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Contract Modification Number 70 incorporates the Change Notices
listed below, copies of which are attached for your review, Please forward
your comments to me by 15 June 1981 and advise if these Change Notices
are acceptable as written, and whether incorporation thereof affects either
Note that NASA/GSFC states in the contract modification
[ would appreciate some justification offsetting
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cost or schedule,
that a credit proposal is due.
the need for a credit proposal,

B R

CSFC 400,8-D-201, Revisioa B

Change Notice No. ' Description
14 Deletes the shock test requirements and
changes the sinusoidai vibration test ra-
quirements,
15 Deletes the contractor choice of perform-

ing either acoustic noise or random
vibration test, deletes acoustic noise
tolerances and changes the acoustic
noise test levels,

If you have any questions, please call me,
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ORIGIMAL PA%LWV SANTA BARBARA RESEARCH CENTER 33,_ f*a"“’
OF POOR u A Subsidiary of Hughes Arrcratt Company
INTERNAL MEMORANDUM (mMODA-BMK
TO: J. B. Young CC: Distribution pMQO NQ!arcﬁ'NH’JB
Data Bank (7)
. 2221-525
Optics File REF: HS236-7876
. . FROM:
SUBJECT: Flight Model, Test IA-01: P. E. Thurlow

Coarse Focus/MTF/Shim Requirement 8
BLDG. Bll  maiLstA. 7

EXT. 6267

Coarse focus MTF was run vs Z axis location of the reticle wheel in
standard IA-0l test configuration and procedure. After test metho-
dology and results were stabilized, two coarse focus runs were made
to show repeatability of results.

The attached graphs show MTF along/cross track vs Z axis cffset
from home position of the reticle wheel, using detector = Band 4,
Channel 9, and spatial frequency = 30 meter bar, (107.7 cycles per
inch reticle bar frequency).

MTF

;é%f Over various trial runs - peak MTF was in the range .49 + .01 both
5;§ along track and cross track.
2l
E% Best Focus Location )
A

fg From the plotted data, center points of the MTIT patterns were found
.8 to be:
B qu

& Cross Track Center = Home - ,012" + ,001"

Along Track Center = Home - .024" + ,001"

Best focus location is selected at center of the Cross Track MTF
profile (HOME - .012"). From the along track profile it is esti~
mated that along track MIF will be approximately 0.47 + .0l at the
compromise focus.

T POTRATAS:

Shim Thickness Recommendation

From the difial indicator readings tabulated for Home position and
collimator focal plane, Home is found to be - .066" on the Z axis
relative to the focal plane (Li.e., Home lies between the focal plane
and folding mirror).
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The "best focus location" described in the previous section lies

- .012" with respect to Home, or - .078" from collimator focus. In
order to move “'best focus" to collimator focus, a move of .078" in

the + 2 direction is required for the TM focal plane image. This
requires a move of the focal plane array from its present location
toward the secondary mirror. A reduction in shim thickness is therefor
indicated.
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OF POOR QUALITY 4 March 1982
2221-525
J. B. Young -2~ H5236-7876

Flight Model, Test IA-0O1l: Coarse Focus/MIF/Shim Requiresment

The shim thickness reduction, bascd on the above best focus of
cross track image 1is:

-
.

AT (EFLTM )( 078")
shim EFLCOLL'
2
=(%%§931) (-.078") = -.0602"

The recommended shim thickness reduction is larger, and is based on
moving the compromise focus another 2 mils in the -Z direction (to
- .0l4" with respect to Home). This location moves the along-track
focus slightly closer to the along-track MTF peak (still about =10
mils away), and slightly further fronm the stecep part of the along-track
MTF slope. At the same time, the cross-track focus is still within
1-2 mils of peak MTF location. The resulting shim thickness reduction
is:

2
95.995 ) (

AT pinm © 109.23

-.080") = -,06618"

Vi
/?;ﬂﬁ/xdzéovvv’—
Paul E. Thurlow

dz
Distribution: Balinsky
Brandshaft
Cline
Kelly

Long
O'Donnell
Phillips
Plews
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SANTA BARBARA RESEARCH CENTER OF PCOR QUALITY
A Subsdiary ol Hughes Awrcraft Company

INTERNAL MEMORANDUM

TO: J. L. Engel CcC: Data Bank (5) DATE: 17 May 1982
Optics File HS236-7992
i o] H
Pt
SUBJECT: Effects on MIF for R. N. Thomsen FROM: J. B. Young
Flight Model System
Due to Variation of
Telescope Moisture BLDG. B1ll MAILSTA. 78
Content
EXT. 6180

TM Flight Model bands 1-4 FPA were focused in IAGL without compensating
for the effectas of the graphite epoxy coumposite structure moisture
content. The magnitude of this effect is calculated below,

The equation used to calculate the detocus (AF) caused by a change
of the primary-secondary mirror spacing (Sp-s) is

AR = e . "
o Tt £ - 1Y R
W i) 3 PRAET oY
TN G RN, MmN
SR IR e N FRINNEA O VS

St

2
AF = (M +1)ASP_s
where Asp_a - Sp_s Aa and

M i3 secondary mirror magnification
Aa 1s a change in microstrain due to
a change in moisture content

%3 LR
iy < )
u{?’»‘;ﬁ”y

&
th
L

© gl
JOXYiG

“

T

Assuning that the FPA was focused during IAOl with a strain of
35 x 10-6 in./4in., the defocus in orbit after the graphite epoxy

structurc has dried out will be

R Ca
R a kg
AL ENE L Rl S

™
e ahen -

i SR
R bl

AF = -(3%2+41)(22)(0x10~%-35210"%)
= 00,0077 4ach

KsnEn

FPor convenience the IAO0l MTF focus sensitivity curve 18 shown as
Figure 1. Prom Figure 1 a changa of 0.010 inch of focus changes
the MTP frot 0.483 to 0.46 for a ratio of 0.46/0.485 = 0.95.

%%V The associated effect on MTF ia obtained by converting this defocus
;g (AF) to 1ite aquivalent value at the collimator focal plane and then
gé‘ using the MTF vs changs of focus data generated in IAOL.
5 2
5 AFcoLy (____..EFL“LL} AF
€% EFL
=5 ™
I 2
iy - {-1-9—“’;-3-) 0.0077 = 0,010 inch
ﬁ""-“;{ 96
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17 May 1982
BS236-7992
J. L. Engel ~2- 2221-590

Effects on MTF for Flight Model System...

The predicted effect on final flight model SWR 1s obtained by
extrapolating protoflight (PFM) data. SWR for PFM were in-the

range of 0.41 to 0.46. Applying the flight model moisture

defocus effect of 0.95 to these values would result in 0.39 to 0.44.

In conclusion, even though it would have bean appropriate to
compensate for at least a part of the moisture content effect

the above analysis indicates that the effect should not jJeopardize
meeting the TM SWR specitfication of 0.35.

;3: Eﬁs.pakgﬁJﬁk
James B.(Youyng (\:5

dz

Distribution: W. D. Adams B11/39
R. A. Amador B12/28
Y. Ban JDL/SBRC

c/o General Electric VFSTC

Bldg. 100, Room M7024

King of Prussia, Pa., 192406
D. G. Brandshaft B11/40

N. F. Current B12/58

J. Ermlich B1il/101

D. Goetze B11/101

R. L. Hoelter B11/101

K. W. Hubbard Bl1/101

R. L. Julian $C-S30/P314
J. C. Lansing B11/40

D. L. Morrison B11/40

S. G. O=xley $C-5C1/D335
P. E. Thurlow B11/78

J. A. Walkar B11/73

R. J. Wengler B11/40

E., M. Kelly B11i/101

ot s e ey v e mem At cmme = we a



St e S A ARGl T panitc dev it S SG LD St ».41..141"”431\.\.4‘ L T N ki lie X e A R i - R R
, p .
LI vt f - N . , . . 3
. .- . v .
3 . R . . . \ 3
. . . .
‘. . M f : "ot P ~
' 1
* . . . - .
s N Y EE L
o . . k:
- P
‘ . L. . 3
N .
RIS A ! ' ‘ Lot . , . . 3
ot - . 4 ' Al N ot »
. v -t M . N . -
, . 3
LI N . ) N - )
D » * N .-
. B .
. . L A
! T B ‘ . o
. w. ) L. .t , . B ., i . F
b . A N - . I3 . :
- B s ) . . - .. 3 :
P . K N “ , . P ) . p
o o B o, . - ) . ;
‘ . ) o s 4 . s 4
N ' il B y
. R . , . 4
« o N 4 . s . ) . , ke
N . .
A . . .
B R . . [ . )
N s ) ;
L. » . e .

v o

SRR AT g R

et R e 3

GF POOR QUALFTY.

ORIGINAL PAGS ¢3

Appendix 3.2.2
IAQ03 Test Reference Documentationm

,

oL ;

¥ N . . h

¢

. b

. . .

.

: ;

3

3

. }

C

: y

¢

i

. . ]

’ P

' ¥,

. , ;

- 9

3

- o ).

) k : [ i~y Oy 3
™ o °Y &2 o S

oy . o - AR B T TN L YT T g e TS T 5 S e

o1 ., r,

SRS s eX

) - o T
kwn & mﬂ%ﬁ?% ﬁ,&wﬁg SRS bwwﬁﬁ&iﬁi PYRTDIRT o 2 e, s ST R Lo PO
l ~« ‘ /\ »
xw.w.,u .,. A ygﬁaa.y%,w&

LT W e ,:41

P
.u




R A T el

% ORICINAL pAG ' ' - Py = 2
¥y o OF POOR QUAET,? SANTA BARBARA RESEARCH CENTER F E ﬁu 4

bR e

i 4 Sutsigiary o'Hu;ne:Aucgf;Com:'";)UM CONMO Dt ' BARK
2 INTERNAL MEM Al ) _
DO NOT ¢ -QVE
-: T G. Flews (C. 3. Campbell D'may 1982
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? E. Relly © 2221-600
L 7 F. Nicholas N
ol A SUBINCT  T2D3R Ccarse Focus T, Sciacca FROM W, J. O'Donnell
o e Determination, Cold D. Young
s Focal Plar
35% Lop roca Lzne Data Bank (6) BLDG Bll MAIL STA. 78
s, FNT 6373

The Thenat:ic Mapper colé focal plane best focus pesition was
fcund to be .289 +42 Zrom the collimator best focus (long
focus), or a .0358 +AZ 2t the T/M cold rfocal plane {(short
Zocus). This cdimensicn was determined by the follewing
fecrmula

E.F.L.): X 2 Focus Errnr at Collirator Focus =

Errcr et Cold Focal Plane, or:

X .289 = .0558 +AZ Focus Errcr (Short)

Correction: Shim Increase (-43) =

( PARAXIAL LENS THESRY)

cortimaToR

.2_3q / faceus

et
—— ——
——— e s s,

W..J. O'Donnell
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J. B. Young cC: Optics File DATE: March 1, 1982
R. V, Howitt Data Baak (6) ' REF:  2221-520
HS236-7873
TM Spectral Matching FROM: M. J. Grady
) Binc. Bll manLsta. 78
ExT. 6269

§
e B
£
G )
a:‘;\'
?n
£
2
E.
i~
N - | TO:
V SUBJECT:
;9
v
[
N
K3
T
s 2 9
i
3 p
i
5
é(’: -
S
hﬁ r P
e
%
%4, N
2
;.; * B
LX .
@ :/ )
17 Y
’}*' {
i
S
S
< !._
:
A 4
..I
“o
-
¥
<, 8

In the proposed spectral matching test the Thematic Mapper 1is first
calibrated using the 48" {ntegrating sphere, and is then presented
with a scene radiance of different spectral shape using a filtered
gsource at the focal point of Collimator #3., The desired spectral
radiance of this scenz was determined as follows. On the basis of
the spectral radiance curve for the 48" integrating sphere, {(figure 1),
the derivative of the radiance in each spectral band was computed
assuming closest linear fit. Shaping the scene radiance awmounts to
mydeling dL/dX (where L = spectral radiance). Guidelines for doling
this were takep from Table III of the GSFC Specification “Themacic
Mapper Svstem and Associa<ed Test Equipment.”" The criterion taken
from this table is the difference in dL/d\ between two scenes for a
given band. TFigure 2 depicts dL/dA characteristics for the large
sphere and the desired characterlstics of the collimator, om the
basis of the normalized GSFC spec criteriomn. Filgure 3 shows the
result’ng spectral radisace. .

Figure 4 gives the spectral radiance c¢f Collimator #3, prior to
insertion of filters, givepr the data in figure 5. The table below
gives the desired filter characteristics as well as the filters
chosen.

Desired Actual

Transmission Transmission

Ratio Eetveen Ratio Between

Band A (um) End Points Filter Chosen End Points

1 .45- .52 1: .83 Corning 4-70 1: .81
2 <52~ .60 1: .78 Coxrning 1-57 l1: .80
3 .63~ .69 1l: .46 Corning 4-69 1: .44
3 .76=- .90 1: .41 Schott KG2 1: .39
5 1.55—1.:5 1:1.38 Corning &-67 1:1.32
7 2.08-2.35 1:1.56 Corning " -59 1:1.57

Figure 6 displays the transmiésion_curves for the above filters.
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J. B. Young 2221-520
R. V. Howitt -2~ BS236-7873
.4 TM Spectral Matching
é It should be noted that the last column above represents nominal
= catelog values only. One of these filters is presently in-house
i (Corning 1-57); the rest will need to be ordered.
§~ Figvre 7 shows the test layout. The TM is oriented with 1its
N optical axis at 30° to the normal of an 18" flat which folds the
25 collimator output. The flat is removed and the 48" integrating
e sphere placed in position. After calibration, the 18" flat is
J% set back in place and measurements are made using the collimator
53 output. After initial alignment, it will not be necessary to
o move the TM during the test.
I’.‘
g / . -
é; Michael J. Grady
2
3 dz .
' Distribution: D. Brandshaft
i J. Engel
7 J. Kekoanui .
b C. Xent
i J. Lansing
2. G. Plews .
ﬁ P. Thurlow
5 J. Walker
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HUGHES
P e INTERDEPARTMENTAL CORRESPONDENCE
T0- Jack Engel cc pate: 18 January 1980
orRG¢ SBRC REF. HsS236-1727
SUBJECT Rationale for Replacing FroM- N. R. Cougherty
ACO0l, Spectral Coverage orG. 40-91
Test
BLDG. 373 MAIL STA. A340
Loc. SC exT. 88865
INTRODUCTION

This IDC examines the potential and the rationale for replacing AC01
with a combination of existing data and analysis. The role of ACOl within the
test program is considered in order to show that existing data can be anaiyzed
to meet the program requirements. Representative examples of the proposed
analysis are performed and are included.

REQUIREMENTS FOR ACO1

From a system test perspective, ACOl meets two objectives. They are

1}  Determine compliance with the specification for spectral coverage

9 2) Provide a data base for AC02 which will verify spectral matching,
b set the channel gains and calibrate radiometrically for bands 1

fea through 5 and 7

Eé»‘c—. A prerequisite for both these objectives is obtaining relative spectral response
?L\ curves for each band and channel of the Thematic Mapper system. ACO01 would
i experimentaliy obtain this response,

The next section shows how existing spectral data can be used to analyri-
cally derive the relative spectral response.

RELATIVE SPECTRAL RESPONSE

The relative system spectral respcase, Rb(X), of the b band of the system
is given by

3 . D
Ry(\) = 7 (N 7 (0 RPN (1

397¢ C5 FEQ 12
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where
Tob © sgectral transmission of optical system for band b
Tep S spectral transmission of filter for band b
Rg = relative response of detectors for band b

T _, is simply the product of the spectral reflectances of all the mirrors
b . L . .

between fhe filter and object space. For bands i to 4, the mirror surfaces

include the scan mirror, the primary, the secondary, and two SLC mirrors.

For bands 5 and 7, the surfaces of the two relay mirrors between the

ambient and cold focal planes must be also included, Tob is then

bands 5 through 7

n .
; fob(x) =_.'I Pi(M) (2)
i=l

where

p, = average specular reflectance of ith mirror surface

i = mirror surfaces, peginning with the scan mirror

n = number of mirror sariaces: 5 for bands ] through 4, 7 for

i

To illustrate the process, representative reflectance values from
HS 236 — 5843 were substituted into Equation 2. The specific values used
were from Table 4, S/N 202, Run 2. Assuming all surfaces have the
same toral spectral reflectivity function which to a satisfactory approximation
is independent of the angle of incidence, the optical tr2aasmission was com-
puted from Equation 2. Relative spectral response functions of InSb and
HgCdTe detectors were obtained from the SBRC wall chart, Relative
response for silicon was obtained from Elements of Infrared Technology:
Generation Transmission and Detection by Kruse, McGlaucnlin, and
McQuistan.
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Optical transmigsion (T_, ), relative detector response (RD), and
their product (Tob X RE), are gr'aphically presented in Figure 1. Figure la
covers the spectral range incorporating bands 1 to 4, Figure lb covers
bands 5 and 7, Figure lc covers band 6, For convenience in interprating
the results, the nominal spectral region for each band is indicated at the
top of the appropriate figure.

The significant curve in each figure is the bottom, T, x RE. When
multiplied by trp, this function becomes the relative spectral response,
Ry, of the system.
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To tllustrate this method, the system spectral response was calculated
for band 2 and is presented in Figure 2. The filter response curve is from
HS 236-5905, band 2, sample number 2-1 as measured by OCLI. The com-
bined optics/detéctor response is from Figure 1 normalized at 650 nm.

From Figure 2, two observations are relevant:

1} The impact of the combined optics/detector response is chiefly
to alter the average slope of the final system spectral response
and to narrow slightly the half power point measure of bandpass.

2) The fine structure of the spectral response (e.g., the two humps)
is contributed completely by the filter transmission function. This
is because the combvined optics/detector response function is
very smooth and very nearly linear within the band.

ACCURACY OF SYSTEM RELATIVE RESPONSE

The procedure leading to the result presented in Figure 2 used data
from three sources. The filter transmission curves are frorm witness
samples coated at the same time the flight hardware was coated. These
spectral transmission measurements were made using a Cary 14R, a
precision dual beam instrument designed for this purpcse.

The optical transmission was calculated from surface reflectance
measurements performed by SBRC. The smoothness of the spectral reflec-
tance in the spectral regions of interest permits a good estimate of this
parameter throughout these regions. Typical detector spectral response
curves were used since these detectors are both well understood and smooth
in the regions of interest. Because of the smoothness of these functions,
their product is well approximated By a straight line within any of the bands
1 through 5 and 7. Figure | illustrates this.

From Figure 2 it is clear that the filter resgonse dominates the
system spectral response. The combined optics/detector response primarily
changes the slope of the top of the system bandpass and the bandwidth. If
the combined optics/detector were not very nearly straight lines (within each
bandpass), a2 more complex impact on the system response would result.
Much more detailed data would then be required of the optics transmission
and detector spectral response functions in order to analytically determine
the system response.

In my judgement, the above procedure will produce a fully satisfactory
system spectral response for two of the program objectives wnich would be
satisfied by AC01. The result will be quite adequate for verifying compliance
with the specification for spectral coverage. It will also provide a satisfac-
tory spectral response functicn, or data base, for the radiometric cali-
bration procedure of ACO02.
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FIGURE 1 (CONTINUED). COMBINED OPTICAL/DETECTOR RELATIVE RISPONSE
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Since the above procecdure considers spectral response only on a band
by band basis, it cannot determine compliance with the spectral matching
specification. This issue is addressed in the next section.

SPECTRAL MATCHING COMPLIANCE -

Spectral matching is concerned only with the matching of the spectral
response of individual channels within a band. Consequently, the optics
spectral transmission which effects all channels equally is not a factor. Only
the filter response and the detector response are unique to each channel.

The detector spectral response is a property of the material for solid
state detectors. The spectral response can be altered by doping, by changes
i n the device crystal structure, and by thin film coatings on the surface which
enhance or retard the entry of specific wavelengths into the detector.

The Thematic Mapper detectors should not have any significant
impurity gradient along the channel axes of the bands. The detectors of each
band are simultanecusly fabricated on a commeon substrate to produce a
ur.lorm crystal structure. An antireflection coating, if applied, would
sim:larly have a negligible diiferential impact between channels since it
would be applied simultaneously to the entire band.

Localized differences in the spectral transmission cf the interference
iilter could cause variations of the spectral response between channels of a
band. This is because the {filter is placed very near the detector array so that
each channel looks through a different part of the filter,

Localized variations in the spectral transmission function could occur
in two ways. A lateral gradient in the thickness of the multilaver dielectric
films will cause a lateral gradient in the spectral transmission function.
However, when a {ilter is coated, it is mounted in a vacuum chamber
position which minimizes any lateral thickness gradients. Purely statistical
fluctuations in the coating thicknesses could also cause local variation in
the spectral transmisswon function. The coatings are, after all, very thin,
especially bands 1 through 4.

Spatial uniformity of the spectral transmission function was experi-
mentally investigated using the witness samples for bands 1, 2, and 3.
These three, of course, have the thinest film layers and would be the most
susceptible to random layer thickness fluctuations. A description of the
testing and the analysis is presented in the Appendix.

The experimental design described in the Appendix is tailored to
produce a very conservative estimate of the probability of meeting the
spectral matching specification. The most conservative estimate is that
there is a 80 percent probability that all 96 channels will meet the specifica-
tion. Less conservative, but readily defensible assumptions, lead to a
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97 percent probability that all channels will meet specification. For various
reasons discussed in the Appendix, both estimates are conservative and the
actual probability is most likely higher than 97 percent. However, hard
data to support a'higher value do not exist.

Finally, it is worth noting that if the allowed mismatch were 1l percent
rather than 1,2 percent of the minimum saturation radiance, the prchability
of meeting the specification becomes virtually 100 percent, This is true even
with the most conservative set of assumptions.

USER PERSPECTIVE

Users of the Thematic Mapper imagery will have a variety of unique
interests and perspectives. However, they will share som2 common features
of the Thematic Mapper radiometric imaging system. The more significant
are discussed below,

Spectral Resolution. The spectral resolution of the Mapper is
essentialiy determined oy tne bandpass filters. Finme structure of the earth’s
spectral radiance will not be observable below the resolution limits set by
the filter bandpasses, Similarly, fine structure of the filter spectral trans-
mission function or, more generally, the actual channel spectral response,
will not significantly increase or reduce the information content.

Hypothetical cases can be constructed in which ¢he information con-
tent would be effected. For example, if a user were trying to discriminate
a feature such as a narrow spike in the earth's spectral radiance func ion,
and the band within which the spike fell contained a coincident narrow but
deep dip in the spectral response function, then the ability of the Thematic
Mapper to reliably discriminate and measure the presence of the gpike would
be impaired. For this hypothetical case, the information content of the
Mapper imagery would be clearly reduced.

However, the broad spectral bands specified for the Mapper were not
intended to detect and discriminate narrow spikes. The bands were carefully
selected based upon previous emperical data, to detect features which are
characterized by broader spectral differences and which are also of interest
to the user commuunity,

Fortunately, the spectral filters which OCLI was able to supply do
not have any deep dips within the nominal bandpass. The filters produce
spectral response functions which will serve very well in characterizing the
broad spectral radiance features of the earth.

Spectral Coverage. Since the fine structure of the Mapper band
spectral responses will not significantly effect the ability of the instrument to
characterize the broad spectral radiance features of the terrain, these
questions arise: why is a tightly controlled specification of spectral coverage
necessary and how umportant is it that the specification be met?
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To address these questions, it is necessary to recognize that the ...
Thematic Mapper is part of an historical series of instruments, The imme-
diate predecessor the Thematic Mapper is the MSS series, Other instru-
ments, perhaps a more advanced Thematic Mapper, will surely follow,

If the imagery from an instrument were never compared to that
produced by its predecessor and if that imagery would never be used as a
reference for the imaygery of future instruments, there would be little need
to specify in detail the spectral rzsponse of the bands, Given two instruments
with matching spectral responses between coresponding bands and appro-
priate radiometric calibration, an arbitrary terrain spectral radiance will
produce the same set of measured values from each instrument, The ratio
a2f the output between two bands 1n one will equal the corresponding ratio in
the other,

If the corresponding bands in the two instruments do not have the
same spectral response, an arbitrary spectral radiance will not generally
produce the same results, The degree of difference in result degends ina
complex wav on the degree of difference in the two spec:ral responses,

The spectral response of the corresponding M35 bands do not match
those of the Mapper either by design or specification, Thus, the empirical
data bi. . developed by the MSS series to characterize, say, the growth and
matu. ing of 3 wneat crop cannot be used without qualirication as 2 Thematic
Mapper data base, This is not to suggest that the MSS data will not be used
to estimate the response of the Thematic Mapper, but only that the band
ratios and radiance values will be difierent.

A correlation between the MSS and Thematic Mapper responses to
various yground truth and atmospneric conditions will be developed as the
Thematic Mapper and MSS are flown together on the same satellite. However,
because of the bandpass differences, the useful data base for the Thematic
Mapper will be developed by the Thematic Mapper.

From this discussion two conclusions are reached

1) If the Thematic Mapper should fail by a small margin to meet
some rart of the spectral coverage specification, the utility of
the first instrument will not be effected 1n any way,

2) If the Thematic Magper fails by a small margin to meet some
part of the specification, the specificatzon should be waived.
However, the specifications for any future instruments should
be modified to match that of the flight instrument, This mod-
ification will ensure that the data base developed by the imitial
Thematic Mapper will be valid for the future instruments,

Radiometric Calibration. A user perspective of radiometric calibration
should retlect an apprec:ation of how the Thematic Mapper data will be used
and how the atmosphere will effect the orbital radiometric performance,
Consider first the atmospheric effects,
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All other things (season, latitude, etc.) being equal, the atmosphere
will effect the apparent spectral radiance of a point on the earth's surface,
For the solar reflection bands (1l through 5 and 7), atmosphere’s absorption
and scatter will alter the following:

1) The spectral irradiance of the scene on the ground and the
geometry of the irradiance. Depending on the atmospheric
aercsol content and structure, the dominant irradiance of the
scene can range from direct sunlight (on a cloudless, high
visibility day) to pure diffuse (when the scene 15 1n a
cloud shadow).

2) The atmospheric path spectral radiance, Single and multiple
scattered light from aerosol (Mies) and molecular (Rayleigh)
scatter will be superimposed upon image forming light reflected

T

trom the scene,
% oo . . .
;;; 3) The image forming light from the scene will be attenuated by
e atmospheric spectral transmission,
| $ 1
3
= Lt . . R . .
X The Thematic Mapper will have very limited ability to destinguish

o

vetween the scene and the atmospheric path spectral radiance. Consequently,
atmospheric conditions can significantly alter the spectral data collected by
the Thematic Mapper, Moreover, the atmosheric phenomona which can
cause these effects are often highly localized,

All this 1s simply to point out that the atmosphere can significantly
alter the accuracy with which scene spectral radiance can be obtained from
Thematic Mapper data, If sufficient information is available about the
atmospneric aerosol strucrure, the Thematic Mapper-data can be much

& improved by atmospheric modeling. However, unless the spectral path

g radiance and transmission are considzred, accurate scene spectral reflec-
= tance estimates will only be available when the atmosphere is clear,

5y

= The atmospheric path radiance and transmission will be dealt with

& in one of two ways, If the local aerosol structure of atmosphere is available

from other Landsat D instrumentation, then modeling of the atmosphere can
be used to correct the data for scene spectral reflectance, Otherwise,
empirically developed measures and/or ground observations will be used to
establish when the atmosphere is sufficiently clear and to make small cor-
rections for the atmospheric effects,
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At this point, it is helpful to again recall that the data base which
will permit a quantitative interpretation of the Thematic Mapper's imagery
also will be empirically derived. Measurements obtained from previous
instruments will provide a useful first estimate, but the ultimate data base
must be derived from the Thematic Mapper itself.
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With this background, it is possible to rank in order of importance
those radiometric properties which will most concern a user of Thematic
Mapper imagery. In my judgement, the following sequence is appropriate,

Radiometric Stability and Predictability. Since the data base for
Thematic Mapper imagery will be empirically derived over considerable
time, the radiometric performance of the Thematic Mapper must be highly
stable and predictable, The requirement here is that the Thematic Mapper
radiometric response at a particular point in the orbit be known with respect
to its response at all previous times, This can be achieved by built-in
stability, by correcting for such variables as focal plane temperature,
by inflight calibration, or by some combination. Provisions for all of these,
of course, are incorporated into the Thematic Mapper specifications
and design,

L)

oy

Inflight calibration here implies only that the radiometric response
can be a corrected to match that of a previous time. No level of accuracy,
either absolute or relative between bauds, is implied, The historical value
of empirically derived data will Le preserved if this correction can be made,

“

Dvnamic Range. It1s essential that the scene radiance plus the
atmospiieric pati radiance fall within the dynamic range for each band and
channel, This condition must be met for all scene and atmospheric conditions
of serious interest to users. On the other hand, too much dynamic range will
not maxe optimum use of the digitizer, A compromise which meets this

) requirement is spec:ified as the miniraum saturation radiance,
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Signal-to Noise. The analog signal-to-noise plus the quantization
noise associated with the digitizing process determine the accuracy, with
which a particular pixel's spectral radiance can be determined. This should
be as high as current detector technology permits.

? Relative Band-toBand Calibration Accuracy, If the relative calibration
accuracy between bands 18 high and two instruments have well matched spectral
response functions, then the data base band ratios developed by one instrument

: can be applied with minimal correction to the other. However, even without

21 a high relative accuracy, surface features of known spectral reflectance (e, g.,

§ fresh snow on a clear day) can be used to quickly relate two instruments.

e I

2
In the case of the first Thematic Mapper, the previous instruments
33 (MSS series) did not have the same spectral responses in the comparable
A channels. Thus, the MSS data base will not be directly applicable,
x4
3 Absolute Calibration Accuracy, Absolute calibration needs to be
2 1 accurate enough to permiu the dynamic ranges of the channels to be correctly
13 set. A high accuracy should be helpful in quickly relating the imagery of a
2k new instrument tothe data base produced by a previous instrument, However,
o B as noted above, a scene of known reflectance can also be used to quickly
~EE relate the responses of the two instruments.
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i& Absolute calibration is necescary if the atmospheric aerosol structure
‘3::1 is available and atmospheric modeling is used to corvect the flight imagery,
o5 Fine Strutture of Spectral Coverage. It is only important that future

instruments which will use the Thematic Mapper data base match the spectral
coverage of the first instrument,
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Of these six radiometric properties, the first three are clearly more
essential to the Thematic Mapper user than the last three, If the instrument
is stable, the dynamic ranges are correct and the signal-to-noise ratio is
adequate, a valid data base can be developed to quantitatively interpret the

SR

S

= Thematic Mapper imagery, Precise relative (i.e,, between bands) and

g absolute radiometric calibration, while useful and desirable, are much less

f,j% critical to the user. This is true because the data base will be empirical

e and because a resonably good correlation between instruments can be devel-

oped from a combination of ground based measurements and orbital data,

ke

f;; The above discussion is not intended to suggest that the specifications
2 for relative and absolute radiometric calibration be relaxed nor that the

0 radiometric calibration test (AC02) be changed in any significant way. It

o

R

does intend, however, to point out that small improvements in the accuracy
with which radiometric calibration is performed are of very limited value
to a user, It follows, then, that significant commitments of program
resources would not be justified to achieve small improvements in radio-
metric calibrationi.e., improvements in the order of | to 3 percent,

It is quite possible that the relative spectral response generated in
ACO!l would be more precise than that obtained from existing data using
the procedure illustrated in the section Relative Spectral Response,
However, this is not necessarily the case, While conceptually sound, ACO!

i

f
W i
ek

B
%:*j is a complex test which will require a lot of time to perform. In any case,

R it is unlikely that the few resulting differences in relative spectral response
o would alter the relative or absolute radiometric calibration by as much as

& 3 percent, An uncertain improvement in the radiometric calibration accuracy

1

X
2

would provide little justification for performing ACOIL,
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SPECTRAL MATCHING TEST

;&
&
: This section describes a simple modification of AC02 which would
: permit spectral matching to be verified. The test is similar in concept to
E,) the test described in the Appendix, but is designed to test the entire
: instrument.
5
oy ¢ n The modification consists of including a minimum of one additional
<

H,,
i

radiometric data collect at an appropriate integrating sphere radiance level
for each band. The additional data collects would be performed with spectral
filters covering the aperture of the Mapper. The spectral filters would, on
a band by band basis, conservatively approximate the slope differences
between the flat and sloping spectra of Dr. Vincent Salomonson's 26 March

i 1979 Memo.
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For bands | through 4, Wratten Filters 66, 40, 34A, and 102, respec-
tively, are suggested. Each of these filters exaggerates the slope difference
specified in Dr. Salomonson's memo. Meeting the specification with these
filters would thereiore mean that the actual specification would be exceeded.

LY
.o

The Wratten filters are available in 250 mm v 230 mm format on a
special order, 60 day delivery basis. Four such tilters, taped together,
provide a 300 mm by 500 mm filter which will cover the Thematic Mapper
aperture. The tape should be narrow and opaque or the filters should overlap
slightly to avoid leakage.

R N R I ]

The spectral data which Kodak normally provides on Wratten filters
is not sufficient to select appropriate filters for bands 5 and 7. With more
spectral data, suitable Wratten filters can probably be selected. Alternative
; filters are also available from a variety of sources, e.g., Corning, Jena,

! Schott, ete.

i It should be noted that bands 5 and 7 are significantly less likely to
have spectral matching problems. The filter dielectric layers are much
thicker and thus less subject to small local statical variations in thickness.
Also, the bands are well removed from the wavelength at which the detector
(In-Sb) cuts off. Thus, f bands 1 through 4 were tested and passed, bands
53 and 7 would be unlikely to fail.

T e e auee e oo

i

i
E ; The integrating sphere radiance which should be used with each filter
i ¢ needs to be carefully selected to place the resulting in band radiance
E { (i.e., sphere plus filter) at 80 to 90 percent of the minimum saturation
B i radiance for the band. This will minimize the impact of quantizing and of
5;1;? : analog channel noise on the measurement. Choosing the correct integrating
B gephere radiance is sumply a matter of multiplying the average in band filter
on ¢ transmission times the candidate in band integrating sphere radiances and
:2.%’ ' selecting the one immediately below 90 percent of minimum saturation
;f* { radiance. To ensure that at least one radiance level is suitablv placed at the
::'3‘{ upper end of the dynamic range, it would be prudent to obtain a filtered
\;ﬁ radiance on each side of the chosen valve,
G
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An analytical procedure gimilar to that outlined in the Appendix could
be followed to analyze the data. However, the following procedure would be

simpler:

e e LD

"
Assume Vpe is the mean value of the Mapper digital output of band b,
channel c when the appropriate Wratten filter is placed in front of the aperture.
‘be would then be corrected using the calibration constants (gain and offset
as functions of focal plane temperature)j to produce the corrected value, Vpe

- t

S el

Dr. Salomonson’s memo expressed a preference that the gains be
e corrected to exactly match with the slopiag spectra and the spectral matching
o criteria be applied to the flat spectra condition. The V'p should therefore
be further corrected to Vpe which has the same average value as the flat band

radiance, Vys. This is accomplished by
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16 Vpe
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The spectral matching criteria can then be applied as

i 16 256
= [vbc Maximum - Vpc Minimum] * 260 @

Bl
oy
% c=1

23
i for bands b = | through 5 and'7.

CONCLUSIONS

Wi

From a program systems test view point, ACOl accomplishes two
objectives:

R

8

i

1) It verifies compliance with the spectral coverage specification

x
ki

2) It provides the data base for radiometric calibration, gain set,
and verification of the spectral matching specification which will

be performed in ACO2.

T
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Except for spectral matching, these program requirements can be adequately
met by analytically deterrnining the system spectral response for each band
using existing data. The procedure for doing this is illustrated in the section

on Relative Spectral Response.
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Spectral matching is influenced by variations in the spectral response
between detectors in a band and by localized variations in the spectral trans-
mission of the band filter. For the Thematic Mapper, the filters were the
most likely cause of spectral matching errors.

To establish the contributicn of the filters to spectral mismatch, the
witness sample filters for bands 1, 2, and 3 were investigated using a
microdensitometer and appropriate Wratten filters. Details of this investi-
gation are included in the Appendix.

