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FOREWORD

The Guide was prepared by ARACON Geophysics Division,
Allied Research Associates, Inc., Concord, Massachusetts, and
was sponsored by the U.S. Army Atmospheric Science Laboratory
{formerly the Meteorological Division, U.S, Army Electronics
Laboratory) of the United States Army Material Command, ECOM
Fort Monmouth, New Jersey (Contract No. DA 28-043 AMC-
01273(E), DA Project No.ﬁN-OZSOOLA-IZé\&»T PR and C No.
65-ELS/D-1803).

Dr. Donald Swingle, Mr. Irving Chernetz, and Mr. Marvin
Lowenthal of the Atmospheric Sciences Laboratory significantly
assisted our studies by providing guidance and Army reports and

publications which have served as background data.

The authors are also obligated to Dr. Arnold Glaser and
Mr. Dcnald Beran for their review and =diting of the manuscript,
and to Messrs. Walter Smith and Jame:; Pike who prepared the

illustrations.
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ABSTRACT

This report attempts to consolidate all pertinent information
involving operational interpretation of meteorological satellite data
within a single volume. Accordingly, it extracts, integrates, and
summarizes material available in the literature and techniral reports
through early 1966. The report is written specifically for the use
of Army field and supporting meteorological personnel who have the
responsibility for: (1) providing weather data and information to
field Commanders; (2) predictions for areas ranging in size from
very localized ones to those that might be encompassed by a field
Army operation; and (3) advising field Commanders as to the probable
effects of existing and foreseeable weather on Army Plans and Opera-
tions. N

The topics considered in Volume I include applicability
of weather satellite data to Army requirements 2nd interpretation
techniques for: (1) personnel having no significant weather training;
(2) personnel with significant but non-professional training and
experience; and {3) professional meteorologists.

Volurne 1I presents a brief discussion of orbital corsidera-
tions and detailed techniques for data acquisition and geographical

location,
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I. INTRODUCTION

The Operational Guide has been prepared for use by Army personnel charged
with providing wecather information for field ocperations. Satellite photographs are a
relatively new tool employed in weather:analysis and forecasting; therefore, specific
techniques for the interpretation and application of these data have been detailed and

presented in a format for convenient reference.
I. 1 Purpose and Scope
Volume I of this Guide presented techniques for interpreting satellite data

in terms of specific army meteorological requirements. These techniques were

prepared for use by Army personnel having various meteorological abilities ranging

R e

from the basic interpretation of picture content in terms of cloud co&:rer up to broader
picture interpretation in terms of synoptic or mesoscale weather situations.

Volume II of the Guide concentrates on the acquisition and geographical
location of APT (Automatic Picture Transmission) and DRIR (Direct Readout Infrared)
data. The information is presented in detailed fashion whicu will allow persons with
a limited metcorological background to follow the procedures. A brief discussion of
orbital parameters is first presented to facilitate the understanding of acquisition
techniques.

The remainder of this volume provides information and procedures required
for: %

l. Determining the orbits, subpoint tracks, and look-angle elevations of
APT-and/or DRIR- equipped satellites passing within range of the station.

2. 'Tracking the satellite and acquiring the APT pictures or DRIR data.

3. Geographically locating the acquired information.
2, ORBITAL CONSIDERATIONS

Army personnel will be most concerned with the weather data provided by
satellites. Hcowever, they should have » basic understanding of satellite orbits in
order to: (1) estimate when and for what areas they can expect satellite data, (2)
determine the antenna positions for receiving data from the satellite, and (3) geo-

graphically locate the satellite data after they are received.

-
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All satellite orbits are elliptical, with the earth's center as one foci of the
ellipse. Accordingly, the plane of the orbit must pass through the carth's center,
and the instantaneous intersection of this plane with the surface of the earth describes
i Great Circle (see Fig, 2-1). The orbits for operational meteorological satellites
are made as circular as possible. Experience to date indicates that, except when
a guidance or rocket engine malfunction occurs during launch, the departure from
an exact circle will not excced #40 nautical miles,

Army personnel receiving satellite data at an APT station will only
acquire pictures from a part of an orbit; therefore, its eccentricity (or non-
circularity) will not be of major concern., Even a satellite as high as 1000 nautical
miles will only be within receiving range of an APT station for about 4000 nautical
miles along its orbit. Over such a distance, a height change of 100 nautical miles
is rare, and the height of the satellite as it passes nearest to the APT station
can generally be used. Furthermore, over a limited area of the earth, this height
will change from orbit to orbit, and very slowly from day to day.

The satellite speed determines the orbit altitude and period*. (Period is the
time required for completion of one orbit.) Table 2-1 gives the orbit period for
several altitudes presently being used by meteorological satellites.

Present plans call for most cperational meteorological satellites to be
placed in sun-synchronous, quasi-polar, retrograde orbits. (See appended glossary
for definition of terms.) The plane of this type orbit is inclined approximately 80°
to the equator, giving the satellite's motion a slight east-to~west component. If the
proper orbit inclination is selected, the satellite will cross a point on the equator
twice cach day at fixed local times about twelve hours aﬁart. This permits Army
personnel to anticipate the approximate time(s) for which satellite data wiii be
available to them. Figure 2-2 shows a typical set of quasi-polar orbits. Satellites
providing operational data will be placed in orbits which pass near most points
on the earth within #three hours of noon and of midnight local tirme. For the APT
TOS (TIROS Operational System), present plans are for passe¢ near 0900 local
time, while the satellite is passing from north to south. For Jimbus, APT data
should be available near 1200 local time, while the satellite is northbound; and

DRIR data near midnight local time, while the satellite is southbound.

*Of particular concern in the procedures for obtaining and locating APT
data is the nodal period, defined as the time between successive northbound or

southbound equator crossings.
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The earth is rotating within the orbit of the satellite, The relative motion
uf the two bodies (satellite and earth), produce two significant effects:

1. The track of the satellite on the earth's surface (the subpoint path)
intersects the instantaneous orbit plane at a small angle (of the order of 20), with
the subpoint path directed to the west of the orbit plane {(see Fig. 2-2). As was
mentioned above, the instantaneous projection of a satellite orbit on the earth is
a Great Circle and is defined as the satellite heading line. Thus, the actual track
of the satcllite across the earth is directed slightly to the west of the heading line.
This difierence between the track and the heading line is significant when sate'lite
information must be precisely located on maps.

2. The track of each satellite pass along the earth is displaced westward,
relative to the previous one. The amount of westward displacement is determined
by the orbital period; typical values are tabulated in Table 2-1,

By convention, satellite orbit numbers increase by one each time the
satellite crosses the equator northbound (see Fig. 2-2). The northbound equator
crossing is known as the Ascending Node. The westward displacement from one

Ascending Node to the next is known as the Nodal Longitude Increment. These

concepts must be understood when applying the procedures for obtaining and
locating APT data.

Tab’ . 2-1

Orbit Period and Westward Displacement for Typical Orbit Altitudes

Orbit Altitude Orbit Period Westward Displacement/Pass
{nautical tniles) {minutes) (degrees of longitude)

350 97 24.2

400 99 24.8

450 1ol 25.2

500 ' : 103 25.8

600 108 27.0

700 111 27.8

750 113 28.4

800 115 28.8

1000 124 30.4

1500 145 36.2

5
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As can be determined by examining Figure 2-2, z consequence of these
westward displacements is that one satellite can only obtain data from a given
low latitude area twice each day, at intervals twelve hours apart. For sensors
which can operate only by day or by night. the frequency of cbservation is of course
reduced to or:e a day. However, an APT station able to contact two or three
adjacent orbits can obtain data for some distance east and west of the station (see
.".'ig. 2-3). The amount of information which can be received fram the satellite
will depend on the station location and the number of orbits within its range.
Normally, only thosc orbits passing within 1500-2000 miles of the station can be
contacted. Since adjacent orbits intersect at higher latitudes (Fig. 2-2), several
consecutive orbits showing the same general area may be contacted in middle and
high latituders. Groups of consecutive orbits providing data for & genezal area wrill
be centered about twelve hours apart for near-polar orbits.

Since the data from a sun-synchronous satellite will re-occur each day at
about the same local time, only a few regions will receive data which is concurrent
with conventional data taken at fixed Greenwich Mean (Universal or ''Z') time.

The time difference between the two types of information will remain about the
same from one day to another, Generally, meteorological features will retain
their identity over periods of time comparable to the time difference between
synoptic and satellite observations (%12 hrs, or less).

3. ACQUISITION AND GEOGRAPHICAL LOCATION
OF APT AND DRIR DATA

This section provides Army personnel with the information and nrocedures

required for:

1. Determining the orbits, subpoint tracks, and look-angle elevations of

APT- and/or DRIR-equipped satellites passing within range of their location,

2, Tracking the satellite with the APT antenna and acquiring the APT pictures

or DRIR data.

3. Geographically locating the data received irom the satellites.

The information provided in Section 2 is vital to the understandirg and

application of the procedures discussed in this section.
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APT P;gm Frame Boundaries

the orbits occur as shown, be able fo
receive pictures from 3 daylight APT
passes, while Station B may be able to

receive data from only two. The
would, in general, allow pictures from more

convergence of orbits nearer the poles
orbits fo be received at A than at B.

Station A may, on a day when

age.

Relative to Orbital Cover

eiving Stations

Fig. 2-3 Example Showing Rec




3.1 The Automatic Picture Transmission (APT) System

The APT system was developed for the purpose of quickly providing Army
units with satellite weather information. The system provides a reasonably detailed
picture of daytime cloud cover and patterns, for areas near the APT unit, withir.

four minutes of the time ne picture is taken. The only requirements are:
1. An operating . APT-equipped satellite in orbit
2. APT receiving ecaipment
3. Application of procedures described in this manual

4, A source of information from which the times and tracks of the satellite

passes can be determined,

Iin a similar manner, the direct readout mode of HRIR (High Resolution Infra-

Red) provides nighttime cloud information to suitably modified APT stations.
3.2 The Essentials of the Satellite APT Equipment

The satellite APT equipment consists of a camera which automatically takes
pictures on the daytime side of the orbit,and a transmitter which radios them to all
receivers within range. Local APT stations neither have nor need control of the
satellite functions,

The camera operates on a 208 second cycle. During the first eight seconds
of the cycle, while the camera takes the picture, signals are sent which first alert
the operator and start the recorder and then phase the recorder; i,e., synchronize
its scans with that of the satellite camera. (If the satellite first comes within range,
or if a station is first turned on, part way through a picture, phasing can be done
manually,) During the remaining 200 seconds, the picture is slowly scanned off the
camera face and radioed to all stations within range,

When the APT camera is carried on a Nimbus satellite, th: next cycle will
normally begin immediately with a new picture being taken and transmitted once
every 208 seconds. Present plans for the APT TOS call for a 144 second waiting
period between the end of one APT cycle and the beginning of the next. Thus, TOS
APT pictures are provided once during each 352 second cycle. For TOS, the APT
pictures will normally be possible when the satellite is on the southbound part of the

orbit, while for Nimbus they will be taken on the northbound portion.
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IFor cither satellite, the APT camera has a square field of view which is
108" on a side. The camera provides a picture composed of 800 scan lines. Using
this information, Table 3-1 gives the approximate coverage that can be expectéd
from APT-equipped satellites,

Superimposed on each APT picture are 25 fiducial marks (see Fig.i 3-12).

The central, cross-shaped fiducial mark approximates the Principal Point or optical

center of the picture. For a properly oriented satellite, the principal point of the
APT picture should coincide with the satellite subpoint position at the instant the

picture is taken.
3.3 DRIR (Direct Readout IR) Satellite Equipment

The DRIR sensing equipment transmits the HRIR information as it is gathered.
This same information is also stored onboard the satellite for later readout. A
rotating mirror causes the radiometer to scan, east-west, across the satellite track.
These successive scans build up a strip of data that extends from horizon~to-horizon
along the satellite track while it is within range of the APT receiving station (see
columns 2, 3, and 4 in Table 3-1). Typically, one to three strips, 1000 nautical
miles wide and 1000-3000 nautical miles long, can be expected near local midnight.

For the foreseeable future, DRIR data will be available only from Nimbus satellites.

3.4 APT Ground Station Equipment

The equipment needed to receive APT or DRIR data includes:

1. A directional antenna which will rotate in both azimuth and elevation.
Typical APT antennas have a beam width of about 40°, so extremely precise track-
ing is not requirced.

2. A console for controlling antenna direction and motion.

3. An appropriate radio receiver operating in the 136 Mcs band,

4. A recorder for presenting the data. Both facsimile and photofacsimile
recorders have been used for this purpose. Normally, APT pictures cover the
entire recorder width, while DRIR data occupies only one-third of the available
space.

Detailed descriptions of APT ground station equipment used by the Army,

and procedures for their operation, are provided in References 1 and 2,

-
e R i e e YRR oY 55




RSO

i

L i

P a3 f |
o
317240 § 1 €1 6 > Le | K4 14 [ L> 1 34 3, LS ¥ 0%01 0?9 0001
008 91 11 g > ve St < N 14 9 ¥ 39 8¢ ¥9 ozIt G99 008
L1 A st ot L 44 Fi 2t £< $s L X4 2 2¢ 09 ov11 0L9 osL
0oL *1 ot L 22 vl 2l € [ X3 B¢ 9 92 9$ 0911 089 ooL
059 €l 6 L > 1z vi 1 € ] € 9> 81 18] oLTl 069 0s9
009 £1 6 9 <« 0z 148 i £> S € S< 8 114 0021 ot 009
00s 11 L S 81 1 6 2 14 4 [ 0 1€ ovet (1142 009
cov Zox s v 91 6> L . £ 2 ¥ 0 8 0621 092 oo¥
(yas-all 09 o0F o0 Forenby 009 o0F o0 Xorenby SOl snquiIN SOl snquiN sol snquiy | (TBa3aquy | ([=A223ut | (twi-u)
, 398 26¢) Sae 802)
S (o} X1 snquitN sassed usamiaq Aempi pesy1aIA0 SOL SNQUITN
(tw*u) j1q10
FPINTY (%) dejxaao Buote s131u22 sanjowd |sprmiinty
R LBl Aep xad saaxnidid jo 1aquinu [ejo3 redtdA], ssed 1ad saxnioid-Jo 1aquunu [eordd], yoe1; Suoty uIIMIaq aduersiyy 11910
o—
0001 (1] ¥ ¥e 82 0Zve L S € 026 0Z¥1 0s81 oove 0L02 0s¢? 0001
008 11 Lz s (4 0281 L \4 1 098 oeel oeLt 000¢ 0L81 0s12 008
0osL 6% (x4 o (4 0891 L i 4 1 0s8 00¢1 0oLl 008¢ o181 0602 0sL
V0L ar 8l 0 F4 0951 L 4 € ovs 0821 091 0oLz 0sL1 0t£0¢ ool
0s9 s it 0 LA ozvl L 14 € 0¢8 0921 o¥91 vuee 0691 0961 0s9
009 et 1 0 L] 00¢€l L 4 € ors oeZl 0191 oov¥e 0291 0061 009
0cs g ] 0 L X o090l 9 14 € 08L 0611 osel- 002¢ [t1:34¢ 0set 00s
00¥ 01 0 0 |} 0¢8 9 13 £ 0SL (49 06¥1 0002 O1€1 08S1 oovy
(rwt a) 09 P14 o0 xorenby (1w cu) (yuz -u) 509 P tid o0 Iojenby 009 putig 00 1orenby (“yw u) oS o0 (*1uwcu)
uoINjosa yipim — o1dur uoneAd3
aBexaaod T
aprany (%) dejzano samidd Aep 1ad sassed ajqeainboe {*1usru) Jo snipex (1w *u) a8uea 2pninlV
1q10 11910 03 31910 saniotg Jo zaquinu jedtdL], saossed usamiaq adueisiq AprepjedtdAL{ Sun{resy wnuwiixep 110

SLIE YO SNONOYHONAS-NNS YOS SWIALSAS NOISSIWNSNVYI JI¥NLIOId JILVIWOLAV JO SOILSIYILOVHVHD 40 A¥VANNS

I-¢ 3TAVL

R e

e AT

=




.

vt

r‘—uﬂ

T

D

—

¢~ r- §F° U7

Lot

£

Fig. 3-1 A Typical APT Picture, Illustrating Fiducial Marks
(black l_'s, .L 's, and <+ ). The <= Mark Indicates the Optical
Center of the Picture.
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3.5 Outline of Required Procedures

The stepe necessary to acquire and locate APT or DRIR data will be summac-
ized in this section and then described in detail below. Briefly, the operations
include:

1.. Determining the subpoint track of the satellite across the earth, the times
when the satellite will be at selected points along this track, and the satellite altitude

at these points.

2. Using the satellite's positions and altitudes, its azimuth and elevation are
determined at convenient intervals, thus giving the direction to point the antenna for

tracking purposes,
3. 'Using the APT equipment to acquire and record the satellite data.

4. Using the observation times and subpoint track.to locate the satellite data

on a map.
3.6 Materials Needed

Army APT stations will be provided with the following supplemental materials:
1. Tracking Board

2. Transparent Orbital Overlay

3. Tracking Diagram

4. 35 mm Film-Strip Grids and Proje.tor

Other materials, such as tracking work-lieets {(Fig. 3-16), are normally
supplied but can be prepared ilocally if necessary. When DRIR data are expected,
stations will be provided with the necessary grids (see Section %.13 and Fig. 3-31).
If pictures from TOS satellites are taken at significant departures from a vertical
orientation, the required perspecti(te and transfer grids will also be provided (see
Paragraph 3. 12. 6, 6).

3.6.1 The APT Tracking Beard
The APT Tracking Board (see Figs. 3-2 and 3-3) is a polar projection of the

earth extending 30° 1atitude past the equator into the opposite hemisphere. The

board shows concentric circles of latitude, and radials ci lcagitude, at 1° intervals, -
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Fig. 3-2 The APT Tracking Board. ( From Ref. 4)
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with those for every 5 accentuated, (Because of the reduced scale of Figure 3-3,
only the 10° latitude and 15° longitude lines are shown,) .Because of its importance
to satellite tracking, the equator is represented by a heavier circle. Longitudes are
designated around the circumference of the map,while latitude circles are n;arkedj on
a scparate arm which pivcts about the pole, By exchanging the east and wes? labeling
of longitudes, the board can be used in either hemisphere, When an APT station
expects to operate in only one hemisphere, the major geographical outlines may also
be printed on the board. (A mobile station will find it helpful to trace in the outlines

of local geography on the board.)
3.6.2 .Transparent Orbital Overlay

The orbital overlay is a sheet of clear plastic which ie fastened to, and can
be rotated about the pole of the tracking board. It is used to plot the satellite sub-
point track(s) and the satellite equator crossings., DBecause of the frequent usélof
equator crossings (Ascending and Descending Nodes), the equatorial circle is also
printed on this overlay,

While most orbital overlays are blank except for the equétorial circle, some

may also be overprinted with:

1. The subpoint tiack for a nominal orbit with hatch marks representing two-

minute time intervals along the orbit referenced to the equator crossing time.

2. Marks along the equatorial circle, representing the relative positions of
the cquator crossings or the nodal longitudinal increment, corresponding to the

nominal orbit whose subpoint track is plotted.

If nominal orbits are printed on the overlay, they are only for illustrative and

training purposes and should not be used operationally.

3.v.3 Tracking Diagram

The tracking diagrams have the -ame scale ae the tracking board and show

* . ’, .
the satellite position in azimuth and distance from the station {Fig. 3-5), The exact

: o
Distance is measured in degrees of Great Circle Arc where 1~ of Great
Circle Arc is equal to sixty nautical miles.

15




direction and shape of the tracking diagram lines change with station latitude.
A different diagram is provided for each 5° increment of latitude, and the cne for the

latitude closest to that of the ground station should be used.
3.6.3.1 Basis of the Tracking Diagram

As Figure 3-4 shows, the elevation angle of the satellite from the ground
station depends on both the satellite altitude and the distance of its subpoint from
the ground station. For example, a satellite in position SATl in Figure 3-4, at
altitude H, and subpoint distance D, would be at an elevation angle 9 when viewed
from the station. Note, however, that if it were at a greater altitude, HZ’ but the
same subpoint distance, it would appear at a greater elevation angle 9 On the
other hand, at an altitude HZ’ but a subpoint distance D 2 the elevatlon angle might
again be 91.

Figure 3-4 leads to two conclusions:

1. If we know the satellite altitude, H, and the subpoint distance, D, we can

determine the elevation angie,

2. Since APT satellites may orbit at variable aititudes, the tracking diagram
cannot give elevation angle directly. It, therefore, must be computed from the sub-

point distance and sateilite height.

A Sateliite Position in Space

Sateliite Subpoint (on Eorthe Surfoce)

Distonce Along Earthe Surfoce from

Ground Siotion Locetion i Subpoint
wwmmmammln)

H = Somellite Altitude

@ = Elevation Angle of Satellite from Ground Station

Fig. 3-4 Relationship Between Satellite Height, Subpoint
Distance and Elevation Angle.

