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FOREWORD

‘The authers wish to acknow!edge the support received from both government and contract per-
sonnel associated with the Landsat-4 program. Constructive discussions and useful data have been
provided by both W. Webb and J. Bala of the National Aeronautics and Space Administration
(NASA). Outside contractor support was provided by L. Beuhler from Operations Research, In-

corporated, and by J. Dietz and P. Mallerbe from the General Electric Corporation.

Many general references to the Landsat program are available to the public. Relevant information
and data from these references have been extracted for incorporation *~t5 this document. It is
hoped that this will broaden the circulation of critical information cair:zd in these documents.

Of particular interest are four publications, two by the Hughes Aircraft Company and two by the
General Electric Corporation. The titles of these documents are (1) ““Multispectral Scanner, Final
Report,” HS-248-0010-0867, Hughes Aircraft Company (March 1982); (2) “MSS Protoflight Radio-
metric Calibration and Alignment Handbook,” HS-248-1379, Hughes Aircraft Company (July
1981); (3) “Landsat-D MSS Baseline Test Procedure,” ITP-LD-311, General Electric Corporation
{September 1981); and (4) “MSS Standard Interface Document.” GE-B(Q-78-034, General Electric

Corporation (July 1978).

These documents contain explicit information pertaining to sensor and spacecraft level tests and
their results. In addition, the document *“Landsat-4 to Ground Station Interface Description,”

Revision 5. GSFC 435-D-400 (August 1982), has been referenced where appropriate. Data and
other technical memoranda accessed include both NASA publications and presentation material

used in May 1982 at the first Landsat-4 users’ conference.

FroCEC NG 7288 su/ieX NOT FILMED

e S d




Section

(5]

th

CONTENTS

FOREWORD. . .. i e e
INTRODUCTION . ... e e e e e e e i i
1.1 OV eIV e W . . ..o i e e e e
1.2 Document Organization ........... ... .. .. 00ttt irinnnennnnn.
LANDSAT-4 MSS SYSTEM DESCRIPTION . .. ... . ... ...
2.1 Scanner Optics for MSS. ... ... .. e
2.2 Detectorsand Electronics . . .. ... .ot tnin ittt e
23 Scanner Optics Operation ... ......... ... ...
24 Mission AcqUISitionS . . . .. ... . it e e
2.5 Comparison of Landsat 4 with Previous Landsats ... ..................
2.6 Comparison of Unit Test Data with GE Thermal Vacuum Data ..........
MSS SPECTRAL CHARACTERIZATION ... ... ... i
3.1 ObjeCtiVE. . .. o
3.2 Procedure . . .. ... ...
33 Results . ...
34 Comparison with Previous Landsats ........... ... ... .. ...........
3.5 Conclusions. ... ...
PRELAUNCH MSS SENSOR RADIOMETRIC CHARACTERIZATION .........
4.1 Introduction .. ... ... .
4.2 Calibration Procedure . . .. ... .. ... ... . ..
POSTLAUNCH MSS RADIOMETRIC PROCESSING. . ... ...,
5.1 Introduction .. . ... .o i
5.2 Radiometric Corrections. .. .......... ... . i

5.2.1 Radiometric Correction Using Calibration Wedge Data...........

5.2.2 Radiometric Correction Using Scene Content..................
53 Detector Gain and Offset Update .. ...............................
54 R_,,and Rmin Update. . ...
LANDSAT-4 IMAGE PROCESSING DATA. . .. ...t e,

6.1
6.2
6.3
6.4

Image Processing Parameter Files
Short-Term Parameter File
Calibration Modifiers

...........................................

2-7



Figure

Table

ILLUSTRATIONS

Schematic Diagram of MSS Optics ...... ... .. i,
MSS Data Acquisition. ... .......ciiiiiiiiiiriirninir i
Perspective of MSS Data Acquisition. .. ...... ... ... ...,
Landsat-4 Orbit Characternistics. . .. ... ..o uitiint e innnenennn.
Relative Spectral Response foran MSS Sensor . ......................
Systematic MSS Video and Wedge Level Timing Sequence . .............
Hysteresis Effects on Detector Readings. . . .........................
Spectral Radiant Emittance Plot for 76-cm Integrating Sphere...........
Iilustrative MSS Lamp CalibrationWedge . . .. .......................
Band Normalization of MSS Channel Gains and Offset. .. ..............
Flow Diagram for Postlaunch Radiometric Calibration.................
Flow Diagram of Scene Contant Correction Processing. ................

SceneSegment Blending . . ...... ... ... .

TABLES

MSS Differences for Landsat 3 and Landsat 4. . ... ...................
MSS Optical Filter Specification................. ... ... .........

Spectral Characterization by Channel for the Landsat-4 MSS............

Characterization of Landsat-4 MSS (Band 1) and Comparison with

Landsats 1, 2. and 3 ... ..o it e,

Characterization of Landsat-4 MSS (Band 2) and Comparison with

Landsats 1, 2,and 3 ....... e

vi




Table

3-5

3-6

67
6-8
69
6-10
611
612

6-13

TABLES (Continued)

Characterization of Landsat-4 MSS (Band 3) and Comparison with
Landsats 1, 2, and 3 ... i it i i e e e

Characterization of Landsat-4 MSS (Band 4) and Comparison with
Landsats 1, 2, and 3 .. ..ottt e e

Calibration Nominal Values Used in Each Mode of Sensor Operation. ...........

Multiplicative Modifiers (M) and Additive Modifiers (A)
Currently Used in MIPS. . .. ... . i e e i

MIPS Parameters Record. . ........... e
Additional MIPS Parameters . ... ... ... ... .. . . i
Decompression Tables for Bands 1,2,and 3........ ... ...,
Decompressed Digital Values. . .. ......... ... .. ... .. ...,
Calibration Coefficients for High-Gain, Prime Lamp.........................
Calibration Coefficients for Low-Gain, Primary Lamp ...... ..........

Calibration Coefficients for High-Gain, Redundant Lamp.....................
Calibration Coefficients for Low-Gain, Redundant Lamp. ... .................
Calibration Wedge Offsets forthe Pime Lamp . .......... ... ... ... .. .....
Calibration Wedge Offsets tor the Redundant Lamp.........................

Geometric Image Tic-Mark and Annotation Parameters Carried in the
Long-Term Record . . ... ... .. . i e

vii



[

SECTION 1
INTRODUCTION

1.1 OVERVIEW

The purpose of this document is to describe the radiometric calibration procedures for the Land-

sat-4 Multispectral Scanner (MSS) subsystem. The topics covered are as follows:

Instrument Description

MSS Spectral Characterization
Prelaunch MSS Radiometric Calibration
Postlaunch MSS Radiometric Processing

Exaniples of Current Data Resident on the MSS Image Processing System (MIPS)

The objective of the radiometric calibration is to relate vi 2o digital levels on computer compatitle

tapes (CCT’s) to radiance into the sensor. To achieve this, the sensor must be calibrated with respect

to a radiance source. The scanner subsystem includes such an internal radiance source (lamps).

The basic function of the internal calibration system is to provide repetitive sets of voltages (digital

counts) for each ietector for known input radiance levels. The digital values and their correspond-

ing radiance levels are assumed to be related through a linear equation.

The radiance levels  the internal source are established by calibrating it with respect to known

standard reference levels. Such a source is provided by the NASA 76-cm (30-inch) integrating

sphere. During prelaunch calibration, the MSS is used as a transfer device between the integrating

sphere and the internal lamp. The known radiance values from the integrating sphere and their

corresponding digital counts for the detector outputs are used to establish each detector’s linear

transformation. This transformation is used in a subsequent step to obtain the radiance levels of the

internal lamp.

The MSS instrument has six detectors for each band. The detectors for any given band may have

different responses to different input radiances. Some detectors saturate at different input radiance

1-1
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levels; others can register zero digital values corresponding to different low-input radiances. This
causes striping in the MSS image. It is therefore necessary to map the responses of all six detec-
tors of a given band to a common calibration curve. This results in one single straight line in the

radiance-digital count plane for each band as shown below:

R i Radiance - R max

The radiance value corresponding to a digital count V_ (on the CCT) resulting from the above

straight line relationship is given by

+ R . (1-1)

where R = is the saturation radiance that resuits in maximum digital count V__  (typically = 127)

a

and R isthe lower cutoff radiance resulting in zero digital value. For Landsat 4, the most current

valuesof R and R_, are given as follows:

Rmil‘l Rmax
Band (mW/cm? /sr) (mW/cm? /sr)
1 0.02 2.3
2 0.04 1.8
3 0.04 1.3
4 0.10 4.0



During prelaunch calibration analysis, linear regression coefficients are derived that relate the gain
and offset of a detector to radiance levels of the internal lamp. These coefficients are used during
postlaunch radiometric processing. Using these coefficients and data collected from the internal
lamp during flight operation (often in conjunction with scene content data), digital counts versus
radiance curves for each detector are once again generated. The final result is a Radiometric Lookup
Table (RLUT) that allows a radiance value to be assigned tc each detector reading. In addition, all
detectors of a given band are again mapped to a common calibration curve, anu 4 new equation

identical with equation (1-1) is obtained with new values of R and Rom-

1.2 DOCUMENT ORGANIZATION

Section 2 describes the MSS instrument, and Section 3 summarizes the spectral characteristics of
the MSS. Section 4 introduces the reader to the prelaunch calibration procedures. Section $
discusses postlaunch radiometric processing. Section 6 presents examples of current data resident

on MIPS.



SECTION 2
LANDSAT-4 MSS SYSTEM DESCRIPTION

The MSS is familiar to most users of remotely sensed, digitally processed image data. The following
instrument description will illustrate the scanner optics contiguration, the ¢lectro-optics coanfigura-

tion, and major performance issues relevant to the Landsat-4 MSS.

The MSS 15 4 scanner optic system capable of generating Earth imagery in tour spectral bands. Data
are gathered by either phototubes or photodiodes, multiplexed, and then transmitied to an Earth
station. Images generated cover 185 km on a side. The ground-processing system artificially frames

thes: data by using the world reterence system set of scene centers established by NASA.

2.1 SCANNER OPTICS FOR MSS

The scanner optic system is specially desiyned to ensure contiguous coverage tor each band of
iznagery. Data are acquired when sunlight retlected from the Earth's surface impinges on an oscillat-
ing fiat murror that redirects the Earth image into a Ritchey-Chretien-type Casegrainian telescope, as
shown 11 Figure 2-1. The mirror oscillation sweeps the Earth umage across the focal plane of the
telescope, at which point a tiber optic bundle rece -es the light and transmits data tor each sensor

to its respective phototube or photodiode. Bands 1. 2, and 3 each use six matched phototubes for

detection; band 4 consists of six matched silicon photodiodes.

The fiber ortic bundle is preceded by a rotating shutter wheel that atllows mmage data to pass into
the sensor arrav dunng the west-to-¢ast ground track scan direction. Otherwise, the mage data are
obscured. Dunng retrace motion of alternate scans, light from a calibration lamp impinges on the

Sensor system.

