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DOCUMENTATION FOR TIROS IV TELEVISION DATA
. I, INTRODUCTION

Effective use of television pictures from the TIROS IV meteoro-
logical satellites requires knowledge of the geographical location
of image features to an accuracy that, for most purposes, should be
the best that can possibly be attained. The original TIROS pictures
contain no geographical information except for the occasional appear-
ance of recognizable landmarks., Even in these few frames positioning
of features distant from the landmark is difficult because of oblique
view perspective and camera system distortions. Photogrammetric
techniques must be employed to calculate the proper placement and
orientation of a picture on a map of the earth. The purpose of this
report 1s to provide in convenient form the data required to use these
techniques for mapping TIROS IV data.

The geographic position of image features is determined in general
by the values, at the precise moment of picture taking, of three basic
parameters: 1) the satellite's position in space, 2) the satellite's
attitude and 3) the image distortion introduced by the optical and
electronic systems of the spacecraft and ground station.

IT., SATELLITE POSITION

The satellite's position in space is usually expressed as the
terrestial latitude and longitude of the sub-satellite point, and the
altitude of the satellite above that point. It is computed as a
function of time from data provided by the National Aeronautics and
Space Administration's world-wide network of tracking stations, and is
generally the most accurately known of the three basic parameters.
Values are routinely computed for each whole minute of the satellite's
operational lifetime, and are considered accurate to a tenth of a
degree of latitude and longitude and to a whole kilometer of altitude.
Table 3 of this report lists these data for the times of usable TIROS
IV picture sequences. Position data for other periods of the TIROS IV
operational history are on file in the Documentation Section, National
Weather Satellite Center (NWSC).

III. SATELLITE ATTITUDE

The satellite's attitude is expressed in three components, two
defining the orientation of the camera's optical axis and one (roll
angle) specifying the angular position of the camera about its
optical axis, The satellite spins at a rate in the neighborhood of
10 revolutions per minute about an axis virtually parallel to the
optical axes of the cameras, which are fixed to the spacecraft.
Thus, the roll angle component of satellite attitude varies with
time far more rapidly than any other component.



-2 -

Determining the time variation of satellite attitude, even for the
relatively slowly varying camera axis orientation, is beset with many
difficulties, since it cannot be measured from the ground as accurately
as satellite position, nor can it be approximated (like distortion)
from prelaunch calibration measurements. Horizon sensors and sun
sensors aboard the satellite were intended to provide data on spin
axis orientation and roll angle, but these instruments did not function
entirely satisfactorily. References (1) and (2) describe some of the
difficulties encountered in determining attitude for TIROS I. Improve-
ments in data acquisition procedures and in attitude determination
techniques have reduced some of these difficulties in later TIROS, but
significant uncertainty remains, particularly in our knowledge of
short period attitude fluctuations which arise from any wobble of the
satellite spin axis. References (3) and (4) describe the techniques
used by ARACON Laboratories personnel at CDA stations for making
various determinations of attitude for TIROS IV. ARACON'S '"Opera-
tional Definitive Attitude", which defines the camera axis orient-
ation as a function of time, is the basis for the attitude data given
in Figure 1 and Table 3 of this report.

IV, IMAGE DISTORTION

The camera system distortion pattern is measured during pre-
flight calibration by photographing a precisely marked target using
the complete optical and electronic systems of the spacecraft and
ground station. The displacement of target marks in the resulting
film inage, compared to their positions calculated for an undistorted
image, defines the total system distortion at the time of calibration.

Changes in distortion caused by altered physical environment of
the satellite during and after launch are not known, but assumed
negligible. The optical portion of the total distortion is therefore
assumed to remain constant with time. The electronic portion of the
distortion may vary with fatigue and wear of equipment or through
adjustments in ground station controls. Reference (5) contains &
full discussion of prelaunch distortion measurements and the manner
in which they are used to approximate distortion in postlaunch
pictures, The prelaunch measurements appear to give a very good
first approximation to the total distortion experienced throughout
the operational lifetime, but the electronic distortion pertinent
to the time of exposure and transmission should be considered for
the most precise positioning of an individual picture or sequence.

