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1. INTRODUCTION

This final report, submitted in accordance with Article XXVII of Contract
NAS 5-25050, documents the development of the Multispectral Scanner System for
Landsat D as conducted by the Hughes Aircraft Company. The first six sections describe
the overall program, the technical requirements, and MSS-D performance against those

requirements, and the development of the software and test equipment required for
system performance evaluation.

The protoflight model and F-1 model test history, performance data, and data
analysis through ambient and environmental tests are described in Sections 7 through 12.
Specific problems encountered with system noise, flex pivots, shutter synchronizer cir-
cuits, and others are described, along with the corrective actions and verifications.

1.1 PROGRAM BACKGROUND AND HISTORY

The Multispectral Scanner System (MSS) was designed and developed on a NASA
contract starting in 1969. Several contracts followed which resulted in the development,
launch, and operation of three systems, on Landsat 1 (originally ERTS), Landsat 2, and

Landsat 3. MSS-3 (Landsat 3) was the first five-band system built and launched, the first ‘

two systems being four-band instruments similar to the present MSS-D, All three
instruments were launched aboard a Nimbus class spacecrait built by General Electric

Company for NASA {see Table 1-1). These systems initiated the now worldwide earth
resources activity.

In the 1970's NASA developed plans for a second generation system to provide
improved earth resources technology for the 1980's and beyond. A new spacecraft design
was conceived utilizing the multimission modular concept with TDRSS and shuttle com-
patibility., The spacecraft would be optimized for earth resources data, include a sophis-
ticated second generation instrument, the Thematic Mapper, and fly at a lower orbit
(705 km compared to 919 km for MSS 1 through 3). It was also decided that continuation
of MSS data was required to complete current earth resources programs as well as to

provide a transition period for the Thematic Mupper. The new earth resources program
was designated Landsat D.

Hughes prepared a proposal for the MSS-D system and submitted it to NASA/
GSFC early in 1978, A letter of contract was issued 29 March 1978 to proceed with MSS-

D development. The contract was definitized and negotiations were completed on 31
July 1978.

820015WP 1-1
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TABLE 1-1, ON-ORBIT MSS INSTRUMENTS

Instrument Launched
MSS-1 (four-band) 23 July 1972
MSS-2 (four-band) 25 January 1975
MSS-3 (five-band) 5 March 1978

An earlier long lead study contract was completed in March 1978 to help develop
the design and aid the long lead activities prior to program go-ahead. A study report was
issued for these activities under a separate contract.

1.2 PROGRAM PLAN AND OBJECTIVES

The initial plan for the MSS-D program is summarized in Figure 1-1. The plan
included the development of a five-band protoflight model to be delivered in January
1981. An option was included to integrate and environmentally test the engineering
model units from June 1979 through January 1980. These tests, if accomplished on the
engineering model system, would reduce the test time required on the protoflight model,
thereby providing an earlier protoflight model delivery (December 1980). This option was
not exercised, but a compiomise engineering model system assembly and test program
was eventually agreed to.

After difficulties were encountered in orbit with the fifth band on MSS-3, NASA
decided to delete this band on MSS-D. On 22 September 1978 a contract modification
was issued deleting the requirement for the fifth band.

Early in 1979 Hughes submitted a proposal to NASA/GSFC to add another flight
system, designated the F-1 model, to the contract to act as a backup for Landsat D. Go-
ahead was received on 1 April 1979 to add the development of the F-1 model to the cur-
rent contract. The revised plan is shown in Figure 1-2. The protoflight and F-1 models
would both be four-band systems as shown in Figure 1-3. The protoflight model delivery
was scheduled for 24 December 1980 and the F-1 model 1 July 1981. The plan aiso
included the revised engineering model assembly and test program, and became the
baseline for all program operations. The actual schedule performance achieved is shown
in Figure 1-4.

The principal tasks for the MSS-D program and, therefore, the primary
objectives of the program were as follows: '

Design

1)  MSS | through 3 would be used as baseline design; for user compatibility,
data rates and formats kept the same for MSS-D

2) Baseline design modified for the lower orbit

3) Interface compatibility with new Landsat D spacecraft provided; different
power system, telemetry, command, and redundancy schieme

4) Design improvements over earlier MSS incorporated

5) Bench test equipment redesigned and upgraded
1-3
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" Development Tests

s

1) PBreadboards

g“ a) Primary power supply - added unit for spacecraft compatibility
3 b) Selected circuits - command and telemetry functions and circuits
- which underwent major revisions
é‘* 2)  Engineering models
gﬂ a) Modified engineering model scan mirror assembly
b) Modified engineering model multiplexer
g c)  Partially modified scanner (no optics or detector changes
incorporated)
{ d) Engineering model system assembled and electrically tested

3) Life tests
a) Scan monitor laser diode
b)  Scan mirror assembly dampers

Qualification Tests

1)  Units/components
a) Laser diodes
b)  Photodiodes
c)  Primary power supply
d)  Scan mirror assembly electronics
e)  Multiplexer
2)  System
a) Protoflight model
All of these principal tasks were completed over the course of the program.

A timeline of the key program historical events from the beginning of the pro-
gram through completion of the F-1 model system is presented in Figure 1-5.

i This report completes the final deliverables as defined in the contract. The
remaining effort is to provide support at the direction of NASA/GSFC for pre- and post-
launch activities for the protoflight and F-1 models.

) 1-5
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2. SUMMARY

2.1 DEVELOPMENT

The MSS-D program has been a technical success. The challenges to overcome in
the execution of the program were: 1) to adapt the previous design to the new orbital
altitude and modified spacecraft interfaces of Landsat D; 2) to correct mutually agreed
upon design deficiencies of the former flight systems; and 3) to streamline and upgrade
the analysis capabilities of the test hardware and software so that system performance
evaluation could be completed rapidly and with unambiguous results. All three chal-
lenges have been met successfully.

Modifying the design to meet the new interface requirements of the Landsat D
mission was the most comprehensive effort. To operate from the Landsat D orbital alti-
tude of 705 km,rather than the former altitude of 919 km, implied an increase of scan
angle and a re-layout of the focal plane array geometry. In modifying the scan mirror
assembly for the larger angle, a control loop instability resurfaced which had caused
problems back in 1971. After additional tests on the engineering model, flight hardware,
and simulations of the scan mirror control loop, a stable operating point was selected for
the flight hardware. All the telemetry and command circuitry was completely rede-
signed for the Landsat D spacecraft interfaces. The redesign was straightforward, but
involved extensive rewiring and re-layout of circuit boards throughout MSS-D. The pri-
mary power supply was a completely new addition to MSS-D. To make room for its addi-
tion, the existing radiometer power supply was repackaged and moved from its location
in the electronics bex to the aft optics area where the detectors and high voltage power
supplies are located. The function of the primary power supply is to take the positive
polarity unregulated bus voltages of Landsat D and scale them into negative polarity
regulated voltages required by the rest of the MSS electronics. Although the development
effort associated with the new power supply was painful and accounted for significant
schedule delays during the integration phase of the program, the resulting power system
is now debugged and was trouble-free during the system test phase of the program.

Several changes were made to the former MSS design to correct known problems.
A timing problem existed in the multiplexer analog-to-digital converter which caused it
to make an occasional one bit erroy in conversion. A change was implemented to fix this
problem, and tests were performed to verify the fix. The scan monitor, which is used to
start video out of the multiplexer at the beginning of each scan line and as a primary
reference for scan mirror position, was very sensitive to angular misalignments on
previous MSS instruments. The light sources in the scan monitor assemblies had been
1970 vintage GaAs light emitting diodes. The scan monitor was desensitized to mechani-
cal misalignments, and more modern GaAs light emitting diodes were procured having a
much longer expected mean time to failure. Additional backup capability was designed

820015WP
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into the multiplexer to assure no loss of video data in the unlikely event of a failure of
the scan monitor assembly. During the assembly of the video buffer amplifier cards,
another defect was found in the design which made the bandpass of the video electronics
dependent on the gain setting (high or low) of the buffer amplifiers. The correction of
this defect showed up in the system test results as improved margin over earlier systems
in square wave response.

Because of improvements made in the test hardware and software, data analysis
and performance evaluation were more timely and revealing of system performance than
formerly. A considerable effort was expended to make the computer algorithms fault
tolerant so as not to bring testing to a halt in the presence of erroneous data. The
computer hardware capability was upgraded to allow large off-line programs to be
brought on-line to the Prime 300 test computer. Algorithms that could produce
ambiguous or erroneous results under some conditions were modified or replaced. We
were thus cognizant of genuine flight hardware anomalies in near real time and spent
little time chasing "ghosts" of flight hardware problems which later turned out to be
algorithm faults in disguise. The net result is a high degree of confidence in the accur-
acy and completeness of the test results summarized in 2.2 and reported in detail in the
remainder of this final report.

2.2 SYSTEM PERFORMANCE SUMMARY

The MSS-D protoilight (PF) and flight (F-1) model both performed satisfactorily
throughout system acceptance testing. Table 2-1 gives the key performance parameters
for these systems. Some out-of-specification performance was observed, but none which
would prohibit either of the MSS-D systems from operating satisfactorily in orbit. The
following paragraphs discuss each of the performance parameters in turn, emphasizing
those features of the test results which are particularly noteworthy. A more detailed
discussion of system performance is given in Section 7 for the protoflight and in Sec-
tion 10 for the flight model.

The parameters of particular importance for MSS-D system performance evalua-
tion are signal-to-noise ratio (STN), corrected signal level (COSL), with its related
specified performance parameters deviation channel-tg-channel (DCC) and deviation
band-to-band (DBB), square wave response (called here MTF) and the scan precision
parameters, line-to-line variation (VLL), scan repeatability (SRO), and cross-axis
repeatability (CXAXO).

2.2.1 Signal-to-Noise Ratio

Values of STN presented in Table 2-1 represent the best estimate of the nominal
STN performance of each instrument at the specified radiance levels. These numbers are
based on data taken during scanner calibration runs against the GSFC-furnished integrat-
ing sphere. The numbers displayed have been extrapolated to the specified radiance
levels using the noise model discussed in 7.3.2. These data are considered to be more
representative of scanner performance than those measured during acceptance testing
using the test collimator for the following reasons:

1) The presence of test cable and other test equipment induced noise during

the regular (collimator) orbits tends to mask the scanner's true
performance.
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2) The presence of collimator light output variatioas due to collimator source

spatial nonuniformities and power supply instabilities tends to corrupt the
scanner noise perfcrmance with collimator (test equipment) noise.

