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ABSTRACT

This document presents an analysis of the flight performance of a new
design of horizon scanrmer flown on Landsat-4. The analysis is based
on a study of representative data spans covering a little more than a
year since the Landsat-4 launch. The salient features in the data are
described and demonstrated by data plots. High frequency noise must be
filtered out to achieve good accuracy, but this is effectively done by
128-point averaging. The effects of Earth oblateness and spacecraft
altitude variations are modeled, and the residual systematic errors
are analyzed. Most of the residual errors are apparently explained by
the effects of Earth radiance variatiom, with the winter polar regions
showing the highest variability in the attitude measurements due to
winter stratosphere temperature variations. A model for the predicted
radiance effects is compared with the flight data and deficiencies in
the radiance effects modeling are noted. Correction coefficients are
also provided for a finite Fourier series vrepresentation of the
systematic errors in the ‘data. An analysis of the seasonal dependence
of the coefficients indicates the effects of some early mission
;rébi;msﬁﬂﬁitﬂmWLhe reference attitudes which were computed by the
onboard computer using star trackers and gyro data. The effects of
sun and moon interference are discussed, and a few remaining
unexplained anomolies in the data are noted, The sensor noise
characteristics amnd their power spectrum are described and the
variability of full orbit data averages are presented, A complete set
of plots of the sensor data for all the available data spans 1is

included in the Appendices.
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SECTION 1 ~ INTRODUCTION

1.1 PURPOSE AND DOCUMENT OVERVIEW

This document presents an analysis of the Landsat-4 horizon scanner
flight performance, The Landsat-4 mission provides a unigue
opportunity to evaluate the flight performance because accurate
reference attitudes are available from the Onboard Computer (QBC)
which makes use of star tracker and gyro data. The Attitude
Determination and Control Section (ADCS) at Goddard Space Flight
Center (GSFC) is supporting this work with the goal of underspanding
the attitude accuracies obtainable from this latest generation horizon
scanner. The Landsat-4 Project Office is also partially funding this
work with particular interest in the resultc that may be used in the
design and implementation of a backup control law utilizing corrected
horizon scanner data. The dinitial planning for this scanner
evaluation is provided in Reference 1 and the mathematical modeling of
the scanner is given in Reference 2. Preliminary results on the
scanner performance wWere provided in References 3 and & and this
document updates and expands upon those results, In particular, a
clearer picture of the systematic seasonal trends is presented with
over @ year of data now processed. Some early mission uncertainties
in the reference attitudes "are discussed with regards to their impact
on the horizon sensor residual errors, More details of the Sun and
wbon ‘interference effects are described. A detailed review of all of
the currently available data spans was made and several unexplained
anomolies in the measurements are noted. In addition, full orbit
average variations are discussed as an indication of very low

freguency noise,

This report reviews all the salient features in the data and discusses
their known or probable causes. It alsc presents correction
coefficients for the measurements based on fits to the systematic

residual errors. Major topies discussed include the following.

1-1.
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- The effects due to Earth oblateness and orbit eccentricity
Systematic effects due to seasonal radiance changes
Correction coefficients and their seasonal dependence
Analysis of the residual errors in the corrected measurements
Sun and Moon interference effects and residual data anomolies
Polar radiance variation and cold cloud effects

The measurement noise characteristies and powsr spectrum

0 0o 0o 0 o o O

Full orbit averages in the piteh and roll measurements

Seetion 1 of this report provides background information with regard
to the mission and the scanner. It also provides an overview of the
sorftware used in the evaluation effort, and briefly describes the
scanner modeling and nominal calibrations. Section 2 provides a
summary of the data spans and an overview of the flight data
characteristies. Section 3 describes the modeled systematic errors
due to attitude perturbations, spacecraft altitude variations, and
Earth oblateness effect. It alsc presents the residual errors in the
data after these systematic errors are removed. These residual errors
are then compared with the predicted systematic Earth radiance effects
in Section 4. The radiance effects modeling deficiencies and the
remaining residual error sources are discussed. Section 5 presents
the Fourier series fits to~the pitch and roll measurement errors for
each data span. It also provides an analysis of the error sources
indicated _by .the seasonr® -“ependence of_the correction coefficients.
Section 6 discusses the Sun and Moon interferences, and cther data
anomolies. Section 7 dicusses the large scanner meajsurement
variations in the winter polar region and the cold cloud effects on
the scanner horizon measurements, Section 8 discusses the sensor
noise characteristics and their power spectral densities. Seection 9
discusses the variations in the full orbit averages which indicate a
very low freguency noise. Finally, Section 10 summarizes the key

results obtained in the current study.

1-2
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1.2 MISSION CVERVIEW

Landsat is a program of the Office of Space and Science Applications
managed by NASA Goddard Space Flight Center. The General Electric
Company Space Division 1s the mission contractor responsible for
Landsat-4 spacecraft design, Integration and testing, as well as the
design of the Data Management System, the Landsat Assessment System

and the Operations Control Canter.

The Landsat series of satellites provides multispectral imagery of the
Eartn's surface useful for Earth resources analysis. Landsat-l is
intended as a precursor to an operational system for giobal resource
management, The improvements over previous Landsat spacecrafts
include a higher data rate, a new more accurate sensor (the thematic
mapper), and a more efficient operational ground support and—data

management system.

The Landsat-4 spacecraft design is significantly different from the
previous Landsats. Landsat-# makes use of the Multimission Modular
Spacecraft (MMB) design and the NASA Standard Onboard Computer (0OBS)
for spacecraft control and data handling, The MMS bus includes four
momentum wheels, three electromagnetic coils, and three two-axis
gyroscopes for 3-axis stEbility. orientation and momentum control.
The MMS8 bus also includes two NASA standard star tracker:. one fine

sun senscr, and a 3-axis magnefome... Ffor attibude dstermination.

Landsat-4 alsoc has two Conical Earth Sensors for Earth direction
determination. These sensors are used in control laws for the
attitude acquisition sequence and used as backup attitude sensors by
the analog "Safehold Electronies" to check for possible preoblems in
the primary onboard attitude determination and control system. Plans
are being made to develop a backup control law for the OBC which uses
calibrated and corrected horizon scanner data rather than star tracker
data.
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Landsat-U was launched on July 16, 1982, It rflies in a sun
synchronous, near polar; near cirecular orbit with about a T10
kilometer altitude, The orbit inelination is about 98.2 degrees. The
orbit eccentricity is about 0.001, with about a 17 kilometer
difference betweer apogee and perigee altitudes. Periges always
cecurs near the maximum Northern latitude crossing. Periodic orbit
ad just maneuvers maintain this orbit.

1.3 CONICAL SCANNER DESCRIFTION

This section briefly describes the horizon scanner design and its
mounting geometry on the Landsat-l spacecraft. A more detailed
description of the scanner and its mathematical modeling is given in

Reference 2, Specifications for the scacner are provided in
References 5 and 6.

The inscrument whose measurements are analyzed in this report is
called a Corical Earth Sensor (CES) by its manufacturer, Ithaco Inc.,
and it is referred to as an Earth Sensor Assembly (ESA) by the mission
contractor, General Electric. Conical sepanner or horizon secanner are
names commenly used for this type of sensor. This type of attitude
sensor functions by sweeping a narrow field-of-view infrared detector
in a conical path and detecting the Earth-in and Earth-out horizon
crossings. One axis of the spacecraft orientation is measured by the
width of the Earth scan. Another axis is measured by the phase of the

scanner rotation at which the middle of the Earth scan is found.

The Landsatw~d CES design is significantly different from most previous
horizon scanners flown by NASA, The changes were designed to achieve
a higher acecurancy than earlier models. The principal differences are
4 narrower spectral bandpass, a slower scan rate and & new horizon
detection logic., A diagram of the CES is shown in Figure 1-1.

i-4
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The spectral bandpass for Landsat-U and several previous missions are
compared in Figure 1-2. The narrower bandpass relative to previous
missions reduces the scanner sensitivity to radiation outside the €O,
absorption band and thereby reduces the sensitivity to lower
atmosphere and surface temperature variations. Details of the Earth's
infrarad radiance are discussed in Section 4.1,

The spectral bandpass is achieved by an interference filter coated on
the inside of the window which seals the unit, and is modified
slightly by the transmission properties of the optics, which are made
of germanium. The incoming radiation is focused by two lenses, with
bolometer immersed in the second lens. The bolometer is a thermistor
(thermally sensitive resistor) made of sintered oxides of manganese

cobalt and zinc pressed into a thin flake.

Between the filter/window and the first lens is a prism which is
designed to bend the incoming infrared radiation #5 degrees from the
optic axis. The prism is rotated at 120 r.p.m. by a synchronously
operated stepping motor to generate the scanning motion for the
detector field of view,

Very high scan rates are common for horizon scanners because they are
often built as an integral part of momentum wheels used for spacecraft

control (e.g. the Ithaco Scanwheel which was flown on Seasat, Magsat,

HCMM, SAGE, and earlier landsats and the RCA Wheel Horizon- Scannee °

flown on AE~-C, D, E, and DE-B.) The relatively slower scan rate of
the CES, 120 r.p.m., allows a better signal-to-noise ratio for the
infrared detector and this makes more practical the horizon detection
logic which uses the Earth signal derivative, Earth signal derivative
horizon locator logiecs are more commonly found on spin stabilized

geosynchronous satellites.

The Landsat-Y4 horizon detection signals are shown in Figure 1-3 and

the horizon crossing determinations are illustrated in Figure 1-4. A

1-6
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1~-8

Ay e



S
3 ‘ :
ORIGINAL PAGE
; OF POOR QUALITY
té 2 4
4 r
r' l Vmax
<! OUTPUT
SIGNAL l 0.3 Vmax
K(t) ! l ta A y ©
T:[ t? T !
i ’
{ I 0.5 Vpin
|
3 l ]
: i 1 Vmin
1 i | I
1 | H [
A 1 1 fﬁ_
] | |
1
i 1 o
1l v
o P!
gi, . I | ] I
: s P b
3 H 1 5 O
iv_ " T s
3 Tl 2
]
4 T
3 |
3
s-‘?i e S [ [, _ -
.

FIGURE 1-4, Conical Scanner E Voltage (Earth Width) Determination

from the Bolometer Qutput Signal



r - " . .
.
Sl e T g s e e e

vk

S B F A A

.
3

E LIRe

e

g DA YRR TS e T T T "i:h"-.-vdv-“’ﬂ‘l.‘ V3

3

ORIGINAL PAGE i
OF POOR QUALITY

sample of the incoming radiance signal as the scanner field~-of-view
sweeps across the Earth is shown in Figure 1-3{a)., The sensor
electronics process this signal to provide the voltage output shown in
Figure 1-3(b)e The electronics are effectively differentiating the
filtered input signal to obtain the output voltage. Peak detectors
are used to measure the amplitudes of the spikes in the output signal.
Then threshold detectors set at half the peak voltages detect the
times of these spikes. An anolog integrator measures the time span
between the Earth-in and the Earth-out pulses. This integrator
charges at half the normal rate while the threshold detectors are on,
and thus the time between the middles of the two fthreshold detection

pericds is measured.

An analog sample and hold circuit stores this integrated voltage in an
output buffer for each scan cycle. This is called the E channel ar
Earth width output. A second output voltage is computed which is
proportional to the scanner rotation angle between a reference
position and the middle of the Esrth scan., This is called the H
channel, or Earth phase output. Both of these voltages are stored in
sample and hold ecircuits and are updated once each spin period, which
is every 0.5 seconds. Under nominal geometry, the relationships
between these voltages and the spacecraft pitch/roll angles are
approximately linear.

e

Two Conical Scanners are onboard Landsat-4. The optic axis of Scanner
1, which is called the tail-side scanner, is oriented foward the
negative spacecraft veloeity direction tilting 2 degrees toward the
Earth center, The axis of Scanner 2, which is called the right-side
scanner, is mounted toward the negative orbit normal direction,  also
tilting 24 degrees toward the Earth center., With this mounting
geometry, the attitude pitch component is measured by sensor 1 width
and sensor 2 phase, and the attitude roll component is measured by
sensor 1 phase and sensor 2 width., This relationship is shown in
Table 11,

1-10

—r— .

e g



sl A R : e e e e P et

&
i
ORIGINAL RPAGE I3
OF POOR QUALITY |
|
TABLE 1-1. Relaticonship Between Attitude Components and Earth
Measurements
{ Sensor 1 Sensor 2
{ Pitch Width Phase
Roll Phase Width
=
:
{
[P, X -~ 7 ] B —
L !




SR N e T e AT TR
* +

bl )

U A LR S

CRIGINAL PAGE &
OF POOR QUALITY

Figure 1-5 shows a diagram of the conical scanner ground tracks
relative to the subsatellite point and flight path, This shows the
path traced by the field of viaw over the surface of the Earth,
assuming a nominal spacecraft altitude and attitude. Marks along the
scan paths indicate one degree intervals of scanner rotation inside
the horizon. Figure 1-6 shows the ground tracks of the scanner on the
Earth at five minute intervals as the spacecraft moves around its
orbit. These plots illustrate the horizon crossing geometry at

various positions in the orbit.
1.4 EVALUATION SOFTWARE OVERVIEW

The software system developed for analyzing the Landsat-4 horizon
scanner performance is called the Conical Scanner Evaluation System
(CSES). The system consists of eight subsystems, Each subsystem
performs distinet functions and they interface through several
databases. The key features of the system are comprehensive modeling
of predicted measurements to compare with the flight data and flexible
data plotting and data fitting capabilities for analyzing the data and
condensing large volumes of data to show the important orbit period
systematic effects.
b
The structure and database interfaces of CSES are illustrated in

Figure 1~7. The subsystems are indicated by boxes and the databases

g

are indicated by either tape or diSk dataset symbols. Detailed
descriptions of CSES and its data bases are given in Reference 7.
The purpose of each subsystem 1is described briefly in the paragraphs
which follow.

Telemetry Reblocking Utility (TRU)

It was discovered that preprocessing of the telemetry data is

necessary because of the way that data is written to tape by the

1-12
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FIGURE 1-6. Landsat-4 Conical Scanner Cround Track on the Earth

at 5 Minute Intervals, North Polar View (2 of 4)
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FIGURE 1-6. Landsat-4 Conical Scanner Ground Track on the Earth

at 5 Minute Intervals. Descending Node View (3 of 4)
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FIGURE 1-7. Conical Scanner Evaluation System (CSES) Relationship Between
Subsystems and Data Bases
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Landsat-4 Operations Control Center VAX 11/780 computer. When
unpreprocessed data tapes are read by the IBM 360/95 it is found that
each data block contains slightly less than one telemetry major frame,
with the rest of the frame in the next block. The reblocking utility
.w. .5 through the tape, and reblocks the data to one major frame per
physical record so that it can be read by the telemetry processor.
Both the received tape and the reblocked tape store the data in

reverse time order, i.e., the first major frame of each data file on

the tapes contains the end time in the data pass.

Telemetry Processor (TP)

The purpose of the Telemetry Processor is to extract from the raw
mission format telemetry data those data words which are relevent to
the Conical Scanner evaluation. The Telemetry Processor extracts this
subset, which ineludes Conical Scanner sensor measurements, OBC
attitudes, ephemeris, and timing information, from the spacecraft

telemetry and stores it in the Telemeiry Data Base.

Spectral Bandpass Integrator (SBI)

The Spectral Bandpass Integrator extracts Earth infrared radiznce data
from an existing data base called the Horizon Radiance Data Base

(HRDB)., The HRDB (Reference 12) contains Earth radiance data as a

--funetion-of viewing angle, latitude, month, and wavelength. The

Spectral Bandpass Integrator integrates the radiances over the
specific spectral bandpass of the conical scanner. The resulting
Earth radiance as seen by the scanner coptics is stored in the Landsat-
D Radiance Data Base. The radiance is retrieved from this data base

for input to the Sensor Opties and Electronics Simulator.

1-19



Sensor Optics and Electronics Simulator (SOES)

The main function of the Sensor Optics and Electronics Simulator is to
predict the Conical Scanner sensor reponses to seasonal, systematic
variations in the Earth horizen radiance. This is done by first
computing the radiance input signal as the scanner field-of-view
sweeps across the Earth and then computing the electronics output
signal using a linear model of the civcuit response (Figure 1-3
illustrates sample data plots of these signals generated by the SOES).
The horizon detection logic is then simulated to compute the horizon
crossing position. The predicted responses are stored in the
Triggering Heights Data Base (THDB) in the form of horizon triggering
heights for both scanners at all orbit positions and seasons. The
data are retrieved from the data base as needed for input to the
Scanner Measurement Predictor (SMP). In addition, analysis of the
sensor can be performed to study the sensitivity to various optics and

electronics parameters.

Scanner Measurement Predictor (SMP)

The Scanner Measurement Predictor writes a Measurements Data Base
(MDB) which contains the observed scanner measurements and the
predicted scanner measuremfents (based on a detailed scanner and Earth
model, and the spacecraft attitude and orbit), and a number of other
key variables useful for correllatiomwsit» *he measurements. The other
variables include the scanner temperatures, the refercnce attitudes,
the spacecraft positien in the orbit, and the horizon crossing
latitudes. The SMP alsc has a "predicted-predicted” mode where it
replaces the observed measurements with predicted measurements based
on a second set of model parameters. This mode may be used to
demonstrate the theoretical effects resulting from the adjustment of

various model parameters.




1 -
I i o e

R Al
t
i
i

ORIGINAL PAGE 8
GF POOR QUALITY

Data Plotting and Fitting Utility (DPFU)

The Data Plotting and Fitting Utility produces Calcomp plots of
selected data which is obtained froem the Measurements Data Base (MDB).
It computes polynomial and/or finite Fourier series fits to the data,

and plots these fitting functions as well as residuals from the fits.

TR T A RIS T

! It also computes statisties for the data and the fit residuals, The

Ll

utility is designed so that any variable, which may be selected or
computed from the MDB, can be plotted and/or fitted as a function of
any other wvariable. The DPFU provides options for overlaying or

stacking a series of plots. A special plot type called a serial

it - el im e T R ST
i TRk
- -_—

stacked plot, can show several orbits of data stacked sequentially in

order to clearly show variations from one orbit to the next.

These options provide a great deal of flexibility for analyzing and

displaying various features in the data, particularly the orbit pericd

effects. Definitions of the specific data variables that can be

plotted and fit by the DPFU, and their plot label titles, are listed
= in Appendix A of Reference 3.

In addition, a number of routines utilized by the DPFU data fit
processing were extracted for use in a separate utility in order to
allow data fitting and plofting of namelist input data, The plotting
capabilities in this utili£y includes both printer plots from an

existing subroutine name QEAPH and Calcomp plots from a general

plotting subroutine named GRAPHC, which-wasideveloped from the DPFU
plotting subroutines. This utility was used to produce the plots of
the piteh and roll fit coefficients and residual statistics of Section

5.

Scan Path Plotter (SPP)

The Scan Path Plotter plots the path of the scanner field-of-view

across the Earth's surface. Sample plots from this utility were shown

1-21
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in Figures 1-5 and 1-6, The scan path plot helps to provide a general
understanding of the scan geometry. The plots can be overlaid on
Geostationary Operational Environmental Satellite (GOES) Earth
photographs to show the scan geometry in relation to meteorological

conditions,

Power Spectrum Analyzer (P34)

The Power Spectrum Analyzer obtains the autocorrelation function and
pover spectral density of the scanner measurements which are contained
in the MDB, A data fit can be subtracted from the data to take out
the general trend in the measurements, leaving the noise component to
be analyzed., The spectrum is then obtazined by taking a discrete
Fourier transform of the mean lagged product or autocorrelation
function estimate. A spectral window may be optionally applied to the
autocorrelation function. The Power Spectrum Analyzer provides
printouts and plots of the input time series, the autocorrelation
function, and the power spectral density. The plots are made using

the Wolf Plotting and Contouring Package.
1.5 SPACECRAFT TELEMETRY AND NOMINAL CALIBRATIOHNS

The spacecraft telemetry information retrieved by the C3ES Telemetry

Processor is summarized in Table 1-2.

P~ "~ = S e

The width and phase measurements are sent down 6535—évery 0.128
seconds as E-voltage and H-voltage counts respectively. The nominal
conversions from counts to the pitch and roll angles and to the Earth
width and phase angles are given in Table 1-3, The counts are obtained
by an Analog-to-Digital converter in the Remote Interface Unit (RIU)
onboard Landsat-4, A conversion factor of 50 counts per volt is
employed by the RIU, The conversions between the voltages and the
piteh/roll angles were calibrated by ground bench tests., The nominal

calibration is 0.5 volts per degree. The conversions between the

1-22
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TABLE 1-2,
o
EE Measurement Sensor ID
§ Width (Pitch) 1
| Width (Roll) 2
1
! Phase (Roll) 1
AE Phase (Pitch) 2
:i (j Bolometer Temperature 1
. Bolometer Temperature 2
' { Electronics Temperature
i ' Electronics Temperature 2
.-
-
- OBC Attitude:
ﬁ Quaternion N/A
b
L
> .
S OBC Ephemeris:
= Position Vector N/A
" Velocity Vector N/A
= =
: _
AN Signal Status
3
4 Signal Status 2
.
o Sensor Status -
§ Sensor Status o2
;oo
E i DPU Time T o p____ﬂfﬁ__
% Flight Software Times N/A

*# 1 major frame

1 minor frame

1
{
*
\
-

i A - A A

Lpkd | SV §

It

Telemetry Measurements Retrieved by (CSES

16.384 sec.
0,128 sec.
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Data Rate® (Sec)

0.128
0.128
0.128
0.128

16.384
16.384

16.384
16.384

4.096

4,096
4,096

0.128
0.128

4.096
4.096

16 .384
4,096
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TABLE 1-3. épominal Calibrations for Conical

Scanner Measurements

ff
. Related
lAttitude Related
. Angle Nominal Earth Angle
Measurements Sensor [ (Deg) Calibration (Deg) Nominal Calibration
E~Voltage 1 Pitgh p = 0.04 C_ ~5.00 Earth Width -
Count ‘ 7 R (9 Q = 55 + 155.64
(C.) P
b L
>
2 Roll Earth Width 9 =— L 4 155.64
r r = 0,04 CE -5.00 (9 0.539 )
Rell
J-Voltage 1 . r = 0.04 CH ~5.00 Earth Phase b = T
Count €)) 0.914
()
. Pitch - s
2 p = 0.04 C_ ~5.00 Earth Phase P =
3! 0.914
: P ()
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piteh/roll and the Earth width/phase measurements are derived
theoretically using linear approximations (Reference 2), assuming a
cirecular orbit of 7086 km in radius, a spherical Earth of 6378.14 km
in radius, and a constant horizon triggering height of #0 km, The
error due to the non-linearity between the Earth measurements and the
piteh/roll angles is negligibly small for the nominal range of
attitude variations. However, the assumptions of cirecular orbit,
spherical Earth, and constant horizon triggering height constitute the
main sources of systematic errors in the attitude determination using

Conical Scanner data, This is discucssed in detail in the following

sections of the document,

Note that the definition of Earth phase adapted for this document is a
right hand rotation about the sensor boresight from the scanner
reference axis (the nominal Earth direction at zero pitch, roll, yaw)
to the mid point of the Earth scan. Reference 2 actually defines the
phase in terms of the spin sense of the scanner but errorneously
assumed the spin axis to be along the boresight whereas the - spin
vector is actually opposite the boresight 135 degrees fron the scan
cone. This spin sense definition of the phase can be adapted (as it
currently is internally in the CSES software} by changing the sign of

phase to pitch or roll conversion factors. -

gt

The bolometer and electronics temperatures are measured every 16,384
~seconds. .The conversicn from the temperature counts to degrees

centigrade is done by the fifth order polynomial defined below

(Reference 8).

Temperature =  164.4 - 47777 C
+ 08178 c2 - 6007119 ¢3
+ .000002888 c¥ — .000000004401 C°

where C is the telemetry counts. A plot of this relation is shown in

Figure 1-8. The bolometer temperatures are measured by thermistors

1-25
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located in the Conical Earth Sensor assembly. The temperature
information is retrieved in order to identify possible temperature

dependent errors in the sensor measurements.

The OBC attitude is sent down through the quaternion representation.
The OBC also provides spacecraft position and velocity vectors. The
OBC attitude and ephemeris information is updated every 4,006 seconds,
The attitude is computed by the OBC using star tracker and gyro data,
These attitudes are the reference attitudes used in analyzing and

calibrating the Conical Scanner measurements in this study.

The OBC ephemeris information retrieved by the TP is used in the
Scanner Measurements Predictor to locate the spacecraft positions in
the orbit., The Flight Software times provide the reference times for

the attitude and ephemeris information,

The signal znd sensor status voltages are retrieved from the telemetry
to identify any failure condition of the scanners. The signal status

is updated once every 0.128 seconds and the sensor status is updated

once every 4.096 seconds.
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SECTION 2 — DATA CHARACTERISTICS OVERVIEW

This section summarizes the data spans used im this analysis,
describes the general characteristies of the relevant Landsat-4 flight
data, and serves as an introduction to the subsequent sections which

discuss various aspects of the data in detaill.

In this and subsecquent sections all data plots are in units of degrees

unless otherwise stated.
2.1 DATA SPAN SUMMARY

Data spans of about 24 hours duration were acquired at approximately
two week intervals in order to accomplish this survey of the Landsat-U
scanner performance. This data volume was chosen to adequately
represent the orbit to orbit changes over the course of a day, and
demonstrate the seasonal variations over the course of the year. The
data spans processed for this report span 13 1/2 months fromfﬂugust
1982 through September 1983. Additional data is being accumulated and

will be used to update these results at a later date. -

Table 2-1 provides a summary of all the data spans processed for this
analysis, This table incIudes the start time and duration of each

span, a 1ist of the data gaps which are over ten minutes duration, and

"4 Tount of the number of major frames which were rejected because they

contained some flagged data.

Table 2-2 contains a summary of special features encountered in the
available data spans. Each of these features are discussed later in
the report. The Sun and moon interference and other scanner data
anomolies are discussed in Section T. The reference attitude

anomolies are discussed in the next subsection.
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TABLE 2-1, Summary of Data Spans
DATA NUMBER OF
DATA DATA SPAN GAPS OVER 10 MINUTES MAJOR
PASS Start Date Time Duration Date Time Duration FRAMES
NO. YY-MM-DD HH:MM  HH:MM MM=DD HH:MM  HH:MM REJECTED
1 82-08-10 21:54 22:38 08-11 09:03 00:29 53
08-11 14:50 00:21
2 82-08~-25 01:08 26:17 08-25 02:38 02:12 21
08-25 09:35 02:40
3 82-09--08 04:33 2U4: 45 09-08 12:30 00:12 467
09-08 23:05 02:01
09-09 01:40 01:39
y 82-09-22 00:33 25:27 09-22 06:07 00:19 39
09-22 08:13 01:56
09-22 20:08 03:34
5 82-10-05 15:31 25:13 10-06 03:16 01:12 135
10-06 06:47 01:58
6 82-10-20 05:12 24:43 10-30 20:23 05:32 80
7 82-11-02 23:07 23:58 11-02 07:12 01:58 52
8 82-11-16 06:33 24:51 (NO GAPS) 11
9 82-12-01 00:28 26:43 12-01 15:27 00:59 52
10 §2-12-14 12:25 26:21 12-14 14:03 00:53 13
12=14 20:42 0Lk:25
1 82-12-28 05:32 24: 42 12-28 12:26 00:11 156
i2=-28 14:13 02:04
12 83-01-1G 06:36 29:30 01-19 10:19 01:38 39
01-19 13:39 01:15
13 83-02-02 03:24 26:25 02-02 08:54 00:37 33
02-62 21:23 00:14
14 83-02-17 00:01 30:54 02-17 05:15 00:34 56
15 83-03-03 02:57 .24:46 (NO GAPS) 51
16 83-03-14 13:45 27:17 03-14 19:20 01:46 56
17 83-03-29 23:54 24:45 (NO GAPS) 54
k! . A2-04-14  00:34 27: 44 (NO GAPS) 16
19 83-04-26  02:04  25:03 (NO GAPS) 7
20 83-05-11 00:15 26:07 (NO GAPS) 11
21 83-05-23 00:39 27:45 05-23 20:26 00:45 12
22 83-06-06 00:23 26:37 (NO GAPS) 30
23 83~-06-21 22:59 26:23 06-22 00:41 01:16 19
24 83-07-06 15:48 26:41 07-07 20:56 01:19 36
07-07 06:38 01:20
25 83-07-26 00:40 29:32 (NO GAPS) 8
26 83-08-06 13:45 28:00 (NO GAPS) 45
27 83-08=31 00: 14 27:57 09-01 00:47 01:16 10
28 83-09-14 00:27 29:32 09-14 O04:24 00:12 27



B & Tt

TABLE 2-2. Notes on Data Span Special Features

! PASS START
| NUMBER DATE NOTES ON SPECIAL FEATURES
1 82-08-10
. 2 8-25
S 3 9-08
] 3 gu22 Earth acquisition mode during first 70 minutes.
" 5 10-05
6 10-20
[T 7 11-02 Moon interference in Sensor 2 on first 3 orbits.
Two bad data points in the reference attitude.
— 8 11«16
S g 1201 Moon interference in both sensors.
U 10 12-14
. 11 12-28
< 12 83-01-19 Sun interference in Sensor 1.
L 13 2-02 Sun interference in Sensor 1.
! 14 2-17 Sun interference in Sensor 1.
-z, Anomolous correlated noise in both pitch channels
for 2 short periods (less than 15 minutes each).
One bad data point in the reference ephemeris,
. 15 3-03 Sun interference in Sensor 1.
3 [ 16 3-14 Anomolous noise in each pitch channel for separate
) 5 minute periods.
3 e 17 3-29 Moon interference in Sensor 2 on first 5 orbits.
o 18 B.-14 Anomolous noise level in both pitech channels for
=k about 40 minutes. -
] 19 B-26
: - 20 511
- t 21 5-23
f 22 6-06 "
23 6-21 o
;" 24 7-06
s =25 T~26 Earth acquisition mode during first 30 minutes.,
E Moon interference in both sensors.
: 26 8-06 TWo anomolous attitude excursions for 8 minute
e periods with poor reference attitudes during
% ' excursions,
g 27 8-31
s L‘ 28 9-14 Moon interference in sensor 1 on last 3 orbits.
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2.2 REFERENCE ATTITUDE OF POCR QUALITY

The avallable data spans were selected f{rom periods when the
spacecraft maintained a2 good reference attitude under control of the
OBC. The OBC was generally using the star trackers and gyros to
provide the reference attitude. For many of the data spans, only one
star tracker was in use, but this did not degrade the system accuracy
(in faet the one tracker was chosen to improve the accuracy when
relative alignment errors between the trackers were recognized as
causing less stability in the gyro drift rate estimates). Two of the
available data spans, June 22 and July 26, come from periods when the
spacecraft was under control using only the fine sun sensor and gyros,
however the accuracy of the control for these data spans is believed

to be very good.

Early in the Landsat-4 mission some problems were recognized-ih the
OBC reference attitudes. The key symptom was orbit period variations
in the star tracker residuals (differences between the observed and
expected star positions) of about 220 arc seconds (0,06 degrees)
amplitude, Several contributing error sources were lccated ;nd the
problem in the residuals was finally eliminated on February 15, 1983.
The OBC reference attitude problems and their resolution are discussed
in Reference 9. Reference.Q does not provide complete informafion on

the direction or amplitude of the attitude errors vs. time., The

— .. appaceng effaqt of the reference attitude problems based on analysis

of the horizon scanner residual errors is discussed in Section 5.3.

