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ABSTRACT
This paper addresses the research conducted at U.C. Berkeley Space Sciences Laboratory, Center
for Extreme Ultra Violet Astrophysics between 1994 and 1995 on the NASA EUVE ion-orbit
satellite. It includes the results from conducting a scientific analysis called a prognostic analysis
completed on all satellite subsystem equipment. A prognostic analysis uses equipment analog
telemetry to measure equipment remaining usable life. The analysis relates equipment transient
behavior, often referred to as “cannot duplicates” in a variety of industries caused from
accelerated aging to the equipment end-of-life with certainty. The analysis was confirmed by
using proprietary, pattern recognition software by Lockheed Martin personnel Lockheed Martin
personnel completed an exploration into the application of statistical pattern recognition methods
to identify the behavior caused from accelerated aging that experts in probability reliability
analysis claims cannot exist. Both visual and statistical methods were successful in detecting
suspect accelerated aging and this behavior was related to equipment end of life with certainty.
The long-term objective of this research was to confirm that satellite subsystem equipment
failures could be predicted so that satellite subsystem and payload engineering personnel could
be allocated for only the time that equipment failures were predicted to occur, lowering the cost
of mission operations. This research concluded that satellite subsystem equipment remaining
usable life could be measured and equipment failures could be predicted with certainty so that
engineering support for mission operations could be greatly reduced.
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INTRODUCTION
The U.C. Berkeley Center for EUVE Astrophysics (CEA) provided the on-orbit mission control
center for the NASA EUVE satellite telescope. The EUVE was a sister ship to the NASA Hubble
telescope, operating in the EUVE energy band of the spectrum. After the preimary mission was
completed, ideas to lower the cost to operate trhe EUVE satellite was considered. To lower the
cost of mission operations so that the funding could be used to support the science related portion
of the mission, many ideas were explored including usaing the EUVE satellite as a testbed for
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ideas that would lower opering costs1. The research discussed in this paper is a result of reserach
to conclude that mission operations could be reduced by measuring satellite equipment
remaining usable life so that equipment failures could be predicted and assign costly engineering
support personnel only on the day that the equipment failure was predicted to occur.

FIGURE 1 AN ARTIST CONCEPT FOR THE NASA/U.C. BERKELEY EXTREME
ULTRA VIOLET EXPLORER SCIENCE SATELLITE.

FIGURE 2 AN ARTIST CONCEPT FOR THE U.S. AIR FORCE GPS BLOCK 1
QUALIFICATION VEHICLE/SATELLITE LAUNCHED IN 1984.
The NASA/U.C. Berkeley EUVE satellite was one of many Explorer-sized LEO telescopes
funded by NASA GSFC space/earth science programs. The EUVE satellite used a Fairchild
Space Company; multi-mission, modular platform/Bus attached to the four, EUV telescopes,
each 40 centimeters across. The three scanner telescopes and a deep space survey/spectrometer
telescope represent the state-of-the-art in extreme ultraviolet astronomy in 1992. These
instruments, developed by scientists and engineers at the University of California-Berkeley,
Space Science Laboratory are mounted on the MMS payload module, which is installed as a unit
on the Explorer Platform spacecraft as part of a multi-payload multi-bus contract with NASA
Goddard. Each EUV telescope and its detectors used metal mirrors to reflect the extreme
ultraviolet photons at grazing angles. The telescopes are equipped with filters made from thin
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films of metals and other substances, layered to isolate the desired regions of the EUV spectrum
for recording and observation. Each of the EUVE scanner telescopes was about as large as a 55gallon oil drum and weighs about 260 pounds. The deep survey telescope/spectrometer weighed
about 710 pounds. The EUV satellite telescopes were equipped with special filters made from
thin films of metals and other substances, layered to isolate the desired regions of the EUV
spectrum for recording and observation. Each of the EUVE scanner telescopes is about as large
as a 55-gallon oil drum and weighs about 260 pounds. The deep survey telescope/spectrometer
weighed about 710 pounds.