The witness sample investigation concluded that the probability of
meeting the spectral matching specification on zll 96 channels ranged from a
very conservative 80 percent to a conservative 97, 4 percent. In fact, the
actual probability is likely to be higher, but the data to support a higher value
can not be obtained from the witness samples because of their physical
condition.

If a system level confirmation of compliance with the spectral matching
specification s required, a simple addition to the AC02 procedure and analvsis
would suffice. The addition, described in the section Spectral Matching Test,

would approximate the slope differences of the specification with readily
available filters.

in short, the program objectives which ACO1 is intended to meet can
be easilv met by an analysis of existing data and, if it 1s considered necessary,
a minor addition tc the ACO2 data collect and analysis.

;

PR

A qualitative analysis of the needs of Thematic Mapper imagery users
concluded that the most important radiometric properties were high stability,
correctability, good signal-to-noise, and proper setting of the dynamic range
(or minmimum saturation radiance). Of much less umportance were absolute
and relative (between bands) radiometric calibration accuracy and fine
structure deviations from the spectral coverage specification. Relative cali-
bration between channels within a band must, of course, be very precise.
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3 The principal benefit of precise spectral coverage control is that future
s} Thematic Mapper-like instruments can use the data base develcped by the

- £ first instrument, To achieve this benefit, corresponding channels of the

: ; future instruments should match the spectral coverages of the first.
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= RECOMMENDATIONS

: The following recommendations are made

£ 1) The currently planned ACO1 test should be dropped. The test

is soundly conceived, but costly in terms of schedule and

: prograra resources,

’;3;% 2) The system spectral response on a band-by-band basis shouvld
,: be obtained using the analytical procedure presented in section
\5 Relative Spectral Response. This will provide the necessary

;?, data base for determining compliance with the spectral coverage
] specification and for ACO2 (radiometric calibration and gain

e set). .

i 3) A careful review should be conducted of the results of the

-,
£

45

spectral matching investigation (filter microdensitometer tests)
reported in the appendix. I feel that the remote chance

(< 3 percent probability) of failing to meet the spectral matching
specification will not justify further testing., If a system level
test is required, the simple addition outlined in the section
Spectral Matching Test should be incorporated into ACO02.
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4) In designing and interpreting the radiornetric/spectroradiometric
test program, emphasis should be placed on four properties of
key importance to users,

Pt

'ﬁr)m T

a) A highly stable radiometric performance. This property
may be achieved through software correction, for
example, for the focal plane temperature.

b) A high signal-to-noise, per specification.

c) Accurate gain sets to achieve the proper dynamic range
and minimum saturation radiance.

d) Precise relative calibration between channels within a

=4 band.

,?g“ 53) [If the Thematic Mapper should fail by some small margin to
Z3 satisfy all of the spectral coverage specifications, we chould
53 recommend to NASA that the requirement be waived while
= the specifications for future instruments (i.e., those which
:j;,:, will rely on the data base of the first instrument) should be
AR written to match the first instrument.
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APPENDIX
FILTER — MICRODENSITOMETER TESTS

~

- INTRODUCTION

These tests were performed to quantify the impact of the interference
filters on the ability of the Thematic Mapper system to meet the spectral
matching” requirement. Witnescs samples for bands 1, 2, and 3 were used
as representative of the flight hardware in these tests.” Bands <4 to 7 fell

- outside the spectral range of the microdensitometer photomultiplier and,
thereiore, witness samples for these bands were not included.

The basic approach was to simulate the way the filters will function
within the Mapper system. This sumulation was performed twice for each
filter: once representing the flat spectra of the spectral matching specifi-
catior.’ and once representing the sloping spectra requirement.

The resulting data were analyzed to determine whether statistically
significant variations in the spectral transmission function occurred.

SIMULATION

The basic instrument used to simulate the function of the filter in
the Mapper was a Perkin Elmer PDS microdensitometer. For those unfa-
miliar with the instrument, it is briefly described in an extraction from
Perkin Elmer's advertising literature included at the end of this Appendix.

[ The simulation was accomplished by setting up the microdensitometer
to sample and digitize' the optical transmission through a 0. 004 inch by

0. 004 inch square aperture projected on the surface of the witness sample,
The 4 mil dimension is the same as the detector dimensions for bands 1 to 4,
thus simulating a detector immediately behind the filter surface irradiated

% by an /6 cone of light.
lé & To simulate the difference between the two spectra specified in

£ Dr. Salomonson's memorandum. Kodak Wratten filters were selected for
”’:% each band. Table A-l summarizes the relevant data from his memorandum.
{ *GSFC 400.8-D-210, Paragraph 3,2. 8.1, modified by Salomonson's memo.
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TABLE A-1. SPECTRAL MATCHING SPECIFICATION
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Spectral Spectral Minimum
Radeance at Radianze at ln Band Saturation
Lower Band edge, Upper Band lodge, Flat Radiance, Levels,
Band mw/cm< ~sr - pm mw/cm< =sr -pum mw/cm< -sr mw/cm?2 -sr
1 5.7 100 0.45 100 |
2 9.9 9.1 Q.77 2.33
3 3.2 78 "0.25 1.35
4 13.2 14.1 1.93 3.00
5 23 1.7 0.4 0.6
7 0.47 0.41 0.12 0.43

For bands | and 3, filters were chosen which exaggerate, the rela-
tive slopes specified in columns 2 and 3 of Tabkle A-1. The spectral trans-
mission and the specified relative spectral radiance of columns 2and 3 are
presented in Figure A-l. Note that the relative spectral radiance was nor-
malized to match the peak filter transmisstion value within each band.

The filter fcr band 2 was chosen to greatly exaggerate the
Salomonson slope. To do otherwise would not have providel a sensitive
measure of localized variations of the spectral transmission function.

The transmission of each samplzs point on a witness sample was
measured twice, once without any filter in the optical path ard once with the
Wratten filter appropriate to the particular witness sample inserted into the
path. The clear path transmissioxn represents the flat spectrium {(column 4
of Table A-1} while the Wratten filter transmission represents the sloping
spectrum (columns 2 and 3 of Table A-1).

It should be recognized that this is a less than perfect simulation of
the conditions reflected in Table A-l. An ideal simulation would take into
account the source, sensor, and optical transmission spcectral character of
the microdensitometer, as well as the detectnr and optics transmission
spectral character of the Thematic Mapper. The complexity of a more pr.-
cise simulation was avoided by choosing filters wnich 1n each case axaggzer-
ated the in band slcpe specifieu in Table A-1. The test is therefore morc
sensitive to localized variations in spectral transmission than a more pre-
cise simulation would be.

19
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Five separate raster scans were performed on each witness sample
to produce f{ive 20 by 20 sample arrays. The arrangement of these arrays
on the witness sample 1s illustrated in rigure A-2.

The sample points of the arrays are on 4 mil (100 uym) centers with
a positional accuracy of 40 microinches (1 um) (The projected aperture
is also 4 mils square as noted above.) The arfays then simulate the
approximate dimensions of both the detector apertures and the individual
Mapper band arrays which are 16 elements long.

For each witness sample, this procedure produced 2000 discrete,
orthogonal transmission values without a filter in the optical path of the
micro densitometer. A second set of 2000 tranamission values were
produced with the appropriate Wratten filter in the optical path. The second
set of values correspond on a one-to-one basis with the firs:; each pair
represents the transmissions at the same location on the witness

sample.

Finally, the gain of the photometric channel was adjusted for each
setup (combination ¢f witness sample and {ilter or no filter' to produce ths
same average digital value of transmission. The advantage of this
agjustment will be discussed later.
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The probability of meeting the spectral matching specification can be
obtained by exarmining the statistics of the function p, where p is defined as
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p, =A] -kB; (A-1)
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where

AN

C o

.th R .. th . .
i transmission value of b band witness sample taken without

“Vratten filter in optical path

%
"

R
-

J’,‘
5 b b . . .
55 Bi = corresponding transmission value to A taken with appropriate
X Wratten filter in path
- =< = constant
=
o
B if there were no localized variation in the spectral transmission
o funct:on and no noise 1n the microdensitometer photometric function, then
there would exict a constant k such that
b
. b b
Pi =a’ - kB =0. (A-2)

The gain of the photometric channel of the m:crodensitometer was
adjusted so that Equation A-2 1s statistically satisfied with k equal to one.
However, since both noitse in the photometric channel and localized variation
1n the spectral transmission function are present, the actual value of p is
seldom zero.

The measured values of .l‘-\.b and Bb and the calculated value of p alwavs
contain the effects of microdensitometer-channel noise. What is needéd for
this analysis is an accurate estimate of the variance of p with the effact of
pnotometric channel noise removed. To obtain this e¢stimate, a distinction
is made between the measured variances of p, A, and B and the actual
variances which would be obtained without channel noise. Then the following
definitions apply

Sl

3

e

t
it}
h

P

it
~N

g "M = variance of p calculated from measured A and B,

foh p: including channel noise

A

3

i 2 . . . . .

s 4 = variances of p which would be obtained if no channel noise
f{f P were present
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2
1
3
f € 2 . . ,
. Tam = variance of A including channel noise
; £
: § 2 . .
3 Ta = variance of A without channel noise
C 2 . A . .
“BM = variance of B including channel noise
g2 = variance of B without channel noise
B
( 2
T = variance of the channel noise.

Since k is equal to 1, Equation A-2 leads to the follocwing relationships
between the variance

: 2 2 2
ToM  TTaM T TBAM (A-3)
| ,
] 2 2 2
T o =7, -7 g (A-4)

and since the noise 15 additive and noncorrelated

2 2 2 =
TaM  T7a TN (A-3)
{
- 2 S22 (A-6)
BM ¢ TN
Substituting Equations A-5 and A-6 into Equation A-3 obtains
:
2 2 2 2 -
UPM 2o, *tog * Za'N (A-T)
B2 and substituting A-4 into A~7
LA
S 2 _ 2 2
gg T oM = o'p + ZcrN {A-8)
'E’-__{}':
§ which solved for o-p yields
B3E ¢
% s 3 o
% a'p = V vp.\{ ery (A-9)
o
a4
@
& 24
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The actual error which results from localized variations in spectral
transmiss:on 1§ propcrtional to the signal level. For this reason, a more
useful form is a fractional standard deviation, q'") » where al'a is defined as

, T
- P -
Q-P * (A-10)
where
b
<A> = average of A.l

it is now necessary to calculate the number of standard deviations,
v, which would produce an error equal to the lim.: specified in paragraph
53.2.3.1 0f GSFC 4C0.3-D-210. This itmit was O 2 percent of the munimurn
saturaton level. [f Dr Salomonson’s suggestion is ollowed that the
cai:dration be performed on the slorsing spectra (coiumns 2 and 3 of Table A-1.,
and the c¢riteria be applied to the flar spectra, then v is obtained from

0.005 N, .

vy o= 2 (A-11)
o ©IBFE

where
N\AS = minimum saturation radiance (column 5 of Table A-1)
N, = in band flat radiance (column 4}
IBF
Substituting Equations A-9 and A-10 into A-11 produces
0.005<A> Ny,
y = -‘\7—7::?&@:? (A-12)
IBF o-pM - Zo-N

All of the parameters Equation in A-12 are either specified by NASA or
obtainable from the microdensitometer array data.

For a single channel of a particular band, the probability P _(<y) of
exceeding the NASA specification can be readilv obtained from norrga.l

25
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Since the channels are independent, the probability,

Pt; icys, of all sixteen channels simulitaneously meeting the specification is

disbribution tables.

Ta BUSRUAN ey e s

.
>

. om

(A-13)

16
[Pb (<y)]

for bands 1 through 5 and 7 and

Pi) (<y)

N 2 L Ry
ORI, 9 S
BB PRk

AR

(A-1d)

]-&

[Pb (<y)

Pi) (<vy

for band o.
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COMPUTATIONS

From the digital data generated by the microdensitometer raster
scans, values were calculated for <A>and o,\. For bands l, 2, and 3,
the values were calculated directly from the data, For bands 4, 5, and 7,
the average values from the band 1 to 3 calculationswere used as represen-
tative.

A noise value, 0oy, was calculated from a histogram of microdensi-
tometer values taken when the instrument was not scanning. A normal dis-
tribution curve was fitted to the histogram in order to obtain an accurate
value of 7. The minimum saturation radiance, Nmyg, and the in band flat
radiance, N;gf, were obtained from Table A-1.

RERNS

£
\

Al

i

The above values were substituted into Equation A-12 to obtain the
appropriate y values. From these vy values, corresponding single channel
prodabilities, P, were obtained from normal distribution tables. These
values were, in turn, substituted into A-13 to obtain the probability, Py,
that all channels of the band will meet tne specification,

4

B

!

SoEN

o The results of this process for bands 1 through 5 and 7 are summa-
ﬁ« rized in Table A-2. The probability that all channels in a ban.., Pp, will
Zgj meet the specification is indicated in the right hand column.

=

s

E;% An additional parameter of interest is the probability, Pr, that all

channels of bands 1 throug. > and 7 will meet the specification. This
probability is 0.80. It is obtained by multiplying together the Py values for

T ) {‘,}LW&,‘,

T

% these bands, i.e..

fe

1. !
- =

s b=1-3,7

™
oy

The microdensitometer signal-to-noise ratio is readily obatined by
S/N = <A>/ oy

.

Aoy

TABLE A-2. SUMMARY OF COMPLIANCE PROBABILITY COMPUTATION

TR

i

7

Band <A> Nms Nipt Tpm T Y Py Py

,4,
%

1604 1.00 0.45 6.856 3.011 3317 0.9991 0.985
1600 2.33 0.77 5.595 3.011 6.670 1 co0 1.000
1607 1.35 0.25 6.128 3.om 9.848 1.000 1.000
1604 3.00 193 6.193 3.011 2m 0.9944 0.914
1604 0.6 0.4 6.193 d.on 2.675 0.9925 0.887
1604 043 0.12 6.193 3.011 6.391 1.000 1000
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Substituting from Table A-2, one obtains an average S/N of 259.
This average compares with a specified Thematic Mapper S/N ranging from
45 for channel 7 to 240 for channel 4 (GSFC 400,.8-D-210), Rev B, April 1978).
For an equal sample si1ze, the microdensitometer accuracy are comparable
to the best which would be obtained from the Mapper digitized data,

ASSUMPTIONS
There are two key assumptions in this analysis:

1Y The witness sample filters for channels 1 through 3 are conser-
vatively representative of the flight hardware for all bands,

2) The relative spectral response of detectors within a band are
essentially the same.

The first assumption is supported by several factors. First, the
witness samples showed some evidence of abrasion (especially channels
1 ana 3) which could very well cause localized variations in the spectral
transmission function. If these abrasions had not been present, the values
of 7py( would have been lower and the P]‘D values would have all been nearer 1.

Channels | through 3, of course, have the thinnest layers in their
dielectric stack. As a result, small localized variations in the thickness of
a particular layer would result in larger fractional changes in the spectral
transmission function than would a similar variation in a layer of channels
4 through 7. Thus the choice of channels 1 through 3, a choice dictated by
the spectral response of the microdensgitometer PMT, is conservative.

Finally, the simulated sloping spectra of channel 2 is much more
severe than is specified for any of the channels. This adds another conser-
vative element to the data acquisition and analysis.

As an example of how these factors cause a more conservative
estimate of the probability of meeting the specification, assume that the
channel 2 witness sample which showed the least abrasion was more repre-
sentative. Then the op)s for all channels would be 5.595 and the probabilities
that bands 1, 4, and 5 will meet specification are 1.000, 0,990 and 0. 984.
The probability that all channels will meet the specification is 0. 974, Noting
that the in band spectral radiance slope for channel 2 was greatly exaggerated
{(see Figure A-1), it is certain that a more representative slope would
further improve these probabilities.

The relative spectral response of the detectors is determined pri-
marily by the material {Si, In-Sp, and HgCdTe) and only secondarily by the
structure. Since the channel detector of a band is formed on a single chip,
structural differences between channels of a band are minor and will have a
negligible effect on their spectral responses.

28
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SUMMARY

Based on very conservative assumptions, there is an 80 percent
chance that all chann.ls will satisfy the system spectral matching specification.
If conservative assumptions are made, the probability that all channels will
meet the specification is 97 percent.

Actually, because of the condition of the witness samples, the
exaggerated spectral slopes of the filters, and the short wavelength bands
being the most critical, both of the above estimates are probably low. Data
do not exist, however, to support a higher value.
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You can hink oOf any pnotographic image as a

unique pattern of censity vanations, Some images

contain a !arge range of gensities. from wnite to
dlack with many ailferent grays Qthers such as
nne wofk may sontain only white (transparent)
arg D'acs 2pacue) Wiin rcdert onctogigizng
equibment ine Miormaton contained N any im-
age can Ce scanned ang converteq to cigital ‘orm
*23ay ‘Or Tariuualch Jy coroulers

n 2rger '0 3¢ 1§ Me rrage 3raa rs Civideqd n-
‘0 a arge rumper ¢! aiscrete picture elements
13 eC Znes A numernical L awe s assignec 0
‘@ Zensity coservea . .n each Cixet A Jixet $izes
Iresen wrhign § s™ad ancLgn "o resolve ine nest
Jetau radurec

The CroicGrack 1S Gl cec N0 Smets Sy samct-
~g M I eunt ot LTt that 03sses hrcugh ar ac-
21301 alew 3,280 3Ceriure as he aperiure 3canrs
23CK aNC *Orth [0 Cover 're antire area of «nteres!
Sacn 2ensity sarc.e § gahen @ Jigital «alue anG
ait of :he vaiues are storea cn magnetc lape for
suBsecuent corrpuler Srocessing The resuit s a
‘Aumerncar mage’ which can Se used instaag of
e of GIralasaedl age ‘or a wice vanety of come
cutatonal cutsoses A Cew of “he apohicalons are
QISCUSSeT n ‘s orechure

-~ (e s 4
o3 Micrcdansiioms

The Apphed Coucs Dvision of Perkin-Eimer
manulfacteres the POS Moget 1010A Micro-D a
datbed optical scanrirg digitizer This instrument
will scar a “C x 10-nch area at sceeds up to 50
mm per secena Pixels can be as small as Sa
Qutput consists of pixel gensity or transmuttance
measurements that cover a range from 0 0 4D
and pixet posiion information with a resotution of
tu All the scanming parameters can be selected
Sy the ¢perator unger computer Control.

A‘ . o.
3ysiams

The Perkin-Elmer PDS Micro-D s avalable in
varous conhgurahons 10 suit ndividual needs

PDS Micro-D alone. as a computer penoneral

Microprocessor-controlled PDS Micro-D tor
stand-alone operaucn

Microprocessorcontrolled PCS Micro-D for
reak-ime Qata nanalirg by mimicomouter The
microprocassor control of the Micro-D trees
the computer for computauonal {asks

Comclete Shotometne Data System Such a
svsiem mignt include 16-bit mmcomputer, 9-
irack magtane dnive anc keyboarg termunal

f
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The applicanons of photodigiizing are of three
general kinds, (1) Encoding. (2) Transforming, ana
(3) informanon Extracting

Anatog. that 3, continuous 'one phote 'mages
may ssmply de cigitized. or ancoded for storage
cignlay. transmiss.on, Jata-0ase establisnment, or
airec: wansfer 10 gigital equicment

Transtormation converts an image nto a better
‘ocking or mere usetui form {t may use such tech-
naues as sontrast ennancement, gesiurnng, .m-
age resicraiicn noise secuclicn ecge sharven-
NG, SO0F 2nhancement Jensity SL.C.MG INa sca-
nal Yitenng

Extraction of tre informational contant of a photo-
grach can take one or more Of 'hree lorms, detec-
ton, mensuration and identihcaton Detection re-
fers (o °he geterrmination of the existence $129.
shage ang locaton of a feature Mensuration 1S
concerned with the spatal relatonsmos batween
SuCh teatures as in the examination of star plates
and spectrograms.

identificaton involves the recognition of the
photomstric  signature’ . the particutar pattern ot
density vanations assoc:ated with a feature such
as in pattern recogniion In facy, the uses (o whiich
the capaoiities ot anotadigiizing can be turned
are as farranging as the :maginatnon allows Let
us show you how they can be suited 10 your
n@eqas i such hetds as

Aenal Reconnaissance
Aerospace

Astronomy

Earth Resources
Electronics

Graphics Reproduction
Mapping and Photogrammetry
Matenals Research
Medicine
Photographic Science
Textile Production
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TEXT.
This tesr is performed on the Theratic Mazpner viti. the scan
mlrror scatiorary to determine tne sine and location of the
b4 detectors in 6 scparate bands. (16 nore detectors may be
adced if band 7 option is exesrcised.)

The
the position of
a theodolite on
precision, The source
collirmator whiclt has a
nositior the entrance
af view range, s

‘the tesc.

is

™

Thematic Mapper
the Tl
the io

The
the
are
the

software procedure
following st=ps.
detailed in subseq
followving function
Procedure A

The data for one band
stored for reduction.

Proccedure B

The data 1.~ one baand
the detector width is

Procedure C

The detector size and
specificarions, and th
to specifications are
test operator abreast

Procedure D
The field of view data

to the optical a:nis of
to be plotted as time

mounted on 2 precision table.
is determined by a2cvtoccllimatine a
cked sczn mirvor to
is projected to:
computaer driven
slitc, Fowever,
o it is necessary

<
o gt
"
(a8
[72]

for controlline the test is svecified in
These steps in tu call procedures whicu
uent sections. The proccdures periora

S.

-y
~ b

and ¥V and
this procedure.

of 16 detectors are taken in X
Bands 1, 2, 3, 4, 5 and 7 use

are reduced to give normalized data, and
determined in X and Y. .

location for the band
e size, location, and
printed on a priority
of progress.

are cnecked against
condition relative
basis to keep the

radian measure ralative
are sent to a plot flle
with low priority.

are converted to
T, and cthe data
is available, but
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Trocedure E
L)

The movement of TM is controlled and monitecred, including 11
interaction with the optical technician operating the thecodolite.

Procedures F, G, H, and I

R P O I e NP LR o

These proceduves are analogous to A, B, €, and D, but they apply

to band 6 only, which has & detecters,

T
¥

PLLIEY L

VPEAK Subroutine

iy«
49

The data on any given detector are sampled and processed to

£4 determine the peak-to-peak output.

B Secuence No. 1

. This sequence is called by Procedures A and F to take data on a
3 sequence of detectorc over a specified slit step runge. Data

= are taken, then the entrance slit is stepped in X.

X, .

3 Scquence No. 2

o

? Analogous tc No. Y, bdut it uses Y ccordinates.

’f Sequence No. 3

* Similar to No. 1, but the slit step occurs before data are talken.

Cequence No. &

Similar to No. 2, but the slit step occurs before data are taken.

s
g The Test Procedure Follows

1. Instruct the operator to set the scan mirror to the center
of scan and lock it in place.

2. Verify that the scan line corrector is off; if not, command
it off, and verify.

3. Instruct the operator to align the collimator with TNM.

¢, Perform Procedure E with IBAND=) to initfialize all counters
and position on the LED.

5. Instruct the operatcr to connect the auxiliary destector
plane cooling equipment, but do not turn Lt on at this

point 4in tine.

6. Ccmmand all bands to "off."

R RRT
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7. Selec:t the ADAY A/D in :he SI1U.

.

8. Select the 3% Rug sampling rate in the ADAU (the divide
by 15 funcrion).

9. Switch in the 100 Hz filter with a )10 Hz bdandpass in the
ADAU.

10. Drive the apcrture tabie in the -X direction towarc band &
fur the following IFOV distances

LED to axis 7.988 1IFOV units

Axis to Band 4 center 10.394 IFOV units

Band 4 center to even 1.250 IFOV units
detector center

total 19.632 IF¥OV units

NOTE: The number of steps to use must be calculated
from the collimator focal length FLC as follows

0001 inch/step
FLC inches

. 42 .5%10~% vadians
NO. STEPS Voa = b :
, N NO. STEPS/IFO STEP ANGLE

STEP ANGLET =

S e Sk %
ha S o4 ¥ Ao A TY B s math Ve e ek

T B SR

Currently there are 1 possible cellimators which mav be used.
They have FLC of 108 inches and 1ll1 inches correspoudiag to
45.9 end 47.17% steps/IFOV, respectively.

; 1l1. Comrzmand 3Bands 1 to & to "ON," and instruct the operator to
turn on the auxiliary cooling for bands 5 and 6.

f
i
TR CrRet Ry o TF

WA T

12, 1Instruct the operator to turn on the chopper motor and
adjust the source current uantil the peak-to-peak signal i3
18.8 volts (£1920 DN). While the operator is adjusting the
current, continually monitoyr and display the peak-to-peak
signal of detector 2 of Band 4 using the VPEAK procedure
until the operator signals that the voltage is corract.
Switch to detector 16 of Band 4 and verify thet the voltage
145 vithir 1 volt of the detector 2 value. If not, write
a8 message t0 the operator to give him a chance to abort
the test. If he chooses to continue, go the next step.

i 13. Step to the center of the band in preparation for execution
3 : of the Procedure A which takes a8 full set of f£ileld of view
data by stepping as follows. (The narrow slit is at the
center of the even detectors.) Step in the +X direction by
1.25 IFOV unirs (53.125 microradifans). ‘

14, Perfornm Procedure A on 2Zand 4.
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15.

19.

21.

22.

23.

24,

25.

Reduce the Band 4 data by performing Procedure B,

Print the Band 4 dzta using Procedure C which also checks
the parameters against specification.

Plot the Band 4 data by performing Procedurc D.

Save the Band 4 data on 2 9 track mag tape for future reference
including the associated parameters REFX, REFY, TMANGX,
TM/NXGY, XOFFST, YOFFST, and RSTEP.

The narrow vertical slit is now at the center of Band 4.
Step it to the center of Band 5 by moving in the +X direction
by :

Band 4 to axis 10.394 IFOV units
Axis to Band 5 60.606 IFOV units
total 71.000 IFOV units

Commané Band 5 to "ON.“
Perform Procedures A, B, C, and D on Band 5.

Save the Band 5 data and associated parametecs on 9 track
nag tape. ’

Move the narrow vertical slit to the center of the collimator
field by stepying in the =X directiom by

Band 5 center to 1xis -60.606 IFOV units
Axis to collimator center 4+ 7.988 IF¥0OV unics
Anti-~backlach overrravel - 0.2

total -52.818 IFOV units
Move 4in tho +X direction 0.2 IFOV unfts. .
Move the Thematic Mapper to the center of Band 3 by exercising
Procedure E with IR®AND=2. This will generate a new TMANGX
and TMANGY which give the location of TM as measured by the
theodolite. This Procedure E also moves the collimator slit
as a fine adjustment to the center of Band 3.
Perform Procedures A, B, C, and D on Band 3.

Save the Band 3 data on magnetic tape as above.

Step .the narrow vertical slit to the center Bf Band 4 by
stepping in the +X direction by

Band 3 to axis 35.392 IFOV wnits

Axis toc Band 4 -10.394

total - 24,998 IFOV wnits
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28.

29,

31.°

32.

33.

3&.

35,
36.

37.

33.

39.

OF POOR QuALITY

Vo anti-backlash movement {s neceded since the movement
is in the +X direction, cnly.

Perform Procedures A, B, and'C to check registration.
No plot will be performed since the data were previously
measured.

Save the Band 4 data on magnetic tape as above. Step the
narrow slit in the ~X direction to the center of Band 2
by stepping by .

Axis to Band 2 -60.392
+axis to Band & +10.394
Anti-backlash - 0,2
total ~50.198 IFQV units

Step in +X direction by 0.2 IFOV units.

Perform Procedures A, B, C, and D on Band 2.

Save Band 2 data on magnetic tape, as above.

Step the marrow vertical slit to the center of Band 2 again

to center the coliimator travel by stepping in the +X
direcirion by

Band 2 to axis +60.392
Axis to Band 3 ~35.392
total +25.0 IFOV units

Move the Thematic Mapper to the center of Band 2 by performing
Procedure E with IBAND=3,

Perform Procedures A, B, and C on Band 2 (no plot is needed
again). '

Save Band 2 data on magnetic tape as above.

Setp to the center of Band 3 by stepping in the +X direction
by +25.0 IFOV units.

Perform Procedures A, B, and C on Band 3 (no plot is needed
again).

Save Band 3 data on magnetic tape as above.

Step in the -X direction to Band 1 by stepping

Axis to Band 1 -85.390
Band 3 to axis +35,392
Aati-backlash - 0.2

Total -50.198 IFOV units

Step in the +X direction by 0.2 IFOV units.
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40, Perform Procedures A, B, C, and D ou Band 1i.

41. Save the Band 1 data on magnetic tape, as above.

42, Step in the +X direction to Band 2. center to return the
collimator to center of travel by stepping.

Band 1 to axis +85,390
Axis to Band 2 -60.392
Total 424,998 IFOV units

43, Move the TM to Band 5 by performing Procedure E with TBAND=4.

44, DYerform Procedures A, B, and C on Band 5 (no plot is needed
again). Then store data on magnetic tape.

45, Instruct the operator to install the blackbody source for
Band 6, then command Band 6 "ON."

46, Step to the center.of the even detectors by stepping in the
+X direction by

Axis to band 6 center +95,603 IFOV units
Band 5 to axis -60.606
Band 6 to center to - 5.0
even detector
total +29.,997 IFOV units,

47. Step the slit wheel CCW 180 degrees to position the BRapd 6
vertical slit into place. .

48. Instruct the operator to increase the source current until
the peak-to-peak signal is 18.8 volts (#1920 DN) as meagsured
by VPEAK subroutine, and the blackbody controller is stable.

49. Step in the +X dircz=tion to the center of Band 6 by stepping

"4+5.0 IFOV units,

50. Perform Procedure F to acquire the-data, Procedure G to
reduce it, Procedure H tc print and check against specifi-
cations, and Procedure I to plot it.

51. Save the Band 6 data on magnetic tape as above.

52, Step the slit wheel CW 180 desrees to move the small vertical
slit {into place.

53, Drive the slit back to the LED to close the traverse by

performin

Procedure E with IBAND=S,
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54,

55.

56.

57.
58.

59.

Instruct the operator to switch the X, Y controller to locsal
mode, then nositioa the vertical slit onto the LED by stepping
in from the ~ to + direction in the final approach to remove
backlash. Instruct the operator to select the narrow
horizontal slit, then center the middle LED by stepping from
-Y to +Y direction orn the final approach,

Instruct the operator to switch the X, Y controller to remote.
Read the X and Y encoders, then calculate

XERk = (¥~XOFFST) RSTEP radians
YERR .= (Y-YOTFST) RSTEP radians

Commanrd Bands 1, 2, 3, 4, 5, and 6 to "OFF."

Instruct the oper-tor to turn off the auxiliary detector
plane cooling.

Instruct the operator to turn off the blackbody and visible
detector sources.

60. Command the SIU back to internal MUX usage.
61. Print the message
Y"END OF SPATIAL COVERAGE TEST,
X closure error = (XERR value) radians,
Y closure error = (YERR value) radians."
6. R. Hyde .
/mr
Attzchments
Distribution:
TM project office (14)
J. Young
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PROCEDURE A

This procedure is used to acquire the data from the field of
view measurements f{or onc dctector band in a form suitable for
reduction by Procedure B, and for print and plot by Procedures
C and D.

This procedure assumes that the narrow vertical.slit 1is in the
center of the band in the X direction, and the narrow horizontal
slit may be centered in the Y direction by a 90-degree rotation
of the slit wheel,.

Data Storace Description

Data are described as though 0.05 IFOV (2.125 microradians) steps
were possible. The data step size and count must be adjusted

here and in Procedure B to accommodate practical step size as
determined by the collimator focal lengths. This adjustment must
respect IFOV boundary locations, but may allow more incremental
steps within boundaries. For example, it takes 20 positions of
0.05 IFOV units (2.125 microradians each) to nover one IFOV.
However, if the lll-inch focal length collimator were to be used
each siep is 00,9009 microradiens, sc e2ch data point would reqguire
edither two steps (1.8018 microradians) or three stevs (2,727 micxro-
radians). In the case where a movement of 1 1IFQOV is required,
42.5 microradians/.9009 microradians indicates 47 of the .3003
wicroradians steps are required. Thus, 13 positions of 2 steps
eacn pius 7 positions of 3 steps each will be equivalent to the
desired 20 pocsitions of 0.05 IFOV.

¥ N SRS AR DEA NG Tt - 3)
it g NG S PR S X
? *

s )."Azk{'f ft

Figure 1 illustrates the testing procedure to be followed in taking
data in the X direction, and Figures 2 and 3 illustrate the procedure
used in the Y direction. Figure 4 ifllustrates the distribution
between narrow slit data and wide slit data in the Y direction.

In‘the X direction, the wide slit is pos{itioned -12.25 IFOV units
from the center line (see Figure 1), thea the slit is stepped in
units of 1 IFOV to take the far field data. The wide slit is not

e

S
i; used on the detectors since the signal level is 10 times saturation,
é§ so stepping stops at =-<.25 IFQOV. WNarrow slit data is then taken
3 after backing the narrow slit to X = =3.75 IFOV units. The
i narrow slit data is taken until X = +3.75 IFOV units. The slit
¥ location is moved to X = +2.25, the wide slit inserted, ard the
%% remaining data are taken. See Table-I for the data storage
oy sequence.
éfg
%ﬁ The Y direction data acquisition proceeds in a similar fashion.
=53 The slit is moved to Y = =17.5 IFOV units, then the wide slit
ﬁi is moved into place., At that position only detector 1 is within
3 10 IFOV of the slit, so only detector 1 is used. After the slit
ﬁ% hag been stepped to -16.5 IFOV units, detectovs 1 and 2 are
Al within 10 IFOV units., TFinally, when the sl't is at -8.35 iFOV,
55
2 .

o
o
jz },
: :;i' .
e
e
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Procedure A (contd) ORIGINAL PAGE IS Attachment
' OF POOR QUALITY -2-

detectors 1 through 10 are within 10 IFOV units of the slit.
Siuce the power through the slit is 10 times saturation, the
wide slit 1is not steppeg across the detectors.

The slit is changed to the narrow size, then backed up to the
position illustrated in Figure 2. For the first IFOV, only
detector No. 1 4is within 2 IFOV units of the slit. When the
slit is 1 IFOV unit from detector 1, data can also be taken on
detector 2 since it is then 2 IFOV units away. As the slit

is ctepped further, more detectors come within the +f/=-2 1TYOV
data range. The data storage is listed in Table II, and the
range of data are illustrated in Figure 4. 1In the figure, the
narrow slit range is {llustrated by a T-shaped line on each
side of the detector, and the wide slit data points are illus-
trated by an X. )

The data acquisition steps will now be described.
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Procedure A4 (contd) 18236-5G610

: ‘ ORIGINAL PAGE IS Attachment
A OF POOR QUALITY -7-
'é TABLE I

(]

X DATA STCRAGL ORDER

>,

2
Gjith

A
)

ﬁé (ALL UNITS ARE IFOV UNITS)

5z

1

ig X_POSITION NO. FOINTS ‘DETECTORS USED  SLIT SIZE RECORD COUNT
o]

% -11.25 g 2-16, STEP BY 2 L}

% -10.25 8 W

5 -~ 9.25 16 1-16 W

= - 8.25 16 1-16 W

a8 - 7.25 16 1-16 W

3 - 6.25 16 1-16 W

[.;i - 5.25 16 1-16 !

£ - 4,25 16 1-16 W

& - 3.25 16 1-16 W

71 - 2.25 16 1-16 W ©o.
B 144
-4 - 3.75 8 2-15, STEP BY 2 N

= - 3.70 8 2-16, STEP BY 2 N

%‘ . . . .

= - 1.80 8 2-16, STEP BY 2 N 320
i - 1.75 16 1-16 N

o - 1.70 16 1-16 N

Wi ° . . .