For the data after February 15, the accuracy of the reference attitude
was estimated to be about 8 arc seconds or 0.00225 degrees (Reference
8), Some gquestions may still exist about the reference attitude, but
their accuracy is generally believed to be better than 36 seconds or

0,01 degrees.

P
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Figure 2-1 shows the downlinked reference attitudes and spacecraft
altitude above a spherical model Earth as a function of time for four
orbits on November 3, 1982, The attitudes are in degrees and the
altitudes are in kilometers. Figure :=-2 shows the same data plotted
as a function of orbit phase from the ascending node. In these piots
the four orbits are overlayed on top of each other., These plots
demonstrate the consistency of the spacecraft attitude over several
orbits.

The spacecraft is in precision Earth pointing mode, and the attitude
stays very close to zero piteh/roll/yaw except for two brief
excursions each orbit in roll and yaw. These disturbances are due to
the reorientation of the solar panels which occur when the satellite
enters or leaves the Earth's shadow. The amplitude of the attitude
excursion is about 0.05 degrees. Otherwise the attitude variation is
generally less than 0,02 degrees peak-to-peak and is within + .02
degrees of zero piteh/roll/yaw. This same general pattern is seen in
the reference attitudes in all the data whiech is included in the
report with the exceptions discussed below., Appendix A provides a
complete set of plots of the reference attitudes for the data spans

used in this analysis effort.

Generally the spacecraft was in precision Earth pointing mode (flags
MODE=4 and ICAL=3 in the OBC ACS telemetry report) for all the data
spans. __This control mode maintains the spacecraft at zero pitch-roll-
yaw as illustrated in Figures 2-1 and 2-2. However two data passes,
on 9/22/82 and 7/26/83, were received with the spacecraft in Earth
acquisition mode at the beginning of the data spans (ICAL=2). Though
the spacecraft was in Earth acguisition mode, the reference attitudes
appear to be accurate before the Earth pointing mode is initiated (70
minutes after the start of the data span on 9/22/82 and 30 minutes
after the start of the data span on 7/26/83).
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Landsat-4 On Board Computer Attitudes and Altitude Above
Earth Equatorial Radius as a Function of Orbit Phase Angle
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Many of the data spans show brief small excursions in piteh, roll, or
yaw, ‘always less than about 0.1 degrees amplitude. Small spikelike
excusions of less than 0.03 degrees amplitude appear to become more
frequent after April 1983. Two very large excursions greater than
0.1° appear on August 7, 1983 in the piteh, roll and yaw measurements,
and seem to indicate temporary losses of the reference attitude, A
few other possible anomolies in the reference attitude indicated by

the scanner data are discussed in Section 6.3.

A few spikes in the reference attitude data are due to spurious data
in the attitude or ephemeris telemetry. Two spikes that can be seen
in the reference attitudes on December 1 and one spike on February 17
are simply due to bad data points which were not rejected in the data

processing.
2.3 SPACECRAFT EPHEMERIS

The Landsat-4 onboard ephemeris is computed in the 0OBC fromlfhe
coefficients of a Fourier series which is uplinked daily from the
ground., The peak position errors of the onboard ephemeris  are
generally less than a kilometer and practically always less than 2
kilometers, with the largest errors being along the satellite track,
The radial and cross-track position errors are generally much less

than 100 meters.
e -

Figure 2-3 shows the downlinked spacecraft altitude as a funciion#of
orbit phase from the ascending node computed in two different ways.
Figure 2-3(a) is the altitude computed above a spherical Earth with a
radius of 6378.14 kilometers. This plot shows the spacecraft altitude
variations which are due to the orbit eccentricity. Figure 2=3(b)
shows the spacecraft altitude above the oblate Earth, It uses the
standard oblate Earth model, which is an ellipsoid with a polar radius

of 6356,76 km and an equatorial radius of 6378.,14 km.
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The Landsat-4 orbit is being maintained with orbit adjust maneuvers
every 4§ to 6 weeks which raise the mean semi-major axis about 200
meters to compensate for the accumulated effects of atmospheric drag
(Referencé 10). The mean eccentrieity of the orbit has stayed between
0.00095 and 0.0015. The semi-major axis and eccentricity are chosen
so that perigee stays trapped over the North Pole by the effects of
Earth oblateness. Therefore the spacecraft altitude variation shown

in Figure 2-3 is typical of that seen throughout the mission.

The Landsat-4# orbit is sun-synchronous with a descending node at
approximately 9:30 a.m. local time., The loecal decending node time
varies slightly throughout the year because the right ascension rate
of the sun changes due to the Earth's orbit eccentricity, while the

node precession rate of the Landsat-! orbit is nearly constant.

Table 2-3 provides Landsat-4 osculating orbital elements for
descending node epoch times for two dates a year apart. Also provided
is the node precession rate for the two dates, The orbit inelination
and the node rate have both decreased a small amount gradually &ﬁring
the mission due to consistent torques on the orbit applied by solar
gravity. This node rate can be used to estimate the node positioﬁs at
cther times throughout the year. The other orbit parameters_vary
slightly due to the orbit adjust maneuvers and orbit decay. The orbit
period is approximately 98.88-minutes.

e LT D - =

2.4 SCANNER TEMPERATURE DATA -
Thermistors (thermally sensitive resistors) on board the spacecraft
are used to monitor the temperatures of i{he scanner bolometers and
certain positions within the Earth Sensor Assembly housing. The
latter may be considered as indicators of the scanner electronics
temperatures because they are somewhat near the location of the Earth
Sensor Electronics Boxes. Figure 2=4 shows the temperature

measurements, calibrated in degrees centigrade, for four orbits on

2-10
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: TABLE 2-3, ULandsat-4 Osculating Orbital Elements and Node Rate

) Date 8/1/82 8/1/83
{ Epoch Time 01 hour 00 hour
4 min, 36 min.

{Descending Node)

29,9785 sec,

47,7184 sec.

. Semi-Major Axis 7087.0239 7086.9227
Eccentricity 0.001313 0.001241
Inclination 98..2504 98.2006

$ R:. Asc. of Asc. Node 273.947 274,524

c .

- Argument of Perigee 106.34 111.134

S

i i Mean Anomoly 73.515 68.733

. >

i v —— - = —

é

» Node Rate 0.990970 0.985067

]
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November 3, 1982, Figure 2-5 shows the same data plotted as a
function of orbit phase from the ascending node., Both these plots

demonstrate the quantization in the telemetry measurements.

The scanner 1 bolometer temperature varies more than any of the other
temperatures, It shows & nearly linear rise in temperature starting
just before the satellite passes the south pole and continuing for
around 70 degrees of orbit anomoly, or 20 minutes. Then the
temperature falls off more slowly than it rose until it reaches a
steady state for the descending node portion of the orbit. The total

temperature range spanned is about 8 degrees centigrade,

The scanner 2 bolometer temperature varies at orbit pericd also, but
it varies more slowly and evenly, nearly sinusoidally., The scanner 2
temperature variations are in phase with those of scanner 1. The total

temperature range spanned is about 3 degrees centigrade.

Both of the electronics temperatures stay nearly constant, There 1is
some indication of an orbit period pattern, but it is a small
variation and is barely above the level of the noise. The pesak-to-
peak variations in these temperatures is less than two degrees
centigrade. '

"‘L..: B

This same pattern of bolometer and electronics temperatures is seen in

all the data examined for this report. Appendix B provides plots of_

the scanner temperatures for the data analyzed in this report,

An explanation for the observed temperature variations based on the
flight geometry seems to be indicated. The region just past the South
Pole is the part of the orbit where sunlight can be expected to shine
on the bottom side of the spacecraft where the scanners are located.
Scanner i may be warmed by exposure to sunlight over this part of the
erbit. On the other hand, scanner 2 is located to the right side of

the spacecraft, which is always the shady side due to the sun

2-13

B



g MR e

RS PRt

T
%
=4
S
=
+
=
o
f
)
]
;-
=
;I
!
1
Y

30.0 i

ORIGINAL PAGE &

BOLO ESA: 1 OF POOR QUALITY
20.0
30.0

BOLO ESA: 2
20.0

15.9
TENF ESR: 1
1.0 g1
4 j="
' L 1 Il 1 1 L ol J L K1 3 A L 3 4 1 ' 1 1 ] L 1 k3 i i ' 1 4 } 'l 1 | i d
T L L) L] Ll T L] T l L2 ¥ L) T T T L] T l L] L] T L) 1 L] L] L3 ' L] ¥ T L3 Ll Ll L ) L)
15.0

TEWP ESA: 2

30.000 180.000 270.000 350.000

ORBFHA

BOLOMETER AND SCANNER TEMPERATURE ~¥R5- BRBIT ANGLE
OATR STARY TIKE:821103,081007370
END TIME:821103.154621169

FIGURE 2-5. Scanner Temperatures in Degrees Centigrade as a
Funiction of Orbit Phase for Four Orbits.

2~14

-



L E 0 K U ek LA o L S
hil A R AL

L A

I A L - I L

TR AR e e R $ ek - —tastretin Yo sz a WD

ORIGINAL PAEGE &
OF POOR QUALITY

synchronous orbit. Thus scanner 2 can be expected to show less
warming due to sun exposure. Moreover it seems likely that the
comparatively small variations exhibited by the electronies
temperatures is the result of the electronies being better insulated

from the spacecraft exterior.
2.5 NOISE REDUCTION AND DATA AVERAGING

Before discussing the scanner attitude measurements, it will be useful
to discuss the data volume and noise reduction which is applied. It
is necessary to reduce the data volume to efficiently process and plot
the data.

Figure 2-6 shows twenty minutes of horizon scanner Earth width and
Earth phase measurements with every telemetry observation plotted.
The scanner observations are made every 0,128 seconds. There is a
high level of noise in the data, especially on the Earth phase, There
are also some unusual noise distribution characteristics apparent in
the Earth phase channels., The noise characteristics are discussed

further in Section 8.

N-point averagirz =f the observations reduces the data volumé, and
also acts to reduce this high frequency point-to-point noise, The

noise reduction helps in the analysis of the finer errors in the data.

Therefore N-point averaging is used -as the.standard -mgthed for the

reduction of most of the scanner attitude data which is plotted and

analyzed for this report,

N-point averaging refers to taking a number, N, of consecutive
observations and using its average as a single observation. The
averége of the next N ohservations are then taken as the next
measurement. For most of the data plotted and fit im this report, one
major frame of data, 128 observations, is taken and the average is

used to represent the major frame time span (16.384 seconds). 1If a
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major frame is encountered with missing data, the whole major frame is
thrown out. Since data dropout is not very common, this is a

practical approach.,

Figure 2~7 shows the effect of N-point averaging on the Earth width
and phase measurements for a twenty minute data span. In these plots,
the results from 1-point, 8-point, 32-point and 128-point averaging is
shown for the same data span. The smooth line which is drawn through
the data is a fifth order polynomial fit to the data. It helps to

show the remaining noise amplitudes in the higher order averages.
2.6 SCANNER ATTITUDE MEASUREMENTS OVERVIEW

Figure 2-8 shows the Earth width and phase measurements as a function
of time for the same four orbits on November 3 whose attitude and
scanner temperature measurements were discussed previously, Figure 2-9
shows the same data as a function of orbit phase angle from the
ascending node. 128-point averaging has been applied to reduce the

data noise. The nominal calibration given in Section 1,5 is used.

Systematic orbit period and half orbit period variations are clearly
present in the data. The Earth widths vary more than the Earth phase
measurements, Earth phase for scanner one shows the least overall

variation.

The general orbit period features of these measurements arevexplainéd
by the effects of Earth oblateness and orbit eccentricity. Due to
Earth oblateness, the Earth width measurements are largest when the
spacecraft is near the equator and smallest when the spacecraft is
over the poles. Due to the orbit eccentricity the Earth width is
smaller around the South Pole, when near apogee, than at the North
Pole, when near perigee, More details of the effects due to

oblateness and eccentricity are discussed in 3Section 3.
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Using a simple spherical Earth model and the assumption of a circular

-

orbit, the Earth width and phase measurements are converted by a

—
N

linear relationship to pitch and rell attitude measurements for use on
board the spacecraft. Figures 2-10 and 2-11 show the scanner pitech
and roll measurements computed using the nominal calibrations (see

Table 1=3), for the same data span shown previocusly. Figure 210 [

B

shows the measurements as a function of time and Figure 2-11 shows the

measurements as a function of orbit phase.

These are the piteh and roll measurements used by the safehold
electronies for the backup analog control law. The spacecraft attitude
measured by the OBC star iracker and gyro system at the same time is

nearly zero pitch/roll/ysw (see Figures 2-1 and 2-2).

N At TR R R

In this parameterization of the measurements, the pitch for scanner 1
and the roll for scanner 2 show the large systematic variation
characteristic of the Earth width data. It is the roll measurements

for scanner 1 that is the most constant.

7
N

Plots of the Landsat-4 on board horizon scanner pitch and roll

2R Bt
S
a

measurements for the data spans analyzed in this report are provided

in Appendix C, -
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SECTION 3 ~ ATTITUDE, ORBIT, AND EARTH OBLATENESS EFFECTS

This section discusses the modeled systematic effects on the scanner
measurements due to attitude variations, orbit eccentricity, and Earth
oblateness, These effects are well understood and explain most of the
systematic variations in the scanner measurement, Section 3.1
dissusses the prediected scanner measurements that model all these
effects. Sections 3.2, 3.3, and 3.4 briefly discuss the attitude,
orbit, and Earth oblateness effects separately. Section 3.5 presents
the residual errors after these effects.are removed. Analysis of the

residual errors is discussed further in the following sections.
3.7 PREDICTED SENSOR MEASUREMENTS

The Scanner Measurements Predictor subsystem generates a set of
predicted scanner measurements based on the spacecraft orbit and
attitude, an coblate Earth model, and various scanner model parameters,
Therefore these predictions include the effects of orbit eccentricity,

Earth oblateness, and also spacecraft attitude variations.

Figure 3~1 shows the predicted scanner data for the same four orbits
for whieh flight data was plotted in Figure 2-8. Figure 3-2 shows_the
predicted data along with tgs flight data. Figure 3-3 shows the

predicted data as a function of orbit phase angle. The predictions.

provided here use the nominal measurement calibrations (see Section

1.5), the orbit and attitude taken from the OBC, and standard oblate

Earth coefficients.

Notice that the scanner 1 predictions show constant biases relative to
the observed data. These biases can easily be corrected based on the
average difference. However it was decided to leave the nominal
calibrations for all the plots to avoid confusion in the parameters
used. Notice that the predicted and observed data agree in their

general-features.
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3.2 ATTITUDE EFFECTS

For the data spans presented in this report, the spacecraft attitude
computed by the OBC stays within 0,02 degrees of zero pitch, roll,
yaw, except for small excursions in roll and yaw of about 0.0%
degrees. These excursions, which occur twice per orbit regularly, are
due to reorientations of the scolar panels when the spacecraft enters
and leaves the Earth's shadow. This effect 1s shown in both the
predicted and the cbserved roll neasurements (sensor 1 phase and
senser 2 width) in Figures 3-1 through 3-3, It shows up as small
bumps in the measurements around 80 and 320° of orbit phase from the

ascending node.
3.3 ORBIT EFFECTS

The effect on the Earth width measurements of an orbit eccentricipy of
0.001 (which is typical for Landsat-4) is plotted in Figure 3-8, This
plot was generatec by predicting the change in the Earth width for the
0.001 eccentricity compared to the Earth widths for a cireular orbit.
Keplerian orbital elements with perigee at the North Pole and a

spherical Earth model were used.

.
Due to the orbit the Earth width is smaller arcound the south peole
(270° orbit angle), when near apogee, than at the North pole (90°

orbit angle), when near perigée. - R

The spacecraft altitude does not impact the Earth phase measurement,
3.4 EARTH OBLATENESS EFFECTS

Figuré 3-5 jllustrates the effects of Earth oblateness on the Earth
width and phase measurements, This plot was generated by predicting

the change in the scanner measurements for the cblate Earth compared

to a spherical Earth with 2 mean Earth radius.
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Earth oblateness has its largest impact on the Earth width
measurements, It is similar to a twice orbit frequency spacecraft
altitude variation because the Earth is flattened at the peles,
However more details of the Earth oblateness effect can be understood
by locking at the difference in the Earth-in and Earth-out horizon
crossing latitudes. The horizon crossing latitudes for the Landsat-d

scanner orientations are illustrated in Figure 1-6.

For scanner 1, both horizon crossings are located behind the
subsatellite ground track, while scanner 2 has one horizen behind and
the other symmetrically forward on the right side of the ground track
(see Figure 1-5). Due teo this, there is a phase lag in the oblateness
effect on the scanner 1 Earth width relative to the oblateness effect

on the scanner 2 Earth width.

Sinece the scanner 2 horizons are both to the right of the spacecraft,
this scanner views horizons at higher latitudes over the HNorth Pole
than over the South Pole region. As a result, the oblateness effect

on scanner 2 is smaller around the south pole.

The effects of oblateness on the Earth phase mezsurements results
solely from the difference iy Earth radius at the Earth-in and Earth-
out crossing. Since the scaﬁner 1 horizon crossings occur at nearly
the same latitude, Earth oblatgness has little effect on this
measurement. Scanner 2 has the maximum effects when the Spacecrait’is
at the mid latitudes where one crossing is closer to the pole and the

other is closer to the equator.

3.5 RESIDUAL ERRORS

This sectior discusses the residual errors between the observed
scanner measurements and the predicted scanner measurements where

attitude, orbit, and Earth oblateness effects are modeled. An
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overview of the residual error characteristics is presented utilizing
representative data spans, and the standard plot formats used for
analyzing the residual error characteristies are introduced. Specific
features in the residual errors are analyzed in detail in subsequent

sections.

Figure 3-6 shows a plot of the piteh and rcil residual errors vs. time
for the four orbits whose predicted and observed measurements were
plotted in Figure 3-2. Figure 3-7 shows the residuals as a functien
of orbit phase for the orbits. Notice how the residual error tends to
repeat at orbit peried. This is typical of all the data. However,
longer dsta spands covering a full day often show some gradual changes

in the residual pattern over the day.

Figure 3-8 shows the pitch and roll residusls as a function of orbit
phase for the complete data span on the same day. With the longer
data span, more variability in the measurements is represented. This

kind of figure is useful for showing the variability or consistaney in

,the measurements from orbit to orbit. Appendix D contains plots in

the same format as Figure 3-8 for all the data spans.

Figure 3-9, which we refer to as a serial-stacked plot, shows ancther
way to illustrate the orbit-f{o-orbit variations in the measurements.
The serial-stacked plot preseﬁés consecutive orbits of data stacked
sequentially. The time on the left of the plot glves the start time
of each data segment. (Note thagw; daﬁé'gag‘of more than one orbit
appears in this plot starting around 7:15,) With the datas presented
in this way it is easy to see the changes in the orbit period pattern
throughout the day, and on which orbits special features occur, For
example, one can observe from these plots that the orbits with the
unusually small Earth widths in scanner 2 for the south pole region of

the orbit occur near the beginning of the data span.
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Glitches or bumps appear in the scanner 2 data at 105 and 290 degrees
from the ascending node on the first few orbits of this data span.
These glitches result from HMeoon irterference which is discussed in
Section 6,2.

Figure 3-10 shows the residual «rrors as a function of orbit phase for

12 sample days representing all months of the year,

The most outstanding and curious feature is the large measurement
variation from orbit to orbit that occurs at times in one polar region
or the other. The peak-tc-peak residual error spread in the polar
region 'is often as high as 0.4 degrees., Aside from these polar region
variations, the measurements generally show the same systematic error
pattern each orbit with the peak-to~-peak variation from orbit to orbit
typically less than 0.1 degrees. The orbit period systematic error

patterns change gradually throughout the year.

Particular features in some of the data spans in Figure 3=10 arefnoted

as follows:

o Spikes in the sensor 1 measurements in January, February and

March are due to sun interference effects as described in Section
i

6.1.

o] The glitches in both scanner measurements on December -13-1982-are=sm -

due to moon interference effects as described in Secticon 6.2.

o Small excursions arocund the North pele on August 6, 1982 are due

to the reference attitude anomoly mentioned in Section 2.2.

Constant biases are apparent in each of the measurement channels, The

average biases for each channel are summarized in Table 3-1. These
biases result from a combination of ground calibration errors and

sensor modeling parameter adjustments, For example, the Earth width
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TABLE 3-1. Constant Biases from the Nominal Oblate Earth Model

NOTE:

Measurement Channel Average Bias
Sensor 1 Piteh (Width) .19
Sensor 2 Pitch (Phase) -, 05
Sensor 1 Roll (Phase) -.25
Sensor 2 Roll {Width) . 06 )
The following key model parameters are assumed in cobtaining the

the above constant biages.

1. Nominal Sensor Calibration;

0.0 degrees pitech and rell at 2.5 velts sensor cuiput

2. HNominal #0 kilometer triggering height above the oblate

Earth model for the predicted measurements,
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channel biases are sensitive to the constant horizon triggering height
which is assumed for the oblate Earth model predicted measurements. A
40 kilometer height was assumed for this processing. The constant
biases in the width channels (sensor 1 pitch and sensor 2 roll) would
decrease by about 0,03 degrees for each kilemeter increase in the
nominal constant triggering height used. The biases should remain
constant throughecut the missicon. The small variations that cccur in

the average biases for each day are discussed in Section 5.3.

Appendix D contains plots of these residual errors with the constant
biases removed for all the data spans processed for this report. One
additional ancmoly is apparent from the review of all these plqts
which has not yet been mentioned., The sensor 2 roll (width) channel
shows a larger than usual spread in the orbit to orbit variations for

several days early in the mission. This feature has not been seen any

of the days since the beginning of 1983.
It is believed that the orbit period systematic errors and polar
region measurement patterns result largely from the effects of Earth

The Earth radiance variatior and its effect on
Details of

radiance variations.
the scanner measurements is discussed in the next section.

the scanner measurement orbit-to-orbit variations in the peolar region
are discussed in Section 7.2.“‘General features in the horizon scanner
measurement errors are consistént with the hypothesis that large scale

stratospheric radiance variations are influencing the measurements.
y ————— e T R - =

————

These features are enumerated below:‘

1. The fact that the residuals variations are generally the largest
around the winter pole is consistent with higher radiance

variability observed there.

2. Both scanner Earth widths show similar residual patterns, with a

slight phase lag for scanner 1. This suggests that the error may

originate frem the Earth's surface.
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The Earth widths are more affected than the Earth phases,
suggesting perhaps that the radiance variations are generally on
a large encugh scale that they effect both horizons the same way.

Arcund the winter pole, the effects change gradually from one
orbit to the next in a manner that is generally consistant with a
radiance feature rotating with the Earth. The residual pattern
tends to repeat itself 24 hours later when the satellite ground

track covers the same longitudes.

The residual error patterns change gradually over the year and

repeat the same general pattern at dates one year apart.
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SECTICN 4 - PREDICTED EARTH RADIANCE EFFECTS

The main error source contributing to the residual errors presented in
Section 3.5 is believed to be the Earth radiance variaticons. This
section provides an overview of the general characteristics of the
Earth radiance variatiens, and focuses the discussion on the
systematic latitude dependent radiance effects which have been modeled
by the Herizon Radiance Data Base (HRDB) and the Landsat-l4 Sensor
Opties and Electronics Simulator (SOES), The HRDB/SOES predicted
effects are compared with the flight data and the residual errors from
the prediections are presented, The HRDB model deficienaies and other
possible unmeodeled error sources which may contribute to this residual

error are discussed.
4.1 EARTH RADIANCE CHARACTERISTICS OVERVIEW

This section discusses the general character of the systematie Earth
radiance variations in a gqualitativz sense, Selected data from
metecorological research is provided which displays these

characteristics,

Figure 4-1 shows a spectrum of the Earth's outgeing infrared radiation
for three sample views belowhﬁfﬁbus 4 observed by the IRIS experiment.
Radiation is absorbed and reemitted by various constituents in the
atmosphere. The strong COé absorption band between 4~ and 16-microns
is generally chesen for attitude sensing horizon scanners because it
is less dependent on surface conditions than other bands, and is
generally more stable in brightness. In the center of this band,
nearly all surfaece radiation is absorbed and reemitted in the
stratosphere, and therefcre the emissions in this band reflect

stratospheric temperatures,

As cne moves from the center of this band to the edge, one becomes

sensitive to radiation originating at lower and lower altitudes, 1In
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fact this sensitivity is used in many experimental metecrological
satellite sensors to compute soundings of the atmospheric temperatures
as a function of altitude. The lower atmosphere shows the same
winter/summer temperature variations that we are familiar with on the
greund, and there is alsco the permanent latitude dependent trendg
characterized by the equator always being warmer than the poles. Near
the edges of i(ne 002 absorption band, the ocutgeing radiarce is
strongly influenced by the temperatures of the surfaces or cloud tops

which are viewed.

An excellent compilation of data on the Earth radiance at 15 microns
(the_center frequency of the CO, band) is presented by 8. Fritz and S.
Soules using Nimbus 3 Satellite Infrared Spectrometer. Fritz and
Soules were interested in the systematlic stratospheric temperature
variations indicated by the data, but for us this data indicates fhe
systematic patterns of Earth radiance variations to which the horizon
scanners will resrond. Figure 4-2 shows two figures extracted from
one of their papers (Reference 15) which illustrate the seasonal

variations in the 15 mieron radiance.

Figure 4-2(a) shows the seasonal changes in the radiance for a range

of latitudes. As might be intuitively expected, the Northern and

Southern hemispheres each are warmer in the summer and cocler in.the
e

winter., There is a slight asyﬁhétry between the hemispheres which is

= __apparently explained by the eccentricity of the Earth's orbit: The

Earth is closest %to the Sun in December sco the Scuthern hemisphere
gets the warmest, Finite Fourier series fits were made to these
seascnal changes, and the residuals from these fits are shown in
Figure 4-2(b). A clear feature illustrated by these plots is the
greater instability of the radiances in the winter hemispheres. Thus
the Scuthern hemisphere shows more radiance variability in June
through September while the Northern hemisphere shows more variability
in December through March. The Northern hemisphere variability

appears greater than the Southern.

4-3
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While the Fritz ans Soules data represent the Earth radiance for the
nadir view in the center of 15 micron band, it is actually the

radiance viewed on the edge of the Earth which is more impertant for
horizon sensing.

Measurements of the Earth limb radiance have recently become available
from the Limb Infrared Monitor of the Stratosphere (LIMS) experiment
onbcard Nimbus-7. General Software Corporation has recently examined
this data as part of an effort to understand the Earth radiance
variability and the accuracy of the HRDB (Reference 11). The LINMS
data includes measurements for a wide bandpass and a narrow bandpass
: both centered on the 15 micron C02 band, These spectral bandpasses

are shown in Figure 4-3, The width of the Landsat-d spectral bandpass
falls between these two.

.
e,

Uskd 1R

- Figure 4=l shows =z plot of all the 002 limb profile measurements taken

Lol
'

at several latitude bands, ou January 17, 1979 wich all the profiiés
s available within a 2 degre: latitude band overlayed, The latitude
dependence of the Earth limb radiance is illustrated. Also, the
greater variability of the winter hemisphere limb radiance is c¢learly
demonstrated. Further discuvssion of the latitude dependence of the

Earth radiance indicated by &IMS is given in Section 4.4, and the

At e it S o R . L

variability of the Earth radiance in the polar region is discussed
later in Sectien T.1.

X
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4.2 SEASONAL SYSTEMATIC EFFECTS MODEL

Extensive efforts have been made to predict the effects of seasonal

: _.{-.._ o L A Rk BT T
‘ B

systematic latitude dependence of the Earth radiance. This effort

[
cow

requires a model of the sensor response as well 2s a model of the

i

Earth radiance.
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To model the sensor response to radiance changes, the Sensor Opties
and Electronics Simulator (SOES) was developed. It computes the

incoming‘radiance integrated over the bolometer field of view as it

sweeps across the Earth,.

This input signal is convolved with the

electronics

impulse response function to compute the electronics

cutput signal on which threshold detection is done.

This linear

system model of the electronics is based on a transfer function for
the electronics provided by the scanner manufacturer, Ithace, Inc.
The cutput signal is computed at a representative number of peints and
then the horizon detection logic, described earlier (Sectien 1.3}, is
simulated, by parabolic interpclation for the peak detection, and
linear interpolation for the threshold c¢rossings. The scanner
measurements are computed for the nomimal flight geometry as the
spacecraft moves around the orbit and receives the radiance signal

from the various parts of the Earth.

The Attitude Determination and Control Section at Goddard Space Flight

Center has recently supported the develeopment of a Horizon Radiance

e

o Data Base (HRDB) which estimates the average monthly latitude

dependence of the Earth radiance. The HRDB was developed by Computer
Sciences Corporation (C3C) (Reference 12) as part of an effort to
provide a global database of the Earth Infrared (IR) Radiance for use
in evaluating systematic horizon scanner errors. The HRDB is based on

a 1972 Radiosonde Observations (RAOBS) data base (deference 13) which

——

~Prf®%iuc. Bverage -atmospheric temperatures, and an adaptation of the
United States Air Force LOWTRAN-S computer program {Reference 14) for

computing the radiation based on the atmospheric model,

The HRDB is a database of average Earth radiance spectra from 8 te 22
microns as a function of latitude, month oif *“he year, and scanner
viewing angle. The wavelength range spans the region commonly used by
horizon scanners., To apply the HRDB to a particular sensor, the
radiance data is integrated with the sensor spectral response

function. The HRDB provides radiance spectra for 20 degree latitude

[ it |

.
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e
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bands centered between 80F South and 80° North, for each month of the
yvear. The viewing angles are parameferized as tangent heights when
the line of sight is above the physical horizon, and as zenith angles
when the line of sight intersects the Earth surface. More details
about the HRDB are provided in Reference 12. An evaluation of the
HRDB acecuracy through a comparison between the HRDB and the Nimbus-7
Limb Infrared Monitor of the Stratesphere (LIMS) data is given in
Reference 11. Pertinent results of the LIMS/HRDB comparison are
discussed in the next section teo explain some deficiencies in the
HRDB/SCES modeling.

The . HRDB/SOES predictions for the systematic Earth radiance effects
ar; shown in Figure 4=5 for all 12 months of the year plotted against
orbit phase from the ascending node. The largest predicted effects
are in the Farth width measurement channels {sensor 1 pitch and sensor
2 roll). The twe width channels show a similar predieted effect but
there is a slight phase lag observable in sensor 1 relative to sensor
2 because both the sensor 1 horizons are 1looking behindlfthe
spacecraft. The next largest effect is in the phase measurement’ for
senser 2. The smallest effect is in the phase measurement for sensor
1 for the same reason that the Earth cblateness eifect is smallest in
this channel; beth the scanner 1 horizons view nearly the same
latitude and therefore the raQé;pce effects cancel out for the phase

measurements,

Reviewing the progression in the radiance effects over the 12 months,
onie can notice a particularly abrupt change in the systematic effects
in the scuthern hemisphere between October and November. Arcund the
minumum southern latitudes a notable rise in the width channel
measurements appears in July and August and reaches a maximum
amplitude in September and October. Then this feature abruptly
disappears in November with only a small rise at the scuth pele
appearing within a general drop in the Earth widths around the
southern hemisphere. The predicted drop in Earth widths in the

4-9
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scuthern hemisphere reaches a maximum ir March and then largely
disappears in April, May, and June. The northern hemisphere shows
less variation in the systematic effects predicted over the course of
the year. A general reduction in both Earth widths around the
noerthern hemisphere is predicted throughout the year, with the winter
honths showing a slight rise around the north pole within the general
reduction. Notice the significant lack of symmetry between the

effects predicted in the northern and southern hemispheres.
4,3 MODEL COMPARISON WITH FLIGHT DATA

The HRDB/SOES modeling successfully predicts many of the key features
in the residual errors (see Figure 3-10 for comparison with the
predicted effects in Figure 4-5). For example the large rise in the
errcors in the Earth widths due to radiance effects for the scuth pele
region of the orbit in September is predicted 2id observed in the
flight data residuals. Also this feature's fairly rapid disappearance
by November is predicted and observed. The predicted general tendency
of a drop in the Earth widths arcund both poles in November thrcugh
June is observed. However many details of the amplitude and timing of

the predicted effect show a mixture of sucesses and failures.

