19 .19 .19 .29 .22 .23 .24 .24 .28 @B.921

BAND 5

BAR SIZE CHANNEL BAND STAND

(meters) 1 2 3 4 5 6 7 B 9 19 11 12 13 14 15 16 AVG DEV
99 1.08 1.2 1.8 1.98 1.20 1.98 1.0 1.290 .99 1.898 1.08 1.998 1.28 1.09 1.909 1.08 1.89 0.9882
64 .95 .92 .97 .98 .97 .99 .99 .86 .99 .98 1.8 1.08 .99 .95 .96 .92 .97 #@.825
45 .82 .81 .82 .86 .83 .B3 .84 .78 .81 .Bg .85 .89 .82 .75 .76 .73 .B1 @.942
L3 .74 .72 .75 .77 .75 .77 .77 .72 .74 .73 .77 .81 .73 .68 .71 .66 .74 9.937
35 .61 .58 .63 .63 .63 .66 .68 .63 .65 .63 .67 .72 .64 .61 .62 .68 .64 0.934
34 .58 .55 .60 .58 .59 .62 .62 .59 .61 .60 .64 .69 .61 .58 .59 .57 .60 @.832
39 .43 .42 .42 .42 .41 .43 .43 A2 .44 .46 .47 .52 .45 .44 .44 .43 .44 R.927
25 .26 .27 .25 .24 .24 .26 sed .25 .28 .31 .30 .33 .29 .29 .39 .31 .28 R.@27

BAND 7

BAR SIZE CHANNEL BAND STAND

(meters) 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 AVG DEV
9w 1.6 1.88 1.090 1.802 1.8 1.88 1.90 1.9¢ 1.09 .99 1.0 1.80 1.00 1.89 1.88 1.00 1.8 #8.002
60 .94 -92 .94 .96 .94 .98 .98 .98 -97 .97 .97 .98 .95 .98 .94 .92 .96 g.922
45 .88 .77 .81 .84 .82 .86 .83 .86 .80 .84 .89 .85 .88 .84 .78 .77 .82 9.039
AQ .74 .78 74 .76 .74 .77 .75 .78 .72 .77 .72 .77 .72 .76 .69 .68 .74 @.031
35 .58 .57 .59 .60 .58 .63 .62 .64 .62 .64 .63 .63 .61 .65 .58 .57 .61 @#.9827
34 .54 .53 .54 .57 .55 .59 .59 .59 .59 .59 .60 .59 .58 .61 .55 .54 .57 @#.926
39 .41 A0 .42 .44 .41 .45 .43 .43 .42 .44 .43 .43 .43 .43 .41 48 .42 @.015
25 .24 .27 .24 .25 .25 .25 .24 .25 .23 .26 .24 .24 .24 .25 .24 .26 .25 9.0182

TABLE 5.8 - SQUARE WAVE RESPONSE FOR BANDS 4, 5 AND 7
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BAND 6
BAR SIZE
(meters} 1
441.2 1.88
352.9 .98
AR . B .98
180.5 .75
176.5 .75
141.2 .58
128.8 .42
18@8.8 .28
B8.2 .16
78.4 .13
79.6 .12

CHANNEL
2 3
1.2 1.80
.99 .98
.92 .88
.76 .71
.75 .71
.68 .56
<44 .41
.28 .25
.17 .17
.11 12
.12 .14

4

1.88
.98
.92
i
.76
NI
44
.28
.18
A2
.12

BAND
AVG

1.80
.99
.91
.75
74
.58
.43
.27
A7
A2
.13

STAND
DEV

F.988
B, aR6
B.g18
Q.826
a.p22
g.819
2.2158
g.917
&.908
g.o%8
o.A18

TABLE 5.9 - SQUARE WAVE RESPONSE FOR BAND 6
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6 - MEASUREMENTS OF THE LINE SPREAD FUNCTION AND WHITE LIGHT LEAKS

The ™'s track direction line spread function (TDLSF) for a
given channel is defined as the response of that channel to
a line source oriented in the scan direction as a function
of the sources' track direction displacement from the ™'s
optical axis. For the ™, there are two different scan
direction line spread functions (SDLSF's). The optical SDLSF
is measured with the scan mirror locked in place. It is
defined as a channel's response to a line source oriented in
track direction as a function of the sources scan direction
displacement from the T™'s optical axis. Thus, the optical
LSF depends on the telescope optics and detector geometry.
The system level SDLSF is measured with a stationary source
and a moving scan mirror. It is defined as a channel's
response to a line source oriented in the track direction as
a function of scan mirror displacement. The system level
SDLSF depends on the optical line spread function and the AC
electronic response of the amplifiers.

The TDLSF and the optical SDLSF were measured in ACO7R (see
ref. 6.1). The line spread functions were measured for 4
detectors in each of bands 1-5 and 7. The measured line
spread functions became progressively wider as the TM warmed
up. This result is thought to arise from the buitdup of

thermal gradients in the airpath within the telescope tube.
The effect of airpath non-uniformity is the chief
uncertainty in these measurements. A reasonable estimate of
the system level SDLSF for a given channel can be made by
convolving a band average optical SDLSF with the channel's
amplifier response. (Amplifier responses are given 1in
references 6.2 - 6.8).

Small anomalous peaks in the SDSLF were observed during
ACP7R. These peaks were attributed to white light leaks. A
special. test was run at GE in order to better characterize
these leaks. The results of this test are summarized in
reference 6.9. The test involved measuring the system level
SDLSF for all channels of bands 1-5 and 7. Plots of the data
for bands 1-4 have been sent with this report. A sample plot
is shown in figure 6.1. The peaks associated with the white
Llight leaks are marked with arrows.

There are three sources of uncertainty in using the white
light leak test data as a calibration of the T™'s system
level SDLSF. First as in AC@7R, the TM was run in air. Thus
temperature gradients in the air path are a problem.
Furthermore, the TM was run for a longer time in these tests
than in AC@2R. Second, there is an undershoot in the M™'s
response following to the line source. If the TM's response
were linear, this undershoot would result in a negative
output signal. In fact the signal is clipped at zero. This
non-linearity, which is not normally observed in scene data,
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affects the ringing that follows passage of the line source.
The magnitude of this effect is not clear. The third problem
only affects bands 5 and 7. The line source used in this
measurement was a narrow slit. One side of the slit was
defined by a strip of metal foil. The other side was defined
by both a photographic emulsion and another foil strip (see
figure 6.2). Unfortunately, the emulsion was not totally
opagque in bands 5 and 7 data is not shown on the plots.
However, it is possible to use the transmission model shown
in figure 6.2 and the redundant data for the forward and
reverse scans to remove the slit shape from the profiles.
(The relative sizes and transmissions of the clear slit and
emulsion are fitted parameters.) Work on this project was
interrupted by a computer failure and never resuned.

In spite of these problems, the measured system level
SDLSF's may be useful in analyzing the ™'s line spread
function and white light Jleaks. Therefore, the data that
went into making the plots for bands ] - 4 and the band 5
and 7 data are supplied in tabular form on a computer
compati le tape. The tape was written in ASCII at 1689 BPIL
by a VAX 11/788. Data is grouped into files. Figure 6.3
describes the interpretation of the file names. Table 6.4
provides a list of files on the tape. Figure 6.5 is a dump
of a short section of one of those files. The first two
columns give the scan mirror position in minor frames and
clock pulses. There are 21 .clock pulses in a minor f£rame.
The ™ scans at the rate of one IFOV per minor frame. Thus
the entry on the bottom line of figure 6.5 means that the
scan angle was 1 + 15/21 IFOV's from an arbitrary origin.
The third column is the number of scans that were averaged
in order to get the results in columns 4-19. Columns 4-19
give the detector responses in mux counts. Notice that the
responses of the odd channels are given first followed by
the responses of the even channels.
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HS236~-7547, Special AC07 Tests, 15 July 1981

HS236—-8004, AC07 Optional Test Conflguratlon - Bands 1-3, and
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Failure Reports: FR#5774 and FR#5776.

Deviations: D-154 and D-156.

:]

L

1.0 Introduction

This report summarizes the results of performing the ACO7R
Spatial Coverage Test on the Thematic Mapper Flight Model
Number 1. The test is an ambient collimator level test per-
formed on the assembled T.M. The test is computer controlled
using computer commands with telemetry verification.

The test objective is to accurately determine the response

of database selected detectors to a narrow slit source illum-
inating positions on the focal plane whose distances from
the detectors vary. Specific attention is given to detector
half-width response size and far field effects.
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ACO7R Test Result Summary, Flight Model Number 1

GSFC measurement specifications are given in terms of angular
requirements. The along track (X-direction) dimension and
across track (Y-direction) dimension is defined for each
detector as the angular diffsrence between the points where
the detector's response is 50 percent of maximum when sweeping
in the respective direction. Maximum half-width dimensions
are given as 43.2 microradians for Bands 1 through 4, 46.35
microradians for Bands 5 and 7, and 174.4 microradians for
Band 6, the thermal band. The far field requirement is that
the measured response be less than one percent of maximum

for angular distances equal to or greater than twice the
detector width.

Test Decription

The test is performed at SBRC with the Thematic Mapper mounted
on & precision rotary table. The T.M. is aligned to a collimatcr
with the scan line corrector off and scan mirror locked

at midscan. The angular orientation of the T.M. is determined
and monitored by autocollimating a theodolite on a reference
mirror attached to the T.M. However, as the collimator is
subject to off axis image degradation, it is necessary to

move the T.M. four times during the test. These movements

and subsequent orientations are determined and also monitored
using the theodolite. The source is projected towards the
T.M. through the collimator which uses a computer driven

X-Y stepping stage to position the illuminated slit. Inter-
ferometric monitoring is used to measure stage movement.

For Bands 1-5 and 7 measurements, a tungsten ribbon filament
lamp is used as the source. The lamp and slit are initially
mounted together on the stages in a vertical position (for
sweeping in the Y-direction). The source and slit are sub-
sequently rotated 90 degrees about a horizontal axis for
sweeping the X~direction. The larger input signal needed

to resolve far field response is achieved by increasing the
lamp current.

For previous Protoflight Band 6 testing, a hlackbody source

was used. The change from vertical to horizontal scanning

was achiaved using separate perpendicular slits mounted in

a reticLe wheel. However, £or the current Flight Model Numberl
testing, this part of the procedure was omitted from the

test requirements per the conditions described in Deviation
Reguest D-156.
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The test configuration was modified from that given in the
ACO7R test procedure. This was done for convenience and

to provide computer controlled T.M. turn~on and Thermal Shutdown
enablement. The use of an optional test configuration was
requasted pear Request for Deviation D-154 and is described

in reference SBRC Memo HS236-8004. The set-up is a mixed
configquration defined as much as possible per HAC configuration
drawings 3533100-300-1 and 3533100-300-2 and with reference

to released SBRC test procedures. A similar option was used
previously for Flight Model IA04 testing.

Test Results

Test data has been obtained for Bands 1-5 and 7 in the form

of reduced data tabulations and field-of-view plots for selected
channels and each type of scan (Xor¥). Measurements were ;
made on detectors 1, 2, 15 and 16 for Bands 1, 2, 3, 5 and T
7. But due to SIU difficulties (resulting in no signal from
detector 16), detectors 1, 2, 14 and 15 were used for Band

4. Reduced data tabulations indicate that all detectors

(with the possible exception of those for Band 6) exhibit

some calculated half-widths in excess of those desired by

the specifications. As requested by Deviation D-136 and

documented by SBRC referenced Memo HS236~8011, Band 6 IGFOQOV's

sizes were calculated from spot scan data measured at the

component level of detector array fabrication. This alternate
procedure was used to facilitate schedule by aveoiding the

repetition of Band 6 test difficulties encountered earlier

during Protoflight Band 6 testing, e.g. very small signal

levels, thermal insensitivi“y, and unsolved problems with

D.C. restore operation.

Far field response for all Bands is typically greater than

the desired 1 percent at least for regions immediately adjacent
to the twice detector width field points. In addition, normal-
ization problems were encountered in matching the far field

to neaxr field data. In spite of software changes made to
correct the problem after it was first discovered during
Protoflight testing, residual effects are evident in some

of the plots {see Appendix A for plots). O©f greater current
concern has been the recent observations of spuriocus secondary
peaks in sensitivity well away from the nominal channel centers.
Such effects were not seen during previous Protoflight testing.
They were first observed on Flight 1 Band 1 detectors during
manual scanning of the slit stage and were later found to

be present for the other detectors in the prime focal plane
array. (Bands 5 and 7 detectors, on the other hand, exhibit

no such anomalies.) These discrepancies were recorded on
Failure Report FR#5776 and are discussed in SBRC Memo HS236-8027.
They were seen initially on Band 1 with magnitudes of up

to 10% of peak signal and to a lesser extent for the othex
Bands in the prime focal plane array. They appear to be
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TM ACO07R Test Result Summary, Flight Model Number 1

due to leakage of white light entering thru the +¥Y half of

the telescope entrance aperture and being leaked tc the detectors

perhaps thru inadequately shielded substrate edges. Later
analysis and additional data indicate that the problem is
not as severe as originally feared. The maximum effect as
seen on Band 1 is reduced to 1 or 2% when spectral shape
factors are taken intn consideration. This should amount

to not more than a few MUX counts for a typical mid-range
scene level of tiae T.M. Correction of the problem at the
focal plane would be expected to require disassembly of the
telescope and a resulting maijor program delay. Such drastic
action is not being recommended at the present time.

Discussion and Conclusion

A number of difficulties were encountered during the running
of these tests. These may be roughly divided into hardware
and software type problems. The former consist of problems
with vibration, alignment, temperature and electronics.

The latter include problems with command files, databases,
and plot normalizations. In addition some evidence exists
which indicates that optical effects may be degrading the
data by producing raised skirts and rounded off IFOVS. Many
difficulties were at least partially resolved before and/or
during the testing by modifications of the test setup and/or
by corrections to the software. Others were investigated
later by means of "special tests" intended to determine their
causes.

A. Hardware Problems

Apparent vibration problems were present from the

start of the test. A source of what at first appeared
to be severe vibration problems turned out to be the
"muffin fan" used to cool the TM power supply. Turning
the fan off during collects cured this problem.

Later during the lamp calibration portions of the tests,
"mechanical” drift problems were encountered in the ¥Y-scan
as the location of the peak signal appeared to change

#ith time. During one 20 minute interval, 10 steps of
drift (v~ 1 IFOV) were observed all in the positive ¥-
direction.

In addition to vibration and drift, electrical hookup
problems arose associated with D.C. restore operation.
At two points during the test the equipment failed to
work properly making it impossible to collect meaningful
data. The initial problem occurred because the scope
was inadvertantly hooked up to monitor the reference
output from the chopper controller rather than the gate
output from the D.C. Restore Module thus resulting in
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a phasing error. A second problem arose when (without
our knowledge) the D.C. Restore cakle, W5050, was dis-
connected during a first shift troubleshooting operation
and was left unattached. This resulted ina severely
distorted sguare wave signal output at the scope. The
source of the prchlem was eventually revealed, but only
after a thorough configuration check and only after
considerable frustration and loss of valuable test time.

An additional electrical problem occurred in the form

of a complete loss of test area power and telemetry at
one point during far field collects. This was traced

to the tripping of a control room (pallet) circuit breaker
due to the increased lamp source current. Running the
lamp at a slightly lower operating level avoided the
problem for subsequent collects.

Room environmental effects were ever present in the form
of air turbulence and temperature variations. To minimize
these effects a plastic tunnel was installed prior to

the test completely surrounding the collimator. To reduce
turbu.ence room air handlers were turned off at least

one hour prior to testing. The room temperature stabilized
at between 69° and 70°F as recorded in the data master.
Specific heat sources present in the test setup included
the lamp source itself, the laser used with the stage
monitor interferometexs; and the motors which drive the
Aerotech stages and chopper wheel.

N

Perhaps the most significant thermal problem was associated
with internal heating of the T.M. itself. As the test

progressed, one of the most closely watched telemetry 3

parameters became the T.M. power supply temperature. ¢
We saw a direct correlation between high power supply ;
temperature (approaching an indicated 32°C) «nd severely
distorted data. Early in the test we intentionally let
the power supply heat up in order to study the effect
as a function of time. As we watched and let the temperature
rise to approximately 32°C, the measured Band 7 POV half-
width increased f£from less than 50 microradiarns to about
60 microradians. The next evening when we repeated the
measurements with the power supply cold (about 22°C),
the values were reduced to a reasonable 46 microradians.
Band 5 X-scan data was taken at a warm power supply
temperature just prior to running Band 7. However, no
attempt was made to improve on Band 5 measurements.
Only Band 7 (the worst case) was rerun in order to
demonstrate that we could improve the measurements by
lowering the power supply temperature. Perhaps, given
better environmental controls, all measurements could
be improved to sowme extent., This would be particularly.
true for the Band 5 X-scan. o
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After this experience, we modified our procedure to include
an approximate one hour cooling off time between data
collects using a "Muffin Fan" to dissipate the heat.

Good data collects were obtained in this manner.

Alignment problems (or at least uncertainties) arose as
the source/slit and T.M. were positioned and repositioned
at various points during the test. The source/slit had

to be detached f£rom its mount and the lamp removed in
order to reposition it each time a change was made between
X and Y scans. This resulted in some uncertainty in the
alignment position of the filament image on the slit for
the various sets of data.

The effect of this possible misalignment was minimized
by the addition of metal masking over the opague portions
of the slit (these areas were previously found to he a
source of leakage that contributed to severely raised
FOV skirts on Protoflight data).

Cther areas of only minor concern include source nan-
uniformity and optical system focus. The lamp filament

image was centered on the slit each time the lamp was
repositioned and should be quite uniform in intensity

over the active slit area. All data was collected at !
the nominal focal plane of the collimator. Previous IAO4R

test data indicates that this position is .005 to .006

inch from best focus as determined by MTF. A small degradation
(less than 1 microradian image blur) is expected to result

from this condition. Another small uncertainty is the

focal length of the collimator. The presently used value

is 109.225 inch as compared with 109.285 inch as used

for the Protoflight.

Software Problems

Software prchlems appeared early in the test. Initial
attempts at collects resulted in failure due to an improper
version of ACOT7R software having been installed on BTCE

#1 and %42 disks. This caused reverse Aerotech stage control
with a movement to relative rather than the desired absolute
positions. Files were updated via an ECR to provide correch
motion of the stages. In addition, the Data Select Unit
appeared to have a marginal "handshake" with the System

Test Computer czusing an occasional failure to collect.

Due to the structure of the command files, a single failure
to collect video data during a multicollect formation

of a single wvideo file could stop the test and prevent

data reduction. Some reattachment of cable connectors

and adjustments by a Digital Equipment Corporation service
man resulted in satisfactory operation during the remainder
of the test. Some work was done to restructure the commandso
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files, but the change was never implemented. There

was no signal from Band 4 Detector 1l6. This was due

to a known STIU Channel A problem. This difficulty was
avoided by making a database change to collect from Band 4
Detector 14 instead. An additional SIU problem was present
on Band 5 Detector 1 which required that we cycle the AQTS
Band 5 power occasionally in order to get Band 5 Detector

1 to work properly.

Conclusion

This report has described the rssults of running the
ACO7R SBpatial Coverage Test on the T.M. Flight Model
Number 1. The test appears to be extremely sensitive to
environmental effects such as temperature and air path
fluctuations. While an attempt was made to control these
factors, it is unclear whether the disappointing test
results should be interpreted as measurements of the

" T.M.'s performance or merely as worst case "lower limits®

to its performance. The gqguality of the test data appears
consistent with that obtained from ambient tests on
similar instruments. The test procedure and command
files were used successfully for Bands 1 thru 5 and 7
and will be ready for future testing. Several problems
were successfully resclved during ACO7R itself while
others needed to be investigated further by supplemental
testing. The problem of peaks of spurious sensitivity
in the far f£ield region has not been completely resolved,
though it is better understood now than when first
observed. Its effects are not as severe as originally
feared. & close loak to inspect for this condition
should be included in any future ACO7R testing and
additional care should be taken in Ffabrication and
masking of any new Prime Focal Plane Arrays. A test for
light leaks should be performed at the component level
of assembly.

Unless otherwise directed, we will considexr the alternate
test used for Band 6 to be acceptable for use on sub-
sequent T.M. models. A test procedure change is planned
to include this option.

The attached tables summarize the test results in general
and help to point out some of the problem areas. Table 1

is a summary of LSF (Field-of-View) half-widths identified
by band, channel, and type of scan. Out-of-spec. conditions
are identified where they occured. Table 2 is a listing

of detector spacings within each array us obtained from

the reduced data tabulations. Table 3 is a summary of
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out-of~field response values obtained graphically from
the fisld-of-view response plots. Out-of-field response
has been calculated first as the percentage of total
out-of-field signal to total in-field signal and then
again as an average per IFOV spacing over the total
length of the non-zero skirts. Table 4 lists calculated
Band & IGFOV sizes based upon detector and telescope
measurements.
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TABLE 1.
L.SF Half-Widths

Collection LSF In Out
Date Band Channel Scan Width Spec. of Spec.
{ur)
6/13 1 1 Y 46.29 %
6/11 1 1 X 244.79 x
. 6/13 1 2 Y 45,25 x
f 6/11 1 2 X  45.08 x
. 6/13 1 15 Y  45.98 x
{ 6/11 1 15 X 43.40 x
6/13 1 16 Y  44.33 x
. 6/11 1 16 X 43.24 %
- 6/13 2 1 Y  44.49 x
6/11 2 1 X  45.92 <
. 6/13 2 2 Y. 44.61 x
6/11 2 2 X  45.61 %
6/13 2 15 Y 44.69 x
i 6/11 2 15 X 44.09 x
6/13 2 16 Y 44.67 %
6/11 2 16 X  42.91 x
6/9 3 1 Y  44.67 x
6/10 3 1 X  44.17 %
6/9 3 2 Y  43.58 x
6/10 3 2 X  43.31 x
6/9 3 15 Y  43.61 x
- 6/19 3 15 X 44,07 x
6/9 3 16 Y  43.74
i 6/10 3 16 X 42.70 x
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Collection
Date

6/9
6/10
6/9
6/10
6/9
6/10
6/9
6/10

6/12
6/12
6/12
6/12
6/12
6/12
6/12
6/12

6/12
6/12
6/12
6/12
6/12
6/12
6/12
6/12

TABLE 1.