& + 1,75 16 1-16 1136
i + 1.80 8 1-15, STEP BY 2 N

e + 1.85 8 1-15, STEP BY 2 N

11\} . . 3 .

ié‘i L] * L L]

% + 3.70 8 1-15, STEP BY 2 N

s + 3.75 8 1-15, STEP BY 2 N 320
b

95 + 2.25 16 1-16 W

& + 3.2 16 1-16 Lj

; . . : :

2 + 9.25 16 1-16 W

1 +10.25 8 1-15, STEP BY 2 W

& +11.25 8 1-15, STEP BY 2 W 144
s TOTAL RECORDS 2064
5 NOTE: 1IF THE STEP SIZE IS VARIED FRCM 0.05 IFOV,

55 THE RECORD COUNT MUST BE ADJUSTED ACCORDINGLY.
A}

o}
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-8

TABLE I1I
Y DATA STCRAGE ORDIR
(ALL UXITS ARE LFOV UNITS) -

$SLIT RECORD

Y POSITION ¥O. POINTS DETECTORS USED SIZE COUNT
-17.5 1 1 W
-16.5 2 1-2 114
~15.5 3 1-3 W
-14.5 4 1-4 w
-13.5 5 1-5 14
-12.5 6 1-6 W
~-11.5 7 1-7 1%}
-10.5 8 1-8 w
- 9.5 9 1-9 W
- 8.5 10 1-10 1%}
55
-10.0 to -9.05, STEP 0.05 20 1 N
- 9.0 to -8.05, STEP 0.05 40 1-2 EACH Y N
- 8.0 to ~7.05, STEP 0.05 50 1-3 TACH Y N
- 7.0 to -6.05, STLP 0.05 80 1-4 EACH ¥ »
} - 6:0 to -5.05, 372P 0.05 100 1-5 EACH Y 1
; <~ 5.0 to =4.05, STEP 0.05 100 2-6 EACH Y N
: - 4.0 to -3,05, STEP 0.05 100 3-7 EACH Y N
! 4+ 5.0 to 5.95, STEP 0.5 100 12~16 EACH. Y N
. + 6.0 to 6.95, STEP 0.05 30 13-~16 N
{ 4+ 7.0 to 7.95, STEP 0.05 60 14-16 K
; 4+ 8.0 to 8.95, STCLP 0.95 40 15~15 N
P + 9.0 to 9.55, STEP 0.05 20 16 N
{ { +10.0 ‘ 1 16 N 1601
{ + 8.5 10 7-16 W
! + 9.5 9 8~16 44
f +10.5 8 9-16 w
! +11.5 7 10~16 W .
P +12:.5 6 11~16 W
f F13.5 5 12-16 W
H +14.5 4 13-16 W
: +15.¢ 3 14-16 w
H +16.5 2 15-16 w
+17.5 i 16 W __5S
' TOT.L RECOXDS 1713

NOTE: 1IF STEP SIZE IS VARIED TROM 0.05 IFOV,
THE RECORD COUNT MUST BE ADJUSTED ACCORDINGLY

D O ek 4

" 5 .
Gt an s e v oo s war v aeprer st
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Field of View Stepping in ¥ Direction {along scan)

R,
%

&
i
L2

7S

4

T o

A

'

T a e

Step it the -X direction to & position which is 12.25

IFOV units from the band center line. Step 0.2 1FOV units
further in -X cdirection, then step 0.2 IFOV units ian the
+X direction to @minimize dacalash.

Rotate tne slit whecl 45 degrees CCV to position the
wide vertical sli: over the sourcte. This signal level
is 10 times saturation, so should not be steppes across
the detectors.

Take data fcr 10 IFOV positions on the =X side of the
even detectors as Ifollows (ucing a pre-data ftep to avoxd
the detector at the end).

(1) Sec NDSTRT = 2  NDSTOP = 16
DSTEP = 2 FSTEP = 1.0 NSTEP = 2
(2) Trerform Scquence No. 3.
{(3) Set NDSTRT = 1 DSTEP = 1 NSTE?P = €
(%) Perform Segquence No. 3.

Rotate the slit wheel 45 degrees CVW to position the narrow
vertical slit over the sourve. This signcl level is set
for saturation level. The narrow slit dara wili be taken
from 2 IFOV units on the =X side of the even detectecrs to
2 IFQV units on the +X side of the odd detectors.

Move the slit 1.7 IFOV units in the -X direction, then
meve it 0.2 IFOV units in the +X direction to mininize
backlash.

Take dats for 7.5 IFOV units in steps of 0.05 IFOV units
e85 follows.

(1) Set NSDTRT = 2 NDSTOP = 16 DSTEP = 2
FSTEP = 0.05 NSTE? = 40

(2) Ferform Sequence No. 1.
(3) Set NDSTRT = 1 DSTEP = } NSTEP = 71
(4) Perform Sequence No. 1.

(5) Set NDSTRT = 1 NDSTOP = 15 DSTEP =~ 2
NSTEP = 40

(6) Perform Sequence No. 1.



R CL ALy

()

v

Pial

¥ e a5 - h
A . h i B
s L e LY

P
cemney o v

(LS VI SAELE PO T ML

2 o ZhMe TG T
TR rv oy Biainn % iy ey mat S en £roTEH AT AY fhh oA B T Say e ae A

o N g 4 e -

-

"~
.

-

Procedure A (contéd)

. e ot mv——————— - e rm—r i i e m—— o~ an mn - -

BS236-5€10
ORIGINAL PAsE is Attacnmeut
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g. Step back to the center of the first IFCV on the +X side
of the odd detettors by stepping fn the ~X direction by
1.8 IFOV units, then stepping by 0.2 IFOV units to remove
backlash.

h. Rotate the slit wheel 45 degrees CCW to .position the
wide vertical slit over the source. This signal level
15 10 times saturation, so should not be stepped across
the detectors.

1. Take data for 10 IFOV positions on the +X side of the
odd detectors as follows (use post-data step to aveid
the detectors). .

(1) Set NDSTRT = 1 NDSTOP = 16 DSTEP = 1
FSTEP 1.0 NSTEP = 8

]

(2) Perform Sequence No. 1.

(3) Set NDSTOP = 15 DSTED? = 2 NSTEP = 2

Y]

j. This completes the acquisition of data in the X directicn
for this band. The slit will be set on the small size
horizontal slit and the slit will be moved back to the
center of the band. The centex of the slit is currently
10.5 IFOV on the +X side from the odd numbered detectors.
Rotate the slit wheel CCW by 45 degrees. Step the siit
in the -X direction 12,45 IFOV units, then step 0.2 IFOV
units in the +X direction to remove backlash.

Field of View for Band 4, Stepping in the Y Direction (across scan)

The narrow horizontal slit is now positioned between detectors 8
and 9 of the array.

a. Step the slit 18.7 IFOV units in the ~Y direction, then .
step 0.2 IFOV 1in +Y to remove backlash. This leaves the
center of the slit 10.5 IFOV units below detector No. 1.

b. Rotate the slit wheel CCW by 45 ‘degrees to position the
wvide horizontal slit into place. Since the radiance level
is 10 times the saturation level, this slit should not be
stepped across the detectors.

c. Take signal data on detector 1 which 4is 10 IFOV away at
this position, then step 1 IFOV and take data on detectors
1 and 2 which are 9 and 10 IFOV from the source, and continue
a similar procedure until the slit is 1 IFOV from detector 1
at wvhich tire data will be taken ¢n detectors 1 through 10.
The data acquisition is accomplished as follows.
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(1) ©Zet NDSTRT = 1 NDSTOP = 0O DSTEP = 1
FSTLP = 1.0 NSTEP = 1

(2) NDSTOP=RDSTOP+1

(3) Perform Sequence No. 4 (pre-data stepping to avoid
the detector). .

(4} Repeat steps (2) and (3) until 10 cycies have been
complcted.

Step to a position 2.5 IFOV below detector No. 1, in
preparation for fine slit measurewments. The wide slit

is currently centered 0.5 IFOV below detector l. Proceed
as follows. Step in the =Y position 2.7 IFOV units, then
step in the +Y direction 0.2 units. -

Rotate the sma2ll horizontal slit into place by stepping
CWw by 45 degrees.

Tale data on all detectors which ave within two IFOV of

the slit. Thus, for the first IFOV located 2 ITOV uynitcs
below detector 1, only detector 1 will be used. For the

next IFOV, detectors 1 and 2 are used. After stepping
through 5 ITOV units, detectors 1 through 5 will be used.
Bowever, stepping thrcugh the 6rh IFOV unit, detector 1

is no longer within 2 IFOV units, so it is not used. A
similar procedure is followed until the small slit is

2 IFOV units above detector 16. The procedure is as follows.

(1) Set NDSTRT=1 NDSTOP=0 DSTEP=1
FSTEP=0.05 NSTEP=20

(2) NDSTOP=NDSTOP+1

(3) Perform Sequence No. 2 (post-data stepping). .
(4) Repeat (2) and (3) until 4 cycles have been completed.
(5) NDSTRT=]

(6) NDSTOP=NDSTRTI+4

(7). Perform Sequence No. 2

(8) NDSTRT=NDSTRT+1

(9) Repeat (6) through (8) until 12 cycles have been
completed.
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(10) Sset NDSTR?=12 NDSTOP=16
(11) XDSTRT=NDSTRT+1
(12) Perform Sequence No. 2
(13) Repeat (11) and (12) until 4 cycl;s have been

completed. )
(14) NDSTRT=16
(15) Perform Sequence No. 2

Step back to center

in +Y by 0.2 IFOV

Rotate the large horizontal slit

45 degrees.

Set NJSTRT=6 NDSTOP=16

FSTEP=1.0 NSTEP=1
(1) NDSTRT=NDSTRT+1
‘(2) -Perform Sequence No. 2
(3) Repeat (1) and (2) until

10 times.

The center of the slit is now
detector 16. Return the slit
reference between detectors 8
(1) Rotate the slit wheel CW
small vertical slit into
(2) Step in the -Y direction
0.2 IFOV units in the +Y

the slit 0.5 IFOV above
by stepping in the ~Y direction by 1.8 IFOV,
to remove backlash.

detector 16
then stepping

into place by moving CCW¥

DSTEP=1

the cycle has been done

located 10.5 IFOV above
center to the band center
and 9 as follows.

by 135 degrees to move the
rplace. .

18.7 IFOV units, then step
direction to remove backlash.
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This procedure reduccs the field of view data for onc band, only.
The 50 percent signal point is determined in X and Y for each
detector, then the detector center coordinate is calculated. The
narrow slit data taken 1. to 2. IFOV from a detector is used tc

compare with the wide slit data.

Q@ﬁ%ﬂ&Lh“';

-

R

I Data Storage Description

NOTE: Data are described as though 0.05 IFOV (2.125 microradian)
steps vere possible. The data step size and count must
be adjusted here and in procedure A to accommodate
practical step £ize as determined 'by the collimator
focal length.

TSN R b

gt sh,

A. Input Data

See Procedure A.

2. Output Data
1. The X data output consists of 16 data records each
. with the following data items.
a. Detector No.
Records 1-8 will be for detectecr numbers 1,3,...15.
‘ Records 9-16 will use detector numbers 2,4,...16.

b. PEAKV

PEAKV is largest voltage £5r this detector which
is used for normalization of the data samples.

¢c. Normalized Narrow Slit Data

This data set consists of nominally 151 sets of

X, Y, and the normalized voltage VPN. The set
will probably not be exactly 151 values since the
step size will vary from position to position to
accommodate the collimator focal length., However,
since X, Y are both stored, the coordinate varia-
tion will not cause a problem as long as the field
of view boundary 1is respected (see discussion in
Procedure A). ’

d. X1, X2, XC

- X1 is the X coordinate (obtained by interpolation)
of the signal which 1is 0.5 of the peak of the
normalized data. X1 is the value on the -X side
of the detector, X2 is the value on the +X side.
XC is the average of X1 and X2.
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e. Normalized Wide Slit Data

This data set consists of 18 sets of X, Y, and
the normalized voltage VPN. Items 8 and 9 of
this set (X= =2.25 and +2.25 IFOV units) will
not be plotted since they are adjacent to the
detector and may show cross talk since the wide
slit has a power density which is 10 times
saturation. These two points will be printed
for diagnostic interest, only.

f. VNAVE, VVWAVE

VNAVE is the integrated and averaged value of
the signals which together combine to make up
the secend IFOV away from the detector. This
value 1s compared with VWAVE which is the
normalized wide slit response at X= -3.25 for
the even detectors or X= +3.25 for the odd
’ detectors. VWAVE is also divided by 1C to allow

for its higher signal level.

g NBAND
’ The band no. of the data taken.

2. The Y data output consists of 16 data records, each
with the following data items. ~

a. Detector No.

Records 1-16 will increase sequentially in
detector number.

b. PEAKV

This is the same as X, except the Y data are used.
¢c. Normalized Narrow Slit Data

This data is similar to the X data, except there

are nominally 100 points covering 5 IFOV worth
of data with the detector centered in the array.

d. Y1, Y2, YC

These are analogous with X1, X2, and XC, above.
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e. !IW and Normalized Wide S1lit Data
There will be a variable number of wide s5lit
data points for each detector. The data record
should save space for a point counter NW and
up to 10 sets of X, Y, and VPN as follows.

Detector No. nw
1 and 16 10
2 and 15 9
3 and 14 8
4 and 13 7
5 and 12 6
6 to 11 5

f. VHNAVE and VWAVE

These are analogous to the X data, except only
detectors 1 and 16 have data entries.

g. NEAND
The band no. of the data taken.
II X Data Reduction
A. Repcat the following for the odd no. detectors 1,3,...15.
1. Field of View in X (Scan) Direction

Extend the small step data VPP from the file for

X= «1.75, -1.70, ..., +3.70, +3.75 for 151 points.
The peak value will be nominally at X= +1.25 but
search the array for the peak; call this PE2KV,

save it. Normalize the data by dividing by PEAKYV

to get VPN. Save this data. Search the normalized .
data on both sides of the peak for the two values
which are less than 0.5. These will be nominally at
X=0.70 and X=1.80. Take the two adjacent normalized
data values which are just larger than 0.5 (nominally
at X=0.75 and X=1.75) and by linear interpolation
determine the two X values for VPN=0.5 as follows.

For the lower X value edge,

Let Xi be the coordinate for VPNi (VPN<O0.S)
(VPN>0.5)

Xi+1 be the coordinate for VPNi+1
Then the half width coordinate

wvhere xi+1>xi.
is given by

SR ETRCE

EPR

i
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: ¢,y =% Y (1.0-VPR D
XHW = S — T X (1)
*VPN, -VPN,

Let X1=XHW for this coordinate on the =~X side of
center. Similarly, the coordinate for the higher
X value edge (nominally at X=1.75) i1s givea by (1)
where

X, is the coordinate for VPNi (VPN>0.5)

i
Xi+1 is the coordinate for VPN1+1 (VPN<0.5)

Let X2=XHW for this coordinate on the +X side of

center. Calculate the coordinate of the center of

the detector. XC from  the two half width coordinztes

X1 and X2 is calculated as follows.

X14x2
2

Save the X1, X2, XC for future use.

XC = (2)

Zrvtract the wide slit data for this dctector by
retrieving the data for the § settings of X= -9,25

to ¥= -2.25 in steps of 1 IFOV, and the 10 settings
for .

X= +2.25 to X=11.25 4in steps of 1 IFOV.

The X= +2,25 value is adjacent to the detector and
may have cross talk obscuring 1its value since the
wide slit has 10 tines the detector saturation power.
This value is not plotted with the field of view data,
but Is printed out for diagnostic value. The X= =2.25
value may be used for these 0dd no. detectors.

Normalize the 18 wide slit data values as follows.

VPP
PEAKV*10, ' (3)

and save these values.

VPN =

Small Slit and Wide Slit Data Match

Using the normalized values above, get the 21 VPN
values for X=2.75 to 3.75 in steps of 0.05 and
integrate these values using the trapezoidal rule.
However, the end points must bz divided by 2 to allow
for overlap at the ends by 0.05 IFOV, and the whole
result divided by 2 due to 0.1 IFOV slit size.

Thus, the Integral end point division 1s given by

r I=20 ]
VN = LVPN(I):VPU(ZI).+2H veN(I) | x oéos (4)
- I=2
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OF POOR QUALITY y

Average VN over the IFOV, then use this as a comparison
with the wide 51it VW after it has been reduced by

a factor of 10 to account for the power difference
between wide and narrow slits,

VNAVE = VN/10. : ) (5)

Obtain the normalized wide slit VPN at X=3,25;
call it VWAVE. Save VNAVE, VWAVE. These numbers
are the match between small slit data and the wide
slit data at 2 IFOV from the detector.

B. Repeat the following for the even no. detectors 2,4,...16.

1.

Field of View in the X (Scan) Direction

Extract the small step data VPP from the file for
X= =~3,75, -3.70,...,+1.70, +1.75 for 151 points.

The peak value wvill be norminally at X= ~1,25, but
scarch the arrayv for the peak; call this PEAXY, sav
it. Normalize the data by dividing by PEAKV to get
VPN, Save this array. Search the normzlized data on
both sides of the peak for the two values which are
less than VPN=0.5, nozinally at X= =-0.70 and X= =-1.80.
Using the two adjacent data values which are just
larger taan 0.5 (nominally at X= =0.75 and X= -1.75),
use linear interpolation to determine the X values

for VPN=0.5 as follows.

For the most negative X value edge (nominally X= ~1.75)
Let X, be the coordinate for VPN1 (VPN<O0.5)

i
xi+l be the coordinate for VPNi+l (VPN>OTS)
vhere xi+1>xi.

Then the half width coordinate is given by equacidn (1.

Let X1s=XHW for this coordinate on the most negative
X side.

Similarly, the coordinate for the less negative X side
(nominally X= -0.75) is given by (1) where

X, is the coordinate for VPN, (VPN>0.5)

xi+l is the coordinate for VPNi+1 (VPN<O.5)

Let X2=XHW for this coordinate on the less negative
X side of the detector center.

Calculate the coordinate of the iatector center XC
using equation (2). Save X1, X2, XC.
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IS Extract the wide slit data for this detector by
retrieving “he 10 settings of X= -11.25 to X= ~2.25
in steps of 1.0 IFOV, and tne & setting of X= 42.25
" ¥ to X= +9.25 in steps of 1.0 IFOY. The X= =2.25 value
: is adjacent to the detector and may have cross talk
; obscuring its value since the wide slit has 10 times
s L the detector saturation power. This value 1s not
i plotted with the field of view data, but it is printed
i for diagnostic value. The X= 42,25 value may be used
- for these even no. detectors.
- Normalize the 18 wide slit data values using equation (3),
S and save them for subsequent use. .
£5
"\";‘"
2 2. Small Slit and Wide Slit Data Match
¢ . .
g Using the normalized values above, get the 21 VPN
23 values for X= =2.75 to =3.75 IFOV in steps of 0.05
%> ' and integrate these using equation (4). Get the
%, wide slit VPN at X= -3,25, call it VUAVL, calculate
gg : equation (5) and save VNAVE, VWAVE.
%‘ I1I Y Data Reduction
3,
L Repeat the following for all detectors 1, 2,.,.16.
2
ﬁ; A. ield of View in Direction Norrwal to Scan (Y)
s
%‘. Extract the 100 narrow slit VPP data values for the
% detector from the file. The starting Y value is given
s by YS=NDET-11, and the ending Y value is YE=NDET-6.05
where the data steps assumed are 0,05 IFOQV,
The nominal center of the detector is given by
P ' IC = ZEi%Ei;QQ’ nominal ) )
Search the data array for the peak value; call this
. - PEAKV; save it. Normalize the data by dividing by PEARV
. to get VPN; save this array. Search the normalized data
’ on both sides of the peak for the two values which are
P less than VPN=0.5. These will be nominally at
: YC nominal 0.5 IFOV.
; Using these 2 values and the 2 adjacent values just larger
! than VPN=0.5, linearly interpolate for the Y values
'3‘ corresponding to VPN=0.5.
e '
:
!
[ &
LA
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Let Yi te the coordinate for VPKi (VPN>0.5)
Yi+1 be the co?rdina:e for VPNi+l (VPN<D.5)
vhere Y >Y,. Then the half width coordinate
. i4+1” 1
is given by
' T 4977, (1.0-VEN)
THY = ——Sn-ven iy 7
.“55 ‘i+l S ] i
(e :
i Let Yl=7HW for this coordinate on the -Y side of center,
4 Similarly, the coordinate for the higher Y half width

is found by letting
Yi be the coordinate of VPNi (VEN>0.5)
Y1+l be the coordinate of VPNi+1 (VPN<O.5)

Let Y2=YHVW for this coordinate on the +Y side of the
detector center.

<\
\

AR A
SRR

o
Y

ol e
ot
¢ +

T
¢

T
b4 k)

e

G Y

Calculate the detecter center coordinate YC by

¥Yi+y2

YC = 2 ‘ (8)

{3
J

éave Y1, Y2 and YC for future use.

of

%é The wide slit data is variable by detector number. The
?i starting Y value on the minus side of the detector YSM
3 is given by

2 YSM = NDET-18.5 IFOV 9
é{ The ending value on the minus side YEM is

2

E% YEM = =8.5 (10)
& .

2% Thus, detector 10 is the last detector which has a wide
2? gslit data point on the misus side.

%% The starting Y value on the positive Y side of the

2 detector YSP is given by .

Gef

YSP = +8.5 (11)

By

5

The ending value on the positive side YEP is

ave Y
LAY

YEP = NDET+1l.5 (12)

B i
mﬁm

3 Thus, detector 7 1s the first detector which has a wide
slit data point on the positive side.
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Retrieve the wide slit data between YSM and YEM and also
between YSP and«YEP as defired in equations (9) through
(11) for all entries where YEM is greater than or equal
to YSM and where YEP is greater than or equal to YSP.
Normalize each value by using egquation (3). Store the
VPN value, the Y coordirate, and the number of data
points NV. -

Small Slit and Wide Slit Data Match

Calculate the following for the odd datector No. 1, only.

Using the normalized values above, get the 21 VPN value for
Y= «10.0 to -9.0 IFOV units in steps of 0.05 IFOV units.
Also retrieve the normalized wide slit data covering this
same off detector region which is stored by Y= ~9.5 IFOV
units. Integrate the 21 values using cquation (4). Note
that the end points are divided by 2 in the equatian to
allow for the excess of 1/2 of the small siit width on
each end, when compared with the vide siit result. The
integration result is VN, and the average is VXAVE and
given by (5). The wide slit value is VWAVE. Save VNAVE
and VWAVE.

Calculate the following for detector 16 only.

Using the normalized values above, get the 21 VPN values

for ¥Y=9.0 to 10.0 IFOV in steps of 0.05 IFOV units. Also
retrieve the normalized wide slit data covering the same

off detector region which is stored for Y=9.5 IFOV units.
Integrate the 21 wvalues using equation (4). The integration
result is VN, and the average is VNAVE, given bv (5). The
wide slit value is VWAVE.

Save VNAVE and VWAVE.
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This procedure retrieves data stored by Procedures B and L
whisch ailow conversion of X and ¥ from steps to radianmns.
The field of view data for the band is then checked against
the specified parameters, and the results printed.

G =
ih o g
Tt oy

S . Input Data

The data from Procedurr E includes REFX, REFY, TMANGX, TMANGY,
XOFFST, YOFFST, and RSTEP. See Procedure E for definitions.

3,

AN
=

&

The data from Proceduvre B includes NBAND, Detector No., PEAKY,
narrow slit array data in sets of X, Y, VPN where X, Y are in
step count units, X1, X2, XC, Y1, ¥2, YC all in step count units,
wide slit data in sets of X, Y, and VPN, VNAVE, and VWAVE.

"Mj‘-?{%‘:“m

IR SRR
RHERY

i

jgf Conversion from Step to Radians

ﬁé The conversion cquations are described in Procedure E and are

v reproduced here.

o

% . ANGLEX=X*RSTEP+TMANCX-REFX+0.019457/18¢0, ’ (GD)
ANGLY=Y#*RSTEP+TMANGY-REFY 2)

Specified Valiues for Each Band

o
R RS ARTE SRe

iz
&

o

A. Band Centers (in milliradians), BC relative tc the optic axis

&

% BAND XBC YBC
& 1 -3.6291 0.
5 2 -2.5667 0.
=1 3 -1.5041 0.
= 4 -0,44174 0.
&3 5 +2.5758 0.
% 6 +1.4708 0.
5 ? +4.0631 0.
23 LED +0.33947 0.

"
o
.

s AT
R

L,

Detector Center (in miliiradians) for Bands 1-5, 7

24

1. X Coordinate Relative to Band Center
XDC = 1,25%,0425(~1+2*MODULO(NDET,2)) (3
. “here NDET is the detector No.

2. Y Coordinate Relative to Band Center

YDC = (-8.5+NDET)*.0425 (%)
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& ! C. Optimum Detector EDGES X1P, Y1P, X2P, Y2P

2N

5 i The ideal loca'ion for the detector edges is given by

7"" ¥

b2 X1P= XDC+XBC-.02125 milliradians : (5)
% - .

= X2P= XDC+XBC+.02125 . (6)
(o

ﬁ, .

_' : Y1lP= YDC+YBC-.02125 (7)
e Y2P= YDC+YBC+.02125 (8)
B C .

T D. Detector Width, (X2--X1) OR (Y2-Yl) Specified

':' BAID MINIMUM DIFFERENCE MAXIMUM DIFFERENCE

ie."

C 1 .0419 rilliradians  .0431 milliradians

Ly 2 .0419 L0431

7 3 L0419 .0431

e T4 .0419 L0431

Ny 5 .04115 .04635

A 7 -- -

%‘ 5 .1656 1744

vf E. Detecto. Locatisn and Size Printout

':1 .

# Perform the following 16 times.

i 1. Input X =2nd Y data'records for this detector.

% - 2. Convert all coordi~ates to radianms.

4

- 3. Store the converted data in the plot file.

6-

S 4. Calculate DX=X2-X1

Ee - DY=Y2-Y1

oy 5. Print the following

; a, Detector No.

L b. XDC+XEC

i3 ; " e. XC

s - d. XiP

L e. X1

L f. X2P

g. X2

L Ll UL Y FE 1
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. we

i. in speé” or "out spec", see D above

H3226-5610
Attechzent
-3-

j. error amount if out spec, 0. if in spec

k. YDC+YBC

1. YC
. Y1P
n. Y1
o. Y2P
P. Y2
q. DV
) r. "in spec" or "out spec", see D above

s. err acount if out spec, U. if in spec

F. Tabulate Curve Data for Small and Large Slits

Print the following data in compact form.
1. Narrow Slit Data

a. X direction

This data consists nominally of 151 sets of X, Y, VPN
vith X, Y expressed in radian measure from the axis

and VPN {is the normalized voltage.

b. Y direction

This data consists nominally of 100 sets of X, Y, and

VPN dats as above.
2. Wide Slit Datc

a., X direction

This data consists of 18 sets of X, Y, and VPN, plus

VNAVE and VWAVE,

b, Y direction

This data consists of NW sets of X, Y, and VPN where
Detectors 6 to 11
have 5 points, 5 and 12 have 6 points, 4 and 13 have
7 points, etc. until 1 and 16 have 10 points. Only
detectors 1 and 16 have VNAVE and VWAVE values.

NW is a function of detector No.

-
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This procedure takes data storec in the plot file by Procedure C
for each band and forms two tynes of plot. The first plot s the
detector location plet. ‘This consists of the outline of the

16 detectors in the band for Zdeal conditions with the X1, X2, XC
and Y1, Y2, and YC measured points plotted on the outline.

The second plot consists of a presentation of the narrow and wide
slit data for each axis on a 3 cycle semi-log paper. This will
require 32 plots for each band,

T’ Detector Locaton Plot

.The ideal location cf each detector edge 4is given by equation
(5) througch (8) of Procedure C. The ideal detz2ctor size for
bands 1 through 5 is 42.5 microradians square. The plot scale
should te rhosen to give the best resolution possible. Since
the 16 detector array is 3.5 IFOV wide (148.75 picroradians),
a scale of 5,0 IFOV in 10 inches would seem reasonable. This
would produce a plot 3 feet in length with legend, but only
one such plot will be made per band.

On this scale of 2 inches/IFOV unit, the edga tolerance will
be +#0.03 4inches for bands 1-4 and #2.12 inch in band 5. Since
~ 4 - ~ - e Bt D d e D

the function of tite plot is the illiustration of aay gross errors
apdsystematic errors, this resolution should be adequate.

Il Detector Field of View Ploc

Each axis of a given detector is the subject for this plot.
Thus, 32 plots will be required. The plot will be made omn

3 cycle, semi-log paper. Both the narrow slit and wide slit
data are to be included on the same plot. This requires an
abscissa dimension of 23.5 IFOV units. An approprizte scale
to use is 2 inches/IFOV for the centrail £3.75 IFOV, then, on
the same plot, use a scale of 0.5 inches/1lFOV for points
outside these limits (wide slit data) for X plots.

The Y plots may use a scale of 2 inches/IFOV units for the
central +2.5 IFOV units, then a scale of 0.5 inch/IFOV unit
outside this range.

IITI Plot Priordity

-

The plotting should not be allowed to islow up the test., The
information is stored in a plot file, and plotted during
theodolite setting after the Procedure C print is complete
as time 4is available.
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PROCEDURE E

This procedure is called when it 4s desired to move the Thematic
Mapper instrument relative tc the collimator in the field of view
tests. The movement is monitoredé by nanually autocollimating a
theodolite on the TM scan mirror.

The TM will be located at the following points.
l. At the LED reference point. .
2. At the center of Band 3.

3. At the center of Band 2.

4, At the center of Band 5.

5. Returned to LED at close of tests.

The procedure shoulé be called with a switch parameter IBAND
which will specify which of the 5 settings above is desired.

The .following paraneters must be kept in z programming COMMOIN,
or on disk in a fashion which 2llows access by this procedure.

REFX, the thecdolite reading (converted to radians) when the
+ narrow vertical slit is aligned with the LED.

REFY, the theodolite reading coaverted to radians wher the
narrow horizontal slit is aligned with the center of the

3 LED.

!

TMANGX, the theodolite reading converted to radians when the TX
is positioned with the center of the collimator projected
near to Bands 3, ?, or 5 specified by switch IBAND.

XOFFST, the number of steps in X required to bring the collimator
axis on the center of the band specified.

TMANGY, analogous to TMANX, but in Y.

YOFFST, analogous to XOFFST, but in Y.

RSTEP, the number of radians/step in either X or Y axis. This
must be calculated and stored when the collimator focal

length is input.
1 Set at LED Reference Point (IBAND=1l)

A. Slit Secting

1. Instruct the operator to manually drive the X slit
table to center of scan.

2. Repeat for Y.
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Instruct the operator to move the narrov vertical
slit 4into position.

Instruct the operator to step in Z until the slit dis
at' the previously determined focal position.

Instruct the operator to set the X, Y, Z, and slit
wheel coatroller in the remote positions.

Zero X, .Y, 2, and slit wheel controller.

Ask the operator to Jnput the readings for X, Y, 2,
slit wheel. :

If readings in 7. are not all 0, repeat 5. to 7.
Alignment

Instruct the operator to align the slit on the LED
by moving TM.

Step the slit whz2el CCW 90° to position the narrow
horizontal slit into place.

Instruct the operator to center the middle LED in
the slit,. .

Set the slit wheel CW 90° to position the narrow
vertical slit into place.

NOTE: It is assumed that-the equipment registration
has been previously perfected so recheck-is
unnecessary between X, Y in steps 1l. to 4.,
otherwise, repetitive operator interaction
is required.

Verify X, Y are still zero by reading their output.
If not, re-zero them.

Reference Position

Instruct the operator to autocollimate the theodolite
on the scan mirror--avoiding angles greater than

350 degrees or less than 10 degrees.,

Request the operator to input the theodolite azimuth
readings., Store it as

RXDEG, RXMIN, RXSEC
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Convert to radian measure by
’

ANGX= (RYDEG+RXMIN/6C,+RXSEC/3600.)n/180. (1)
REFX=ANGX

If REFX is greater than 350 degrees or less than
10 degrees, repeat 1.

3. Request the operator to input the theodolite
elevation angle. Store it as

RYDEG, RYMIN, RYSEC
Convert to radian measure by

ANGY=(RYDEG+RYMIN/60.+RYSEC/3600.)7/180. 2)
REFY=ANGY

NOTE: If RYDEG 1is negative, assume that RYMIN
. and RYSEC are also negative. That is, set

RYMIN= ~ABS(RYMIN)
RYSEC= -ABS(RYSEC)

IF RYDEG IS -

NOTE: Standard thecdolite procedure consists of
taking a reading, then flipping the tele-
scope for a second reading. However, since
theodolites differ in their use, it is
assumed that the operator does the averaging
before input. This may be revised, if
desired, when the exact theodolite is chosen.

4., Set the Current Angle Indicators

TMANGX=REFX (3)
TMANGY=REFY ) @) -

5., Set the Offset

Since this {s the reference position no steps will
be required to move into the center position, so
set

XOFFST=0. ' ()

YOFFST=0. (6)
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Procedure E (contd) KES2356-5610
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III

v

ORIGINAL PAGE g Azt achmant

Sez at Band 3 Center (IBAlLD=2)

Band 3 center is specified to be the following angular
distance from the LED:

LED to Axis -0.01945 degrees
Axis to Band 2 center ~0.08618
Total ~0.10563 degrees

Set DELTA¥= -0.10563
DELTAY= O,

then follow the common procedure at V.
Set at Band 2 Center (IBAND=3) .

Band 2 center 1is specified to be the following angular
distance from the LED:

LED to axis ~0.01945 degree
Axis to Band 2 -0.14706 .
Total -0.16651 degrees

Set DELTAX = -0.16651
DELTAY = O,

then follow the common procedure at V.
Set at Bard 5 Center (IBAND=4)

Band 5 center is specified to be the following angular
distance from the LED:

LED to axis -0.01945 degrees
Axis to Band 5 +0.14758

Total +0,12813 degrees

Set DELTAX = +0.12813
DELTAY = O,

then follow the common procedure at V.
Common Procedure for Bands 3, 2, 5

A. Remove previous offset by

1. Step in the X direction by -XOFFST steps. Remove
backlash by overtravel and return 4if "XOFFST" is =-.

2. Step in the Y direction by ~YOFFST steps. Remove
backlash by overtravel and return if "~YOFFST" is
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E. Calculate New Fheodolite Setting
; 1. Convert reference to degrees
"RXD=REFX*180. /7 (7)
RYD=REFY#180. /7 - (8)
2. Add Step to New Band
XD=RXD+DELTAX (9)
YD=RYD+DELTAY ' : T - (10)
3., Convert to theodolite coordinates'

This procedure is most easily described in
FORTRAN as follows:

= . IDEG=XD )
% RXMIN=(XD-IDEG)*60.
by IMIN=RXMIN
Eé RXSEC=(RXHMIN-IUIN)*60.
"i ‘ RXMIN=TIMIX
: RXDEG=IDEG

where IDEG and IMIN are integers.

BE-IN TR

RYDEG, RYMIN, and RYSEC are determined in a
similar fashion. However, if YD 1s negative,
it is easier to convert the absolute value,
then apply the sign.

C. Move the Thematic Mapper

1. Instruct the operator to move the TM so the theodolite
autocollimuted on the scan mirror will be "approxi-
mately RXDEG, RXMIN, RXSEC in azimuth and RYDEG,
RYMIN, RYSEC ir elevation." Emphasize in the message
that the exact value 1is not essential because it will
be "trimmed" by the X-Y table.

2, Ask the operator to input the azimuth and elevation
angles. Store them as RXDEG, RXMIN, RXSEC, RYDEG,
RYMIN, RYSEC.

‘3. Calculate the current angle in radians using equations
(1) and (2). Then

TMANGX=ANGX . (11)

TMANGY=ANGY (12)
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Vi

4, Calculate Pffset needed

XOFFST=(XD*7/180,~-TMANGX) /RSTEP’ (13)
YOFFCT=(YD*7w/180.-TMARGY) /RSTEP ) (14)

NOTE: Round these to nearest step.
5. 3tep off the Offset

a. Step in the X direction XOFFST Steps. If
XOFFST is -, add in -10 steps, then return
+10 steps to remove backlash. If XOFFST is +,
no backlash compensation is needed.

b. Step in the Y direction YOFFST steps, and remove
backlash as in a.