SAT =
SSP =
Ds
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Most tracking diagrams used by Army personnel are the azimuth-elevation
angle type; such a diagram is only valid for a fixed satellite aititude. Because of
the second conclusion above, it is necessary tc construct the tracking diagrar;n in
terms of azimuth and distance (usually expressed in degrees of Great Circle Arc),

and to compute clevation angle from this diagram plus a set of tables.
3.0.3.2 Use of the Trackirg Diagram

The slightly curved lines radiating from the center of the tracking diagram
(Fig. 3-5) are lines of equal azimuth. The elliptically shaped curves are lines of
equal Great Circle Arc distance from the center, drawn at 2° intervals. The

LE ]

distance "ellipses’ are purposely left unlabeled so the user can label them in the
most convenient place,

Center the tracking diagram at the station location on the tracking board.
The 0° azimuth line on the tracking diagram should point towards the pole of the
tracking board, When the station is in the northern hemisphere, the center of the
board must be considered the north pole, When the station is in the southern hemi-
sphere, the center .of the board must be considered the south pole. In either case,
the center of the tracking diagram must be placed between the equator and the pole.

Since the 0° azimuth line of the tracking diagram is always placed so it
points toward the pole, southern hemisphere stations must relabel the azimuth
lines after the tracking diagram is in place. This is because 0° azimuth normally
refers to North,with azimuth increasing clockwise.

Once the proper tracking diagram-has been placed on the tracking board, it
need be changed only if the location of the ground station is rm;ved. If the location
of the station changes significantly in latitude, not only must the position be changed,
but the correct diagram for the new latitude must be used.

The line A, B, ----

K, represents a typical subpoint track (see Section 3.8 for construction details). At

Figure 3-5 illustrates how the tracking diagram is used.

point E, for example, the subpoint of the satellite is at an 2zimuth of 100° and a
distance of 14° of Great Circle Arc from the station. Note that azimuth, which is
one of the tracking parameters, can be read directly from the tracking diagram.

To determine the elevation angle it is necessary to know the satellite altitude.
Assume an altitude of 750 nautical miles. Using Table 3-2, we find that a satellite
at an altitude of 750 nautical miles, and whose subpoint is located 14° of Great

Circle Arc from the station, will be ''seen' at an elevation angle of 31. 8°. Similarly,
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Table 3-2

ELEVATION ANGLE AS FUNCTION OF GREAT CIRCLE ARC LENGTH AND ALTITUDE

HE IGHT {NAUTe MIe) HEIGHT ___ INAUTe Mle)
GREAT|L 200 [ 225 1 250 | 275 | 300 | 325 350 (375 1400
CIRCLE HE IGHT RANGF (KILOMETERS)  HEIGHT RANGE (KILOMETERS)
ARC (348 394 440 487 533 579 626 672 18
LENGTHI/393 ls439 lsa86 [r532 /578 17625 (/671 717 764
e 90N 9NN 90N Qe N 9Ne0 9Ne0 9NeN 9N,0 90N
1 1o || 7165 | 73e3 | 7448 | 76e0 | 77¢1 | 7860 | 78¢7 [ 7945 | 8040
| 2¢ |l 5709 | 60eB | 6302 | 6541 | 6649 | 68e3 | 6946 |70.8 | 71e8
3o | 6602 | 49e4 | 52¢2 | 5407 | 5609 | 5848 | 6065 | 62.0 | 6344
Ge . 37.3 4066 4345 461 4864 506 525 5443 58,9
Se 1 3067 | 33¢7 | 3665 | 39e1 | 41e5 | 4347 | 4547 [ 4Te6 | 6943
6o || 2565 | 2863 | 3160 | 3384 | 3568 | 37e9 [ 39¢9 | 418 | 4346
To || 21et | 2640 | 26e4 | 2Be8 | 31e0 | 3341 | 35.0 | 3649 | 3846
Be | 18el | 2065 | 2248 | 2649 | 27¢0 | 2809 | 308 | 32-6 | 3443
9¢ | 153 | 175 | 1946 | 21¢6 | 23¢5 | 25e4 | 27¢2 ! 2849 | 3045
106 || 1269 | 150 | 1669 | 18¢8 | 2006 | 223 | 2440 | 25¢7 | 2762
11e 10.9 1267 1445 1643 1840 1946 2162 2248 2443
126 9¢1 | 1N0e8 | 1265 | 14e1 | 157 | 17¢3 | 1848 | 2062 | 2147
13, Tel 9.0 1066 1262 137 15,1 1646 1840 19.3
14, 6N Te5 Be9 10e4 11.8 1342 145 159 1761
154 4eb 640 Tets Be8 | 10el | 11e4 | 127 | 1440 | 1562
16 3¢ 4e7 60 Te3 8e6 9.8 110 1262 134
s dl 22 3.5 4e7 549 |  Tel 8e3 9¢5 | 10e6 | 1147
18. || 1le1 2.3 3.5 446 5e8 6e9 840 9.1 10.1
19« | o1 162 | 203 | 3¢t | 45 | 546 | 6e6 | Te7 | 8e7
20, * P 1e2 23 363 Lol Sels 6¢3 Te3
2le * * o2 1e2 262 362 461 Sel 60
22+ | * * * o2 lel 2el 3.0 3.9 He8
23, I » » g * | 1.0 19 Dl 306
240 l * * * * * * 8 le7 2¢5
25. | » * * * * * * .6 les
26 “ * * * * * * * . * b
I
i
I
]
l
}
L
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Table 3-2 (Cont'd.)

ELEVATION ANGLE AS FUNCTION OF GREAT CIRCLE ARC LENGTH AND ALTITUDE

CIRCLE B : AT
L
. ARC [|718 765 811 657 904 9%0 998 1043 1089
Laenciullszee lea1o 1/neg | 4903 | s949 | £995 | /1042 | ~21088 | 733134
O. 90.0 90,0 9(ie 0 9060 90.0 90.0 9040 9060 9060
le 80.0 8065 8le0 B8le&s B8le8 82.1 8245 82.7 8360
2e T1.8 1267 735 7442 7449 7545 7640 7665 T7.0
3. 634¢4 646 657 6508 67e17 6845 69¢3 700 7067
4o 5549 573 587 5949 61e0 6260 6360 6349 6407
S5e 4903 50.9 523 53e7 5449 5661 5Te2 58,62 5961
6o 4346 45,42 46e7 4841 4945 50¢7 5169 5340 540
Te 38.6 4062 4168 43,2 44,6 459 4761 4842 494
8. 3443 35,9 37¢4 3869 4043 4146 4248 4440 451
9 3065 32.1 3346 35.0 3663 376 3849 4040 4162
10. 27e? 2867 301 315 3248 3461 3543 3665 376
1le 24 ;3 2547 2Tel 2804 297 309 32.1 33.3 3444
12. 2167 23,0 2443 2546 2649 2841 2962 30e4 31le4
13, 193 20.6 2169 236l 2443 255 2606 2746 28.7
14, 1761 18.4 1946 2048 2169 2340 2401 25¢2 2662
15. 15.2 1604 175 1847 19.8 2008 2149 2249 2349
16 134 1445 1566 167 178 18.8 19,8 2048 217
17. 1147 12.8 13.8 1449 159 1669 179 18.8 197
18. 10.1 11.2 1262 1342 1462 1501 1601 170 17.9
19, Be7 97 1067 1166 1266 13.5 1444 1563 1641
20. Te3 Be3 962 10.1 11.0 119 12.8 1366 1465
21 6690 69 Te8 Be7 946 10.4 11e3 12.1 1249
224 4e8 57 6e5 Teb Be2 90 9.8 1046 1led
23 3.6 4e5 53 6el 609 Te? 8e5 9¢3 100
24 205 3.3 bel 469 S5e¢7 bl 702 709 8e7
25. le& 262 3.0 3e7 4e5 S5el 6e0 6e7 Tets
26 b lel 1.9 206 3.3 4ol 448 55 6e2
27 » vl o8 le5 203 209 Je6 4e3 5.0
28. » » * o5 le2 1.9 25 362 3.8
29 * * » * o2 8 1e5 201 2e7
30 » * * * * * oh 1.1 le7
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Table 3-2 (Cont'd.)

FLEVATION A&NGLF AS FUNZTION OF GREAT CIRCLE ARC LENGTH AND ALTITUDF

HEIGHT {NA Mlg) H
GRFAT 11 600 1 625 | 650 675 700 125 750 1158 200
CIRCLE HEIGQHT GF _(KILOMETERS) HEIGHT RANGE (KL ) 2l
ARC w089 1135 1182 1228 1274 1321 1367 1414 1460
| 1134 1181 11227 712113 /1320) /1364 Ilgll_-‘LASQ 71808
Oe 90,0 90.0 9060 90.0 900 9040 9040 90.0 9040
1. 83.0 83,2 83.5 83.7 83.8 844C 8442 8443 8445
2e 7760 TTeb 778 7862 7846 7849 792 794 797
3. 70.7 71.3 719 T2e4 729 T3e4 73.8 The?2 Taeb
be 6447 6545 66¢2 669 6765 6861 68.6 69e1 69.7
Se 59.1 60,0 60.9 617 62e4 63,1 63.7 6443 649
6. 5440 5540 5569 568 57e¢6 5863 59.1 59.8 60e4
Te 4944 504 51¢3 52.3 53,1 53,9 5448 5565 542
8. 4541 4601 4761 48.1 4940 4949 5047 5165 523
Se 4162 4242 43.3 bbb 62 45,2 46al 4649 4767 4865
10. 3746 3867 39,7 4067 417 4246 4344 4423 6541
11. 3444 3545 365 3745 3844 39,3 40e2 41.0 4148
12. 31.4 32,5 33.5 344 3544 36e32 37.1 3840 38.8
13, 2847 2907 307 3107 3246 3345 3443 35,2 3640
la, 2662 2742 282 29,1 3040 30.9 3148 3246 3344
15. 2369 2448 258 2647 276 2865 293 30e1 3069
16. 21e7 227 27%46. 2405 2504 2602 2740 2748 2866
17. 19.7 2Ne6 215 22446 2302 24841 2449 25s7 2604
18. 17.9 18.8 1966 2045 £1s3 221 22.8 2346 2464
19. 16.1 170 17.8 1845 19.4 202 | 2160 217 22¢4
20. 14465 153 1501 1662 1727 | 1564 1902 19.9 2006
210 1209 1307 1405 ]5&2 1&0:] :6.7 E 173‘& 18.2 1808
22. 1le4 [ 1262 | 1360 | 12.7 | 1%e4 | iB5el | 15,8 1 16e% 1 1762
23, 100 10.8 1e5 12-2 (29 136¢ 14,53 1 156D 1566
244 8.7 9¢4 1061 108 | ile5 1262 128" j 12e5 11421
25 Teb 8.1 8e8 Qe 1Gel 10,8 - 1}5‘7 12,0 1247
26 6.2 6.8 Te5 8e2 fe.8 Do X % 18.7 iled
27 5¢0 56 6e3 669 TsG 8e2 845 24 10.0
28, 368 445 S5el 57 6o 669' Ta5 " 3ael 867
29. 267 3.3 4e0 heb 5-51 57 $43 6,9 Ts4
30. le7 2.3 248 3.4 4e0 bheb | Ba3 567 6¢2
31. «b le2 1.8 263 209 5 ! 440 445 51
32 * o2 o7 13 1.8 21t 249 364 460
33, * * * 3 8 15 1.9 204 249
346 ' * » * * o3 oft Je3 le8
35, * * * * * » * 3 )
21
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Table 3-2 (Cent'd.)

ELEVATION ANGLE AS FUNCTION OF GREAT CIRCLE ARG LENGTH AND ALTITUDE

HEIGHT (NAUYe Mlo) HEIGHT (NAUTe MIe)
GREA 800 | 825 | 850 B75 ] 900 ] 925 950 | 975 1000
CIRCL HEIGHT RANGE (KILOMETERS) HEIGHT RANGE (KILOMETERS)
ARCH 1460 1506 1552 1599 1645 1691 1737 1784 1830
LENGTH /1505 s1551] 71598} /164 /1690y s1736] 71783 /1829 /1875
. . . ° . G061 () o . “O0et]  GDe0 |
le 84, Bbeb 84.8 B4 oS 85.0 85.1 8542 85,3 85.4
2¢f] 7907 B80ev " 8062 80 B0e6| BNeB| B81e0] Ble2] Blet
3. Taeb 7540 7503 75 7569 602 7645 7667 7740
be 69.7 701 T0e5 71, Tlets Y 7201 7265 72+8
Se 64,49 6545 6660 66 670 6. eb 676> 6863 68e7
6o 60ets 6l.1 6le7 62, 62.8 63.3 63.8 6442 6b4e
Te €662 56¢9] 5745 584 5867 5943 599 60e0 609
8. 5263 53.0 5367 54, 5560 5546 561 5667 573
9 4865 49,3 5NeN 50 5164 520 52e¢6 5362 53.8
10. 4541 4° 48 46605 47, 48¢ ) 4866 4963 4949 5065
11. 41.8 {266 4364 b4, 4448 4545 4661 4648 4T7¢0s
12¢ 3848 576 40e0 41, 4168 4265 4362 43.8 4445
13, 3640 36, 375 38 3940 39.7 404 41,0 4146
14, 3364 3442 3449 35, 3603 37.C 377 38e4 3940
15, 3C.9 3).7 32e4 33. 33,9 3445 3542 35,9 3665
16, 2846 2963 3061 30. 3le5 3242 32¢8 3365 3461
17 2604t 2762 279 28 293 30eC 3046 31.3 319
18. 24404 2561 258 26 2762 278 2865 291 297
19, 2240 2362 238 24 2542 258 2665 2761 277
20, 2046 213 220 22 233 2369 26446 2542 2548
21, 18,8 1945 2062 20e 2165 221 22,7 2363 2349
22¢ 172 17.9 185 19, 19.8 20¢4 210 216 2202
23 1506 1663 1649 17, 18.1 1867 19,3 1949 2065
240 14,1 147 154 16. 166 1762 177 1863 189
25 12,7 13.3 13.9 14 15.1 1546 1662 1648 173
26 113 11.9 1265 13¢ 136 1462 1467 153 1508
27 10.0 105 11.1 11. 12.2 12.8 13,3 13.8 ldets
28e B8e7 92 Ge8 10« 1069 1le4] 11.9 125 13.0
29 Teb B8e0 Re b 9. 9e6 10611 © 1066 11.1 11e6
30. 6e2 6.8 . Te3 T7.4: Bed 8.9 Q¢4 969 103
31 S5el 5¢6 6el 6o Tel Teb 8.1 Beb 91
32 4e0 4e5 50 5e 660 6¢5 609 Tekk Te¢9
33. 209 3¢ e b4y 4eo8B 5¢3 5e8 6 2 6e7
34, l.8 2e3 208 e 3.7 4e2 4beb 5e1f 55
35. o8 1.3 le7 2e 206 el 345 be bet
36 * o2 o7 le 1e6 20 205 2e 363
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at point J in Fieare 3-5, this same satellite would be "'seen" at an azimuth of 357°
and an elevation angle of 5.1”., Note that the closer the subpoint track is ta the
station, the greater the clevation angle at which the satellite will be seen.

If ail operating APT satellites had circular orbits at the same altitude, it
would be poscible to use the data in Table 3-2 to relabel the distance "e"x'lipses" in
terms of clevation angle. This would be a rare occurrence and should be done in a
way which permits later erasing if a subsequent satellite assumes a different orbit
altitude, | '

For convenience, pertinent data on satellite altitudes from Table 3-2 can be

transcribed directly to the blank tables on the tracking board,
3.v.4 Filin-Strip Grid

The grids (see Fig. 3-6) used to geographically locate and orient the APT
data are provided on two 35 mm strips. One strip is used when the satellite is
travelling from the north-to-south, the other for south-to-north travel. The filn';-
strip grids are used by projecting them on a flat surface and adjusting the distance
between the surface and the projector (using procedures described below) so that
the scale of the projected grid corresponds to the scale of the APT picture being
located, " ' '

The grids are designed with reference to a satellite at a 750 nautical mile
orbit altitude but, by varying the projection distance, can be used with rea~onable
accuracy over a wide range of orbit altitudes, There is a separate grid for each
thirty seconds of satellite travel; this corresponds to a new grid for about every
1.5 change in latitude for temperate and tropical latitudes. Nearer the pdles, the
difference in latitude between adjucent grids is even less.

As can be seen in Figure 3-6, the parallels of latitude are solid lines; the
meridians of longitude are dashed. One latitude-longitude intersection is given in
a legend in the lower right corner of the map. A plus (+) stands for north latitude
and a minus (-) for south latitude. The interval between the latitude and longitude
lines is given by two numbers placed just south of the small dotted circle. The first
{(left) number, always lo, is the distance between the latitude lines, The second
{rig'.t) number is the distance in degrees between the longitude lines; this interval
varics from 12 near the equator through 2° and 5° to 10° of longitude near the poles,
From the placing of these two numbers, the north and south aspect of the grid can

be deterinined., The grids are printed in such a way that when the latitude legend
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NOTES
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Dotted Zero.
Left Number: Latitude Spacing

Right Number: Longitude Spacing

Heading Line Can Be Constructed By
Connectiny; The Vertical Reference

Marks.

Orgentation of Grids Poleward of About
70", As in Lower Samaple Grid, is
Explained in Section 3. 12. 6

Fig. 3-6 Sample APT Grids.
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and the latitude and longitude interval numbers are in their normal orientaticn,
south is at the top of thu grid and north at the bottom. Individnal grids are placed
on the film strip with north and south toward the edges of the film strip. ‘

Four T-shaped marks are printed along the edges of each grid. The distance
between the T-shaped marks is used to establish the proper grid scale, as projected,
so it will fit the APT picture scale. (The distance both ways should be the same; if
it is not, the projector is probably tilted relative to the projection surface.) The .
proper distance between the T-shaped marks is determined from Tables 3-3 and 3-4.,
As these tables show, the distance varies with the type of satellite, the altitude of
the satellite, and the size of the APT picture (i.e., whether it is an 8" X 8'" paper
facsimile recording or a 2-9/16" X 2-13/16" Polaroid print). The proper scale is
established by adjusting the projector until the distance between both sets of T-shaped
marks is that determined from Tables 3-3 or 3-4. (The satellite altitude is deter-
mined from the Daily Message as described in Section 3.7.)

The proper grid is chosen by selecting the grid whose central latitude (the
latitude given in the legend and marked by the small dotted circle) is closest to that
of the center (principal point) of the APT picture. (Methods for determining the
latitude and longitude of the APT picture center will be described in Section 12.)
The values of the other latitude (solid) lines are determined from the value of the
latitude marked with the dotted circle, the latitude interval, and the north-south
orientation of the grid, '

Because the longitude (dotted) lines on the film grid are '""rubber' (i.e., un-

numbered), they should be labeled (when used for each individual picture) as follows:

1. The longitude of the line passing through the small dotted zero should be
as close as possible to the longitude of the center of the picture, provided that:

2. The longitude lines are numbered so as to be most compatible with longi-
tude lines on ordinary maps, Th: choice thus depends on the longitude interval
whichis given as the right nurr b:r near the dotted circle.

with:

For example, for a grid

1° interval; each line is labeled to stand for an integral lorgituue

(.e., 2°, 3°, 4° etc., or 117°, 118°, 119°, 120°, etc.).