LSF Half-Widths

LSF  In Out
Band Channel Scan Width Spec. of Spec.
(ux)
4 1 ¥ 44,39 X
4 1. X 45,65 X
4 Y 45.92 %
4 b8 43,78 X
4 14 ¥ 45,32 b4
4 14 X a4 .27 X
4 15 b4 44,27 X
4 15 X 42.94 X
5 1 Y 44,80 X
5 1 X 51.35 x
5 2 ¥ 44,48 X
5 2 X 50.46 X
5 15 Y 44,65 X
5 15 X 51.00 X
5 16 ¥ 44.45 b4
5 16 X 49.79 X
7 L 4 45.79 X
7 1 X 46.74 X
7 2 Y 45.35 b4
7 2 X 45.44 y:4
7 15 Y 45,36 x
7 15 pid 33 %
7 1le ¥ 45.03 x
7 ip X 46.92 X
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Collection

Date

6/11
6/11
6/10
6/10
6/12

6/12

TABLE 2.
Detector Spacings

Band/
Channels

Bl/D2,
B2/D2,

B3/D2,

B4,Dl,

B5/D2,

Dls
Dle
Dle
D15
D16

D16

Distance Between

Channels In X-Direction

(u-radians)
{(Measured)

592,37
590.14
595.78
387.05
*589.50

586.72

i

{Nominal)

595.00
555.00
595.00
595.00
595.00

595.00



TABLE

Out-of~-Field

3.

Response
and 7

Processing/ In-Field Out-of-Field Total Average
bate Band Channel Scan Response?® Response* Percent (Per IFOV)
(£2 IFOVS) {Skirts) Percent
6/13 1 2 4 1115 26 2.3 .22
6/11 1 2 X 1064 62 5.8 .35
6/13 2 2 ¥ 1058 11 1.0 .28
6/11 2 2 X 1067 29 2.7 .23
6/9 3 2 Y 1080 29 2.7 .42
6/10 3 2 X 1090 37 3.9 .33
6/9 4 2 ¥ 1057 0.9 .55
6/10 4 2 X 1017 0.8 .32
6/12 5 2 ¥ 1118 46 4,1 .58
6/12 5 2 X 1263 44 3.5 .54
6/12 7 2 ¥ 1137 55 4.8 .53
6/12 7 2 X 1123 37 3.3 .37

*Arbitrary Units (graph paper units)
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Table 4. Band 6 Calculated IGPOV
Based upon detector and telescope measurements
Cross Sgan long Scan
Detector % HWY(inch) Hﬂé(inch) I.G‘FOVY IGFOV_
1 .00780 162.5ur
1 .00820 170.8 ur
2 .00760 158.3ur
2 .00824 171.7 pr
3 .00786 163.8ur
3 .00830 172.9 ur
4 .00800 166.7urx
4 .00832 173.32ur

S ]
3

4

IGFOV = Detector Half-Width + (EFL

Specification is:

EFL = 95.995

MR = 0.5

IFOV < 174.4ur

X Relay Magnification, MR)

Adcuracy of Measurement: =+ léur
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Figure 6.2 - S1it construction and a model of the slit transmission
to be used in interpreting data for bands 5 and 7.
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Figure 6.3

0 ouT

et I+ B S R

igAND NUMBER

FILTER PLACED IN FRONT OF
SLIT 0 => NO FILTER

1 = > BAND 1 FILTER, ETC.

SCAN DIRECTION
F = FORWARD SCAN
R = REVERSE SCAN

T 2 ) PO D

I

SLIT USED
W= >WIDE (0.46 IFQOV SLIT)
N = >NARROW (0.17 IFOV SLIT)

EXAMPLE:
File L.SFWF1B4. OUT contains band 4 data taken duriug the forward scan.
The wide (0.46IF0V) s1it was used. A filter, similar to the band 1
bandpass filter was placed in front of the slit.

Figure 6.3

Interpretation of file names on the Tine spread function data tapes.
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: BAND 1

i NO FILTER

* FORWARD SCAN
.46 IFOV SLIT

MF+CP SCANS DET 1 DET 2 DET 3 DET 4 PET 5 DET 6 DET 7 DET 8 DET 9 DET 1# DET 11 DET 12 DET 13 DET 14 DET 15 DET 16

1 7 1g2 2.88 Z.58 2.43 2.48 2,45 2.67 2.35 2,72 2.38 2.17 2.85 2.28 2.25 2.54 2.149 2.58

11 79 2.83 2.36 2.49 2.39 2.63 2.78 2.19 2.83 2.23 2.26 2.24 2.19 2.13 2.448 1.93 2.49

{ 1 2 81 2.84 2.55 2.51 Z2.41 2.31 Z2.48 2.45 2.63 2.21 2.49 2,18  2.24 2.14 2.51 2.12 2.41

1 3 86 2.88 2.58 2.37 2.31 2.34 2.58 2.24 2.65 1.99 2.48 2.16 2.49 2.28 2.47 2.14 2.45

1 4 g3 Z2.84 2.65 2.45 z.44 2.49 2.54 2.32 2.68 2.186 2.28 2.85 2.44 2.28 2.31 2.13 2.49

1 5 121 3.08 2.48 2.54 2.562 2.27 2.58 2.26 2.85 2.26 2.11 2.18 2.45 2.26 2.37 1.98 2.49

1 6 g2 2.84 2.47 2.58 2.46 2.32 2.58 2.33 2.67 2.32 2.35 2.23 2.32 2.38 2.27 2.11 2.37

1 7 a9 2,84 2.69 2,37 2.38 2.37 2.47 2.48 2.61 2.39 2.19 2.22 2.3% 2.29 2.4% 2.19 2.39

1 8 98 2.99 2.53 2.58 2.38 2.42 2.68 2.33 2.82 2.14 2.42 2,186 2,27 2.17 2.24 2,87 2,47

1 9 82 2.94 2.43 2.51 2.249 2.53 2.59 2.36 2.80 2.38 2.24 Z.18 2.22 2.24 2.87 2.14 2.43

1 1% 9z 2,84 2.51 2.77 2,38 2.32 2.83 2.42 2.80 2.33 2.48 2.27 2.35 2.38 2.52 2.16 2.37

' 111 111 2.86 2.61 2.853 2,38 2.38 2.62 2.46 2.78 2.27 2.3¢ 2,48 2.47 2.17 2.33 2.18 2.27

112 79 2.82 2.35 2.35 2.51 2,38 2.49 2.25 2.86 2.22 2.37 2.15 2.66 2.23 2.58 2.06 2.27

- | 113 94 2.94 2.49 2.58 2.46 2.44 2.67 2.3% 2.73 2.31 2.23 2.96 2.15 2.18 2.48 2.21 2.38

1 1 14 a4 2.84 2.62 2.6& 2.48 2.38 2.78 2.33 2.63 2.37 2.37 2.158 2.23 2.32 2.7% 2.15 2.60

A 115 98 2.73 2.65 2.39 2.41 2.45 2.54 2.42 Z2.68 2.35 2.24 1.99 2.38 2.36 2.52 2.85 2.36
]

i FIGURE 6.5 ~- A short section of file LSFNFOBI.OQUT
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LSFNFEB4.0UT;1
LSFNROBE3.0UT; 1
LSFWFEB .0OUT:1
LSFWFOBR™ OUT;1
LSFWF1B4.0UT;1
LSFWF2B4.0UT;1
LSFWF3B4,0UT;1
LSFWF4B4.00T;1
LSFWREB4.0UT;1

e
L2 -4 L] ¥

LSFNFEB1.0UT;1
LSFNFEBS.0UT;1
LSFNREB4.0UTs1
LSFUWFBB3.0UT;1
LSFWF1B1.0UT;1
LSFWF2B1.0UT;1
LSFWF3B1.0UT;1
LSFWF4B1.0UT;1
LSFWROBL1 .0UTs 1
LSFWREB5.0UTF;51

Tkt et 3, e

22 9 4 &

LSFNF@B2.0UT; !
LSFNRABL1.0OUT;1
LSFNREBS.OLY ;1
LSFWFEB4.0UT; 1
LSFWF1B2.0UT;1
LSFWF2B2.0UT;1
LSFWF3B2.0UT;1
LSFWF4B2.0UT;1
LSFWREBZ.0UT;1
LSFWRAB7 .0UT;1

Ty o EH
B # R

LSFNFOBE3.0UT;1
LSFNROBZ2.0UT; 1
LSFWFEB1.0UT;1
LSFWFABS5.0UT; 1
LSFWF183.0UT;1
LSFWF2B3.0UT; 1
LSFWF3B3.0UT;1
LSFWF4B3.0UT;1
LSFWREB2.0UT; 1

TABLE 6.4 = List of flies on line spread Tunction data tape.
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LSFNFGB4.0UT;1
LSFNRAB3.0UT;1
LSFWFEB2.0UT31
LSFWFARBY7.0UT;1
LSFWF1B4.0UT;1
LSFWF2B4.0UT;1
LEFWF3B4.0UT;1
LSFWF4B4.0UT;1
LSFWR*74.0UT;1

LSFNF2BL.OUT;1
LSFNF@B5.0UT;1
LSFNREB4.0UT ;1
LSFWFEB3.0UT; 1
LSFWF1B1.0UT;1
LSFWF2B1.0UT;1
LSFWF3B1.0UT;s1
LSFWF4B1.0UTs1
LSFWRAB1.0UTs1
LSFUYREBE.OUT31

b~

"

& ———— ety

¢ U '

LSFNFBB2.0UT;1
LSFNRAB1.0UT;1
LSFNROB5.0UT; 1
LSFWF@B4.0UT; 1
LSFWF1B2.0UT;1
LSFWF2B2.0UT;1
LSFWF3B2.0UT;1
LSFWF4B2.0UT;1
L SFWREB2.0UT; 1
LSFWREB7.0UT;1

)
. : .o

LSFNFEB3.0UT; 1
LSFNREBZ2.0UT; 1
LSFWFBB1.0UT;1
LSFWFBBE.0UT; 1
LSFVWF 183.0UT;1
LSFWF2B3.0UT;1
L SFWF3B3.0UT;1
L SFWF4B3.0UT; 1
LSFWRZB3.0UT; 1

TABLE 6.4 - List of files on line spread function data tape.
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BAND 1

NO FILTER
FORWARD SCAN
g.46 IFOV SLIT

MF+CP SCANS DET 1

1 & 182  2.86
11 78 2.83
1 2 91  2.84
1 3 86 2.88
1 4 93  2.84
1 6 161 3.46
1 8 92  2.84
17 83  2.84
1 8 98 2.9%
1 9 92  2.94
‘118 92 2.84
111 111 2.86
112 79  2.82
113 94 2,34
114 94 2.84
115 98 2.73

E,...__, 3 [N ‘:
DET 2 DET 3
2.58 2.43
2.36 2.48
2.55 2.51
2.59 2,37
2.65 2.4A58
2.49 2.54
2.47 2.58
2.68 2.37
2.53 2.58
2.43 2.51
2.51 2.77
2.61 2.53
2.35 2.35
2.49 2.59
2.62 2.64
2.68 2.39

DET 4

2.48
2.38
2.41
2.31
2.44
2.52
2.46
2.30
2.38
2.29
2.38
2.39
2.51
2.46
2.43
2.41

DET &

2.45
2.63
2.31
2.34
2.45
2.27
2.32
2.37
2.42
2.53
2.32
2,38
2.39
2.44
2.38
2.45

DET ©

2.67
2.78
2.48
2.50
2.54
2.58
2.58
2,47
2.68
2.59
2.53
2.62
2.48
2.87
2.78
2.54

FIGURE 6.5 ~- A short section of file LSFNFSBIL.OUT

DET 7 DET 8
2.35 2.72
2.19 2.83
2.45 2.63
2.24 2.65
2,32 2.68
2.26 2.85
2.33 2.67
2.48 2.61
2.33 2.82
2.36 2.88°
2,42 2.88
2,46 2.78
Z2.25 2.86
2.39 2.73
2.33 2.63
2.42 2.68

.

L=

wie

DET 9 DET 14 DET 11 DET 12 DET 13 DET 14 DET 15 DET 16

2,39
2.23
2.21
1.99
2.16
2.26
2.32
2.39
2.14
2.38
2,33
2.27
2.22
2.31
2.37
2.35

2.17
2.26
2,49
2.49
2.28
2.11
2.35
2.19
2.42
2.24
2.48
2.38
2.37
2.23
2.37
2.24

2.85
2.24
2.19
2.16
2.05
2.18
2.23
2.22
2.16
2.18
2.27
2,08
2.15
2.6
2.15
1.99

2.28
2.19
2.24
2.48
2.44
2.45
2.32
2,39
2.27
2.22
2.35
2.47
2.66
2.15
2.23
2.39

2.25
2.13
2.14
2.29
2.20
2.26
2.38
2.29
2.17
2,24
2.38
2.17
2.23
2.18
2.32
2.36

2.54
2.4
2.51
2.47
2.31
2.37
2.27
2.449
2.24
2.67
2.52
2.33
2.58
2.48
2.79
2.52

2.18
1.93
2.12
2.14
2.13
1.88
2.11
2.19
2.07
2.14
2.16
2.19
2.06
2.81
2,15
2.85

2.58
2.49
2.41
2.45
2.49
2.4%
2.37
2.39
2.47
2.43
2,37
2,27
2.27
2.30
2.68
2.36
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READ ¢(2,218) N(I}, CURY(I}), CURM(I), CURZ(I), CURRII}
FORMAT (1X,14,4(2X,F11.6)}

IF {(N{I) .EQ. B) THEN

GO TO 228

ENDIF
PRINT 239, N{I), CURY(I}, CURX(I}, CURZ(I}, CURR(I}
FORMAT {(1X,14,4(2X,F11.6))
WRITE (3,240) N(I}), CURY(I}, CURM(I), CURZ(I), CURR(I)
FORMAT (1X,14,4(2X,F11.6))

COMTINYE

DO THE COMPUTATIONS

254

258

278
260

458

588

91

PRINT 258, NUM1 -

FORMAT (/,' THE FOLLOWING ARE THE OFFSET VALUES FOR SURFACE ',14)
PRINT 6&, NUM2

PRINT*, ' SURF v % z R
PRINT*,

WRITE (3,503 NuUMl
WRITE (3,680} NUMZ
WRITE {3,258)

FORMAT (' SURF Y b4 Z R'"}
DO 268 I = NUM1, NUMz

CURY{I} = REFY(I)} - CURY(I)

CURKX(I) = REFX(I) - CURMN(I}

CURZ{I) = REFZ{I) - CURZ(I)

CURR{I} = REFR(I} - CURR(I}

PRINT 27&,N(I),CURY(I),CURX{I},CURZ(I},CURR(I)
WRITE (3,278) N{I),CURY{I), CURX(I})}, CURZ(1I), CURR(I}
FORMAT (1X,14,4(2X,F11.6))

CONTINUE

CONTINUE
PRINT*,'ALL RAYS HAVE BEEN COMPUTED'

ENBFILE (UNIT = 3)
CLOSE {2}
END

-l
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6

78
READ,

o
By

188
128

PRINT 60, NUMZ
FORMAT (' THROUGH ',14)

PRINT*, ' SURF v X z R
PRINT*,* *

WRITE (3,58) NUMI

WRITE {3,608} NUM2

WRITE (3,78}

FORMAT (' SURF \ X Z R*)

WRITE AND PRINT DATA FOR EACH SURFACE REQUESTED (REFERENCE RAYS)

Do I = NUM1, NUMZ2
READ (2,88) N{I), REFY{I)}, REFX{I), REFZ{I}, REFR{I}
FORMAT (1X,I4,4(2%,F11.6))
IF (N{(I)} .EQ. @&} THEN
GO TO 98
ENDIF
PRINT 1488, N{1}, REFY{I}, REFX(I), REFZ{I), REFR{I}
FORMAT (1X,14,4(2%,F11.6}}
WRITE (3,122} N{I1), REFY{I), REFX{I), REFZ{1}, REFR{I}
£ EDRMAT {IX,14,4(2X,F11.61)}
ND DO

SEARCH FOR STARTING SURFACE NUMBER OF CURRENT RAY

TEST FOR "SURF"

DO WHILE {(END .NE. END}
CONTINUE
END DO

KEY = A

DO WHILE (KEY .NE. ‘SURF"')
READ {Z,18) KEY
PRINT 28, KEY

END DO

FIND SURFACE NUM1

154
168

READ,

165

N{SURF} = &

DO WHILE {N{SURF) .LT. NUM1-1}
READ (2,158) N(SURF}
FORMAT {(1IX,I4)

PRINT 168, N{(SURF}
FORMAT (1X,14)
END DO

WRITE AND PRINT APPLICABLE SURFACES PLUS DATA (CURRENT RAYS)

PRINT 165, NUML
FORMAT (/,' THE FOLLOWING ARE THE CURRENT RAYS FOR SURFACE ',I4)
PRINT 60, NUM2

PRINT*, * SURF ¥ X z R*
PRINT*,' *

WRITE (3,165} NUM1

WRITE (3,65} NUM2

WRITE (3,178)

FORMAT (' SURF Y X ) z R")

DO 288 I = NUM1, NUMZ

Ly e
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l THIS FILE FINDS THE CORRECT SURFACES TO BE COMPUTED AND

i PRINTS THE END MESSAGE....BUT IT ONLY GOES THROUGH THE

( FIRST SET OF DATA .

i THIS PROGRAM WILL SUBTRACT ONE GROUP OF DATA FROM ANOTHER GROUP OF

DATA, LINE BY LINE. 1IT CONSISTS OF COLUMNS X, ¥, Z, AND R (WITH

SURFACE NUMBERS INCLUDED)

INTEGER NUMI, NUMZ, TOTAL, SURF, I, KEY

PARAMETER {SURF=75)

INTEGER NC(SURF})

REAL CURX{SURF}, CURY{SURF}!, CURZ{BURF}), CURR{SURF)
REAL REFX{SURF}, REFY{SURF), REFZ{SURF}), REFRUSURF)

ENTER SURFACES TO BE COMPUTED

PRINT#, 'ENTER THE FIRST SURFACE YOU WOULD LIKE TO COMPUTE'
READ¥,NUM1
: PRINT;,'ENTER THE LAST SURFACE YOU WOULD LIKE TO COMPUTE'
s READ*,NUM2
PRINT*,' *

! IF {NUMI .GE. NUMZ2) THEN
: PRINT*,'THE FIRST SURFACE IS5 LARGER THAN THE LAST...'
PRINT#, *CANNOT COMPUTE OFFSETS'

: GO T 588
j ELSE
S CONTINUE
e ENDIF
|

ooOaoaoan

2XzXs!

TOTAL=NUMZ - NUM1 + 1
OPEN AND READ THE FILE PRINTER.LIS
OPEN (UNIT=2, NAME='PRINTER.LIS', TYPE='OLD')

LOCATE FIRST SURFACE ~ NUM1 - BY USING SUBROUTINE SEARCH
TEST FOR “SURF"
v DO WHILE (KEY .NE. 'SURF‘'})
T READ (2,18,END=456) KEY

- 19 FORMAT (1),A4)
_ PRINT 28, KEY
k 28 FORMAT (1X,A4)
END DO

FIND SURFACE NUM1

ot e AR

o

OooaonNnOo aooan

(g N rXy]

DO WHILE (N(SURF) .LT. NUM1-1)
READ (2,38) N{SURF)}
35 FORMAT (1X,I4}
PRINT 48, N{SURF)}
AQ FORMAT (1X,14)
END DO

OPEN THE FILE OFFSET.DAT
QPEN {UNIT = 3, NAME='OFFSET', TYPE='NEW'}

oOoOoO0N o0

PRINT 34, NUM1
%) FORMAT (/,' THE FOLLOWING ARE THE REFERENCE RAYS FOR SURFACE ',I4}

j_..l
I
o
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Ref. 6.9

SANTA BARBARA RE SEARCH CENTER
A Subsidiary of Hughes Aircraft Company
INTERNAL MEMORANDTUMNM

T0: J.L. Engel DATE: November 19, 1982
REF: HS236-8163 SED 230
SUBJECT: Light Leaks in the Prime Focal . FROM: D. Brandshaft
Plane Assembly - II BIDG: B11 MS: 40
EXT: 6343 :

Reference 1: Light Leaks in Prime Focal Plane Assembly HS236-8115

A family of light leaks was discovered in the P~1 prime focal
plane ' assembly during ACO7 testing. Since then, they have bheen

‘exemined in special +tests conducted at SBRC (STR - #017) and GB -

(8-0ct—-82). This memo describes our current understanding of the light
leak data. It includes a restatement of the relevant data in ref. 1
and a report on a partial analysis of the data taken at GE. (Full
analysis of the data has been delayed by computer scheduling
conflicis.) Phere is every reason %o believe that a similar, but as
yet undetected, set of light. leaks exists in the PF model TNM.

" The light lezks zre thought to have the following properties:
1. They do not affect the cooleé focal plane.
2. They affect =211 four bands in the prime focal plane

3. They appear a secondary maxima in the scan direction line spread
function (see figures 1 and 2 and computer plots). There may be as
many as four such maxima associated with each band - two on each side
of ,the principle maximum.

4. The scan direction coordinates of the light leaks are given in
ta2ble 2. Their position is the same for both the odd and even half-
bznds. (The odd and even detectors are displaced from each other by
2.5 IFOV's. There are no corresponding displacements among’the light
1eaks).’The light lezks ROUGHLY 20 IFOV's wide in the track direction
by 1 IFOV in the scan direction. '

5. They are white light lezks in the sense that the leaked radiation
does not pass through the filters which define the speciral responses
of +the prime focal plane bands. However, the channel response %o
leaked rzdiation does depend on the particular light leak involved.

(See +able 3). B

6. The magniitude of the leaks is the same for all detectors in a given
half-band but varies from half-band to halfi-band. The best avallable

estimidies of the magnitudes of the leaks are given in Table 2. Roughly
spesking, this teble can be interpreted as saying that if the TM is_

looking a% a uniform scene for which all detectors in all bands should
have an output of 100 counts, then the even channels of band 1 will
actuzlly have an output of 100.7 counts, the odd channels in band 1

t
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will have an output of 101.4 counts, the even channels in band 2 will
have an output of 100.2 counts, ete. .