Reruns of the data using a collimator noise estimation algorithm helped signifi-
cantly to eliminate the errors in STN estimates. Since the integrating sphere is
presumed to have a spatially uniform output, its use eliminates concern over spatial
nonuniformities and, for that reason, its use for STN estimation is preferred over data
taken with the collimator.

The degree to which the test equipment introduced noise into the measured data
is discussed in 7.3 and 10.3. These sections provide a detailed discussion of MSS-D
signal-to-noise ratio acceptance test performance.

2.2.2 Signal Correction (DCC, DBB)

Since the individual gains of each of the channels in a band are different for the
same set of environmental conditions (e.g., temperature, pressure) and each channel has
its own characteristic behavior as a function of these conditions, all of the channels in a
band must be normalized (corrected) to a common signal level so that ground processing
equipment pictures of a spatially uniform source appear unstriped. The concept of the
corrected signal level was developed on earlier MSSs to provide a quantitative means of
assessing the capability of the internal calibration system to supply the gain and offset
estimates required to perform this normalization.

Deviation channel to channel is the parameter which provides the necessary
assessment of "de-striping" performance. It is defined as the percentage difference
peak-to-peak of the individual COSL for all channels in a band relative to the band aver-
age COSL for that band. The specification for this parameter is that it be less than
2 percent. Measured performance which exceeds this specification and is not traceable
to test equipment problems is an indication of inadequate gain correction capability of
the internal calibration system.

Both the MSS-D protoflight and flight models exhibited a number of out-of-
specification values of DCC, especially during thermal-vacuum testing at temperature
extremes. The number of out-of-specification measurements under these circumstances
can be reduced if calibration at the various temperature plateaus is permitted, as was
done on MSS 1, 2, and 3. The success of this calibration-at-temperature is dependent on
the stability of the corrected signal levels at a fixed temperature level and the repeat-
ability of the corrected signal levels on return to that temperature. In some of the
earlier MSS scanners, the calibration was repeated even on return to a temperature level
previously attained.

The stability and repeatability of the COSLs for the MSS-D protoflight and F-1
were sufficiently good that reprocessing of the data with calibration at the temperature
plateaus significantly reduced the number of out-of-specification cases. Even channels
which exhibited very deviant behavior were brought into specification by this process
(see 7.4 and 10.4).

As with earlier instruments, it will be necessary to perform system calibration
close to the operating temperature of the instrument to ensure DCC perforfnance within
specifications.

t
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Deviation band-to-band is the peak-to-peak spread in the ratio of the geometric
mean of COSL across all six channels in a band relative to the value of this mean at the
time of calibration. It is required to be less than 3 percent of the ratio of the mean of
the band average COSLs to that mean obtained at calibration. No out-of-specification
DBB performance was observed during normal acceptance testing of either instrument.

The complete history of signal correction performance during MSS-D acceptance
testing is given in 7.4 and 10.4. DCC and DBB performance history is presented, and the
results of reprocessing with calibration at temperature are described in detail. Gain
versus temperature plots for all channels are provided for both instruments.

2.2.3 Square Wave Response (MTF)

In this report the square wave response is referred to as MTF, an abbreviation
normally reserved for modulation transfer function. The reasons for this are historical
with MSS programs, the earlier programs having been specified in terms of modulation
transfer function rather than square wave response,

In MSS-D the specification states that system response to a rectilinear bar
reticle pattern corresponding to a half-wave resolution at the earth's surface of 235 feet,
be less than or equal to 0.36, at operating temperatures between 10° and 30°C. A speci-
fication relief of 20 percent (i.e., MTF £0.29) was permitted at temperatures above and
below those temperature boundaries (35° and 5°C, respectively). The MTF performance
versus specifications for both systems was excellent. In only two cases did the MTF drop
below 0.36 and these occurred during MSS-D protoflight testing. The first below-
specification perfsiinance occurred prior to thermai-vacuum testing and was traced to a
problem in the test collimator. The second was not a violation of specification since it
occurred at 0°C, at which teixnerature no specification requirement was imposed. Even
this case did not result in values 20 percent below specification. In both cases channel 21
was involved. This channel was consistently 12 percent lower than other channels in
band 4. This lower performance, as well as the spreading of other channels in other
bands, is the result of the unavailability of sufficiently precise capacitors in the
Approved Parts List; these capacitors were used to trim the poles of the Butterworth fil-
ter, which participates in establishing the MTF.

The MTF performance throughout thermal-vacuum testing for both systems was
well within the boundaries of theoretical predictability. The MTF versus temperature
behavior was very repeatable and indicated that the MTF for the protoflight scanner
peaked at 20°C, while that of the F-1 scanner peaked at greater than 30°Z, The tem-
perature slope at the low temperature end was not sufficiently steep to cause out-of-
specification performance. The MTF performance is discussed in detail for both MSS-D
scanners in 7.5 and 10.5.

2.2.4 Scan Precision Parameters (VLL, SRO, CXAXQ)

The scan repeatability parameters were well behaved during acceptance testing
on both the protoflight and flight models with only a few exceptions. Cross-axis repeat-
ability was always well within the specification of 33 yirad. As Table 2-1 indicates, the
value of the parameter for both instruments was nominally 2 jirad. Scan repeatability
was never in jeopardy of exceeding its specification of 24 urad, being typically 6 to
8urad. The only cases of out-of-specification scan repeatability performance noted

2-5
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throughout acceptance testing on either instrument were observed during the
reprocessing of data from tape at the time of the flex pivot failure in the protoflight.
Even during this time with a broken or damaged flex pivot, the SRO was rarely out-of-

specification.

The only scan parameter which exhibited out-of-specification performance in
both instruments was the line length variation. VLL is typically higher in an ambient
pressure environment than in vacuum as a result of aerodynamic loading of the scanning
mirror. During normal operation at ambient pressure, the VLL attains values in the low
to middle 30's (urad). A drop to values of 10 to 20 urad is typical in vacuum.

The measured out-of-specification VLL performance observed in the two
instruments was different. During MSS-D protoflight testing the system exhibited
anomalously high values during the initial prethermal-vacuum endbell testing. These
tests were the first series of tests following the vibration testing during which the flex
pivots failed. High VLL values were an indication of the flex pivot failure, but the
indication was not a strong one since even after flex pivot failure the instrument
exhibited intermittent in specification VLL performance. No further YLL anomalies
were observed in protoflight testing using the replacement flex pivots.

The VLL performance for the flight model scanner was essentially without
incident throughout acceptance testing with the original set of flex pivots. With this
system configuration the MSS-D flight model exhibited higher values than the protoflight
at ambient pressure but dropped to lower values than the protoflight in vacuum. The
pivots were replaced with new cnes after the system had completed thermal-vacuum
testing. This system with the new pivots exhibited out-of-specification performance in
the complete system performance tests (CSPTs) which followed. An extended "run-in"
test of the bumpers with these pivots was performed, but even the initial test data taken
during run-in showed the system to have ambient performance within specification.
Subsequent testing at General Elgctric has failed to exhibit a recurrence of the
problem. It is believed that the cause was a poor electrical connection which was
corrected on the mating and re-mating of connectors during investigations of the

problem. It is anticipated that the VLL performance in vacuum will remain within
specification.

A detailed discussion of these performance parameters throughout acceptance
testing is given in 7.6 and 10.6.
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3. SYSTEM REQUIREMENTS

3.1 COMPARATIVE SPECIFICATIONS

The Multispectral S_anner System was initially designed as a four band scanner
system with provisions for retrofit capability to make it a five band syst2m. The first
three spacecraft used for Landsat were similar in design to the Nimbus spacecraft, uti-
lizing Nimbus type power, command, telemetry and thermal control systems. Landsat-D
uses the Multimission Modular Spacecraft (MMS) rather than the Nimbus type spacecraft,
with resulting interface changes, and a different orbital altitude. The effects of these
changes on MSS-D can best be assessed by comparative evaluations of the MSS-C
(SS31324-001) and MSS-D (S532238-001) system specifications. Paragraph differences
that relate only to the fifth band on MSS-C are ignored.

3.1.1 Resolution

MSS-C
3.1.1.1.4 Resolution. Bars as smail as 0.075 mr across in the direction of
scan shall be discernible at light intensity levels compatible with the signal
to noise values specified in 3.1.1.1.17 herein and the modulation transfer
function specified in 3.1.1.11 herein in Bands 1 to 4. Similar observables in
areas as small as 0.26 mr across shall be discernible in Band 5.

MSs-D

3.1.1.1.4 Resolution. Bars as small as 0.102 mr across in the direction of
scan shall be discernible at light intensity levels compatible with the signal
to noise ratios specified in 3.1.1.1.17 and the modulation transfer function
specified in 3.1.1.1.11.

Comment
This difference in system resolution is the result of changes made when the

orbital altitude was revised. The degradation of the angular resolution is mostly
compensated for by the reduction in spacecraft altitude.

3-1
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3.1.2 Instantaneous Fields of View

MSS-C

3.1.1.1.5 Instantaneous Fields of View. The nominai instantaneous fields of

view (IFOV) shall be 0.086 mr for Bands 1 to 4 ....
MSS-D

3.1.1.1.5 Instantaneous Fields of View. The nominal instantaneous fields of

view (IFOV) shall be 117.2 yr by 117.2 ur for Bands 1 to 4.

Comment
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In order to preserve the video data formats and data rates for compatibility with
existing ground stations, the MSS-D width of pictures was kept the same as that for
MSS-C: 185 km. The size of the IFOV projected on the ground, or ground resolution,
grew from 79 m to 82 m. This change in ground resolution, in conjunction with the
change in orbital altitude from 919 km to 750 km, resulted in the specified change in
IFOV. Contiguous coverage from scan line to scan line was thus maintained.