In order to clearly illustragi the comparison between the predicted
radiance effects and the observed residual errors, Figure U4-6 shows

the systematic errors predicted by SOES/HRDB plotted alongside the

observed residual errors (with oblateness and attitude/orbit effects-

removed) for 15 sample data spans. In each of the plots, the
predicted curves are placed abcve the data by a constant distance in
order to show the systematic variations clearly. Figure u4-6
demonstrates that the HRDB and SOES successfully predict the general
shape of the seasonal systematic errors in the Landsat-4 Conical
Scanner measurements for most months. The smaller bumps predicted by
the corrections sometimes clearly correlate with fcatures in the data,

however sometimes they do not correlate with any cobservable features

4-11
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in the data. For scme months the HRDB predicts the proper amplitude
for the corrections in Earth widths, most notably for March and
Septenber. The corrections are most noticably underestimated for
April to June in the scuthern hemisphere and October to December in
the northern hemisphere.

Figure 4«7 shows the residual errors plotted beside the predicted
radiance errors and also shows the residual errors after the predicted
radiance effects are removed from the data for sample spans from all
months., This figure illustrates the success and deficiencies of the
HRDB/SOES in rem ving the radiance effectsz from the data, Also
illuStrated is the fact that the HRDB may introduce additional errors
to the data by making erroneous corrections., This occurs most

noticably in the northern hemisphere in Ju;e and July.

In general, the averaged residual errors in the data are reduced after
the HRDB/SOES corrections are applied. This will be further discussed

in Section 5.4.

A& complete set of plots for all the data spans of the residual eFrors
after the predicted HRDB/SOES effects and constant biases are removed
are provided in Appendix E,

T
4.4 HRDB MODEL DEFICIENCIES

e L e =

——— .

Some of the errors in the HRDB/SOES modeling of the radiance effects

are explained by deficiencies indicated in the HRDB by comparison with
the LIMS data (Reference 11). Figure U4-8 shows the latitude
dependence of the Earth radiance predicted by the HRDB and observed by
LIMS for the narrow and wide bandpasses for the seven months ir. which
the LIMS experiment operated. The HRDB generally underestimated the
gradient in Earth radiance between the tropies and the poles, Thus
the HRDB underestimates the summer hemisphere brightness and

overestimates the wiuter hemisphere brightness.
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The most severe underestimate of the systematic latitude dependent
radiance gradient is found in the northern hemisphere in November and
in the southern hemisphere in May. These are actually late fall
months for the respective hemispheres and are the months for which the
amplitude of the radiance effect is apparently most severely
underestimated by the HRDB/SOES modeling for the Landsat-4 data. In
the subsequent winter months in the northern hemisphere the HRDE~LIMS
agreement improves as does the HRDB/SOES-Landsat-4 Data agreement,
although the large spread that appears in the LIMS data and the
Landsat-Y4 horizon measurements around the pole regions make the
comparison less meaningful, (This polar radiance variability is
discussed in Section 7.1.) Unfortunantely the LIMS data is not
available through the southern hemisphere winter and early spring
months when the large and rapid changes in the southern hemisphere

radiance effects occur,

Further detazils of the HRDB model deficiencies are discussed in
Reference 11, It is clear that this data base can we improved

significantly.

Note that the HRDB does not model the longitude dependence of the
Earth radiance. Thus the HRDB and SOES cannot model any orbit to

orbit sensor measurement variations. As will be discussed further in

Spetior ", - L& -longitude-dependence of the Earth radiance is

particularly strong in the winter polar regions,

4.5 UNMODELED ERROR SOURCES

The possibility that other systematic errors beside radiance effects
are contributing to the residual errors needs to be given
gonsideration. One large scale feature not predicted by the radiance
modeling is particularly noteworthy in the residual errors. 1In the

sensor 1 roll (phase) channel where very little radiance effects are
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predicted, a strong orbit period pattern is present., This pattern
seems to grow in amplitude from the eérly part of the mission and
changes 5ign between October and December., It has the highest
amplituﬂe on December 1 and December 28 and lower amplitude on
neighboring days and then disappears starting in March. This orbit
period variation also shows up in the sensor 2 roll (width) channel in
addition to the radiance effects in that channel. Recent data from
September 14, 1983 does not show the same orbit period pattern
indicated on September 8 and 22 of 1982, so therefore this does not
appear to be a seasonal effect., Because the feature does not repeat
itself, because its erratic amplitude, and because it shows up in both
roll channels, the likely explanation for this effect is the early
mission problems with the reference attitudes (see Section 2.2). This
point will be illustrated further after the data fitting is performed

in Section 5.3.

In addition to the possibility of reference attitude errors,_the
possibility of onboard ephemeris errors also must be considered. The
ephemeris error which would be most likely to show up in scanner data
would be an in-track orbit error or a timing bias. This type of error
would be equivalent to a pitech bias in the reference attitudes and
would probably be constant over a particular data span. Another
ephemeris error which coultk.cause some effect on the scanner
measurements would be a radiazl distance error, and this would show up
if- both-the Earth width channels, Radial disténce errors which are
large for ephemeris computation standards, 100 meters, would cause a
small effect on the predicted Earth widths, about 0.005Y4 degrees,
which corresponds to about 0.003 degrees of piteh or roll. The
onboard ephemeris is updated each day for Landsat, so conceivably a
significant change in the updated ephemeris could show up as a
discontinuity in the residual pattern in the middle of the data span.
However no discontinuities like that are found in the data. It is

most likely that ephemeris errors are not a significant contribution
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to the residual errors., The possibility of ephemeris errors is

discussed further in view of the data fitting results in Section 5.3.

Several additional error sources have been considered briefly, Many
possible error sources will cause constant biases in the piteh or roll
measurements, and therefore can be lumped together as part of the
constant bias removal for each channel, These errors include
sensor czlibration orfsets, triggering height biases, Earth angular
radivs biases, voltage output biases, or circuit time delays. These

errors should be constant over the whole mission.

An error in the slope of the calibration curves in each channel would
introduce an Earth width or phase dependent biases., However the
actual variations in the width and phase measurements are small
because the attitude stays close to zero pitch/roll/yaw. Therefore
the errors in the calibration curves slopes would have to be very
large to show significant effects. Moreover, since the widths and
phases vary at orbit frequency in virtually the same way for nearly
all the data spans examined, even a large calibration curve slope
error would show virtually the same effect in all the data spans.
Fortunately, two data spans included periods with the spacecraft at a
slightly non-nominal attitude while in acquisition mode (seeSection
2.1). The observation that™the residual errors at these non-nominal
attitudes (up to one degree off zero roll) are consistent with the
residuals observed ™R ‘... "precision Earth. pointing mode gives some

indication that large calibration curve slope errors are not present.

A temperature dependence of the measurements was considered a
possibility. The most likely dependence expected was on the
electronies temperatures, however practically no variation has been
seen in the Earth sensor assembly housing temperatures that would test
that possibility. A dependence on the bolometer temperature is not
expected from the sensor design and none can be observed in flight

data for the range that these temperatures vary, which is not a high
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range, The sensor 1 bolometer temperature shows the widest
temperature range and a distinctive orbit period variation pattern.
This pattern has been virtually the same throughout the mission. This
pattern ~annot be seen in the residual errors, at least not above the
level of the noise and variations introduced by other sources such as

the radiance variations.
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SECTION 5 — DATA FITTING RESULTS AND RESIDUAL STATISTICS

In order to provide convenient corrections to the systematie errors
observed in the scanner data, fits to these errors are being made, and
the seasonal dependence of the fit coefficients is being examined.
This represents an empirical appreach te correcting the systematic
errors regardless of the error source, although the largest seasonzal

dependent scurce 1s presumed to be Earth radiance effects.

Section 5.1 describes the fitting procedure and defines the fit
coefficients. Section 5.2 examines and parameterizes the seasonal
dependence of the coefficients. An analysis of the error sources
centributing te the seascnal dependence of the coefficients is given
in Section 5.3. Finally, Section 5.4 discusses the residual error
statistics for the data fitting and other measurement modeling

cptions.
5.1 FITTING PROCEDURE AND FIT COEFFICIENTS

The purpose of the data fitting is te determine a set of calibration
coefficients for each output channel (pitch and rell) of both Conical
Scanners in order to correct the systematic errors in the data. This
requires a simple expression, which can be easily used by the OBC and

can reasonably describe the major systematic errors in the data.

Second order finite Fourier series have been found useful teo fit both

the Earth oblateness and the major Earth radiance effects, The

following expression convenlently separates the major error sources.

piteh (or roll) = counts * ap - aj

+ ¢y + cq cos A+cycos 24 (5-1)

+ d1 sin A « d2 sin 2&
+ eq(t) + eq(t) cos A + eo(t) cos 24
+ £1(t) sin A + fp(t) sin 24
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counts = raw counts from the spacecraft telemetry
R 5 spacecraft distance from the Earth center
Ry = reference orbit radius

A = orbit angle from the ascending node

t = time of year

and ap, aqy bys e's, d's, e's and f's are the calibration ccefficients
to be determined.

A total of four sets of coefficients are required, one set for each
channel of each scanner. Among these coefficients, gg and ay provide
the linear approximetion which converts from the senser measurement
counts to the pitech or roll attitude, by gives the correction due to
spacecraft altitude variation, cg gives a constant bias cerrection,
Cqs ©p, dq, and d; model the Earth cblateness effect. The by term was
added to conveniently separate the spacecraft altitude dependent
effect, although the orbit effects could have been added to the Cqy
Cps d4, and d, terms because the Landsat-I orbit does not vary
greatly. Finally, ep, €1, €py T4, and f, provide further corrections
describing the horizon radiance effects and other pessible systematic
errors. Therefore agy 21, bT,.c‘s and d's are constant throughout the
yzar, while e's and f's are in general time dependent.

e —
Tuenty-eight data passes spanning from August 10, 1982 to September
14, 1983 were used in determining the calibration coefficients. Most
of these uata passes cover approximately 24 hours. Each data pass was
fit through Egquatien 5-1 with ag, aqy by, c's and d's fixed at their
nominal values. These nominal values are provided in Table 5-1, The
nominal values for 8g and a; were determined from the neminal
calibration through the ground bench tests. The nominal values for b
were derived thecretically using a linear approximation under ncominal

conditions. The nominal value for cg Was determined based on average

constant biases for the nominal calibration parameters., The biases in

-
5=2
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TABLE 5~l. Nominal Values for the Time Independent Calibration
Coefficients
SENSOR 1 SENSOR 2

COEFFICIENTS PITCH ROLL PITCH ROLL

a, 3,040 0.040 0.040 0.040

a1 5,000 5.000 5,000 5.000

' bl* -0.027 0.000 0.000 ~0.027

co* ~0,140 ~-0,050 ~0.,250 -0,280
cq 0.00029 0.01353 0.01371 -G, 00001
C, 0.2274¢ 0.00067 0.00000 0.21828
dl -0.00692 -0, 044486 0.00000 -0.05112
d, 0.15%3§‘ -0,00003 0.1539%9 ~0. 00000

* Based on R0 = 7088.14 km
5-3
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‘the width channels are different from Table 3-1 because of the effects

of the altitude correction, The nominal values for Cqy Cpy dqy and do
vwere determined through a Fourier series fit to the modeled Earth
oblateness effect., The coefficients e's and f's which resulted from
the fit to the remaining errcors are tabulated in Table F-1 in Appendix
F, A sample plot of the fit to the altitude and oblateness corrected
data and residual errors after the fitting is shown in Figure 5-1 for
the October 20-21 data pass. Appendix G contains a complete set of
plots of the residual errors after the seconéd order Fourier series
fits to the data for all of the data spans. It has been observed that
the second corder Fourier series de not completely remove all of the
consistent systematic errors in the data. A higher order f{it, such as
fourth crder, could fit some of the remaining systematic errors. This
is particularly true for the rise in errors due to radiance effects
around %he scuth pele in September, where a higher order fit would fit
the systematic error pattern better. The application of higher order

fits to the systematic errors may be pursued in future analysis.

5.2 SEASONAL DEPENDENCE QF COEFFICIENTS

The resulting ccrrection ceoefficients given in Table F-1 show scme
variations from one time of the year to another. This time dependence
is shown in Figure 5-2, By examing the coefficients as a functioen of
time, it was found that tHe coefficients generally seem to vary
sinusoidally with a period of either a year er half a year. This
implies that fhey pr obably vamrbe modeled by Fourier series expansions
te the second order. With this modeling, each coefficient given in

Table p-1 was fit by the following equation.

y  (5-2)

2
% 2% 2
365

A cos (nt ) + L B_ sin{nt
n=1 n 365 n=1 n

where ¢ is the coefficient to be modeled, t is the day of the year and
Ao, An's and Bn's are the coefficient determined from the fit to the

time dependence of c.
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The fitting curves resulted from these fits are plotted in Figure 5-3
together with the correction coefficients. The coefficients Ag, A,'s,
Bn‘s and the standard deviations corresponding to these fits are given
in Table F-2 of Appendix F. Table Fu«3 of Appendix F then tabulates
the correction ccefficients e's and f's for the first day of each

month throughout the year, using Equation (5-2).

The reliability and applicability of the results so obtained depend on
the repeatibility of the time~dependent features in the data from one
year to the next. Some of the time dependent characteristics are
believed to be pericdic in year, but certain features in the data seem
tc ccecur only in the early phase of the mission when problems with the
reference attitudes occurred., This will be further discussed in the
next subsection. This analysis for Landsat-4 may be continued to
include data spans covering an entire year or longer after the time
that the known reference attitude problems were eliminated (February
15, 1983). The additional period of time would be useful to separate
the seasonal dependent features frem perturbations due te other error
sources and help demonstrate the accuracy and validity of the use of

the ccefficients for seasonzl modeling.

5.3 ANALYSIS OF THE COEFFICTENTS VARIATIONS

This section discusses the interpretation of the seascnal variations

in the data fit coefficients, particularly in light of the predicted
radiance effects and the likelihoeod of errors contributed by early
mission problems with the reference attitudes (Reference 9), The
possibility of onboard ephemeris errors is alsc considered here. The
ephemeris error which would be most likely to show up in scanner data
would be an in-track orbit error or a timing bias. This type of error
would be equivalent to a pitch bias in the reference attitudes that

would probably be constant over a particular data span.
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In general the mounting geometry of the two Landsat-4 scanners helps
to separate reference attitude related errror sources from sensor
measurement related error sources because piteh and roll are each
measured by the Earth width in one scanner and the Earth phase in the
other, The width and phase measurements generally show different
systematic effects due to radiance variations and other sensor or
Earth related error sources. Notice for example the similar radiance
effects predicted in the two Earth width channels (Figure H4-5) and the
smaller effects in the phase channels, There are however differences
in the effects predicted for the two width and the two phase channels
dve to the differences in the horizon crossing geometries, as

discussed earlier in Section 4.

In order to better understand the predicted radiance effects as they
relate to the data fitting coefficients, fits were made to predicted
radiance effects in &1l the channels for all twelve months. The
results are plotted in Figure 5«4 in the same format as the
presentation of the flight data fittiag coefficients to allow direct
comparison witli Figure 5-3, The y axis scale is expanded in Figure 5-
4 over Figure 5=3 because tThe predicted coefficients are generally

smaller than those observed.

The largest predicted coefficTents are in the Earth width channels,
dominated by the orbit period sin(A) and twice orbit period coé(2A)
terims which cause effects that are symmetric about the pole crossings.
The width channels also show some correlated variations in the
constant term which is smaller in amplitude. These terms clearly can
be expected from the plots of the radiance effects. What is more
difficult to understand is that strong correlations are predicted in
the fit coefficients terms cos(A) and sin(2A) for the two pitch
channels, which constitute the Earth width measurement for sensor 1
and the Earth phase measurement for sensor 2. The zactual predicted
effects in these two channels is very different, because pitch for
sensor 1 is dominaied by the larger sin(A) and cos(2&) Earth width
effects, The predicted fit coefficients for cos(4) and sin(24) are
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not high in amplitude, but nevertheless the correlation predicted in

the two pitch channels is distinctive. Separate causes resulting from
the different mcounting geometries of the two sensors probably
contribute to the appearance of these piteh coefficients. In sensor [
1, the fact that both horizon crossings occur behind the subsatellite
point (see Figure 1-5) apparently causes a phase lag in the Earth ﬁa
width 2ifects around the orbit such that the maximum Earth width
effeets occur whea the spacecraft is just past the pole (and the
horizon crossings are near the pole). This orbit phase lag means that ;
the dominant Earth width effects which are mainly symmetric about the
pole and show up strongly in the sin(A) and cos(24) coefficients, also
show up somewhat in the -cos(A) and sin(2A) width coefficients. 1In
sensor 2, the fact that the Earth-in horizon crossing is ahead while
the Earth-out horizon crossing is behind the subsatellite point

apparently causes the Earth phase measurement to effectively take a

sort of numerical derivative of the Earth width history around the
e orbit (since the Earth width history indicates the average triggering
height. around the orbit wnile the Earth phase indicates the difference
between the leading Earth-in and trailing Earth-out triggering
heights), This effective differentiation,lalong with a sign rejersal
in the phase-to-pitch conversion, means that the dominant sin(A) and
cos{28) coefficients for Earth width effects also show up somewhat in ‘

the Earth phase channel in the -cos{A) and sin{2A) coefficents,

Analysis of the fit coefficients for the flight data and their
comparison wWith those predicted by the horizon radiance effects & &= ————

mocgeling yields the following conclusions.

1. The orbit period sin(A) coefficients that are above the general
trend in both the roll channels (November 2 through February 2)

" are probably due to reference attitude problems because this
correlated error pattern is not predicted due to radiance

effects, and it has an abrupt erratic pattern.

5-14 L
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2, The sin(A) term seems to hit a peak around June of 1983 in both
"the Earth width channels, Although the fit coefficients are
apparently cerrupted by reference attitude problems in roll
around December, if this problem is subiracted out by using the
sensor 1 roll (phase) channel as a guide, it seems that both the
width coefficients hit a minimum in December, It seems likely
that this is an Earth radiance effect because the maximum in June
and minimum in December correlate with the seasonal extremes in
the polar CO2 radiances indicated by the Fritz and Soules data
(see Figure Y4-~2), This seasonal trend implies a tendency for
lower triggering heights when the radiance is low in winter and
higher triggering heights when the radiance is high in summer.
Even though these seasonal extremes are not accurately predicted
by the HRDB/SOES model, the strong correlation between the Earth

width measurement channels in this coefficient is predicted.

3. The half orbit period cos(2A) term shows an effect in both the
Earth width channels that is also very 1likely due to Earth
radiance effects. It has a double peak functiconal form with the
maximum ecorrections in November and April and minimum corrections
in August. This term is like an additional Earth oblateness
effect.,

e
4. The cos{A) and sin(2A) terms show correlated effects in both of

the piteh channels which could represent reference attitude

gt

problems but more likely represent a seasonal radiance effect =

that was underestimated by the HRDB/SOES modeling. The HRDB/SOES
modeling does predict correlation in radiance effects in these

two channels.

5. The constant term in roll for sensor 2 roll shows a lot of
variation at the beginning of the mission which i1s apparently
associated with that channel alone since it does not correlate
with errors in the other channels, This anomoly is almost

certainly associated with the previously noted larger than normal
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orbit-to-orbit spread in the measurements in this channel. The
-larger than normal spread and the constant term variation both

seem to disappear from the data starting in 1983.

The constant terms in piteh for both sensors show a lot of
variation at the beginning of the mission. There is some
tendency for the pitch errors in these two channels to correlate;
i.e., the constant term moves up and down in both the piteh
channels simultaneously. This correlation is not exact so there
are probsbly other contributing effeets, but this sort of
correlation is not predicted by the radiance effects and so
therefore probably represents an instability in the reference
attitude or in-track orbit errors in the ephemeris. The radiance
effect does predict a s 311 variation in constant term in width

measurements,

COMPARATIVE ERROR STATISTICS

This section summarizes the residual error statisties for various

models used in processing the Landsat-Y scanner measurements, This

provides a quantitative comparison of the accuracies of the variocus

models, -

A S

Standard deviation statistics were compiled for the five scanner

measurement modeling options summarized below. All data processing

included the 12B-point averaging of the raw measurement

——— e R .
b

noise level.

1.

Uncorrected Data: These are the raw pitch and roll angles,

described in Section 2.4 and included in Appendix C, that are
computed from a linear approximation without correction for
oblateness or spacecraft altitude, The differences between these

measurements and the reference attitudes were evaluated.

5-16
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Oblate Earth Model: These measurement errors, discussed in

"Section 3,5 and included in Appendix D, inelude the corrections

for‘the spacecraft altitude as well as the Earth oblateness

effects,

HRDB/SOES Model: This modeling, discussed in Section 4.3 with

residual errors plotted in Appendix E, includes the predicted
Earth radiance effects from the Horizon Radiance Data Base and
Sensor Optics and Electronics Simulator, as well as the Earth

oblateness and spacecraft altitude effects.

Second Order Fit: Residuals, as plotted in Appendix G, were

computed after fitting a second order Fourier series to the
residual errors obtained in Option 2 above for all the data
spans. This is virtually equivalent to the residuals from the
data fitting described in Section 5.1 and to the residuals that
would result from fits to the raw data, because the Earth
oblateness and spacecraft altitude effects are accurately fit by

a second order Fourier series,

Fit with Pole Removed: Because the "winter™ hemisphere obviously

has a much greater measurement errors, it has been discussed that
an onboard algorithm for~using horizon sensor data in the control

law would choose not to use this'polar region data. Therefore

the residual errors from.SECond_QLQEIWEQHEIEI.Serﬁgimfifiﬂgeﬁe
computed in which data from 90 degrees of true anomoly (one
quarter orbit) around the noisest pole were eliminated. Based on
visual inspection of the data plots, the "winter" hemisphere was
defined as November through March in the Northern Hemisphere and

April through October in the Southern Hemisphere.

Note that constant biases in any of these models is not important

because the standard deviation statistic just shows the root-mean-
square variation about the mean. Obviously other modeling or fitting

or data flaggirg options could be considered. One logiezl model for
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which statisties would be interesting would be based on the seasonal
fits to the daily fit coefficients presented in Section 5.2. This
model was not included because it would have reguired either a
scftware update of the C3SES or a large volume of hand entered
coefficients in the necessary data production runs for which time was
not available. However, there are reasons to believe that the results
of this modeling would not differ greatly from the Second Order Fit
standard deviations (model 4) because the seasonal fits generally

match the daily fit coefficients closely (see Figure 5-3).

Figure 5-5 plots the standard deviations in pitch and roil for all of
the data spans for the above modeling options. The standard
deviatibns are listed in Table F-4 of Appendix F, One special note
needs uvo be made about several outlier points. The few outlier points
that show up particularly in the fit residuals were determined to be
caused by the spuriocus attitude and ephemeris telemetry that had not
been flagged (a single bad point out of about 6,000 was able to cause
this by not being rejected or clipped to a small value). These points
occur in the ninth data span (December 1, 1982) and the fourteenth
data span (February 17, 1983), and should be ignored. Also, the
statisties for the last four data spans for the HRDB/SOES model were
obtained incorrectly due to a data processing error and were therefore
eliminated from the data-plots. The interpretation of these
statistics is discussed qualitatively as follows.

G ST Y ¢ b —

The uncorrected data shows the greatest errors in the Earth width
channels and the least in the Earth phase for sensor 2, as expected
based on the oblateness and altitude effects illustrated in the raw
data plots for the various channels, Improvement in all the channels
is achieved as soon as the Earth oblateness modeling is added. The
HRDB/SOES modeling shows some improvements over the Oblate Earth Model
primarily in the Earth width channel standard deviations, but the
improvements are not consistent. In the oblate Earth and HRDB/SOES
models, one can clearly see in the sensor 1 roll channel the effects

of the orbit period reference attitude problems in roll and the date
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of tpeir elimination. The Second Order Fit shows notably lower
standard deviations than the Oblate Earth and HRDB/SOES models, The
influence of the reference attitude problems are mostly removed from
these residuals because the attitude errors ceccur smoothly at orbit
frequency and, are therefore taken out by the fitting. The effect of
inaccuracies in the predicted radiance effects of orbit and half orbit
periods are also removed, The fit with pole removed shows the lowest
standard deviations, being on the order cf 0.02 degrees in all the
channels, This removes the contribution of the noisy pole data in the
residual statisties, In this last fit, one can see most clearly the
effects of the larger variation in the sensor 2 roll data for the
early mission period, Sun and nicen interference seem to have only a

very slight influence on the residual statisties.

Table 5-2 provides the average residual errors standard deviztions for
each of the modeling options. These numbers may be interpreted as one
sigma attitude accuracies for the 128-point averaged data processed

with the specified modeling options and constant biases removed.
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TABLE 5-~2. Average Residual Error Standard Deviations
for Five Modeling Options
PITCH ROLL
Sensor 1 Sensor 2 Sensor 1 Sensor 2
Uncorrected .260 .127 054 207
Oblate Earth .063 043 .038 071
HRDB/SOES .055 040 .038 061
2nd Order Fit .042 034 .028 045
Tayn
——— T v P
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SECTION 6 ~ INTERFERENCE AND ANOMDLIES

Data anomolies, or glitches, are names for temporary excursions from
the normal pattern of measurements. This section discusses the
glitches that have been determined to be due to Sun and Moon
interferences, and briefly describes several unexplained temperary
ancmolies that were identified by careful review of all of the data
spans, Another type of data anomoly can result from telemetry dropout
or telemetry noise resulting in spurious or bad data, Usually any bad
data values will stand out clearly since they are far away from the
neighboring data values. Occasionally our data plots show spikes that

are due to bad data points.
6.1 B3SUN INTERFERENCE

For the neminal Landsat orbit/sun/attitude geometry, the senser 1 scan
cone intersects the sun twice each orbit, however during one of these
intersections, the sun is shadcowed by the Earth, and during the cother
intersection the sun effects are usually eliminated by the blanking
circuit, The Earth Sensor Electronics suppress the belometer signal
for 122 degrees of rotation centered on the sky side of the scan (this
is described in Reference 2), As it turns out, the variations in the
sun position relative to the orbit plane allows the sun te get just
outside the blanking regicn E:?ré period in January through March, and

sun interference effects in the scanner measurements are seen at these
: - S-S . s _—

times.

Figure 6«1 shows the sun elevation from the orbit plane as a function
of time through the vear for the Landsat~l sun-synchronous orbit. The

sun angle varies between 27 to 39 degrees above the orbit plane, The

. main drivers of this variation are the north-south motion of the sun

relative to the equatorial plane and the eccentricity of the Earth's
orbit, It is mainly due to the more rapid right ascension rate for

the sun during the Earth's perigee relative to the nearly constant
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right ascension rate of the Landsat-l orbit precession that the sun
reaches the highest elevation above the orbit plane in February.

Figure 6-2 shows the geometry of the sensor 1 scan cone and blanking
region, the Earth, and the sun path in the spacecraft reference frame.
Sinece the spacecraft is nominally always Earth pointing (with the z-
axis at the Earth, the x<axis in the velocity direction, and the
negative y-axis pointing teward orbit normal)}, inertial vectors
describe circles about the spacecraft y-axis as the spacecraft goes
around the crbit. Therefore the sun follews the appreoximately
circular path shown in Figure 6-2 which normally takes it past the
blanked section of the scan cone and past the scan cone again when
behind the Earth. ©Cnly when the sun gets closest to orbit normal does

it get outside the blanked section of the scan ccne.

Sun inferference in scanner 1 was observed in four days acquired for
this repert; January 19, February 2, February 17, and Mareh 3. Figure
6-3 shows the residual errors eon these data spans, along with sample
days preceding and follewing. The sun angle from corbit nermal is
listed on Figure 6«3 for each of the days. Based on the geometry
illustrated in Figure 6-2 the sun gets cutside the blanking region
when within 52.7 degrees of orbit normal (37.3 degrees above the orbit
plane). The four days coverec‘i“'show how the interference effect grew

and than receded in amplitude as would be expected with the sun angle
=

changes. The phase in the corbit where the coffect occurred shifted
gradually as the sun moved northward and backward in phase from the

ascending node within the orbit plane.

It is noteworthy that the sun just misses the blanking region to cause
interference in senser 1. If the blanking region had been made just
about 5° wider on this side of the scan, the sun interference
apparently could have been aveided., The performance of the sensor
indicates that the sun interference effects are being successfully

eliminated when the sun is just inside the leading edge of the blanked
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part of the scan cone, I+ is important %o note that the sun
interference is occurring on the leading edge of the blanked region
of scan; this gives the belemeter the remainder of the blanking region
to reccover from the sun effects, The blanking would probably not be
as effective clese te the trailing edge of the blanking region,
because the bolometer would net recover completely before the

electreonics continues %o process its signal.
6.2 MOON INTERFERENCE

The presence of the moon ocutside the blanked region of the scan cone
has been observed to cause interference in both scanners on Landsat-Ai.
For any given orbit the moon, like the sun, follows a circular path
about the spacecraft y-axis. However, the moon moves over a much
greater variety of pesiticns relative to the orbit plane than does the
sun, and therefore enters both scan cenes at a greater variety of

pcesitiens,

Figure 6-2, which was used to illustrate the sun path through the
sensor 1 scan cone, also illustrates the geometry for the moon
entering the scan cecne. Nete that the moon can enter the scan cone
when below the orbit plane as well as above it, in which case it
enters the scan cone just befere the Earth-in crossing., At 45 degrees
above or below the orbit plane (45 to 135 degrees from orbit nermal)
the moen will move in a path that takes it tangent to the scan cone.
At these positions the moon will stay in the scan conENESFWEEEMigﬁgglf
period of time. Nete that just within 45 degrees of the orbit plane
the meoon will pass through the =zcan cone twice, passing inside and
then outside the scan ccone a short time apart., This conly happens over
a short range of angles, because when the moon position moves within
about 43,7 degrees of the orbit plane the second moen cressing cof the
scan cone gets eclipsed by the Earth. When the moon peosition gets
within 37.3 degrees of the orbit plane the first moon cressing of the

sensor 1 scan cone gets within the blanking region.
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The .gecmetry for meon interference in the sensor 2 scan cone is
illustrated in Figure 6-U4, With the moon at angles between 125.8 and
147.8 degrees cof orbit normal, the moen will pass through the
unblanked, uneclipsed region of the scan cone twice each orbit. Below
125.8 degrees from the scan cone the mcon intersections with the scan
cone are eclipsed by the Earth, while above 141.8 degrees the moon

enters the blanksd regions of the scan cone.

