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‘ ABSTRACT ’ Decompression sickness (DCS) poses a significant risk to astronauts during extravehicular activities (EVAs) and

transitions between atmospheric pressures in microgravity and planetary environments. This paper explores the potential
of predictive Al models that integrate clinical data, blood rheology metrics, wearable device analytics, and historical data from various gravity
conditions. The aim is to mitigate DCS risks through real-time prediction and intervention strategies. Key advancements include Al-driven
modelling of nitrogen saturation, tailored prebreathe protocols, and hybrid spacesuit technologies with mechanical counterpressure. The study
highlights the critical role of machine learning in improving safety and operational efficiency for future space missions.
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INTRODUCTION

Decompression sickness, characterized by gas bubble formation due to
rapid pressure reduction, remains a persistent challenge in space
exploration. Historically mitigated through oxygen prebreathe
protocols and strict operational procedures, the condition still poses a
risk to mission success and astronaut health. Advances in wearable
technology and Al offer new opportunities for real-time monitoring
and prediction of DCS risk, leveraging physiological data from
astronauts in diverse gravity environments.

This study examines how predictive Al models can integrate multiple
data streams, including clinical observations, blood rheology, and
wearable sensors, to develop personalized strategies for DCS
prevention and treatment.

METHODOLOGY

When predictive AI modelling is used to analyse decompression
sickness (DCS) based on clinical, blood rheology, wearable device
analytics, and historical astronaut data in microgravity, zero gravity,
lunar, and Martian gravity conditions, the collected data can
significantly contribute to mitigation strategies in several ways:

PERSONALIZED RISK PREDICTION

» Individualized Models: Al can identify specific risk factors for
individual astronauts based on their physiological data (e.g., blood
rheology, vascular response, and historical susceptibility).

* Real-Time Monitoring: Wearable device data (e.g., heart rate,
oxygen saturation, skin perfusion, and movement patterns) can
feed into models to provide real-time risk assessments of DCS
during mission activities.

OPTIMIZED PROTOCOLS FOR PRE-BREATHING

OXYGEN

»  Tailored Pre-Breathe Durations: Al can analyze how variables like
microgravity-induced fluid shifts and reduced gas exchange
efficiency affect nitrogen elimination. This allows optimization of
pre-breathing protocols to minimize nitrogen saturation.

» Condition-Specific Adaptation: Gravity-specific models can

refine protocols for lunar or Martian activities by accounting for
differences in environmental pressure and partial gravity effects.

ACTIVITY PLANNING AND REAL-TIME ALERTS

» Safe Mission Timelines: Al can use historical and real-time data to
recommend safe timelines for extravehicular activities (EVAs) or
other decompression scenarios, reducing the likelihood of DCS.

¢ Anomaly Detection: Continuous monitoring via wearable devices
can detect early signs of DCS, such as altered cardiovascular
patterns or tissue oxygenation, and trigger preventive
interventions.

PHYSIOLOGICAL CONDITIONING AND TRAINING

e Pre-Mission Training Optimization: Simulations based on
predictive Al can be used to train astronauts, exposing them to
realistic decompression scenarios and teaching optimal responses.

* Adaptive Conditioning Programs: Al can recommend
personalized fitness and conditioning routines to improve blood
rheology and cardiovascular resilience, minimizing the risk of
bubble formation.

DRUGAND THERAPEUTIC STRATEGIES

¢ Pharmacological Insights: Analysis of blood rheology data and
historical outcomes can guide the development of targeted
pharmacological agents (e.g., drugs that reduce bubble formation
or promote vascular flexibility).

*  Hyperbaric Therapy Scheduling: Predictive models can inform the
best timing and duration of hyperbaric therapy, ensuring effective
nitrogen offloading.

GRAVITY-SPECIFIC MODELLING

¢ Microgravity and Partial Gravity Effects: Insights into how
microgravity and partial gravity alter fluid distribution, gas
solubility, and metabolic rates can guide DCS risk mitigation
strategies tailored to specific environments.