3.1.3 Scan Mirror Assembly

MSS-C

3.1.1.1.8 Scan Mirror Assembly. Sensor ground coverage perpendicular to
the satellite track shall be accomplished by means of a flat scanning mirror
oriented at 45 degrees with respect to the scene which scans about the
X-axis. The following parameters define this scan mirror assembly system:

a. Scan frequency 13.62 Hz + 0.01 percent

b. Scan angle across scene 11.60 + 0.05 degrees

MSS-D

3.1.1.1.8 Scan Mirror Assembly. Sensor cross-track ground coverage shall
be accomplished by means of a flat scanning mirror, oriented at 45° with
respect to the scene, which scans about the X-axis as defined in Figure 3
(page 20). The following parameters define the scan mirror assembly func-
tion characteristics:

a.'Scan frequency 13.62 Hz +0.01 percent

b. Scan angle across scene 14.90 1+ 0.06°
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Comment

The timing of the scan mirror activity stayed constant with the change in orbit.
The only difference is the angle of scan across the scene, which increased as a function
of the change in altitude to maintain the 185 km scene width.

3.1.4 Geometric Fidelity

MSS-C

3.1.1.1.9 Geometric Fidelity. Geometric fidelity shall be defined by:

e. Scan nonlinearity For the linear portion of the
‘ forward scan, the repeatable
scan rate shall not deviate
more than +2, -4.3 percent
from the mean scan rate.

MSS-D

3.1.1.1.9 Geometric Fidelity. Geometric fidelity shall be defined by:

e. Scan nonlinearity For the linear portion of the
forward scan, the repeatable
scan rate shall not deviate
more than +2.4, -5.0 percent
from the mean scan rate.

Comment

The reason for the change in scan linearity is the spring constant of the flexure
pivots and the moment of inertia of the mirror. The flexure pivots are the same type as
used in previous scanners. Their spring constant did not change, but the scan angle did,
with a resultant increase in pivot torque, which in turn results in greater scan
nonlinearity. The scan mirror was reduced in inertia in scaling the scan mirror for
MSS-D. Both effects, increased scan angle and reduced inertia, increase the scan
nonlinearity.

3.1.5 Scanner Modulation Transfer Function

MSS-C

3.1.1.1.11 Scanner Modulation Transfer Function (Along Scan Direction).
A response greater than 29 percent at the sinusoidal spatial frequency
corresponding to 0.075 mr bars shall be provided in Bands 1 through 4. A
response greater than 29 percent at the sinusoidal spatial frequency cor-
responding to 0.26 mr bars shall be provided in Band 5. These responses
shall be degraded by approximately 20 percent at spacecraft temperatures
of 5° and 35°C (nonoperational temperature extremes).
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MSS-D

3.1.1.1.11 Scanner Modulation Transfer Function (Along Scan Direction).
L The response shall be greater than 36 percent at the square wave spatial
% frequency corresponding to 0.102 mr bars. The response may be degraded
» by approximately 20 percent at spacecraft temperatures of 5° and 35°C

: (nonoperational temperature extremes).

Comment

L it

4 The scan aperture was increased by more than 1.303 to | in order to prevent

underlap of adjacent scans in the cross scan (orbit velocity vector) direction Fground
resolution change from 79 m to 82 m). Since the scan aperture inside dimension is the
primary factor determining the theoretical MTF, the specified MTF performance level
was also corrected.

The MTF contribution of the scan aperture is

e o R A e

where Vvis the spatial frequency of the sinusoidal bar pattern and V, is the spatial
frequency of period 1/ a, where

@ = angular dimension of the scanning aperture
a MSS—C =80 x 1078
a MSS-D=111x 1076

For a sinusoidal bar pattern of bar width 225 feet or spatial period of 450 feet,

§ the ratio of scanning aperture MTF MSS-D to MSS-C is:
F !
b
MTE . [n5184) An5184)
* _ ""(9009 9009/
MTF o , . (16697 76697
8 *M\12500 /12500
3
1
! 05376 _ a4
5Eo0. - 091
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The specified MTF at 225 feet should be reduced to
MTF = 0.35 x 0.911 = 0.32 (square bar)

Similarly, for a bar pattern of 235 feet, the specified MTF should be
MTF = 0.385 x 0.929 = 0.36 (square bar)

3.1.6 Signal to Noise Ratio

MSS-C

3.1.1.4.2 Signa! to Noise. The rms noise relative to peak signal versus
input signals for the scanner and multiplexer shall be according to Table 2,
when the multiplexer samples are in the linear mode. When the multiplexer
compresses signals from Bands 1, 2 and 3, the signal/noise shall be that
shown in Table 3.

MSS-D

3.1.1.4.2 Minirmum Signal-to-Noise Ratio. The peak signal-to-rms noise
ratios for the scanner and multiplexer shall be according to Table I, when
the multiplexer samples are in the linear mode. When the multiplexer
compresses signals from Bands 1, 2 and 3, the signal/noise shall be that
shown in Table III.

Comment

The change in orbital altitude increased the IFOV, which provided more radiant

energy to the detectors. The result was an improvement in signal level and a consequent
improvement in the expected signal to noise ratio.

3.1.7 Vibration

MSS-C
3.1.2.4.4 Vibration. The qualification and flight acceptance vibration
levels for the MSS units, as mounted in the spacecraft are given in Tables 4
and 5. The units shall not suffer any detrimental effects by exposure to the
specified levels. These vibration levels are to be considered as applied
separately along the mutually orthogonal axes at the attachment fittings.
The axis directions are the same as those specified for moments of inertia
in Figures 2 and 3.

MSS-D

3.1.2.4.4 Vibration. The qualification and flight acceptance vibration
levels for the MSS units, as mounted in the spacecraft, are given in

Table IV. The units shall not suffer any permanent detrimental effects by
exposure, in the launch mode, to the specified levels. These vibration
levels are to be considered as applied separately along the mutually

3-5
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TABLE 2. LINEAR MODE

Band
1 2 3 4

High Radiance Level:

Minimum Scanner S/N Output 80| 62 40 | 89

MSS System S/N Output (after D/A |71 | 67 | 38 | 77

conversion)
1/2 High Radiance Level:

Minimum Scanrier S/iN Output 56 | 43 | 28 | 44

MSS System S/N Output (after D/A |45 | 38 | 26 | 38

conversion)

MSS-C

TABLE 1i. LINEAR MODE SIGNAL
TO NOISE RATIO

Band

1 2 3 4

High radiance level:
Minimum scanner S/N output | 124 | 94 | 66 | 188
MSS system S/N output™ 89 { 73 | 50 | 104

1/2 high radiance level:
Minimum scanner S/N output 87 | 66 | 41 | 102
MSS system S/N output® 54 | 46 | 33 54

* After D/A conversion

MSS-D
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) TABLE 3. COMPRESSION MODE . | i
- o ‘
. Band
1 2 3
] f High Radiance Level: : i
ko Minimum Scanner S/N Qutput 80 | 62 | 40 CN
MSS System S/N Output (after D/A | 61 | 51 | 36 :
conversion) 1
| i
LR 1/2 High Radiance Level: 1
- Minimum Scanner S/N Output 56| 43 | 28
! ! ' MSS System S/N Output (after D/A | 40 | 33 | 25
iod. conversion) |
1 4
1
1 1
3 s i
. MSS-C ;
|
|
Ly
; i "
1 ;
| : ; ‘ TABLE 1. COMPRESSION MODE
g SIGNAL TO NOISE RATIO :
i o
L 3
, i Band ; g
' 1 123 L }
; . High radiance level: ‘i
[ Minimum scanner S/N output | 124 | 94 | 66 '
E t MSS system S/N output* 75 |.65 | 47 :
! 1/2 high radiance level:
{ Minimum scanner S/N output | 87 | 66 | 41 i
SR MSS system S/N output® 43 | 38 | 30
] i
| *After D/A conversion (Decompression)
5 . NOTE: Ail S/N values in these tables may be reduced i
yo by approximately 35% at spacecraft tempera- {
1. tures of 5° and 35°C.
v J ;
s
o MSS-D
L r
.[ b
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; TABLE 4. QUALIFICATION VIBRATION LEVELS . .
; ' -
: Scanner Only: il
% Sinusoidal
A Amplitude i
! Axes Frequency Range (Hz) {g’s O-to-peak 110 percent) ;
3 Thrust 515 | . ,
; 15-50 6.0 ‘j
[ ‘ 50-90 1.0 e
~ 90-2000 50 [Se
Lateral 512.5 . :
12.5-30 38
30-50 75 (‘
? 50-2000 5.0
*Exposure limited to 0.5 inch, double amplitude.
Sweep rate: 2 octaves/minute. ‘L
’ Random i
Axes Frequency Range (Hz) Power Spectrai Density o
i B All 20-300 Increasing at a rate of 4 dB/octave £3dB to
; 0.09 g2/Hz at 300 Hz
300-2000 0.09 g2/Hz with a tolerance of +3 dB i3
’ Test duration: 4 minutes, each axis Overall: 12.8 g rms £10 percent .
; Multiplexer Only: i
: Sinusoidal o
Amplitude
| Axes Frequency Range (Hz) {g's O-to-peak +10 percent) ’{"
All 517 0.5 (inch, double amplitude) <
17-200 7.5 -
: 200-2000 5.0
, Sweep rate: 2 octaves/minute . .
i Random ’?
Axes Frequency Range (Hz) Power Spectral Density
| Al 20-2000 0.09 g2/Hz with a tolerance of +3 dB, 4
o 13.4 g rms £10 percent g
‘f 21 Test duration: 4 minutes each axis. =
B g
; ‘g L
f MSS-C B
! 3-8
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TABLE IV. VIBRATION LEVELS

A. SINUSOIDAL VIBRATION LEVELS (Scanner and Multiplexer)

Axis ' Frequency (Hz) Protoflight Level | Flight Level Sweep Rate (Oct/Min)
Thrust 5 to 50 75¢g" 509" 4
50 to 100 30¢g 20g
Lateral 5 to 50 525¢g" 35¢" 4
50 to 100 304 20g

*Exposure limited to 0.50 inch double amplitude (12,7 mm).

