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Disclaimer 

The views, opinions, and/or findings contained in 

this presentation are those of the author(s) and 

should not be construed as an official Department 

of the Army position, policy, or decision, unless so 

designated by other official documentation. 

Citation of trade names in this paper does not 

constitute an official Department of the Army 

endorsement or approval of the use of such 

commercial items. 
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USAARL HISTORICAL CONTRIBUTIONS 
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Cockpit Air Bags 

Communication Ear Plugs 

Night Vision Goggles 

Aircrew Heat Stress 

ISO Jolt 

Standard 

Crash Neck Injury 

Crash Survival 

Crash Helmet Standards 
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Now Back To: 

PHYSIOLOGICAL MONITORING 

OF AIRCREW FOR PREDICTION 

AND DETECTION OF 

PERFORMANCE IMPAIRMENT 
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• Human monitoring

• Disease Diagnosis

• Disease Monitoring

• Physical Fitness

• Personal Health Monitoring

WHERE DID THAT IDEA COME FROM? 

• Wearables – hot topic 
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WHERE DID THAT IDEA COME FROM? 

• Wearables – hot topic 

• Human monitoring 

• Disease Diagnosis 

• Disease Monitoring 

• Physical Fitness 

• Personal Health Monitoring 

Continuous Glucose Monitoring 
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• Aircraft monitoring the aircraft

• Relevant to this discussion (example)

• Aircraft is watching for human failure

MONITORING THE AIRCRAFT VS 

MONITORING THE HUMAN --

TO ASSESS PILOT PERFORMANCE… 

• Human monitoring the aircraft (since the beginning) 

“yaw string” or streamer? 

sound 
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EXAMPLE: AUTOMATIC GROUND COLLISION 

AVOIDANCE SYSTEM (AUTO GCAS) 

• Human monitoring the aircraft (since the beginning of aviation) 

• Aircraft monitoring the aircraft 

• Relevant to this discussion (example) 

• Aircraft is watching for human failure 
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LOCKHEED-MARTIN SLIDE 
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AIRCRAFT DATA PLUS HUMAN DATA 

• Auto-GCAS does not use any data directly from pilot 

• Concept for Future Aviation Safety: 

• Combine system data with pilot data 

• Expand range of detected states 

• Take safety of manned aviation to next level 
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Includes Everything: Physio, Psych, Cog, even Acft… 

PHYSIOLOGICAL MONITORING 

OF AIRCREW FOR PREDICTION 

AND DETECTION OF Both 

PERFORMANCE IMPAIRMENT 

Most aspects of ‘performance’ 
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“PHYSIOLOGICAL EVENTS” VS 
“COGNITIVE” DECREMENTS 

• Military FW issue 

mainly 

• Cognitive 

performance is 

cross-platform 

• All are legitimate 

concerns for civil 

aviation 
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ANOTHER APPLICATION: 

AEROMEDICAL STANDARDS / WAIVERS 

• In addition to physiology and cognitive monitoring, health-

related parameters can be monitored 

• Could be useful for healthy aircrew (but issues exist) 

• Could allow ‘grounded’ aircrew to fly 

• Operator State Monitoring system is backup/safety net 

for selected diagnoses that otherwise would be 

disqualifying 

• Examples 

• Blood glucose (diabetes) 

• Cardiac rhythm (arrthymias) 
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BASIC STEPS IN 

“OPERATOR STATE MONITORING” 

Monitor 
Pilot 

Detect 
Problem 

Take 
Action 
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 BASIC APPROACH TO MAINTAINING 

AIRCREW PERFORMANCE 

Pilot flying 
successfully 

Events occur 
that could 
degrade 

performance 

System 
predicts 

deteriorating 
pilot 

performance 

System takes 
action to 
prevent 

deterioration 

Events occur 
that degrade 
performance 

System 
detects 

degraded 
pilot 

performance 

System takes 
action to 
reverse 

deterioration 
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Monitor 
Pilot 