«  Extrapolated Scenarios: Historical astronaut data and simulations
can prepare for novel gravitational environments, reducing
uncertainty in future missions.
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MISSIONAND EQUIPMENT DESIGN

»  Pressure Suit Optimization: Al can inform the design of space suits
and life support systems by modelling pressure and gas dynamics
under variable gravitational conditions.

e Airlock Procedures: Simulations can optimize airlock
depressurization rates to minimize DCS risk without
compromising operational efficiency.

DISCUSSION

By leveraging predictive Al, data from diverse gravity conditions, and
wearable analytics, mitigation of decompression sickness can be made
proactive, personalized, and precise. The integration of these insights
into astronaut training, mission protocols, and equipment design will
enhance astronaut safety and operational efficiency in long-duration
space exploration missions. When predictive AI modelling is used to
analyse decompression sickness (DCS) based on clinical, blood
rheology, wearable device analytics, and historical astronaut data in
microgravity, zero gravity, lunar, and martian gravity conditions, the
collected data can significantly contribute to mitigation strategies by
personalized risk prediction using individual models and real time
clinical monitoring, optimising protocols for prebreathing oxygen,
suggest activity planning and condition specific adaptation, anomaly
detection can suggest or trigger preventive interventions, suggest
permission training optimisation and adaptive conditioning programs,
pharmacological insights with analysis of blood rheology data and
historical outcomes can guide the development of targeted
pharmacological agents (e.g., drugs that reduce bubble formation or
promote vascular flexibility) or hyperbaric therapy scheduling derived
from predictive models can inform the best timing and duration of
hyperbaric therapy, ensuring nitrogen off loading, data analysed can
guide DCS risk mitigation strategies tailored to specific environments
and Al suggestion of pressure suit optimisation and develop
simulations that optimize airlock depressurization rates to minimize
DCS risk without compromising operational efficiency.

PHYSIOLOGICALCHALLENGESIN SPACE

DCS occurs when inert gases, primarily nitrogen, form bubbles during
pressure transitions. In microgravity, reduced hydrostatic pressure
exacerbates bubble formation, while planetary gravity introduces
additional workload and joint stress, increasing DCS risk. Current
mitigation strategies involve extensive prebreathe protocols, which
are operationally taxing but essential to denitrogenate tissues
effectively (8,9,12).

ROLE OF PREDICTIVE AI

Predictive Al models analyse individual and group-level data to assess
DCS risk dynamically. For instance, machine learning algorithms can
model nitrogen washout kinetics, tailoring prebreathe durations based
on real-time blood gas measurements and historical mission data
(9,11). Wearable devices equipped with biosensors provide continuous
monitoring of biomarkers like oxygen saturation and venous gas
emboli (VGE), enabling early detection of risk factors (8,12).

INTEGRATION OF WEARABLE TECHNOLOGY

Wearable sensors are pivotal for implementing Al-driven solutions.
Advanced devices developed in collaboration with space
organizations, such as the iLAUNCH initiative, offer real-time
physiological monitoring, enhancing in-flight diagnostics and
intervention capabilities (8). These devices can detect early signs of
DCS, such as joint pain or altered blood flow, and adjust prebreathe
protocols or suit pressure settings automatically.

INNOVATIONS IN SPACESUIT DESIGN

Hybrid spacesuits with mechanical counterpressure layers, such as the
SmartSuite, are being developed to address mobility and DCS risks.
These suits combine traditional gas pressurization with localized
mechanical counterpressure, reducing prebreathe requirements and
enhancing astronaut performance during planetary EVAs (9,12). Al
can optimize suit settings in real-time, balancing mobility and
decompression safety.

APPLICATIONS BEYOND SPACE

The methodologies developed for space missions have terrestrial
applications in remote medical monitoring, high-altitude aviation, and
underwater operations. Wearable analytics and Al can guide
interventions in environments where rapid decompression is a
concern, ensuring broader societal benefits from space technology
advancements (8,10).

CONCLUSION

The integration of predictive Al with wearable technologies and
hybrid spacesuit innovations represents a transformative approach to
managing DCS in spaceflight. By leveraging real-time data and
machine learning, it is possible to enhance astronaut safety and
mission efficiency significantly. Future research should focus on
validating these models in operational environments and exploring
their applicability to other extreme settings.
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