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¸ Company Services 
(most all new to the space industry)

¸ Product reliability improvement technology to near perfection

¸ Space systems, subsystems design & test

¸ Oracol®  space vehicle normal telemetry behavior prediction service

¸ IFA® independent satellite and launch vehicle failure analysis service

¸ Telemetry Science® seminars, the application of Fourier analysis
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¸ Company Information
¸ Small, woman owned business with 8 employees & volunteers

¸ Founded in 2007 to market advanced technology to industry

¸ Over 125 years experience on all major NASA, military and 
commercial space programs

¸ 1800 ft2 office in Salinas, CA, 50 miles south of silicon valley

Creek Bridge Office
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¸ Industry Product Infant Mortality Failure Rates
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Industry
Infant Mortality                     

Failure Rate

Is Factory Acceptance Tested 

Done Before Shipping?

Is Certification Done 

Before Shipment?

Aircraft 25% Yes No

SATELLITE & LAUNCH VEHICLES 24% Yes No

Consumer Electronics 20% No Yes

CDôs 20% No Yes

Computer Software 20% No Yes

Semi-Conductor Chips 15% No Yes

Computer 15% No Yes

Video Recorders 10% No Yes

Office Equipment 6% No Yes

Cameras 4% No Yes

Food 0.5% No Yes In
fo

s
y
s
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¸ Space System Builders are Using ñLeanò, ñSix Sigmaò and 

ñTPSò Cost, Quality and Reliability Improvement Programs to 

Stop Product Infant Mortality Failu res

¸ Meet corporate required profit and sales numbers

¸ Standardize production processes for ensuring                              

reproducible quality and reliability

¸ Lower production cost 

¸ Increase sales

¸ Increase product profits

¸ Improve customer satisfaction by increasing product reliability

¸ Minimize risk from high risk decisions by program management by 

increasing product reliability
7/28/2009
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¸ An invasive, product reliability measurement system for use 

before product leaves the factory  

¸ Prognostics (proactive-diagnostics) is an engineering                                                                          

discipline that recognizes product failures are not random                                      

and  instantaneous (Markov property) and thus can be                                                  

predicted and prevented. 

¸ The science of prognostics is based on the  presence of early 

signs of aging in parts, components/assemblies and the 

correlation of this information with an aging profile . 

¸ Prognostic Technology Increases Equipment/Product 

Reliability to Near Perfect
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Lockheed Martin/ F-35 JSF Received 

DOD Funding because it is the 

Designed Using Prognostic 

Technology to Increase Pilot Safety 

and Lower Costs¸ Prognostic analysis uses the presence of failure precursors (a.k.a                                                           

deterministic behavior, prognostic markers, prognostic indicators) from product behavior data (e.g analog 

telemetry) to identify products that will suffer an infant mortality failure for repair or replacement before 

shipment to the customer leveraging factory test to raise product quality to near perfect.

¸ With prognostic analysis added to factory acceptance test either at equipment level or vehicle level, all 

equipment that will fail from an infant mortality failure (within 1 year of use) will be identified for repair or 

replacement and by using only equipment that will function a normal lifetime, the expected normal satellite 

lifetime increases

http://www.ridgetopgroup.com/Newsletter/enewsletter_issue_3/PHMGroupLogo.jpg


¸ Prognostics, Lean, Six Sigma & TPS Comparison
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Benefit Prognostics
Six 

Sigma
Lean

Six Sigma + 

Lean
TPS

Identify Productsthat will Fail from an Infant Mortality Failure?

Correct for High-Risk Company Programmatic Decisions

Identify if Bad Parts wereUsed?

ShortenProduct Delivery Schedule?

Lower Program/VehicleCost?

Use Less Equipment/Smaller,Lighter Satellites?

DecreaseTesting Cost?

MakeProduction  Process Improvements?

Make Quality & Reliability Improvement ?

Increase Equipment Expected Usable Life?

Increase Program Profit?

Compensate for Serial, Dynamic Environmental Testing?

Predict Normal Satellite Telemetry Behavior?

Identify who/when Unreliable Equipment Began to Fail?



