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PROGRAM TO COMPUTE THE POSITIONS OF THE AIRCRAFT

AND OF THE AIRCRAFT SENSOR FOOTPRINTS

Jack F. Paris
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Houston, Texas 77058

ABSTRACT

The positions of the ground track of the aircraft and of the aircraft
sensor footprints, in particular the metric camera and the radar scatter-
ometer on the C-130 ajrcraft, are estimated by a program called ACTRK.
The program uses the altitude, speed, and attitude {nformation contained
in the radar scatterometer data files to calculate the positions. The

report documents the ACTRK program.
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PROGRAM TO COMPUTE THE POSITIONS OF THE AIRCRAFT

AND OF THE AIRCRAFT SENSOR FOOTPRINTS

Jack F, Paris

Earth Resources Research Division
NASA Lyndon B, Johnson Space Center
Houston, Texas 77058

1.0 INTRODUCTION

The purpose of the Aircraft Tracks (ACTRK) program, written in FORTRAN,
is to calculate the positions of the C-130 aircraft and of the centers of
sensor footprints (ground resolution elements or fields of view) during a
particular data run. The calculations are possible due to frequent (about
every 0.65 sec) information provided in the data files on the altitude, speed,
and attitude of the aircraft. In the ACTRK program, it is assumed that the
aircraft was flying over level terrain, that no errors exist in the input
data, and that changes in aircraft orientation -°d speed were gradual through-
out the flight. These assumptions were valid for the agricultural scenes

addressed by the program.
2.0 INPUT PARAMETERS

The input parameters (from the computer compatible tape or disk file)

are defined as follows:

1. Roll angle (ROLL!) - the angle between the line passing through the
aircraft wing tips and the horizontal plane. The roll angle is positive when

the left wing is above the 'orizontal plane. The units are degrees.

!The name of the parameter in the FORTRAN program is given in all capitals.



2. Pitch angle (PITCH) - the angle between the line passing through the
fuselage of the aircraft and the horizontal plane. The pitch angle is pesitive
when the nose of the aircraft is above the horizontal plane. The units are

degrees,

3. Heading angle (AHEAD) - the azimuthal orientation of the line passing
through the fuselage of the aircraft as r:en from above relative to true north.

The angle 1s measured clockwise from true iorth. The units are degrees.

4, Drift angle (DRIFT) - the differer e between the heading angle and
the direction of the actual ground track. The drift angle is positive when

the ground track is clockwise from the heading angle. The units are degrees.

5. Ground speed (GS) - the speed of the aircraft with respect to the
ground. Ground speed is calculated by the onboard navigation system computer

from the air speed and the wind speed vectors. The units are knots.

6. Radar altitude (ALT) - the vertical distance between the aircraft

and the ground. The units are feet.

The ahove parameters are given on the first of the four data files versus
elapsed time (ET) from the time of the first record. Also, the actual times
(Greenwich Meridian Time, GMT) of ihe acquisitior of these data are given on
each record in hours (NHR), minutes (NMIN), and seconds (SEC). These time
values are used to compute the time in seconds (TIME), The units for time
(ET and TIME) are seconds.

3.0 LOGIC OF THE PROGRAM

If one follows the logic of the ACTRK program, it is divided into several

parts as follows.



Dimensions of arrays are defined at the beginning. Allowances are made
to handle up to 300 records (data records) for each aircraft run. This can

be increased if necessary.

The program requests an i~put from the terminal for the orientation of
the flight line (FLIGHT) that was being flown (the intended flight line
direction measured clockwise from true north as viewed from above)., Be sure
to include a decimal point in the input from the terminal since the rezd

format is floating point. The units are degrees.

The firs. three records of the file are read into dummy variables.

These records are headers for the remaining data records.

Data records are then read in a loop until the end of file 1is encountered.
Within the loop, the time data are converted to seconds (TIME), and the de-
rived parameters, GTRACK and GAMMA, are calculated. GTRACK is the ground
track angle (in degrees from true north in a manner similar to that of AHEAD).
GTRACK is given by

GTRACK = AHEAD + DRIFT (1)

GAMMA is the angle between the flight line direction (FLIGHT) and the ground
track (GTRACK) and is given by

CAMMA = FLIGHT - GTRACK (2)

The ground speed (GS) is converted from knots to feet per second and re-

stored in tne same variable name.

After the inputting of the data records is completed, the number of data
records, ISTOP, is calculated. Then, two more inputs are requested from the
terminal. One is the absolute position (XSTART) of the aircraft at the time
of the first data record as measured down the flight line (X-axis). The
other is the absolute position (YSTART) of the aircraft at the time of the

e o



first data record as measured to the left of the flight line (Y-axis) as one
faces the flight line directicn. Be sure to include decimal points in these
parameters entered from thz terminal since the format is floating point. The
inclsion of XSTART and YST. T allows one to locate the subsequent positions

in an absolute frame of reference. The units are feet.