2° intevval; each line is labeled to stand for a longitude evenly

divisit:~ by 2 (i.e., 0%, 2%, 4°, 6°, etc., or 116°, 118°, etc.).
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TABLE 3-3
NIMBUS CAMERA
GRID MAGNIFICATION FACTORS

ST e Ly mﬂ‘,_ e e e & e 4

SPACECRAFT HEIGHT DISTANCE BETWEEN REFERENCE MARKS

8" x 8'" Formats Polaroid Formats

n, miles kilometers inches centirneters inches centimeters
110 200 76.5 193.9 31.1 79.7
130 250 61.1 . 155.0 24.8 62.7
160 300 50.9 129.0 20.7 52.4
190 350 43.7 110.7 17.7 74.7
210 400 28.2 98.8 15,5 70.1
240 450 34,0 88.3 13.8 35.0
270 500 30.8 77.8 12. 4 31.6
300 550 27.8 70.7 11.3 28.6
320 600 25.5 34,6 10. 4 26.2
350 650 23.2 58. 8 9.4 23.9
380 700 21.8 55.4 8.9 22.5
400 750 20.4 1.7 8.3 21.0
430 800 19.1 4% 4 7.6 19.7
460 850 18.0 45.7 7.3 18.6
490 900 17.0 43.2 6.9 17.5
510 950 16.1 40,8 6.5 16.6
540 1000 15.3 38.8 6.2 15. 8
570 1050 14. 6 36.9 5.9 15.0
590 1100 13.9 35.2 5.6 14.3
620 1150 13.3 33.7 5.4 13.7
650 1200 12.7 32.3 5.2 13.:
670 1250 12.2 31,0 5.0 12.6
700 1300 11.8 29,8 4.8 12.1
730 1350 11.2 28,7 4.6 11.7
760 1400 10.9 27.7 4.4 i1.2
780 1450 10. 5 26.7 4,3 10.8
810 1500 10.2 25,8 4,1 10.5
&40 1550 5.9 25.0 4.0 10.2
860 1600 9.5 24,2 3.9 9.8
890 1650 9.3 23.5 3.8 9.5
920 1700 9.0 22.8 3.7 9.3
940 1750 8.7 22.2 3.5 9.0
9790 1800 8.5 21.5 3.5 &.7
1000 1850 8.3 21.0 3.4 8.5
1030 1900 8.0 20.3 3.2 8.2
1050 1950 7.8 19.9 3.2 8.1
1080 2000 7.5 19.4 3.0 7.9
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TABLE 3-4

| S A

TOS CAMERA

GRID MAGNIFICATION FACTORS y

| y
E N
lh ! SPFACECRAFT HEIGHT DISTANCE BETWEEN REFERENCE MARKS
. 3
t 8" x 8" Formats Polaroid Formats
‘ n. miles kilometers inches centimeters inches ceatimeters
-
110 200 79,2 201,2 32.2 81,7
b 130 250 63.3 160. 6 25.7 65,2
L 160 300 52.8 134.0 2l. 4 54, 4
190 350 45,2 11..7 18.4 46,6 §
, 210 400 39.0 100. 4 16.1 40, 8 g
1 240 450 35,2 89.2 14.3 36.2 i
ke 270 500 31.6 80. 4 12.8 32.6 /
300 550 28. 8 73.0 11.7 29.6
' 320 600 26.4 67.0 10.7 27.2
18 350 650 24.4 61.8 9.9 25.1
; L 380 700 22. 6 57.4 9.2 23.3
400 750 21,1 53.5 8.6 21.7
: 430 800 1<, 8 50,2 8.0 20.4 ]
L’ 460 850 13,6 47.2 7.6 19.2 |
1 490 900 7.6 44,8 7.1 18.2 1
1 510 950 16.7 42,3 6.8 17.2 :
s 540 1000 15.8 40.2 6.4 16.3 :
- 570 1050 15,1 38.2 6.1 15.5
- 590 1100 14. 4 36.6 5.8 14.9
1 620 1150 13. 8 34.9 5.6 14.2
E% 650 1200 13.2 33.6 5.4 13.6
f-_ 670 1250 12.7 32.1 5,2 3.0
700 1300 12,2 31.0 5.0 12. 6
736 1350 NIt 7 29.7 4,8 12,1
b 760 1400 11,2 28.8 4,5 11.7
| 780 1450 10.9 27.7 4,4 11,2
810 1500 10, 6 26.8 4,3 10.9
. 840 1550 10.2 25.9 4,1 10.5
i 860 1600 9.8 25.2 4,0 10, 2
b 890 1650 9.6 24.3 3.9 9.9
920 1700 9. 4 23.6 3.8 9.6
i 940 1750 9.1 22.9 3.7 9.3
L 970 1800 8.8 22.4 3.6 9.0
i 1000 1859 8.6 21.7 3.5 8.8
1} 1030 199¢ 8. 4 21,2 3.4 8.6
b 1050 1950 8.2 20.6 3.3 8.4
i I ) 1080 2000 8.0 20.3 3R 8.2
S8
|
k. 27
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5¢ interval; each line is labeled o stand for 2 longitude evenly
divisible by 5 {i.2., 0°, 5%, 10%, 15", etc., or 115°, 120°, 125°,
130°, etc.).

10° interval; each lins is labeled tc stand for a longitude evenly
divisiole by 10 {i.e., 0%, 10°, 20°, 30°, etc., or 100°, 110°,
120°, etc.). '

After the longitude lines are numbered, the coordinates of any desired points
on the grid can be determined. This process is aided by using an expendable or
erasable sheet of blank paper for the projection surface «nd marking tbe latitudes
or longitudes of a suitable number of projected lines after the projected grid map

is adjusted to the proper scale,
3.6.4.1 Heading Lines

When orienting the APT pictures on the projected grids, it is necessary to
use the satellite heading line, discussed in Paragraph 3.12,6. As defined in Section
2, the heading line is the instantaneous projection of the satellite orbit on the earth,
The heading is determined by the orbit in-lination which in turn depends on orbit
altitude. For a properly oriented satellite, the heading line is parallel to a line
from front to back of the satellite and is, therefore, parallel to the sides of the APT
picture, '

The projected grids are marked so the heading line for a 750 nautical mile
sun-synchronous orbit (101, 25° inclination, 78. 75° retrograde) can be determined
directly. For this condition, the heading line will be parallel to a line joining the
T-shaped marks at the north and south edges of the grid. This heading line is
applicable to the central latitude of the grid, and also approximately the center of the
picture. While the variation with latitude of the heading line changes slowly in tropic
and temperate latitudes, it changes rather rapidly in high latitud.=.

If the satellite has a differently inclined orbit, a slight rotation of the APT
picture, from the orientation determined for the 750 nautical mile heading line on the
projected grids, is necessary for the most precise location of the features in the
APT pictures (for example, Nimbus at 600 nautical miles should have an orbit
inclination of 99. 88° or 80, 12° retrograde). The direction of this rotation can be
determined from Table 3-5,while the amount of rotation can be determined from

Table 3-6, Because of uncertainties in satellite altitude, it is seldom worth
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Table 3-5

Direction of Rotation From 750 Nautical Mile
Heading Line to Correct Heading Line

Orbit Inclination

Pass Direction

Qrbit Altitude (Retrograde) North-to-South South-to-North
e
l.ess than Greater than Counter- Clockwise
750 n, mi, 78.175° Clockwise
Greater than Less than . Counter-
750 n. mi. 78. 759 Cleciwise

Clockwise
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0
10
20
30
40
50
55
60
65
66
67
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69
70
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72
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74
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76
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78.75
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Table 3-0
V/
Angular Differences (Degrees) Between Heading Lines
For 750 Nautical Mile Sun-Synchronous Orbit
And Those For Other Crbits

Satellite Altitude (n.mi. ) and Sun-Synchronous Inclination (Retro.)

400 500 6090 700 800 900 1000

81.770 81.05° 80.12° 79.23° 78.27° 77.77° 76.18°

3.0 2.3 1.4 .5 .5 1.0 2.6
3.1 2.3 1.4 .5 .5 1.0 2.6
3.2 2.6 1.5 .5 .5 1.1 2.7
3.5 2.7 1.6 .6 .6 1.2 3.0
4.0 3.0 1.8 .6 I 1.3 3.4\
4.8 3.7 2.2 .8 .8 1.6 4,2
5.4 4.2 2.5 .9 .9 1.8 4.7
6.3 4.8 2.9 1.0 1.0 2.1 5.6
7. 5.9 3.5 1.3 1.3 2.6 6.9
8.2 6.3 3.8 1.3 1.3 2.7 7.3
8.5 6.5 3.9 1.4 1.4 2.9 7.7
8.9 6.9 4.1 1.5 WG 3.1 8.2
9.4 7.3 4,4 1.6 1.6 3.3 8.8
10.0 e 4.7 1.7 1.7 3.5 9.5
10.7 8.3 5.0 1.8 1.8 3.8 10. 4
11.6 8.9 5.4 2.0 2.0 “ 41 11.5
12.5 9.7 5.9 2.1 2.2 4.6 12.9
13.8 10.7 6.5 2.4 2.5 5.2 15.0
15.3 12.0 7.4 2.7 2.9 6.0 18.4
17.6 13.9 8.7 3.3 3.3 7.3 27.0

20.6 16.2 10.4 4.0 4.6 10. 2 5

26.2 21.3 14,1 5.8 8.2 z -

42.8 37.1 28.4 16.8 . - -

* * * *

* Note: For latitudes greater than'78.75, these cannot be directly expressed. Note,
however, heading lines are parallel to the equator at the poleward extremity of any
orbit. Stations in polar latitudes may wish to compute a table of heading lines from
the equation cos 0 = 5%:.&., where 9 = angle of heading line relative to a parallel of
latitude, i = (retrograde) orbit inclins\tion (i < 90°), and ¢ = latitude,
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determining a heading line to a precision of greater than about 0, 5° (greater precision
in picture location is generally possible only through the use of landmarks).

3.7 Satellite Orbital Data

In order to use the tracking board and its supplemental materials, the operator
of the APT receiver must be furnished with information on the satellite track, its
altitude, and the times when it will be at various positions along the track.

It is convenient 10 reference the time of points along an orbit. to the time of

Ascending Node or of Descending Node (Figs. 2-} and 2-2). Ascending Node refers

to the time (and, in some connections, the longitude) when the satellite crosses the
equator northbound (and, therefore, the time and point where the orbit number in-

creases by one). Descending Node is the time (or longitude) where the satellite

crosses the equator southbound. There is no change of orbit number at Descending
Node. As will be apparent later, times are often expressed in minutes after (or

before) Ascending or Descending Node,
3.7.1 Summary of Necessary Information
This information is provided as follows:
3.7.1.1 Daily Message

A daily coded message is used to disseminate satellite positions, altituder,
and times. Insofar as possible, the daily message will be distributed by teletype or
by other available radio or landline communications facilities. It is discussed in

detail in Paragraph 3. 7. 2.
3,7.1.2 Weekly Message

A weekly message may be used as a backup in the event daily messages are
not received. Each weekly message contains the predicted orbital data for the period
of one month, Except for the length of the time period covered, the format and
content of the weekly message are the same as that in the daily message. (Basically,
the weekly message is only a compilation of daily messages.) Because the weekly
mcssage is longer, its final dissemination will normally be in written form rather

than by radio or landline communications,
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Since the accuracy of satellite orbit predictions decreases with time, the
daily message should be used in preference to the weekly message, Unless a
recently prepared weekly message is available, extrapolation of the latest daily
message (see Section 3, 14) for a day or so, will often yield the best data, When
the latest daily mossage provides data older than about two days, the weekly message
will usually be preferable.

3.7.1.3 Orbital Data Incorporated With APT Pictures

Because of possible communications problems, two alternate methods for
transmitting information directly with the APT pictures are currently under develop-

ment.
3.7.1.3.1 Data Code Procedures

The Data Code system, being tried on an experimental basis on Nimbus II,
provides coded digital data in a strip along the side of each APT picture. This system
will provide the positions and times of both the Ascending Nodes (northbound equator
crossings) and the perigees (points of lowest satellite orbit altitude) of current and
near-future Nimbus o'rbits, as well as the exact time of each APT picture on which
the Data Code appears, '

The information proviced by Data Code is used to update the ephemeris (set
of orbital data) which is mailed or transmitted by conventional communication
methods, These sources of data are designed for use with standard APT plotting
boards and grids. When properly used, they will provide all orbital information
needed to acquire and locate both APT and DRIR data. ‘

Since the Data Code format and procedures, as established for Nimbus 1I,
are considered experimental and may be changed if Data Code is used on subsequent
meteorological satellites, information on the Data Code procedures is provided here
only by the citing of Reference 3.

Data Code is expected to provide the only basis for acquiring and locating
Nimbus II DRIR data, since time available on standard wecther communications is

presently inadequate for transmitting 2 daily message for DRIR.
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3.7.1.3.2 Orbit Track on a Geographical Grid

A technique for placing geographical grids on APT pi-tures prior te their
transmission from the satellite is being developed. The satellite subpoint track
(relative to this geographical grid) for an orbit about twenty-four hours Ii'ter, ai\d
the time of a point marked on this track may also be included on APT pictures. B
this method is implemented, more complete information and instructions will be

supplied later.
3.7.1.4 Emergency Procedures

After a station has been provided with an orbital track and the nodal period
and increment of a satellite (see Sectior 2), older data may be used to compute
approximate satellite tracks. These will nsually not have the desired accuracy and

may at times fail completely; however, personnel should be familiar with them as

it may provide their only method of obtaining satellite weather data. These emergency

procedures are discussed in Section 3, 14,
3.7.2 The Daily Message

The daily message format is shown in Figure 3-7 and the symbols used are
explained in Table 3-7, Daily messages are divided into four parts (see Fig. 3-8)

wh*~"\ contain the following information,

Part I:

a. Equator crossing (Ascending Node) data, i.e,, date, time, and longitude

for the first applicable orhit (Reference orbit) for the day.

b. Nodal period (time interval between successive equator crossings in the

same direction).

c. Nodal longitude increment (degrees of longitude between successive

equator crossings i1n the same direction).

d. Equator crossing data (time and lor;gitude) for the fourth, eighth, and
twelfth orbit after the Reference Orbit, It is unlikely that operational satellites will

complete more than fourteen orbits per day.
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Figure 3-7

Xx*
Format of the APT Daily Message

TBUS 2 KWBC YYGGgg Z
APT PREDICT
MMDDNN

\ PART I

| ONl_NrNrNr OYYGG  Oggss QLOL 11 Tmmss

o 0O

N NN NG, Guu8e8484 QL Lol l,

NgNgNgNoGg  Gggga8gg8g QgL L 11

0O 0 0 O
N pNNRNRGre  GiaBreg®ie®iz Qlololols
PART Il
02zzq L,L1 L L1 04zz2Q LL1LL1
06zz@ L L LL L1 0822Q L_L 1L L1
102zQ LL1LL1  ---etc.
PART I
02zz@q L,L I LLJ1  042zQ LLI1LL]I
06zzQ L,L 1L LI 08zzQ@ L L ! L.L,1
10Z22Q La.La.la.LoLolo ---gtc.
PART IV

‘%

[

The symbols used are explained in Table 3-7.
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| Table 3.7 3
b | Explination of Daily Message Code Symbols
i
i TBUS 2 (or TBUS 1) - Satellite APT BULLETIN originating in
Ii the United States. TBUS l.is for a
i b satellite pass going from north-south;
e TBUS 2 is for a south-north satellite pass.
]
: KWBC - Traffic entered at Washington, D.C.
- YYGGgg - Date and time (hours and minutes) at
which message was originally
mitted. ’
f %
" APT PREDICT - Identifies message content
i 'ﬁ MMDDNN . : - Messa'ge serial number
fw MM - month (Jan =01, Feb =02,
‘ Dec = 12)
| DD - day of month
I3 NN - number of satellite to which
5 - . predict applies
b PART I
' ON N N N  OYYGG Oggss - Equator crossing predicts follow,
b o o) - - Indicator, Reference Orbit equato~ cross-
3 L ing info follows, (NOTE: Information in
1 Parts II and III applies directly to this
Reference Orbit, )
! . :
! L N N N N - Number of Reference Orbit (the orbit
rr r r .
number increases by one at each Ascend-
k1 . ing Node or northbound equator crossing)
L YYGGggss - Day, hour,. minute, second (GMT) on
which satellite crosses the equator on
. Reference Orbit NrNrNrNr.
t
- Q - Octant in which satellite crosses the equator
on Reference Orbit N N N N_.
‘ rrrr
-
|1
?
3
b
L 85
11
i
e
| |
e
|
S — S - - l




]
]
)
Y
Code Figure
3 0
i 1
2
3
5
6
1
8
1 7
L L1l
O 0 0O
T
i.i mmss
L
L L1111
O 0 0O
'WI“

Table 3-7 (Continued)

The Octant Code is as follows: (see also Fig. 3-10)

Heminghere

Northern 0% - 90w
Il 90°w - 180°
" 180° - 90°E
" 90°E - 0°
Southern ° - 90°w
" 90°w - 180°
" 180° - 90°E
" 90°E - o0°
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- Longitude in degrees and hundreths at

which satellite crosses the equator on
Reference Orbit NyNpxNyNy. (For longi-
tudes greater than 99, 99, the initial

"1" ig dropped, ) ;

Indicator, nodal period follows,

Nodal period, minutes and seconds
between consecutive equator crossings
in the same direction, (The nodal period
will always be greater than 90 minutes,
and usually will be greater than 100

‘minutes., For nodal periods greater than

100 minutes, the initial "1" is omitted,
Since weather satellites witl. nodal periods
greater than 189 minutes are not preseatly
planned, there is no ambiguity. )

- Indicator, nodal longitude increment

follows,

Degrees and hundredths of longitude
degrees between conse-utive equator
crossings in the same direction.
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Table 3-7 (Continued

oy A v,

N NN, N, - Number of the fourth orbit following the ;
Referencs Orbit. E

G4G4g4g4s4s4 - Hour, mirute, second at which sé.tellite 1
’ crcsger the equator on orbit N4N4N4N4. ;

QL L 1.1, - Octant and longitude in degrees and '

hundredths at which satellite crosses i
equator on orbit N4N4N4.

N8N8N8N8G8 G8g8g858°8 = Orbit number and equator crossing time i
and longitude for eighth orbit following
QaLoLololo Reference Orbit,

N,,N ,N,,N,,G G,,81,8,,8,,8 - Oibit number and equator crossing time
1271271271272 T12R12R12 00202 g Jongitude for twelfth orbit following |

QIZLoLololo . Reference Orbit,

PART II " Northern Hemisphere

0227Q - Satellite altitude and subpoint coordinates
at two-minute intervals relative to the
time of equator crossing follows. (These
data pertain to the Reference Orbit in
Part 1.) ;

02 - Information pértinent to minute two,
’ before or after equator crossing follows.

2z . - Satellite altitude in tens of kilometers,
(For altitudes greater than 999 km, the
initial " 1" is dropped. )

Q - Octant of globe,

LaLala - Latitude of satellite subpoint in degrees

and tenths of degrees at minute two,
before or after equator crossing.
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Table 3-7 (Coniinued) :
\ ‘}!
1 ( LoLolo - Longitude of satellite subpoint in degrees ) l
4 and tenths of degrees at minute two, |
before or after equator crossing.
z 042.2Q LaLa laLoLolo - Satellite altitude and latitude and longitude .
of subpoint four minutes before or aiter 3
H equator crossing, : 3‘ :
~ 0622.Q LaLalaLoLol - Satellite altitude and latitude and longitude
£ o : : »
| of subpoint z1x minutes before or after o #
i equator crossing !
¥ {This irformation is repeated at two-minute intervals ove' <he applicable portion of ot :
13 the orbit north of the equator.) o i
gl PART III Southern Hemisphere H i
0222Q - Sateilite altitude and subpoint coordinates '
at two-minute intervals relative to the -
time of equator crossing follows, (These g 3
] data pertain to the Reference Orbit in :
1 Part 1. )
i "
02 - Information pertinent tc minute two before a g
= or after equator crossing follows. é
YAA - Satellite altitude in tens of kilometers. 3 ?’
] Q - Octant of the globe. {
i L L1 - Latitude of satellite subpoint in degrees ;7!
] i and tenths of degrees at minute two before ;.
or after equator crossing.
L L1, - Longitude of satellite subpcint in degrees .4
and tenths of degrees at minute two before =
or after equator crossing.
: 04zzQ L L ! LL.1_ - Satellite altitude and latitude and longitude ¥
=2 _ of subpoint four minutes before or after i
7 equator crossing. !
(This information is repeated at two-minute intervals over the applicabie portion of f’j i
the orbit south of the equator. )
£
( PART IV Remarks. J
J
i
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Fartil:

This part of the daily message provides the latitude and longitude of pointe
in the Northern Hernisphere along the Referencs Orbit, and the height of the satellite
at these points, These data are given at two-miaute intervals, referenced to the
time of the northbound equator crossing (Ascending Node), regardless of whether it
is for a northbound c¢r a southbound satellite, Part Il is always for that part of the
orbit north of the equator, regardless of the direction of satellite travel. Enough
points are provided to locate the Reference Orbit between the equator crossing and

the time the satellite has crossed the day-night line,

Part III:

This part of the daily message provides Southern Hemisphere data analogous to
those in Part II, but for the part of the orbit south of the equator. In Part III, the

data are also for two-minute intervals measured from the time of equator crossing.

Part IV:

Remarks pertinent to the operational aspects of the satellite APT system or

the operational acquisition and utilization of its data.

3.7.2.1 A Sample APT Message

Figure 3-8 is a typical daily message as it is received by an Army APT station

in the field, and Figure 3-9 is an interpretation of the data contain.:d in this sample

message:
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i ( :
- Sample APT Daily Mesaage é ' [
3 TBUS 2 KWBC 171810Z I
| APT PREDICT 4 ﬁ 1
, 051902 11 i
5 E PART I d g
. 00639 01900 2716 27318 TO722 L2684 £ |
{ 06430 73643 36582 a1
06471 44611 04155 Y
06512 15538 14891
\ PART I d
02112 067715 04112 133699 i
1 06112 199681 08122 266662 2 !
'_ 10122 33'642 12122 397619 J
] 14122 462593 16122 527561 |
3 18132 591519 20132 653461 g 1
; 22132 7:2372 24132 764215 i
26132 798727 28133 795545 " 2 ‘
PART 1II ﬁ
02117 067749 04117 133765 &
i 06117 199783 08126 266798 ‘ j X
10126 331775 12126 397755 o
14121 462729 16126 527697 .
18136 591655 20136 653597 ‘J -_
22136 712508 24136 764351 :
26136 798063 28135 795681 .j :
PART IV '
J

)
| S
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Message

Interpretation

Message

Interpretation

Message

Interpretation

Message

Interpretation

Message

Intcrpretation

Message

Interpretation

Message

Interpretation

Message

Interpretation

Figure 3-9

Interpretation of Sample APT Daily Mesasage

TBUS 2 KWBC 1718102
Satellite APT bulletin for south-north portion of orbit on the 17th day
of the month (the montp is detcrmined from the third line of the message)

Message originating at Washington, D. C. at 1810 GMT

APT PREDICT
Predictions of subsatellite points and heights of satellite on the

date and for the times specified in the message.