Light from the calibration lamp passes through a graded density tilter betore recaipt by the tocal
plane tiber optic array. Durning ground processing, siv nngie vahbration wedge data wonds are used

to extract digital calibration light levels for cach of the 24 sensors.  The tinung sequence between
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video and calibration data is shown in Figure 2-2. The lower segment of this figure contains a repre-
sentation of the relative position of the shutter wheel during video data and calibration data acquisi-

tion activities.

2.2 DETECTORS AND ELECTRONICS

Bands 1 through 3 use photomultiplier tabes (PMT’s) as detectors; band 4 uses silicon photodiodes.
The analog video outputs of each detector are sampled by the multiplexer during the west-to-east
portion of the mirror scan. The video outputs from each detector are sampled, commutated, and
multiplexed into a pulse émplitude modulated (PAM) data stream. The commutated samples of
video are either transmitted directly to the analog-to-digital (A/D) converter for encoding or, for
bands 1 through 3, directed to a logarithmic signal compression/amplifier and then to the encoder.
This selection is made by ground command. The signal compression mode is normally used for bands

1 through 3; no signal compression is performed on band 4.

Comgression is applied for the phototube signal to make t ' quantization noise match the de ~ctor

noise. Band-4 noise nearly matches the quantization noise in the linear mode of operat

A high-gain mode is also selectable by ground command. In this mode, a gain of 3 is applied to
bands | and 2 (only) before A/D conversion. This allows use of the large dynamic range of these
detectors. Light reflected from the surface of the Earth is the input radiance to the scan assembly.
The video signal for each detector is a voltage that corresponds to this input radiance. [n order to
get back the values of input radiances frcm the voltage, a mathematical transformation is required.
This transformation relates real-time calibration data to minimum and maximum radiances used in

ground processing and will be discussed in a subsequent section.

2.3 SCANNER OPTICS OPERATION

Using the optical configuration previcusly discussed, the operation of this system must ensure

contiguous coverage of the ground track. Since Landsat 4 will ori 't at 705 km rather than at
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92C km used for previous Landsats, some special design changes were required to ensure that the
coverage would meet requirements. This required alteration of the instantaneous field of view
(IFOV), increase of the cross-track scan angle, and adjustment of the along-track satellite velocity
to achieve coverage. The IFOV of each detector is 117.2 microradians. This subtends an Earth
square area of 82.7 meters on one side at the planned mean equatorial orbital altitude of 705 km.
Field stops are formed for each line imaged during a scan, and for each spectral band, by the square
input end of an optical fiber Six of these fibers in each of four bands are arranged ina 4 by 6

matrix :n the exit focal plane of the telescope.

As the flat mirror oscillates, it scans cross-track swaths of 185 kilometers. The lower satellite alti-
tude required that the maximum amplitude of the mirror oscillation be increased to £3.75° from
its nominal position to accommodate this requirement. Previous Landsats used an 11.56° cross-
track field of view (FOV); Landsat 4 will use a 14.9° angle to achieve this ground coverage. The
relative position of the shutter wheel during data acquisition is illustrated in Figure 2-2. Note that

calibration data are acquired in alternate murror sweeps.

Landsat 4 has been des’zmed for a ground-track velocity of 6.82 km/sec. Oscillating the mirror at a
frequency of 13.62 Hz creates a 73.42-msec active scan and retrace period. The optical axis sub-
point (subsatellite point) moves 501 meters along the Earth’s surface during this period. The width
of the FOV of six detectors is also S01 meters. Thus, complete nonredundant coverage of the
ground is obtained. The line swept by the first detector in one mirror sweep lies adjacent to the line

scanned by the sixth detector of the previous mirror sweep.

2.4 MISSION ACQUISITIONS

A schematic of Landsat data acquisitions is presented in Figure 2-3. Each Landsat satellite has been
placed in a circular Sun-synchronous orbit. This means that the orbit precesses in inerti-! space at
the same rate at which the Earth moves around the Sun. Past orbital dynamics for Landsat have re-
sulted in the daily coverage of adjacent paths on adjacent orbits with the repeat coverage of any

fixed orbital area fixed at 14-day intervals.
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Landsat 4 will differ slightly from this scheme because of its reduced altitude and angle of insertion.
The result will be that adjacent orbits will not be covered on the same day as was done for Landsais
1, 2, and 3.- For example, for previous Landsats, if orbits 1, 2, and 3 would be covered on day |,
then orbits 15, 16, and 17 would be returncd on day 2, since on any one day the satellite made 14
revolutions of the Earth. This allowed duplicate coverage on sequential days for images with suf-

ficiently large scene center latitudes.

The Landsat 4 coverage pattern represents a departure from thus scheme because of the orbital
characteristics designed for the system. These characteristics (Figure 2-4) illustrate that there
will be 14-9/16 orbits per day and adjacent paths will be covered either 7 or 9 days after coverage

of the primary path. This difference should be kept in mind by all users.

2.5 COMPARISON OF LANDSAT 4 WITH PREVIOUS LANDSATS

The optical system for Landsat 4 was altered slightly, by design, to accommodate the desired cross-
track coverage for the MSS. Other changes were also introduced that have been itemized by the
document generated by the Hughes Aircraft Company (1982A). Table 2-1 contains a summary of
some of these differences. Differences pertaining to vibrztion, mass properties, acceleration toler-
ance, power distribution, the new command system interface, and the telemetrv interface are
described in detail in this Hughes report and will not be referenced further in this document because

of lack of applicability to calibration.

2.6 COMPARISON OF UNIT TEST DATA WITH GE THERMAL VACUUM DATA

Direct comparisons of the Hughes and General Electric (GE) tests are not possible because of the

difference in sequence between tests, the difference between reasons for tests, and the difference in
configuration (i.e., unit tests versus total integrated system tests). One direct comparison is possible
in the context of ensuring that no significant deviations occur. This comparison uses the sensor gain

as measured through all orbits for each channel by both Hughes and GE. The plots are arranged so
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that the Hughes test data reside on the upper portion of the page and the GE data on the lower

portion of the page. These results are presented in detail in Appendix A.



SECTION 3
MSS SPECTRAL CHARACTERIZATION

3.1 OBJECTIVE

This section summarizes the MSS spectral characterization work performed by Markham and Barker
(1981). Their paper contains relative spectral response data for the Landsat-4 generation of Multi-
spectral Scanners (MSS’s). Reference is made to the protoflight (PF) and flight (F) models through-
out their tables of data. The PF model is currently in orbit as the Landsat-4 MSS sensor system.
The F model is to be used in the future. The reader should therefore associate PF data with current
capabilities and F data with future applications. In this paper, a comparison was made between

simutated radiometric response for Landsat 4 and equivalent data for Landsats 1, 2, and 3.

Channel-by-channel (six channels per band) outputs for soil and soybean targets were simulated
and compared within each band and between scanpers. The primary objective of their study was to
make available to the Landsat user community data on the spectral characteristics of these two sen-
sors, including a characterization of the variabili.y within and differences between the two new
sensor systems. These data can be used by individuai investigators to assess MSS data utility for
each unique application. A second objective was to provide, through simulatioﬁ, an estimate of the
potential contribution of spectral differences between channels to within-band striping, often
referred to as “spectral striping.” This should not be confused with radiometric striping, which is
due to gain or offset differences between channels within a band. Since spectral striping cannot be
removed by uniform radiometric calibration, it represents a fundamental limit to the ability to

remove banding.

Subsection 3.2 describes procedures used in this spectral analysis; subsection 3.3 presents some
results obtained by Markham and Barker; subsection 3.4 compares Landsat-4 data with those from
Landsats I, 2, and 3; and subsection 3.5 presents some concluding remarks resulting from this com-

parison.

3-1



3.2 PROCEDURE

Relative spectral response (RSR) curves for each channel of the Landsat-4 series MSS’s (Hughes,
1980, 1981a, and 1981b), as well as the MSS’s on Landsat 1, Landsat 2 (Norwood et al., 1972),
and Landsat 3 (Felkel et al., 1977), were digitized at 10-nm intervals for bands 1, 2, and 3 and at
20-nm intervals for band 4. Data acquired in 1981 for the current MSS were used for this charac-

terization.

From the digitized curves, the following attributes were computed:

® Lower bandedge (50 percent relative response point)

® Upper bandedge (50 percent relative response point)

® Lower edge slope interval (width between lower 5 and 50 percent response points)

® Upper edge slope interval (width between upper 5 and 50 percent response points)

® Spectral flatness (maximum positive and negative deviation from mean response in central

70 percent of nominal bandpass)

These five characteristics were considered appropriate to characterize the overall relative spectral
response. In addition, bandwidth (bandedge to bandedge) was calculated. For each band, the band
mean (the average value of the characteristic for the six channels in the band) and the band standard

deviation were also calculated.

3.3 RESULTS

Data obtained by Markham and Barker are included for the protoflight MSS system, with the
authors’ permission. Figure 3-1 shows the resultant output for one sensor of band 1. Table 3-1
gives measured channel-by-channel responses for the Landsat-4 system. Tables 3-2 through 3-6

prescent data from which a comparison with other MSS sensors can be made.

3.4 COMPARISON WITH PREVIOUS LANDSATS

Both protoflight and flight MSS systems were studied. The spectral characterization results pre-

sented in Tables 3-2 through 3-6 are summarized as follows:
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Figure 3-1. Relative Spectral Response for an MSS Sensor
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Band 1:

Band 3:

Band 4:

No outliers, relative spectral responses meet all filter specifications except flatness
(Table 3-2).

PF channel 7 upper bandedge is | 2 nm higher than the average of the other PF chan-
nels and is rejectable as an outlier; responses meet all filter specifications except flat-
ness (Table 3-3).

Mo outliers, all channels are slightly wide (2 to 4 nm) to the long wavelength side,
otherwise responses meet filter specifications.

No outliers, but upper bandedge varies by as much as 42 nm, resulting in width vana-
tions of up to 20 percent: system esponse upper half-power points below filter specifi-
cations due to silicon photodiode detector response; and response flatness consider-

ably below filter specifications (Table 3-5).

3.5 CONTLUSIONS

The two Landsat-4 scanners are nearly ident‘cal in mean spectral response; however, some dif-

ference from previous MSS systems was found. Principal differences between the spectral re-

sponses of the Landsat-4 scanners and previous svstems are itemized as follows:

® A mean upper bandedge in the green band of 606 nm was observed for Landsat 4 as

compared with previous means of 593 to 598 nm.

® An average upper bandedge of 697 nm in the red band was observed for Landsat 4 as

compared with previous averages of 701 to 710 .

€ An average bandpass for the first near-infrared band of 702 to 814 nm was found for

Landsat 4 compared with a range of 693 to 793 nm to 697 to 802 nm for previous

scannerss.

