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NEW AND UNIQUE CHALLENGES LONG TERM SPACE TRIPS 

 

 

 

• MARS TRIP 2.5 YEARS MININUM 

• RESUPPLY CANNOT BE REQUIRED IN CASE OF DELIVERY FAILURE 

• RESOURCES MUST BE MONITORED CLOSELY TO ENSURE MISSION 

COMPLETION  FORECASTING OF RESOURCES 

 

 

• SMALL ENVIRONMENT WITH LOW NUMBER PEOPLE  

• EACH CREW MEMBER HAS HUGE INFLUENCE ON RESOURCE USAGE 

(20% - ALL THINGS BEING EQUAL IN 6 MAN CREW) 

• SUDDEN CHANGES IN RESOURCE CONSUMPTION CAN CAUSE 

FORECAST MODELS TO BECOME INACCURATE OR FAIL 

 

 

• GOAL IS TO CREATE FORECAST ACCOUNTING FOR THESE SUDDEN 

CHANGES 
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• Hawaii Space Exploration Analog and Simulation 

• NASA funded long term isolation experiment focusing on 

crew cohesion and crew selection 

• Five missions lasting 4-mon, 4-mon, 8-mon,1-yr,8-mon 

 

PRIMARY RESEARCH 

• Team Processes and Team Effectiveness 

• Self-Guided Stress Management and Resilience Training 

• MENTALBLOCK 

• Effectiveness of a Shared Social Behavioral Task as a 

Team-Building Exercise in Isolated, Confined, and Extreme 

Environments 

• Crew Communication in Debriefs 

• Autonomous Behavioral Countermeasures for Spaceflight 

• Numerous opportunistic research projects 
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• 32-foot Diameter Dome 

• 6 Bedrooms 

• Upstairs/Downstairs Bathroom 

• Lab 

• Airlock/Sea container 

• Living area 

• Dining Room 

• Kitchen 

• Washing Area 

 

HI-SEAS HABITAT 



MAIN FLOOR HABITAT 



 

 

SECOND FLOOR HABITAT 
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HI-SEAS POWER SYSTEMS 
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Sensor System 

 

 
• Water level sensor 

• CO2 /Humidity Sensors 

• 3x Temperature Sensors 

• Power consumption 

Sensors 

• X320M Controllers 

updating data under 5 

minute intervals 

• Weather Station 

• Wind Direction 

• Humidity 

• Solar Radiation 

• Rain Water 
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MISSION POWER AND WATER CONSUMPTION 

POWER 

WATER 



M1 AND M2 POWER USAGE DISTRIBUTION 



M3, M4, M5 POWER USEAGE DISTRIBUTION 

 

 

TAKE NOTE OF THE NEAR EQUAL DISTRIBUTION 

OF POWER USAGE ACROSS THREE MISSIONS 

 

REPEATED AND COMPARABLE ENERGY DATA 

 

PLEASE CONTACT US FOR DATA TO USE IN YOUR 

RESEACH 



FORECASTING FAILURES 

 

• Initial attempts to forecast using standard machine learning methods yielded 

reasonable forecasts accompanied by sudden severe to catastrophic failures 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hypothesis that failures are due to excessive changes in behavior by the crew due to 

an external influence denoted a significant event that in return has an emotional 

impact on crew members 
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IDENTIFYING SIGNIFICANT EVENTS 

• Crew commanders daily report was used to identify a significant event on mission 

timeline 



CREW PSYCOLOGICAL STATE 

Positive and Negative Affect Schedule (PANAS). 

For non-clinical experiments, the PANAS is considered to be a reliable measure 

of the population. (D.Watson et. al.,1988) 

• Daily survey rate emotional words on a five point scale 

 

• Sum the crew’s positive and negative PANAS values separately 

 

• Ratio of P+ over P- give the PANAS Ratio 

 

• The difference between the PANAS Ratio over 48 hours is the Delta 

PANAS Ratio (daily emotional change) 
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PANAS SCORES 



SIGNIFICANT EVENTS & PANAS 

 

 

 



 

 

 

SIGNIFICANT EVENTS & PANAS 

CREATE FORECAST FAILURE 



BRAIN NEURAL NETWORK 

• Human brain neural nets are governed by synaptic responses which decide when 

a neuron will fire or not 

 

• Serotonin is a chemical which decreases synaptic response and is associated 

with negative emotions/depression 

 

• Dopamine and is neural enhancer and is associated with positive 

emotions/pleasure 

 

• Long term memories associated with strong emotions 

 



MODULATED NEURAL ACTIVATION METHOD 

 

 

 

• Taking the sigmoid activation function and adding an exponential factor 

associated with the Delta PANAS Ratio 

 

• Has the effect of changing the probability density such that positive Delta 

PANAS values increase the percentage of values to fire (slope of the 

sigmoid function changes) 

 

• Negative values will invert the sigmoid function such that it acts as a neural 

inhibitor and inverts the probabilities such that previously low probabilities 

are now high  
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PANAS MODIFIED SIGMOID FUNCTION 



S2S LSTM-RNN 
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FORECAST IMPROVEMENTS 
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FUTURE WORK 
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CONCLUSION  

• Modified activation function method result is more accurate power 

consumption forecasts during significant events 

 

• Memory activation functions within the LSTM memory cell increase 

in accuracy when the memory gate is governed by the modified 

activation method 

 

• Modifying activation functions with emotional scores within this 

analogy hint at the possibility that emotional response may happen 

more naturally in behavior of real systems  

 

• More direct experiments are required to draw further conclusions 
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