¸ Why Stop Infant Mortality Failures/Why Prognostics?
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¸ The redundant equipment needed to counter them makes them a design and cost driver

¸ Reduces equipment manufacturing cost

¸ Reduces vehicle I&T cost and schedule

¸ Reduces launch vehicle I&T time

¸ Reduces launch pad integration time

¸ Decreases risk of catastrophic satellite failure

¸ Prognostics and telemetry are critical part of                                                                         

mission success by predicting/minimizing/                                                                                

eliminating surprise critical payload down times

¸ Single-use equipment such as pressure switch,                                                                               

EEDôs operational status can be verified in factory                                                                          

test prior to use eliminating infant mortality failures

¸ Increases satellite payload availability

¸ First technology that justifies the use of single string equipment/reduced redundancy 

requirements
7/28/2009

The Bathtub Reliability Curve
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ÅA Weibull parameter ɔis the slope for each 

segment of the bath tub curve. It signifies the 

rate of failure. 

ÅWhen ɔ< 1, the Weibull distribution models 

early failures of parts. 

ÅWhen ɔ= 1, the Weibull distribution models 

the exponential distribution. The exponential 

distribution is the model for the useful life 

period, signifying that random failures are 

occurring. 

ÅWhen ɔ= 3, the Weibull distribution models 

the normal distribution. This is the early wear-

out time. 

¸ Understanding the Bath Tub Reliability Curve

Failure Analysis
Engineering Services& Technology Licensing

10-Year Life Weibull  Probability Distribution 

Model for Infant Mortality Failures (Failures 

within 1 Year of Use) and Normal Lifetime 

Failures  for Complex Systems



¸ Understanding the Bath Tub Curve
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ÅThe formula for the probability density function of the general Weibull distribution is: 

Weibull Probability Density Function

The formula for the hazard function of the Weibull distribution is: 

where  ɔis the shape parameter, ɛis the location 

parameter and  ɛis the scale parameter. 

The case where ɛ= 0 and ɛ= 1 is called the 

standard Weibull distribution. The case where ɛ = 0 

is called the 2-parameter Weibull distribution.

The equation for the standard Weibull distribution 

reduces to:

Infant Mortality Failures

End of Life Failures
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¸ Why Prognostics?

11

Failure Analysis
Engineering Services& Technology Licensing

¸ Increases product reliability to near perfect

¸ Reduces equipment manufacturing cost

¸ Reduces vehicle I&T cost and schedule

¸ Reduces launch vehicle I&T time

¸ Reduces launch pad integration time

¸ Decreases risk of in-orbit catastrophic equipment and space vehicle failure

¸ Prognostics and telemetry become critical to mission success by increasing 

payload data availability to over 99.9999% by 

predicting/minimizing/eliminating surprise payload down times

¸ Single-use equipment such as pressure switch, EED, Pyros operational status 

can be verified in factory prior to use eliminating cause of many infant 

mortality failures

¸ Justifies the use of single string equipment/reduced redundancy requirements7/28/2009

Commercial Prognostic 

Analysis software 



¸ Contribution to Product Reliability by GPS Program
¸ Deterministic behavior was discovered preceding GPS Block I satellite 

subsystem equipment failures  with telemetry available for analysis

¸ Developed prognostic technology  to identify deterministic behavior 

¸ The satellite industry is best suited to leverage                                                                        

technology  for stopping catastrophic infant mortality                                                     

failures  stopping  the huge $B financial and military                                                         

mission  data losses that occur when Air Force satellites                                                                    

fail catastrophically

¸ Only 2 changes are needed

Á At least one analog telemetry measurement per unit/assembly

Á Operate all satellite equipment between tests

¸ Prognostic technology increases product reliability at final factory product test by 

identifying all products  that will fail from an infant mortality failure for near                     

perfect product factory testing 
12
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Air Force/Boeing GPS Block I 

Qualification Vehicle Satellite 

During Factory I&T

7/28/2009



¸ Satellite Factory Acceptance Test

¸ Used to induce unreliable satellite equipment to fail and identify 

equipment that fails for repair or replacement during factory test 

improving the likelihood of Air Force satellite mission success
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$400M LMSSC AEHF SV-1 

