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What is EO-1? Designed to flight validate breakthrough 
technologies applicable to Landsat follow-on 
missions
Specifically responsive to the Land Remote 
Sensing Policy Act of 1992 (Public Law 102-55) 
wherein NASA is charged to ensure Landsat 
data continuity through the use of advanced 
technology:

– Multispectral Imaging Capability to address 
traditional Landsat user community

– Hyperspectral Imaging Capability to address 
Landsat research-oriented community --
backward compatibility essential

– Calibration test bed to improve absolute 
radiometric accuracy

– Atmospheric correction to compensate for 
intervening atmosphere

Visit our
Web Site @

http://eo1.gsfc.nasa.gov/
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EO-1 TECHNOLOGIES

Multispectral Imaging Capability
Wide Field Reflective Optics
Silicon Carbide Optics
Grating Imaging Spectrometer (HYPERION)
Atmospheric Corrector (AC)
X-Band Phased Array Antenna
Enhanced Formation Flying (EFF)
Pulse Plasma Thruster (PPT)
Carbon-Carbon Radiator (CCR)
Lightweight Flexible Solar Array 
Wideband Advanced Recorder / Processor (WARP)
Global Positioning System (GPS)
Precision Pointing
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Probabilistic 
Risk 
Assessment

NASA Administrator has asked that we evaluate residual risk 
through the use of:

– Failure Modes and Effects Analyses (FMEA)
– Failure Tree Analysis (FTA)
– Probabilistic Risk Analysis (PRA)

These are normally used during design definition to support 
the system engineering process
These tools were not used to develop the EO-1 design:

– Single string design by policy
– Hard cost cap and lots of schedule pressure
– Redundancy was largely out-of-bounds -- by policy, by budget, by 

schedule, and by available staff
– We utilized selective redundancy within the existing constraints as 

best we could

We used these 3 tools in a complementary application late in 
development to evaluate the likelihood of successfully 
completing the EO-1 Minimal Mission
Our experience demonstrates that using these design tools, 
even late in the developmental process, can still improve the 
quality of the mission
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EO-1 Minimal Mission
Described in EO-1 Mission Success Criteria:

Our evaluation focuses only on the EO-1 Minimal Mission

COMPLETELY 
SUCCESSFUL

MISSION
(12 MOS)

SUCCESSFUL
MISSION
(4-9 MOS)

MINIMAL
MISSION
(3-4 MOS)

  Advanced Land Imager (I)

  Wide-band Advanced Recorder/Processor (ST)

  Hyperion (III)

  Atmospheric Corrector (III)

  X-Band Phased Array Antenna (II)

  Global Positioning System (ST)

  Enhanced Formation Flying (III)

  Carbon-Carbon Radiator (III)

  Lightweight Flexible Solar Array (III)

  Pulse Plasma Thruster (III)

  Precision Pointing (ST)LO
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EO-1 Residual Risk Assessment
FMEA:

– Down to box, board, or service 
level, as appropriate

– Used to survey single-point 
failures

– Product is all single-point board 
failures disabling the Minimal 
Mission

Fault-Tree Analysis:
– Failure of the Minimal Mission
– Includes all mission segments
– Product is mission element 

failures that disable the Minimal 
Mission

Probability Risk Assessment:
– Estimated by similarity
– Reliability Block Diagram
– Product is probability of single-

point failures that disable Minimal 
Mission

Risk Mitigation 
Strategies

Fault Tree Analysis of 
Minimal Mission

Single-Point Failures of 
Minimal Mission within 
each Mission Element

Probabilistic Classification 
of Single-Point Failures by 

Similarity

Reliability
Block Diagram for 
Minimal Mission

Residual Risk Assessment 
of EO-1 Minimal Mission

Flight Segment

Ground Segment

Launch Unique Segment
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Failure Mode and Effects Analysis

Independently developed for the following segments:
– Flight
– Ground System
– Mission-Unique Launch Equipment

Developed in parallel with the FTA
By combining the FTA with the FMEAs, we can identify all of the 
potential single-point failures in each Mission Element that lead 
to the loss of the EO-1 Minimal Mission
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Fault Tree Analysis
Developed for the EO-1 Minimal Mission

– Advanced Land Imager (ALI)
– Multispectral Imaging Technology

– Wide Field Reflective Optics

– Silicon Carbide Optics

– Wideband Advanced Recorder / Processor (WARP)
– Spacecraft performance adequate to flight validate the ALI

To include the following segments:
– Flight
– Ground System
– Launch (mission unique)

Proceeds to subsystem level or to board level in some cases
Serves to identify the loss of functionality that singularly and
independently results in the loss of the EO-1 Minimal Mission
Serves to validate the FMEAs
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Probabilistic Risk Assessment
A reliability estimate will be prepared for the single-point 
failures causing the loss of the EO-1 Minimal Mission

– These estimates normally involve lengthy calculations based on 
failure rates of individual parts

– Time did not allow us to pursue this traditional approach
– Our estimates were done at the box or board level based on 

similarity with earlier projects where detailed reliability 
calculations already exist

These were integrated into a Reliability Block Diagram 
identifying the predominant modes of failure for the EO-1 
Minimal Mission 
Prioritized flight validation requirements were organized 
against the calculated probability of completing the EO-1 
Minimal Mission
This strategy better mitigates the likelihood of the 
predominant failure modes
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EO-1 Minimal Mission
Reliability Block Diagram

Attitude Control
Subsystem

(ACS)

Electrical Power
Subsystem

(EPS)

Communications
Subsystem (CS)

Command & Data
Handling

Subsystem
(C&DHS)

Reaction Control
Subsystem (RCS)

ALIWARP

0.9490 0.9679 0.9535 0.9638

Reliability @ 1 year = 0.7447

Failure Likelihood   = 0.2553

Has Redundancy
0.9999

0.8960 0.9846

λ = Failure Rate in Failures per Billion Hours

= Has Consequence Category 1 from FMEA
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Risk Mitigation

Operational work-arounds identified to enhance the 
resiliency of the Minimal Mission
These were developed into operational contingency 
plans
A back-up solid state recorder was designed, but not 
built due to demonstrated reliability of the WARP
By increasing the data collection rate from 4 to 8 
Data Collection Events (DCEs), the Minimal Mission 
can be completed within the first 4 months that 
significantly improves its reliability
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EO-1 Accelerated Minimal Mission
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Accelerated Mission Advantages

Accelerated Mission capitalizes on the early reliability of 
the observatory
Maximizes the likelihood of completing the Minimal 
Mission
Cost-effective -- can be supported from existing 
resources
Leaves the option for an extended mission still intact
Facilitates DCEs in Southern Hemisphere
Strengthens the overall science validation
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Probabilistic Risk Assessment Summary

FMEA, FTA, and PRA have been synergistically applied to EO-1 to 
develop a quantitative risk assessment based on single-point failures 
identified by the FMEA
The results of the FMEA and FTA are consistent
PRA results are also consistent with what one would expect --
approximately 0.70 @ 1 year for a single-string small spacecraft
Existing redundancy somewhat improves reliability (0.75 @ 1 year)
By doubling the number of Data Collection Events from 4 to 8 per
day, and
By conducting the flight validation in the order of their importance, 
we can complete the Minimal Mission in only four months
This provides a 90% likelihood of completing the Minimal Mission
and this is adequate for a technology validation mission