These differences resulted in the simulated Landsat-4 scahner outputs being 3 to 10 percent lower

in the red band and 3 to 11 percent higher in the first near-infrared band than previous scanners

when viewing a soyhean target. Otherwise, outputs from soil and sovbean targets were little

3-10



affected. The Landsat-4 scanners generally appear to be more uniform in both charnel-to-channel

and band-to-band responses than previous scanners.
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SECTION 4 OF POOR QUALITY

' " PRELAUNCH MSS SENSOR RADIOMETRIC CHAR ACTERIZATION

4.1 INTRODUCTION

This section introduces the reader to the calibration procedures performed on the Landsai-4 M=S

instrument during prelaunch activities.

Radiometric calibration converts output voltage from the MSS photodetectors into digital valves
that represent input radiance. This is accomplished by using the voltage-radiance charact.ristics of
each detector. Detector characteristics are monitored and updated using an internal calibration sys-
tem. The MSS internal calibration system consists of a wedge density filter between a calibration
lamp and the detectors. The internal calibration lamp, which is used as a reference, is calibrated
prelaunch using a GSFC 76-cm integrating sphere. This integrating sphere is the primary standacd
for the radiometric calibration of the MSS. The objective of the prelaunch MSS radiometric calibra-
tion using this sphere is to establish the reference light levels of the internal calibrator lamp for all

channels (detectors) in the four bands.

There are several radiance levels (illumination intensities) associated with the integrating sphere,
which corresponds to different numbers of lamps, that are turned on within it. In a typical calibra-
tion experiment in the laboratory, the MSS is exposed to different intensities (radiances) from the
sphere. For each output radiance level, R, i the integrating sphere, the MSS registers a digital count,
Vj, that is obtained as an average over several mirror sweeps. During retrace motion of alternate scans
(Figure 4-1), the shutter wheel within the scan mirror assembily is used to transmit light from the
internal lamp through a graded density fiiter. This produces a wedge-shaped signal from the inter.ial
lamp. Because of hysteresi§ effects, detector readings for any given word location on the wedge will
be different, corresponding to different radiance levels from the integrating sphere. Figure 4-2 con-

ceptually shows how detector readings, Qﬁ. corresponding to internal lamp wedge word location. i,

41
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for different integrating sphere radiance levels, j, may change due to hysteresis. Similarly, the digital

readings Vj for the sphere radiance levels Ri are also affected by hysteresis.

During calibration analysis in the laboratory, corrections to hysteresis effects are made to Vj ’s to
obtain adjusted, digital values, VA,, for each radiance level Rj. A linear transformation between
VA’ and Rj is then assumed. Using the coefficients of this transformation (which are evaluated),
the radiance, R, at the internal lamp wedge word locations is calculated. Radiance values corre-
sponding to six preselected word locations on this wedge are then used to compute the gain and off-
set of the detector. Details of this procedure are presented as six distinct steps in the following

section,

4.2 CALIBRATION PROCEDURE

The entire calibration process involves the following steps for each detector of each band.

STEP |: Determination of Equivalent Radiance of the Integrating Sphere

The integrating sphere was calibrated at CSFC using a grating spectroradiometer, by comparing the
output from the sphere with that of 4 standard of spectral irradiance (Reference HS 248-5660-3-1).
The integrating sphere uses tungs:en lamps that are not spectrally flat. The equivalent spectrally
flat radiance of the integrating sphere must therefore be determined independently for each detector
within a band. The equivalent ;pectrally flat radiance of the integrating sphere for any detector is

determined from

,/;awj RSR, d,

" e,

@-1)
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where

x
]

ix equivalent spectrally flat emittance for integraiing sphere level (mW/cm? sr) for

detector k

BW, bandwidth of detector k at 50 percent of peak value

RW, spectral radiant emittance of the integrating sphere for level (mW/cm? usr). A

plot of RWj versus wavelength is shown in Figure 4-3.

RSR, relative spectral response of detector k (dimensionless)

STEP 2: Selection of Calibration Wedge Words for Each Band

During the retrace interval of alternate scans, a shutter wheel closes off the optical system’s view
of the scene. At this time, light from an internal lamp is projected into the sensor through a graded
density filter that resides on the shutter wheel. This produces a unique wedge-shaped video data
stream at each detector. The detector responses at six word locations on this calibration wedge

are selected to represent sample video data from the internal lamp. These word counts are refer-
enced to the first sample on the leading edge greatc:- than level 32 (see Figure 4-4). The particular
word locations are selected on the basis of the following factors:

® Temperature Effects—Detector gains and offset are a function of temperature.

e Detector Aging~Previous detectors have experienced long-term drift effects, particularly

for Landsat 1, channe: 13.
e Hysteresis—Detector gain changes as a function of incident radiance.
e Vacuum-Detector gain and offset shift somewhat when the MSS is introduced to the

vacuum conditions of space.

STEP 3: Adjustment of Integrating Sphere Video Levels

As the system is run through a sequence of radiance levels R’ from the sphere, average video

digital counts V, corresponding to a radiance level R, (as seen in the scene) must be adjusted to
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compensate for the effects of detector hysteresis. If Qu is the calibration wedge digital count for

the ith calibration word location, corresponding to the jth radiancs jevel from the sphere, then
l n
O = — Q 4-2)
Q= ZN o

is the average wedge digital count for wedge word location i. Assuming a linear relationship between

6{ and qu

Q =3 *b, '('Q: 4-3)
It should be noted that GE used 14 word locations (i=1 ... 14) on the internal lamp wedge and 9

radiance levels (j = 1 .. . 9) from the integrating sphere.

Summing overall word locations (i) for a given level (j) produces
m m
S ormey 20

Equation (4-3), when multiplied by Q and summed over i, yields

23 Q=32 T +b 2 @ (4-5)
=]

j=1 i=]1

Equations (4-4) and (4-5) are solved simultaneously for 3 and bj.
This produces
m m m m
v-[Eela-Sataa)n
i=1 =1 =1 i=1
and

bi = mz Gi Qij - Z Qi Z Q,,J /D, (4-7
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where

b Di=m Z“: Q '(i Q\>’ (+81

1t should be noted that since the coetlicients 3, and b’ connect individual Qu‘s with the average

Q. bj should be near unity and 3, should be very small. The coetlicients 3 and b’ can now be used

to adjust the integrating sphere video digital values V| to correct tor hysteresis etfects.
Vi Tt b VA
STEP 4: Equivalent Radiance (R) Values at Wedge Word Locations

Assume that 3 linear relationship exists between adjusted video digital count \"A’ and the corre-

sponding radiance level Rj of the sphere. Or,
VA = p + qR, (4-9)

The values p and q are solved by a least-squares fit (as before tor a, and bj) ot the Jdata sequence

J

over }. Assunung that these detector transter coeftficients apply to the calibration lamp, an equiva-

lent calibration lamp radiance can be calculated for each of 14 wedge-word location i from

L 9-r (4-10)

% q

STEP & Cahibration Cozfticients C , and D‘

From the 14 radiance values computed in equation (4-10), six raduince values corresponding to pre-
viously prescnbed word locations are chosen, and a new linear relationship s assumed between

these six radiance values and the corresponding average wedge digital counts Q

49
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where
[
a= Z Q C, . the offset
=1
6
g = Zl 3,D, is the gain
where

These are the calibration coefficients.

It should be noted that all the foregoing computations are performed to produce six C;'s and D,’s

for each channel of every band (Figure 4-5).

STEP 6: Sensor Transformation Equation

Since the six detectors of a given band have different gains and offsets, the detectors may saturate
at different input radiance levels. Similarly, zero digital values may result at different low-input
radiance for different detectors. This will cause striping. To eliminate striping, each detector
response for the set of six detectors in a band is mapped to a common band calibration curve. To

achieve this, first identify the detector that saturates first. Let R___ be the radiance value slightly

4-10
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lower than the lowest incident radiance that saturates this detector. Let R be the radiance
stightly higher (chosen from experience to be 10 percent higher) than the highest value of input

radiance that produces zero output from one detector. Let V___ (typicaily 127 for the loganthmi-

a
cally ~ompressed modes for bands 1, 2, and 3) be the maximum digita! count from the detectors
(after decompression). Let R be apparent input scene radiance and V be the actual observed video
digital count corresponding to R. Then, the corrected video digital count V_ corresp ading to in-

put R is given by

v

V. = —22_ (R-R_,) (412)

¢ Rmu = Rmh

From equation (4-11), V_ =nd R are related by the equation

V, =a+§ R
or
1 (4-13)
R -T (Vo -)
Substituting in equation (4-12),
v V ~a
max o
vV = - R (4-14)
) Rmu - Rmm 13 me

Equation (4-14) maps all six detectors to one stzaight line defined by the points (R . 0)and

(R, Vm") in the (R, V) plane. Equation (4-14) can be rearranged to read

v

max

(v, -a) (4-15)

4-12
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where
ad =a+ i} Rllin
B' = (Rmu -Rmh)B
Since
6
a= 3, Gq
=1
and
6
B=2, DY,
=1

it can be written

o = ZC{Q‘ + RminzDiQ

i=1 i=1

6
(Rmu - Rmin )ZDl Ql
ix1

©w
]

New regression coefficients can be defined as

Q
"

(R___-R

max min

) D,

so that

« =264,

4-13

(4-16)

“417)

(4-18)

(4-19)

(4-20)
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s - Toig,

These are medified regiession coefficients used postiaunch.

1t should be noted that the scanner subsystem contains two lamps: primary and secondary. Cali-
bration procedures described are performed for both the lamps. However, during flight operations,

the secondary lamp is used only when major problems with the primary lamp are observed.

For bands | through 3, commutated samples of video are normally directed to a logarithmic signal
compression amplifier and then to the encoder. No signal compression is perforned on band 4. A
high-gain mode can 1'so be applied to band 1 and 2 voltages before analog-to-~digital conversion.
Calibration coefficients, C; and D;, are therefore obtained for the low-gain compressed mode for
bands 1 through 3, linear quantized mode for band 4, and high-gain compressed mode for bands 1

and 2.

4-14
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SECTION §
POSTLAUNCH MSS RADIOMETRIC PROCESSING

5.1 INTRODUCTION

Radiometny correcticn consists of a prelaunch and 3 postlaunch part. in the prelaunch part. as
descnbed in Section 4, the internal calit ration lamps are calibrated using an integrating sphere with
Known raduance values. Regression coef icents ((‘: and D;\ are denived that are used in computing
postiaunch voltage (digital counts) radiance curves. Postlaunch rmdiometnic processing involves
determinung the video count-radiance curves for cach detector using the calibration lamp data
either alone or in combination with the scene conteat data. The final result s 2 Radwometne
Lookup Table (RLUT) that allows a radiance value to be assigned to each detector reading. Com-
puting and applying the RLUT values to produce imagery constitute the MSS radiometne corres

tion.

