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Introduction:  Astronauts on interplanetary mis-

sions, often far off from the Earth-Sun line, will be 
subject to high energy solar particle events (SPEs) and 
high energy radiation (X-rays and γ-rays) from solar 
flares.  In order to protect human life and spacecraft 
equipment onboard warning systems need to be devel-
oped for events for which no accurate warning can be 
provided from Earth, e.g. flares on the backside of the 
Sun (as seen from Earth). Protective measures include 
powering down high-voltage equipment, putting com-
puters in safe mode, and astronauts retreating to a radi-
ation and particle protected safe space in the spacecraft 
or planetary base.  These measures requires alerts of 
tens of minutes ahead, longer in case of extravehicular 
or off-base activities.   Deep Space Gateway provides a 
platform to test and validate the required space weather 
alert systems. 

Specifying the Risk: A sudden dose of 300 rem 
(Roentgen Equivalent Man) is considered lethal for 
humans.  Spread out over days or longer the dose is not 
lethal.  The solar storm of August 1972 occurred in 
between the Apollo 16 and 17 missions.  Had astro-
nauts been walking on the Moon during that storm they 
would have absorbed 400 rem.  A timely warning 
would have allowed these astronauts to retreat to the 
LEM, attenuating the dose to about 50 rem, still 50 
times the dose of a typical CAT scan.  Modern space-
craft, the ISS, and also the Apollo command module 
attenuate the radiation dose by an order of magnitude 
or more. Safe spaces inside interplanetary spacecraft 
and planetary bases can attetuate by at least two  orders 
of magnitude.  Hence it is possible to protect human 
life (and also equipment) on the condition that timely 
alerts are issued, [1]. 

Onboard Space Weather Alerts: When not in the 
Earth-Sun line space travellers are exposed to parts of 
the Sun that are not visible from Earth.  Hence Earth 
can provide no forecasts for space weather events from 
those regions.  Moreover, slow-rise proton storms are 
currently predicted from in-situ proton measurements 
during the initial rise phase (e.g. [2}), so even event 
visibility from Earth does not suffice for those.  Fast-
rise events require that the magnetic footprint of the 
spacecraft to the Sun coincides with the solar flare 
location.  In this case the preflare correlation between 
soft X-rays and proton flux (observed by the GOES 
satellites for Earth) provides the SEP alert, [2], and 
hence again Earth cannot provide the alert 

High energy radiation from major solar flares, the 
second hazard, is emitted in all directions.  Warnings 
for regions not visible from Earth therefore have to be 
produced on board. 

Instrumentation: With the current state of fore-
casting technology the instruments required are: 

1. A vector magnetograph similar to the Helioseis-
mic and Magnetic Imager (HMI) on NASA's Solar 
Dynamics Observatory, [3].  The technology for this 
instrument is about a decade old and the software for 
processing the data is operational.  Hence the cost of 
the instrument will be reasonable.  Flare forecasting 
algorithms, based on machine learning, are rapidly 
improving, [4,5,6].  DSG provides the opportunity to 
calibrate the setup in a realistic operational setting. 

2. A solar X-ray imager and in-situ proton flux de-
tectors similar to those in NOAA's sGeostationary Op-
erational Environmental Satellite system (GOES).  
Again the technology and the forecasting algorithms 
[2,7] exist. 

Machine Lerarning Development: The algo-
rithms for flare and SPE prediction through machine 
learning are undergoing rapid development at this 
time, in large part through the interdisciplinary efforts 
of solar physicist and computer scientists, including at 
GSU's GAIN.  Machine learning is required in space 
because the astronauts cannot duplicate the work of the 
human forecasters at NOAA's Space Weather Predic-
tion Center (SWPC), while astronaut safety is also a 
NASA responsibility. 

Conclusion: We propose to develop, test, integrate, 
and calibrate an end-to-end space weather prediction 
system onboard the DSG, based on current operational 
instrumentation, with the goal of having an optimal 
system in place for the planned interplanetary voyages, 
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