The light lezks were discovered during testing for ACO7 (spatiazl
coverage).. In this test a line source (actually a slit with the image
of 2 lamp filament focused on it) in the collimator foeal plane is
projected onto the TM foc. plane. With the scan mirror locked, the
slit, a2nd hence its image .n the ™M focal plane, is moved in order to
map out the line spread function of selected TM detectors. Figures 1
and 2 show the scan direction line spread functions for detectors 8 of
bands 1 and 4. A relatively wide (0.9 IFOV) slit was used in order to
maintain an adequate signal-to-noise ratio. The small peaks numbered
i-4 are the white light leaks. Similar leaks were visidble in quick
gecans of bands 2 and 3. No lezks were observed in bands 5 and 7.

In order to investigete the spectiral properties of the lezks, the
band 4 witness filter was placed between the lamp and the siit. Thus,
only light in the band 4 bandpass region reached the slit. The output
of detector 8 of band 1 was observed. The amplitude at the.ceniral
peak was reduced by a4 factor of 100, while the amplitude at the leaks
was reduced by about a factor of four. When detector 8 of band 4 was
observed, the amplitudes of it leaks were also reduced by about =z
factor of four, although its central peak was only reduced by a
factor of 1.2. This shows that the light responsible for the leaks
does not Travel through the TM's bandpass filters.

When the band 5 witness filter was placed in the beam, both the
leaked signals and the signals in the central peaks disappeared. This
is as expected, since silicon detectors =are insensitive to long
wavelength radiation.

For a given detector, the ratio of the arez of the central pezk in
the line spread function to the area of the secondary peaks provides a
measure of the magnitude of the leaks. (The shapes of the leak peaks
and central peaks are similar. Thus, it suffices to compare smplitudes
instead of areas.) Since the light contribution to the central peak
nust pass through the detector bandpass filter while the leaked light
does not, this ratio depends on the spectral shape of the source being
observed. The spectrum of the souce used to generate figures 1 znd 2
was unrealistically red and poorly known. Furthermore, there were
other experimental uncertainties (involving phase setvtings of a
lock-in amplifier) which may have distorted the shape of the observed
line spread funciion. As a resuli, these curves cannotv be used to
quantify to size of the leaks.

The required data was obtained during =z special test run a2t GE.
Por this test, a 0.46 IFQOV-wide slit was placed in the calibrator's
BBR & GA reticle wheel. The scan mirror was used to scan the slit and
mux output data was collected in the normal manner. The mux only
samples data once every minor frame. Hence 2z single scan provides a
seriously undersampled line spread function. ‘There is, however, a
large scan-%to-scan jitter when the scan mirror is operated in air.
Thus it is possible to use the line length error codes associated with
each stan to piece together a well-sampled liné spread funciion from
several separate scans. Sincé we are interested in signzls as small zas
0.1 counts, approximaiely 2000 scans were averaged to obtain

sufficient signal-~to-noise. : 148
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The averaged respons2s to the slit are shown on the attached
computer plots. These plots were used to create the "no filier" column
in t2ble 1 and 211 of tzble 2. The DSU/DEMUX in the bench +tesst
equipment was operating poorly when this data was taken. As a result
some of the datz for bands 3 and 4 was garbled. I+t is unclear whether
the uneven curves for these bands are real or dve to the inclusion of
bad data. '

In order t2 examine the spectral dependence of the light lezks, the
tests were re-run with each of the four prime foczl plane witness
filters in front of the slit. The low signal to noise of these
measurenents limits the usefulness of the data to the three largest
leaks. The results are displayed on fable 3. Notice fthat the data for
the band 1 light lezk diszgrees with that for the leaks in bands 3 and
4. While this is annoying in prineiple, the low signzal to0 noise ratio
of these measurements after averaging 2000 scans illusirates a lack of
any need for a detailed knowledge of the speciral response.

The various slit responses indicate the light lezks are about 1
IFOV wide in the scan direction. By moving a slit of limited length in
the track direction, we could determine that the lezks are roughliy 20
IFOV's high 2nd in line with the detectors. (The vast majority of 'the
track direction data has yet to be znalyzed. The quoted result is an
rough estimate made while the data was being taken.)

The long thin shape of the light leaks and their positions
relative to the band centers, suggests that they are associzited with
t?e slots at the sides of the individual band assemblies, (see figure
3_ S .
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TABLE 1

PEAK DETECTOR RESPONSE (MUX LEVEL)
T0 SLIT SOURCE

i

NO PILTER  FILTER  PILTER  PILTER
BAND FILTER 1 2 3 4
1 130. 120. 6.6 -0.0 1.2
2 90. 2.7 82. 1.2 0.2
3 120. 0.2 1.5 105. <0.2
4 125. 0.2 . 0.2 0.1 15.
AVG 116. | e .
150



TABLE 2
LEAK SIZES AND POSITIONS

 IAT.P-BARD LEAY POSITION LEAX SUM QOF LEAK
RELATIVE TO AMPLITUDE AMPLITUDES AS
CENTRAL MAX. (MUX LEVELS) A % OF AVERAGE
(IFOV*'S) RESPONSE (SEE TABLE 1)
ﬂk |—-even -13.1 . .45
i -9.1 Wi
12.4 <.1
" 17.2 .2
X 0.85 0.7%
- {-odd -15.6 1.3
f‘ ""11-6 01
: 8.9 <15
: 4.7 .1
f 1.65 1:!4'?5
- Z=2ven ~-14.5 .1
; 13.3 .1
d .2 0.2%
2-0dd -12.0 .2
11.8 .15
14.2 o
- W45 0.4%
i
. 3-9'\?61'1 —1 4'.8 . 25
13'1 '?5
’ 7 0.6%
T z2_odd -12.0 .3
i 12&3 '195
14.9 .
1.35 1.2%
' 4-even -14.0 .6
.';'- ""704' “3
- 12.4 .
i 4-0dd -11.7 .3
12.6 .2
.5 0.4%
p.
s
_ﬁt‘
1l
L
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TABLE 3
SPECTRAL RESPONSE OF LARGEST
LIGHT LEAKXS

PILTER RESPONSE AS RESPONSE AS

COVERING % OF NO-FILTER % OF RESPONSE

SLIT RESPONSE FOR CENTRAL
PEAK OF FILTER'S
BAND

1 9% 0.1%

2 19% 0.3% ,

3 - 22% 0.3%

4 17% 0.2%

1 9% 0.-05%

2 Not measured, poor S/N

3 214 0.2%

4 - 35% 0.3%

AU -

356%

Not measured-poor S/N
¥ot measured-poor S/N
Not measured~-poor S/N

0.2%
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and 1, detector 8.
collimator and a 0.9 IFOV-wide slit.
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7 - COHERENT NQISE

Coherent noise in the TM output data was measured using Fourier
transform techniques. Measurable coherent noise exists at only

two frequencies, the first and second harmonics of the power supply
frequency. (The F1 model TM uses a free-running switching mode power
supply. Its oscillator frequency is near 9.2 KHz)}. Table 7.1 pro-

vides a summary of the measured noise ampiitudes at these frequencies.
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Noise Amplitudes (in peak counts) for the worst case channel
in each band

Band Worst Case Amplitude Amplitude
Channel @ 9.2 KHz @ 18.5 KHz
1 2 .36 .14
2 15 . .14 .27
3 5 .30 17
4 —~—— £.05 £.03
5 7 1.29 .63
5% 5 : .34 .31
5% 9 .43 .18
7 10 . 35 «30

Band average noise amplitudes (in peak counts)

Band Amplitude Amplitude

@ 9.2 KHz @ 18.5 KHz
1 « 26 . 07
2 .08 .13 :
3 .18 - 11 j
4 £.05 £.05 i
5 .35 .23 '
5% .27 « 20
7 .18 .19

*Excluding channel 7

TABLE 7.1 OBSERVED COHERENT NOISE
In all bands, the worst case channel at 9.2 KHz was also the
worst case channel at 18.5 KH=z.
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8 - SCAN PROFILES AND BAND TO BAND REGISTRATION

The most thorough measurements of the scan mirror's scan profile were
made during the scan mirror assembly (SMA) unit level acceptance tests.
The results of these tests were reported in reference 8.1. The scan
mirror can te driven by either of two redundant sets of scan mirror
electronics (SME's). The SME's can be operated in either of two modes,
the scan angle monitor (SAM) mode or the bumper mode. (The bumper mode
is a backup mode wh'~h would only be used if the SAM's Tail.} Figures
8.1 through 8.2 are ...  from reference 8.1. They show the along-scan
and cross-scan scan profiles for the four cases. (Note that all angles
in are in mirror space. The TM's scan geometry is such that an along-
scan mirror space angle corresponds to a cross-track object space angle
20. Similarly, a cross-scan mirror space angle @ corresponds o an along-
track object space angle 2 § cos 35%).

The scan mirror's along scan profile can be thought of as the sum of
three terms; a linear ramp, a 5th degree polynomial, and a parabolic
correction. Table 8.9 provides the calibration constants necessary to
compute these terms. Reference 8.2 discusses a variety of issues con-
cerning the scan profiie in general and the parabolic correction term
in particular. (Computation of the scan profile requires knowledge of
the 1ine length error information obtained from the SAM. Spacecraft
toll affects the measured values of these errors. This "roll effect"
must be backed out of the raw SAM data using spacecraft attitude data.
$s1a ;esult it is almost impossible for an end user to compute scan pro-
iles).

During thermal vacuum testing, an attempt was made to measure the system
Tevel scan profile. These measurements were compromised by the presence
of vibrations in the TM-calibrator system. The dominant vibrational

mode was at the 15th harmonic of the scan frequency. The following para-
graphs describe the results of these measurements together with an assess-
ment of their reliability.

The scan Tine corrector's (SLC} scan profile was measured and found to be
nexrly ideal, i.e., within = 2.5 urad (object space) of a 9.610 prad/sec
Tinear ramp over the entire active scan. This result held when the SLC
was driven by either of its redundant drivers. There was 1ittle evidence
of vibration in these measurements and they are considered to be reliable
(see figure 8.10).

The scan mirror's along-track (cross-scan) scan profile was also measured.
The measured profile can be approximated by a parabola 11 object space
uyrad's high. (This data was taken using SME~-1. We would expect SME-2
data to be nearly fidentical). The curve impiies that the TM points too
far backward at the center of scan. Vibrational effects are clearly
visible in the data. However, the fit displayed in figure 8.11 appears
convincing. The magnitude of the observed noniinearity is about 2 1/2
times as big as that observed in the SMA acceptance test profiles. It

is unclear which profile is more reliable.
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Measurement of the scan mirrors cross~track (along-scan) profile yielded
irregular and irreproducible results.

Tables 8.12 and 8.13 present data on the apparent cross-track (along-
scan)position of the detector relative to channel 9 of band 4. Concept-
ually, the data is a combination of three factors; the physical distance
between the detectors, the relative time delays in the electronics, and
the scan velocity. The sign of the effect of the electronics delays on
the apparent detector position changes with scan direction. This is the
major reason for the change in the apparent detector displacements between
forward and reverse scans. The data was taken near the center of scan,
where, in the absence of vibrations, the scan velocity is expected to be
very close to the nominal scan velocity. The effect of the vibrations on
the apparent detector displacements is probably small, i.e., less than
.05 IFOV. The data is thought to be reliable at this level.

Along track (cross scan) misregistrations among detectors in the prime
focal plane appear to be quite small, i.e., Tess than = .03 IFOV.
Similarly, the along track misregistrations of detectors in the cold
focal plane also appears to be less than = .02 IFOV. The prime and cold
focal planes are misaligned by about 0.09 IFQV in the track direction
(see figure 8.14).

Note that the .inchworms may move as a result of vibrations during launch.
This would result in a change of the relative positions of the prime and
cold focal planes.
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SCAN PROFILES 8 Merch 1980 .
ALONG SCAN =] E
SMA Designation F"l ENG UATA SAM HUUE,N 4 SME (1) or (2) 1 3&3“;2'8\;3“;7;”1 )
b 1 1 TS T4 TS T6 T? T8 TS SMOOTHING POLYNOMIAL COEFFICIENTS
5.6 246 248 5.2 2.8 26.3 20.2 24.4 24.4 a 4 58; 7 Rev  seecl e
Sawanoits © o 1 BLISO - 0B12e- 1336e-09
ramcounts = {L 500001 1 |202%B | 252353
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Figure 8.2

DATA SHEET 4.3.4-1

TS 32015-004

8 March 1980

SCAN PROFILES

=

Test Flow Event H-14 8eq 7

Comments _test _no. 14

&

Tested By

ALONG SCAN §
SMA Designation F-1 ENG DATA SAH HI]UE/N 4 SME (1) or (2) 2 2&9'29-8 T.1x
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L
-,..t.
. ’ :__:. — e FWD SMOOTHED
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Figure 8.3 }
DATA SHEET 4.3.4-1 X Al nmple X
SCAN PROFILES % March 1980 . e |
ALONG SCAN o g
SMA Designation -1 ENG DATA BUVPER m,; SME (1) or (2) { ‘2&"9“ 6;2&2,“2;}) ’
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5.9 U750 54 50 86 2.6 U5 phgam 1 rwo TR - ]
f,‘s':a“';i'fg, -£7.2 §7.2 '} 5511908 2. 437307
-yl B i -1. 9550e-03 2 376%-03 -~
BUMPER A —_ 2 2 4116e-81 -2 9430e-01 i
F2 3 3 -1.1178e Bi 1, 2650e 81 -
e P4 FROM TFEG RUN 31881, 0931 4 2,189 B2 |-2.2760e B2 1
BUMPER B ‘_S_'I.m.z'fg g3 -
OFFSET-CORRECTED SCAN ANGLES (REF PO), URAD. INFLECTION i '_
- - POINTS 3 3 <3 f
P1 Pa :‘,(0. 7. 1 6‘ 4 - _’ _ )
r0 - o :: AKX - 'ig _4_._2 17. J
T e tos| .1 a1 = |7
T B.0e-01 O FRESSRE Sicno maoians |
g MIDSCAN PRESSURE CORRECTICN: 8.3 URAD
|
+ |
: |
g O ——-- !
g TIME, SEC == FWD g =5
E4 ©
]
N
.'UJ:
—— . WD SMOOTHED
— — — — REV SMDOTHED .
FWD MEASURE(
- - " REV MEASU {ET
-17.8}e sPEC data for emoothed profile :NORM
2 data hmwed profile s NORM
*  RunNe. 31081, 8831 QA S-amp N Ffz Dse 31081
[0 ( Test Flow Event  H=3 #8q 7 Tested By |

Comments tggt na 3
@ 161

NO. REQ'D=2 ] )
VELLUM 1\'}"



Figure 8.4
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Figure 8.8
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SME-T SME-1 SME-2 SME-2
SAM MODE BUMPER MODE SAM MODE BUMPER MODE
(Page 331) (Page 342) (Page 353) (Page 366)
4 4.6812E-7 5.5119E-8 4.3144E-7 -1.1849E-7
rad
%4 -2.0927E-3 -1.9550E-3 -1.6538E-3 ~1.3525E-3
rad/sec
2, 2.4365E-1 2.4116E-1 2 .4864E-1 2.19108-1
rad/sec
= 3 4 -1.7042E+] ~1.1179€+] ~1.7422E+] -1.0534E+]
3 rad/sec
- 0, 2.1349E+2 2.1896E+2 2.1987E+2 2.0726E+2
= rad/sec
=
S % . -1.4560E+3 -1.5077E+3 ~1.4945E+3 ~1.4352E+3
rad/sec
Opo
o -5.46E-6 - 4.55E-6 --
By 6.1556E-9 2.4379E-7 -2.1578E-7 6.1555E-8
rad
by 2.5213E-3 2.3769E-3 3.1184E-3 2.8591E-3
rad/sec
b2 ~3.0669E-1 -2.9430E-1 -3.2331E-1 _2.9687E-1
rad/sec
b3 3 1.3025E+1 1.2650E+1 1.3313E+] 1.2396E+]
rad/sec
Z b, -2.3212642  -2.2760E+2 -2.36506+2 ~2.2361E+2
o rad/sec
& b . 1.4747E+3 1.4566E+3 1.4991E+3 1.4364E+3
i rad/sac
& | o -2.43E-6 -- 6.08E-6 -
rad * '
~ .500045 -- .500082 --
Ky = ;QPOP5
P2P3 - BPoP5

Table 8.9 - Summary of along scan scan profile parameters from Reference 8.1.

ALL ANGLES ARE IN MIRROR SPACE
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Table 8.12

Along scan registration data for forward scans. Tabulated values are
the difference between the nominal and apparent detector positions
relative to detector 9 of hand 4. All values are in minor frames. For
example, during a forward scan detector 9 of band 1 will see an object
75.22 minor frames after the object is seen by detector 9 of band 4
rather than the nominal 75.00 minor frame delay. Values marked with

* are uncertain.
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CHANNEL 1
1 .23
2 248%
3 .22
4 .24
5 .25
6 .20
7 21%
g .19
9 .22
10 .20
11 .22
12 .23
13 .27
14 .20
i5 .28
16 .23

FORWARD SCAN

2 3 4
-.05 ~.02 -03
.01 -.01 .02
-.05 -.01 03
-.04 -.01 .02
~.01 -.04 .02
-.01 -.05 -.03
~.04 0 -.01
-~.04 -.06 0
-.05 ~.04 0

-.03 -.03 ~.02
-.07 - 07 0

-.02 ~-.03 -.02
-.03 .04 .02

.01 -.02 0

-.03 .04 .06
-.03 -.02 .03

B T - e )

=i

.29

.10

.26

.12

.15

.19

.17

.19

.20

.21

.17

.12

.17

.14

.13

.13

-.03

-.17

-.09

-.12

-.10

-.11

-.18

-.10

-.15
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Table 8,13

Along scan registration data for reverse scans. Tabulated values
are the difference hetween the nominal and apparent detector
positions relative to detector 9 of band 4. A1l values are in
minor frames. For example, during a reverse scan detector 9 of
band T will see an object -75.21 minor frames after (75.21 minor
frames before) the object is seen by detector 9 of band 4 rather
than the nominal -75.00 minor frame delay. Values marked by *
are uncertain.
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Channel

1

10

11

12

13

14

i5

1le

-.15

-.14

-.19

-.13

-.17

-.18

—-.22%

-.19

"-21

-.18

-.21

-.16

-.16

-.18

~.15

-.17

IlO

.16

.08

12

.12

.14

.09

.11

.06

.12

.06

.12

.08

.15

.08

.10

REVERSE SCAN

BAND

3 4 5
.09 .06 .01
.14 .06 .07
.10 .06 .03
.13 .07 .08
.06 .04 ~.05
.11 .01 .16
.11 0 -.03
.09 .03 .16
.06 0 .01
.12 .01 .19
.10 .01 0
.11 .01 .13
.15 .03 0
.13 .03 .17
.13 .06 ~05
.12 .05 .21

.17

.31

.16

.34

.21

.33

.25

.37

.32

.38

.29

.33

.23

.36
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i tion be incorporated to solve the along-scan linearity profile
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VG 1a ALONG-SCAN PROFILE REVIEW AGENDA

The agenda will serve as a table of contents. After an introduction that summarizes the
aleng-scan linearity requiremnents and the solution to profile shifting, the characteristics of the
profile shift and "'wander" phenomena are covered. Details of the measurement techniques are
presented in support of the measured results and to en~ure confidence ir these results. The para-
bolic correction of the along-scan profile by using telemetered midscan time information is
explained in detail, and life test model data is presented to illustrate its application, The thermal
sensitivity ol the profile is also presented; this discussion is followed by the conclusions and rec-

ommendations. Please consult the indicated reference for further information and additional

reference material,

-
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VG 18y & INTRODUCTION

Throughout the development phase and now in the final flight manufacturing phases of the
TM SMA program, the along-scan variation from a true linear angle as a [(unction of time has been
found to change slightly (about £5 prad maximum) on a test-to-test (2 separation of 15 minutes or
maore) basis, and it has been found to shift several tens of microradians during exposure to therma
cycling and vibration. The profile review meeting afforded an opportunity to present an organized
summary of the findings, to discuss instrumentation precision, to present evidence that all profile
shifting and "wander" are parabolic (and hence correctable by ground-based processing), and to
discusa details for employing the ?1idscan correction. Redesign within any practical lime/cast
framework appears to be impractical and it would probably not solve the problem (part of which
may be due to a basic metallurgical flexure pivot characteristic). Since the specification values
seem to be firm, the recommended practical and effective snlutio.n is to ratain the specified
parameters but allow the scan profile to be corrected in order to achieve the performance

reguired.

i
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INTRODUCTION | {hucnes |

PROBLEM: SMA FALLS THREE BASIC SPECIFICATIONS
® 1. ALONG-SCAN LINEARITY
® 2. BAND-TO-BAND REGISTRATION (SCAN RATE)
e 3. GEOMETRIC REPEATABILITY

SOLUTIONS:
o REDESIGN
® CHANGE SPECIFICATION VALUES

v/ ® RETAIN SPECIFIED VALUES BUT ALLOW SCAN
PROFILE CORRECTION

!
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VG 2 LIFE TEST MODEIL SCAN MIRROR ASSEMBLY

On the facing page is a photograph of the front of the life test model SMA. The central cut-
out (obscuration region) provides room for an on axis-torque motor. A vibration damper (for use
in the scan mirror doming vibration model is mounted on the armature. The turnaround springs
and striker plates are located at each end of the assembly. The beryllium scan mirror is a two-
piece machined egpcrate design in which the front and back are brazed together along the webs in

the center. The scan mirror is shown resting against the bumpers of turnaround "BY.
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VG 3 LIFE TEST MODEL SCAN MIRROR ASSEMELY

On the facing page iz a photograph of the back of the SMA, The frame and bridge are inade
of beryllium. The scan angle monitor (SAM) at the upper left-hand corner directs the energy from
a solid-state laser to the polished back of the scan mirror by means of a relay mirror that is
attached to the bridge structure. After two reflections between the three-faceted wing mirror and
the scan mirror, the laser beam crosses a split diode pair to create precision angular reference
pulses at the scan extremes and at midscan.

Precision temperature sensors are located near each bumper, each flexare pivot, and on
the center of the bridge.