Satellite in Factory Testing

¸ The Air Force recognizes that the contractor 

satellite factory acceptance test requirements are 

inadequate to identify all satellite equipment that 

will suffer from an infant mortality failure

¸ Air Force ordered LMSSC to complete a second 

complete factory acceptance test on AEHF SV-1 

due to the total loss of LMSSC NRO L-21 

satellite in January, 2009-8 seconds after payload 

turn-on in orbit

¸ Factory test does not identify all equipment that 

will fail from an infant mortality failure $411M LMSSC NRO L-21 

Satellite Suffered an Infant 

Mortality Failure in December, 

2006 

7/28/2009



¸ Four Factory Acceptance Testing Inadequacies

1. For cost/benefit reasons, thermal, vacuum,                                              

shock, vibration, EMI/EMC and acoustic                                              

testing are completed serially, although the                                            

satellite experiences the environments                                         

simultaneously

¸ From RF communication we know the                                                                        

compounding of low level energy from many                                                

sources can cause significant problems

Á Inter-modulation energy suppression requirements                                                                  

for space systems do not stop problems

¸ The inter-action of difference sources if energy from each environment                                                          

are suspected by some to be the cause of infant mortality failures
7/28/2009 14
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Boeing WGS in Thermal Vacuum 

Chamber Testing



¸Factory Acceptance Testing Inadequacies (contôd)

2. In-orbit, expected/normal satellite subsystem equipment telemetry 

behavior is not available 

7/28/2009 15
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$65M NAVSTAR 5 Failed after 

Surprise Reaction Wheel  

Telemetry  Behavior went 

Undetected by Air Force                   

Mission Control Personnel

7/28/2009

¸ Satellite builders do not simulate                                                                                           

expected satellite  equipment                                                                                                

configuration and sun-angle                                                                                        

conditions experience in-orbit,                                                                          

during factory test

¸ $400M satellites are handed over                                                                                       

to mission control analysts and                                                                                 

engineering knowing a-prior                                                                                 

what satellite equipment telemetry                                                                                  

behavior should look like

¸ Normal expected satellite telemetry behavior is not available for mission 

control team to have for comparison with actual telemetry behavior 

forcing a long delay before determining normal behavior resulting in 

catastrophic infant mortality failures on Air Force satellites

ˌ

ʲ

Acceptance Limits

Acceptance Limits

Months
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Momentum Wheel Temperature (MWT)

Satellite Orbital Minimum, 

Average and Maximum 

Orbital Telemetry Values

Oracol ® Standard Long term Telemetry 

Behavior Prediction Output



¸Factory Acceptance Testing Inadequacies (contôd)

3. Catastrophic Air Force satellite infant mortality                                      

failures continue to occur causing huge                               

financial losses and mission data outages 

¸ Demonstrating the cause and fix are unknown

Á Redundancy for all equipment increases the                                                              

likelihood of satellites meeting mission life satellite                                              

mass/launch vehicle requirements for oversized lift                                                                     

capabilities

Á After exhaustive and comprehensive factory  test,                                                       

satellite subsystem equipment still fail catastrophically                                                     

within 1 year of use

Á Normal (8 month) burn-in times for parts and  equipment                                                               

are often ignored
7/28/2009 16
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$400M Northrop/Grumman 

/Air Force DSP-23 Satellite in 

Production for 40 Years 

Suffered Catastrophic Infant 

Mortality Failure In January 

2009 after 1 Year In-Orbit 
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¸Factory Acceptance Testing Inadequacies (contôd)
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4. After an Infant Mortality Failure Occurs, Cannot Identify when 

Deterministic Behavior Begins 

Á When deterministic behavior is present                                                                                       

in equipment that fails from an infant                                                                          

mortality failure, prognostics allows                                                                                  

searching back in time to identify the                                                                                

shift the deterministic behavior was first                                                                        

present, which personnel and which                                                                   

organization failed to identify it. 

