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THE NIMBUS 1II USER'S GUIDE

FOREWORD

This document has been prepared to provide potential data
dsers with background information on the Nimbus II Spacecraft
Svstem as a basis for selecting, obtaining and utilizing Nimbug IO
data in research studies,

The basic spacecraft s¥stem operation is outlined, followed by
a detailed discussion of each of the meteorological experiments,
The format, archiving and zccess to the data are also described,
Finally, the contents and format of the Nimbus III Data Catalogs ars
described, These catalogs will be issued at approximately moathly
intervals. They will contain iDCS, HRIR, and MRIR pictorial data
obtained during each beriodas wellas information on the collection
and availabilitv of all Nimbus IIT dats.

The individual sections on The Meteorclogical Experiments
were prepared by the respective Experimenters. The assembly
and editing of this publication was accomplished by the Geophvsics
and Aerospace Division of Allied Research Associates, Inc, (ARA),
Concord, Massachusetts under Confract No. NAS 2-10343 with the
Goddard Space “light Center, NASA, Greenbelt, Maryland.

Harry Press
Nimbus Project Manager
Goddard Space Flight Center
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SECTION 1

THE NIMBUS III SPACECRAFT SYSTEM

by
Staff Members, Nimbus Project
National Aeronautics and Space Administration
Goddard Space Flight Center

The purpose of this section is o outline the'salient features of the Nimbus
Spacecraft Systems as they relate to f‘he performance and character of the
Nimbus sensgory systems, '

1.1 The Nimbus IH Spacecraft_'

The Nimbus III spacecraft, Figure 1-1, represents a major upgradmg of the
Nimbus T and II spacecraft with the followmg s1gn1flcant differences:

1. An increase in the nu_mber of meteorological eXperiments to seven (from
3 and 4 previously) including 3 new experiments, two of which are directed
at atmospheric spectrometric soundmg The complement of experiments
is listed in Table 1-1. : -

2. An expanded data system capable of handimg dlverse sensor requirements
as well as additional storage capablhty whzch permlts full giobal coverage.

3. An expanded power supply capablhty and the addltzon of a 50 waft Radio-
isotope Thermoeiectmc Generator (RTG) S

The expansion of both the data system and power supply has provided the
desired capability of continuous and concurrent operation of all experimenis and
the collection of all data on a daily, global basis.

1.2 Orbit

The Nimbus III orbit was selected to satisfy the diverse experiment power
and data retrieval requirements. Nimbus III is intended to be placed in an orbit
which is circular at 600 nautical miles, sun synchronous, having a local high
noon equator crossing, and an 81 degree retrograde inclination. Successive
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orbits cross the equator at 26° of longitude separation. The period for this
orbit is about 107 minutes. Nimbus III is scheduled to be launched in the second
quarter of 1969 from the Western Test Range in California. The launch vehicle
is a Thorad-Agena D.

1.3 Spacecraft Attitude

The Nimbus spacecraft contains an active 3 axis stabilization system de-
signed to maintain the spacecraft body axes earth-stabilized, with the yaw axis
pointing normal to the earth, and the roll axis aligned to the spacecraft velocity
vector (see Figure 1-2), From past experience, the attitude is closely main-
tained to the intended pointing directions. Pointing errors seldom exceed 1° in
pitch, 2° in roll, and 5° in yaw. Larger excursions are normally associated with
cold clouds. All the data obtained are geographically located by using the orbit
ephemeris data, In view of the high pointing accuracy and the lack of more pre-
cise orientation data, attitude corrections are not utilized in the geographic
location procedures,

1.4 Spacecraft Data System

Data are stored and transmitted via four independent data systems on the
Nimbus III Spacecraft. They are the High Data Rate Storage System (HDRSS),
the Pulse Code Modulation Telemetry System {PCM), the Real Time Transmis-
sion System (RTTS), and the Interrogation, Recording and Location System
{IR18). The individual data systems are described below. A summary of how
the meteorological experiments are handled is provided in Table 1-2.

Table 1-2
Data Systems Summary

f

! Experiment Stored Data System Real Time Backup Data System
IRIS HDRSS . PCM*
MRIR HDRSS ' c PCM*
HRIR . HDRSS . RTTS
IDCS HDRSS _ RTTS
RIS SELF CONTAINED NONE .
MUSE PCM*=* PCM
SIRS POM** , PCM

“In case of HDRSS failures, provisiﬁn exists for real time data for IRIS and MRIR by time sharing

with the normal PCM data.
**In case of PCM recorder failures, provision exists for recording the PCM data which includes

MUSE and SIRS data in piace of MRIR in the HDRSS system.
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1.4,1 High Data Rate Storage System (HDRSS)

There are two identical HDRSS systems. Each system includes a five chan~
nel reel to reel tape recorder, a frequency multiplexing system and a 2 watt
S-band transmifier. The tape recorder is a five channel analog tape recorder
running at 1-3/8" per secoand and playing back 32 times that speed. The S-Band
irequencies are 1702.5 and 1707.5 MHz and the multiplexed spectrum is from
it to 700 Khz,

This system is used for the high data rate experiments: IDCS, MRIR, IRIS
and HRIR. The fifth track containg the spacecraft time code which is also used
for flutter and wow compengation. Each recorder can record approximately
150 minutes of data.

There is also provision for substituting the Telemetry (PCM) data for the
MRIR experiment data on this tape recorder.

1,42 Pulse Code Modulation Telemetry Svstem (PCM)

The PCM system includes an analog fo digital encoder, a multiplexer, two
endless loop tape recorders recording serial data and a 1/4-watt 1356.5 MUz
transmitier. The system can also accept digital data, in the PCM svstem each
major frame consists of the data from 798 input channels, some are digital and
some are analog depending on their position in the data format., Each major
frame contains 16 subframes sampled at the rate of one per second. Each sub-
frame consists of 50 7-bit data words plus appropriate syne and subframe iden-
tification words. Data include spacecraft subsystem and experiment housekeep-
ing telemelry such as temperature of components, calibration signals and
voltages plus the output of two experiments: SIRS and MUSE. The data are
iransmitted over the beacon transmitter in real time while being recorded on
the spacecraft. The recorders run at 0.4" per second and plavback is speeded

ap at a ratio of 30:1. Each recorder has the capacity for one orhit of data.

i.4.3 Real Time Transmission System (RTTS)

The RTTS system transmits IDCS or HRIR data over a 136.950 MHz, 5 watt
fransmitter, in real time. The IDCS data formsat is compatible with existing
APT stations around the world; the HRIR data are available to APT siations
modified fo receivs 48 RPM HRIR data.

o



1.4.4 Interrogation, Recording and Location System IRLS)

This system consists of a 10 K bit memory device and a iransceiver system.
The 400.5 MHz downlink system is used to initiate interrogations with ground
based or airborne IRLS platforms and to transmit data received from the plat-
forms and stored in the memory ic the Data Acquisition Facilities. The 466 MHz
uplink is utilized to transmit data from the IRLS platforms to the spacecraft and
also to transmit commands to the IRLS System for programming interrogations
of the IRLS platforms.

1.5 Ground Station Complex

Data from the HDRSS are received at the two STADAN Data Acquisition
Facilities (DAF) located near Fairbanks, Alaska and Rosman, North Carolina.
Data transmitied over the PCM svstem are received at these two sites as well
as at the Orroral Australia STADAN Station. Data from the IRIS system are
received at the Alaska DAT station and at the Goddard Space Flight Center,
Greenbelt, Maryland. The HDRSS data acquired at Alaska are recorded on pass
and then transmitted over a microwave link at reduced rates to the Nimbus Data
Handling Facility (NDHF) at GSFC. The PCM data are relayed to GSFC as they
ire received from the spacecraff. Raw data are relayed directly from the Ros~
man DAF to GSFC over a wideband data link. PCM recorded daia received at
Orrorai are transmitted at reduced rates over a hardwire link.

Alaska acquires the spacecraft 10 orbits each day (of the 13 to 14 orbits per
day). Rosman acquires two orhits per day missed by Alaska. Orroral acquires
the PCM data for the remaining orbits missed by Rosman and Alaska,

All spacecraft data are processed in the Nimbus Data Handling Facility at
GSI'C. Photographic images of IDCS, HRIR and ’\JIRIR data are processed. fnrouﬂfn
the Nimbus Data Utilization Center. Digitized magnetic tape recordings of the
IRIS, MRIR, HRIR, 8IR8 and MUSE experiment data are dlstmbuted to the re-
spective experimenters for further data reduetzon -

1.8 Mimbus Data Utilization Center

The Nimbus Data Utilization Center (NDUC) performs the foﬂou ing
functions:

1. Accountability for and dlS}:r;butlon of all expemmené; data pmcessed by .
the NDHF,




2. Processing and reproduction of photographic data until they have been
archived,

3. Generation of periodic data catalogs in a format as cutlined in Section 10
to provide information on IDCS, HRIR, MRIR, IRIS, SIRS and MUSE data
collection and availability,

4. Special fechnical services concerning data processing to the experiment-
ers and data users, including maintenance of a complete photographic
data reference file.

1.7 Archival and Dissemination of Nimbus OI Data

The nature and format of the data to he available from each experiment are
v explained in detail in the respective sections of this guide. The data will he
- archived and available as described below.

1. IDCS photographic data will he archived and available through the
National Weather Records Center {(NWRC), Environmental Sciences
Service Administration, Federal Building, Asheville, North Carolina
28801,

2. HRIR and MRIR photographic data will be archived and available through
the National Space Science Data Center (NSSDC), Goddard Space Flight
Center, Code 601, Greenbelt, Maryland 20771,

3. HRIR, MRIR, IRIS and MUSE digital data tabulated as radiance values
will be archived and available through the NSSDC,

H

SIRS digital data will be archived and available from two sources:
Digital data tapes containing radiance values will be archived in the
NSSDcC, :

Digital data tapes containing temperature profiles and the radiance
values from which they were derived will be archived in the NWRC,

IDCS photographic data and SIRS digital data will be available from the
NWRC at cost. Limited quantities of all other data will be furnished to quali-
fied investigators, by the NBSDC, without charge., A charge for production and
dissemination cosgts may be established by NSSDC if a large volume of data is
requested. Whenever it is determined that a charge is required, a cost esti-
mate will be provided to the user prior to filling his data request.

All requests from non-United States researchers for HRIR, MRIR, IRIS,
SIRS or MUSE data, in either film or digital output format, archived and avail-
able through NSSDC must be specifically addressed to: Director, World Data
Center A for Rockets and Satellites, Code 601, Goddard Space Flight Center,
Greenbelt, Maryland, 20771, U.S.A.,



SECTION 2
THE IMAGE DISSECTOR CAMERA SYSTEM (IDCS) EXPERIMENT

by
Gilbert A. Branchflower, NASA, GSFC
and
Leon Goldshlak, Allied Research Associates, Inc.

2.1 Introduction

Nimbus III will carry one daytime camera system known as the Image Dis-
sector Camera System (IDCS). Pictorial information will be recorded on video
tape and stored in the satellite until commanded to playback at the prime Nimbus
Data Acquisition Facilities near Rosman, North Carolina, and Fairbanks, Alaska.
A second mode of data transmission is the real time transmissgion, which enables
APT users worldwide to acquire directly from the satellite pictorial meteorologi-
cal coverage of their immediate areas. The broadcasts in the real time trans-
mission mode are essentially identical to those recorded on the video tape for
subsequent transmission to the Data Acquisition Facility. Section 9 of this Guide
and Reference 1 of Section 9 provide information on the IDCS Real Time Trans-
mission mode. o ' :

The IDCS is mounted on the bottom of the sensory ring of the earth btablhzed
Nimbus 11 satelhte The "optic ax1s” of the camera system is aligned with the
positive yaw axis (see F1gure 1-2) of the satellite. The image dissector is a
shutterless electronic scan and step tube mounted behind a wide angle lens.
Scanning and stepping functions occur continuously while the satellite is progress-
ing along its orbital path, i.e., the earth scene contained in a single frame is not
exposed instantaneously from a fixed location in space. The image dissector
scanning and stepping cycles in conjunction with the satellite orbital motion have
been designed io achieve an image with a nearly 1:1 aSpect ratio for the Nimbus
111 600 nautical mile mrcular orbit. Successwe EDCS frames are initiated at
intervals of 208 seconds. An interval of 208 seconds is the complete +1m1ng
cycle for a IDCS frame and acsomated electronic functions.

Advantages of the experimental IDCS over the more conventional vidicon
camera systems are: the ability to sense a greater dynamic range {(about 100:1),
high signal to noise ratios, direct 1"815;1.1:10115113.1) between light flux input and elec-
tron current output and the avmdance of a mechanical shutter, :




2.2 Description
2.2,1 Optics

The optical system of the IDCS consists of 2 wide angle Tegea lens. The
lens has a nominal focal length of 5.7 millimeters and a nominal diagonal field
of view of 108 degrees. A minus blue filter in front of the lens is emploved for
enhancement of cloud images. The image dissector tube {sensor; is mountad
directly behind the optical system.

Ground resolution obtained from the IDCS at an altitude of 600 nautical
miles is approximately 1.75 nautical miles at the instantaneous satellite sup-
point, decreasing to about 3 nautical miles at the north-south limits of view and
to 6.65 nautical miles at the east-west limits of the field of view. The average
picture resolution within the field of view is approximately 2.2 nautical miles.

2,2.2 Sensor

The image dissector tube is 1 non-storing, scanning detector of the photo-
multiplier class {(see Figure 2-1;. Basic components of the tube are a photo-
cathode, an accelerating screen, a drift tube, an aperture and an electron
multiplier. Excitation of the photocathode by light causes electrons to be
emitted in direct proportion to the light level appiied. The emitted electrons
are accelerated from the photocathode and pass through a fine mesh screen
into a unipotential drift space. A magnetic focus field (the focusg coil is g long
solenoid enclosing both the photocathode and aperture piaﬁe} is applied such that
the electrons spiral, arriving at the aperture plane with the same spatial rela-
tionship as the original optical image on the photocathode. Thus, the optical
image has been-translated into an electron image and iransferred to the single
aperture plane within the image dissector tube, L

At the center of the aperture plane is a small hole (the aperture). The
aperture diameter is chosen to admit electrons from a selected area of the
photocathode. Size and shape of the aperture may be chosen, within limits, as
a function of the required sampling technigue and resolution. The Nimbus a1
image dissector tube has a circular aperture of 0.001 inches diameter with an
511 photocathode of 0.7 inches diameter. The effective instantaneous field of

view of the sensor is 0.166 degrees,

To generate a proper scan sequence for a normal raster, it is necessary to
apply a transverse magnetic field in the drift space. Deflection coils, which are
similar to vidicon deflection coils, develop the transverse field which causes
the complete electron image to shift orthogonal to the direction of the magnetic

10
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Figure 2-1- Compenents cof Image Dissector Tube

field. Thus, selected areas of the complete eléctron image can be scanned past
the aperture centered in the aperture plane. Horizontal deflection generates
scan lines and vertical deflection generates the scan step,

As the electron image is moved past the aperture, that spot of information
passed through the aperture is detected as an electrical signal and is multiplied
over a million times by the electron multipiier assembly located behind the
aperture plane. After electron multiplication, the signal current is fed to the
electronic circuits that enable the signal to be transmitted directly to the ground
in real time (DRID) and/or to be stored on magnetic tape for subsequent playback
at the Data Acquisition Facilities.

2.2.3 Sensor Operation

An entire image dissector video frame consists of 800 scan lines and re-
quires 200 seconds of cycling time (Figure 2-2). The elapsed time for one com-
plete scan line is 250 milliseconds (0.25 seconds). A complete scan line is '
composed of two parts: a 225 millisecond active scan fo'lloxi’in'g a 25 millisecond
blanked scan. Video data are collected during the active portion of the scan.
The blanked portion of the scan occurs during scan reorientation to the new start .
position. A scan line corresponds toa nominal viewing angle _of_98.2 degrees in
the image dissector tube., The stepping cycle (800 steps) , which is perpendicular
to the scan line direction, corresponds to a nominal 73,5 degrees viewing angle

in the image dissector tube. These angles are not the "aé_ﬁual angles of the field . .' _

of view because they do not at this point include lens distortion, blanking, or
satellite movement during the 200 second picture taking time. The stepping |
sequence is linear in time, thus, each'step starts at 250 miliisecond intervals,

11
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Figure 2-2-Schematic Representation of Image Dissector Scanning Cycle

In Figure 2-2 the column of numbers near the rlght hand limit of the scanned
area is the start time (seconds) for active segments of selected scan lines, End
times (seconds) of the same scan lines are shown near the left limit.

The scanned area or raster shown as 4 square in Figure 2-2-is in reality
a rectangle on the photocathode. The rectangle has a height to base ratio of
approximately 1. 0 to 1.5. Successive scan lines are. geometrically overlapped
by about 33 percent on the photocathode However, during the IDCS operational
cycle this overlap is effectwely removed by the forward motion of the satelhte
relative to the earth a_nd the final display is ﬁommaliy square.

The first video scan line commences below (36.8 degrees) and to the right
49.1 degrees) of the optical center of the image dissector tube (Figure 2-2).

12



Scan lines are generated from right {o left, whereas the stepping sequence is
from the bottom to top of the image dissector tube. The top of the tube is ori-
anted on the spacecraft in the heading direction,

2.3 Calibration Results

Figure 2-3 is a IDCS calibration picture showing the field of view of the
camera system including simulated satellite motion for a circular orbit at a
height of 600 nautical miles. The nodal point of the lens was at a measured
distance of 58.844 inches from the plane of the calibrated target shown in the
fisure, The black grid network shown in Figure 2-3 should theoretically con--
sist of squares, Deviations from a square grid network represent a combina-
tion of lens distortion, internal sensor ‘alignments, and known mechanical and
electronic distortions introduced during the calibration procedures. Henceforth,
the combined distortions resulting from the camera lens and the internal sensor
alignments will be referred to, simply as lens distortion.. - '

The "pin-cushion" distortion pattern exhibited by the black grid network
‘in the calibration picture is, however, indicative of the true camera system
“distortions. e

2.3.1 Image Principal Point

At one instant during the scanning sequence of a complete IDCS frame the
image dissector sensor will be aligned with the local vertical. The instantane-
ous satellite subpoint, at that time, is defined to be the object principal point.
The corresponding location of this instantaneous subpoint in the final IDCS dls—
play is defined to be the image prmmpai point, ' ' 0 '

As determined from the éalibration picture {Figure 2-3) the image princi-
pal point is not located at the geometric center of the IDCS display but is offset
stightly toward the left and above the center of the display. Location of the image
principal point is shown at the intersection of the two diagonals in the calibra-
tion picture in Figure 2-3. The image principal point is located 51.6 percent
of the horizontal distance from the right hand edge of the display and 48.8
percent of the vertical distance from the top of the display (step 410 from the
hottom of the IDCS display).

13




Figure 2-3-1DCS Targe* Calibration Picture
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2.3.2 lLens Distortion

The wide angle Tegea lens coupled with the image dissector tube results in
a low distortion optical system in the central portion of the field of view. Dis-
tortion effects are zero in the center of the field of view and become more
noticeable near the sides and corners of the picture. Figure 2-4 shows the
location errvors, in nautical miles, of peints in the IDCS picture resulting from
lens distortion. Location errors shown in the figure are for a satellite height
of 600 nautical miles. Data points are referenced to the image principal point
and values are shown only for the upper right hand quadrant of the display since
the distortion is symmetrical about the axes through the Image principal point.
Isolines are drawn for 1, 5, 30 and 80 nautical mile location errors within the
entire IDCS picture area.

Figure 2-5 shows the lens distortion vectorially. Only the upper right hand
gquadrant of the IDCS display is shown. The origin of the vector represents the
location of points as seen through an ideally perfect nondistorting lens. Termi-
nation of the vector represents the relocated position of the same points caused
by the lens distortion and presented in the final IDCS image. Vectors are
properly scaled relative to the shown format except that the sealar values at
thogse points containing coordinate values of 0.9 and/or 1.0 are approximate,
Units are arbitrary, rendering the diagram useful for Nimbus IIT IDCS éppiica—
tion regardless of satellite height or size of the final display,

2.3.3 Field of View

The coverage presented in a IDCS frame results from a composite of the -
fixed scan aed step modes of the image dissector tube, blanking, plus the satel-
lite motion and lens distortion. Figure 2-6 and Table 2-1 indicaté, respectively,
the IDCS field of view in terms of angular measurements at the spacecraft and
earth coverage in nautical miles as displayed in the IDCS picture., Earth cover-
age measured from the image principal point to the picture boundaries are given
in Tabie 2-1 for satellite heights at and near the nominal 500 nautical miles.

All data in Table 2-1 are referenced from the image principal point, not from
the geometric center of the IDCS display, and contain the lens distortions men-
tioned in Section 2.3.2 (shown in Figure 2-6) and the contribution of the satellite
motion,

2.3.4 Shading Characteristics

When a constant light intensity impinges on the sensitized surface of the
image dissector tube, the resultant output shows slight shading characteristics,

15
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Table 2-1
IDCS Picture Coverage

SATELLITE | DISTANCES (Nautical Miles) FROM IMAGE PRINCIPAL POINT

HEIGHT TO IDCS IMAGE BOUNDARY AS

Nautical INDICATED IN FIGURE 2-6
Miles A B C D E F G H
540 730 1153 099 1173 743 1246 543 1224
550 737 1175 612 1195 730 1273 657 1250
260 742 1194 624 1217 756 1294 671 1273
570 749 1217 637 1238 762 1325 684 1300
580 754 1237 649 1261 768 1353 698 1325
590 61 1261 662 1285 775 1383 712 1354
500 766 1283 675 1308 781 1413 727 1382
610 773 1368 688 1335 788 1446 741 1412
620 779 1332 701 1362 795 1482 725 1443
630 786 13595 714 1390 802 1519 765 1478
640 793 1386 727 1418 809 1558 784 1514
650 799 1413 740 1448 816 1603 798 1551
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Figure 2-7 is an enhanced calibration test picture which displays the shading
pattern for a 10,000 foot lambert input over the full field of view of the camera.
This response pattern is essentially the same for all light inputs below 10,000
foot lamberts. The arbitrary grav levels in Figure 2-7 are used only to deline-
ate the different shading characteristics of the camera for a given input.

10,000
FOOT LAMBERTS

Figure 2-7—1DCS Shading Characteristics
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Correct boundaries between different shading areas are closely approxi~
mated by the contours superimposed on the calibration picture. Striated pat-
terns within the picture result from interference in the test equipment and
should be ignored,

The left and central area of the picture labeled 10 ,000 foot lamberts is the
brightest response and is verv near or at saturation. The two adjacent areas
delineated and labeled 9,500 foot lamberts represents a five percent drop in
camera output for the same 10,000 foot lambert input. Differences between the
10,000 and 9,500 foot lambert areas, or any two adjacent areas, may not be
notmeabie in- tne IDCS pietures play ed back on the ground equipment.

In fact the ca, mera response deviation may barely be noticeable throughout
the ﬂntlre frame

At the fouz corners and near the right hand edge of the picture addﬂ:mnal
areas of camefa response "fall off"" are delineated and appear at 9,000, 8,300
and & OGG foot 1amberts

Iaterpretation of the shading phenomenon, from the user standpoint, is that
he be aware that a given albedo, when observed in the central portion of the
plcture Wlll appear slightly brighter than the identical albedo observed toward
the edoes or corners of the picture.

2.4 P_ic_t_uz_’é _-.Fo'rmul_a tion' i

As prewoush mentloned the IDCS display is a composite resulfing from
the fixed scanand step mode of the image dissector tube plus the contribution
prov1ded bv the satellite motion. The satellite motien, as it affects the IDCS
ri1spla ma& be t;louﬂ ht of as being composed of two classes of phenomena:

(1}- ._batelllte Locamon - the position of the satellite in space, relative
“to tﬁe earth. as a function of time, and
11} Sateihl:e Attltude - the direction toward which the satellite, or camera
Optic ams "is facmo‘ at any instant of time,

Only the 1ocat10n 01 the sateihte as function of time is used as the satellits

motion contrmutlon for the final composition of the IDCS frame, Attitude devi-

atlozls Whmh are aiso a ‘component of the satellite motion are assumed to be
Zero.



2,4,1 Scan Component

An active IDCS scan line sampies data that are perpendicular to the instan-
taneous spatial heading of the satellite. Due to the electronic stepping, or "pitch-
ing" sequence of the sensor, the instantaneous satellite subpoint is not contained
in the sampied data of a scan line, except for data sampled during scan line
410 {t ;, +102 seconds). The user should note that the scan direction is not per-
pendicular to the subpoint track of the satellite,

Facing the direction of motion of the sateliite, an active scan is generated
by observing the earth from right to left relative to the satellite location (Fig-

ure 2-8),

_ The field of view represented by a single active scan line, as determined
from calibration data, is 92.0 degrees from side to side.

Z2.4,2 Step Component

During the framed picture-taking interval the electronic stepping compo-
nent continuously varies the sensor look angle in the roll-vaw plane from behind
the satellite, through the vaw axis to a point ahead of the satellite. For clarity
of illustration we temporarily assume that the satellite is fixed in space. Fig-
ure 2-9 shows schematically the stepping mode of the image dissector tube for
one complete video frame. '

At the start of the picture-taking interval the sensor look angle is 35.3 de-
grees behind the satellite. Approximately midway during the picture taking
interval, at step number 410, the sensor look angle is aligned with the vaw axis.
At the end of the picture taking interval, the sensor lock angle is 34.4 degrees
ahead of the sateliite. Thus, the total field of view in the roll-vaw plane
accounted for by the electronic stepping sequence {excluding satellite motion)
is 69.7 degrees.

The sensor varies linearly through 89.7 degrees in 800 steps. A composiie
picture resulting from the scanning and stepping cycles requires 200 seconds
for completion (800 successive steps or scan lines at 0.25 seconds per scan
line),
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2.4.3 Satellite Motion Component

The image dissector camera is in continuous operation for 200 seconds.
During this time interval the satellite is constantly progressing along its orbit.
The motion of the satellite, relative to the earth, contributes significantly to
the image aspect ratio, resolution, and area viewed during the 200 second
camera cycie,

Angular and timing specifications for the image dissector tube were pre-
selected so that when integrated with the satellite motion, the resultant image
would be in a nearly 1:1 aspect ratio. The most significant contribution made
by the satellite motion is to expand the viewed image in the direction of motion
of the satellite (along the heading line) so that the aspect ratio approaches 1:1.

A true aspect ratio of 1:1 cannot be achieved by the image dissector camera
system since another variable, the rotation of the earth during the 200 second
picture taking cycle, is not compensated. However, the image distortion result-
ing from earth rotation is a second order effect.

Figure 2-10 shows schematically the integration of the satellite motion with
the limits of the stepping motion of the image dissector camera. The 500 nauti-
cal mile circular orbit causes the Nimbus IIT satellite to traverse 11.11 degrees
of great circle arc during the 200 seconds of the picture taking cycle.

2.5 IDCS Data Processing, Archiving and Access

2.5.1 IDCS Data Processing

The IDCS data are stored in the High Data-Rate Storage Subsystem (HDRSS)
and transmitfed on command to the DAF station, in reverse at 32 times the
record rate,

The IDCS data are received on the S-hand frequency at the DAF. The S-band
signal consists of five channels of multiplexed data, four on separate subcarrier
frequencies and one af the baseband. At the ALASKA DAF, the composite group
of subcarriers is demultiplexed and the subcarriers are recorded on magnetic
tape so that the data may be transmitted to the GSFC NDHF. The Video Daia
processing svstem for Nimbus I11 is the modified AVCS subsystem used on

Nimbus I and II.

