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Abs t r ac t . The IUE spacecraft was launched with prime and redundant mechanical Pan
oramic Attitude Sensors (PAS) to determine coarse spacecraft pointing. Attitude determi
nation typically took at least 24 hours. After launch both systems failed. A new method 
was developed which required pointing the spacecraft at the antisolar position. After the 
failure of the 4th IUE gyro, it was no longer possible to point in the antisolar direction. 
A second method was developed which utilizes IUE's ability to track the sun with a solid 
state two-dimensional sun sensor. Attitude determination can now be completed in several 
hours. An hour is required for coarse position measurement and several more hours are 
needed, using a small 15 arc minute square finder camera, for final attitude confirmation. 
These methods should be of use for other spacecraft where weight is critical or there is a 
desire to avoid mechanical devices. 

1. I n t r o d u c t i o n 

The International Ultraviolet Explorer (IUE) is a geosynchronous orbiting telescope 
launched by the National Aeronautics and Space Administration (NASA) on Jan
uary 26, 1978, and operated jointly by NASA and the European Space Agency. 
A description of the spacecraft and science instrument is given by Boggess et al. 
(1978a, b) . The science instrument consists of two spectrographs which span the 
wavelength range of 1150 to 3200 A and offer two dispersions with resolutions of 7 A 
and 0.2 A. A discussion of the science instrument characteristics and the processing 
of the telescope raw data is given by Turnrose et al. (1981, 1984). A description of 
the spacecraft's mechanical and electronic systems is found in the System Design 
Report (1976a, b) . A general history of the spacecraft has been written by Boggess 
et al. (1987) and a description of the Observatory operations given by Falker et al. 
(1987). During the twelve years that the spacecraft has been on station, 4 of the 
6 gyroscopes, which were originally designed to provide the at t i tude reference re
quired for pointing and slewing of the telescope, have failed. Since the failure of the 
4th gyro, an at t i tude control system has been employed which utilizes a solid state, 
two-dimensional Fine Sun Sensor (FSS) to provide the third axis of stabilization. 
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A discussion of this system is given by Femiano (1986). A third control system, 
which requires a single gyro and uses the second dimension of the FSS to maintain 
three-axis stabilization, has been developed and will be employed upon the failure 
of the 5th gyro. 

2. Spacecraft A t t i t u d e Contro l 

The IUE spacecraft can move about any one of three independent axes. The ter
minology of at t i tude control has been adapted from aviation. If an airplane is on 
course in level flight, an up/down motion of the nose of the craft is called "pitch", 
a movement of the plane from side to side is called "yaw", and a turning about 
the axis of the fuselage is called "roll". Analogously, the IUE can be considered 
"on course", when the telescope is pointing directly away from the sun. Pitch is 
toward/away from the sun, yaw is a great circle perpendicular to the pitch great 
circle, and roll is motion about the telescope tube axis. The north celestial pole 
projected onto the spacecraft roll plane provides a reference point for roll. The sys
tem is local as it moves with the spacecraft, but since it is defined with w.r.t the 
sun and north celestial pole, transformations using Euler angles can be made from 
the more familiar coordinates of right ascension (RA) and declination (DEC) to 
that of the spacecraft's pitch, yaw, and roll. For discussions of spacecraft at t i tude 
determination and control, see Wertz (1987). 

Until recently, earthbased telescopes were built with one axis of the telescope 
aligned with the Ear th 's axis of rotation. Such telescopes can be moved in the 
declination axis and set to a particular value. Motion about the polar axis allows 
for setting the RA value and tracking a star as the Ear th rotates. With the IUE, 
the Beta angle (i.e. a measurement of the pitch angle) can be set. The telescope is 
then rotated simultaneously in yaw and roll so that the Beta angle remains constant 
until the pointing position of the target is reached (i.e. the spacecraft a t t i tude) . One 
complication is tha t the sun, as seen by telescope, changes postion as the IUE orbits 
the sun. Thus emphemeride calculations are par t of every maneuver calculation for 
the spacecraft. 

3. A t t i t u d e D e t e r m i n a t i o n 

Infrequently, an error condition in the spacecraft onboard computer or the ground 
system will result in a loss of spacecraft a t t i tude. To recover at t i tude, coarse point
ing must first be determined (i.e. the current position to within several degrees 
of arc). Next a Fine Error Sensor (FES) with a field of view of 15.8 arc minutes 
square is used to determine exact pointing. At launch, a Panoramic Att i tude Sensor 
(PAS) was used to determine coarse a t t i tude. The technique relied on the positions 
of sun and Ear th seen by the IUE to accomplish coarse at t i tude determination and 
required 24 hours to complete. 

A second method of at t i tude determination was developed after launch which 
took much less time and which did not rely on the PAS, both of which have since 
failed. This method, conceptualized by A. Holm, and developed by A. Holm and 
F . Schiffer (Holm, 1990), makes use of the relationship between the local spacecraft 
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axes and RA and DEC. If the spacecraft is pointed in the antisolar direction, its 
Beta and yaw angles are zero. The RA and DEC of the antisolar position can be 
accurately calculated for any given time. An FES image can then be taken and 
the field matched to a Palomar Sky Survey (POSS) chart. From the match, the 
current spacecraft roll at tha t position (i.e. w.r.t. the nor th celestial pole) can be 
estimated. Assuming this roll, the spacecraft is maneuvered to a target a few degrees 
away. After locating the target with a second FES image, the process is repeated 
to obtain a refined estimate of the spacecraft roll. As a final check, the telescope is 
maneuvered to a target at a Beta angle of 15 to 20 degrees of arc before resuming 
normal slewing. The process takes two to three hours. Since the initial a t t i tude 
determination is made at a Beta angle of zero, it was named the Betazero method. 

After adoption of the two-gyro/FSS control system, the Betazero method could 
no longer be used since the FSS heads lose sun presence below a Beta angle of 
15 degrees. A new method was conceptualized by R. Pi t ts and C. Imhoff, and 
developed by R. Gilmozzi. The method utilizes the solar motion as seen by the 
IUE. The telescope is pointed toward a star in the current FES field of view. The 
spacecraft is then locked to the solar motion in pitch by using the FSS sensor. As 
the spacecraft tracks the sun, the star slowly moves across the FES field of view 
while the magnitude and sign of its motion in pitch are measured. Again using the 
relationship between pitch, yaw, and roll, and RA and DEC, two possible solutions 
of the position of the spacecraft are obtained. The sign of the roll, determined from 
other spacecraft telemetry, allows the selection of the correct solution. This provides 
the coarse at t i tude determination to within 1 to 3 degrees with all uncertainty 
being in the yaw axis. Several FES fields are then taken as the spacecraft position 
is changed by small amounts in yaw. These are then matched to the POSS charts 
of the area to complete the at t i tude recovery. The method requires several hours 
to perform. Since it is based on measuring the change in Beta angle of a target 
due to solar motion, it was named the Beiadot method. A complete description 
is given by Gilmozzi et al.. (1990). Recently, T. Jackson has written an on-line 
computer program based on an equivalent mathematical derivation using conic 
sections which employs two computed measurements of the antisolar position rather 
than directly measuring the rate of change of solar position. Again, the sign of the 
roll angle is determined by other spacecraft telemetry. He has also modified the 
Beiadot command sequence sent to the spacecraft which has improved the S/N of 
the telemetry measurements so that a full a t t i tude recovery can now be completed 
in from one to two hours. 
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