The scan mirror electronics {SME) dissipates about 18 watts of power in an aluminum
housing. The glass corner cubes shown are permanently mounted in the scan mirror. They are
used in various unit level tests for accurately measuring the angular position of the scan mirror,
This mirror is shown resting apgainst the bumpers of turnaround "B" (it is at "B" that the scan

mirror is nearest the SAM),
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VG 4 AILLONG-SCAN DEFINITIONS

The facing figure defines the forward and reverse scans with respect to turnarounds "B"
and "A", The start of the forward scan is defined as P,,. when the scan mirror is leaving the
"B" turnaround (closest to the scan angle monitor).

Angles BPOPS’ BP1P4' and BPZPS represent the static condition in which the scan mirror
is "locked" onto the corresponding SAM station by means of SAM-LOCK (not scanning), In this
condition, no vibrations or time delays occur and there is no distinction between forward and
reverse scan, A theodolite (DMK-2) measures these angles at the beginning of the unit acceptance
test. A proportionality constant K;] is defined as the ratio of the midscan to the full-scan angle as
measured with the theodolite,

When the SMA is made to scan, time delays and small vibrations occur that cause the
dynamic SAM pulses (PO through P5} to shift slightly from the static SAM stations. These small
shifts, which are called SAM offsets, must be very stable if the midscan linearity correction is
to be effective. A modification incorporated in the life test model {effectivity 5/N 002 and up) was

adapted in order to stiffen the SAM primary mirrors and thereby stabilize the SAM offsets.

o
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VG 5 VEM NONLINEARITY WITHOUT MAGNETIC COMPENSATION

The curve on the opposite pape shows the deviation from a perfectly linear scan for the
tyibration engineering model" {(aluminum eggcrate STM scan mirror mountied in the engineering
model frame); the data on which it is based was taken before the installation of the magnetic
compensator assembly, The #500-prad "sinusoidal' shape is characteristic of a linear spring
force {flexure pivots) acting on the scan mirror. The curve has been described as "sinusoidal"
but it is actually cubic. The small parabolic curve labeled non-nested represents the cormponent
of the scan profiles due to eddy current drag; this, rather than a linear torque on the scan mirror,
is a constant torque on the mirror. The deviation from a previous scan profile that results from
a constant torque is parabolic, ‘

The locus of points consisting of the averages of the forward and reverse scans is termed
nested since it is the component common to both the forward and the reverse profiles {(they "nest"
when folded onto each other), The nested component is caused by conservative {non-lossy) torques
acting on the scan mirror. The components of each profile that do not nest {(i.e., are of opposite
sign when the reverse scan is folded onto the forward scan) are caused by non-conservative lossy
mechanisms, such as eddy curresnt drag, air drag, etc.

Equations for nested and non-nested are indicated on the curve.
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VEM NONLINEARITY WITHOUT
MAGNETIC COMPENSATION
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VG 6 FORCES INVOLVED IN ALONG-SCAN NONLINEARITY

When a constant torque acts on the scan mirror, it causes a parabolic nonlinearity. A

small incremental constant (within a scan) torque (shown dotted) superimposes a small parabolic

modification onto the profile. Such torques can be caused by changes in eddy current drag and in
eddy current compensation current sources, rotations in the flexure pivot or magnetic compensator
with respect to each other, or changes in the mechanical hysteresis of the flexure pivots. If the
constant (within a scan) torgue aiternates in sign between forward and reverse scans, the parabolic
change will be nan-nested, and the Iorward and reverse scan separation will change. If the sign of
the torque does not alternate, the parabolic change wiil be nested, and the forward and reverse
scans will increase or decrease together.

An i wcremental change in torque that is linear {shown dashed) superimposes a amall
"sinuscidal' component onto the profiles.

When the SMA is operated at significant temperature differences from that of SMA assem-
bly (and adjustment), a small "sinnsoidal" nonlinearity (-0.5 prad/®C peak to peak) is observed.
This nonlinearity appears to be due to a larger temperature coefficient in the flexure pivol spring
rate than in the magnetic compensators. The '"sinusoidal" componenti disappears as the tempera-

ture returns to normal,
All shifts due to vibration, shock, and thermal cycling have been substantially parabolic,
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FORCES INVOLVED IN
ALONG SCAN NONLINEARITY
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VIBRATION SHIFTS HAVE BEEN PARABOLIC

Rl

PARABOLIC

® EDDY CURRENT

© COMPENSATION
CURRENT SOURCES

® CONSTANT (ANGLE
INDEPENDENT)
TORQUES

® INTENTIONAL
CURRENT SOURCES
THIRD—ORDER (AND HIGHER)

e ANGLE DEPENDENT
TORQUES —

e FLEXURE PIVOT;

® MAGNETIC COMPENSATOR

COMPLEX

® DFFSET BORESIGHT

OF FLEXURE PIVOTS
AND COMPENSATORS

® COMPLEX SHIFT
® PARABOLIC SHIFT
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VG 7 VEM PREVIBRATION 2 NESTED NONLINEARITY

"In an attempt to isolate the mechanically induced profile shifting and "wander", most of the
SMA developmental tests were conducted without electronic active scan eddy current compensation
{to remove the small known variations in current source).

The profile shown illustrates the nested component {(unaffected by eddy currents) for the

VEM SMA before the second series of expasures to vibration in May 1979,
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VG 8 VEM POST-VIBRATION 2 NESTED NONLINEARITY

After vibration, a 31-prad net midscan shift was observed that was found to be parabolic

{discussed with viewgraph 16). Investigations followed as various SMA models became available.

Four engineering maodel configurations evolved, i.e., EM-A and EM-B, which are similar to the
VEM except that the scan mirror is made of beryllium and the scan angle monitor was converted
from a four-bounce to a two-bounce optical system. EM-C and EM-D included Eastman 910
cement between the flexure pivots and their mounting blocks.

EM-A and EM-C did not inclunde the bridge half of the magnetic compensator, whereas

EM-B and EM-D included all of the SMA components. These configurations were measured and

exposed to vibration in an attem pt to isolate what appeared at the time to be rotations of the flexure

pivots or magnetic compensators,
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VEM POST-VIB 2 NESTED NONLINEARITY
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VG 9 POTENTIAL CAUSES OF PROFILE SHIFTING AND WANDER

i : The shifting of the nesied profile has in some cases been cumulative, and in one case
, {(multiple vibration exposures) it totaled 54 prad, Profile "wander', i.e., variation from test to
| test, has generally remained within #5 prad. These observations include the STM, VEM, and all
configurations of the EM and life test model. SAM offset variations, 93 Hz main-frame modes,

i a 118-Hz IFAR fixture resonance, and small variations in the active scan control (ASC) eddy car-
B rent compensation current sources have all been identified and eliminated in one way or another,
’ ‘ In spite of these problems throughout the SMA development, profile ''wander' has been clearly

‘. evident in all configurations. Although an orbital "warm-up" profile variation has been seen,

profile wander occurs after many hours of continuous operation at constanl temperature.

9'5 : The shifting of the profile (from vibration and thermal cycle exposures) has been parabolic
" and must therelore be caused by rotations of the flexure pivots, metallargical (hysteresis) changes
'@; , in these pivots, motion of the magnetic compensator elements, or changes in structural stress.
é‘ : ‘ Although parallel investigations of flexure pivots and compensator mounting are continuing, it is

now generally believed that the shifting is a metallurgical effect.

Wander may be caused by variations in thermal gradients, changes in eddy currents or in

current source with temperature and possibly by gravitational effects (changes in the granite slab

. rest position).
I
K
Cod
i
r dir - D | [P . A IR PR wh d 2 .. [ ' b Loy i '.' .
S St SRR VSRt S v N SS SNS.SSOR S Bici: B st S Soesoc SN At ¥ SN SN s SRS A SRR RN S Hav N S|




¢ e e s B T &
POTENTIAL CAUSES OF PROFILE | | HuGHES |
SHIFTING AND WANDER | "

A PROFILE SHIFTS -- 0 TO 54 pRAD; WANDER --~+ 5 uRAD

A VIBRATION AND THERMAL CYCLE SHIFTING

® FLEXURE PIVOT ELEMENTS (MOUNTING AND PIVOTS
THEMSELVES)

® MAGNETIC COMPENSATOR ELEMENTS
® STRUCTURAL STRESS CHANGES

AN WANDER
® THERMAL GRADIENT VARIATIONS

® EDDY CURRENT CHANGES

® CURRENT SOURCE CHANGES (TEMPERATURE)

® GRAVITY
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VG 10 SUMMARY OF ALONG-SCAN PROFILE SHIFT

The facing chart depicts all of the profile shifts observed with the various SMA configura-

tions (noted at the top). Every new configuration or adjustment is indicated by a small square that
is referenced to zero. The open circles indicate detailed IFAR/DAS measurements in the TM
Laboratory, and the solid dots indicate relative shifts of midscan time measurements on the vibra-
tion fixture {nested component}). Vibration 10 caused a 23 ~prad shift, which occurred in the pres-
ence of the magnetic compensator. However, removing the compensator and measuring linearity
in relation to the previous EM-C configuration indicated that the shift that occurred was associated

with the flexure pivots.
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VG 11 ALONG-SCAN PROFILE WANDER

The facing viewgraph indicates observations of the linearity "‘wander’. During the life test,
midscan times will be monitored and plotted to determine if there is any long-term trend in the

"wander" effect.
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ALONG-SCAN PROFILE WANDER  HUGHES |

e VEM: OBSERVED WANDER ON DTS

~ +2 uyRAD ELECTRONICS
~ +3 pyRAD NON-ELECTRONICS

e EM: SEVERAL SETS OF 20 RUNS INDICATED THE SAME,
AND POSSIBLY SOME GRADUAL LONG-TERM DRIFT

e EiVi: WANDER RUNS SHOW ~ 4 uRAD NESTED VARIATION
AND ~ -1.5 uRAD NON-NESTED VARIATION AFTER
40-MIINUTE ORBIT OPERATION

® WANDER CONCLUSIONS:
A -1.5 pRAD NON-NESTED TURN-ON VARIATION DUE TO
CURRENT SOURCE TEMPERATURE RISE

A 4 yRAD NESTED TURN-ON VARIATION DUE TO THERMAL
STRESSES ON FLEXURE PIVOTS OR COMPENSATORS

A DIRECTIONS OF SHIFTS PROBABLY DEPEND ON INITIAL
TEMPERATURE

e LTM: WILL BE MONITORED FOR STATISTICS AND LONG-TERM
DRIFT -
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VG 12 45-MINUTE OPERATION FROM STANDBY CONDITION

These simulated orbit data runs {on the structural model main frame) represent Engineering
Model quarter~ , mid- , and three-quarter linearity points as measured by the data acquisition
system (DAS) and also the midscan correction indicated in the line length code (Curve 1). Since
the correction follows the measured data and the quarter points follow parabolically. this fact
indicates that the correction scheme works for the turn-on component of the profile "wander",

In some data runs, the turn-on profile variation decreased rather than increased. A small
portion of this variation is in the ASC current sources, but the source of the dominant effect is not

known,
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VG113 SME ACTIVE SCAN CONTROL

The ASC cuarrent source temperature dependence was measured on the EM circuil board.
The positive and negative curreni sources are used to compensate the reverse and forward scans,
respectively. Over the expected operating temperature range of the circuit board, less than one-
microradian variation is seen. Hnece the dominant variations seen in simulated orbit runs of

viewgraph 12 are not due to ASC current source variation,
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VG 14 NESTED AND NON-NESTED VARIATIONS WITH TEMPERATURE

With a four-bolt mount on the DTS fixture, the life test model SMA was operated at 129,
24°, and 36°C, This interface is considerably different than that of the main frame., Under these
conditions, it was found that both nested and non-nested relative thermal variations were similar

for the three configurations shown,
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NESTED AND NON-NESTED
VARIATIONS WITH TEMPERATURE

e LIFE TEST MODEL (ON DTS) OPERATED WITH SME INSIDE CHAMBER

(WITH ACT!IVE SCAN CONTROL):

A
A

& LTM,
A
A

° LTM,
A
A

NESTED = 7.9 uRAD/12°¢C
NON-NESTED = -5.4 ytRAD/12°C

BB2 (OUTSIDE CHAMBER), WITH ACTIVE SCAN CONTROL:
NESTED = 8.1 uRAD/12°C
NON-NESTED = -6.2 yRAD/12°C

BB2 (OUTSIDE CHAMBER]), NO ACTIVE SCAN CONTROL
NESTED = 8.5 uRAD/12°C
NON-NESTED = -5.8 yRAD/12°C

s CONCLUSIONS

A

A

DOMINANT NESTED AND NON-NESTED TEMPERATURE EFFECTS
ARE NOT CURRENT SOURCE VARIATIONS

NESTED VARIATION APPARENTLY IS NOT DUE TO SME THERMAL
EXPANSION

EDDY CURRENTS AND CONSERVATIVE TORQUES VARY WITH
TEMPERATURE

JULY 13980

S i RN sian NN s RN s SRR onaton NN vsoues NS swainues SN oo ENR =i ST et R e, B g IR covweenr S e S e



VG 15 PARABOLIC SCAN PROFILE CORRECTION

This chart identifies the requirements that must be met if the midscan profile correction is
to work, The first two items are discussed in the following four viewgraphs., The SMA offsets are
now expected to remain stable after the siiffening of the SAM primary mirrors on the Life Test
Model. Line length telemetry, which includes midscan information, is explained in Viewgraph 41,

The line length is issued as error signals from an ideal linear scan (the time to midscan from

exceeds 11 clock hits (385 psec).
Viewgraphs 31 through 43 explain the ground-based processing parametlers and how to

]

, start and the time from midscan to stop). These signals overflow when either half-scan error
maodify the smoothed profile polynomial equations to incorporate the parabolic immidscan correction.
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e ALL SIGNIFICANT SHIFTS AND WANDER MUST BE PARABOLIC

® TO MEASURE MIDSCAN ACCURATELY REQUIRES STABLE WING
MIBRROR

e REQUIRES STABLE SAM OFFSETS (STABLE, NON-RESONANT
SAM OPTICS)

e REQUIRES MIDSCAN INFORMATION IN LINE LENGTH
TELEMETRY

e REQUIRES GROUND-BASED PROCESSING
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VG 16 VEM POST-VIBRATION 2 WITH NESTED CORRECTION (CURRENT)
TO RE-ESTABLISH PRE-VIBRATION 2

The 31-prad shift which occurred in vibration 2 was shown to be substantially parabolic by
applying a constant torgue to the scan mirror in one direction; this was done by using the ASC
current sources.

If the original data plot of pre-vibration 2 (see viewgraph 7) is overlaid with the data plotted
in this figure, it is seen that throughout the scan the nested profiles overlay within about one micro-

radian., This fact demonsirates empirically that this shift is parabolic.
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VG 17 PARABOLIC SHIFT OF INVERTED SMA {EM)

These figures illustrate that the gravitational effect on the EM profile is parabolic. The
upper lefi-hand figure includes the fifth-order smoothed profile polynomial fitted to a normal SMA
linearity vun and the smoothed profile polynomial fitted te an inverted SMA linearity run., The
lower left-bhand figure illusirates the parabolas needed to bring both profiles te zero at midscan.
The upper right-hand curves are the modified profiles after the corresponding parabelic terms
have been subtracted. At the lower right-hand is an expansion of the one above {10-prad total
o scale on the ordinate). There are two curves, one solid, one dashed; both are substantially the

same, hence that the normal and inverted profiles are related parabolically,
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VG 18 SAM K-FFACTOR STABILITY THROUGHOUT EXTREME CONDITIONS

For the midscan correction to be effective, it is important that the SAM wing mirror
remain stable. The facing figure illustrates all linearity curves taken for SAM (1) during two
months of test (VEM) in which IFAR calibrations were taken, The IFAR SAM angle proportionality
congtant K represents the wing mirror stability. The upper curve illustraies variations in mid-~
scan linearity in these tests, many of which intentionally stressed the SMA by placing shims under
portions of the frame. The time period also includes vibration No. 1. Throughout these tests the

K factor remained within the equivalent of £2 prad.
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VG 19 LTM K, STABILITY

: The interferometric angle resolver (IFAR} is discussed in viewgraph 23, The intrinsic
pointing angle of this instrument with respect to the SMA (at midscan} o affects the value of the
wing mirror proportionality constant K. If o is large (milliradians), there will be a discrepancy
between K and Kg (K[ is the wing mirror proportionality constant as measured with a theodolite}.
When the SMA is inverted, @, changes sign and its effect on K is opposite. Hence we can define
Ky as the average of NORMAL K and INVERTED K. K should be equal to K. All life test

model K-o valnes found are plotted and indicate exceptional stability of the wing mirror.
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VG 20 SCAN PROFILE GENERATION

The next ten viewgraphs describe the equipment and methods used in generating along-scan

profiles, Data is presented that indicates the accuracy of the instrumentation.

4 . Aoy
[ SR £ 3 9 1 i & £ L g.5F 4l e i 4y H : : ) < 1 . :

PR Kooy - P o s —— a—_ [u— .

Lemmtniey ] PR

e et v——— .



96T

TEST CONFIGURATION

IFAR OPERATION AND EQUATIONS

WHERE IFAR CAN GO WRONG; PREVENTIVE TESTS
SAM-LOCK/IFAR STABILITY

DATA COLLECTION
— CALIBRATION
— SCAN DATA

SAM OFFSETS

POLYNOMIAL FIT TO 400-POINT DATA; SMOOTHED PROFILE
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VG 21 ALONG-SCAN PROFILE TEST CONFIGURATION

The present acceptance test station (ATS) consists of a rigid aluminum SMA mounting fix-
ture (DTS) that is within a stainless-steel vacuum chamber and that is mounted on an isolated
granite slab. The DTS fixture is thermally controlled, The IFAR instrument is attached to a rigid
aluminom fixture. A theodolite can be set up to view the front surlface of the scan mirror through
a port in the DTS fixture.

Signals from the I’AR and the SMA interface with the data acquisiiion system (DAS) which
formats high-speed IFAR digital data and directs it (DMA)} to the HP 9825A computer, A time clock
can be sampled and a DVM{/scanner combination monitors temperatures and vollages. The com-

puter interfaces with a printer aiid highly precise plotteyr.
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TEST CONFIGURATION e :
£ T VACUUM
; CHAMBER
N SCAN MIRROR ASSEMBLY
‘ ; DKM3 \‘//980AN MIRROR ELECTRONICS (SME)
¥ .. THEODOLITE z ALONG-SCAN IFAR
T8 # ISOLATED
] GRAN:TE
- SLAB {5 FT x 9 FT)
o ; = |
I 1 ™
1 / - IFAR FIXTURE
. S IFAR
: - | ELECTRONICS
. e
I - DTS FIXTURE, / »
N - i U SAM PULSE
. T onT SCAN MIRROR (BACK SIDE) SEPARATOR
E SCAN ANGLE MONITOR {SAM}
" 1
, THEODOLITE DATA ‘
H MEASURED STATIC IFAR ACQUISITION
ANGLES: P, A COUNTS: SYSTEM
SAM-LOCK SAM-LOCK _
9P2P3 Al i . e N, =~ 328000 SAM-
3 LOCK
_ {+) MiD-scan  Pq MID-SCAN t
3 0=0p p SAMEOCK SAMAOCK  y, ~ 164000
= 172 p Po “SAM 4 TIME i
_ OFFSET” CLOCK
! ) SAM-LOCK _L SAM-LOCK HP 9825A | PRINTER,
: p_p R il N~ 0 COMPUTER, PLOTTER
0'5 ’ Py TEMP. TAPE RECORDER
. B . B SCANNER
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VG 2z ELECTRONIC ZERO-LOCK (SAM-LOCK)

A requirement was established te lock the SMA to midscan for system level optical align-
ment. Mechanical locks were investigated and found to be undesirable. An electronic means was
found to locate the scan mirror at either bumper {by using currentis in the torque motor) or elec-
tronically lock it onto the dc-coupled SAM preamplifier signal by using a Type 1 integrating con-
trol loop to remove the effects of residual spring forces., This scheme has become key to the
calibration of IFAR for linearity tests. It is used to locate the scan mirror precisely at the three
angles that are measured with IFAR and that were previously measured with a theodolite. In this

way, the nonlinear IFAR eguations can be solved in order to relate interference [ringe count with

angle,
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ELECTRONIC ZERO-LOCK
(—LCK)

i ' BUMPER DC SCAN ANGLE MONITOR SIGNAL BUMPER
B M— -&- A
i MIDSCAN

L B EDGE ) A EDGE

¢ SIMPLE, ACCURATE OPTICAL ALIGNMENT

® SYSTEM TEST AID
(SIMPLE BORESIGHT AND EDGE CHECK)

@ <'1uRAD PRECISION POINTING AT TRUE

SYSTEM REFERENCE ANGLES {LINE START,
MIDSCAN, LINE STOP ANGLES)

NOMBWN =

SAM

SIGNAL
(=20 MVOLTS/uRAD)

-_‘—nl

;-

CAPTURE
SIGNAL

INSTRUCTIONS

SELECT A OR B BUMPER
SELECT INTEGRATOR — QUT
SELECT MIDSCAN OR EDGE
ADJUST KNOB CCW TO CAPTURE
SWITCH TO SAM; WAIT 5 SECONDS
SLOWLY TURN KNOB CW TO LOCK
SELECT INTEGRATOR — IN
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VG 23 IFAR CALIBRATION AND EQUATIONS

The facing figure presents simplified IFAR equations that result from eliminating negligible
terms (see HS5236-1334}. Since the corner cube spacing A depends on temperature, the calibration
must be done for each test. The wavelength of light varies with pressure in the chamber, and the
intrinsic pointing angle of the IFFAR fixture with respect to the midscan pointing angle of the scan
mirror can vary, Itis important that in each linearily test these variables be accounted for. The
technique used involves assigning the known static SAM angles {from theodolite measuremenis) to
the measured IFAR counter readings at the three angles. With this data, the values of N,. a, and
b can be determined directly.

