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Radiation Challenges:  The Deep Space Gateway 

(DSG) offers life scientists the opportunity to explore 

new scientific variables of interest not previously acces-

sible on LEO platforms such as the Space Shuttle and 

ISS. These new variables include deep space radiation, 

potential access to planetary surface samples, and supe-

rior microgravity conditions compared to continuously 

occupied habitats. Arguably the most intriguing among 

these variables is deep space radiation which poses a 

threat to both human health and spacecraft electronics 

[1]. 

Compared to the ISS which is protected by the Van 

Allen Belts, the internal radiation dose rate within the 

DSG could be roughly 4.2 times as large based on data 

collected by the MSL spacecraft which recorded a Mars 

transit dose rate of 1.84 ± 0.33 mSv/day [2]. This as-

sumes relatively minimal shielding on the DSG that is 

comparable in efficacy to what the MSL RAD instru-

ment featured. It is important to note that this difference 

not only reflects overall magnitude but also differences 

in radiation composition such as particle species and en-

ergy distributions. Although radiation exposure facili-

ties are available on Earth, they cannot precisely repli-

cate the composition of deep space radiation [3]. 

Access to higher space radiation dose rates may of-

fer significant scientific value. For example, higher dose 

rates outside the DSG during solar quiescence might be 

more representative of dose rates within the DSG during 

active solar periods. Since solar weather is unpredicta-

ble, it cannot be assured that a given experiment will 

experience desired solar weather conditions. In general, 

larger dose rates can improve the effect size of experi-

ments thereby expediting the discovery and characteri-

zation of radiobiology effects. A key tradeoff however 

is that both the DSG crew and onboard electronics 

would benefit from radiation shielding and lower dose 

rates. 

Within the pressurized and somewhat shielded mod-

ules of the ISS, the typical approach for payload radia-

tion tolerance is to largely ignore it. NASA currently 

provides no official requirements to ISS internal pay-

load developers to utilize radiation hardened compo-

nents or design payload systems with sufficient redun-

dancy to continue operating without issue through sin-

gle event upsets. For ISS, this is indeed a rational and 

cost-effective approach given the high added cost of ra-

diation-tolerance engineering and the low frequency 

and consequence of radiation-related payload failures. 

Further, this approach has enabled the design of pay-

loads incorporating low-cost COTS components de-

signed originally for terrestrial usage. For DSG, it is im-

portant to reassess this approach based on the final radi-

ation exposures expected within the pressurized habitat 

to ensure that the implicit assumptions that it is depend-

ent upon remain valid. These are, namely, low fre-

quency and low consequence of radiation-related pay-

load failure.  

Compared to the ISS, the DSG will feature a lower 

launch rate (1 or 2 per year) and reduced volume avail-

able for science hardware. In that sense, DSG experi-

ments can be considered “higher-stakes” than ISS ex-

periments due to fewer overall flight opportunities. 

Accordingly, for new hardware and ISS-repurposed 

hardware, it would perhaps be prudent to provide some 

basic requirements or guidelines to payload developers 

to improve radiation tolerance without adding signifi-

cant cost. For example, incorporating software watch-

dogs, using radiation-tolerant (but not hardened) com-

ponents, and designing failure tolerance into systems.  

That said, it is crucial not to apply radiation require-

ments that are too stringent and result in ballooning sys-

tem cost, complexity, and volume. Unchecked payload 

requirement creep will decrease the quantity of science 

that DSG can feasibly process. A 90% experiment suc-

cess rate with 10 experiments is preferable to a 100% 

experiment success rate with only 5 experiments.  

Additionally, care should be taken that experimental 

designs take into account the internal DSG radiation ex-

posure and any additional shielding provided by the 

payload hardware itself. This will ensure ahead-of-time 

that experiments can feasibly observe their targeted ef-

fects in a statistically significant manner. 