The steps in *he process are shown in Figur? 3-1. The detectors are exposed to the intemal
calibration lamp every other sweep. Dunng each calibration, the internal lamp radiance 18 moditied
by a neutral densaty filter producing a vanation from full radiance to zero. At s1x prechosen calibna-
tion wedge word locations, the detector output ts sampled. The digptal counts combined with pre-
launch regression coetficients determune the slope (i.e.. gamn) and bies (ottser) tor a linear detector
output versus radiance relationshap. This calibration s pertormed tor each segment ot a scene at a
time. Note that at present it has been decuded that each MSS scene will be divided mnto tour seg-
ments for calibration procedures. The internal calibration could be used directly to produce
RLUT's. However, there will be some residual ¢rror in the internal calibration procedure that wall
result in residual striping. An additional calibration, reterred to as scene content or histogram
calibration, ts applied to improve the RLUT'S. This scene segment calibration methodology dittens

{eom the scan-by -scan calibration scheme used tor Landsats 2 and 3

i
'
—
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5.2 RADIOMETRIC CORRECTIONS

During each forward scan of the mirror (in-ilight), approximately 3000 6-bit samples are taken from
each detector. In ever); other scan during the retrace part of the mirror, six calibration wedge values
(from the internal lamp) for each detector are measured. The detector output for bands 1, 2, and 3
is normally compressed (logarithmically amplified) before sampling. During ground processing, the
6-bit digital samples are decompressed to 7 bits (0 to 127) using decompression tables established
during the prelaunch calibrat,on. Band 4 is always 6-bit linear and is expanded to 7 bits for display

during ground processing.

Radiometric correction is achieved in two steps: (1) radiometric correction using calibration wedge

data only and (2) radiometric correction using scene content.

5.2.1 RADIOMETRIC CORRECTION USING CALIBRATION WEDGE DATA

First, the scenes are divided into either one, two, four, or eight (usually four) image segments per
scene. For a given segment, each of the six calibration wedge values for each detector is averaged
over the segment. Using these average values and the prelaunch linear regression coefficients q and

D;, initial values of the gain G and offset B for each detector are calculated:

O
"

6
> o7 o1

i=1

B= 9. CV (5-2)

where Vl is the average value of calibration wedge data. An RLUT that converts output digital

samples to estimated radiance samplies (for an N-level display) is then generated:

RLUT (i) = (~1-B)/Gfor IKi<N (5-3)
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and rounded off to the nearest integer. Here N = 127. The lookup table must now be truncated
for the following reason: It may occur that the detector’s saturation output sample value cor,.-
sponds to a radiance value less than 127. Then, the imagery will appear striped in high-radiance
areas. Similarly, it may occur that some detector’s zero output sample value may correspond to a
radiance value greater than zero. In that case, the imagery will appear striped in low-radiance areas.
To avoid this striping, the lookup table must be truncated to display the imagery over a common
radiance range. Some residual striping will still remain due to nonlinearities, quantization, hystere-
sis, or calibration source variation, etc. The lookup table can n. v be adjusted using scene content
on the following assumption: over a *‘large enough” segment of the imagery, each detector statisti-

cally sees the same distribution of radiance.

5.2.2 RADIOMETRIC CORRECTION USING SCENE CONTENT

For a given image segment, the observed statistics of a detector’s digital output are contained in
the sample histogram Vh (i, j). This histogram is the number of occurrences of the digital sample

(i - 1) for the jth detector over the entire image segment. It has been suggested by GE that it is not
necessary to use every sample from the detector to generate this hustogram. In a test case with
Landsat-3 data, GE found that no performance degradation was noted even tor histograms gen-
erated from as few as every sixteenth sample. This sample reduction for histogram generation has

obvious benefits for high-speed processing.

Using the lookup table discussed above (equation (5-3)), an estimated input radiance histogram rh
(i. j) can be generated for eact detector in a band. The histograms for the detectors are again trun-
cated to a common radiance range. The next step is to compute an average radiance histogram tor

a band from the input radiance histograms of the six detectors in the band

]
1 -
th (i) = — rh (i, ))
6 ,ZT' (5-H)
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To remove striping, the following algorithm can be used:

a. Equalization of Average and Standard Deviation—In the following. the indexe 1and j will

be suppressed, remembering that calculations for the new gain and oftset refer to an indivi-
dua! detector. Let
r = truncated input radiance histogram for the jth detector

z = average of the six histograms for a band as defined in equation (5-4)

Now demand that

Z®ger+b (5-3

Parameters g and b are obtained by equating the mean and standard deviation ot both sides

of this equation. Therefore,

Avg(2) = Avg(ger+b] = go[Avg(D] + b (5-6)
Variz} = Var{g«t+b} = g & Var(n) -7
or
Std (2) = g Std (D) (5-8)
so that
g = Std (2),Std () (-9
and
b = Avgi2) - gAvgn) (5-10)

Here, Avg, Var, and Std refer to average, vanance, and standard deviation.
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The calculated values of g and b can now be used to compute the new gain G’ and offset B’
tor the jth detector. The radiance values r corresponding to digital outputs from the jth

detector are obtained from

r = (V-B)/G (5-1D)

where G and B have been calculated from the calibration wedge data and the regression

coefficients C; and D]. Now
z=ger+b=ge[(V-B)G] + Db
z = (V-B")/G (5-12)
where G’ and B’ are the scene-adjusted gain and offset for the jth detector given by
G' = Gis (5-13)
B =B~-basG

With this new gain and offset, the procedure of deriving 2 lookup table and obtaiuing trun-
cated, estimated input radiance can be iterated. Because of integer lookup-table roundoff
and common radiance range truncation, the average and standard deviations of the updated
estimated input radiance histograms do not generally equal that of the origi: 1 average
histogram. The destriping can be improved by iterating (as shown in the schematic dia-

gram of Figure 5-2) the scene content correction.

For illustration purposes, calculation for Avg, Var, and Std for r will now be shown. Let
r = rh (i, j) = truncated estimated input radiance for the jth detector

Then

sum (j) = number of pixel samples from the jth detector

546
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N

sum (j) = Z th (,j)

imt

N
Avg () = Avg(r) = 2, {i= ) rh(i,j)/Sum G)
=1
N
Var (j) = Var(r) = z li-1-Avg(§)]? rh(i,j)/Sum ()
=1

Std (j) = Std (r) =y Var ()

b. Image Segment Blending—It has been previously mentioned that each scene is divided into

several segments. When viewing the displayed imagery, there should be no evident radiance
level discontinuities between segments (i.e., the imagery should blend evenly with those of
the adjacent image segments). To blend the imagery from adjacent image segments, each
segment is divided into subsegments, and lookup tables for these subsegments are com-
puted ty interpolating the gains and offsets between image segments. The interpolation
uses a weighted average of the segment gains and biases to compute gains and biases for the
boundary subsegments. An example of interpolating gain and bias in the case of three sub-

segments per processing segment is shown in Figure 5-3,

5.3 DETECTOR GAIN AND OFFSET UPDATE

For any given band, the gains and offsets of detectors can have too much of a spread between them.
A method is then needed to adjust the calibration equations to achieve reduced striping. The

method used introdnces muitiplicative and additive modifiers (M and A) in the equation for the cor-
rected digital value derived in subsection 4.2. In subsection 4.2, the corrected digital value has been

shown to be (equation (4-15))
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where §’ and o' are gain and offset, and V_ is the uncorrected digital value. V= =127. The

ax

modifiers M and A ase introduced in the foregoing equation to make it read as

v

v'3_mV-'- =—c-
¢ ® Mg Vo) A=A (,-14)

To find M and A, a detector’s mean radiance (over a flat radiance region) is plotted against the
band mean radiance for several radiance levels. Linear regression yields a slope u and an offset

a for each detector mean radiance (Vc )4 3 @ function of the band mean ragiance (¥ pana

oo = # Tdpung + ‘

The goal is to have the detectors in the band calibrated so that they ail yield the band miean value
when exposed to a flat radiance level. Therefore, the adjusted radiance, (Vc ):“ o is given by
(vc )dot— « (Vc )dcx

— - a
(vc);ot = (vc)bud = u = u = -“- (5-16)

Comparing this equation with equation (5-14), it can be seen that

a
M=pugandk = -
H

The calculated values of M and A are stored in a file. By using these modifiers, the corrected
digital count for each detector is (Vc )Q - If, at a later time, significant striping occurs, then the
M and A for the detector wiil have to be updated by iterating the above procedure. For this

second time, (Vc );“ acts as the old (before correction by M and A) (Vc )ger> ANd it can be written

for the second iteration

- Vi o
Ty = —— - = (5-17)

u u

5-10
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where 4’ and o' are the new slope and otf,et. u' and o/ can again be determined by regression

anal:«sis’z‘ls before, and the updated M’ and A’ can be shown to be

’
A':_A—+_¢!—
y '

o o

In generzl, it can be shown that for subsequent iterations

Mo = o M

A e,

~—+_—

”‘hl I"iﬂ

+1

This update is intended as a long-term improvement. In contrast, scene content correctinn relates
only to a specific scene segm=nt. Presumably updating M and A will remove detector response

changes before the scene content correction.

5.4 Ry, ANDR,, UPDATE

The modifiers M and A can also be used to update the valuesof R_  and R, discussed in sub-
section 4.2, equation (4-12). Using modifiers M and A, the corrected digital value aas been

shown to be

(5-18)

IfR! . and R] . are the adjusted cutoff vaiues of the radiances, then analogous to equation

(4-12) can be written

J' - vmn (R = R'min) (5 15
= 1 7 =1%)
¢ Rmu = Rmin

e b s, s S
3 - R, e . e o
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It should be noted that Vo is the uncorrected digital count and 8 and a are the uncorrected gain

and offset. Substituting these in equation (5-19) yields

v, ~a-3R,,)
« " B (R:nu- R:nh) (3-20)

vﬂl!\

Now

d =a+ R
g =R_ . -K )6

Substituting tor a and § from this equation in equation (3-20) vields

V. (V -ad) R -R
’ msx 0 min min
vc = (RI -R' - vmll R -R
ﬂl max min max min
\R_, -R,, )
x min

Comparing with equation (5-18). it can be wntten
! [
Rmu" Ru\u\

M=
Rmu- Rmh

A = vmtl (R' _R

t
max mn

R;nin_ Rmin )

Knowing M and A, R'm“ and R,min can now be solved. This process can be iterated just as M

and A are updated througn an iterative process.
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SECTION 6
LANDSAT-4 IMAGE PROCESSING DATA

6.1 IMAGE PROCESSING PARAMETER FILES

Data to be discussed in this section include all parameters used in the MSS Image Processing Sys-
tem (MIPS) and carried in either long- or short-term files. Some of these data are unique to the
radiometric response of the sensor. Others are required to gain a more complete understanding

of the total MSS image processing scheme used by the Landsat-4 ground data production system.

6.2 SHORT-TERM PARAMETER FILE

The first data set is labeled *“Active Detector Status.” These data (refer to Table 6-1) carry the
nominal calibration values used for MSS radiometry for eack sensor. Furthermore, data have
been presented for each mode of sensor operation using both the primary calibration lamp

(lamp A) and the secondary lamp (lamp B).

