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• Problem: Satellite and Launch Vehicle Fixed-Power 
Equipment Fails Prematurely On Orbit at a 70% Rate 

Average Number of Mission Degrading Equipment Failures Occurring in Vehicle Level ATP 

After Equipment-Level ATP for 60 Air Force Satellite 
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• Telemetry Science is the Adaption of RF and Digital Signal 
Theory to On-Orbit Satellite and Spacecraft Equipment 
Telemetry Behavior to Decrease Risk of Mission Failure
– Fourier analysis uses harmonic functions to describe non-harmonic 

behavior

– Satellite orbit is harmonic and                                                          
equipment telemetry is influenced                                                                                          
by orbit motion and so Fourier                                                                           
analysis can be used to predict                                                                               
satellite equipment telemetry                                                                         
behavior

Telemetry Science

RF and Digital Signal Theory



• Communications Science

– Fourier analysis
x(t) = Rsin(ωt + φ)

∫x(t) = fω(ω)

∫fω(ω) = fφ(φ)

∫fφ(φ) = fŕ(ŕ)
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Telemetry Science

• Telemetry Science was Created Using Data-Drive 
Prognostic Algorithms for Generating Baseline Behavior
– To understand and quantify the intelligence in telemetry signal behavior 

previously unidentified for satellites & spacecraft
• Upgrades RF and digital communications theory

– Uses the same principles as RF and digital communications theory
» Signal intelligence (SIGINT)

» Carrier signal

» Subcarrier

» Modulation

» Demodulation

– Technically justify the presence and 

full use of telemetry on all equipment

– This information has never been 

known or available  in the past
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Example of a Prognostic Analysis 
Identifying Unit with Part that has 

Accelerated Aging

Prognostic Baseline

Deterministic 

Behavior



Telemetry Science
• Benefits

– Lower risk of catastrophic vehicle failure by  having the mission control 
know the behavior to expect with telemetry behavior predictions

• Spacecraft can cost $100,000,000.00+

• Launch vehicle costs $80,000,000.00+

– Maximize safety and life of spacecraft

– Define and justify satellite and ground 

system telemetry system requirements
• Telemetry recording/storage needs

• Telemetry downlink rates

• Number of measurements

• Measurement resolution

• Measurement sampling frequency

• Define telemetry diagnostic analysis tools
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NASA Space Shuttle Columbia, No 

Real-Time Telemetry was Used to 

Decide Damage had Occurred to 

the Challenger



Telemetry Science
 Purpose

◦ To quantify the intelligence in telemetry behavior and have 
mission operations engineers replicate it for increasing spacecraft 
safety and mission assurance
 For decades  satellite engineers searched for understanding telemetry 

behavior that could  leverage the large                                                                           
quantity of telemetry recorded and                                                                                           
stored
 External spacecraft influences
 Harmonic 
 Non-harmonics
 Polynomial 

 Internal source influences
 Local equipment cycling
 Failure behavior
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5 Years of GPS Satellite Time-Series 

Equipment Telemetry Behavior 
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Telemetry Science

• The Algorithms Creates a Virtual Telemetry Signal

– Virtual telemetry analog signal is a reconstruction 
of an electrical analog signal

• An approximation

• Sampling frequency 

• Recording rate

• Engineering unit conversion

• Processing and display limitations

– Telemetry behavior can be understood and 
quantified using RF and digital communications 
theory
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4-D Analysis for Identifying 

Key Telemetry Behavior



Telemetry Science

• History of the Algorithm

– The algorithms were created to predict rubidium and 
cesium atomic frequency standard performance 
behavior on Boeing/Air Force Global Positioning 
System satellites

• Expanded for use across                                                      all 
satellite subsystem                                                                                      
equipment behavior
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Using Fourier Transform to Move Between the 

Time and Frequency Domains



• Example of Harmonic and Non Harmonic Long Term Telemetry 
Behavior and Factory Acceptance/Qualification Limits
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Factory Acceptance Limits

Months from Final Orbit Arrival

Factory Qualification Limits

Factory Qualification Limits

Beta Angle

Solar Constant

Telemetry Science

Orbit Minimum Telemetry 

Orbit Maximum Telemetry 



• 4-Dimensional Formats Available
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4-Dimensional Representations 
Highlighting Problem Areas (Mauve)

Telemetry Science
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