B. RANDOM VIBRATION LEVELS (Muitiplexer Only)

Muitiptexer Qualification Levels

Axes

Frequency Range {Hz)

Power Spectral Density

All

20 to 2000

0.09 g2/Hz with a tolerance of +3dB, 13.4 g rms
410 percent

Test duration: 1 minute each axis

Multiplexer Flight Levels

Axis

Frequency Range (Hz)

Power Spectral Density

All

20 to 2000

0.04 g2/Hz with a tolerance of +3 dB, 8.9 g rms
+10 percent

Test duration: 1 minute each axis

MSS-D
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‘ TABLE 5. FLIGHT ACCEPTANCE VIBRATION LEVELS , ‘i
Scanner Only:
N Sinusoidal
s Amplitude
. Axes Frequency Range (Hz) (a's O-to-peak +10 percent)
S \‘
| Thrust 5-15 . LRSS
,’ 1550 4.0
5 50-90 73 S
t 90-2000 3.3 ‘ ;
‘ Lateral 5-12,5 * *y 1
12.5-30 25 : !
| 30-50 5.0 B
- 50-2000 33 ’
| *Exposure limited to 0,33 inch, double amplitude.
] Sweep rate: 4 octaves/minute
| Random i
Axes Frequency Range (Hz) Jower Spectral Density
I All 20-306 Increasing at a rate of 4 dB/octave £3 dB to
; 0.04 g2/Hz at 300 Hz
| 300-2000 0,04 g2/Hz with a tolerance of +3 dB
Test duration: 2 minutes each axis Overall: 8.5g rms 110 percent '
Multiplexer Only: )
Sinusoidal «i
Amplitude ‘
Axes Frequency Range (Hz) {g's 0-to-peak +10 percent) P ]
BE 1
All 5-14 0.5 (inch, double amplitude) ERE
14-200 5.0 ( i
200-2000 3.3 L
L g 1
Sweep rate: 4 octaves/minute i
Random ‘
" TR0 |
Axes Frequency Range (Hz) Power Spectral Density v |
: i 1
{ All 20-2000 0.04 g2/Hz with a tolerance of +3 dB, T
. 8.9 g rms +10 percent Da ’
E Test duration: 2 minutes each axis 4
i P
E oy
¥ MSS-C o
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orthogonal axes at the attachment fittings. The axis directions are the
same as those specified for moments of inertia in Figures 3 and 4. During
this test, the MSS flight system shall be operated in the normal launch
mode. A low-level survey from 5 Hz to 2000 Hz shall be performed in each
axis prior to full level application at 1/2 g p-p for vibration, and 6 dB below
nominal SPL for acoustic noise. All test data shall be recorded on
magnetic tape suitable for data reduction and analysis.

3.1.2.4.4.1 Acoustic Noise. The MSS scanner only, shall be placed in a
reverberant test chamber and exposed to an induced vibration in accor-
dance with the acoustic spectrum specified in Table V.

3.1.2.4.6 Acceleration. The MSS flight system, when operating in the
launch mode, shall survive the acceleration levels shown in Table VI.

Comment

With the change in spacecraft, a change in vibration specifications was required
even though the booster is the same. The change of spacecraft caused a thrust axis
change in addition to the change in applied levels and frequencies.

A structural overload in random vibration testing at qualification levels caused a
change from random vibration testing to acoustic testing. Acceleration was done by
analysis.

3.1.8 Mass Properties

MSS-C
3.2.1.3 Mass Properties. Maximum weights and center of gravity locations
for the scanner and multiplexer shall be as shown in their respective inter-
face control drawings 3241120-400 and 3241140-400. The maximum allow-
able weights of the units are as follows:

B R S YT L T BT e s ez

Scanner 140.0 pounds
Multiplexer 7.5 pounds
Total allowable weight 147.5 pounds 4 |

i

MSS-D

3.2.1.3 Mass Properties. Maximum weights and center of gravity locations o
for the scanner and multiplexer shall be as shown in their respective inter- P
face contro! drawings, 361720-400C and 3617 140-400. The moment-of- T
inertia about one principal axis shall be measured. Calculations shall be P

3-11
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provided for all three principal axas and their cross-products. The
maximum allowable weights are as follows:

Radiometer 106 1b
Scan mirror assemizly 20 1b
Scanner tota!l 126 Ib
Multiplexer 6.5 Ib
Contingency _10.51b
MSS system total 143 1b

Comment

The weight allowance for the MSS-C scanner includes the fifth band. The origi-
nal four band scanners weighed approximately 106 pounds including the scan mirror
assembly; the MSS-D four band scanners weigh approximately 116 pounds including the
scan mirror assembly. The principal difference in weight from the former to the latter is
the additional power conditioning electronics required to condition Landsat-D unregu-
jlated spacecraft bus. The Nimbus spacecraft provided regulated power to MSS.

3.1.9 Power
MSS-C

———————

3.2.2 Electrical Requirements

3.2.2.1 Spacecraft Power Subsystem Interface. The spacecraft power sub-
system shall provide the basic power to the MSS flight subsystem.

3.2.2.1.1 Voltage. The voltage supplied to the scanner by the spacecraft
power subystem shall be as follows:

a, Regulated -2“.5, “‘035’ '}‘0-7 VdC
b.  Unregulated -26 to -39 vdc

3.2.2.1.2 Current. The current supplied to the MSS subsystem by the
spacecraft power subsystem at the nominal voltage shall be as follows:

a. Regulated 2.1 amps, average
b.  Unregulated, radi- 1.0 amp
ation cooler (outgas mode)
c.  Unregulated, Scan 0.60 amp, average
Mirror
3-13
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_TABLE V, ACOUSTIC NOISE LEVELS..

ORIGINAL PAGE S

OF POOR QUALITY

(Scanner Only) -
Sound Pressure Level dB*
Center Frequency (Hz) Accejtiince Protoflight
One-Third One-Third One-Third Test Tolerance
Octave Octave Octave Octave Octave Octave dB
% | 119 122
32 32 120 125 123 128 +3, -6
40 121 124
50 123 126
63 63 124 128 127 131 +3, -3
80 124 127
100 127 130
125 125 129 134 132 137 +3, -3
16C 131 134
200 130 133
250 250 132 137 134 140 +3, -3
315 134 137
400 134 137
500 500 139 i 142 144 +3, -3
730 134 136
800 131 134
1,000 1,000 129 134 132 137 +3, -3
1,250 129 130
1,600 127 130
2,000 2,000 126 131 129 134 +3, -3
2,500 124 127
3,150 124 127
4,000 4,000 122 127 125 130 +3, -6
5,000 122 125
6,300 120 123
8,000 8,000 118 124 121 127 +3, —6
10,000 . 118 121
Overall 144 147 +3, -1
Notes: *Reference level: 0 dB =20 uN/m2

Test Duration: 1 minute

MSS-D

TABLE VI. PROTOFLIGHT ACCELERATION
LEVELS (1 minute each axis)

o D Ty T T R R Y

Acceleration Level, g*

Acceleration Level, g**

Thrust Lateral
16.8 3.0 Z axis
16.8 3.0Y axis

Thrust Lateral
224 4,0 Z axis
22.4 4,0 axis

*For Test: Thrust and
lateral accelerations
must be applied simul-
taneously.

**For Analysis: Above
accelerations must be
used.

MSS-D
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MSS-D

3.2.2 Electrical Requirements

3.2.2.1 Spacecraft Power Subsystem Interface. The spacecraft power sub-
system will provide fully redundant power to the MSS flight subsystem via
redundant power supply lines.

3.2.2.1.1 Voltage. The voltage supplied to the scanner by the spacecraft
power subsystem will be +28 ¢ 7 volts dc. '

3.2.2.1.2 Current. The current required by the MSS system from the
spacecraft power subystem at +28 volts dc shall not exceed:

a. Unregulated normal 3 A average
operation
b.  Standby 0.11A

Comment

MSS was originally designed for a Nimbus power bus, which included a regulated

-24.5 volt bus (-24.0 volts to -25.2 volts), as well as unregulated -26 volts to -39 volts
power. Only the scan mirror electronics and the outgas heater used the unregulated
spacecraft bus. Landsat-D has only a positive unregulated power bus, which can vary
from +22 volts to +35 volts. Allowing for a | volt drop in the spacecraft harness, MSS-D
is designed to operate from +21 volts to +35 volts. This bus voltage change required a
new approach to power conditioning. A primary power supply has been incorporated into
the MSS-D hardware which operates from the Landsat-D unregulated bus and provides
power to the MSS-D subsystems. The power increase in MSS-D is largely the overhead of

this new power conditioning unit.
3.1.10 Commands
MSS-C
3.2.2,2 Spacecraft Command Subsystem Interface. The MSS flight sub-

system shall be designed to receive commands from the spacecraft com-
mand subsystem.

3.2.2.2.1 Command Pulse. The basic command pulse characteristics are as

follows:
a. Command pulse amplitude -23.5 1.0 volt
b. Command pulse width 40 +5 ms
c. Maximum load current 220 ma
d.  Source impedance system 30 15 ohms, each line

On/Off commands
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TABLE 8. COMMAND PULSE CHARACTERISTICS

A. Matrix Qutput
State Volitage impedance
Energized —~23.5+1.0 voit 30 + 5 ohms
Deenergized ~1.04 1.0 voit >30 K ohms
B. Matrix Output
State Voltage Impedance
Energized —~0.5+ 0.5 volt 30 + 5 ohms
Deenergized —24.5+ 1.0 voit >30 K ohms
MSS-C
MSS-D
500 uS 572 ms
760 US 6.52 ms
+28ta2yv
POWER PULSE
—o-131.2 US| 6.22 ms 500 US
6.25 ms 700 Us
Lt 750 IS &
-t ls—— 15.6 US
SWITCH CLOSURE o [—
7ms ——

NOT TO SCALE

FIGURE 6. COMMAND PULSE TIMING
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The matrix A and matrix B are shown in Table 8.

MSS-D

3.2.2.2 Spacecraft Command Subsystem Interface. The MSS flight system

shall be designed to receive commands from the spacecraft RIU.