The ranges ¢f angles from orbit normal where the moon will enter the
twe scan ccnes are summarized in Table 6-1. Alsc indicated is the
number of times that the moon passes the unblanked uneclipsed scan
cene at those angles, Table 6-2 summarizes the angle of the moon from
crbit normal for the days, ameong the available data spans, when moon
interference has been noted. The moon angle is given at the start of
tne day for a pair of days to indicate the direction that the moon is
meving relative te the orbit plane. The key features of the moon
interference are explained by the time histery of the moon positipp on

the days where the interference is found,

Figure 6-5 shows a serial stacked plet of data from December 1, 1982,
when glitches due to moon interference can be seen in beoth scanners.
The glitches can be seen to move slowly in orbit position throughout
the day. The interference in scanner 1 disappears after 23:00 hours
when the Moon moves past 135 degrees below frcm‘prbit nermal. Alsc
the Mcon interference in Sscanner 1NE;;€;‘EEHEZ:: }hstzﬁé?g;ghft’
disappears. It seems that the second potential Mocon hit in Scanner 1
is eclipsed by the Earth for the early part of the day, but dces
appear just before the last Moon hit at about 23:00, The sharpest
spikes in beth sensers cccur when the moon is near the horizen
crossirg position.

The moon interference can be seen in beth scanners on July 26 as well,

On the November 2 and March 29 data spans the moon interference
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TABLE 6-1.

Sensor 1

Sensor 2

B Nt X . =4

Ranges from Orbit Normal that can Intersect Scan Cone
Outside Blanking Region and Earth for Landsat-4 at
Nominal Attitude

Number of Times

FROM TO Position Will Intersect
(Degrees) (Degr ees) Scan Cone During Orbit
45.0 46,3 2
46,3 52.7 i
127.3 133.7 1
133.7 135.0 2
125.8 141.8 2
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TABLE 6-2., Moon Angle from DOrbit Normal on Dates with Moon
Interference
MOON ANGLE PERCENT
DATE (AT 0 HOUR GMT) ILLUMINATION
11/3 141 97
11/4 152 82
12/1 123 io00
122 136 99
3/30 140 98
3/31 148 94 .
7/26 130 9% .
7/27 141 96
V.'ﬁht._
33 49
9/15 44 59
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appears only in senscr 2 fer the beginning of the data span before the
mooh moves more than 142 degrees from orbit normal and inte the

blanked regicns of the scan ccne.

All but one of the moon interference perieds occur when the phase of
the moon is near full., However one interference period shows up in
senser 1 when the meoon is just past first quarter. The interference
effect appears smaller in amplitude on that day, and is found when the

meen is clese te the Earth-out herizen cressing.
6.3 OTHER ANOMOLIES

Several additional ancmeolies have been noted which are unexplained at
the present time. These are described briefly below. Their effects

can be noted in the appendix plots.

e On the February 17th, 11983 data span there are two shert pericds
of correlated nciselike spikes in both of the scanner pitch
measurement channels. These occur on 2/17 from 05:20 te 05:28
and on 2/18 from O4:25 tc 04:30. Since the errors correlate in
the twe pitch channels, it is pessible that this indicates a
problem in the reference attitudes, although no anomolies in the
reference attitude data~are seen in these times. This ancmely

can be seen clearly in the appendix plots of the scanner data for
— Februar y-ddig - -

2% In the March 14, 1983 data span, pericds of spikelike ncise are
seen in both pitch channels., The spikes occur arcund the same
orbit pesition but the largest spikes appear at different times
of the day for the two pitch channels. Figure 6-6 shows a serial
stacked plet of the pitch residual errors for this span,

illustrating the anomolies.
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Near the end of the April 14 data span, a period of about 40
minutes of ancomolously high noise is seen in both piteh channels.
This 1is illustrated in Figure 6=7. The spikes show some

correlations between the twe pitch channels.

In the August 6 and 7 data span, two pericds of excursions take =

place in the scanner residuals. The excursion are 0.7 to 0.2
degrees in the roll residuals and smaller in the pitch residuals.
Excursions take place in the reference attitudes at the same time
of abocut the same amplitude. The presence of the residuals
excursions probably indicates that the reference attitudes do not
track the spacecraft motion as indicated by the scanners.
Therefeore this is almost certainly a period where the reference
attitude accuracy was temperarily leost for some reason. Figure

6~8 shows the residual errors for this day.

Also illustrated in Figure 6~8 is ancther curious feature in the
residual errors that appears bharely distinguishable above the
neise level, It is a very small amplitude spike in the rcll

residual that cccurs every orbit at about 38 degrees of the

”

ancmely from the ascending node. This slight spike ceorrelates
precisely with the temporary attitude excirsion that occurs when
the spacecraft leaveshihe Earth's shadow and the sclar panels
reorient toward the sun, The attitude mcotion is shown in
Appendix A and the effect of this attitude motisn ¢n the raw

scanner measurements is clearly illustrated in Appendix C, The

plots in Appendix D indicate that the attitude motion effects
were not perfectly removed from the residual errors in all the
data spans, particularly for the shadew exit, Several errors may
contribute to this error, including the response time of the
scanner cutput to rapid changes, uncertainties in the reference
attitudes for the excursions, and small timing differences
between the reference attitude flight scftware times and the

averaged scanner data times that may become significant when the i
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attitude motion is rapid., This error 1s not considered a

significant source of concern.

One additional anomely that spans long pericds of time has been

noted already in this repori; the sensor 2 roll measurement

residuals show an unusually large spread from orbit to orbit in
and December 1982 data. This can be seen in

August, November,
R, E, and G, The

the residual error plots shown in Appendices G,

rezson for this is not known, and this feature has not been seen

in 1983 data processed so far.
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SECTION 7 - POLAR RADIANCE VARIATION AND CLOUD EFFECTS

This section discusses the radiance effects on the scanner
measurements that may be considered randem in the sense that the
variations are hard to prediet and are inconsistent from one orbit te
the next, Section 4.1 provided genaral backgreund abcut the Earth
radiance. Section 7.1 provides more details about the Earth radiance
variability, particuirarly in the winter pelar regions where that
variability is quite large. The wWinter polar radiance variability
turns cut te be mestly a longitude dependence of the ‘arth radiance.
Section 7.2 discusses the effects on the horizon measurements in the
winter pelar regicns, Secticn 7.3 analyzes the effects of celd clouds
en the Landsat-4 horizen scanner measurements. The effecks of cold
clouds on the Landsat-Y scanner appear significantly smaller than the

effects on scanners in previous missions,
7.1 RADIANCE VARIABILITY AND LONGITUDE DEPENDENCE

Figure 7-1 shows the peak-to-peak spread in the CO, Narrowband iimb
radiance for latitudes between 60 Scuth and 80 Nortn for one dafe in
each of the seven months that LIMS data was available. This data
clearly demecnstrates the 1ar§fr variability of the radiances in the

winter polar region in the northern hemisphere. Moveover there is

__more variation at 60% North than at 80° Nerth for these winter months.

This is probably partly the result of the 60 degree latitude circle
spanning a greater geographic distance. The scuthern hemisphere shows
slightly higher spreads in the radiance at the beginning and end of
the LIMS data spans (November and May) indicating that the radiance

spread in the scuthern latitudes may increase in the winter as well.

Figure T-2 shows the lengitude dependence of the peak 802 limb
radiance measured by LIMS at 60° North latitude on cne date each
menth, For the months where a large spread in the radiance is present

there is a general pattern such that cone side of the Earth is brighter
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than the other. Examination of this longitude dependence for all the
days with LIMS data available (about U days per month) confirms this
general pattern, The peak brightness tends te stay in the west
longitudes (though not exclusive). Perhaps this tendency indicates
seme systematic compenent teo the pelar radiance patterns but these
variations are probably indicative of large scale variable "weather"

patterns in the upper atmosphere,

Examination of the individual profile shapes arcund 60° North for a
sample day with the strong longitude dependence indicating another
interesting observation about the prefile variability. Prefiles
observe& at nearly the same gecgraphic pesition showed significantly
different shapes when viewsd on the northbound and scuthbound sides cof
the orbit. The northbound and scuthbound passes view the same
lengitude from different directicns on day énd night sides of the
crbit, so this seems to indicate azimuthal viewing direction or

diurnal dependence of the limb prefiles,
7.2 WINTER POLAR RADIANCE VARIABILITY EFFECTS ON TRIGGERING HEIGHTS

As neted earlier, there is a streng longitude dependence of the Earth
radiance in the Winter polanhgfgions, and this longitude dependence is
the likely cause of the large crbit-te-crbit variatiens in the scanner
measurements made cver those regigifl_ﬁg?is section analyzes the
order to confirm that longitude dependent radiance patterns rotating
with the Earth are the cause cof the orbit-to-orbit variations, There
is evidence from the way that polar radiance variations influence each
of the four herizon creossings separately that it is net just the
geographic location of the horizon that influences thne measurement,

but alsc the azimuthal direction that the Earth limb is scanned.

The qualifier "winter™ for the polar regicn discussion is used loosely

here tec indicate those days where there is a large spread in the
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orbit-to~orbit scanner measurements over the northern or southern
polar region part of orbit, The northern hemisphere demonstrates this
large spread starting in mid-November and continuing through mid-March
which spans the¢ winter season, However the southern hemisphere only
shows a slightly higher than usual orbit-to-orbit spread throughout
its winter months of June, July, and August, and then shows a large
spread mainly only in October. Therefore, in the southern hemisphere
the large spread really occurs in mid-spring during which time the
scuthern hemisphere seems to undergo a rather rapid transition in the
pattern of systematic radiance effects. It seems that the southern
hemisphere must maintain much more symmetry in the radiance pattern
around the pole in the winter months, and this symmetry breaks down in
spring. The hemispheric differences in the radiance effects probably
result from eclimatological differences due to the different

distributions of land mass.

To analyze the radiance effects on the horizon ecrossings it is usef;l
to convert the Earth widih and phase measurements to Earth-in and
Earth-out horizon triggering heights in kilometers. This conversion
must make use of the reference attitude, orbit, and Earth oblateness
modeling. The conversion is computed in the Data Plotting and Fitting
Utility by taking the difference between the observed triggering
rotation angles and the predicté&stfiggering angles which are based on
a fifed height abpove the oblate Earth and multiplying by the partial
of the Earth half-width “Witf réSpect—to triggering height (which is
practically constant at 0.027 degrees per kilometer for the Landsat
flight geometry), and finally adding back the nominal predicted
triggering height (40 kilometers).

Figure 7~3 shows a serial stacked format plot of the horizon
triggering heights as a function of orbit phase angle from the
ascending node for 12 consecutive orbits on February 2, 1983, when

there is 1large orbit-to-orbit variation in the northern hemisphere
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measurements, There are ftwo important observations that stand out

from these plots.

First of all there is obviously a very strong correlation in the polar
effects on the sensor 1 Earth-in ecrossing and the sensor 2 Earth-out
crossing., These are the two horizon erossings that view nearly the

same direction as indicated in Figure 1-5.

Second of all there is not the correlation that would be expected if
certain triggering heights could be directly associated with
geographic location on the Earth. Most important, the Earth-in for
scanner 2 crosses the same geographic positions as the Earth-out for
scanner 2, Jjust =zbout ten minutes earlier in the spacecrafi orbit.
Therefore one might expect the Earth-in scanner 2 triggering heights
to show the same pattern as Earth-out scanner 2 with a slight phase
lag in the spacecraft orbit phase from the ascending node. However,
one can see that there is a very different pattern in the polar effect
on the sensor 2 in and out crossings for the same orbits. In fact it
is an entirely different part of the day that the peak polar effects

are found on the Earth-in and Earth-out crossings.

An explznation for the patterns in the various horizon crossings
suggested by the close eBrrelation between sensor 1 Earth-in and
sensor 2 Earth-out. This explanation is that the triggering heights
are associated strongly with the direction in which the- horizonsis
viewed or possibly with the gradient in the Earth radiance along the
direction that the scanner moves into the Earth, The sensor
electronics response is such that about seven degrees of scanner
rotation is important in shaping the output pulse at any given time.
Moreover the geographic range covéred by the scanner by moving just a
few degrees into the horizon is rather large, as indicated in Figure

1-5.



In support of this explanation, note that sensor 1 Earth~-out and
sensor 2 Earth-in, which are looking in opposite directions, show
their maximum effects due to radiance effects about 12 hours apart in
the day. Also consistent with this explanation is the observation
that these two horizon crossings show the opposite sequence of high-
to-low (or low-to-high) triggering heights when passing the pole in

opposite directions.,

The trends in each horizon crossing as a function of orbit on
consecutive orbits make sense in terms of the rotation of the Earth.

For example the place in each orbit where the maximum or minimum error

‘in the sensor 1 Earth-out heights occurs a little earlier each orbit

so that the feature starts out Jjust after the pole crossing and

gradually moves in front of the pole crossing before it disappears.

More analysis of the triggering height variations around the pole will
be needed to fully understand the effects of the radiance patterns on

the sensor measurements.,
7.3 COLD CLOUD EFFECTS
The effects of cold clouds on the scanner horizon was observed in the

Seasat and Magsat missionS (Reference 16). Therefore, a search was

made of the Landsat-4 scanner data to see if cold clouds were

effecting the measurements. - v SRR Boe

For Seasat and Magsat, specific signatures (correlated error patterns
in measurements) of clouds were predicted and observed based on the
scanner mounting and flight geometry. The cloud signatures that may
be expected for Landsat were discussed in Reference 2 and are shown in
Figure 7-4., The most striking effect that should be seen might be
from an isolated cloud én the right of the scanner ground track, This
cloud would get in the right scanner Earth-in crossing, and then the

tail scanner Earth-in and the right scanner Earth-out nearly
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simultaneocusly. A reduction in the triggering height is assumed in
the "cloud signature whieh is diagramed, but it was not certain what
the cloud effect would be. One procedure to identify a cloud effect
then is to search the data for a sequence of bumps having this
pattern., However a search of the Landsat-4 data does not readily
yield any such patterns. Moreover it hardly yields any outstanding
bumps at all that are above the level of the noise., The largest
effect is the large scale polar one that cannot be associated with a
particular cloud. Both the Seasat and Magsat missions showed much
more obvious bumps or excursions in the scanner measurements that

could much more readily be associated with clouds.

The basic materials required to analyze correlations between the noise
and cloud effects are data plots, cloud coverage photographs, and an
indication of the horizon crossing positions in latitude and
longitude. These materials are included in Appendix G for June 6,
1983 data. ’

A careful review of the horizon crossing paths and cloud system
crossings was made and no consistent correlations could be made
between cloud crossings and bumps in the triggering heights in any of

the channels,
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SECTION 8 -~ NOISE ANALYSIS

B.1 NOISE CHARACTERISTICS AND DISTRIBUTIONS

Figure 8~1 shows every observation in pitch and roll plotted for a one
minute data span, Single observations are indicated by plus symbols.
These plots demonstrate the noise and quantization in the telemeiry
data. Each integer count in the telemetry represents 0,04 degrees
change in pitech and roll. One observation arrives every 0.128
seconds. The noise amplitude is higher in the Earth phase

measurements than in the Earth width measurements. The scatter in the

phase channels {sensor 2 pitch and sensor 1 roll) spans about 8 to 12
counts peak to peak, while the =catter in the width channels (sensor 1

: pitch and sensor 2 roll) spans 3 to 5 counts.

. The scatter is not a simple uniform or Gaussian distribution. This

can be seen particularly for the Earth phase (roll) in scanner 1 wWwhere
M a large number of counts fall at a certain level below the main
= concentration. ilso in this channel’s sample plot it is seen that no
TJ observations are made at a certain count value in the middle of the
noise range. Since this would not be expected from chance, the
l existence of a quantization level which is unrealizable may be

indicated. ™,

— A sample~f¥ot " rthe _measurement noise for a 20 minute data span is

shown in Figure 8-2,

In these plots a particularly interesting phenomenon can be observed

[ in the scanner 2 phase measurement, The readings do not fall below
- certain count values when the mean measurement 1is Jjust above these
{I values, This pattern has been found consistently in all of the data
| spans. The reasons for this phenomenon are unknown. It may be
related to the behavior of the analog-to-digital sampling process in

the presence of the high level of noise.
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There is an obvious high frequency observation-to-observation noise in
the scanner measurements, especially in the Earth phase. This noise
was not expected bassd on the scanner design, The scanner electronics
have an analog sample and hold ecircuit (implemented with operational
amplifiers) in the output buffer for each channel ¢lamping the output
voltage at a constant value for the duration of the spin period, which
is 0.5 seconds. Since telemetry samples are made every 0.128 seconds,
the telemetered data should show the same reading for four consecutive
samples. In addition a two pole Butterworth Filter is applied to the
output channels to further smooth the output signal, This filter has
a 3 db cutoff at 0.5 hertz. ‘

An explanation for this high frequency noise was offered by personnel
at Ithaco, Inc. and General Electric Company based on testing of the
scanners for. the Landsat-D prime mission (References 17 and 18). It
was determined that there was soice contamination of the output signals
by some capacitative coupling with the DC power supply, which
incorporates a 10,000 Hertz signal. Apparently the Remote Interface
Unit, which samples many voltage channels on board the spacecraft
sequentially by multiplexing, responds fast enough to pick up some of
this signal. The strip chart recorder used for ground measurement of
the noise did not have thisS-high a frequency response and therefore
failed to detect this contamination. The Earth phase measurements
were more affected by this problem than the Earth width measurements.
A simple fix has been implemented for Landsat-D prime; a capacitor was

added to the output line to serve as a low pass filter,
8.2 NOISE AMPLITUDES

Table 8-1 summarizes the standard deviations in the piteh and roll
angle measurements, These values represent average values computed
from several sample data spans.

8-4




-TABLE 8-1. Summary of Landsat-4 Conical Scanner Noise
Amplitudes In Flight Data

ROLL, PITCH
i rms .083 rms .029
i
SCANNER 1 p-p -46 r-p .12
¥ channel, (E channel,
Earth Phassz) Earth Width)
; rms .031 rms 070
'5‘“1
2 _ _ -
3 SCANNER 2 p-p .14 PP .30
5 ’ (E channel, (H-channel,
" Earth Width Earth Phase)
.
T -
NOTES: Units are degrees for noise amplitudes.
I X S E. . )
rms noise is based on standard deviations in 30 sample major
; frames of data (128 observations per major frame)
i p-p noise is the average peak to peak range in 30 sample

major frames of data.
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It is noteworthy to compzre the ground measurement of the scanner
noise with the in-flight observations, Ground measurements of the
scanner noise were made by the scanner manufacturer Ithaco, Inc,
(Reference 19), These noise estimates were based on strip chart
measurements of the scanner voltage outputs. Figure 8-3 shows sample
outputs from the ground tests. Table 8-2 shows a comparison of the
peak to peak noise estimated from the ground measurements and the

flight data,

The peak to peak nolse in the H (phase) channel outputs is 4 to T
times higher in the flight data than in the ground measurements, The
flight noise in the E (width) channels is only 20 or 30 percent higher

than the ground measurements.

Table 8-3 shows the standard deviations in the Earth width and phase
measurements after several N-point aver-ges are applied. These
numbers represent the residual statistics from the data spans which
were plotted in Figure 2-7. For pure white noise, one would expect
the standard deviations of the N-point averaged data to be reduced by
1/¢N. One can note from Table 8-3 that the standard deviations in the
Earth widths are reduced less rapidly than that rate while the
standard deviations in Earth phase are reduced at nearly that rate.

T
B.3 POWER SPECTRUM

This section describes the power spectiral density estimates which were
computed for each of the scanner outputs. The following steps outline

the procedure taken for obtaining the Power Spectrum estimates.

1, A data span of 8192 points (17.5 minutes of data) was selected

that was free from data gaps, attitude motion, and data

anomolies.
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TABLE 8-2, Comparison of Peak to Peak Noise in Ground
Testing and Flight Data
-TO- R
CHANNEL SCANNER MEASUREMENT PEARX-TO-PEAK NOISE IN DEGREES
TYPE NUMBER ANGLE GROUND TEST FLIGHT DATA
E 1 Pitch .09 .12
{Width)
2 Roll .11 .14
H i Roll .06 .46
{Phase)
2 Pitch .08 <36
M
z.-— r———
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TABLE 83, Standard Deviations for N-Point Averaged bData

Number of Width Phase
Points Scanner Scanner Scanner Scandqer
Averaged 1 2 1 2
1 L0577 L0617 .0886 .082¢9
8 .0437 .0481 .0356 .0354
32 .0267 .030%8 L0177 .0182
128 .0176 .0217 .0073 L0101
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2. Each channel was fit with a fifth order polynomial, The fit was
“used to remove the general trend over the time span which would

be due to systematic variations.

3. The autocorrelation function, or mean lagged product, was
computed for the time series with the polynomial fit subtracted
out. The funetion is computed for lags up to 781 samples or 100

seconds,

g, A Hanning window was applied to the autocorrelation functicn,

This smoothes the spectral estimates,

5. A discrete Fourier transform was applied to the autocorrelation
function to obtain estimates of the power speciral density at the
frequencies 0.0, 0.005, 0.01, 0.0715, ...sy 3.901, 3,906 hertz.

The above procedure was repeated for several independent data spans to
confirm that the power spectrum result do not vary significantly for
different data spans. The results for several data spans are included

in Appendix F of Reference 3.

Figure 8-4 shows the residual time series {polynomial subtracted out)
in all channels for a samplghdata span measured onh February 17, 1983,

The telemetry quantization levels are clearly visible in these plots;

- Lo c'*"zturg_is_gue_gg the trend removal by the polynomial. The

Earth widths were decreasing in this interval while the Earth phases

were nearly constant.

Figure 8-5 shows the autocorrelation function, or mean lagged product,
for these intervals., The unit lag is the telemetry sample period
(0.128. seconds). The function is computed for lags up to 781 samples
which is 100 seconds., The most conspicuous feature evident in these
plots is the marked difference in signature between the Earth width

and Earth phase autccorrelation functions. The low amplitude high

B-10
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frequency nature of the £arth phase autocorrelation function indicates
that these channels are highly uncorrelated with themselves, The

width channel autocorrelation functions reveal that these measurements

contain coherent harmonic content. Correlacion peaks with separations
on the order of 30 lags are quite evident. Conspicilously absent are
correlation peaks with separatfons of much less than 30 lags (3.84
sec, wavelength). Thirty lag currelation peaks correspond to harmonic
content on the order of 0.25 hertz. This content can be clearly seen

in the power spectrum estimates.

The Power spectrum plots for this data are shown in Figure 8-6, The
_ power spectral estimates are in units of squared magnitude per hertz
T and are ﬁlotted against hertz along the abscissa. As suggested by the
autocorrelation funetions, the Earth width channels are quite free of
harmonic content at wavelengths higher than 1.0 hertz. Possible
spectral peaks are found at the lowest resolvable frequencies and

e around 0,25 hertz but these are barely above the level of the noise in

Lhe spectral estimates, From 0.25 hertz to 0.75 hertz there is a
s gradual fall-off in power with negligible power found at frequencies

higher than about 1.0 hertz.

This same distribution is possibly embedded in the Earth phase power
i spectral estimates, howeverbiﬁere is a large amount of white noise

superimposed on this signature across all frequencies.

L A ——

The Earth phase power spectrum characteristices probably result from
the high frequency signal which is contaminating the Earth phase

measurements (see Section 8.2)., If in fact a 10 KHZ signal is being

{ superimposed on the Earth phase measuresments then the 0,128 second
) sampling frequency employed by the electronies would obtain a highly
[ aliased sample of this signal, Such a highly aliased signal would, to
a high degree of probability, have a white-noise-liks spectrum., The

Earth width spectra, on the other hand, show less high frequency

-
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contamination and may indicate that the low pass filtering employed by
the electronics is working.
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SECTION 9 — FULL ORBIT AVERAGES

¥
I

ki B

This section discusses the variability of averages taken over full
orbit data spans of the pitch and roll residual measurement errors.

The full orbit averages demonstrate the long term stability of the

R L STt S PUPpype

WPy TS T

sensor measurements, In general, the orbit period systematic effects
will average out over the orbits and the remaining variability of the
full orbit averages represents a very low frequency noise, The
variation of full orbit average as a function of orbit within a day
and as a funectica of day of year is examined. These results are

extracted from Reference 20,

9.1 DAILY VARIATION OF FULL ORBIT AVERAGES

Figures 9=-1 through 9-4 show full orbit average piteh and roll

residuals as a function of orbit on four dates for which complete

i successive orbits are well represented over a period of 24 hours. The
! X vertical scale is in degrees and horizontal lines indicate mean full
; e orbit average for each 24 hour segement, From these figures, there
ﬁ appears to be no evidence of systematie variation of full orbit
E average pitch or roll residuals over the course of one day.
%
¥ The variation of the full orbif averages from orbit to orbit is larger
J than one would expect if the only error scurce were simply white
5 noise, i.e,, independent random errors frqm ong observation to the
f next. The expected standard deviations of averaged white noyse sts™———ame
l given by the standard deviation of the raw observations divided by the
- square root of the number of observations. Section 5.4 indicates
L‘ standard deviations of the 128 point averaged data of about 0.02°,
The yields estimates of about 0.001° for the standard deviation of the
[ orbit averages if the 128 point averaged observations were corrupted

by white noise alone. The actual standard deviations of the averaged
orbits is more on the order of 0.01 degrees, indicating that lower

frequency error sources are contributing to the variation of the orbit

averages.
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9.2 VARIATIOMN OF FULL ORBIT AVERAGES OVER THE YEAR

The variation of mean, peakwto-peak and standard deviation of full
orbit average piteh and roll residual as a function of day of year is
shown graphically in Figures 9-5 through G-7, respectively.
Horizontal lines indicate overall mean valu=s,

The mean orbit averages naturally show an annual variation similar to
the constant terms in the fitting results in Section 5. The full
orbit averages of both piteh and roll residual show only sight
variation over the months January through July 1983 (Figure 9-5),
However, with the exception of sensor 1 roll residual, the full orbit
avérage residuals exhibit significant variation over the months
September through December, There is some evidence of a correlation
between the orbit averages in the two pitch channels, particularly in
the 1982 data., This could indicate that the orbit average variability
is due to instsbility in the reference attitudes for pitch, or an in-

track orbit error as discussed in Section 5.3.

The most significant feature in the daily variability of the erbit
averages is the rather large peak-to-pezk and standard deviations of
the orbit averages found in the 1982 days in the sensor 2 rolil
measurement. This cannet be a,problem with the reference attitudes
because it does not show up in the sensor 1 roll measurement. This
orbit to orbit variabilify,shows,up clearly in the data plots, and was
noted earlier in Section 3. The reason for this variability, and its

disappezarance in 1983 days is not known.

In general, the peak-to-peak and standard deviation, like the orbit
averages themselves, show mere variability in the early part of the

mission,
Table 9-1 provides a comparison of the averages values of mean full

orbit averages, peak-to-peak and standard deviation for all 23

segments, for the 1982 segments only and for the 1983 segments only.
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E Mean p-p o v Medn pP-p o Mean p-p o Mcan p-p o
i ¢

d g i
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1 !

i»

| 1982 .1778 .0261 .0089 -.0458 .0273 .0077 -.2528 .0298 .0100 .0366 ,0710 .0264
!
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SECTION 10 -~ CONCLUSIONS AND RECOMMENDATIONS

Conclusions that can be made based on the current analysis of the
Landsat-8 Conical Scanner flight data are summarized below grouped by

category,

Systematic Errors

o Earth oblateness and spacecraft altitude variations are the
dominant error sources in the raw horizon scanner measurements,
‘but these effects can be remuved by the appropriate modeling.
After these effects are removed, the principal remaining errors

seem to be due to Earth radiance variations.

o] Systematic orbit period errors in the reference attitude roll
angles on the order of 0.05 degrees i1~ amplitude seem to be
indicated by the horizon scanner data, after careful examination
of the residual errors, The Landsat-4 mounting geometry in which
the two scanners are mounted on different axes helped to
distinguish the attitude and orbit dependent error sources from
the sensor dependent error sources.

e, | -

o The Earth phase measurements are more accurate than the Earth
width measurements because the horizon radiance effects are
generally on a 1aréé”E€EgF£pﬁ§%'§Zéie sgpiﬁaf”fﬁéy raise or lower
both Earth-in and Earth-out horizon triggering heights the same
way. The sensor 1 Eartn phase measurement has the least impact
from Earth oblateness and seasonal systematic horizon radiance
effects because both horizons cross the Earth at nearly the same

latitudes.
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Earth Radiance Effects

The regions of greatest variation in the horizon scanner
measurements seem to be associated with the longitude dependent

variability in the stratosphere in the winter polar region,

Predictions of the effects due to seasonal systematic latitude
dependent horizon radiance variations show general agreement with
the flight data, although the predicted magnitudes of the errors
are mostly too low.

Cold clouds do not appear to be a major error source as in past

missions.

Interference Effects and Anomolies

Interference effects from the sun and moon have been identified.
The blanking circuit operates successfully to eliminate the

interference for parts of the scan cone,

A larger than normal variation in the sensor 2 Earth width errors
early in the mission remains unexplained.

e
A few small short duration anomolies in the scanner measurements

have been identified and are currgptlv unexplained.

Noise Characteristics

o]

Noise averaging is necessary to reduce the point-to-point

measurement noise.

The noise distribution shows some unusual currently unexplained
characteristics with certain count values less likely to occur in

the phase channels.

10-2
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o The phase channels have a high frequency noise due to

"contamination from the power supply signal.

o] The measurements show higher ncise power al lower frequencies.
o} The full orbit averages are generally stable to azbout 0.01
degrees.

Sensor Accuracy

The achievable attitude accuracy in general depends on the accuracy of
the systematic error removal, on the amplitude and frequency
characteristics of the measurement noise, and on the noise filtering
which is applied in the attitude determination procedure. The
following bullets summarizes the approximate 3 sigma attitude
aceuracies based on the modeling options discussed in Section 5.4,
These accuracies apply specifically for 128-point averaging of the raw
measurements for noise reduction., With the systematic errors
accurately removed (as in the data fitting results with the poles
removed) the attitude accuracies may be further improved by the
additional filtering of the noise (such as would be inherent in an
onboard Kalman filter using gyro data in combination with the scanner
data). However, for the mgaeling options that do not adequately
remove the seasonal or cther systematic effects, the errors are
generally ddmihéted”ﬁiﬁﬁhé s>yStematic -effects and not the noise, so
gdditional noise filtering iIs not useful. Note that additional noise
filtering is also not useful in removing the large errors (up to 0.4

degrees peak to peak) around the winter polar regions.

o) The accuracies of the uncorrected measurements with constant
biases removed are in the order of 0.7 degrees for the Earth
width channels, 0.3 degrees for the sensor 2 Earth phase channel,

and less than 0.2 degrees for the sensor 1 Earth phase channel,

10-3
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o After the Earth oblateness and spacecraft altitude, effects are
-modeled, the sensor accuracies are in the order of 0,20 degrees
in the Earth width channels and 0.12 degrees in the Earth phase

channels,

fa} Removing the systematic horizon radiance effects using the
HRDB/SOES model improves the sensor accuracies by about 13% for
the Earth width channels and produces negligible effects to the

Earth phase channels,

o] Applying the seasonal dependent second order Fourier series
.correction coefficisnts to the data further improves the sensor
accuracies to the order of 0.13 degrees for the Earth width

channels and 0.09 degrees for the Earth phase channels.

o With the winter polar region data removed, the sensor accuracy is
in the order of 0,08 degrees for all channels. This primarily

indicates the noise in the 128-point average data.