NOTE: The slit center should now be at band center.
The caliculation of angles from the axis Tl
axis using the present settings are given by
ANGLY=X*RSTEP+TMANCYX~-REFX+0,01945*7/180. (15)
ANGLY = Y*RSTEP+TMANGY-REFY . {(16)
since X Y counters contain the offset

between TMANGX AND XD as well as between
TMANGY AND YD

Return to LED at End of Test (IBAND=S5)
LED center is specified by

DELTAX=0. .
DELTAY=0. .

then follow the common procedure of V.,

o
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2y

¢c. Rotate the slit wheel 45 degrees CCW to position the
horizontal Bind 6 slit inco place.

d. Return X to band center by stepping in the -X direction
by 17.2 IFOV units +0.2 units for overtravel for a
* total of 17.4 IFOV units, then step in the +X direction
’ by 0.2 units to remove the backlash.

e. Step in the ~Y direction 18.2 IFOY units, then step
in the +Y direction by 0.2 units to remove the backlash.

f. Take data on all four detectors from Y= -18.0 to +18.0
IFOV - units as follows. -

1) Set NDSTRT =1 NSTOP = & DSTEP = 1
FSTEP = 0.2 NSTEP = 181

2) Perform Sequence No. 2.

. g. Rotate the slit wheel 45 degrees CV tc position the
vertical slit into place for Band 6.

h. Return Y to band center bv stepping in the -Y direction
. by 18.2 IFOV units +0.2 units for overtravel for a total
¢ cf 18.4 IFOV units, then step in the +Y direction by

0.2 units to remove the backlash.
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This procedure reduces the ficld of view data for Band 6, only.
Tne 56 percent signal ppinc is determined Iin X and Y for each
detector, then the center coordinate is calculated.

1 Data Storage Description

NOTE: Data are described as though 0.20 IFCVY (8.5 microradians)
. steps were possible. The data step size and count wmust
be adjusted here and in Frocedure F to accommodate
practical step size as determined by the collimator
focal length.

A, Input Data
See Procedure F.
B. Output Data

The X data output consists of 4 data records, each with
the following data items.

1. Detector. ¥o.

Records 1~4 correspond tordetector l-4, respectively.

2, PEAKV

PEAKV is the largest voltage for this detector which
is used for normalization of the data samples.

3. Normalized Data
This sec“Eonsis:s of nominally 171 sets of X, ¥, and
the normalized voltage VPN. This set will probably
not be exactly 171 values since the step size will
vary from position to position to accommodate the

~collimator focal length. However, since X, Y are .
both stored, the coordinate variation will not cauce
a problem as long as the field of view boundary is
respected (see discussion in Procedure F).

4. X1, X2, XC

X1 4s the X coordinate (obtained by interpolatiou)

of the signal which is 0.5 of the peak of the normalized
data. X1 is the value on the ~X side of the detector,
X2 1is the value on the +X side. XC is the average

of X1 and X2.

The Y. data output is similar to the X data except in 3.
the nominal number is 181 sets.
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Procedure G (contd) HS236-5610
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~
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I1 X Data Reduction ,

Repeat the- following for detectors 1 through &
Field of View in X direction )

Extract the X data from the f£ile, consisting of nominally
171 sets of X, Y, and VPP data, Search the array for the
peak value which will be found nominally at XC listed below.

Detector No. Nominal Y1 Nominal XC Nominzl X2
1 - 43, +5. +7.
2 ~7. -5. -3.
3 +3. +5. +7I
4 -7. -5, -3,

Call this peak value PEAKV, and save it. Normalize the datea

3

by dividing by PLAKV to get VPN. Save this data.

* Search the normalized data on both sides of the peak for the
two values wvhich are less than 0.5. These will be nominally
at X1 and X2 above. In addition to these two values, use

» the two adjacent values which are jusnt larger than 0.5 and
by linear interpolation, determine the two X values for
VPS = 0.5 as follows. ’

For the lower X value edge,

Let Xi be the coordinate for VPNi (VPN<0.5)

xi+1 be the coordinate fo? VPN1+1 (VPN>0.5)
where xi+£>xi.

The haif width coordinate XHW is given by

(X,,,-X,)(1.0-VEN,)
xaw = —itl 2 L wx ' 1)

VPN1+1-VrNi i

Let X1=XHW for this coordinate on the «X side of center.

Similarly, the coordinate for the higher X value edge is
given by (1) where S i

—-—

xi is the coordinate for VPN1 (VPN<D.5)
Xi+1 is the coordinate for VPN1+l (VPN>0.5)

Let X2=XHW for this coordinate on the +X side of center.
The coordinate of the center of the detector XC is then
given by

: 2 .
XHWY = _x_!'.%...x_‘; (2)

Save X1, X2, and XC for future use.

band
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III Y Data Recduction

Repeat the following for detectors 1 through 4
Tield of View in the Y direction

Extract the Y data from the file, consisting of nominally
181 sets of ¥, Y, and VPP data. Search the array for the
peak value which will be found nominally at YC listed below.

Detector Yo. Nominal Y1 Nominal YC Nominal VY2
1 "8. -60 ‘&o
2 -4, -2. 0 -
3 0. +2. +4.
4 +4. ) +6. +8

Call this peak value PEAKV, and save it. Normalize the data
by dividing by PEAKV to get VPN. Save this data.

. Sezrch the arrav and determine Y1, Y2, and YC in an analogous
fashion to the procedure used for X in II, abova.

Save Y1, Y2, and YC for future use,
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This procedure retrieves daza stored by Procedures G and E which
allow conversion of X and Y from steps te radians. The field of
view data for Band 6 is-then checked against specified parameters,
and the -esults printed.

22

Input Data

gy YRR IR Y N

]

The data from Procedure E includes REFX, REFY, TMANGX, TMANGY,
XOFFST, YOFFST, and RSTEP. See Procedure E for definitions.

The data from Procedure G includes NBAND, Detector No., PEAKYV,
slit array data in sets of X, Y, and VPN vhere X, Y are in step
count units, X1, X2, X6, Y1, Y2, YC all in step count units.

Senpats murge s, =

«-w-":
™

Conversion from Step to Radians

The conversion equations are described in Procedure E and are
reproduced here.

o pmeam ms e oy

ANGLX=X*RSTEP+THANGX-REFX+0,019457/180. 1)
"ANGLY=Y*RSTEP+TMANGY~-REFY (2)

Specified Values for Band 6

rd

A. Band Center (in milliradians), BC relative to the optic axis.

XBC= +4,0631
YBC= 0.

B. Detector Center (in milliradians) for Band 6
1. X Coordinate Relative to Band Center, BC

XDC=5,0*,0425(-1+2*MODULO (NDET,2)) ’ (3)
where NDET is the detector No.

2, Y Coordinate Relative to Band Center

YDC= -10+4*NDET . . (4)
C. Optimum Detector Edges X1P, Y1P, X2P, Y2ZP

The ideal location for the detector edges is given by

X1P= XDC+XBC-0.08S milliradians <5)
X2P= XDC+XBC+0.085 ) (6)
Y1P= YDGC+YBC-0.085 (7)

Y2P= YDC+YBC+0.085 - (8)
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Detector Width, (X2-X1) on (Y2-Yi) specified

Miaimum Difference = 0.1656
Maximum Difiference = 0.1744

Detector Location and Size Printout

Perform the following &4 times

1. Input the X and Y data records for this dectector.
2. Convert all cocrdinates to radians.

3. Store the converted data in the plot file.

4, Calculate

DX=X21-X1
DY=Y2-Y1

5. Print the following

a. Detector No.
t. XDC+X3BC

¢c. XC
d. X1p
e. X1
£. X2P
g. X2
h. DX

1. "IN SPEC" or "OUT OF SPEC," see D above
j. error amount, if out of spec, or 0. if in spec.
k. YDC+YBC

1. ¥YC
m. Y1P
n. Y1
o. Y2P
p. Y2
q. DY

r. "IN SPEC" or "OUT OF SPEC," see D above.

8. errot amounf, if out of spezx, or 0. if in spec.

c-d
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Procedure ki f(contd) i1s236-5610

Atvechment

ORIGINAL pp -3
GE 13
OF PooR QuALITY

Tabulate Curve Uata
.

This dacta consists of nominally 171 sets of X, Y and VFN in
X direction and nominally 181 sets of X, Y, and VPN in the
Y direction.

This data is to be printed in compact form.

W
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PROCEDURL I

This procedure taltes data stored in the plot file by Procedure H
for Band ¢ and forms two types of plots.

The first plot .is the detector location plot. This consists of
the outline of the 4 detectors in the band for ideal conditions
with the X1, X2, XC and Y1, Y2, and YC measured points plotted
on the outline. .

The second plot consists of a presentation of the field of view
data arrey for cach axis on &2 3 cvecle semi-log paper. This will
require 8 separate plots.

I Datector Location Plot

The idecal location of each detector edge is ziven by equations
(5) through (8) of Procedure H. The ideal detector sice for
Band 6 is 170 microradians square. The plot scale should be
chosen to give the best resolution possible. Since the 4-
detector array is 14 ITCYV units wide, a scale of 0.5 IFOV
units per inch seems reasonable. The edge tolecrance will
,be +0.C5 inches on this scale. Since the function of the

plot is the illustration of any gross errors and systematic
errors, the resolution should be adequate.

I! “Detector Field of View Plot

Each axis of a given detector is the subject for this plot.
Thus, 8 plots will be required. The plot will be made on

3 cycle semi~log paper. This requires an abscissa of 48 IFOV
units in X and 36 IFOV units for the Y plots. The scale of
0.5 IFOV units per inch will give an edge resolution of

+0.05 inches.

I1T Plot Priority

The plotting should not be allowed to slow up the test. The
information is stored in a plot file, and plotted during
theodolite setting after the Procedure H print is complete
ag time is avallable.
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MTASUREMENT STQUERCES

R =1
Trawn v @A

o]

Paraneters ,
NDSTRY {s starting detector No.

NDSTOP {s stopping detector WNo.

DSTEP is Ko. of detectors to step

NDETR is current detector ia use

NSTEP 4s the No. of steps to take in IFOV
FSTEP is the step size in 1FOV units

oo R
o rw e SramIga L aRm

—~
d

Sequence No. 1 (stepping in X direction, Post-data stepping)

NDETR=NDSTRT

—
»

2., Switch MUX to Detcector NDETR, current band No.

AT e e p g ARSI TR 4,

A, Delay 160 milliseconds to allow 100 Hz filter to settle

Call VPEMK procedure to nmeasure peak-to-peak voltage, VPP

o o, ey
-
=3
-

5. .Store X, ¥ step count, VPP, Detector dNo., Band No.

6. NXNDETR=UDLTR+DSTE?D

s S MnamAan
7. Re h 7. untll NDETR is greater than NDSTOD

epeat 2. throu

n

8. Step FSTIP IFOV units in +X direcction

9. Repeatr 1. through 8. until sequence has been performed NSTEP
times, then exit. .

Sequence No. 2 (stepping in Y direction, Post-data stepping)

This sequence is the same as No. 1, except for 8. Step
FSTEP IFOV units in +Y direction.

Sequence No. 3 (stepping in X direction, Pre~data stepping) .

1., Step FSTEP IFOV units in +X direction
NDETR=NDSTRT

2. through 7., same as Sequence 1,

8. Repeat 1.~through 7. until sequence has been performed NSTEP
times, then exit.

Sequence No. & (stepping in Y direction, Pre-data stepping)

Same as Sequence 3, except l. uses +Y direction rather than X.
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VPEAK SUBROUTINE

This subroutine is calied Yy the main spatial coverage procedure
and by Procedures A and,¥F indirectly through Sequences No. 1
through 4. .

It is assumed that the ADAU has been set to a sample rate of

39 KHz, and that the SIVU has selected the ADAU prior to calling
this subroutine. It is further assumed that the 100 Hz center
frequency filter with a 10 Hz bandpass is in place, It 4is also
assumed that the 100 Hz filter, or associated amplifier inm the
ADAU, has a gain of 7.5 to boost the saturated output to the
range of the A/D in the ADAU. This is necessary since a square
vave of 2 volts peak-to-peak (saturation) gives rise to a funda-
mental sine wave of 2.5 volts peak-to-peak which corresponds to
1.25 volts peak-out of the 100 Hz filter (neglecting insertion
loss). Since the A/D operates in the range of +/~10 volts
(+/-2047 D), the 1.25 volts must be amplified to use the full
range of the A/D. A gain of 7.5 plus filter insertion loss
compensation will boost the 1.25 volts to 5.375 volts (1920 DN).
The additional range of the A/D is reserved for potential excursions.

This subroutine takes 4 independent cycles of the 100 Hz waveform
which requires that every tenth cyvcle be sampled with the 10 Hz
bandpass. Since Band 5 is expected to have the lowvest signal-to-
noise ratio, 1t is used to evaluate the expected data range.

The 1 percent of saturation signal will give +/--19,2 DN from the
A/D while the noise is shown in a separate memorandum to have 2
95 percent probability of being within +/-2.0 DN for this Band 5,
utilizing 4 independent 100 Hz cycles for peak-to-peak determination.
This indicates that the error in determining the 1 percent level
due to noise will be less than 5 percent of that level. The
quantizing error can be as much as 3 percent of the 1 percent
signal level, Both of these errors are quite acceptable in the
far field measure, and the errors will be negligible for larger
signals.

The subroutine also assumes that the detector has been connected
by the MUX in the ADAU, and that the required settling time for :
the insertion of the 100 Hz filter (about 160 milliseconds) has
elapsed before the subroutine call.

L)

Subroutine Desceription

1. Sample the Data

Command the ADAU to take data for 40 cycles of the 100 Rz
output. This consists of taking data for 40*0.01 seconds

which is 0.4 seconds. At the sample rate of 39.018 KHz this
consists of 15607 samples. However, since the phase of the
cycle is indeterminent, the first half cycle is discarded to

be certain that the first peak or minimum are not missed.

Also, the 31.5 cycle is last one used, so only 32 cycles are
taken. Thus, 0.32 seconds of data are needed for 12486 samples.
Each sample requires 2 bytes, since the A/D output is 11 bits
plus sign. :

P O AV |
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2, Dctermination of the Pezl-tu-Peak Value
a. Spurious Peak Relection

When the signal level gets to be very low, on Lhe order
of a few DN, spuricus peaks may be determined. These
spurious values may be deleted by requiring that all

4 peaks and minima must be separated by nominally 0.10
seconds from peak-to-peak or minimum to minimum (using
every 10th cycle).

Set the number of good sets optimistically to 4 by
NS=4,

b. First Sample Peak-to-Peak

Skip the {irst 195 samples, then search samples 196-585
for the maximum and minioum, call them VP and Vm and
call the sample number NP and NM, respectively. Reduce
NP and KM by 195 and store them,

¢. Sccond Sample Peak-to-Peak

Search samples 4097-4487 for peak and minimum, as in h,

except reduce NP and HM by 4096 before storiang. These
sample numbers have been obtained by skipping 9ugx§les
(586-4096). - I 2ol

d. Third Sample Peak-to-Peak

Search through samples 8000-8389, recording VP, VM, NP,
and NM, reducing NP and NM by 7999 before Storing.

e. Fourth Sample Peak-to-Peak

Search through samples 11901-12290, recording VP, VM,
NP, and NM, reducing NP and NM by 11900 before storing.

f. Discard on the basis of peak to minimum separation.
Check the 4 samples to see if they are in the range

175<|NP-NM|g215

If any set fails this test, discard it and reduce NS
by 1. If NS=0 or 1, set VPP=0, and leave the subroutine.

g. Discard on the basis of NP varifiaticn for NS sets
where NS = 2, 3 or 4. .

Search the combinations and mark for use the firce 2
values which satisfy

INP(L)-NP(§)|<40 1i=1,4 j=1,4 jéi

- -—
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Average these 2 values, and kecp any subsequexnt value

which is within. 40 cf the average.
Ig NS=0, set VPP=0, and exit

VPP Determination :

For each of the NS cycles remaining, calculate
VS=VP-V

Then average the NS sets of VS to get VPP.

il
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Y History : G.R. Hyde, "Thematic Mapper Spacial Coverage Test
i Deacription', HS236-5610, 30 Jan 1978,

J.C. Celiec, "Thematic Mapper Spacial Coverage Tast
Description revisited,'" HS236-5610-1, 8 August 1978,

This memo provides a second revision of the Spacial Coverage test
description., This revision incorporates

1. Correct coordinates to agree with spacacraft coordinates

L 2. Collection of near detector data from all 16 channels inm each
band, but to save time, collection of & data far from the
detector for only 4 ‘hannels in each band,

3. Incorporation of HP interferometer data : /

Lxar .
St et

L"( e
!

i

5

4, Addition of flowcharts for procedures A,B,E,F, and G which
spacify the steps to be accomplished by the software.
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Tﬁis test is performed on the Thematic Mapper with the scan mirror stationary
to determine the size and location of all 100 datectors.

The Thematic Mapper is mounted on a precision table. However, the position
of the T is determined by autocollimating a theodolite on the locked acan
mirror to measure to the required precision, The source is projected -
towards the TM through a collimator which has s computer driven X-Y stepping
stage to position the entrance slit, However, the collimator has a narrow
field of view range, so it i3 necessary to move the T four times during the
test.

The software procedure for controlling the test is specified in the following
gteps, These steps in turn call procedures which are detailed in subsequent
sections. The procedures perform the following functions,

Procedure A (Data Collection)

The data for the 16 detectors of one band are taken in X and Y and gtored
for reduction, Bands l, 2, 3, 4, 5, and 7 use this procedure.

Procedure B (Data Reduction)

The data for one band are reduced to give normalized data, and the detector
width i{s determined in X and Y.

Procedure C (Printing)
The detector size and location for the band are checked against gpecifications,
and the size, location, and condition relative to specifications are printed

on a priority basis t> keep the test operator abreast of progress.

Procedure D (Plotting)

The field of view data are converted to radian measure relative to the optical
axis of ™, and the ‘'data are sent to a plot file to be plotted as time is
available, but with low priority.

Procedure E

The movement of TM is controlled and monitored, including ali interaction
with the optical technician operating the theodolite.
Procedure F.G.H, and 1

These procedures are analogous to A,B,C and D, but they apply to band 6 only,
which has 4 detectors.

VPEAK Subroutine

The data on any given detector are sampled and processed to determine the
peak~-to-peak output,

ol Brectin
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Seguence No, 1 (Post-Data Stepping)

This sequence is called by Procedures A and F to take data on a sequence
of detectors over a specified slit step range, Data are taken, then the
entrance slit is stepped in X,

Sequence No, 2 (Post-Data Stepping)
Analogous to No. 1, but it uses Y coordinates.
Sequence No, 3 (Pre=Data Stepping)
Similar to No. 1, but the slit step cccurs before data are taken.
Sequence No, & (Pre-Data Stepping)
Similar to No. 2, but the slit step occurs before data are taken.
INDEX A Data Collect for algorithm VFEAK
The Test Procedure Follows

1. "Instruct the operator to set the scan mirror to the center of scan
and lock it in place.

2. Verify that the scan line corrector is ©
aad verify.

3. Iastruct the operator to align the collimator with T™.

4, Perform Procedure E with IBAND=l to initislize all counterg and positiun
on the LED.

5. 1Instruct the operator to connect the auxiliary detector plane cooling
equipment, but do not turn it on at this point in time.

6. Command all bands to 'off,"

7. Select the ADAU A/D in the SIU, 2 channel option

8. Select the 39 KHz sampling rate in the ADAU (the divide by 16 function).
9. Switch in the 100 Hz filter with a 10 Hz ba;dpass in the ADAU,

10. Drive the aperture table in the + y direction toward band &4 for the
following IFOV distances

LED to axis 7.988 1IFOV units
Axis to Band 4 center 10.394 IFOV units
Band 4 center to even 1.250 1IFOV units

detector center
total 19,632 1IFOV units

e e U, o, i =
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NOTE: The number of steps to use must be calculated from the
collimator focal length FLC as follows

STEP ANGLE = 0,0001 inch/step
FLC inches

NO. STEPS/IFOV = 42,5x10~6 radians
STEP ANGLE

Currently there are 2 posgible collimators which may be uged.
They have FLC of 108.3 inches and 119 inches corresponding to
46,0275 and 46.75 steps/IFOV, respectively.

11. Command bands 1 to 4 to "ON," and instruct the operator to turn
on the auxiliary cooling for Bands 5, 7 and 6.

12. Have operator turn on 100 Hz chopper and adjust the gource current
ufitil the peak-to-jeak signal is 18.8 volts (%1920 ADAU radiance
levels)., At the operator's request, ccllect Index A data from
channels 2 and 16 of band 4, Reduce the data using the VPEAK
algoricthm and display the pesk-to-peak signal of the two detectors
and their difference (which should be less the 1 volt).

13. -Perform Procedure E with IBAND = 2 to pogsition between bands 3 and 4,

14. Slip to the center of band 4, 12.7 IFOV units in the ~Y direction, then
- 0.2 TROV in the 4 direction in preparation for the execution of
procedure A, the collection of a full set of field of view daca from
one band,

LTI 3 o
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15. Perform Prccedure A on Band 4,

p

16, Reduce the band 4 data by performing Procedure B.

17. Print the band 4 data using Procedure C which also checks the
parameters against specification,

18. Plot the band 4 data by performing Procedure D.

19. Save the band 4 data on a 9 track mag tape for future roference
including the asgsociated parameters from Procedure E REFX, REFY,
THMANGX, TMANGY, 4P °, YOFFST, and FLC.

20. The narrow vertical slit is now at the center of band 4. Step
it to the center of band 3 by moving in the +y direction by 25
IFOV units,

21. Perform procedures A,B,C, and D oa Band 3.

22. Save the band 3 data on magnetic tape as sbove.

23. Perform Procedure E with IBAND=3 to positionbetween bands 1 and 2.
24, Step thenarrow vertical slit to the center of band 2 by moving it

in the -y direction by 12.7 IFOV's. Then move in the +y direction
0.2 IFOV units.
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Save the Band 2 data on magnetic tape as above.

Step the narrow slit to the center of band ! by stepping by 25
IFOV units in the +y direction,

Perform Procedures A,B,C, and D on band 1,

Save Band )1 data on magnetic tape, as above.

Perform Procedure E with IBAND = 4 to position between bands 5 and 7.
tep the narrow vertical slit to the center of Band 5 by moving it

in the =y direction by 13.2 IFOV units, then move 0.2 IFCV units

in the +y direction.

Perform Procedure A,B,C, and D on band 5.

Save band 5 data on magnetic tape as above.

Step the narrow vertical slit from the center of band 5 to the
center of band 7 by moving in the +y direction by 26 IFOV units.

Perform Procedures A,3,C, and D on band 7,
Save the band 7 data on magnetic tape as above,

Instruct the operator to install the blackbody source for band 6,
then command band 6 "ON."

Step to the center of the even detectcrs by stepping in the -y
direction by 29.95 IFCV units. Thean move 0.2 IFOV in the +y direection.

Step the slit wheel to position the band 6 vertical slit i{nto place,.
Adjust the source current until the peak-to-peak signal is 18.8 volts
(#1920 ADAU cadiance levels). At the operator's request, collect
Index A data from the even detectors of band 6. Reduce the data
using VPEAK and report the resulting peak-to=-peak sigaal.

Step in the =y direction to the center of band 6 by stepping =5.2
IFOV units and then steping C.2 units in the +y direction.

Perform Procedure F to acquire the data, Procedure G to reduce it, -
Procedure H to print and check against specifications, and Procedure
I to plot it,

Save the band 6 deta on magnetic tape as above.

Step the slit wheel to move the small vertical slit intc place.

Drive the slit back to the LED to close the traverse by performing
Procedure E with IBAND=S.
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Ingtyuct the operator to switch the X,Y contrelier to local mode
then position the vertical slit onto the LED by stepping in froc
the - %o + directiun in the final approach to remove backlash.
Instruct the uvperator to select the narrow horizontal slit, then
center the middle LED by stepping from -x to +x directicn on the
final approach.

Instruct the operztor to switch the X,Y controller to remcie,

Read the X and Y encoders, then using (.0001)/FLC as the number
of radians per step calculate XERR and YERR where FLC is the effective
focal length of the collimator.

XERx = (X-XOFFST) (.0001)/FLC radiansg
YERR = (Y-YOFFST) (.000l)/FLC radians
Command bands 1,2,3,4,5,6 and 7 to "OFF."

Instruct the operator to turn off the auxiliary detector plene
cooling.

Instruct the operator to turn off the blackbody and visible
detector sources.

Command the SIU back to interral MUX usage.
Print the message

"END OF SPATIAL COVERAGE TEST,

X closure error = (XERR value) radiarsg,
Y closure error = (YERR value) radians."
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This praocedure is used to acquire the data from the field of view measurements
for one detector band in a forw suitable for reduction by Procedure B, and
for print and plot by Procedures C and D,

R T VRCE RIS L h- ot X

N}

This procedure assumes that the narrov verticel elit ls In the ceuter of
the band in the y direction, and the narrow horizontsl sli{t may be centered
: in the x direction by a 90-~degree rotation of the glit wheel.

Data Storage Description

Data are described for the 2 collimators. The data step size and count must be
adjusted here in Procedure B to accommodate practical step size as determined
by the collimator focal lengths, This adjustment must respect IFOV boundary
A locations, but may allow more incremental steps within boundaries. For
: example, it takes 20 positions of 0.05 IFOV units (2.125 microradians each)
to cover one IFOV, However, if the lll-inch focal length collimator were to
g be used each step is 0.9009 microradians, so each data point would require
:: ’ either two steps (i.3018 microradiang) or three steps (2.727 microradiansg).
3 ) In the case where a movement of 1 IFOV is required, 42.5 microradians/.9009
ricroradians indicetes 47 of the ,9009 microradians steps are required. Thua,
13 positions of 2 pteps each plus 7 positions of 3 steps each will be
" equivalent to the desired 20 tositions of 0.05 IFQV.

P

For the 108.3 in. focal length coullimator, use 23 Jata steps of .0002 inches
(2 steps) each to cover each IFOV unit. For the 110 in. focal length
collimator, use 22 data stens of .0002 inches and one dsta step of .0003

e inches.
A .

Figure 1 illustrates the testing procedure to be followed in taking data in
the y direction, and lFigures 2 and 3 illustrate the procedure used in the

3 ; x direction. Tigure 4 illustrates the distribution between narrow slict data
) and wide slit data in the x direction,

.

é. - In the y direction, the wide slit is positioned -12.25 IFOV units from the

9 ) center line (see Figure 1), then the slit is stepped in units of 1 IFOV to
take the far field data, The wide slit is not used on the detectors since
the signal level is 10 times gaturation, sc stepping stops at-2,25 IFOV.
Narrow slit data is then taken after backiag the rarrow slit.to y = <3.75
IFOV units, The narrow siit data is taken until y = 43,75 IFOV units, The =
slit location is moved to y =+ 2.25, the wide slit ingerted, and the
remaining data are takeu, See Table I for the data storage sequence.

The x direction data acquisition proceeds in a similar fashion. The slit
is moved to x = -17.,5 IFOV units, then the wide slit {3 moved {anlo place.
At that positfon only detector 16 is within 10 IFOV of the slit, so only
detector 16 is ugsed, Finally, when the slit is at -8.5 IFOV, detectors
16, 9 and 8 are within 10 IFOV units of the slit. Since the power through
the slit {s 10 times saturation, the wide slit is not stepped acress the
detectors.

The slit {s changes to narrow size, then backed up to the position illustrated
in Figure 2., TFor the first IFOV, only detector No. 16 is within 2 IFOV

units of the slit. When the slit {8 1 IFOV unit frecm detector 16, data can
also be taken oo detector 15 since {t is then 2 IFOV units away. Ae the slit
is stepyed further, more detectors come within the +/-2 IFOV data range,

The data storage is listed i1n Table II, and the range of data are illustrated

in Figure &4,
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In the figure, the navrov slit range is illustrated by a T-shaped line ox
each side of the detector, and the wide slit data points are illustrated
by an X. .

The data acquisition steps will now be described.
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Field of View Stepping in y Direction (along scan)

Note: Units are given here in IFOV units. Sece

Ce.

i.

flowchart for digstance give in 3-axis stage steps.

Step in the =y direction to a position which {s 12,25
IFOV units from the band center line. Step 0.2 IFOV
units further in -y direction, then gstep 0.2 IFOV units
in the +y direction to minimize backlash.

Rotate the glit wheel to position the wide vertical slit
over the scurce. This signal level is 10 times saturation,
go it should not be stepped across the detectors.

Take data for 10 IFOV positions on the -y side of the odd
detectors as called out on the flowchart (using a pre-data
step to avoid ciic detector at the end),

Rotate the slit wheel to position the narrow vertical slit
over the source., This signal level is set for saturation
level. The narrow slit data will be taken from 2 IFOV units
on the -y side of the odd detectors to 2 IFOV units on the
+y side of the even detectors,

Move the slit 1.7 IFOV units in the -y direccion, then move
it 0.2 IFOV units in the +y direction to min'mize backlash.

Take data for 7.5 IFOV units, 23 steps pe- IFOV unit, as called
out on the f{lowchart.

Step back to the center of the first IFOV on the +y side of
the even datectors by stepping in the -y direction by 1.8 IFOV
units, then atepping by 0.2 IFOV units to remove backlash.

Rotate the slit wheel to position the wide vertical slit over
the source. This signal level is 10 times saturation, so should
not be stepped across the detectors,

Take data for 10 IFOV positions on the +y side of the even
detectors as called out on the flowchart. (use post-data step
to avoid the detectors).

This completes the acquisition of data in the y direction for this
band. The glit will be set on the small size horizontal glit and
the slit will be moved back to the center of the band. The ccn%er
of the slit {s currently 10.5 IFOV on the +vy side from the even
numbered detectors. Rotatec the slit wheel. Step the slit in the
-y direction 12,45 IFOV units, then step 0.2 IFOV units in the +y
direction to remove backlash, )
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2. Field of View for bands. A Stepping in the X direction {across scan)

The narrow horizontal slit {s now pogitioned between detectors 8
and 9 of the array,

a, Step the slit 18,7 IFOV units in the ~x direction, then step
0.2 IFOV in +y to remove backlash. This leaves the center
of the slit 10.5 IFOV units below detectcr No, 16.

b, Rotate the slit wheel to pogition the wide horizomal glit
into place. Since the radiance level is 10 times th=
saturation level, this slit should not be stepped across
the detectors.

¢. Take signal data on detector 16 which is 10 IFOV away at
this position, then step 1 IFOV and take data on detector
16 again, and continue until the slit {g 3 IFOV from detector
16 at which t..e data will be taken on detectors 16, and 9. Twice
move]l IFOV and take data from 16, 9, and 8. This ias accomplished
as called out on the flowchart,

d. <Ctep to a2 position 2,0 IFOV below detector No. 16 in preparstion

for fine slit measurements, The wide slit is currently centered
0.5 IFOV below detector 1. Proceed as follows. Step in the

-x pogition 1.7 IFOV units, then gscep in the +y direction 0.2 units.

e. Rotate the small horizontal slit into place

f. Take data on all detectors which are within two IFOV of the slit,
see Table II, yntil the small slit is 2 IFOV units above detector
1, The procedure is called out on the flowchart.

g. Step back to center the slit 0.5 IFOV above detector 1 by stepping
in the -x direction by 1.7 IFOV, then stepping in +x by 0.2 IFOV
to remove backlash.

h. Rotate the large horizontal slit i{nto place.

j. Collect data with the wide slit as callad out in the flowchart,
moving 10 IFOV units.

‘k. The center of tha slit {s now located 10,5 IFOV above detector
1. Return the slit center to the band center reference between
detectors 8 and 9 as fpllows.

(1) Rotate the slit wheel to move the small wertical slit into
place.

(2) Step in the =x direction 18,7 IFOV units, then step 0.2 IFOV
units ir the +x direction to remove backlash.
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PROCEDURE A FLOWCHART

3
Liroed

Collecting narrow and wide slit data for one band., When two choicas
¥ of step numbers are given, the smaller is for the 108,340 colltmator,

73 che larger for the 1101P«collimator,
£1
3 ~ -
L Start y direction Assume narrow vertical
1 (across track) slit at band center

~——~;L?____—-"“'

Step 374 or 589 steps in
-y direction, then 10

eteps in +y direction
_/

g -

3‘»; Pause so operator can

1% p rotate wide vertical slit

=5 ) into plac}/ -

Ferform Seq. 3 331;—;;;‘\\\
Newl 1,9 /// Do 2 times
FSTEP= 46 or 47 .

1R,

5

i

Y
:
.

#ela

71,
T

2

T ASte
&

2
~§, ] Perform Seq 3 ND1l, ND2

W

Ne2 1,9
FSTEP46 or Do 8 times
47 8,16

Rk

Pause so oparator can

Y

3 rotate narruv vertical
i slit into place .
% & I

-
‘?_\g\:gg 7

23,

Move the slit 79
or 80 steps in the
-y direction then
10 ztaeps in +y
direetion

e
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Procedure A — .
N4y Do 22 times
FSTEP=2
Do
2
times
Perform Seq 1 ND1, ND2
N=4 as above
FSTEP = 2 or 3 (all odd)
et
Perform Seq 1 ND1, ND
Nad as above Do 12 times
FSTEP=2 (a1l odd) .
k. Perform Seq 1 ND1, ND2
Ty . o= 8 .
ig FSTEPw2 3,11
g 3,13 Do 10 times
75N 7,15
. 2,10
5, 64,12
6,14
8,16
Perform Seq 1 ND1, ND2
No8 ag above-
FSTEP=2 or 3 (sll channels)
Perform Seq 1 ND1, ND2
N8 as above Do 22 times Do
FSTEPu2 (all channals) 2
timos
Perform Seq 1 ND1, ND2
N=g as above
FSTEP=2 or 3 (all channels
—————
Perform Seq 1
N=y4 2,10
FSTEP = 2 Do 22 times

Do 2 times

Perform Seq 1. ND1, ND2

el as above
FSTEP=2 or 3  (all evens)
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Perform Seq @ NDi, ND2

SRS 2,10
‘fg’.f?;j b 412 Do 12 times
X 6,14
A
}»; i
'A%_} % Step 79 or 80 in -y
= diraction; then 10 steps
C%i : in +y direction
A
bl
Sy S/
-4% - Pause so om rator can
Fn rotate wide vertical
%%g P slit into place
s I
. QP
= Perform Seq 1 NDL, ND2 .
f? : . N=8 1,9 ‘ :
. 3,11 - .
e 5,13 Do 8 times
3 FSTEP»46 or 47 7,15
. 2,10
" &,12
6,14
8,16
P “Perform Seq 1 NDi:-§55~\\
: N=4 2,10
; FSTEP=46 or 47 4,12 Do 2 times
. 6,14
H 8,16

P

Pause sp operator caa
sat 8lit to narrow horizontal
one and rotate into place

N/

Step slit 573 or 588 gteps
in -y direction then 10
steps in +y direction

- pm—prier g

3
5
N

et

1 -y AT e o
-

End
y direction
(across track)

g ot
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Step slit BEl or 880
gteps in -x direction
then 10 steps in +4x
direction

Start
X direction
(slong track)

Pauge while operator
rotates wide horizontal
slit into place, .