Three problems are occasionally encountered with the system. Laser instabilities can
occur whereby coherence fluctuates and can upset the fringe signal generation. Optical alignment
must be carefully adjusted and monitered. Finally, during calibration the integrator switch for
SAM-LOCK can be inadvertantly placed in the OFTF condition. The characteristics of these prob-
lems are now well known, and traps are set in the test software to catch all of these situations,
alerting the operator to the problem and requiring a repeat of the test. All of these tests have been
used (manually in the early days) since the beginning of the engineering model testing., They are

now incorporated into the test software.
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IFAR CALIBRATION AND EQUATIONS

= SCAN MIRROR ANGLE (WITH

RESPECT TO MIDSCAN)
l | +~SCAN MIRROR
(FAR
CORNER
CUBE~, l
A=CORNER GUBE
| o SPACING
N=Np+aSIN (0} -b SINZ (§/2) gpo
a =D COS LASER PATH Ay |
b =20SIN a,
b = 8A/% sErnes iFar | ||
INTRINSIC !
{SEE HS236-1334) REFERENCE
ANGLE
SAM-LOCK _
LOCATIONS |
A
PaPs N\ 327840 l“"\
SOUNTS SMA MIDSCAN
’I b mirROR POSITION
8, = +67,187 uRAD %y
MIDSCAN L NyNp
163916 = p.49 K=31—2 (NORM OR INV)
K = 0.499988 NN
T COUNTS 270
2 O = 67,184 uRAD k. = Knorm + Ky
PoPs 0 2
Y 0 .
A4 \/ COUNTS Kp = THEODOLITE RATIO
B

A CORNER CUBE

SPACING 1§
TEMPERATURE~
DEPENDENT

Ng. a, b GENERATED
FROM 817, 62, AND
IFAR COUNTS

apg FOUND TO HAVE
TWO COMPONENTS {(LTM)

& CORNER CUBE
ALIGNMENT IN SM

® IFAR FIXTURE
ALIGNMENT WITH
SMA

AN VS 6 SHOWN TO BE
BOTH CORRECT AND
CORRECTLY IMPLEMENTED
IN SOFTWARE

A IFAR MISBEHAVIOR

& LASER
e ALIGNMENT
& INTEGRATOR SWITCH
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VG 24 DATA SHOWING IFAR AND THECDOLITE AGREEMENT

The 31 measurements plotied were carefully taken by pasitioning the scan mirror (LTM) at H

various positions within the scan field, Theedolite and IFAR measurements were made at each
location. The end points and midscan values were used in calibrating the IFAR equations, which
were then used to compute the angle for each data point. The difference between the resulling

I IFAR measurement and the corresponding theodolite measurement is snown in the facing figure.
The statistical uncertainty normally observed with the theodolite used is approximately 1 arc-sec
rms. These data points had a 0,58 arc-sec rms (one sigma) uncertainty., This data confirms that

all significant nonlinear terms in the IFAR equations have been accounted for.
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VG 25 LONG-TERM SAM-LOCK STABILITY TEST (SEVEN HOURS)

To demonstrate the stability of the electronic zero-lock (SAM-LOCK} in meeting the repeat-
ability requirements {Para 3,1.1,8 of DS32015-004} of %] arc~sec, the data shown on the facing
page was collected. This represents a combination of long-term IFAR stability, DTS and IFAR
fizxture stabilities, d-c SAM stability, and SAM emitter/detector effects. FEach data point is the
mean of ten samples of the IFAR counter, taken about 0.5 second apari. This process was repeated
every 5 seconds overnighi. Clearly, the SAM-LOCK meets its stability requiremenis. The major
variations are believed to occur in the relative pointing of the IFAR fixture (not thermally con-
trolled) and the DTS fixture {controlled to 24.0°C),
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164180
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LONG-TERM SAM-LOCK

1.0 ARC-5EC

EACH POINT PLOTTED 1S
AVERAGE OF 10 SAMPLES
OF IFAR COUNTER -

=

203
202 35 SAMPLES
‘_.w.._—-——‘
AVERAGE 202.8

TIME, 56 MINUTES/SAMPLE
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LTM, DTS, 4-16-80

AFTER TEMPERATURE
STABILIZATION

DTS CONTROLLED TO 24%
SAM-LOCK, MIDSCAN,
INTEGRATOR IN
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L} )
74 78 82 86 90 . 54 98

| |
46 ?_50 54 68 62 66 70 .
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21 HR 49 MIN 23HR7MIN - Lo
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] | 1 ]
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VG 26 ALONG-SCAN PROFILE GENERATION PROCESS (CALIBRATION)

This flow diagram illustrates the process followed during acceptance tests when calibrating
the IFAR for each linearity test. The first measurement involves the mean of five separate theodo-

lite readings that are taken once for each scan mirror before the profiles are generated. The

remaining steps are self-explanatory.
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PROCESS (CALIBRATION)
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FIXTURE CORRECT
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VG 27 IFAR CALIBRATION TECHNIQUE

The facing viewgraph is a typical computer printout for a calibration, The scan mirror is
SAM-LOCKED onto PgPg, and ten samples of the IFAR counter are read (each count corresponds
to about 0.41 prad). A value is then obtained for bumper B, followed by midscan and bumper A,
After the SAM stiation at PpP3 is measured, the scan mirror is returned to PoPs to determine if
there were any laser problems and to obtain thermal drift corrections. At the end of the data col-
lection period, the IFAR equation parameters N,, a and b are determined for the upcoming scan
data. As can be seen, this process takes about three minutes. The scan data is then collected

within about two minutes.
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VG 28 ALONG-SCAN PROFILE GENERATION PROCESS
(SCAN DATA AND PROFILES)

This flow diagram illustrates the processes involved in scan data cellection immediately
after calibration. After the panel switch settinga are checked (by computer), data on a pair of
scans is collected, and the IFAR count at the Py time of the third scan is compared with that of the
first. This test ensures that optical adjustments of IFAR and of the laser are proper. Each sam-
ple is then compared with its neighbors to determine if there are any discrepancies in the data.

The data is then processed for plotting and testing against the design specification requirements,
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ALONG-SCAN PROFILE GENERATION }
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VG 29 OPTIMIZING HP 98254 MEMORY LIMITS

Two basic types of along-scan data sets are taken in the course of SMA acceptance tests,
i.e., original high-resolution data for generating the smoothed profile polynomials, and multiple-
scan lower~resolution geometric repeatability test data, |

For the reference smoothed profile, a data set of one forward scan and one reverse scan,
each with 400 angular points, is taken. The sample rate is sufficient to resolve the highest fre-
quencies encountered with SMA profiles. Since short-term operation {e. g., 4000 scans) is known
to be stable and since any wander 15 known to be parabolic, it is sufficient to generate a profile
from a single scan provided that proper tests are employed to ensure that the data is good. The
typical fit of a fifth-order polynomial along the 400 points is 0.2 prad rms,

For the geometric repeatability tests, the SMA laboratory computer memory limits the
short-term data capacity. The number of scans obtainable should be sufficient to demonstrate that
geometric repeatability is within specifications. Developmental tests of the LTM have shown that
the line length repeatability {o midscan is half the line length repeatability (typically <0. 5 psec,
one sigma) over 2000 forward and 2000 reverse scans, Hence over this time period, geometric
profile wander was negligible., To alternately sample peaks and nulls of the torsional resonance,
about 75 samples are needed across the scan, This number ensures that within any group of
several forsional resonance peaks {ten), at least one sample will oceur near a positive peak and
near a negative peak and that on the basis of known profile characteristics, it will reliably indicate

the worst-case deviation from the smoothed polynomial, within a small fraction of 1 prad.
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5A MEMORY LIMITS § (. .~-077

OPTIMIZING HP 982

S B e

REFERENCE SMOOTHED PROFILE GEOMETRIC REPEATABILITY PROFILES

R {1 FWD., 1 REV; 400 POINTS EACH) _ {19 FWD, 19 REV: 75 POINTS EACH}
: A MUST PROVIDE HIGH RESOLUTION ON ALL A RESOLUTION SHGULD BE SUFFICIENT TO

SAMPLE POSITIVE AND NEGATIVE PEAKS OF
TORSIONAL RESONANCE {THEY ARE FARTHEST

B " MIRROR MOTION — INCLUDING 1050 Hz
' FROM PROFILE)

. (TORSIONAL RESONANGE) AND BEYOND
kR A HIGH RESOLUTION REQUIRED TO MEASURE

o BAND-TO-BAND REGISTRATION (SCAN RATE] A NUMBER OF SCANS SHOULD BE SUFFICIENT
o TO DEMONSTRATE THAT PERFORMANCE IS
o A NUMBER OF SCANS UNIMPORTANT FOR CURVE WITHIN SPECIFICATIONS
i FIT SINCE SHORT-TERM SCAN-TO-SCAN
e REPEATABILITY 1S < 0.4 tRAD 1o A THESE REQUIREMENTS LEAD TO:
i A 6585 SAMPLES/SEC (6.3 SAMPLES PER o NO. SCANS =- 20
i TORSIONAL RESONANCE PERIOD) NO. POINTS =128
y .
A RMS OF GURVE FIT ALONG A - o _
¢ THE PROFILE TYPICALLY 0.2 uRAD RMS (2.1 SPEC) o POTS FOSSILE = 7o

| 19 SCANS
f FIFTH ORDER
- LEASE-SQUARES -
1! FIT (SMOGTHED MEAN,
s PROFILE 10,
:; POLYNOMIAL) AND RMS 2
: COMPUTED —— =~
;o 2 | ' e
) o SMOOTHED PROFILE
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VG 30 SCAN PROFILE ERROR SQURCES (ON DTS FIXTURE)

The facing table lists the individual sources of ervor involved in generating scan profiles,
The values shown can be used in an error analysis to determine the fixed and scan-io-scan geo-
metric uncertainiies, On the radiometer, main frame errors would have to be determined fer
baseplate motion {negligible on the DTS).
a The remaining viewgraphs deal with the method to be used for correcting parabslic profiles

and with early LTM example data.
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SCAN PROFILE ERROR SOURCES T —
(ON DTS FIXTURE) il i

IFAR CALIBRATION URAD RMS

SAMLOCK . .« » « o o v o T,

WING MIRROR THEODOLITE MEASUREMENT* . . . . . . . . . 2.0
SCAN

SAM QUANTIZATION {6 MHz) 0.42 uRAD . . . . . . « « « . . .. 0.12

IFAR QUANTIZATION, EACH POINT 041 4RAD . . . . . . . . . . 0.12
DYNAMICS

TORSIONAL RESONANCE~/ uRAD P-P (START OF SCAN) . . . . . . 0.42

SAM VIBRATION . . .+ o« v o o o ~01

WANDER*® . . . . . . . . .. ...\ ...~20

BASEPLAT MOTION . . . . + . . . . . . . . . . . (NEGLIG ON DTS)

*ABSOLUTE PROFILE UNCERTAINTY; NOT A REPEATABILITY PARAMETER
**CORRECTABLE BY USING MIDSCAN TELEMETRY
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VG 31 PROFILE POLYNOMIAL MODIFICATION CURVES

The facing figpures explain how a parabola can be added to a smeothed profile polynomial to

create a ground-calibrated profile polynomial that very clesely describes an actual scan (scan "'}
whose midscén telemetry data was used to determine the size of the parabola. -
The upper curve illustrates an original amoothed provile. Iis midscan value is defined as
the profile (reference) offset angle ¢;,. This value is found during the data collection for the scan
used when the original profile is taken. The second figure illustrates the actual profile for scan "i'
in relation to the smoothed profile. The offset angle bg; is found from line length telemetry, The
nithn gean differs from the smoothed profile by a parabola where the midscan amplitude is
{bg ~ q’fo’ = AFi.
J The lowest figure illustrates the original smoothed profile, the parabola A{t), and the .

ground-calibrated profile which is the parabola added to the original profile.
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VG 32 PROFILE POLYNOMIAL MODIFICATION EQUATIONS

The forward profile is a fifth-order power series with coefficients agy through ag. The

parabola for scan "i" is a second-order power series consisting of two terms, .=.1’l j» and a'z i
?

The ground-calibrated profile is defined as a fifth-order power series with a) ;=3 + a'l i and
» R
ap j =agt a:?;, i+ The equation used to obtain Ag from line length code is discussed with
viewgraph 41.
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S INITIAL SMOCTHED PROFILE POLYNOMIAL:

Glt) = ay + aqt + agt? + agt® + agt? + agtd
(FROM DATA SHEET 4.3.4-1)

® PARABUOLA ASSOCIATED WITH LATER SCAN “*¢'*

Alt) = (4_;”5) t— (_.____4 Afi) £2
S t25

v, ® GROUND CALIBRATED PROFILE POLYNOMIAL: ;

f aO’i = BO _ PROF"—E

e o oae g (AAT ] POLYNOMIAL
| O (12 ) i MODIFICATION
a _ : EQUATIONS

ag j = ag

® Afi IS OBTAINED FROM LINE LENGTH CODE
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VG 33 LIFE TEST MODEL {AF) — BASIC PROFILES
WITH FIFTH-ORDER POLYNOMIALS

The facing figure is an example data sheet taken on the LTM before it underwent final
acceptance tests. DBoth the 400-point measured profiles and the smoothed fifth~order polynomials
are plotted on a 20-prad scale. The theodolite angles are circled and indicated as 6P0P5 and
9P2P3= These angles are used te compute Ag and AL The box at the top right indicates the

polynomial coefficients. In the lower left-hand corner, the run number indicates the date and time.
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VG 34 LIFE TEST MODEL (AF) — BASIC PROFILES {CONT.}

This figure is a second sheet of smaothed profile data. Line length telemetlry information
is indicated at the top, and T b0 {(PHIfo, PHIro) are pointed out; they are to be used in com-
puting the midscan corvection. For engineering information, the nested and non~nested components

of the forward and reverse profiles are plotted.
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VG 35 LTM TEST DATA

The 400 point profiles and the least-squares fitted fifth-order polynomials have already
been shown. The following three viewgraphs represent one set of data from a 75-point, 19-scan
geometric vepeatability test that is plotted normal, ground-calibrated and that shows the deviation

between ground-calibrated polynomials and the actual measured average profile.
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® 400-POINT PROFILES AND POLYNOMIAL FIT

® GEOMETRIC REPEATABILITY TESTS
— NORMAL
— GROUND-CALIBRATED
— DEVIATION PLOTS

@ ACTIVE SCAN CORRECTION REMOVED

® LOW-TEMPERATURE TEST
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VG 36 1LIFE TEST MODEL {AF) — GEOMETRIC i
REPEATA BILIT Y (-240C)

At the top of this data sheet, the title "NORMAL" means that the smoothed profile used in i
the plot and specification tests was the original polynomial. The theodolite angles are pointed out, '
and right below them the run number of the original data for the smoothed profiles is indicated.

The midscan correction that was computed (but not used) is also indicated. The plots show the

75 connected points (averapges of 19 scans) both for forward and reverse scans, along with the
original smoothed profiles. In the box at the lower right, the time from the start of scan to the
sample that is farthest from the smoothed profile {largest rms) is indicated together with its mean
error (see viewgraph 19), one-sigma spread of the 19 points from the mean, and the rms of the

19 points from the smoothed profile, which must be lesa than 1, 75 prad in order to pass.
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VG 37 LIFE TEST MODEL (AF) — GEOMETRIC
REPEATABILITY (24°C) GROUND-CALIBRATED

At the top of this daia sheet, the title "GND CALIBRATED" indicates that the smoothed
profile used has been modified with the midscan ground correction before plotting and testing for
worst-case deviation in the box. It can be seen that after the application of the correction, the

specified value of =1. 75 prad rms is obtained.
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VG 38 LIFE TEST MODEL (A"} - GEOMETRIC
REPEATABILITY (24¢C) DEVIATION PLOTS (EXPANDED SCALE)

At the top of this data sheet, the title "GND CALIB DEVIATION" indicates that the midscan
ground correction has been applied. The only difference is the plot . .d the scale. What is plotted
is a point-by-point difference beiween the ground-calibrated smoothed profile polynemial and the
mean of the 19 scans, for each of the 75 points across the scan. Note that the scale is 5 prad.

This and the previous two viewgraphs refer to the same set of data.
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VG 39 LIFE TEST MODEL {AF}~ GEOMETRIC REPEATABILITY (24°C)
BBE2 ELECTRONICS; NO ACTIVE SCAN CONTROL CURRENT

The facing figure is a ground-calibrated profile with midscan corrections of more than
£80 prad that meets the 1. 75-prad requirement at all angles in both directions of scan. The
original profile used was taken with the LTM electronics nsing active scan current {see view-
graph 33) whereas the measured profile was taken with a different electronics controller (bread-
board 2) and with the active scan current disabled. Hence probably SME (1} and SME {2) profiles

could be reduced to one profile with the corresponding ¢£o'
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VG 40 LIFE TEST MODEL (AF) — GEOMETRIC
REPEATABILITY (24°C) BB2 ELECT RONICS;
NO ACTIVE SCAN CONTROL; DEVIATION PLOTS (EXPANDED SCALE)

The facing plot corresponds to the difference between the ground-calibrated smoothed pro-
file and the average measured profile of the previous viewgraph in which more than x80-prad cor-

rections were used. Note the vertical scale and that throughout the scan performance is well

within 1 arc-sec.,
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VG 41 LINE LENGTH CODING (S5AM MODE)

The reader may wish to refer to viewgraph 31. To provide midscan correction, the values
of Ag and of A, must be found. These values are calculated on the next viewgraph from the data
presented here. The line length code contains f{irst-half and second-half scan errors El and E2,
which are defined as R1-T1 and R2-T2, respeciively, where R and T represent references and half-
scan times., Reference 1 = 30371.4 psec and Reference 2 = 30371, 6 psec (they total the ideal scan
time of 60743.0 psec). First-half scan error (FHSERR) and second-half scan error (SHSERR) have
the units of 5§ MHz clock periods {0. 18845 psec), These represent the errors (in clock counts)
from the references in clock counts {161164 and 161165), and they are transmiited from the SMA
to the mux in binary 2's complement format as indicated. Note the example of decoding, wherein
midscan time eryors El and E2 are found after which first- and second-half scan timmes Tl and T2

can be determined.
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VG 42 FORWARD OFFSET ANGLE

At the top right of the facing figure is a triangle involving the first-half scan error El, the
midscan offset angle ¢, r, and the scan rate. The offset angle is approxim ately equal to the time
error multiplied by the scan rate. When the actual wing mirror proportionality constant K, and
first- and second-half scan times are taken into account, the midscan offset angle q,mf is as indi-
cated, where K involves thendolite measurements from the original data sheet (viewgraph 33).

The forward offset angle is then found, and it differs from ¢mf only if there is a partial
atmospheric drag associated with scan "i',

Finally, Ag = ¢ - ¢g,, Where ¢g, was previously identified on the second data sheet of
the original profiles (viewgraph 34). A, can then be applied (viewgraph 32} to the original smoothed

profile polynomial to obtain the desired ground-calibrated polynomial.
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VG 43 PARABOLIC MIDSCAN CORRECTION SUMMARY

The facing viewgraph is a step-by-step summary of the operations required for applying the

midscan correction. A summary profile data sheet will be supplied with the SMA test data in which

“all of the values of the parameters associated with the smoothed profiles (Rev. B) are presented.
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PARABOLIC MIDSCAN CORRECTION

___________________

SUMMARY |

DECODE FIRST AND SECOND-HALF SCAN ERRORS E4 AND E5-
FROM LINE LENGTH CODE; DOMPUTE T4, To, ANDT

COMPUTE OFFSET ANGLE {¢¢) FROM T, T, TS, AND K’
Opg Py Op, P, (FROM SMA DATA SHEET)

COMPUTE MIDSCAN CORRECTION (& i) FROM GFFSET ANGLE
AND ¢, (PHIfo OF SMA DATA SHEETg

COMPUTE a"y AND a’y FROM MIDSCAN CORRECTION

. ADD a% TO a1 AND a5 TO ap FOR a1 j AND ag j IN THE SMOOTHED

PROFILE POLYNOMIAL

JULY 1980
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VG 44 THERMAL DEPENDENCE OF SCAN PROFILE

The coefficients of spring force variation with temperature shown on the facing page were
determined by raising and lowering the various madel SMAs 10 to 20 degrees and noting the vari-
ation in the peak-to-peak "sinusoidal" component of the scan profile. They are sufficiently small
to be ignored. However, if desired, a correction could be implemented on the basis of tempera-

ture telemetry.
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SCAN PROFILE THERMIAL DEPENDENCE | | HUGHES

A EM-A WITHOUT MAGNETIC COMPENSATORS
A= — 0.6 pRAD PP/°C
A EM-C, INCLUDING MAGNETIC COMPENSATOR
A= — 0.5 uRAD PP/°C
A LTM WITH COMPENSATOR
A= — 0.4 pRAD PP/°C
A ALL ~ SINUSOIDAL; NEGLIGIBLE

A CORRECTABLE IF REQUIRED BY USING SIMPLE THIRD-ORDER
TERMS WITH INTERFACE TEMPERATURE TELEMETRY

0¢e

JULY 1880

o e

i e e e
N o



S R DU T N S D

VG 45 LIFE TEST MODEL (AF) — GEOMETRIC
REPEATABILITY (12°C}) BBz ELECTRONICS;
NO ACTIVE SCAN CONTROL CURRENT

The facing figure is the ground-calibrated profile plotted with the average measured profile

for an interface temperature of 12°C,
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VG 46 LIFE TEST MODEL {(AF) - GEOMETRIC
REPEATABILITY (129C) BB2 ELECTRONICS;
NO ACTIVE SCAN CONTROL; DEVIATION PLOTS (EXPANDED SCALE)

The data on the facing page should be compared with that on viewgraph 36 at 24°C. It can
be clearly seen here that there is a "sinuscidal" component of nonlinearity caused by the flexure
pivot temperature coefficient on spring constant {plus any effect of magnetic compensator thermal

dependence}. Although the requirement specified was not quite metl, the interface temperature was

four times the expected worsi-case value used.
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VG 47 RECOMMENDATIONS

summarized on the facing page.
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The recommendations offered on the basis of the data presented in this package are
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1. RETAIN LINEARITY REQUIREMENTS BUT REVISE DESIGN SPECIFICATION
TO ALLOW MIDSCAN CORRECTION

2. CONSIDER MODIFICATIONS OF F-1 AND POSSIBLY A PF RETROFIT

® CULVER CITY TO PROPOSE CANDRIDATE ON-BOARD
CORRECTION SCHEMES

@ CULVERCITY TO EVALUATE DESIGN MODIFICATIONS NEEDED
TO REDUCE VIBRATION-INDUCED SHIFTS

@ SBRC TO EVALUATE INTERRELATIONS OF MIDSCAN
CORRECTIONS AND ADS JITTER CORRECTIONS

3. CONDUCT SYSTEM ANALYSIS BY USING PRESENT COMPUTER MODEL TO
VALIDATE LINEARITY REQUIREMENTS
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9 - TELEMETRY AND COMMAND

The TM's telemetry and command functions are described in the
"Thematic Mapper Telemetry Handbook" and the "Thematic Mapper
Command Handbook," references 9.1 and 9.2, The following four
two-sided pages are errata to those handbooks.