At the NDHS the photographic processing of the IDCS kinescope pictures is
accomplished by a rapid BIMAT svstem which includes a develop, fix, wash, and
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dry cyele. This system produces a 70 mm negative and positive transparency

simultaneousiy, the negative being of archival guality,

Each IDCS frame, approximately 2 % 2 ine hes, has a computer produced
iatitude-longitude grid and time of the first scan line (top) of the video displav.
Figure 2-11 is an illustrative example of the IDCS picture format with time and
latitude~longitude orids.

e

Figure 2-11=Sample DCS

Picture Format

The latitude-longitude ¢rid points are computed by a CDC 924 computer and
electronically integrated with the video signal at the ground station. The grid
points form latitude grid lines at 10° intervals and are compesed of grid points
at two degree intervals. The longitude grid lines are formed at ten degree in-
tervals between 6078 to 60°N and are composed of grid points at two degree
intervals. The longitude grid lines from 60°S and 60°N to the Poles are formed

at 20 degree intervals and are composed of grid points at 5° intervals from 60°
te 307 Colatitude. '

An arrowhead pointing to the north appears near the vertical center of the
picture at a latitude-longitude intersection. The latitude and longitude of the
intersection appears at the left side of the picture. Latitude is indicated by the
two upper digits followed by an "N" for north or 'S" for south. Longitude is
given by the three digits below followed by "E'" for east or "W for west. The
longitude display does not appear at the Poles, Three tick marks are located
at the center right of the picture. The longer tick mark in the middie nositions
the four hundredth line of the frame which is midway during the picture-taking
interval. Tor all practical purposes this corresponds to the sensor scan through
the subsatellite point. The time annotation at the hottom of the dispiay is the
time of the first scan line (top line) of the video display. The time of the 400th



scan line {defined by the longer tick mark) is obtained by adding 100 seconds to
the time given at the bottom of the display. In the example shown (Figure 2-11)
the arrcwhead is located at 40°N and 166°W and the time (Universal) is 022 days
(January 22}, 11 hours, 31 minuies, 38 seconds.

2.3.2 IDCS Data Archiving and Access

The original 70 mm negatives are arranged in data orbit or swath format,
i.e., sequential pictures of a single swath from pole to pole. The individual
swaths, labeled by appropriate data orbit number are spliced fogether in orbit
sequence. These negatives are reproduced under strict quality control stand-
ards on 70 mm roll film stock as both pogitive and negative fransparencies. The
transparencies, in 300-foot reels, will be forwarded to the National Weather
Records Center (NWRC) in Asheville, North Carolina, for archiving. A 500-foot
reel of film will contain approximately one week's IDCS coverage. Film data
can be ordered from NWRC at cost of reproduction.

Reference to the Nimbus 1T monthly catalog containing daily IDCS montages
and coverage will enable the user to determine his data requirements as to time
and geographical location and in turn the particular swaths of data he requires,
Orders and inguiries should be addressed to:

National Weather Records Center
ESSA

Federal Building

Asheville, North Carclina 28801

The following information should be included in correspondence or on
orders:

1, Satellite, i.e., Nimbus II
2. Sensor, i.e., IDCS

3. Date

4, Swath Number

Positive or Negative Transparency

o



For the interim period between launch of Nimbhus III and the issuance of the
first Nimbus IIT Monthly Catalog, the GSFC, upon request, can make available
Nimbus IIi IDCS film dats in 70-mm copies on a limited and time available basis.
As resources permit, limited quantities of data will he furnished to qualified
investigators without charge,

Special requests for Nimbus I IDCS data during the interim period should
be addressed to:

National Aeronautics & Space Administration
Goddard Space Flight Center

Nimbus Project, Code 450

Greenbelf, Maryland 20771

It is suificient to indicate the date and specific geographical area of coverage
for these special interim requests. 70-mm IDCS data can be made availahle in
the following formats by swath:

Negative Transparencies
Positive Transparencies
Positive Contact Prints



_SECTION. 3

THE HIGH RESOLUTION INFRARED
RADIOMETER (HRIR) EXPERIMENT .

by
G. Thomas Cher;ix and Lewis J. Allison
National Aeronautics and Space Administration
Goddard Spac_e_ Flight Center

3.1 Introduction

The Nimbus High Resolution Infrared Radiometer (HRIR} was designed to
perform twe major functions: first, to map the Earth’s cloud cover at night to
complement the television coverage during the daytime portion of the orbit, and
second, to measure the temperatures of cloud tops and terrain features. It is
recommended that the user read the descriptions of previous HRIR Experimepts
in the Nimbus I and II'User's -Guides {References 1,2,3) and in the NASA Spacial
Publication SP-89 titled "Observations From the Nimbus 1 Meteorolbgical
Satellite,” (1966) {Reference 4),

The Nimbus I HRIR has been modified to allow nighttime and daytime cloud
cover mapp'i_rig' by use of g dual band-pass filter which transmits __{'};7 to 1.3 micron,
as well ajs,:'S,f% to 4.2 micron radiation. The improvement”f_j_f_'d_étedtor temperature
control and electronics ‘compensation has eliminated the mﬁitipie calibrations of
previous instruments, ' :

A new tape recorder system provides play back only in the reverse direction,
simplifying data reduction. More reliable time identification of data film strips
Is an important improvement. Nimbus II HRIR data users can order two types
of film strips; Variable Density Exposure Film Strips as before, and Uniform
Density Exposure Film Strips which were not available to Nimbus I and I data
users.

3.2 Instrumentation
3.2.1 Radiometer
The single-channel dual band-pass scanning radiometer is shown in Figure

3-1. The detector is a lead selenide (PbSe) photoconductive cell which is radi-
atively cooled to, and controlled at 196°K (-77°Ch.
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Nighttime operation is, as before, in the 3.4 to 4.2 micron near infrared
"window' region. Daytime operation is based on the predominance of reflected
solar energy in the 0.7 to 1.3 micron region, Change-over from nighttime to
daytime operation (and vice versa) is accomplished automatically (or by a ground
station command), by actuating a relay in the early stages of the radiometer
electronics. The system gain is reduced in the daytime mode to compensate for
the higher energy levels present. Separate calibrations are made for the two
{2) modes of operation. (Section 3.3).

The white collars shown in Figure 3-1a are sunshields to prevent solar
radiation from entering the radiometer during spacecrait sunrise and sunset.
The scan mirror is located between the sunshields. The cylinder proiecting
from the end of the scanner contains the motor which drives both the scan mir-
ror and chopper. The front of the pyramidal horn, which is part of the radiative
cooling assembly, can be seen. The early stages of the electromcs are located
arcund this horn. :

The radiometer, which weighs slightly over 8 kg (17.8 ibs.) and consumes
3 watts of electrical power, measures radiance temperatures between 2106°K
and 330°K with a noise equivalent temperature difference of 1°K for a 260°K
vackground. The radiative cooling system is shown in Figure 3-2. Cooling is
accomplished by means of a blackened cooling patch at the bottom of a nhighly
reflective gold-coated pyramidal horn. The horn is oriented fo view space dur-
ing the enlire orbit. The patch is thermally Isolated from the housing and horn
assembly by a 0,012 inch diameter wire suspension system. The sletector 1q SR
connected to the cooling patch by a high thermal conduciance transfer bar,’

Figure 3-3 illustrates the HRIR optical system. The scan mirror is in-

lined 45 degrees to the axis of rotation which is coincident with the spacecraft
velocity vector @ssuming no yaw or pitch aftitude error). The optical scan sath
hus lies in a piane perpendicuiar fo the orbital motion. Scan mirror rotation is
such that, when combined with the velocity vector of the satellite, a righi-hand
spiral results, Therefore, the field of view scans across the sarth from east fo
west in davtime and wess: io east at night, when the sateilite is traveling north-
ward and southward,’ espectweiv.

The radiation reflecied from the scan mirror is chopped at the focus of a
i-inch {/1 medified Cassegrainian telescope. It is then refocused at the detector
oy a reflective relay system containing the dual band-pass filter.

The instantaneous field of view of the HRIR is approximately a square of
1/2 degree on a side. At an altifude of 1112 kilometiers (800 nautical miles;
this results in a subsatellite ground resolution of 8.5 kilometers (4.8 nautical
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mileg). The scan rate of 48 RPM produces contiguous coverage along the sub-
satellite track. Due to the earth-scan geometry of the HRIR, as nadir angle
increases, overlapping occurs between consecutive scans, reaching 330 percent
overiap at the horizons, resulting in a loss of ground resclution in the direction

of the satellite motion. Even greater loss of resclution oceurs along the scan

line {perpendicular to the line of motion of the satellite) because of the expansion, . . .
with increasing nadir angle, of the target area viewed.

Figure 3-4b gives graphically the relationship between nadir angle and
ground resolution element size along the path of the satellite and perpendicular
toit. Pictorially this is represented in Figure 3-4a, The numbers under each
resolution element are nadir angle (in degrees), resolution along the scan line
{in kilometer}, and resolution parallel to the satellite line of motion {(in kilometer).
For example, at 50° nadir angle, the ground resolution element of the HRIR ig a
rectangle 35.2 kilometers long (approx. east and west) by 15.3 kilometers wide
(approx. north and south).

In contrast to television, no image is formed within the radiometer: the
HRIR sensor merely transforms the received radiation into an electrical (voltage)
output with an information bandwidth of 0 to 350 cyeles per second. The radiom- ,
. eter scan mirror continuously rotates the field of view of the detector through
360 degrees in a plane normal to the spacecraft velocity vector. The detector
views in sequence the in-flight blackbody calibration target (which is a part of
the radiometer housing), outer space, Earth, outer space, and returns again to
intercept the calibration target. The space and housing-viewed parts of the
scan, which can be identified without difficulty, serve as part of the in-flight
check of calibration. Information on housing temperatures, which are monitored
by thermistors, are telemetered to the ground stations and for calibration pur-
poses are constantly compared with the temperatures obtained from the radiom-
eter housing scan. The space scan serves as the zero reference point. During
the first space sweep of each scan, a permanent magnet on the scan mirror gear
triggers an elecironic gate and a multivibrator so that seven pulses are gen-
erated. These pulses are used to synchronize automatic display equipment on
the ground. During a portion of the housing scan, a series of voltage steps are
substituted for the radiometer signal as a check of the telemetry system. A
Visicorder oscillograph trace of a portion of a previous Nimbus analog record
with a simulated Nimbus III stairstep calibration included, is shown in Figure
3-5.

3.2.2 Subsystem

A gimplified block diagram of the HRIR Subsystem is given in Figure 3-86.
The radiometer produces three (3) identical outputs (0 to -6 V.D.C.). Two (2)
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of these are routed to separate tape-recorder subsystems {High Data Rate
Storage Subsystems HDRSS "A" and ""B') and the third called Direct Readout
Infrared Radiometer (DRIR) is broadcast in real time through the Real Time
Transmission System.

3.2.2.1 Stored Data

The HRIR records on one track of the 5 track HDRSS tape recorder subsys-

tem along with IDCS, MRIR, IRIS, and the time code., There are two (2) similar
EDRSS’s in 'the_ spacecraft for increased reliability and data coverage.

The varying D.C. voitage from the HRIR modulates a VCO (voltage controlled
oscillator) between 2.3 kHz and 3,16 ‘kHz and is recorded on the HDRSS tape re-
corder.” Upon command the recorder plays back {in reverse) thirty-two {32) times
faster into _on_e_'char_mel of the mu_ltip'lexe_r (MUX). The signal is doubled and heat
against an 850 kHz local osciliator, producing a 702.8 kHz to :_647."?’6 kHz ¥M sig-
nal, This is directed into the S-Band transmitter and broadeast to the Data’
Acquisition Facil_ity {DAF) along with the Time Code, MRIR, IDCS, and IRIS -
frequencies, - S

3.2.2.2 ‘Direct Readout Infrared Radiémeter. (DRIR) - -

The HRIR Real-time Transmission 'Slibsystem '(RT"E_’S) is shared with IDCS
(Section 9). Generally Real Time IDCS (DRID) data will be broadcast in daytime
and DRIR data in nighttime. On a few selected accasions Real Time DRIR data
will be transmitted in daytime to evaluate the daytime HRIR (0,7-1.3 micron)
experiment.

The HRIR output is channeled into a mixer-modulator (HAX) where it ampli-
tude moduiates a 2400 Hz signal from the spacecraft clock., This subcarrier
in turn frequency modulates 2 136.95 MHz transmitter which broadcasts
continuously,

3.3 Calibrations

The operation of the Nimbus IIT HRIR at night is similar to previous instru=
ments since only negligible quantities of short wavelength radiation are detected
and the response of the instrument is essentially limited to the 3.4 to 4.2 micron
region, Section 3.3.1 covers the nighttime calibration procedures and results
for the Nimbus III flight instrument.
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In daytime, radiation is sensed in three discrete spectral intervals (see
Figure 3-7 following), and a single calibration curve of albedo vs. output cannot
be obtained directly. However, cloud-cover maps of high reliability are pro-
duced. Section 3.3.2 covers the daytime calibration procedures and results for
the Nimbus [II flight insirument,
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Figure 3-7—Ef#fective HRIR Speciral Rasponse of the Radiomater

3.3.1 Nighttime Calibration 3.4-4.2 microns)

n discussing the calibrations, three fundamental guantities must de defined:
the effective speciral response, . ; the effective radiance, N: and the equivalent

-

blackbedy temperature, I .
3.3.1.1 Effective Spectral Response

The radiation received by the radiometer is reflected by three Irontsuriace
sluminized mirrors, two frontsurface gold-coated mirrors, and tfransmitted
through a filter before reaching the coated PbSe detecior. The effective spec-
iral response, Iy 18 defined as ¢, = R,I. D, where R, is the combined gpeciral
reflectivity of all five frontsuriace mirrors, {, is the speciral transmifiance
of the filter and D. is the relative speciral response of the detector,
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The materials used in the optics are given in Table 3-1. The function f -
was calculated from lahoratory measurements of the components used in HRIR
unit F~5, the Nimbus III instrument. The functions D » and R, were calculated
from typieal laboratory curves. The effective spectral response is given in
Figure 3~7,

Table 3-1
Nimbus III HRIR Optical Components

Filter

Nighttime Section (3.4 to 4.2 microns)
Type: Multilayer wide band-pass interfercnce
Substrate: Germanium
Area: 85% of aperture

Daytime Section (0.7 to 1.3 and 2.5 microns)
Type: Multilaver wide band-pass interference
Substrate: Glass
Area: 153% of aperture

Scan Mirror
Type: Evaporated Si0 over hard-coated aluminum
Substrate: Aluminum :

Cassegrainian Telescope {Primary and Secondary)
| Type: Front-surface Al with Si0 over-coating
i Substrate: Glass :

i Relay Ooties i

4 Tvpe: ZFront-surface Au with 310 over-coating

: (two surtaces) :
Substrate: Glass

. e i
Type: Evaporated Lead Selenide {PbSe) .
i Sensitive Area: 0,695 mm X 0.695 mm i

-

Effective Radiance

o
ca
-
o

Because of its narrow field of view, the HRIR essentially measures beam
radiation or radiance toward the satellite along the optfical axis, In the pretflight
:aboratory calibration, the field of view of the radiometer was filled by a black-
oody target whose temperature conld be varied and accurately measured over 3

range of 190°X Lo 340°K. From the temperature of the blackbody target, Ts .
B
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the spectral radiance of the target is determined by the Planck function, B..
The integration of this function over the effective spectral response, 2, , ylelds
that portion of the radiance of the target to which the radiometer respbhds, the
"effective radiance. N," given by

o

3.3.1.3 Equivalent Blackbody Temperature

The effective radiance to which the orbiting radiometer responds may be
expressed by

Ry

N = j N, & d )
0

where N, is the spectral radiance in the direction of the satellite from the
Farth and its atmosphere. It is convenient to express the measurement from
orbit in terms of an equivalent temperature of a blackbody filling the field of
view which would cause the same responsge from the radiometer. From Kqua-
tiong 3 and 4 it is seen that this "equivalent blackbody temperature’ corresponds
to the target temperature, Tpg, of the blackbody used in the laboratory calibra-
tion. This relationship is expressed schematically in Figure 3-8. Thereiore,
the radiometer measurements can be expressed either as values of effective
radiance, N, or as equivalent blackbody temperatures, Ty, The N versus Tgg
function from Equation 3 is given in Figure 3-9 and Table 3-2.

Figures 3-10 through 3-12 are the calibration curves for the HDRSS ""A",
HDRSS "B", and DRIR subsystems, Each graph contains curves for 10°C, 25°C,
and 35°C electronic module temperatures. The D.C. volts scales refer to the
"stair step'' levels (section 3.2.1) inserted in the backscan portion of each scan,
and data samples should be interpolated between the appropriate pair of these
steps. However the zero step is affected by conditions on the spacecraft and
the true zero step should be estimated by extrapolating beyond the two-volt and
one-volt steps. This method is more accurate than using the "demodulated output
frequency' scale (right-hand axes).

3.3.2 Daytime Calibration

A diffuser is placed in front of a lamp and filter system and the light level
is varied from zero to the equivalent of that from a "bright" cloud (approx. 7 5%
albedo). Several neutral filters are inserted to reduce the intensity of the energy
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_ Table 3-2
Effective Radiance (N) vs Equivalent Blackhody Temperature (TBB)
for HRIR thht Unit F-5 -

s o N ol Ty | N
Degrees Kelvin | Watts/Meter?- Ster | Degrees Kelvin | Watts/Meter . Ster

8¢ 7.230x 10-% | 1270 6.950:% 10~2
190 2.126 x 107% 280 1,139 x:10"1
200 5.624 X 103 290 1.806 % 1071
210 1.358 X 1063 300 2,776 x 1071
220 3,030 x 10-3 - 310 14,154 %1071
230 . 6.311x10-3 - 1 . 320 6.063 % 1071
240 1,238 x 1072 : 330 8.650.x 107 ¢
250 2.302 X 1077 340 1.209

260 4,085 x 1072 350 1.658
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CALIBRATION .OF ‘HRIR UNIT, F-5 .
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Figure 3-10-Calibration Data for the HRIR Unit F-5 Valid for Data
Recorded by HDRSS “A” at 10°C, 25°C, 35°C Electronic Module
Temperatures.
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CAUERATI»O& OF HRIR UNIT F.5
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Figure 3-11-Calibration Data for the HRIR Unit F-5 Valid for Data
Recorded by MDRSS *B” ot 10°C, 25°C, 35°C Electronic Module

Temperatures,
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Figure 3-12-Calibration Data for the HRIR Uni.\‘ F-5 Valid for Data
Recordediby the DRIR at 10°C, 25°C, 35°C Flectronic Moduie

Temperatures.
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reaching the radiometer. The diffuser is made of glass, which is opaque in the
3 to 4 micron region. Hence, it emits nearly blackbody radiation in the iong
wavelength portion of the HRIR's response. . This signal is added into that from
the lamp and filter system producing a compounded output. |

A similar situation exists at the satellite.  The solar radiation reflected
from a cloud produces a signal p'rimar_ﬂy' in the shor{ wavelength band-pass of
the instrument, while the"_the_rmai emis_si_pn of the eloud produces an addifional
signal in the long wavelength band-pass of the instrument, . Figure 2-13 depicis
schematically the relationship. between the laboratory cahbrahen and measure-
ments in orbit. The eombmatzon of these two components produces a given out-
put signal from the radlometer ThlS is emressed machemaﬁcaﬂv bjy

v 'N_Q‘m FOYD | N e md L)

spectral radiance due i:o 'r:eﬂected and backscattered solar
radiation at the top of the atmosphere in the dzrectmn of the

where  N_ (%)

sateihte.. PRSI
Ng(h) = spectral radlance due to thermal emission from the earth—
atmosphere svstem emerging at the top, of iﬂe ab?‘ﬂi}sp iere in
the d.lI‘ECthl’i of the satelhte L
and (k) = the effec_tive spectrai_'l‘esponse of 'tﬁe' ins'truinerlt. o

The filters of the HRIR were de51gned to cause the reﬂected solar radlatzon
component (the first term in Equation {5)) to be laroer than the thermal emigsion
component (the second term in Equatmn (a)) bv more than an order of magmtude
under the expected eoncﬁtlons of:-the. earth atmosphere evstem Therefore ex-
cept for situations mvolvmg very warm emlttmg surfaees havm{r low reflectances,
the daytime measurement can be mterpreted appre:;zmateiy inte zms of reﬂected
short-wavelength radlatlon aione w1thm an accuraov of 1(}% or: less '

For example, from a'warm surface havmo a temperature shcrhtly grea?:er
than 300°K and a relatively low reflectanee {such that the equivalent blackbody
temnperature due to emission measured at. the satelhte through clear skles in an
atmospheric window is 300°K and ‘the. reﬁectance of solar radlatlon measured at
the satellite corresponds to a surface _1_1Ium1nated by the solar constant at normal
incidence and having a diffuse reﬂec:_?:ance of 20%) the contribution of the first
term in Equation {5) would be ' '

Ng=206W- M %" Ster”
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LABORATORY CALIBRATION MEASUREMENTS IN ORBIT
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Figure 3-13-Schematic ilustration of Relationship Between ichoratory
Calibraticn and Daytime Measurements in Orbit

whereas the contribution of the second term (emission) would he about 14% of
N_, or
5 )

Ng =0.28W - M~% - Ster-L.
On the other hand, for a diffusely reflecting cloud under similar atmospheric
conditions and normal incidence of the sun (such that the corresponding equiva-
lent blackbody temperature and reflectance values are 275°K and 50% respectively),
the contribution of the first term in equation (5) would be
N, =514W- M2 Ster-'.
whereas the contribution of the second term would be less than 2% of N, or

N, = 0089 % - M-2 - Ster-l.
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The daytime calibration data have not been fully evaluated ag of the printing
of this guide, and will be presented in a forthcoming Nimbus III data catalog.

It must be emphasized that the primary purpose in modifying the spectral
response of the HRIR was to improve its daytime cloud-cover mapping capabii-
ities by producing measurement primarily of reflected solar radiation, thus
eliminating the ambiguities that sometimes arocse in attempting to distinguish
between highly reflecting clouds and warm land and water surfaces sensed solely
in the 5.4 to 4.2 micron region with the Nimbus I and II HRIR experiments.

3.4 Data Processing, Archiving and Availability

Nimbus ITI HRIR data are available from the NSSDC in three (3) general
forms: Photofacsimile {ilm strips (Figure 3-14a); computer processed digital
data shown in Figure 3-17, and raw analog records (Figure 3-14b). The film
strips arve separated into two (2) files, one for daytime data swaths, and one for
nighttime data swaths. The user has the choice of ordering these film strips as
Uniform or Variable density exposure, positive or negative copies in either a
transparency or paper print. :

The form of data most readily available to the user is the film strip.

Computer processing of the complex and voluminous data however, will be
accomplished whenever requested bv a user, as indicated in Section 3.4.2. The
analog data records require a comprehensive knowledge of the HRIR subsystem
for interpretation and reduction. The format of the analog data display makes
it practical only for studies requiring extreme accuracy and detail over small

areas,

Nimbus III HRIR data are always produced in the reverse mode, i.e., the
data are read oul with the tape fraveling in the opposite direction from that in
which it traveled while data were recorded. This is a departure irom previous
Nimbus HRIR daia which were produced in both forward and reverse direction.

3.4,1 Photofacsimile Film Strips

At the Data Acquisition Facility (DATF), the HRIR information is demulti-
plexed and recorded on magnetic tape. It is then transmitied to the Goddard
Space Flight Center, where the FM signal is demodulated, synchronized, and
displayed by a photofacsimile recorder. The facsimile recorder converts the
radiometer output signals into 2 continuous strip picture, line by line, on 70 mm
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Figure 3-14— Nimbus !l HRIR Visicorder Analog Record and
Phetotacsimile Film Strip
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film. Blanking circuits in the recorder reject unwanted sections of each scan
line. Oniy the Earth scan and, for calibration purposes, very small portions of
the space scan are recorded on the film strip. Daytime and nighttime data will
be split and separate files compiled for user convenience. All of the HRIR data
are available on photofacsimile film strips,

Figure 3-14b is a typical example of a portion of an orbital film strip ex-
hibiting the fully developed typhoon "Marie' of 1966. The vortex center {located
near 22°N 152°E) is marked by a cirrus canopy which obscures the eve. The
convective inflow spiral bands are well pronounced and can be distinguished
from the thinner and more diffuse cirrus outflow streamers. A large number
of structural details can be seen in this photo display, but the distortions at the
sides of the '_:Ei}m strip cbscure part of the storm,

3.4.1.1 Photographic Processing of'f‘iim Strips

The original photofacsimile film strips are processed and reproduced by
the NDUC photographic laboratory and archived at the NESDC for safe and per-
manent storage. The copy is then used as a master for producing all film sirips
requested by the user.

Two (2) types of film strips are available to the Nimbus II1 HRIR data user:
Uniform Density Exposure Film Strips (Section 3.4.1.1.1), and Variable Density
Exposure Film Strips (Section 3.4.1.1.2). Variable Density Exposure film strips
are produced with enhanced contrast and a nearly uniform average density,
while uniform density exnosure film strips are true copies of the archived HRIR
film strip. Therefore, EQUIVALENT BLACKRBODY TEMPERATURES CAN
ONLY BE OBTAINED FROM UNIFORM DENSITY EXPOSURE FILM STRIPS.
Be sure to request the proper type of film strips for the intended use. Nimbus I
and II HRIR film strips released to the users were all Variable Density Exposure
type.

3.51,1.1 Uniform Density Exposure Film Strips

The un-aitered master film strip coples are used for making true reproduc-
tiong of the HRIR data. No photographic exposure altering technigues are em-
ployed in producing these film strips, Therefore, using the included srey scales
{Section 3.4.1.1.4), a good quality densitometer, and proper care, equivalent
blackbody temperatures can be ohtained from this tvpe of film strip.

3.4,1.1.2 Variable Density Exposure Film Strips

Because of the wide range of average surface temperatures over various
regions of the earth, small temperature differences are not prominent in the
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HRIR film strips. The polar areas appear overexposed, while the equatorial
areas appear underexposed (for positive film strips). Therefore, the contrast
petween warm and cool surfaces within a given area is small. In order to pro-
duce high contrast, e.g. between low clouds and ocean surface, exposure con-
trolling techniques can be used in reproducing the film strips. The Variable
Density Exposure process darkens the cold regions and lightens the warm
regions so that the average film density over the entire orbit is held nearly
constant. This allows increased contrast over small temperature ranges.
Hence, clouds, ocean currents, coastlines, mountain peaks, ete., "stand out"
producing a better "picture." ¥Experience has shown that prints produced by
this process are far superior to those produced in the Uniform Density Exposure
mode for all uses except where actual temperatures are to be derived from film
strip density measurements. (Section 3.4.1.1.1).

3.4,1.1.3 Positive and Negative Film Strips

The film strips are available in positive and negative copies. In the positive
copy of nighttime data, higher temperatures are indicated by darker areas. Hence
the colder clouds appear Whlte as in ‘television pictures. The opposite is true of
the negative copies., The day’clme response ‘of the HRIR is, in effect, opposite the »

nighttime response — that is; hlgher energy levels are received from clouds in
daytime and from land’ and water in- ma‘httnne “Hence, negative {ilm strip copies
of daytime data resemble telems:ton plctures as do positive film strip copies of
nighttime data. : : -

3.4.1.1.4 Daytime and Nighitime Data Swaths

The orbital film strips are separated into daytime and nighttime swaths,
Each swath is indexed appropriately and separately archived. Hence, the user
must order both a daytime swath and a nighttime swath to obtain one entire
orbit of data. . -

Due to the conditions explained .i_n.Section 3:.4,1.1.3,. the user who wishes {o
obtain film strips in which clouds appear white and land and water appear black
must order positive copies of nighttime data and negative copies of daytime data.