————N

Perfyrm Seq 4 ND1, ND2
. 16, dumny / Do 7 times
FSTEP=46 or 47

=z
[}

Perform Seq 4 ND1, ND2
. N=1l 9, 16
FSTEP = 46 or 47
4__/
Y

Perform Seq & ND1, ND2
N=2 9, 16 Do 2 timas
FSTEP=46 or 47 8, dummy

(D]

m

-

I

Psuse so operator can
rotate narrov horizontal
slit into place

\%/

Move che slit 79 or 80
eteps in the -x direction,
then 10 zteps in the +x
direction ’

m
\\

w»
ks
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Perform Seq 2
Nw]

FSTEP=2

(o)

ND1, ND2
16, dummy /Do 22 times

e e

\

Y

Perform Seq 2
Nes 1l
FSTEP = 2 or 3

m

NDl, ND2
16, dummy

WV

Perform Seq 2

=]
FSTEP = 2

-,

ND1, ND2

15, 16 Do 22 times

' Sl

v

Perform Seq 2
N=1
FSTEP = 2 or 3

.

up

Perform Seq 2
Na=2
FSTEPa2

(ms)

)Do 22 times

Perform Seq 2
N=2
FSTEP = 2 or 3

-

ND1, ND2
15, 16
14, dummy

R

Perform Seq 2
N=2
FSTEP = 2

NDL, ND
15, 16
13, 14

Do 22 times

Perform Seq 2
N=2
FSTEP» 2 or 3

ND1, ND2
1s, 16
13, 14

J

-
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Procedure A

_,--—/_/"'—v
/
-~
,/ Perform Seq 2 ND1, ND2
N=3 from chart | Do 22 Bo 12
FSTEP = 2 below tiges
times
Perform Seq 2 me
N=3 from chart /
FSTEP = 2 below yd
/ //
/
;éi Chart of detectors ND1, ND2
2 1 16, 15, 14, 13, 12 dummy
s 2 15, 14, 13, 12, 11 dummy
3 14, 13, 12, 11, 10 durmy
4 13, 12, 11, 1C, 9 -aummy
5 12, 11, 10, 9, 8 dummy o
6 11, 10, 9, 8, 7 dummy
7 10, 9,8, 7, 6 dummy
8 , 8,7, 6, 5 dumy .-
9 8, 7,6, 5, 4 dummy
10 , 6,5, 4, 3 dummy
11 s 5, 4, 3, 2 duzmy
12 s, 6,3, 2, 1 dummy
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Perform Seq 2 NDl, N;;~T>
Ne 2 4,3 Lo 22 times

FSTEP = 2 2,1

/-— X —
Perform Seq 2  ND1. @
Ne=2 6,3

Perform Seq 2

Ns=s 2 3,2 Do 22 times
FSTEP = 2 1, dumy
— -
Perform Seq 2 NDl, ND2
N=2 3,2
FSTEP = 2 or 3 1, dummy
-/-—-—'/
// Perform Seq 2 ND1, ND2
N=1 2,1 / Do 22 times
FSTEP = 2 /
\__:I/_/
Perform Seq 2  ND1, ND2
Nel 2,1 /
FSTEP = 2 or 3 7
2N
Perform Seq 2 ND1, ND2
N=1 1, dummy 22 timas
FSTEP = 2
S
Perform Seq 2 ND1, ND2
Ns= ] 1, dummy
FSTEP = 2cr 3 .
_//

————"
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End
X direction
(alonz track)

«

Step 79 or 80 steps in -X
direction, then 10 stefs
in +X direéfig:_—”’,//

Pguse do operator can
rotate wide horizontal
slit into place

Perforz Seq 4 ND1, Nvm
N2 1,8 Do 2 times
FSTEP ® 46 or 47 9-‘ymy

)

7 Perform Seq 4  NDL, ND3
Nol 8

Perform Seq 4
N=l
FSTEP = 46 or 47

Do 7 times

7 Pause 80 operator ¢an’
rotate narrow vertical
slit into place

Step 861 or 880 steps in
<X direction; then 10
steps in +X direction
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PROCEDURE B OF POOR QuALITY

This procedure reduces the field of view data for one band, only.

The 50 percent signal point is determined in X and Y for each detector,
then the detector center coordinate {5 calculated. The narrow slit
data taken 1. to 2. IFOV from a detector is used to compare with the wid

slit data.

I

Data Storage Description

A.

Input Data

See Procedure A.

Cucput Data

The Y data output consists of 16 data records each with the
following data items.

1.

a.

Detector No. C

Records 1 - 8 will be for detector numbers 1, 3, .....15
Records 9 - 16 will use detector numbers 2, &, .......1l6

PEARVY (C)

PEARVY(C) 1= largest voltage for this detector which is
used for normalization of the dats samples.

Normalized Narrow Slit Data

This data set consists of nominally 115 sets of X, Y, and
the nommsalized voltage VPNNY.

Yl, Y2, YC

Yl i{s the Y coordinate (obtained by interpolaticn) of
the signal which 13 0.5 of the peak of the normalized
data. Yl {35 the value on the -Y si{de of the detector,
Y2 {5 the value on -the +Y side. YC i3 the average of Yl
and Y2, .

Normalized Wide Slit Data

For channels 1, 8, 9, and 16 there i3 wide slit data.

This data set consists of 18 sets of X, Y, and the
normalized voltage VFNWY. Items 8 snd 9 of this set

(Y » =2.25 and +2.25 IFOV units) will not be plotted
since they are adjacent to the detector and may show crogs
talk since the wide slit has a power density which is 10
times saturation. These two points will be printed for
diagnostic interest, only.

VNAVEY(C) VWAVEY(C)

VRAVEY(C) i3 the averaged velue of the narrow slit signals
wvhich together combine to make up the second IFOV agway
from the detector. This value is campared with VWAVEY(C)
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f. Cont'd.
which is the normalized wide alit response at Y = =3.25 for
the even detectors or Y = +3,25 for the odd detectors.

g. NBAND
The band no. of the data taken.

2. The X data output consista of 16 data records, each with the
following data items,
2. Detector No. C

Records 1 - 16 will {ncrease sequantially in detector number.

b. PEAKVX(C)
This {s the same as Y, except the X data are uséd.

¢. Normalized Narrow Silit Data

these date are similiar to the Y dcta.

. d. X1, X2, XC
These are analogous with Y1, Y2, and YC, above.

e, NW(C) and Normalized Wide Slit Data -

Tor data detectors 1, 8, 9, or 16 there is wide slit data.
There will be a varisble number of wide slit dzta poinrs for
each detector. The data record should save space for &

point counter NW and up to 10 sets of X, Y, and VPN as follows.

Detector No. C NW(C)
1 and 16 10
8 and 9 S

f. VNAVEX(C) and VWAVEX(C)

These are analogous to the Y data, except only detectors
1 and 16 have data entries.

g. NBAND
The band no. of the data taken,

11 Y Data Reduction
A, Repeat the following for the odd no. detectors 1, 3, ....., 15.

1. Field of View in Y (Scan) Direction

For the detector with channel no. C, extract the 115 small
slit data points VPPNY from the f{le, The pesk value will
nominally be the 58th, but search the array for the peak;

call th{s PEAKVY(C) to get VPNNY. Save this data. Search

the normslized data on both sides of the peak for the two
values which are less than 0.5. These will be ncminally

at the 47th and 70th points. Take vhe two adjacent normalized
data values which are just larger than 0.5 and by linsar
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1. Cont'd.
interpolation determine the two Y values for VPNNY = 0.5 as follows.
For the lower Y value edge.

Let { be the element such that VPNNY(L) <0.5 and VPNNY({ + 1)
> 0.5. Then the half width coordinate is given by the linear
{nterpolation formula.

W o= (¥ (34+1) - Y (1)) (0.5 - VPNNY (1))
VENNY (i+1) - VERNY () + Y(1) (1)

Let Y1 = ¥HW for this coordingte on. che ~Y gside of center.
Simtlarly, the coordinate for the higher Y value edge is
given by (1) where

Y(1) is the coordinate for VPNNY({) > 0.5
Y(1+41) is the coordinate for VPNNY(i+l) < 0.:5

Let Y2 = YHW for this coordinate on the +Y gide of center.
Calculate the coordinate of the center-of the detector, YC, from
the two half width coordingtes Y1 and Y2 aa follows:

YC = Y1 + V2 (2)

2
Save the Y1, Y2, YC for future use,

1f the detector {s numbered 1 or 9, extract the wide slit

data VPPWY(1i). Therz will be 18 values; the first 10 are

from the ~Y side of the detector, and the remaining 8 rre from
the +Y side. The tenth value, coming from a position of

Y = 2,25, is adjacent to the detector and may have cross talk
obsuring its value since the wide slit has 10 times the detector
saturation power, this value {3 not plotted with the field

of view data, but is {s priated for diagnostic valua,

Normalize the 18 wide slit dats values as follows:
VPNWY (1) = VPRWY (1) 1i=1, ..., 18 (3)
PEARKVY(C) * 10

and sgve these values,

2. Small S1it and Wide Slit data Match

The 24 values of the VPNNY array that come from positions

Y = «3.25 to Y =«2.75 are averaged to compare with the wide alit
data from position Y = -3.25. The first and 24th entries are
divided by 2 to allow for the overlsp of the narrow slit paot
the IFOV boundaries at those points.

VNAVEY(C) = |varrc 1)2+ VPNNY(C, 26) +% VPNNY(C, a

The narrow slit average should be compared to
VWAVEY(C) = VPNWY(C,9)

»

(4)
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Save VNAVEY, VWAVEY. Thesc numbers are the match between
small slit data and wide slit daca at 2 TPOV from the
detector.

Repeat the following for the even number detesctors 2, &4, .....16.

1. Field of view in the Y (scan) direction.

Extract the narrow slit dats, normalize {t, and calculste
Yl, Y2, and YC a5 in Al for the odd detectors.

I1f thedebcetor {s aumbered 8 or 16, extract the wide slit

datas VPRIY(1), there will be 18 values; the first 8 are from
the Y side of tha detector, and the remsining 10 arc from the
+Y side. The ninth value, coming from positien Y = +2,25,
adjocent to the detector and may have cross talk obscuring
its valia gince the wide slit has 10 times the detector
saturation power. This value is not plotted wich the field
of view data, but i{s is printed for diagnostic valua.

Normalfze the 18 wide slit data values using equation (3)
and save them for subsequent use.

2. Smail siic and wide slit dats match

The 24 values of the VPNNY array that come from positions
Y =2.75 v>2 Y = 3,75 ere averaged as in equation (4) to
compars with the wide slit deta from position 4 = 3,25,
Thus far ¢ = 8, 16,

VNAVEY(C) _Erm(cLs:z); VPNNY(C,118) 1‘%3 vewy (c, 1] _;_3

Let VWAVEY(C) = VPNWY(C,10)

Save VKAVEY and VWAVEY as these are the comparigon betwean the
narrov and wida slit data.

III Data Reduction
Repeat the following for all detectors 1, 2, ......,16,

A.

Field of View in Direction Nommal to §can (X)

Extract the 115 narrow slit VPPNX data valuaes for the detector from
the file., The starting X vosition {8 given by XS—NDET+i1l, and

the ending X position is XG*-NDET+6.044 where the dats steps assumed
are 183 IFOV,

The ncminal peask value of the detactor is at the 58th point,

Search the data srray for the peak value; call this PEARVX(C);
save it. Normalize the data by dividing by PEARVX(C) to get
VPNNX save this array. Search the normalizad data on both sides
of the peak for the two values which are lesz than VPINX s50.5.
These will be nominally at the 47th and 70th point,

(6)
)
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Using these 2 values and the 2 adjacent values just larger than
VPNNX >0.5 linearly {nterpolate for thc X values corresponding
to VPNNX = 0.5, )

Let { ba the number of the element such that VPNNX(i) 0.5 and
VPNIX (i+1) >0.5. Then the half width coordinste is given by
the linear interpolation formula.

i = EUD = X() ) (0.5 - VENHR(4)), y 4y (8

VPNNX (i+1) -~ VPNNX({)
Let X1¥HW for this coordinate on the =X side of center.

Similarly, tha coordinate for the higher X half width {a founu
by letting { be the element such that VPNNX({L) 20.5 and VENNX(i+l)
<0.5.

Let X2 = XHW for this coordinate cn the +X side of the detecctor
center,

Calculate the detector center coordinate XC by:

XC = X1 + X2 (9)
2
Save X1, X2 and XC for future use.

The wide slit data exists for detector number C= 1, 8, 9, and 16
and i{s variable by detector number. The starting X value on the
minus side of the detactor XSM {s given by:

XSM = -C 1,5 IFOV (10)

The ending value on the minus side XEM is:
XEM = - 8.5 IFOV (11)

Thus, only detectors 8, 9, and 16 have wide slit data points on
the minus sida.

The starting X value on the positive X side of the datector, XSP,
i{s given by:

XSP o +8.5 IFOV i (12)
The ending value on the positive side, XEP, is:
XEP = 18.5 - C IFOQOV (13)

Thus, only detectors 1, 8, and 9 have wide slit data points on the
positive side.

Thus detector 1 has 10 wide slit data points, VPPW¥X(1l, P) for

P=1l, .....,10 2ll from the +X side. Detector 8 has 5 wide slit
data points, VPPWX(8, P) for P=l, ....5. The first two from the
=X gide and the remaining three from the +X side. The five valuas

M A S
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Cont'd. .
for detector 9, VPPWX(9,P) for P = 1,......5, come 3 from the =X
side and then 2 from the +X side. Finally, detector 16 has 10
wide olit data points, VPPWX(16,P), Pel,,.,........10, all from the
=X side.

Normalize the wide slit data forming the array VPNWX by the
equation:

VPNWX(C,’.) = VPWX(C,i)/(lo*PEAKVX(C) )11-1'01010015 md 10.

Small Slit and Wide S1it Data Match

For the odd detactor number 1, the 24 valuss of the VPNNX array
that come from positions X = 9.0 to X = 10.0 are gveraged as in
equation 4 to compare with the wide slit data from position X = 9.5,
Thua:

VRAVEX(1) -EIPVNXQ,%H UPNNX(1,115) + Ig VPNNX(I,i)J 1 (14)
2 1593 23
This narrow slit average should be compsared to:
VWAVEX(l) = VPNWX(1, 2) (15)

For the even de r mumber 16, the 24 values of the VPNNX array
=10.0 to X = =9,0 sre averaged as {in

tecto
that come from positiong X =
equation (4) to compare with the wide slit data from position

{od
8

X= «9.5. Thus:
VNAVEX(16) m[VPNNX(l,I);— VPNNX(L, 24) + fé'z VPNNX (L, 1)) %3 (16)
This narrow slit average should be compared to:

VWAVEX(16) = VPNWX(16, 9) in

Save the VNAVEX and VWAVEX values.
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Variables

XNY (C, P)
C=1,.....,16
P=l,....,115

YNY(C,P)
C=1,.....,16
P=1,....,L15

VPPNY(C,P)
Cel,.....,16
Pel,....,1l15

PEAKVY (C)
C=1,.....,16

VPNNY (C,P)
Csl;.....,16
Pel,....,115

XWY (C,?)
C=1,8,9,16
P=l,....,18

YWY (C,P)
C»1,5,9,16
P=1,...,18

VPRI (C,P)
Cs1,8,9,16
P=1,....,18

VPNWY (C,D)
C=1,8,9,16
P=l,....,18

VNAVEY (C)
1, 8,9,16

VWAVEY (C)
Y1(C)
C=1,...,16

Y2(C)
C=1,....,16

YC(C)
C=1,.....,16

Ty

PROCEDURE B - TYOR gu

Data Reduction for one Band

X-coordinate from which pth narrow slit
sample cama when sweeping in Y-direction,
Channel C,

Y-coordinate from which pth narrow slit
sample came when sweeping in Y-direction,
Channel C.

Peak-to~peak signad (from VPEAK) of Channasl
C, pth sample gweeping Y direction.

Peak value {» VPPNY(C,P)

Normalized VPPNY array

X-coordinate from which pth wide slit sample
came when sweeping in Y=-direction, channel C

Y-coordinate from which pth wide slit sample
czme when sweeping i{n Y-direction, Channel C

Peak-to-peak signal (from VPEAK) of Chaamnel C,
pth sazmple gweeping Y direction.

Normalized VPPWY array

Average value for Channel C of normalized
narrcw slit data

Channel C, normalized wide slit data far
comparison with VNAVEX
=Y side 507 point for Channel C

+Y side 50% point for Channel C

Channel C center

collectad in
Procedure A

Collected in
Procedurs A

Collected {n
Procedure A

Calculated here

Calculated here

Collected in .
Procedure A

Collected in
Procedurc A

Collacted in
Procedura A

Calculsted hare

Calculated here

Calculated here

Calculated hers

Calculataod herc

Calculated hore
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Variasbles

NW(C)
C=1,8,9,16

XNX(C,P)
YNX(C, P)
VPPNX(C, P)
PEAXVX (C)
VPN (C, P
X1(C)
X2(C)
Xc(c)

XWX(C,P)
YWX(C,P)

VPPWX(C, P)
VPNWX(C, P)

VNAVEX (C))
VWAVEX (C L\('

NBAND
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PROCEDURE B OF POOR QUALITY

Data Reduction for one Band

Number of wide slit dats points for Dcta Base
ChannelC, X direction

Cml,......,L6
Pal,.....,115

C=1,8,9,16 Same as above, except sweeping
P=l,...,NW(C) in X direction
C=1,16

Number of band data comes from



Functions

AHW(Al,A2, Bl, B2) = (A2 = A1) (0,5 - Bl) + Al
(B2 - Bl)

23 1
AVE(V(L), V(246)= [VSI} ;Vs2&2 + Iéz V(I)] 23

Procedure B flowchart

Y

C=1

—
/ PEAKVY (C)= MAX VPPNY(C,!.D
i=1],115

— e ————

VPANY(C,1)=VPPNY (C,{i) 'PEAKVY(C), i=1,...115}

f{nd i closest to 47 ‘——‘~—~§~\\)
VPNNY (C,i) £ 0.5 and VPNNY (C,i+l) > 0.5 ,
~/ —

—

Yl(C)*AEﬂfJ(YNY(C,i) JYNY(C,i+1), VPNNY(C,i), VPNNY(C,i+l)) /

e —
o ——
g

\

find 1 closest to 70 \\
VENNY(C,1) 2 0.5, and VPNNY (C,i+1)< O.S‘J

~e
Y2(C)=AHW (YNY(C,1)¥NY(C,1+1),VPNNY(C,1) ,VENNY(C,{i+1)) )

i
’/%
Qc(ocm(c) + Y2(C))/2)

Cc=1,8,3, or 16?

Yes
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L —— -

- TTe———.
<;~sz?Y(C,t)-VPPHY(C,L)/(10§PEAKVY(C)),twl,...la\)
_————/

—
VNAVEY(C) = AVE (VPMNY(C, lz.‘.)VPNNY(C,ZQ)) )
e

VWAVEX (C)=
VPNWY (C,9

VNAVEY (C) = AVE (VPNNY(C,94),...,VPNNY(c,115))
(~ 7

VWAVEX(C)=
VPNWY (C,10)
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c=16_?[ No >\A/

Yes

END Y DATA
START X DATA

I
‘\ e
¢ =Y ccHl PEAKVX (C)=MAX{ VPENX(C, 1)
: L tel,..,115
R

E—NNX—(—C-;)Z-VPP}D((C,D/PEAKVX(C), i-= 1,...115>

—
find 1 closest to 47 such that
VPNNX (C,i)< 0.5 and VPNNX(C,i+l) > 0.5

A

X1(C)=AHW(XNX(C,1),XNX(C,i+l),VPNNX(C,1) ,VPNNX(@

X5
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~ T

/ find { closest to 70 such that \
\ VPNNX(e,i) 2 0.5 ard VPNNX(C,i+l) < 0.5

N — __/

————,

P
oo T
¢ X2(C)=AHM(XNX(C,1), XNX(C,1+l),VPNNX(c,1) ,VENNK(C,1i+1))
\‘ ——-‘__\‘_-__--
A

4 c(C)= (x1(C)+X2(C))/2.§\

T

-
/c=1 8,9, or 16" ___o
: i/ Yes

@V?WK(C,UI(LO*PE&M(C)) t m

N VWAVEX(C)=VPRWX(16,9)

E YVNAEX(C) = AVE (VPNNX(C,1),..,VENNX(C,24 -
VNAVEY (C) = AVE(VPRNX(C,94) ,..,VPNNX(C, nm{:)
VWAVEX(C) = VPNWX(1,2)
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PROCEDURE C

*n

This procedure retrieves data stored bv Procedures B and E which allow
conversion of X and Y from steps to radiana. The fleld of viev data
for the band is then chacked against the specified parameters, and the
;‘ results printed.

. Inpur Uata

x The data from Procedure I includes REFX, REFY, TMANGX, TMANGY, XOFFST,
: : YCFFST, and FLC. See Procecure E for definitiona.

The data from Procedure B includes NB.ND, Detector No., PEAKV, narrow

1 slit array data in gets of X,Y, VPN where X,Y are in step count units,
T X1, X2, sC, Y1, Y2, YC all in step count units, wide slit data {n gets
i of X,Y, and VPN, VNAVE, and VHAVE,

Conversion from Step to Radians

The conversion equsations are described in Procedure E and are reporduced
here. ;

(AT g i n L o Al

RSTEP = ,0001/FLC

ANGLEY = Y*RSTEP+TMANGY-REFY~0.019457/180. (1)

i

5

ANGLX = X*RSTEP+TMANGX-REFX 2)

PR g

Specified Values for Each Band

A, Bsud Centers (in millirad{ans), BC relative to the optic 2xis

wd atrn Bao e

* BAND g

+3,6291
+2.5667
+1.5041
+0.44174
-2.5758
«1.4708
~4,06351
=0.23947

2

P

o S e
L]

00000000
.

Eumubun:—-

B. Detactor Cenfer (in millirsdiasng) for Sgnds l-5, 7

1. Y Coordinate relative to Sand canter ()
TDC = 1,.25%,0425 (+1-2*MODULO(NDET,2))
where NDET is the daetactor No.

2. X Coordinate relative to band center (%)
XDC = 8.5~ NDET)*,042S
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Pruvcedure C

C. Optimur Detector EDGES X1P, Y1P, X2P, Y2P

The ideal locati.n for the detector edges is given by

¥1P = XDC+XBC-.02125 milliradians N
X2P = XDC+XBC+.0212S Y
Y1P = YDCH{BC-.02125 G)
Y2P = YDC+YBC+.02125 8)

D. Detector Width, (X2-X1) OR (Y2-Yl) Specified

BAND MINDMUM DIFFERSNCE MAXTMUM DIFFERENCE

! ,0419 milliradians L0431 milliradians
2 L0419 L0431
3 L0419 0431

s 4 L0419 L0431

3 5 04115 04635

7 ° 6 .1656 1744

A 7 04115 04635

) e E£. Detector Location and Size Printout

Perform the following 16 times.

1; Input X and Y data records for thia detactor.
2. Convert all coordinates to radians.

3. Store the converted data in the plot file.

4, Calculate Di=X2 -X1
Dim¥2-Y1

%\ S. Print the following

a. Detector No.

b. XDC+XBC

¢c. XC

d. X1P

e. X1

£. X2p

g. X2

h. DX

i. "in spec"” or "out gpec", see D above

e v —— e & e iy # s s 8 n v o J
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Procedure C

J. error amcunt if out spec, 0. Lif in spec
k., YDC+YEC
1

. YC
o, Y1P -
& n, Y1
o. Y2P
p. Y2
q. DY

r. "in spec" or "out spec"”, see D zbove

8. err amount if out spec, 0. 1if {n spec

F. Tabulate Curve Data for Small and Large Slits
Print the following data in compact form.

‘1. Narrow Slit Data

a. Y direction

X, Y expressed in radian measure from the axig and VPN is

te This data consists nominally of 115 sets of X, ¥, VPN with
- g the normalized voltage.

b. X direction

This data consists nominaslly of 115 sets of X, Y, and VPN
data as above.

2, Wide Slit Data for detectors 1,8,9, and 16

a. Y direction

N e

This data consists of 18 sets of X,Y, and VPN, plus VNAVE
. and VWAVE.

b. X direction

This data consists of NW sets of X,Y, and VPN vhere MW 15 a
function of detector No, Detectors 8 and 9 have 5 points, 1

and 16 have 10 points. Oaly detectors 1 and 16 heve VNAVE
and VWAVE valuea,

D oy
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This procedure takes data stored i{n the plot file by Procedure C for each
band and forms two types of plot. The first plot is the detector location
plot. This consists of the outline of the 16 detectors in the band for
ideal conditions with the X1, X2, XC and Y1, Y2, and YC measured points
plotted on the outline,

The second plot consiste of a presentation of the narrow and wide slit
data for each axis This will require 32
plots for each band.

I Detector Location Plot

The ideal location of each detector edge is given by equation (5)
through (8) of Procedure C, The ideal detector size for bands 1
through 5 is 42.5 microradiam: square. The plot scale should be
chosen to give the best resolution posaible. Since the l¢ detector
array is 3.5 IFOV wide (148.75 microradiang), a scale of 5.0 IFOV
in 10 inches would seem reasonable. This would produce a plot 3
feet in length wi th legend, but only one such plot will be made

per band.

On this scale of 2 inches/IFOV unit, the edge tolerance will be +0.03
inches for bands 1-4 and +0.12 inch in band 5. Since the function

of the plot is the illustration of any gross errors and gystematic
errors, this resolution should be adequate.

72

tector Field of View Plot

P
-
v

Each axis of a given detector is the- subject for this plot., Thus, 3L
plots will be required. )

Both the narrow slit and wide slit data are to be {includeu on
the same plot., This requires an abscissa dimension of 23.5 IFOV units.
One appropriate scale to use is | inches/IFOV for the central +3.75
IFOV, then, on the same plot, use a scale of 0. inches/IFOV for points
outside these limits (wide slit data) for Y plots.

The £ plots may use a scale of 2 inches/IFOV units for the ecenzral +2.5
IFOV units, then a scale of 0.5 inch/IFOV unit outside this range.

III Plot Priority
The ploctting should not be allowed to gslow up the test. The {nfor=stion

i3 stored in a plot file, and plotted during theodolite setting after
the Procedure C print is complete as time is available.



PO - . —— W o~

ORIGINAL PAGE IS
Procedure E OF POOR QUALITY

This procedure is called when it is desired to move the Thematic Mapper
instrument relative to the collimator {n the field of view tects. The
movement is monitored by manually autocollimating a theodolite on the T™
scan mirror,

The ™ will be located at the following points.
1. At the LED reference point,

2. Centered between Band 3 and Band 4,

3. Centered between Band 1 and Band 2.,

4, Centered between Band 5and Band 7,

5. Returned to LED at close of tests,

The procedure should be called with & switch paremeter IBAND which will
specify which of the 5 settings above ia desired.

The }ollowing parameters must be kept in intermediate files in a fashion
which allows access by this procedure,

REFY, the theodolite reading (converted to radians) when the narrow
vertical slit is aligned with the LED,

REFX, the theodolite reading converted to radians when the narrow
horizontal slit 1{s aligred with the center of the 3 LED,

TMANGY, the theodolite reading converted to radians when the T {s
positioned with the center of the collimator projected near to
the position specified by switch IBAND.

YOFFST, the number of steps {n Y required to bring the collimator axis
cn the position specified.

TMANGX, analogous to TMANY, bLit {a X. )
XOFPST, analogous to YOFFST, but in X,

FLC, data base value for effective focal length of collimster. It is
used to calculate the number of radiansg per step.

1 Set at LED Reference Po.nt (IBAND=!)

A. Slit Setting

1. Instruct the operator to manually drive the Y slit table
to center <f scan,

2. Repeat for X.
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Instruct the opsrator to move the narrow vertical slit into
position,

Inatruct the operator to step in Z until the slit is at the
previously determined focal position.

Instruct the opsretor to get the X,Y,Z and slit wheel controller
in the remote positions..

2ero X,Y,Z and slit wheel controllery,
Ask the operator to {nput the readings for X,Y,Z alit wheel.

1f reedings in 7.are not all O, repeat 5. to 7.

B. LED Aligament

Instruct Lie operator to slign the slit oe the LED by moving TM.

Step the glit wheel to position the ngrrow horizomtuzl slit {into
place.

Instruct the opsrator to center the middle LED in the slit

Set the sglit wheel to position the narrow vertical slit {nto
place.

Note: It i3 assumed that the equipment registration
has been previously perfected so racheck is
unnecassary between X,Y in steps 1, to 4.,
otherwise, repetitive operator interaction {s
required.

Verify X, Y are gtill zero by reading their output. If not,
re-zero them,

C. Sat Reference Position

Ingtruct the operstor to gutocollimate the theodolite on the
scaa mirror=-avoiding angiegs greatar than 350 degrees or less
than 10 degreos.

Request the opsrator to ioput the theodolite sgimuth readings.
Store 1t as
RYDEG, RYMIN, RYSEC

Convert to radian measure by
ANGY = (RYDEG+RYMIN/60.+RYSEC/3600.)TY/180. (1)
REFY= ANGY

If REFY {s greater than 6.11 rad{ans or less then 0.17 radiana
repeat 1.
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3. Request the operator to input the theodolite elevation angle. Store
it as

RXDEG, RXMIN, RXSEC
Convert to radian messure by

ANGX = (RXDEG+RXMIN/60.+RXSEC/3600.)17/180. (2)
REFX=ANGX

NOTE: I1f RXDEG {s negati assume that RXMIN ans RXSEC are also
negative, That is , set

RXMIN = -ABS(RXMIN)
RXSEC = ~-ABS(RXSEC)
IF RXDEG 1§ -

NOTE: Standard theodolite procedure consists of taking a reading,
then flipping the telescope for a second reading. However,
since theodolites differ in their use, {t {5 assumed that the
operator does the averaging before input. This may be revised
{f desired, when the exact theodolite is chosen.

4, Set the Current Angle Indicators

TMANGX = REFX T (3)
TMANGY = REFY %)

S. Set the O0ffset

Since this is the reference poaition no steps will be required to
move into the center position, so set

XOFFST = 0. (5)

YOFFST = 0. (6)



ORIGINAL PAGE IS
OF POOR QUALITY

I1 Set at center of Band 3 and Band 4 (IBAND = 2)

The centerof Band 3 and Band 4 is specified to be 0.07519 degrees from
the LEDS.

Set DELTAY = 0,07519

DELTAZ = 0.
then follow the common procedure at V,

II1 Set at center of band 1 and band 2 (IBAND=3)

The center of band 1 and band 2 i3 specified to be 0.19694 degrees
from the LEDS,

Set DELTAY = 0.19694
DELTAX = 0

then follow the common procedure at V.
IV Set at center of band 5 and band 7 (BAND=4)

The center of band 5 and band 7 is specified to be =0.09647 degrees
from the LEDs.

Set DELTAY = «0,09647
DELTAX = O

then follow the commoi. precedure at V,
V  Common procedure for Bands 3,2, 5
A, Remove previous offset by

1. Step in the X direction by -XOFFST steps. Remowe backlash by
overtravel and return if "XOFFST" is -.

2., Step in the Y direction by -YOFFST gteps. Ramove backlash by
overtravel and return if "-YOFFST" is -.

B. Calculate new theodolite setting
1. Convert reference to degrees

RXD=REFX*180./ T} €5
RYD=REFY*180./47 (8)

2. Add step to raw band

XDeRXD+DELTAX (9)
YD=RYD+DELTAY (10)

3. Convert to theodolite coordinates

This procedure is most easily described in FORTRAN as follows:
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OF po l
IDEG=YD OR
RYMIN= (YD-LDEG)*60 QUALITY
IMINeRYMIN
RYSEC= (RYMIN-IMIN) *60.
RYMIN=IMIN
RYDEG=IDEG

where IDEG and IMIN are integers.

RXDEG, RYMIN, and RXSEC are determined in a similar fashion. However,
if XD is negative, it is easier to convert the absolute valua, then
apply the sign.

Move the Thematic Mapper

1.

Ingtruct thae operator to move tha TM so the theodolite autocollimated

oa the scan mirror will be "approximately RXDEG, RXMIN, RXSEC in elevation
and RYDEG, RYMIN, RYSEC {n azimuth." Emphasize in the message

that the cxact value is not essential becesuse it will be "trimmed"

by the X-Y table.

Ask the operator to input the elevation and azimuth angles. Store
them as RXDEG, RXMIN, RXSEC, RYDEG, RYMIN, RYSEC.

Calculate the current angle in radians using equations (1) and (2).
Then

TMANGX=ANGX (11)
TMANGY=ANGY (12)
Calculate offset needed .
RSTEP=,0001/FLC .
XOFFST= (XD* 1Y/ 180 . - TMANGX) /RSTEP (13)
XOFF ST=(YD* /180 . - TMANGY ) /RSTEP (14)

NOTE: Round thege to nearest atap
Step off the Offset

a., Step in the X direction XOFFST Steps. If OFFST is -,
add in -10 gteps, then return +10 steps to remova
backlash., If XOFFST i{s +, no backlash compensation is necded,

b, Step in the Y direction YOFFST steps, and remove backlash
as in a.

NOTE: The slit center should now be at band center. The
calculation of angles from the axis TM axis using the
present gettings are givern by

RSTEP +.0001/FLC
ANCLY=Y R STEP+TMANSY -REFY+0,01965% w /180. (15)
ANGLX=X*RSTEP+TMANGY-REFX (16)
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Procedure E POOR QUALITY
Variables
IRAND ™ location flag
REFY
REFX
TMANGY intermediate files
YOFFSET
TMANGX
XOFFSET
2 FLC focal length of collimator, data bage
RXDEG
W RXSEG Input or Qutput
= RYDEG
1 1 RYMIN
RYSEC
,“_..
3 DELTAY = 0.07519 °
g Z5 \DELTAY = .19695 )
e IR Vs )
o
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.

locate TM at LED reference point

Request theodolite
azimuth angle
RYDEG®, RYMIN®, RYSEC"
input from CRT

(echo into event log)

REFY = (RYDEG + RYMIN 4, RYSEC)* 1T
6 3600

60 180, J
<{- o
Output REFY to CRT with mesgsage if
REFY > 6.11 or < .17 request repeat
of autocollimation -
PR
3
Request theodolite ele¥ation angle
RXDEC®, RXMIN!, RXSEC" {nput from
CRT (echo in:y evenl '..og)_/
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Procedure E

/ RXMIN = - ABS(W
RXSEC = =~ ABS(RXSEC)
N—

M.

REFX = (RXDEG + RXMIN _ RXSEC)*_ID
60 3600 180 / .

s
>4

TMANGX = REFX
TMANGY = REFY
XOFFSET = 0
YOFFSET = 0

D locate TM between bands 3 and &
. XOFFST> O?/, or between bands 1 and 2

or between bands 5 and 7
No Yes or at LED's

Step -XOFFST Stap XOFFST + 10 sh
steps in + X in -x direction, then \
direction 10 steps {n +x direction y

—

YOFFST 2 0?

Noy,
tep - YOFFST Step YOFFST +10
steps in +y steps in -y direction,
direction then 10 steps in +y J

direction _~

.ﬁ‘,'

3,

I,

i




ORIGINAL P’
Procedure E @ orc POOR'SS:E rr’;
XD = REFX 180
=
YD = REFY 180 + DELTAY
qr -

N
Convert Y D whicn is a real numue;]

to RYDES® RYMN', RYSEC"

4 ———
Convert XD to

RYDEG®, RYMIN', RYSEC:\)
_—

)bonvert =XD “‘~~\
to RYDEG®, RYMINL, rysec" 3

RYDEG =
PYIIIN = «~RYMLN
RYSEC = -RYSEC

Instruet the operator to move the TM so
that theodolite autocollimated on scan
mirroc approximately’ RXDEG® RSMIN , RXSEC"
in elevation and RYDEG® RYMIN , RYSEC"
in azimuth

w9z

Request theodolite elevation angle RXDEG®
RXMINI RXSEC"
input from CRT (echo into event log)
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) “ ]

‘ ’ .

RYDEG® RYMIN' RYSEC"
input from CRT (echo into event log),
- ~
{THANGX = (RXDEG + RIUMIN 4 RISEG) * 1L
& 60 3600 180.

// *‘\
Request theodolite azimuth angle )

¥
P L i d A A

: TMANGY = (RYDEG + RYMIN + RYSEC) * T
. 60 36C0 180
: XOFFST = x0 * 1 - TMANGY «x FLC
oy 180 .0001
{
L » YOFFST = YD * 1] - TMANGY * FLC
- —180 .0001
: RN
P XOFFST> 0?\,
- . NO
.
- Step XOFFST steps Step -XOFFST + 10 N
3 {n the +x direction steps in the -x \
direction, then 10 \
K e \ steps ia the +x direction/
9; . B — \V\\
: YOFFSTL 0 “\
- L Ve - -’-I<\ ~
S Step YOFFST steps Step ~YOFFST +10 steps
-y in the +y direccion in the -~y direction, [
il thaa 10 stepes in the
L —- +y direccion
j‘ .
e
1 END
33 /
4
|
4
1.




e e Tt herenimees b o p e P

‘ : ORIGINAL PAGE IS
- OF POOR QUALITY

PROCEDURE F

This procedure i{s used to acquire the data from the field of view
meagurements for detector 8and 5 in a form suitable for reduction
by Procedure G, and for print and plot by Procedures H and I.