Á This information defines liability  for insurance coverage

Á Provides a generic failure analysis capability for any vehicle built by any 

company



¸Results from Aerospace Corporationôs 2005 Study on 

Identification of Causes of Infant Mortality Failures

¸ A decrease in testing rigor

¸ Builders reducing/eliminating testing

¸ A leap in spacecraft complexity and size

¸ A breakdown in systems engineering

¸ Reduction in program engineering staff 

¸ Reduction in contract monitoring staff

¸ The unquestioned use of COTS

7/28/2009 18
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2005 Aerospace Corporationôs 

Crosslink Includes Study 

Identifying Cause of Infant Mortality 

Failures on Air Force Satellite



¸Remedies from Aerospaceôs 2005 Study for Stopping 

Infant Mortality Failures on Air Force Satelliteôs

19
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¸ Full adherence to proven development practices

¸ Apply systems engineering process

¸ Complete requirements verification and testing

¸ Apply updated software verification processes

¸ Instill closed-loop design processes

¸ Qualify parts, materials, and processes

¸ Develop a flight verification test policy

¸ Develop engineering handbooks

¸ Manage life-cycle within the program office

2005 Aerospace Corporationôs 

Study Published in Crosslink  

Identifying Remedies to 

Stop Infant Mortality Failures on 

Air Force Satellites7/28/2009
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¸ Our Strategy for Stopping Infant Mortality Failures 

¸ We concluded that the space vehicle factory                                                                                  

acceptance testing is inadequate for stopping                                                                 

catastrophic infant mortality failures

¸ Find information in factory test data that identifies                                    

all equipment that fail within 1 year of use 

¸ To identify the source, origin and reliability                                                            

of the information 

¸ Prove the information stops failures

¸ Make the technology available to satellite                                                         

builders to upgrade the satellite and launch                                                          

vehicle factory acceptance testing process stopping                                   

catastrophic infant mortality failures

$411M Air Force/NRO/Lockheed 

martin  L-21 Satellite Suffered an 

Infant Mortality Failure in December, 

2006 

7/28/2009



¸ Deterministic Behavior Explains Both NASA Space 

Shuttle Challenger and Columbia Failures
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Air Force GPS 

NAVSTAR 5 Satellite 

Failed after 

Deterministic Behavior 

was Identified in 2 of 4 

Reaction Wheel 

Telemetry in April, 1983

¸ Failure precursors (a.k.a deterministic behavior) were identified                                                            

in completely normal engineering data from fully functional                                    

satellite subsystem equipment in GPS satellite telemetry

¸ In April, 1983, Boeing GPS program management ordered a stop                                                  

to predicting failures on GPS satellites; NAVSTAR 5 suffered                                                                 

from a total failure from a dual reaction wheel failure

¸ In 1986, NASA Space Shuttle SRM builder Engineering Manager                                                       

identified deterministic behavior in telemetry and predicted the                                                         

Challenger  ñOò rings would fail during a cold launch; prediction                                                       

was ignored by NASA, Morton-Thiokol and Boeing

¸ In 2004, NASA Columbia Space Shuttle personnel failed to                                                                     

recognize the presence of deterministic behavior and decided not to                                                        

evaluate Columbiaôs wing telemetry to determine if damage was                                                                

present demonstrating space industryôs bias of the value of telemetry to safety
7/28/2009 21



¸ Results Identifying the Origin and Reliability of 

Deterministic Behavior in Satellite Equipment Failures

¸ Discovered the origin, source and reliability of deterministic behavior

¸ Developed prognostic technology to illustrate                                                                        

and identify deterministic behavior

¸ Applied prognostic technology to upgrade the                                                     

satellite factory acceptance test to identify all                                                              

equipment that will fail from an infant mortality                                       

failure for repair or replacement

¸ Requested the Air Force and NASA require                                                                    

satellite and contractors to identify all equipment                                                                  

that will fail from an infant mortality failure                                                                       

during factory test for repair or replacement
7/28/2009
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Boeing Satellite Factory where 

Acceptance Testing is Conducted



¸ Origin of Prognostic Technology

¸ Industries that produce large number of like-

units (e.g. consumer  electronics industry) whose                                                

failures do not cause catastrophic losses was                                              

environment for creating prognostic technology

¸ Incorporates learning from experts used to identify                                                    

data always present prior to specific failures

¸ Industries using prognostic technology includes the                                 

military (F-35 JSF) and (Boeing) commercial                                                         

aircraft, nuclear power (Argon Labs) and                                  

telecommunications 

7/28/2009 23
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Motorola Centillis  

Embedded Server 

(99.9999% Ava.)

