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BACKGROUND



SAGE III ON ISS
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SAGE III: Stratospheric Aerosol Gas Experiment III

Å LƴǎǘǊǳƳŜƴǘ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ {ǇŀŎŜ {ǘŀǘƛƻƴ όL{{ύ ǘƻ ǎǘǳŘȅ ƎŀǎŜǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ 
stratosphere and troposphere

Å Launched February 19, 2017
Å Supports NASA strategic goals to contribute to our understanding

of Earth and sustain human activities across the solar system

{!D9 LLL Ψ!ƴƻƳŀƭƛŜǎΩ 
Å Experienced anomalies that have 

sent SAGE III into safe mode
- Result in loss of science data 

collection
- Thought to be single event upsets

(SEUs)
Å Mission planned for 3 years, potential

extension through 2024
- Characterizing SEU impact beneficial for

deciding mission length

SAGE III
location on ISS

Image from NASA: https://nasa3d.arc.nasa.gov/detail/iss-hi-res

https://nasa3d.arc.nasa.gov/detail/iss-hi-res


SINGLE EVENT UPSETS
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Å Category under the larger umbrella of Single Event 
Effects (SEE)

Å SEE: when an energetic particle interacts 
unexpectedly with an electronics system
- Can lead to temporary or permanent damage

Å SEU: as SEE that causes temporary/recoverable 
damage. Other types have more extreme effects

Å SEUs that SAGE III has experienced cause it to enter 
its safe mode but do not noticeably cause damage 
to the instrument

Å Tracking and understanding SEU behavior now will 
allow for a better understanding of the long term 
effects of SEUs and may pinpoint the cause of them
- Preventative measures can then be developed



SAGE III SINGLE EVENT UPSETS (SEUS)
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SEUs that have occurred through October 15, 2017

SEUs occurred in the 
Å Hexapod Electronics Unit (HEU)
Å Interface Adapter Module (IAM)
Å Instrument Assembly (IA)

Å contains the sensor assembly (SA) and Instrument 
Control Electronics (ICE)

3D Model of SAGE III

Hexapod 
Electronics 
Unit (HEU)

Instrument Assembly (IA)
Sensor Assembly (SA)

Instrument Control      
Electronics (ICE)

Interface 
Adapter 
Module (IAM)

8 SEU 
Events 
Occurred 
Through 
October 
15th 2017



OBJECTIVE
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ÅResearch and identify potential SEU causing 
variables

ÅBuild a model to conduct statistical analysis of SEUs
- Identify trends in conditions surrounding SEU 

events

ÅCreate a graphic user interface (GUI) to use model 
ŦƻǊ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ {!D9 LLLΩǎ ƻǇŜǊŀǘƛƻƴǎ
- monitors the health of SAGE III through Single 

Event Upsets (SEUs)
- promotes understanding of SEU occurrences
- grows in accuracy with accrual of data over time



COMPONENTS OF THE WORK
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Project can be divided into three major steps:

SEU Source Identification
1. Identification of variables
2. Research into data sources
3. Collecting data
4. Deriving data

Analysis Programming
1. Logistic Regression
2. Validation of math
3. Programming stepwise 

logistic regression of data 
for model

4. Interaction between data 
and model

User Interface Design
1. Show comprehensive 

results
2. Visual, graphical, and 

numerical
3. Interactive

Image from AGI: https://saas.agi.com/v1/documentation
Image from NOAA: https://www.nesdis.noaa.gov/content/dscovr-deep-space-climate-observatory
https://ioos.noaa.gov/wp-content/uploads/2015/09/NOAA-Transparent-Logo.png

https://saas.agi.com/v1/documentation
https://www.nesdis.noaa.gov/content/dscovr-deep-space-climate-observatory
https://ioos.noaa.gov/wp-content/uploads/2015/09/NOAA-Transparent-Logo.png


SEU DATA SOURCES



RESEARCH: SEU CAUSES
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Å Galactic Cosmic Rays (GCRs)
- Cosmic rays that originate outside of solar system
- Atomic nuclei stripped of their electrons
- High energy, traveling at high speed
- Originate outside the solar system
- Follow 11 year cycle inverse to 11 year solar cycle

o When the sun is more active, its solar output and 
disturbances block GCRs

Å Particles in Radiation Belts
- Earth is protected by its magnetic field
- The outer boundary of the magnetic field

called the magnetopause, deflects most
high energy particles. 