3.2.2.2.1 Discrete Commands. The MSS flight system shall require not

more than 62 redundant discrete commands for proper operation. These
commands will be provided by redundant RIUs. The signa! characteristics
are as follows:

a)

b)

Switch Closure Outputs - The discrete commands are single-
ended transistor switch signals. The switch is an open
collector output that is normally open. A command or TM
word from the CU causes the switch to connect the output to
signal ground. Since the RIU is power strobed, the MSS must
complete the switching transistor collector circuit, e.g., by
providing a pull-up resistor from the switch signal to the MSS
positive power supply voltage and to the MSS logic circuitry.
These signals have the following characteristics:
Voh(inactive state) Typical +5.0 Vdc
+30.0 Vdc max.

Ioh (inactive state) 300 pA max(@30 Vdc

Vo (active state) 0.5 Vdc max (@20.0 mA

Discrete commands 200 mA, max

Discrete command See Figure 6.
enable duration

Command Pulses - Three individually switched +28 volt dc
pulses, dc isolated from the unregulated +28 volt dc power
source, shall be used to drive the MSS command relays. One
of the three switched pulses is grouped with 32 discrete
commands such that signal return is connected to the pulse
source through any one of the even numbered transistor
switch closures (assumes commands are numbered 0 to 63.)
The second of the three pulses is similarly grouped with the
first 24 of the 32 odd numbered commands. The third pulse is
grouped with the remaining eight odd numbered commands.
Note that only 62 commands are available to the user (MSS).
Signal return shall be connected directly to the pulse source
through a selected discrete command switch closure. The
circuit is capable of surviving a short circuit to ground on the

s 3
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output for an indefinite time. The pulse has the following

characteristics:
V,, (inactive state) 0.5 Vdc maximum
V,, (active state) 28 + 2 Vdc nominal
Source impedance <100 £
Current drive 200 mA minimum
capability
Pulse duration 6.5 to 7.0 ms
Number of outputs 3

Comment

MSS-C has a matrix command system and the associated matrix decoding net-
work to route the received command pulse to the appropriate relay. MSS-D has
individual command lines coming from the spacecraft to actuate individual relays.
Extensive rewiring on MSS-D was necessary to accommodate the new command philo-
sophy. The change in pulse length from 40 ms on MSS-C to 6.5 ms on MSS-D necessitated
the building of pulse stretchers to develop a high enough energy pulse to actuate the high
current relays in the primary power supplies.

3.1.11 Telemetry
MSS-C

3.2.2.3 Spacecraft Telemetry Subsystem Interface. The MSS flight sub-
system shall be designed to provide outputs to the spacecraft telemetry
subsystem.

3.2.2.3.1 Telemetry Outputs. The characteristics of the telemetry outputs
shall be as follows:

a. Analog

(1) Range 0 to -6.375 vdc
(2) Output impedance 10 K ohms maximum (to
maintain accuracy)
(3) Load impedance I M ohm sampling. 10 M
ohm nonsampling
(4) Resolution 25 mv
3-18
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b.

Digital (single bit words)
(1) OFF condition
(2) ON condition

(3) Output impe-

"0.5 to.j VdC
-7.5 t2-5 VdC

1 M ohm, maximum

dance - ON

(4) Output impe- 50 K ohm, maximum
- dance - OFF
i
s MSS-D
P 3.2.2.3 Spacecraft Teiemetry Subsystem Interface. The MSS flight system
- shall be designed to provide outputs to the spacecraft telemetry subsystem.
r 3.2.2.3.1 Telemetry Outputs. The characteristics of the telemetry outputs
'y shall be as follows:
- a) Analog
i
: (1) Range 0to +5.12 Vdc

oy sy

ey

b)

ey
. s

c)

(2) Source impedance
(3) Load impedance
(4) Resolution (RIU)
Digital (bilevel signals)
(1) OFF condition

(2) ON condition

(3) Source impedance
(4) Load impedance
Conditioned analog

(1) Range

(2) Source impedance
(3) Sampling pulse

(4) Sampling pulse
duration

(5) Load impedance

3-19

5 k2 max
210 MQ , nonsampling

8 bits

-] to +1.5 Vdc
+3.5 to +15 Vdc
5 k2 max

=10 MR, nonsampling

0 to +5.12 Vdc
5 k2 max
1 mA £5pA (from RIU)

61.0 usec max

210 MQ, nonsampling

-
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Comment

The telemetry design of MSS-D was almost completely changed from that of
MSS-C. The polarity, source impedance, and scale factor of the bilevel and analog
channels changed. The temperature telemetry was simplified by taking advantage of the
spacecraft telemetry subsystem to provide the power source to excite the thermistors.
The most challenging redesign was to determine simple methods to invert the polarity of
the analog functions which had been derived directly from the voltage sources they were.
monitoring.

3.1.12 Backup Start-of-Scan Monitor Pulses

MSS-C
No requirement.

MSS-D
3.2.2.4.1 Backup Start-of-Scan Monitor Pulses. When the scan monitor
OFF command is executed, the multiplexer will insert a, substitute start-of-
scan pulse at the nominal location of the scan monitor-generated start-of-
scan pulse, 11.4 ms after beginning of preamble. If the multiplexer fails to
receive a start-of-scan pulse when the scan monitor is ON, the multiplexer
will insert a pseudo start-of-scan 18.4 ms after the beginning of preamble.

Comment

Hughes selected a commandable backup SMP-1. With this design concept when
the scan monitor is on, the multiplexer operates as it did in former MSS models; i.e., if
SMP-I from the scanner is not detected by the multiplexer, a pseudo SMP-I signal is put
into the data stream 7 ms after the nominal SMP-I. If the scan monitor is commanded
OFF, a substitute SMP-I signal is inserted in the data stream by the multiplexer at the
nominal location of the scanner genérated SMP-I, so that when the scan monitor is off,
there will be nominally no loss of video data.

3.2 REQUIREMENTS VERIFICATION

Both the MSS-D protoflight and F-1 met the requirements of the NASA System
Specification GSFC 430-D-205, Rev B, with few exceptions. The performance with
respect to key parameters for both flight instruments is summarized in Table 2-1; and
Table 3-1 gives a detailed requirements verification matrix inciuding a cross reference to
other MSS-D documents containing more detailed information about the verification of
individual parameters.

3.3 MASS PROPERTIES

A mass model of the MSS-D scanner was constructed to predict weight, center of
gravity, moments of inertia, and products of inertia. Actual weight, center of gravity,
and two moments of inertia were measured on both the protoflight and flight model MSS
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' TABLE 3-2. MASS PROPERTIES SUMMARY ' 1

Products of "

Center of Gravity, in Moments of Inertia, lb-in2 Inertia, Ib-in2 i
System Weight, b | X A7 z Ixx lyy lz2 Ixy |ixz | lyz . g
Scanner, calculated 1224 | +0.41 [+11.64 | +0.08 | 12,600 | 4,900 | 11,700 | -300 [ -90 | 500 SN
Protoflight, measured ' - i
Scanner 116.2 +1.70 | +11.28 | -1.70 | 12,800 12,500 i J
Multiplexer 5.5 ) . -k i‘
Total 121.7 |
Fiight-1, measured \ f‘
Scanner 1156.0 +1.61 |+11.32 | -1.72 | 12,700 12,300 =7 ‘
Multiplexer 5.6 =3 <
Total 120.6 iy ]
iy :
|
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FIGURE 3-1. PROTOFLIGHT CENTER-OF-GRAVITY LOCATION ii
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scanners. For the multiplexers only the actual weights of the flight hardware were
taken,

The results of the mass properties analysis and tests are summerized in Table 3-2,
The center of gravity location for the protoflight is shown in Figure 3-1 together with
the reference coordinate frame used for the measurements. The set of coordinates in
the figure is identical to that in the interface control drawing, 3617120-400. The auxil-
iary dimensions on the figure establish the location of the coordinate reference frame
with respect to the MSS mounting interface plane. The moments of inertia given in
Table 3-2 are for a coordinate system whose origin is at the center of gravity and whose
axes are parallel to the coordinates of Figure 3-1.

3.4 SYSTEM ECCENTRICITIES

During development and testing, three peculiarities of system behavior, which
wili show up in the video data stream, were noted. These peculiarities are discussed here
in hopes of reducing confusion later if these effects are recognized in the Landsat data
stream.

The first of these peculiarities has to do with the format of the black and white
codes put out by the multiplexer to mark midscan and endscan. In the serial video data
stream these codes are 100 words of black (level 0), followed by 100 words of white (level
63), and appear in the demultiplexed data stream as 4 words of black followed by # words
of white in each video channel. On previous multispectral scanners the words immedi-
ately preceding and following the 200 words of black and white were normal video words.
On MSS-D the words preceding the black and white code are normal, but the one word in
the serial data stream immediately following the last word of white is a mixed word. Its
most significant three bits are white and its least significant three bits are video. It
usually comes out as level 56 (111000) and appears randomly in each demuxed video
channel with a probability of 1/25. This peculiarity was introduced into the multiplexer
analog-to-digital converter by a design change to correct a previously existing problem.

A second peculiarity of the design also involves the analog-to-digital converter
in the multiplexer. When a video level less than 1/8 scale (001000 in the digital output) is
input to the multiplexer, it will infrequently encode this output as exactly a 1/8 scale
output, a level 8 output. This peculiarity was present and noted in MSS multiplexers
predating MSS-D. An investigation was performed on the engineering model multiplexer
to isolate the source of the fault. The fault was found in the storage registers down-
stream of the comparators in the A/D converter. The specific cause of the fault is a
negative ringing overshoot on the clock pulse line to these storage registers causing one
of the J-K flip-flops in the register to end up in an incorrect state. A temporary fix,
which clipped off the negative overshoots on the clock pulses, was installed on the
engineering model, and it was shown to eliminate the problem. Because of the benign
nature of the anomaly and the cost and schedules implications for installing and testing
the fix on the flight hardware, it was not retrofitted with the change. Tests on the two
flight units indicated that the anomaly occurred with a lower frequency on the unit on
Landsat-D, S/N 003 multiplexer, than on the unit slated to go on Landsat-D', S/N 002
multiplexer.
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The third peculiarity, which will be evident is the MSS-D video data stream, has
to do with the structure of the internal calibration signal present in every other line of
MSS video data. The calibration signal is produced by passing the neutral density filter
between the internal light source and the inputs to the detectors in the focal plahe of the
system. The light intensity seen by the detectors is a decaying exponential in time. The
neutral density filters used on MSS-D to generate the calibration exponential have
several small pinholes in the filter material which cause local irregularities in the cali-
bration exponential. The most pronounced of these irregularities is in band 4 of the F-1
instrument. Shown in Figure 3-2, taken from the F-1 Radiometric Calibration and
Alignment Handbook, is a plot of the calibration words from channel 20 (band 4, channel
2) used by Hughes during testing of the F-1 instrument. The 20 words plotted are the
average value of every 24th word from the calibration wedge selected from a portion of
the exponential to cover the dynamic range of the instrument. Note that word number 9
displays the effect of the pinhole by having a several percent higher value of radiance
than would be predicted by the overall shape of the curve.

