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Abstract

Satellite docking technologies have become a cornerstone of modern space exploration, offering
transformative capabilities not only for spacecraft operations but also for addressing global
environmental and crisis management needs. As demonstrated by missions such as India’s SpaDeX
(Space Docking Experiment), docking systems are pivotal for complex space missions involving
satellite assembly, maintenance, and operational diagnostics. These systems allow spacecraft to
interact cooperatively, facilitating critical functions like real-time data exchange, anomaly
detection, and system repairs. This paper explores the multi-faceted applications of docking
technologies, particularly in supporting spacecraft health diagnostics, offering redundant support
systems, and enabling autonomous maintenance in space.

Further, the paper emphasizes the integration of docking technologies in responding to terrestrial
challenges, focusing on their potential to enhance environmental monitoring and disaster
management efforts, specifically in wildfire control. By leveraging the ability of docked satellites to
exchange real-time data and deploy resources, docking systems can support more efficient and
coordinated disaster responses. The creation of orbital firefighting platforms and autonomous
firefighting missions demonstrates the broader impact of docking technologies in managing
natural disasters. Despite the many advances, significant challenges in system standardization,
autonomous reliability, and operational integration remain. This paper provides a forward-looking
perspective on how satellite docking can evolve to address both space exploration and urgent
environmental issues, with a particular emphasis on enhancing disaster management capabilities
through technological innovation.
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1. Introduction: The Importance of Satellite Docking Technologies

Satellite docking technologies have rapidly evolved over the past decades, marked by missions such
as India’s SpaDeX (Space Docking Experiment) and similar initiatives from other international space
agencies. These systems are often viewed as a crucial asset in deep space exploration, particularly in
mission-critical scenarios like satellite assembly, repairs, or operational maintenance. The ability to
dock spacecraft, whether for cooperative activities such as data-sharing or even real-time response
to spacecraft malfunction, paves the way for more advanced autonomous systems.

Missions like SpaDeX serve not only to advance operational spacecraft objectives but also to
establish technological frameworks for other sophisticated space tasks. The utilization of satellite
docking, in particular, facilitates interaction between various spacecraft in complex missions. By
harnessing advanced sensors, docking systems can contribute significantly to operational diagnostics,
offering continuous monitoring, data exchange, and anomaly detection, such as those related to
helium leaks or thruster malfunction. Moreover, these advancements do not merely apply within the
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realm of space missions but offer broader prospects for mitigating global environmental and
emergency response challenges.

This paper delves into the various ways in which docking technology can be implemented, from
predicting spacecraft anomalies to enhancing global disaster management. Special emphasis will be
given to the capabilities of satellite docking for both advanced diagnostics and as an essential
component of future environmental surveillance systems, with wildfire management as a key use
case.

2. Satellite Docking Technologies and their Potential Applications

Satellite docking technologies have evolved to integrate sophisticated methods for supporting space
operations beyond what was initially considered possible. Technological enhancements in this field
are deeply linked to autonomous spacecraft capabilities, interaction between human and robotic
systems, and data-driven management. Below are a few key application areas of docking
technologies that influence both spacecraft operations and external crisis management, especially
focusing on health diagnostics of space vehicles and disaster support efforts.

2.1. Real-Time Diagnostic Interfaces

The ability to exchange real-time diagnostic data between docked satellites holds promise for more
effective troubleshooting. Given the constraints and complexities of space missions, early detection
of mechanical or operational failure is critical in minimizing operational risk. When one spacecraft
docks with another, sophisticated diagnostic interfaces facilitate continuous sharing of telemetry
data, which can identify system malfunctions. This setup is ideal for flagging issues such as helium
leaks or inconsistencies in propulsion system performance early enough to take preventative actions.

Such advancements are especially crucial when it comes to helium leaks, which are a known risk for
spacecraft propulsion systems. Monitoring for gas emissions from a spacecraft’s thrusters or
propulsion system using precision spectrometers attached to a docked satellite would allow for real-
time detection and mitigation. This capability ensures that issues are rectified before more
catastrophic problems arise, which could put mission success in jeopardy.