Reference to the table can best be illustrated by example. The top row of the table contains six
nominal calibration data values for each detector of band 1 when used in the high-gain, linear
mode of operation while viewing lamp A. It should be noted, for example, that the numbers can

be rearranged as follows:

Detector 5 41 39 37 33
Detector 6 42 40 38 36

Detector 1 42 40 38 35 2 2
Detector 2 42 39 38 35 2 2
Detector 3 43 41 39 37 2 2
Detector 4 43 4] 38 36 2 2
2 2
2 2

During radiometric data processing, these tables are referenced. When processing band-1 data in
the high-gain, linear mode, the six dynamic calibration vaiues acquired for each of the first band’s
detectors are compared against this table. [f, for example, band | sensor 1 has a dynamuc calibra-

tion response in excess of either of the numbers 42. 40, 38, 35, 2, or 2 by more thun six levels,
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the system wﬂl"‘dethult to the nominal value. Using data in this table, the nominal response for

every mode of sensor operation can e applied during routine MSS data processing operations.

6.3 CALIBRATION MODIFIERS

As the system ages, it is expected that some degradation in apparent sensor respouse will occur.
This can be due either to sensor electronics, variation in output from the calibraticn lamp, or a
combination of factors of this type. The result can be a pronounced video striping effect. Rather
than recalibrating with mathematical procedures developed for prelaunch data, NASA has deter-
mined, using Landsats 1, 2, and 3, that calibration modifiers for both gain and offset parameters

can be derived that significantly reduce visual striping. Before launch, the following relationship

is used:
127 ,
(V] =W (Vo-a) - A
where
M= 1
A= 0
[Vi = output digital level
V, = sensor voltage
g’ = sensor gain factor
a = sensor offset factor

Postlaunch studies generate new values of M and A to minimize striping effects. Data of this type
are carried in a dated file. The information presented as Table 6-2 was current as of January 25,

1983. At that time, values for M and A in the high-gain mode of vperation were not available.

6-3

R



QF POOR QUALITY

ORIGINAL PAGE IS

0000°¢ 0000°0 0000°0 vooo-o ovoo°o 0000°0 0000°0 0000°0 0000°0 000070 0000°0 0060°0
0000°0 0000°0 0000'0 ovo0g°o0 €000°0 0000°0 60060°0 0000°0 0000°0 0000°0 0000°0 0000°0

gogo°0 0Cco0°0 00000 000070 0000°0 0020°0 0000°0 0000°0 0600°0 0000°0 0000°0 0000°0
0000°0 0000°0 0000°0 0coo0°® 0000°0 0609°0 0000°0 0000°0 000070 0600°0 0000°0 QU00°0

0560°0 0000°0 0000°0 003070 9000°0 0000°0 0000°0 0000°0 0000°0 ¢00%°0 0000°0 0000°0
0000°0 0000°0 09%00°0 0000°0 0000°0 0000°0 6000°0 0000°3 0000°0 0060°0 0000°0 0000°0

0000°0 0000°0 0000°9 0000°2 0000°0 0000°0 d0o0°0 go%0°0 0000°0 0000°0 0000°0 6000°0
LLLL ec00°0 80000 0000°0 0000°0 0000’0 0300°0 000070 0000°0 0000°0 0000°0 0000°0

09L1°0~ Q08070 0fY0°0~ OL9Z°0- 0651°0~ 09(1°0 0y91°0~ 0OLOL°O got9 ¢ 06L8° 0 0182 °0~ 00%8°0-
09l0°0 0590 Hse0°0c~ OlIE°0~ 0OSZ]°0 0%v0°0 oLto°0~ 0901°0 096t° @ 0€20°G~- 0(60°0~ CiTli°0O-~

09L1°0= 09080°0 0f30°0~ 0OI9Z°0~ 0QOSI°0~ 09€1°O orvy-o- oloo"o oot9°o 06L'0 0¥sr"0~- 03¥9°0-
cooo0°o 9000°0 0000°0 000070 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0

09L1°0~ 0080°0 0(00°0~ 0QZ9L°0~ 08S]°0- O09f1°0 0000°0 0000°0 0000°0 0003°0 0000°0 0uon°o
0000°0 0000°0 0vo0°0 °000°0 8000°0 0000°0 6600°0 ooun‘o 0000°0 0000°0 0000°0 000070

0L} 0= 0020°0= 0CY0°0~ OF9Z°0~ OQOSI°0- 09€(1°0 0000°0 €000°0 0000°0 0000°0 0000°0 0000°V
g0Go°0 0000°0 3000°0 0000°0 0000°0 0000°0 0000°0 0000°Q 0000°0 0000°0 0300°0 0000°0
(3903R 1Y) Y WIGHO 3INVS) CUILJIIQOM IAlLPLOQY

00003  0000°3 ©0000°) ©000°F ©0000°} 0000°F 0000°F 000l 0000°% ©000°) CO0vO"F  0000°}
000071  ©0000°% ©0000°Y} ovoo"i ©0000°} o00O'3  000O"} 0000°8 0000°F 000G6°% 0CO0"§ ©CO0O"}

0005°%§ 0000° ) gooo"f§ 0000° 1§ 0000° 0000° ) 0000°% o0o000°{ 0000°3 0000°1 00%0° 1} 0003°¢
0000°% 0000° | 0000° % 0000°3 0000° oaco*l coo0°1 oooo" 0000°% 00co° 8 0coo°} 0co0°¢

0000° 1§ 0000° | 0000°} 0900°% 0Qgo"} gooo°{ occo"t 0900° 4 0000° § 0000° ) 0000° 1 oo0o0"§
0000°§ ¢000°1 0000°4 0o000"1 vooo°st goo00" | 0000”1l 0000°3 0000°1 0000° 1 0000° 1 00o00°t

ocodo°"t 0000°1¥ 0000°§ 0000~ 0000°1 ocoo°'t 0000°} 0000°} 00G0"} 00001t 0009° 1§ 0900°%
0000”1 0000°1 0000° % 000"t 0000°1 0000°1 0000°8 0000°1 0000°1 00006} oo00°1t 0000"1

cs00°1 oLes o (111 0} 0566°0 otio"} 0l66°0 o¢so0°0 0ss8°0 co9s%°0 ot9s°0 00230 oLeeo
0€o0°1 evZo*} 0906°0 6S00°3 ov66" 0 0066°0 09214°0 0Gi6°0 (1S ] 2] 09(6°0 o1t6°o (AR )

0600°% 0L96°0 0S00° Y 0ss6°0 otlo"| 0166°Q 0€98°0 0%58°0 0096°0 0Ff98°0 - 00i2°0 Ol98°9Q
¢0C0"§ 0000° 0000° 0000°8 0000°1 0CcJ0°}) goov° 1l 0000°8 0000°1 0000°1t 00001 0000°1

ced30° oLes’ o osoo" 4 0$856°0 otio*l 0165°0 ovoo°t 0000°% vo000° 1 0000° ¢ 0003°1 0000° 1§
0cdo0°} 0000°3 0000°1 6000°8 0000°1 ouco°t ouGo"3 ¢d00°t 09C&°1 0300°1 00G0° Y veoo"1

0800°1 [ JA 1 N 0 co°} 066670 otio°t olsé‘0 gcoo"t 0000° 1% ©000°¢ 0000°1 0090°% 0000°)

0000°%  0000°1 9000°% 0600°1 0000°1 0000°F 0000°% 00008 ©O0O0°3 0000°1 Oco0"§ 0000}
L2903A YD SY ¥ICYD 2WVS) SUILJ100x JATLVIENL1LI0M
(CGON TvD 1C¥0I3e 0O1}

SAIW U1 pas() ApuaLIn) (V) SISLIPOIN 2ANIPPY PU® (W) SISLIPOI dAneddnnN
z-9 a1qey,

64



h
Table 6-3 contains the next data set in the sequence carried in the short-term parameter file. For
ease of presentation, these MSS Archive Gereration (MAG) records have been merged into a
single table. This data set is self-explanatory. Throughout the table, the following acronyms

have been used:

ECC Error Correction Count

CPN Control Point Neighborhood
Ccp Control Point

RLUT Radiometric Lookup Table
R/C Radiometric Correction

CC Cubic Convolution

CPLB Control Point Library Build
GCP Geodetic Control Point
MACS MSS Attitude Correction System
VRS Vertical Resampling

SOM Space Oblique Mercator

U™ Universal Transverse Mercator
PS Polar Stereographic

S/C Spacecraft

HRS Horizontal Resampling

6.4 LONG-TERM PARAMETER FILE

The long-term parameter file contain‘ five unique records. Table 6-4 contains MIPS parameters
relating 'o repeat performance and data processing required for day-to-day image generation.
Tablc £-5 contains decompression tables for radiometry for bands 1, 2, and 2. “Jsing band 1 as
an example, Table 6-6 has been constructed from Table 6-5 to illustrate how the 64 multipiexer
(mux) levels transmitted to the ground stations are expanded to produce data on the O to 127

scale.
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Table 6-3

MIPS Parameters Record

(121X NAG PARAMFATERS RECURD [ AR2 1]

veoca® - -
(ICh RECORUS WAG-AHI)
IRCENT ECC THEVINOLD
OUTFUT ECC ZHHEINOGLD
INGEST HIHOR FRAFT STNCH LOSS THRESHOLD
JUGEST MLISSIHG Swep® THRESHOLD

NAXIKUP SURSTITUTED LINES PER SCENE

TIKE INTFAVAL TQ COLLECT ECC COUNTS

CPN LINE SIZE

CON PIXFL SIZE

MAXINUM SUBSITUTED LINES IN CPN

CPN CLOUD CGVER LOJER RAODIANCE DPERCENTAGE
CPH CLOUD COYER UPPER RADIRNCE PEQRCENTAGE

CP CDRR, PEAKR HEIGHT TO REAN JCCRITANCE CRITERIA

CP CORA, SEC. PEAKR HELICHT ACCEVTANCE CRITHRIA
CP CABR, SHUNPIXFL, LOCATION ACCEPTANCE CRITENTA

CP CNRR, AT EDGE OF CPrN ACCTPTANCE CRITERIA
CP OUICK REG, CP CEUTERED Il CPN CRITERIA

CP PREFILTTR QUTLIER CRITERIA

FILTFR OUTLTER CRITERIA

RLUT SEGMCNTS PER SCENE

RLUT SURSEGHENTS PER CCENE

R/C HISTOGHAM SWEEP SUELSAMPLE RATIOQ

R/C HISTOGRAK PIXEL SUBGANMPLE RATIOQ

RAXIHUIl KUXCER QF CAL KEDGE RUSSTITUTIONS

# OF SWCEZPS TO INGEST TO ACCOUNT FOR PCS ERAROR
HAYIAUN RLLOWABLE LINC LENGTH ERROR

HEICH TURESIOLD FOR CC EMHAN. ALGO.. DAND
LOY THRESHOLO FOR CC ENHAN, LLGD , BAKD
HICH YHRESHOLD FOR CC ZHHAR. ALGG nANRD
LU¥Y THRESHOLD FOR CC CHIlAN, ALGO., -3
RIGH THRESIOLD 70N CC E£NHAN, ALGO.. BAND
LOV THRESHNLD TCR CC SUHAN. ALGO., BAKD
HIGH THRESHCLO FOR CC ExHAN, ALGO., BAND
LO¥ THRFSHOLY FOR CC ENRAN, ALGO., BAND
HIGH THRESLO0LD FOR CC CALC. 1ALGO., BAND
LOU THRESHOLO FOR CC CALC. ALSD.. BAND
HIGH THRESHOLD FOR CC CALC. ALGOD., BAND
LO¥W THRESHOLD FOR CC CALC. ALGQ,, BAND
HIGH TIRESHFOLD FOR €C CALC. ALGD.., BAND
LOW THRESHOLD FOR <2 CALC. ALGCO., B8AND
HIGH THRESHOLD FOR CC CALC. ALGO.. BANO
LOV  JFHRESHOLD FOR CC CALC. ALGO.. BAHD
HIGH THRESHOLD FOR CC REJECTION