051902 ,
May 19 (year understood) second Nimbus satellite.

PART I
Pari I of message fo""ows

wr

00639 01900 02716 27318 T0722 125684

Reference Orbit is 639 and occurs on the 19th day of the maonth,

e quator crossing time 002716 GMT, equator crossing longitude
173, 18°E {Octant 2), successive equator crossing time increments
are 107 mins 22 secs, successive equator crossing longitude

increments are 26, 84 degrees.

06430 73643 36582 )

K
Reference Orkit plus 4 = 643, equator crossing time 073643
GMT, equator croesing longitude 65, 82°E (Octant 3).

06471 44611 04155
Reference Orbit plus 8§ = 647, equator crossing time 144611
GMT, equator crossing longitude 41. 55°wW {Cctant 0).

06512 15538 14891

Reference Orbit plus 12 = 651, equator crossing time 215538
GMT, equator crossing longitude 148, 91°W (Octant 1).
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Message

Interpretation

Message

interpretation

Message

Interpretation

Figure 3-9 (Continued)

PART 1I
Coordinates of suusatellite points of Reference Orbit in northern

hemisphere at two-minute increments from eqguator crossing,

02112 067715 04112 133699
At 2 mins after equator crossing satellite heigiit = 1110 km % 5 km,
subsatellite point is at 6, 7°N, 171.5°E (Octant 2);

At 4 mins after equator crossing satellite height = 1110 km % § km,
subsatellite point is at 13.3°N, 169.9°E (Octant 2)

06112 199681 etc to last line of PART 1I:
26132 798927 28133 795545

At 26 mins after equator crossing satellite height
subsatellite point i1 at 79. 8°N, 92.7°E;

1130 km % 5 km,

At 28 mius after equator crossing satellite height
subsatellite point is at 79. 5°N, 54.5°E

1130 km £ 5 km,

PART 11l
Coordinates of subsatellite points of Reference Orbit in southern

hemisphere at two-minute increments from equator crossing.

02117 067749 04117 133765
At 2 mins before equator crossing satellite height = 1110 km % 5 km,
subsatellite point is at 6. 7°S and 174. 9°E (Octant 7);

At 4 mins before equator crossing satellite height = 1110 km % 5 km,
subsatellite point is at 13, 3°S and 176, 5°E (Octant 7)

06117 199783 08126 266798
At 6 mins before equator crossing satellite height = 1110 km %5 km,
subsatellite point is at 19, 9° and 178. 2°E (Octant 7);

At 8 mins before equator crossing satellite height = 1120 km 5 km,
subsatellite point is at 26, 6°s and 179. 8w (Octant 6)

etc.
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3.8 Plotting the Equater CTrogsings and Subpoint Track

b

(I.
\

Using the data provided in the daily message, the equator crossings and sub-

&%

point track are plotted on the transparent orbital overlay which is positioned on the 1

tracking board. If an overlay with a nominal orbit is already on the tracking board i

Py

_ *
{sce Paragraph 3.6, 2), it should be removed and a clean overlay substituted If the

overlay alrcady has data for an actual satellite plotted on it, these data should be

erasced unless (sce below) it is determined that they are for the satellite to be tracked

and are still valid, or are for another satellite from which data are still being obtained.

i

The plotting should be done with care as it may influence how accurately the

satellite information can be geographically located,
Using the information given in the sample daily message (Fig. 3-8), the subpoint

t. £ -2
e e T 24

track and equator crossing points shown in Figure 3-11 are obtained as follows:

oz

1. Tape the overlay to the tracking board, The plotting should be done with

an crasable material such as a fine grease pencil o '"Pelican special T'" waterproof §

drawing ink, !

e

gzz‘-‘g
e
A

ok
2. On the equatorial circle of the overlay place a mark at the longitude
where the Reference Orbit crosses the equator. This point is given in Part I of the

daily message., Label this mark ag "0,

3, Move east, along the <. _atorial circle, the distance of one nodal longitude

t‘aaﬂm

increment as given in Part I of the daily message. Mark this point and label it with

z circled "+1'",

T

i
R

O

5
SN o N el ek R

The nominal orbit can be used to determine the approximate theoretical

tracking range limits (see Paragraph 3.9. 1 below) for determining preliminary area

coverage,and will have to be used for this purpose in the absence of an actual APT

satellite orbital data. When a daily message with actual data is available, it is

> o,
(.j-‘.
s

preferable to use the actual data,

A It is helpful to put an arrowhead on these marks, with the arrow pointing in

i

(‘"‘ the dircction of satcllite travel for which the data are being plotted.
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4. Move cast, along the equatorial circle, the distance of nnr additional
nodai longitude increment, Mark this point and label it with a circled "'+2",

5. Repeat steps three and four moving west from the Reference Orbit along

the equatorial circle. Circle these points and label them ""-1'" and "'-2", respectively,

. Continue to move west along the equatorial circle, Place a mark at the
distance of three nodal longitude increments west of the equator.crossing of the
Reference Orbit ("'0'" point), Label this point "3, but do not circle it or the sub-
sequent numbers used to label the equator crossing rnarzks.,

7. Continuing west, mark the longitude of the equator crossing of the fourth
orbit after the Reference Orbit using the value given in Part I of the'daily message,
{(Use of the value from the daily message, rather than the addition of a fourth nodal
longitude increment, reduces cumulative errors of measurement and piotting. )

Label this mark '"4'", Mark the points one, two, and three nndal longitude increments

west of the equator crossing of the fourth orbit and label them 5", ”.é;”, and "'7",

8. Similarly, mark the equator crossings of the eighth and twelfth orbits
{using the data in the daily message) and of the distances one, two, and tiiree ncdal
longitude increments west of them, then label each of these marks with consecutive
numbers. Marks for twelve numbered equator crossings should now appear moving

westward irom the Reference Orbit,

9. Continue this process until the equator crossing of the Reference Orbit is

reached, " but do not go beyond this original point.

10, Now plot the two-minute points along the subpoint track of the Reference
Orbit as given in Parts II and III of the daily message. IL.abel each point with the
number of minutes before or after the equator croesing and with the satellite altitude

as given in the dailv message,
11. Connect the plotted points with a2 smooth curve to define the subpo:nt track,

12, Mark the midpoints between plotted pointz to provide a set of one-minute
points along the subpoint track (see Fig, 3-11).

If it becomes necessary to use the emergency procedures described in
Section 14, it may be helpfu! ‘o also mark the equator crossing that would be beyond
the Reference Orbit as an aid to estimating the total number of orbits per day to the

ncarest 0.1 orbit.
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Crossings and Subpoint Track.

Fig. 3-11 Plot of Equator
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Although the plotting of the equator crossings and subpoint tracks as described
above will be valid for only one day, many times the changes from one day to another
are so small that replotting is unnecessary. Accordingly, once a set of data has been
plotted, it is desirable to check whether it is valid for succeeding days b.fore replott-
ing the new data. T

If two or more APT satellites are cloncurrently in operation, or if daytime
APT data and nighttime DRIR data are both available from a single satellite, a
separate orbital overlay should be used for each satellite. In this way, both replotting

and confusion between the data from separate satellites is avoided,
3.9 Limits of Receivakle Orbits

An APT station will be able to receive data irom only a few satellite orbits
cach day. Depending on the height of the satellite and the location of the station, this
number will vary from two or three at the equator to seven or more near the poles
(sce Table 3-1). The approximate limits of receivable orbits can be determined from
the plotted subpoint track.,. When no other data are available (as when no APT satellite
is operating), a nominal orbit can be used to determine approximate limits nntil svch
time as data for an actual orbit are available.

Until experience with a specific satellite and/or a specific station location is
obtained, it should be assumed that the signals from the satellite travel to the station
in straight lines and that data can be obtained only when the satellite is above the
horizon., For flat terrain, data will presumably be available only when the antenna

elevation is at or above 0°. (Exceptions to this are discussed in Paragraph 3.9,3.)
3.9.1 Computed Limiis for the Ideal Case

The local horizon for each APT statiin on flat terrain is represented by the
0° clevation circie as determined from the satellite altitude and the tracking diagram,
The Great Circle Arc distance from the station corresponding to 0° elevation angle
varies with the satellite altitude., For convenience, these 0° elevation Great Circle
Arc distances for representative satellite altitudes are tabulated in Table 3-8,
although the necessary data can be extract:d from Table 3-2.

To compute the ideal tracking limits, use Table 3-8 to determine the Great
Circle Arc distance correspondiag to 0° elevation angle for the altitude of the satellite

to be tracked. A subpoint track of the :satellite must be plotted on the transparent
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Table 3-8
Great Circle Arc Distances at Zero Degree Elevation 3
for Representative Satellite Altitudes
:J 3
i . ?
_ Satellite Height Arc Length 1
n., miles {kilometers) (degreel) a é ;
100 185 13.6 i
125 232 15.2 . 8
150 278 16. 6 i :
175 324 17.9 i}
200 370 i9.1 g
225 417 20,2 e B
250 463 21.2 ﬁ ¥ i
275 509 27,2 § ]
300 556, 23.1 =
325 602 24.0 1 1
350 648 24.8 3
375 695 25.6 ™)
400 741 26.4
425 787 27.1 . !
450 833 27.8 zJ
475 880 28,5
500 926 29,2 i
525 972 29.8 TN
550 1019 30, 4 J B
575 1065 31,0 !
600 1111 31.6 E R
625 1158 32,2 S |
650 1204 32,7 w |
075 1250 33,3
700~ - - 1296 33,8 A
725 1343 34,3 d .
750 1389 34,8 |
775 1435 35,3
800 1482 35,8 i
825 1528 36,2 d
850 1574 36,7 J
875 1621 ‘ 37,1 5
900 1667 37.6 ;{
1
i | |
“ 3
é
. >
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{
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7 J

-




x T P T s na e

& e

s

s

T oV b M o P B

& €7

——"-
Bt

¢

g

il R

r-

o

-

orbital overlay of the tracking board as described in Section 3,4, Rotate the overlay
until the subpoint track is tangent to the east side of the Great Circle Arc corres«
ponding to 0° elevation angle. Note where the subpoint track crosses the equatorial
circle and mark this point on the tracking board (not on the overlay), A small ;ﬂcce
of removable colored tape is excellent for this purpose. In general, only orbits
whosve subpoint tracks cross the equator west of this point can be tracked from the .
station. Now rotate the overlay until the subpoint track is tangent to (just touches)
the west side of the Great Circle Arc distance corresponding to (& elevation angle.
On the tracking board, mark the point where the subpoint track crosses the equator-
ial circle, Only passes of the satellite whose subpoint track was used, which cross
the cquator between the two marked points, can provide APT data to the station,

These ideal limits will vary under the following conditions:

1. A new or additional satellite which orbits at a significantly different

altitude or inclination.

2, A satellite which has a highly eccentric orbit,which causes its height

above the station to change significantly over a period of time.

3. A satellite which provides data on both north-south and south-north
portions of the orbits, (¥or example, a Nimbus which provides daytime APT
pictures on south-north orbits and DRIR data on north-south orbits. In such a case,
the equator crossing limits of receivable orbits for the north-south orbits will be

displaced westward from those for the south-north orbits.
3.9.2 Example of Limits for the Ideal Case

Figure 3-12 shows how the limiting equator crossings are obtained for the
orbit shown in the sample daily message (Fig, 3-8), It will be assumed that the
APT station is located at San Juan, Puerto Rico (18°N, 66°W). At the satellite
height in this orbit (600 nautical miles), Table 3-8 tells us that a 0° elevation angle
occurs when the subsatellite point is 31, 6° of Great Circle Arc from the station.

In the figure, the lirmting longitudes are indicated by vertical lines along the
equatorial circle at 26°W and 94°W, respectively, All orbits with Ascending Nodes

between these limits should be trackable,
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3.9.2.1 Comparison of/Nodal Limits for Passee in Difierent Directions E
= Figure 3-13 shows how the limiting longimdés of receivable orbi:s shift for ié
north-to-south passcs compared. with south-to-north p2sses. (The tracks from g
- Fig. 3-12 have been repeated in Fig. 3-13.) The longitudes. of the north-to-south %
orbits at the limiting range are displaced westward from thql’e for the south-to- ;  §
nerth orbits, In this case, the shift is 119 nearly half the distance between f l i
= successive equator crossings for passes in the same direction (26.84°). t i
- 3.9.3 Modifications in Tracking Limits ;:
. N -
) Actual tracking limits will probably differ from the ideal, usually covering ! ‘. {
j. 1™ a shorter distance along the equatorial circle, : |
, In most cases a usable signal cannot be obtained unless the satellite is some-
L‘ what above the horizon, This may be dus to any of a number of factors inclu&ing:
. 1, Local terrain, buildings or heavr vegetation which extend above the
: L herizon, .
2. Local electronic interference.
2 3. A weak satellite transmitter, :
4, A poorly tuned or otherwise malfunctioning APT set.
- The minimum eclevation angle at which a usable signal is received may also
vary with azimuth,due to variations in terrain or other factors affecting the local
; effective horizon.
- In theory, a signal might at times be obtainable from a satellite with com-
puted elevation angle of less than 0°. Such cases would be raost likely to occur with
i-; a wcll-tuned APT staticn on a hilltop and/or a satellite with an unusually pbwerful :
transmitter. Even in such cases, it is unlikely that the satellite would be within b
L range for a useful period of time when the egqua:or crossing iimits were 'beyond those
for the idral 0 clevation angle situation, It may, however, be possible to pick up
such satcllites carlier and to follow them long: ~, Until such experience is gained,
| it is best to assume that the minimum usable elevation angle is about 5° and to track
all passcs within this limit., When time is available, passes should be tracked to the
‘L s idcal limnits, The tracking should begin slightly before data acquisition is expected
“ ard end when the practical lower limit of elevation angle is reached.
¢
-
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When, through experience, minimum usable elevation angles have been - 5
bt determined for various joints of the compass, the equivalent Great Circle Arc die- f
tances for operating satellite(s) should be marked on the tracking diagram, This
13
. can be done by using an erasable pencil or ink 50 that the information can be changed ;
fon as required for a ncw satellite or a change in station location. After the east and §
west limits are determined from actual experience, the marks on the equatorial
‘L circle defining the usable orbits should be relocated to match these limits, At thie

point, it may be helpfu! to place a strip of colored tape along that part of the

cquatorial circle over which useful orbits pass,

£ o

3.9.3.1 Example of Tracking Lirait Determination :

RS T DS S S

Figure 3-14 illustrates a case where the limits of acquisition are assumed

§.: to be 5° of elevation angle to the east of the San Juan station,and 7° elevation angle ;
b to the west, Table 3-9 below, compares limite for both northbound and southbound !

passes for the ideal case discussed in Paragraph 3.9, 2, L,and for the limits assumed 4
;: above. .
s

-

Table 3-9

Tracking Limits at San Juan, Puerto Rico for Assumed
Limiting Elevation Angles

C-

Equivalent Great Northbound Pass Southbound Pass
Limiting Elevation Circle Arc Distance Limits (Degrees W) Limit3 (Degrees W)

Angle (Degrees) for 600 n, miles
Altitude (Degrees)  Eastern Western Eastern Western

r— ¢

0 (Ideal) 31.6 26 94 37 105

—

5 27.0 32 -- 42 ---

i 7 25.3 -- 88 -- 98
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Under the assumed elevation angle limitations and for northbound passes,
! three orbits would be acguirabie if the equator crossing of the first orbit fell between
(¥}
32° and 34°W longitude, but only two would be acquirable otherwise. In this
¢ example, the limite of receivable orbits were reduced about 1° of lonzitude for each
b . 1° increase of minimum slevation angle,
L 3.9.4 Daily Determinztion of Usable Passes
: A Usmg the s,qua*orxal liniits (Pdmgz..nh 3 9.1 and 3.9,3) and the daily message
- & data (Section 3. 8), the usable nrbxts for a given do.y can be determined as follows:
E
§ . 1. Normally, this will be done immeaiately after the daxly'message data are e
- L plotted and before the ovevlay kas been moved fromn the posxtxon used for plotting, 3

If this.is not the case, rotate the overlay unul the Raference Orblt crosses: the
equatorial circle at the long1tuda° of its equal or eros s*ng .s.° gwer. m Part I of the P}
daily message.- ' ' we

2, Thc equator crossmg points for all orbits of the 2ay will have veen
marked on the overlav.- Note those orbits —mm'nered WLSiW&Id irom the Reference.

Orbit for which the equatorial crossmgs fall within t’nc tnackmg limits, D1sre_gard1ng

the minus signsg, note the lowest and highest orbit numbers.

°

3. Add the lgwest.nur.nber'#p the number of the querence Orbit as given in

W,

Part ” of the dai‘y'message. This is the number of the first orbit from which data '

can be obtained on that day. :

sty il

4, Add the ‘nghest orb1t number w1thm the traciing limits to the number of
the Reference Orbit, This is the num.ber of the last o bit from which data can be

obtained on :hat day, =T : : :

5, Determine the time when the satellite can first te acquired, i, e,, the

i,
i A A A 1 bbbl

first orbit of the day which is within range of the ground station, In generﬁl. the

: L first pass should be within less than one orbital period (as iven in the daily message) ]
~ of the first orbit time on the previous day. : " 3
\h., ' 3.9.4.1 Example of Daily Usable Pas3 Determination
'y y : !
i“ \ By following the preceding instructions and putting the equator croseing of

e plotted Reference Orbit 639 (Fig, 3-11) at its proper longitude (173, 18°E) on the i3 |

[ K |

|

f 55 . %
b :
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plotting board, it is found that pass 8 is the first and pass 9 the last that can be
acquired on that day (Fig., 3-15). These correspond to orbits 647 and 648, respect-

ively.

4 3,19 Deter -ininy the Tracking Data

""he tracking data ér¢ déie:mined using the follewing steps:

1, Detéfmin_-e_ the'jorbjjt,nw.umber to be tracked, Eater this and the other
required data on the tracking worksheet (Fig. 3-16). This orbit should be a usable
pass, as determined in Paragraph 3,9.4. The following steps are to be executed

f£.r each such orbit,

2. Determine the number of the nearest orbit for which a specific equator
crossing is given in Part I of the daily message. This will always be the Reference
Orbit or the fourth, eighth, or twelfth orbit after the Reference Orbit, The numbers

t;’ﬁ?.

of this orbit and of that to be tracked should never differ by more than two.

i, Subtract (algebraically) the number of the nearest orbit with a specified L

[

equator crossing from the number of the orbit to be tracked. The results should be
one of the following five numbers = +2, +1, 0, -1, -2, Note that these are the

gt

circled numbers along the equator (see Section 3, 8).

4, Rotate the overlay until the equator crossing mark labeled with this

number is exactly the longitude of the '"nearest orbit" selected in step 2. Tape the
overlay in this position. The plotted subpoint track should then be positioned along
the crbit to be tracked., Care should be taken when positioning the subpoint track

JEPeN
———n

 §

as it will influence the accuracy of the geographical location of the data.

5. Determine the time at which the satellite will cross the equator on the

| S200Y
el

orbit to b tracked, To do this, multiply (takir’xgﬁ into account the + or - sign) the
numbe found in step 3 (i.e., +2, +1, 0, =1, -2) by the nodal period as given in

e

Part I of the daily message. Add the result (algebraically) to the time of eyuator
crossing of the ""nearest orbit" for which a specific equator crossing is given in

Part 1 of the daily message. (Note: The time will be later than that of the ''nearest

 tm

orbit'’ when the orbit to be tracked is west of the '""nearest orbit,' and earlier for an

orbat to the east.)

——

In these calculations, hours, minutes, and seconds must be treated individu-~

ally, wiih seconds converted to minutes (or vice versa) and minutes to hours,

€. t

o
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] Direction of Pass N —= § DRIR
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Fig. 3-16 APT Tracking Worksheet
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6. Using the tracking diagram in conjunction with the satellite direction, its

heipht, and the data in Tables 3-2 or 3-8, one can devermine whe:i» ¢4 its subpoint

track the satellite should first be at 0° elevation angle. (After experieace is gained,

!
this can be changed to :he lowest elevation afigle at which a signal acquisition can be

T

expected. On the other hand, tracking from 9° elevation angle will insure that no

data is missed.)

7. Determine the time of 0° elevation by interpolation to the nearest C. !

TN

minute between the one minute marks plotted along the subpoint track and add or
subtract this value to/from the equator crossing time. Enter the data for the 0°
or fowest elevation point in the first six columns of the top line on the tracking work-

sheet., To determine the GMT time (the second column), convert the tenths of

minutes to seconds using Table 3-10, and either add or subtract (see Takle 5-il)
the minutes to the equator crossing time. The proper entries in the '"Jog Time'" and

“Picture Time'" columns will be discussed later.