The program proceeds by going through a loor in which the positicns
(X,Y) of the aircraft are calculated. A simple dead reckonin; procedure is
used. The aircraft is vectored along at the average ground speed (arithmetic
average of two adjacent data record values) in the average direction angle,
GAMMA, with respect to the intended flight line, FLIGHT. The time of travel
is the difference in the elapsed times (ET) between data records. Elapsed
time is used rather than absolute time (TIME) since ET is given to an accuracy
of hundredths of a second and TIME is given only to an accuracy of tenths of
a second. The results of the aircraft position calculations are stored in
the X and Y arrays. The units are feet. The equations for X and Y are as
follows:

Xy4] = X4 + (ETy4] = ET{) # GS » COS(GAMMA) (3)

Yi4p = Y4 + (ETg4} = ET{) » GS » SIN(GAMMA) (4)

Given the aircraft positions, X and Y, thc program proceeds with the
calculation of the positions of the photo centers and the centers oi the
radar scatterometer footprints'(i.e., the areas from which returned and
filtered radar scatterometer signals come). Another angle, EPI, is calcu-
lated in this procedure. EPI 1is the difference between the ‘ntended flight
line direction (FLIGHT) and the heading angle (AHEAD) of the aircraft. EPI
is needed due to the fact that the fan-shaped antennsa of the radar scatter-
ometer is aligned with the axis of the aircraft and is directed toward the
aft of the aircraft. Aircraft roll affects the location of the intersection
of the antenna pattern and the ground. It is assumed that the metric camera
is hard mounted to the aircraft ({.e., it rolls with the aircraft as the air-

craft rolls)., In the case of the radar scatterometer, changes ir pitch angle



(PITCH) do not affect the position of the radar scatterometer footprint since
the incidence angle has been specified according to the Doppler frecuency
shift filter used in procnssing the data. Changes in pitch angle do affect
the position of the cawera phot~ center. Changes in the roll angle do affect
both the camera and radar scatterometer foctprint positions., Of course,
changes in altitude affect these positions also. In the last computational
loop of the program, the equations used to predict the effects of changes in
pitch, roll, and drift on these positions are applied. See the atrached
figures (Figures 2 and 3) for the equations.

The last loop simply writes the resuits of the calculations out to a

file for subseuqent use,

The last plot given in this note shows the results of the application of
ACTRK to an actual aircraft flight run over Websteir County, lowa, on August 19,
1980. Note the differeant tracks of the photo center, aircraft ground track,
and radar scatterometer footprints. In some instances, the lateral displace-
ment between pairs of tracks is several hundred feet. This could result in
some footprints lying outside a particular field of interest at some or all
angles of viewing., It should be noted, in particular, that the use of photog-
raphy to locate the aircraft and the positions of radar scatterometer foot-
prints could result in some data being included wrongly in a data set that is

supposed to be taken over a given field.

4.0 CONCLUSION

The prorvam, ACTRK, is explained in this short document. It produces
useful estimaies of the positions of the aircraft, photo centers, and radar
scatterometer footprints where level terrain has been overflown and where
charges in the altftude, speed, and attitude of the aircraft are slow enough
to be well tracked by the data given in the first data file of the set of
four data files produced by the NASA Johnson 3pace Center before 1982.



If significantly unlevel terrain should be encountered, the user should
not use the ACTRK program. The distance from the aircraft position to the sen-
sor footprint position would be in error. Also, the range from the aircraft
to the sensor footprint would be in error. Finally, the local incidence angle
would not be equal to the sensor look angle. It should be possible to alter
the program such that the elevation of the surface along the flight line can
be estimated on one pass and used in antoher pass to make these estimates

more accurately than dues the existing ACTRK program.

To use the calculated aircraft and aircraft rensor positions with the
measured data, the author makes the following comments. One can use the air-
craft positions versus time of flight (TIME) or elapsel time (ET) as given as
a basis for other comparisons. The sensors, however, acquire data over an
area that is not, in general, directly below the aircraft. For example, a*
nominal ground speeds (160 knots), at an altitude of 460 meters (1500 feet),
and with a pitch angle of one degree, the center of the photos leads the air-
craft position by 8 meters (26 feet) or 0.1 seconds. The position of the
radar scatterometer footprint taken at a sensor look angle of 15 degrees legs
the aircraft position by 123 m (402 fc.) or 1.5 sec. At a seasor look angle
of 50 degrees, the lag is 548 m (1788 ft) or 6.6 sec. Reportedly, in the
case of the radar scatterometer data, the measurements have beei: adjusted
such that the radar backscattering crefficient value reported at a given time
is of the area under the aircraft .or to the left of right of the aircraft
when nonzero roll and drift angles existed) at the time reported. This is
the so-called nadir time correction., Nevertheless, the data are actually
acquired several seconds later (1.5 and 6.6 seconds, respectively, for 15
and 50 degree data) when the aircraft wac in a diiferent attitude than at the
time of the overflight of the area in question. The author has noted, also,
that the apparent time that the airplane crosses « field boundary according
to the photography can be as much as 1.5 seconds before that boundary is
crossed by the radar scatterometer even though the data have been nadir time
corrected. The explanation of this observation has not been found by the

author.
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