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Background and Motivation 

 Pressure for Unmanned Aircraft 
System (UAS) integration in the 
National Airspace System (NAS) 

- Commercial viability1 
- Congressional mandate2 

 The safe expansion of UAS in the 
NAS will require integrated 
operations between  

- UAS operators 
- Manned aircraft pilots 
- Air Traffic Controllers (ATC) 

 Fundamental differences between 
manned and unmanned aircraft 

- UASs have distributed control 
 Operator’s perspective changes 
 Operators cannot see-and-avoid 
 Requires control and comm. data-links 
 Data-links may have increased delays 

- UASs have different failure modes 
- Vehicle types are much different 

 

 

2 1 Valmie Resources (2015), “Investors.” http://valmie.com/investors.html; 2 FAA Modernization and Reform Act of 2012, Public Law 112-95. 
3 http://www.clker.com/clipart-pilot-flying-airplane.html; 4 http://tjkopena.com/projects/clipart/ 
5 http://idahoptv.org/dialogue4kids/season2/virtual/facts.cfm; 6 http://dir.coolclips.com/Travel/Transportation/Air_Travel/Airports/Air_Traffic_Control/air_traffic_controller_peop1932.html 

Manned Aircraft Pilot3 

Unmanned Aircraft4 

Unmanned Aircraft  
System Operator5 Air Traffic Controller6 

 



Background and Motivation 

 In a multi-agent system, agents have mental models of the 
system and its dynamics, the environment, and other agents 

 It is unclear how Air Traffic Controllers think about unmanned 
aircraft versus manned aircraft 

 

 The focus of this research is on the Air Traffic Controller  
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http://dir.coolclips.com/Travel/Transportation/Air_Travel/Airports/Air_Traffic_Control/air_traffic_controller_peop1932.html 



Research Goal and Objectives 

Goal: 

 Understand the factors involved in Air Traffic Controller’s cognitive 
processes and decision making of mixed manned and unmanned 
operations in the NAS 

Objectives: 

 Understand UAS-experienced Air Traffic Controllers mental models 
of Unmanned Aircraft 

 Understand the strategies Air Traffic Controllers use to manage 
Unmanned Aircraft 

 Understand the current Unmanned Aircraft System environment 

 Identify potential emerging issues between Air Traffic Controllers, 
Manned Aircraft Pilots, and Unmanned Aircraft System Operators 
to help develop appropriate operating procedures  
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Research Approach 

 Goal: Understand the factors involved in Air Traffic Controller’s cognitive 
processes and decision making of mixed manned and unmanned operations in 
the NAS 

 Conduct a cognitive ethnography1 with controllers experienced in this 
environment as an exploratory study  

- Analyze regulatory and procedural guidance on UAS in the NAS 
- Observe controllers interacting with manned and unmanned aircraft 
- Interview UAS-experienced Air Traffic Controllers 

 

 

 

 There is a limited basis for ATC insight on UAS in the NAS 

 Previous research has been difficult to obtain due to lack of access of the 
environment  

- This research is a collaboration with MIT Lincoln Labs, the United States Air Force 
(USAF), the Federal Aviation Administration (FAA), and the National Air Traffic 
Controllers Association (NATCA) 

- Negotiated to visit multiple sites within the United States 
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Exploratory Study – 
An Iterative Process 

Regulatory 
Analysis 

Field 
Observations 

Focused 
Interviews with 

Controllers 

1 Hollan, J.D., Hutchins, E., & Kirsh, D. (2000). “Distributed cognition: toward a new foundation for human-computer interaction research.”  
ACM Transactions on Human-Computer Interaction: Special Issue on Human-Computer Interaction in the New Millennium, 7(2). 



Field Sites 

 

 

 

 

 

 

 

 

 

 

 

 

 Additional telephone interviews conducted with controllers at Los Angeles 
Center, Joshua Control Facility, Oakland Center, and Minneapolis Center 
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Beale AFB Tower 

Edwards AFB Tower 

SPORT MRU 
Nellis AFB RAPCON 

Creech AFB Tower 

Cannon AFB Tower 
Cannon AFB RAPCON 

Holloman AFB Tower 

White Sands 
MR RAPCON 

Imagery, 2015 TerraMetrics, Map Data, 2015 Google INEGI 
http://media.dma.mil/2003/Aug/19/2000597903/-1/-1/0/030813-F-8888W-006.JPG 
http://media.dma.mil/2007/Oct/11/2000442367/-1/-1/0/070931-M-5827M-013.JPG 
http://media.dma.mil/2010/Aug/06/2000336767/-1/-1/0/090304-F-3192B-401.JPG 