2.2. Redundant or Auxiliary Systems for Support

Redundancy in space exploration is critical to ensuring that operational failures do not cascade into
mission-crippling setbacks. Docking systems enhance this concept by allowing spacecraft to offer
support to one another during instances of critical system failure. For example, if one spacecraft
develops an issue, say with helium pressurization, the spacecraft docked nearby might be able to
offer support by regulating pressure or sharing resources until the spacecraft can be serviced.
Similarly, propulsion systems could offer supplemental thruster force, enabling the faulty spacecraft
to stabilize or navigate safely. The ability to have such redundant or auxiliary support significantly
increases mission reliability and reduces the risks associated with unanticipated technical failures
during high-stakes operations.

3. Advanced Maintenance and Robotic Assistance

Not only do docking systems support diagnostic procedures, but they also make way for much-
needed space repairs. Missions relying solely on human astronauts have historically faced challenges
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surrounding the complexity, risk, and cost of human spacewalks. Autonomous robots stationed on
one spacecraft could interact with another spacecraft that has docked, performing preventative
measures such as patching up leaks, checking vital external structures, or even replacing worn-out
parts. Using robotic arms or precision instruments aboard these systems increases operational
efficiency and safety during the critical repair processes.

Spacecraft can thus perform a variety of maintenance activities autonomously, from the small-scale
task of diagnostics to more substantial repair interventions. This transformation opens new pathways
for autonomous spacecraft and stations where direct human intervention may not be viable.

3.1. In-Situ Repair Mechanisms and Diagnostics

The ability of a docked spacecraft to conduct repairs in situ could drastically reduce the need for
costly rescue missions or unscheduled astronaut intervention. This increases the endurance of space
missions, supporting tasks that would have otherwise been sidelined due to the logistical constraints
or perils of spacewalks. By incorporating robotic arms and tools designed for onboard maintenance,
spacecraft no longer rely on Earth's proximity to fix malfunctions or faults.

4, Early Detection Through Simulation

Docking technologies also allow spacecraft to undergo simulated testing environments in low Earth
orbit (LEO). These systems subject the spacecraft’s mechanical and operational components to
conditions that they would face in normal missions, stress-testing propulsion systems, power
supplies, and diagnostics protocols. This early detection of stress points and potential failures
ensures that mission-critical systems are free from issues by the time they move forward in their
mission lifecycle.

These testings serve two vital functions: First, they ensure the successful integration of the
spacecraft before the mission takes place, and second, they enhance risk mitigation by detecting
failures such as helium leaks or propulsion issues before launch. Understanding the failures early in
the cycle ensures mission flexibility and mission resilience.

6. Spacecraft-Enhanced Coordination for Environmental Management and Wildfire Control

Spacecraft docking systems can extend their applications far beyond the confines of space by
contributing to critical environmental monitoring, data sharing, and emergency management
functions, including firefighting operations.

6.1. Orbital Firefighting Platforms

One of the most intriguing uses of spacecraft docking technologies lies in their potential to manage
natural disasters such as wildfires. The real-time data sharing capabilities of satellites equipped with
these docking systems could facilitate coordinated global responses in disaster-prone regions. By
enabling autonomous or drone-assisted spacecraft to detect fire zones, deploy resources such as fire
retardants, and support aerial firefighting efforts, these systems could offer critical aid in both
manned and unmanned operations.

In the case of wildfires, spacecraft docking could also see the development of “orbital firefighting
platforms.” These could consist of large, water-holding structures capable of docking with spacecraft
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that replenish them with water and fire retardant from space. This innovative technology could
present a massive leap in logistics for firefighting efforts worldwide.

USE CASE 1:
Use Case Overview

Wildfires represent a severe environmental threat across the United States, particularly in dry
regions such as California, Texas, and the Pacific Northwest. In 2020 alone, over 58,000 wildfires
burned more than 10 million acres of land in the U.S. These fires cause enormous property damage,
endanger lives, and release harmful pollutants into the atmosphere. Traditional wildfire response
strategies, which rely on ground-based firefighting units, face numerous challenges, especially in
vast, remote, and rugged terrain. Satellite docking technology has the potential to transform wildfire
control and management by enabling real-time monitoring, automated data gathering, resource
deployment, and orbital firefighting platforms.

The concept involves utilizing advanced satellite docking systems to optimize wildfire detection,
coordinate firefighting strategies, and create orbital firefighting capabilities. By leveraging the
synergies of satellite communication, drone technology, and autonomous systems, this approach
would substantially improve firefighting efficiency, response time, and safety.