FIGURE 3 NASA/U.C. BERKELEY EUV TELESCOPE DURING PRELAUNCH
ASSEMBLY AND TEST
Starting in 1994, a prognostic analysis was completed by the CEA engineering team. The results
were published in a white paper to GSFC in 1995. Lockheed Martin Space Systems Company
located in Sunnyvale, CA was contacted and agreed to independently verify that the early signs
of premature aging/failure were identifiable using Lockheed Martin’s proprietary patter
recognition software. The results from the prognostic analysis showed accelerated aging in two
on-board solid-state tape recorders, 2 rate gyros and one of two TDRSS/STDN telemetry
transmitters. In 1995, a prognostic analysis was completed for all EUV telescope-payload
detector telemetry from launch in 1992 up to first quarter, 1996. The prognostic analysis results
showed that there were no impending telescope/detector failures in the equipment telemetry and
none occurred demonstrating that the early signs of premature aging/failure could be used to
predict equipment failures.
The same analysis was conducted routinely on the U.S. Air Force GPS Block I satellites between
1978 and 1984. The prognostic analysis identified the presence of accelerated aging in the onboard atomic frequency standards used to generate GPS timing. The information was used to
select the best performing GPS frequency standards for supporting the multi-service testing that
was required to prove that GPS was superior to both the existing Navy TIMATION and
TRANSIT satellite-based navigation systems used to support the U.S. Navy nuclear submarines.
At the time, equipment transient behavior was believed caused from unstable digital processing
test equipment and software used to process and display equipment telemetry as well as from
noise from communications equipment.
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TABLE 1 COMPARISON BETWEEN GPS AND EUVE INDIVIDUAL SATELLITE
FACTORS RELATED TO COMPLETING A PROGNOSTIC ANALYSIS

Three years of on-orbit satellite and payload telemetry received a prognostic analysis, looking for
equipment deterministic behavior. When each failure precursor was identified, the equipment
remaining usable life (RUL) was calculated. The actual remaining usable life for each unit that
had a failure precursor identified was consistent with the predictions for all six equipment
failures experienced on the EUVE satellite.
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USING PREDICTIVE ALGORITHMS TO MEASURE EQUIPMENT USABLE LIFE

BACKGROUND

TABLE 2 COMPARISON OF ON-ORBIT SATLLITE SUBSYSTEM AND PAYLOAD
EQUIPMENT FAILURES PER MISSION
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Telemetry is considered by engineers to be extremely important, but to program management,
telemetry is an overhead cost that decreases profit and increases complexity without finanial
payback. Telemetry is not priced separately from the telemetry and command subsystem, and the
number and accuracy of telemetry measurement are determined by the supplier and thus are
minimzed to reduce cost and complexity. Using telemetry to measure equipment usable life,
chnages the importance of telemetry from nice to have data to information that is critical to
mission success.

The summary shows the EUVE satellite hardware and telemetry used tyo complete a prognostic
analysis. Lockheed Martin personnel confirmed the presence of accelerated aging using
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proprietary pattern recognition software. 5Pattern recognition software will match telemetry
behavior observed from equipment that has failed previously. Pattern recognition software is
used with model-based predictive algorithms to identify behavior observed in like-units that
precedes a failure.
TABLE 3 SUMMARY OF RESULTS FROM MEASURING REMAINING USABLE
LIFE ON THE NASA EUVE SATELLITE SUBSYSTEM AND PAYLOAD
EQUIPMENT6

TABLE 4 SUMMARY OF THE RESULTS FROM MEASURING REMAINING USABLE
LIFE ON THE EUVE TELESCOPE PHOTON DETECTORS 6
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TABLE 5 SUMMARY OF RESULTS FROM MEASURING REMAINING USABLE
LIFE ON THE EUVE TELESCOPE PHOTON DETECTORS 6

FIGURE 6 RESULTS FROM MEASURING REMAINING USABLE LIFE ON THE
EUVE SATELLITE TDRSS RF TRANSMITTER A AND B
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FIGURE 5 RESULTS FROM MEASURING RATE GYRO A REMAINING USABLE
LIFE USING GYRO MOTOR CURRENT TELEMETRY

FIGURE 6 RESULTS FROM MEASURING THE NASA EUVE SATELLITE RATE
GYRO C USING GYRO MOTOR CURRENT TELEMETRY
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CONCLUSION
The results from measuring equipment remaining usable life on the NASA EUVE satellite will
allow the identification of the equipment with accelerated aging. The equipment with accelerated
aging will fail prematurely with 100% certainty. Performance testing will identify the equipment
that fails performance testing from parts that are degrading faster than desired. A prognostic
analysis will identify the equipment that passes performance testing but will suffer from a
premature failure by measuring equipment remaining usable life and identify the equipment with
at least one part suffering from premature aging/accelerated aging. A prognostic analysis is a
scientific analysis that converts equipment telemetry a.k.a. performance information into a
measurement of equipment remaining usable life. A prognostic analysis requires all equipment to
have at least one analog telemetry measurement, an increase of about 5% from current telemetry
used on spacecraft. A diagnostic analysis uses equipment telemetry to determine past equipment
behavior with certainty. A prognostic analysis uses the same past equipment performance
telemetry to predict equipment remaining usable life with certainty. A prognostic analysis
leverages equipment transient behavior, overlooked and misdiagnosed as noise to identify the
equipment that will fail prematurely.
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