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Summary

• Crewed Mars missions will see unavoidable decreases in support from Earth 

for real-time onboard trouble-shooting and problem-solving.

• An integrated set of technologies is needed to ensure that crew can effectively 

respond to on-board situations in the absence of real-time ground support.

• This presentation describes describes early progress towards integrated 

hardware and software intended to reduce risk for a crewed Mars mission.



A Crewed Mission to Mars

• Long Mission : ~3 yrs

• No evacuation (a year 

to get back after 3-4 

weeks)

• No resupply during 

transit

• Small crew, delayed 

ground support



Anomalies and Alarms

Apollo Anomalies

362 Total Anomalies

35 Significant Incidents

68  Total High Priority IFIs

33  Vehicle incidents requiring urgent diagnosis

ISS: Significant Incidents in Vehicle Systems Requiring Immediate Response

Avg: 1.7/year
Vehicle incidents requiring 

urgent diagnosis

ISS: Class 2 Alarms
(indicate that crew or ground needs to take immediate 

action to avoid injury or death of crew or damage to ISS)

Year of Operation

660 total

Avg:  2.4 / month

Avg:  29 / year

Avg: 3 significant 

incidents / mission

Year of Operation
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This is not unique to human spaceflight missions



Unanticipated Anomalies



Current Ground Response Capability
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About 70 Flight Controllers across three daily shifts

~660 years combined console experience

22 unique console disciplines

Front Room - Mission Control Center 
(MCC-H FCR + MPSRs)

-  50+ operators on console

- 20+ specialists on call

- ~500 years combined on-console 
experience (operators only)

- 600+ years combined relevant 
experience (operators only)

- 80% have 1+ engineering degrees

- 50% have a degree in Aerospace / 
Aeronautical / Astronautical 
Engineering

Estimated years experience by console: Back Room - Mission Evaluation 
Room (MER)

- 30+ engineers on console

- ~161 years combined on-console 
experience

- 556 years combined relevant 
experience (estimated based on 
average experience level of MART 
participants)

- In one MART meeting:

- 747 years combined relevant experience

- Average experience level: 17 years

MCC-H FCR: Mission Control Center-Houston Flight Control Room

MSPR: Multi-Purpose Support Room



Real-time Crew Interaction

During Mars missions, the crew-system team will need to take on critical 
capabilities currently performed by experts on the ground with access to 
vast datasets. 

Currently, the ground:​
• Guides and oversees procedure execution in real time, preventing crew error 

and advising when an unexpected result is reached​
• Monitors system telemetry and automated actions to track and respond to 

major system state changes

There are three types of activities performed by Ground Controller that 
currently depend on real-time or near real-time communication:​

- Time-to-effect
   - Next-worst-outcome
   - Common cause
   - Confirming cues

Flight Controller 
Decision-Making

Response procedures 
are one failure deep



Decision Support Technology Gaps

Capabilities needed to support crew with time-critical unknown knowns:

1. Onboard real-time telemetry analytics for diagnostics

2. Integration of statistical and rule-based AI output

3. Real-time AI analysis with crew input

– Crew as sensors and hypothesis generators

4. Crew interaction with complex engineered systems

– Including autonomy inhibition

Humans and AI succeed and 
fail in different ways



Ground 

Knowledge
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A Layered Approach to Problem Solving
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Physics-Based 

Models

Kalman Filtering

Rule-Based AI

Novel SensorTech

Data-Driven ML 

Methods

On ISS, Today

Responder Data Source Responder Data Source Responder Data Source

Around the Moon At Mars Tech 

Elements

Recommendation 

Tools

Crew Interaction 

Approaches

Crew 

Response

Crew 

Response

1 | 3



Path to 
Earth-Independent 

Operations

● Onboard systems automate 
as much as safely possible 
and work with crew and 
ground when it not possible

● Use crew as sensors and  
adaptive/flexible problem 
solvers

● Ground Control on Earth will 
manage everything that is 
not urgent

Leveraging major advances of 
the past ~decade:
• Sensor technologies
• Compute Hardware
• AI/ML

Earth 
Independence

Crew Interaction 

Mission Management

Data Integration

Vehicle Systems

Communication Systems

Anomaly Response
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THANK YOU
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