Sun Microsystems

Telecommunications 

Embedded Servers

Air Force/Navy F-35 JSF



¸ Prognostic Analysis used on GPS Resulted in:
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¸ Multi -service, system-wide testing exceeded all expectations 

and was completed 6 years ahead of plan

¸ GPS program was descoped, 12 GPS Phase II                               

satellites/12 Atlas F launch vehicles cancelled

¸ GPS funded by DOD in 1982 vs.1988 with                              

the IOC moved up 6 years

¸ The contract for 28 Block II satellites 6 years                                           

sooner (100 satellite contract was hoped for)

¸ Many GPS Block II satellite improvements were based on 

results from prognostic analysis

$65M Air Force/Boeing GPS 

Block I/Phase I Satellite

7/28/2009 24



¸ Prognostic (Pro-Active Diagnostics) Technology
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¸ Pro-active diagnostics

¸ Active reasoning

¸ Proprietary algorithms for illustrating                              

deterministic behavior

¸ A discipline included in reliability analysis that simply acknowledges 

equipment failures do not have the Markov property                                                   

and thus are predictable  and preventable

25

¸ Developed to eliminate infant mortality                                                                         

failures and predict normal and end-of-life                                                                    

lifetime  equipment failures

¸ Its product invasive and requires integrating                                                              

adding/using embedded measurements in                                                                          

products (telemetry) for diagnostic, prognostic and prednostic analysis

Prognostics

DiagnosticsPrednostics

Relationship Between Diagnostics, 

Prognostics and Prednostics



¸ Examples of Behavior Without the Markov Property (memory)

Becoming a 

Beauty Contestant

Home ConstructionDisease
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Systemic (Random) Noise

¸ Examples of Behavior With the Markov Property (memoryless)

7/28/2009
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¸ Deterministic Behavior can be Extremely Difficult to 

Illustrate and Identify with 100% reliability

¸ Requires training in all new areas including Fourier analysis, 

Kalman filtering, stochastic processes for random behavior and 

probability theory

¸ Infant mortality failure are extremely rare 

¸ Information  is hidden in normal appearing test data from fully 

functional equipment whose data is not usually scrutinized

¸ Deterministic behavior is unique for each failure

¸ Analog telemetry is not available on all equipment and 

speculation is acceptable for identifying causes of failures
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¸ Are Equipment Failures Instantaneous and Random?
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Markov State Diagram Including 

Probability of State Change

¸ Reliability analysis, used throughout the space 

industry (except NASA) to make many decisions 

requires that equipment failures be instantaneous                                     

and random so that stochastic processes can be                     

used quantify reliability, maintainability, MTBF, 

MTTR, availability, serviceability and survivability

¸ Consequence: Belief by engineers that 

equipment failures are instantaneous and                           

random and thus cannot be predicted and thus 

cannot be prevented

¸ When behavior is instantaneous and random, no prior behavior is related 

to real-time behavior (behavior is memoryless)

¸ When behavior is memoryless, only behavior at the time of a failure is 

considered relavent to the failure



¸ Redefinition of Behavior Using Prognostic Analysis 
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This is when failure 

analysis activities 

focus on believing 

that 

failures are 

instantaneous and 

random
Where failure analysis is now focused from prognostics

Prognostics 

Random Behavior

Prognostics 

Deterministic Behavior

Random and Instantaneous Behavior in Diagnostics

(Markov Property)

BOL

Post Processing Results

EOL
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¸ Why and When Deterministic Behavior is Present
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Circuit/Telemetry Response Illustrated Prognostic Algorithms
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Transistor

Capacitor

Resistor

Diode

Triode

IC

Amp

Space Flight Assembly    

with Telemetry Available 

Failed from an Infant Mortality

No Change in Part Performance
Part that Failed Identified 

from Failure Analysis

Part that Caused Transient

Initial Power Up