3. Move along the plotted subpoint track, in the direction the satellite moves,
to the next riarked minute from equator crossing, Convert this time to G..IT accord- ;

ing to Tables 3-10 and 3-11, Enter these and the height in the second line of the

worksheet. From the relation between this point and the tracking diagram and the H
; L informaticn in Table 3-2, the Great Circie Distance, Elefation Angle, and Azimuth :
i can be found (sce Paragraph 3.6,3). The '"Jog Time' is entered as the time halfway 5
; (I» betwecen the GMT times in the first and secohd lines of the worksheet. g‘
S o 2. Move to the next marked minute along the plotted subpoint track and
repeat this calculation and entry. From here on, the one minute changes in elevation "‘.
L- and azimuth angle should be checked to be sure that neither of them exceeds 10°, If ﬂ

they do, points halfway between the marked one minute pointi (30 second points)

should also be uscd for the calculations and entries on the worksheet. Each "Jog Time"

N

entry on the worksheet will be hal{way between the GMT time shown on the iine where

Mok

it appears and that of the line before (i.e., normally 30 seconds carlier than the GMT

L time of the line it is on, but 15 seconds earlier when a minute angle change exceeds
10 and a 30 second interval is used for the computations). :
L 10. Continue th‘is process minute-by-minute (or by half—minutes if the angle 1
i changes would otherwise exceed 10°) until the point is reached where the Great Circle
S Distance is clesest to the center of the tracking diagram, This will normally not be a
‘_ : plotted minute point., Compute the information for this point and enter it as an

! additional line on the worksheet, The time is estimated to the nearest 0. 1 minute and

—

o e

P




TP A I i 007 e IS 00 . 4 e O B F A e o s, e =

~ wuﬂwlﬂg
L.

LS

i Table 3-10 i
i Y
1 Conversion Betweer Tenths of Minutes and Seconds
* Mirutes Seconds
0 0 #
&
‘ 0.1 6
s 0.2 12 a -
t 0.3 18 ¢
1 0.4 24
1 *
} 25 30 ﬁ :
E % 0.6 36
~ , o~ <. s
: C.3 48
i 6. G 54
1 1.2 6 3
1 &

e hihiyadeaac
o8 A R A VI sy, o
[ v

g Tabie 3-11 g
Aigebraic Sign =% i Fenction of Pass Directicc and Hemisgher zg
5 &
PASS DIRTCTON
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-8 5 Ut o aj
HEIMISPEERE XtoS Sec X s
3
NORTH SUBTRACT ADD ;
SOUTH ADD
i
3 §
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1 g _
‘ 60
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L converied 1o scconds using Table 3-10. This is a unique pom since: (1) the elevation
i ;’r of *he tracking antenna will be 2 maximum; {2) the direcihion of the antenna élmﬁoa :
: i = changes will go from positive to negative; and (3} the w.:aximum changes of the muﬂ‘
| i ; azimuth and elevation angles will occur near this point.

11. Move to the next marked one-minute point aicng the track and contir.ue
the process (or to the half-minute estimated point, if necessary, to keep changes 2>
10° or less). Continue the process point-by-point until tke 0° elevation angle is

it

~
'Mu

o Rantinet 8.

reachked.

 {

B 3.10.1 Example of Tracking Data Determination

[

The example discucsed below is for orbit 648, also covered in Paragrapk
3.9,3.1. Orbit 548 is pzss $ after the Referecce Ozbit (the Reference Orbit ples 8 plus
i), Using the Ascending Node information for Reference Orkif plus 8 in Past I of the
sample daily messags in Figure 3-8 leqrator crossiag longitucde = £$1.55°Whand
following the .azf uctions presented above, the Referznce Orbit track iz rotated &5
ike position of ordit 248 as shown in Figure 3-17. Figrwre 3-17 shows the Refereace
Crbit ssdsateilite track for the last portion of orbi: 637 {soutk of the squator) and the
first portion o ortit 048, The ime of equatcr crossing on this piss was 2stermined
as the eqeater crossing of the eighth orbit. 14:46:11 GMT, plus oze nodal peried,
107:22, wkich ecaals 24:133:22 or 16 .32:72 GMT. Cae mimte and bai-minnte tHme
markas, as showrn on the sthpoint track of Figure 3-17, werz used 1o 2ain 12e track-

r.ﬂ

ing data J~r San Im2r, Prerio Rico, show= in Tigere 3-13.

Yal:i-. iinuie zmtries vere reguizad belwees rémeer twe and 2ight {relative to
equzrer crossingl. Although the arimuth chanpes excaed 1C% Zetwenn minuzes forx
2nd six. the aztersa beamwidth is scificiem for good recepticn if Talf- sizwnte data

are veead,

N <o et W P AN WAL 54

3.71 Tracking the Sateilite

VT
r--

The satellite can be trackesd by usieg the dats entered ca the fracikizmg work-
ehec1 and ihe cperating procedures described in References : and 2 . Shomily

—

i brisre sa:cilitie zcquisition is cxpectzd, ser the zoren=a 2t the competed azirauth and

| slevation exters< in the firs lime of the werxsheet, It is well 1= Zave ihe set om,
H & } 7 rmed up, and operating at least 2 minzte before the Hret daia acgusition is
& xpected.
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Fig. 3-18 Sampie APT Tracking Workshteet
63
i or T R o TR

o

P



T

b

e T PR TN A o< .

PRV

oatr AW s T

At each J ¥ Time ~ntered in the worksheet, the antenna should be moved as
rapidly and smoothly as possible to the corresyonding elevation and azimuth values,
Since the antenana bas a2 receiving beamwidth angle of 30°- 40°, this procedure is
sufficient to keep the antenna pointed toward the satellite, Experience has shown
that this joo or step tracking procedure i= preferable to using computed antenna
elevation and azimuth angle rates set into the antenna console.

The (irst signal acquisition and final signal loss times, along with the con-
currvnt azimuth and elevation angles,should be entered on the worksheet. These
valucs can be used iater tv determnine the actual limits of acquigition as discussed
ii. Paragraph 3.9, 3, .

When APT pictures are being received, the time the satellite camera shutter
is snapped coinc.des with a change in the audible tone received at the APT console.

These times inust be carefully noted for each picture taken and entered in the coiumn

provided on the worksheet. Each second of error can lead to a 4-1/2 mile error in
lecating the weather features in the picture.
The DRIR requires a different method of time identification since the data are

being observed and transmitted continucusly (see Paragraph 4. 13, 2,3, 2).
3.12 Picture Location

The location of the center of each picture is determined from the time at which
the picture is snappcd a2nd the subpoint track cata provided in the daily message. The
proccdure is based on the assumption that the sateliite is perfectly oriented. If this
is true, the center of the picture (the Principal Foint) will coincide with the subpoint
at the instant the picture is snapped. The picture center ie identified by 2 central
fiducial mark {the "+" on the picture, see Fig. 3-1). After the picture center has
been determined, the orientation of the picture is established from the heading lines
and identifiable landmarks, as will be discussed in Paragraph 3.12, 6.

Corrections to the location of the picture center that can be estimated and
applicd when the satellite is not ideally oriented will be discussed in Paragraph
3.12.5.

Army personnel are often concerned with precise location of small scale
weather features which can be identified ia the APT or DRIR data, Accordingly, the
picturc location should be accomplished to a far greater degree of precision than is '

required for tracking the satellite (where the wide beamwidth of the APT antenna

64

-

..

. .. . E_

:
|
1
i
{

L




P rA R "Wﬁﬁ- B ——

C

AT R g PN .H mﬂl‘lwm B,

P

serar———

r—

-

&

—

A i

-

O TP r PR e an S oy

permits cruder calculations and tectniques). There are three approaches for locsting
the picture center, Two of these methods give a precise value, while the third is .nore

approximate and should be used only when time is not available.

wm o

1. Subpoint Track Procedure

This method calls for precisely plotting the subpoint track and the satellite ]
times on an appropriate map of the area, The projection of the filrﬁstr'ip' grids
described in Paragraph 3. 6. 4 can be used for this purpose; however, it is far easier
to use a locally available map (for example, a polar sterographic weather map).. Use v
of this method requires the calculation and plotting of a greater number of points, but
has the advantage that most of the work can be done before the beginning of the pass,

thus making the data available somewhat earlier,

2. Picture Time Procedure {

This method calls for precise.y determining only the satellite subpoints for
the actual picture times. This cannot be done until the pass has occurred and the

picture time is known,

3. Plotted Track Procedure

This is the approximate method which calls for estimating the subpoints, at
the times the pictures are taken,from the plotted subpoint track, Even by carefully
plotting the track from the daily message and by carefully rotating the Reference
Orbit to the proper equator crossing, errors of several tenths of a degree of Great
Circle Arc are expected. Each 0, 1° of such error creates an error in picture

location of six nautical miles.

3,12.1 Transfer of Latitude-Longitude Information for the Reference Orbit

Both of the precise methods of picture location mentioned above require
transferring latitudes and longitudes from the Reference Orbit (in Parts II and III of
the daily message) to the actual orbit on which the data were obtained. This is done

by applying the following rules:

65
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3.12.1.1 Latitude

Latitude, a function of time from equator crossing, on consecutive orbits of
the same day will remain the same, In other words, the latitude of a point ten
minutes after equator crossing will be the same for the consecutive orkits on
the same day,

In Paragraph 3,.7.2.1 (Fig. 3-8), the latitude on the Reference Orbit (639),
at twelve minutes after the equator crossing,is 39, 7°N. On orbit 651, the latitude
at twelve minutes after the equator crogsing is also 39, 7°N, as shown by the fact
that the Reference Orbit subsatellite track is also used as the gubpoint track for

this orbit after a suitable rotation about the pole.
3.12.1.2 Longitude Determination

Longitude is found by using the nodal longitude increment as given in Part [
of the daily message, Multiply this increment by the difference between the number
of the orbit tracked and that of the Reference Orbit, then add this value to the longi-
tude of the Reference Orbit for equal times before or after the time of equator
crossing. The amount to be added to the longitudes of points along the Reference
Orbit will be the same for any one orbit,

A complication often arises here due to the uses of east and west longitudes,
This is overcome by converting all values for this calculation to west longitude, as
described below. (West longitude is used.because,the Reference Orbit given in the
daily message is always the first orbit of the day and subsequent orbits are success-

ively further west, relative to the Reference Orbit.)

1. If the longitude of the applicable point on the Reference Orbit has an east
longitude, convert it to the equivalent west longitude by subtracting it from 360, 0°,

or by use of the dual longitude scale around the rim of the tracking board.

2. Add the product of the difference between the orbit number and the nodal
longitude incrernent to the west longitude value obtained in step 1.

o

3. If the rezult is greater than 360.0, subtract 360.6° from it. (If it is

greater than 7206.0°, subtract 720.0°.)

4, If the value after any such subtraction is greater than 180, 0°, subtract
it from 360, 0° to convert it back to east longitude (or use the dual longitude scale

on the tracking board for this conversion).
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5. 12.1.2.1 Example of Longitude Dctermination

Supposc 1t is. desired to find the longitude of the subsatellite point at twelve
minutes after Ascending Node on orbit £48,using information in the sample daily

message in Paragraph 3.7.2.1 {Fig. 3-8), Orbit 648 is nine orbits after the
Reierence Orbit, so each point on it is nine times the longitude increment per orbit
(20.54%),0r 241.56% west of corresponding points on the Reference Orbit.

From the daily message, the longitude of the subsatellite point at twelve
ni:nutes aiter Ascending Node is 161, 9°E. Converting this to west longitude, one
finds 193, 1°W (366.0° - 161.9° = 198, 1°W). Adding 241.56° to 198. 1°W, yields
139 7°W or 79.7°W after subtraction of 360. 0°. The longitude of the desired point

i» therefore 78,7 W
3.12.2 The Subpoint Track Procedure (First Method)

This procedure has the advantage that most of the work can be done before

the data are received, but it requires calculating and plotting more points. Teo

wa b

locate the picture center, proceed as follows:

1. Frem the tracking worksheet, determine the times for which data can be

£ L S LA PO

anticipated {the times ir the first column).

2. Frem Parts Il and 11 of the daily message, extract the latitudes and
longitudes of the Reference Orbit for ail two-minute pcints within this time period,
and for the two-minute points immediately before and after the first zand last entered

in the worksheet.

3. Using the rules given in Paragraph 3,12. 1, coavert these points to the
latitudes and longitudes along the subpoint track of the orbit to be tracked. Plot
these peints on an appropriate map. Frcm the second column of the workshkeet,

enter the GMT time beside each peint,

4. Draw a smocth line through these points. Find the points along this line
haifway between cach of the pletted peints {the intermediate one-minute points).

Label these with their GMT timee as given in the worksheet.

5. Aifter the data are received and the picture time is known, interpolate
the point corresponding to the picture time. This point is then used to: (1) select

the proper grid projection; and (2) locate the picture center on the projected grid.
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«. The interpolated point corresponding to thé picture time will agree with
the picture center for a correctly oriented satellite,and can be used to select the

proper projection grid.
3.12.2. i Example of the Subpoint Track Procedure

This example wiil again use orbit 648. A:ssume the satellite is acquirable
at clevation angles of 5° or greater, Then data could be anticipated from about
2.0 t0 +12. 6 minutes, referresd to equator crossing (see Fig. 3-18). Table 3-12
below has been prepared usirg the procedures discussed in steps 1 to 3 of Paragraph
3.12,2. (As computed in Paragraph 3,12, 1,.2.1, the poin?s in orbit 648 are 241. 56°

west of the corresponding po.nts on the Reference Orbit. )

Table 3-12

Computation of Points Along Orbit €48

Reference Orbit Orbit 648
REIETERTE
Time Relative Longitude Longitude Orbit plus 9, Longitude
to Ascending Time Latitude, Degreez Degrees Longitude Degrees
Node, Minutes GMT Degrees East West Degrees West West
- 4 162933 -13.3 176.5 183.5 425.1 65.1
-2 163133 - 6.7 174.9 185.1 426.7 66.7
0 163333 0 173.18 186. 82 428. 4 68. 4
2 163533 6.7 171.5 188.5 430. 1 70. 1
4 1637133 13.3 169.9 190. 1 431.7 71.7
6 163933 19.9 168. 1 191. 6 433.5 73.5
8 164133 26.6 166.2 193.8 435.4 75. 4
10 154333 33.1 164.2 195. 8 437.4 77. 4
12 164533 19,7 161.9 198.1 439.7 79.7
14 164733 46.2 159.3 200, 7 442.3 82.3

* As discussed in Faragraph 3. i2. 1. 1, these same latitudes also apply to Orbit 648.
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After plotting these data on a nsitp (Fig. 3-19), the subsatellite points at the

picture times listed in Figure 3218 werr obiained by interpoiation. For example,
the {irst picture time, 163213 GMT, lies between the plotted points for the equator
cruossing and for two minutes befnre the equator crossing, as seen by inspection of
the first two celumns of Table 3-12. {In Fig. 3-19, it was necessary to use two
AT'T regional maps because subsatellite points 2t picture times exceeded the extent
of -iie map.  The mismatch of fractional degrees away from the center line, arising
sro:n map projection distortions, shows that the subsatellite track should be plotted
as near the center line as possitle.) The calculation for the latitude of the sub-
satellite point at picture time is made by preparing the following table and then

solving the ratio below it,

Table 3-13

Saimple Calculation of Latitude of Subsatellite Point at Picture Time

Time GMT Latitude
Item Hours, Ming, Secs Degrees
F:rst Plotted Point Af*ter Picture 163333 0
Picture 163213 X {to be found)
Last Plotted Point Before Picture 163133 ' -6.7, i.e., 6. 7%
Difierences, Picture 1 Minus Earlier
Point 40 sec X-(-6.7j=X+6.7
Ditierences, Later Ploited Point Minus
Earlier Point 2 min = 120 sec 0-(-6.7) = 6.7
Ratio:

40 sec _ X +6.7

120 sec 6.7
6.7 x 40
{ +6,7) = ——— =2.,23
x ) 120

XK =2.23-6.7 =-4.5° = 4.59S latitude
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Fig. 3-19 Subsatellite Track for Orbit 648 and Positions at
Picture Times. C
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Therefore, the subsatellite point for the first picture is plotted on the subsatcllite
track at 4.5 south latitude (Fig. 3-1Y). As mentioned earlier, for a correctly
oricnted satellite the subsatellite points at picture times should correspond to the
principal points,

The first picture time listed occurred Wwith an elevation angle of approxi-
mately 10, 79 (see Fig. 3-18), so the last portion of the previous picture was prob-
abl‘y. acquirable at the readout site. (As a conventian, it is suggested that any
picture or portion thercof taken before the time the satellite is acquired, be called
picture zero so that nicture one will always be the first complete picture of a pass).
On this basis, complete reception of pirtures one to three would be expected., Trans-
mission of picture four would be complered at about 164605, just before picture five
was taken, The antenna elevation angle at this time would be about 5°. 1If the mini-
mum antenna elevation angle in this dirsction were more than 5°, reception would
not be quite complete. If the minimum antenna elevation angle were zero, all of

picture four and part of picture five would be received.
3.12,3 The Picture Time Procedure (Second Method)

This procedure has the advantage that only the picture center points need to
be calculated and plotted, but the necessary steps can only be accomplis.hed after
the picture has been taken and its time is known, The steps are as follows:

1. Subtract the picture time from eguator crossing time and note whether
this is a point north or south of the equator. Further, convert this from time ex-

pressed in s. conds to time expressed in tenths of minutes.,

2. From Parts Il and/or III of the daily message, find the latitudes and
longitudes of the iwo-minute points along the Reference Orbit just before and after
this time. Interpolate between these points to determine the picture's latitude at

the time it was taken, This will be the picture center latitude (see Paragraph 3.12.\1. 1).

{In making the interpolations between the two-minute points, it is helpful to
remember that cach 0.1 minute corresponds to one-twentieth of the distance in both

latitude and longitude between the points. )

3. Similarly, interpolate between the longitudes of the two points to find the
longitude of the picture time for the Reference Orbit. Transform this to the longi-

tude of the picture center using the procedures describad in Paragraph 3,12,1.2,
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3.312.3.1 ZTuample of the Ficere Tisar Procedure

Ar example of the pictore tirme procefure apgied 2o ordis 458 peing picture
Tmes iz Figure 3-193s raows Ix taboler form im Table 3-14. The gictare coords-
ates caicelated = Tadie 3-14 &ffer 2z mues froon those iz Figure 3-19 v 2 fow
tecths of 2 degree. bur may be sligitly more accurale Shan these slitaived graphically.
Witk cxperience. shoricats iz calcziatioy loogiode may become agga e o however,
ther shonid be vsed caationsly 2o menre thar the samme soPoits Are aciseved. The
terangne Rscassed Iz the texm axd Zlustrated iz e tabie will alnays work

I= 1335 case, calcmiatiors reQmre 2T polizts iz the dxilr mmessagedram tmo
mumtcs before mfm =Zeustes, alier Aeceading Node.

3,12, % Tze Tlogeed Track Procedure (ThErd Methoad)

Tias is the mimplest procodure, dun the locaticn of the gicture Ceafer i3 less
accuraie, regardiess of bow carefelly the scbpoise track 2nf sgmlor cToSSIREs ATE
plotted o the tracGuog board. Use of tiSs method shondd he Hmited 2o cpesatiomal
emDeryeatics. 1be procedsre is as Soliows:

1. Rotate tie plotzzd oria 20 the groper positise for deter——ixsag the track-
ing éa2a, a5 descrided iz Sectiom 3. 19,

2. Coerest the picture tizne o Mmr relzlive o ePIElST cTuSSIng 3T &2
Paragraph 3.12.3.

3. Locate s poimt ox the plotted sobprize track by referesrce io 12e ploczed
tuo-numute poists and interpolzted ome-mimte poiants,

4. Thke lavitade and longitade of this poizy xiil be thar of the mictzre cexter.
3.12.45.1 Example of tte Plofted Sebpcint Track Procedure

Ussag procedares iisted in Paragrank 3. 12,4, the sudpoint 1rack mas rotated
tc the proper positioz (Fig. 3-20); note this durlicates the positiem 1n Figure 3-17.
Usiag the pictore times irom Figure 3-18, the first three columnss of Tadle 3-13 were
obtained., The last two colwnns wers {illed in by reading the picture cocrdimates off

the tracking dizgram (Fig. 3-20) for the appropriate times relative 1o ewuator
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Tonezmi . The remeiinaes p the 22bie helow were ocitgined withoe? rejeremce o2 the
rorGsanes Jxsted 2= Tatde 3-13, wizh whick they closely agree.

Tatle 3-13

Szrle Caicalatior Tsing Plated Sceipoixt Track 3o Locate Pictore Coordimates

Ptzre PiczTe Piconre Time Relative 20 Eguater Latitude Lo _itode
Nazmber Tone DT e {1633335(T) Degees Degress w
i IBI2IS - iz==2l0sec = L33 =an - 4.5 &7.3
2 123551 2= 8sec = 2.1 == 7.1 70.2
3 13903 S == oo T 5.8 =im IB. €5 7.2
4 LRt o Coxim S$eec = %1 == bR g .S
3 RS S 12 =i R sec =12.5 man 4£1.3 $3

.32 % Adymsmomene of Pictore Cesster Location for Sacellites Witk Incozrece
COrsermnatisn

Ther procedares 30 far Sscussed Tre tased ca the assumption that the camera
is poomming straigzic doww 2t e time the piccure is takes: i.e. . a pesfectly stabilized
salrilme. Thos will mon always be She Lse.