The effect of a pinhole is different for each MSS channel calibration signal.
Because of the location of the neutral density filter in the internal calibration optical
train, each channel senses a slightly different area of the neutral density filter as it
sweeps by in front of the focal plane. Because of the way in which the neutral density
filter is scanned across the focal plane, the effects of a pinhole tend to be similar for
every channel in a spectral band and vary rapidly from one band to the next. Although
the nonuniformities introduced by the pinholes are time invariant and hence the calibra-
tion data from the affected words are valid, the using community might find it more
convenient to select their calibration information from words on the smoother part of
the exponential curves. A more complete survey of the nature of the internal calibration
curves is found in the MSS Calibration and Alignment Handbooks.
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4. MSS-D SYSTEM TEST

4.1 TEST PHILOSOPHY

The MSS-D test philosophy was based on the MSS-C Test Program Plan. The
MSS-C test plan was used as a baseline document; deviations from the MSS-C baseline
were incorporated as required to accommodate changes from the MSS-C design and to
include environmental constraints introduced by the Landsat D spacecraft design and the
new family of launch vehicles. An engineering model development program and a proto-
flight qualification program were proposed to develop and prove new designs and to
qualify the system for operation in the new environments. No structural or packaging
design changes were incorporated into the system to accommodate changes in the launch
loads; therefore, the MSS-D protoflight qualification test program was planned to closely
parallel the earlier MSS-1 prototype qualification test program, and the MSS-D F-1 flight
acceptance program was planned to closely parallel the MSS-2 flight acceptance test
program.

This same test philosophy was carried through to the unit/subsystem levels of
testing. Unit level testing of the scan mirror assembly consisted of performance tésts at
ambient, high, and low temperatures. The multiplexer unit level tests consisted of per-
formance tests at ambient, high, and low temperatures and a complete qualification or
acceptance level vibration test. The radiometer received no environmental tests at unit
level. Performance tests were conducted on the radiometer under ambient temperature
and pressure conditions to verify unit performance characteristics and unit interface
requirements.

With the exception of the multiplexer vibration tests, all formal environmental
tests were conducted at the scanner or system level of assembly. Since during its life-
time the system could be expected to operate in adverse electromagnetic interference
(EMI), vacuum, and thermal conditions, performance criteria were included in these
environmental exposures. During the dynamic environments of acoustic and vibration,
the system was powered, but the pass/fail criteria for the dynamic environments were
that the system survive without damage and with no performance degradation.
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4.2 TEST TYPES OF POOR Q

Development Tests

Developmental tests were conducted on component and unit level hardware for
which new designs were required because of new spacecraft interfaces in telemetry,
command, or power, or because of new operational constraints, i.e., lower orbital
altitude. The developmental tests were less formal than the qualification or acceptance
tests and were conducted for engineering evaluation of the new or changed design
concepts. Except for the flex pivot tests, which were conducted on the engineering
model scan mirror assembly mounted in the structural test model, most system level

development tests were confined to peformance tests which verified unit performance in
the system configuration.

Integration Tests

Integration tests included adjustments, alignments, functional tests, and
performance tests. These tests were conducted in accordance with formal released and
controlled procedures, under the surveillance of Quality Assurance personnel, during and
subsequent to the assembly of lower level assemblies into units, subsystems, and sys-
tems. The integration tests verified that the higher level assemblies had been properly
integrated. Figure 4-1 shows the integration and test flow associated with the radiom-

eter unit assembly, the scanner subsystem integration, and the MSS-D system
integration.

Protoflight Qualification/Acceptance Tests

Protoflight qualification/acceptance tests were conducted to verify the design
adequacy of the protoflight system, to demonstrate a minimum level of equipment capa-
bility, and to disclose workmanship defects in time to permit correction prior to the end
use of the MSS-D system. The tests were designed to verify survivability of the system
in the environmental stresses predicted for shipment, handling, launch, ascent, and orbit,
and to evaluate system performance in selected operating modes, under launch, ascent
and on-orbit environmental stresses. The actual test conditions were intended to be
more severe than predicted operating conditions to provide assurance of disclosing any
design weaknesses, thus compensating to some extent for the statistical limitations of a
small sample size. These conditions, however, were not intended to be severe enough to
exceed reasonable safety margins or to excite unrealistic modes of failure. Since the
protoflight was intended to be a flight model as well as a qualification test model, the

environmental test levels were full qualification levels and were applied only for accep-
tance test durations.

4.3 SYSTEM TEST APPROACH

The MSS performance tests changed only in details throughout the years since
the qualification tests of the first MSS prototype. The approach then and during the
MSS-D program was to organize the tests into time-based units approximating a normal
orbital period, about 99 minutes, referred to as "standard orbits." As in normal opera-
tions on orbit, the system was constrained to an approximate one-third active duty cycle,
that is, about 33 minutes "on" for data acquisition and about 66 minutes "off."

4-3

Wz,

T TR TR TR T

R TONTA WO

et e et o S s it

B

o raadS e bl Bt i e

e et e o an el eyt

R e i



. I o I A A S A

AR A

. - e & b
‘
ORIGINAL PAGE IS Col |
OF POOR QUALITY 1
TABLE 4-1, STANDARD ORBITS . i
Primary | Shutter Scan PMT High Simulated i
Standard | Test Power | Monitor | Moaitor | Voltage Calibration | Spacecraft, | Multiplexer
Orbit Mode Supply { Source | Source Supplies Lamp Bus, Vdc | Output Line ' ;
§
1 A A A A A A 28.0+0.5 4 ) i 4'
2 8 8 B B B B8 28.0 +0.5 4 ’ , j
3 A Low A A A A A 21,5 +0.5 1 ’; \\g
4 B Low 8 B B B B 21.5+0.5 1 ) E }
5 A High A A A A A 34.5 +0.5 2 Q :
6 B High B B B B B 34.5 +0.5 2 ! ? |
7 AB A A A B A 28.0 +0.5 3 . ; |
8 BA B B B A B 28.0 +0.5 3 * Py i
Abbreviated system performance test — standard orbits 1, 2, 7, and 8. s 3
Complete system performance test — standard orbits 1 through 8. ’ |
|
E
TABLE 4-2. STANDARD DATA SETS 3
Collimator ¢ i
Neutral MTF Muitiplexer Data .
Data | Density Reticle Flooding | Mode/Scanner | Reduction :
Set Fitter, % Position Lamp | Gain Selection | Procedure Systen) Parameters Evaluated H B
0 50 Open Off Linear/Low 2 Scan repeatability, line length varia- . f
tion, mean line length ’
7 50 Chevron off Linear/Low 4 Cross-axis jitter .
1 50 Open Off l.inear/Low Signal level, noise, signal-to-noise ratio,
20 level calibration wedge, corrected sig- {“?
; nal level, deviation band to band (DBB), i
! deviation channe! to channei (DCC) T3
6 50 650’ Off Linear/Low 3 MTF, MTF signal level, MTF noise - ,4 :
5 50 450’ Off | Linear/Low 3 MTF, MTF signal level, MTF noise i {
4 50 236’ Cff Linear/Low 3 MTF, MTF signal level, MTF noise . : 3
22 10 Open Off Linear/High 1 Signal level, noise, signal-to-noise ratio, I :
20 level calibration wedge, corrected g f A
[ signal level, DBB, DCC Do {
23 10 Open Off Compre%sion/ 1 Signal level, noise, signal-to-noise ratio,
High 20 level calibration wedge, corrected Ty 1
signal level, DBB, DCC - 4
; 3 50 Open Off Compression/ 1 Signal level, noise, signal-to-noise ratio, ' 1
;rt Low 20 level calibration wedge, corrected . ]
2 signal level, DBB, DCC ot .
= 24 Opaque Open On Linear/Low 1 Average signal level, channels T to 12* !
25 Opaque Open On Linear/Low 1 Average signal level, channels 13 to 24*
16 25 450' On Compression/ None Ground processina eguipment (GPE) .
High picture
* Accumulation of data for collimator calibration. o 4
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Implementation of this simulated orbital testing resulted in establishment of the
standard orbits and standard data sets, the standard orbit made up of a series of standard
data sets, In general, the standard orbit defines the flight hardware configuration, i.e.,
ON/OFF configuration of redundant functions within the MSS (A or B), bus voltage levels,
and the multiplexer output lines to be used for data collection. The standard data set
defines the test equipment configuration, the scanner gain selection for bands 1 and 2
(high or low), the multiplexer mode (linear or compression), and the data reduction
procedure for automated data reduction. The data reduction procedure defines the
calculations to bte performed in the data reduction system computer on a specific set of
data to provide an output in terms of the system performance parameters, of interest,
Each standard orbit is designed to evaluate all system performance parameters, and the
standard data sets are tailored for the particular parameter to be measured.

Table 4-1 lists and defines standard orbits 1 through 8. These eight orbits
comprise the complete system performance test. The abbreviated system performance
test consists of standard orbits 1, 2, 7, and 8. Other standard orbits not described in
Table 4-1, but used extensively throughout the test program, are 13, 14, 15, and 16,
which comprise the system radiometric calibration test and are run against the
integrating sphere. Orbits 27 and 28, which are run against the collimator during the
collimator transfer calibration, are used to derive calibration coefficients for the
collimator to be used in standard data reduction procedures.

Table 4-2 lists and defines the standard data sets and the sequence in which they
are run during each standard orbit. In addition, the required data reduction procedure
and the system performance parameters which are evaluated are listed for each data set,

Tabie 4-3 lists the performance parameters measured during the system perfor-
mance test. Evaluation of these performance parameters establishes the operating char-
acteristics of the MSS system.