All distortion, both optical and electronic, may be removed
from TIROS 1V pictures with the aid of the "distortion-free grids"
reproduced in Figures 2a and 2b. Reproductions of the prelaunch
calibration target photographs may be found in reference (6).
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V. PICTURE EXPOSURE TIME

The general time period of each picture sequence may be deter-
mined from Table 2, and an approximate sequence midpoint time is
given in reference (7). Precise times for every picture are recorded
at NWSC on Frame Logs, which are corrected and updated as photogram-
metric analysis and grid-fitting yield more precise timing inform-
ation. For serious photogrammetric work, copies of Frame Logs for
particular sequences may be obtained from the Documentation Section,
NWSC

VI. PHOTOGRAMMETRIC METHODS

The most thorough and precise method for obtaining position
information from these basic parameters is described and discussed
by Fujita in reference (6). In its general form this method requires
accurate knowledge of the satellite position during the time the
picture sequence was exposed and knowledge of the optical portion of
the camera distortion, and also requires that a recognizable landmark
appear somewhere in the sequence or in another sequence taken within
a few hours. Precise determinations of satellite attitude, electronic
distortion and picture exposure time are obtained as necessary by-
products. This elaborate method is understandably tedious and time
consuming, and requires some experience to produce best results, If,
in addition, satellite attitude 1is known with sufficient accuracy,
Fujita's considerably simpler "approximate method" (6) may be used.
If, further, an accurate picture exposure time is known and electronic
distortion can be neglected or approximated, one can use still simpler
techniques described in references (1), (8) and (3).

VII., MACHINE-COMPUTED LATITUDE-LONGITUDE GRIDS

The Computation Branch, NWSC, has developed machine programs
which accept the basic parameters as input, compute position inform-
ation and draw a grid of latitude and longitude lines to be overlaid
on the picture (reference 9). In normal operation the program uses
satellite position at time of picture exposure, the two components
of satellite attitude expressing optical axis orientation at time of
picture exposure, and an expression of camera system distortion. The
roll angle component of satellite attitude varies with time one or
two orders of magnitude more rapidly than any component of the other
parameters. Although the machine program provides for this parameter,
it has not been feasible to use it in normal operation because of the
time and effort required to determine its value at the precise moment
of picture exposure. A discrepancy of one second in picture time
produces an error on the order of 60° in roll angle, and the same
error in the angular orientation of the grid on the picture. This
compares with time errors up to 10 seconds that can be tolerated
reasonably well in determinations of the other parameters used in
the program. One could measure roll angle on one or more pictures
with well-defined horizons and then use the more accurately known
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picture time interval, satellite spin rate, and sun angle to determine
roll angle automatically for other pictures through the sequence. This
procedure has so far failed to yield reliable determinations, probably
because of imprecise knowledge of time interval, spin rate, or both,

in combination with distortion approximations and discrepancies in
attitude data.

Lacking roll angle data, the resulting computed grid, when
placed on the picture, has an undetermined angular position about the
picture center. The proper angular orientation is specified immedi-
ately by the horizon, if present in the picture; otherwise certain
analysis techniques must be used.

However, the camera system's distortion pattern is far from
being radially symmetric about the picture center. Therefore, the
total distortion must be resolved into a radially symmetric component
and a residual asymmetric component because only the symmetric com-
ponent can be considered in the grid computation program when the
roll angle is not specified. The asymmetric component is quire large
in certain portions of the field of view of some TIROS camera systems,
and failure to include it can lead to some inaccuracy in the computed
grid. Additional inaccuracy in some grids may result because the
machine program uses prelaunch distortion measurements and neglects
any time variations in the electronic portion of the distortion.

Accurate placement of the grids on the pictures often requires
considerable hand work, based on horizons or landmarks appearing
somewhere in the picture sequence, and sometimes a fit cannot be
achieved, satisfactorily without adjustment of attitude or time data
and consequent re-computation of the grid. When a fit has been
achieved with an amount of time and effort reasonable for volume
operations, further painstaking study of cloud features through a
sequence of overlapping pictures may lead to still further improve-
ment in the grid positioning.

Accuracy of machine-computed grids is thus limited by neglect
of the asymmetric component of distortion and neglect of time changes
in electronic distortion, and frequently by imprecise knowledge of
satellite attitude and time of picture exposure. Nevertheless,
computed grids provide excellent approximate maps for the pictures,
and in many sequences with good input data their accuracy can be
nearly as good as could be obtained with even the most elaborate
hand techniques. Grids have been prepared by the Documentation
Section, NWSC, for 80 TIROS I picture sequences and for virtually
all usable sequences of TIROS ITI. Each of the latter is accom-
panied by a confidence factor indicating the presumed accuracy of
fit. Copies of these grids are available from the Weather Bureau's
National Weather Records Center. More than 5000 grids have already
been computed for TIROS IV and will in time be available from the
Records Center. Users desiring grids not yet available from the
Records Center should contact the Chief, Documentation Section.



-5 -

Better knowledge of attitude and picture exposure times, and improved
computing and fitting techniques have significantly raised the level
of accuracy achieved in grids for TIROS IV and succeeding TIROS.
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Figure la, 1lb and lc. TIROS IV Attitude Plot

NON, the minimum satellite nadir-angle for
an orbital pass is plotted against TOT, the
time that NON occurred, expressed in minutes
after time of ascending node., Data points are
plotted for the first and last passes acquired
each day, and are derived from the Operational
Definitive Attitude data determined by ARACON
scientists and discussed, listed, and graphed
in (4). Discontinuities in the trend of the
plot are related to changes in the Magnetic
Attitude Control switch settings, as listed
in the figures.
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Figure 2a and 2b., '"Distortion-free grids' for TIROS IV cameras.