3.4.1.1.5 Grey Scale Calibration

The photofacsimile recorder is provided with the means for automatically
producing a ten-step calibration gray scale wedge (Figure 3-15). Progressive -
voltage levels, from a manually adjusted ten-step potentiometer network, are
sequentially selected by a ten~-step motor driven cam operated by a timed pro-
gram selector switch and are recorded on the film. The ten voltage levels
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Figure 3-15~HRIR Celibration Gray Sccle

correspond to fen equivalent blackbody teinperatures on nighttime film strips
and ten reflected energy levels on daytime film strips. The levels indicated in
the figure were set before launch of the spacecraft and are likely o be re-set
after the first few orbits of data have been received and evaluated, The davtime
levels will be given along with the calibration curve (Section 3.3.2) in a forth-
coming data catalog,

Variations in photographic reproduction and printing make it impossible to
calibrate absolutely all data with one gray scale wedge. However, these gray
scales are produced and exposed on the film strips immediately before or after
the associated data are recorded. Thus, any variation in photographm processmv:
should affect the gray scales and the data equally.



Naturally, the gray scales have no function on the specifically requested
Variable Density Exposure film strips. The gray scale calibration described
has application only to the Uniform Density Exposure mode film strips.

3.4,1.2 Film Strip Identification

HRIR data are archived in separate nighitime and daytime swaths., A swath
therefore covers a distance 'approximately pole to pole and may include in rare
cagses more than one block _i_)f data. FEazch swath is identified by a label with the
data orbit number. The nighttime swath is labeled with the orbit number fol-
lowed by N. The daytime s__ivath crossing the ascending node is identified by the
higher orbit number followed by D. Each block is provided with a label showing
the correct universal time of the first data scan nearest the label.

Figure 3-16 shows a film strip containing sample Nimbus OI label [ormats,
and computer produced grids with no sensory data. The film strip has been
gridded for nighttime data.” The affixed label gives the data orbit number 25.
The end time is given in the affixed labgizand is 10:28:45 UT.

A series of time marks in increments of two minutes are found on the left
side of the film (Figure 3-16). The first time mark represents the first even
minute before the end time given in the affixed label {for daytime data it would
represent the first even minhtegi’g_gmr_ the tjme given in the affixed label). In this
cage the first time mark is:10:28:00 UT, the second is 10:26:00 UT, etc. The
time identifies the data to have been recorded during orbit 25. The data are
properly oriented when the film is held (shiny side toward the viewer) with the
label at the bottom as shown in Figure 3-16.

3.4.1.3 Film Strip Gri‘dding

The geographical locat:'_ioz_l of each pic'tiire element scanned by the radiometer
depends on the stability of spacecrait. Th_é Nimbus II control system demon-
strated a pointing accuracy of about %1 degree in piteh, roll, and yaw. A pointing
error of 1 degree corresponds to a subsatellite error of 20 km (11 nm) in the
location of a picture element from an altitude of 1100 km (800 nm). On a global
hasis, this is an acceptable error for most meteorological analyses.

Automatic gridding of th_é data '_is accomplished by utilizing a CDC 924 Com-
puter to compute geographic coordinates, and a grid mixer which generates the
srid points and adds them to'the HRIR data in analog form. These grid points
are electronically superimposed on the film and manually checked to maintain
an aceuracy of better than =1 degree of great circle arc at the subsatellite point.
Referring still to Figure 3-16 the grid point array makes up lines for every 10°



g 34m @S

107 267 008
_1031 28™ 005w

SHINY SIDE UP

Figure 3-16—Nimbus 1l Format
of Computer Produced Grid

54



of latitude and longitude, with points spaced at 2° intervals along each line be-
tween 60°N and 60°S latitude. Outside of 60°N and 60°S latitude, there are lati-
tude lines each 10° and longitude lines each 20°, and latitude points each 2° and
iongitude points each 5°.

A small cross is placed at the infersections of the 60°N, 30°N, (°, 30°5, and
50°8S latitude lines with the subsatellite track. The first cross from the bottom
of Figure 3-15 marks the intersection of the subsatellite track and 60°S at 80°E
latitude. The full subsatellite track is not gridded. The longitude and latitude
of sach cross (rounded to the nearest degree) is displayed af the extreme right
hand edge of the picture opposite that cross (latitude above longitude}. The lati-
tude format is XXY where 00<XX<90°, and Y is N or 8. The longitude format
is XXXY where 000<XXX<180°, and Y is E or W.

3.4.1.4 Ordering HRIR Film Strips

When requesting HRIR film strip data from NSSDC the following information
should be given.

1. Satellite (e.g., Nimbus 1I)

Date

Data orbit number and whether daytime or nighttime

Data format, i.e., positive, negative, transparencies or prints
Uniform or Variable Density exposure

[T RYENE VR )

3.4.2 Digital Data

A much more guantitative picture results when the original analog signals
are digitized with full fidelity and the digital data are processed by an IBM 360
computer where calibration and geographic referencing is applied automatically.

A simplified block diagram of the A/D processing system is shown in Fig-

ure 3-19. The analog magnetic tape is fed to an A/D converter which utilizes a
CDC 924 computer to prepare a digital tape. This tape is then operated upon by
the IBM 360 which prepares a reduced radiation data tape called the Nimbus
Meteorological Radiation Tape-HRIR (NMRT-HRIR). The NMRT archived at
NSSDC can be used to generate grid print maps or fo accomplish special scien-
tific analyses. The format of this tape, nearly the same as for Nimbus II HRIR,
is given in Section 3.5.

An example of a grid print map presentation is shown in Figure 3-17, where
the central portion of Typhoon "Marie," (see Figure 3-14} is displayed. The
advantages of this form of presentation are the display of absclute values

(%) ]
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(femperatures for nighttime, radiances for daytime) in their approximate loca-
tion, geographical rectification of the data, and the possibility of automatically
composing measurements from consecutive orbiis into quasi-synoptic gerial
maps. However, due to the scanning geometry, either a loss of detail will re-
sult from smoothing in the center portions of each swath or data gaps {being
larger than the grid interval) will occur at some distance from the subsatellite
point. Tigure 3-17 shows a portion of the rectified comonsite of three 3) con-
secutive orbits (including that of Figure 3-14) giving equivalent blackbody tem-
peratures, The lowest temperatures shown over typhoon “Marie' in this map
indicate cloud top heights above 11 kilometers. The printed values are averages
of up to 200 data points within areas of up to 140 kilometers by 140 kilometers.
Figure 3-18 shows an analysis of the typhoon developed using several forms of
HRIR data. An example of some methods of HRIR data interpretation is con-
tained in Reference 3.

From the calibration curves (Figures 3-10 to 3~12) it can be seen that the
response of the instrument cuts off at some low temperature around 210°K.
Below this cut-off, data in the computer processing are usually set to 190°K and
are not to be considered as real data. They have to be eliminated when inter—
preting the measurements, particularly before map production. The actual cut-
off temperature will be evaluated during the satellite experiment. The user of
Nimbus III HRIR data must therefore check the periodic data catalogs (to be
published monthly) for information concerning the actual cui~off temperature.

3.4.2.1 Availability of Processed Digital HRIR Data

Due to the large volume of data (both day and night full time coverage) and
the long computer running time required for processing it into NMRT's, Nimbus
HI HRIR digital data are not routinely reduced to final NMRT Format. Only
those data which are specifically requested by the user will be processed. Re-
quests should be made through NSSDC. 1t is anticipated that requested HRIR-
NMR tapes will begin to be available through NSSDC six months after launch,
The user is urged to make full use of the film strips which are abundantly avail-
able in nearly real-time from the NSSDC. L ' R h

A series of programs produce printed and contoured dats referenced toa
square mesh grid on polar stereographic or Mercator map bases. Grid print

maps may be produced for either a single orbit or a composite of several orbits,

The following standard options are available and should be specified when re-
questing grid print maps from NSSDC:

T
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Figure 3-19-Simplified Block Dicgram of the AsD Processing System

1. Map and Approximate Scale

a. Polar Stereographic, 1/30 miilion (@approx.)
. Polar Stereographic, 1/190 million {approx.)
¢. Multi-Resolution Mercator MAaps are avallable down to 1/ 1
million scale.

[Av]

Maximum Sensor Nadir An_gié

3. Field Values and Contourmg Unless othermse specﬁled all maps will
include field values and contourmg except Mercator Maps of scales .
larger than 1/20 million. A data population map, indicating the number
of individual measurements contained in each grid point average, as well -
as a latitude-longitude description for geographically locating the data,
will ordinarily be provided along with each grid print map.
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When ordering "hard copy' data, the following identifving information should
also be given:

1. Satellite (e.g. Nimbus II)

2. Sensor (HRIR)

3. Data Orbit No.

4, Calendar Date of Equator Crossing

5. Beginning and Ending Times of Data in GMT
6. Format Desired (see 3.4.2.1, items 1; 2; 3

When ordering NMR Tapes, only items 1,2, 3 and 5 above need to be given.

3.4.3 Analog Data

Analog records can be made from the original spacecraft interrogation
record (Figure 3-14b). These Visicorder oscillograph records permit accurate
measurement of temperature as a function of time and sensor scan angle as long
as the user has adequate knowledge of the workings of the instrument and all
parameters involved,

However, the requirements for a comprehensive kmowledge of the total HRIR
subsystem and the sheer volume of the data prohibits the use of this method ex-
cept for special cases,

3.5 Format of the NMRT-HRIR Tape

The Nimbus Meteorological Radiation Tape——I{RIR wiil be a basic repository
for radiation data from the Nimbus High Resolution Infrared Radiometer, - This
tape will contain data in binary mode at a density of 300 bits per inch. '

The first file on this tape containg a BCD label. The label consists of four- .
teen words of BCD information followed by an end-of-file. The remaining files
on this tape contain formatted HRIR data in the format desc ribed on the follow-.
ing pages. The first record in this data file is a documentation record which :
describes the data to be found in the succeeding records. This first record con-
tains seventeen words (see Table 3-3). The remaining records in the file will be
of variable length, but this length will be consistent within the file (see Table 3 -4).

The length (L) of the data record can be computed as follows:
L = (SWATHS PER RECORD) X (WORDS PER SWATH)

+ (NUMBER OF NADIR ANGLES) + 7
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Table 3-3
NMRT-HRIR Documentation Record Format

Word No.,| Quantity Units Scaling Remarks
1 Dref - B=35 | Number of days between 0
hours on 9/1/57 andzero
hour on day of Iaunch
2 Date MMDDYY B=35 | Date of interrogation for
this orbit,i.e., 2/5/64
would be (020504) . Only
the last digit of vear is
used.
3 Nimbus Day - B=35 | Start time for this file of
data
4 Hour Z Hour B=35
5 Minute Z minute =35
6 Seconds Z seconds B=35
7 Nimbus Day — =33 | End time for this file of
data
8 Hour % hour B=135
5 Minute Z minute B=35
10 Seconds Z seconds B=35
11 I Mirror Rotation | Deg/Sec B=26 | Rotation rate of radiom-
Rate ater mirror
12 Sampling Fre- |Samples/Sec | B=35 | Digital sampling of frequency
quency per second of vehicle time
13 Orbit Number - B=35 |Orbit Number
14 |Station Code - B=35 |DAF Station identification
code
15 Swath Block
Size - B=35 [ Number of 35-bit words
' per swath
16 Swaths /Record - =35 |Number of sw_éths per record
17 Number of Lo- — =35 |{Number of anchor pointsper

cator Points

swath for which latitudes and
longitudes are computed,
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Table 3-4
NMRT-HRIR Data Record Format

Word No. Quantity Units Scaling Remarks

iD Nimbus Day - B=17 |[Start time for this record
of data

1A Hour Z hour B=35

2D Minutes Z minute B=17

2A Seconds Z seconds B=35

3D Roll Error Degrees B=14 | Roll error at time speci-
fied in words cne and two,

3A Pitch Error Degrees B=32 | Pitch error at time speci-
fied in words one and two.

4D Yaw Error Degrees B=14 |[Yaw error at time speci-
fied in words one and two,

4A Height Kilometers B=35 | Height of spacecraft at
{ime specified in words
one and two,

5D Detector cell Degrees K B=17 | Measured temperature of

Temperature detector cell at time speci-
fied in words one and two.
5A Electronics Degrees K B=35 | Measured temperature of
Temperature electronics at time speci-
fied in words one and two.
6D 24V Supply Volts B=14 | Measured voltage at time
. o specified in words one and
two. _

BA 20V Supply Volts B=32 | Measured voltage at time
specified in words one and
two

7D Reference Degrees K B= i’q

’iemp erature Measured temperature of
‘ housing at time ified in
TA Reference Degrees K B=35 OuSIig ; Spee
T . words one and two.
Temperature

B -




Table 3-4 (Continued)

Word No. Quantity Units Scaling Remarks
3 Nadir Angle Degrees B=29 | Nadir angles correspond-
ing to each locator point, and
measured in the plane of
. the radiometer
N Nadir Angle Degrees B=129
N+1)D Seconds Z Seconds =8 Seconds pasttime in words
1A & 2D for beginning oif
this swath.
(N+1DYA Data Popula- - B=35 | Number of data poinis in
tion this swath.
(N+2)D Latifude Degrees B=11 | Latitudes of subsatellite
point for this swath
(N+2)A Longitude Degrees B=29 | Longitude of subsatellite
point for this swath, posi-
tive westward 0 to 360°.
N+3 Flags - - Reservedior flags describ--
ing this swath
L (N+4)D Latitude Degrees B=i1 | Latitude of viewed point for
the first anchor spot
N+ A Longitude Degrees B=29 | Longitude of viewed poini
for first anchor spot, posi-
. tive westward 0 {o 360°,
MD Latitude Degrees B=11 | Latitude and longitude for.
MA Longitude Degrees B=29 | Mth anchor spot
(M+1)D HRIR Data - B=14 | HRIR measurements. Tag
(M+1)A | HRIR Data - B=32 | and prefix reservedior
flags.
K{A or D) { HRIR Data - B=32 | Last HRIR data
~14 : measurement

The chove data constitufe what is essentially the documentetion portion of o data record.
These data will be followed by several biocks of data with-sach block representing a swath.
The number of these biocks in a record as weil as the size of sach block is specified in the
documentation record represented on the previous page. o

All remaining or unused portions of a swath date block are set fo zere, giving a swath block
size as specified in the documentation record. The above date on this page is repeated for the

number of swaths in each record.




Ninety degrees are added to all latitudes and attitude data to eliminate nega-
iive signs,

Table 3-5 defines the flags which appear in the data records.

Table 3-5
Definition of Flags Describing Each HRIR Swath
Flag | Bit Definition Yes | No
1 | 35 | Summary flag. All checks defined by flags 2 thru 12 | 0 1
are satisfactory. f{each flag is zero)
2 34 Consistency check between sampling rate and ve- 0 1
hicle time is satisfactory
3 33 | Vehicle time is satisfactory 0 1
4 32 | Vehicle time has been inserted by flywheel i 0
5 31 | Vehicle time carrier is fafesent 0 1
6 30 | Vehicle tizhe has skipped 1 0
7 29 | Unassigned
8 28 Sync pulse recognition was satisfactory 0 1
9 27 Dropout of data signal was detected 1 0
10 26 Unassigned ..
11 25 Unassigned
12 24 | Swath size is satlsfactory when compared with the 0 1
theoretical swath size
13 23 | Unassigned
Flags For Individual Measurements
Prefix | Tag Definition Yes | No
5 18 | The partmular measurement is below the earth- 110
space threshold
1 19 | Unassigned.
2 20 | Unassigned

64



REFERENCES

. Aeronomy and Meteorology Division, 1965: Nimbus I High Resolution Radia-
tion Data Catalog and User's Manual, NASA, Goddard Space Flight Center,
Greenbelt, Marvland

2. Nimbus Project, 1966: Nimbus II User's Guide, NASA, Goddard Space Flight

Center, Greenbeit, Maryland,

. Nimbus Project, 1966: Nimbus II HRIR Montage Catalog, NASA, Goddard
Space Flight Center, Greenhbelt, Maryiand,

. NASA Special Publication SP-89, Observations from the Nimbus I Meteo-
rological Satellite, 1966,

5. Warnecke, G., Allison, L., Kreins, E., and McMillin, L., A Typical Cyclone

Development as Revealed by Nimpus II High Resolution Infrared and ESSA-3
Television Data, NABA X-622-68~39, January 1968,

. Nordherg, W., A. W, McCulloch, L. L. Foshee, W. R. Bandeen, Preliminary
Results from Nimbus II, NASA X-620-65-349, August 1966,







SECTION 4

THE MEDIUM RESOLUTION INFRARED RADIOMETER
(MRIR) EXPERIMENT

by
Andrew W. McCulloch
National Aeronautics and Space Administration
Goddard Space Flight Center '

4.1 Description of the Experiment

The Medium Resolution Infrared Radiometer (MRIR) expériment is designed
to measure electromagnetic radiation emitted and reflected from the earth and
its atmosphere in five selected wavelength intervals., The scientific basis for
the experiment and the resulis from earlier measurements of this type acquired
from the TIROS series have been well documented (References 1-34). For this
reason the objectives will be only summarized here. Bince the radiometer in-
cludes one channel having a response extending into the visible, the term Medium
Resolution Infrared Radiometer is somewhat inaccurate. However, because the
use of the term "MRIR' has historically become so firmly entrenched, this
familiar designation will be used to identify the experiment discussed below.

For meteorological purposes, data for heat balance of the earth-atmosphere
system will be obtained as well as water vapor distribution, (in the lower, middle
and upper troposphere), surface or near surface temperatures, and seasonal
changes of stratospheric temperature distribution. The Nimbus circular, poiar
orbit is ideally suited to this experiment since global eoverage is necessary to
accomplish the stated objectives. In addition, the three—ax1s stabilization of the
Nimbus spacecraft permits the acquisition of data in a systematic way at con-
tinuousty varymg angles of viewin a snnple geometrlcal pattern

The five Wavelength regmns each W1th a br1ef descnptlon of its purpose
are as follows:

6.5 to 7.0 microns — This channel covers the 6.7 micron water vapor ab-
sorption band. Its purpose is to provide information on water vapor distri-
bution in the upper troposphere and, in- cqnjunctmn with the other channels
to provide data concerning relative humidities at these altitudes.
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10 to 11 microns — Operating in an atmospheric "window,” this channel
measures surface or near-surface temperatures over clear portions of the
atmosphere. It also provides cloud cover and cloud height information (day
and night).

14.5 {0 15.5 microns — This channel, centered about the strong absorption
band of CO, at 15 microns, measures radiation which emanates primarily
from the btratosphere The information gained here is of primary impor-
tance in following seasonal stratospheric temperature changes.

20 to 23 microns —~ This channel yields data irom the spectral region con-
taining the broad rotational absorption bands of water vapor. It will provide
information similar to that of the 6.5 to 7.0 micron channel except that the
flux will largely be radiated from lower in the atmosphere.

0.2 to 4.0 microns —~ This channel covers more than 99% of the solar spec-
trum and yields information on the intensity of reflected solar energy from -
the earth and its atmosphere.

The instrument devised for this experiment is shown in Figure 4-1. It has
a nominal spatial resolution (angular field of view) of 0.050 radians. The actual
measured horlzontal and vertlcal nelds of view for each channel are shown.in
Figures 4-2 to 4-

For clarification, the "'vertical' direction was measured on a line parallel
to the velocity vector of the spacecraft and through the optical axis. Horizontal
refers to the direotion at 90° to the vertical and also including the opticai axis.

Radiant enerc‘y from ;he earth is uollected by a ﬂat bcanmnb mirror inclined
at 45° to the optical axis. The mirror rotates at 8 rpm and scans in a plane
perpendicuiar to the direction of motion of the sateillte Hence, in every 360°
scan it samples the earth from horizon fo horizon, v1ews _space fwice, and "looks!'
at its own housing once. Figure 4-7 shows a typical earth scan as presented
on a strip chart recorder. The portl_o_ns of the scan labelled "Spacs, Spacecrafi,
Scanner Housing, Space” yield in-flight calibration data {discussed in detail below).
The incident flux is then focused ontc a thermistor bolometer detector through -
appropriate optical filtering which limits the radiation to the desired wavelengths.
The energy is modulated by a mechanical chopper to produce an a.c. signal from
the detector. Figure 4-8 shows an optical diagram of the system. . Used in this
manner, the chopper becomes the reference temperature for the radiometer.

Since the chopper temperature can reasonably be expecied to.vary during orbit,
and because the detector signal represents the difference in energy between the
target and the chopper, some method of determining the absolute temperature of



the target as the chopper changes ftemperature is necessary. This is accomplished
by introducing an electronic offset which is controlled by thermistors monitoring
the chopper temperature. This offset voltage is added to or subtracted from the
signal in direct proportion to the chopper temperature so that a target of a given
temperature will always produce the same absolute voltage output.

The electrical signal from the detector is then amplified and synchronously
demodulated to yield an analog output of 0 to -6.4 volts to cover the desired range
of target temperatures (or of radiance in the 0.2-4.0 micron interval) for each
channel. These analog signals are sampled 33-1/3 times per second and con-
verted to 8-hit digiial data.

Figure 4-1— The Medium Resolution Infrared Radiometer
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Figure 4-8- Optical Arrangement of Nimbus Five-Chennel Medium Rasolution Infrared Radiometer

The data are stored in serial form on one track of a HDRSS tape recorder.
On command, data are transmitted to the Data Acquisition Facility (DAF) using
the S-band transmifter. After receipt at the ground, the information is trans-
mitted to Goddard Space Flight Center for final processing. Time code is stored
on a separate track of the HDRSS tape recorder. The timing information is re-
ceived at the Nimbus Data Handling Facility (NDHF) and furnished to all experi-
ment ground stations in the format generated on the spacecraft. At the ground
station the iime code is decoded and displayed on the analog record. This dis-
play is described in section 4.3,2, Simultaneously the time information is for-
matted in IBM compatible language and included on the digital tape output (section
4.3.3) for computer pro'Cessing. Figure 4-9 shows a block diagram of the sys-
tem. (See Reference 35.) '
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4.2 (Calibration

The main parameters for calibration of all electromagnetic radiation de-
tection devices are essentially the same. These parameters have been defined

in Section 3.3.1.

Briefly, they are the quantities, N, Ten

and < Here :7;‘\ is

a composite function involving all of the factors Wthh contribute ‘Eo the spectraZ
response of the instrument, such as filtertransmission, mirror reflectances, and

the spectral responsivity of the detector.

as

where \1
its atmosphere

For the infrared channels,

The effective radiance, N,

18 defined

(1)

represents the generally non-Planckian radiation from the earth and
T ]'3 then becomes the equivalent

blackbody temperature as defined in Section 3.3.1.3, and used in the laboratory

calibration. Table I gives values of N vs Tos for all five channels.
is a typical N vs. T gg curve. Table 4-
, of each channel.

response, o,

7

Figure 4-10

2 through 4-6 list values of the spectral
The total instrument spectral response function
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for each channel was measured utilizing a Perkin-Elmer model 112U spectrom-
eter with a radiation thermocouple as a reference. Because of low signal-to-
noise ratios, especially at the longer wavelengths, some error was introduced
into these measurements. However, departures from the spectral characteristics
of the filter are, in general, small and upon integration to obtain N, errors of no
more than 1-2% are encountered.

Table 4~-1
Effective Radiance, N, for the Thermal Channels of the MRIR
N (watts M~ ? ster -}

Channel {u) 6.5 - 7.00 10 - 11 14.5 - 15.5 20 - 23
Tpp (°K)

150 .00158 .1257 3369 6625
160 .00395 .2201 .5011 ,8742
170 .00885 3611 7118 1,118
180 .01813 5610 9727 1.392
190 03446 .8323 1,287 1.697
200 .06143 1,187 1,657 2,029
210 .1036 1,638 2.083 2.388
220 .1668 2.196 2.566 2.773
230 2575 2.869 3.106 3.181
240 3835 3.668 3.702 3.611
250 5532 4.600 4,354 4,061
260 7760 5.670 5.059 4.531
270 1.062 6.883 5.817 5.081
280 1.420 8.244 6.626 5.522
290 1.862 9.754 7.483 5.042
300 2.398 11.42 8.387 6.576
310 3.039 13.23 9,336 7.123
320 3.794 15.19 10.33 7.683
330 4.875 17.31 11,36 8.254
340 5,690 19.57 12.43 8.837
350 6.848 21,99 13.54 9,430
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Effective Spectral Response, ©

Table 4-2
6.5 - 7.0 Micron Channel

A, Microns Relative Response &, Microns Relative Response
6.0 0.0 6.55 1.00
£.05 002 65.60 L9358
6.10 004 6.85 765
5.15 009 6.70 D72
6.20 014 6.75 361
6.25 117 6.80 L1580
6.30 22 6.85 .080
6.35 01 6.90 011
6.40 782 6.95 006
5,45 .88 7.00 0.0
6.350 958

Effective Spectral Response, =N

Tahle 4-3

10 - 11 Micron Channel

., Microns Relative Response A, Microns Relative Response
9.1 0.0 10,7 .998
9.2 010 10.8 .991
9.3 .020 16.9 L9588
9.4 020 11,0 .839
9.5 037 11.1 696
9.6 .055 11,2 .bih5
9.7 .090 11.3 357
9.8 L1298 11.4 224
9.9 .240 11.5 L115

10.0 372 11.6 .088
10.1 .539 11.7 052
16.2 .679 11.8 035
16.3 .803 11,9 030
10.4 887 12,0 018
10.5 967 12.1 0.0
10.6 1.00
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Table 4-4
Effective Spectral Response, ¢,, 14.5 - 15.5 Micron Channel

A, Microns Relative Rasponse A, Microns Relative Response
14,0 0.0 15.2 1.00
14.1 022 15.3 974
14.2 353 15.4 .919
14.3 .143 15.5 B70
14.4 270 15.6 161
14.5 .038 15.7 615
14.6 JI87 15.8 410
14.7 817 15,9 261
i4.8 976 16,0 134
14.9 980 16,1 058
15,0 .996 16,2 026
15.1 1.00 16,3 0.0

Table 4-5
Effective Spectral Response, ¢, 20 ~ 23 Micron Channel

*, Microns Relative Response A, Microns Relative Response
20,2 0.0 22.1 782
20.3 .034 22,2 711
20.4 .061 22,3 669
20.5 .138 22.4 664
20.6 .244 22.5 703
20.7 404 22.6 758
20.8 599 22,7 307
20.9 765 22.8 826
21.0 829 22.9 810
21.1 .847 23.0 760
21,2 .860 23.1 675
21.3 ' 880 . 23.2 .574
21.4 L9086 ' 23.3 455
21.5 924 23.4 324
21.6 ' 100 _ 23.5 .218
21.7 1.00 23.6 130
21,8 L3980 ' 23.7 065
21.9 918 23,8 030
22.0 .844 23.9 0.0
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Tahle 4-6
Effective Spectral Response, #, 0.2 - 4 Micron Channel

A, Microns Relative Response +, Microns Relative Response
0.2 0.0 2.4 0.87
0.3 0.20 2.5 0.86
0.4 0.40 2.6 0.88
0.5 0.64 2.7 0.89
0.6 0.58 2.8 0.90
0.65 0.545 2.9 0.995
0.7 0.53 3.0 1.00
0.75 0.47 3.1 1.00
0.8 0.45 3.2 G.98
0.85 0.465 3.3 ¢.91
0.9 0.55 3.4 0.928
1.0 0.74 3.5 0.94
1.1 0.86 ) 3.6 0.70
1.2 0.92 ' 3.7 0,60
1.3 0.97 3.8 0.53
1.4 0.97 3.9 0.51

s 1.5 1.00 4.0 0.40
1.6 (.96 4.1 0.36
1.7 (.98 4.2 0.28
1.8 0.96 4.3 0.21
1.9 0.92 4.4 0.11
2.0 .92 4.5 0.135
2.1 0.92 4.6 (.15
2.2 0.89 4.7 0.085
2.3 .90 4.8 0.0

For laboratory calibrations a blackbody target whose surface was treated
with a diffuse black paint of high emissivity was used. To further improve the
emissivity, the target was machined with a series of parallel V shaped grooves
of approximately 15° wedge angle. The target assembly is shown in Figure 4-11.