Thigs procedure agssumea that the Band 6 vertical elit is {n the center
of the band in the Y direction, and the narrow horizontal slit mey
be centered in the X direcction bty a rotation of the slit vheel,

Data Storage Description

Data asre described as though either a 108.3" or 110" focal length collimator .
is used. The data step size and count must be adjusted here and ir Procedure —_
G to accommodate practical step size as determined by the collimstor focal lengths.
This adjustment must respect IFOV boundary locations, but may allow more
incremental steps within boundaries. For example, it takes 20 positions
of 0,20 IFOV units (8.5 microradians) to cover one Band 6 detector of &
IFOV units, However, if the lll-inch focal length collimator were to be
used each step is 0.9009 microradians, so each data point would require
either 9 sreps (8.11 microradians) or 10 steps (9.0l microradians) whereas
2 IFOV units are 8.5 microradians. In the case where movement of 1 detector
size is required, 170.0/.9009 microradians indicates 189 steps. Thus, 11
positions of 9 steps each plus 9 positions of 10 steps each give the required

e 189 steps of 20 positions, averaging 0.2 IFOV units.

T i T

PN ITY

AR i

Figure 1l illustrates the testing procedure tc be followed in taking data
in the X or the Y directions. Only one size elit iz used on Band 6. It is
0.4 IFOV units wide.

The Y data are acquired oy stepping the slit from Y==18.0 IFOV units from
2 the band center to Y =+18,0 IFOV units in 208 steps. The X direction is
similar.

The data acquigsition steps will now be described.

S A S e

1. Field of View stepping {n the Y diraction (alorg scan)

a., Step in the ~Y direction to a positiom which {s 18.0 IFO7 units
from the band center. Step 20 steps further in -Y direetion, then
step 20 steps in +Y to ramove backlash.

b. Take data on e&ll four detoctors froam Y-' «18.0 to +180 IFOV units
8s called out in flowchart.

c. Rotate the slit whee! to pogition the horizontal Band 6 alit
into place.

d. Return Y to band center oy stepping ia the -Y direction by 18.2
IFOV units +0.2 units for overtravel for s total of 18.4 IFOV units
then step in the +{ direction by 0.2 units to remove the backlash.
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Step in the =X direction 18.2 IFOV units, then step
in the +X directica by 0.2 units to remove the backlash.

Toke dsta on all fcur detectors from X= -18.0 to +18.0
IFOV units as called out in the flowchart.

Rotate the slit wheel to position the vertical slit into
place for Band 6.

Return X to band center by steppiug in the =X direction
by 18.2 IFOV units +0.2 units for cvertravel for a total
of 18.4 IFOV units, then step in the +X direction by 0.2
units to remove the backlash.
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£ Procedure F OF POOR QUALITY .
'

‘E { Collecting data for Band 6

along and acroas track
(X and Y direction)

Wnen two choices of step numbers a e given, the emaller is for the 108. 3
collimactor, the larger for the 1ll Re collimator.

[ N £ A

Assume vertical Band
6 slit at Band 6 Center

i

o e ke e v

Start y Step 842 or 855 steps
direction in the -y directioan,

then 10 steps in the

+y direction

T Perform Seq 1 NDL, ND2

N=2 1,2 20 times
t
FSTEP = 8 3:4 9 times

Perform Se Seq 1 NDl, KD
N=2 3 times

2. e FSTEP = 8 or 9
. — /

Perform Seq 1 ¥Di, Wp2
Na2 ,2
FSTEP = 8 ,A

Pauge so operator can get
slit to horizontal »and 6
slic

W
v w
pNN

W

F v s e e bur e et n
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Procedure F
Page 2

7step 842 or 856 steps

i in the =y direction
then 10 steps in the

+y direction

,S:ep 842 or 855 steps
in the =X direction,
then 10 steps in the
+X direction

Perform Seq 2 ND1, ND2
N=2 1,2 20 times

FSTEP=8 3,4
4'/ : 9 times

N

., ..

Perform Seq 2 NDl, ND2
Na2

1,2 3 times
FSTEP=8.0or 9 3,4

e N

erform Seq 2 NDL, ND2
N=2 1,2
FSTEP = 8 3,4

Pause go operator can
set vertical Band 6

slit {n place

Step 842 or 855 steps
in the -X direction, the
10 steps in the +X direction
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This procedure raduces the field of view data for Band 6, only. The 50
percent signal point is determined in X and Y for each detector, thea the
center coordinate {3 calculated,

I Data Storage Degcription

NOTE: Data sre described as though cither a 108.3" or 110" focal

length collimator {8 used. The data step size and count
must be adjusted here &nd in Procadure F to accommodate
practical step size as determined by the collimator focal
length,

A, Input Data
See Procedure F

B. Output Dsta

The Y data output consistg of & data records, esch with the following
data items,

1. Detector No., C.
Records l-4 correspond to detector l-4, respectively.

2: PEAKVY (C)
PEAKVY(C) is the largest voltage for this detector which ia uged
for normalization of the data samplesa.

3. Normalized Data
This set consists of nominally 208 sets of XY, YY, and the
normalized voltage VENY,

4. Y1, Y2, YC

Y1l {s the Y coordirate (obtained by interpedation) of the signal
which 13 0.5 of the peak of the normalizad data, Y1 ies the value
on thae ~Y sids of tha detector, X2 is the value on the +Y side.
YC i3 the average of Yl and Y2,

The X data output is gimilar to the Y data.

Y Data Reduction

Repeat the following for deceétors 1 through &4 field of View in Y directon,
Bxact the Y data from the file, consisting of nominally 208 sets of

XY, YY, and VPFY data. Search the array for the peak value which will
nominally be VPPY (L) where { fs the average of NOMYI6(C) and NOMY26(C).
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Detector No, C NOMY16(C) . NOMY26 (C)
1 64 75 86
2 122 133 145
3 64 ) 75 86
4 122 133 145

Call this peak value PEAKVY(C) end sava {t. Normalize the data by dividing
by PEAKVY(C) to get VFNY, gave this date array.

Search the normalized data on both sides of the peek for the two valuszs
which are less than 0.5. These will be nominally at array elements { =
NOMY16(C) and NOMY26(C). In addition to these two values, use the tuo
adjacent values which are just larger than 0.5 and by linear interpelation,
daetarmine the two X values for VPNY= 0,5 as follows.

For the lower Y value edge,
Let i be such that VEPNY(i) € 0.5 and VENY({+l) > 0.5

The half width coordinate YHW is given by

Y (31 =YY (1)) (0. S=VENY (1)) HY (1) _ YHy
VPNY (1+1) =V2NY (1)

Let Y1l=YHW for this coordinate on the =Y side of center.
Similarly, the coordinate for the higher Y value edge is given by (1) whare
i is such ghat VPNY(1) 20.5 and VPNY(i+l)< 0.5

Let Y2=YHW for this coordinate on the +Y side of center. The coordinate
of the canter of the detector YC ts then given by
YC = Y14+Y2
2
Save Y1, Y2, and YC for later use.
II1 X Data Reduction

Repeat the following for datectors 1 through 4 field of view in the b4
direction ’

Extract the X data from the file, consisting of nominally 208 saets of
XX, YX, and VPPX data. Search the array for the peak value vhich will
nominally be VPPX(i) where { ig tle average of NOMX16(C) and NOMX26(C).

Detector No, C  NOMX16(C) R NOMX26 (C
1 127 138 150
2 104 115 127
3 81 92 104
4 58 69 81




[ [ U h [

Call this peak value PEAKVX(C) and save it. Normalize the data by
dividing by PEAKVX(C) to get VPNX, Sgve this data array. -

Search the array and determine X1, X2, and XC in an analogous fashion
to the procedure used for Y {n II, above.

Save X1, X2, and XC for future use,
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Procedure G

Data Reduction for Band 6

Variables

XY(C,P) X-coordinate from which p~th Collected in
C=l,...,4 gsample for channel C came when Procedure F

P=1,...208 sweeping in the Y-direction

YY(C,P) Y-coordinate from which pth Collected in
C=1,...,4 semple for channel C came when Procedure F

P=l,...,208 gweeping in the y-direction

VPPY(C,P), VPNY(C,P) Peak-to-Peak signal (from VPEAK) Collacted in

C=l,...,4 of channel C, pth sample Procedure F
P=1,...,208 swieping y direction, and normalized -

value
PEAKVY(C) Peak value in VPP(C,P) Calculated here
Cnl,..., 0
Y1(C) , =Y side 50% point for Calculated here
Cnl,...,4 Channel C
Y2(C) +Y side 507 point for Calculated here
Cal,...,&4 Channel C
YC(C) Channel C center Calculated hare
Cel,...,%

XX(c,P); YX(C,P); VPPX(C,P); PEAKVXCC,P);

Xc(c)

same as above for sweepinz:in X-direction .

X1(C); X2(C); VPNX(C,P)
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C=1

CeC+1 PEAKVY(C)= max { VPPY(C,1)}
i-l....,208

vm(c 1)=VPPY (C,1)/PEAKVY (C), ,....m
.

X
anm——
@ 1 closest to NOMY16(C) suchm

VPNY(C,1) £ 0.5 and VENY(C, i+1)> D

~
YL(C)mARW (YY(Z,1), Y¥(C,141), VENY (c,1),VPNY(c,i+1)) )
— = e Q -
/" Find L closest to NOMY26(C) such that VPN (C,1) >
0.5 and VENY (C,i+1)< 0.5
—
N -
( Y2(C) = AH "W (YY(C,i), YY(C,i+l), VENY (C,i), VPNY (C,i+l))

e,

\
YT (C) = (Y1(ey + Y2 (C))/2.

2 T gt
Shrpifidise ided?:
Ak ool LN

PR RIL

el

¥,

iel. ..208
@vayx (C,1)/PEARVX(C), 1 -z,..@
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r
find i closest to NOMX16(C) such that
VENX(C i)4& 0.5 and VENX (C,i+l) > 0.5

N

! X1(Q = AMW (XX(C 1), XX(C,1+1),VPNX(€ m

- - . o - s v

N/
.(”’———'
find { closest to NOMX26 (C) such that
VPNX (C,i) 2 0.5 and VPNX(C,1+1)< 0.5

(x;(C)=Ahvi:c<<c,1), XX(C,1+1), VENK(C,1), VPI"}{(\.,_ii].:)/

— T ———
XC(0) = (X11C)+X2(=))/2. ,
- NP
S
/c-m L No C
>C/
e

Y
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PROCEDURE H

This procedure retrieves data stored by Procedures G and E which allow
couversion of X and Y from steps to radians., The field of view data
for Band 6 is then checked agminst specified paramaters, and the results
priated.

Input Data

The data from Procedure E includes REFX, REFY, TMANGX, TMANGY, XUFFST,
YOFFST, and FLC. See Procedure E for definitions.

The data from Procedure G includes NBAND, Detectocr No., PEAKV, stef array
data in sets of X, Y, and VPN where X, Y agre in step count units, X1, X2,
X6, Y1, Y2, YC all in step count units.

Conversion from Step to Radians

The conversion equations are described in Procedure E and are reproducaed
here. RSTEP = ,0001 / FLC

* ANGLY = Y*RSTEP+TMANGY-REFY+0.01945 /180, (1)
ANGLX = X*RSTEP+IMANGR=REFX (2)

Spvecifier "aluesg for Band 6

A. Band Center (in milliradians), BC reiative to the optic axis, -
YBC = =4.0631
IC = 0.

B. Detector Ceatec (in milliradians) for Rand 6

1. Y Cocrdinate Relative tc Band Csnter, BC
XDC = 5,0%.0425 (+1-2*MODULO (NDET,2), (3)
vhere NDET is the detector No.

2. Y Coordinate Relative to Band Center
XDC = +10 = 4*NDET (%)

C. Optinum Detector Edges X1P, Y1P, X2F, Y2P

The ideal location for the datccior edges is given by

S
3
i

= X1P = XDCHXBC-0.085 milliradinns (5)
“’g X2P = ADCHABCHO. 085 (6)
. 1P = YDCHYBC-0.085 )

Y
A

i Y2P = YDC+YRC+(.085 (8)
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D. Detector Width, (X2-X1l) gp (Y2-Y1) specified

Minimum Difference = 0.1656
Maximum Difference = 0.1744

E. Detector Location and Size Printout
Perform the following & times
1. Input the X and Y data records for this detector.
2. Convert all coordinates to radians.
3. Store the converted data in the plot file.
4. Caleculate

DX=X2~-X1
DY=Y2-Y1

5. Print the following

Detector No.
XDC+XBC

o m

XC

X1p

X1

X2p

X2

DX

"IN SPEC" or "OUT OF SPEC," see D above
error amount, if out of spec, or 0. if in spec.
YDC+YBC

YC

Y1P

Y1

Y2P

Y2

DY

"IN SPEC" or "OUT OF SPEC," see D above.

error emount, {f out of spec, or 0. if in spec.

o o H = X e = 03 » B A 0O

"t O v
o e e

Cpm o e m ores wpe  Fgmep e e s ere g ey

e ey
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F. Tabulate Curve Data

This data consists of nominally 208 sets of X, Y and VPN {n X direction
end ncminally 208 getgs of X, Y, and VP¥ in the Y direction.

Thig data i{s to be printed in compact form.

i
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This procedure takes data stored in the plot file by Procedure H for Band 6
and forms two types of plotsg,

The first plot is the detector location plot. This consists of the outline
of the &4 detectors in the band for idesl conditionz with the X1, X2, XC and
Y1, Y2, and YC measured points plotted on the ocutline.

The second plot consists of a presentation of the field of view data array
for each axis This will require 8 separate
plots,

I Detector Location Plot

The ideal location of each detector edge is given by equations (5)
through (8) of Procedure H. The ideal detector size for Band 6 1is

170 microradians square. The plot scale should be chosen to give the
best resolution possible. Since the 4-detector array is 14 IFOV

units wide, a scale of 0.5 IFOV units per inch seemg reasonable. The
edge tolerance will be + 0.05 inches on this scale. Since the function
-of the plot is the illustration of eny gross errors and systematic
errors, the resolution should be adequate.

11 Detector Field of View Plot

Each axis of & given detector is the subject for this plot. Thus,
8 plots will be required. . : °
This requires an abscissa of 36 IFOV units in X and 36 IFOV

units for the Y plots. The scale of &4 IFO7 units per inch wouwld =
Yive Sufficient Yesuulion.

I11 Plot Priority

The plotting should not be allowed to slow up the test. The information
i3 stored in a plot file, and plotted during theodolite setting after
the Procedure H print {3 complete as time i3 availsble.
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Numbers in brackets are for use with the dual channel option of data
capture. This subroutine is called by the main spatial coverage procedure
and by Procedures A and F indirectly through Sequences No. 1 through 4.

The ADAU has been get to a sample rate of 39 KHz, single channel dusgl
channel option, and thst the SIU has selected the ADAU prior to callings
this subroutine. It is further assumed that the 100 Hz center frequency
filter with a 10 Hz bandpass is in place. It is algso assumed that the 100
Hz filter, or associated amplifier in the ADAU, has a gain of 7.5 to boost
the saturated output to the range of the A/D in the ADAU. This is necessary
since a square wave of 2 volts peak-to-peak (saturation) gives rise to a
fundamental sine wave of 2.5 volts peak-to-peak which corresponds to 1.25
volts peakeout of the 100 Hz filter (neglecting insertfon loss). Since the
A/D operates in the range of +/~10 volts (+/=2047 DN), the 1.25 volts must
be amplified to use the full range of the A/D., A gain of 7.5 plus f{lter ingertion
loss compensation will boost the 1.25 volts to 9.375 volts (1920 DN), The
additional range of the A/D is reserved for potential excursions.

This subroutine takes I independent cycles of the 100 Hz waveform which
requires that every tenth cycle be sampled with the 10 Hz bandpass. Since
Band 5 is expected to have the lowest signal-to-noise ratio, it is used

to evaluate the expected data range. The 1 percent of saturation signal
will give +/-19.2 DN from the A/D while the noise is ghown in a separate
memorandum to have a 95 percent probability of being within +/-2.0 DN for
this band 5, utilizinglindependent 100 Hz cycles for peask-to-peak determination.
This indicates that the error in determining the 1 percent level due to
noise will be less than 5 percent of that level. The quantizing error can
be as much as 3 percent of the 1 percent signal level. Both 6f thege errors
are quite acceptable in the far fleld measure, and the errors will be
negligible for larger signala.

The subroutine also assumes that’the detector has been connected by the MUX
in the ADAU, and that the required gectling time for the ingertion of the
100 Hz filter (about 160 milliseconds) and the aerotech stages (TBD seconds)
has elapsed before the subroutine call,

Subroutine Description

1. Sample the Data
Command the ADAU to take data for I*10 cycles 1*10 of the 100 Hz ou:puﬁ.
This consists of taking data for I*10%0.0l seconds. Each sample requires
2 bytes, since the A/D output is 1l bits plus sign.

2. Determination of the Peak-to~Peak value

a. Set the number of good sets, ng, optimistically to the number of tenths
of a second of data captured,
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Parameters
N 18 number of pairs of detectors from which video data is collected.

NDI(L), ND2({) are arrays of length N containing the channel numbers from
which data {s to be collected.

FSTEP is the number of Aerotech table steps to move.

Seauence No. 1 (stepping of Y direction, post-data stepping)

1. I=1

2, Collect Index A data from the detectors in the bend with channasl numbers
ND1 (I) and ND2(I).

3. Call VPEAK twice to reduce the index A data from the two detectors.

4, _Store the following in a form that is useable by data reduction procedures:

Outputs VPP from VPEAK
Position of X-axis stage from HP interferometer
Position of Y-axis stage from HP interfercmetsr

5. 1If I e N, then continue with Step 4, otherwice {ncrement I (I = I+l)
and repeat steps 2 through 5.

6. Finally, Step FSTEP steps in the + Y direction.

Sequence No. 2 (stepping in the X direction, post date stepping)

1, through 5. Seme as Sequence I.

6. Finally, step FSTEP steps in the +X direction.

Sequence No, 3 (stepping in the Y direction, pre-data stepping)

1. Set I = 1, and step FSTEP steps in the +Y diraction
2. through 5. Seme as Sequence 1,
6. Exit,

Sequence No. 4 (stepping in the X direction, pre~-data stepping)

l, Set I = 1, and step FSTEP steps in the +X direction
2. through 5. Same as Sequence 1.

6. Exit.

Index A Collect & samples of .0.1 secc. of video data froo 2 channels as
specified in the data collect procedures. Use the ADAU with the 2-chanmel
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b. Find a peak and minimum in a .01 second span of data 400 [?Oa
samples., Call ]

VPi{ - peak value

M{ - minimum value

NP{ - location of peak
NMi - location of minimum

c. Skip .09 seconds of data, 3500, (1750] samples

d. Repeat steps b and ¢ for the number of tenths of a second of dats
to capture, for example f = 1 to 4 for .4 seconds of data,

e. Spurious Peak Rejection -

Discard on the basis of peak to minimum separation. Check the
i samples to see i{f they ere in the range.

When the signal level gets to be very low, on the order of a few

DN, spurious peaks may be determined, These spurious values may

be deleted by requiring that all &4 peaks and minimum must be

seperated by nominally 0,10 seconds from peak-to=-peak or minimum
. to minimum (using every 10th cycle).

Check to see that

11 = |nP-NMi< Ul where L1, L2, Ul, U2 are data base values, -
[L2 = iNP-NM{< uz] nominally Li = 175, Ul = 215, L2 = 88, and U2 = 108,

1f any set fails this test, discard it and reduce NS by 1. If NS =0 or 1,
set VPP=0. and leave the subroutine

VPP Determination

For each of the NS cycles remaining, calculate
VSaVP-VM
Then average the NS sets of VS to get VPP,

Also determize the standard deviation of the NS samples of VS to get VPP,
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SANTA BARBARA RESEARCH CENTER OF POOR QUALITY
A Subsezery 0f Mughes Awcreft Company

INTERNAL MEMORANDUM

Engel CC: Distribution DATE: 20 May 1981
Data Bank REF: BS236-7454
2221.291
ACO7R Test Result Summary, Protoflight FROM: ACOTR Test Team

BLDG. 774 MAIL STA.78
EXT. 4151

References:

1.

TP32015-514 Raev. A, Spatial Coverage Test Procedure ACO7R,
7 April 1981.

BES236-5610 Thematic Mapper Spatial Covaerage Test Descriptionm,
ACO7R, 30 Jan. 1978.

BS236~-5610-2 Thematic Mepper Spatial Coverage Test
Degcription, ACO7R, 13 Juae 1979.

Bistory Tapes: D02030, D02032, D0O2034, DO2C36 andé D0O2037
(April 14 through April 23, 1981).

Special Tape: Number 502 dated May 1, 1981, used to record
ACO7R Video Files.

6. BTCE #2 Event Log for period April 14 through April 23, 1981.

1.0

Introduction

This report summarizes the results of performing the

ACO7R Spatial Coverage Test op the Thematic Mapper Protoflight
Mouel. The test i3 an ambient collimator level test performed
orn the assambled T.M. The test is computer controlled using
computer commpands with telometry verification.

The test objective 13 to accurately determine the respoanse
of database salected datectors to a narrov slit source
Llluminating positions on the focal plasne whose distances
from the detectors vary. Specific attention is givan to
detector half-width response size and far field effeoctn

GSFC measurement specifications ara given in terms of

angular requiremaents. Thae along track (X-direction)

dimension and across track (Y-direction) dimension is definad
for each detector as the angular difference batween the points

where the detectors raesponse is 50 percent of maximum when
sveeping in the respective direccion. Maximum hglf-wid:ch
imensions are given as 43.2 microradians for Banmds 1 through

4, 46.35 nicroradians for Bands 5 and 7, and 1l74.4 micro=-
radiang for Band 6, the thermal band. The far field require-

nment is that the measured response be less than one percent
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of maxinmun for angular distances equal to or greater tﬁcn
twice the detector width.

Test Description

The test is performed at SBRC with the Themsatic Mapper
mounted on a precision rotary table. The T.M.is aligned

to a collimator with the scan mirror and scar line corrector
off and locked at midscan. The angular orientation of the
T.M. i5 determined and monitorad by autocollimating &
theodolite on a refarence mirror attached to the T.XM.
Bovever, as the collimator is subjeset to off axis image
degradation, it 1s necessary to move the T.M. four times
during the test. These movements and subcequent orientations
are determined and alsoc monitored usipng the theodolite.

The source is projected towards the T.M. tbrough the
collimator which uses a computer driven X~Y gtepping stage

to position the illuminated slit. Ianterferometric monitoring
is used to meessure stage movement.

For Bands l-53 and 7 measurements. & tungsten ribbon filament
lamp 1s used as the source. The lamp and slit are initially
mounted together oo the stages in a vertical position

(for sweeping in the Y-directionm). The source amd slit are
subsequently rotated 90 degrees about a horizontal axis

for sweeping in the X-direction. The larger imput signal
needed to resolve far field recspomss 1s achieved by incraasiag
the lamp current.

For Band 6, a blackbody source is used. The change from
vertical to horizontal scanning is achieved using separate
perpendicular slits mounted in a reticle wheel.

Test Results

Tast data has been obtained for all Bands ia the form of
reduced datz tabulations and field-of~-view plots for selected
channels and each type of scan (X or ¥). Mcasursements were
made on detectors 2 and 16 for Bamds 1, 3, 4, 5 and 7.
Detectnrs 1 and 15 were ussd for Band 2 while detectors 1,
2,3 and 4 vere used for Band 6. Raduced data tabulations
indicate that all detectors (with the possible ezeceptions of
Band 2 Detactor 15 and Band 6 Detectors 1 and 2) exhibit
some calculated half-widths in excess of those desired by
the specificationaz. Band 2 Detector 15 had severe noise
problems malking megningful calculations for it impossibla.
Band 6 deteutors as the thermal chaanels have much wider
nominal fields~of«view than the other detectors aand should
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therefore be considered separately. PFar field zosponse for
all Bands is typically greater than the desired 1 percent at
laast for regione inmedistely adjacent to the twice detector
width f£icld points. 1In addition, normalization problens
vere encountered ip matchiag the far fiecld to near £1ield
data. Even after software corrections, residucl effacts

aze evident in some of the plots. (See Appendix A for
plots.)

The following tables summarize the test results in genaral
and help to point out come of the problem araas. Table 1l -
is o sunmary of LSF (Fleld=-of=Viow) holf-widths identified
by band, chamnnmel, and typa of scan. Noisy chaanels and
out-of~-gpoc. conditions are identified where they occurred.
Table 2 18 a listing of detector spacings within each array
as obtained from the reduced data tabulations. Table 3

is a sunmary of out=-of-ficld respomnse values obtained
graphically from the field-of-view regsponse plots. Out-
of-field response haso been calculated first as the per-
contage of total out-of-field gignal to total ipn=-field
8ignal and then again as an avarage per IFOV epacimg over
the total length of the nom=zero skirts.
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Collection

Dete Band

[

4/25
4/25
4/25
4/25

- o

4/23
4/25
4/25
©4/25

NN

4/24
4124
4724
4/24

w W w w

4/24
4/24
4/24
4/24

E N R T )

4/25
4/25
4/%5
4/25

w v W w

4/25
4/25
4/25
4/25

~N NN

#Very 3ad "Noise"

TABLE 1.

ORIGINAL: p,
p AG

LSF Half-Widths

Channel

16
16

15
15

16
16

16
16

16
16

16
16

Scan

(]

M 4 M < o4 o9 [ I o I M 4 M

LI I

[ I B |

LS

Wideh

(ur)
43.95

44.43
42.26
43.36

44,85
44.78
* 0.00
%32.27

45.10
45.52
44.86
43.87

44.07
44.02
44.50
43.60

42.55
47.45
42.48
46.91

45.53
47.77
44.82
49.58

.
In  Out
Svac. 6f Spec.
g
4
v/
Y
Y
Y
v
4
v
Y
v
v
v
Y
Y
Y
Y
Y
Y
v
Y
v
Y
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Collection
Date

4729
4/29
4/29
4/29
4/29
4729
4/29
4/29

Band

O O OO O OV O

TABLE 1.

Chapnel

OB W W N

ORIGINAL PAGE IS
OF POOR QUALITY

(Continuod)

Scaa L

S?
Wideh Spee.

172.99 4
172.16 v
170.24 4
173.79 Y
178.34
177.46
173.97 4
175.34

M g M QM9
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TABLE 2.
Detector Spaciangs
Collection Band/ Distasnce Between
Date Channels Chanpels In X-Pirection
. (u=radiaas)
L (Measured) (Rominal)
* 4/25 Bl/D2, D15 .595.06 595,00
4/25 82/D1, D15 594.41 595.00
- 4/24 B3/D2, D16 591.28 . 595.00
4/24 B4/D2, D16 593.80 585.00
4/25 B5/D2, D16 590.24 595.00
4/25 B7/D2, D16 530.83 $95.06
) 4/29 B6/D1, D3 334.95 340.00
4/29 B6/D2, D4 337.77 340.00

e

-
iy A
'

-
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TABLE 3.

OQut-of~Piecld Response
Bends l-5, and 7

Processing/ Band Scan In-Field Out-of-Field Iotal Average
Date . Channel Resvonse* Resvonse* Percent (Per IFOV)
(22 ITOVS) (Skirece) Percent
5/6 1 2 Y 1849 132 1.1 .49
5/6 1 2 X 1960 217 11.2 .71
5/¢ 2 1 b4 2231 456 20.4 1.38
5/8 2 1 b4 2434 581 23.9 1.48
5/7 3 2 T 2024 - 307 15.2 1.03
5/8 3 2 X 2226 371 16.7 1.08
5/6 4 2 Y 1692 28 1.65 .88
5/6 4 2 X 1726 50 2.90 .62
5/6 5 2 b4 1669 61 3.65 .55
5/6 5 2 X 1872 98 5.26 .70
5/6 7 2 Y 1866 137 7.3% .87
5/6 7 2 X 2461 361 14.67 .97

*Arbicrary Units (graph paper umits)
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Discussion and Conclusion

A pumber of difficulties were emcountered durimg the
running cf these tasts. These msy be toughly divided imto
bardware and software type problems. The former consist
of problems witk vibration, alignment, temperature aund
electronics. The latter include problems witk command
files, databases, and plot normalizatiops. In addition
some evidence exiets which indicates that optical effects
may be degrading the data by producing raised skirts

and rounded off IFOVS. Magy difficulties were at least
partially resolved during the testing by modifications of
the test setup and/or by corrections to the softvare.
Otbers await the performance of "special tests” intended
to deternxine their causes.

Hardware Problems

Vibration problems were encountered f{rom the start as
ve attempted to mount the 100 Hertz chopper vheel. In
en attempt to maintadin a coastant relationship between
the chopper blades and the source/slit assenbly as the
gsource/slit asserbly was rotated for successive X aad ¥
scans, 8 20dified mounting plate was fabricated to hold
source, slit and chopper wheel. Unfortunately, the vhole
assenbly vidbrated in resonance when the chopper was
turned on. Thig problem was resolved by suspending the
chopper from & separate pecdestal which was cigidly
attached to the collimator table. The chopper was then
repositioned each time the source/slit assembly was
rotated.,

In addicion to vidbration, 8n electronics problem arose

as the result of repositioning the chopper wheel. D.C.
restore failed to work properly making it impossidble to
collect meaningful dara. Tle effect was later ideptilied
as the result of a phasing erzor associated with the
chopper wheel positiouning. The "£fix™ was to modify

the procedure to Tequire appropriate adjustment of phase
whenever the chopper positioning is changed or tramslation
48 made of the gli: across the chopper wheel.

Electronics problems were also presesnt for Bamd 6, but
not dve to the cnopper wheel. Rather the Band 6 box

for plugging the Band 6 signals into or around AOTS
£failed to work. A revisaed BTCE set-up was adopted which
provided necessary DC restore and other electronic
fupetions as required. (See Figure l.)

Eigh frequency noise was observed om Band 2 Detector 15
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which distorted the signal and resulted in meaningleass
calculations and plots. This was unfortunate as we had
been told ahead of time that there was a noisy detactor

2 on Band 2 which should be aveoided. A reidentification
of the detector from the array position to chammel number
resulted in our choosing the exact detector we were
trying to avoid.

Room environmental effects were present in the form of
alr turbulence and temperature variations. To minimize
these effects additions were made to the plastic tuamel
surrounding the collimator prior to the test. Vhen a
preliminary check ghowed that the running of the room

air handlers drastically distorted the signals, they

were turned off for the duration of the tests which rza
well over 24 hours of total operating time. The room
stabilizcd at between 68° and 72° P as recorded in the
data master aud log books. Specific heat sources present
in the initial test setup included the laser used with
the collimator table/T.M. alignment womitor and the
motors which drive the aerotech stages and chopper

wvheel. The laser used with the aligoment monitor was
1dentified as a specific source of thermally induced

air turbulence. Its use is not essential to the per-
formance of the test and has been deleted for all further
ACO?R testing.

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 from its mount and the lamp removed in
order to reposition it each time a change was made .
betveen X and Y scans. This resulted in some uncertainty
in the alignoment position of the filament image on the
slit for the various sets of data. Since the filament
image is oversize with respect to the slit, the main
effects were observed on the skirts of the IFOV plots.
This combined with non-zero transmittance ia the opaque
porticns of the s8lit may help to account for the problems
of ralsed skirts and rounded-off IFOVS. Posgitfaning of
the T.M. for the various baads is accomplished by
rotation using a theodolite for reference.. Por bamnds 5
and 7 rotaticon through the nominal angle from the T.M.
axis failed to bring T.M. irto proper alignment. At

this point an alterpate procedure was used whereby the
T.M. was boresightsad on bands 5 and 7 separately to
obtain signals. The corr:sponding theodolite readings
verze then averaged to obtain the commean center.

Other areas of copncern were socurce non-uniforuity aad
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systen focus. The lamp filament image was centered on

the s5lit cach time the lamp wvas repositioned and should

be faizrly uniform in intensity over the glit area.

Howvever, for Band 5 Y=direction messuraements initial

voltage readings from channels 2 and 16 were siganfficantly

out of balance. Channel 2 read 17.5 volts P-P compared

to 11.0 volts P=P for channel 16, This imbalance was

corrected by stepping the slit-~stage 508 Aerotech steps

along the fi{lament in the =X direction before makiang the

Y-scan measurements. All data wvas collected at the nomigmal

i focal plane of the cellimator. Previous A4 tost data
indicates that this position is .006 to .008 inch from ,
best focus as determined by MIF. A small degradation (less than
1 microradian image blur) is expected to result froam this
condition,

=
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B. Software Problems

F Software problems occurred in selecting an appropriate

: step size and in matching far-field with near-£ield

data. The initial step siz( was chosen to be 0.2 IFOV

. units for near-field data and 0.4 IFOV unics for far-

< field. It was evident from examination of prelimimary

: near-field data plots that the sampling density was too
coarse for good resolution. A change to 0.1 IFOV step
size improved the quality of the figures, but increased
the test tinme significantly. Iz addition the computer
programs had to compensate for the fact that the finice
Aerotech stage staps weren't cxact divisors of am IFOV.
In order to maintain average stepping units, the number
of Aerotech stage steps per unit had to vary by an
occasional step. Another type of problem occucred in
"normalizing" far-field to near-field data. The matching
wvas done by comparing several overlapping points on the
far-~£field and pear-field curves and using an average
normalizatioa factor. The problem arose as the far-
field curve ran into i{its saturation regiom (slit cressing
the datector) and started to undergo distcrtiomns.
Several software changes wvere needed to keep the computer
from selecting data from the saturated regiom. 1In
general the final plots were improved and the problem has
essentially gone away. However, Band &4 detactors still

‘- exhibit some normalization problems. These may not bdbe

: due to software, but rather to electronies. The detector:
signals, while in saturation, are depressed significantly.

TETIeY
L

. . One factor which may have contributed to the normalization
: problem was the inadvertant omission of a parameter

. from the database knovs as the "bright field recovery
SN tipe". This was a wailting period of a few secomnds
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intended to allow a detactor to recovar from the shock
of saturation received during the necar-field portion

of the far-field scan. This parameter has baeen put back
into the dstabase and will be available for future data
collects. However, this may not help very much as there
vas no hint of recovery evident in the test data.

R R I e A el U et b2 )

i

Another software problem area was the seemingly arbitrary

omission of some of the collected dats from certain data

tabulations and plots. A change to the database and

s conmand f£ile was needed to get all of the data primted
and plotted out.

C, Conzlusion

This report has described the results of rumnning the ACO7R
Spatial Coverage Test on the Protcflight Model T.M. The
test technique has been proven to be valid though the
results are lessc than desired. The test procedure and
commnand files have been debugged and will be ready for

2

. future testing. Several problems have been successfully
e resolved while others will be investigated furiher by

a special test scheduled for the near future. It is
unfortunate that this test had to be run for the first
time on the Protoflight T.M. without the benefit of a
preliminary run on the Eangineering Model.

; Prepared by: 9'C:' :; 7

J.C. Campbell: Optics

Concurrence: N \&M-q i‘ﬁ-\ D WA
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SANTA BARBARA RESEARCH CENTE

A Suexsser, - of Nugnes Adcrafs Canncay MO DATAM
INTERNAL MEMORANDUM § O NOT REAOVE
T0: J. Engal CC: Dis.ributioan DATE: 15 July 1981
REF: 2221-348
H05236-7547
SUBJECT: Special ACO7 Tests FROM: J. D. Carpenter

BLoG. 774 mamsia 78
EXT, 4207

This mamo deoscribes the test results and conculsioa of special taests
performed in an attempt to explain the excessiva "far fiald" radiacion
and "near fi1ald" channel width measured Za the ACO7 procoflite tasst.
These tests are: -

1. Transmission meajureamest of the "opaque™ portiom of ghe ACO7
test reticle.

(ir sk Slasd raah

2. Special measurements of the T.M. protoflitc "Far Field"™ and
near fle¢ld responege.

3. ?Photoeleectric response measurezmaents of a typical TM gilicom
photodetecto~s array.

b e Tests raesults:

: 1. The "far field" ezcesasive radiation messured durinsg the ACO7
i test 15 dus primsrily to tha collimztor raticle usad duriag

X the taast and %8 noz 8 fault of the T.M. This comclusion is

' dramatically shown in tha "far field" graphs iacluded in this
A reporet.

2. Yo explicit cause vas found for the excessive channel widths
naasursed in the ACO07 tgests and subsequent special test. Avarage
channel widths measured in the speeial spatial tests corracporded
to the avarage widths meusured during the ACO7 tast.