If necessary, a pressurized volume with less shield-

ing should be considered to provide pressurized experi-

ments access to higher dose rates than achievable within 

DSG itself. To simplify individual experiment design, 

this could be accomplished as an external facility-class 

payload consisting mainly of a simple pressure vessel 

containing multiple internal pressurized payloads along 

with appropriate thermal, power, and data accommoda-

tions. The individual payloads could be periodically 

swapped out via an airlock as DSG crews come and go. 
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Autonomy Challenges: A unique operational as-

pect of the DSG compared to ISS is that it will only be 

intermittently occupied with current NASA plans indi-

cating annual stays of 42 days in duration [4]. As previ-

ously discussed with radiation, longer experiments with 

a larger total dose can provide superior data with a larger 

effect size than shorter experiments. Additionally, when 

uncrewed, experiments will be subject to fewer micro-

gravity disturbances [5]. As such, it would be valuable 

to perform experiments while the DSG is uncrewed. 

On ISS, crew activities are an integral component of 

experiment design. For instance, a typical ISS life sci-

ence payload may feature the crew setting up the exper-

iment, performing periodic media exchanges and data 

collection, and then terminating the experiment and pre-

paring it for transport back to Earth for further analysis. 

Crewmembers are also counted on to perform corrective 

actions as necessary to keep experiments running 

smoothly. For uncrewed DSG, crewmembers will only 

be able to set up and tear down experiments and will be 

unavailable to perform experiment maintenance, data 

collection, and corrective actions for the bulk of the ex-

periment duration. 

This operational shift will place increased emphasis 

on payload autonomy. Accordingly, payloads operating 

while DSG is uncrewed will need to be capable of exe-

cuting experiments without crew assistance and with a 

reasonably high degree of certainty that they will suc-

cessfully return quality science. 

To this end, there are several ways that the DSG can 

support uncrewed experiments to make this task easier. 

For example, DSG could provide generalized internal 

robotics support similar to Robonaut or Dextre. Alter-

natively, common analysis payloads such as spectrom-

eters or DNA sequencers could be strategically posi-

tioned near experiment hardware with standardized 

sample-transfer interfaces so that data can be collected 

continuously during uncrewed operations. Finally, utili-

zation of ISS flight-heritage hardware with demon-

strated reliability and autonomous operation can be used 

for experiment control. Utilization of flight-heritage 

hardware where possible will also reduce cost and ena-

ble greater funding for experiments and truly new hard-

ware capabilities and avoid the committal of funds to 

the reengineering of capabilities that already exist. 

As an example of ISS flight-heritage hardware that 

could be suitable for DSG usage, BioServe has 

developed the Space Automated Bioproduct Lab 

(SABL), a smart incubator capable of controlling 

temperature and carbon dioxide concentration while 

providing experiments with standardized interfaces for 

power, experiment control, and data collection [6]. 

SABL incorporates several key software and hardware 

features that enable it to rapidly and autonomously 

recover from single event upsets and other hardware 

failures without impacting experiment success. This 

behavior has been verified several times on-orbit and 

BioServe does not currently anticipate any significant 

issues operating SABL on DSG. 

In parallel to hardware reliability, long-term un-

tended biological specimen maintenance will also pre-

sent a major challenge. For cell-culture experiments, 

sterility will have to be carefully controlled to combat 

contamination. For small animal experiments where 

some level of contamination is virtually guaranteed by 

microbiota, appropriate measures must be taken to pre-

vent growth. With higher-order animals such as rodents 

that carry with them regulations for their care and use, 

uncrewed experiment design will be rather complicated 

and perhaps require automated euthanasia systems that 

can terminate the experiment in the event of unaccepta-

ble conditions or communications failure. These com-

plications may well render such experiments unfeasible 

to perform on DSG while uncrewed. 

 

Conclusion: Several key challenges facing life sci-

ence payloads operating on the DSG have been identi-

fied as related to deep space radiation and payload au-

tonomy during uncrewed operations. These challenges 

are not insurmountable but should be considered during 

DSG’s scope definition and design so as to not preclude 

valuable science from being performed. Ultimately, 

principal investigators and payload developers must 

overcome or work around these challenges when de-

signing experiment hardware to ensure successful sci-

ence return. 
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