MQ-1 Predator MQ-9 Reaper RQ-4  
Global Hawk 



Regulatory and Procedural 
Analysis 

 In preparation for field 
studies, an analysis of ATC 
regulations and operating 
procedures for UAS control 
was conducted 

 Analyzed ATC differences 
between manned and 
unmanned aircraft 
- Specific UAS procedures 
- Specific UAS restrictions 
- Specific UAS requirements 

or coordination processes 
 
 

 FAA 
- U.S. Department of Transportation – Federal 

Aviation Administration (U.S. DoT – FAA). (2015). 
Order JO 7110.65V, Change 3, Air Traffic Control. 

- U.S. Department of Transportation – Federal 
Aviation Administration (U.S. DoT – FAA). (2014). 
Order JO 7210.873, Unmanned Aircraft Operations 
in the National Airspace System (NAS). 

 USAF 
- Air Force Instruction 13-204, Volume 3. (2010). 

Airfield Operations Procedures and Programs, 
Incorporating Through Change 2, 29 June 2015.  

 Individual facilities 
- Beale Air Force Base Instruction (BAFBI) 11-250, 

Incorporating Change 1. (2013). Airfield Operations 
and Base Flying Procedures.  

- 27th SOG Operating Instruction 13-2011. (2014). 
Remotely Piloted Aircraft (RPA) Operations.   

- Creech Air Force Base Instruction (CAFBI) 11-250. 
(2015). Airfield Operations and Base Flying 
Procedures.  

- Edwards Air Force Base Instruction (EAFBI) 13-
100, Incorporating Change 1. (2014). Flying and 
Airfield Operations. 

- Holloman Air Force Base Instruction (HAFBI) 11-
250. (2014). Airfield Operations Instruction.  

- Nellis Air Force Base Instruction (NAFBI) 11-250. 
(2013). Local Flying Procedures.  

 Certificates Of Authorization (COA) 
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Field Observations 

 Met each chief controller to 
- Receive or clarify local guidance 

documents 
- Understand the operations tempo, 

common flight profiles, and 
integration concerns 

- Schedule field observations 

 Conducted UAS-experienced Air 
Traffic Controller observations 

- During times of the highest UAS – 
Manned Aircraft interaction  

- Conducted over-the-shoulder at 
ATC workstation with headset, 
schedule, and binoculars 

 Observations 
- Noted area of responsibility  
- Noted time and status of aircraft 
- Noted ATC actions, UAS 

interactions, and my observations  
- Confirming questions and probes 

as time and conditions permitted 
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Date Location
Observation 
Time (hours)

15-Jun-15 Cannon AFB Tower 3
15-Jun-15 Cannon AFB RAPCON 1
16-Jun-15 Cannon AFB Tower 0.5
17-Jun-15 White Sands RF 2.25
18-Jun-15 Holloman AFB Tower 2.5
19-Jun-15 Holloman AFB Tower 1
22-Jun-15 Edwards AFB Tower 2
23-Jun-15 Edwards AFB Tower 3
25-Jun-15 Beale AFB Tower 1.5
29-Jun-15 Edwards AFB Tower 0.5
30-Jun-15 SPORT MRU 3.5

1-Jul-15 SPORT MRU 1.5
6-Jul-15 Creech AFB Tower 3
7-Jul-15 Creech AFB Tower 4.5
8-Jul-15 Neelis AFB RAPCON 0.5

Total 30.25

 



Focused Interviews 

 Interviews conducted from 15 June – 7 August 2015 

 Question categories 

 

 

 

 Results 
- Experience 
- Manned and Unmanned Aircraft Differences 
- Manned and Unmanned Control Differences 
- Scenario Based Questions 
- Regulations and Procedures throughout 
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Experience Training 
Regulations 

and 
Procedures 

Manned and 
Unmanned 

Aircraft 
Differences 

Manned and 
Unmanned 

Control 
Differences 

Scenario 
Based 



Participants 

 37 Air Traffic Controllers interviewed 
- 18 Tower, 10 RAPCON, 6 Airspace, 3 Center controllers 
- Age ranged from 21 to 56 years 
- ATC experience ranged from 1 year 4 months to 36 years 
- UAS experience ranged from 9 months to 17 years 
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Controllers 
Interviewed Facility Employees Types of UAS Controlled