2. Actors Involved
e Satellites: Provide real-time monitoring and detection of wildfire hotspots from space.

e Docked Satellites: Collaborate with each other to share real-time environmental data and
increase the system's resource capability.

e Aerial Firefighting Units (Aircraft and Drones): On-demand deployment to wildfires, using
information obtained from satellites.

¢ Ground-Based Firefighting Units: Coordinated through satellites, integrating aerial
firefighting data to create optimized response strategies.

e Orbital Firefighting Platforms (OFPs): Specialized spacecraft or platform-based systems
equipped with fire suppressant and water storage.

e Artificial Intelligence (Al) & Predictive Analytics: Used to analyze satellite data, predict fire
behavior, and guide firefighting decisions.

3. Goal/Obijective of the Use Case

The primary objective of this use case is to harness the potential of satellite docking technology to
combat wildfires in the United States effectively. This would be achieved by:

1. Early Detection: Satellites will be used to scan the Earth for early signs of wildfires.

2. Real-Time Data Exchange: Docked satellites can communicate and transfer critical data, such
as fire location, size, heat signatures, wind speed, and direction, to command centers.
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Orbital Firefighting: Satellites or orbital platforms could carry fire retardants or water, which
could be deployed using aerial drones to suppress fires remotely.

Coordinated Response: Autonomous aerial drones and aircraft can be managed and guided
from space, ensuring precision in deployment and minimizing the impact of fires on local
communities and ecosystems.

4. Preconditions

Fully Operational Docking Infrastructure: Satellites equipped with docking ports, payload
capabilities, and autonomous system integration.

Al Algorithms for Fire Detection: Al algorithms capable of interpreting large volumes of
satellite data in real time to detect early wildfire indicators.

Autonomous Orbital Platforms: Development of reusable orbital firefighting vessels capable
of docking and resupplying themselves with water or fire retardants.

5. Primary Flow of Events (Normal Workflow)

1.

Real-Time Detection: A satellite, equipped with infrared sensors and other diagnostic tools,
spots a heat anomaly in a typically wildfire-prone region, such as the western United States.
The data is instantly analyzed by Al-based systems onboard the satellite.

Early Warning and Data Sharing: The satellite shares real-time data with nearby docking
satellites in orbit. This data contains crucial information such as the exact location, the
temperature of the hotspot, wind speed, and the surrounding weather conditions. These
docked satellites relay this information to local firefighting agencies, the National Oceanic
and Atmospheric Administration (NOAA), or disaster response teams.

Predictive Analytics: Al-based algorithms predict the trajectory of the fire, using data like
wind patterns and geographical obstacles, helping agencies prioritize which regions may be
at higher risk of further spread.

Orbital Firefighting Units Mobilized: Depending on the severity of the fire and its location,
spacecraft in orbit equipped with fire suppressant or water modules (Orbital Firefighting
Platforms) are directed to the affected area. These platforms dock with nearby satellites to
resupply or adjust payloads for optimal fire-fighting potential.

Deployment of Aerial Drones or Aircraft: Based on data from the satellites, unmanned aerial
systems (drones) or traditional aerial firefighting units (e.g., water bombers) are sent to
deploy retardants, directly targeting critical hotspots where the fire is escalating quickly.

Post-Docking Coordination: The fire retardants and other firefighting resources are dropped
with pinpoint precision based on the data shared between orbital platforms, drones, and
ground teams. These resources significantly disrupt the fire's progression. Satellites continue
tracking the fire and update all teams on conditions as they evolve.
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Continuous Monitoring: As the situation evolves, satellite docking networks continue to
exchange telemetry data from sensors, provide predictions of the fire’s behavior, and adjust
firefighting strategies based on real-time data.

Ongoing Resource Resupply: Docked orbital platforms continuously communicate with each
other, ensuring that resources for aerial drones are replenished for long-duration operations,
maintaining high operational efficiency.

6. Alternate Flows of Events

Cloud-Based Fire Prediction System Failure: If there is a malfunction in the cloud-based
predictive Al analytics system, satellites can automatically switch to manual modes,
continuing to send real-time data to coordination centers while experts take over analysis.

Orbital Refueling Delay: If one of the orbital platforms runs low on supplies before reaching
the fire zone, it can dock with a “supply” satellite or platform in orbit, enabling rapid
refueling and continued operational support. These orbital fueling stations could be
positioned on "cargo spacecraft" strategically placed in Earth's orbit for resupply purposes.