Table 4-4 presents the system and test equipment configurations during the sys-
tem radiometric calibration test orbits 13, 14, 15, and 16.

4.4 SYSTEM TEST FLOW DIAGRAM

Throughout the MSS-D program the planned test sequence was somewhat fluid in
that new tests were proposed and in some cases incorporated into the sequence to aug-
ment or replace originally planned tests. Figure 4-2 is the planned engineering model
test sequence. Initially the engineering model was to have been upgraded so that even
the EMI/electromagnetic compatibility (EMC) tests could be conducted on it. The
engineering model test program was planned as a method to get early engineering
verification of new designs in the power supplies, the remote interface unit/scanner
interfaces in command and telemetry, and the new two-bounce scan monitor. System
integration and testing of the engineering model was totally eliminated from the MSS-D
program, but was finally reinstated in a greatly reduced form. Some of the greatest
value of the engineering model tests lay in the early checkout of the bench test
equipment interfaces, data reduction software, and system performance test procedures,
as well as verification of the redesigned scan monitor and the power, command, and
telemetry interfaces.
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TABLE 4-3. SYSTEM PERFORMANCE PARAMETERS

1)  Signal-to-noise ratio (STN)
2)  Square wave response (MTF)
3) Deviation band to band (DBB)
4)  Deviation channel to channel {DCC)
§)  Mean line length (MLL)
6)  Variation in line length (VLL)
7)  Scan repeatability (SRO)
8)  Cross-axis repeatability (CXAXO)
SCAN MIRROR
MULTIPLEXER
ASSEMBLY
UNIT TEST UNIT TESTS
e PHYSICAL PERFORMANCE/
REQUIREMENTS THERMAL
VERIFICATION (PREVIBRATION)
= MIRROR VIBRATION
FLATNESS TEST
TESTS
e PERFORMANCE T ORMANCE/
SeD INTERFACE (POSTVIBRATION)

e THERMAL
VACUUM

TESTS
POSTENVIRONMENTAL

TESTS
S:PT'C’METE“ l | scaNNERsUBSYSTEM SYSTEM ASSEMBLY
TE ASSEMBLY AND TEST AND TEST
STS
Jwm ELECTRONICS e SCAN e SCANNE R/
HOUSING MIRROR MULTIPLEXER
HARNESS CHECK INTEGRATION
CHECK
e SCAN e COHERENT
e POWE R MONITOR NOISE AND
COMMANDS CHECK MICROPHONICS
AND »
TELEMETRY e SHUTTER e SCAN
VERIFICATION WHEEL MONITOR
CHECK AND PERFORMANCE
POWER PHASE LOCK CHECK
SUPPLY ADJUST
CHECKOUT === RIU/MSS-D
OPERATIONAL
L— RADJOMETER INTERFACE
AFT OPTICS VERIFICATION
INCORPORATION

FIGURE 4-2. ENGINEERING MODEL TEST SEQUENCE
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Baseline pianning indicated the protoflight and the F-~1 models should undergo
the same test sequence, with only the individual tests modified to reflect either qualifi-
cation or flight acceptance environmental levels. Figure 4-3 is the protoflight and
F-1 model test sequence taken from the System Test Plan, Revision A, SCN 1, dated
21 July 1980. As the test program evolved, significant differences developed between
the plan and the actual test program and between the protoflight test program and the
F-1 test program. Details of the test sequences as they were actually conducted for
each model are described in 7.2 and 10.2 of this report.
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5. TEST CONFIGURATIONS

The test configurations for MSS-D were quite similar to those used in the earlier
MSS programs. This was brought about, in part, by the use of the same test fixtures and
adapters, as well as by a program office decisicn to use similar test procedures so that
performance data would be comparable to the data taken during previous MSS programs.

5.1 PERFORMANCE TESTING

The basic test configuration for MSS system testing was that used during abbre-
viated system performance tests (ASPT) and compjete system performance tests (CSFT).
Since performance parameters were measured during some environmental exposures, the
performance test configuration was basic in those tests and was augmented by fixtures or
adapters to permit the environmental exposure during performance testing.

In the basic test configuration the scanner and the multiplexer were mounted to
the collimator cart thermal plate. The scanner was mounted at the spacecraft mounting
interface and oriented so the optical line-of-sight (LOS) pointed into the collimator. The
collimator was mounted on legs that straddled the scanner and rested on the collimator
cart thermal plate. The collimator was oriented so that the scanner looked directly into
the collimator aperture. The scanner and collimator were optically aligned so that each
performance test was conducted with the scanner viewing the same portion of the colli-
mator scene. The several targets that were reqguired to demonstrate system performance
were located at the collimator focal plane on the MTF reticle wheel; they consisted of a
chevron pattern, selected MTF bar patterns, and an open reticle. Also included in the
collimator was a background, or flooding lamp, mounted in front of the collimator
telescope to provide a variable intensity flat field source.

This test arrangement provided the targets and sources necessary to demonstrate
all system performance parameters. Figure 5-1 shows the scanner, multiplexer, collima-
tor, and collimator cart in a typical system performance test configuration. These per-
formance tests were being conducted in conjunction with the electromagnetic
interference/electromagnetic compatibility (EMI/EMC) tests.

5.2 ALIGNMENT

The optical alignment of the scanner is specified and referenced to the plane of
the mousiting interface and to the orientation of the mounting screws. The alignment
configuration was therefore designed around a simulated mounting plate where orienta-
tion could be precisely measured and located. The scanner was then mounted on this
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precision reference interface and the optical axis measured relative to the plane of the
interface. Also, the scan mirror axis of rotation was measured relative to a line joining
two alignment pins on the mounting plate, which then related the direction of scan to the
mounting screws. An alignment cube on the scanner structure was then measured in the
same coordinate reference frame so that its orientation could be used in the future to
align the MSS on the spacecraft.

Figure 5-2 shows the alignment configuration with the scanner mounted on the
angle plate (precision mounting interface), which, in turn, was mounted on a precision
rotary table with provision for three axis adjustments. Actual alignment measurements
were taken with a theodolite which was used to autocollimate along the line of sight of
the scanner to the optical fibers and to autocollimate against the alignment cube. The
setup with the theodolite is not shown in Figure 5-2.

5.3 SYSTEM RADIOMETRIC CALIBRATION

The hardware configuration for the system radiometric calibration was similar to
the setup for system aiignment with the scanner mounted on the angle plate. The inte-
grating sphere, a traceable radiance standard, was positioned about 8 feet from the
scanner aperture, with the line of sight of the scanner aligned with the center of the
sphere exit port (Figure 5-3). During system radiometric calibration the field of view of
the scanner was protected from stray light by shielding with an opaque plastic tunnel and
reducing room lighting to a minimum.

5.4 COLLIMATOR TRANSFER CALIBRATION

The hardware configuration for the collimator transfer calibration was the same
as that for the system performance tests, with the collimator and scanner mounted on
the collimator cart thermal plate and mutually aligned. Figure 5-1 illustrates a config-
uration suitable for collimator transfer calibration. The normal MSS-D test sequence
was to move directly from collimator transfer calibration to either an abbreviated
system performance test or a complete system performance test without disturbing the
hardware configuration.

5.5 EMI/EMC TESTING

The hardware configuration for EMI/EMC testing was the system performance
test configuration medified to adapt to the screen room. Figure 5-1 shows the proto-
flight system in EMI/LMC test; Figure 5-4 is a slightly different view of the protoflight
system in the EMI/EMC tests. During radiated interference tests the collimator was
removed from the test setup so that it would not interfere with the test results.

5.6 VIBRATION TESTING
During vibration tests the scanner was in the launch operate mode, i.e., with

power applied and all units off except the rotating shutter and full time telemetry.
However, no attempt was made to evaluate any performance parameters during the
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vibration exposure. As a result, the scanner was mounted on the vibration fixture
attached to the shaker head or the slip-table, with only the power cable attached.
Figure 5-5 shows the protoflight scanner mounted on the shaker head being prepared for
the Z-axis vibration exposure.

5.7 ACOUSTIC TESTING

During acoustic tests thz scanner was in the same operating mode as for vibra-
tion and was electrically configured the same. However, the nature of the acoustic
exposure required different fixtures and adapters. The scanner was mounted on its
shipping container frame and suspended from a scaffold with bungee cords. This
assembly was positioned in the reverberant chamber in front of the acoustic horn to
obtain the most uniform acoustic field for the exposure. Figure 5-6 shows the
engineering model and the protoflight MSS-D configured for the qualification acoustic

exposure.

5.8 THERMAL-VACUUM TESTING

For thermal-vacuum tests the MSS was configured as in the system performance
tests. To adapt this configuration for operation in the thermal-vacuum chamber, a
thermal blanket was added to the scanner and a temperature controller was attached to
the collimator cart thermal plate via feedthrough couplings in the penetration plate.

Experience gained during previous MSS thermal vacuum tests indicated that
some geometric performance parameters were adversely affected by vibration trans-
mitted through the thermal-vacuum facility into the scanner. An isolation fixture,
consisting of a 3500 pound steel plate suspended by springs from a cage structure, was
constructed and used during MSS-C thermal-vacuum tests to reduce line length variations
and cross-axis motion. This isolation fixture was used as the adapter for the MSS-D
thermal-vacuum tests. This test configuration is shown in Figure 5-7.

5.9 SPECIAL SYSTEM TESTS

During the protoflight MSS-D thermal-vacuum test, anomalous characteristics in
the corrected signal levels for some channels, and to a lesser extent anomalous gain
characteristics at different temperature levels for some channels, indicated a change in
the optical performance of these channels; i.e., the spectral sensitivity of some channels
changed with baseplate temperatures and did so repeatably. Two tests were devised to
investigate these anomalies.