I e desartares of the sQreiiite from perfec: stabilization ave variable, there
is luale or moricayg these recesving the APT data cas de since they will oot know what
2 SeTIMIomS weTe 21 the timne the cture was t2kem. One can caly assume that the
detartures were mot oo large and place the cexter of the gicture at the satellite sub-
pezmm. I Iamdematis 7 -2 visshle, They cax be msed 2o improve the location, as will be
Gesc bt In FParagrags 3.12.2.2 ic cther cases, however, there mxy be 3 fixed,
Foevm departure {rom prifec: stalyHmatise whick may be commmonicated in the ro-
TS foctii- (Perm IVT of the d2ily mess2oe.

rro:: -m satcilsle onzemtation are vsually defined = terms of rall, piick, 2:4

v

3y . The aves aTe showm im Figure 3-21. Pilch is 2 acre-Tp or -down motion of 22
2:70z2it 2nd. thorefore, 3 tilting formaré or backward (from the vertical) of the space-
crzit. The T ams s 2 bosizomtal lind Derpeadicsiar o the ordit plane throagh the
spececrzit. Roll i3 an 2ircrafl iz a rotation aromnd the lomg axis. or 3 winmg-=p or
-dos= anitode. For spacecralft, It is 2 il to e or rigte. The rol! axis is 2 bori-
zomial lane fzoom ircet o back. parailel 10 the direction of Qight. Yazw is a roelatice 2o
ihe left or raght abomt the veriical {or yz¥) axis.
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Fig. 3-21 Spececrsft Spin, Roll azd Yaw Axes.
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When the crrors are known, the location of the picture center can be improved

by using the known pitch and roll departures,and the satellite height. Yaw error wiil
be discussed in Parapraph 3,12, 6. 1. :

As can be scen in Figure 3-23, the departure of the picture center from the
subpuint is determined only by the satellite height and the nadir angle of theﬂcamcn
axis {the angle between the axis and the vertical). The departure of the picture
center increases with bath increasing satellite altitude and increasing nadir angle.
The amounts of departurc are given in Table 3-1§, both in miles and in degzees of
Great Circle Arc.

The procedures for adjusting the location of the picture center are as follows:

1. Determine the sateilite subpoint (the picture ceanter for zero nadir angle;j

as above.

2, From the daily message (Part IV) or other sources, determinzs the amount

and direction of the departure between the vertical and the camera axis.

3. From the departure and the satellite altitude, use Table 3-156 te determine

the amount of the displacement {see Fig, 3-22).

P

2

-

i

T

.i.. T

Canter Febocnd

o SebronTn Poum

1 o

i L
PITCH ERROR | 20U ERROR |
Putvrs center cheod Picture cunter to the loft

of swbsctelite point | of subscie¥ite poast]

Fig. 3-2: Example of Corrections for Locating Picture Centers
tor Positive Piich and Roll Errors (From APT Users Guide,
LS$SA, NESC, 1965).
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} +. THhis distance will be the best estimate of the picture center position
is fren the calculated subpoint.
1

G 5. It the camera axis departs from the vertical in both pitch (forward cr
backward) and roll (to the side), the adjustiment can be made first for either gitch
or roil, and thesn for the other departure.

X .

kit Y ac
... L. e
e e A A A Y i

6. As the nadiz angle of the camera axis increases, it becomes more

afitcult tc precisely locate features in the picture, For this reason, Table

3-iv goes only to 59 of camera nadir angle. While tne picture center can be
accurately located for any camera nadir angle, the scale can be badly distorted for

larger nadir angles and only features near the picture center will be accurately
iocaied, {Paragraph 3.1Z.6.6 discusses special procedures for a special ciass of
izrge nadir angles. )

3.12.5.1 Example for Roll Only

Part 1V of the daily me ssage presented in Paragraph 3.7.2. 1 might read

as foilo.wss:

L. L. G

DART IV

FOR ORBITS 639-668 ANTICIPATE NEGATIVE ROLL OF THREL
DEGREES WITH THE PRINCIPAL POINTS 0.52° {31 NAUTICAL
MILES) TO RIGHT GF SUBSATLLLITE POINTS. NO FIXED PITCH
CR YAW ERRORS.

iy . oo o S N s ...

For the south to rorth portions uf orbits, the principal points would be on

the east side of the scbsatellite track (north side near the poles). On a map, a

o

t ] t:m
A A YN Mmﬂh.ia.rww L

line 0.52° of Great Circle Arc tc the right of the subsatellite track would contain -t
all possibie principal points. It is assumed that picture times are those given in
: Figure 3-18 for pass 648. (The subsatellite track and picture times for pass 648 J
are given in Figure 3-19.) A line O. 5% of Great Circle Arc fo the right of each
;l subsatellits point at picture time was drawn. Using a protractor, thz positions «f ;
the princioal points along thesc lines were found by drawing perpendicsiars to the -
keading 1 ne through the respective subsatellite psints for each picture time. The
C‘ interseciions of the two sets of iines are the respective principal points (Fig. 3-24). .;
With no yaw error, principal points lie along perpendiculars tc the neading line
1]
{ -
i
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Fig. 3-24 Example of Adjustment of Picture Center Location -
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Roll Errar Only.
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be  ause the roll axis of the satellite is parallel te the headine line,

3.12,5.2 Example for Both Pitck and Roll

The daily message might present the information in either of two forms
whick wouid require slightly different procedures. The first is when pitch and

roil arc given ceparately: the second is when oriy the combined corrections are

given,

Pitch and Roll Separately

Part IV of the daily message presented in Paragraph 3. 7.2.1 might read

as follows:

PART IV

FOR ORBITS 639-668 ANTICIPATE PITCH BIAS OF PLUS 2° WITH
PRING PAL POINTS 0. 33° GCA (20 NAUTICAL MILES) AHEAD OF
SUBSATELLITE POINTS AND NEGATIVE ROLL OF 3° WITH
PRINGI PAL POINTS 0.52° (3.1 NAUTICAL MILES} TO RIGHT OF
SUBSATELLITE TRACK, NO FIXED YAW ERRORS.

Piich errors move principal points parallel to the heading lise, so pitch and roll
errors are at right angles to each othe .- (see Fig. 3-22) and can be treated independ-
ently (for small altitude errors). Either error can be handled first, but since roll
errcr given in the sample me ssage above was discusscd in the previous example,
this example will simply add the pitch correction to th2 roll correction already
obtained.

Using compass, ruler, and protractor, lay off a small section of line
paraliel to the heading lire through and ahead of the principal pcints of Figure 3-24,
Measure 0. 33° of Giant Circle Arc along these lines from the principal points of
Figure 3-24 and mark these points, which are the principal points for the attitude
errors in the samrcle message. A principal point determined by these procedures,
using amounts of combined roll and pitch attitude errors given in Part IV of the

sample message, is illustrated in Figure 3-25.
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Camomned L orrecizons

L 2

e=st a2 of listing correctioms jor atlilude eTrors sepacately, 13 in the

PIEI0ES sec i 3, the dicly message might comtair cmly the combined cirrections -

= an azzmath rel>ave 6 the beading line and a distance froem the sedsatellite poixt. 'ral !

{ Ia this case, a= arc of 2 circle = th the gives distance as radins coxsid be drywa \
§ from= cack picture subsatelisze pom=t, i~ the appropriate directicn. an: the position i
along the arc found from the azirmmth, -
i
; -1 Gecographic Referencing of Picture Features =
i Omce the ceorrzphical locaticn of the sicture certer kas been determniced as :
% cescibed in the previoos paris of Seciion 3. 12, the proper projecticn grid is selected o

22¢ ororecizd at the correct scaic {see Paragrash 3.6.4). The center of the picture

ss Thez lovated om the grid. The picture must then be oriemted.

L.

In orde. 10 imsure ‘Lat 2 statiom will obtaiz dats for an a2rea of interest {and

alsoc 1ha? the catz obained {romm ome picture :c the next are contigous) the picture is

N

scazoed starting in the directiom {rom which the satcilite is coming, 2nd ~roceeding
1a the same direction as the sateliite is travelling. Thus, the first part of the picture
scanned 13 approximately the south border for 2 south-to nort: pass and the north 2
border for a north-to-socth pass. Tais helps with the first 2pproximate orientation
of a picture, (Poleward of about 70°, the orientation of the satellite path relative to
ithe carth is such that these north-sowth relationships have little meaning, and

[ G

criectation of the picture must be solely with regard te the direction of the satellite

e bmontruirh HOMVIPINE IR OO A ey vouns

along its orbit.) B
As defined in Paragraph 3.46.4, the heading iine is the instantaneous projection

cf the sarcllite orbit on the ecazth. Thus, for a perfectly oriented satellite, the head- {

ing lines will be parallel to the sides of the picture. The method for determining the w/

heading line is also given in Paragraph 3.6.4. Since the sides of actual pictures may

be irregular or indefinite, it is still better to draw a straight line connecting the five

.

center fiducial marks, from the top to the bottom of the picture; the heading line will

be paraliel to this line. The picture center should then be placed on the center of the

| -

proper projected grid, After orientating the top and bottom of the picture relative to
the saicllite direction of motion, the line connecting the central row of fiducial marks

skould be made parallel to the heading line.

)
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3.i2.n. 1 Yaw Correciion
-
if the sarcllite adopts 2 persistent yaw error {rotatioa abort its vertical
[} axis), a yaw correction angle may be provided in Part IV of the daily message.
g This yaw correction angle indicates the amount the picturz should be rotated
. jabout 1ts center) relative to the heading line. Tke angle is determined from the
i_ information on the projected grid map anG any deviation from a 78, 75° crbit
N inclination (see Fig, 3-25L
:
-

YAW ERROR |

{Comera oxis left
of keading line )

Fig. 3-26 Example of Correction for Positive Yaw Error.
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3.12.0.2 Use of Geegraphy anc Visibic landsmarks

Lardmarks will nften be visibie in the APT pictures. In particelar. when
there is no cloud cover, most large scale land-water interfaces {ccastlines and lave
shoresi can be recognized. '

I{ landntarks can ve ideniified, the approximate locatica of the picture shomid
be adjusted uitil identifiable landmarks achieve a best-fit wirk their proper gecgraphic
location. The best availabie maps should be used to locate the landmarks, and thea
their porsition must be determined on the projected grid map, If identifiable land-
marks over the entire picture cannot be simultanecusly and satisfactorily fitted to
their proper locations, the landmarks clcsest to the area of interest should be given
the greatest weight in achieving the best fis,

After the picture location is tentatively determined from heading line ané
landmark considerations, the projected latitvnde a2nd longitede lines should be lightly
traced {in pencil} on the picture.

3.12.6.3 Use of Common Features in Overlapping Pictures

The northern part of one pictrre will often contain features which are the
sanie as those in the souta:rn part of an adjacent picture, These ccramon features
in an area of ovex.iap can be used to assist in building a moasic, and alsc to improve
the orientation of the pictures, especially if the degree of satellite yaw is uncertain.
After the latitude-longitude lines are lightly traced, a check shouid be made tc sce
if the common features appear at the same latitude-longitude ccordinates in both
picturcs,

If they do not, the recommended procedure for use of common features in an

area of overlap is:

1. Place each picture cn the appropriate projected grid in the best orientation
that can be determined from the picture center, heading lines, estimated yaw error,
and landmarks. For this, the projected grid used should be one where the center is
as close as possible to the center of the overlap area. Accordingly, the grid may

not extend completely over either picture.

2. Rotate the pictures about their centers until a best fit is achieved between

the common features in the overlap area, If landmarks are also visible, the best fit

should be cdetermined using features common to both the pictures, and landmark pogitions.
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Afier the Sest £2 15 actueved, the appasem yavw aagie {ampular SHecence
Seruncen the Seating Hae 2af the lime coameczing the cextral Sducsal marhe) shoddid
b measured and Tecorded. A comsistomt yaw asgle, atmad")q'-im
—uy became eridem from 2 serics of soch daza: if so, it cxs assist iz ocieating later

FRCTCTCS.
3.i2.¢.3 Tramsfer of Geogranhica® Goid o Pictese

Once the péctzre is located and srieted, the lationde and loagitade Ines o=
e map s2oeld b pranisestly traced Erectly on the gicture. [ mmay 1150 be belwiad
ic 1race major geopreghic er politcal bomdaries, usimg an zwailsble stazdard =g
and ibe 1Taced Latitede-lemgitode lines.

The geograpiicaliy located pectere cax thex be maed direcaiv for weather
zz2lrsis or, if desired, the importame featzres can be raz=sierred o their proper

ivcailons oa other workung chazis.
3.12.5.3 A=z example of Picture Location and Orieztatice

T#as example uses picture: from XNimbes I, ozdiz 33, Dalz pertaimisyg to the
respective pictures and scbheatellite poizes are presemes iz Tabie 3-17. The gictzres

1ve shown in Figure 3-27.

<
{
Table 3-17 i
Pata Used fcr Exarple of Picture Lecation and Driceladon
Picture Picture Time Satellite Height Scl'.sa.zellii’e Poimt Coordinz%es
Datce 1964 No. GMT o Latitvde N Longitcde W
30 August H 165000 863.7 16. 1 8i.3
30 August 2 165328 824.5 28.9 84.3
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satndmarks on cach pictur - permitted verification of picture times and deter-

dnsiton of gatellite aititudes, U ace the pictures overlapped, they could also be

axserabled Binto & rmosaic, showi:  overall cloud patterns,
By mziing the line of ver: cal fiducial marks on the picture (nominal satellite
headingd paraliel to the heading I o on the regional map (placed beneath the picture

on & light table}, good agreemeni :as found between landmarks on Picture 1 and on
, ; o] . :

the wap., Yav error was probalh: not more than 17; however, its direction and
mapnitugs was uncertain,

The principal point in Pic e 2 was close enough to a recognizable landmark

on the west coant of Ylorida to s¥. « that pitch and roll errors were not large; how-

CvVer, yow 8rror was approximat: 3° to the left. The yaw error was determined by
rotating the picture until landmaric : matched their proper geographical position,

After the proper matching had be«:: achieved, it was noted that the picture heading line
had heen rotated 3% to the left of t - map-hecading line, When each picture had been
atched to ita grid in position an< izimuth, latitude-longitude lines were traced from
the grids onto the picture,

Pictures 1 and 2 were the: :ssembled into 2 mosaic by matching common
features as closely as possible (7, 3-28), Because of the large eccentricity of the

Nimbus 1 orbit, the satellite chan: -1 height by 41 km between pictures, causing a

aotic able difference in scale bet. on the two images, This complicated the problem
of assembling the pictures., (Antl »ated future meteorological satellite orbits should
be more nearly clrcular so changs  of height between succzssive pictures will be less
of & problom, ) The lineys of fiducials on the two pictures were not parallel, but inter-
sected at en angle of approximately 8°, rather than approximately 39 which might be
expected from the yaw errors discussed above. One of the pogsible reasons for this
discrepaney fs that the ang'e between the heading line and features on carth is a

fincrion of tatitude and satellite orbital inclination (see Paragraph 3.6,4.1). For the

-+
bt
-
.

s¢ picture, taken when the subsatellite point was at 16. ION, the angle between the

o cirele and the heading line was 79, 72°, while at 28.0°N it was 78.8°. This
O

effect accounts for 17 of the discrepancy. Part of the remaining error is due to yaw
cved pieties mntehding, bui an unknown amount is probably due to roll or pitch in com-
Dl fon witi yane,
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5. 12_6. 6 Satelizies waih Excesaive Reli or Pach

it :s possible that,due 'c malfunctions of the horizon sensor subiystems, a
sateliite may adup? an excessive bul persistent camera axis nadir angle Hut other-
wise prov:ide usable data.

in this event, Army APT stations will be provided information and devices
necessary 1o cope with such satellite data. The information provided will be positions
oz the earth relative to the subsatellite points of the picture centers. This will be
ziven as a distance 2iong the earth’ s surface and the angle reiative to the heading
iize. 1 the orbit is not circular, the distance may vary widch satellite altitude.
Otherwise. these values will remain the same as !ong as the camera angle does nat
cpange.

The devices will include:

l. A perspective grid, such as that shown in Figure 3-29, prepared or

wrujected to the scaie of the satellite picture and for the persistent camera nadir

perspective grid, for varying satellite altitudes, may be negessary.

2. A transfer grid (Fiz. 3-390) with the grid lines corresponding to those in

:he perspective grid(s); but at - scale corresponding to 2n available map.

Crly an outline of the procedure will be given here; a fuller discussion will

accompany tke grids if it becomes necessary to issue them.

1. Place the perspective grid on the picture with the ""x'' mark on the grid
or the central fiducial mark {the "+") of the picture. If the nadir angle of the
cammera axis is so great that a horizon shows, rotate the grid so the grid horizon
and the picture horizon correspond. The line from the ''x'" to the arrow will pass

through the subsatellite point.

2. Place the transfer grid under the map so its '"'x" mark is on the location
of the picture center {which is determined {rom the subsatellite point and inform-
ation that will be provided with the grids). Orient the grid so the line from the "x"

to the arruw passes through the subsatellite point.

3. Starting with the grid squares surrounding the "x", each ''square" on
the perspective grid corresponds to a square on the transfer grid. Using this
correspondence, sketch each significant feature of the picture onto its proper

location on the map. The cloud features, once 8o located, are then ready for
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Fig. 3-29 Sample Meteorological Satellite Perspective Grid.

BT P ORI e e TR W I e AT T TSR




BRI ke 2 ———

‘PIID I3Fsuex] aj[[ores (edrBorozoald| odwes og¢-¢ ‘Irg

pe—

A

93

st e e i e . e A .




R I O cus s . T T AR crrveem, s M ML L. 150 O e e

analysis and use. (If landimarks are visible in the satellite pictures, their locations
after such a transfer can be used to check ard adjust the accuracy of the datz
location in the pictures. Tor this reason, the landmarks should be checked first,

and any necessary adjustments made before the weather features.are transferred. )
3.13 Location and Orientation of DRIR Data

This section presents the method for geographical referencing of Direct
Readout Infrared Radiometer (DRIR} data, assuming no satellite attitude error.
The procedure leads to gecgraplically referenced DRIR data, with labeled 5°
latitude and longitude lines drawn at the correct locations.

The method requires one of a set of transparent latitude-longitude
grids. The grids have fixed latitudes at 5° intervals. Unassigned longitude lines
are also at 5° intervals, except 2t latitudes greater than 60°, where, due to con-

vergence of the meridians, the interval is greater. Absolute values of longitude

are determined by reference to the longitude of the subsatellite track for a particular

orbit. By suitable rotation and/or inversion, the grids may be used for both the
northern and southern hemispheres and for either sout::bound or northbound passes.

The DRIR data are presented as shades of white, gray, and black (corres-
ponding to cold, cool, and warm radiating surfaces, respectively) on facsimile .
paper.f For the Fairchild facsimile recorder, the total width of the data is 21.5
cm (8. 45 inches). Within this width, the data from earth and atmosphere (from
horizon-to-horizon) will occupy approximately 7 cm (2. 75 inches), the remainder
representing outer space and the bottom of the satellite, For DRIR data reception, the
APT facsimile scan rate is modified to synchronize with the scan rate of the HRIR,
approximately 44, 7 RPM. The facsimile stylus moves across the paper at a con-
stant rate, so distance across the paper is directly proportional to angular rotation
of the HRIR scanning mirror..” Since the line width (in the direction of paper feed)
of the facsimile scan is nominally 0. 0254 cm (0. 0l inch), the rat: of paper

advance. is 1, 14 cm min" } (0. 447 inch min'l).

t . .
For some recording papers, the data are presented in analogous tones of
sepia. g

++ . .
Accordingly, the presentation is increasingly foreshortened from center
(satellite subpoint) to horizon (sce Paragraph 3. 13. 1),
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By constructing latitude and longitude lines directly on the facsimile present-
ation of the DRIR data, the analyst can locate features without any loss of detail, [t
also provides the geographical referencing data required if it is desired to travsfer .
the DRIR data to standard weather maps. While at times such transfers of the data
are desirable to assist comparisons with other meteorological data, it is & laborious
and time-consuiming process, Accordingly, in operational use of DRIR data, such
transfer should ordinarily be limited to features and areas of cdirect concern to the
analyst or forecaster, Section 5,6 of Volume I discusses the present mcteorological

interpretation and application of DRIR data,

3.13.1 DRIR Grid Characteristics

1 2> gridding procedure for DRIR data utilizes a library of transparent latitude- '

longitude grids,:constructed for a range of satellite heights bracketing the nominal
satellite altitude.s,yvhich can be placed under the facsimile picture for geographical
referencing, The grids start at a latitude of 30°, crossthe equator to one of the
geographical poles, and continue to the 65° latitude circle. Thus, the grid spans
135 of latitude. By turning the transparent grid end for end, and/or turning it over,
it may be used in either the northern or the southern hemisphere for southbound or
northbound passes. Thus, the same set of grids can be used in all geographical areas,

~Figure 3-31 shows a reduced-s-ale latitude-longitude grid for a satellite
altitude of 1110 km (600 n, mi}), The :straight line down the center of the grid
represents the subsa‘ellite track, Since a perfectly circular, sun-synchronous orbit
of ©00 nautical mile altitude has an inclination of about 100° (80° retrograde), the
maximum latitude reached by the eatellite is about 80°, Dashed horizon lines paraliel
the subsatellite track, about 3.5 cm (1.4 inches) from it o each side, when the grid
is scaled to the Fairchild facsimile recorder. A time scale at one rhinutg intervals,
referenced to the equator crossis iy, is presented on each side beyond the horizons.,
Arrows are placed beside the grifd to indicate both the direction the satellite is moving
and the latitudes within which the grid should he used for southbound passes.