The blackbody can be cooled by liquid nitrogen to 100°K or below and then
heated with nichrome wire to any temperature within the overall dynamic range
of the radiometer. The heater coil is designed so that during the warming cycle
thermal gradients across the surface are maintained within =1/2°C.
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Figure 4-11- Calibration Targets for the MRIR

The radiometer is mounted such that the blackbody and the short wave radia-
tion targets fill the fields of view of the appropriate channels. The output of the
radiometer is recorded on a strip chart recorder, and a calibration curve, such
as that shown in Figure 4-12, is constructed.

The short wave channel is calibrated by means of a diffuse target whose
absolute calibration was determined by comparison with a standard of spectral
radiance furnished by the National Bureau of Standards. The calibration of the
diffuse target was carried out at a number of color temperatures and given in
terms of spectral radiance, N vs. input voltage to the target lamp. By'varying
the input voltage, a calibration curve of radiometer output voltage (0 to -6.4v) vs.
N, is generated with the aid of Equation (1). A typical calibration curve for this
channel is given in Figure 4-13. In order to calculate the reflectance of incident
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solar radiation of a spot on earth viewed by the radiometer, one must know the
eifective solar constant, 0, i.e., the integral over all wavelengths of the solar
spectral irradiance at the top of the atmosphere, H*, multiplied by the effective
spectral response of the channel, given by

e

H - j H, #, dr (2)
-
where

f HP\ dA = 2.0 g-cal cm 2 min~! = 1395 watts m~? (3)
8]

A calculation of H was made using the solar spectral irradiance data given in
"The Handbook of Geophysics' (Reference 36), and the effective spectral response
given in Table 4-7, resulting in the value

ﬁ* =870.2 watts m~? “)

The effective average radiant reflectance in the direction of the satellite, r, of a
surface filling the field of view of the radiometer and illuminated by unattenuated
solar radiation can be defined by

Fe N (5)

where -f;* is the solar zenith angle.

Calibration of the instrument was performed in vacuum at nominal radiom-~
eter temperatures of 0°C, 10°C, 17.5°C, 25°C, and 40°C. Two sets of calibra-
tion data were obtained at these temperatures, one with the radiometer and its
electronics module at the same temperature; the second set of data was obtained
with the electronic module held constant at 25°C and the radiometer cycled through
the same range. The second calibration is to allow for inferpolation should the
radiometer and its electronics module operate at different temperatures on the
spacecraft. The values obtained from these calibrations are tabulated in Tables
4-7 and 4-8. The tables refer to radiometer serial number P-2 which is in-
stalled on Nimbus IOII.
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The points tabulated in Tables 4-7 and 4-8 are actual measured values.
There is some scatter due to experimental error, therefore some smoeothing
of the data is desirable. For example, utilizing the N vs. Tpp values (Table 4-1Y,
a linear least squares fit of the points may be readily obtained and then converied
to Voltage vs. Ty, curves if desired.

During flight the calibration of the instrument can be checked by two measure-
ments in each channel.

In the infrared channels these points occur when the scanner is viewing cold
space and when it is "'looking" at the radiometer housing. Two housekeeping
telemetry points monitor the housing temperature and these may be compared
to the radiation temperature as indicated by the radiometer output during that
portion of the scan. The expected response to deep space is known (see 0°K
points in Tables 4-7 and 4-8), so the two measurements should be sufficient to
reconstruct the calibration curve if any instrumental degradation should occur
in the space environment.

Three of the infrared channels (those centered at 6.6, 15 and 22 microns)
are not expected to record the expected housing temperatures. Signals that
" otherwise would be positive voltages from these three chamels while viewing the
relatively warm housing are electronically clamped at 0 volts (Figure 4-7) and,
hence, cannot be used for calibration purposes. To obtain a check of calibration
in these two channelg an electronic input (V'sync™ pulse) which is present in all
of the thermal channels is utilized. This voltage consists of a pulse added to the
signal and to the oifset voltage once per scan just as the scan mirror enters the
nousing (Figure 4-7). This pulse is a precise voltage primarily designed to
calibrate the electronic gain of the system, but since it is added to the signal its
height above the zero volt level will be proportional to the housing temperature.
Figures 4-14, 4-15 and 4-16 are curves of the "sync'' pulse amplitude vs. housing
temperature for these three channels. Also, these values are listed in Table 4-9.

In addition to the housing temperature monitors, the temperature of two loca-
tions in the chopper housing and one in the electronics module are monitored.
The housekeeping telemetry values are tabulated in Table 4-10.
4.3 Data Processing, Archiving and Access

4.3.1 General

The spacecraft tape recorder has a c.apécity for recording data for mére than
one complete orbit. The tape recorder is not of the endless loop type. It records
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the "Syne'' Pulse is Applied

Table 4-9
Output of Radiometer when Field of View is Filled by the Housing and

Te;{;d;oc) 6.7 Micron 14.5-15.5 Micron 20-23 Micron
0 -4.47 -4.29 -3.38
5 -4.43 -3.93 -3.17
10 -4.34 -3.55 ~2.93
15 -4,25 -3.12 -2.66
20 -4.09 -2.66 -2.35
25 -3.94 -2.21 -2.08
30 -3.77 -1.77 -1.82
35 -3.60 -1.35 -1.56
40 -3.41 -0.97 -1.34
Table 4-10
Temperature Telemetry Values For MRIR Radiometer
Temp. (°C) | Chopper #1 | Chopper #2 | Housing #1 | Housing #2 Electronics
Modules
0 ~4.56 ~4.50 -4 .55 ~4.44 -4.47
5 -3.87 - -3.82 -3.85 -3.83 -3.82
10 -3.25 -3.22 ~3.24 -3.25 ~3.21
15 -2.71 ~2.69 ~2.72 -2.73 -2.71
20 - -2.25 T -2.25 -2.29 -2.30 -2.217
25 -1.90 -1.89 -1.93 -1.92 -1.90
30 -1.61 ~1.60 -1.64 -1.61 -1.61
35 -1.36 -1.36 -1.39 -1.36 -1.36
40 -1.15 -1.14 -1.16 -1.15 ~1.18

in one direction and plays back in the reverse direction. This direction reversal -
is taken into account when the data are processed in the ground station. Upon
the command to playback, the tape speed is increased 32 times and the data are
transmitted in approximately 4 minutes. Because of the capacity of the recorder
at least one full orbit of data can be received at each interrogation. '
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After data from the spacecraft are transmitied to GSFC, they are processed
by a Telemetrics §70 computer. The Telemetrics 670 has three distinct outputs
for data analysis which will be discussed in the following sections: (1) a strip
chart recording of analog output as a function of time for detailed study of
specific phenomena; (2} a digital tape compatible with the IBM 360 for auto-
matic mapping and analysis; and (3) a photo display of each channel for each
orbit.

All three data formats are available to the gcientific community through the
NSSDC.

4.3.2 Analog Outputs

These will be in the form of strip charts from an eight-channel Brush Mark
200 recorder. FEach chart will contain an entire orbit of data from each channel
with timing information recorded on the eighth channel (see Figure 4-17). The
data will be recorded as voltage from 0 to -6.35 volts d.c. and the calibration
data shown in Tables 4-7 and 4-8 will apply.

The arrangement of information is as follows:

Recorder Channél Information

1 6.5-7.0 micron data

2 10-11 micron data

3 14.5-15.5 micron data
4 20-23 micron data

0.2 - 4.0 micron data
Blank

Earth scan boundaries
Time code display

oo -1 O Uy

Figure 4-17 is a sample of the fime information recorded on the eighth
channel of the analog record. The time code is read from right to left. It con-
sists of two short pulses of full amplitude (-6.35 volts), followed by day, hour,
minute, second frames, each separated by one full amplitude pulse. Units of
time within each frame are represented by pulses of proportional amplitude. The
full amplitude (-6.35 volts) is divided into tenths: one tenth (-0.6 volts) repre-
sents one, two tenths (-1.3 volts) represents two, etc. Zero is represented by a
0.2 volts pulse. Small narrow pulses of 1 volt amplitude are at the beginning
and end of the hour and minute frames, and at the beginning (right) of the day,
and gsecond frames.
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Figure 4-17— MRIR Anclog Record Time Display. Time Shown Occurs at the
Vertical Arrow and is Day 321, 11h 45m 00 sec

Temperature fluctuations of the instrument throughout the orbit require that
data from the infrared channels be corrected by means of in-flight calibration
points (Sec. 4-2). To facilitate data analysis, a copy of the Selected Data Tape
listing will be furnished with each analog record. This listing includes the two
housing thermistor readings, the two chopper thermistor readings and the elec-
tronics Module Temperature. The column headings are in terms of a "function
number" which are identified as follows: ' o

Telemetry Function .. Function Number
Housing Temperature 1 1102
Housing Temperature 2 . . 1108
Chopper Temperature 1 1103
Chopper Temperature 2 1107
Electronics Module Temperature 1105

4.3.3 Digital MRIR Data Procesging

4.3.3.1 The Nimbus Meteorological Radiation Tape — MRIR. -
(NMRT-MRIR)

The digital magnetic tape output of the Telemetrics 670 computer represents
a primary source of raw experimental data from the'_MRIR radiometer. Radia-
tion data from this tape, calibration data, and orbital data are combined by an
IBM 360 to produce a reduced radiation data tape called the Nimbus Meteorological
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Radiation Tape — MRIR (NMRT-~MRIR}. The NMRT archived at NSSDC can be
used to generate grid print maps or to accomplish special scientific analyses.
it is anticipated that MRIR-NMR Tapes will begin to be available through NSSDC
within 6 months after launch. The format of this tape is the same as for the
Nimbus I NMRT-MRIR and is given in Section 4.4,

4.3.3.2 Grid Print Maps

A series of programs produce printed and contoured data referenced to a
square mesh grid on polar stereographic Mercator map bases. Grid print
maps may be produced for either a single orbit or a composite of several orbits.
The following standard options are available and should be speczfled when re-
qguesting grid print maps:

1. Map and Approximate Scale

a. Polar Stereographic, 1/30 million (approx.)
b. Polar Stereographic, 1/10 million (approx )
¢. Multi-Resolution Mercator

5.0 degre_es lo_ng. per mesh interval — 1/40 million (approx.).
2.5 degrees long. per mesh interval - 1,20 million (approx.)
1. 2 '_degrees.long._; per mesh interval — 1/10 million (approx.). .

SV W

2. Maximum Sensor Nadir Angle

3. Field Values and Contouring (unless othermse specified, all maps will
include field values and contouring).

A data population map, indicating the number of individual measurements
contained in each grid point average, as well as a sample latitii'de longitude
overlay for geographically locating the data, mll ordmamly be prowded along
with each grid print map.

When ordering NMRT output data from NSSDC, the following identifying
information should be given:

Satellite (e.g. Nimbus III)

Sensor (e.g. MRIR)

Read-Cut Orbit No.

MRIR Channel Neo. (e.g. MRIR Channei 2 10~ 13. Mlcrons)
‘Calendar Data of Equator Crossing

Beginning and Endmﬂ* Times of Data in GMT
“Format Desired (sce 4.3.3.2, items 1; 2; 3)

Address to which data are to be mailed.

GO =1 05 Ul o Lo bY m
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4.3.4 Photo Digplay

As part of the ''on-line' processing, the digital output of each channel will
be transmitied o a cathode ray -tube photo display which will index each data
word as to its X~Y coordinates by synchromzmg w1th spacecraﬁ time and the
radlometer syne'. pulse descrlbed in Section 4-2. Tne "2 axis modulatlon
is determined by ‘the amphtude of the. radlometer output The 10rmat of this .
photo dlsplay is shown in Flgure 4 18, The ‘annotation, tlme bench marks and
gmddmg are’ produced prlor to mterrogatlon by a CDC 924 computer, punched
on paper tape and fed'to the Telemetmcs 870, The calibration gray scale is
o"enerated wzthm the Telemetrlcs computer and displayed on'the CRT coingi-
dentaily mth the data. Because the same. ‘shades of gray repres ent different
tardet temperatures {or effectlve racha.nce for the O 2~ channel) for dszerent
channeis they are iabeled only by arbltrary 1nten51ty levels. Table 4~ 11 owes
the correlatlon between these levels. and TBB {or Njfor each Channel Flcure
4. 18 s’ actually a prmt of Nlmbus I data “however, only minor changes have '
been made betwaen thls format and that of Nlmbus . :

The CRT dlspiay is: flgldly controlied electromcaliy by momtormcr the
Dhosphor 1nten51ty of each spot as’ the plcture is generated on the sereen. Be-
cause of th1s the main: errors ‘to: be expected in an attempt to analyze the photo
dlsplay quantltatlvelv will’ ‘occurin the picture development 1tse1f -The picture
wﬂl be made by photovraphmg the. CRT face with a Polaroid camera using 4" %

flim pack whlch provzdes both a pos1t1ve prmt and negatlve Lransparency

Posmve and negatwe transparenmes mll be storeci at the N at10na1 Space
Science Data: Center, code 601, GSFC, Greenbelt, ‘Maryland 20771 to fulfill
users requests Reproductlons of these data canﬁbe made as Doszﬁve and nega—
tive f11m transparenmes and enlaro*ed' rmts ST R S '

The basm umt for furmshlng photographm--data wﬂl be the Readout Orblt .
number, which! normally contains-data recorded in the: spacecraﬁ du' 1n<r th"' Pt
orb11:a1 aermd 1mmedlately prmr to the interroo‘atmn' e A

When ordermg "\/IRIR photograph1c ciata the foiiowmg mformation should be
furnlshed

Satellite (e.g. Nimbus III)

Sensor (e.g. MRIR)

Readout Orbit number

Beginning and end data and time of data desired for confirmation of

readout orbit number.

3. Format desired (e.g. positive or negative film transparencies or positive
paper prints and size (47 x 5", 8" x 10")

6. Address to which data are to be mailed,

e LY B
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Format of CRT D
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Table 4~11
Gray Level Values for Pictorial Display

Channel Target Values
GTey | ¢ 468 10-11x  |14.5-15.54 |  20-23 0.2-4.0
Level . N O . DW0 L L . A
°K °K °K °K NWn 2 Ster™h)
1 264-270 309-320 239-245 282~-290 199-210
2 257-263 297-308 234-239 273-281 169-189
3 250-257 285-296 228-233 264-272 148-168
4 243-245 273-284 222-227 255-263 127-147
51 236-242 261-272 216-221 246-254 - 106-128
6 . .229-235 249-260 210-215 237-245 85-105
(B 222-228 237-248 204-209 228-236 64-84
g8 . 215-221 225-236 198-203 219227 43-63
9 208-214 213-224 192-197 2103-218 22-42
10 201-207 201-212 186-191 201-209 4 1-21
11 200 & below | 200 & below 185 200 & below 0

4.4 Format of the NMRT-MRIR Tape

The MRIR digital magnetic tape (output of the Telemetrics 670 Computer)
is formatted for compatibility with the IBM 360 computer system. The digital
response from each radiometer sensor is stripped of sync bits and all five
simultancous responses are placed in one 36-bit IBM word with 7 bits for each
data measurement and a one in the least significant bit. The time code is also
stripped of all unnecessary bits and formatted into one 36-bit word expressing
time to the nearest second. The following special code words are 1nserted to
1dent1fy the Vamous conditions descrlbed below '

1. (666666666666) ¢ — Identifies the next word as the Minitrack time word.

2. (TTTTTT777777) 4 — Identifies end of dafa.

3. (525252525252} — Identifies data dropout. This code word is used when
all five measurements are simultaneously bad. When an 1ndw1dua1
measurement is bad, the data for that measurement is set equal to the
previous measurement.
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The magnetic tape containing the formatted MRIR radiation data represents
the primary source of radiometer data for further processing and archiving. The
first step in this procedure is to examine the formatted radiometer output and
create an intermediate tape which contains {1) the response from each radiom-
eter channel for every earth-viewed scan, (2) the associated response from each
channel of the radiometer while viewing space, (3) the associated response from
each channel of the radiometer while viewing spacecraft housing, and (4) the time
associated with each earth scan. The intermediate tape will be the basic re-
pository for raw radiation data from the Nimbus Medium Resolution Infrared
Radiometer, and also represents the primary input source of radiometer data
for the second step in the data processing plan.

The Nimbus Meteorological Radiation Tape (NMRT-MRIR) for the Medium
Resolution Infrared Radiometer is the output from the second step of the data
processing plan. The inputs to this program are (1) the intermediate MRIR
data tape, (2) pertinent telemetry data transmitied from the spacecraft, {3) the
Minute Vector Tape (MVT) containing position vectors of the spacecraft at one
minute intervals, and (4) miscellaneous documentation data.

During this second phase, each data measurement is converted to equivalent
units of energy, latitudes and longitudes are computed for locator points, and
orbital and telemetry data are computed as a function of time. These data are
formatted as described below, and the Nimbus Meteorological Radiation Tape for
medium resolution infrared data is produced,

I‘hé NMRT-MRIR is the basic repository for calibrated radiation data from
the medium resolution infrared radiometer. This tape contains data in binary
mode and a dé_nsity of 800 bits per inch. The first file on each tape contains a
BCD label consisting of fourteen words of BCD information followed by an end-
of-file, The remaining files on this tape contain the MRIR data in the format -
described below. There will be one file for each orbit of data. The first record
in a data file is a documentation record containing 15 words which describe the
data to be found in each succeeding record (see Table 4-12). The remaining
data records in each file will be of .variable length, but this length will be con-
sistent within the file (see Table 4-13). The length of a data record (L) can be
determined as follows: o o -

L= (SWATHS PER RECORD) x (WORDS PER SWATH) + (NUMBER .OF
_ NADIR ANGLES) + § | o

Ninety degrees are added to all latitudes and attitude errors to eliminate nega-
tive signs.
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Tabhle 4-12

NMRT-MRIR Documentation Record Format

Word No.

Quantity

Units

Remarks

2]

e LY

8

-~

o oo

11
i2

i3

14

Nimbus Day

Hour
Minute
Seconds

Nimbus Day

Hour
Minute
Seconds

Mirror Rotation

1 Rate

Sampling Frequency

Orbit Number
Station Cdd__e _
Swath Block Size.
Swaths Per Record

Number of Loca-
tor Points

7Z Hour
7 Minute

7 Seconds

7 Hour
7 Minute
7 seconds

Deg/sec

Samples/sec

i

viv]
]

Start time for this
file of data.

End time for this
file of data.

Rotation rate of
radiometer mirror.
Digitél -sampling
frequency per second
of vehicle time.
Orbit Number.

Station code for
DAF ground
station.

Number of 35-bit

‘words per swath.

Number of swaths
per record.

Number of anchor
points per swath
for which latitudes
and longitudes are
computed
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Table 4-13
NMRT-MRIR Data Record Format

Word No. Quantity Units Scaling Remarks

1D Nimbus Day - B =17 :Start time for this record of
data.

1A Hour Z Hour B =235

2D Minutes Z Minute B =17

2A Seconds 7 Second B=235

3D Roll Error Degrees B =14 | Roll error at time specified
in words one and two.

3A Pitch Error | Degrees B = 32 | Pitch error at time specified
in words one and two.

4D Yaw Error Degrees B =14 | Yaw error at time specified
in words one and two.

4A Height Kilometers| B = 35 | Height of Spacecraft at time
specified in words one and two.

5A Housing one | Degrees K | B = 32 | Measured temperature of

Temperature housing one at time specified
in words one and two.

6D Housing two | Degrees K | B = 14 Measured temperature of

Temperature housing two at time specified
' in words one and two.
GA Electronics Degrees K | B = 32 | Measured temperature of elec-
Temperature ; tronics at time specified in
' words one and two.
7D Chopper one | Degrees K | B = 14 | Measured temperature of
Temperature chopper at time specified in
' words one and two.
TA Chopper two | Degrees K | B = 32 | Measured temperature of
Temperature chopper at time specified in
words one and two.
8D GHA of SUN | Degrees B =14 | GHA of sun at time specified
' in words 1 and 2.
8A I Decl. of Sun | Degrees B = 32 | Declination of sun at time
S specified in words 1 and 2.
Ninety degrees added to elimi-
. : nate negative sign.

9 Nadir Angie | Degrees B =29 | Nadir angles corresponding to
each locator point and measured
in the plane of the scanning

. radiometer.

N Nadir Angie | Degrees B =29 | Last nadir angle.




Tabhle 4-13
NMRT-MRIR Data Record Format {Continued)

f

Word No. | Quantity Units Scaling Remarks
(N+1)D Seconds Z Seconds | B=38 Seconds past {ime in words 1A &
2D for beginning of this swath.
{(N+1)A Data - B =35 | Number of data points in this
Population gwath.

{(N+2)D Latitude Degrees B =11 | Latitude of subsatellite point
for this swath,

(N+2)A Longitude | Degrees B =29 | Longitude of subsatellite point
for this swath.

{N+3)D Latitude Degrees B =11 | Latitude of viewed point for the
first anchor spot.

{(N+3)A Longitude | Degrees B =29 | Longitude of viewed points for
the first anchor spot. Measured
positive westward, 0 - 360

degrees.

{(M)D Latitude Degrees B =111 { Latitude and longitude of last .

} anchor spot.
(M)A Longitude | Degrees B = 29) | Latitude and longitude of last
' anchor spot. ' '

(M+13D | MRIR Data - B =14 | MRIR Data Measurement, chan-

' nel one.

{M+1)A MRIR Data - B =32 | MRIR Data Measurement, chan-
nel one.

K(AorD)| MRIR Data | - B =14 | Last MRIR Data Measurement,

~ 42 channel one.

The data on preceeding page constitute what is essentially the documentation portion of a
data record. These data will he followed by several blocks of data with each block r_epreéen_ting
a swath. The number of these blocks inarecord as well as the size of edch block is specified in
the documentation record represented on the previcus page. B '

Words M+1 through K are repeated for channels two through five respectively. All remaining
or unused portions of a swath data block are set to zero, giving o swath block size as specified
in the documentation record. The above data on this page are repeated for the number of swaths in

each record.
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SECTION 5

THE INFRARED INTERFEROMETER SPECTROMETER
(TRIS) EXPERIMENT

by
Rudolf A, Hanel
National Aeronautics and Space Administration
Goddard Space Flight Center

The purpose of this section is to describe the nature and format of the IRIS
data so researchers in the field may be prepared to interpret and use the data
as soon as they become available through the National Space Science Data
Center, . : : : o . '

5.1 Scientific Objectives

The IRIS experiment is to provide information on the vertical structure of
the atmosphere and the emissive properties of the surface,” In the spectral region
covered, water vapor, carhon diexide, and czone bands are availahle in addition
to spectral features associated with minor constituents as methane and nitrous
oxide. The specific intensity measured in the absorption bands and in the more
transparent "windows" may be used to derive vertical profiles of temperature,
water vapor and ozone, in addition to other parameters of meteorological
interest,

The techniques used to recover the lemperature, and water vapor profiles
are described, for example, by Wark and Fleming, 1966, and Conrath, 1987 (Ref-
erences 1, 2). The ozone interpretation and the evaluation of the infrared spec-
tra for other purposes have not advanced as far as the temperature anaivsis but
publications are under preparation, - ' o '

For C(_jnvenience,_ the objectives of IRIS may be divided into the following
categories: I : : : S . . '

1. Derivation o:f atmospheric temperature and humidity structure on a
global seale to be used in numerical studies of the general circulation.

2. Observation of temperature, water vapor, and ozone fields for synonptic
meteorological studies.
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3. Collection of spectra for research studies in meteorology, in radiative
transfer, and for nonmeteorological purposes.

5.2 The IRIS Instrument

The Instrument is a Michelson type interferometer constructed by Texas
Instruments Inc. The optical and electronics module are shown in Figure 5-1.
Table 5-1 summarizes the more important parameters and Figure 5-2 shows a
simplified diagram of the instrument.

The essential part of the interferometer is the beam splitter which divides
the incoming radiation into two approximately equal components. After reflec-
tion on the {ixed and moving mirrors, respectively, the two beams interfere with
each other with a phase difference proportional to the optical path difference be-
tween both beams. The recombined components arethen focused ontothe bolometer
detector where the intensity is recorded as a function of path difference, i .
Since the mirror motion is phase locked to the spacecraft clock, the mirror path
difference is also proportional to time. For guasi-monochromatic radiation, a
circular fringe pattern appears at the focal plane of the condensing mirvor. . The
detector size is chosen to cover just the smallest central fringe for the highest
wave number of interest. The aperture at the detector and the interferometer
mirrors constitute the limiting apertures and determme the 8° field of view of
the 1nstrument

The central fringe may be light or dark depending on the path difference §
between the two beams. For polychromatic radiation and neglecting constant
terms the signal at the detector, called the interferogram, is

1oy = f K,(B, = B,(T,,,)) cos (27us = 4,) dv SR ¥

The amplitude is proportional to a responsivity factor K (v} and the difference
in radiance between the scene within the field of view B, and the instrument
B, (T, ...)- The phase is defined with respect to a point chosen as close as
possible to, but not necessarily at, the zero path difference point. Imperfect
optical compensation and residual phase shift in the analog part of the data
channel cause the angle ¢ to depend on the wave number. Reconstruction of the
spectrum by a ground based computer will be discussed later. A detailed block
diagram of the instrument is shown in Figure 5-3,
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Figure 5-1-Electronic and Optical Module of the IRIS Instrument
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Table 53-1

Summary of the More Importa_at Parameters of the IRIS "B"

Nominal Spesctral Range
Spectral Resolution Elament

Field of view

Diameter of view area from 1100

km altitude

Motion of moving mirror
Velocity of moving mirror
Duration of interferogram
Wavelength of fringe control
Data Words per interferogram
Word Rate

Bits per.Word

Bit rate

IMCC rotation rate
Operating temperature of i

Optical Module .
Electronic MOdul:e___ SRR

Weight

Optical Module
Elecironic Module

Dimensions

Optical Module
Electronic Module

Power consumption

i “-_‘_faoo to 9{)00 em™l {5 - 20.)
3 cm 1 o g o
1 .._.'ZC].I‘CU].&I‘ —l“ half angle

'.:--Appro‘g la{) km ;

C 0.2 em o

10,0183 em/sec

10.9 sec

0.9852 «

3408

312.5 Words/sec

12 (2 Svnc 1 Gain, 8 Data, 1 Paz ity)
. _3 75 k. blts/sec
D ~L decr/bec '

23.13 1bs.

. 9.13 1bs..