There are obviously many areas of the flight performance that'éan
receive further analysis, Nevertheless the analysis to date already
indicates a great deal about the sensor performance, and demonstrates
the value of reviewing a largewgqlume of data across selected days and

across all seasons, The analysis of the Landsat-U4 mission data

. prosidr~ -asic_data on the flight performance of this sensor which can

be used for future mission planning.
Further analysis is recommended in the following areas.

o] Continue the evaluation of the seasonal effects with additional
data, first, to cover an entire year after the reference attitude
problems were resolved and second to cover additional time to
evaluate the consistency of the radiance effects from year to

year,

10-4
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"Extend the data fitting results to higher order and analyze the

improvements that are achievable.

Further analyze the measurement variations in the winter polar
region to better understand and possibly model the sensor

response to the pelar radiance variations.

Work on an improved HRDB which can more accurately describe the

radiance effects observed in the Landsat-4 data.

Analyze the scanner ground calibration and alignment procedures

to evaluate the possible error sources.

Further analyze the unusual noise characteristices by obtaining a
histogram of the noise distribution and investigate possible

explanations for these characteristies.

Perform similar studies on the horizon scanners to be flown on
future missions to further understand the performance and

modeling of this type of sensor-
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APPENDIX A -~ REFERENCE ATTITUDES AND SPACECRAFT ALTITUDE

Figure A-1 through A-28 provides plots of the reference attitude and
the spacecraft altitude for all the data spans processed for this
report. These plots show the pitch, roll, and yaw attitude in degrees
as a function of orbit phase from the ascending node for several
orbits overlayed, The attitude is computed by the Onboard Computer
(OBC) and downlinked as a quaternion. Orbit ephemeris data is also
provided by the OBC. The altitude in kilometers is computed by taking
the difference between the spacecraft position vector magnitude and
the Earth equatorial radius of 6378.14 kilometers.

Excursions in the attitudes twice per orbit are caused by movements of

the solar arrays. The following anomolies are noted:

o The spacecraft was in Earth acquisition mode at the beginning of
the data spans on 9/22/82 and 7/26/83 and the reference attitudes

are mostly off the plot scale for these periods.

o] Two spikes in the reference attitude on 12/1/82 and one spike in
the attitude and ephemeris on 2/17/83 are due to spurilous
telemetry data.

T

o Two temporary excursions where the reference attitudes appear bad

- ocetirred on 8/7/83.
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APPENDIX B — SCANNER TEMPERATURES

Figures B-1 through B-28 provide plots of the bolometer and sensor
assembly housing temperatures for all the data spans processed for
this report. The plots show the temperatures in degrees centigrade as
a function of orbit phase from the ascending node for several orbits

overlayed.

A spike in the bolometer 1 temperature on December 1 is due %to a

spurious telemetry reading.



i BOLG ESR: 1
5
3
4
§
P
b
g BOLO ESAR: 2
i
|

TEMP ESA: 1

TEMP EBR: 2

20.0

15.0

30.0

25.0

20.0

15.0

15.0

15.0

16.0

FIGURE B-l.

CRIGINAL PAGE 1§
OF POOR QUALITY

LELES NLEERLACH IS LIS

[TITSTE (NSRS EEUE BT UCUTEE 00 W0 W WY

LI |

-+ Al €4 W,
-.’--lu-.m"-.I I‘ll'_l llllll' -
T 1 R 1 -

'IJ

W A Y
A W

4 'L 4V
ﬂ.l- Y __ _ _AF " AL LR
\l\l--l-lﬂ'!l. A

[N

A ]
90.0 180.0 270.0 . 380D ...
ORBPHA

LANDSRT-4 CONICAL SCANNER BOLOMETER TEMPERATURE ANG EARTH
SENSOR ASSEMBLY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS
gsgézq?gﬂSE FROM THE RSCEMDING NODE WITH CONSECUTIVE ORBITS
DATA START TIME:820610.215426522

END TIME:B20B11.2033239680

Scanner Temperatures for Data Span on August 10~11, 1982

B-2



i

i
-
s
Tin..
o
r

B i

TR U gy DAL VDL T RS TR TR ATRAT Y Y TE \il;-.'&".r—].‘-.'!‘_!.::.’-" ‘o L-nula_.:’.“i‘

R T
f

30.0
25.0
80LO0 ESR: 1

20.0

15.0

30.0

25.0
BOLO ESA: 2
20.0

15.0

15.0

TEHP E£SA: 1
10.0

15.0

TEMP ESR: 2
1.0

FIGURE B-2.

ORIGINAL PAGE 19
OF POOR QUALITY
L 1 ¢ R . | I 4 y - d e 1 i i ' 'l L i l J ] b L i}
L] L) L} L) T T T T l A L] L4 ¥ L3 L4 ¥ L] 'I L) LI | L] L] ¥ ‘ + L 2 S ) ¥ T L)
1
4
A
I
PSRRI SEr WO ST W ST ST T S ST AT S N VA S I T M T I R
L) L 11 T T ¥ 13 ¥ i L) T L T L ¥ A ) T L T L v L] L] + 1 TI 1 v L S § T
T
1
£
! JAN DAV Y S Wi K SRE i T — W T T )
E ey e A ¥ |\uu' - r\ Vi, ) |
' — L Ry 4, W —
e e e L e SR s 2 S S
4
4 -w;n Eh_ﬂuig ,='. ir ‘I-Ill_f-n “"_ A am
LA ya ey Y SN YV, NN
1 d i 1 ) L ] I i J l e 2 1 1 1 I 1 ] i ] [l 1 1 ] l 3 3 L N i 1 L
1 1 T 1 L T L] I L] L} ] L] T L k] 1 —I T ] L} T L] L] L] l ¥ LI 2 ] L 1 1 +
! - R ———— LA [ B
90.0 180.0 270.0 360.0
ORBPHA

LANDSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND ERRTH
SENSOR ASSEMBLY HDUSING TEMPERATUREIDEGREES CELSIUS) VERSUS
gsEéER?EHSE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS
DATA START TIME:B820825.0106060G1

ENB TIHME:B20826.032214554

Scanner Temperatures for Data Span on August 25-26, 1982



o

LA n i e T T T T NS R L O T I T T A A e AU T AL S LS E VL Y TR ey 4

30.0

25-0 ORIGINAL PAGE 1§

BOLO ESA: 1 OF POOR QUALITY

T

20.0

15.0

WA NI P W

-

30.0
25.0
B0L0 ESR: 2

20.0

15 iﬂ

N NN AN W

TEHP ES5A: 1

15.0

TEMP ESA: 2
10.0

4

F T FRWETFI I VAR |

18 1. qﬁ-l Tl WA TR W
MEILLR IR B 1 AT
TR TR [

j - XL
WRLY VLTRSS 20 MRV ' 1A (BN S |
- ——, W' SN X S

4 1 ] L 1 1 3 1 JA i 1 4. 1 Fi i L] l L 1 1 I3 ] 4 1 il . 1. il i i 1 L [l
¥ L ] T . S a1 T L] L3 1 T L) T l L i L . ) + L 3 r E3 T L1 ¥ L] LI
. ————— R v .
90.0 180.0 270.0 360.0
GRBPHA

LANDSAT-4 CONICAL SCANNER BOLOMETVER TEHPERATURE RAND EARTH
SENSOR RSSEHBLY HOUSING TEMPERRTURE(UEGREES CELSIUS] VERSUS
gs%;EREERSE FROM THE RSLENDING NODE WITH CONSECUTIVE ORBITS
DRTR START TIHME:820908.043319559

END TIME:820909.051848519

FIGURE BE—-32., Scanner Temperatures for Data Span on September 8~9, 1982

B4



30.0
25.0
: BOLO ESA: 1 ORIGINAL PAGE 5
; 20.0 OF POOR QUALITY
15.0 ]
T
o+
T B e o S O e S AL A a o SO
30.0 ! ' _ !
25.0 I
BOLD ESA: 2 3
20.0 ]
]
15.0 _
<+
TEMP ESA: 1 %
10.0 |
i
4 o S— Y
e e T o
e
15.0
. i
i3
TEMP ESA: 2 ]!
0.8 L
VAR 1 O e MW T
e TR WRT NEUL 3L oy |
N , RIS L T
RS, . —————
80-0 180.0 270.0 260.0
ORBPHA
! LANDSAT-4 CONICAL SCANNER BOLOMETER TEWPERRTURE AND EARTH
L. SENSOR ASSEMBLY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS

gsgé{ﬂl‘i‘gHSE FRGH THE ASCENDING NODE WITH CONSECUTIVE DRBITS
DATA STRART TIME:820922.003327683
END TIME:820923.020043395

,—_‘

FIGURE B-4. Scanner Temperatures for Data Span on September 22-23, 1982

B-5

-aET™ an e =



an .

i H

T s Sl

30.0 {

25.0
BOLO ESA: 1 o DR‘G‘NAL ?AGE E‘a Lr
' OF POOR QUALITY, -

15.0

30.0
T
-
L
25.0 :Ft' -
BOLO ESA: 2 1
20.0 _jf_
15.0 T
3)‘
L e T B B e o o ot S N W R SRR MR
15.0

TEHP ESA: 1
10.9¢

1} oL 4B N,

| e <] AT TR NY Y X1 Y

- RN w-- [ R 10
JYFLXEE . prr 7

TEMP ESR: 2

PR VU S ST S S R SN S YT TN S WO S R ST S (U S T NS P S ST T WA R R
EBLENILIN S DNE S D S B SR S S Bt S B B l‘Tl?'j_n T A.Iﬁ-'.l T l' T . T T
30.0 180.0 270.0 3sQ.o
ORBrHA

LANDSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND ERRTH
SENSOR ASSEMBLY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS
BSE%EH?SHSE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS
0
OATA START TIME:821005.1531234385

END TIME:B21006.154427154

FIGURE B~5. Scanner Temperaturec for Data Span on October 5-6, 1982

B=6 o



—— e ————— gyl W ALt TER] A REET R et et e R AR g T AAE R R

30.0

25.0 ORIGINAL PAGE 19

BOLD ESA: 1 OF POOR QUALITY

BOLD ESA: 2
TEHP ESA: 1
L — rl)
st i |
s ¥
15.0 :
TEMP ESA: 2 1
0.0 L

ORBPHR

LANOSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND EARTH
SENSOR ASSEMBLY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS
USE%EH?SHSE FRON THE RSCENDING NODE RITH CDNSECUTIVE ORBITS
0
DATA §TART TIHE:821020.-051211751

ENL TIME:B821021.05545687)

FIGURE B-6. GScanner Temperatures for Data Span on October 20-21, 1982

B=7



[5
|

BOLD ESAR: 1

BOLO ESA: 2

TEHMP ESA: 1

TENP ESf: 2

0.0

25.0

20.0

15.0

30.qQ

25.0

20.0

15.0

15.0

10.0

15.0

10.0

FIGURE B-7.

ORIGINAL PAGE 19
OF POOR QUALITY,

_—am e, tE G

T e o

VAR, WILT,
v -

Y PRITE
Yy &~ AU/

At WAl
B ViR i
S

N o il PR BT v St Tt e ST T Seust VI SO T T S ST SN S RN W V0T H S S T
-ttt ettt
90.0 180.0 270.0 360.0

ORBFPHR

LANDSAT—4 CONICAL SCANNFR BOLOMETER TEMPERRTURE AND ERRTH
SENSOR RSSEHMBLY HOUSING TEMPERATURE{DEGREES CELSIUS) VERSUS
gsgéER?EHSE FROM THE ASCENDING NODE HITH CONSECUTIVE ORBITS
DATR START TIME:821102.230736644

END TIME:821103.220936128

Scanner Temperatures for Data Span on November 11-12, 1982

B-8

———

T

"



BOLD ESA: 1

80L0 ESA: 2

TEMP ESAR: 1

TEMP ESA: 2

¥IGURE B-8.

30.0
2s.0 1 ORIGINAL b

F PG AGE 1y
20.0 T

1
15.0 T

10.0 [

W L AT I B
5 .'li-i!‘"ll'.l.'_‘l'l.'.'

15.0
10.0 FAGENAT B L b VY
¥ UYMW W
jljilrl]IJII!I!"]I)I!I}!]I!IJII!:
L] L] L ¥ T ¥ L} ¥ i L] T L ¥ £l L L3 L] l ¥ + L) L] L] + L} L] i + L ¥ Ll L] L L] T
Mo i
80.0 t80.0 270.0 360.0
ORBFPHA
LANDSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND EARTH
SENSOR RSSEMBLY HOUSING TEMPERATURE{ DEGREES CELSIUS) YERSUS
g&EIER¥EHSE FROM THE RASCENDING NODE HITH CONSECUTIVE ORBITS
R
DATR STARRT TIME:821116.063354045
END TIHE:821116.232203818

Scanner Temperatures for Data Span on November 16, 1982

B-9




|
? 38.0 [
‘ {
25.0 ORIGINAL PAGE 1S
: (] ; .
BOLO ESA: 1 F POOR QuALITY ‘-
20.0
-
'
15.0
e S s e L L S B o o
30.0
2s.0 L -
BOLO ESA: 2
20.0
15.0 L [
O S A e A 2 o B S o o S S B
15.0 !
| TENP ESR: 1
i ID-G N1 10 |(‘Hl-1.l -
‘ lll- --lul-ll"l.. UIE AT % Wy
E . "I "'IM' ¥
R ¥ ]
b
15.0 ! ° .
Sy 1
TEMP ESA: 2
10-0 84 .‘ll':l'ﬂl]inl 'l_r.._ ;:rn’
I AY W LN/
1
I | F i ] } } } 1 ; i 3 2 'l 1 i L I f 1 B L 3 L L 4 f L H 1 1 ] 3 3 i
_ e s ¥ L) ] L] T L] LR I L £ § ¥ 1 L] ¥ [ ¥ ¥ ¥ + ¥ T T L] 13 1 + i T T T T 3
90.0 180.0 270.0 360.0
ORBPHR

LANDSAT-4 CONICAL SCANNER BOLONETER TEMPERATURE AND EARTH
SENSOR RSSEMBLY HOUSING TEMPERATURE[DEGREES CELSIUS) YERSUS
gGEéEH?SRSE FROM THE ASCENDING NODE WITH CONSECUTIVE GRBITS
DATA START TIME:821201.002856720

END TINE:821202.0311%0860

FIGURE B-9., Scanner Temperatures for Data Span on December 1-2, 1982

B~10 -



;
I 30.0
coo
H o G
i 25-0 ORIGINAL PEGE i
' BOLO ESA: 1 OF POOR QUALN
20.0
; 15.0
30.0
3
25.0 J
N BOLG ESA: 2 1
; 20.0
|f ]
,\ 15.0 ]
b
- ]
: 15.0
T
4
TEHP ESA: 1 1
- -
T e
; | 15.0 i I 1
% = T
: 1
3 TEHP ESA: 2 1
,
S 19.0
. i
- 14
4
| bttt
S i - = — ! ' '
80.0 180.0 270.0 360.0

ORBPHA

ot Rem TR A Tatlad T T T

AR

LANOSAT-4 CONICAL SCARNNER BOLOMETER TEHPERATURE AND EARTH
SENSOR ASSEMBLY HOUSING TEMPERATURE{BDEGREES CELSIUS] YERSUS
- gsgégﬂquSE FROH THE ASCENDING NODE WITH CONSECUTIVE ORBITS
N DATR START TIME:821214.122607064

END TIHME:821215.143808812

—

FIGURE B-10., Scanner Temperatures for Data Span on December 14-15, 1982

' B=11




i
|
i

BOLO ESA: 1

n P
ORIGINAL PACE 1o
QF POOR QUAUW

8OLO ESR: 2

TEHP ESA: 1

10.0 — L — X
- G e m— v L B —
THORT AT G VR 3
» LY AW

1 L ] L 1 3 L 1 l i 1 L 1 1 b H L l L L L L L L L 1 l -1 N 1 a1 1 i 1 L

15 'B L) 1 T T T L] L) L] l T T T L] T + L E I L] - L] T k3 R * 4 [ ¥ R] ¥ 13 ¥+ L] k) L]
. T
TEHP ESR: 2 Lr—
TR T

10.0 _JEyaaerll}

FIGURE B~ll, Scanne

$0.0 180.0

GRBPHA

LANDOSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND EARTH
SENSOR ASSEMBLY HOUSIMNG TEHMPERATURE(DEGREES CELSIUS) VERSUS
gsg{‘EHTERSE FROM THE ASCENOING NOOE WITH CONSECUTIVE ORBITS
DATA START TIME:821228.053240480

END TINE:B212289.061420138

r Temperatures for Data Span on December 28-29, 1982

B-12

._‘aaﬂ—'.a ———— e



PR T RS R LR T e S

m———

30.0

25.0
boLo Eshe 1 ORIGINAL PAGE 19
oo OF POOR QUALITY
15.0
30.0
25.0
80L0 ESR: 2
20.0
15.0
15.0
TEHP ESA: 1
10.0 o AT AL iF T e NI 110
T TSR KL
bttt
15.0 i 1 l
T
TEMP ESA: 2
+ e ‘-‘-_nim
10.0 | am L TEVEE
LU TARIAN T
-
-4
) L4 H ] 1 1 1. ' [} L ' L ] i
L] T v 1 F T 1 T l L) T LR} T 17[ ¥ L] L} ] L] ¥ E T T ¥ + L] ¥ IT( j
- ST B
30.0 180.0 270 .0 360.0
ORBPHA

FIGURE B-~12,

LANDSAT-4 CONICAL SCANNER BOLOMETER TEHPERATURE AND EARTH
SENSOR ASSEHBLY HOUSING TEMPERATURE(DECGREES CELSIUS) YERSUS
gsgéER?GHSE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS
DATA START TIME:B830119-.063608627

END TIHE:830120.120626114

Scanner Temperatures for Data Span on January 19-20, 1983

B~13




B2 T e

3
3
!
3
i
<
&
;
3
¢

+
9

|

30.0

ORIGINAL PAGE 1Y

25.0 OF POOR QUALITY

BOLOD ESA: 1

BOLO ESA: 2

TEMP ESA: 1}

S YERT A B1Y ENLOR
1 WA L
¥ L)

10.0 i %--Ifa"" .
M . F

1.8 -

L
&Y et M

TEMP ESR: 2

(R
i 1R
- ) R W
W h— w—s (!

N TEX 1
1EE 7L N I.ﬂl,l"
AN 'R\ ¥7 1 N U

"o}
10.0

ORBPHA

LANDSAT~-4 CONICAL SCANMMER BOLOMETER TEHPERRTURE RN EARTH
SENSOR ASSEMBLY HOUZI®? TUMPERRTURE{ORGRELES CELGIUS} VERSUS
gﬁgélsgsHSE FRONW THE FSCENTING HODE Ty CONSECUTIVE DRBITS
DATA START TIME:830202.03242507i

END TIHE:B830203.054850880

FIGURE B-13, Scanner Temperatures for Data Span on Fehruarcy 2~3, 1983

B=-14

180.0 270.0 360.

—— -



——

30.0

. ALY
BOLD ESA: 1 ORIGINAL PAGE .E
OF POOR QUALlﬁf

BOLD ESA: 2

TEHP ESH: 1

TEMP ESR: 2

30.0 B Y

ORBFPHA

LANDSAT-4 CONICAL SCANNER BOLDHETER TEHPERATURE ANC ERRTH
SENSOR RSSEMBLY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS

ORBIT PHRSE FROM THE RSCENDING NODE WITH CONSECUTIVE ORBITS
OVERLAID

OATR START TIME:830217.000122618
END TIME:830218.065513594

FIGURE B-14. Scanner Temperatures for Data Span on February 17018, 1983

B~15



.

e

3 30.0

25.0 ORIGINAL PAGE 1§
BOLO ESA: 1 OF POOR QUALITY
20.0

BOLO ESA: 2

TEHP ESA: t

I

ST I uvlra‘,

} 3 1 L } i $ i ' 3 Fl } : ] ] 'l 1 l i : i 1 fd I 1 l } 3 J. I — 3. L
LI | L) ¥ L] L] L 1 'l L] Ll T L ¥ ¥ ] L] I ] L] T T L3 1 1 L] I ¥ 1 L) L] T Ly L)
. 15.0
q'-.
TEHP ESA:z 2
10.0 LN "
B Nt ¥ R o i A e e
m\r : '-u-u-n—u—m (R L]

W@?{Eﬁjyﬂl—m fyrar ] 3

3 30.0 . 180.0 270.0 360.0
5
& ORBPHA
4
0
f]
A
o LANDSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND EARTH
‘ SENSOR ASSEMELY HOUSING TEMPERATURE(DEGREES CELSIUS) VERSUS
g§g§{9§gﬂ35 FROH THE ASCENDING NODE WITH CONSECUTIVE DRBITS
DATA STRRT TINE :830303.025744654
D TIME:B30304.034257270

FIGURE B~15, Scanner Temperatures for Data Span on March 3-4, 1983

B-16




]
i
i
{
[

BOLE ESA: 1

BOLD ESR: 2

TEHP ESR: 1

TEHP ESA: 2

FIGURE

30.0

25.0

20.0

15.0

20.0

15.0

t5.0

10.0

15.0

10.0

B-16,

AL S

paaa by o e ol x s g alyg,
T

LI R -

Al

OO O TR Y ARG 1YY
WERY! id. ASEEE LB & LATUREL AN A LAY
Il'il.l.l-'ll !’l ¢ .‘1 [/} L]
v s A K

AERYVE N TE S AT

COINT S N ORI N Y R TN
. . VN . W

1 Wi LTEONE L

ANF CSUNEL iV .Y
TR K A T Y

LY MYE &
.t ew

ORBPHR

LANDSAT-4 CONICAL SCANNER BOLOMETER TEHMPERATURE AND ERRTH
SENSOR ASSEMBL ¢/ HOUSING TEMPERATURE(QEGREES CELSIUS. YERSUS
g%gézﬂ?gHSE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS
DATA START TIHME:830314.134603442

END TIHE:830315.170127218

Scanner Temperatures for Data Span on March 14-15, 1983

B=17



[ d n Rt R R
w(g A
b,

"
i

X
4
\

3

BOLO ESA: 1

- T

BOLQ ESA: 2

TEHMP ESAH: 1

B UE i A I

i

E
5
N
g’i
=

B ale
Tow

TEHP ES8: 2

At T e A SL L DN J VT TS TRTRS ATRAR Y RIS e ]

30.0

25.0

20.0

15.0

3c.o

25.0

20.0

15.0

15.0

10.0

15.0

10.0

FIGURE B~17,

i L 1 1 3 4. L 1 i 4 i F| ]. $ 4. i I 'l 1 L i H L 4 . l 1 1 1 ] 3 '3 i 4
L} 1 T L) L) L] v i ¥ ¥ L] L] L) L) 1 L] ' T ¥ L T L] k) ¥ ¥ ' ¥ T B L DM ¥ bl T
4
>
-
-+
1 L AR DR VI [T 111
A LY A 1 YO (V1Y 0 'l'l_h‘l‘ll-'-l'i
- LAY T ¥ Il”". 7V U 1
. 1 { 7]
+
4
i (] I damd i i ' 1 (] F| 4 L 'l ' 4 ' L i3 L i i L L L l 4 b | 4 AL 1 i 1 i
ilillil]lIlllill]ll!lll'lllllilll‘
-+
-1 . W s W ! n
- T e S ¥ e O (1 T 1
- R L TR D il .. Sl " g DL ¥T BK
C RIWY A u AR SETRVIN M TR T W, - ERIE C W
(AR LW ' VT
4 i S
-
r

-} . 4 4
90.0 180.0 270.0 360.0
ORBFHA

LANDSAT-4 CONICAL SCANNER BOLOMETER TENPERATURE AND ERRTH
SENGOR ASSEMBLY HOUSINGC TEMPERATURE(DEGREES CELSIUS) VERSUS
gggéIR?gRSE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS
DATA START TIME:830329.Z35506550

END TIHE:B30331.003946798

Scanner Temperatures for Data Span on March 29-31, 1983

B~18



P

Nl Ll Fio F TR AT RN My A A S 5 S e -

22

U AR e v

1S

_——y

,._-__.

30.0
25.0
BOLO ESA: 1

20.0

15.0

30.0

25.0
BOLO ESA: 2
20.0

15.0

15.0

TEHP ESA: 1
10.0

15.0

TEMP ESR: 2
10.0

FIGURE B-18.,

ORIGINAL PAGE 18
OF POOR QUALITY

L3 LN L

LLJLILL‘LII.R[!IIII!I

ORBPHA

LANDSAT-4 CONICAL SCANNER BOLOMETER TEMPERATURE AND ERARTH

SENSOR ASSEMBLY HOUSIMNG TEHPERATURE(DEGREES CELSIUS) VERSUS
ORBIT PHASE FROM THE ASCENDING NODE WITH CONSECUTIVE ORBITS

OVERLAID
DATA START TIME:B830414.003417145
END TIME:B30415.041837625

Scanner Temperatures for Data Span on April 14-15, 1983
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APPENDIX C - UNCORRECTED PITCH AND ROLL MEASUREMENTS

Figures C~1 through C-28 provide plots of the scanner uncorrected on
board pitch and roll measurements for all the data spans processed for
this report. The data is plotted as a function of orbit phase from
tnhe ascending node for several orbits overlayed. The on board pitch
and roll are computed in degrees from the nominal calibrations,
without corrections for the effects of Earth oblateness and orbit
eccentricity. These are the measurements effectively used for the
Safehold Mode. Averaging of each major frame of data, 128 points, was

performed to reduce the noise.
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Uncorrected Scanner Pitch and Roll Measurements for Data
Span on January 19-20, 1983
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FIGURE C-13, Uncorrected Scanner Pitch and Roll Measurements for Data
Span on February 2-3, 1983
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Uncorrected Scanner Pitch and Roll Measurements for Data
Span on February 17-18, 1983
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FIGURE C-15. Uncorrected Scanner Pitch and Roll Measurements for Data
Span on March 3-4, 1983
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FIGURE C-17. Uncorrected Scanner Pitch and Roll Measurements for Data
Span on March 29-31, 1983
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Uncorrected Scanner Pitch and Roll Measurements for Data
Span on April 14-15, 1983
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FIGURE C-19. Uncorrected Scanner Pitch and Roll Measurements for Data
Span on April 26-27, 1983
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FIGURE C-20. Uncorrected Scanner Pitch and Roll Measurements For Data

Span on May 11-~-12, 1983
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FIGURE C-21. Uncorrected Scanner Pitch and Roll Measurements for Data
Span on May 23-24, 1983

c-22



ORIGINAL PAGE 18
OF POOR QUALITY.

0BPITCH £5A: 1

-

’ OBPITCH ESA: 2

OBROLL ESR: 1

it
%
-
Sir. -
e,
= .
It -
]

=

Badul
e

OBROLL ESA: 2

B S kil A

80.0 180.0 270.0 360.0

T AR R L P T NS T

T,

ORBPHA

LANDSAT~4 SCANNER UNCORRECTED PITEH AND ROLL MERSUREMENTS
[OEGREES) USING NOM.NAL CRLIBRRTION VERSUS ORBIT PHRSE FROM
THE RASCENDING NODE WITH CONSECUTIVE ORBITS OVERLAID
DATA START TIHE:830806.002351736

END TIHE:B30607.025956216
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FIGURE C-24. Uncorrected Scanner Pitch and Roll Measurements for Data
Span con July 6-7, 1983
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FIGURE C-26. Uncorrected Scanner Pitch and Roll Measurements for Data
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APPENDIX D - RESIDUAL ERRORS FROM OBLATE EARTH MODEL

Figures D-1 through D-28 provides plots of the residual errors from
the nominal oblate Earth model for all the data spans processed for
this report. The model is based on the flight data differences from
the predicted sensor measurements using the nominal sensor
calibration, the reference attitude and orbit provided by the OBC, a
40 kilometer horizon triggering height above the standard oblate
Earth, and constant bias adjustments for each channel. The constant

biases removed are as follows:

Piteh Sensor 1 0.19
Piteh  Sensor 2 -0,05
1 -0.25
2 0,06

Roll Sensor
Roll Sensor

The residual in degrees are plotted as a function of orbit phase from

the ascending node for several orbits overlayed.
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Residual Errors from Oblate Earth Model for Data Span on
August 31 - September 1, 1983
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APPENDIX E - RESIDUAL ERRORS FROM HRDB/SOES MODEL

Figures E-1 through E-28 provides plots of the residual errors from
the HRDB/SOES model for all the data spans processed for this report.
This model uses the nominal Oblate Earth Model with constant biases
removed (Appendix D) and applies corrections due to the horizon
triggering height variations predicted by the Horizon Radiance Data
Base (HRDB) and the Sensor Optics and Electronies Simulator (SOES).