The relative spectral response tests were similar to tests conducted during
system integration and utilized the scanner, multiplexer, collimator, and collimator cart
in a system performance configuration. The collimator was modified by replacing the
visible source and reticle pattern with a monochromator, a device capable of providing
radiant energy with a very narrow frequency band. By sweeping through the required
spectrum, the spectral response of each detector channel was measured. The setup for
this test is shown in Figure 5-8. Further temperature tests required mounting the scan-
ner to the angle plate and aligning to the integrating sphere similar to the system
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radiometric calibration configuration. Heaters were installed on the angle plate so the
base plate temperature could be varied from ambizont temperature up to 40¥C, System
response to the integrating sphere was measured at several temperatures. These tests
confirmed the temperature dependence of the response of some channels. Photographs
of the fiber optics array taken through the scanner telescope at various temperatures
indicated a temperature dependence of the optical characteristics of these channels.
With the exception of the heaters on the angle plate, Figure 5-3 describes the hardware
configuration for the second of these tests.
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FIGURE 5-8. RELATIVE SPECTRAL RESPONSE TEST CONFIGURATION
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6. DATA REDUCTION SYSTEM

6.1 INTRODUCTION

This section describes the Data Reduction System (DRS), which consists of a
Prime 300 test computer, a special purpose digital processor that collected the MSS
video data, and a large amount of software for manipulating these data. The section
begins with a description of the MSS-C DRS configuration. Some of the problems and
limitations of this system are discussed, along with the hardware and software changes
which were implemented to overcome these difficulties. The MSS-D hardware configura-
tion is then described in more detail, including the interfaces to the rest of the test
equipment. A guide to the associated software is also presented. The algorithms for
on-line calibration and measurement of scanner performance are described next. The
section concludes with a comparison of the off-line and on-line analyses.

6.2 DRS DEVELOPMENT
6.2.1 MSS-C

6.2.1.1 Configuration

The MSS-C DRS consisted of a Prime 300 computer with associated peripheral
equipment and software. The hardware was on the same pallet as the digital bench test
equipment. Two different operating systems were used. The primary system was DOS
(equivalent to PRIMOS II), which was a single user system. This system was employed for
all data collection and data reduction programs. Unfortunately, the operating system
had to be changed to DOSVM (a precursor to PRIMOS III) to run the graphics programs.
DOSVM was also required if two people wanted to access the system at one time.
Changing back and forth between operating systems was a distracting and time-
consuming process.

The Prime 300 had four memory boards of 16 kbytes each, for a total of
64 kbytes or 32 kilowords. Mass storage was provided by a 6 Mbyte cartridge disk.
Three Mbytes were located on a removatle cartridge from which program modules were
obtained. The other 3 Mbytes were on a fixed platter and were used for the DOSVM
paging area and a data collection area.

Two magnetic tape units maintained a tape history of the data reduction
program outputs. Both drives were 9-track with a recording density of 800 bpi and an

operating speed of 45 in/sec, \
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Three different types of terminals were attached to the system. A Teletype
ASR-35 served as a control console, operating at 110 baud and providing a hardcopy of
operator requests to the operating system. A Tektronix 4010 was gvailable for use with
DOSVM, primarily for generating graphics output. The Tektronix Had a hardcopy unit
attached. The primary terminal was a Hazeltine 2000 CRT; it could be used either as
one of the DOSVM user terminals or as the control console when executing the data
collection and data reduction programs under DOS.

Except for the outputs of the Teletype and Tektronix hardcopy devices, all
printed and plotted outputs were produced by a Gould 5000 electrostatic printer-plotter.

MSS data from the demux or 28-track tape drive were handled by a special pur-
pose digital processor built by IKON Corporation of Seattle, Washington. This device,
which was called the front-end, selected video data and copied it to the data disk under
control of a specially modified Prime general purpose interface board.

In addition to this video input, telemetry data were also processed by the DRS.
Twelve analog signals and 64 bilevel signals were connected to an analog-to-digital con-
version board and a digital input board, both of which were connected to the Prime 300
central processor unit (CPU). A box called the computer interface tester (or "kludge
box") was built to simulate these analog and digital inputs.

6.2.1.2 Problems and Limitations

Despite the fact that the configuration described above satisfactorily completed
MSS-C testing, improvements were needed in several areas. In addition, telemetry for
MSS-D is generated differently, requiring several modifications to the software.

The computational power of the Prime 300 was not being effectively utilized.
Since only one user could be active during data collection and data reduction, calibration
programs could not be run in a background mode and consequently had to be run on off-
line computers. This meant that the DRS portion of radiometric calibration took approx-
imately 3 days, requiring two outside computers and conversions from magnetic tape to
punched cards and back. Memory size was so limited that even under the DOSVM operat-
ing system, two users had difficulty operating at the same time.

The available disk space was so small that only the executable modules for
system test would fit on one cartridge. Any modification to these modules required
modifying the source program on one of four system cartridges-and rebuilding the test
disk. In addition, up to 12 other disks were used for program development. Dish space
limitations resulted in severe operational problems and made configuration control nearly
impossible.

) Apari from the program changes required by the new MSS-D telemetry format,
several other programs had to be modified. The utility programs for examining raw data
and history tapes produced output which was very hard to read. Errors had been detected
in some of tlie data reduction modules, and it was felt that the modulation transfer func-
tion (MTF) algorithms might fail given the higher line length variations expected from
the new scan mirror assembly.

6-2

Kbt T AR 7 g S




i

b
!
:

CRIGINAL PACE 18
OF POOR QUALITY

Finally, some of the peripherals were getting old. The Teletype was very slow
and had experienced numerous failures on the MSS-C program. The Gould 5000
electrostatic printer/plotter had been repaired several times because of poor print
quality. This was felt to be a result of the print load imposed on this device. The
Hazeltine 2000 had performed adequately, but no backup for this terminal was available
in case of failure during system test.

6.2.1.3 Solutions Considered

In addition to the problems discussed above, the schedules of the protoflight and
flight models suggested that an additional DRS would be required for some stages of the
testing. Five options were considered, and in May 1978, a feasibility study of these
options was completed. One option involved purchasing two PDP 11/70 computers and
rewriting all software from scratch or modifing Thematic Mapper (TM) software if
appropriate. A second option was to buy only one computer and borrow the other from
TM when required. These options had the advantage of compatibility with the TM pro-
gram and an increased level of hardware redundancy, but also had the highest hardware
and software costs and greatest schedule risk. A third option was to spend approximately
$65,000 to upgrade the Prime 300 system to relieve some of the problems mentioned
above. The conclusion of the feasibility study was that the prime upgrade would be the
least costly solution, since program delays without the changes would end up costing
nearly five times the cost of the hardware upgrade. This fact quickly eliminated the
fourth option, which was to leave the Prime 300 as it was and absorb the extra personnel
costs and program risks. The fifth option was to upgrade the existing Prime 300 and
purchase an additional Prime 300 svstem. This option was eventually implemented when
the testing schedules showed that two test computers were indeed required.

6.2.2 Modifications for MSS-D

6.2.2.1 Operating System Update

The ability to run background jobs and avoid having to change operating systems
to run graphics programs could only be solved with a new operating system. DOS and
DOSVM were replaced with PRIMOS III (Revision 15), the most advanced operating
system for a Prime 300 then available. Prime modified this operating system to incor-
porate system calls to the IKON front end. This added a real time data collection ability
to what was basically a multiuser programming system. PRIMOS III would not run on the
DRS as then configured, but performed very satisfactorily with the additional hardware,
described below, purchased at the same time.

6.2.2.2 Hardware Upgrade

To remedy the problems of limited memory and disk space and to allow the
installation of PRIMOS III, several hardware updates were made to the DRS. Four
64 kbyte memory boards were purchased, and the original four 16 kbyte memory boards
were traded for a new 64 kbyte board. An 80 Mbyte storage module disk and controller
were also added to the system. The 6 Mbyte cartridge disk was originally retained, but
because of numerous hardware problems it was dropped from the DRS.
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Much of the remaining Prime equipment was several revision levels below the
current version. To incorporate all of the hardware fixes which had been made since the
DRS was decommissioned, and to simplify maintenance procedures, all of these items
were brought up to the current revision level. This involved trading in the CPU and
backplane for newer versions and replacing the control panel programmable read-only
memory (FROMs). In addition, the extra memory boards and controllers required that
the power supplies be traded for new units with a higher amperage rating.

A Printronix 300 dot matrix printer/plotter was added to the DRS, attached to
the system option controller (SOC) board. The original intention was to use this device
for printed output and reserve the Gould for plotted output. Unfortunately, severe
problems occurred in incorporating the special software required for the Gould printer/
plotter into the customized version of the PRIMOS III cperating system. At about the
same time, pallet space was becoming critical because of the limited floor space
available for test equipment at Santa Barabara Research Center. Since the Printronix
also worked as a plotter, the decision was made to eliminate the Gould printer/plotter.
Regrettably, the slow speed of Printronix plotting caused time problems once actual
testing started.

The Teletype control console was replaced with a higher speed DecWriter. Two
ADDS Regent 100 CRT terminals were also purchased. The test conductor display soft-
ware was modified to operate on the ADDS terminals, and the Hazeltine CRT was
retained as a general access terminal.

6.2.2.3 Off-Line Programs

All MSS-C calibration programs were either executed on other computers or had
not been automated and were performed by hand. One of the primary goals of the DRS
team was to bring the existing programs on-line and finish the development of the other
required calibration programs. This would save a great deal of testing time, and was the
only way to ensure control of the calibration process.

Of the existing off-line programs, development of the band 5 calibration and
band 4/5 alignment programs was halted when the decision to drop band 5 from MSS-D
was made. The remaining off-line program, bands 1 to 4 radiometric calibration, was
successfully converted to operate on the Prime and resulted in a reduction of procedure
run time from 3 days to approximately 3 hours. Finally, the collimator calibration
program, designed to assess the health of the collimator/scanner system, was developed
and implemented.

6.2.2.4 Data Collection

Two major modifications were made to the data collection portion of the exist-
ing software modules. Calls to the IKON front end for data were replaced with calls that
accessed the front end through the newly modified operating system. This involved con-
verting sequences of subroutizs: calls to a new and shorter calling sequence. Instead of
writing the acquired data ontc the fixed platter of the cartridge disk, these routines were
modified to write into a standard PRIMOS data file. This allowed much easier access to
the data by utility programs and allowed representative data sets to be saved on disk or
tape. The corresponding routines which retrieve data for the data reduction modules
were modified to read from these data files.
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