Tables 9.7 - 9.4 are telemetry snaps made during thermal vacuum
testing. Tables 9.1 - 9.3 show the TM in picture mode at pro-
gressively higher temperature. Table 9.4 shows the TM in standby
mode. Note that some of the parameters shown in these tables
refer to the external calibrator. The TM telemetry points are
listed in the Telemetry Handbook.
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TABLE 1, TELEMETRY COEFFICIENT SUMMARY

IS No, Parameter Nemenclature Ag Aq Az
] o Power supply 1 current -0.01 0.02
2 002 Power supply 2 current -0.01 0.02
— 063 | SMa -~ HOUSING TEME|
3 004 +19 V {high current) -0.55856 E-1 0.11111
4 005 -18 V {high current} 0.65557 E-1 -0.11111
- 088 SMA -2 HOUSING, Temp
5 007 +8 V -0,23808 E-1 0.47619 E-1
& 0us SPRARE
7 gto +33 V shutter driva -0.71428 E-1 0.14288
8 011 All cal lamps ON -0.01 0.02
9 025 Bang 1 +19 V -0.05554 E-1 0.11111 =
10 026 Band 1-18V 0.55555 E-1 -0.11111%
11 028 Band 2419 V -0.55554 E-1 0.11111
12 029 Band 2-18 V 0.58555 E-1 -0,11111
13 031 Band 3+18 V -0.55554 E-1 011111
14 032 Band 3-19 V 0555585 E-1 | -0.11111
15 034 Band 4 +19 V -0.55554 E-1 011111
16 035 Band 4-18 V 0.58555 E-1 -0.11111
17 037 Band 5/7 +19 V -0.55554 E-1 011111
18 038 Band 5/7 -19 V 0.55555 E-1 Q11111
19 040 Band 6+19 V -0.58554 E-1 Q.11111
20 041 Band 6 -19 V 0.55555 E-1 | -0.1111%
21 043 Isolated +18 V -£).555654 E-1 0.1111
22 044 Isolated ~19 V 0.65555 E-1 -0.11111
23 046 CDVU+3 V -0.16128 E-1 0.22258 E-1
24 013 Power supply 1 SMA +6.8 V -0.2381 E-1 0.47618 E-1
25 a16 Power supply 1 MSA +27 V -0.71431 E-1 0.74285
26 018 Power supply 1 SMA -27 V 0.71431 E-1 -0.14288
27 74 Power supply 2 SMA +88 YV -0.2381 B41 047619 E-1
28 017 Power supply 2 SMA +27 V -0.71431 E-1 0.14285
29 020 Power supply 2 SMA -27V 0.71431 E-1 | -0.14285
30 022 Multipiaxer +30 V -0.58823 E-1 0.11764
31 110 Multiplexer input current ~0.02905 E-2 0.1858 E-1
32 102 Muitiplexer hit density 7.2254 -0.233958 E-1 -0.86562 E-5
33 105 Muitiplexer +58 V {+6.2 VF -0,11736 E-1 0.23473 E-}
status)
34 104 Multiplexer +18 V (+18.8 VF -0.42493 E-1 0.84983 E-1
status)
35 106 Multiplexer ~3 V {~2.3 VF 0.52584 E-2 -0.10517 E-1
status}
36 108 Multiplexer -5 V (-5.2 VF 0.11868 E-1 0.2373B E-1
status)

o - |

TELEMETRY HAMNDBRIK




Tzhie 1 {Continued}

. : Cppasite ;
Command . MNomenclature Cormmand .
| TM:046 : Band§ OFF TM:045
T™M:047 Band 6 ON : TM:048
TM:048 Band § QFF THM:047
TM:049 Band 7 ON TH:050
I TM:080 Band 7 OFF TM:049
| TM:081 Serial command receiver 1 ON/2 OFF Thin052
T™:0582 Serial command regeiver 2 ON/1 OFF TM:GST
TM:053 gi;gcdiscrete command generator A primary ON/A redundant TM:0S7
TM:054 g;godiscrele command generator A redundant QN/A primary TH:057
TM:055 gﬂ;gudiscrem command generator B primary ON/B redundant TM:057
TM:056 ? gﬂ;gadiscrete command generator B radundant ON/B primary TM:057
TM:057 * Macrediscrete command generators OFF TM-0S3/ThM:054/
] TM:0S5/TM:056
TM:058 Power supply 1 OFF TM001
Tid:059 Power supply 2 OFE TM:002°
TM:080 Multiplexer QN (power supply 2} TM:061
TM:081 Multiplexer OFF (power suppiy 2} TM:06%
| T™M:062 DC restore ON Tr:00S
TM:063 SME 2 select SAM/SME 1 select bumper . TM:212
TM:064 Not used .
TM:065 SMA +Z heater controfier ON T 066
TM:086 SMA +Z hester controller QFF . ’ TM:GES
Thi: 087 SMA -2 heater controller ON TM:568
TM:068 SMA, =Z heatar controllar QFF TM:087
T™: 063 Coaler intermediste stage outgas hester enrabled ™:OTr1
T™M:G7G . Cooler intermediaze stage outgas heater contraller ON TM:-0T
TM:071 Coaler intermadiate szage heater controlier OFF/heater disabied TM:OT0/TM:08S
TM:072 Cocler door fusible link switeh B CLOSE TM:096
TM:073 Shutter fusibla link switch B CLOSE TM985
T™:074 Sean line corrector 1 ON/2 OFF TM:076
T™:075 Scan line corrector 2 ON/1 OFF THA:J76
TM:078 Scan lina correctars OFF THA:OT4/TI4:075
T™M:077 Calibration lamp sequencsr ON T™:
TM:078 Calibration lamp sequencar QFF TR:O077
T™:079 Inghworm power ON V0BG
T™M:080 Inchwarm power QFF TM:079
TM:081 Cold stage telmetry QFF T™:088
T™M:082 Cooler deor motar ON Th:083
TM: 083 Coaler door motar QFF - TM:082
ThM:084 Baffiz heater contrei ON TM:0BE
TH:085 Baffie heater backup QN TM:086
TM:086 Baffle hester control OFF/backup QFF TMV:OBS/TM:08S
T™:087 Cald stage outgas heater enahbls TN D8O

COMMAND HANDBOOK
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INCHWORM CONTRACGT §
T 143 THIS COMMAND SETS BITS OF WORD 1 TO A LOGIS 1. THIS BIT IN GONJUNGTION 3
SERIAL WORD 3 WITH 81T § DETERMINES THE INCHWORM STEF SIZE AND BIRECTICN AS SHOWN =
BIT9 I8 THE TABLE SELOW, =
COMMAND VERNEICATION: INCHWORM CONTRAGT TELEMETRY = LOGIE 1.
. DIFECGTION COMMAND STATES
coMMalDs | BiTs BITS NOMINAL MOTION T
. THM: 146, TM: 144 ] a NONE® .
T 148, TM: 129 g 1 CONTRACT
TM: 145, TM: 144 5 0 EXTEND
f TM: 145, TM: 143 1 1 -
“AT POWER ON BITS B AND & ARE "0%, .
+5Y *5V
% = i g
! ,
’ i
¥ <
T m > :
112 TO INCHWORM ) - -
i SYRETEH TIMING
81T9 107 CONTROL
SERIAL
e COMMAND . 108 5
¢ RECEIVER i
INGHWORM
STEP TIMING ) -.
g e INCHWORM CONTRACT TELEMETHY .
e INGHWORM EXTEND TELEMETRY
TNCHINOEM NOT CONTRACT ]
= i
TM: 144 THIE COMMAND SETS BIT S OF WORE 1 7O A LOGIC 0. THIS BIT IN CONJUNETIAN & i
SERIAL WORD 2 WITH BIT 8 DETEAMINES THE IRCHWORM STEP SIZE AND CIAECTION AS SHOWN =
BITS IN THE TABLE RELOW. =
EOMMAND VERIFICATION: INCHVIORM CONTRACT TELEMETRY = LOGIC Q. .
I DIRECTION COMMAND STATES :
GOMMANES T aIT R 8ITH NOMINAL MOTION { -
TM: 148, TM: 143 o NONE® , _ . .
g TH: 48, TM: 143 g 1 CONTRACT
TM: 146, T™: Tt 1 o EXTEND
: TM: 145, TAL: 143 1 1 -
) AT POWER ON BIT3 8 AND 2 ARE 0% -
+8Y N +5V n
. Al % g
BITS 111 e
1z TO INCHAORRE e e
: STRETEH TIMING
- 8T e . - oM TIROL
SERIAL | -
: COMMAND 108
AECEIVER :
INCHWOAM :
, STEP TIMING :
b INCHWORM CONTRACT TELEMETRY i
bcmmmmcde IHEHWARM EXTEND TELEMETRY e - RTINS S SO N USRI D :
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Tyl
voc
/A
vbc

vpc .

Ybe
vbe
N/R
voc
vpco
vec
voe
vpc
VD
vDC
/A

... DEGC.

DEGC
N/A

. DEGC

DEGC
DEGC
NLA
DEGC
CNTS
voc
N/A
DEGC

C.MA L

INCH
vbC
DEGC
voc
R/A

. VDg

DEGC
ANPS

USEC
USEC
RFEQ
OSEC
CONT
AMPS
¥be

ANPS

LEGC
DEGC
BEGC

BEGC
DEGC
DEGC

T
HEADER.DAT;1240 FROM UTLWYVH TASK 04:49:01 0Y=-5EP-B2
o TELEAETRY SNAPSHUT
ISTREAN TINER_ 25020434831 72382 . - ... . L
4 1 pur sup 1 CRET 1,960 YT 142 2 PR SUP 2 CRNT ,0000
1 4 +19v suppLy . 21.87 voe iv2 5 =19V SUPPLY =221
4 7 48V SUPPLY By397 vne 346 4 SPARE TLH ,0000
G M 10 +33v SHIR DUV 32,24 vDC 122 11 +BOV HYR SUPL 1302,5
o 13 SHA #h,HY_KL.. . 7,300 . _ ¥DC___ 351 . 14 Shi +6.8V. §2 . .0000Q
A 16 SMA +27V 81 30,37 vOC 320 17 SkA +27V #2 0000
O 19 sua ~27V 21 -26,6 vne 257 20 SMA =27V %2 , 0000
| 22 MUX +30V SUP. 29,84 . _ VDC 3zl 23 SPARE TLH L0000
| @[] 25 BAbD 1 19V 20,066 vue 274 26 BAND 1 =19V  =20,1
L@l 28 pann 2 419V 20, 34 voc 273 29 BAAD 2 =19y ~20,1
31 BAND.D +19V_ . 20.8Y____.¥DC_ _ __274 __ 32 BANR 3.m10V.__. .=20,1
© i 38 BAnD 4 +19V 20,46 vDC 273 35 BAND 4 ~19y  =20,2
o O3y panp 5-7 +19v 1v,68 vue 264 38 BAND 5=7 «19V =19.5
| I 40, cAnD 6. +19Y .. 19,60 _ NG . 265. 41 BAND 6 =19Y. ...=20.1
W 43 TSOLATED +19y 22,33 voc 314 44 ESOLATED ~19V =~22,3
! a6 CoVy +8Y 74425 voc 3206 47 SPARE TLM 0000
ol 4y INT CAL BB_THMP 34,23 ___ DEGC . _ 202 __ . 50_SI.FPA TEMP.... 18,10
W 52 CAL SHT FG THE 15,52 DEGC 206 53 BKUP SHTR THP 15,52
. ® |4 55 wux PS5 TEMP 30,82 DEGC 101 56 SPARE TLH L0000
) o B8 CLD STG NP A. =176.__ . _ DEGC ___ 215 . _ .. 59 PRL .HIR_4SK TP.15,28
b el INT STG wMp A -12Y, DEGC 220 62 INT STG TMP B =131,
1 ®6a cLp ST FPA THE =173, PEGC 202 65 CLD ST CNTRL T ~175.
-“ | 67 POWER .SUB. TEMP 20,25 DEGC. . 225 ..__  6H.SPARE.ILM ____ _ ,0008 .
- {70 SLC 1 DR CRHT .2040 AMPS 144 71 BND & PSTA THP 19,00
p{ Wl 73 SLC 1 +/~18V 2,520 CHTS 116 74 SLC 2 +/-15V D00V
W 76 SLC.L.45V. 500 ¥DC. . . 415 ... TI.SLC 2 +5U 2000
W 79 SEC MIK TEMP 20,25 DEGC 225 §U SPARE TLH 0000
: © |4 g2 caL LMP2 CRNT  LUUOO HA 0 B3 CLD PAMP TEMP .6368
J i & BFL HTR CRNT .. L5985 ____ AHMBS..._ 377 ... Bé .CLD STG.HRT_I__ 35,64 _
F) gl 88 TcHuRs 1 POS =014 INCH s 89 ICHWRM 2 BUS  =,014
W Bl 91 SEC MR HSK THP 20,25 DEGC 225 92 BAND 1 A/D REF 2,000
:‘r ' 94 BAND. 3 AZD REF 1,980 .. ¥OC .. . 143 _ 95 TEL_ HSG.TEMP.. . 18,07
¥ s 97 BABD 5 A/D REF 2,000 ¥nC 144 98 BAND 7 A/D REF 2,000
' 9 100 spARE 1LM 0000 N/ A 11 101 SPARE TLN ,0000
4 {103 _CLR AMB ST THR. =8,06 ____ DEGC . = .322 ... 104 HUX.+18V._. _ . .. 17,59
. 106 MUX -3V “Z.00 yDC 277 107 CLR DR TEMP 37,14
© 109 pux ~15V «12,5 Ve 323 110 HUX INP CRNT 3,511
112 spare Tum . LN000. _ . _ NZA. D 113 TIME . ..  448,1600
) V115 SuA SCHLIN N 16840 RFEQ 250 116 SHA LRWERR N 59,75
i % 118 SMA SHSERR N-1 34,68 USEC XXX 119 SHMA FHSERR N-1 =33,7
: 121 SNA SCNCIH .. 235%2._ . CONI_ XXX ___ __122 SMA SCNLIN N~1 88,00
, 124 SHA TORPLS N-1 =187, PULS XXX 125 SHhA SHSERR N2 ~26.0
1! . @ 137 SA SUMERR n~2 ~785,2910 SUM XXX 128 SMA SCNTY® h=2 60761.47
202 TH _BUS. YOLTAGE. 39.24_. . . yDC XXX 203 TH BUS CURRENT 7,260
205 «18V VOLIS L U000 vOC XXX 206 +20V VOLTS <0500
O llagg +18Y CURRENIL ML AMPS KAX 209 =i1RV CURRAENT L0000
Wil 20y CURRENT .. 1600 __ . _AMBS XKX. 212 SPARE TLiaENT. ,0000
. ¥314 SHSR 2 REF BB 48,0000  DEGC XXX 215 WTF BE Tab 45,7000
= O 237 SrUs 3 508 LVR ~180,700 DEGC XKX ‘218 REF 88 TEMP  ~189,500
k 220 SPARE TLHS.LVR 224,600 . .  AXA 221 STUS 1_S85_CLR -191.600
223 IwF Y PUSITLON +0O0UUYLHDO XXX 324 RETROREFLECTOR ,000000000
O ling IF 2 PUSITION LU0U00UG0O AKX 221 SPARE L/FITIUN ,000000U00
by a9 _STUS. A SBS_CLI =192, 100, DEGE AXX. 230 1Ty SPH 1 FT 49,5000
232 119G SPH 1 ST 266,600  DEGC XXX 233 IT¢ SPH 2 8T 2,50000
@ 1535 Fub GUST MID R 24,4900  DEGC XKX 236 FWD GUST 10P & 24,6200
4
)
[ ¥5]
S

o R A S A bt n e Lo e s

0
ut
26
17
0

0

[}]
21
270
270

2N

272
282
2bh
14

a3

SRR ¥ -1

206

u
245
276
200

———.-g

231
0

§

5
323
22
i
144

- 234

144
]
17
142
275
XXX
XXX
XXX
139
AXX
RXX
XXX
AXX
XXX
a4
RXX
XXX
XXX
XXX
XXX
XXX
Xyx
XXX

o)

3

&

9
12
15
i8
21
24
27
kL]
al
s
39
42
45
48
51
54
57
60
63
66
69
12
15
78
Bl
84
87
90
93
96
99
102
105
108
114
114
117
120
123
126
201
204
207
210
213
216
214
222
225
2.8
231
234
237

bl

fin) e b e

1Z H8N THP
~Z HSN TMP
TENP

ELEC TMP
SHA FLX P+X T
SHA FLX P-X T
SUNSHLD TEMP
SEARE TLH

onb axBs Pa TEH
RELAY (P THP
EV AHB PREA 1P
CAL SHT HB 1EM
ShC TEHE

CAL LP FLT THhP
SPARE TLM
SPARE TLM

MUX ELCT THP
BAFFLE TENP
SPARE TLHM

CLD STG THP B
SPARE TLH

CEFPA HTR CRANT
SPARE TLHM

SLC 2 DR CRNT
CAL LMP DR T1HP
BLK BDY CRNT
CAL LMPl CRHNT
CAL LMP3 CRNT
PRI HR TEMP
ICHWRH 3 POS
BAND 2 A/D REF
BAND 4 A/D REF
TEL 8P TEWP
BUX BIT DENS
HUX +a¥
MUX ~5V

+¥ RAD FIN
SMA UOPSTAT H
SHA TURPLS N
Sth SUMERR N
Snh TRNERR N
SMA FHSERR N
TINE
+18Y
=20V
+20V
SWSKH
SniSR

SMA
SMA
SAN
Bia

voLTs
voLts
CURRENT

1 REF BS
2 VAR BB
STUs 4 5BS LVR
S1T08 2 &8s CLR
I/F X PUSITION
5TUs 3 sBSs CLR
116 SPH 2 FI
Fub GUST Fub R
Fub GUST KFWD L

24.10
23,.bb
24,11
249,64
23,37
23,61
23,39
006
22.13
111.4
21,50
13,713
19,65
14,14
D000
L0000
32,26
26,25
Uuou
"1"40
Juguoo

~e U014
L4000
9400
23,39
41.15
101.4
104‘4
id,bb
-,015
1,940
2.000
-18,5
2,862
4,905
-5.12
=1b,1
134,00
=801,
“30212550
179,0
23,56
348,1700
YT
JA000
1200
49,0000
45,9000
-184¥,900
~191,3i00
0000 Goo
=19} ,b600
8.4000u0
24,8600
23.4600