The residual in degrees are plotted as a function of orbit phase from

the ascending node for several orbits overlayed.
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Residual Errors from HRDB/SOES Model for Data Span on

April 26-27, 1983
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Residual Errors from HRDB/SOES Model for Data Span on
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Residual Errors from HRDB/SOES Model for Data Span on
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June 6-7, 1983
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FIGURE E-26. Residual Errors from HRDB/SOES Model for Data Span on
August 6-7, 1983
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APPENDIX F -~ DATA FITTING COEFFICIENTS

This appendix provides tables of the coefficients resulting from
various data fittings described in Section 5. Table F-1 gives the
coefficients resulting from the second order finite Fourier series
fits to each of the 28 data spans for all four measurement channels.
Table F-2 gives the fit coefficients resulting from the seasonal
aependence of the coeffizients in Table F-1., Table F-3 gives the fit
coefficients that result from evaluating the seasonal depandence fits
at the beginning of each month. Table F-U4 provides the residual error
standard deviation statisties for various datz modeling options. 1In
Table F-4 the HRDB/SOES model statistics on the last four dates were
obtained incorrectly and should be ignored. Also note that the
statistics for the last 4 models on December 1, 1983, and on February
17, 1983 are corrupted by bad reference attitude n>ints which were not

flagged in the data processing. -
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TABLE F-2,.

s < i 3 o B> <muiiatin il

Fourier Series Fits to the Time Dependencies of Correction

Coefficients (1 to 4, Sensor 1 Pitch)

B B Al i o s & Al SRR

AO Al A2 B.1 B2 STDV
ey -.00202 -.01228 .01215 .00015 .00953 .01949
ey .00652 .03826 .00504 -.00884 .00527 .00684
fl 00462 -.04403 00357 .02973 -.01408 .00957
e, .03991 .01764 -.01137 .01806 -.01771 «00819
f2 .01773 ;.00506 -.00820 .00862 -.01399 .00724




TABLE t‘-?_.Fourier Series Fits to the Time Dependencies of Correction
Coefficients (2 of 4, Sensor 2 Pitch)

AO Al A2 Bl 82 STDV
-.00007 .00935 .01004 -.00069 -.00520 .01863
.00615 .04183 .00197 -.01016 .00073 . 00706
..00448 .01017 -.00338 -.00124 .00039 .00524
.00465 .00432 .00092 .00166 .00108 .00227
.01320 .00013 -.00888 .00436 -.01734 .0081¢°
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TABLE F-2,., Fourier Series Fits to the Time OJependencies of Correction
Coefficients (3 of 4, Sensor 1 Roll)

“ AO Al A2 Bl 82 STDV
k
| ey -.00134 -.00227 -.00327 -.00060 .00182 .01113
t' S .01056 .00531 -.,00354 -,00715 -.00650 .00726
PT
] @ fl .00464 .02355 .03607 .00685 -.00769 .01869
: e, .00406 -.00252 ~.00451 -.00563 -.00635 .00361
'*.
| ¢ -.00165 .00525 00121 -.00156 -.00383 -.00263
' 2
\
L = i e —— o —r ey
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TABLE F"—Z. Fourier Series Fits to Time Dependencies of Correction
Coefficients (4 of 4, Sensor 2 Roll)

el
AO ' Al AZ Bl Bz STDV
| |
4] e, -.00876 .02568 -.01478 .00046 .01926 .01910
= I
i Z el .00729 -.00953 -.00056 .00079 -,00365 .00533
:
H
| fl .02226 -.01990 .04650 .04351 -.01991 .01993
8
e2 .05110 .01143 -.01798 .01497 -.02324 .01016
: fz -,00306 .00098 -,00013 .00026 .00065 .00398
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TABLE F-3, Correction Coefficients at the Beginning of Each Month
(1 of 4, Sensor 1 Pitch)

Month eo e, f1 e2 f2

1 -.00182 .04984 ~-.04043 .04589 .00414

2 «00159 .04147 -.03290 .04346 .00174

3 -.00557 .02078 -.C01111 .05427 .01412

4 -.01399 -.00715 .02585 .06926 .03441

5 -.01033 -.02706 .05767 .06805 .04394

6 .00646 -.03308 .06€699 .04340 .03449

- 7 .02224 -.02687 .04810 .01136 .01491
8 .02284 -.01508 .01276 -.00543 .00157

9 .00569 -.00264 -.01822 .00630 .00501

o 10 -.01445 .01044 -.03337 03345 .01741
11 -.02260 .02668 -.03740 .05442 .02394

12 ~.01445 .04177 -.03898 .05594 .01728

\
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TABLE F-3

Month

. Correction Coefficients at the Beginning of Each Month

(2 of 4, Sensor 2 Pitch)

0 1 1 2 2

1 .01912 .04979 .01126 .00995 .00393

2 .00744 .03802 .01132 .01058 -.00389

3 -.00522 .01856 .01057 .00880 .00597

4 -.01080 -.00579 .00667 .00542 .02629

5 -.00603 -.02485 -.00016 .00258 .03637

6 .00010 -.03479 -.00696 .00126 .02590

7 .00070 -.03381 -.00909 .00125 .00453

8 -.00733 -.02334 -.00504 .00147 -.00856

9 _=.01371 -.00589 .00267 .00153 -.00086

10 -.00933 .01451 .00914 .002C8 .01787
il .00512 .03473 .01202 .00405 .02900
12 .01773 .04764 .01189 .00702 .02200
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TABLE F-3, Correction Coefficients

(3 cf 4, sensor 1 Roll)

at the Beginning of Each Month

Month e0 e1 f1 e, f2 .
1 -.00683 -.01198 .06409 -.00328 -.00494
2 -.00344 .00394 .03774 -.00874 -.00264
3 .00014 .00310 -.00131 -.00551 . 00364
4 .00134 .00692 -.02454 .00287 -.00511
5 -.00061 .00912 -.01311 . 00816 ~.00185
~_ 6 -.00288 .00626 .01231 .00668 .00531
7 -.00238 .00176 .01735 .00213 -.00277
8 . 00088 .00215 -.00790 .00131 -.00281
- 9 . 00355 .01048 -.03819 .00712 -.00437
10 «00250 .02133 -,03811 .01424 -.00802
11 -.00204 «02682 00046 «01533 -.00430
12 -.00616 .02275 .04557 .00814 -.00269
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TABLE F-3. Correction Coefficients at the Beginning of Each Month
(4 of 4, sensor 2 Roll)

Month eo el f1 e2 f2
[ 1 -.05325 .01720 .09737 .02991 -.00429
( 2 -.04317 .01794 .08279 .07961 -.00415
' 3 -.00249 .00530 -.04449 .07076 -.00329
3
5
b.
B 4 .00605 .00782 -.06181 .03365 -.00312
E |
B
g' ) 5 .02676 -.00344 .02557 .04228 -.00153
=
,: L
- ~_ 6 .00002 -.00242 .04839 .04640 -.00230
1
i 7 -.05158 .01873 .09630 .06836 -.00435
8 -.00809 .01206 .03470 .08926 -.00316
-« > 9 .02821 . 00060 .00909 .05971 -.00174
10 -.02458 .01209 .03050 .00471 -.00359
{ 11 -+05555 .01790 .10226 .03806 -.00436
[' 12 -.04953 .01858 .09292 .07195 -.00430
F-13
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APPENDIX G - RESIDUAL ERRORS FROM SECOND ORDER FIT

Figures G=1 through G-28 provides plots of the residual errors from
second or¢2r Fourier series fits to all the data spans processed for

this report. The fits are made to the errors from the Nominal Oblate

Earth model.

The fits residuals in degrees are plotted as a function of orbit phase

from the ascending node for several orbits overlayed.
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APPENDIX H - COLD CLOUD EFFECTS ANALYSIS DATA

This appendix presents the basic material required for drawing
correlations between errors in the horizon scanner data and cold
clouds located on the scanner horizon., Figure H-1 and H-Z show global
mapped mozaic infrared photographs of the Earth in the 10 to 12 micron
atmospheric window for June 6, 1983. These photographs are from the
night (02:30 local time) and day (04:30 local time) portions of the
NOAA-T orbit respectively. The motion of cloud features over 1/2 day
is indicated by comparison of these photos. Figure H-3 shows the
scanner horizon triggering heights as a function of time throughout
the day. Finally, Table H-1 indicates the scanner horizon crossing

latitudes and longitudes througout the day.
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| HORIZON POSITIONS (LATITUDES WMEASURED NOQTHM, NEGATIVE MEANS S0UTHMI LONGITUOES WEASUSED EAST, NEGATIVE WZANS weST) !
SCANNER 1 ANMNER
DATE . TIME SUSSATELLITE EARTH=-TA £arTH-0UT T o Rl T o
YYEMOD . HHuMSS LATITUDE LONGITUDE LAYITUDE LU"GI'UOE LATITUDE LONGITUDE LATITUDE LONGITUDE LATITUDE LONGITUODE
| 530606.002538 -42.87 -33.7) -48.38 le5a -57.78  -83.11 ~17.92 -20.85 -52.08 0.08
, 430605.002749 -33.06  =3%.10 -62.%0 -5.21 ~50.49  =32.31 “10e13 =23.,20 -an.88 -s.88
630606.903000 -2%.22  ~-38.1% -3%,96  -10.%8 -83.08  -81.23 “2.88  =2%.13 ~36.5% =12.94
| 830606.003211 =17.37  -%0.00 -29.10  =16.79 ~3%5.59  =80.78 a.n8  -26.80 ~32.96 =18.98
830606.003823 =3.91 ~8]1.79 -22.03 -18.21 -28.06 =80.89 12.80 -28.18 -2%,12 =20.92
930606.0036 38 “1.66  [=a3,aa -14.81  =21.00 “20.53  ~81.84 20.08  =29,2% 18,38 =23.81
833606.00384a5% 5,23 ~a%,1) =T7.489 =-23.10 =13.00 =-82.3% 274713 =-30.070 -“l10.89 -2%.82
830608.0040%6 18,10  ~86.93 -0.08  =23.20 -%5.%0 =63,80 38,38  -30.3% -3.38  -27.8)
330696.024307 21,97  =89.48 7.37  -24.73 1.9%  =53,19 43,08  -30.80 8,21  =29.932
830606.004511 29.83  i-30.81 186,88 =27.93 9.3  -aT.1e 50.6% =-30.0% 11.82  =30.91
830606.0064727 37.68  |~32.8i 22.37 -29.80 16.64 =29.51 38,24  =23.%1 19.43 =32,03
430606.304940 43,90 ~3%.a0 29.87 -29.30 23.82 -72.40 s%.87 27.07 =32.83
830605.005151 53.27 i=38.46 37.35  -29.3a 30.83  =75.9a 72.80 3a.70  =33.39
; 830606.00%5402 40.3%  =43.11 as.30 -29.79 37.82 -80.38 79.01 82,31 =33.%0
‘ 830606.00561) 63.43 [-70.04 52.18  =27.3% 88,07 =83.97 81.83 9.0 =33.0)
£30406.003824 79.87  ip93.00 29,42 -24,28 50.03 =93,20 LT 7.4  =31.8)
830606.01003% 80.8% <113.31 66,39 =18,92 55.28 =102.6% 72411 -29,34
830606.010246 80.90 -H45.9% T2.74 ~7.93 59.33 -11e,.87 s4.97 -21.83
830606,0105%9 43,38 17.49 18,98 61,78 =129,37 57,96 -%,3%
830506.010709 50.26 78,42 50,31 82.18 =188.82 30.03 38,93
830606.010920 483,27 Ta .82 60.43 =-162.22 82,83 19.01
H 330606.3111°1 139,79 69.97 54,97 -175.%2 34,94 97.62
i 830606.011342 138,82 62.0% 31.99 174.086 27.21 109.14
330608.01155) 132.92 sa,45 a6.264 185,09 19.97 108,36
810506.0118G4 130.72 aT.48 39,92 1%9.99% 11.9% 110,13
8.0608.212015% M2s.e 80,02 33,22  13%.14 a5 110.70
930605.012226 "124.9% 32.92 26425 131,31 -3.23 110.8%
830606.012637 112%.23 2%.00 19.12 148,21 -10.77 110417
830406,012543 [123.54 17,49 11.B6 145,67 -18.23 109.38
93)406.0129%2 ]1z|.a~ 10.91 4.52  1e3.%8 -2%.60 108,27
830604.013110 120410 2.56 -2.88  181.87 -32.83 106490
8305806.013321 f11e.24 -4.83 =10.31  140.30 -39.85 10%.20
830606,213533 [116.20 -12.18 “17.76 139,47 ~a8.3% 103430
830606,013744 113,48 -19,34 ~2%.422 138477 -32.7m 100.98
830606.0139%% l111.08 26481 -32.67  138.88 -5m, 24 98.19
o 830604.014206 107.45 -33.25 -%0.09 138.67 -62.30 98,78
1 330606.016417 132.28 -39.90 -~47.8%  139.9% -84.98 90.386
w0 3304506.01862% 23.7% 68,13 ~58.73  1al.89 -6%.,0% #9517 o
233506.314839 76.3% -51.80 -61.83 185,19 -22,79 18,18 Q
230306.0150% I%.a1 -56.62 -59.57  152.28 -s8,489 e3.74 mn 3y
230606.315301 -12.78 ~80.16 -Te.86 148,28 =53, 364 56.06 ==
830606.015512 [ =3a.88 ~61.98 ~78.12 =186.31 ~a7.27 39,83 o @
J 530606.015723 -4%3.03 -61.32 “77.42 =131.20 -40.70 21.3% o=
| 530606.01%37%8 -%50.87 -59.28 ~72.897 -108.17 -33.92 3,08 o} =
i 330606.02014% -54.87 -38,23 ~88.81 =96.89 -28.72 -10.77 b
: 830606.0203%6 -37.80 -50.10 -53.68  =50.8% ~19.47 ~21.87 a3
93260%5.020509 -50.24 -8a,17 52,48  =BT.TT -12.10 -29.78
813605,22081) -52.34 “37.78 -4%,05  =88,20 -a.0% -37.89 O o
533606.021030 -3a.24 -30.9¢ ~37.96 =8%3.38 2.87 -s0.82 b
530806.021281 -48,01 -23.93 -30.08 =-83.3a 10408 T >
533606.2218%2 ~67.72 “168.7% -22.93 -8%,98 18.0% 8,83 p-Nn
833666.021703 -49,40 -9.43 -15.00 =86.80 25,89 19,59 ™~
930606.0219:4 -Tt.11 -2.03 =7.%0 =87.98 33.39 ~5z.0% e
830606.02:12% -72.89 5.49 -0.03 =B9.8% “1.01 -53.81 -
333636,022234 -78.7% 12.87 7.38  =91.30 as.58 ~38,29 (75
331606.022547 -78.92 20437 18.70 =93.93 53,24 -n4,48
332606.622753 ~79.38 27.87 21.92 =96.29 8371 -37.40
430606.023039 92,02 35,38 28.99 =99.8% 70.95 -38.01
832606.023222 -96.49 22,83 3S.m4 -103.81 77.93 29,24
832606.0234 31 -92.54 s0.22 42,39 -109.06 Z1.07 -37.9%
=30606.0234%7 -10%.2e sn.al 49,23 -118.78 79420 -58.02
£30806.023926 -137.32 86,28 53,17 =127.20 12.22 -83.13
833606,024137 170.17 72.89 33.27 =139.37 6%.08 TSI
$33606.22843472 138.7% 77.43 81,78 <=1%8,33 57.68 -30,87
937408.3728581% 124.%8 78,22 82,00 =172.94 «9.21 18,02
8306806.024827 11797 74.2% 40412 171,87 sl.62 37431
533605.22%50138 113.56 s8.18 56439 138,49 34,00 74,08
333608.025242 110.49 61.23 S1.40 148,37 28,38 a8.17 #0.93
930606,02%9500 137.94 56,08 as.38  1e0.82 18,79 57,30 *a.08
5336068.023711 10%9.77 46,59 39.21 134,89 11a12 8,13 23,31
533606.025922 103.83 39.21 32.47 129,94 3.82 se.73 29,99
833606.030133 102.04 31.10 2%.89  12%.22 -4.08 213,02 43,89
: 530806.030349 100.32 26,19 14,38 123,19 “1leH H0.98 88437
s 830606.030594 98,64 16.48 11.07 12070 -19.08 78.%4 84,33
: 431606.030807 -10.2% 95.94 9.2 79.97 3.72  1i4.36 -28.40 73.89 a3.a1

TABLE H-~1., Scanner Horizon Positions for Data Span on June 6, 1983 (1L of 10)



HORIZON POSITIONS (LATITUDES MEASURED NURTH, ~EGATIVE MEANS SOUTHI LONGITUDES “EASURED EAST: NEGATIVE wMZANS wWEST)

SCANNER | SCANNER 2
DATE , TIwE SUBSATELLITE EAQTH=IN EARTH=0ULT CERTH=-IN EARTM=QUT
YYMMDD.HHMUSS LATITUDE LONGITUDE LATITUDE LANGITUDE LATITUDE LOMNGITUDE LATITUOE LONGIVTUDE LATITUDE LONGITUDE
’
530606.231018 =19%.12 9%.18 1.76 78.5) *3.58 116.99 ~33.60 TLe97 M.l 82.02
930606.031229 “2%.97 | 93.31 ~5.62 TCaTH “i1te.12 115.65 ~40.%9 37.83 =J.3° A0.34
337606.5314430 =33.81 Jl.29% =12.72 Ta.58 =1%.957 118,96 =8 7.2% %139 =1C.48 18+ 3%
830606.031631 =6le%2 l "8.88 =20.11 T1.94 ~26.013 118.00 ~53.01 93.8% -12.28 1%.98
830606.,3313902 49,39 | 86,01 27198 6. 76 *~33ena7 113.7% ~58.177 43.%0 =2%.9) T3.13
830604.032113 “37.,10 ! 82.27 ~3a,01 54,80 “40.89 118,01 ~52.858 2959 =32.063 69.69
5306805.23232s ~64.68 | 76.8% ~40.39 39.956 ~4%,23 118,99 ~8%5.07 12.84 ~39.97 6%.32
830506.032535 =71.97 ! 67.78 ~88,.78 53.98 =5%.51 117.07 58,90 ~%.18 ~a0.20 9«78
830606.03274a8 =7%.43 | 48.067 -32.37 45.048 ~52.30 121.03 82«01 ~22.98 ~52.38 32.%)
830606.032957 ~81.7% 4.65 *57.07 36.01 “69.27 128.68 “58.19% ~3%.15% ~27.88 A2e84
232606.033239 =78.77 . =40.97 “60.84 2l.4a8 -75.00 143,78 *3Z.73 ~48.11 -82.20 29.7%
330606.03342) . =Al1.08 *52.01 Se7Ta =~T78.28 172.78 88,98 “53.09 -54,81 13.19
8306836.033631 ] =70.52 ~81.868 =10.58 “77.07 <132.58 ~39.97 -%2.11 ~6%.13 “3.39
430606.033842 1 -76.08 -58.89 ~25.30 ~T2.2% ~13i.22 =33.08 “63.5%0 -63.08 *22.79
830608.0384053 =79.%u “54.74 -37.27 “65.89 ~120.57 “235.94 *67.02 -59.07 “J6.8)
930634.03430s -852.81 ~a9.49 =468.56 ~58.90 ~11%.1) -1%.09 ~59.90 *33.72 87,39
330626.C3438)1 =9S5.4° ~82.71 =58 ,47 ~30.73 =112.02 *10.37 “T2.97 -ag8.88 -25.08
930606.0347482 ~97.%2 -36.18 -59.,45 =43.31 ~110.70 =2.90 “T8.9% “20.17 ~0l.82
530606.03495) ~89.138 ~29.33 64,12 =3%.8) =110.23 4.08) “T8.19 *33.17 -368.30
830606.035%209% 9113 ~22.27 ~87.%6 =28.30 =110.33 12.21 *T7%8 -2%.9¢6 -89.87
930606.,03%5415 =-92.83 ~15.0% =70.37 =20.77 =-il10.88 19.83 ~78.687 =18.59 -12.78
8304006.033627 96,51 “T.72 =72.68 =13.28 =~1l11,.76 27.48 = 19.489 =11.13 -7%.19
830606.,033535%8 -068-43 0.61 ~74,.,80 “4.81 “113.17 J8.09 =80.02 -2.80 =17.44
830606.04010% -98.27 2.07 ~78.30 264 118,79 43.7% =80.03 a.92 =-79.10
83060¢.080316 =100.28 15.5¢ =77.48 10.03 ~=1i6.78 S1.3% -73.37 12.%2 -80.88
8308068.080540 =102.77 24 .00 ~78.38 18.21 “119.53 39.87 =Tlenl 21.11 “Hi.08
830606.04075% =105.48 31.50 ~76.79 2936 *~122.%% 67.26 =T3.81 2%.7a ~B2.08
830606.0810C5 =108,.,93 38.98 “TB.72 J2.36 ~126.20 78,27 =56 .48 38.38 -~22.89
8306068.0%1217 =113.7% 38.82 =73.00 39.06 =130.90 80.07 =0l.81 43,97 ~82.89
830606.041428 =121.5%7 53.77 =76,30 45,82 -136,82 51.5%8 615 5133 -82,.2%
5306806.341639 *136.91 80.97 =T2.97 Sle28 =~188,4% 17.20 a0.81 59.08 ~80.97
530606.041850 =1 73.47 0T7.84 ~86.5T7 56.2% ~194,.50 T0.39 58,29 68.43 =78.9)
8330606.042101 13%.87 73.97 =35.71 60,02 =1e” .33 63.37 59.79 TlcAB ~e8,89
513G606.082312 110.17 78.10 -27.81 42.06 17° .13 9%.92 62,68 79.%0 48,76
330806.04252) 98.96 77.96 LEL R 61.98 180506 48.38 53.81 51.706 ~2.9%
o 230606.0827348 92.70 73:89 33.405 59.79 145,20 a0.79 68,19 77.90 3%.29
1 3306068.083002 MM.12 56.60 48.m2 5%5.32 131.198 Jz.22 63.90 T0.%2 S1.40
= 5306806.043213 4%.13 59.61 52450 %0,10 121.69 24,39 63.27 63.26 3717
o 83040C6.08 34208 82,069 52.3% 55.46 AM.13 114,37 18.968 62433 39%.7¢ 9.8:
830606.083726 19.8% aZ2.18 5Te2% 3314 106.99 5.9%9 60.00 43.30 8le17
830606.583923% 78.01 Ja,048 37.%6 28.23 102.87 110 39.00 37.62 61.27
5 30606.,084145 T6.27 27.1) 5730 214159 %.58 ~0.695 37«10 29.99 60.90
830606.044337 Ta.57 19.%2 56.71 13.93 96.90 “16.1) S4,.82 22.3% 6g.10
330604.0080629% T72.87 11.19 3%5.38 5.68 Qa.an 28,49 S1.71 13.79 499.01
B830606.04388136 T0.9% 378 38,22 “1.70 92.88 =31.70 a8.29 8.18 37.09
430606.2480a7 69.10 ~3.006 32.%) *9.13 9128 ~38.76 48,02 =1e39 36.10
530605,0452%8 67,10 ~10.98 5008 ~14.%8 V017 ~4%.9%2 38.%0 34,19
830608.045507 64,93 -18.20 AT7.97 ~24.04 B89.42 =51.485 Jl.a3 %1.93
3 30606.045720 62.12 =2%.29 48,93 =31+89 89.00 =% 7.0 21 .23 a9.22
830606.04590131 98,64 -32.21 41.21 =38.91 89.17 *5149) 9.00 “%.9)
9306068.05G182 33.82 -38.87 J6.58 ~a6.29 89.92 ~454,70 “Tet3 a:.80
930506.030154 A5,0) *835.17 Jo.70 ~53.58 9l.069 “53.1% =2%.97 3669
3308C0,050060% 1078 “50.9% 23.11 ~60.72 ¥%.01 -83,2n8 ~43,50 29.98
830408.0%0815 -%3.93 -3%5.02 1324 “57.34 10138 ~59.4) =57.73 2047
830602.031C8) -61.08 ~00.06 =120 ~T8.28 118.18 *53.9% 09061 Tal?®
§5306C6.0512%8 ~83.848 ~“8l.92 ~16.89% ~T79.08 183.09 “4T7.49 -17.28 -9.00
$30606,051%05% -98,22 06187 =33).08 “77.32 178,30 ~40.9) -8J3.12 2707
830606,051715% =-100.1% ~59.36 -48.08 =73.07 =~1%8.19 =34.04 =87.66 ~%9422
3306806.051727 =i04.15 =5%5.41 “50.87 =086.88 =1456,40 -26.98 =91.28 *30e79
530606.052133 =107.18 =50.29 =70.11 =59492 =140.0) 15«72 =948,2s ~73.80
930606.0523592 =109.61 -8&,30 =-T7T7.52 =%2.658 =~137.29 =12.26 -96.70 ~Th.99
830606.052501 =;11le72 =37.96 =53.28 =4%.30 =135.,n% ~8,91 9N .75 *#&%.10
430606.0%2812 * 13.82 =31.18 “87.79 =37.83 =13%.0« 2e81 =100.%30 ~89.93
53060%.253023 =1 1%.39 ~28.17 =71 .83 =30.31 =134,97 1019 =101.9% ~53.71
33060%.25323s “117.10 “16.99 “4.39 ~22.78 =135.40 17.80 =103.12 -%8.78
3306046.053445 -118,.78 9,68 ~94.83 =1%5.2% ~13%.20 2%.%3 =100,02 ~99.32
2 30606.353695 =120.49 =-2.30 ~0B.84 “TeTh -137.3% J3.09 ~10e&.61 =i01.83
330606.0539007 =122.27 Sela =100.87 ~0.27 =138.83 GU.79 =103.91 ~103.21
830608.0541158 128,17 12.62 =~=101.77 Taln =18C.07 48,390 =l108,.83 108,89
33060%.054329 =126.29 2313 =102.78 14,87 =182,90 %%5.99 =103.2% -10%.98
833635.038540 =128.73 27«63 ~133.3% 2189 =~14%.63 33.47 =100.98 ~100.82
433506.054791 =131.7% 3%.12 ~=103.3% 28.78 =188.90 T0.72 L ] =~107.a8
330606.935002 =13%.7¢ “2.%8 =i0J3.19 3%5.%2 ~1%3,09 7734 =30.97 ~107.683
430604.,085213 “141.7) 49,99 ~=102.G% “2el9  =1%%.30 8l.02 -4%.5% =107.40
930600.255425 “1%2.2% 57.28 ~90.5% 45,32 ~1758,.99 79.98 2.03 -1068.33
TABLE H-1l. Scanner Horizon Positions for Data Span on June 6, 1983 (2 of 10)
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HORIZON POSITIONS

DATE ., TIME
Y YMMDD JHHMMSS

8306058.3%5635
8305046.05%84a7
33060%.0000%513
83Q604.060309
£30606.060%20

]
-
o
o
<
o
-

o
o
o
~
s
-

[PLYTR. W Py -2V
WNEOUNOUE W

830606.063344
830806.0635%5
B830606.06380%
£30605.264017
830606.06422%
B8306C8.00648427
81308C08.C5a680
830606.054701

8305068.,06%112
8306806.063328

530606.065%3%
830606.065746

830606.,065957
830606.070209
830606.070619
83060%.070630
8306)6.070841
9306806.071G52
830606.07130
53G606.07151s
83060%.07172%
830606.071924%
8306068,07214A7
830604.,072332
530696.072612
830606.072821
8350604.0730232
9306068.073243
230836.07 34 58
830806.073705%
830608.073916

830606.074%49
830606.074800
830606.075011
430606.075222
830626.0754 )38
530606.073645
830606.07385%
8306G6.080107
3306G6.080319%

5068.0

806.0
65,0

TABLE H-1,

SUASATELLITE
LATITUDE LONGITUDE
73.%8  =17%.a})
Sl.64 13%.11
TT.65 3%.68
TlaTs 19.07
53434 70.84
5%.70 6%.80
%T7.99 62.29
A0.1a 3789
32.30 47.18
24,44 9%.15%
16.57 93.32
8.70 S1%7
0.83 49,99
~7.05% 48.19
“18.91 46,87
*22:,77 44,03
=30.61 42,68
=38.43 40.49
~48.22 37.82
=%3.98 Ja.a9
"5i.50 29.91
=687.09 22«70
=7%.97 9.01
-8l1.08 =23.19
=%0.064 =7%.38

*30.68 =123.%4
53,02 =127.9)
~4%5,28 ~131.14
=37.48 -~ g 71
=29.66 224,410
“21.91 .19
-13.96 0.39
~6.09 B.6)
1.78 216,98
0.6% 719.29
17.%3 P 13.49
2%.39 P18
33.2% P 19.%8
41.08 aﬁ?.zc
45,89 204,40
86.6)3 200.72
aa.2% 19%.82
71.60 186.%7
78.18 iea.Zi
8L.77 2%.28
78.97 (79,82
72,83 187,58
69,38 iat.08
57.79% 82,23
50,02 38,37
42,22 I%. a8
38,39 33.08
238454 30.96
18.67 29.27
10.80 2731
2.92 1 2%e61
-~4.9% 23.92
“18.79 21.77
=28.61 19.48
=32.84 17.48
-%0.268 19.180
49,04 12.39
59,76 8.9
=43,37 .m0
=70.7)3 4,00
“17.82 339,13
9146893 3304113
=79.66 290.63
“12. 7% 22%.43
“53.6) 213.99
59,07 208,37
47,34 208,91
-37.%6 292.20

(LATITUDES WMEASURED NORTH,

ﬁCINNEQ 1

NEGATIYE WMEANS SOUTHS

LONGITUDES wEASURED EAST,
SCamnER 2

FAQTH-IN EART==0UT EAQTH=I N
LATITUDE Lunqﬁtuue LATITUDE LONGI TULE LATITUDE LONMGITUDE
Sa,3% “9%.02 $3.79 -173. T} Ta,.113 28 .18
70.79 -86.21 58,206 iT8 .98 BT ln 32.89
76.3% “57.96 6le29% 1e0.70 5919 36.80
18,47 -34,92 82.29 1aa a0 3229 Js.0e
r6.2n “~2.18 S51.15% an, 7] 3. 36
T0.78 15.81 58.09 7.1 3% 3°
LLERR] 24 .58 53.95 29.49 JA .99
37.03 29.07 43,00 21.86 JB.20
a9.70 Jl.00 a4l .85 14,.2) 3T.21
“2,27 32.50 31%.29% B.82 3%.90
v 7 32.88 28 .38 ~0.97 3¢ .31
27.28 32.83 21.27 8. 92 3281
19.7% 32.00 14.09% =-16.01 Jo.ls
12.2% J1.02 5.73 *23.01] 27«01

4.77 29.71 =-0.56 -30.689 2%, 0%
=2.62 28.07 -8.C0 “3T.77 192.97
“9.95 24,06 “13.5%3 L TE-1' 18,71

=L7.19 23.8) =22.98 ~-%50.98 T«08%
-28,30 Z20.068 =30.4) =56 71 133
“31.28 17.07 =37.86 “6l.238 =13.068
=3T.98 12.58 -83,2% -f48.an =29 .48
58,31 6.90 =52,.%08 -~85%.27 -48,05
=50a.17 =082 -52.72 =-43.68 -6%.921
-55.,28 ~Q9.,93 -68.30 -50.07 =50.07
=“%59.29 -22.20 -T72.5%) -5%.00 -9l .88
-61.082 =37.0% =77+ 39 ~a9,10 “100.18
=51«9% =53.48 =T8.10 “82.72 =1 0B.8)
=80.18 =52.0) T4 .50 “3%.91 “i1il.27
=538.00 -82.17 -68.399 -29%.87 “11%.11
“51.73% ~Q92,.%0 =561.80 =21.08 =118.2)3
~48.02 =100.49% -54,.83 =1%.33 =120.81
-30.71 293.%1 -&7.29 =8.90 237.03
-33.,01 248.5Y =-39.82 Q.50 23%.21
-25,.,08 284,78 =-32.31 B.16 233.69
=l1E«?1 241 .82 “24.78 1%. 78 232.4%
“l1.68 239:0% =.Te2% 23«80 23108
-8,27 236498 9,73 31.0% 230.79

3.18 23%.21 “2+.2% 38. 71 230.48
10.63 233,82 S5.18 4039 230.86
13,508 232.77 12.%2 33.98 23198
2%9.6) 232.0% 19.78 ANlet9 233.77
3313 23173 26.90 98.8) 238,409
40.050 23173 33.82 7%« 69 249 2%
48.01 232.82 AQ.48 80,92 277.28
5%.39 234,80 aB.74 Bl.01 32s.8%2
62.5C 238.548 52.81 T95.858 -1
89.27 £846.08 3719 AV 0D 990
7511 26111 60.63 6l.78 1131
T78.5%0 290,43 62.23 5h.29 13.59
T7.29 325.83 6l.87 aB.7) 18.5%0
T2.80 JaT.50 59.07 3%. 13 18.70
0%.97 =192 54 .28 J1.22 Isanl
98.95% 3J.n2 47.57 23.%9 13.73
51«87 68.20 43.55 16.26 12.79
48,25 T.38 378 B.86& 1199
38.77 .00 30.21 1.0% 10.0%
29.20 B8.01 23.17 “6.92 Be.23
2174 Teah 15.98 -18,02 5.08
18,24 8.59 5.58 =21e8% Ja.a7

.91 %.01 =098 =30.97 “0.97
8,38 2.1 ~Q.82 = 39,40 =3.87

“11.6% 0.91 =17.27 -a0.13 ~ilety
~if.88 =leTs ~28,7) =32.39 JaL.22
=-2%.94 -4.82 -32.18 “%7.%1 33137
=-352.8) ~8.082 =-39.60 -42.27 JiIR.19
=39.47 =13.3% -“644,97 -48,R% 301 <48
“4%.7) -16217 58,29 -8%.17 2%2.8"
“5l.a4 332.9% 5137 ~82.9 299.9%99
“58.3) 322.7% “68.148 -%9.00 2%1.70
53437 JU9.n82 -~Ta,l1 -5 3. 76 281 2%
“5].98 292.39 “-T78.22 -8A,90 232.47
-81.09 272.11 -76.32 =38.681 22%.78
-57.49 2%96.32 -77.2% “30.7% 22111
-53.14 28%.268 -A3.6% *«23.%9 21792
~aT7.51 238.74 -56.%6 “16.,29 21%.11
Scanner Horizon Positions for Data Span on June 6, 1983