7. Postconditions (End States)

1.

Fire Contained or Extinguished: The fire is either successfully contained by the combined
efforts of aerial drones, aircraft, and orbital firefighting units, or suppressed long enough for
ground teams to take further action.

Data Analysis for Future Prevention: The collected data is analyzed, enabling agencies to
assess the fire management response and develop future wildfire prevention and
management strategies.

Firefighting Resources Replenished: Docking platforms are fully resupplied with fire
suppressant materials and ready for deployment in future firefighting missions.

8. Benefits

1.

Enhanced Detection: Early fire detection using satellites improves the time frame for
deploying emergency services, allowing firefighting efforts to commence before the fire
spreads uncontrollably.

Precision Resource Deployment: Orbital platforms and drones can deliver firefighting
materials to highly specific areas, reducing the waste of resources and increasing mission
efficiency.

Increased Safety for Ground Units: By using orbital support, the number of required ground
crew can be minimized, significantly decreasing the risks to human life and safety in
dangerous fire zones.

Longer Operational Duration: Orbital refueling capabilities and coordinated satellite support
systems allow firefighting units to maintain a longer operational time frame without logistical
delays or limitations in aerial units’ range.
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5. Real-Time Data Coordination: Improved communication and collaboration between space
agencies, local authorities, and firefighting units result in more effective responses during fire
outbreaks.

9. Potential Limitations

e Dependency on Satellite Docking Systems: Satellite docking networks must function
seamlessly across various platforms, requiring the careful alignment of hardware and
communication protocols across multiple agencies.

e Orbital Fueling Capabilities: Docking platforms and orbital firefighting units need to be
equipped with reliable and autonomous fueling stations, which could be costly or require
additional time to deploy.

¢ Unpredictability of Fire Behavior: While predictive analytics can provide helpful insights, the
unpredictable nature of fires and rapidly changing environmental conditions may challenge
these advanced systems' efficacy in real-time applications.

Use Case — Il Overview

In this scenario, a space vehicle piloted by Sunita Williams, or similar space craft, performs a
return-to-Earth mission, re-entering Earth's atmosphere and landing in the Pacific Ocean. Such a
landing in open waters has potential ecological implications, especially for marine life in the area.
The spacecraft re-entry, disturbance, and subsequent landing could generate waves, chemical
spills, and noise, all of which may disrupt marine ecosystems. Advanced technologies, such as
satellite-based monitoring, robotic systems, and coordinated underwater sensors, could assist in
mitigating these impacts, ensuring safe management of both the spacecraft and its surrounding
environment. This use case focuses on how various technologies, like spacecraft docking,
monitoring systems, and real-time environmental data, could prevent or minimize the
disturbance of marine life and allow for immediate corrective action when necessary.

2. Actors Involved

e Sunita Williams Aircraft (Spacecraft/Orbiter): The spacecraft returning to Earth, possibly
piloted or autonomous.

e Docking and Return Systems: Docking systems facilitating a secure landing and crew
recovery (if required) from the spacecraft.

¢ Satellite Monitoring Systems: Satellites used for continuous monitoring of ocean conditions
and the impact of spacecraft re-entry and landing.

e Oceanic Sensors and Monitoring Stations: These sensors collect real-time environmental
data from the water, including chemical composition, temperature, sound levels, and
biological activity.

e Marine Biologists and Environmentalists: Teams monitoring marine life in the area,
responding to any observed anomalies.
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e Autonomous Underwater Robots/Agents: Robotic systems deployed in the ocean to assist
with monitoring and testing for potential contamination or disturbances caused by the
spacecraft's landing.

e Coastal and Marine Authorities: Agencies responsible for assessing and managing the risks
associated with space-related activities in the region.

3. Goal/Obijective of the Use Case

The goal is to manage and mitigate the environmental disturbance caused by the landing of a
spacecraft in the Pacific Ocean, specifically:

1. Monitoring Marine Life: Ensuring that oceanic wildlife is not adversely affected by the
disturbances caused by the landing (e.g., acoustic disturbance, chemical contamination).

2. Ensuring Minimal Environmental Impact: Employing real-time data to take immediate
corrective action if ecological parameters like water temperature, chemical composition, or
biological activity show signs of harm to marine species.