© | 915.3:%.12.75 x 8.43 inches

: .-_.8"><' 6.5 X% 86,5 inches

16 Watt average
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The beamsplitter, made of pofassium bromide (KBr) and supplied by Perkin-
Elmer, is polished optically flat {o a fraction of a visible fringe. II has a mulfi-
laver dielectric coating which is optimized to the 5-204 region except for a
small area in the center where it is coated to perform well in the visible. In
this center region the {fringe conirol interferometer operates. It utilizes not only
the same beam-splitter but also the prime infrared interferometer mirrors.

The fringe control interferometer generates a sine wave of 625 Hz at the silicon
diede detector from a nearly monochromatic spectral line (0.5852 1) of a neon
discharge lamp. The line is isolated by an interference filter. The 625 Hz sig-
nal serves two purposes. First, after being divided by two, it serves as a sample
command and assures equal distance sampling. Secondly, if is compared in
phase to a spacecraft clock derived freqguency to prowde the error signal for

the phase loecked loop : :

The Michelson mirror assembly has an electromagnetic drive coil and also
a pick-up coil to generate a voltage proportional to mirror velocity. The velocity
signal is also used in a feedback arrangement to provide electrical damping and
to make the system less sensitive to external vibration., The phase locked con-
dition of the Michelson mirror provides a constant mirror velocity and permits
a constant data rate; moreover the data stream is synchromzed with the Space—
craft clock. -

The Image Motion Compensation and Calibration system channels radiation
from several sources to the interferometer. Alier 14 inferferograms are taken
in the operating mode, one is taken from a buili-in blackbody kept at spacecraft
temperature followed by an interferogram from oufer space which is considered
a nearly zero degree sink, The interferograms from the hot biackbody and cold
interstellar background serve calibration purposes. The inflight calibration will
be discussed later. During the normal mode where the earth is in the field of
view, the IMCC mirror rotates slowly at a rate of 0.4 degree/sec to assure image
motion compensation. - The calibration mode is prohlblted near the north polar
region where danger of VIEW’lno” the sun exists.

A typical interferogram is shown in Figure 5-4 for a blackbody warmer than
the instrument. The large ceniral peak is reduced in a signal conditioner. The
transfer function of the :Sig_nal conditioner is shown in Figure 5-5. The inverse
function must be applied in the computer. The purpose of the signal conditioner
is to preserve dynamic range to.8 bits in the analog te digital converter without
a great sacrifice in accuracy.. A ninth bif, the gain hit, indicates that the signal
exceeded £0,07 volts input to the range standardization transfer curve.

The instrument o'enerates main data and housekeeping data. - Some of the

housekeeping data are multiplexed with the main data and are then transmitted
. just before and just after an interferogram. This set of housekeeping data is
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Figure 5-5~Transfer Function of the Range
Stendardization Circuit

required in the computer for the data reduction process. Another set of house-
keeping data is iransmitted via the Nimbus PCM system. It is needed for en-
gineering evaluation. Table 5-2 lists the housekeeping information recorded
together with the interferogram and Table 5-3, the housekeeping channel avail-
able for performance evaluations. R

5.3 Data Flow

The main bit stream of data is recorded at one of the HRDSS recorders in
the spacecraff, Real time fransmission capability exists also via the PCM sub-
system and the beacon transmitter. - Another channel of the HRDSS recorder
carries a time code signal. The data format and timing is shown in Figure 5-6.
The data flow in the spacecraft is shown in Figure 3-7 and on the ground in
Figure 5-8, C :

At STADAN Data Acquisition Pacility, the receiver output is demultiplexed
and recorded on fape. The IRIS data are transmitied from ATLASKA by a land-
line data link to the Nimbus Data Handling System (NDHS) at GSFC, In some

o
et
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Table 5-2

IRIS Telemetry (HDRSS)

Channel No. Channel No.

0. Synch Word 8. +0,6 Volt Calibration

1. Bolometer temp. 9, 0 Volt Calibration

2, Blackbody temp. 10. -0.6 Volt Calibration

3. DBeamsplitter temp. 11. IMCC Position (2 bit digital)

4, MMDA Housing temp. 12. BRolometer temp. (Redundant)

5. IMCC Drive temp. 13. Blackbody temp. (Redundant}

6. Radiating surface femp. 14, Calibration transducer

7. Spare 15, Svne word

Table 5-3
IRIS Telemetry (PCM Subsystem)
Analog Bi-level
1. Reference Interferometer ampli- 1. IMCC Stowage (Blackbody Posi-
tude and Phase-Lock Condition tion Command Relay Monitor)

2. IMCC Earth Scan Indicator 2. Heater Power Command Relay
Monitor {on or off)

3. Bolometer Temperature 3. IRIS Power Command Relay
Monitor (on or off)

4. Blackbhody Temperature 4. Calibration Mode Command Relay
Monitor (Manual or Auto}

5. Radiating Surface Temperature 5. Calibration Command Relay
Monitor (Inhibit or Enable)

6. Electronics Module Temperature 6. Calibration Switch (Aufo) Relsy
Monitor {Inhibit or Enable)

7. Optical Cube Support Plate 7. IMCC Mirror Position (2 Adjacent

Temperature ' Channels coded for Positon)
8. 0.6 Volt Zener Reference 8. Heater Output {on or off)
9, Neon Source A-Neon B-Cleck
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Figure 3-7-Flow Diagram of IRIS Date in the Nimbus Sateilite

cases, a small fraction is transmitted from ROSMAN via the microwave links
when transmission time is available. At the NDHS a Telemetrics 870 computer
formats the data, performs several checks, such as parity checks ete., and pro-
duces an IBM 360 compatible digital tape.

The NDHF also displays the housekeeping data for engineering purposes and
vrovides weekly plots of the on-off time of the IRIS experiment and tables of
height and position of the spacecraft as well as a table of the ascending and
descending nedes. The IBM compatible digital tape is then carried to the QABS
IBM-360 computer where the actual data reduction takes place.

5.4 Data Reduction in the IBM-360 Computer

The data reduction process consigts of four steps:

ook

A check of consistency and completeness of input tape and processing of
housekeeping information,

2. Fourier transformation of each interferogram including consideration of
vhase,

3. Application of calibration procedurs
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4. Production of IRIS archival tape containing the calibrated spectra,
housekeeping information and orbital parameters.

In the check of consistency and completeness, the total number of words per
interferogram and the value, sign and position of the peak word in each inter-
ferogram are determined, Furthermore, a scan for gain switch pulses outside
the central region of the interferogram, and a check on parity errors and errors
in the word sync bits is performed and the results printed cut. Only interfero-
grams which show a number of parity and sync errors less than some upper
limit will be processed further. This upper limit will be established in coperation.

Housekeeping data are converted into engineering units such as temperatures
by application of conversion tables established during preflight calibrations.

Interferograms which pass the screening procedure mentioned above will
then be transformed by means of the Cooley-Tukey method (References 3, 7). A
smoothing or apodisation function is applied to each interferogram prior to
transformation in order to reduce side Jobes of the instrument function. The
particular apodisation function now planned is (0.54 + 0.46 cos 27 7/T) where 7
is the distance from the center and T the total length of the interferogram. This
function and its effects are discussed by Blackman and Tukey (1958) (Reference

4y,

The Fourier transformation yvields two amplitudes

a, = J A3y i () cos 2w v s do

and

[l

b, = j A(S)Yi(8)sin 27 v 8 ds

where A (&) is the apodisation function. Froma, and b, a magnitude and phase
is computed

c! o= ‘/ai +_b§

v

and ¢, = arctanb, /a,. The location of the pronounced central peak of the cali-
bration interferograms is taken as the phase reference point, For atmospheric
interferograms which may or may not have a strong central peak, the average
phase reference point of several calibration interferograms is used.

122



The phase information is required to distinguish between a target radiance
larger (warmer) or smaller (colder) than the radiance corresponding to the
instrument temperature. Wherever the brightness temperature of the target
changes from colder to warmer than 250°K or vice versa, a 1307 change in
phase of the particular frequency component takes place.

Between 640 em™ ' and 690 cm ™', the strongest portion of the CO, band,
only brightness temperatures colder than 250°K are to be expected, In that
spectral interval the phase is therefore taken equal to 1830 and the magnitude
c, is assigned a negalive sign: wherever the phase changes by +507, the sign is
alternated.

The slope of the phase curve versus wave number between 640 and 690 cm !
is also used as a check on the selection of the proper phase reference point.
Should the slope exceed a certain limit, the phase reference point is shifted pro-
portional to the slope and a new set of ¢, and #, are computed. It is h(_)ped that
this iterative procedure will not be necessary.

A typical amplitude and phase spectrum for a blackbody are shown in
Figure 5-9. The phase information is used for a second purpos‘e. As apparent
from Figure 5-9, the phase exhibits a certain amount of jitter caused by random-
fluctuations, primarily detector noise. The noise-free phase function is rela-
tively smooth, only slowly varying with wave number, This a priori 'knou ledge
can be used to reduce the noise in the spectrum. The phase of the signal is sup- -
posed to be the average phase 3;, . The average is taken over 20 spectral inter-
vals on each side of the spectral interval for which the average phase is to be
computed. Then the magnitude ¢ is multzplled by the cosme of the phase differ-
ence and a corrected amplitud_e-is obtained, ¢, = ¢| X cos {$, - ::—V y. This
procedure removes all noise components which are 807 out of phase with the

expected signal phase. Where the signal-to-noise ratio is good, the phase jitter . = o

is small and the cosine term nearly one. Where the signal is weak, the cosine
multiplication technique reduces the noise in the average by a factor 242 This
is the same improvement which is. reallzed by synchronous over non-sy nchronous,
detection (Reference 5). S . : S

After the spectral amplitudes are corrected by the cosine muitiplication and
the proper sign of each amplitude is established, the calibration is performed.
The instrument is exposed every.16th frame to a built-in calibration blackbody,
and to the interstellar background, considered to be near zero, by rotation of the
IMCC mirror. The calibration interferograms are processed in the same man-
ner as the interferograms obtained while viewing the atmosphere. The ampli-
tude ¢, in the spectrum is proportional to the difference in radiance between
the instrument and the target,
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CV = r’/ (Btarget - Binstrgime:‘.t)'

The factor of proportionality is the responsivity of the instrument.

One obtains a set of three equations; one for the target (index 1}, one for
the cold blackbody (index 2), and one for the warm blackbody (index 3).

Cg (’) =r, (Bg - Bi>
C, vy = r, (B -B.).

Under the assumption that the responsivity, r , is independent of the tfarget
brightness and that the detection and amplification is a linear process, the 3
equations may be solved to yield B, as well as r, and B.. If one uses the
interstellar background as the cold refsrence t~4°K), then B is for all practi-
cal purposes zero and the equations simplity to S -

CQ‘C1
83-—~—-,
C2—C3

CQ—C3
B. =B 2

i 3IF
C2_ _C3

'

The equation for B, is used to reduce the spectra. Neither the responsivity nor
the instrument temperature are contained explicitly in this equation. The cali-
bration specira C, and C, are the average of about 25 individual spectra so that
the random effects in these spectra are greatly reduced. Then the sample
standard deviation s (cf, Wilson, 1952) of the responsivity is determined for
each orbit, = : : : R S



1/2

Z (r; = T

The r, are the responsivities computed from each calibration pair (hot and cold
blackbody). The average responsivity per orbit is called T and k is the number
of calibration pairs per orbit. Instead of tabulating the standard deviation of the
responsivity the noise equivalent radiance (NER) calculated from the calibration
spectra ig included inte the table, The NER is caleculated from

SB3

NER =

r

The same level of the NER may be expected to exist in the individual atmospheric
spectra.

The NER gives the short time repeatability of the instrument and a com-
parison of the average orbital responsivily for each spectral interval from orbit
to orbit, and from dayv to day yields the long term drift. : :

The instrument temperature, T, , which is calculated from B, and the in-
strument temperature measured by the thermistors imbedded in the housing
should be in close agreement. A deviation from this agreement is used as a
caution flag which calls for a special investigation if it should occur.

Figures 5-10 to 5-13 show the responsivity, the noige equivalent radiance,
the instrument temperature, and a blackbody spectrum, all derived during the
thermal vacuum tests of the Nimbus B2 spacecraft.

5.5 Format of the IRIS Archival Tape

The IRIS Archival Tape will be the basic repository for radiation data from
the Nimbus Infrared Interferometer Spectrometer (RIS). This tape will be gen-
erated on the IBM 360 System with 7 track recording in binary mode at 800 bytes_
per inch, and will be available to the scientific commumty throuch the \ISSDC
within 6 months after launch

The IRIS Archival Tape contains one file for each readout orbit of data
processed from the Nimbus spacecraft, Within each file there are several types
of records, These are listed below and each type is described in detail in the
following tabies 5-4 through 5-12
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Record Type

T A I

[T

8

9

Description

Documentation information for each file (Table 5-4)
Average cold reference calibration spectrum (Table 5-5)
Average warm reference calibration spectrum '(Table 5-8)

Average Responsivity, R,, calculated from the calibration
spectra (Table 5-7)

Noise Equivalent Radiance (Table 5-8)

Average instrument temperature, T, , calculated from cali-
bration spectra {Table 5-9) :

Standard Deviation of T, (Tabie 5-10)
Calibrated Atmospheric Spectrum (Table 5-11)

Suramary for each orbital pass (Tables 5-12)

The Type 1 documentation record will consist of 18 32 bit words. All other
records in the data file wiil consist of 11080 32 bit words, or 960 36 bit words,
or 576 60 bit words. The End of File Mark will be recorded at the end of each
playback orbit, and will be repeated at least twice following the last readout
orbit on any reel of tape. '

Ninety degrees are added to all latitudes to eliminate negative signs.

Final formats of any computer printouts obtainable from the archival tapes
cannot be defined at present, and will be inciuded in a future Nimbus III data

catalog,
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Table 5-4

Documentation Record

Ward No. | Juanticy ; Tnits , Scaling Remarks 3
i Record Tume 'T - C 331 » Tvpe = 1 indicates this
‘ record contains documen-
: i ! - tation data for this file,
2 Sateltite 1D - B3l ! Nimbus Il = 3 ,
3 - Orait Number : - S B3l , Readout Orbit No.
1 Day - Days CB3L N ,
5 . Hour . Z Hours | B31 ., Time for first calibrated !
3 " Minute . 7 Minutes B31 f spectrum in this orhit,
7 . Second Z Seconds 1 B3l P i
3 - Day " Davs : B31 i) {
g - Hour ' Z Hours | B3l . Time for lastcalibrated |
Y ! Minute ‘ Z Minutes [ B3l spectrum in this orbit. |
11 | Second E Z Seconds B3l , i
1z Initiai Wave No, [ cm™! . Fl. Pt. | Initial wave number for '
j i : , each calibrated spectrum.
, : » Normally », 2 230 em !
13 Final Wave No. | em ™} (FLopt. Final wave aumber for
i : ] : each calibrated spectrum. f
| Normaily ., > 2442 7
Pt Wave No. - em”? Fl. Pt. [ The wave number incre~ |
Increment | ‘r ment, Normally '. -
2 § P 20BETE408 em T
i3 . Spare . '
oh ! Spare f '
1T ?Spare ] i
15 Spare ! I i




Table 3-2
Cold Reference Calibration Spectra

I Word No. Quantity Units Scaling Remarks
b
4
}L 1 Record Type - B31 Type = 2 indicates this
11 record contains the aver-
j age cold reference cali~
! bration spectrum,
2 ¢ Orbit No. - B3l Readout orbit over which
i ' the average cold reference
| calibration specfrum was
! 5 computed,
l 3 Number of Cold - B3l Number of cold reference
% reference calibra- calibration spectrum av-
- tion spectra eraged.
! 4 ¢ Average peak - Fi. Pt. | Average peak value of the
! value cold reference calibration
’ i interferograms.
5 | Standard Devia- - Fl. Pt. |Standard deviation of peak
tion of Peak values from the cold ref-
Value erence calibration inter-
| ferograms.

B8 Average Position - Fl. Pt. | Average location of peak
| of Peak Value values in the cold refer-
ence calibration inter-
| ferograms.

: 7 Standard Devia- - F1. Pt. | Standard deviation of the
i tion of Position location of peak values in
' i of Peak Value the cold reference cali-
: i hration interferograms.
o
|
i ) ? Spares
C
-
29
30 Averaged Celd - Fl. Pt. |Spectral intensity for the

Reference Cali-
bration Spectrum
Intensity Count

averaged cold reference
calibration spectrum at
= 2530 em™ "

¥y
i
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Table 5-5
Cold Reference Calibration Spectra {Continued)

Word No. Quantity Units | Scaling Remarks
31 Averaged Cold Fl. Pt. | Spectral intensity for the |
Reference Cali- ! Averaged cold reference |
bration Spectrum | calibration spectrum at 5
Intensity Count o, - 250 emTh v, =
i
[
I
\
t? ' | rr
[H i " 1 "
v 3
1080 | Averaged Cold - Fi. Pt. 3 Spectral intensity for the
Reference Cali- I Averaged cold reference
bration Spectrum . calibraticn spectrum at
Intensity Count vy, T 22 cemtt, ‘
. |

134



Tabie 5-6
Warm Reference Calibration Spectra

Word No.

Quantity

Units

Scaling

Remarks

29
30

31

Record Type

Orbit No.

Number of warm
reference cali~
bration spectra
Averaged Peak
Value

Standard Devia-
tion of Peak
Value

Average position
of Peak Value

Standard devia-
tion of the posi-
tion of Peak Value

Spares

Average warm
reference cali-
bration spectrum
intensity count
Average warm
reference cali-
bration spectrum
intensity count

B31

Fl. Pt.

Fl. Pt,

Fi. Pt.

Fl. Pt.

i, Pt.

Type = 3 indicates this
record contzins the aver-
age warm reference cali-
bration spectrum.
Readout orbit over which
the average warm refer-
ence calibration spectrum
was computed. .

Number of warm refer-
ence calibration spectrum
averaged, . o
Average Peak value of the
warm reference calibra-
tion interferograms.
Standard deviation of peak
values from the warm
reference calibration
interferograms.

Average location of peak
values in warm reference
calibration interferograms.
Standard deviation of the
location of peak values in
the warm reference cali-
bration interferograms.

Spectral Intensity for the
Averaged warm reference
calibration spectrum at
vy = 250 em~ L,

Spectral intensity for Av-
eraged warm reference
calibration spectrum

ey T )




Table 53-5
Warm Reference Calibration Spectra (Continued)

Word No, Quantity Units Scaling Remarks

Average warm - '
reference cali-
bration spectrum
intensity count

. Average warm " o
reference cali- -
bration spectrum
infensity count
Average warm ' "
reference cali- ]
bration spectrum | B
intensity count

1080 Averaged warm | - F1. Pt. |[Spectral intensityv for the
| reference cali- o averaged warm reference
| bration spectrum _ calibration spectrum at

intensity count ' Yrosy = 2442 em Tl

"
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Table 5-7
Average Responsivity

! ! ’ : a i
! Word No. | Juantity ; Jnits . Scaling ; Remarks ;

1 Record Tvpe ; - B3 'Tvpe = 4 indicates this .
' 'record contains the aver— |
' r ‘age responsivity for the

: ; orbit.

2 . Oriit No, ; - B31 - Readout orbit over which
.the average responsivity

! was calculated.

|

. i Spares :
1 | ;
: © Spares §
. Spares : ;
: [ N
: P Spares ; ; i
! Spares ; i ‘
. i Spares f
: g i f : ! ;
i N ! ' i ! |
I 30 . Average respon-i watts em™'| Fl, Pt. | Average responsivity for |
i L sivity for the i ster.”t : ‘the orbit at ., = 250
; | orbit at a given | fem™H, L
? I ' : ; ;
: | | |
! . o ! . ‘ ' i
B i H : 4
; i ! ; | i
1‘ * y C e y .
: % | f % '
j . E 11 { it : I J " :
i % i . - i e
: 16359 % Average respon- ¢ watts em~ ! Fl, Pt, iAverage responsivity for -
! b e L -1 " . .
: P givity for the | ster. : ‘the orbit at .o, -
; orbit at a E 2442 em ¢

: given - . § : ,
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Noise Equivalent Radiance

Table 5-3

Word No. Quantity Units Scaling Remarks
] Record Type - B3l Type = 5 indicates this
5 record contains the stan-
! dard deviation of the re-
é sponsivity for the orbit.
2 Orbit No. - P R31 Readout orbit over which
the standard deviation of
the respensivity was cal-
culated,
3 Spare
Spare
Spare
Spare
. Spare ,
29 Spare
30 Noise Equiva- - Fl. Pt. | NERat -, = 250 cm ™.
lent Radiance at
given v .
1080 NER at given - Fl. Pt. INER at = . = 2442
em- b,
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Table 5-9
Average Instrument Temperature

Word No, Quantity Units | Scaling Remarks

1 Record Type - B3l Tvpe = 6 indicates this
record contains the aver-
age instrument tempera-
ture,

2 Orbit No. - B31 Readout orbit over which
the average instrument
temperature was calcu-
lated.

3 Spare

Spare
Spare
Spare
Spare
. Spare
29 Spare
30 Average Instru- Degrees Fl. Pt. |Average instrument tem-
ment Tempera- Kelvin perature at v, > 250
ture at a given em- 1,
1 1 L& e
Pt i 1r 1
1080 Average Instru- | Degrees F1. Pt. |Average instrument tem-
ment Tempera- Kelvin perature at = -

ture at a given
2N

o5
24492 om -1, o
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Table 5-1C
Standard Deviation of the Instrument Teamperature

Word N¢., - Fuantity ; Units ! Scaling Remarks

i Record Tvpe - . B3w C Tepe = 7 indicates this
‘ Crecord contains tihe stan-
' , " gard deviation of the in-
: Cstrument ltemperature. ‘

roit over which

[

z - Orbiz Ne. ' - POBS Readout ¢

' i the standarc deviation of
Cihe instrument tempera-
iture was comnuted,

" Spare : -

. Spare

Spare

©Spare

standare Devis- - Ti. Pi.  Stangard deviation of the

“tior of the instru- | finstrument temperature
i i = —1
ment remperature | : at _ 250 cm TR,

1.0
e
Ch
o
3

L
pay

at ziven .

ENERY ' Standard Devig- : - L. Pr, o Standard deviation of in-
tion Of the insiru- | ‘ Pslrument temperafurs at
L 1 i . .
Cmeni emnera- P P, 24 i2 emT L
A N H LSD.

ture at given .. ;




Tahle 5-11
Calibrated Atmospheric Spectrum

. —
Word No, Quantity i Units Scaiing Remarks |
{
1 Record Type - R31 Tvpe = 3 indicates this E
i record contains a cali- |
brated atmospheric spec- ;
| trum. !
! 2 - Orbit No. ! - | B31 Readout orbit in which the
! ; } | calibrated spectrum was |
! 5 I calculated. i
3 E Spectrum No. - B31 Sequential number ag- '
\ : signed to a given spectrum i
i F in a given orbit.
‘ 1 ' Day | Days PB3LY
5 | Hour . Z Hours | B31 | | Time associated with
] [ Minute Z Minutes E B31 ;}‘ | this interferogram,
7 | Second | Z Seconds | B31.
{ 3 | Latitude , Degrees ' FlL. Pt. | Latitude and Longitude of
‘ | ; ] the center of the viewed
? 9 ! Longitude Degrees {Fl. Pt. |area
10 i Height of ; Kilometers ; F1 Pt. | Height of the satellite at
| satellite ( the time stated. in words
| ; 1-T,
: 11 ! Bolometer Degrees K | FL. Pt, | Bolometer temperature |
E Temperature i - (average of two readings |
| before and after inter- |
A ; _ _  ferogramas),
P2 : Bolometer  Degrees K | Fl. Pt. . Bolomeler temperature = |
‘ temperature | : i from redundant sensor
- redundant | i {average hefore and after
. sensor i ; | interferogram,).
.13 . Blackbody ' Degrees K | Fl. Pt. | Blackbody temperature |
: l Temperature j {average before and after
: | interfercgram). ‘
14 t Blackbody i Degrees K : Fl. Pt. | Blackbody temperature
{ temperature ’ | from redundant sensor
| ! from redundant | E faverage before and atter *
; | sensor f interferograms. i
E 13 , Beamsplitter | Degrees K } Fl. Pt. | Temperature of IRIS in- !
f i Temperature | | strument beamsphtter_. .
i 16 | Temperature of ! Degrees K {FlL, Pt. | IRIS Micheison mirror |

| Michelson mirror |

! drive motor

i

drive moetor temperature.
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Table 5-11
Calibrated Atmospheric Spectrum (Continued)

Word No. Quantity Units Scaling Remarks
17 IMCC Temper- Degrees K | Fl. Pt. { IMCC Temperature
ature '
i3 Temperature of Degrees K | Fl. Pt. | Cooling surface temper-
cooling surface ature
18 IMCC Position - B3t IMCC Position (2 bits
' digital}
0 = Cold Ref. 2 = Cold Ref,
] 1 = Earth 3 = Warm Ref,
.20 +0.6 Volt - FL. Pt. | +0.6 Volt Calibration
Calibration
i 21 0 Volt - Fi, Pt. | 0 Volt Calibration
i Calibration
|22 -0.6 Volt r Fl. Pt. | 0.6 Volt Calibration
: Calibration
23 Calibration - - Calibration Transducer
i Transducer
24 Solar Elevation Degrees Fl. Pt. | Solar deviation angle at
Angle ' _ the viewed point. '
1 25 Number of sync - FI. Pt. | Number of interferogram
pulse errors sync pulse errors,
| 26 Number of parity - F1. Pt. | Number of instrument
5 errors word parify errors.
27 Number of Gain - Fl. Pt. | Number of gain pulses
Pulses Qutside outside center region of
Center the interferogram. '
23 Spare Position - -
29 Spare Position - -
30 sSpecific ' watts em~! | F1. Pt. | Specific intensity at' 4/1 o
Intensity ster -1 250,
31 e t LA '
1t 11 it 11
" 11 11 11
1080 Specific watts em~! | F1. Pt. | Specific intensity at
Intensity ster-! Vg = 2442,




Table 5-12
Summary Record For the Orbit
(L.ast Record in Fileg)

Word No, Quantity Units Scaling Remarks
1 Record Type — B31 Type = 9 indicates this
record is a summary for
the orbit.
2 Orbit Number - B31 Readout Orbit No.
3 Number of Spec- - Fl. Pt. | Number of calibrated
tra per orbit spectra computed for the
orhit, '
f Day Day B3l Time of the first cali-
5 Hour Z Hour B31
6 Minute 7 Minute | B31 brated spectrum com-
7 Second Z Second B31 J puted for the orbit
R Day Day B3l W Time of the last cali-
9 Hour Z Hour B3l brated spectrum com-.
10 Minute Z Minute B31 . X '
11 Second Z Second RBi1 J puted for the orbit
12 Orbital Mean Degrees K | FI. Pt. | Mean bolometer tempera-
of Bolometer ture for the orbit
Temperature
13 Sample Standard - Fl. Pt, -
Deviation of
Bolometer
Temperature
14 Orbital Mean Degrees K | Fl. Pt. -
of Blackbody
Temperature
15 Sample Standard — F1. Pt. -
Deviation of
Blackbody
Temperature
16 Orbital Mean Degrees K | F1, Pt. —
Beamsplitter
Temperature
17 Sample Standard - Fl. Pt. -
Deviation of '
Beamsplitter
Temperature
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Tahle 5-12
Summarv Record For the Orbit
iLast Record in File} (Continued)

i Word No. Quantity l Units l Sealing ! Remarks {
| 13 . Orbital Mean . Degrees K L. Pt | -
i | Temperature of '
: | Michelson mirror | 5
i drive motor '
19 ‘ Sample Standard 1 - Tl Pt — :
© Deviation of j
Michelson mirror !
' motor tempera- -
| ture B .
206 | Orbital Mean ' Degrees X FL Pt, -
"IMCC Tempera- :
fture R
21 + Sample Standard j - - FL Pt. ~ ,

. Deviation of : 5 ;
IMCC Tempera- : —

ture

22 i Qrhbital Mean Degrees X TL Pt. -
. Temperature of ; ‘ o ' :
| Cooling Surface | 1

23 - Sample Standard - CFL Pt -
. Deviation of *
‘ Temperature of

Cooling Surface : ;

24 . Number of Inter- ' — " FL Pt. Number of interferograms |
“farograms con- ; i Din the orbil containing
‘raining svne : [ CSYVTIC DULSe 2rrors) ’
‘puise errors ; R

23 Number of Inter- - ¢ FL Pr. o Number of interferograms |
ferograms con- 5 ‘in the orbit containing i+ . -
| taining word : word paritv 2rrors;
fparity errors . ‘ : :

28 Number of Inter- | - . Tl Pt. : Number of interferograms
'ferograms con- ’ f ‘ in orbpit containing gain.. . i

itaining zain switch § Ipulses outside central -
'pulses nutside cen~! : !f “region.
{
1
|
1

: tral region

H

i

ot
IF‘
e



Table 5-12
Summary Record For the Orbit
{Last Record in File) (Continued:

H i i i
[ . - o : [ : .
- Word No. | Quantity | Units | Scaling Remazrks
f z
§ 27 . Number of warm | — . FL Pt. | Number of warm calibra-

 ecalibration ; . tion spectra used in the

i Specira used ; ! average to compuie cali-

' @ . brated spectra.
: 28 Number of cold | — ;P PL D Number of cold calibra-
i ; . i ! L. A ;
E . calibration used . : ' tion spectra used in the |
; | average to compute.
* |
Loo2¢ Spare : - - Z —
i 1080 Spare - L= ‘ —

! i {
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SECTION g
THE SATELLITE INFRARED SPECTROMETER {SIRS) EXPERIMENT

by
D. Wark, n. Hilleary, J. Lienesch and p. Clark
National Environmental Satellite Center
Environmental Science Services Administration

6.1 Introduction

In its ultimate application, the results from this or a comparable Instrument
would be used tg determine the three’-dimensional temperature structure of the
atmosphere to a height of 20 xm or more,

The outputs of the Satellite Infrared Spectrometer are transformed to Spectral
radiances by the calibration Procedure discussed ip Section 6.3. The Spectral
radiances are then used ensemble to deduce the temperature profile within the
fleld of view, ' ' B

6.2 Desecription of the Experiment

A broad body of literature now exists on the methods of transforming spectral
radiances to temperature profiles; mogt of these can be found in the bi__blio_graphy.