NEGATIVE wZans wEST)

EARTH=QUT

LATITUDE LONG!TUDE

62.6%
49.91
Te«tl
%1.30
80448
Ta.91
67.96
80.39
33.0%

“103.237

-98.%8
~208.29
58437
~%.28
19.83
2933
33.08)
3J%.08)
LR L]
3J6.99
I8.19
3%.47
3Ja,ad
33.17
Jl.082

299.91
276873
2%8.08
248.21
2)%.82
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“0R1Z0N POSITIINS (LATITUDES YEASUSED ~NORTH, NEGATIVE ~ganNSs SOUTHS LONGITUDES MEASURED E£aST. NEGATIVE wEANS wEST)

/  SCANMNER | SCANMER 2
DATE , TImE SUSSATELLITE EARTHM=IN EARTH=QUT EARTH "IN EARTH-QUT

TYMMDD, “HMYSS LATITUDE LANGITUIE LATITUDE LONGITUDE LATITUDE LONGITUDE LATITUDE LONGITUDE LATITUDE LONGITUDE
21068G3.084237 “3l.78 199.9) “8]l.) 230.18 ~03.25 ITe417 “He.48 ci?.846 =4%,.%4 229.08
330606.202a48 =23.90 197.9) ~36..) «2%.0% “4l .81 17%.29 =l.00 210.94 =3n,78
5106068.0845%9 ~1%5.0% 195.10 =27.7) 220.77 =381 17%.64 209438 =3ia73
3300604.084374) -4.22 '93.93 =19.03 218.74 =28.90 175,32 20770 ~22.08%
§3060%.08%211 2.88 132,008 =10.98 21&.08 =158.4) 174,50 20%.85 14,30
930636.03%5422 12.91 150438 =3.88 J12.01 -3.92 173.8] 205.01 ~8.80
330605.38%613) 19.39 199,99 3.7 21C.32 =1 .08 171.9%8 20%.7% 0.79
8306056.085700 27.23 196.49% 12.38 208.82 4.90 1%7.93 20%.07 G.31
8430606.090111 Js.08 198,133 19.89 207 .9a 14.23 187.73 207.21 16,91
4300606.099322 42.91 191.91 2739 207.21 21«88 18%.02 209.8A 24,99
530606.090%33 5%.70 178.91 3a.99 207.01 299 181.71 21%.%) J2.18
3306805.390748 53.42 174,58 42,33 207.34a 3% .01 137.51 22%.70 39.80
530608.0°0095%68 66.00 169.08 49,75 208 .45 al.98 132.44 223,38 aTen0
830606.091207 T3.2n 158,79 57.0% 210.77 48.1) 18%.81 311 .88 34,99
830606.091812 TI.02 136.2% aa.l1) 2159.2¢ 93.02 137.1% =2%.72 92401
930604.0914%27 31.69 37.4) 70.79 223.9% 3%.13 12%.90 =108.7% A0.68
530608.091840 77.4% 47.09 T8.21 281.79 61.18 111.79 =12.7) TB.a2
930406,092051 7T3.97 29.99 78.67 274,43 A2e.29 9%.49 = 1080 al.28
330606.C092302 53,98 21.60 16439 307.59 61.2) 79.19 =iD.12 BC.580
830608.092513 5%.9% 16.49 70.98 =38.01) 58.21 68,98 =10.0% 7%.12
830806.092728 83,29 12.90 64,37 -2%.07 53.72 53.861 =10.%8 868.19
430606.092933 40,39 10.12 27.27 ~20.85 a3.22 48 .20 1117 60.83
630606.093i%58 324353 T.81 49.94 ~18.10 42.08 33.21 =12.20 33.29
830606.093357 2%.70 3.8 82.51 ~16.98 35.47 33.01 =ile.%0 v5.080
8308064293608 16,83 3.9) 35.01 ~16.81 2%.58 28.89 =15%5.08 3a.03
93060¢.093819 9.9% 2.18 27.30 -1%.80 21.%0 2%.97 =16.97 30.38
9 30306.094031 1.08 .89 19.78 =17.402 1a,28 2253 -19.22 22.71
3 30800.094242 =5.79 “1.20 124653 ~18.19 LRl 20.062 =21+93 1%3.08
930606.394453 ~14,58 =2.92 5.03 =19.069 “0.42 18.89 =-2%3.23 T.08
830606.2947Ca -22.52 “a,78 -2.39 -21.32 ~7.84 17.32 =-29.3) -0.08
930606.39471% =3J.36 ~68.70 =9.72 -23.32 ~1%5.29 1%.17 = 34,98 =7.%8
8300606.09%125 =38.18 B.92 =18.96 =2%.73 -22.7% 19,38 =a],3s “1%.00
837606.09%337 =4%,98 *1ie%) -24.,09 =28.66 =30.20 18,92 309.59 -22.32
B830606.095549 =53.71 =18,8) =31.02 -32.25 =37.63 18,98 297,33 =-29.%2

< v} 930606.29%57%9 =51.36 =-19.38 =37.73 ~J8.71 ~4%,02 13.56 281 .48 =36.58

i 8308086.100010 =59.A1 =26.05 ~as,.11 ~82.38 =-32.3) 17.09 263«10 -43,32

= 330606.100221 =T3.77 | =39.82 “49.99 310.40 =359.%0 20,08 283,18 -a9,.72

N 5330606.1004 232 ~50.78 1 293.88 =55.13 3J00.?7% -66.39 2373 230.30 -52.99
3%J606.10006a3 ~53.78 1236.59 -59.193 288.79 “72.65% 36.81 218.99 ~00.49%
8$30606.,100854 =75.38 | 205.85% =61.37 273.78 =77.30 39.26 210.823 “83.92
430605.10110% -48. 38 194,06 =451.97 257.68 ~78.19 Vs ,.20 208,351 =0%.29 c) (ﬂ
830606.101317 6392 Il!?-lv ~80.26 28l .98 -Ta.87 172.23 13702 -ta.28 -t
$30006.101%29 =53.26 | 1982.7% “36.73 228.78 -88.80 130.70 199.3% ~6l.02 - fﬂ
335306.101737 ~4%5,%2 : 179.%1 =31.91 217,34 -82.02 laa,02 192.81 -%56.2) o)
330606.101933 *37.73  178.92 ~40.21 21033 =9348,806 187.82 199.82 =50.43 0 k4
933608.102201 *29.91 | 178,72 -39.92 208,148 “47.51 149.80 I87.5% -4a,00 O =
§30806.102812 =22.08 jiv2.77 =33.23 199.29 ~40.06 150. 71 iss.82 =37.15% ==t
3374808.10282) ~14.,20 _170.98 ~26.28 19%5.41 -32.%3 4091 154,29 =30.0% g? !ﬂ
830606.1028%50 ~3.35% 169.03 15,2 191.91 =24.08 13054 152.9%9 ~21.8% 3 -
330606.103:02 292 16734 =10.99 189,39 =15.9% 149,80 1%1 .94 18,82
339636.10331) 1039 169.88 =3.58 197,32 =7.08 148,70 190 .3¢ -6.92 QO T
53060%.103%92s 19259 163.%5% J.89 185,482 =1.56 ta7.28 181.02 Q.64 Cw»
330606.101373% 25.13 162.01 1133 198,286 S.806 143,51 131.20 B.28 s
930802.1039468 33.78 159.94 1098 183.28 13,20 143,39 132.2% 19.08 :’ -1
85306008.104157 4l.91 197,59 20433 182.%06 20a43 140. 71 198,063 Z2J.%0 mm
830608.104409 437.61 134,449 33.83 182,29 27.59% 137.5%0 19971 3111 -
930606.104617 37. 34 FISU-HQ sl.30 182453 3 ,cn 1353.%2 201.48 In.73 :2 Zﬂ
@30605.1064830 58,95 | 189,38 4B8.71 183,51 41.08 128.932 2351.93 48,33 b2
830606.105041 T2.26 | 13%.78 36.03 185.62 aT.29 122.12 2%1.35% 53.89
430606.10%2%2 78,68 | 116,086 63158 189.79 32.90 11).80 =52.48 41.37
9306006.10530C) B5le78 l 10.37 69.86 197.60 57.97 102.98 -a2,32 68,08
830606.109710 T3e48 26.1% 7596 213.T71 60.8% 19.19 =37.83 7%9.93
©30606.10%92% T1.97 | 6.98 78,60 288,43 62.27 73,12 =35.76 80.8)
330606.1101137 8,648 =2.20 76.99% 279.09 61.91 %4.88 -38,87 %1.10
8300606.110388 57.03 ~T«61] Tla848 2799440 38.76 az2.o07 =38,7e T68.02
3306064110559 8329 ’ 1137 65.3) =50.71 54 .42 30,32 =3%.08 69.20
%3060€.110810 Al.47 ~18,2% %8.28 ~4%5.08 49.08 2127 =3%.77 el1.87
8304806.111021 3358 “16.061 50.98 -43.07 42.98 184,.,3) 15.53% =36.76 S8.)0
93J69”.111232 2%.40 “if8.67 83,99 ~al.79 I8 .02 8.99 Tawl =39,02 44,79
930606.11164a3 17.93 =209 ) 3a.07 “&al.08 27,97 4.09 0434 =33.96 J9.10
433506.1116% 10.08 ’ =22.30 28.9% =4l 4T Vv 22491 1.27 =T.22 =&l .a0 Jlenn
$30604.111708% 2:09 | ~23.99 21.04 ~82.03 1%.530 =1.9%2 ~148,72 =4J.50 23.78
830806.11201% =%5.69 | =2%.68 1J.54 "42.9% Te9@ =3.nl 22418 ~4B.28 18.13
9306058.112327 =13.5% 2740 6,07 =84,20 0.82 “5.69 ~29.08 49,49 2.5
83J3606.:12%33 =21.01 ~29.19 ~1.38 -45.79 ~45.%0 =T.22 “36.%7 *%3.81 0.98

TABLE H-1l. Scanner Horizon Positions for Data Span on June 6, 1982 (4 of 10)
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HORI1ZON POSITIONS

DATE . TINE SUBSATE EARTH=-
Y YMMOD  HHMMSS LATITUDE L LATITUDE LONGITUDE
530606.112789 -23.25 -8.59 “67.7)
82060%.113001! -37.09 “1%.9% “%0.09
3306068.113212 ~a6,n9 -23.09 ~52.9)
83060¢.11342) “52.%3 -J0.08 *S6.42
530805.1134)3» =53.27 -36.81 “50.74
8306J8.11 3849 ~07.78 ~43.28 “56.19
330635%.1140%5 =T8.84 -490.,21 286.82
030605.116337 ~83.87 ~S4.07 277473
530506.114519 -81.2)3 ~38.457 24%.99%
830504%.114729 ~T6429 ~51.3% 25108
930503.114940 =69.0a1 ~42,08 23%.22
530503.11%151 51,79 ~080.50 219.38
330aC5.11%acC2 -S4, 30 -57.31 20%.72
830640C4.1150813 ~48.61 =52.59 194,722
830808.11382s 35,93 -~47.3% 196.81
8305638.120036 -3l.01 ~40.813 1%0.20
530603120287 =237 -38,.19 17919
830G806.1204%9 ~1%.31 “27.27 17119
8930808.120709 “T.448 «20.15% 15795
53.62%.120920 Det3 -12.90 169,30
830608.12113) 3.30 ~5.5% 168311
939602.121342 19.17 1.87 151,32
530608.12195) 26,08 9. 38 199.87
9 0608.12150s 31.90 16.83 199.7%
930608.12201% 3F.73 28,38 197.78
A3106068.12222% aT,.56 51.848 157.59
330608.122413T7 55.30 J9.32 157.69
8306068.i22043 82.9% 46.7% 198.80
930606.122839 T73.35 S54.10 160.19
930608.123111 7718 51.29 163.62
#30606.123322 51.%6 48.16 170.22
830606.123533 77.83 74.21 183.531
5330606.12374n 73.92 78.21 210.12
330606.1239%5% 65%.53 T7.84 286.31
330606.12420% 53.07 T3.40 27G.682
330636.124417 5136 6718 =T7T7.82
9306008.120629 43,87 60.19 “Tlea)
9306006.12088139 33.7s 52.93 ~60.32
£30608.1250%9 27.89 45,53 -668.75
230606.125313 19.08 3T.12 -86.08
3306358.125527 1147 2761 “56.108
$30606.125760 3.29 22.09 ~006.06%
330606.12%5951 ~4,%8 18.59 ~6T.%2
83060G6.130202 “12.05 Tel2 ~AB,73
830606.130813 =27.31 =031 10,27
330608.13062% ~2%186 =T«07 “72.106
830606.130835 =3%.99 =18.98 =74 .45
9350060%.131045% 43,79 ~22.009 =-717.22
830606.131257 =51.55 =29.39 -80.61
930606.131%058 =5342) ~)5.88 ~B84.79
330608.131719% “063%.73 =42436 ~30.06
230606.131922 *73.90 -4B8.a0 263.19
930806.1321482 “7%.88 =533.78 294 .43
830608.132353 *21.99 “58.1% 283.06
5306804.132504 =77.1% 1 -“61.0% 228.98
230636.132815 =Td.82 1e -62.07 212-82
430605.133026 ~63.08 139 ~80.93 196,75
*305068.133237 ~55.43 13 -57.%7 192.7%
930606.13%a08 “A7.70 13 =53.37 171.5¢
93060%5.1336%7 ~39.92 1218, ~4T.88 152.93
930606.133910 ~32.11 12%.87 “~a].7) 196.29
930606.134121 28,27 123%.80 “3%. 18 1%1.19
$30606.134332 “15.62 122.01 -28,.20 106,98
$30606.13394) ~3.%9 120.27 =21.17 163.55%
9306068.1387%08 ~0.%58 118,998 “13.93 180.92
23063¢.13%005% 712 118.70 =8.%9 138.487
230804.13%217 19.2% 11%.17 D.%2 136.8)
330606.135429% 22493 113.3% B8.29 13%.38
230605.13%4137 Jo.T9 111.37 1%.76 138,15
2306826.13%53%0 ELPL R 109.1) 23.28 133.3%
2 3)60%.180101 A%.40 106,49 Q.78 132.90
33060C6.1803512 se,21 103.11 in.26 132.92
3306C6.13C%23 41.98 LLEL R s3.70 133.%7
5 3060%.1407)3s 594 30 9104 53.07 13%.19%
9300600.1%0945 73.26 75.%4 50.28 138,28
TABLE H-1.

(LATITUDES “EASURED NOQTH,

Scanner Horizon Positions for Data Span on June 6, 1983 (5

SCANNER |
1y

R i = B T T e

NEGATIVE SEANS SOUTHS

18,28
=-21.70
=29.19%
~35.99
~43,98
“31.31
~58.51
=“65.43
“Tl.98
-76.81

“T79.37
~7%.35%
-~67%.70
-683.01

-5%.88
~48,5%
=al.ll

~3l.61
“25.08

LONGITUDES “EASURED ZAST. NEGATIVE wEANS wWEST)

CARTH=-0UT
LATITUDE LONGITUDE

8,481
2,27
9.7
-v."2
-9.29

9,49
e6."3
98,82
92.40
89.80
85.70
81.20
™.a9
68.02

EAQTH=IN

LATITUDE LONGITUDE

83,43 ~59.88

~“849.91 68,99

5%, 7% 298%.29

~680.87 274,95

=88,05 2%9.19

~69%. 30 2481.02

-88:il 222.83

207409

19%.068

186,98

180,38

173,31

171.33

18%.10

15%.8)3

163.21

161438

1959.77

138.87

1957.8%

156.72

196.3s

196,42

197.19

1%9.10

163.20

172.91

198.19

288, Ta

-81.87

-068.90

-63.4>

«60.88

-39.70

=59.45%

=39.07

“80.27

“6l.19

~62.38

=648 .08

-A%.88

-B87.99

=T0.9%

=73.07

-3%.58 “TT.%2

“42.09 ~82.38

~49,03 ~88.067

“5%.01 292.95

=60.07 251 .69

=“03.%9 236.084

“8%.27 218.93

54,082 200.54

“61e37 188,087

“98,T7A 17239

“%51.08 153.30

44,78 196 .47

«)8.07 191 2%

“31.09 167.12

-23.9) 133,79

~16.6)3 181.006

~9.23 136.77

“la7% 13%.88

%.80 13%.23

13.39 133.92

21.01 132.868

28.585 12.08

3ne 31 131.6%

®3.97 131 .73

5197 132.3s

59.13 134,01

LLTS-1.] 137.73

73.63 185%.9%

719.62 158.39

l.73 212491

Tr.77 290.39

SCANNER 2

EARTH=-CUT

LATITUDE LONGITUDE

~8.53
=13.96
=21.30
-28.%2
=39.%?

~84,00
40,20
“~48.78
“91.89%
“95%.69%
60«0
-08.02
2%9%.1°9
273,12
29950
281.63
22)e38
207.26
198,77
18%.82
178.808

R
L]
-

«70
9.08

32

9
.
8
3
>
8
7
o
S
2
i
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a2 SR

i
HOR!ZON POSITIONS (LATIVTUOES MEASURED NORTH, NEGATIVE MEANS SOUTMI LONGZITUDES SEASURED EAST, NEGATIVE wEAMS wWEST)

OATE . TIME
Y YMMDD , AHMMS 3

SUISATELLITE
LATITUDE LONGITUDE

B33068J8.14115%5% 81.23
530450%.181007 90,89
530606.1018613 Ta,.78
530606.10182) 67.59
430406.102041 63.19%
5306068.182252 32.83
330606.14250) a8 .67
930605.182T7108 3%.8%
930606.14292% 27.00
330806.1431 38 21.18
3308006.143347 13.20
530606.143959 5.39
9306068.1438Q09 “2.49%
830606.144020 =10.138
330606.180231 =18.22
33%4048.1080082 =2%.07
230606.14483%) =33.91
230608.1407CH =4l.72
930606.14911% -4%.49
930806.145327 “57.19
230606.165533 “84.77
330606.145T7%3 =72.0806
9308006.149960 =78.5%0
430606.1%0211 =8l.79
930608.150822 =78.70
$306046.1%063) -72: 31
830606.1508408 ~8%.08
83G606.151112 =56.51
43J6008.1%132)3 48,80
9 30606.15133a “41.03
430606151745 -33.22
930606.1519%8 -2%.38
$30606.152207 =17.%13
330606.1%2418 =3.57
330600.1952529 =1+80
930606.152840 5.08
%3060%.1%30%1 13.99%
330606.191392 21.92
230606.153511 27.68
330606.195372% 37.52
430606.153933 4%.34
530606,154157 53,11t
332606,154388 62.80
" 306068.1345609 48,30
3306068.154820 79.34
932606.15%031 30.798
9376809.153282 50.97
430606.15%5453 73:.71
$30806.155708 68,72
9 30606.155919% 61.23
9 %0606.16012% 513.5%
927606.16033T7 43,78
330606.150589 37.78
43)606.16075%7 3%.12
§2J34806.1%51010 22.2%
8326806.181222 14,38
4 3068Q06.1814131) 5.91
4306806.161648 =1.37
8 :0606.161853 -9.,24
430606.152106 “1710
4 30608.162317 =~24.358
3306808.162528 -32.50
4322406.182729 “a0.51
530606.1629%0 -48,39
3135068.143201 =54.10
830506.163412 =-63.71
323606.16342) =71.08
432606.1638)3s “77.69
325606.160Q4% “81.59
3:04058.1064297 “T77.48
5 2280C.15850A =7% 30
423506.164717 ~68.09
4 13306.1%4730 -%39,5%
3217506.155181 =50.97
5 33806.1085352 -83.11
TABLE H-1.

a3.1) 87.20
~8.9% 73,48
=36.98 77.8%
ran.t8 78.19
s99.18 T.17
tso.-s 68.07
62.40 3119
-4%.18 53.97
~87.30 a6.58
-69.26 39.11
~71.03 3l.e1
“72.47% 28,09
-768,83 18,38
[=78.13 9.10
[=17.89 1.66
'=79.78 =5. 71
(=81.8) -13.01
~54,20 =20.20
-27.08 -27.29%
| =90.86 -38,10
1=96.28 -40.67
$109.48 ~45,8%
[23%.2¢6 ~592.43
0.90 ~97.12
.81 ~60.49

.73 ~02.02

| <38 ~ol.48
i .26 -s8.81
.61 -5a.08

.78 -48.70

.23 -42.6)3

%0 -36410

98 -29.2%

.79 -22.18

10 =18.96

1 =7.83

9¢.809 =0.23
89,99 7.22
86,74 18.71
1a.7% 22.21
a2.17 29.72
78.93 37.20
78.51 aa.69
at.80 52.0)
54,09 59.27
25a11 66,29
=27.81 72.62
-98.71 17482
~T72.08 75.45
-79.11 Thov2
-83,6) 89.01
-86.92 42419
-99.5) 55.00
“91.73 aT.64
-93.70 ap.18
~99.91 32.08
-97.2) 2%5.18
-98.92 17.99
=100.61 10.18
-102.38 2.72
198,21 ~8,87
-106,24 =11.99
~108.58 -19.19
=111.3% -26.28
-11a,9% =33.14
=120.07 ~-35.786
-128.90 =48.01
216.081 ~91l.69
174,08 =50.%)
129,48 -40.10
t02.92 -51.93
92.43 “61.89
54,748 ~59.33
22,78 ~55.36
79.78 -50.22

EAQTH=
LATITUDE LONGITUDE

LI D I I I IO B B I RN B B R B

» SCANNER 1\

AN

144,28
1%56.28
130,65%
216.84
243,37
103.37
“96.79
“93.37
*91.6)
-90.89
~90480
=91.20
“9l.98
=93.1¢
~04,.93
=764 34
*98.91
101.1%
108,34
108,31
113.2%
240 .44
232.28
221.71
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EARTH=QUY
LATITUDE LONGITUDE
5%.081 3n.28
5972 45,08
51.9% 3J0.80
52.08 13.81
60.09 =1.73
93433 ~l1a.70
S51.3) “284. 79
45,950 =32.31
Jo.l2 =38.a7
32.38 ~83,14
29.40 ~46,97
18.2% =49,90
10.94 -532.38
3.n) ~58,98]
=3.78 =%6.08
=tl.21 “57.40
=18.67 -58.40
=26. 12 -39,05
=33.57 ~50,29
-80.58 “29.03
=49,38 “%8.04
=5%.50 ~5%5.9%3
=82.87 =51.9%
-69.35 ~88,23
=75.08 =2".99
-78.30 Q0«17
“77.03 34,83
=Tl .83 37.87
-B84.993 57.3%
=“5T7.92 724313
50«14 T4 .99
83,22 18423
=35.73 T8.72
-28.21 Te.02
-20.67 76.08
=13.1% T9.17
=5.355 T3.93
1.90 72.36
.19 T0.41
16.49 68.0%
Z23.68 A5.18
30.69 61.69%
37.a8 57.29
43.94 31.69
49.91 LI Y-
55,19 3%.09
59.20 22.93
6l.70 T.98
52.20 ~8.5%54
60«09 =24.40
56.98 =3T7.78
92.10 48,24
4C.17 =56.2%
47.09% “82.83
372258 “6T.2%
26.40 =Tl.11
19.27 -T8.22
12.01 -716.77
A.087 -7A,87
=2.72 =%0.%9
=10.186 =81.98
~17.81 ~83,.00
=2%.06 =83.70
=32.91 -8a,01
“39.93 =8).8)3
~47.30 ~82.96
“54,.58 =8l.06
-6la.68 =77.80
L LS | =T0.81
-Tae3% =96.062
=79.09 =29.%8
=T7T.079 S.08
-T2.59 28.39
~88.7% 40.5%
~%97.83 a6.57

EATH~-IN
LATITUDE LANGITUCE
Ti.258 98,99
584.07 88,71
38.58 =~%%.88
a9, 11 -58,59
8l.52 -%38,.193
33.91 =84,
28.28 88,9y
18.65% 89,78
11.C3 =83,.,91
3.82 -89, s
~8.13 =90.09
=lle.08 =92.10
=19.18 =74,%%
=20.9%9 =37.8%0
=33.70 =101.13
~a0.689% ~19%.689
=4 7.34 “l111le90
=% 3.49 280472
-58.83 230.30
“82.91 218.8)
-5%.08 199.18
“6 8, 88 180.57
-82.37 183,83
=-38.09 1%0.8%
-%2,6% 180, 7s
-4%,30 133.3%9
=-30.89 12T7.78
=32.09 122.93
=28 93 117350
=17.87 118.69
=10.29 118,38
“2.81 112439
4.7 1107
1231 109.37
1993 13927
2138 107.83
3%.23 10%9.95
42.88 10490
5051 107T.a9
58.08 10%9.95
83.%52 112,30
T2.4% 11951
T85.90 137.39
91.83 180.73
T8.56 222e10
TZa2% 12097
6%5.11 =114.,0%
37.70 11087
50«18 =109.01)
82.00 ~10%.913
38,99 =109.01
27.30 109,52
1973 =110438
12«11 =111.88
430 ~=112.8%
=3.08 ~118,31
=10.81 =11%.%31
=18.09 ~11%.%9
=2%.45 =121.77
=32.79 =129s29
=39. 71 =129.89
=aB.42 =13%.31
-52.85 217.28
=58.18 207.26
"2} 193.91
-54,91 177.,0%
-4%.,06 159.40
“82.993 141.21
-58,78 127.97
~933.49 117.28
~aT.a1 109.49
=80.8% 10%.77
=33.97 V9429
~28.87 YH .82
“19.82 92.87

SCANNER 2

EARTH=0QUT
LATITUDE LONGITUDE
83.73 138,28
T2.83 1al.n8
79.02 1%0.00
Bl.81 203.0806
TH.AN 244,98
72.07 =98.87
68,89 =~92.07
37.43 -88.93
45.895 ~87.9)
az2.21 -87.06
3a,.%3 -87.17
28,89 ~8T.89
19.2%9 ~88.%1)
11.%3 “89.08
4,08 =91.09%
=J.a8 “92.73
=10.9% 98,71
=18.,33 97«10
-29.60 =99.96
=32.73 =103.8%
=39.8% =107.79
48,28 =113:38
-22.48 239.38
“57.92 229.0%
~82.28 218,93
-Hh4.85 199.91
-8%,.12 18133
-82.81 162.02
“358.%1 188.47
-52.98 138. 38
48,78 130.79
=a0.09 12%.07
=33.08 120.61
-29.006 117.04
=18.50 11a.18
“11.08 11173
=3.51 109.71
4,08 108.02
11.67 1006.082
19.29 10%.%0
28492 104,89
Ja,%3 108,12
42.18 108.01
ag.7a 10a.a7
37.27 I103.8%
sa,89 LOB.8%
71.85 11%9.%0
78.2% 131087
ar.01 171.37
79.20 219.89
73.08 =129.118
8%.93 “11Te28
58,50 =113.98
30.93 =112.39
43,30 =-111.80
3%.848 =“1l1l.84%
2T.98 =112.31
20.33 =113.11
12.71  =118.20
B%a.12 =119«36
=282 =117«19
“9.89 =119.18
=~1F.29 =121.08
~24.9%8 =128.24
=31.73 ~127.02
=38.88 =131.22
“e%3,36 =137,18
=51.81 21%.82
*57.20 209,08
“61.72 193.97
=40,60 177.13
-4%,2) 19924
~63.4% 181.3%1
~39.87 127.00
54,82 11%.01)

Scanner Horizon Positions for Data Spans on June 6, 1983 (6 of 10)
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ST-H

HMORIION POSITIONS

DATE . TIwE
¥ YMMDOD, HMMSS

330606.16%60) =3%.30 17.31
230604.16%814 =27.47 7%.20
2306806.17002% “19.42 73.31
330406,170238 “1l1.74 7T1.%)
530606.170508 -2.91 89,62
8330606.170715 8,94 47.93
930606.170925 12.83 66,22
530406.171137 20.70 54,83
330606.171349 28.%6 A2.%0
833406.171559 38.e1 40.39
5306068171912 “4a,29 5 7.94
330606.172C21 52.01 Sa.72
830606.172232 50,72 50.52
3306064172423 67,26 aa,14
333804.172554 764,40 32.41
3230606.17270% 83.21 6.40
230608.173117 "i,39 “893.17
830606.173328 76.62 ~80.93
833406,173537 69,79 “998,a1
930608.1737%) 82,31 =103.03
433606.174001 564.6% <=107.80
030606.178212 48.88 ~i1ll.2"
830636.176482) 37.07 =113.91
830606.176634 .23 -1il8.18
337605.17484% 23.37 -1 §8415%
830606.1750%6 19.50 =1 998
830606.175307 7.62 =121.71
930606.175519 =2.2% =123.%0
83200606.175727 “9.12 =1 %.09
832606.17594a) =1%.99 =1 8.8)
833606.15015%52 =23.84 -1 #,.68
53)604.18040) =31.69 =1 0,886
812604.180616 =32.%0 ~=1452.93
2*3604.18082% 47,29 =10%.864
830605.1810)6 =55.02 =1)9.09
830608.18i287 ~62.64 =183,9)
230606.181459 =7%.08 <=151.70
333606.181707 =7%.98 =1845,9)3
930606.181922 =B81.4% 154,92
233605.1982131 -82.10 10%.91
4336805.182362 -78.28 BC. 38
83)606,1825%3 “67.10 89,01
©30606.182804 ~%9,68) 62,70
% 23606.183015% 51,95 48,5
830408.1583227 40,21 59,42
330606.133639 =38.81 82,91
930606.183642 -29.%4 "0.77
8 33606.1939%0 “20.78 pa.sn
33040%.184111 -12.89 47.08
9306006.184322 -5.01 LD
$37500.194%3) 2.9% 83,99
83058008.1847448 10.73 41.96
8§33505,134755% 13.60 80,20
930606,15%204 25,47 39,31
A30606.18%417 In.32 18.29
8 3%6068.18%629 42.1% 33,93
813606.158%58233 87,993 30.91
939906.1900%2 57.47 27.08
313606.130230:& 85,27 21.4n
820606.190513 72.%6 11.80
533606.1707248 73.92 -B.868
§29605.12093% 81,77 -59.47
330606.191146 79.22 ~98.09
33605.19213%57 T1.67 =117.20
833606.191609 64.32 ~126.10
a3D606.191817 56.70 =131.4)3
430604.172039 48,04 =~]113%5,12
823638.132281 “lelS =137.%4
513608.192a92 33.32 -~130.31
373608,12270) 2%.46 =182,36
833306,192718 17.99 =144,2)
8 12504%.12312% .72 ~18%.99
3313426,17233137 1.88 <187,48
833634.193548 ~4.03 ~189,.8
833634.193752 =13.90 =1%1.09
TABLE H-1.