DEGC
DEGC
DEGC
LEGC
DEGC
DEGC
DEGC
Ve Y

DEGC
DEGC
DEGC
DEGC
DEGC
DEGC
N/A

NZA

bEGC
DEGC
N/A

DEGC
N/A
Ha

nN/A

yne

voc

AMPS
DEGC
DEGC
DEGC
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XXX
XXX
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XXX
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XXX
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XXX
2RX
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@D _
He kit 3L 51240 Fubzst UThLwVH T8k 0434¥:01  07-5FpP-~-32
X TELEMETRY SWHAPSHNY
fu- 9
1238 Fwub GUST MID L. 23,5200, .. . DBEGC XX4... . 239 pwi) GBST YOR L, 23,2300 DEGC XXX 240 AFY GUST AFT R 24,9300 DEGC XXX
‘241 AF1 GUSYT HMID R 24,9700 DEGC AXX 242 AFYT GUST ToP R 24,7800 NEGC XAX 243 AFT GUST AFT L 24,0900 DFGC XXX
@ 1244 AFT GUST wlD L 24,0100 DEGC XXX 245 AFT GUST TOP L 23,5600 PEGL XXX 246 HUR PLT FWD 24,7600 DEGC XXX
1247 How LT MED. 24,7400 .. DEGC XXX 248 HOR PLI AFT 25,0600 VEGC XXX 249 TELSCP TUB FHD 19,6100 DEGC XXX
1250 FELSCP Tub AFYL 23.19G0 DEGL XAX 251 SNDRY AIRKOR 21,1100 DEGC XXX 2%2 SHLRY MIR SUP  20,Y9uv00 DEGC XXX
@ Y253 ROT ALR SYP 20,3900 DEGC AXX 254 BB 1 BASE 22,0800 PEGC XXX 255 BB 2 BASE 21,2500 UEGC XXX
296 BRAHE_TLM - - _ .=999,490 . _ XXK. . .. 251 SPARE L4 .. _ =999,990 . XXX 258 1TG SPH 1 BR T 47,5000 BEGC XXX
1259 ITG SPH 2 BK 2 T.7400u DEGC AXX 260 FLD LKP KT 23,1300 DEGC XXX 261 SPARE TLMT «4994 ,4990 XXX
@ '1262 SPARE TLRT -4999,990 XXX 263 SPARE TLMT -499,990 XXX 264 SPAHE TLWT ~9459,990 XiX
"1265 SPARE TLMT Co=994.990.__ .. XXX 266 KIF LMP CRNT . =,764000 AMPS XXX 267 DBR/GA LMP CRT =,u01000 ANPS XXX
268 FLOOGD LMP CRNT ,U00000 ANPS EXX 26Y INREX TRBLE 486,0 DEGS XX 270 6 POS MIRROR LUuty CON'T XXX
g o 271 MUF wHERL 1UB00 CONT XXX 272 nbE WHERL 1079Y COd1 XXX 273 BBR/GA WHEEL J0ooe CONT XXX
274 _IRHTE _whEEL. .. U000 CONT XXX - ... 5CGL.THERA_SHTDWN ... _ENAB . . e 1 502 SKih +Z HT CNTR ON 1
3 503 SHMA =4 HT CHTH Ul 1 504 chy RCVR OUN ONE 1 505 SHIR FL 50 A OPEN 0
‘; B sos SuTH FL Sk B UPEN i) 507 ShYR FL SW C UPEN 0 508 BAND 1 on 1
<! "B0Y.BAND A . UM .1 . _.Bit pAnD 3 co_...ON 1 511 BAND 4 on 1
"[512 BAND 8 Uwn 1 513 BARND 6 ON 1 514 BAND 7 on 1
®ils15 CLR book UPEN 0 516 CLR DOOR OUTGS W0 ] 517 CLH DH FUI, UPN RO 0
"518 CLR DR MAG. . ... _WEF. . . B.._ 819 CLR DR _MFR..._.. OFF. U || 520 CH FUS LK Sw A UPEN 0
"521 Cp FUS LK SW B OPEN 0 522 ¢D FUS LK SW C OPEN 1] 523 CAL LANP 1 On 1
a @ [Ns24 CAL LaRP 2 un 1 525 CAL LAMP 3 N 1 526 CAL LP 1 QVRD OFF 0
. Me2T CAL LP 2 0OVRD __ OFF.. . ... 8 B28 CALLP 3 OVRD...OFF. .. .. _.._... D 529 CAL SEQNCR On 1
, 1530 KUX PwR BR TbM  On 1 531 INCHwRM PW OFF 0 532 LYDT Pu UF¥ 0
- o '1933 BLACK BODY HTR On 1 534 pLACK BuUDY 712 OFF 0 535 BLACK BOLY 13 (]| 1
= Fi936 BLEBL. BRP HER. _OFF . _ 0 _ 537 sM.ELEC_A._____ O8N . . o e 538 SM ELEC 2 - or'f 0
Wy "1539 BAF HTH CHTRLE ON 1 540 BAF HTR BRUP OFF [H 541 MAC DSC GEN AP ON 1
P 542 HAC DSC GEH AR UKFF 0 543 MAC DSC GEN B8P ON 1 544 MAC DSC GEN BR OFF 0
“1945 MUX POWER__ _ _ ON . . . _.__ .. 1 546 MDSCN PULSE... . .OFF. - 0 547 SLC 1 POWEH oa 1
: H548 SLC 2 POWER QFF o 549 CAl SHUTTER OoN b3 550 CAL SH PUS L.OCK 1
?‘ ® 51 CAL SH ANP LUCK 1 552 BKUP SHUTTER arFf i} 553 BRP SH PHS UnLK 4]
I;;; 554 BKP.SH_AMP._ . __UNLK____ ____ __ . . ._.D._...__%55 CLD.STG.HE_CNT__UFF. ... 1y BbB CS UUEGAS PR are 0
'.1 BIS5T IHNTR ST HT CHT UR 1 B854 INTER STG HTR OFF [ 559 CLD ¥FPA HT CT ON 1
kf ® 1560 CoLD FPA T2 Un 1 561 cOuLD FPA T3 OFF o 562 COLD FPA TLh (£ 1
563 INCHWRH CONTRT _UFE ... .. . U 864 INCHWYRM 3 ENAL .. DISA . 4] 565 INCHWRM 2 ENBL DISA 0
, 1566 INCHWHM 1 EnBL  UDISA 0 567 CLR DR HMOVE OFF 0 5668 CLR DOUR O-C OPEN 0
¥ ® 4569 HDSCAN PULSE B DISA u 570 MDSCAN PULSE A DISA 0 571 INCHwWORM HOVE  OFF 0
1872 INCHYURS EXYnL WEF. . W0 573.0C HESYTCORE ... _ON — X 574 FRM PC RES SEL OFF G
Y575 SPARE TLM3 SEL  ON i 576 CLD STG TLM 1] 1 577 ALL CAL LAMPS 0¥F 0
& 578 sua BLDE S5AM 0 879 SMA CIRCULT SHE1 0 580 TLM SCALING an 1
"5 SMA.+Z HEATRR . BNAB.. . .. _.. . . .1 . 582 SiA ~Z BEATER . ENAB 1 583 MIDSCAN P BkUP OFF 1]
! Py MSH4 SME 1 SLCT SAM Un 1 L85 SHA DIRECTIONK REV 1
L] PP P i v i T P 0 o e Y P e T S 0 O g 0 B O U T g O o e et e et v e s e P e T 2 B S —— At B e P e e O aa (it pp O B T by M e B B Py o A 0y O g St e e e e
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COLLECT NUMBER .. L. o .. ..
COLLECTION VIDED ERRUR FLAG 0
‘WUHBER OF CULLECTS,FINST COLLECT UNLY 1

TOTAL NUBBER OF BLOCKS Id COLLECTION 31y
NUMBEROF BY1ES IN LAST VIDED DAFA BLUCK  4BE
HEADER/TRAILEK LENGIH IN BLOCKS 3

FIME  In  YEAR MONTH DAY HOURIWINSSEC TIC
TIHE OF COLLECT §2 9 2 B: 438 0 26

NUMBER OF SCANS 1S . _ .. .10 .

VECTOR 0OF BANDS /DLTECTURS CUOLLECTED
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1 7 102
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B19C H29C B3ii9 H49C BSUS B69T7 HILT HaYp K999
C164 C280¢ (364 C4B0 C5B7 C6FF CIFF €837 C92F
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F007 £104 EZE4 E304 E4E4 ESBRT EsBF EYFF E8BF E9BF
MEO0D

F1SA F29B F31A F498 F504 Fblb F707 FBYF F9UF
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694
HEADER.DATZ 132 FRUA UTLWVH TASK 08:44:48 02-5Ep-82
oy TLLEMRTRY SNAPSHOL
&
" PISLREAN. LIME= 2453083248 0625052 — . _._ ... .
1
@] 1 pwR SUP 1 CRNT 2,480 TYTS 174 2 PWR SUP 2 CRNT ,0000
11 a +19v suepyny 23,24, . yne azo 5 =19V SUPPLE -23,4
1 7 +av suPeLY a0 voc 350 8 SPARE TLu L0000
& £0 433Y SHIR DRY 3,91 vuoc Jz2o 1 +BOV HTR SUPL 102,5%
"l 13 8HA-FB BV ML 7,300 . _¥OC._... 3b1. ..14.8Kp 46,8V $2...,0000
116 sna +27v 81 30,37 voe 320 17 SMA 427V 2 ,0000
@bl 15 swa =27V a1 -28,.8 viC 215 20 SA =27V §2 L0000
122 Kok +30v sup 29.84 .. L¥DC 321 23 SPARE 7TLR L0000
W 25 BAND 1 +19V 20,77 voe 275 26 BAND 1 =19V ~20,1
@ 28 BauD 2 +19V 20,34 voe 213 29 BAND 2 =19V ~20,1
V30 BAND_3_419V. .. 20,48 ¥DC. .. 273..._ 32 BAND 3 =19V _._ v30.1 .
"l 34 BAND 4 +19V 20,59 voe 274 35 BARD 4 ~19V ~20,2
@Dl 37 BAND b= +14Y 19,79 vpe 265 38 BAND §-F ~19Y =~19,8
| 40, BAND_& $#19Y ___ 39,60 .. __YDC. . __2&5 .. . 41 RAND. 6 =19U ~20,1
W 43 1SULATED +19v 22,22 voc 113 44 1SULATED =19V =22,3
@il 26 cpyu +8V 7.461 vic 121 47 SPARE TLu L0000
" a9 ENT CAL BB UME.34.23 LEGC. 202 . __50_S1 FPA_LEMD__ _10,94
Wl 52 CAL SHT £G THME 9,470 DEGC 254 53 BEFUP SHIR THP 9,311
@ 19 85 Hux BS TEMP 20,25 DEGC 136 56 SEARE Thd ,0000
A 5Y CLD STG THR A _=1H0. . _DEGC.___ 24} . H9_PRY IR MSK. TP 10.94 .
bl 61 INT STG 1mP A =134, DEGC 263 62 INT STG IMP B =136,
B n CLD ST FPA THP =119, DEGC 2572 65 CLD ST CNIRL T =179,
Il 67 POMEN SUP TEAE 31,48 DEGC .__. 234 ._.. 68.SPARE 1Ln.. .. __.,0000
< 70 SLC 1 DR CRHT ,uBag ABPS 163 71 BED 6 PSTA THP 10,94
Bid 23 SLC 1 +/-15Y 2,460 CHTS 173 74 SLC 2 +/-15Y L0000
A 16 SLE L_45Y . S.000._._ YRC. .. 115 77 SLC.2 &5V ... . ,1200
M 19 SEC MIR TEMP  17.76 NEGC 235 HU SPARE TLM L0000
@M g2 CAL LHP2 CRNT 105,1 A 23b 83 CLD PAMF TEMP ~5,59
“ §5 BFL HTR.CRNT .. . U000 . ABBS_._ . 0 .. 86.CLD.STG_HRT.I . ,0000 ..
W BY ICHWRA § PUS  =,015 INCH 0 89 ICHAWRM 2 POS  =,015
@l g1 SEC HK MSK THE 17.76 DEGC 235 92 BAND 1 A/D REF 1,980
W 94 BAHD 4 A/D_NMEE 1.980.._. _VDC . _. 143 __ 8% TEL HSG TEME . 14,97
W 97 BAND 5 AZD REF 1,980 vne 143 94 BARD 7 A/D REF 2,000
@ ld100 spARE TLM L0000 H/A 12 101 SPARE TLM L0000
103 CLK Al ST TAR =13.6. . _ DEGC . d66.. . 104_sUX +18Y_ ... . 17,59
Y106 MuX =3V -2,01 Voo 300 107 CLR DR TEMP 37,14
- @109 mux =15y 12,5 ype 323 110 KUX INP CRuT 3,493
*112 SPARE TLHN WO000.. . NAA. ... 0. 113 TIME . .. _ . B43.0600
w115 SHA SCHLIN H  BB,00 RFEQ 130 116 SKA TRNERR N 1621
® (4118 SuA SHSERR N-1 ~=28,6 USEC XXX 119 SMA FHSERR N~1 26,76
“121. _5KA SCHCTR .. 1416, CONT_XAX__ 122 SMA SCHLIR H=1 168.0
w124 SiA TURPLS H-1 <757, PULS XXX 125 SMA SHSERR N=2 34,49
® 1J127 SHA SUMERR 6=-2 ~758,1470 SUM XXX 128 ShA SCNTYM N=2 60758,07
w202 TH BUS VOLTAGE 2/7.32 YDE XXX 203 TH BUS CURRENT 11,71
W205 =18V VOLTS L0100 Ve XXX 206 +20V VOLTS L6000
® lvl208 +18Y CURRENT  ,0000 AMPS XXX 209 ~18V CURRENT  ,0000
w231 =20V CUHBENT _ 3000 ANBS XXX 212 SPARE YLMENT . ,0000
©214 SNSR 2 HEF BB 51,1000 DEGE AXX 215 WIF BB InP ~22,4000
@ 217 sTUS 1 SBS LVR ~191,100  DEGC XXX 218 REF BB TEMP ~190.200
220 SPARE TLMS LYR_220,200. XK 221 57US 1 5BS CLR =~191.800
223 i=F Y BASITIDN ,Y00000000 XXX 224 RETROREFLECTOR ,000000000
226 I/F 2 POSITION .VOGOODNOO xAXX 227 SPARE I/FITIUON 000000000
229 STUS. 4 SBS CLR =243,100  DEGC XXX 230 ITG SPH t £T 17,8000
232 ITG SPH 1 ST 15,5000 DEGC XXK 233 1T¢ SPH 2 8T  1.10000
235 FuD GUSI M1D R 20,7000 DEGC XXX 236 FKD GUSY TOP R 20,1000
& [ .

TVTS
vic
N/na
voc
vocC
voC
yoo
/A
yoc
vbe
voc.
voc
voc
ypc
ype
H/A

bEGC _...
DEGC |

N/A

DEGEC. _.

DEGC
NEGC
N/A

DEGC

CNTS
ync
/A
DEGC
MA

INCH

ybC

DEGC .

voe
N/A

ypC. .

DEGC
RHPS

UseC
USEC

RFEQ. .

USEC
CONT
AHPSE
ybC

ANES

PEGC
DEGC
DEGC

DEGC
DEGC
DEGC

u
aiq
24
EN N

XX
AAX
XX
_.—.2D10
XXX
XXX
ARX
XXX
XXX
. 314
HXX
XXX
XXX
XXX
XXR
XXX
XEX
XXX

+Z HSN THpP
=4 HEN THP
TEMP

ELEC THP
FLX P+X T
SKA FLX P=-X 7
SUNSHLD TEMP
SPARE TLW

OpD AMD Ba TEN
RELAY OP THP

EV AKMB PREA TP
CAL SHAT UR TEM
SLC TEMP

CAL LP FLT THP
SPARE TEM
SPARE TLM

Muk ELCT TP
BAFFLE TEHP
SPARE TLH

CLD STG TnP B
SPARE TLM

CFPA HTR CRNT
SPARE TLH

SLC 2 DR CRNT
CAL LHP LR THP

BLK BLY CRAN1
CAL LMPI CRNT
CAlL LHPJI CHNY
PRL MR TENP
ICHWRY 3 pOS
BAND 2 A/D REF
BAND 4 A/D REF
TEL BP TEMP
MUX BIT DeNS
MUX +bV

NUX =by

+% RAD FIN THP
SMA OPSTAT N
SHA TORPLS w
ShA SUMBERR N=1
SHA THNERR h-1
SMA FHSERR N=2
TIME

+18Y VOLTS
=20V VOLTS
+20V CURRENT
SH5R 1 REF EB
Swsi 2 VAR BB
STUS 3 888 LVR
STUS 2 5BS CLK
L/F X PUSITION
S1US 3 sBS CLH
IM6 SPh 2 FT
FuD GUST FWD k
Fal GUST FWD L

23,13
23,317
22,606
23.14
22,18
22,41
23,0
L0000
10,94
121.2
10,63
84129
13,25
7517
L0000
000U
19,62
2b.HD
L0000
~176.
LOuon

" 14
000G
9480
14,04
47.43
LU00N
Lbb94
ig.00
=015
1,980
2,000
“iH45
d.131
4,905
"5.1!?
"1805
b,L00
"743:
-741,7475
75,40
-33.5
843,0600
0200
D700
2300
51,2000
22,2000
~190,200
~191,200
- DG0UDNQO0Y
~342,400
be2UUUYD
21,2700
20,0500

DEGC
DEGC
DEGC
DEGC
LEGC
DEGC
DEGC
N/A
DEGC
NEGC
DEGC
DEGC
DEGC
DEGC
N/A
WA
DEGL
DEGC
H/A
PEGC
WZh
LT
R/A
AlPS
DEGC
HA
LTS
Mh
DEGC
INCH
vbC
ypc
DEGC
CRTs
yoc
vpc
BEGC
ST0S
PULS
sun
USEC
USBEC

vpc

vpe

ARNPS
DiGC
DEGC
DEGC
DEGC

LEGC
DEGC
DEGC
BEGC

AXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
RX%
XXX
XXX
XXX

157
156
161
70
163
162
214
371
263
0
264
274
325
272
77
717
140
315
[
330
a7
0

2
1
251
104
D

1
266
G
143
144
ar
267
321
331
377
b
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HEADER.DATIII2 FHORM UTLWYH TASK 0OR:44:48 02-SEp-~-H02
FELEMETRY SNAPSHOT

|,
1238 _Fup_GUST Mlu_ L 19.9200 _ _DEGC XXX. ... 239 FED GUSY TOR L 18,8700
241 AFT GUST WID R 21,2600 DEGC XXX 242 AFT GUST TOP R 20,5400

@ [:|244 AFT GUST HID L 20,4700 DEGC XXX 245 AFT GUST TOP L 19,5300
{247 MOR PLT MID ... 21.3104. _ DEGC XXX 248 HOR PLT AFT . 21,8400
250 TELSCE FUB ARl 19.1100 DEGC XXX 251 SADRY MIRROR 18,2300

@ 253 RuT M1R Sup 21,2500 DEGC XXX 254 BB 1 HASE 17.7600
W256. SPARE TLM._ . __=999.990 XXX . . _257 SPARE FLM.._... ~899,599
1259 1y¢ SPH 2 BR 2 5,63000 DEGC XXX 260 FLD LMP HT 20,0500

@ i:l262 SPARE TLMT ~999,990 XXX 263 SPARE TLHT ~999,9990
265 SPARE TLMT ... =989,990._._ _.. XXX 266 MTF LMP_.CRNT . -,013000
w268 FLOGD LAP CRHT ,000000 AHPS XXX 269 TUDEX TABLE ,0000

® 271 HYF wHERL U000 CONT XXX 272 HUF WHEEL 20000
14274 IRMTF . WHEEL ... U000 CONT. XXX ... 501 THERM. SHEDWN_ .. ENAB
503 SHA =% HT CHTR O : 1 504 CMD RCVR Of ONE

506 SHTR FL Sw B UPEN 0 507 SHTR FL SW C OPEN
509 AAND 2._ . ... . _ UNe . e .1 . 510.BAND 3 __ . __.ON .
512 BAND § on 1 513 BAND 6 on

& 1515 CLR DODR OpPEN 0 516 CLR DODR OUTGE NO
“518_CLR DR .MAG UEF . U_._ %519 CLR DR_MIR .. __ OFF
521 CD FUS LK SW B OPEN 0 522 CD FUS LK SH € OPEN

D ls24 cal LAMP 2 oN 1 525 CAL LAWP 3 OFF
827 CAL .LE_ 2. 0YRD 0n w1 . B28_CAL L2 3.0VRD __OFF. .. .. _
1530 MUX PWR BR TLR Om  ° 1 531 INCHWRH PW OFF

& (4533 BLACK BUDY HTR On 1 534 BLACK 80DY T2 ON
536 BLKBD_BKR MWTR_. QFE ¢ _531.SH.ELEC.1_..___ ON_. _
539 BAF HTR CHNERLR On 1 540 BAF HTR BKUP OFF

@ 542 MAC DSC GEN ARl OFF 0 543 MAC DSC GEN BP ON
(545 MUK POMER__._ .. ON _ . _ .1 .. %546 MDSCN PULSE OFF .
54y SLC 2 POWER OFF 0 549 CAL SHUTTER oN

@ biss1 CAL SH AMP BOCK i 552 BKUP SHUTTER OFF
w854 HKE_SH_AMP_ . _UNLK. 0. __ 5§55 CLD.STG. HT.CNT_ QFF_.... . .
w557 INTR ST HT CNT ON 1 558 [NTER STG HTR  OFF

3 [vs60 coLd FPA T2 OFF 0 561 COLD FPA T3 OFF
M563 INCHWRM CONTRT _QFE_ ... .0 __. 564 INCHWRH_3 ENBL__ DISA .
W566 LNCHWAM 1 ENHL DISA 0 561 CLR DR HOVE aFF

® |4569 MDSCAN PULSE B DISA 0 570 WDSCAN PULSE A DISA
w572 IHCHHORG.EXTND. _QEF.._ _ Q... .573.DC RESTORE. .. .. ON_._ . ..
W575 SPARE TLMS SEL ON i 576 CLD 5TG TLM o

® 578 SMA NODE ShM 0 579 SMA CIRCULT SHE1
581 SHA +2_HEATER _ ENAB. ... ..._. . .1 582 SHA =2 HEATER  ENAB.

@ 584 BWE 1 SLCT san_ on 1 585 SMA OIRECTIONM FWD
S IHEAM _TINEZ 245:10834310620459 - U
11|
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BEGC
DEGC
DEGC
DEGC
DEGC
DEGC

AXK
A%X
XXX
XXz
XXX
XXX
XXX
XXX
XXX
AMPS. XXX
DEGS XXX
CONT XXX

DEGC

CrCrrmOoOoODD OO Cr OO DO OGO

g mait—

240
243
246
249
252
255
258
261
264
261
270
273
502
5085
508
511
514
517

520.

523
526
529
532
535

.03B

541
544
547
550
653

556

559
562
565
568
571

. 514

517
5HO
583

AFT GUST AFT R
AFT GUST AFT L
HUL PLT FWD
TELSCP TUB EwD
SNDHY MIR SUP
BB 2 UASE

1TG SPH 1 Bk I
SPARE TLHT
SPARE TLHT
BBH/GA LHP CRY
& PUS HMIRROR
BER/GA WIHEEL
SHA +Z HT CNTR
SHTR FL 8w A
BAND 1

BAND 4

BAND 7

CLR DR FUL UPR
Ch FUs LK SW.A
CAL LANP 1

CAL LP 1 OVRD
CAL SEDHCR
LVDT PW

BLACK BUDY T3
SM ELEC 2

HAC DSC GEN AP
MAC DSC GEN BR
SLC 1 POWER
CAL 8H PHS

BKP 8H PHS

CS. UUTGAS PHR
CLD ¥FPA HT CT
CakDd FPA TL#
INCHWRM 2 ENBL
CiL,R DUOR D=C
INCHWORN MOVE
FRY DC RES SEL
ALL CAL LAMPS
TLH SCALING
MIDSCAN P BKUP

21.3300
20,7400
21,5300
18.4500
i8,1700
17,4500
16.6300
-9499,990
=-999,4990
-, 001000
21600
L0000
ON
OPEN
on

ok

Div

ng
oP&H
OFF
JFF
OFF
OFF

ON

ar¥

onN

OFF

(1]
LRCHK
UNLK
OFF

ok

Oon
DISA
OPER
OFF
orE
orrF

on

DEF

DBEGC
DEGC
DEGC
DEGC
DEGC
DEGC
DEGC

Anps
Cowt
CONT

XXX
XXX
XXX
XXX
XEX
XXX
XXx
1991
XXX
XXX
XXX
XXX
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W YECTOR OF BANDS /DETECTURS COLLECTED
g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

W DETEC * T T T T T T T T T T T P T T T

1322,01807SL1RO3,VID VERSION = 5§

1,
NCOLLECT MUMBER < ool oo e e e e e
HCOLLECTIUN YIDEQ ERRUR FLAG 0
IHUMBER 0OF COLLECTS,F1RST COLLECT ONLY 1
POTAL.NUMBER UF _BLOCKS IN. COLLECTION . . 179
HUMBERDF BYTES IN LASYT VIDED DATA BLOCK 416
‘HEADER/TRAILER LENGEH IN ALOCKS 3

TR IN YEAR MUNTH DAY HOURIHINSSEC TIC
TIME OF COLLECT u2 9 7 133 13t b 38
* NUMBER OF .SCANS 15 _ . ....40.___ A B _

| BAMDS.T__T__T__T. F _F E__E . e e

ADQ 1BOO

® & ©

1ceo
2coo

acvo

4coo0
5cou
6C00
7co0
8CBF
gCi4
ACFs

BCY4

ccop
DCOF
ECB?
FCY9F

1p00 1E00
Z2pag  ZEOQU0
3p0g . 3E0O
4p00 4E00
5p00 S5EO0O

.-GDAD._ 6EDD

7000 TEDO
8DF4 HEFa
9014  YEl4
ADFE ALSF
Bpué BLO6

- CROF.___CEO0Z

PDSF  DELF
EDFF EEF7

. FD9F . FE9?