3 Cannon Tower Active Military MQ-1, MQ-9
2 Cannon RAPCON Active Military MQ-1, MQ-9
3 Holloman Tower Active Military MQ-1, MQ-9, QF-4, QF-16
4 White Sands Radar Facility Active Military & DoD Civilians MQ-1, MQ-9, QF-4, QF-16
4 Edwards Tower Active Military & DoD Civilians MQ-1, MQ-9, RQ-4, misc
6 SPORT MRU DoD Civilians MQ-1, MQ-9, RQ-4, misc
5 Beale Tower Active Military & DoD Civilians RQ-4
3 Creech Tower Contractors MQ-1, MQ-9
3 Nellis RAPCON Active Military & DoD Civilians MQ-1, MQ-9, RQ-4
1 Joshua Control Facility FAA MQ-1, MQ-9, RQ-4, misc
1 Los Angeles Center FAA MQ-1, MQ-9, RQ-4, misc
1 Oakland Center FAA RQ-4, misc
1 Minneapolis Center FAA MQ-1, MQ-9, RQ-4



Perceived differences considered 
between manned and unmanned aircraft 

 “What differences between 
manned and unmanned 
aircraft do you consider 
when controlling them?” 

 Initial responses included 
- Performance characteristics 
- Separation requirements 
- Sequencing 

 ATC purpose1 
- Prevent collisions 
- Provide safe, orderly, 

expeditious flow of traffic 
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N = 37 

Do consider 

1 U.S. Department of Transportation – Federal Aviation Administration (U.S. DoT – FAA). (2015). Order JO 7110.65V, Change 3, Air Traffic Control. 



Variable priority given between facilities 
regarding unmanned aircraft 

 10 of 12 controllers 
responding “yes” to 
considering priority were due 
to RQ-4 departure and arrival 
procedures 

 5 facilities lack guidance on 
priority between manned and 
unmanned aircraft 
- Primarily MQ-1/9 facilities 
- Observations revealed 

priority usually given to 
manned over unmanned 
aircraft at these facilities 
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Trust differences between 
manned and unmanned aircraft 

 “Do you trust a manned 
aircraft and unmanned aircraft 
equally?” 

 Categorical reasons cited 
- Vehicle differences 
- System differences 
- Operator differences 

 “Manned aircraft pilots are 
more seasoned and we trust 
them more.”1 
- “Does this affect the way you 

control them?” 
- “I give them [UAS] a wider 

safety net between the two 
aircraft, more than enough 
space.”  
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[CATEGO
RY NAME] 
[PERCENT

AGE] 

[CATEGO
RY NAME] 
[PERCENT

AGE] 

[CATEGO
RY NAME] 
[PERCENT

AGE] 

Trust Equally 
Trust Manned More 
Trust Unmanned More 

Implication: Controller trust is multi-dimensional. Controller uncertainty, based on lack of trust, 
can affect the way they control aircraft. 

1 Edwards Tower controller, 22 June 2015. 



Controllers’ projection and 
anticipation of aircraft actions 

 “Do you find that you are able 
to anticipate actions of 
unmanned aircraft more 
reliably, less reliably, or the 
same compared to manned 
aircraft?” 

 Reason: More specific 
procedures 
- Beale Tower procedures1 
- Unmanned: 2 procedures 
- Manned: 34 VFR procedures 

 Facility type differences 
- Tower (MR=15, S=3, LR=0) 
- Center (MR=0, S=1, LR=2) 
- “Manned aircraft fly from point 

A to B, while unmanned 
aircraft want to loiter as long 
as they can.”2 
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More 
Reliably 

62% 

Same 
30% 

Less 
Reliably 

8% 

More Reliably Same 
Less Reliably 

1 Beale Air Force Base Instruction (BAFBI) 11-250, Incorporating Change 1. (2013). Airfield Operations and Base Flying Procedures. 
2 Minneapolis Center controller, 7 August 2015. 