Latitudes labeled at 5° intervals are represented by curveid lines which inter-
sect the subsatellite track at approxirﬁately 90° in low and mid-latitudes. Small tick
marks, corresponding to 1° intervals of latitude, have been entered on the longitude

lines to facilitate interpolation and location of data features.,
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Longitudes are rcpresented by lines more or less parallel to the subsatellite
track, and so to the horizon lines, in low and mid latitudes. The lbngitude interval
is a function of latitude, a 5° interval being used from the equator to 60°%, a 10° '
interval from 60° to 80°, and a 20° interval from 80° to 85°, Integmediate_jlo tick
marks are spaccd along the lines of latitude at latitudes up t.o and inélu_ding 60°;.
poleward of 60°, 5° tick marks are used. The tick marks are omittéd_ in >gx{eatly
foreshortened regions near the horizon, The longitudes hax(é not been labeled on
the grid, but must be determined by the analyst on the basis of the subsatellite track
of cach orbit intevroguted, as described below, : |

To illustraie the procedures for labeling longitudes, if a Descending Node
(southbound equator crossing) happened to ocer precisely at 165°E, the longitude
line crossing the equator at the center of the grid would be labeled 1_65°E, the
longitude line 5° to the east 170°E, etc. Equator crossings at longitudes evenly
divisible by five will be rare. A more typical case is provided by a Descending Node
at 166. 1°E; in such a case, 166. 1°E would be assigned to the longitude line through the
center of the grid at the equator with longitude values of 166, 1° 5 n5°(where n is an
interger). When working with the data, or traneferring them to standard maps, it is
obviously far more convenient to use longitudes which are integral multiples of 5°,
To facilitate the construction of longitude lines for integral multiples of 5%, tick
marks have been entered on latitude circles, as described above. With their aid, a
new set of longitude lines for integral multiples of 5° can readily be constructed,
More detailed descriptions of these procedures are provided in Paragraph 3,13, 2. 4.

At first it might seem satisfactory to simply slip the prepared grid sideways
to make one of its longitude lines coincide with an integral 5° longitude near the sub-
sateliite point. This would avoid the necessity of reconstructing longitude lines for
integral values of 5°. If data within a few degrees of the subsatellite point were the
only concern, no great error in geographical location would be made, but, for areas
morc distant frora the subsatellite point, the errors using this procedure increase
rapidly toward the horizon. Hence, grid slipping is not acceptable as a general
technique, and the method discussed above and in Paragraph 3. 13, 2.4 muat be used

. +
instead.,

*Bofore adopdng the 5° grid system described in this report, consideration
was given to a 2" system with slippage of up to 1/2° of longitude (near the sub-
satellite track) to be required. Careful consideration indicated this would have two
scrious objections: (1) serious errors in geographical location would still occur in
regions near the horizons; and (2) a 2° grid interval is incompatible with almost all
standard metecrological base maps, so the drawing of 5° lines would still be desir-

able,
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The natural compression of the DRIR data near the horizon, discussed in

C.} Paragraph 5.6, 1 of Volume 1, is also evident in the grid lines in Figare 3-31., This

compression resalts in reduced geographical resolution. This, plus the excessive

[ angles of observation, makes it desirable to limit geographical gridding of DRIR

data to distances from the subsatellite point where the elevation angles of the satellite
- are greater than about 18-20°, Such a limit corresponds to a distance from the sub-

. satcllite point of about 16 or 18° of Great Circle Arc for a satellite at 1110 km (600

n.mi.). Hence, the transparent latitude-longitude grids have been drawn only out to

about 20° of Great Circle Arc from the subsatellite point.

3.13.2 Procedure for Using Latitude- Longitude Grids

This section provides step-by-step instructions in the use of latitude-longitude
prids for geographic referencing of DRIR facsimile data. The procedures for deter-

| mining the subsatellite track are discussed in Paragraph 3.13,2.3,1. The procedures

for tracking the satellite, and acquiring the data are essentially identical with those
for obtaining APT pictures (see Sections 3, 6 through 3.11). There is, however, a

different procedure for obtaining observation times (see Paragraph 3.13,2.3.3), since

8 the DRIR data are acquired from continuous scans, not discrete frames as in the
case of APT pictures. Accordingly, a manual phasing will be necessary if the scan

should be split between the two edges of the recorder paper.

Sl . SR s

3.13.2.1 Grid Selection

The proper grid is selected from among the available grids on the basis of

satellite height, For a circular orbit, the grid height closest to the satellite height - i
is used for all acquisitions. For an elliptical orbit, it will usually be satisfactory

4 to use only one grid corresponding to the satellite height nearest the midpoint of the

| -

acquisition (i. e., usually at the point where the satellite passes closest to the APT
station). The satellite heights in various portions of the orbit are given in the APT g
message (see Section 3,7 and Paragraph 3.13.2,3,1). J
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3.13.2.2 SGrnid Orientation

With proper corientation, the grids may be used for either socuthbound or
northbound passes and in either the northern or southern hemisphere. Although
the grids are marked to aid proper orientation for southbound passes (the usual
case ior Nimbus DRIR), it may be helpful ic remember that a sun-synchzonous
satellite always moves over the earth with a slightly westward component.

Table 3- 183 can also be used to guide the orientation of the grid,

Table 3- 13

Relative Position of Pole on Grid, When Data Are Oriented With North at Top

Pass Direction

Hemisphere Northbound Southbound
Northern Upper Right Upper Left
Southern y Lower Left Lower Right

3.13.2.3 Matching the Grid to the DRIR Data

On the basis of the procedures given in Paragraph 3.13.2.2, the grid can

be approximately oriented relative to the data. Proper placement of the grid on

the data requires:

1. The subsatecllite track across the earth and the times at which the satellite

will be over various points along this path.

2. Determining the times at which the data for specific scan lines were

being recorded on the facsimile paper.
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3. The tovrdization ol the abonve wdormalaee o Setermine the pricer

positiorn of the grid along the data, axd the lauluSe cocordimite.

4. Use of the horizoa visible o= the €312 10 determine e BTOper poEEliom
ol tke grid 1n the direclion 2070ss the data. {Alibosgk precise posiocing o the
gr:d across the dat: 3houid be delerred amiil the proper pegitios along the daia ras
been deir rised. the approqmate “acros®” pos:ition is obviocs, simce the Cemer
line o2 the grid isubsaleilite track) should correspond to the cesterline of the daza,
and horizans visible oz the daia should maick as closely as ossibie (be 2orizoss
marked along the edges of the grids. )

With ver-- limited exceptions (principaliy those regarding the use of laad-
marks). the following procedures 2ssumne the satellite is properiy criesied (o
attitude ezror relative tc any of the three axes. In gezmeral, the DRIR statoczs
will rot be aware of such errors uxless they are notified of them. The ome situatica
-n which 2 DRIR station will be ztle to detect non-persistent attituée errors Is iz the
case of short period (approximately two mirutes) roil errors whick can easily be
detected from excursions of the horizons greater thaz aboxt 1%, Unless the atsituce
errors are rather large, the slight gain it accurscy from their correcticn may not
merit the time required to make the changes, In the exceptional case wkere
corrections for attitude er-ors are merited, the procedures given in Paragrara

3. 12.5can be applied.

3.13.2.3.1 The Subsatellite Track

DRIiR data will normally be obtained on the dark side (southbound segment
of the Nimbus II orbit) of the earth. Ephemeris data are required to determine
antenna tracking information in a manner similar to the APT procedures (see
Sections 3.7 and 3. 10). However, t:e APT daily teletype message will contain
ephemeris data for the daylight portion of the earth only.

DRIR ucgers vill be required to exploit the data contents and procedures of
an experimental communication subsystem called Data Code, which is an integral
part of the Nimbus Il APT signal. Data Code format, contents, suggested utilization,
and procedures are fully described in '""The Nimbus II Data Code Experiment'
(Reference 3), Ephemeris data for an entire reference subsatellite track
are provided in a Nimbus II Ephemerides Message. The first message will be

disseminated shortly after launch during unscheduled time on the WMQ teletype
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T s a8 T led 26 srvws DRIR partacpats e On the WMO setwriks. Sub-

Sl sswe-Stapes #ill e nasiied 1o 211 knowe DRIN csers by the Razsmmal Aero-

1e:2:¢cs and Sgrcc Alrmsnistranon. Dats Code comtents (appearg alomg the cdge
$ 2 < e APT mc-prwrﬂe?w.zemmﬂﬂﬂ‘hmu“
- Iry the reisre~ce scbsaleline track 10 the demived data acgmsition orbit. The
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rl Ssc? 2 Secivem IS
r more o 1these somrces, and procedures suck as those gives
2 Sectices 30T throwgh 39, the stanioa cas determane the track of tie satellize
‘ 1 T8S 1he eamit and the time the sateliRe is 2bOve amy poimtt along s subsatellite
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3.13.2.3.2 Time of Data Acguismios

r-w

S:nce the DRIR broadcast is contizuons and lacks aksclute time signals,

s1:1.0m8 Teceiving the Cata must make tRoir own notation of osbservation times
- on the facsimile paper. If a tirme mark could de placed beside 2 scan line exactly at
fe lime the image was being formed in the facsimile, there would be no problem.
A mark could be made along the edge of the data at eack integral minutc, znd the
; t:e nated in terms of GMT. The subsatellite latitude® at this time, which cia be

vbtained :n any of several ways (see Section 3. 12), would then be the latituds of
- ie point where this scan line crossed the center line of the DRIR data. This

point and time could be used the same way the Frincipal Point and time of an APT

S

r.sna

i piclure are used.
A complication arises {rom the fact that the facsimile styius is covered to
arvid the danger of eiectrical shock and the image is first accessible for marking

1o about 6. 35 c¢m (2.5 inches) after it is formed. This is at a point over the heater

This part of the discussion is written in terms of latitude because, over
b, niost of the ear-l:, this is the geographical coordinate which varies most rapidly
& } al.ng the centerlire of the DRIR data. Even for stations near the poles, the data
- wiil normally exiend far enough equatorward to make it feasible to use latitude in
determining the along-track match of the data and the grid.
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bar 1= the Fairchld recorder. The functioz of the heater bzr is to dry the moist
faceimiie paper. Ii is approvimately i. 5 cm {0. o inches) wide and stretches across
the widtk of the paper. The paper can comverniently be ntarked hzre on either or
Sotk sides. Thus, in geserai, the oaly timme marks that car fezsibly be applied will
be the offset {rom the scan Llinmes 1o which they apply. Heace, in determining latitude
and fitiing the grid 1o the d2¢a. this oifset must be talen into consideration.

A suggested tecks:que to hardie this problem is as follows: With the

facsimiie shut cfi, =ncover the stylus and carefuily measure (for example, for the Fair-
child facsimile) 6. 35 =i (2. 5 inches) from the image forming line of the facsimile in the

direction toward whick the paper feeds. This is direcily over the heater bar. t at

this exact distance, scribe a mark on the case to each side <! the paper. (For the
convenieace of lajer operators, it woutld aleo be weil to place a nciation stating that
tlas mark 1 &. 35 ¢cm from the stylus.) During ar intsrrogation, at severzl integral
runutes (GMT), place marks oa eack side of the paper exactly opposite these points
anad label the marks with the times at whick they were made.

As soon as the paper is removed from the facsimile recorder, measure
backwards (in the direction opposite to the feed of the paper) from each of these
marks 6. 35 cm (2.5 icsches) and place an “offset” mark. Connect each offset mark
to its correspondirng original mark by a lightly drawn arrow (see Fig. 3-32). If the
timnes were carefully noted xhen the original marks were made, and if the measure-
menis were made with precision, the offset :narks are now beside the scan lines

depicting the data being observed at the times the original marks were made.
3.13.2.3.3 Along the Track Matching
From the daily message and/or plotted subsatellite track (and the times that

are plotted along 11), determine the subsatellite latitude at each time a mark was

made on the facsimile paper. For future reference (sce Paragraph 3.13.2.4), the

longitudes of these points can easily bc determined concurrently and should be noted.

(The procedures for these latituds and longitude determinations are described in

Section 3. 12 and are identical to those used for determining the latitudes and

TExact procedures for other types of facsimile recorders may diffe: slightly,
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longitudes of the centers of APT pictures.) Write these latitudes beside the ccir_rea-

ponding offset marks; these latitudes are those of the center line of the DRIR data
at points opposite the corresponding offset marks (i.e., at a point where a straight
line connecting a pair of offset marks crosses the center line). The center line
should be lightly marked with a small tick mark at these points (see Fig, 3-32).
Place the latitude-longitude grid on a light table in the proper orientation
{sce Paragraph 3.13.2.2). Place the DRIR over it, approximately positioned in the
across-track direction (see 4 under Paragraph 3.13.2.3), and slide it up or down
(in the along track dimension) until the latitudes on the grid correspond to the
latitudes on the center line, opposite the offset marks. (If an exact concurrent match
cannot be achieved at all of these points, it should be resclved as either a best fit
compromise, or by favoring the area of greatest interest when making the match.)
If clearly identifiable landmarks appear o¢n the data, check their known
latitur'es with those shown by the grid and adjust the grid to match the latitudes of

the landmarks. Again, a best fit compromise rsay be required,

3.13.2,3.4 Across the Track Matching

Tt . data and grid should then be precisely matched in the across-track
directio. by matching the two sets of horizons., If the orbit i8 ne.rly circular and
the orbit altiide is close to that marked on the grid, the match should be close,
except where roll affects the horizon image. Matching horizons along ihe total
length of the available data autornatically rotates the grid to the best position.

Again, a best fit compromise may be required.

If the distances b>tween the data horizons and grid horizons are not the same,
the match should be made with the horizons parallel and with the same discrepancies
between the two sets of horizons along both sides of the data. This procedure
matches the subsatellite tracks of the grid and the data.

If the horizons do not ccincide, this indicates there will be some gridding
error (except along the subsatellite track or center line) which will increase toward
the horizon. The m~gnitude of this gridding error, at a given distance from the
subsatellite track, can be estimated by linear interpolation between the zero error
al ;ng the subsatellite track and the amount of image-grid mismatch at the horizon,
This mismatch is then converted to distance as detzrmined from the grid network

at that point.
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After the best s.cross-track match has been achieved, the along track
(latitude) match shouki be rechecked to insurc it was rot disturbed rn the process,
When the best fit in both dimensions has been concurrently achieved, the grid and
data should be taped together to hold them in their proper positions, The latitude
lines can now be lightly traced and labeled on the DRIR data.

3.13.2.4 Determination of Absolute Values of Longitude From the
Latitude- Longitude Grid

A brief discussion of how absolute values are assigned to the
longitude lines of the latitude-longitude grid was included in Paragraph 3.13. 1.
In general, tracing of the grid longitude lines ato the image is not desirable !
since the longitude lines on the grid will seldom correspond to those which are
integral multiples of five. This section discusses the general case of determining
integral 59 longitude lines and drawing them on tha data.

Assume the procedures of Paragraphs 3. 13.2. I through 3. 13.2. 3 have been
completed and the grid has been matched to the film. Use the longitude of a
point along the subpoint track for which the time of observation, and subsequently
the latitude and iongitude, were determined {(see Paragraph 3.13.2,3.3). From
interpolation between the 1° tick marks, determine the distance in degrees of
longitude from this point to the nearest longitude line. The absolute longitude of
this line is then the longitude of the point on the subsatellite track % the distance
from the pcint to the grid longitude line in degrees of longitude, and all other
longitude lines on the grid have absolute values equal to the longitude of this line
*n [5°] (wheren =1, 2, 3, - - -).

At this point, it is well to make two checks to be sure the best possibie

values of absolute longitude are assigned:

1. The above procedure should be repeated for all center line points for
which observation times were determined,to see if they lead to the same absolute
values for the longitude grid lines. If there are differences (small differences of

the order of 1° or less are almost inevitabie}), they should be a.eraged.

2. The known longitudes of identifiable landmarks (if any are visible)

should be compared to those determined from the absolute values assigned to the
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iongitude lines on the grid. If discrepancies are noted, the ab.olute values of the
2rid longitud> lines should be appropriately adjusted. Again, a best fit compromise
may be necessary. (For this purpose, landmarks near the edges of the data should
be avoided because of errors that can result irom foreshortening.

Once best abzolute values of the grid longitude lines are established, deter-
mine the distance (in degrees longitude) that an integral 5° longitude line will be
c&st {or west) of one of the grid longitude lines, It ig usually most convenient to
usc 2 grid longitude line that crosses the center line cbout halfway from the top to
the bottom of the available data. The other integral 5° longitude lines will be an
cqual distance (in degrees of longitude) east (or weat) of the other grid longitude
lince, This distance should then be determined ({in degrees of longitude, using
interpolation betweca thz 1° tick marks) along each latitude line, and the absolute
lengitude lines traced lightly on the data by connecting the points, In tracing these
lincs, they should be nearly parallel to (i.e., parallel the curvature of) the grid
longitud: lines. These 5° atsolute longitude lines should then be labeled.

3.43.2.4.1 A Simplified Example of the Longitude Determination Procedure

Suppose the coordinates of a subsatellite point on a2 southbound pass at the
time determined and marked on the DRIR data were 43.9°N, 94.4°W. On the grid,
this subsatellite point would be at approximately the point indicated in Figure 3-33.
This point is approximately 2. 2° of longitude west of the next grid longitude line to
the east. Since the 95. 0°W longitude line would be 0. 6° of longitude west of this
subsatellite point, ihe 95. 0°W line would be 2. 8° west of the grid iongitude line just
east of the indicated subsatellite point. Correspondingly, points 2. 8° west of the
other grid iongitude lines would alsc be along integral 5° longitudes such as 105°w,
1c0°w, 90°w, 85°W, etc. Hence, with the grid underlying and matched to the
facsimile image, and by using the 1° tick marks" on the latitude lines of the grid,
marks corresponding tc the desired integral 5° longitude lines can be entered along
each latitude line. These marks can tiien be connected as desc:ribed above {(and
shown in Fig. 3-33) and labeled. The DRIR data have thus b=>n geographically
referenced with 5° latitude-longitude lines.

At time 3, the latitude and longitude lines drawn on the image might obscure
small but significant meteorological features. This can be minimized vy first

determining whether there are any such features, and then leaving a small gap in

lines that would cross these features,
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5.13.3 Example ¢ the Geographic Refcrencing of DRIR Data

The example of geographic referencing presented in this section (Fig. 3-34),
uses a portion of the Nimbus I HRIR data from orbit 351.

Assume an APT/DRIR readout site at Denver, Colorado {¢0°N, 105°w).
The Descending Node cf tl'is orbit was at 124. 1°W at 075705 GMT. Suppose the
satellite was acquired at 74034, wben it was at about 61. 3°N, 103.9°W, and a
time mark placed on the facsimile paper {(over the neater bar) at 0746 GMT. As
described in Paragraph 3. 13.2. 3.2, the mark would be 6. 35 cm (2.5 inches) north
from the line being scanned at that time. The gubsa: _ite coordinates at 0746 GMT
are known to huve been 41. 1°N, 113, 7°W. On the farsirnile paper, measure 6. 35
cm (2.5 inches) opposite to the direction nf paper feed (i.e., southward along the
paper from the first mark). ""he point on the center line opposite this oifset mark
{the subsatellite point) then has a latitude of 41. 1°N. Match this point to the 41. 1°N
l2':tude line where it crosses the center line of the grid with the grid approximately

ricnted. After adjusting the grid and data for the proper acroses-track match,

the latitude ceferencing of the data has been established and the latitude lines can
be traced and labeled.

From interpolation using *:e 1€ tick marks, the subsatellite point at 41. 1°N,
113. 7°W is approxima’ely 1. 8° ot longitude east of a grid longitude line, which
makes the longitude of that grid line 115. 5°W. Other grid lines, therefore,
represent 110. 5°w, 120.5°W, etc.

The longitude lines can then be drawn and labeled by connecting marks made
0.5° longitude east of the longitude lines on the grid. Figure 3-34 shows the result,
with the DRIR transparent grid lines shown solid and the absolute longitude lines
shown dashed. After a check for accuracy, consistency, and completeness, the

gridded data are ready for meteorological analysis and interpretation.