Briefly, the Procedures follow the same course. If the radiances in severa]
spectral intervalg are given, one can construct a set of integral equations,
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13

]

= speciral radiance ar wavenumber

T 0 = Planck radiance at wavenumber @ and temperature T in
the almosphere tempervature is a function of the pressure

level, p .

P = fractional transmiftance of the atmosphere in the speciral
interval centered ai wavenumber :  and irom pressure leve

o To the sateliife.

Subsecripts © and s refer to cloud-tor and surface.

N = the product of the fraction of cloud cover within the field of
view and the cloud emissivity; if the cloud 18 thick the emis-
sivity is uniiy, whereas if the cioud is not opaque it is as-
sumed to be geometricaliv thin.

These are the integral forms of the radiative transfer equation, with the
following assumptions:

o

Cor

The bOlU_thI’i of the set of equatmns will generally foliow procedures given

The speciral interval centered at . lies in an absorption band of an
atmospheric constituent whose mixiure is known. The SIRS instrument
makes use of several parts of the 1i-micron carbon dioxide band; carbon
dioxide is assumed to have a uniform mixture of about 0.0313 percent by
volume.

The atmosphere is in local thermodynamic equilibrium, so that the source
function is the Planck radiance, B . . Tip)!.

The lower boundary, p . » 1s a black surface al {ne wavelengths of interest.

~

i T

in the bibliograph Vi

i

Linearize tne equations with respect to wavenumber. s¢ that a single
wavenumber, » _ , appears in the source function.

Assume the transmifiances. - {: > )i these are weakly temperaiurs

dependent, and will require corrections.

Using characieristic patterns derived from radioscnde and rocketsonde
measurements, soive for N, p_, and B, T (p). by iterative techniques.

L\



i, Transform B, Tip). to T{p) from

2h >=r3 c?

exp he » 'k T(p) -1

B - Tipyl =

where h, ¢, and k have their usual meanings.

3. Make corrections to (> ., p) to satisfy the derived temperature profile,
Tlp)

5. RHepeat steps 3 and 4.

A single iteration for the tvansmlttances should be adequate for a final solu-
tion of T{p).

It is emphasized that suitable femperature profileg will result only when
characteristic patterns of B+ . T{p)} are used for the particular geographical
iocations and season of the observed spectral radiances.

Thus, the deduction of temperature profiles rests upon a large computer
capabilify, an elaboraie program, and an enormous body of data from radiosondes

and r-ocxetsondes

The entire procedure would provide unusable soundings. however, if the
instrument is not capable of meeting exacting standards of meagurement. Ex-
serience has shown that the root mean bquar error of observation must not .
exceed one percent. ' . ' '

3.3 Desgcription of the Instrument

The SIRS mqtrumem: is basically a Fastie-Ebert fixed-grating infrared
spectrometer, The fzve oasm components ,vhlch compose ‘he oums ‘stemm are:

SOUSE - SIRS Oplics Um’t and Sensing Electronics
SIPS - SIRS Instrument Power Supply

SOD ~ SIRS Cutput Demodulator

SOBADS — SIRS On-Board Analog-to-Digital System
SCUM - S8IRS Centrol Unit Module
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The SIRS subsysiem measures the differences in infrared radiation hetween
the earth and deep space in eight spectral bandpasses, each about 0.1 micron
wide, between 11 rnicrons and 15 microns. The eight spectral bandpasses are
centered af 11.12, 13.33, 14.01, 14.16, 14.31, 14.45, 14.78, 14,95 microns. The
insirument is pointed straight down af the subsatellite point for no satellite
attitude error. The field-of-view is 11.5° on a side, giving a resolution of 120
nautical miles on a side square at the satellite height of 600 nautical miles.

The eight bandpasses are isolated by a diffraction grating in the spectrometer
and eight bolometer detectors placed on preselected fixed positiong. Figure 6-1
shows a cut-away view of the SOUSE unit which contains the entire optics sys-
tem. The signal flow diagram is shown in Figurse 5-2.

The SOUSE unit contains: a plane, light-collecting mirror to provide a
single earth-viewing beam fixed in the vertical; a balanced rotating chopper mir-
ror; a spherical mirror of 25-inch focal length; a 5~inch diffraction grating; a
set of 8 exit slits with a single interference filter at the entrance slit for order
limitation; 8 wedge-immersed thermistor bolometers; and a blackbody radiation
source for calibration. Also, the 8 preamplifiers and 8 operational amplifiers
are lecated in the SOUSE unit. :

The earth and space beams are received in the SOUSE unit and alternately
directed to the bolometer detectors. This sequencing is accomplished by the
chopper mirror which alternately passes earth radiation and space radiation to
the detectors through the optics. The resultant signal is & 15 Hertz AC voltage,
the amplitude of which is a measure of the difference in the radiant flux of the
two beams. The infrared radiation from space is negligible. The chopped radia-
tion is passed through the entrance slit to the spherical mirror, from which it
is reflected as a collimated beam to the diffraction grating. The grating disperses
the beam spectrally. The dispersed radiation is again collected by the spherical
mirror and focused on the exit slits as a spectrum. The signals from the de-
tectors are amplified by the preamplifiers and operational amplifiers.

Eight demodulators in the SOD provide eight DC analog voltages, each repre-
sentative of the radiant energy difference between the earth and space heams for
its associated bolometer detector. A lamp and photocell are employed in con-
junction with the chopper mirror to generate the 15 Hertz pulses for use in the
synchronous demodulation of the outputs from the SOUSE. A spare lamp is pro~
vided. Also contained in the 80D is the telemetry conversion circuitry required
for all temperature monitoring thermistors and other function monitors.
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The demodulator Outpuls are inpuis to the SOBADS, where the conversion
to eleven bit (ten bit word, plus parity) digital words occurs. The eight channels
of data are transferred ic the PCM Subsysiem in eight seconds, after which the
cveie 1s repeated. The SOBADS samples the eight infrared outputs within 160
milliseconds. In addition to the eight infrared channeis, the fine reference cone
temperature data are also converted by the SOBADS to an eieven bit word for
Preseniation to the PCM Subsvstem every eight seconds. 7t is read by the PCM
€very sixteen seconds. The SOBADS uses the PCM synchironizing pulse for data
synchronization. The SIRS is designed to operate in this repetitive manner
continuously.

The SIPS converts the -24.5 VDC spacecraft bus voltage into highly regulated
voltages of several ievels and polarities for use in the SOUSE and the SOD.

The SCUM provides the power and command interface between the SIRS and
the spacecraft, 1t contains set-reset relay circuits to command and control the
distribution of the -24.5 VDT power for the various functions.

Under normal operating conditions, the only interruption to the continuous
infrared data channei outputs will be a calibration cycle occurring at either of
two predetermined intervalg of time. The cycle is controllied by the SORS (SIRS
On-Board Sequencer) portion of the SOUSE unit. When operated in Mode A, the
SOBS will commence the calibration sequence every 32 minutes. In Mode B, the
calibration sequence Occurs every 256 minutes. The mode is selected by space-

craft command.

The calibration cycle consists of the actuation of each of the three solenoids
shown in Figure -2 and then resetting them to their original positions in & nre-
determined Sequence. The set and reget pulses originate in the SOBS. Lo

Step number one in the cycle actuates one solenoid which places a beam
blocking shutter at the entrance slit to produce a ""zero" signal at the infrared
channel outputs. The "zero! level is also used to indicate the start of a calibra-
tion sequence. This condition is maintained for two minutes before the second
step ocours, R a ' R .

The second step resets the beam blocking shutter solenoid and, by actuating
2 second solenoid, shifts the earth~viewing mirror to view the reference cone
{internal blackbody target). In this position, the mirror reflects radiant energy
from the reference cone {instead i_}f earth) to the bolometer detectors. The in-
frared data channels now contain signals representative of the radiant energy
differences between space and the reference cone. This condition is also main-
tained for two minutes. -
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Step number three actuates a third solenoid two minutes after the start of
step number two to place a narrow band interference filter (calibration filter) in
front of the deteciors. The attenuations produced by the filter in the outputs of
several of the infrared data channels are used as a wavelength calibration check.
This condition is maintained for two minutes.

The fourth step is the application of a one second reset pulse to return the
earth-mirror and calibration filter solenoids io their normal positions. This
pulse is again applied two minutes later to insure their return to normal.

Thus, the calibration sequence consists of four two minute intervals. During
three of these intervals, calibration data are generated and transmitted over the
eight infrared channelg. The fourth interval is the normal mode of operation of
the SIRS between the solenoid reset pulses.

The laboratory {ests of the SIRS instrument are accomplished by placing
external blackbodies in the earth and space beams. The temperatures of these
targets are precisely controlled and monitored by internal thermocouples. Since
the STRS measures the difference between earth and space radiation, the earth
and space blackbody temperature difference is varied so that the difference in
their radiances varies from 0 to 200 ergs/sec cm? steradian em~'. The ouiputs
of the SOBADS are plotted as a function of the radiance differences. Figures $-3
through 6-10 show typical calibration tests for the SIRS instrument at 26.0°C de-
tector temperature. The orbital data will be processed on the basis of the instru-
ment performance ascertained from the in-orbit calibration sequence data, Cal-
culated Planck functions are used in the conversion of temperature to radiance
and vice-versa., Figure 6-11 shows the temperature calibration of the reference
cone (internal blackbody). Figure 6-12 shows the relationship between the cali-
bration slopes and the temperature of the SIRS detectors. Figure 6-13 shows the
relationship of the calibration filter transmissions and the temperature of the

filter for the 4 channels affected.

There are 18 housekeeping data channels for monitoring the operation of the
SIRS instrument. Four of the monitor channels are digital and fourteen are
analog. The digital channels give an output signal for the "on” condition of the
PRP back-up lamp, operation in SOBS Mode A, operation in SOBS Mode B, and
for the solenoid reset condition. ' o '

Eleven of the fourteen analog channels are used for internal temperature
monitors in the SIRS instrument. These include the temperature of the SIPS,
50D, SCUM, SOBADS, chopper mirror motor, order f_ilter, detectors, calibration
filter, reference cone, collimating mirror, and earth mirror. Figure 6-14
shows the thermistor calibration curve for the various temperature monitors
in the SIRS instrument.
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One analog channel is used to monitor the operation of the chopper motor.
The operating levels are typically:

Motor off — 0 TMV
Motor one phase on — 4.250 = .250 TMV

¥Motor two phases on -~ 5.750 = .250 TMV.

The final two analog channels monitor the SIRS -24.0 volt supply and the
Telemetry -24.5 volt supply. Figures 6-15 and 6-16 show the respeciive linear
relationships between the felemetered voltage and the supply voltages. All of
the housekeeping channels are sampled by the PCM system once every sixteen
seconds.

All SIRS sensory and housekeeping data are handled by the Nimbus PCM
telemetry system, recorded on the spacecraft tape recorder and transmitted
to the STADAN Data Acquisition Facility and retransmitted to the NDHS at GSFC.
The PCM felemetry ground station at the NDHS reduces the data in real time
as they are received. Dafa are decommutated for processing on the CDC-924
computers. All SIRS sensory and housekeeping data are recorded on the com-
vuter generated Sensory Data Tape {SDT).

TELEMETERED VOLTAGE

Figure 6-15- SIRS -24.0 Vols Supply Monitor
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6.4 SIRS Data Processing, Archiving, and Access

Sensory Data Tapes (SDT) containing all SIRS data will be delivered from
the Nimbus Data Handling Facility to the National Environmental Satellite Center
for further processing. Two types of SIRS archival tapes will be produced by the
CDC 6600 computer at NESC: one will contain radiance valhes the other will
nave derived atmospheric temperature progles,

NESC will furnish SIRS archival tapes containing radiance values to the
National Space Science Data Center at Goddard. These tapes will be formatied
for compatibility with the IBM equipment at the NSSDC. (Section 8.5 shows a
preliminary format for the SIRS archival tape furnished to NSSDC. i Changes
to this format will undoubtedly be required after the experimental data become
available and have been analyzed. There will he a period of fime required for
check-out of the instrument, verification of the experiment, and modifications
of the computer programs before archival tapes wiil be made available to NSSDC.
[t is expecied that this time interval will be no shorter than 5 months from
Nimbus {II launch. Any significant nroblems would, of colirse, extend this period

of time.
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NESC will archive tapes containing derived atmospheric tempervaiure profiles
zt the National Weather Records Cenfer. Each archived prorile #ill have the
agsociated space and time coordinates ag weil as the radiance values from which
the profile has been derived. These archival tapes will be forwarded to NWRC
when the procedures for the retrieval of temperature nrofiles have become well
defined. A period of §-12 months after Nimbus III launch appears to be a vealistic
estimate ol the time required for defining the nrocedures adequately to allow
for genevation of NWRC archival tapes.

i

¥inal formats of any computer printouts obfainable from the archival tapes
cannot be defined at present, and will be included in a future Nimbus U1 data
catalog.

3.5 Preliminary Format of the SIRS Archival Tape

Tables 6-1 and 8-2 contain the preliminary format of the SIRS archival tape
furnished fo NESDC. The first record of sach orbit will contain information
identifving the orbit and a summary of the instrument's status throughout the
orbit. Basically, this information will be extracted irom the hisfory file of the
SIRS data on the Sensory Data Tape. The second and all subsequent records of
zach orbit will contain the sensory and housekeeping data irom each major frame.
in addifion, the computed values of radiance and the calibration data used in de-
termining these values will be presented in each record. The latitude, longitude,
time, and status of the instrument for =zach set of measurements will also he
available.
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Tahle 6-1

Header Record of the SIRS Archival Tape

Record Length: 450-24 BIT WORDS,
18G-60 BIT WORDS

Word Format Event

1-30 BCD Orbital deseription

31-399 SPEC2 SIRS Sybsystem Status Profile
400 Pe Fine Ref., Cone Temp.-5td. Dev,
401 " -Min.
402 ‘ : -Max,
403 " -Mean

404 v Coarse Ref. Cone Temp. - Std. Dev.
405 I -Min.
406 " -Max.
407 -Mean
408 " Pent. Diff,
409-411 24VT - Min, Max, Mean
412-~414 " AMotor P, S.
415-417 " 24VR - Min, Max, Mean
418420 " SCUM Temp. - Min, Max, Mean
4231-423 " SOBADRS M - " "
424426 " SOD M - " "
427-429 " SIPS M - v " B
430-432 B Order Filter Temp. - Min, Max, Mean
435-435 " Detector " " " "
436-438 " Cal. Filter " " " "
439-441 " Main Mirror " " '
442-444 " Motor " " " "
445-447 " Earth Mirror Temp. - Min, Max, Mean
148-450 " 3-24 bhit words of ZERQOS

~

AL TEMPERATURES IN °C.
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Table 6-2
Data Record of the SIRS Archival Tape

Record Length: 80 24 bit words,
32 60 bit words

Word II Format Event

1 i Record Number

2 I Major Frame Numbher

3-5 I Time in hrs., min., sec.

) I Cal. Cycle Number

7-10 2 Latitude, longitude, altitude, attitude
11-26 I SIRS IR data (Bits), Chan 1-18
27-42 F2 " " " (Radiance), Chan 1-16
43-50 3 Gain, chan 1-8

51-58 3 Alpha, chan 1-8

59 I Fine Ref. Cone (hits)

50 72 Fine Ref. Cone {(Temp)

61 i SCUM Temp.

62 " Order Filter Temp.

63 " SOBADS Temp.

54 " S0OD Temp.

65 ! SIPS Temp.

66 " Detector Temp.

57 " Cal. Filter Temp.

68 " Main Mirrer Temp.

69 | " Motor Temp.

70 ! i 24VT (Voltage)

71 ' MOTOR P. S, {Voltage)

72 " 24VR (Voltage)

T3 " Earth Mirror Temp.

74 " Course Ref. Cone Temp.

75 BCD Status: SIRS

78 e SOBS

77 " SLMP

78 " SICM

79 " SAT

80 SPEC1 On/Off: SOLR, LAMP2, S0OBSA, SOBSR

SPECL = last 4 bits of word; each bit (0 = off/1 = on) indicates status of
SOLR, LAMP2, SOBSA, SOBSB respectively, i.e., 19g would indi-
cate SOLR on all other events off. Bits 4-7 indicate good or bad
data (0 = good/1 = bad), i.e., 1044 would indicate LAMP2 on but
the data is bad.




Tabie 6-2 (Continued)

SPECZ - made up of following 9 word blocks:

Word Format ; Event
i
i i { Major Frame Number :
2-4 ' I Time of Mzajor Frame hrs., min., sec. [
z : BCD Status of S[RE
6 ' " | " " B0OBE
7 _ U STMP
8 ] YT SICM
9 ]f " " SAT

These $ work blocks may or may not fill the entire 369 word block re-
served for SIRS Subsystem Status Profiie - if not filled then remainder
of biock will be filled with blanks.

I = right adjusted integer.

FZ = right adjusted integer - decimal point is undersfood to be befween
2nd and 3rd decimal digits - {.e., 1.70 would be stored as 2524
right adjusted - when read as 170 wouid multiply by 1077 to re-
trieve original quantity 1.70

F2 = same as F2 except decimal point is understcod to be hetween 3rd
and 4th decimai digits. _

BLD = 4 character BCD word (Note: ODC BLD format uses dispiay code
where 0ig is A, etc.}

Display Code ; Characters
00 ; Z2ETC E
0% R |
03 | C
05 E
06 v
07 G
16 B
12 J
13 K
i4 ' L
15 M
16 | N
17 | s E

ot
-
[RV]



Table 6-2 (Continued)

Display Code

Characters

R R R ]

NN

fop)

T I IO R CC
-3 ]

2 WL Lo
[SUE ]

G
He o

R WL I W A
[ RS

i
DI o= O

S

(LI v | WA Y
o]

o2 W1

W) Y

-1

[
|
Lo

_—

ey

blank




Table 6-2 {Continued)

Display Code

Characters

60
651
62
3
64
35
66

57

70
71

P o

The entire tape is written in binary mode with one orbit per file, i.e.

{one history record of 180-60 bit words or 450-24 bit words followed by
several data records of 480-60 bit words or 1200-24 bit words).
data record contains data from 15 major frames.

Each
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SECTION 7
TEE MONITOR OF ULTRAVIOLET SOLAR ENERGY (MUSE) EXPERIMENT

by
Donald Heath and Raymond D. Westcott
Naztional Aeronautics and Space Administration
Goddard Space Flight Center

7.1 Description of the Experiment

The purpose of the MUSE experiment is to look for chano‘es with time in
the ultraviclet solar flux in five broad bands from 1150 to SGOGA to measure
the solar flux in these regions, and to measure the atmospheric attenuation at
these wavelengths as the sensors on board view the setling sun atter ‘che space-
craft has crossed the terminator in the northern hemisphere.

The sensors have thelr maximum response to solar radiation at 121bA lBOOA
1800% ‘?OO{}A and 9(300A The solar flux from 1150 to 3000: A is the major source
of energy input into the upper atmosphere.

An important part of this experiment is the imonitoring of solar radiation
which produces the photochemical equilibrium that governsthe amount and distri-
bution of ozone in the upper straiosphere. S. 1. Rasool (Reference 1) has analyzed
the effect on the ozone content, and the heating 012 the upperﬂstratosphere which
could result by changes in the solar flux at 2000A and 2600A.

The {ive nominal wavelength regions, each with a briei description of its
purpose, are as iocliows:

a - ..
1216A — This channel monitors the solar hydrogen Lyman aipha radiation
which piavs a *najor role in the formation of the D-region of the
1onosphere ' :

R L :
1600A — :olar vadlauon at these «vaveiengths is responmble for the dis--
assomatlon oi Og 1in the upper atmospnere above 100 Km, - -

1800A — Radiation in the vicinity of this wavelength causes the fluorescence
of O,, and is on the short wavelength side of the region where the
sun changes from a 5300K fo a 5000K blackbody.

o
—

bk



2000A — This solar radiation is responsible for the photodissociation of
O, via the Herzberg Continuum at the level of the ozone layer,

26004 — The photodissociation of ozone is caused by solar radiation at this
wavelength which together with the 2000A radiation determines the
photochemical equilibrium of ozone.

The MUSE instrument is shown in Figure 7-1. The appropriate bands of
ultraviolet flux enter the photodiodes, producing a current which is measured
by an electrometer and digitized by the Nimbus PCM system. Simultaneously
an Adcole solar aspect system measures the angle of incidence of the solar rays
and transmits its digital information fo the PCM system. The PCM data are
stored on magnetic tape and transmitted on playback to the Data Acquisition
Facility (DAF) and retransmitted to the Nimbus Data Handling Facility at GSFC.
At the NDHF the PCM data are decommutated and selected housekeeping and
MUSE sensory data are processed by a CDC 924 computer to create an IBM-360
compatible Sensory Data Tape (SDT) for final data processing. The MUSE in-
strument has only an in-flight electrical calibration sequence, as there are no
known suitable ultraviolet sources capable of providing an in-flight optical
calibration.

Figure 7-1~-MUSE Sensor Package
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7.2 Sensors

The sensors are vacuum photodiodes by EMR. All except the 12164 sensor
have Ssemi-transparent photocathodes which are deposited on the windows, The
1216A sensor consists of a solid fungsten cathode.

The five spectral regions are determined bv the fransmiffances of the filter
or window materials on the short wavelength side while the long wavelength cut-
off ig produced by the varying degrees of "solar blindness' of the different photo-
cathode materials,

A summary of the characteristics of the five channels is given in Table 1.
The effective wavelength (A) is defined as:

) RO Ay RO (1)

Where R (x ) = (Filter transmittance at A ) X (Quantum efficiency of photocathode
- at ~, )« (Solar flux in specified interval centered at 4, in quanta/cm*-sec.)

The current output of a sensor is related to the solar flux incident normal
to the photocathode by the formula:

I = ,; fo (A &h, AS(h, ) 1.6 10717 (2)

Where ¢_{~, ) is the solar flux at the top of the aimosphere in quanta/

i .
A at .,

]

!
[
13
|
w
[y]
[w}
3

L is the wavelength interval centered at - .
& is the aresa of the phoiocathode which is illuminated
S¢x ) is filter transmitiance ¥ quantum efficiency at » .
One must assume a distribution of solar flux with wavelength. If the meas-
ured sensor current ig different from that calculaied with Eg. 2, one can de-

termine the solar flux at the effective wavelength of the sensor by the relation-
ship:
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DT Y 1 ‘I {guanta‘cm®-sec-A} {
. Tassumes mMeat caic Mt - N

To convert Eq. 3 to {ergs /cm” -sec- A multipiv the above equation by the

enevgy/quanta (E =nc/obat -

A convenient compilation of the solar {lux measurements of the Naval Re~
aearch Laboratorv and the Alr Torce Cambridge groups under fhe direction of

l:’

JJ

Tousev and Hinteregger respeciively has been made oy Schultz and Holland

{Reference 2;,

Due o the hich orbital altitude of the Nimbus spacecraft, considerable work
was done to determine what efiects the high energy particles in the Van Allen
nelts would have on the transmittance of the optical filters and the quantum ef-
fieiencies of the photocathodes. These resulis are contained in the papers of

Heath and Sacher, Sacher, and Heath and McElaney {References 3, 4, 5.

7.5 Omptical Calibration

The measurement of the guantum efficiencies of the photocathodes was
made using the standard technidue of calibrating & freshly deposited film of
sodium salicyiate in front of a photomultiplier against a calibrated nifric oxide
ionization cell af H-Lyman alpha. The calibration was checked in the long wave-
iength region by calibrating the sodium salicviate — photomultiplier againsi a
thermopile. It was assumed that the response of the sodium salicviate was uni-
form between 12164 and 2537A. This in turn was used to calibrate two standard
diodes. tungsten and CsTe which are used ag standard detectors for the calibra-

tion of the flight sensors.

The filters were calibrated by measuring their transmittances as a funciion

of waveiengin under vacuum.

The optical calibrations of the five sensors are shown in Figures 7-2 to 7-i
where the product of the Quantum Efficiency ¥ Transmitiances of the filfers is
given as & funciion of wavelength. Since no two sensors have the same guanium
efficiency curve, one can assign only & nominal effective waveiength tc each of
the sensors. Hence, one should refer to Table 7-1 for the effective wavelengths
of the sensors actually flown.

[
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Calibration curve will be included in the first Nimbus III Monthly Catalog

(=]
Figure 7-2-Quantum Efficiency for 1216A Sensor



Calibration curve will be included in the first Nimbus III Monthly Catalog

o
Figure 7-3—-Quantum Efficiency = Transmittance of Filters for 1600A Sensor
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Calibration curve will be included in the first Nimbus III Monthly Catalog

Q
Figure 7-4—Quantum Efficiency = Transmittance of Filters for 1800A Sensor
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Calibration curve will be included in the first Nimbus I1I Monthly Catalog

Q
Figure 7-5-Quantum Efficiency ~ Transmittance of Filters for 2000A Sensor
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Calibration curve will be included in the first Nimbus Il Monthly Catalog

o
Figure 7-6—Quantum Efficiency < Transmittance of Filters for 26004 Sensor
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The instrument is housed in an electronics package and a seasor package,
located in the rear of the Nimbus spacecraft. The field of view of the sensors is
about 90° with the center of the field of view parallel to the spacecraft velocity
vector. Solar acquisition will, therefore, begin at 45° prior to the earth day/night
terminator and completely cease at the satellite day/night transition. Just prior
to the day/night transition, the solar flux will be partially occulted by the earth's

atmosphere.