Psr Piald Taosts

- Prior to tha actual special ACO7 T.M. test, transmission maasuresaents
L mgde on 2 spare reticlc similax to the ACO7 meast reticle Lndicated -

. that the opaque part of the reticlae wasg not sufficicently opaque at
soma wavalengtha. The results of this test are shova in Tabla I.

L VO S hcSi

It would appear, at first glanca, that tha amouat of transmission
through tha opaque part of tha raticle is insignificant. Hovavaer,
vhen ona comnsidars that the detector 43 approzimately 10 timag widar
than the slit in thae reticle aad 13 fully 1lluminated by the source
lamp, this zmount of transmiasion becomes more asigrificant since its
affcct 1is mulciplifaed by the factor of 10. This effect occurs in the
far £1eld radiation messurement ovar the width of the light source

on the raeticle, which 413 aspproxiamacely 2 mm wide and produces & source
f1ald angls of approximately 720 urad.
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ORIGINAL PAGE IS
OF POOR QUALITY

15 July 1981

2221-348
J. Eagel -2- HS5236-7547

Special ACO7 Tests

Actual testing of the T.M. pro~oflits instrument with both the sparae

reticle, specially mesked to be completely opaqua, and the ACO7 tese

reticla proved that most of tha aexcessiva radiation was caused by the
reticle. A graph of the "far fiecld"” response for each band with thae

"opaquaed" and ncrmal reticlae i{s included to show the differances.

The greatest chaage occurs in bands 2 and 3 with the lgast change in

banod 4. This result corrasponds to the transmission mesasuraments

shown 4in Table X.

Daspite this lzargae reduction 4ia the far £i{eld radiance with the
"opaquec” reticle, the T.M. system does not pass the criterian that
the detector response shall be 1Z or less at 2 IFOVs away from the
detector center.

Iz is quite obvious that some effect still exists on the "~-Y" gide
of the even channels aad tha "+Y" side of the odd chaanels. Two
probabla sourcas for this effect are Crosstalk betwveen channels aad
reflections from the spectral £iltar.

1. Crosstalk

In the test arrangement the odd chamnels are in tha "-Y" direction
from the even chaunnmels. As the light is moved from the "-Y" to
"+¥" direction, thke light strikes the odd chamnnels first, produciag
a signal in thae odd chaanel sad crosstalks to the aven charnal
being weasured. The amount 0f czosstallk was measured during tha
detector array tests with typical values ranging from 50 to, 35 &b
down (28Z te .18%] for odd to even detactors. Sinece the eatire row
of detectors are snargized at the same time in tha ACO7 test, the
amount ¢f cross coupling 15 probably greatar thaa the above values.
The naet ¢ffact could easily be as much as 0.3Z2. Vhen an odd echacacl
i3 being mesasurad, this coupling shows up in che "+I" dirsction
from the channel caentar as iz the Bard 2 Chaamnmel 1 graph.

2. Multipla raflections between tha shiny aluminum dapesition oan the
detector array and the bsnd pass filtar may cause part of the
excass radiation. . This affact probably exists with the light
gsourca on aithar side ¢f the detector, but would tsnd to ba mors
pronsunced vhan the light is tovards tha opposite chaanels siznce
the magk in front of the datector limits tha reflection araes om
the ocutgide edge of the array but does zot limit the reflectiom
araa batwean tha channals. Becguse of this diffarcunce,
raeflactions from the light source can reach the datactor at much
larger field aaglaes ia the "YI" direction of the opposits chaznel.
The amount of the reflesction 1s not kaowr and no tast is plannad
at this tipns to msasure it.

Y
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Speclal ACC7 Tests

Near Field Tescts

T ST NS <R e

- Dats for tha near field response of the T.M. waz racorded for at
least cne channael in ecach of the Bands 1l-4 with both the ACO7 reticle
and the specfally "opaqued” reticle. The rasults of this data is
very similar to the ACO7 test data. The only apparent difference
occurred with the "opaqued” reticle towards the Y-linits of the

“"ngar £1ield” response curve, whera the signal was raduced. Some

- ’ graphs of the "near £ield"™ response are included withia this rvaport.

wY TveAY
[ L R L TR

In addition to the completa "near f£f1eld" responrse curves, tha 502
widchs of the dateetor response were carefully measured with as z:aay
a3 100 data saaples per dats point to establish 3 high degrTee of
accuracy. The results ware nearly the sama as ACO7 in that the
detector width measured approximacely 44 microradians.

TR OIS
-

To determine the focus aeffects the position of the reticle slic was
moved along the optical axis of tha collimator ocn both gides of the
bast focus position wvith detactor width dats taker at the vazious
e positions. The detector width decreased a small amount, approximataly
0.5 urad, when the reticle was .01Q to .0l5 {inches closaer to the
primary. The measured channel size increased rapidly when the focus
position was more than .015 indicating that the image of the 3lit on
the datector was increasing rapidly and was larger than the detector.
The results of the chaunnel width tests are shown iz Table II.

Bk B e e A nd i

.

The chaznnel wideh was a sepsrate test from the graph data, usually
taken juat before a full run of near field-far ficld data. Tha
wvidth data was daetarmined using 100 samples per data point with a
pertod of about one minute. The procadure usaed was to establish tha
two 502 lavels of the rosponse curve vith as faw data points es
possible and measura the digtanca between then. The width vs focus
data was taken in the samec msmasey as the previcus width data axmcept -
that more width @sasuremants werse made for each focus positiom. It
. would hava beea advantageous to have more focus mesasuremsaats, but

3 : due to tha limitad amount of time available, ouly a fev meaasurements
could ba uade.

v RO e S e
.
Iy

ki

£

The special spatisl tasts used the same optical equipment and test
sathod as used 1a tha ACO7 tests. The main differcnce was that the
procaedura was zanually controllad aad the data was handled and stored
5y an H.P. 9815 desk top caleculator. Each data peint is the average
of 10 ssmples taken over & pariod of sbout 10 zecoads of time. As
can be sean from the naear £fiald graphs, the data was still noisy.

The signal intansity ratio betwveen the far field and near field for
each band and chasnel was established by setting the "Y" pesition of
the source approximataly 2-1/2 IFOV from tha channsel center and
ma@asuring the chaanael output signal for each of tha twe settings of
the source intansicy that was usad in the ACO7 test for that specific
band and channel.
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‘Spacial ACO7 Tests

Datector Wideth Testc

To eliminate the posaibilicy chac tha asctive (photoalectric) wideh

of the detsctors were mot the sazme 83 the design widch, photealectric
regponsa tests wara conducced on a typical T.M., silizon photodetecter
array. The widcths maasured corraspoidad to the approxzimate daesign
widths and essaentially alimimated the detactors 23s a cause for the
excessive widths measured Lia the ACO7 test. The results are showm

ia Tablae III.

Tha =egsurazments wera made usiag the spare ACO7 racicla projected
through a par focal microacopa ontc the detactor with and without
spacial masks covaring the opaque area, and with and without a band §1
spectral filcer. No significenc diffarence occurred with any of che
various combinations, diffareat datectors, or the x and y diractions

of the detsctors. The spparent width of the light slit falling on

the detector was changed by changing ths focal langth of the objective
lons on sha par £focal nmicrogscope. The wideths projectsd wors approxi-
aately .U 004 Lochas and .0002 inchea. The rasults were the samae.
Therae 15 noc raasca to dgslisvae thar any of che above conditiocas sghould
change thae maasured chanmel wideth. Howawer, Lt wasg nacasggsary to
verify cthis IR case somathing L5 Being overlaoked,

The rasults of all of the "near fleld" tests saud detector measurcments
{ndicate that the image of the Llluminated slit falling om tha datectors
ia the ACO7 cests 18 sufficiently wvide as te cause the datactaer widch
meagdurenast to be larga. Whether this measurement 18 camsistent with
the measured optical performancae of tha T.H. haz not been asecadblished.

.5‘—;42‘?:_;_\.,-.,?2; w2l O W V. i
James D. Carpentar
dz

Distcridbucion:
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TRANSMISSION MEASUREMENT -
TOR THE OPAQUE PCRTION OF THE SLIT RETICLE

A (um)

<485
.52

.52
- -60

+63
.70

.76
.90

1.53
1.73

2.08
2.33

T ()
<0.931

0.04

0.04
0.08

0.07
0.04

.oz
0.01
<0.02
<0.01

<0.0}
<0.01
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TABLE III

T 2BOTODETICTOR AR2AY MEBASUREMENT
(PY0TOELEZCTRIC HALF WIDTE)

DETECTOR  AZXIS CONDITIONS*® WIDTH
1 b4 "Opaqued"” .004097
i T "Opaqued,"” .5 ¥.D. Filzar .004003
1 Y Band #1 Pilter .004115 *
1 Y Bend ¢#1 Fileer .004109 =
1 b4 Band #1 Filtar .004117 =
by T Band #1 Filter, "Opaqued" ,004078 *
1 X +5 N.D, Pitlter, Opaqued .004130
1 X +5 ¥.D. FPilter .004137
1 X Band #1 Filear .004054
1 X Band #1 Pilcaer .004087
2 X Band #1 Pilter .004122
2 X Band &1 Filtar .0046128 »
8 b4 Band #l1 Filcer .004171 *#

HEAE = .004104
STANDARD DEVIAZTION = .000040
DESIGH WIDTH » .00408

* Isprovod Measuremesnt Tochnique

8% "Opgquoad" maans that thae test raticle had a matal uaterzal

"' placad over the dark portiocn of the roticle to preveat any
trangmission except through the aslic.

A £4lter call out undar "Conditions™ maagns that the £{lgar
vas placed in the light path to chamge the clisracter of the
light falling on the datector.

e
.
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INTERNAL MEMORANDUM

T0: G.S. Plews CC:Diséribution DATE: 8203527
REF: HS234-8004

. FROM: J.C. Campbell
SUBVECT: ACO7 Optional Test Configuration—-—

Bands 1-3, 7 Testing BLDZ: Biil MAIL STA. 78
EXT:. 6131

REFERENCE: HS236-7937 1A04 Configuration Options

INTRODUCTICN:

This memo descrites a possible optionecl test configuration, TM to
BTCE, that can be used for Bands i-5, 7 testing during the ACO7
test phase to support the presently defined ACO7 data <collection
and also to provide the TM instrument with camputer controlled
pouer turn on and thermal shutdown capability. This configura~
tion 1is based on referonce memo HS236-7989 and is presented here
in termns of existing configuration drawings and test procedures
to the extent possible.

TEST CONFIGURATION

i. Configure TM & BTCE per drawing 33331C0-3C0-2, but with the
- following possible exceptions:

FUNCTION REQUIREMENT DWG ZONE CABLE#®

§ H H H

H + + +

i X=-Y ALIGNMN MONTR! NOT USED H 3-19 ! W=-109

! VIDEO MONITOR ! DON‘T CARE H E-3 t W2114-2

{ HDRR ! DON‘T CARE H F-10 H (see DWG)

{ DEMUX ¢t DON‘T CARE H G~7 H (sece DWG)

i TM MUX TST PTS | NOT USED H G-15 {VERIFY DISCONN.
H H H
4 a

1W3002% W3003

>~ < ag

-— ew ae ce se on S0 ee e
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2. Then refer to phase-~! DWC 3533100-300-{, and make the fol-~

& lowing connections or changes:
H FUNCTION ! REGUIREMENT | DWC I0N& | CABLE or CONN# |
H + e + H

B3 ! Bt AOTS VIDED | CONNECT i E/F-17 | WTC32% 35 !
A ! BQ AOTS VIDEO | CONNECT ! E/F-17 | WTC31& 36 {
- L ! B3 AOTS VIDEQ ! CONNECT ¢t E/F-17 | WTC32% 37 H
&5 ' { B4 AOTS VIDEGQ | CONNECT ! E/F=17 | WTC33% 38 !

' ) {t BS AQOTS VIDEO | CONNECT i E/F=17 | WTC-41 H
St ! B7 AOTS VIDEOQO | CONNECT ! E/F=17 | WTC-42 !

; ¢ AOTS DC RESTR | 1 CONNECTION | E/F-15 -i WS0ZO to J4i0 |

¢ {  AOTS TLmy ¢ NOT USED { E/G-15 {W3050(J102, J103,: ¢

s, : { ! t &% Ja00) '

B { AOTS VID QUT ¢ CONNECT ! F=-138717 | WS03%% WS036 !

: .4 ADTS IW COUNT ! DON‘T CARE i G6-16 tAQTS CONN BS=-JS |

¢ { DC RESTCRE i CONNECT ! E-19 ! W-139 H

: H —b o ——————————— o ——————— D -4

Elm 3. Provid~ the following functions according to test procedure

P number TP32015-514:

: a) Instail the SMACC per Appendix U: conn..t SMACC

e or SAMLOCK Drawer to penetration—plate connector

‘ P-10 via adapter cable # W3071. Ground the

Co SMACC dc rnwer return £c %the Collimator Ground Bus.

b b) Implemeny “Shutter Aside™ via Appendix S, Method 3

at TH connector P49

; 4. Install the BTC and CFPA Temp Sensor Converter per Appendix

4 ¢ V of TP32013-504.

f 9. Bring TMT software up using TLMY stream #2

TM COMMANDS REGUIRED:

« s,

it

¢ Power the following TM functions ON:

TM COMMANDS (ALL BANDS)

14

: TM: 001; PS1 CN

L TH: 004; Thermal Shutdown Enabled

TM: 0095 SME 1 ON / 2 OFF

i TM: 003; ™MUX ON (PS1)

3 THM: 007; TLMY Scaling ON

¥

f The choice of this configuration is optional and is to be used at

the Test Director’s discretion. If its use fails to support the
test adequately then the configuration shall be per phase - I DWG
3333100-300~-1 as originally specified by TP32015-514.

P
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OF POOR Q L‘TY A Subdsstiery of Hughes Awcratt Company . \NK
) INTERNAL MEMORANDUM cmﬂb%¥ OVE
To: J. L. Engel cc. Bata Bank (7)° DATE ZDD 2 June-1982 —
Optics File
Distribution REF: §§§§55g311
SUBJECT. Spatial Coverage FROM: J. B. Young
Band 6

BLDG. Bll MAILSTA 78

EXT. 6180

A deviation/waiver (D-156) has been initiated to request that

Band 6 IGFOV be calculated from component level spot scan detector
measurements in lieu of measuring the IFOV of Band 6 channels
using a scanned slit source per TP22015-514 Spatial Coverage

Test Procedure ACO7R.

For convenience a copy of TM System Specification GSFC 400.8-D~210
Spatial Coverage paragraph 3.2.3 and TM HgC3Te Band 6 Test Report
(applicable pages) for array 4-29-2G-120 are attached. Data from
e this test report was used to generate Table I.

Table I summarizes the linear and calculated angular Band 6 TGFOV

vaites. The telescope and relay optics geometrical and diffraction

contributors to image quality will not result in any appreciable

change of Band 6 IFOV. Thus the values tabulated in Table I

indicate the TM FM Band 6 IFOV meets the NASA specification.

In conclusions 1 believe the methodology proposed in the deviation/

waiver is adequate and justifiable.

%BW
James B. £é§ ng <j5

dz

Distributio D. Adams B3/89

D. Adams Bll/39
B11/39
R. B12/28 .
Y. Ban L/SBRC) c/o General E ric VFSTC ,

oom M7024
of Prussxa, Pa. 19406

B;dg

| SRS R K e A R T e St st SR

Lansing Bl1/40
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Table I. Band 6 Calculated IGFOV
Based upon detector and telescope measurements

Cross Scan Along Scan
Detector # HWy(inch HWy (inch) IGFOVy IGFOVy

1 .00780 162.5 ur
1 .00820 170.8 ur
2 .00760 158.3 pr
2 .00824 171.7 ur
3 .00786 163.8 ur
3 .00830 172.9 ur
4 .00800 166.7 ur
4 .00832 . 173.32 ur

IGFOV = Detector Half-Width ¢ (EFLpy x Relay Magnification, Mp)

e : ' EFL = 95.995

Mp = 0.5
Specification is: IFOV < 174.4 pr

Accuracy of Measurement: £ 16 ur

RN At I e Sl e S L A S

By

W}
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T™ HgCdTe
BAND 6
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TABLE 1V

‘TM %hgCdTe Derector Array . Array No.: ‘/‘Zﬂ‘ 2G - 120

b. Substraze cracis

c. Leads lifred,
peeled

d. Scratches on
leads

e. Bondine nads (6034

*Mark here to "°lag“ a problem. Examined by 4 (1 bl i1
Yol :

E'(—M—«-ﬂ ‘J'Cﬂ-v\. Sh‘g‘-\i' R IQ—S(.AKL ' Date ! q-?_?ﬁ)?

| IO Se: bbt\; < Subilvete .

HECEA&ICAL INSTEICTION {See Drawing 50959
Dimension Required Ob- *| Coanment
served
Arrav Heich: .0205=.0010 | <0207 |
Fl. #1 width .0081¢62.0002 -ooslsl
lencth .00816:.00011.00810! '
Arrav vicdzth .052 e=ax - 051 ' I
lenczh .088 =ax . 0a% s
Lead 1 to Suds. End .001/.005 l . 0723 ‘ ‘
Lead 2 so Subs. Ind .0017.005 - | .e3¢ { |
Lead 2 to Subs. Side | _.002/.0CS .00y | |
Lea¢ 4 to Subs. Side | .oci/.ocs | .oog | |
Measurements bycxfClx—prUI i
Date___9-272¢ '
. e VISUAL INSPEZCTICH (See Product Spec 16027) . ORIGINAL PAGE i@
3 OF POOR QUALITY
: Spec. Par. & Characteristic * Observed & Conments
;- 3.5.2} a. 0il, grease,
B conta=.
3 b. Loose onart.>10:
- c. loose vart.<lO:
.| 3.5.3]a. 1/3 of 1lead .
chinoed

3 —
SERL st CODI 1IDENT NG Numbte

PRODUCT SPECIFICATIONS
HgCdTe ARRAY (TM) Al 11322

[sc.ut l L34 I’s“"'

S = cemm = - eriee e cemmiee aen IS
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3 auamy INTERNAL MEMORANDUM | CDMO DATA CENTER
- | DO NOT REMOVE
¢ € To. F. R. Phillips €C pistribution AT Ees) S TR B 2 S
|y REp. 2221-612

: HS236-8027

=N
o

SUBJECT. Spurious Detector FROM: J, C. Campbell

C e Response Observed
: During ACO7R Spat:ial .
Coverage Testing . BLDG. Bl1l MAILSTA. 7g

v
s mre g

EXT. 6151

5 A potentially serious problem has been observed during ACO7R
Spatial Coverage Testing of the F-1 Model Thematic Mapper.
While positioning the scanning slit/source assembly in preparation
for later phase of the required testing, spurious signals
of up to 10% of peak were observed on Band 1l Detectors 1l

i and 2. This chance cbservation instigated an immediate search

A which resulted in locating two more unwanted geaks on the

: Band 1 FOV skirts and a similar set in three out-of-field

i locations for Band 2. At that taime Failure Report FR5776

. *On Spurious Response in Extended Far Field Locations" was

e initiated and a formal troubleshooting sequence was bequn.

’ Since then, additional data has been collected for Band ¢

S showing the presence of four spurious peaks. Bands S and

7 were similarly investigated with negative .results thus

indicating that we are faced with a problem peculiar to the

prime focal plane array.

STn e h s Ners ety o =38 ke A - - b

An additional test was undertaken to roughly locate the source
of spurious radiation with respect to the collimator beam.

This was accomplished by masking the telescope aperture,

one half of ‘ts area at a time. The mask when inserted over

top or bottom halves, cut the magnitude of the beam in half.
Inserted over the +Y half of the aperture, it reduced the

beam to 80% of maximum. Inserted over the =Y half of the
aperture, the mask pr~duced no change in-~signal level. The
spurious radiation thus passes thru the +Y half of the telescope

aperture.

atevmtas Ay a

r

: The initial supposition was that the observed effects might
r be due to light reaching the detectors thru the filters after
2 ¢ r multiple reflections in the TM optical system and/or in the
SR collimator and test equipment. Subsequent investigations
9 show that the light leakage is due to unfiltered light and,

2l therefore, ecannot be entering thru any normal optical path.

s 1 This was demonstrated by inserting various spare TM filters
into the optical beam near the collimator source and observing
¢ the effect on the spurious zignals. The evidence is as follows:

1) Looking ut a Band 2 Detector 2 spurious signal, a supplemental
Q Band 2 filter attenuates the spurious peak by about 90%.

A O v s
[ Tt S VSO
"y
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ORIGINAL PAGE 1S

. Y 15 June 1982
oF POOR QUAL : 2221-612 -
P. R. Phillips -2- HS236-8027

Spurious Detector Response...

2) Looking at a Band 4 Detector 2 spurious signal, a supplemental
Band 4 filter attenuates the signal by about 70%. When
clear glass was used instead of the filter, the signal
dropped by 10%.

3) Looking at Band 1 Detector 2, a supplemental Band 1 filter
causes all spurious signals to disappear. Insertion _
of a Band 4 filter attenuates the Band 1 signal by about
70%; the same as for Band 4.

Current speculation is that the observed effects may be due

to radiation reaching sensitive areas of the detector array

other than thru the attached filters. Such abnormal paths

could be thru the sides of the detector substrates or by reflect-
ions from gold plated detector lead wires. The precise geometry
of such effects is not presently understood. Dick Cline

and Dave Randall will be consulted concerning array geometry

with respect to possible light paths.

Further investigation is planned and may include:

1) Replacing the current tungsten filament slit/source with an
integrating sphere and slit with filtering that more
nearly represent the sunlit earth source.

2) Try a different slit size (currently 0.1 IFOV). A larger
slit might increase the wanted signal without increasing
the spurious radiation.

3) A more detailed survey of the aperture masking may be
performed.

4) Use more reascnable values of source current to more
nearly simulate actual TM radiation inputs. In order
to observe the spurious effects, lamp currents were increased
by up to 50%..

Since the last paragraph above was written, items 1 and 2 of
the further investigation have been completed. The additional
test results are as follows:

1) The ribbon filament lamp was replaced with the 6 inch SIS
that is normally used on collimator number 3. The primary
- purpose® of this change was to try to level out the spectral
radiance from the source to prevent Bands 1 and 2 (and 3
to some extent) from being overexposed to longer wavelength
radiation in the Band 4 region.
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3

C Spurious Detector Response...

a) Looking at the BlD8 signal {(100%) first, it was found
necessary to use 100 Hz filter on the output. The
100% response (SIS @ 7.65A) was 360 mv(rms). The spurious
signal amounted to less than 1 mv on a noise floor of
~ 1.8 mvirms).

b) 2 check of B2D8 gave:
100% response T 330 mv(rms) 2 + .0074" (Y-pos.)
noise + spurious £ 1.2 mv + 0.4 mv @ + .0694" (Y-pos.)
noise + spurious £ 1.2 mv + 0.2 nv @ - ,0576" (y-pos.)

-~
0

¢) A check of B4D8 gave:
100% response £ 360 mv(rms) & -.2216" (Y-pos.)
The spurious response could not be found so it was
decided to use a Lock-In Amplifier. Using a PAR 186-A
and process:ing the unfiltered signal from the Tustin
input gave the £followving data:

e 100% response = 0.64 V dc (on 500 mv scale) @ -.2194" (Y-pos.)

LT "o F 5ot ks < PN 7

7 7 e e’ TN BTN Ml 3

P ISR € At e e o o U 3T R, AR PR o TR A A oS > =9 E e Ki
. . ITTrI=ATan |

Spurious response signals appeared to reside at ccordi-
' nates =.1736" and =.1536". The signals were out-of-
phase with the 100% signal and were on the order of 0.3
and 0.4 V (rms) on a 2 mv scale. This gives a suppression
ratio on the order of 1000:1.

. 5 v
IR S vt v ot

2) Changing the slit width from 1/10 IFOV to ~ 1 IFOV (5 mils
at the collimator focal plane) and still looking at B4DS8
gave the following results:

new 100% response = 1.00 V dc (on 500 mv scale) @ -.2810" (Y-pos.i:
spurious response ~ 0.2 V dc (on 2 nmv scale) @ -.2340" (Y-pos.)
spurious response ~ 0.3 V dc (on 2 mv scale) € -.3130" (Y-pos.)
spurious response ~ 0.8 V dc (on 2 nmv scale) @ -.3450 (Y-pos.)

Positioning the slit at B4D3's spurious response Tone (-.3450)
and checking each detector's signal level gave even detector
spurious response signals in the range 1.5 to 1.7 mv (rms)

and odd detector response signals in the range 0.3 to 0.8

mv {rms).

A similar check on BlDl using the expanded slit gave a 100 mv
signaleat the band center with a largest -spuriocus peak of

3 mv at a displacement of -.0600 (Y-pos.). Even channel

B1D2 gave a spurious peak of about % this magnitude and

a further check of B1DS gave 5 mv.
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Spurious Detector Response...

15 June 1982
2221-612
HS236-8027

3) 1In addition, a detailed point by point scan was made for

B4D8 over the range -.3600"
The spurious response signals

in increments of .002Q0".

(Y-pos.) to =-.2100 (Y-pos.)

showed up as expected at the locations indicated above.

dz
Distribution: W. Adams
: L. P.ltman
Brandshaft

0'Connell
Plews

T. Sciacca
D. Young

J. Young
Data Banl. (5)
Optics File

Yol C. Campietl—

John C. Campbell

Bll/39
BL1/39
Bll/40
Bll/
/101
B12/90

11/78

Bl11/40

/79
B2/3%6

B11/78
B11/39
311/101
812/90
BL2/AF
BL1/78
B11/59
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P REF:  HS236-8031
£
: SUBJECT pvestigation of ACO7R Test Failure FROM: F, R. Phillips
‘' BLDG. B]1  MAILSTA. 79
. ExT. 6132
P Subject test failure revealed that Bands 1 and 2 show secondary peaks in
: t sensitivity well away from the nominal channel centers.
; A meeting was held on Monday, 14 June 1982, to determine what actions should
: be taken to resolve this failure. In attendance were:
\ D. Adams, D. Brandshaft, J. Campbell, C. Kent, L. O'Connell, A. Perline,
P F. Phillips, G. Plews, D. Rundall, and T. Sciacca. -
The following actions and assignees werc agreed to by the conferees:
Action Assignee
g \E 1. Document results of tests to date, . J. Campbell
: 2. Conduct special test - rerun tests using G. Plews
¥ two different aperturc masks.

% ) 3. Review Protoflight BL-16 and BL-17 test D. Brandshaft
L results to deteimine if swne condition existed.
f 4. Rcview PFPA construction sources., . D. Cline (?)/
; D. Randall
) ) The conferees will meet at 8 a.m. on Tuesday, 15 June, in Bldg Bll, Room

i A-711, to review the results/status of the action items listed above.

/)

72 Dt

F. R. Phillips/ Manager
Thematic Mapper Program
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Subject test failure revealed that Buwds 1oand 2 show <secondary peaks in
sensitivity well away frow the nominal channei centers,

o
.

A reeting was held on Mondayr, 14 June 1932, to deternine what actions should
be taken to resolve ~his failure. In atrendance were:

D, Adams, DL Brandsbare, L Caspbell, OO Koat, i Y Tonnei s, AL Perline,
PooPhilleps, Go Plews, D0 Rondall, ana L S,

"

3

R e The following actrons and assignees were aagreed to by the conforees:
FF?’

3[ Action Assighec

%é 1. Doawrent results ¢f tests o date, J. Campbeli

33

Y - .

i 2. Conduct special test - rer tosts using G. Plews

E’ two Jifferent aperiure sashs,

& 3. Review Protoflight BL-10 and hl-17 test D. Brandshaft
[ . . .

B results to determmne if same condition existed.

. 4. Review PFPA construction sources. D. Clane (?7)/

D. Randall

The conferces will meet at 8 a.m. on Tucsdav, 15 June, in Bldg Bll, Room
A-711, to revicw the results/status or the action items listed above.

22 AWl s

E. R. !’hllllps/'\!mm,m
Thematic Mapper Program
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TO: F. R. Phillips CC: Distribution S L el AL el QR 2
2221-612
REF:
EF: HsS226-8027
SUBJECT  gpurious Detector FROM: J. C. Campbell

Response Observed
During ACO7R Spatial

Coverage Testing BLDG. Bl1l MAILSTA. 78

EXT. 6151

A potentially serious problem has been cobserved during ACO7R
Spat:al Coverage Testing of the F~-1 Model Thematic .Mapper.

While positioning the scanning slit/source assembly in preparation
fer later phase of the required testing, spuriocus signals ’

of up to 10% cf peak were observed cn Band 1 Detectors 1

ané 2. This chance cbservation instigated an immediate search
which resulted in lccating two more unwanted peaks on the

Band 1 FOV skirts and a similar set in three out-of-field
locations for Band 2. At that tima Failure Report FR5776

"On Spur:ious Response in Extended Far Field Locations”" was
initrated and a formal troubleshcoting sequence was begun.

Since then, additicnal data has been collected for Band ¢ -
showing “he presence of four spurious peaks. Bands 5 and

7 were simrlarly investigated with negative results thus
indicating that we zre faced with a prohlem peculiar to the

prime Zocal plane array.

An additional test was undertaken to roughly locate the source
of spurious radiation with respect to the collimator beam.

This was accomplished by masking the telescope aperture,

one half of its area at a time. The mask when inserted over

top or bottom halves, cut the magnitude of the beam in half.
Inserted over the +Y half of the aperture, it reduced the

beam to 80% of meximum. Inserted over the -Y half of the
aperture, the mask produced no change in signal level. The
spurious radiation thus passes thru the +Y half of the telescope
apercure.

The initial supposition was that. the observed effects might

be due to light reaching the detectors thru the filters after
multiple reflections in the TM optical system and7cr in the
collimator and test equipment. Subsequent investigations

show that the light leakage is due to unfiltered light and,
therefore, cannot be entering thru any normal optical path.

This was demonstrated by inserting various spare TM filters

into the optical beam near the coilimator source and observing
the effect on the spurious signals. The evidence is as follows:

1) Looking at a Band 2 Detector 2 spurious signal, a supplemental
Band 2 filter attenuates the spurious peak by about 20%.
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2221-612
F. R. Phillips -2~ HS236-8027

Spurious Detector Response...

2) Looking at a Band 4 Detector 2 spurious signal, a supplemental
Band 4 filter attenuates the signal by about 70%. When
clear glass was used instead of the filter, the signal
dropped by 10%.

3) Lcoking at Bané 1 Detector 2, a supplemental Band 1 filter
causes all spurious signals to disappear. Insertion
of a Band 4 filter attenuates the Band 1 signal by about
70%; the same as for Bandéd 4.
Current speculation is that the observed effects may be due
to radiation reaching sansitive areas of the detector array
other than thru the attached filters. Such abnormal paths
cculd ke thru the sides of the detector substrates or by reflec:z-
ions from gelé plated detecter lead wires. The precise geome:iry
of such effects Is not presently understocod. Dick Cline
ané Dave Randall will be cecnsulted concerning array geometr
with respect to possible light paths.

Further investigaticn is planned and mai include:

1) Replacing the current tungsten filament slit/source with an =
intecrating sphere and slit with filtering that more
nearly represent the sunlit earth source.

2) Try a different slit size (currently 0.1 IFOV). A larger
slit might increase the wanted signal without increasing
the..spurious radiation.

3) A more detailed survey of the aperture masking may be
performed.

4) Use more reascnable values of source current to more
nearly simulate cctual TM radiation inputs. In order
to observe the spurious effects, lamp currents were increased
by up to 50%.

Since the last paragraph above was written, items 1 and 2 of
the further investigation have been completed. The additional
test results are as follows:

1) The ribbon filament lamp was replaced with the 6 inch SIS
that is normally used on collimator number 3. The primary
purpose of uvhis change was to try tu level out the spectral
radiance from the source to prevent Bands 1 and 2 (and 3
to some extent) from bpeing overexposed to longer wavelength
racdiation in the Band 4 region.

[P S UUII TSI YR S RIS MM Y
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Spurious Detrectior Response...

a) Locking at the BlD8 signal (100%) first, it was found
necessary to use a 100 Hz filter on the output. The
100% response (SIS @ 7.65A) was 360 mv(rms}. The spurious
signal amounted to less than 1l mv on a noise floor of
~1.8 mv(rms).

b} & check of B2D8 gave:

100% response = 380 mv(rms) @ + .0074" (Y-pos.)
roise + spurious £ 1.2 mv + 0.4 mv @ + .0694" (Y-pos.)
noise + spurious £ 1.2 mv + 0.2 mv @ - .0576" (y-pos.)

c) A check of B4D8 gave:

100% response = 360 mvirms) @ =-.2216" {(Y-pos.)

The spurious response could not be found so it was
decided to use a Lock-In A-plifier. Using a PAR 186-A
and processing the unfiltered signal from the Tustan
input cave the following data:

100% respcnse = 0.64 V éc (on 500 mv scale) @ -.2194" (Y-pos.

Scurious response signals appeared to reside at coordi~
nates =—.1736" and -.1536". The signals were out-of- -
phase with the 100% signal and were on the order of 0.3
and 0.4 V (rms) on a 2 mv scale. This gives a suppression
ratio on the order of 1000:1.

Changing the slit width from 1/10 IFOV to ~ 1 IFOV (5 mils
at the collimator focal plane) and still lcoking at B4D8
gave the following results:

new 1003 response = 1.00 V dc (on S00 mv scale) @ -.2810" (Y¥-pos.
spurious response 0.2 Vv dc (on 2 mv scale) @ -.2340" (¥-pos.)
spurious response ~ 0.3 V dc (on 2 mv scale) & ~-.3130" (Y-pos.)
spurious response ~ 0.8 V dc (on 2 nv scale) @ -.3450 (Y-pos.)

-~
-~

Positioning the slit at B4D3's spurious response zone (-.3450)
and checking each detector's signal level gave even detector
spurious response sigrnals in the range 1.5 to 1.7 mv (rms)

and odd detector respcnse signals in the range 0.3 to (.8

mv (rms).

A similar check on BlD] using the expanded slit gave a 100 mv
signal at the band ceater with a largest spurious peak of

3 mv at a displacement of -.0600 (Y-pos.). Even channel

BlD2 gave a spurious peak of about % this magnitude and

a further check of BlDS gave S mv.
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Spurious Detector Response...
3} In addéition, a detailed point by point scan was made for
B4D3 over the range ~-.3600" (Y-pos.) to -.2100 (Y-pos.)

in increments of .0020". The spurious response signals
showed u» as expected at the locations indicated above.

§elt €. Campdetl—

John C. Campbell

dz
" Dist¥rikuction: %. Adams B311/39
3 L. Altman Bl1/39
¢ D. Brandshaft Bl1l/40 -
5 e C. Cardona 2117102~

Zngel 8147701

G. ritt B812/90
C. Ke //;11/78
J. Lans 11/40
L. T{o g B11/79
W, Nichols B?2/36

A4f. O'Donnell
/// .. O'Connell
- G. Plews

/ :
/ T. Sciacca
D. Young |,
-. J. Young Bll/78
Data Bank (5) B11/59

Optics File

B
g
.
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INTERNAL MEMORANDUM COMO DATA CENTER

or DONQT REMOVE

To Instrabution CC ™M MO {8) !
<
REF  58236-8031
SUBIRCT - Investication of ACO7R Test Failure FROM  F. R. Phillips
€ BLDG 311 MAILSTA 7O
rar 6132
- ’ Subject test failure revealed that Bands 1 and 2 show seconéary peaks in
v sensitivity well away from the nominal channel centers.
A meeting was held on Monday, 14 June 1682, to determine what actions should
be tahen 10 resolve this faxlure. In attencance were:
. P, Adsms, DL Brandshafe, J. Camphell, C. Kent, L. O'Cennell, A. Perline,
{ ¥, Phili:ps, G. Plews, D. Randall, and T. Sciacca.