3. Coordinated Management: Using satellite docking and real-time feedback systems to control
the space craft’s descent, landing processes, and potential interaction with marine
environments.

4. Preconditions

¢ Advanced Spacecraft Re-entry Plans: The spacecraft's flight and landing processes, which are
designed with environmental disruption in mind, should ensure no critical damage to
ecosystems.

¢ Sufficient Satellite and Oceanic Sensor Coverage: Ongoing satellite coverage of the Pacific
Ocean and the spacecraft's descent path, combined with local monitoring systems in the
landing area (buoys, sonar, chemical sensors, etc.).

e Environmental Impact Modeling: Prior modeling of potential disturbances based on
spacecraft weight, landing techniques, and atmospheric re-entry velocities.

e Collaboration Between Space Agencies and Marine Authorities: Inter-agency collaboration
ensures the preparedness of environmental monitoring systems and incident response.

[§,]

. Primary Flow of Events (Normal Workflow)

=

Spacecraft Re-Entry and Descent: Sunita Williams’ spacecraft begins its descent, re-entering
the Earth’s atmosphere and maneuvering towards a specified drop zone in the Pacific Ocean.

o The spacecraft's descent is monitored by orbital satellites.

o Landing is scheduled to occur away from critical marine life habitats to minimize the
risk of disturbance.

2. Real-Time Environmental Monitoring:
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o Satellite systems, along with autonomous marine sensors (buoys and underwater
drones), begin monitoring the physical conditions of the water as the spacecraft
approaches the landing zone.

o Sensors record the impact of atmospheric re-entry, including heat waves, sound
pressure waves (sonic booms), chemical leaks, and sudden shifts in ocean
temperature.

3. Identification of Potential Disturbances:

o The Al-powered system integrated with satellite and underwater sensors identifies
key metrics: changes in water temperature, acidity, sound frequencies, and chemical
residue from the spacecraft’s re-entry.

o Real-time telemetry sends immediate alerts if abnormal conditions are detected
(e.g., sudden spikes in pH levels, toxic chemicals leaking, or disruption of marine life
activity).

4. Correlating Impact on Marine Life:

o If the sensors indicate an environmental disturbance, autonomous underwater
robots are deployed to assess further damage. These robots measure pollutant
concentration and take underwater samples for testing.

o Visual monitoring drones or ocean cameras are used to monitor ocean life in the
vicinity, tracking signs of distress in marine species such as cetaceans, fish, or coral
reefs.

5. Assessment of Safety and Marine Impact:

o Oceanic scientists analyze the environmental readings and the proximity of sensitive
marine life to determine whether damage has occurred. This could include the
disruption of breeding grounds or direct threats to animal health.

o Early reports indicate a possible rise in temperature in specific areas near the landing
site, potentially threatening local fish species.

6. Corrective Action (If Necessary):

o If monitoring confirms serious disturbances or damage to the ecosystem, swift
actions are deployed to mitigate the issue:

= Additional robotic intervention, such as the dispersal of neutralizing agents
or water treatment measures, to correct localized pH imbalance.

= The use of real-time satellite and environmental systems to trigger
immediate protective measures for wildlife (e.g., directing nearby ocean life
to a safer location if needed).

7. Informing Authorities and Ongoing Assessment:

o Ifaction is required, local marine authorities and environmental agencies are
notified immediately, allowing them to execute emergency response protocols to
preserve ocean life.
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o Continuous environmental monitoring is maintained in the aftermath of landing,
ensuring that long-term effects are captured and managed over the following days.

6. Alternate Flows of Events

No Significant Disturbance Detected:

o If sensors do not detect any significant disturbance or harm to the ecosystem,
normal monitoring continues for any secondary effects (e.g., residue from the
spacecraft landing).

o The operation transitions smoothly to the recovery phase, with automated satellite
systems concluding their observation roles.

Chemical Contamination Detected:

o A potential breach of hazardous substances such as rocket fuel or engine coolant is
identified. Autonomous robotic cleanup operations are quickly initiated, and satellite
systems track the spread of contaminants.

o Authorities on the ground are notified, and marine life in the affected zone is
relocated if necessary.

Unexpected Landing Site Shift:

o If the spacecraft deviates from its expected landing location, closer proximity to
marine wildlife breeding zones may trigger an emergency response. Mitigating
measures are triggered, such as manual redirection of drones and spacecraft
retrieval modifications.