(LATIYUDES ®EASUQED NORTH,

SUBSATELLITE

LATITUDE LIONGITUDE

SCANNER |
EARQIM=-IN , EART~=QUY
LATIYUDE Loncf'uo: LATITUDE 1 <Gl TUDE
~48,.30 109.3% “%52.60 40,59
~37.458 103.8) “8%.21 51.29
-31.10 99.11 “37.713 3198
-~24 .09 ?%.48 -30.22 51.97
“18.99 92.19 2170 Sle06
~8.48 19,92 -14.22 %0.60
~l.28 ar.m87 8,71 a9.481
8.19 86.29 0.7% ar.98
13.6% 8%.02 9,19 45,99
21.1% Aaa.11 15.46 8).70
28.8% 3.94 22.87 80.90
J6.14 B3.a2 29.171 3T.a7
83,60 83.96 38.%8 33.21
50495 8%.13 83.0% 27.83
58.2% 87.73 49.10 20.89
65,29 92.72 58,86 11.89
T1.78 102.52 58.70 0.11
76.390 122.423 61.92 “l1a.89
718.061 197.19% 82.27 =30.93
71%5.62 109.04% 40.8% -47.00
59.02 =~195%5.%6 5T.%% -80.77
63.19 =147.48 52.85 =71.64
56.08 =143,%7 aT.22 “719.97
48,69 <~14l.a% A0.97 -“86.37
al.28 “140.088 34.32 “91.38
33.764 =14a0.21 27.80 =9%.3)
26,23 ~140.08 20.29 -99.54
18.72 =181.15% 13.0%5 =101.186
11.22 =142.19 5.72 =10J3.32
3.77T =183,5% “1«67 =10%.09
=345 =185,24 =9.10 =10%.51
“10%9% =147,30 =~16.%% =107.40
“18.17 =159.79 -24,01 -109.39%
-2%5.27 =1%2.92 “31.806 =-108.72
“32.19  ~1%6.%4 “38.48 =108.61
~38,.%4 -1%1.17 ~46.26 <~107.46
~45,i% =-147,05 =53.5% ~100.14
*30.7) 185.37 -680.49 =102.80
=5%.90 175.51 -~57.91 “96.498
~59.069 142.86 “T73.5% -83.78
~41.79 187.87 “T77.77 “%9.02%
-51,82 131.28 “T7.86 =23.04
-%0,77 115.99% 7377 l.88
-36.00 103.20G “B87.69 18,73
=%1.00 93.22 ~%0.5) 21.22
~a%,18 AT.46 ~53.63 26.68
-38.81 79.68 ~a6,20 2%.40
-32.07 74.97 =3A.R0 27.17
-2%.08 71«23 “31.29 27.28
~17.92 48.19 -23.79 25.91
=10.%8 A%.8Q ~16.22 20410
=3.268 53.63 -8.71 2%.04
A 17 51«94 =123 23.60
11.59% 50.60 .18 21.81
19«16 59.680 13.%2 19.08
26.69 58.93 2076 156.98
3Is.18 58.619 27.8% 13.76
a1.62 58.96 34,79 9«12
©9.03 59.97 41.3% 4,68
56. 348 82,14 “7.%% ~1.%0
63.49 86.3) 53.12 -10.22
T0.14 Ta.an 5775 =21.20
T9.77 91.10 60.97 =-3%3.08
78.68 122.04 82,2 =%1.21
76.79 156.48 B1.03 -87.81
T1l.98 176.3% 99.99 -%52.11
6%.J8 =17&,02 56,21 =93.7a
57497 =1689.10 a8.77 =~102.%9
50486 =186.%9 a2.68 =]109.54
“3.23 ~18%.)36 ¥s. 12 114,87
3%. 78 =184a,.08 29.26 =~119.098
28.23 =165.09 22.19 *=122.87
071 =14%.47 14.98 =12%.28
13.21 ~186.61 TeB7 =127.53)
S.7% =147.A7 0.30 ~-129.37

NEGAT[VE “MEANS SOUTHS

LONGITUDES WMEASURED EZAST,
SCANNER 2

Scanner Horizon Positions for Data Span on

EARTH=IN
LATITUOE LONGITUDE
“l2.25% 90.22

~a,.n1 AR,.10
2.1 8%.43
10.2% HA .99
19.23 B8Y.009
28,49 82,83
Ja,. 1% B2.29
s1.m0 82.18
49,83
37.02
Se.a8
T1.%9
78.13
5119
79,30
73.21 =1aT,.2a
96+.13% =13v.49%
58.76 ~139,91
31.2% =13a,2%
43.67 =133.587
JB.07 =~133.69
28.048 =13a,1s
20.82 =138.9)
13.19 =138.01
%.%8 <«137.3%
=2.01 “138.94
=“9.55% ~140.93
“17.03 =183.2%
~28,%2 ~106,09
=31:67 =1490,.,49
=38.13 ~153,.712
48,49 =139.10
=31.81 193.70
“57.82 188,10
=8l.v1 171.30
“08,069 154,89
-5%,19 138,34
=63.29 110.80
=39.45 108 .38
54,29 93.72
~aB.31 A5.82
-4 l.80 AR
-34.96 7%.10
=27.%9 Tl.37
=-20.5%6 8,33
=13.11 6%.82
~5.87 83.71
1«68 B51.93
Q.21 5N0.4%
10.81 59.2e
28,09 598,30
32.10 57.07
39.78 37.02
aT.40 97.69
59,01 58.72
62.51 S1.18
59.81 60,008
79.9% 78.60
91.30 110.34
S0.51 19%.47
T4.99 =1735.088
48.07 =14%.648
850.7> ~181.33
53.24 =~139.31
a5, 70 138,83
3810 ~1%7%,38
J0.aT “1%8.71
22.8% ~=1%3,.81
139.22 =160,681
7.60 ~161.%59
0.01 “163.20
“ 199 “15%.09v
=1%9.,0% ~167.31

=22.48 -
=29.78 =

June 6,

NEGATIVE WEANS wWF3T)

EARTH=QUT

LATITUDE LONGITUDE

107.87
101,73
96.97
93.20
89.79
87.32
8%.29
B3.%2
ez2.0n
80.92
50.0)3
TG .03
12,27
7..08
67 -.89%
83.98
59,48
10380
139.29
18¢.82
131.9%
a2.93
39.0%
37.26
J8.5%8

U O I T I I I I I I I B N I

1
1
1
!
]
1
1
1
1
1
1
1
1
1
:
1
1
1
1
1
1
1
1

2.32

1983 (7 of 10)
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HORI1ZI% POSITIINS (LAYI'\'!S MEASURED NORTH, NEGATIVE WEANS SOUTHI LONGITUDES NEASUSED EAST, NEGATIVE WEAMY wEST)

{ » SCANNER | SCann~neR 2
| DATE . TIME SUQSATELLITE EARTH=JIN EARTH=0OUT EARTH=IN EARTw=-QUT
§ YYMMDD , HHMMSS LATITUDE L IGITUCE LATITUDE LONGITUDE LATITUDE LONGITUDE LATIVUDE LONGITUDE LATITUDE LONGITUDE
1
f 230606,194010 =21.76 32.58 "1e87 <~169.47 *Tel2 =130.98 =3B.AT =L T11.21 0.85 =~18%,9s
i 3306806.194221 =27.50 - 194,83 “3.01 =171,.8) =18,%7 =132.08 177.70 -2,8%
[ 530635.1948 32 =37.43 A97.72 *16.26 =~173.9%0 *22.03 =132.91 171.0% 14,28
£ 5306036.198043 48,22 415 *23e)9 ~176.068 “133.38 1862.28 =21.682
| 830605.1948358 =52.97 <18 179.8 *133.82 150.33% =29.93
g 930606.195109% “6J.43 ~-l186 175 ~132.9886 13a,.80 =33.87
§ 530606.195315 -68.10 T 7 189 =131.9%8 119,99 ~42.68
i 530606.,19%%27 =7%.1) 173 162 ~128.58) 98,69 ~a0,.13
I 530606.19%7239 =80.64 1e 193 ~65.74 =123,29 A3.29 -5%.02
i 330606.173943 -8l,.10 ' 18] =72.09 =112.986 Tl.81 -60.03
i 930496.200201 -78.01 ' 127 -78.97 *91.92 53.01 “83.68
| 930606.200812 ~89.09 110 ~T8.32 “37.59 LT =6%.20
i 930806.200823 “61.85% 9% =73.14 ~2%9.1% S1.52 864,49
i 830606.2004 38 =54,01 ~69.82 =12.5%9 aTes7 “51a01
| 81336G6.2010485 ~45.,29 ~62.70 “4.8) 8,37 836,793
| E 833636.2012%6 33,849 | ~5%5.37 “0.79 Al.72 ~%31.02
- 930604.201%07 =30.37 | 48,28 1.3 39.51 44,08
B | 830606.201718 =22+8) | ~40.79 2.32 37.6% =37.83
E | 8306806,201922 “18.,97 | ~33.29 24939 36.09 = 30.7%
] 1 830608,202180 =T.11 =2%.76 2.33 Ja .81 =23.48
& | 830606.202351 J.78 19.39 ~18.23 1.56 33.90 -1e.00
] 830606.202502 S.06 17.69 =10.71 0.G% 33.09 -8,39
l 430606.202813 15.51 15.99 ~3.22 “0.71 J2.72 “1.09
- 330606.20302» 24,38 16,11 4.22 ~2.80 32.8) LPS-1]
y 930606.203233 32.23 12.09 198 8,87 33.03 1e.10
: $§30606.2034a7 40.07 .79 19.8% -5.99 3%.01 2il.78
. 830606.2036%8 AT.58 7.03 2398 =10.006 39.89 29.01
. 830606.203909 53.63 J.09 32.98 =13.84 49.52 37.03
K 930606.200120 63.27 ~1.%3 39.063 -18.5%58 Ta,.20 43,06
- $3060%,204331 73.57 “9,.7) 43.93% “24,53 123.20 %32.21
| 930606.,204942 T7.40 S1e72 “32.88 19%.37 59.71
A 53060%.20475) 81.63 S¢.06) ~42.73 10779 87.07
B ®30606,205008 T9.682 40,28 =35.84 175.11 76,38
? 530508,20%215% 73.9%) 82418 =T1.92 173.908 1993
830808,.205626 66,31 61.87 ~88.09 175.66 al.068
o 830606.205637 53, 7a 59481 =103.2% 17898 7739
o | 830606.209849 31.02 3%.49 <-11%,69% 176.70 70.78
; | g 9306G5.210037 43.23 57.88 159%.168 30.30 =12%.29 175,09 693
=) 930606.210311 3sS.s0 52.62 168.17 48,33 =-132.02 175%.10 54.0%
lt 8336806.,210322 27.99% 45.21 169,69 37.90 ~1J38.30 173.98 Aan.hs
! 530608.21073) 17.69 37.73 170.29 3111 =142,.78 172,48 40.80
i 8306806.,21098s 11.91 30.22 170.28 25209 =1¢6,36 170.71 3.l
1' 830606.2111%% 3.98 22.70 169.80 16.91 =149,.28 168.00 2%3.48
; 930604.2114C% =3.98 19.20 1898.96 Qeh2 =~191.67 156,09 17.38
: 930608.211617 =11.91 T.72 167.77 2e206 =153.68 183.00 10.22
i ©350606.211929 =19.67 0430 166.27 =513 =1%95.26 159.22 265
" €30606.212039 -27.52 “T.07 164,81 ~12.%9 =1%6.50 158,80 -a,87
q 930£06.2122%0 =39.3% =14,33 162:19% =20.0% =13T7.48 188,30 =~12.32
g 910606.212501 “43.1% ~21a31 199.82 =27.%0 ~1%8.02 180.13 “19.68
K 8304806.212712 =50.92 =28.%) 1396.09 ~“34,94 <-198.108 129.13 =28.93
2] $30606.21292) -9%.061 =3%.3s 191.98 ~42,3% ~-1%97.80 114,98 =38, 02
A 830605.213. 78 ~66.15% ~41.8% 186,91 ~49.689 =1356.85 95 .88 =40 a.%90
] 830606.2131a% “73.38 “4T7.93 i80.20 =58.92 =1%4.28 78.306 "tT.%8
4 9300806.2134597 “T79.87 =53.38 131.82 =63.04 =149:78 82.21 =3J.%2
4300606.213308 =8l.68 =57.85 120.49 7050 =181.15 «.69 ~%79%.81
, 930606.214C109 -77.69% “00.71 166.5% ~75.91 =123.60 A0, 2) -H2.87
; 8306068.214230 -71.00 ~62.07 90.5% -~78.43 ~92.00 33.3% ~6%.07
) 93060%.2140481 ~63.65 ~61:10 T4 .40 -76+3) -%9.18 2%.01 -88,%0
330608,21455%2 =55.05% ~98.19 50.15% =TL.07 =80.8) 23."2 =A2.80
3306C6.21390) ~493,3s =33.78 . &8,77 ~A4 .58 =Jieln cDen e ~58.11
1 930606.21511% ~40.9% ~68,3% 39.9% =“95T7.89 ~25.30 1T7.68 ~52.82
930635.21932% =32.79% -42,29 3317 =%50.20 =23.82 1938 ~a4,38
9306068.215%35 ~28,91 =3%.489 27.n8 ~42.,79 ~22.38 1300 “3%9.e7
530606.215767 -17.086 ~29.%2 23.68 =¥%.29 ~22.19 11.78 =32.8%
$30606,2157%% =3.19 “21.79 20.29 27,78 “22.28 10.61 =29.082
53060%.22022? =1.3) ~18.52 17.5%2 ~20.2) =22.94 Q.2 =18.08
9 30306,.,220421 8.5%% “7.19 1%.2) “12.70 =23.17 T.%J ~10.9%9
430606.2206132 18,42 Q.22 i3.38 “%5.20 =2%.04 %.05% =2.08
930605.2200843 22.29 T.67 il.33 2.29% =25.68 5.0 a.%2
330606.221058 30.15 15.186 10.08 Q.60 -28,50 8.582 12.12
E 330608.221305% 37.99 224987 9.80 16.9) =399 10.20 19.70
830606.221515 45.91 30.17 ‘931 2%4.10 =33.90C 13.70 27.28
330606.221727 53.%8 37.686 9.29 Jl.11 “37.88 2137 J%.01
330606.22193% 51.2% 43,10 9.87 37.88 ~81.93 LR ] 82.682
43060%.222147 58.76 =31.78 52.48 ile38 48,32 “47.99 83.02 %0.21

TABLE H-1l. Scanner Horizon Positions for Data Span on June 6, 1983 (8 of 10)
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“JA1ZIN POSITIINS

DATE , TIVE
Y YMHDO ,HHMMSS

Baaiie albenie e o diei

SUBSATELLITE

Madi dean i g

o vesTey

(LATITUDES MEASURED NORTM,

ae o g rtwr171muﬁw1

NEGATIVE MEANS SOUTHI
SCIN~!l 1

falvah vk itk Ak Rsh o

Aemmm e

LOMGITUDES “EASURED EAST,

el ey

NMEGAT [VE MEANS WEST)

SCANNER 2

T

LATITUDE LONGITUCE

EA
LAIIYUDE LONGI{UD!

EARTH=DUT
LATITUDE LONGITUDE

330605.222400 79.78 “4%.19%
530604.,222811L 87.99 ~7¢.5%%
9306%4.2229)37 90,27 =134.38
330606.22350%) 74,89  -160.91
3306804.223301 57.3% ~172.%%
33060%.223312 $9.31 =17P.97
$30604,223723 22.11 178.91
$30404.22393a aa,3) 173.98
330605.224145% 34,59 17118
230625.2243%% 24,69 149.00
332608.2246C7 23.79 197.07
3306804.224819 12,91 15%.28
8306806,22%027 5.04 183.97
830604%.225281 2,54 afhras
230606.22%5452 =197 16818
820604,225723 “18.57 i958.42
$30605.22%918 =28,42 198,99
9530606,230125 =34,20 1% 46
830605.230338 -82.07 1 .07
2306804.230%47 “43,9) 1o .14
$30606.2307%9 “57.93 18 .39
9 30005.23100% -65.10 139.50
330634.23122) =12,37 130.3%
$30606.231431 78,74 110.31
83060%.231642 =351.79 Aa.79
530604.2318%3 ~T73.05% 0.70
330606.232104 “71.99 197
230060%8.232316 ~54.70 “7.%0
$30605.232527 “57.13 ~12.99
230605.232738 47,82 “16.70
930604,232087 81,59 “19.¢1
93060%.233160 =-33.8s ~21.98
23068C%.233a11 =26.01 ~24,08
*30604.233422 “19.1% ~2%,.,92
2306G4.23381) =“13.30 “27.67
93060Ge.230004 ~248) =29.37
®30606.2342%9% S. 08 «31.086
330604.234%0% 1331 -32.77
3306C6.238T717 2118 -34.57
93060€.230929 27.0% -36.%1
330606,23%137 36.99 ~38,.687
$30608.2353%1 as, 71 ~81.22
330606,235602 52,09 -e4,39
230602.23%91) 50.19 ~an,89
930607.000024 57, T1 -55,206
2350607.3002 3% Ta,.8l -57.31
930607.000885 90.87 ~9%.03
®30807.00G397 81.22 =1AT7.17
330607.200903 74,23 179.2%
230607.001119 69,30 16%.10
230607.2C1332 $1.83 197.7)
$30607.001581 54,106 1
930607.2017%2 48,40 1

¥ 30607.002029 37.50 1
$30807.002231 29.76 1
230607.302882 21.49 1
$30607.53259) 18, 32 1
930607,002904 5019 ]
£306837.0031153 =1.7)3 1
430627.203324 =2.50 1
"33607,323%37 “17.47 1
©33507.203749 29,32 1
4.30607.0039%7 -33.16 1

% 392607,304217 40,97 1
332607,306422 -43,79 1

2 30607.004633 ~55,40 1
$30607,004940 ~584,0% 1
330667.335G55 71438 1
930637.00%3C% =77.78
930607.60%517 81,78
23)607.305729 =73.20
330607.005733 ~72.7% -
230657.4108%) ~55,79% -
530607,010801 -%59,20 -
330627.010612 -50.5%1 -

TABLE H-1.

Scanner Horizon Positions for Data Span on

299.71 18,32
66,66 20.01
73.69 33.a1
77.28 $8.50
78.10 06,748
73.96 120.51
87.79 L3380
60.98 139.82
S3.64 183,16
88.29% 184,92
38,79 169.93
Jil.27 18%5.59
23.78 183,17
16.29% Laa, 38
8.77 163,28
1.33 181.78
=8.00 §19.97
=13.38 13777
-20.%2 138,11
-27.56 131.98
=34,80 127.8%
=40,.98 122.89
=47.11 116.%1
~52.86 108.2%
=37.30 77.5%
~60.58 83.97
-62.08 68419
-61.36 51.87
-58.69 37.30
58,47 2%5.48
-49.18 16.3)
=43.13 9.30
=36.63 3.93
=29.80 ~0.51
~22.7% -4.00
~15.54 ~6.95
~8,.22 ~9.19
=0.%) “1i.12
8463 *12.89
18,11 =13.9)3
21.62 ~14.83
29.12 “1%.37
Jo.01 ~15.46
“a,04 “14.998
314489 =13.87
58.70 ~10.38
69.71 ~5.76
T2.19% 4,88
77.1% 2«09
78.56 50.58
7332 90.50
69.52 106.19
82.7% 113.79
58,487 118.07
4T.29 119.93
33.3) 129.79%
32.3) 120.89
28,81 120454
17.30 119.73
9.82 118.70
2.37 117.28
*%5.01 11%.92
=12.32 113.39
-19.%2 110.90
~28.98 107.69%
=33.45% 193.7%
“40.08 98.94
~48.29 92.79
=91.91 84,82
~36.72 74,91
-5%0.22 5130
~6l.90 A%,73
“A1.59 29.17
“59.17 14.0806
“5%.13 2.2%

EARTH=QUT

LATITUDE LONGITUDE
3025 “54,91
53.03 88,488
50 .45 =718.5%4
62.00 “93.93
42.03 <110.93
59.9%2 <+126.00
5613 -138.82
51.09 “la8.79
45,22 ~19%96.82
“1062.31

-166.93

=170.68)

-173.03

-175.0%

-178.11

=-179.76

- 178.9)3
- 177,99
- 177.32
- 177.09
- 177.39
- 178.81
- =179.83
- -173.32
- “167.80
- =:5163
- ~i121.83
- -537.70
- =56T7.09
- -58.82
- =91.37
- “aB.80
- ~aT.02
- ~46.89
- “46.90
- =aT7.47
- ~48,.34
“40,54

“51.11

=33.02

~5%. 34

-58.1i8

~6l.6%

“6%.97

43,08 “Tl.a8
AQ. 48 ~78.89
54,77 ~A7.09
58.99 “99.51
681403 “118,37
A2e24 =130.86
80.69 ~186.84
37429 =160.82
52«92 ~171.12
46.09 179.81
39.73 173.71
33.0% 168,93
26.08 10%9.12
18958 152.08
11.89 199.50
4,33 197.83
=3.07 193%.7)
=10.70 196,358
=17.98 193.3%
“29:51 192.66
=32.86 1%2.38
~a0.27 195299
~aT.068 1%3.89
“54.91 195.4808
-62.00 159.22
-89, 76 188,48
-~78,%8 ~17%.32
=78.18 “1919%0
“T77.38 116,98
72173 “93.88
“6%9.4% -82.39

EARTH=IN
CATITYODE LONGE TUDE
79.23 124,53
T1.m)3 180,73
23,74 187,44
506,32 190.582
48,78 15199
al.19 1%2.22
33.57 192.0a
2%.9% 1%1ea7
18,32 150.99
10449 149,43
3.09 187.99
-~a,49 184,26
-12.01 144,20
“19.48 141753
26481 139,79
-3a.01 13%.08
~60.998 130,48
87,62 12993
“53.74 116,70
“59,08 108.1%
=63.08 92412
~6%.12 TaaT3
-sa,.9] 56,19
-82.21 39,53
~57.87 2n.%2
-82,39 16.78
~an.21 9.%0
=39.558 3.968
-32.68 =037
“29.93 -3.89
~18,2% ~6.71
~10.87 “9.08
=3.8) =11.,07
8,12 -12.78
11.70 “18.10
19432 -1%9.26
26.96 -“16.10
38,681 ~ide82
82,27 “18.72
49.90 ~18.28
57.49 14,83
58,993 =11.89
T2.11 ~A.8%
T8.07 11.79
8l."e n2.83
18.972 96438
72.80 112.58
6%.10 121.97
58,31 12%.3%
50479 125.90
43,21 127.80
35.00 127.01
27.91 126,98
19439 126.01
11.75 124.99
.15 123,49
=3.82 12190
~10.98 119,79
~18,4) 117,39
-2%.79 1la,.0a8
-33.01 110.92
-40.02 108.48"
-46.7) 10075
~52.92 93.23
-%8.3% A3.11
“52.9% A9.5%9
~58.97 52.99
-4%,01 13,98
“82.70 19.99%
-58,%9 J.a2
53,21 “8.77
~4Tell 16,32
-40.9%) -20.07
~33.64 “28.%%
~28.%58 -2%.13
June 6. 1983

57.73 7.07
A%, 14 10.28
73413 18,93
19429 314069
21,82 892,41
74,20 122.13
Ti.78 137.20
64,90 188,50
37.09 107,98
49.%1 148,91
a1.87 149,39
38,21 1e9.22
20.5% 1a8,.08
12,91 187,82
11.29 199,68

J.71 10%.27
-3.82 182.98
~11.28 181,87
-1%,86 15917
-29.92 136429
=33.08 132.77
-39.9% 128,38
48,98 122.78
83,71 119,39
~58.14 103.52
82,39 92.2%
88,89 71%.30
-6%.07 86.91
-62.28 39.67
-98.79 2%.83
~53.44 19,94
87,29 7472
~40.63 1.87
-313,88 ~2.067
“20.4% -6.30
~19.10 “9.2%
“l11.64 “11.70
casi2 -13.1a O
3.43  =13.,08 T
11,08 =~18,89
18,68 =-18.,03 O
26431 “18.91 O
33.94 *19«08 <>
a1.%38  =19.861
a9.18 =19.21 X
58,68 ~17.93
sa.ll “1%.07
71.30 -8.80 g
77.81 .92
81.7% a3.0l B
79.60 89.86 [~
73.99 110437 ==
26,51 119,38
58.1% 122,93
%50.58 124,08
2.9 1240681
35,29 128,98
27.83 124,00
19.97 123.2)3
12.36 122418
0.7 120.77
-2.77 119412
10429 117419
~17.8) 118,82
-24.91 112.01
-32.0% 108,99
= 3%9.00 108.30
-an .88 I8.92
-s1,.68 91.93
~57.44 82,38
-81.89 59.60
80,87 93.30
58,20 JaL TS
53451 17.18
59,49 .83
(9 of 10)
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AORIZON POSITIINS (lelruq:s NMEASURED ~NORTM, 'EGI&!V! MEANS SOUTHS LONGITUDES wEASUNED ZAST: NEGATIVE mEANS WEST)
! sCANNER 1 SCANNEDR 2
DATE , TIME SUSSATELLITE EAQTH~=IN EAQTH=-0UT EARTH=IN EANTH=0UT
YYMHMDD , HHMMS 3 LATITUOE LINGITUDE LATITUDE LONGITYUDE LATITUDE LONGITUDE LATITUDE LONGITUDE LATITUDE LONG]TUDE
830827.01082) ~42,7% -83.97 43,796 =Te 28 “%59.%0 “78.8% *-19.28 =31.08 “54,.2% ~8.00
830807.01103a =34,.98 “at,.39 -44,02 =la,54 ~-52.26 “73.n81 =11.92 =33,¢9 “ap, 1V “1¢,0%
530837.01120% “27.11 49,49 =37.57 =20.20 “44.87 “72.29 ~a,ah -3%.%) “al.%0 ~22.12
B830807.011457 “1%.28 50.38 =-30.78 -24,.58 -37.3% “71.69 J.08 =37.29 -3a.09
830807.0117049 “11.80 “52.19% =23.76 *2%.27 =-29.88 “71.08 10.%3 =-38.5%9 =2T.48
8530607.011917? -~ 3.5 “5).80 “18.%7 =-31.20 =22.3a “72.09 18.26 “39.8s =20.18
930607.,0121 20 4,3} -59.%¢ ~9.28 =33.81 “18,82 =-72.92 2%«98 “a0. 72 =12.70
830607.0123a1 12.21 -37.2% “len? “35.59 -7+31 -74,.009 3.9 -al.29 %18
B8)080T.012%9%2 20.08 -59.0) 5.57 *37.21 O«15 -71%.%9 alelv 4l .80 2.308
330407.01290) 27.94 “50.94 13.02 33,47 Tes8 “T7.08%3 4%.8) ~4].08 V.99
530607.013014 3%.79 -43%.,07 20,948 “30.4a 14,258 -719.71 S6.82 ~39.R83 17.081
830637.013225% 43,41 ~6%.9% 28.08 ~42.0) 22.10 5287 43.90 -37.00 2%.24
530607.01 34136 Sl.80 “588.51 3%.95% -840,20 29«10 ~85,98 Ti.13 =30.91 32.88
830807.313%47 S52.11 =72.70 43,01 -39.81 36,01 =90.02 T7.58 18,36 40.88
830807.013953 558,57 =78.8% 30.41 =)8.62 42,.55% ~9%.30 81.71 20473 48.07
830407.018109 73.9% ~80.7% 57.589 “)8.1% 45,68% =|i02.10 79.69 67.30 5%5.62
i 530807.016321 79.848 118,186 88,79 *51e02 54.07 =110.98 75479 48,21 83.07
: 8308607.014532 Al.9% =1648,608 71.30 ~22.18 58.47 =122.47 66.72 98.5%3 70.31
1 830607.0147a3 TTe11 197.6¢ 76.,%9 =-3.18 Bl.37 =-136,.88 59. 306 100.29 T4.97
{ 830607.014954 77.33 1al.%0 78,58 30.%58 6229 =193.23 S1.9% 102.03 81.%0
3 8306807.01%20% 62,70 133.83 79.99 52.02 61.03 =169.81 44,28 102.70 0.2
' 0308Q7.015%4106 59,29 128,91 70.82 719.85% 57.88 175,60 36.067 102.72 Ta.53
830%07.2195%27 47.%9 129.41 23,76 ‘88.27 53.206 169.51 29.09% 102.30 BT.98
830607.015833 372.69 122.58 56.451 297 aT.089 137.00 21.42 10198 80.193
530807.020049 J1.9% 129%.%0 49,27 34.93 a4 .08 1%0.87 13.79 120.49 32.60
330607.020300 23.99 118,39 “41.83 95.89 3,848 145,38 99.158 ah,.98
1 830627.020511 1%.12 118.%96 38,33 96.18 27.98 181,38 97.99 3733
i 8430607.020722 3.2% 114,92 26.92 9%5.9% 20.08% 13%9.08 VS.68 29.87
3 83060T7.020933 11313 19.30 9%.30 13.062 135.082 93.3e 22.02
3] 830607.021 188 111.88 11.81 98,30 6.30 133.23 90.%9 14,39
b 930607.021395 109.71 4,35 Q2.97 1«09 131.83 87,23 AeT9
) 530607.0216807 107.8% -3.,0% 91.31 “8,.%52 129.99 B83:0s “D.70
830607.021819 10960 “10.38 A9.28 =1%.97 128.87 TT7.71 -8.2%
m 830607.022029 102.69 “17.n81 A8.82 =238} 126.09 T0.73 =1%9.67
] 830607.022240 100.99 -24,72 83.83 ~30.88 127.689 81,39 -22.98
(=1 8306Q7.022a51 97.81 “31.068 30.18 -3%.30 127.7% ar,B8s =-30.17
o 830807.022702 92.92 -38.1) TSe002 -4%.08 12%.40 32.88 “37.17
830607.222713 85,43 -84 ,37 69.%85 -52.99 130.08 18,20 ~43,92
330607.02312% 71.106 -50.%0 62.41) “60«10 133.2% “3:94 -%50.28
830627.02333% 37.29 -5%5.99 52.77 “684.99 139.27 -59.90 -18.05% -56.00
830607.02 3545 “14.°9 “59.40 40,38 “T7T3.198 1%91.07 -354.73 =-29.10 “AC.008
830607.023757 ~81.97 -81.7T0 2%.33 “T7756 174,88 -~a8. 19 =37,2) =Aa.la
830607.024008 ~%3.9% “61.90 B8.93 -78.,03 -189.89 -a2,32 -a3.40 =-85.30
530807.0282179 ~40,.,%0 =59.99 “6.%3 “T8.19 =123,22 =3%.5%0 “8%,1% “854.01
i 830507.0244 31 -54,80 -56.)3a “19.91 =-58.21 =109.9%9 -28.4% “51.97 -00.068
4 830837.028642 -67.97 -29.68 =61,.,39 =102.73 =-21.23 -%5%.0% =39.708
i 83060T.024685) =70.91 =37.51 -58,.20 -99,.,18 =-13.89 =57.60 ~49.87
i 830607.02%100 -72.08 =39,113 -83.9% “af.88 “97.30 =8.008 =599, 7s -43,39
] 530607.02%315% -78,81 -32.62 ~48.31 =39.39 98,47 1.09% “5le%a =-36,%)
930607.029%2% -Th.01 -235.63 -52.11 =31.88 -96.32 B8.61 =H3.08 =29.0%0
530607.029737 78,13 =18,40 -55.20 =24.3% ~“96.H% 16.21 -84 ,29 =22.10
830607.025943 -79.81 =11.21 -57.73 -16.82 =-97.19 23.H4% ~08%.23 ~la.089
| TABLE H-1l. Scanner Horizon Positions for Data Span on June 6, 1983 (10 of 10)
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