)

" STRRT_HE,. ENO_ME, - _BYTES/NE __ . . .. ... . ... ... ...

N 1 7 102

H 3217 3242 64

1]

PICOLLECTED . FORWARD .SCANS _ONLY S
PIDUHE OF DSU REGISTERSCIN HEX)

(10004 . 010E._ 02FF__QJIFE__ 0428 DSAO__06¥1__0700__0B00.._ 0900 __0AQO..0BOO _ 0CO0...0DGO_ OE0O
#1000 1100 1200 1300 1400 1500 1600 1700 1800 1500

2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 2A00 2800
7130003100 3200 _.3300__1400._3500_ 3600 3700..3800 3900 .3A00..3B00
"a098 4133 4200 4398 2439 4500 4600 4700 4800 4900 4ADQ  4BOO
5000 £100 5200 5300 5400 5500 5600 5700 5800 5300 5A00 5BUO
"8000. 6100 ._6200. _6300__R400 6500 _AK00__&700_. GB00._6900._ 6A00-__6ROG
“7000 7100 7200 7300 7400 7500 7600 7700 7800 7900 7AQD 7800
©800i 5191 B2AB 8384 6498 B54F 863F BITF 88F4 B9BF BAF4 BBB4
9040, . 910C.. 9218 93$0 945K 955F. . 965F_ YI5F 9854 . 991F __9ASF _ 9814
“h007 A1AA A2BA AJEB A42B AS2C R6BS ATIF ABFF A9TF AAF6 ABBA
3000 Bi8C E218 B3I19 B49C B586 BOYF RBTIF BE9R BOUSY BAOC BBYF
eeQl . C126  C2AB._C364__CABD_ C5Eh _CSEE.. CTFF__C8FY._C9AE _CA1F. _CBOT
MN040  Pi4C D2IE D359 D458 D556 D657 DISF DBIF DYIF DALF DBOF
"E005 E140 E2BA E304 E4E4 ES5B7 E6GBF ETFF EGBF EOBF EAFF EB3F
Ared0 F10C . F2i8 . F3iA . F49A. F50C Foi6. FJ0T FA9F F99F FAQF  FBOF
"

n

N

§ —

"

1
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47]

15/
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gl

51, _ - o e - ~
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L o

Soreo oo

1Foo
2FQ0
arFon
4F00
5F00
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1Fo0
BF4E
9FsF
AFFF
BEFIF
CFEF
oF5F
EFFF
FF9F
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HEALER.DAL: 1315 FROM UTLWYH TASK 13:33145 U07-SEP-82
FELEMETRY SNARSHOT

1

ISTREAR TINE= 2503513212326:802 . .. .

1 PWR SUP 1 CHNT 000D TVIS 0 2 pPHWR SHUP 2 CRNT 2,460
T4 +L9V SUPPLY 23,57 ¥peC 323 5 =13V SUPPLY ~23,5
7 +HY SUPPLY B.434 vpc 347 8 SPARE TLM L0000

10 +33V SHTR DRV 34,HY Vo 126 11 +80V HPR SUPL 102,1
“L.13 SHA #6,HY. 81__ . 00UR. ... MDC... . o 14 SMp +6,8Bv-¥2 - 7,338

i6 SMA +27TV #1 <1460 voc 1 17 SMA 27V #2 31,03
119 SMA =27V #) L2000 ¥ype 0 20 SMA =27V #2 ~30.8
| 22 mux +3a0v sup 29,04 _ zpce 21 23 SPARE 7TL# 0000
25 BAND L o +18Y 21,10 vuc Ju0 26 gARD 1 ~i9Y ~20,4
' 28 BAMD 2 +19V 20,78 ¥YDC 276 29 panNb 2 =15V 20,3
"I 3L HAND 3 419V . 20,59 ) VDG ... .24 _._. 32 BAnD 3. +~319Vy.. 20,3
1 34 BAND 4 +19V 20,92 vnc a7 35 BAND 4 =19V -20,86
' 37 BAND 5-7 +l9V 19,79 vne 265 39 BAWD 5«7 =13¢ =19,5

40 BAND. 6 +19V . 19,.B2Z. .. .. ¥DC. ... 287 ... 41 BAND 6.=19YV =20,2
Y| 43 ISOLATEDL +1Yy 22,44 g 315 44 ISQLATED =-19v «22,7
“l 46 CpYU +8v T+639 voc 326 47 SPARE TLM 20000
"l 49 INT CAL.BB.UMP..34,23_._ ___DEGC. . 202, . 50_8] FpPA. TEMB.. 20,02
" 52 CaL SHYT FG THP 15,99 DEGC 203 53 BKUP SHTR THP 15,83
"l 5% MUX P& TEKP 36,07 DEGC &7 56 SPARE TLM 0000
"l 58 CLD 516G THP A& .. =17A4eeDEGC .__..21% ... 549 PRI MIR.MSK..TRP.15,28

61 It STG TMP A =129, DEGC 220 62 INT STG 'MP B =-131,
1 64 CLD 8T FPA TMP =175, DEGC 202 65 cubd ST CRTRL T =175,
" 67 POWEHR SUP TEME 22,13 _ DEGC .__. 217 . 68 SPARE_ILx. .. . ,0000
1 7% 8LC 1 DR CRHT 1,004 AMPS Q 71 DND 6 PSTA THP 20,56
173 s,¢ 1 +/=~15Y¥ 3000 CNTS 0 74 SBLC 2 +/~15V 2,400
176 SLEC 1. 4HY.. . L L2000..____ ¥DC_... .8 .. 77 BLC 2.+45V ... - _4,880
% 79 SKRC MIR TEHE 14,63 DEGC 227 80 SPARE TLM ,0000
“t 82 CAlL LMP2 CRUT  103,7 HA 233 B3 CLD PAHP TEHKP 2,660
't 85 BEL HYR CRWT .. ..0000 AMPS 0. . B&E_CLD.STG_-HRT..1..1,980 .
80 LCHWRH & PAS =015 INCH 0 BY ICHWRM 2 POS -, 015
"1 91 SEC HR MSK THMP 19,63 DEGC 227 92 BAND 1 A/D REF 1,980
I 24 BAND 3 A/ REF 1,%80.._. . _¥pCc . ..143 . . . 95 TEL_HSG TEHP.. 18,07
197 BAND 5 AZD REF 2,000 v 144 94 BAND 7 A/D REF 1,980
'H0N SPARE TLR L0000 N/A 13 101 SPARE TLM 0000
‘103 CLE._AMH. ST THE =H,06.. . DEGE . 352 . 104 pux +#18v._ . 17,67.
"Mi0e MUX =3V ~2,0} voe 3uo 107 CLRX DR TERP 37,14
H109 MuX ~15Y¢ -12,5 ¥nc izq 110 nux INP CRNT 3,511
‘1112 SPARE TLH . .. _ . U000 . NZA. 0. 113 TIME 1312,270
“1115 SHA SCNLIN N 168 ,0 HFEQ 250 116 SMA TRNERR N 56,36
118 SMA SHSERR N-1 34,49 USEC XXX 114 SMA FHSERR Nel =34,1
121 .SEA SBCNCTA  H039,  CONT XXX . ...122 SMA SCNLIN =1 BA,00
124 SMA TORPLS N-Y1 ~/86, PULS XXX 125 SKMA SHSERR HN=2 ~23,7
H127 SMA SUMERR n~2 =T786,0450 S5UA XXX 128 SMA SCNTYM N-2 B0O758,.03
“202. Tt BUS VOLTAGE 27.8H. _ . . UDC. XXX 203 TM BUS CMRRENT 10,28
205 =18V YOLTS LUpu0 YDC XXX 208 +20V vOLTS LUH00
1208 +10V CURRENT L0000 AMPS XXX 209 =18V CURRENT L0000
W21 =208 CURRENT . ._._.3300.. . _AMPS XXX .. 212 SPARE TLHMENT _. L0000
214 SHSR 2 REF 8B 50,8010 DEGC XXX 215 KTIF BB TP =22,1000
1217 STUS 1 SBS LVR =190,500 DEGC XXX 218 REF BB TENMD ~189,900
1226 SPARE TLMS LVYR =285,600 . .. XXX 22} STUS 1 SBS.CLR ~191,600
1223 I~F Y BPOSETION U00000000 XXX 224 RETRORLFLECTOR ,000000000
A6 I/7F 2 PUSITION LuunNe000O0 ARX 221 SPARE Y/FITION 000000000
1224 _STUS A _SBS. Chk_=192,100 .. DEGC XXX 234 ITG SPH 1 FT.. 65,1000
(232 ITG SPH 1 87 278,400 DEGE XXA 233 176 SPH 2 ST | 3,40000
238 FyD GUST HID R 23,4400 DEGC XX 236 FWD GUST TOP R 23,5300

AT e

£~

[=

VTS 113
vDC 315
N/A 25
vbg 376
voe - 3b3
vDC 325
vbc i
L/ S 1 ¢
voe 213
vDC 2712
vbg .. . 273
vbC 275
vbc 262
vbg . 166
vpc 317
K/A 35
DEGC .- 203,
DEGC 204
N/A Q
- DEGC . _.. 245
DEGC 276
DEGC 200
NRA -0
DEGC 224
CNTS 170
ne 172
N/ZR [
DEGC 315
WA ]
INCH ¢
VDG 143
DEGC . 234
voc 143
NZA 2
g . . 320
DEGC 142
AMPS 275
AXX
USEC XXX
USEC XXX
RFEQ 130
USEC XXX
CONT XAX
AHPE XXX
¥yoc  XxX
AMPS XXX
314
DEGC XXX
DEGC XXX
DEGC X¥X
XXX
XXX
DEGC XXX
DEGC XxX
DEGE XXX

3

b

9
12
15
18
21
14
27
39
33
36
39
42
45
48
51
54
57
60
63
0b
69
72
75
8
g1
84
87
90
93
96
59
102
105
108
11t
114
117
120
123
128
201
204
201
210
213
216
219
222
225
228
231
234
237

SMA
Shh
SAM
1)

+4 HSN THP
=2 USH ThP
TEEP

ELRC THE
SHA FLX P+X T
ShA FLX P~X T
SUNSHLD TEMP
SPARE TLH

opL ARB PA TEM
RELAY QP THMP
EV AMB PREA TP
CAL 54T He TENM
SLC TENP

CAL LP FLT THP
SPARE TLM
SPARE TLMH

huX ELCT THP
BAFFLE TEHMP
SPARE TLH

CLBD STG TMP B
SPARRE TLH

CFPA TR CRNT
SPARE TLHM

SLC 2 DR CRNY
CAL LMP DR Thp
BLK BDY CRNT
CabL LMP1 CRNT
CAL LMP3 CRNT
PR1 MR TEHP
1CHWHRR 3 POS
BAND 2 A/D REF
BAND 4 A/D HEF
TEL BP TEMP
HUX B17T DENS
MUX 15V

LATH Y

+¥ HAD FIN THP
SHA OPSTAT N
SHA TORPLS &
SMA SUMERR -1
SNA TRNERR -1
SKHA FHSERR N2
TINE
+18V
=20y
+20V
SHSR
SHSR

VOLTS
VOLTS
CURRENT

1 REF BB
2 VAR bB
STy 3 8BS LVR
STUS 2 SBS CLR
I/F X PUSITION
S5Tus 3 58S CLH
IT6G SR 2 FY
FwD GUST FWb R
FwDh GUST FWD L

24,10
23,86
24.61
25,79
23,37
23,86
23.08
L00ou
28,85
121.2
27.87
13,713
22,68
14,686

« 3000
0uoQ
41.3b
26,45
MHT
~173.
+0ulu
-,014
L0000

-, 084
26,90
41,158
MOTI ]
104,4
13,66
~.U14
1,98u
1,980
~18,5
2,965
4,929
~5,15
15,7
134.u0
=~Hou,
~800,5595
181,1
23,94
1312,260
JDouon
2900
«2H0D
s0,9000
=21,9000
-139e900
-191,100
suunougoLY
=191,500
y,.00000
23,9200
22,4900

DEGC
DEGC
BEGC
NEGC
BEGC
DEGC
DEGC
NZA
DEGC
DEGC
BEGC
DEGC
DEGC
DEGC
N/A
NSA
DEGC
DEGC
HsA
DEGC
N/A
WA
kA
AKPS
DEGC
HA
.Y
A
DEGC
INCH
vbe
vpc
DEGC
CHTS
vnc
vDC
BEGC
STUS
PULS
SuUR
USEC
USEC

vuc

voc

ANPS
DEGC
DEGC
DEGC
DEGC

DEGC
DEGC
DEGC
BEGC

XXX
p.2.94
XXX
b8 34
XXX
XXX
XX
XXX
XXX
XXX
XXX
XXX
XXX
XRX
XXX
XXX
XXX
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153
154
151
63
166
164
214
311
172
b
175
252
275
247
17
3717
57
313
0
324
377
0

1
210
200
73
0
234
247
1
143
143
a7
277
322
331
372
200

B
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588 SMA _+Z HEATER . E§AB. . . . ...
584 SME 1 SLCT 5AH  On
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STREAN _FIME=S 2002133122263 808 . e ——————

—.. 982 SMA =Z HEARTER... ENAB

58b SMA DIRECTICNH RE¥V

HEADER, AT 1315 FROM UTLWVH TASK 13:33:45% O7-SER-82
TELEMETRY SNARSHOT
238 FWD. GUST . MID .L- 22,5000~ _DEGC- XXX ... 239 FWD GUST- TOP 4L,-22,2100 DEGC XiX
243 AFT GUST HID R 23.%000 DEGC AXX 242 pFT GUST TOP R 23,6800 DEGC XXX
244 AFT GUST HIV L %Z,9B00 DEGC XXX 245 AFT GUST TOP L 22,5500 DEGEL XXX
‘1247 HOR. PLT MID. 23,7100 .. . DEGC XXX 248 HOR P -AFT - 24,0308 DEGC XXX
250 TELSCP TUB AFT 22,1300 DEGC XXX 251 SNDRY MIRROR 20,6600 DEGE XXX
253 ROT M1R SuUP 2b,6300 DEGC XXX 254 pB 1 BASE 21,0800 DEGC XXX
256 SPARE..TEM . . —_.=HY9 990 __ XXX . 257 SPARE. TLi4- ... . ~999,990 . - XxX
1859 ITG SPH 2 BK 2 H,35000 DEGC XXX 460 FLL LMP HT 22,4600 DEGC XxX
202 SPARE TLMT =349 ,990 REX 263 SPARE TLAT =499 ,3%20 XXX
265 . SPARE TLMT =989 .990_ . . _. - XXX _ . 266 MTF LKEB CRNT. .=-,763000 AMPS XXX -
268 FLOuD LMP CRNT 000000 AMPS XXX 269 INDEX TABLE 466,0 DEGS XXX
271 HTF WHELL <Ugoo0 CONT XXX 212 HDF wHEERL 10801 CUNT XXX
1274 _IRMIE_WHEEL__ 0000 _ _ CONT XXX . 501 THERM SH'LDHN..- . ENAB e e
503 SMA -2 HT CRNTR Un 1 504 CHD RCVR ON ONE
506 SHTR FL &8W B DPEN 0 507 SHTR FL 8W C OPEN
509 .BANDL 2 .. _ ... __ON_ e B0 BAND. 3 ... _ON. ..
1512 BAND & OH i 513 BAWD 6 ON
1515 CLE® DOOR OPEN 0 5§16 CLR DOOR OUTGS NO
S1H. CLR. DR_KAG. _ IFE D _ 5839 CLR-DR-MTR—— OFF--.... —_———————
521 CD FUS LK SW B UPEN 0 522 CD FUS LK s¥W C OPEN
1524 CAL LAHP 2 un 1 8§25 CAL LAWP 3 on
527 CAL LB 2 OVRD £FF 0 _ 828 CAL LB 3_QOYED . _ OFFE _ [P
"{530 HUX PWR 8K TLH On i 53] INCHWRM PW oFF
533 BLACK BDDY HTR ON 1 534 BLACK BDDY T2 aFF
(1536 RLKBD BKP HTR _ QFF 4 8537 _SM_ELEC_4 an
539 BAF HTR CNTRLR ON i 540 BAF HTR BKUP arFfF
1442 MAC DSC GEN AR OFF 0 543 MAC DSC GEN BP ON
154% MUX PNWER . . BN . . ..._. 1.. D46 MDSCN.PULSE. . .. _OFF _ .. PO,
548 SLC 2 PUHER Un 1 549 CAL SHUTTER an
"1551 CAL SH AHP LOCK 1 582 BKUP SHUTTER OFF
554 BKP. SH. AHP. .. . BiLK 0. 555 _CLN.- STG_HT-CNT.. OFF @ oo — .
557 INTR ST HT CNT UN 1 558 INTER STC HTR aFF
560 COLD FPA T2 110} 1 561 COLD FPA T3 arFF
563 INCHWAM CORTRT. _OFF. . . . . .__...0 .. 564 INCHWEN_3 ENBL. _DISA .. —
566 INCHWRM 1 ENBL, DISA 0 567 CLR DR WOVE OFF
569 HMDSCAN PULSE B DISA 0 570 MDSCAN PULSE A DISA
572 INCHWORHM_EXTND _OQFF__ . . 873 DC BRESTORE .. OH o e L
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SHA
SHA
SAH
SHA
SHA
ShA
SUNSHLD TEHP
SPARE TLHM

OLb AHB PA TER
RELAY QP TMP
EV AMB PREA TP
CAL SHT HB TEM
SLC TEHKP

CAL LP FLT THMP
SPARE TLM
SPARE TLM

HUX ELCT TMP
BAFFLE TEMP
SPARE TLH

CLD STG THP B
SPARE TLH

CFPA HTR CRNT
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TENP

ELEC THP
FLX P+X T
FLX P=X T

SPARE TLH

SLC % DR CRNT
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BAND 2 R/D REF
BAND 4 A/D REF
TEL BP TEMP
HUX BIT DENS
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Ol 1 PWR SUP 1 CRNT 0000 TV1S u 2 PWR SUP 2 CRNT 2,500 VIS 175 3
1.4 +19V. SUPPLY 23,3 v .. 321 . § 149V SUPLPLY. . =231.3 yoe .. 314 Y
! 7 +4Vv SUPPLY 433 e 347 8 SPARE TLB +0000 ti/A 26 9
i3 3L 10 +33v SHTH DRY 31,4b voc 3za 11 +80V HIR SUPL 102,53 vDC 31 12
1,13 SMA_+h HY ¥1.___ 0313 Mpc . 4. .14 SHA a6 BY #2_ _ T,370.. . VDG - - 354 . 15
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" Wi24 SMA TORPLS H=i1 =179, PULS XXX 125 SMA SHSERR N=2 =«22.,6 USEC XXX 126
& w127 SMA SUMERR N~2 ~780,0130 SUM XXX 128 SHA SCNTYM MN=2 60758,07 CONT XXX 201
w202 TH_BHS _VOL'TAGE 27.88._ . _ . ¥DC . XXX . 203 .TH BUS. CURRENT. 10,63 AMPS XXX 204
205 =fBYV VOULTS 20000 ¥YDC XXX 206 +20V VOULTS . 000 vDC XXX 207
O ‘1208 +18Y CURRENT 0000 AMPS XXX 209 =18V CURRENT » 0000 ARPS XXX 210
! "211 =20¥. CURRENT __ 2500 __ _ AMPS XXX ... _._ .212 SPARE TLMENT . .D000 . ... 3143 213
214 SNBR 2 REF BB 58,5000 DEGC XXX 215 MTF HB THP 22,1000 DEGC XXX 216
' 0 217 STUS ! 5BS LVR =194,700 DEGC XXX 218 REF 4B TENP ~189,900 DEGC XXX 219
' 220 SPARE_TLMS LVR 220,200 . _ RXXX 221 _STuS 1 SBS.CLR -191,600 NDEGC XXX 222
: *223 I~F Y POSITIun ,Uuboooopo XXX 224 RETHOREFLECTUR 000000000 XAX 225
B &4 226 I/F 2 Posilian 000000000 XX 221 SPARE I/FITION 000000000 XEX 228
228 STUS .4 SBS CLR. . =192,.100.  DEGC XXX. .. 230 ITG SPd I FT . 52,7000 DEGC XXX 231
1232 ITG SPH 1 8T 211,000 DEGC XXX 233 ITG SPH 2 8T 4,70000 DEGC XXX 234
L 12315 FuD GUST MID R 23,3500 DEGC XXA 236 FD GUST TgP R 23,2400 DEGC XXX 237
%
$§ -
(%]

1@ e

e we e IR R SR T T

. ——

S S —

oy



=L e

@
HEADER.DAT?L307 FROM UTLWVH TASK 11:152:50 07-SEP-82
® TELEMETRY SHAPSHUT
218 _EWD_GUST MIDL L 22,4600 DEGC XXX, ..ooo... 239, FHD GUST TOP.L 22,0000
241 AFT GUST MID R 23,8300 DEGC XXX 242 AFT GUS1 TOP R 23,5000
@ |"l244 AFT GUST MID L 22,9600 DEGC XXX 245 AFT GUST TOP L 22,4b600
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E{ ¢ @561 CAL SH AHP LUCK 1 552 BKUP SHUTTER OFF
; "S54 BKE_SH.ANP .. UM EE o B85 CLD_STG_HT CNT . OFF. . .
i 7557 ILNTR ST HT CNT ON 1 558 INTER 8TG HTR  OFF
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i 556 THCHWRM 1 EnBL DLISA 0 567 CLR DR MOVE OFF
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