These are reproduced from reference (6), which also
describes their construction and use, The departure of these
grids from the virtually square pattern in which the real
fiducial marks are etched on the vidicon face measures the
optical portion of distortion. Optical distortion is much
less in camera 2 than in camera 1. If a TIROS IV picture
image is transferred to the distortion-free grid for the
appropriate camera, making use of an analagous ''fiducial
grid" constructed on the fiducial marks in the particular
picture, the resulting image will be distortion-free; i.e.,
all distortion, both optical and electronic, will have been
removed.,

The origin of the radial scale marks the image optical
center. In any TIROS IV picture, this is the "principal
point" whose geographic coordinates are listed in Table 3,
The distortion~free grid should be oriented such that the
side with the word "TAPE, or the side with the word 'DIRECT",
is adjacent to the panel legend of Tape pictures, or of
Direct pictures, respectively., Note, therefore, that if
pictures are viewed with the panel legend at bottom, the
principal point of camera 1 pictures will be located slightly
above the central fiducial mark in Tape pictures, while in
Direct pictures it will be slightly below.

The approximately 10° counter-clockwise rotation of the
camera 1 grid with respect to the outer scale has no signif-
icance for the purposes of this report.
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Table 1. TIROS IV Day (formerly called Julian Day) converted to calendar date.

TIROS IV Day Date TIROS IV Day Date TIROS 1V D@x Date
0 8 Feb,.1962 42 22 Mar. 1962 84 3 May'62
1 9 43 23 85 4
2 10 44 24 86 5
3 1 45 25 87 6
4 12 46 26 88 7
5 13 47 27 89 8
6 14 48 28 90 9
7 15 49 29 91 10
8 16 50 30 92 11
9 17 51 31 93 12

10 18 52 1 April 94 13
11 19 53 2 95 14
12 20 54 3 96 15
13 21 55 4 97 16
14 22 56 5 98 17
15 23 57 6 99 18
16 24 58 7 100 19
17 25 59 8 101 20
18 26 60 9 102 21
19 27 61 10 103 22
20 28 62 11 104 23
21 1 March 63 12 105 24
22 2 64 13 106 25
23 3 65 14 107 26
24 4 66 15 108 27
25 5 67 16 109 28
26 6 68 17 110 29
27 7 69 18 111 30
28 8 70 19 112 31
29 9 71 20 113 1 June
30 10 72 21 114 2
31 11 73 22 115 3
32 12 74 23 116 4
33 13 75 24 117 5
34 14 76 25 118 6
35 15 77 26 119 7
36 16 78 27 120 8
37 17 79 28 121 9
38 18 80 29 122 10
39 19 81 30 123 11
40 20 82 1 May 124 12

41 21 83 2 125 13
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Table 2. Time and longitude of TIROS IV
ascending nodes,

Data are given for every TIROS IV
pass., Time is expressed in TIROS IV Day
(IV-DA) and Hour-Minute-Second (HRMNSC).
Leading zero of hours below 10 is omitted.
Use Table 1 for converting TIROS 1V Day
to calendar date, Longitude is expressed
on a scale of 0 to 360 degrees measured
eastward from the Greenwich meridian.
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Table 3. Sub-satellite points, altitudes and principal
points for TIROS IV picture sequences.

Each sub-table applies to a particular TIROS IV
sequence, and gives sub-satellite point latitude and
longitude in degrees and tenths, satellite altitude in
whole kilometers, and principal point latitude and
longitude in whole degrees. All digits of sub-satellite
points and altitudes are significant; principal point
values may be inaccurate by one or two degrees, occasionally
more. Data are given for whole minutes at one-minute
intervals. Values for fractions of minutes are obtainable
by interpolation,.

South latitudes are preceded by a minus sign.
Longitudes are given on a scale of 0 to 360 measured
eastward from the Greenwich meridian. Above the column
headings of each sub-table is a single-line caption
giving from left to right:

TIROS IV Day, 1 or 2 digits (use Table 1 for
conversion to calendar date)

Hour and minute of first line of data, 4 digits,
leading zeros omitted. Subsequent lines give

data for following 19 minutes,

Readout pass number and picture-taking pass

number separated by a slant mark, 1 to 4 digits
each. These provide cross references to sequences
listed and mapped in reference (7).

Mode (T=Tape, D=Direct)

Camera (10 or 02)

CDA station (W=Wallops, P=Pt. Mugu)
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