X VARIAKCE OF CP DISLOCATION

Y VARIAUNCE OF CP DISLOCATION

L N NN SR S I N VR S AR

(ICD RECORNDS KAG=PAR2)

REASUNEVENT OF HO{SE MATRIX SLEMENT |
NEASHRENEKT OF NOISE MATRIX TLENTHT 2
NIGH THPESHOLD FOR EDGZT CHNASCHENT, BAND
LOW  THRISHOLD FOR EDGES EHMARSHEYT, JAND
HIGH THRESHOLD FUR ENG. EHHANCKENT, JAND
LOY  THRESHULD FOR EDGZ EHNANCHEIT. BAND
HICH THRRSHOLD TOR E£DGT EMUANCHYNT, SAND
LOW  THeESIHOLD FOR EDGE EMRANCHENT, BANO
HIGH THRESHOLD €00 £DGT EHNANCHTHT, BAND
LON THRESHOLD FOR EUGE EHNANCHENT, BAND
LOY PHRESHOLD FUR CHIP & NEIGHEDRNCOD CUORA.
LOY THRESHOLD NOM-SUDBS, REAL PUINTS IN CORR,
A PRIURI VARIANCE 0QF DPITCH

A PRIORT VARIANCE f YAW

A PRIORLI VACIANCE OF ROLL

RADIAL DISWULACENMENMT

PITCH RATE

ROLL RATE

L N RN N SN

6-6

OR!
OF

2

2

401

100

2400
0,.5000000E¢41
120

128

[}
0.0000000F+00
0.0G00000F£+¢00
0,30000005401
0.2000002%+01
N.30000008 0003

0.5000000¢€+01
9.2000000E+02
0.3000000E:01
0.9210000E+014
4

3
0.1000000E+01
0.8000000€+01
1204

4

30

100
4

0.5000000C+00
0.4900000€-02
0.7056000E-02

0.7280000F~03
0.7280000€E~012
100

16

100

12

100

J

{00

1}
0,1000000E+0¢
0.0000C00F+00
0,2600000E~0%
0.1000000E=05
0.120C000F=05
0.1000000E-01
0.,100C000KE=-11
0.1000000E-11

L PAGE 18
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FRARFS
FHAMLS

swertes
Linys
SECOM0S
LINLS
PIXELS
LINES

3IGvA
SIuMA
PIXELS

PIXELS
PIXFLS
GIGHA

SNEEDPS
PIXCLS

QUANTUN LEVELS
QUANTUH LEVELS
QUAKTUN LEIVELS
QUANTUY LEVELS
QUANTUN LEVELS
QUANTUN LEVELS
QUAKTUM LEVELS
QUANTUR LEVELS

KMes2
KKss2

ENSE2

Knee2

QUAKTUM LEVELS
OUANTUR LLVELS
QUANTUN LEVELS
eyarYuUn LIVELS
QUANTUI LEVELS
QUANTUM LCVELS
QUANTUM LEVFLS
QUANTUN LEVELS

RADS¢2
RAps92
RAUS®2
(N TRP;
(RAD/GECY®82
(RAL/BEC)**2
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Table 6-3 (Continued)

eqeye CPLA PARAMFETERS kECURD [LX1]]
FYL 2T XL L AL AL AL R LA L LA Al Al LAl L2l obdd 1 )
CICh HECORD: COLAPARN)Y

ey hur 31T

opit PIXfh 3158

CP Llur SITE

cP LXEL SlcE

CP ENRREORX ELLIDTT ACCEPTANAT CaivTenia

CP IHARN HEIGUHT ACCLELANCE COYTETIA

CP HEC. PRAK HETGUT ACCFPTANCE CHRITFRIA

CP DEYIATION ACCYPTANCE CRLITERIA

CP COAR, SUAFACE CUNVATURE ACTEDTANCE CRITERIA
CP SUTPIXFL LOCATION ACCEPTANCE CRITERIA
FILTEK OUTLIER CRITERLA

NURLER OF GCI'S NFOUINED TO GENERATE SCPS
GCD OUALITY ACCHITINCE CRITERIA
DIGITIZER CONSILTTNCY CRITERIA

YARIALCE OF CP DISLOCATIUON [ X

YARIARCE OF CP DILLOCATION IN Y
MEASURENENT OF HOISE MATRIX ELEMENT I
REASURENRENT (F NGIST NATRIX ELEMENT 2

A PRIOKT vAR1ANCE OF PITCH

A PRIODHT 7ARIANCE OF YAwW

A PRIONY VARIANCL Of ROLL

RADFAL OISDLACEMENT

PITCH RATYE

ROLL RATE

L[ 222 PCPG PARAMETERS RECORD (2211}
(T Y L L L LA L Al Ll A4l DLl L LAl il Ittty Y3
(1CD RCCOUD: PEPRGPAQHA)

S1IE OF X RESAKPLING OUFFER

S1ZE OF Y RESAUPLING BUFFER

see e 3/C AND JUSTRUHENT RECORD 12231
LI 2 X L X DL L Al Al EEI YLl il Tl Y rYr I Y T Y Y ¥
(ICD RECOKDS S/CLIUSY)

NOHTIUAL PITCH

NORINAL ROLL

WOKINAL YAW

PITCN ALIGURENT

ROLL ALIGNRENT

YAW ALIGENENT

KACS PITCH ALIGNUENT

KACS ROLL ALIGNMENT

MACS TAY ALIGHUMENT

4@ OF X RENCHMNIRKS (OUTPUT SPACE QR VYRS)
8 OF Y RENCHMARKS (QUTPUT SPACE OR VRS)
X DENCHHARK SPACING (OUTPUT SPACE OR VRS)
Y AENCHEARK SPACING [QUTPUT SPACE OR VRS)
SCALE FACTOR FOR SOn

SCALE FACTCR FON UTH

8CALE FACTOR FOR PS

BALF FRANE TIMNE

TINE TO NID3CAN

HOKENT OF THERTIA OF MIRROR

TORSIONAL CPNSTANT CF NIRRNR

NSS RAND SLPAMATION (CAND 1)

NSS DALD SEPLRATION (LAND 21}

HSG DARD SEPARATION (RAND ))

MSS NARD SEPARATIUON (BAND ¢)

NOMLNAL &/C VELOCITY

NOMINAL GROUND VELOCITY

(ICD RECORDI 3/CLIKS2)

§ OF JNPUT PIXELS BUTHEEN ALOUG SCAN BENCHMARKS
§ OF JHPUT LINES AFTUEVYN ALONG TRACK OEMCHMARKS
§ OF OUTPUY PIXELS AFTUFFN X RUUCHMARYS

? OF OUTIUT LINFS RETYEEN VERTICAL UENCHMARKS
QuUTIruUT PITEL SToC

ACTINF SCAN TIWF

UALITY

120
128
32
37
0.4605000F+91
0.5000000840¢
0.2000060) ¢ 01

1
0,0000000E+00
0.,3200000€+00
0.92510000E+01

0
0.3000000E+01
0

0.4900000€-02
0.7056000E<02
0.7230000E-03
0.7280000€-0)
0.,2600000%~-0S
0.1000000K-0S
0.1200000€-C5
0.1000000£-014
0.1000000€=11
0.1000000€=11

3540
16

0.0000000+00
0.0000600%+00
0.0000000E¢20
0.4702700C=03
0.2860400E-02
0.54784005-0)
9.0000000C+00
0.0000000E+00
0.0000000€+00

G

“
0,6000000E+02
0,7000000t+02
0.1000000E+04
0.9996000E+Q0
0.1000000E+01
0.1468400£+08
0.$600000E+02
0.9100000t =01
0.2660000€¢02
0.0000000k+00
0.19500708+01
0.,-908408+01
0.5040910F 08
0.7500000E¢0¢
0.6750000F+01

0.710CN00r+02
0,4000000€+02
0.4000000¢+02
0.7000020%402
0.57000008-01
N,12100008 <0

[

Lines
PlIt LS
i
PIXLLS

SIGuA
8IGMA

KNSs?

Krse2

Knse2

KNe®2

RADe®2
RAD®O2
RADASZ

KR€&2
(RAD/SEC)S®2
(RAU/SEC)se]

PIXELS
LIKES

RADIANE
RADIANS
RLDIANS
RADIARS
RADIANS
RADIANS
RAQIANS
RADIAHS
RADIANS

PIXELS
PIXELS

MSECS

HSECS
LUsLNeSFCo8?
LHsLUB/1AD
pPIXLLS
PIXELY
rIXELS
eIXCLS
KM/SECS
KH/GECS

PIiXELS
LIiNES
PIXLLS
LINES
L
SECHNDS



NORINAL TINE RETWEEN SwFEP 3TA
MIDSCAN 1NDUT PIXSL VALUE

¢ OF pnunslt PLYRLL TO LIFT OF
QuUTENT PLXEL KUNAFR FOR RIGHT
INTLUT PIXUYL LUC. OF TKRT LIFT
INTUT PIXEL LOC, OF TRE ferpe

Table 6-3 (Continued)

RT3

IMAGE FRANE

[ LAl
JYERLAP NARKS
OVERLAP RANKS

INPUT LINE NUNARER OF Luwbtll OVURGLAP NARKS
INPUY LINE NUMHER OF UPRFR QYSRLAP RARKS

3 OF OUTPUT LILES ANNYVE THE INMAGE FRANE

$ OF LAST LING OF THE FRANE

NAXINUN ABSOLUTS YALUE OF HRS J DIFPFRENCE
RAXIMUON ARSOLUTE YALUL UF HRS=X DIFFERECNCE
NAXIRUN ARSOLUTE YALUE OF YRS=Y QITTERUNCE