The follewing actions and assignees were agreed to by the conferees:

Action Assignee
1. Document restlts ¢F tosts to dave. J. Campbell
2. Cenduct specisl test - rerun tests using G. Plews
two &xfferent aperture mashs
3. Review-Protofl:ght BL-16 and BL-17 test D. Brandshaft
results to determune 1f same condition existed.
4. Review PFPA construction sources. D. Cline (?)/
D. Randall
The conferees will meet at 8 a.m. on Tuesdav, 15 June, in Bldg Bll, Room
A-711, to review the results/status of the action items listed above. -
w @/A//
F. R. Phillips/ Manager
Thematic Mapper Program )
~
LO/FRP/1bg N
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ReF  HS2365-8031
Imvestigaticn of ACOTR Test Failure FROM: F. R. Philliﬁs

BLDG B]]1  MAILSTA 79

rxt 6132

test fzilure revealed that 3ands 1 and 2 show secondary peaks in
1ty well away from the nominal channel centers.

ting was held on Monday, 14 June

2 1082, o determine what actions should
aaen o resclve thas ;allufe. In atten

cance were:

mobell, €. Kent, L. 0'Connell, A, Perline,

and T. Sciacca.

Action Assigree
I. Docwrent results of tests to date. J. Cargpbell
2. Cornduct special test - reiun tests using G. Plews

two different aperiure masks.

3. ReviewProtoflight RL-16 and BL-17 test D. Brandshaft
results to determine if same condition existed.
4. Review PFPA construction sources. D. Cline (?)/
D. Randall

The conferees will meet at 8 z.m. on Tuesday, 15 June, in Bldg Bll, Room
A-711, to review the results/status of the action items listed above.

22

F. R. Phillips/ Manager
Thematic Mapper Program
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OF POOR QUAL'TY A Sutsigsary of Hugnes Awcraft Company R CDMO DAL‘BANK
INTERNAL MEMORANDUM DO NOT REMOVE
.. Sediac ARl
TO:  § geribution c: G. H.jég, DATE: 40 apeii—idsi-
REF: HS236-7398-1
J. Lansing

SUBJECT: BL-10 Clarifications (Mviie)> FROM: W. Shockeacy

BLDG. 774  mAILSTA. 79
gxr. 4351

=

REF: HS236-6666, Test Requirements for BL-10, Radiometric
Calibration of Bd. 6, 29 April 1980.

I. Introduction
The purpose of this IDC 1is to clarify the method of determining
LEFF (effective radiance shown in Appendix B¥1n referenced ICD,

- and to call out more explicit definition of the end points of
! the detectors transfer characteristics. Since the issuance of
the initial IDC, more quantitative measurements have been made
on both the throughput of the entire TM instrument and the
e External Calibrator. :

1I. Spectral Response

Table C~-1 of Appendix BB depicts the normalized response of
the TM (from radiance input to the aperture to output of
the Bd. 6 detecters) for the 3 expected temperature states
of the CFPA, 90°, 95° and 105°K.
. The LEFF in Eq. 3 of Appendix BB is first applied to determine

the TM response to an IDEAL BB. Once this 4is determined for
a given IDEAL BB within the specified range of the
™ (LZFP 260°K to LEFY 320°K), the External Calibrator B3B

(either the RE?BB or HTFBB) equivalent radiance is determined
‘. by applying equations A, 2, and 3. s

To clarify this process, the expressions relating LEFF for an
IDEAL BB, HTFBB, and REPBB are given in Appendix BB, also. It
is8 recommended that tables be constructed for LEFF (IDEAL .BB)

L and LBFF (MTF and REFBB) vhich will be useful 4{n determining

CALIBRATOR BB temperature commands for desired LEFF (IDEAL BB).
®

* This Appendix is superseded by the attached Appendix BB.
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OF PGOR QUALITY .

External Calibdracor

The expressions in Appendix BB have been modified tc show the
appropriate transfer characteristic of the REFBB and MTFBB.
EFF traasfer equations are different
in that the optical puaths are diffecrent.

Graphical TM Detector HModel

Th~ gttached graph, Figure I, of Appendix BB 1is a model of

a typical detector expected transfer curve. The purpose of
the figure is to sbow how points on the curve are to be
determined-~by calculation, measurements, or by derivation
(a combination of measurements and calculations). The end
points on this curve wvhich will be determined by temperature
commands of the Extermal Calibrator BB's represent specified
equivalent SCENE tumperaturas. These temperatures are used
as the boundary extremes throughout all testing in BL-10;
therefore, any place in the BL-10 (HS236-6666) document end
point commands are called out, the temperatures of HTFBB =

251.3°K* and REFBB ® 323.8°K* are to be used.

NETD Calculations

A. 1In reference document, pg. l6a, change.to

Temp.°K 9L/3T(MR/Cn®-SR-°"K) @ CFPA = 90°KR-105°K
300 g 0.0137 L0131
320 0.0164 .ols|

PROTBFLIGHT PLUGHT §
B. In Ref., pg. 16e, change to

1) Py 0.85, 2) Pp = 0.89, 3) € = 0.995

C. In Ref., pg. 17£, - eliminate (f)

D. 1In Ref., pg. 19, NETD

L w effective radiance for IDEAL BB '

EFF

]

o LEF?/aT = data base values

# 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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A. Radiance/Temperature Relations

Several data reduction processes require conversions relating

radiance and temperature from various thkermal sources withim the

. TM, Ideal BB, and Extermal Calibrator. The following expression
i is to be used:

L = 1,19096 10" <Eiif;i> '

5 1.43879 10° _
A\ (EXP 5o 1)

e '? (’

spectral radiarce in Vatts/cm? ~ sr - um

t
[]

E A = um wavelength

¢ T = temperature, '

S
4
- .
.3
b
%

i . B, Radiance Calibration Determinations from External Calibrator

The spectral radiance, LEFF,-which is proportional to the ™™
multiplexer output is basically a function of two elements. One
element is the radiance from the Calibrator or an Ideal BB, and
the other is the effective transfer characteristics of the TM
components.

;I T RS ATGRE O

The first element may be expressed by the following equation:

P IR TSR TR
H v
= e e et £ oy
A .
P

L + (1 -

LeaLze/BB " %aLIB®BB PcarLre€sg’ Lp,u (B4 1)

Tigg

P,

PcaLIB = 0.85 for Refy, , 0.85 for MTF g

L
. ent
'

a4

€BB - 0.995 :

LT_,BB o° Radiaance of BB at Ti from (EqA)

L s radiance out'of CALIB

CALI3B

Rl CLac il 1l o do. £ A0 DL £ SASLERR Tt i L < i MR S
. -
P
N

. Ty

et e s am e h e e o meape < o
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e radiance of the calibrator mirrors (composite) as

TaH function of their cemp.,~¥r—:_$144—4_4%" s )
= 2T+ T, . T .
T,z 2Tasot 2Tesi* gy where subserigh a@ ganundlzr vonbers,

-

L

The seccnd element has been determined by measuring the thruput of
the TM instrument and is depicted in the following table:

TeorLiout Table C-1 TM Thruput for Bd 6 (2) (pu.mb)
CFPA CFPA crrf\ FLIGHT 3 | Temes’

ACum) (30%) - (95°K) (105%k)\ PET 43 DET.2, 4

10.2 .0306 .0306 .0306 ,02% .029
g 10.4 .409 ,409 .409 223 .329
3 10.6 .836 .836 .836 152 178
Eg 10.8 .919 .919 .891 .34 , 841
‘E e 11.0 .998 - .998 .838 821 475
E 11.2 .876 .876 .596 4 as5s
£ 11.4 .907 .803 .367 44 - .,938
:, 11.6 .891 .685 247 .9349 g2\
E 11.8 J721 © 437 166 454 a1
£ 12.0 437 .260 114 a4 413
E 12.2 .262 .164° .09 . 234 A4ss
3 12.4 .094 .067 .003 545 .894
E 12.6 .006 .004 - o042 .45
E', . 12.8 .0008 ,0006 g ,00% LA
[
x
E‘ The effective spectral radiance, LEFF' is calculated from the
ﬁ. following:
%
e Lepp = 2C1)  (2) X ¥ (Eq 3)

I(2) 4A
[

A w 0.5q(from 10.2 to lZ.gqm)

Q g See fb“ow"v\/ prge S alcrnate eiuod'-‘ov\

R TR TR TR R T T PR
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The calculations for (1) in this equati&h use the éétual meaéured
temperatures, Iz. of the mirrors in the calibrator.

i fed )’
Take,ag;rage of/calibrator mirror temperatures using telemetry F“““ﬁd&(

numbers 24—265—sanpd—27 This 1s required in the data reduction,
printouts, and plots wherever LEFF is called out for either che

MTF or REYF blackbody.

o

The above effective radiance takes ianto account the actual spectral
shape of the TM transmission and detector responsivity. This
effective vadiance can be translated to scene temperature by
substituting an IDEAL BB for the (Eq. 1) and finding the temper-
ature of the BB which gives the same effective radiance as the
calibrator. Conversely, particular temperatures of interest

can be substituted to find effectiva radiance.

-
:

ALTERNATE EQUATION

Leer = K,/(cxp(Kl/T —D (514)

e or CG"-‘/e‘Fgl‘j,
T= Ko (/e (Ez5)

whene
i ,'CFP:‘PA,‘ ove ?(oifog\:gkﬁ' Fl\g}—d" L %
e vetyd  pet.24

QoK Kz 61162 cosdd 40708

Kp: 12843 126077 1260.35
= S27].
1z K i' iq,;,‘? saome w5 GOK
2= ‘ '
= THS5 T
losK , !K.- g sae ns 9OK
TP

<

@ % Using awruge values, Kz 60776, K,212605E, gis
vesolts witTWi 0.05% fr Fi.
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TM RESPONSE TO IDEAL BB

(1) (2) &x
(2) AX
(1) L = 1.19096x%10°"
BB, TEMP
s - 1.43879v10% _
A (EXP i 1)
in watts/cm?sr pm, A = um, T240 to 340°%
in 5°K(INC)
AX = 0.2unm
(2) (See Attached Table) and calculate for

™ @ 90°K, L um S°R(INC) for 240 to 340°Kk
EFF .
95K

105°K
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de_ . ... . TM RESPONSE.TO REFRB/CALIB. _ .
5 i :
-1 (.
A z ii (1) (2) A
%.E L (TH)
S EFF, CALIZ3
5t A
? : L xi (2) AX
B 1
% { (2) See Attached Table @ TH (90°K)
A
e (1) Leuirp/mer.. = (0-995) (.89 L (38w + (1 - .995(.89)]LT
g1t ’ BB BB, . M
£ c
[
i 10.2
, L (128

¥a297(er Ta /v APrewrix BB)

Calculate (1) for Tc = 325, 320, 315/

TETEPTRARY AT
s

-
ﬂl’|

300°k, 322.7

¥

TFTTTF e PV (]
v

s TM RESPONSE TO MTF,,/CALIB

In Above Process, Replace (1) by Following:

10.2
- D Legrpmrr,, T (00999 (8 1y (ol + I - 995085 1L1 4y
10.2
1 (2.8’

Tﬁ- 297 (ol T3 /n APrERDI X .EB)
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INTERNAL MEMORANDUM .
¢ - '
TO:  pistribution J CcC: L. Linstrom (GSFC) DATE: June 3, 1982
0. Weinstein (GSFC) EF: HS236-8013
REF:  gED 111
ROM: . Lansin
SUBJECT: A Band 6 Calibration Problem FRO J g
{

BLDG. p11 MAILSTA. 40
- EXT. 6261

”
Y

A recasting of the equations governing band 6 performance
has led to a novel means of assessing the quality of the band
6 calibration data, which data now appear less promising.

The TM gain is defined as

G = %c2 " %%c1
= Lser

(1)

where Q = output signal, counts
L = radiance, mW/cm<-sr
scl, sc2 designate two scene elements

If TM band 6 views a scene giving exactly the same signal
as obtained from the shutter, the scene radiance (L ) will
: . esh
conform to the following eqguation;
Lesh Pt * LeVetl-00) = L Vep (2)
where p = reflectance
V = view factor relative to scene view factor
e designates scene equivalent
sh designates shutter
t designates telescope

Equation (2) is based on the fact that the detector's view of
the shutter is replaced by a combination of the scene and a
number of internal telescope parts when the shutter is aside.
Lumping all these as “"telescope" is a simplification which does
not affect the present argument. Detailed consideration of

the parts is shown in HS236-7434.

A similar equation can be written for the internal blackbody:

LeppPe * LeVe(1=0¢) = Loy Viioonm * Lsh Vsh™ Vob! * LshVeb (2=fshm!

where
bb designates internal blackbody
shm designates shutter mirror

(3)
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* The first term on the right of egquatiom (3) is the-~blackbody
radiance retlected toward the detector, the second term is the
amount of shutter radiance from areas beyond the mirror, and

M7 At
1‘,;1;-

S L ¥
W

. the third term is the radiance emitted by the mirror.
%i., Making substitutions in equation (1)
§§.' G =%b ~ %n i (4)

Lebb = Lesh

Solving equation (2) for Lesh and (3) for Lobb and substit-
uting in (4) gives

AR

&
£
RS

]

Pt

G = %b ~
(Thp = Lh) VebPshm 2t S

Setting this equal to egquation (1) gives
- L

e
$24

Qi e

V.9 .. /0, = b = %%n . Lse2 scl
bb"shm’ "t T 3 )
e bb sh sc2 scl

The left hand side of this equation should be constant, although
V?E might be slightly different from one channel to another.
A

g of the quantities cn the right hand side are available as
& a set at a number of times in the El Segundo thermal vacuum
57 test, where the two scenes are presented by the external
% calibrator, using the refeorence and MTF blackbodies. An attempt
¥ was made to determine the constant by using all sets wherein
& the internal blackbody was at its maximum temperature and the
g‘ external blackbodies had at least 30°C temperature difference.
g Both of these conditions aid accuracy.

The results are shown in Table 1. Some variation would
%‘ be expected because of noise and the size of quantization steps
] in the several quantities used in the calculation. The effect
g of these on the constant is estimated at 1.5% to 2%. Substantially
% larger effects are apvarent, for example the difference between
7 channels 1 and 4 which goes from 1% on day 259 to about 10% on
%’ day 266. The cooler was heated up for outgassing between '
g days 262 and 266, but this should not affect the constant term.

The shifts in values mean that the calibration of this
band is not amenable to the treatment recently attempted, which
was a search for correlation of signals with various telescope
temperatures.

The influence of telescope temperatures is obscured, as
can be shown by solving the equations for scene radiance in
terms of internal blackbody and shutter quantities, starting

Q with the gain written as -

A A S R QIR AR

i e e, RnY
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VbbPshm’ Pt 1
Day Time Ch. 1 Ch. 4 %
259 10:08 1.372 1.385 1
259 10:54 1.343  1.353 1
259 11:27 1.366 1.381 1
262 10:39 1.434 1.441 0.5
266 02:46 1.296 1.404 8
266 07:50 1.323 1.434 8
266 12:45 1.308 1.447 11
266 18:13 1,280 1.421 11
260 22:55 1.32% 1.451 9
Table 1 Vbbpshm/ot calculated from
protoflight thermal vacuum test
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sc esh
Substituting from (2) and (5) gives

Lge ™ (Qge = Qgp) ‘—————gbb_ _ Q&’h’ Vbb?shm’/ Pt * Ls sh/"t = LV (10, -1
‘ bb ~ 9sn .
(8)

from which it is observed that variation in J . inter-
feres with cbservation of effects frem the lasg Eerm, “which
contains telescope temperature effects.

The scurce cf the variation in V, b°sh /o is not kacwn, but

suspicion falls on V because re£188t3HCe Tp) variations of

this sort are unlikelV. 15 a function of the ceometrv of
blackbody viewing bv the de%ectcrs via the shutter mirror. This
conceivably can be affecced kv the optical masks in the path,
which are the ed ces of two openings in a small enclosure mcunted
at the mirror. This car+ is designed %o prevent stray reflections
which micht interfere when the detector should be viewing the
shutter. The part is small and mounted on the end of the moving
shutter, sutggesting the possibilitv of error due to small location
shiits whicn couldé vignette the channels differentlv. Such

shifts might, for example, be caused bv changing sets in the

flex pivots. -

It should pe emphasized that the preceding paragraph is
very conjuctural.

To use the band 6 data to best advantace in view of this
problem, it appears that absolute calibration could te based on
average response to the internal calibrator over all four
channels. Then the channel-to-channel balance xight best be
based on relative gains between channels as determined in thermal
vacuum testing combined with a study of channel differences when
viewing uniform scenes.

/7%

7 Lans1ﬂg A
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FROM: J. B. Young (3)

vrw

: An Alternative MNTF Approach -
Phased Knife Edge
BLDG. MAIL STA.
EXT.

[N

-

INTRODUCTION

Many concerns have been expressed on the adequate measure=-
rent of UTF for the TIM pregrazm. In part these concerns
are tised upon past progranm problems, especially MSS.

In addition a number of possible problems wvere raised in
BES236-5917 "TM Square Wave Response Evaluation" dated

24 Avgust 1%78. One area that was not noteé in the refer-
exced mexzo is the fact that the TN calibrater optical
syster has appreciable field curvature. This field
curvature introduces a veriazble NTIF across the usable
calidbrator field a=z ’

Y

The phased knife edge approach was initially generated
because of the field curvature effect. The intemt was to
devise a reticle pattern thzt would cover a significantly
sraller calibrator field angle than the current P/X 72209
Reticle, Modulation Bands 1-5,7. The resultant reticle
pattern is depicted in SBRC Drawing #76770 Reticle, Phased
Knife Edge Modulation Bands 1-5,7.

PEASED XNIFE EDGE PATTERN

Figure 1 illustrates the basic concept being employed.
Adjacent leading knife edges (KE) have 0.1 IFOV phase
shift. This 1is equivalent to saying the distance between
two adjacent leading KE is (2n + 0.1) 0.007225 4inch,
where n is an integer and 0.007225n is the width of a
space. The phase relationship assume the TM MUX samples
once per dwell time.

Table I shows the relaticnship between n, reticle extent,
and calibrator- field curvature. Drawing #76770 has been
dravn for n=5 and 8. A part with n=5 should be capable
of measuring opticazl and nominal electrical MTF. 1If

here are rmajor electrical effects, e.g., excessive
overshoot, it may be necessary to have a=8,
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Knife Edge(Phased)
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Fie.L PraseP KNIFE EDGE ReTicLe

RELATIONSHIP BETWEEN n, RETICLE EXTENT(Ay), FIELD ANGLE(S

TABLE T

FOCAL SURFACE CURVATURE SAG(Az)

1720

Ayt 8 Az
n (inch) (mtgz (inch)
% 0.5556 1.6 0.003
s 0.6929 2.0 0.006
6 0.8302 2.4 0.010
7 0.9674 2.8 0.013
8 1.1047 3.2 0.018
9 1.2420 3.65 0.023
10 1.3793 4.1 0.029
*hy = [10n + 9(n + 0.1)]1(170) (4Z.5X10-5)
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PUASED UNIFE EDCE USAGE

Figure 2 is a graphical rcpresentation of the phased KE
_ reticle., It is foldec for convenience. -Note.that each
G leading KE is nurbered J=1,2,3,...9. Data sanples
(m2jecr frames-¥F) are alsc numbered, e.g., MFI3100-3180.
There are 6320 zajor frames per channel per scan line.
Thus, Figure 2 represents & segment of 38 scan line near
its center. Two cases {1 and Il1) with different phasing
betveen KIZI and ¥F sampling are graphical illustrated
in Figure 2. The knife edge response (RER) half intemnsity
pecints occur at mzjor franes MFI=3118 and MFII=3167 for

areym

cases I and 11, respectively.
By inspectiocn of Figure 2 we can readily see that the

ta strear must be rearranged to construct the desired
KZIR, Tatle Il has been constructed from visval examinaticn
of Figure 2.

- AT S DA A
A Ty e 8 I I AT O P S 4 SRR TSR S T e
A
.
[A) B B

o e For convenience the angle $ is made zero at the half intensity
point and units of ¢ are in terms of IF0V, This convention
i, is arbitrary and others may be deered more suitable, Table

Il has been made for #1.5 IFOV. This range could be as
great as + 2,0 IFOV for n=4. If n were made greater
larger angular regions can be covered.

B R LT

Er» KER CONSTRUCTION ALGORITHM

The desired KER can be constructed using the following
methed.

1. Search through data stream, locate maximum and minimum
i signals.,

2. Calculate half intensity point by 1/2 (Max-Min) + Min.

'F 3. Search through data stream and locate major frame that
has signal closest to half intensity point (use only

¢ {: leading edge). This gives HFI=3118 and MFII=3167
i 4. Note leading edge (J) at which half intensity occurs.
E For cases 1 & 11
.
1 J, = 3
¢ 1

b3 ol il

o e

R
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KER CONSTRUCTION FOR CASE I and II

AT ey T g ot o S Ay, s
.

& MF MF .
(Irov) Case 1 Case I1
-1.,5 3157 - 3125
-1.4 3149 3117
-1.3 3141 .3109
-1.2 3133 3101
-1.1 3125 3174
-1.0 3117 3166
-0.9 3109 3158
~0.8 3101 3150
-0.7 3174 3142
-0.6 3166 3134
-0.5 3158 3126
-0.4 3150 3118
-0.3 3142 3110
-0.2 3134 3102
-0.1 3126 3175

0 3118 3167

0.1 3110 3159

0.2 3102 ' . 3151

0.3 3175 - 3143

0.4~ 3167 3135

0.5 3159 3127

0.6 3151 3119

0.7 3143 3111
“0:8 3135 . 3103

0.9 3127 3176

i 1.0 3119 . . 3168

1.1 3111 3160

3 1.2 3103 3152

1.3 3176 3144

1.4 3168 3136

1.5 3160 3128

:
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5. The following algorithm is for our cases where
n=4 IFOV

use MF=MF(1/2) - 10(2n)¢

1f MF(1/2)-(J~1)2n=-2<MF<MF(1/2)+(10-J)2n+2
use MF=MF(1/2)-10(2n)¢+10(2n+0.1)

: if MF<NF(1/2)-(J-1)2n-2 when

| MF=MF(1/2)-10(2r)¢

Dse MF=MF(1/2)~-10(2n)¢=-10(2n+0.1)

: if MF>MNF(1/2)+(10-J)2n+2 when
) 0 MF = MF(1/2) - 10(2n)¢

L3

The above algorithms satisfy cases I and II. -It is not
known 1f the algorithms are completely general.

After the KER has been generated it can be converted to MTF
. by differentiating the KER and taking the Fourier Transform
s of the resultant line spread function (LSF)

DKER
LSF(y) = Sy
EZLSF(y)sin2ﬂf yAy)2+(£LSF(y)c082nf yAy)%] 1/2
MTF(f ) s s _
8 LLSF (y) by
: CONCLUSION

- A phased knife edge reticle pattern has been described that
" will permit KER data to be obtained at the TM-TM calidbrator
configuration with scan mirror operating. Algorithms have
been developed to permit KER construction via computer -
data reduction. The linear extent of the phased knife
edge (DWG. #76770) 1s significantly smaller than the current
MTY patterns (DWG.#73209) and thus the deleteriocus effect
e of the T calibrator field curvature is recduced.

O[f.. B\u;c'\&v\
J. B. Xdung

/bect
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% Y0: J. Engel : cc: A. Gardner DATE: 12-10-79
e R. Hummer ReF: HS236-6514-1
{ SUBJECT: An Alternative MTF Approach ~ Phased FROM: J. B. ?ou?g

‘t

Knife Edge - Addendun BLDG. MAIL STA.

EXT.

HE SRR LT Lt

Y

Ref: HS236-6514 entitled "An Alternative MTF Approach =
Phased Knife Zdge

81g

D N L R B e

i The methodology described in the referenced memo for KER
§ Construction Algorithm was not general enough. In fact
. it did not cover all aspects of Cases I and II. A more
¥ cocplete method is given below. :

KER CONSTRUCTION ALGORITEM

The desired KER can be constructed using the following

d sequence.
,

SLAPWPIBIINRTA T T s Y

&

% 1. Search through the datz stream, locate maximum and

£ niniaum signals.

Q v 2. Calculate the half intensity point S{1/2) which 1is

" equal to S(1/2) = 0.5 (Max-Min) + Min.

Z 3. Search through the data stream and locate major frame

2 (MF) that has its signal closest to half intensity

I3 ; point, 5(1/2). (Use only leading edge) From Figure

i 2, referenced nemo, we have MFI = 3118 and MFII = 3167.
? E ' 4., Note leading edge (J) at which half intensity signals
T . occur. For cases I and II .

;

g

E_ NS Y - -

oo JI(1/2) 3, JII(1/2) 9.

3 % 5. A KER function is desired. This function consists

g : of an ordered set of signals.S(1) with the corresponding
% - associated angles ¢(i). By "ordered'set" 1is meant

[ as ¢(1) becomes more positive S(1i) becomes greater.
ERE

- 6. The data stream {MF) must be rearranged to achieve

§ ¢ this KER function. Thus, we need to have the following
1 data set

g

% . ag Yhere MF {s a rmajor frame nucber,

g 1

P

£

EbC
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7. Deterzine the wmaximum and mininum major frame within
this data set. These values will depend upon the location
of the half intensity signal major frame, MF(1/2).

MF(Min )=MF(1/2)-(J(1/2)-1)(2n+0.4)-0.5n
MF(max) = MF(1/2)-(10-3(1/2)(2n+0.1)+0.5n

Now all signals, S(i), used in the KER function must have
associated major frames, MF(i), such that
¥F(min) < MF(i) < MF(max)
8. The phased knife edge pattern cycle extent is given by
2n + 0.1.
9. The relationship between MF(i) and ¢(i) is

. _ 2n O(MF)
MF(1) = MF(1/2) + 50 = d (1)

oy ME(Li) = MF(1/2) - 10(2n)é(1).
d 10. Additional selection rules are:
If MF(4i) < MF(min), calculate
MF' (1) = MF(1) + 10(2n + 0.1). If
MF' (1) > MF(min), use it. If
MF' (i) < MF(min) calculate .
ME" (L) = MF'(i) + 10 (2n+0.1). 1If
MF"(4) > MF(min), use it . If
MF" (1) < MF(min) continue the same type sequence.
11. ;f MF(1) > MF(max) calculate
MF'(i) = MF(i)-10(2n+0.1). If

MF'(1)

IA

MF(max), use 1it. If

MF' (1)

v

MF(max) calculate

MF" (1) MF'(1)-10(2n+0.1). If

MF" (1)

Q MF" (1)

MF(max), use it. If

[y

\4

MF(max) continue the same type sequence=

N T P/ ) Cmnte Sl & ALt Ty Bt (AR b e S e ok (@ S Y g Tees Petcr

T
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12. It 15 emophasized that the relationship

NI B L sl ol
ks SRS

T
¢ (’ MF (1)
3 3 MF(2in)< or MF'(1) < MF(max)
3 ; , Yor MF"(1) :
- (or ete
59
3 I must be satisfied.

I believe the above Algorithm to be general. However
exhaustive checks have not been made.
i 4. Chapman

N
Chen

‘lf R. Cline .
N.

Distribution:
J. Canmpbell

e R R T TR
2

it
2=

Pl iy

Dougherty
, J. Errzlich
1 D. Errett
4 K. Hubbard
4 D. Lange
E R. Osgood
f J. Reed
3 L. J. Richter
" M. Sheinblatt
E P. Thurlow
; T. Tourville
] J. Walker
y T. Wise
“ TM Distribution (11)
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FROM: P, Thurlow/
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UBJECT. Square Wave Response From Edge Tunction

It is desired to obtain sguare wave response (SWR) of various
TY - zssociated optical systems. SWR can be cocputed directly
"fron nmeasured knife edge (KL) data, without goirng through
intermedizte steps of linme - spread - function, MIF, etc.,

by using the folliowing numevrical integration method--

(1) Assume a data file containing I(”O
N knife edge response values,
I (M), at knife locaticas,X(¥).

/ (The X () neeé not be equally
U spaced, and I(M) (¥axicun)
need not be normalized to 1.0) X (™)
/‘J" - m
é? (2) For a single spatial frequency, ’ i (e
v, superpose a sufficient number T = / L
of SUR bars across the KE funetion - s
to cover the KE range from Z(3) . ~4 ./
minioum to maximum KE. / yd
I® 1 //
(3) Find the unobscured area of the ) 7 /
associated line spread function o)) J/ ,//
by taking differences of KE fj, / /f
intercept values at the bar edges i
for cach of the unobscured areas e KE ramggu_;ﬂ;
of the KE function. Sum those
differences, c¢zlling the sum § (v) In the illustration-

S, (V) = (I(2) = I(1)) + (I(4) - I(3)) + (I(s)-~ 1(5%

In general, KE data points will not correspond uith*intercept
locations, and a linear interpolation would be appropriate
to obtain KE function values at intercepts.

(4) Analytically, shift the bar pattern 0.01 cycle of spatial
fregquency (right or left). Repeat step (3), finding Sz(v).

Continue, shifring bars Iin the same direction by .01 cycle
Qi incremnents, covering oue complete cycle of bar pattern,

and generating Sl(v) ......Sloo(v). .o
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zimzm and S(wainimum values out of the 1008 (v) set.

Ccmpute SWR =S (V) max - S(V) min
S(v) max *+ S(v) min .. T

Rzpeat steps (2) thru (8) for other spatial frecuencies of interest.

Store and print a table of SWR v) VS. (V)

(v) SUR (v)

Since computztions are executed at memory speed, the overall run tine,
fer bar patterns gl to 100 bars per KE range, should not be excessive.
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;}” Distribution:

~ K. Butbard Tl Distr. (18)
g; T. Wise J. Canmpbell
% J. Young G. Pleuvs
% J. Walker W. Haake

E. Burke

p

e ORIGINAL PAGE IS
‘ OF POOR QUALITY.

RER i Stz A L et gt
»,

Rinrelhy

bRk
J.

@ FNGTRGA Ay
™\

s o re o



R R S S e S e

'\l..}?:‘"g

IR

WL

R

3 3
¢

S P R BT R S S S AR SR L PR B

s
A

i P T e SR R g

a5

e

! \ , N ‘
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QRIGINAL PR SANTA BARBARA RESEARCH CENTER
OF POOR QUAL‘W A Sudsdiary of Hughes Awerati Company

TO

SUBJECT:

INTERNAL MEMORANDUM

J. Young CC: R. Cline DATE: 5 June 1981

J. Engel REF: 2221.310
Optics File " H5-23L - 33

FROM: . .
SWR for T.M. Engineering P. Thurlow

Model Detectors After :
Deconvolution of ; BLDG. 774 MAILSTA. 78
Calibrator Blur . EXT. 4267

An attachment shows preliminary SWR values for Band 1-5,
7 of T.M. Engineering llodel detectors. The S¥R per band
ere averaged over those detectors which appeared to be
crerable znd produced a reasonable clustering of SWR
vzlues. The degree of clustering obtained is indicated
by the associated sigma values,

Te cobtein true SWR for the M, spot broadening introduced
bty the calibretor zust te accounted for in sczme way., If
we were cealing with MTF instead of SWR, the procedure
would be to divide combined EM-calibrator MTF by the 30
neter tar, calibrator measured MTF of 0.88. This would
elevate the EM MTF by a factor of 1/.88 or 1.136.

In the case of deconvolving SWR numbers, we do not have such
a simple rule available and will resort to blur size analysis
to produce a SWR enhancement factor comparable to the MI¥
enhancecent factor. One might expect the SWR factor to be
larger than the MTF factor by reason of the steeper slope

of SWR versus blur size as compared to a lower MTF slope
value.

Blur Size and SWR Analysis

(1) Compute Calibrator Blug Diameter, B:

Use a 30 meter bar calibrator MTF = 0.88. Fror Smith,
figure 13.51, p.405, MTF = 0.88 at a (v)(B) product of
abourt 0.30, vhere v= spatial freq. in cy:les/rad and

B = blur diameter in radians. A more accurate wvalue
of VF is obtained using Soith, eq. 11.43, p.320:

//,TF(\J): im)_)) ) J"' = /52‘ ng{[“ Bcs;c/ ;“"47/‘!;1
7By ’
- oy
5)/ Irla.{ j ‘ 13»('?0)- AV .40(? _ 20 20
,m‘rr(.w/);f_é—;—— : ~ E
V7 R (luo\: < Tl('}ﬂ) : =~ ”gﬁi_; . E & Al -
o /. O
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extrapolation zezsures. Thertefore:

¢
TEY =les  Gv: "7 =.3/83
-
2 30 meitr Sar V2765 cyeles frachan
r 2 * ‘-
: A .3/83  ,3/83 o o~ [ “/.,/,-.z/{; Ll
% 10,74 5"

; © (2) Cezpzute bdlur SfV/CAL for the EM-calibrator cezbination,

vsing a tcugh velue of SWR = 0,270 frox= the attached

set of BL~16 nezsurements:

<’ o ,C'V_OI.‘ S"‘.A:\o\ :.7_70 - &’“YZS‘# " -

. Sz + dzn

1f spot fractional area fl is exposed at Szax, and f

exposed at Szin:

: C A -fa . -
.j&iii = ii T — - }i -V = 740
Sans = Fz 'f%

L - 2.740

The .EB802 MTF should be close enough to avoid further

s temn
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The segzen a is: i
eg t area, f2/2

. \

- . :
~ - o~
- - /- - .'q.-'/— :/9 - et )

. s Jr i3 7 /
S 4&/?;: it = x2.7%0
RE(@ -t @) B~ |
R PPy .
A T4 O )
+ ° ‘

Tne 8 value will be about 1i5°,
To find & exaczliv, bracket 115°, and Znterpolsa

D £:/10°: Frrw = (F7i7=.9357 z0.77

& {

s 7/
> & = :-"r: U-/dy.‘_,o- :’515“.-‘ YJO’G’/:?D..,
Nt - : - . -

wew, solving for the blur diazetex: B = 2R

L e B ices TE355E 246
R~ o
z - £ AR /2 . 2L:n§/4r44(= 459'3’Cﬁ‘f40/
=(g) e (0h) . FRel
% o 8 = 2R = B1.02 eraéd blur for EM/CAL

De-convolve calibraﬁsr blur from combined blur to get
EM blur. This involves an assumption that the blurs
cozbine as RSS, vhich is reasonable, but perhaps should

be verified in detail. Using that asscvamption:

¢ - = < > *“
. -\‘4 }?-M*{ac
L) S HP > L l,= Y Y= »
pem s, -7 2ltnied)t -aro5)* = 76-37 rad
., < H ﬁ'f_/"‘ _ 3?.1‘ ol _r:_o_'/
Fu — =

i e carme i

=i -v.:
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(L) Tind chscuraticn &area and SWR for EM blur:
-l ' - - - -
ces'® o' Lo 20aY L SI6E B L sy p0
L. - - . J T ‘ 7
K-_:M _;g./)
O ~-swB = 1780 - FAE: /.03 6
- -~ /7, | . - . . =
A/, 2 Tlos.3)= 7/lo36 F 503>
.
C..A,{ﬂ-l [ 4
fe—\" = =t = F -0 = 2.2 %
N B 7L EN £ [
SDJK, = a0 N - - 1053 - ..34¢3
Fa - . . -
‘/.C.—n;_ ‘l/:wv..)‘? , 3. '2 l
Cecanclusicn
Trez the eteve, iz would zpresr that the SWR enhancexent
ratic bty cali®rator >lur deccnvolution should be the order
of .34/.27 or =~ 1.26.
& Lppliying this facter to zeasured S“REH/CAL:
A
SWR Before SWR After
Calibrator Decoanvolution Calibrator Deconvolutic
3 .
Zand: 1 .2801 .3529
2 .2718 . 3425
3 .2388 .3008
4 .3014 .3797
5 .2439 .3073
7 .2927 .3688
14 /
/ R 41&”-
. P. Thurlew
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ENCINZERING MODEL SQUARE WAVE RESPONSE .

SUMMILPY OF EESULTS TO 2 JuLE 1981

iLveregesble Detectors
.

tverageeble Detectors

tveragezble Detectors

.
i

(2}
[:4)
[ 3]
0
1]
7t
(B
n
8]
(4]
14}
1]
0O
e
[¢]
"
[}
[

itverageable Detectors

D) Averzgeable Detectors

iLverageable Detectors

SWR
€@ 30 METER PAR

0.2801

0.2718

0.2388

0.3014- .

0.2439

(TBD)

0.2927

o SWR

0.0168
0.0214
0.0243
0.0212
0.0029"

(TBD)

0.0439
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