Detect 
Problem 

Take 
Action 

BASIC STEPS IN 

“OPERATOR STATE MONITORING” 

Need 

• Predictive data 

• Aircrew-compatible 

sensors 
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MONITORING THE PILOT 

• Data needs 

• Depend on degraded states to be detected 

• e.g, fatigue, hypoxia, excessive workload (or underload) 

• Frequently cited 

• ECG (HR, HRV) 

• EEG 

• Pupillary changes and eye movements 

• Oxygen level in tissue/blood 

• Temperature 

• Sensors 

• Myriad vendors with different sensor combinations 

• Compatibility depends on aviation platform environment 
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Monitor 
Pilot 

Detect 
Problem 

Take 
Action 

BASIC STEPS IN 

“OPERATOR STATE MONITORING” 

Need 

• Thresholds for concern 

• Algorithms for processing 
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ISSUES WITH DATA PROCESSING AND 

STATE IDENTIFICATION 

• Significant hurdles to overcome 

• Airworthiness certification for opaque systems potentially 

affecting aircraft 

• Individual differences 

• Within subject variability 

• Ex: circadian variations, mood, caffeine 

• Between subject variability 

• Ex: test pilots vs student pilots – different responses 

• Interfering conditions 

• Medications 

• Health problems affecting data 
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EXAMPLE: HEART RATE 

“Normal” 

“Stress” for normal aviator 
(also dehydration, heat, workload 

physical exertion, fatigue) 

“Normal” for marathon runner 
“Normal” when on certain medications 

(even if maximally stressed) 
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Monitor 
Pilot 

Detect 
Problem 

Take 
Action 

BASIC STEPS IN 

“OPERATOR STATE MONITORING” 

Need 

• Responses appropriate for 

predicted or detected state 

• Responses must be validated 

to ensure desired response 

from aircrew 
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ADDITIONAL CONCERNS 

• Systems may ultimately need to be individualized 

• May need frequent recalibration 

• Monitoring aircrew is complicated 

• Resistance from aircrew 

• Concerns about grounding 

• Health-related uses and privacy concerns 

• System MUST NOT interfere with pilot’s performance 

• System MUST be superior to simple manual control of 

workload/displays/task allocation by aircrew 

Unclassified 
26 



 RANGE OF OPERATOR STATE MONITORING 

CONTRIBUTIONS 
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WHAT DOES THIS MEAN FOR CIVIL 

AVIATION AND THE FAA? 

• High potential for increased safety in the future 

• Potential benefit to aeromedical certification 

• High technical risk in short term 

• Must leverage enormous investment in human monitoring 

around world 

• Industry, Sports, DoD 

• Aviation community must conduct research targeted at our 

environment 

• Physical environment 

• Social environment 

• More rigorous than most other applications 
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WHAT DOES THIS MEAN FOR CIVIL 

AVIATION AND THE FAA? 

2017 SAS Paper, “Emerging issues and Future Opportunities” 
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MANAGING AIRCREW WORKLOAD: 
OTHER IMPORTANT STRATEGIES 

Operator 
State 

Monitoring 

Trust 

Operator 

Workload 
& 

Performance 

Individual 
Readiness 

Scalable 
Autonomy 

Medical 
Fitness 

Maintenance 
Of 

Performance 

Performance 
Enhancement 

System 
Design 
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UNOFFICIAL RECOMMENDATIONS AND 

THOUGHTS 

• Invest in research needed to incorporate operator state 

monitoring in civil aviation in the future 

• Leverage active research by others for similar applications 

• Continue investment in complementary aeromedical 

research to maintain pilot performance in real-world aviation 

operations 

• SAS should continue to emphasize research in this area 

• Thoughts from CAMI? 
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COMMENTS / QUESTIONS? 

John Crowley MD MPH 

john.s.crowley.civ@mail.mil 
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