0.71347000K=01
0.1620500L+04
0.00009%00¢L4¢00
0.354R00NE 04
=Q,200C020E+02
0.3260000:::04
0.21970008K+04
9.20)0000E+0)
0.0000000F+00
0.2983000F+04
0,1200007€F¢00Q
0.1100000C10¢
0,.760C000L¢00

- P
ORIGINAL
(0)3 FK)C“‘ <l

SECONDS

PLRELS
PLXLLS

LINES

SECONO
SECONL
SECOND

PIXELS
LINRES

NETCRS
METERS
PIXELS
LINES

METCRS
METERS
METERS
HETERS

RAD/SE
HSECS
RSEC3
RADIAL
RADIAM
SECONL
SECOND
L}
xS

MALINUM ABSOLUTE VALUFE OF vnSeX OIFFCRENLCE 0.1200000L-01%
MEAN YALUE OF WS 2 DIFFENENCE 9.,4800000E+02
REAN YALUT OF HRS X DIFTERENCE 9.8000000F¢02
RFAN VALUE OF (RS Y DIFFERENCES 0.70000007+02
NCAN VALUC QF YRS X DIYFERINCE 0.6000000€¢02
COORNINATE OF CSCENE CENTER M MRS CRID 0.3055000€402
CHORLINATE OF SCEINE CELTER N VYRS GRID 0.2230000L+02
TInY DZTUECN PTXLLS 0,.99580007-0%
TINE RETNENN S/C EPHENCRIS POINTS 0.2048000C¢0Q01
PINE QETWEEN S/C ATTITUDE POIXNTS 0.5120000E¢00
NO. OF SXFEPS PRIOR TO SC, CITNYTZR IN USEFUL DATA 1e¢
NONRINAL SCAN LINE AT SCERE CENTER (NADIMRLINE) 0.,120)%00€+4+04
(I1Ch preontt S/CLIENS)

ROMINAL PIXELS PER 1HPUT LI € 3240
¢ OF INPUT LINES IK PARTIALLY DPRCCESSED INMAGE 2400
NORINSL SCALE OF IMPUT INTCR-PIXEL JIZTANLCE 0.5700000E¢02
HOMIKNAL SCMLC OF TUPUT INTTYR-LIUT DISTANCE 0.82700008+02
? OF PYICLS/CUTPUT LINE 6F FULLY DPROCESSSED IMAGE 3340
t OF LINES PER FULLY PSOCES3IED IKAGT 298)
SCRL: OF FULLY PRCCEISSED IUTER=PIXEL ODISTANCE 0.5700000C+02
SCALE OF FULLY PROCELSTO INTER=LINE OISTAXCE 0.57000000¢02
NONTUAL SPACTCRLIFT ALTITUDE 0.7053000E¢06
HOMINZL 12PUT SHMATI UILTH 105000
NSS NINKNOR VOOEL COEFFICIENT AO 0.2333900€¢30
KRS8 »rspOn rCCLEL COTFFPYCIERNT A 0,1749900€¢02
KSS RIAROR RONEL COSTFICIENT A2 =0,.46130C00Ce02
NE: WRIRROR “0DSL COCZSrICIENT A) 0.99SE000C=-02
R3S HAXIKUM MIRROR ANGLE 0.12%9¢0CE+00
EZAN SKEW CONSTANT 0,135%1350€-02
CIEY WETWESY SUCCFrISIVE SVEEPS 0.7342000t=-01
TIME FAOAN ACTIVE PORTION OF #1RROR sSWEEP 0.32%0200F=01
SCRTIenAJOR AKLIS UF ZARTH (INT. SPHEROLID) 0.86376180cC¢04
SERL~-MTKOR AXIS OF FARTH (INT. SPHEROLID) 0.6)3%6%12€+¢04
CARTI CURVATURE COHSTANT =0.1113315C-12
(31CO RFCARD: SDO0O

NSS SANPLING DELAYS FOR DETECIONS t THRU 2¢ (PL1XCLS)E

«3.277C205F+00
©0,2720505€E+01
*0,275000>E+01
=0,27208C5E¢01

HSS ALND
KSS BAKD
HSS DARD

TO MAKD OFFSET
T0 BAKD OFFAET
T0 NAND OFFSET T

«0,280344L3E¢01
*0,2C00n65L001
=0,2H006A5C¢ 01
~Q,2800065L¢01

FUOR HAND 2 (REL,
FOR MAND ) (REL.
¢ (REL,

OR BAND

=0.2800325F+01
-0,2000S2SF+01
=0.2800%525F+01
=0.2R005250k¢01

T0 1) 0.1950010F¢0t PIXELS
0 1 0.)R900¢0t:+401 VIXELS
0N 0.584091CFeQt PIXFLS

6-8

“0,2960305E¢01
«0,29602305E+01
=0,2%80)05E401
=0.2900303Ee01

1A
S
5

cs

s
S
s
S

=0,2040245F+01
=0.30°0745K+01
~Q,1r 0248+ 401
«Q,3040245F 01

AGE S
UALITY

=0,212010%F+01
0, 212U1007 w0y
“0.2130101 0 U
*0,.3120100T 0
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Table 64 OF QUALITY

Additional MIPS Parameters

MIPS LOHG TFRA PARAMETER FILE NIPS.PARMSIML400S.ANM
295~JAN=1923) §4112106.C00

CICATRESFRSRPREENPEEOEERTO RO RUNINIEtsRIttOOEtEsENSRetORSS)
ICe8 MIPS LONGTERM PARAMETER RECORD LONGTERNSO000
LOKGTERN4000

IR*4 EARTH ROTATION BETWEEN ASCENDING HODES (ARC-NIN)

1407.320
+.:84 ONBIT REPEAT CYCLE (DAYS)
16.,00000
IR®4 OROITS PER CYCLE
233.0000
IR®4 SATELLITE PERIOO (HINUTES)
9s.00412
{R®*4 INCLINATIUN OF ORBIT (DEGREES)
$8.20000
ire4 ECCEUTRICITY OF EARTH ELIPSOLD
§,1992000E-02
IR¥4 aRBIT RADIUS (HEZTERS)
7003465.
fR¢4 LOKGITUDE OF ASCENDING NOODE PRIOR TO PATH ¢
127.7608
{Ce¢2 TYPE OF SHPEROID
54
10¢4 EARTH RADIUS AT EQUATOR (KKS)
6)79.1e8
IR®*4 wWrS SPACING AT THE EQUATOR (DEGREES)
1.545064%
{1%4 NUKBER QOF PATHS IN THE WRS
233
{1¢4 NUMBER OF ROWS IN THE WRS
249
11%4 NUMDER OF ROWS IN THE DELTA EPHENERILS
16
{I1#4 NUMDER OF COLUMNS IN THE DELTA EDHEMERIS
3
j1¢4 NUPBER OF ROWS IN THE DELTA ATTITUDE
64

114 NUMBER OF COLUMNS IN THE DELTA ATTITUDE
3

{R*4 MIDOLE LINE NUMDBER OF INPUT NOMINAL SCENE
1203,500
IR%4 NIDOLE PIXEL NUMBER OF IRPUT NOMINAL SCENE
1620,.500
JI®4 NUNRER OF COLUMNS IN THE HRS
61
1194 NUNDER CF ROWS IN THE HRS
S
f11¢4 NUMBER OF COLUMNS IN THE VRS
61
11#4 HUMDER OF ROWS IN THE VRS
4
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OF POOR QUALITY oF. POOR @
Table 6-5

Decompression Tables for Bands 1, 2, and 3

DETINORC4000
{1%4 NOMINAL CAL WEDGE WINDOW SIZE
6
{1%4 DECOMPRESSION TABLES FOR BAN™S 1 AND 3, 64 VALUES
0 ' 2 3 3 4
5 6 ? ] 9 10
i1 12 1) 14 16 29
18 20 21 22 24 2
21 29 3t 1) 34 36
2 40 42 “ 46 45
50 82 54 56 59 62
65 67 70 13 16 79
02 s 08 91 94 9
99 102 105 §08 111 18
117 120 123 1217
11%4 DECOMDPHRESSION TABLE FOR BAHD 2, 64 VALUZS
) { 2 2 3 ¢
s 6 ? 8 « 16
11 12 13 14 16 47
18 19 21 22 24 26
27 29 n 33 34 3
38 40 42 44 46 ic
49 st 54 56 59 !
64 67 10 73 16 79
1 84 Y 90 93 '
99 102 108 108 114 11
117 120 123 127

6-10
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Table 6-6
Decompressed Digital Values

ORIGINAL PAGE
OF POOR cnuu.rr'\rs

Original Decompressed Original Decompressed
0 0 32 42
1 1 33 44
2 2 34 46
3 3 35 48
4 3 36 50
5 4 37 52
6 5 38 54
7 6 39 56
8 7 40 59
9 8 41 62
10 9 42 65
11 10 43 67
12 11 44 70
13 12 45 73
14 13 46 76
15 14 47 79
16 16 48 32
17 17 49 85
18 18 50 88
19 20 51 91
20 21 52 94
21 2 53 96
22 24 54 99
2 26 S5 102
24 2 56 105
2 29 57 108
2 31 58 111
27 33 59 114
2 34 60 117
29 36 61 120
30 38 62 123
31 40 63 127

6-11
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The third record of i;npoﬁ;nc; (Tzble 6-7) is the set of C, and D, values calculated using pre-
launch data. These values are presented for each sensorin each mod f operation. The sequence
of values for each calibration lamp source follows the same pattern given in Table 6-1, in which
the calibration response has been presented in terms of digital counts. This set of C;, D, is used

to calculate sensor gain and offset in terms of radiance and calibration wedge digital response.
These data are presented in Tables 6-7, 6-8, 6-9, and 6-10. The fourth record contains calibration
wedge offsets for each sensor in the high- and low-gain modes of operation. These data presented
in Tables 6-11 and 6-12 can be corrclated directly with calibration wedge response. Therefore, the

following applies for sensor 1, band 1, and high gaiu:

Word 460 470 480 490 910 220
Calitration
Response 42 40 38 35 2 <

where (he calibration response refers tc the calibration wedge described in Table 6-1.

Finally, Table 5-13 contains data used in image generation relating to tic-mark placement and

separation and to the size of the annotation words used by MIPS.