The instrument has a basic 48 second cycle and a one sample per second
data rate. Figure 7-7 shows the MUSE analog data ouiput resulting from the
internal commutation of the sync pattern, electrometer calibration, and sensor

outputs,

A block diagram of the instrument is shown in Figure 7-8. The five radio-
active current sources and the five uliraviolet sensors are sequentially switched
into a four decade automatic range switching elecirometer. The analog output,
along with 3 bits of range information, is sampled once per second by the PCM

system.

The input current to the electrometer may be calculated using the following
aquation and Table 7-2:

LMV, -V, -V -1, (4)
Where I = electrometer input current

M = slope of calibration curve for a particular decade

electrometer output voltage

<
I

tm

0.20 volts = electrometer output voltage with no inputf current
{zerc check)

K

V. =5.40 volts, which is a level removed from the analog output when
the range fails in the upper half of a decade

1. = offset current due io ionizing radiation (assumed to be negligible).

0

During the first 8 seconds of the MUSE 48 second cycle, the electrometer is
preprogrammed to the least sensitive decade {not indicated with range bhits) and
an automatic zerc servo is enabled. Should the electrometer output voltage (zero
check) exceed 0.250 volts or fall below 0.150 volts the zero will be digitally ad-
justed in 0.050 volt increments o bring the zero within these limits. If the range
of adjustment is no longer sufficient for zero correction, a redundant electrometer
will be automatically switched into the circuit and automatically rezeroed.
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CYCLE SAMPLE NO.

,
"

1-SEC/ MUSE

FUNCTION 1401 OUTPUT (VOLTS)

6
|

1y

2q] r

3

8.
}
]

1y

51

|

6t
i

81

g3
103
Iy
121
131
14

5y
16,
174
18t

161
2014

211
221
35,

24
254
261
271
231
29t
34
a1i
321
33
34i
351
364
37
383

39!
401

414
124
43¢
44
431
461
474
43

NOTE: CALIBRATION AND
READINGS .

3

(1]

SYNC
ELECTROMETER A OR B

SYNC

ZERD SERVO STATE
SYNC

ZERO CHECK

CALIBRATION 1
CATIBRATION 2
CALIBRATION 3
CALIBRATION 4

CALIBRATION 5

4
1500 A SENSOR

1216 % SENSOR

1860 A SENSOR

2600 3 SENSOR

2160 A SENSOR

SENSOR DATA MUST'BE CORRELATED WITH RANGE

Figure 7-7—Analog Data Channel Qutput Voltage vs MUSE Cycle Sample Number
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Table 7-2
Conversion of Telemetry Voltage to Sensor Current

f i .
I Range Bits Vb (volig) } M (amps/volt)
i

This information will be included in
a future Nimbus III Catalog

The second sample of the 48 second cycle indicates which electrometer is
in use. Electrometer A is represented by 5.90 = 0.20¢ volts and electrometer B
by 2.80 + 0.15 volts.

The fourth sample of the 48 second cycle indicates the state of the zero
servo. The zero servo corrects amplifier drift of the input MOS-FET's (Metal
Oxide Field Effect Transistor) in 64 steps of 0.025 volts referred tothe electrom-
eter input. A step of 0.025 volis on the electrometer input will cause an 0.050
volt change in the electrometer output (verified by zero check). The zero servo
state is indicated by a voltage of 0.10 to 6.3 volts in 64 levels corresponding o
the 64 input levels available for adjustment. Initially, the zero servo is set at
mid-range for launch (2.9 volts).

The sixth, seventh, and eighth samples of the cycle indicate the zero check.
This value shouid be between 0.150 and 0.250 volis at all times.

The ninth sample through the 23rd sample contain calibration data for the
gain settings of each decade of the electrometer. Because of the electrometer
and current-source time constants, the first two samples of Cal. 1 do not indi-
cate the final correct value and should not be used in gain corrections. The
first sample of Cal. 2 through Cal. 5 should likewise be rejected. The statistically
random variations in the calibration current are due to the low rate of alpha
particle production within the Americium 241 constant current sources. It is,
therefore, mandatory that one obtain a large number of samples and average them
before attempting to correct the values of "M'" found in Table 7-2.
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The certified currents for these sources as of April 25, 1966 are as follows:

Table 7-3
Calibration Current Sources

— r H
| cal.i | NM7-T i 5.97 x 10-1% amps. i
. Cal2 | NN1-7 | 299%10-'%amps. |
. Cal.3 | NM9-4 | 5.93x167'%amps. |
PoCal4 . NM3-4 | 197x 1677 amps. |
; Cal.5 | NN 4-5 | Lodx 16°% amps. |

The half life of AM-241 is about 475 years. The above currents should,
therefore, be reduced (derated) by 0.003 for a measurement made in April 1969.

The electrometer decade resistors have a non-linear temperature coefficient.
Since the temperature of the internal registive element cannot be measured, no
attempt will be made, ai this time, {0 provide a temperature dependant gain cor-
rection factor.

The 24th through 48th samples indicate the sensor current outputs. Each
sensor is switched into the elecirometer for five seconds. The first and second
samples of each sensor may be higher than the iast three samples because of the
electronics and sensory time constants. This will have to be determined by data
inspection after launch. The sensors are commutated in the following order
given in Table 7-4: ' '

Table 7-4
Sensor Commutation
Samples 24 through 28 | 1600 A Band
Samples 29 through 33 11216 A Band
Samples 34 through 38 1800 A Band
Samples 39 through 43 2600 A Band
Samples 44 through 48 | 2600 A Band

The MUSE instrument provides supporting measurements of the solar aspect
angle, photodiode temperature and feedback resistor case femperature.

The solar aspect angle is measured using an Adcole Corporation soiar aspect
sensor. Essentially the aspect sensor measures two orthogonalangles between the sun
and the normal vector of the MUSE optical axis. Assuming no spacecraft roll or
pitch errors and assuming the MUSE optical axis coincides with the spacecraft
velocity vector, the solar aspect pitch angle will indicaie zero degrees at the
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day/night terminator. The solar aspect yaw angle measured at the terminator
will indicate the angle between the orbital plane and the high noon meridian. The
Juantization of these angles is 90/128 of a degree with an absolute accuracy of
50/128 of a degree. The aspect angle will be measured correctly only when the
"ATA" voltage is below 5.35 volts. When this is the case, the data tapes will
indicate "ATA" on.

The photodiodeotemperature fcathode temperature) is measured by a thermistor

locaied in the 1800 A sensor (middle sensor in Figure 1). The thermistor is
fastened to the metal housing in the proximity of the photocathode surface of the
photodiode.

The feedback resisior case temperature is measured by a thermistor em-
bedded in the teflon block supporting the feedback resistors.

‘There are three anticipated sources of erroneous signal levels. These are:

1. Induced current resulting from lonizing radiation produced by the lower
portion of the Van Allen belts, particularly near the poles.

I

Ultraviolef flux from the earth's albedo entering the field of view of the
sensors, :

3. Contamination of sensor surfaces during the launch process.

The level of induced current due to radiation produced by the Van Allen belts
should not exceed 10 '* amperes or 10% of the most sensitive electrometer
decade. In any event, a radiation field strength global pattern may be derived
for correction purposes by observing sensor outputs while in darkness.

The contribution of the earth’s albedo to the total ultraviolet flux is =xpected
to be quite low. The extent of the albedo, if any, may be extrapolated by inspec-
tion of the curves of sensor outputs 2s a function of solar angle of incidence.

The contamination of sensor surfaces may be inferred if discrepancies arise
between these data and those of a previously launched rocket carrying the same
MUSE instrument. Should there be a reasonable discrepancy after the launch of
Nimbus IIT as to possible contamination due to foreign material or radiation
damage, a second MUSE instrument could be rocket launched for simultaneous:
measurements, '
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7.4 Format of the MUSE Archival Tape

The MUSE archival tape will be the basic repository for radiation data from
the Nimbus Monitor of Uliraviclet Solar Energy {MUSE} experiment. This tape
will be generated on the IBM 360 System with seven track recording in binary
mode at 800 bytes per inch, and will he available to the scientific community
through NSSDC within one year after launch. The format of the NMRT-MUSE is
detailed in Tables 7-5 and 7-8.

The NMRT-MUSE will contain multiple files with each file representing
one readout orbit of MUSE data. The End of File Mark will be recorded at the
end of each playback orbit, and will be repeated at least twice following the last
readout orbit on any reel of tape.

Each record in a file will consist of 360-32 bit words, 320-36 bit words, or
192-60 bit words. The first record of each file will contain a documentation and
history summary for that orbit (Table 7-3), and all remaining records in 2 file
will contain MUSE data {Table 7-6). All unused words in a record will contain
binary zeroes.

Ninety degrees are added to all latitudes to eliminate negative signs. TFinal
formats of any computer printouts obtainable from the archival tapes cannot be
defined at present, and will be included in a future Nimbus I data catalog.
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Table 7-5

Documentation and History Record of the MUSE Archival Tape

Word # Guantity Units Scaling Remarks
1 Satellite L.D. - Ix. PL. Nimbus OI = 3
2 Orbit Number - . PL. Readout orbit number
3 | Day Days Fx. Pt. } Starting time for data
4 Seconds 7 Seconds |Fx. Pt in this file
5 Day Days Fx. Pt. “L Ending {ime for data
6 Seconds 7, Seconds ;Fx. Pt. | jin this file
7 Day Davy Fx. Dt ) Time of the tgrm}nator
8 Seconds Z éeconds Fx. Pt. Ll' as measured in NTCC
“ lfrom PCM system
9 Day Day Fx. Dt. \.} §1me oj-t th; thfI‘I;llnatOI‘
i0 Seconds 7 Seconds [ Fx. P, etfarmme y t €0~
retical calculations
Latitude and longitude
11 Latitude Degrees Fl. Pt. 7} of terminator at time
12 Longitade Degrees Fl. Pt.; |specified in words 3 &
o . 10
13 Day Day Fx. Pt. ] |Time of ascending node
14 Seconds 7 Seconds |Fx. Pt. JL for this orbit
15 Longitude Degrees Fl. Pt. Longitude of ascending
node for this orbit
18 GHAA Degrees Fi. Pt Greenwich hour angle
of Aries at time speci-
‘ fied in words 13 and 14
: i7 Right Ascension Degrees Fi. PL. Right ascension of sun
! | at time specified in
: words @ and 10
I 13 I Declination Degrees ¥l Pt Declination of sun at
; iime specified in words
1 9 and 10
19 I MUSE - EBCDIC |"MUSE"
20 { Initial Status of - EBCDIC iInifial status of MUSE
MUSE Subsystiem subgystem reported by
NTCC ("OFF", "ON",
E "UNK')
21 i Initial Status of - EBCDIC [Initial status of ATA
ATA reported by NTCC
{"C’FF”, "ON”, HUJ’.\TK”)
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Table 7-5

Documentation and History Record {(Continued)

Word # Quantity Units Scaling Remarks
22 Initial Status - EBCDIC |Initial status of MUEL
of MUEL reported hy NTCC
(Muse Electrometer {("OFF", "A", "B")
Trangistor)
23 Inifial status of
TERM (Terminator) - EBCDIC |Initial status of TERM
reported by NTCC
(!.’DAYH’ -';NITH)
24 Initial Status of - EBCDIC |Initial status of SAT
SAT (Satellite) reported by NTCC
(HDA—YH’ HNITH)
25 Initial Status of - EBCDIC Initial status of EAR
EAR (Earth; reported by NTCC
(”DAY”, HN‘ITH, H‘INDH)
26 Final status of - EBCDIC | Final status of MUSE
MUSE reported by NTCC
27 Final status of - EBCDIC | Pinal status of ATA
ATA reported by NTCC
28 Iinal status of - EBCDIC | Final siatus of MUEL
MUEL reported by NTCC
29 Final status of - EBCDIC | Final status of TERM
TERM reporied hy NTCC
30 Final status of - EBCDIC | Final statug of SAT
SAT reported by NTCC
31 Final status of - EBCDIC | Final status of EAR
EAR ' . | reported by NTCC
Changes in status are
described by the
32 Seconds Z seconds | Fx. Pt. seconds of day, major
33 Major Frame No. - Ix. Pt. frame number, avent
34 Event Number = - Fx. Pt. »|number (MUSE = 1,
33 Status Change - | EBCDIC| |ATA = 2, MUEL = 3,
TERM =4, SAT = 5,
EAR = 6) and new staius
of the event that
_j |changed
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Table 7-5

Documentation and History Record {Continued)

Word #

Quantity

Units

Scaling

Remarks

36-111

[
[
[R™}

113

114

135-144

145-154

Number data
cveles

Normal data
cycles

Bad Data Cycles

Major Frame No.

Cyele Number

Seconds

Type of Bad
Cycle

Seconds

x. Pt.
Fx. Pt
Fx. Pt.

Fx. Pt.

Fx. Pt

EBCDIC

Words 32-35 repeated
19 times to cover the
first 20 event changes.
In the case of less than
20 event changes, un-
used areas will contain
binary zeroes

The number of data
cycles counted by
NTCC for this orbit
The number of normal
data cveles reported
by NTCC for this orbit.
The number of bad data
cycles reported by
NTCC for this orhit
Major frame number
reported by NTCC for
ten bad data cycles
Cycle number reported
by NTCC for the ten
bad data cycles re-
ported in words 115-
124 _
Seconds of day reported |
by NTCC for the ten
bad data cycles re-
poried in words 115~
124

Type of bad data cycle
reported by NTCC for the
ten bad data cycles re-
ported in words 115-
124, (Normal = "NOR",
Long = "LON", Short=
”SHR”)




Table 7-5

Decumentation and History Record {Continued)

Word #

Quantity

i
1
H
!
!

Units Scaling

Remarks

i65

166
167
168
169
170-174

180-184

135-189

1950-154

Seconds

Number of
Samples
Std. Deviation

“Average Value

Minimum Value

{ Maximum Value

Statistics

Statistics

Statistics

Statistics

Statistics

|
i
t
i

- Fx. Pt.

- Fl. Pt

ORGP
I":-__,
SRR

ILength of bad data
cycle in seconds re-
ported by NTCC for the

| ten bad data cycles re-

ported in words 115~
124

Statistics for cathode
temperature as re-
ported by NTCC

Repeat of words 165-
169 with statistics for
feedback resistance
femperature as re-
ported by NTCC (De-
grees C)

Repeat of words 165~
169 with stafistics for
Horizontal Solar Aspect
as reported hy NTCC
(Degrees)

Repeat of words 185-
169 with statistics for
Vertical Solar Aspect
as reported by NTCC
{Degrees)

Repeat of words 165~
189 with statistics for
Zero Check as re-
ported by NTCC (volis)
Repeat of words 165-
169 with statistics for
Auto Servo as re-
vorted by NTCC (volts}




Table 7

-3

Documentation and History Record (Continued)

Word £ |

QPuantity

!
i
;
i

Units

i
Scaling

Remarks

215-219

220-226

227

! Statistics

Statistics

Statistics

Statistics

Statistics

Histogram

Major Frame
Number

,}

Fx. Pt

Fx. Pt.

; 16§ with statistics for
. Calibration One as re-
portad by NTCC 1

Calibration Five as
¢ reported by NTCC |

Repeat of words 185-

{Amperes;
Repeat of words 165-
169 with statistics for
Calibration Two as re-~
ported by NTCC ;
{Amperes;

Repeat of words 165-
169 with statistics for
Calibration Three as
reported by NTCC
{Amperes)

Repeat of words 165-
169 with statistics for
Calibration Four as
reported by NTCC
{Amperes)

Repeat of words 165-
169 with statistics for

(Amperes)

Frequency histogram
of Zero Check for the
following sequential
intervals: 0-.03, .05-
10, .10-.13, .15-.20,
20-.25, .25-.30, greaten
than 0.30. These data
include 3 samples per
cycle ag reported by
NTCC

Major frame number
for day/night termina-
tor as determined by
NTCC
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Table 7-5

Documentation and History Record (Coniinued)

uantity

Tnits

Scaling

Remarks

229

]
Lo
[Rv]

i 233

234
235
236

237-240

2431-244

245-248

249-252

Seconds

Cathode

Vertical Solar
Aspect

Horizontal
Solar Aspect

Feedback
Resistor
Temperature

Third Response
Fourth Response
Tifth Response
Avg. Hesponse

Sensor Response
Sensor Response
Sensor Response

Sensor Response

Degrees

Seconds

Degrees
C

Degrees

Degrees

C

Amperes
Amperes
Amperes
Amperes

Fl. Pt

Fl. P

i
—
7

Fl.
FlL
Fl.
i,

Fl.

by
&

Fl. Pt.

SRR
'

Start time of normal
cycle nearest the day/
night terminator as
reported by NTCC.
Day is specified in
Word 7.

Cathode temperature
at day/night termi-
‘nator as reported by
INTCC

{Vertical Solar Aspect
at day/night fermi-
nafor as reported by
NTCC E
Horizontal Solar Aspect
at dayv/night terminator
as reported by NTCC
Feedback Resisior
Temperature at day/
night terminator as re-
ported hy NTCC

Third, fourth, fifth, and
average measurements
from 1600A sensor at
day/night terminator
as reported by NTCC
Repeat of words 233-
236 for 1216A sensor
as reported by NTCC
Repeat of words 233-
236 for 1800A sensor
asg reported by NTCC
Repeat of words 233-
236 for 26004 sensor
as reported by NTCC
Repeat of words 233-
236 for 2100A sensor
as reported by NTCC
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Table 7-5
Documentation and History Record (Continued}

| Word = i Quantify | Units 1 Scaling Remarks ;
—
1235 ‘Number of Calibra- ' ~ ¢ ¥x. PL. Number of ten minute i
|tion Segments Aver- ' I calibration segments |
gagec ’ 'averaged by NTCC,
* % | i | (Maximum = 10} !
234 | Frame Number — . F¥x. Pt. | Starting frame number |
| |for first segment of |
' calibration data aver— |
- ‘aged by NTCC |
255 { Trame Number - | Fx. Pu Ending frame number
P for first segment of :
i calibration data aver-
| i 1 | aged by NTCT §
| 256-273 | Frame Number . — i Fx.Pt. | Repeat of words 254-
L ' 255 for second thru
| tenth segment of cali- |

{hration data averaged

by NTCC

74-283 ! Calibration I “Amperes | Fl. Pi | Average values of cali-
: bration one for seg-
: P iments 1-10 processed

i)

[Sv]

| by NTCC
28£-293 iCaiibrat_ion A Amperes | Fi. Pt | Average values of cak-!
3 ' bration two for seg~
| ‘ments 1-10 processed |
_ _ ! by NTCC
294-303 |Calibration IT  [Amperes | Fl Pt. |Average values of cali-|
' | |bration Three for seg- |
{ iments 1-10 processed
: ?, tby NTCC '
1 304-313 | Calibration IV ‘iAmperes . TFl. Bt.  {Average values of cail
i * L ibration Four for seg-
; ; iments 1-10 processed ‘_
: z ; {by NTCC
1314-323 %Calibration v ' % Amperes | Fl. Pt. | Average values of cali~|
o ! |bration Five for seg~ !
; 3 ;{ iments 1-10 processed
i lby NTCC
| 324-360 1 - L= - | Spare locations

IR
vl
T



Table 7-6

Data Record Format of the MUSE Archival Tape

Word #

Quantity

Units

Scaling

Remarks

2

K

Day

Seconds

Cycle Number

Minor Frame No.

Major Frame No.

: Cvele Length

| Status

i

i

Cathode Tem-
- perature

E

L

Seconds

Seconds

Fx.

¥x.

bz

bt.

Day at beginning of
MUSE cycles

Seconds of day at be-
ginning of MUSE cycle
as determined by NTCC
MUSE Cycle number
for this record as de-
termined by NTCC
Minor frame number
.at start of cycle as
reported by NTCC
Major frame number

at start of cycle as
reported by NTCC
Length in seconds of
this cycle ag determined
by NTCC

The rightmost 18 bits
of this word contain the
six events for the
MUSE subsystem with
reach octal positionfrom
left o right represent-
‘ing MUSE, ATA, MUEL,
[TERM. SAT, EAR. The
values assigned to each
loctal position are the
%foliowing: 0= OFF,
1= ON, 2 = A, or DAY,
3 = Bor NIT. 4 = un-
fused, 3 =~ unused, 6 =
{IND, 7 = UNK
ZCathode temperature
éfor this MUSE cycle
l{Average)

AN
fa

&



Data Record Format (Continued}

Table 7-6

Word #

Fuantity

Uniis Scaling

Remarks

P13

[
e

[
(W]

Soter

4 i

-1
{0

Feedback Resistor
Temperaturs

ATA

MUSE power -
Day/Night/

Twilight

Latifude

Longitude

Heignt -

Latitude

i Kilometers |

Degrees C | Fl. Pt.

Tel., Volts . Pt.

- Fx. Pt.

h—J
-

Degrees i. Pt

Fri
post

Degrees

P
-

ki

Degrees |

Feedback resistor
temperature for ihis
MUSE cycle (Average)
ATA value for this
MUSE cycle (Three
values)

MUSE power status

for this cycie (1 = ON,
0 = OFF} as reported
by NTCC
Day/Night/Twilight
Code at time given in
words 1 and 2

= DAY

TWILIGHT

> = NIGHT

iatitude of subsatellite
point af beginning of
cycle (time specified
in words 1 & 2) Ninety
degrees added to elimi-
nate negative 8ign
Longitude {0-360 West:
1of subsatellite point at
Ibeginning of cyvele
{time specified in words

o O
H

1

(Height of satellite at
eginning of cveie (time
%Speci"ied in words 1 & 2)i
latitude of subsatellite |
point at end of cyele.
(time specified in words
1 & 2 plus 45 seconds}.
Ninety degrees added

to eliminate negative i
signs.

H
i

[

2086



Table 7-6
Data Record Format {Continued)

Word #

Quantity

Units

Scaling

Remarks

19

20

21

22

23

72-119

120-187

-

Longitude

Height

Right Ascension

Declination

GHAA

Horizontal Solar

Aspect Segment No.

Vertical Soiar

Aspect Segment No..

Horizontal Solar
Aspect (ALPHA}

Degrees

Kilomete s

Degrees

Degrees

Degrees

(G-127}

(G-127)

Degrees

Fi. Pt.

Fi.

Fx. Bt

¥

=
T

Longifude ((-360 West)
of subsatellite point af
end of cycle (time
specified in words 1

& 2 plus 48 seconds)
Height of satellite at
end of cyecle (time
specified in words 1

& 2 plus 48 seconds)
Right ascension of sun
at beginning of cycle
time specified in words
1 & 2)

Declination of sun at
beginning of cycle {time
specified in words 1

& 2j. Ninety degrees
added to eliminate nega-
five gigns.

.Greeawich hour angle

of Aries at time speci-
fied in words 1 & 2
Horizontal Solar Aspect.
One word {for sach sec-
ond of MUSE cvele

- Vertical Solar Aspect.

One word for each sec-
ond of MUSE cycie.
Horizontal Solar Aspect
expressed as angle
AILPHA and calculatea
by NTCC. One word
for each second of
MUSE c¢ycle.




Data Record Format (Continued)

Table 7-6

1

uantity

Units

Scaling

1
3

Remarks

[
S
o
1
o
et
(&7}

1324-343

1349-360

Vertical Solar
Aspect {BETA)

Range Selting

Raw Data '

i

Calibrated Data

|
g
I
!
i

' Calibrated Data

i

Tel. Volts

Quanta cm?
i sec ;

Degrees

Amps 1
E

t
¢
H

-1 {

Fl.

Fx.

FI.

Fl.

&3]
[

Pt.

. PL

Vertical Solar Aspect
expressed as angle
BETA and calculated
by NTCC. OUne word
for each second of
MUSE cycle,

Forty half-words of
range setting bits cor-
responding ic last forty

Raw data for this
MUSE ecyele. One data
word for each second
in cycle.

Forty measurements
corresponding to the
last forty seconds of
levele, Telemetry volts
are converied to Amps
i Twenty five measure-

. ments corresponding
Lo the last 25 seconds
iof cycle. Response
Lfrom five sensors cali-
'brated in Quanta em”™”

‘zec S
i Spare locations

seconds of MUSE cycle.
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SECTION 3

THE INTERROGATION, RECORDING AND LOCATION
SYSTEM (IRLS) EXPERIMENT

by
Charies £. Cote
Naiional Aeronautics and 3Space Administration
Goddard Space Flight Center "

TR1S General Description

vl
J—y

3.1.1 IRLS System Objectives

The IRLS (Interrogation, Recording, and Location System) is designed to
collect geophysical, metecrological and other experimental data from remote
unmanned data collection stations {platforms), to determine the location of the
platforms and track mobile platforms such as on balloons, buocys, and ships.
Figure 3-1 shows the IRLS concept. ' o

Objectives of IRLS are: _ _
1. To provide a radio relay and location system for remote platforms.

2. To prove feasibility of selective interrogations of a remote platiorm
from 2 satellite and receipt of an automatic response.

3. To obtain data collection from platforms on z global scale.

1, To determine system accuracy of platform location on a glooql scale
for both fixed and moving platforms.. EERUIREEEE T

5. To determine system performance_ in resolving platform 160_:1?:101__}.

5. To demonstrate the dissemination of the data collected and the locatlons
determined within an orbital Demod : : : S

3.1.2 System Description

The elements making up the IRLS sysiem are 2 set of remote platiorms,
a satellite, and a ground station. The platforms accept analog data from
various sensors, convert the measurements fo digital form, and transmit



TA :___Lz:____‘___
—

GROUND CONTROL AND DA
\ ACOUISITION STATION

Figure 8-1—Inferrogation, Recording and Location System

these data to the satellite via a PCM communication link. On each orbital pass,
when in the vicinity of an TRLS ground station {located at ALASKA and GSFC), .
the satellite command memory is programmed by the IRLS Ground Acquisition
and Command Station (GACS) to communicate with selected platforms during the
coming orbit. The sateilite stores both the address (number) of each platform
and the desired time each should be contacted. At the designated times in orbit,
the satellite interrogates each platform, measures the satellite-to-platform
distance by determining the propagation time of the RF signal, and receives

and stores the platform data. Upon return to the locale of the ground stations,
the station commands the satellite to transmit all stored data and to accept new
commands for use during the next orbit.



The system uses a coded digital message for transmission of all data, for
timing synchronization between satellife and platforms or ground station, and
for measurement of satellife~to-platform range.

The system employs a 20,000 bit satellife data memory capable of storing
data measurements during each orbit for up to 20 different interrogations
stored in the command memory. Two interrogations are required per platiorm
if a location computation is to be made. The range measurements between
gatellite and platform are made to an accuracy of =500 meters.

With a knowledge of satellite orbit parameters and past plaiform locations,
two such range measurements are sufficient to establish the position of 2 moving
»Tatform, such as a buoy or balloon,

The analog sensor data are converted by the platform electronics into a
digital format. In transmitting data tc and from the IRLS subsystem via the
TRLS RF link, all bits of data are treated as twelve minor bits in a manner that
provides noise protection in communication and the sensitivity to perform an
accurate range determination.