- Some still enter, and collect in regions
around the earth known as Radiation 
belts

- The inner radiation belt is generally at a higher
altitude than where the ISS is, but there are
some locations and conditions where the radiation belt drops
to an altitude that the ISS flies

Å Solar Energetic Particles
- Cosmic rays originating from sun

o Solar flares
o Coronal mass ejections (CMEs)

- Ions, proton, electrons
- High energy

Rotational axis
Magnetic axis



CHOSEN DATA SOURCES
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NOAA DSCOVER AGI System Tools Kit (STK) NOAA SWPC SAGEIII

Å Data on protons in 
solar wind

Å Data on 
interplanetary 
magnetic field

Å Data on location of 
ISS

Å Data on orientation 
of ISS

Å Derived data on 
combination of 
angles between ISS, 
Earth, Sun, and 
Moon

Å Data on brightness 
of Sun and Moon

Å Data on planetary 
geomagnetic 
storm index (Kp)

Å Derived data of 
linear translation 
of (Kp)

Å Data on Dependent 
variable: when and 
in what subsystems 
SEUs occur

See Appendix A for information about 
data sources and variables collected

Image from AGI: https://saas.agi.com/v1/documentation
Image from NASA: https://www.nasa.gov/content/goddard/qa-on-noaas-dscovr-mission/https://blogs.nasa.gov/ISS_Science_Blog/tag/technology/page/4/
Image from NOAA:https://ioos.noaa.gov/wp-content/uploads/2015/09/NOAA-Transparent-Logo.png

https://saas.agi.com/v1/documentation
https://www.nasa.gov/content/goddard/qa-on-noaas-dscovr-mission/
https://blogs.nasa.gov/ISS_Science_Blog/tag/technology/page/4/
https://ioos.noaa.gov/wp-content/uploads/2015/09/NOAA-Transparent-Logo.png


SUMMARY OF VARIABLES
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ωProton vector velocities and proton speed km/s
ωSample count of protons number of protons
ωProton density proton/cm3

ωProton temperature K
ωIMF vectors (bx, by, bz) nT
ωIMF magnitude (bt) nT
ωTheta and phi: degrees
ωKp: magnitude of global geometric storm indexunit-less scale 0-9, standardized
ωA index: unit-less
ωLongitude and Latitude of the ISS degrees
ωLocation relative to North geomagnetic pole binary
ωLocation relative to South geomagnetic pole binary
ωLocation relative to South Atlantic Anomaly binary
ωOrientation of ISS (4 quaternions) quaternions 
ωVector from ISS to Sun, Moon km
ωAngle between the Sun, ISS, and the Moon degrees
ωAngle between Sun, moon and ISS degrees
ωAngle between Sun, Earth, and ISS degrees
ωAngle between Sun, ISS and Earth degrees
ωAngle between Sun, Earth, and Moon degrees
ωSunlight and moonlight normalized value 0-1
ωSAGE III subsystem SEUs binary
ωTime datehour minute second



DATA STANDARDIZATION

12Booz Allen Hamilton Internal

Å Data has multiple sources

Å Natural inconsistencies between datasets of each source

Å Inconsistencies need to be addressed to accurately compare 
variables to each other and  to the potential for an SEU

Å Data from all sources was standardized to address the 
inconsistencies
- Time series
- Gaps due to different reporting intervals
- Occasional missing data due to source maintenance and 

therefore lack of data collection
- Data that is exactly the same

o cases where sources provide same data in different 
coordinate systems

- άbƻƛǎȅέ Řŀǘŀ ǘƘŀǘ Ƙŀǎ ƭƻǘǎ ƻŦ ǾŀǊƛŀǘƛƻƴ ǿƛǘƘ ƭƛǘǘƭŜ ǎƛƎƴƛŦƛŎŀƴŎŜ

Å See Appendix B for information on data standardization

Å See Appendix C for information on the methods used to 
evaluate similarity between data
- Perfect multicollinearity and VIF

?

Unstandardized
Comparing and combining gives 
unrealistic results that will be 
misunderstood during analysis

Standardized
Putting data in same form allows it to 

be compared, combined, and 
analyzed without misinterpretation



ANALYSIS MODEL



STEPWISE LOGISTIC REGRESSION FOR ANALYSIS
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Å Objective: build understanding of SEU contributors and their effect on SAGE III

Å Model needs multiple capabilities:
- Analyze multiple sets of very different data
- Identify SEU contributors
- Identify potential SEU events
- Dependent variable is binary case of whether an SEU occurred
- Prediction and degradation analysis capabilities

Å CHOSEN: Stepwise Logistic Regression

ANALYZEthe data IDENTIFYsignificant 
variables

DETERMINEtheir 
relationship with each 

other and SEUs

VISUALIZE the results