6-12
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Table 6-11 OFE POOR QUALITY

Calibration Wedge Offsets for the Prime Lamp

LAKP A (PRINE) CAL %EPGE OFFSETS
HICK GAINM CAL MEVGE OFFSETS FOR SI1X CAL VEDGC VALUES
DETFCTOR | CAL WEDGE OFFSETSH 460 470 490 490 910 920
DEYFCYOR 2 CAL WEDGY OFrscLyse 463 M0 48) 49) 1) 923
DEIECTOR 3  CRL SEDGE OFFSETSE 467 417 487 97 $17 921
PETSCTOR & CAL WEDGET OFFSEYSH 47 481 498 501 921 91
DESLCTAR S CAL WFCGE (FVSETS! 415 48s 495 35 9258 ¢15
PETECTNR 6 CAL WEDGE OFFSETSI 479 409 499 509 929 929
QETFCTOR 1 CRL MEDGS UFFSETSE 568 $78 589 $99 918 943
DEYECTOR @ CAL H(DGE OFFSETS! 514 581 s$91 601 41 9
CETECTOR 9 CAL wEDRGT QTFSETSH s7s 589 595 605 945 958
DETECTOR 10 TAL WEDGY OFFGETSS S79 589 S09 £§09 949 959
DETECTAR f1 CAL NCOGE QFFSETS: 541 91 603 61) 952 8612
DETECTOR 12 CAL ¥CDGT OFFSETSE 587 $97 507 61? 957 967
DETECTOR 11 CAL WEDGE QFFSETSHt 179 {1} 193 {100 seo e9o
DETECTOR {4 CAL WEUGT G#TSETSS mnm 18) 39) 40) 883 89)
DETCCTOR 1S CAL GEDGE OFFSETSS N 187 397 407 887 897
OETECTOR 16 CAL VEDGE OFFSETS: 301 391 401 414 891 g0}
DETECTOR 17 CAL NEDGE OFYEETSH 3es 19¢ 408 41195 895 909
DETECTOR 10 CAL ¥WEDGE OFFSSTS? b] 1 399 409 4“9 099 909
DETECTOR 19 CAL YEDGE OFFSETS! bY 3] 333 34 153 743 133
DETECTUR 20 CAL ¥EJGE OFFSETS! m v 347 157 747 1517
DETECTOR 2! CAL WEUGE OFFSETS! N Ja s 6t b1-11 16
DETECTOR 22 CAlL ¥EDGCE OFFSETS! 318 s iss k111 155 768
DETECTOR 23 CAL WEDCE OFFSETS! 340 150 360 370 760 770
DETECIOR 24 CAL NEDGE OFFSETSH 34 183 383 3713 163 M
1.0  GRIN CAL ¥EDGE OFFSETS FOR 8IX CAL WEDGE VALUES

DETECTOR 1 CAL WEDGT DFTSETSt 220 210 240 250 coo0 a10
DETECTOR 2 CAL NEDGE OFFStTSs 224 214 244 254 804 81¢
DETECTOR 3 CAL WEDGET OFTRETS) 227 r Y] 247 2517 607 817
DETECTOR & CAbL VEDGE OFFSETSS 232 242 252 262 852 @22
DETECTOR S CAL MEDSE OFFSETSy 238 25 258 268 835 828
DETECTOR § CAL YEDGE NSrSETSS 239 249 259 269 819 829
DETECTUER 7 CAL MEDGE OFFSCTSR w m 34 1837 £67 £77
DETFCTOR 8 CAL WEDGE OFFCETSE 33a 340 150 360 870 880
DETECTOR 9 CAl. NEQGE OUFZETSE 3 LYY Ise k1T 824 54
DETECTOR 10 CiL WEDGT OFFS¥FTSS 3¢ 348 3se 368 (&)} 58
DETECTOR {L CAL ¥SDGE QFFSETSS 342 352 362 372 892 E92
DETFCTOR 12 CAL WEDSE OFFSSTGS 346 3156 166 376 886 Bveé
DETECTOR 13 CAL KEDGT OFFSETSH 168 118 3ns 395 87s 605
DETECTOR 14 CAlL NEDGE OCFSETSI 169 319 389 199 79 £e9
DETECTOR 1S CAL WEOGE OFFSETS: m 303 193 40} 883 n9)
DETECTUR {6 CAL WEDGE QUFSETS! m 387 397 407 6§47 a7
DETECTOR 17 CAL WEDCE OFFSETS! 3to 3% 400 410 2990 ga00
DETECTUR 18 CAl WCDGE QFFSETSS 384 394 404 414 894 90¢
PETECTOR 19 CAL XEDGE OFFSETS! 119 329 319 149 739 749
DETECTOR 20 CAL YEDGE OTFSETSY 312} 333 3O 1513 143 7153
DETCCTOR 21 CAL ¥EUGE CIFSETSH m” 337 147 157 147 157
DETECTOR 22 CAL WEDGT OFFSETSE 33 4t 5t Jet 7514 7614
DETECTUR 23 CAl, NEDGE UFISEYSS 33 345 158 Jos 158 765
DETEC™0OW 24 CAL wEDGE OFFSETS! 39 J4a9 359 Jo9 159 769
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LARP B (REDUNDANT)

HIGH

OETFCTOR
DETECTOR
DETECTOR
DETLCTOR
DETECTOR
CETECTOR
DETECTOR
DETECTUR
DETECTOR
CETECTOR
DETECTOR
DETECIOR
BETECTOR
DETECTOR
DETECTOR

DETECTOR -

PETECTOR
DETECTCR
DETECTOR
DETECTOR
RETFECTOR
pETECTOR
DETFCTOR
DETECTUR

Loy

DETECTOR
OCTECTOR
DETECTOR
DETCCTOR
DETFCTUR
DCTECTOR
DETECTOR
DETCCTOR
DETECTOR
DETECTOR
RETCCTOR
DETECTOR
DETECTOR
DEY" CTOR
DETECTOR
DETECTOUR
DETECTOR
DETECTOR
DETITCCTOR
DETECTUR
DETICTOR
DETECTOR
DETECTOR
DETECTOR

Table 6-12

ORi
OF Poge

Calibration Wedge Offsets for the Rclundant Lamp

GAlIN
1 CaAL
2 Cab
) CrlL
4 CAL
S Ci
6 CAL
7 CAL
8 CAL
9 CaL
10 CAL
11 CAL
12 CAL
13 A
14 CAL
1S CAL
16 CAL
17T CRL
19 CAL
19 CAL
20 CAKL
21 CkL
T CrL
23 CAL
24 CAL
GAIN
t CrL
2. CAL
3 ChL
4 CAL
S CAL
6 CAL
7 CAL
8 CAab
9 Cil
10 CAL
i1 CAL
12 CaL
13 CAL
14 CurL
15 C ML
16 CAL
17 ChrL
18  CAfL
19 CAaAt
20 CaL
21 CRL
22 r CAL
2)  CaL
24 'CAL

CAL WEDGE OFTFSETS

CAL WEDGE OFFSETS FOR STX CAL WEDGE VALUES

WEOGE OFFSETS:
UEDGE QFFSETSS
KEDGE QFFSETSt

; WEDGE QF#StTS?

WEDGE OFFSETS!
YEDGE QrFsETSt
HYEDCE OFFSETS!?
¥eDGE OFFIETSE
KEDGE QFFSETS?
HEDGE OFFSETSS
WEDGE OFFSETS!
HEDGE OFFSCTSt
HEDGE OFFSETS?
WEDGE OFFSETSS
HEDNGF, OFFSETS?
WEPGT OFFSETS:?
wEUJE OFFSETSS
VEDGE OFFSETS!
WERGE OFFSETSH
WEDGE OFFSETSS
¥CDGE QFFSETSH
WEOGE OFFSETS?
KEDGE OFFRETS
VEDGE QTFSETS?

CAL CEDGE GFFSETS FOR SIX CAL

WEDGE CFFSETS!S
NWECUGE OFFSETS?
VEDGE OTFSCTS!
VCDGE OFFCETS!?
WECGE OTFSCTst
WEDGE OFFSETSS
YEDGE QirFCETS?
WEDGE OFFSKTSS
MEDGE OFFS=TSI
WEDGE CFFSETS!
HEDGE OFFSETS!
HEDGE QOFFSETS!
MEDGE OTFSETSI
WEDGE OFFSCTSI
4EDGE OFFSETSS
WEDGE CFFSETS!
WEDGE OFFSETS!
HEDGE OFFSETSS
HEDGE OFFSETO
REDGE OFFSETS!
WEDGE OFFSHTSS
WEDGE OFFSETSS
WEDGE OFFSETSIL
HEDGE OFFSETSHt

460
463}
467
471
473
479
568
572
576
579
583
597
370
174
318
382
i8S
389
322
326
330
133
138
342

220
224
227
13t
PEL]
239
kb2
3
KR L
339
342
346
366
370
173
317
it
)gs
ite
322
32s
329
334
339

6-19

170
4713
477
481
485
439
5789
582
586
589
593
5§97
380
is¢
a8
192
3195
399
332
336
340
343
J48
152

230
234
rE ]
2418
245
249
337
341
344
348
is2
3s6
376
3oo
3635
3187
3cd
39s
328
332
333
3139
144
148

480
48)
4357
491
495
49¢
5080
$92
566
599
603
607
iso
194
398
402
405
409
342
146
3so
353
ise
162

490
49)
497
501
508
509
598
602
606
t09
613
6117
400
404
408
412
415
€19
352
356
360
3163
368
172

910
9113
917
921
92s
919
9ig
942
946
949
953
£57
geco
fu4
868
092
895
899
742
746
750
153
158
162

WEDCE VALUES

240
244
47
251
255
259
347
3514
354
3ss
362
3és
k2:13
3190
393
397
401
408
3o
342
345
349
354
3sg

250
234
257
261
265
259
357
isl
364
368
372
376
3196
400
403
407
411
415
348
352
1ss
359
364
168

800
804
807
811
815
8l9
807
871
674
816
g2
ecs
876
080
gel
6e7
€9y
n9s
Y]
742
745
749
194
1540

PAGE
OuAmys

920
92)
27
931
91s
917
948
052
956
959
9613
967
090
aye
89
902
S0S
909
182
756
160
763
768
© 112

810
014
6§17
821
825
829
t17
aet
(-2 ]
ces
892
896
886
859
893
897
901
go0s
748
152
7185
159
164
168
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Table 6-13
Geometric Image Tic-Mark and Annotation Parameters
Carried in the Long-Term Record

SRAFERIEETLESSETEATELRNESRENTEIEREES TR 00002
$1C#12 POLAR STERECQGRAPHIC TICXMARK RECURD KEY
PETCKNRKA00O
1294 UDHIZONTAL PIXEL SIZE (METERS)

$7.000Q0
§R%4d VERTICAL PIXEL SIZE (RETERS)

$7.00000
o {104 TICKEARKE SESARATICN (KNM3)

%0
11%4 LENGTH OF HOSIZONTAL ANMOTATIOR BLOCK (PIXELS)
3is
1X%4 LERGTH OF VERTICAL ANRNTATION BLOCK (LIHES)
€20
{1%4 PIXELS PER DUTPUT LIRE (PIXELS)
3548
$11%¢ LINES IM TUE QUTPUT IRAGT (LINES)
2983
114 DISTAUCE IN PIXELS AWAY FROR THE X AXIS OF THE P8 SYSTEN
1492
IR¢A WINDOW SI2E ARQUND 0.0 FOR P(3.,33 AND P(1.2)
9.9993%28%-03
a4 HINDON SIZE AROUND 0.90,180,-90 (DEGREES)
0.1245000
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