Major characteristics of the IRLS system are tabulated below:

Data Capacity: 2044 scientific data measurements (Channels),
20 range measurements, 20 ftime measurements.

Range Measurement Accuracy: =+300 meters (+0.27 nautical miles)

Accuracy of Data; 1% maximum error, 0.2% lHnearity and repeat-
ability, 0.8% resclution.,

Number of Interrogations: 20 Maximum
Data Measurements per 168 Maximum {28 per frame, 1 to 6 frames
Platform: per platform)
Available Orhit Time for 3.64 hours maximum (can be extended for blind
Data Collection: orbits).
Data Transfer Time: Platform to Satellite - 4 frames per second
Satellite to Ground - 30 second maximum
for completed data dump and new command
entry,

(1,041 Kilobits/second major bit rate)
(12.5 Kilobits/ second minor bit rate)
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8.2 Platform Elements

The remote data stations from which the IRLS spacecraft equipment
collects its data consist of three main elements: the sensor, the platform
electronics, and the antenna. :

5.2.1 Sensor

The source of the data collected from the individual piatform is a sensor
provided by the individual platform experimenter. The output of the sensor is
generally an analogue volitage although the platforms are aiso equipped to handle
digital inputs,

3.2.2 Platform Electronics

The platform consists of the data conditioning equipment, the synchronizing
equipment and the communication equipment including the transmitter and
recelver. A standard "all weather' platiorm has been designed as part of the
IRLS progr&fn.

The data inputs are quantized into 7 bif digital words. ©On the 9 technolog-
ical evaluation platforms, 6 out of the 28 data words placed into each frame are
reserved for platform housekeeping telemetry utilized in the technical evaluation
of the platform performance under extreme enviromental conditions,

They are:
data word transmitter power amplifier temperature
transmitter plate current

receiver module temperature

data and range module temperature

data and range module 3.4v logic level

power control and dist. module 24v input level

G e DO 1S

[oF]

The transmitter in the platformm radiates 25 watts at 466.0 MHz. The
receiver operates at 401,53 MHz,



3.2.3 Antennas

Thers are two tvpes of antennas developed for the [RLS application, each
naving about 5db peal gain. The general purpose antenna is a loop vee type’
having & bifolium pattern. This overhead has reduced gain for arc pass but
has improved performance at lower elevation angles at which interrogations
are generally contemplated. The other antenna ig a cavity-backed spiral with
a cardioid pattern. If has higher gain overhead than at the lower angles but
has the advantage of not having its pattern affected by the bobbing action of ocean
activity and therefore is more suitable for huoy applications than the loop vee.

3.3 Interrogation of Nimbus from IRLS Ground Acquisition and Command .
Stations and Unloading Data :

The Nimbus satellite is interrogated each orbital pass over the Alaska and
Rosmar Data Acquisition facility (DAF) stations. The DATF stations transmit
a command \usough the normal spacecraff command system:to place the
IRLS system on the satellite in a readout mode allowing data readout to
be initiated. The data output irom the satellite is shown in Figure 8-2 for one
frame of platform data when the TRLS to GACS RT communication line is
established. This is composed of a barker code for synchronization, the address
complement of the platform, 28 data words of seven major bits each, two words
containing ranging vernier time, plus parity and range data information. Data
transfer is accomplished at 1041 hits per second until the entire contents of the
20,000 bit data memory have been transmitted. The memory content is destroyed
after each data readout cycle. :

Following the receipt of the spacecraft data, the IRLS GACS Station transmits
twenty 31 bit command words which the sateliife loads into the IRLS command
memory. Each command word contains & platform address and a time of .
interrogation. This entire cycle of data dump and command load takes less than -

35 seconds,

2.4 Interrogation of Platform

The 31 bit command word is composed of a 16 hit platform address and a
15 bit time code. The time code is a count of .4 second units that establishes -
when the platform is to be interrogated. The time code count is continuously. ... .-
being compared to a counter driven by the Nimbus spacecrait clock 10 cps
reference frequency. The counter is reset to zero at the beginning of the . .
command load cvele. When count coincidence occurs, the interrogation cvele

R}
—
[



ADDRESS WORD 16 BITS ;
1 OR MORE FRAME SYNC WORD
FRAMES PER | 1 DATA WORD 2 DATA WORD
SURFACE STATION { 3 DATA WORD 4 DATA WORD
R
A R
EACH DATA WORD A Ol 17
HAS SEVEN BITS £ MiBITS
P
D A
? ?
IRLS DATA A ]
FORMAT IN
Sﬁ?ﬁiﬁﬂg 27 DATA WORD 28 DATA WORD
TIME TIME 4
|« 16 BITS —|

Figure 8-2—Data Output from the Satellite to DAF for One
Frame of Platform Data

is initiated by continuously transmitting the platform address portion of the
command ward and placing the data memory into the write mode. Receipt of

this address by the platform causes it to continuously transmit its own address

to the satellite. After the address is received by the spacecraft, the complement
of the address is transmitted by the spacecraft for the duration of the interrogation.
A timer in the IRLS spacecraft equipment limits each platform interrogation to

3 seconds. At the end of the 3 second interval, the transmitter is turned off,

the data memory is placed in a static mode and if the command was not the

20th, the next command is placed in the command register. After the 20th
command, the command memory is empty and goes into a static mode.

3.5 Receipt of Platform Data and Ranging
When the platform receives its address complement, it transmits its
address complement twice followed by a 28 word frame followed by its address

complement.’ Up to six frames of data may be iransmitted.

At the satellite, the platform address complement is decoded, the data
memory placed in the write mode, and data, range and barker code
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(synchronization) are written into the data memory. At completion of trans-
mission, the data memory is returned to static condition.

The ranging vernier time (line 17 of Figure 8-2) are units of time used
to accurately establish the time when ranging function was actually performed.
Ranging is accomplished by measuring time between transmission and recep-
tion of the signal, The ranging word is the eighth column of the frame. See
Figure 8-2. '

Geometry of the ranging measurement is shown in Figure 8-3. If a
measurement is made from the satellite at time T, , the propagation time may
be converted to a radial distance R;. As the height of the satellite is known
above point 1 on the earth's surface {dashed line), this signal measurement
would essentially indicate that the platform is somewhere on the circumference
of a circle of radius r . A similar measurement at time T, would indicate
location on the circumference of a circle of radius r, . Knowing the locations
of the two subsatellite points from the spacecraft Ephemeris and the time of
interrogation, the location of the platform is found by determining the inter-
section of the two circumferences. Two solutions are obtained by thig procedure:
a correct one and a mirror image on the opposite side of the subsatellite track.
Utilizing either the knowledge of the previous general location or when data
are available from two successive satellite passes, the unique location can
be determined. To optimize the calculations, the interrogations are scheduled
for the included angle between R; and R, to be approximately 90°. For nominal
spacecralt orbit, this varies from 2 to 4 minutes, depending on the platform
offset from the satellite sub-point track.

8.6 IRLS Platforms

The platforms of the IRLS experiment are classified into two main groups;
a fixed number of platforms utilized for the technological evaluation of the
experiment, and other platforms utilized by co-operating government agencies
and non-profit organizations to evaluate the usefulness of IRLS in their
scientific programs. The technological evaluation group is further subdivided
into the Integration Support Equipment (ISE) platforms which are under direct
NASA Goddard supervision and the Field Test platforms which are installed
and maintained by supporting organizations at a variety of global locations.
All participants provide their own sensors for obtaining the data to be collected.
Al IRLS platform addresses are assigned by the National Aeronautics and
Space Administration,
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Figure 8-3-Platform Positioning Geometry

3.6.1 Technological Evaluation Platforms

These platforms are supplied to the installing organizations by the IRLS
nroject office, ' C '

3.6.1.1 Integration Support Equipment Platforms

Two of these platforms are precisely located at Goddard Space Flight
Center. Data transmitted to the spacecraft consist of: a) Calibrated reference
voltages and b) typical sensory measurements such as temperature and/cr
pressure. '

These platiorms are used to evaluate system parameters over the expected
lifetime of the satellite and to determine the accuracy of the platform location
techniques and the data coding and transmission system.

o
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A third ISE platform is installed in the NASA/GSFC van for use at the
Western Test Range in the prelaunch countdown. After launch it will be
utilized in a vehicle tracking experiment as it returns te G.E., Valley Forge, Pa,

3,6.1.2 Air 51 Service Platiorm

This platform is installed in an AWS weather reconnaissance aireraft,
The AWS uses the international weather code for data inputs consisting of
location, time, air temperature, pressure, cloud information, turbulence, wind
direction, ete.

The purpose of the AWS participation is to demonstrate the technological
capability (interfacing of AWS aircraft with meteorological and communication
satellites) for future routine collection and rapid dissemination of perishable
meteorological operational data to appropriate world weather centers. The
demonstration and evaluation of the IRLS positioning capability is also an object
of the AWS participation.

8,6.1,3 National Center for Atmospheric Research Platiorms

Two platforms are installed on NCAR balloons. Data gathered by the
platforms are air temperature, ambient pressure, IRLS package temperature,
hattery temperaiure and voliage.

The purpose of NCAR's participation in the NIMBUS IRLS experiment is
to demonstrate and evaluate the IR1S positioning capability and the capability .
to relay meteorological data from a balloon to the ground via a satellite.
Integration of the balloon position over a period of days will provide a new
technique in the measurement of upper atmospheric wind velocities. Both these
capabilities will be compared with other techniques i.e., positioning - photography
and radar; data relay - via telemetry system. '

3.6.1.4 National Scieﬁc_e Foundation Plat_fbrm _

The platform is located on the U.S.N.S. Eltanin cruising in the Antarctic
region,



The following data will be input manually by an ESSA meteorologist aboard
the U.3.N.8. Eltanin:

time and position of the ship as determined by TRANSIT

cioud cover at 0000 and 1200 GMT

position of ship for 0000 and 1200 GMT weather report

surface report ~ wind direction and velocity, air temperature, pressure,
and sea surface temperature at 0000 and 1200 GMT

air temperature, wind direction and velocity and height at 1000, 330,
700, 5G0, 300, 200, 100 and 50 mb.

6. tropopause pressure, air temperature, wind direction and velocity,

e GO DD

il

The purpose is to demonstrate the capability of relaying weather data from
the ship to the Weather Bureau in 2 to 3 hours instead of the usual 2 to 3 days.
Speedy delivery of these perishable data will make them useable in weather
charts,

3.6.1.5 Office of Naval Research, Naval Oceanographic Office and Naval
Research Laboratory Platform.

The platform is located on the floating ice island, T, in the Arctic region.

Data will consist initially of reference voltages to enable Navoceano and
NRL to verify the accuracy of the IRLS data transmission system. These data
will be replaced within a short time (a week) by data obtained for Lamont
Geological Observatory on fracturing of the sea ice as a function of environ-
mental factors. These will 1nclude a count of the number of events detected by
a seismometer (separated onto 5 energy bands) water velocity (direction) and
temperature in the air above the ice at two different depths in the ice. Position
of the IRLS installation as determined by TRANSIT and the time of position
determination will also be inputted to the IRLS data channels.

The objective of ONR's participation in the IRLS experiment is to enable
Navoceano-NRL to evaluate the position determination capability of IRLS and
to demonstrate the capability of IRLS to transmit seismometer data from the
arctic region to the U.S. in 2 to 3 hours instead of the usual weeks or months.
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2.6.1.6 U.S. Naval Oceancgraphic Office Platform

This platform is on a moored buoy off the coast of Puerto Rico. The
following data are collected:

direction of buoy inclination
degres of buoy inclination
wave height

surface current speed

sub surface buoy depth

batiery voltage

sub surface buoy leak detection
surface cahle rupture

surface buoy leak detection.

L ST B o R | Y v R N

e

The objective of Navoceano's participation is to evaluate the position
determination capability of TRLS for future application to driiting buoys and to
avaluaie the data transmission capability of TR1LS as infiuenced by the buoy's
envirenmental characteristics,

2.6.2 Co-operative Scientific Experimenter Platforms

These platforms are supplied by the participating scientific experimenters.

3.6.2.1 TU.S. Naval Cceanographic Office Platform
The platform is located on Argus Island (a Texas Tower) near Bermuda,
This platform sends five frames of data.

inputs one thru 112 will consist of binary numbers 001 thru 112,

1.

2. wave height

3. surface temperature

4, current meter (water velocity)

5. sub surface temperature :

8. remaining channel inputs of the fifth frame are calibrated reference

voltages.

The purpose of this piatform is fo enable Navoceano {o evaluate the capa-
hility and reliability of the IRLS data transmission system. Since the location
of the platform is fixed, the positioning feature of IRLS is of secondary
importance.

i
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3.6.2.2 Woods Hole Oceancgraphic Institution Platforms

One or two platforms are located in the Gulf Stream oif Cape Hatferas and

one on Gecrges Bank (off Cape Cod).
Data Content on all platfcrms:

temperature at 300 meters

[TCR—

temperature at 150 meters
3. temperature at surface
4, femperature of air above the suriface.

the platforms in the Gulf Stream is to determine the location
of eddies. The purpose of platform on George's Bank is fo
The use of the positioning feature

The purpose of
and characteristics
determine the characieristics of current flow.
of [R1L.S is of primary importance to the Woods Hole Oceanographic institute.

3,6.2.3 Bureau of Commercial Fisheries Platform

Platform is on a drifting buoy in the North Pacifie south of Alaska,

Data Contents:

temperature of the water at the suriace

L.

2. temperature of the water at a depth of 50 meters
3. pressure at a depth of 50 meters

4. salinity of sea water at depth of 2 meters.

The primary purpose of the Bureau of Commercial Fisheries’ narticipation
in the IRLS program is in the utilization of the positioning feature of IRLS in
order to determine current flow (rate and direction) in the North Pacific. The
secondary purpose of this experiment will be to utilize the <data received frcm
the platform in a scisentific program.

3.6.2.4 Naval Alr Systems Command Platforms

Twao platforms are used in conjunction with Air-Sea Rescue beacons.

Only one channel is used to indicate the presence or absence of signal
on an Air-Sea Rescue receiver from an Air-Sea Rescue teacon,



The purpcse of the Naval Air System Command's participation is 0o

iemonstrate the use of a satellite system (IRLS) in the Air-3Sea Rescue Program.

“3

5

Data Dissemination, Archiving and Access

The TRLS Ground Acquisition and Command Station transmits the IRLS
data collected ‘rom the spacecraft to a UDC 924 compuier in the Nimbus Data
Handling Facility at GSTC. The CDC 924 computer periorms the location
saleulations for the various piatforms, and separates the data for the individual
nlatform experimeniers on printed computer outputs, The computer outputs
will be mailed to the IRLS platform experimenters, and copies will be retained
in the Nimbus/ATS Data Utilization Center, NASA, Goddard. During a special
test period the output data will also be punched on paper tape in teletvpe format
‘or dissemination to the experimenters within the orbital time period,

The computer printouts will show platform location at given iimes. Any
zeophysical data collected will be expressed in voltages. Calibration charts
and tables necessary to translate these voltage measurements into corraspond-
ing measurements of temperature, wind velocity, etc., are available through
5.2

the individual siatform experimenters listed in 3.6.1 and 3.
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SECTION 9
THE REAL TIME TRANSMISSION SYSTEMS EXPERIMENT

by
Staff Members, Allied Research Associates

9.1 General

A detailed discussion of the Real Time Transmission System will not be
presented here. The reader interested in detailed information for APT station
operational usage, including gridding techniques is referred to the 'Nimbus TII
Real Time Transmission System (DRID and DRIR)" (Reference 1).

The HRIR and IDCS data can be instantaneously transmitted by the space-
craft to APT stations within satellite acquisition range while being simultane-
ously stored on tape for subsequent transinission to a central Data Acquisition
Facility. The instantaneous transmission modes of the 1DCS and the HRIR are
referred to, respectively, as the DRID and the DRIR system. The DRID system
is the new IDCS camera experiment providing daytime meteorological data
while the DRIR system is essentially the same as the experiment initially
tested on Nimbus [ to provide nighttime meteorclogical data. Both produce
data in pictorial format,

DRID and DRIR data are transmitted from the satellite at a frequency of
136,95 MHz. Automatic Picture Transmission {APT) ground stations (Refer- -
ences 1, 2 and 3) throughout the world can acquire the direct readout data when
the satellite is within line of sight of the local antenna. However, some modi-
fications to the APT ground equipment are necessary to properly acquire the
DRIR data (References 4,5 and 6). Nimbus III DRID picture reception requires
no modification of fascimile equipment presently set up to receive Nimbus 11
APT pictures, although adjustment of the receiver may be required to derwe
full 1/1 aspect ratio. :

The Data Code Experiment employed on Nimbus II APT pictures {Refer-
ence 7) will be discontinued. Those participating APT stations not routinely
receiving the transmitted daily APT Predict messages will if requested receive
Nimbus APT Ephemeris messages twice each month to aid them in tracking the
Nimbus Satellite, Daily APT Predict messages (TBUS-2) giving both day and
night Nimbus ephemeris information will be furnished over the National and
International Radio teletypewriter weather circuits.

D
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Request for routine information, documentation, suigance, s
grids relating to the Nimbus III Real Time Trqnsm;:;bmm Svsiems /noth i
and DRIR) should be directed fo:

Nimbus Project, Code 438

National Aeronautics and Space Administration

Goddard Space Flight Center

Greenbelt, Marviand 20771 U.5 A,

Attn: NADUC Manager.

DRID and DRIR data are not intended for distribution bevond the lccal
agquisition facilities, Should potential users desire information concerning
these data for specific applications, theyv should contact the agencies responsible
for the various receiving siations. However, the same DRID and DRIR dats
as recorded on board the spacecraft, can be obtained in the higher quality IDCS
and HRIR film formats from the appropriate archival source.

5.2 Direct Readout Image Dissector Camera System (DRID)
Although the Image Dissector Camera differs from the APT cameras {lown
on previcus TIROS, TGOS, ESSA and Nimbus satellites, the real time operation
of the system is almost identical to the Nimbus [ and IT APT. Previous APT
cameras consisted of a wide angle lens, a mechanical shutier, and 2 storage
vidicon on which the complete scene was exposed, slowly scamned, and then
erased. Thus, all the pictorial information contained in a single frame was
exposed instantaneously from a fixed position in space. The image dissector
is a shutterless electronic scan and step tube mounted behind a wide angle
lens. Scanning and stepping functions cceur continuously while the satellite i3
progressing along its. orbital path, i.e., the earth scene is not exposed instan-
taneously from a fixed location in space. The 108° lens used on the camera is
identical to the lenses used on the Nimbus [ and I APT systems. The side
to side camera field of view is 98.2% (nominal) providing a ground coveraﬁe of
about 1800 x 1600 nautical miles from a 600 nautical mile altitude.

The video pregsentation containg no fiducial marks as in the Nimbus T and
IT APT picture and the line ayne pulse consists of geven black to white pulses
instead of the conventional APT type of black sync pulses. The 5 second start
time, 5 second phasing period, and 5 per cent line blanking are identical to
those of previous Nimbus APT, as are the 4 hz line rate and 200 second actwe
picture period. : S
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A more detailed description of the IDCS may be found in Section 2 o1 this

4.3 Direct Readouwt High Resolution Infrared Radiometer {DRIR,

_,1L

DRIE data can be acquired by %“T ground stations provided that suitabie

modifications are made io the facsimile equipment. Modifications are needed
to accomaodate the new 43 rpm of the FRIR scan mirror. Details of the modifi
cations are outlined in References 4, 3, 6. These docuwments can be obfained

from the source provided in 8.1,

The DRIR data will be presented as gray scales from white through gray
to black (corresponding to cold, cool and warm radiating surfaces, respectively;
on the facsimile paper. Tor the Fairchild facsimile recorder, the total widlh

of the data is 21.5 ¢m (#.45 inches). Within this width, the data from earth and

atmosphere (irom horizon to horizon) will occupy approximately seven ¢m
{2.75 inches), the remainder representing space and the interior of the radiometer
housing., The APT facsimile scan rate must be modified to synchronize with the
48 rpm scan rate of the HRIR.

The facsimile stylus moves across the paper at a constant rate, so distance
across the paper is directly proportional to andular rotation of the HRIR scanning
mirror. The line width (in the direction of paper feed) ol the Fairchild facsimile
scan is nominally 0.0254 ¢m (0.01 inch), and the rate of data {paper) advance is
1.22 cm min=1 (0.48 inch min~'). '

The DRIR data are of slight value until they are geographically referenced.
While this might be done by reference to coastlines or other identifiable Geowr&pi -
ical features, or crudely by reference to cloud features which can be associated
with those on a recent weather map, these are special causes and are usuaily of
marginal wtility. For example, they are seldom if ever applicable over oceans.

Section 3 of this document describes the HRIR sensory system.

o
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ECTION 10

-]

THE NIMBUS III CATALOG

Dy
Staff ¥embers, Allied Research Associaies
10.1 (General
The Nimbus III Catalog, to be published in monthly Volumes of 2 . parts,
will provide a relatively current scurce of iaformation required for obtaining

Nimbus TIT data. There will be six sections in Part i. Part 2 will contain rthe
MRIR pictorial data only.

10.2 Nimbus [II Catalog, Part i1

10.2.1 Section I - Introductory Remarks

Section [ will contain significant highlights of the satellite speration during
the month inciuding any required post launch changes in experimental calibration
data as contained in preceding sections of this Guide. For example, unusual or
major meteorological events may be noted. Also, performance of the various
sensory sysiems and of the spacecraft will be described, particulariv when
significant deviations from normal operations have Seen gxperienced.

£0.2.2 Zection I - Daily Sensor *On" Status Tharts

Section I will show schematically the locations sver which the (DCS, MRIR,
HRIR, IRIS, SIRS, MUSE sensors were on. A modified Miller Mereator sylin-
drical projection is used as the base map. The map sxtends from 5°8 i 45° N
:atitude and spans 900 degrees of iongitude. Ten degree latitude-iongitude lines
are shown - =ach third (30 degree) line being accentuated.

Superimposed on the maps are representations of those aec"menta of the
subpoint track during ,wnoh tne appropriate sensor was on., Swath *mm;oers
are labelled at the ascending or descending nodes. Time of ascenmng nede
defines the date of the entire swath. Tach map will bontam daytime or
nighttime data for one day {(Universal Time).



Ascending nodes and swath numbers are shown on each map representing
davtime data. Descending nodes are substituted on maps which contain
nighttime data,

To assist the user in relating an orbital segment on the map with the
correct swath number a complete orbital track transparent overlay (Figure
10-1) will be included as one insert in the first volume of the Nimbus I
catalog. Tick marks indicate aumber of minutes before and after ascending
and descending modes, so that the approximate time of data coverage can be
determined for any location.

Figure 10~2 depicts the coverage obtained from the IDCS, HRIR and MRIR
systems at a 600 nautical mile altitude. The coverage swaths are drawn on the
same projection on that used to show sensor "On'"' tracks in Section IT of the
monthly catalogs, This display is provided to permit the user to estimate the
extent of sensor coverage from the subpoint track segments shown in the

catalogs.

The user may, if he wishes, trace the swath widths in Figure 10-1 on
transparent or transluscent paper and overlay this on the subpoint tracks to
obtain actual sensor coverage on the earth,

Ecquations (1) and )2) can be used to calculate sensor coverage if higher
accuracies are desired.

For IDCS:

For HRIR and MRIR:

The altitude is sufficiently high so that the horizons show in the data and

:;,—COS—‘{(_ R > ’ (2)
R+h

Where @ = geocentric angle between satellite subpoint and edge of sensor
coverage, measured in a plane perpendicular to the orbit plane,

in degrees.
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Figure 10-2-Coverage of IDCS {dushed), and MRIR and HRIR {dotted)

R = earth radius in pautical miles

h = satellite height in nautical miles

n = angle, measured af the satellite, between local vertical and extreme
coverage limit of IDCS a plane perpendicular fo the orbital plane,

The angle is 45.2° to the right edge, and 46.3° to the left edge of the picture

(See Figure 2-6, Section 2).

10.2.3 Section ITI — Real Time Transmission System (DRIR and DRID)

Secticn III i3 a summary of DRID and DRIR operations and performance.

10.2.4 Section IV — Orbital Data

Section IV is a listing of Nimbus IIT orbital elements and ascending and
descending nodes.

10.2,5 Section V — IDCS Montages

Section V confains the IDCS daily monfages. FEach montage is constructed
from positive photographic paper prints in data orbit sequence for a 24 hour
period.



A montage dispiavs dailv IDCS roverao:
b} Iy . o

one :DCs montage (approximately 200 o
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section VI coptains the aighttime and davtime HRIR montages. EFach
moentage is constructed from positive photographic paper prints in data srbit
sequence for a 24 hours period. Nighttime and daytime data are separated
into different montages. There will be one HRIR montage {12-14 data strips)

displaved per page.

10.3 Nimbus IIT Catalog, Part 2, MRIR Pictorial Data

Part 2 of the Nimbus III monthly catalog will contain the MRIR pictorial
data, one readout orbit per page. Part 2 will have approximately 400 MRIR
pictures reproduced per each monthly *volume, ‘
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APPENDIX A

ABBREVIATIONS
ATFCREL Air Force Cambridge Research Laboratory
APT Automatic Picture Transmission
ATS Applications Technology Satellite
AV(CS Advanced Vidicon Camera System
A/D Analog to Digital
AWS Alr Weather Service
BCD Binary Coded Decimal
CDA Command Data Acquisition
DAF Data Acquisition Facility
DEMOD Demodulator
DRID Direct Readout Image Dissector
DRIR Direct Readout Infrared Radiometer
ESSA Environmental Science Services Administration
GACS Ground Acgquisition and Command Station
GMT Greenwich Mean Time
GSFC Goddard Space Flight Center
HAX HRIR APT Switching
HDRSS High Data Rate Storage System
HRIR High Resolution Infrared Radiometer
IDCS Image Dissector Camera System
IMCC Image Motion Compensation and Calibration (a subsystem of IRIS)
iRIS Infrared Interferometer Spectrometer
IRLS Interrogation Recording and Location System
iISE Integration Support Equipment {Platforms)
LABS Lahoratory for Atmospheric and Biological Sciences
MRIR Medium Resoclution Infrared Radiometer
MSL Meteorological Satellite Laboratory
MUSE Monitor of Ultraviolet Solar Energy
NDUC Nimbus Data Utilization Center
NASA National Aerconautics and Space Administration
NASCOM NASA Communications
NAVOCEANO Naval Oceanographic Office
NCAR National Center for Atmospheric Research
NDHS Nimbus Data Handling System
NDUC Nimbus Data Utilization Center
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NER Noise Equivalent Radiance

NESC National Environmental Satellite Center
NMC National Meteorological Center

NMRT Nimbus Meteorological Radiation Tape
NRL Naval Research Laboratory

NSSDC National Space Science Data Center
NTCC Nimbus Technical Control Center

NWRC National Weather Records Center

ONR Office of Naval Research

PCM Pulse Code Modulation

RTG Radioisotope Thermoelectric Generator
RTTS Heal Time Transmission System

SDT Sensory Data Tape

SCUM SIRS Control Unit Module

SIPS SIRS Instrument Power Supply

SOBADS SIRS On-Board Analog-to-Digital System
SOD SIRS Outiput Demodulator

SOUSE SIRS Optics Unit and Sensing Electronics
STADAN Station Data Accquisition Network

T&DS Tracking and Data Systems

uvT Universal Time

WMSAD World Map Predicts and Station Acquisition Data
XMTR Transmitter
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