3.13.4 Geographic Referencing With Only Landmarks Available

There is a slight chance that a station might acquire DRIR data but lack
precisc subpoint track data. In such a case, if identifiable landmarks are available,

the use of the latitude-longitude grids is still straightforward, Select the proper

grid on the basis of estimated satellite height. Orient the grid in its approximate

108

e e i, s

S s
: -

- E. €. £ €I =< Ex gr

S

]

sy



(— .

WANUTES

OUTHBOWND
N — 3P —= 885

m"mw.”" NN T e
r -— r-ﬂ—‘
Z;%%
Ao
m
o @ l"'

] ] n
1 L " 1 i N 1 " 4 " I :
; o f ) » A 4 v -_- - e ‘, x —
g o : ¥ ) 3 i 1 . = - e -
y g - e S . ' = "
- v ' - . . " 5 W . v ow . . -
” F . . (. i i
. E =

Ao WN OO9 dHibd

- Subsatellite
Point

PO

r- T

9 dWldd

-~
.
o o il S

Fig. 3-34 Simulated Geographically Referenced DRIR Data.

105

{

PRI I serree oo




position relative to the across-track direction. Move the grid along the strip until
the grid latitude matches the known latitude of the landmark, Perfect the across-
track match, Tr.ace and label the latitude lines, Use the longitude of the landmark
to assign values of longitude to the grid longitude lines. Determine, draw, and
1zbel the 5° longitude lines,

If information on satellite height is not received at a DRIR station, the image

= <
P e T T SR e P o e

may be used to estimate satellite height since the width of the earth in the recorded
data is an inverse function of height,

Measure the distance hetween the horizons at a place where both horizons
arc sharply defined. Applicability limits for each of three DRIR latitude-longitude

grids, in terms of thia measured horizon distance, are presented in Table 3-19.

ORI e S, S—— —_

Table 3-19

Grid Selection from Horizon Width

' Assigned Height of
Horizon Width‘r Grid to be Used
] {mm) {n. mi)
> 70.4 550
i 69.0 - 70.4 600
§ < £69.0 650

o

3.14 Emergency Procedures

If daily or weekly messages which are valid for the current day have not
becn received, the following emergency procedures may permit tracking a satellite
and obtaining its data., This method may work for periods as long as a week or

i more after the last daily or weekly message.

+
FTor Fairchild facsimile recorder, 8.45 inch total data width.
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The first problem is to determine the valid time and longitude (or an cquator

crossing. Thewe are two ways in which:.this may be dene,

1. Use che most recent APT picture which had clearly identifiable landmarks,
Determine the longitude and latitude of the picture center. If the satellite has known
reil or pitch errors, work backwards using the procedures in Paragraph 3.12.5 to
estimate the subsatellite point, Plot the subpoint track from the last available |
message on the transparent orbital overlay. (Normally, it would already have been
plotted,?

Rotate the overlay until the track passes over the subpoint determined from
the picturc. Note where the track crosses the eguator. The equator crossing time
is determined from the picture time and the time relative to equator crossing of the
satcllite subpoint determined from the information plotted along the subpoirt track.
This point and time can then be used as if they were the equator crossing of a
Reference Orbit, It may, however, be necessary to work forward firom this known
point and time for more than a single day' s orbits, using the nodal period and nodal
longitude increment from Part of the last message received,

The above procedure will probably be more accurate when a rather recent
well located picture is availabie,

The second procedure, given below, will decrease in accuracy in relation to

the time period that has elapsed since the latest available data were valid,

2, From Part I of the message providing the most recent data, note the last
available value of nodal period, and nodal longitude increment. (Note: In using the
nodal perio? and tlie nodal longitude increment in the following procedures, their
most accurate values, to seconds of time and to hundredths of degrees of longitude,
must oe fully utilized.) Also determine the equator crossing time and longitude of
*he last orbit for which these are specifically given (usually the twelfth orbit after
the Reference Orbit of the last available message).

From the equator crossings plotted on the equatorial circle of the overlay
estimate the total number of orbits per day to the closest 0.1 orbit. Multiply this
by the number of days (to the nearest 0,1 day) between the time of the last orbit for
which equator crossing data are availahle and the estimated time of the next pass tc
be tracked. (The approximate time of the next orbit can be estimated by using the
fact that a satellite or sun-synchronous orbit will pass near the same point on the
carth about the same time each day. Round off the resulting number of orbits to the

nearest whole orbit, Multiply this nwnber by the nodal longitude increment. If the
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longitude of the last equator crossing in the las: available message is an cast longi-
tude, convert it to a west longitude by subtracting : from 360, 00°. Add the product
of the longitude and the number of orbits to the longitude of the last available equator
crossing expressed in west longitude, Divide the result by 360°, The remainder is
a longitude between 0° and 359,99% If the result is greater than 180°, subtract it
from 360, 00° to convert it to east longitude. This will give the longitude of the
equator crossing of the same pass as the one for which the time will be obtained as
described in the next paragraph.

Multiply th2 nodal p:riod by the number of orbits (as obtained above), Add
the result to the cquator crossing time of the last orbit in the last available message.
Where seconds are greater than 60, convert them to minutes; where minutes are
greater than o0, convert them to hours; where hours are greater than 24, convert
them to days. If neccssary, take account of the transition from one month to the
next, This will give the time of the equator crossing of a pass that can either be
tracked or is within a very few orbits of one which can be. The equator crossing °
time and longitude of such an orbit should be near to, but not restricted to, an orbit
that can be tracked from the station. In any event, there will usually be other
adjacent orbit(s) that can also be tracked.

As appropriate, add or subtract integral numbers of both the nodal period
and the nodal lengitude increment to/from the determined equator crossing time
and longitude {taking dve account of cast as compared to west longitude, where
necessary). This will give the times and longitudes of the equator crossings of the
orbits that can be tracked.

Once these have been determined, rotate the plotted subpoint track (plotted
from the data in the last available message) to the earliest of them and determine
the tracking data as described in Section 3,10. Repeat the process for each of the
other equator crossings in turn,

Because of inaccuracies that are bound to creep into the extrapolation steps
described above, it is well to have the receiver warmed up and ready to receive the
firat signal from the satellite several minutes prior to the calculated azimuth time,
If the first signals are weak, ii may be desirable to search 10-20° in azimuth and
elevation around the computed tracking angles to find and maintain the strongest
signal. After experience is gained, the errors noted between the computed tracking
points and those maintaining the maximum signal strength can be used tc estimate

the best tracking angle adjustments, from the computed values,on subsequent passes,

112

L.

et L Tt L e

o
o

-
PV

€
AT ST O iy

L.

s Ew £ ..

A




L

L atinss i

I

(-

—

gl 2l N A

-

e

=

Picture center locations determined frem the Plotted Track Procedure

(Paragraph 3, 12.4) will provide at least as rauch accuracy as can be gained when
using the emergency procedures. Accordingly, picture locations should be con-

sidercd no more than approximate except when they can be confirmed by landmarks.,

3. 14.1 Examplies of the Use of Emergency Procedures
3.14.1. 1 Equator Crossings from Picture Location

This example will assume that picture orbit number, picture time, and
identifiable landmarks are available for 2 picture readout at San Juan, Puertn Rico.
The problem is to determine equator crossing longitude and from this to extrapolate
equator crossings for the next day.

Make the following additional assumptions: the satellite has an orbit with
nodal period and longitude increment of 107 minutes 22 seconds and 26. 84°,
respectively. The picture taking portion of the orbit is, however, now assumed
to be in the north to south direction, the opposite of that discussed previously.

The southbound equator crossing (Descending Node) is used in the discussion here
rather than the more common northbound Ascending Node because for satellites
which take pictures southbound in daylight, the Descending Node is often a more
convenient reference for equator crossing.

For this purpose, the orbital track, assumed to be plotted from some
previous daily message, would be similar to that shown in Figure 3-35. In this
example, the subsatellite point 12 minutes before Descending Noae {southbound
equator crossing) has a iatitude of 39. 7°N. the same latityde as for the south to
north orbit shown in Figure 3-11 at 12 minutes after Ascending Node (northbound

equator crossing).

Assume also that the picture to be used has a picture time of 150114 GMT on
orbit 503 and that a landmark at the principal point is identified as being near
Jacksonville Beach, Florida, with coordinates of 30, ZON, 81, 3°w. By moving the
plotted track to this position (Fig. 3-35), the equator crossing longitude (Descending
Node) is found to be 89.4°W. From interpolation of latitudes and times (Paragraph
3.7.2.1), the southbound equator crossing time can then be determined to be nine

minutes, six scconds after picture time,or 151020 GMT,
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Orbit 523 is west of the tracking station, Since there are about 13, 4 orbits

per day (1440 minutes per day divided by 107. 36 minutes per orbitj, on the next day

] the thirteenth orbit after orbit 503 (pass 516) should be slightly further east than
\ ) 503 and should be acquirable, while the twelfth orbit after 503 {pass 515) might also i
= be acquirable if not too far east. !
Calculation shows that orbit 515 is indeed acquirable, having an equator - 9%
s crossing longitude of 51.48°W (89.4°W + 12 x 26. 84 - 360°) at 123844 GMT § :
(151020 GMT + 12 x 107 min. 22 sec. - 24 hours). Moving the subsatellite track
_ to this equator crossing shows that the satellite could be acquired between about ;
o 40”N latitude and 11°S latitude for acquisition to 0° elevation angles {Fig. 3-36). |
These latitudes correspond to approximately 12 minutes before equator crossing
2 and 3.5 minutes after it or 122644 - 124210 GMT, respectively.
Orbit 516 would have a descending equator crossing {(node) longitude of
r 78. 3°W and be acquirable from 49°N latitude to 9°S latitude (Fig. 3-36). i
r’ Acquisitior. time s can be calculated as for the previous orbit. 4
Orbit 517 with Descending Node longitude of 105.2°W would reach the geo- f
Q metric horizon and would be at less than 32° Great Circle Arc distance from the 1

tracking station for about 4 minutes, but acquisition would be marginal at best

and would probably not be feasible.

3.14. 1.2 Extrapolations For Five Days

S

The previous example involved extrapolation for a day and gave information

on the orbits acquirable that day. For the second and succeeding days after the

=

orbit with picture having landmarks (orbit 503), calculations of acquirable orbits,

\ their longitudes and times would follow the procedures outlined in the previous
'L example, The results are presented in tabular form in Table 3- 20,
’, Table 3-20is laid out to minimize . ."culatic.)n and to make successive steps
i
’h self-evident. On day 3, for example, it was obvious from the Descending Node
' longitude for the twenty-fifth orbit after the Reference Orbit, orbit 528 on day 2,
s that orbii 38 could not be acquired since orbit 25 was near the eastern limit of
‘h acquisition and orbit 38 would have been even further east; hence, no line for it
‘ was needed in the table.
|'!
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4. 15 Review of Procedures

The fellowing ovutline will serve as a review of the procedures for acquiring
and iczating APT and/or DRIR data. It can also serve as a checklist during the

conduct of the work. To assist in its use, the section numbers providing details

. of the procedures arc given wherever feasible,

3.15.1 Materials Required

Tracking Board (3.6.1)
Transparent Orbital Overlay (3. 6.2)
Tracking Diagram (3. 6. 3)

o e Ve

Geographical Grids

a. For APT Pictures (3.6.4)

0. For DRIR Data (3.13,1)

5. Sources of Orbital Data

a. APT Daily Message (3.7.2)

b. Data Code Procedures™ (3.7.1.3, and Reference 3)

3.15.2 Steps After Station is Established or New Satellite is
Launched

1. Select Tracking Diagram and Place on Tracking Board (3.6, 3.2)
Plot Current or Nominal Subpoint Track (3. 8)

I~

3. Determine Limits of Receivable Orbits (3. 9)

! Because Data Code procedures are currently experimemasl, they will in
i, . .
( general not be included in the remainder of this outline.
'_' S
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3, 15. 3 Daily Preparation (Prior to Satellite Pass)

Obtain orbital data (3. 7)

Plot equator crossings and subpoint track (3. 8) > %

3

Determine usable passes (3.9.4)

W e B

‘Determine equator crossing of next {(and eacl\) orbit to be

tracked, and rotate subpoint track to it (3. 10)

5. Determine tracking data within tracking limits, and record
on worksheet (3. 10)
a. At one minute (or 30 aeconds) intervals, and also at point
closest to station, determine and record time, height,
Great Circle Arc distance, and azimuth (3. 10)
b. Convert Great Circle Arc distance to elevation angle
(3.6.3.2 and Table 3-2) '

c¢. Determine and record '""Jog Times' (3.10)

3.15. 4 Satellite Tracking and Data Acquisition (3. 11)

1. Operate the antenna directing, radio receiving, and data

recording equipment in accordance with procedures given
in Reference 1 and 2,
2. Have set on, warmed up, and operating at least a minute
before acquisition is expected.
3. 3et antenna to azimuth and elevation entered on first line
of worksheet (3.10 and 3.11)
4. At each "Jog Time,' move antenna rapidly and smoothly to new
antenna azimuth and elevation angles (3. 11)
Record time of each APT picture (3. 11)
6. For DRIR data, record times of points marked along data (3.13.2. 3.2)

[

. 15.5 Data Location and Geographical Gridding

N

1. Determine precise latitudes and longitudes at points along
subpoint track (3.12.1)
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2. Determine precise latitudes and longitudes of:

a. For APT, picture centers (3.12.2 - .3, or -.4)

b. For DRIR, points along subpoint track (3.12.2, -.3, or -. 4
and 3.13.2)

¢c. If appropriate, correct for errors in satellite

orientation {3. 12, 5)

3. Select appropriate geographical grid

a. For APT, select and project at proper scale (3. 6.4)
b. For DRIR (3.13.2.1)
4. Match grid and data and orient properly
a. For APT, use heading line (3.5.4. 1 and 3, 12.6)
b. For DRIR (3. 13.2)
5. Check match and orientation using any identifiable landmarks
a. For APT (3.12,6.2)
b. For DRIR (3.13.2.3)
6. Assign absolute values of longitude to grid lines
a. For APT (3.6.4)
b. For DRIR (3.13.2.4)
7. Trace latitude-longitude grid lines on data
a. For APT (3. 12. 6. 4)
b. For DRIR (3. 13.2)

3.15.6 Data Utilization

..
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Proceed tc meteorological interpretation and to military application of the

data (see Sections 3, 4, and 5 of Volume I).

&
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ALGEBRAICALLY

APOGEE

APT

ASCENDING NODE

ATTITUDE (SATELLITE)

AZIMUTH

CAMERA NADIR ANGLE

DESCENDING NODE

DIRECT ORBIT

DRIR

ECCENTRICITY

GLOSSARY

121

Performance of arithmetic cperations
considering the sign (+ or -) of the
numbers.

The point in its orbit at which the satellite
is farthest from the center of the earth,

Automatic Picture Transmission System;
a vidicon camera that ''takes' and
im:nediately transmits cloud pictures to
all suitably equipped ground stations
within range.

The point at the equator at which the
satellite in its orbital motion crosses
from the southern to the northern hemi-
sphere, This point is given in degrees of
longitude, date, and time for any given
orbit or pass.

The positions of the axes of a satellite
with respect to (a) its orbital plane,

(b) the earth's surface, or (c) any fixed
set of coordinates,

A horizontal direction expressed in
degrees measured clockwise from an
adopted reference direction, usually
true north.

(See Nadir Angle)

The southbound equator crossing of the
satellite,

The orlit with inclination between 0° and
50° meisured counterclockwise from the
equator jee retrograde orbit). (Ina
direct or»it, a satellite is moving at
least partly in the same direction as the
rotation of the earth.)

Direct Readout Infrared Radiometer; the
infrared equivalent of the APT camera.

The degree of non-circularity of an
ellipse.
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GLOSSARY (Continued)
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ELEVATION ANGLE - The angle in a vertical plane betw=en
the local horizontal and an ascending
line, as from an observer to an objecr,

1 (il

O

ELLIPSE - An oval shaped curve. A plane curve, §
the path of a point the sum of whose '
distances from two fixed points (foci)

2 is conctant. All satellite orbits are

] ellipses.

R

L
-
ks

l..-...
W

3 ; EPHERMERIS - (Plural: Ephemerides). A table of the
: i calculated positions (latitude, longitude)
- and heights of a satel.i.. as it moves
along its orbit. The values are usually J i
£ given at equal intervais.

EQUATORIAL CIRCLE - The equator of the earth as represented
on an APT plotting board,

..

k| ' FIDUCIAL MARKS - (Reference) marks rigidly connected
g | with the camera optical system so that
g they form images on the picture. -

4 GMT - Greenwich Mean Time - Local mean
4 time at the Greenwich meridian. For
practical purposes, it is equivalent to
Z or Universal (UT) time.

G

GCA - Great Circle Arc (see Great Circle
distance).

| S5

GREAT CIRCLE - The intersection of a sphere and a plane
througk its center. The equator and
lines of longitude on the earth are
examples of great circles,

| S

4 i

% GREAT CIRCLE DISTANCE - A distance measured along a Great Circle. _j
3 The length of a Great Circle Arc.

HEADING LINE - The instantaneous projection of the space- ]

craft path on the earth's surface, .J

HRIR - High Resolution Infrared Radiometer. ’

: j

JOG TIME - The time when the APT tracking antenna ond

is moved to the next set of elevation and
azimuth angles.

|
\\
L
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GLOSSARY {Continued)

LATITUDE-LONGITUDE GRID

LOCAL VERTICAL

LOOK-ANGLES

NADIR ANGLE

NODAL INCREMENT

NODAL PERIOD

NODE

ORBIT

ORBIT ALTITUDE

ORBIT INCLINATION

ORBIT NUMBER

123

A form of geographical grid in which the
grid lines are latitudes and longitudes,

A line perpendicular to the mean surface
of the earth at any local peint,

The elevation and azimuth at which a
particular satellite is predicted to be
found at a specified time,

The angle, measured at the satellite,
between the camera axis and the line-
connecting the center of the earth and
the center of the satellite.

Degrses of longitude betwcen successive
northbound equator crossings.

The time elapsing between successive
passages of the satellite throvgh success-
ive northbound equator crossings.

The points at the equator at which the
satellite in its orbital motion crosses
the equator. The line connecting the -
ascending and the descending nodesjis
called the line of nodes. ’

The path which a satellite follows in its
motion through space, relative to some
selected point or coordinate system.

The distance from the sea level of the
earth to the satellite,

The angle measured clockwise from the
plane of the satellite orbit to the earth's
equatorial plane. An inclination of a
retrograde orbit is often expressed by
180° minus the inclination.

In satellite meteorology, orbit number
refers to a particular rcvolution around
the earth beginning at the satellite
ascending node, The orb’t number from
launch to the first ascending node is
designated zero, thereafter the number
increases by one at each ascending node.
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ORBIT PERIOD
ORBIT, 5UN-SYNCHRONOUS
1 ORBITAL PLANE
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i PERIGEE
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‘ PRINCIPAL POINT
| PITCH
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GLOSSARY (Continued)

- The interval between successive passages
of a satellite through the same pcant in ite
orbit, The pocint is usually either ascend-
ing node (nodal period) or perigee {anom-
alastic period).

- (See Sun-Synchronous Orbit).

- The plane, or two-dimensional space,
which contains the path of an crbiting
satellite,

- The point in its orbit at which the satellite
is closest to the center of the earth,

- The point of intersection of the optical
axis of the camera with the image plane,
or with the earth. The optical center of
a satellite picture,

- Angular deviation of the camera axis from
the vertical, along the orbital plane, at
the time of picture taking (see para. 3.12.5).

- The orbit with inclination between 0° and
900 measured clockwise from the equator
{see Direct Orkit).

- The firat orbit given in the daily message.
The orbits which follow the Reference -
Orbit are referenced to ic, (Also, the
orbit for which data are provided in a
Data Code Megsage on a Nimbus IT APT
pictrire or on the mailed ephemeris used
in the Dats Code procedures)

- Angular deviaticn of the satellite axis from
the orbital plane {see parap. 3. 14.5).

- Same as Heading Line.

- Same as Subsatellite Fcint,

- The line made by the succeasive sub-
satellite points across the earth,
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GLOSSARY (Continued) i

SUBSATELLITE POINT

SUN-SYNCHRONOUS ORBIT

TOS

TRACKING BOARD

TRACKING DIAGRAM

TRANSPARENT ORBITAL OVERLAY

YAW

a7

125

Intersection of the local vertical passing
through the satellite with the earth's
surface or on the picture,

A retrograde, quasi-polar orbit such
that the satellite always crosses the
equator at the same local solar time,

TIROS Operational System

A polar projection of the earth extending
300 latitude past the equator into the
opposite hemisphere. The board shows
concentric circles of latitude and radials
of longitude. The board is used for

locating subpoint tracks acz..ss the surface

of the earth (see para. 2.90.1).

A smaller diagram which is placed on che
tracking board and centered over the APT
station location. It is used, with the sub-
point track and satellite altitude, to
determine antenna azimuth and elevation
angles for tracking the satellite (see
para. 3.6,3).

A transparent plastic sheet, attached to
the tracking board by a pwot at the pole
8o it can be rotated. Satellite tracks are
plotted directly on the transparent over-
lay (see para. 3.6.2).

Angular deviation of satellite in the
plane tangent to the orbital path (see
para. 3.12.5).
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