7. Postconditions (End States)

1. Minimized Disturbance to Marine Ecosystems: If disturbances occurred, they are mitigated,
and any impact on the marine life in the Pacific Ocean is reduced to a manageable level.

2. Environmental Data Collected: Data on the impact of spacecraft re-entry and landing, as well
as specific measures taken to mitigate disturbances, are collected and analyzed for future
space exploration and landing missions.

3. Full Recovery of Marine Life: If damage to marine life was detected, continuous monitoring
reveals a recovery in the impacted species over the following months. Protection zones and
other preventative measures ensure the ecosystem rebuilds.

8. Benefits

1. Advanced Real-Time Monitoring: Satellite, robotic, and sensor-based systems enable early

detection of any harmful impacts from spacecraft landings in the ocean, improving the
accuracy of environmental response and management.
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2. Enhanced Ecosystem Protection: By using predictive Al models, the scenario ensures
proactive management of marine resources and protection of sensitive ecosystems.

3. Improved Response Capabilities: Autonomous robots can work in real-time, deploy
neutralizing chemicals, collect samples for testing, and communicate directly with space
agencies for swift action.

4. Sustainability and Environmental Safeguards: This use case ensures that the aerospace
industry does not neglect the surrounding environment in its operations. It promotes the
idea that space exploration can progress without compromising environmental sustainability.

9. Potential Limitations

1. Complexity of Interdisciplinary Technology: Developing a system that connects satellite,
robotic sensors, Al-powered models, and marine studies will require intensive cross-sector
research and funding.

2. False Positives: The reliance on Al and robotic responses could lead to unnecessary
mitigation efforts in cases where disturbances are minimal or non-impactful.

3. Cost of Robotic Cleanup: High costs may be incurred to develop and deploy underwater
robots and systems capable of cleaning up pollutants or mitigating environmental effects
effectively.

10. Future Considerations and Improvements
To improve future response systems, several enhancements can be pursued:

1. Robotic System Evolution: Further refinement of underwater robotics to conduct more
diverse tasks (e.g., removing pollutants, mapping ecosystem health).

2. Collaborative Environmental Systems: Expanded networks of satellite-based, oceanic
monitoring systems across more regions of the globe, with the aim of creating global
vigilance against space-related disturbances.

3. Eco-Conscious Space Missions: Ensure that landing zones for spacecraft in the ocean avoid
ecologically sensitive areas or further introduce sustainable solutions for spacecraft that
pose less of an environmental risk.

7. Conclusion

The SpaDeX mission, among others in the international space arena, signifies just one of the ways
that space exploration is evolving to address not only the needs of space missions but also the
broader concerns of humanity. As these technologies grow in sophistication, future innovations are
sure to build on this foundation, offering long-duration space missions a greater degree of flexibility,
risk management, and support through on-demand diagnostics, early detection of system
malfunctions, and on-orbit maintenance.

Beyond space exploration, the docking technology’s relevance spills over into critical sectors such as
emergency management, environmental monitoring, and crisis-response applications. The ability to
use spacecraft for real-time wildfire monitoring or effective firefighting shows how technological
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innovations in space exploration can find relevance to Earthbound problems. Ultimately, docking
technologies redefine the role of space missions, expanding them into pivotal global problem-solving
efforts.

The strategic integration of artificial intelligence for predictive maintenance, deployment of
advanced remote diagnostics, and constant improvement of robotic repairs could transform space
operations as we know them, establishing a new era where space technology not only enables
exploration but also supports the sustainability of both space missions and Earth’s ecosystem.

10. Challenges and Future Directions in Satellite Docking Technologies

While docking technology shows tremendous promise, it does not come without significant hurdles,
many of which must be overcome before these systems can achieve their full potential. Key
challenges include technical, operational, and resource-driven aspects, such as sensitivity of
detection, autonomous operation reliability, and standardization between docking protocols from
different space agencies.

Additionally, the integration of high-sensitivity leak detectors, remote diagnostic systems, and
autonomous predictive Al models will be vital in the continuing evolution of docking systems.
Standardization also remains an issue, as the communication protocols between international space
agencies can vary significantly. However, international standards, such as those laid out by the
International Docking System, are paving the way for a more unified approach that can optimize
interoperability.
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