Controllers tend to  
control UAS differently 
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Do you have different control strategies for UAS 
compared to manned aircraft 

N = 37  

Yes No 

 RQ-4 Global Hawks 
- Procedural control 
- “The absolute last thing I 

would try to do is move an 
RQ-4”1 

 MQ-1 Predator and MQ-9 
Reaper 
- Positive control (IFR-type 

control in a VFR pattern) 
- “The RPAs get held more 

often because of their speed 
and SA [situational 
awareness].”2  

- Perception of priority 
difference 

 In general, easier to maneuver 
a manned aircraft real-time 

 
 

 

 
1 Beale Tower controller, 25 June 2015. 
2 Cannon Tower controller, 15 June 2015.  



Controllers tend to  
control UAS differently 
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Do you segregate UAS more frequently than manned 
aircraft? 

N = 37  

Yes No 

 Regulatory analysis: 8 of 9 
facilities use segregation 
- Field observations consistent 

 Variable segregation methods 

 Use of segregation differs with 
type of control 
- Tower controllers 

 16 “yes” / 2 “no” 
 “They [UAS] can’t mix with 

manned aircraft in the pattern”1 

 “When they [RQ-4s] start, 
everything else stops.”2 

- RAPCON & Center 
controllers 
 4 “yes” / 9 “no” 

 

1 Creech Tower Controller, 5 July 2015. 
2 Beale Tower Controller, 25 June 2015.  



Controllers tend to  
control UAS differently 
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Do you give UAS additional 
spacing for separation? 

N = 37  

Yes No 

 UAS minimum separation 

 

 

 

 

 

 

 

 

 

 Variable procedures between 
facilities 



Scenario-Based  
Interview Questions 

 “Imagine a scenario where a 
manned aircraft and an unmanned 
aircraft are approaching (non-
urgent case). Who would you 
contact first to issue a command 
to maneuver in order to maintain 
separation?” 

 “Imagine a scenario where, for a 
reason not attributed to you, a 
manned aircraft and an unmanned 
aircraft are in conflict (urgent 
case). Who would you contact first 
to issue a command to maneuver 
in order to avoid a collision?” 

 Combination of Instrument Flight 
Rules (IFR) and Visual Flight Rules 
(VFR) for both manned and 
unmanned aircraft 

 

Non-Urgent Scenario 

 

 

Urgent Scenario 

 

 

 

Test Matrix – 4 Cases 
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MA-IFR MA-VFR
UA-IFR X X
UA-VFR X X



Conflict strategies likely 
change with urgency 
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Manned 
63% 

Neutral 
26% 

Unmanned 
11% 

Aggregate: Non-Urgent 
Case (N=80) 

Manned Neutral Unmanned 

Manned 
80% 

Neutral 
20% 

Aggregate: Urgent Case 
(N=80) 

Manned Neutral Unmanned 

As a conflict scenario becomes more urgent, controllers tend to maneuver the manned aircraft 
rather than the unmanned aircraft.  



IFR vs VFR control may influence 
strategies in non-urgent scenarios 

 IFR vs VFR control effects are 
consistent with Histon’s ATC 
model of cognitive processes 
incorporating structure1 

- E.g. Structure such as ATC 
formal and informal operating 
procedures 

 

 RQ-4 controllers are slightly 
more likely to maneuver 
manned aircraft than MQ-1/9 
controllers 
- RQ-4 (M=19/N=1/U=0) 
- Combined (M=9/N=5/U=2) 
- MQ-1/9 (M=22/N=15/U=7) 
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MA 
68% 

N 
32% 

MA 
47% 

UA 
29% 

N 
24% 

MA 
59% UA 

14% 

N 
27% 

MA 
80% 

N 
20% 

MA – IFR MA – VFR 

UA – 
VFR 

UA – 
IFR 

1 Histon, J.M. (2008). “Mitigating Complexity In Air Traffic Control: The Role of Structure-Based Abstractions.” Massachusetts Institute of Technology.  

 



Factors influencing controllers’ 
decisions on who to maneuver  

 “Why would you contact 
them first?” 

 Explicitly probed factors 
cited in their decision 
- Aircraft performance (27) 
- See-and-avoid (24) 
- Speed of response (19) 
- Confidence (16) 

 RQ-4 controllers may 
consider speed of response 
more than MQ-1/9 controllers 
- RQ-4 (7 consider/3 do not) 
- Combined (7/2) 
- MQ-1/9 (5/13) 
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Conflict strategies likely 
change with urgency 
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Manned 
63% 

Neutral 
26% 

Unmanned 
11% 

Aggregate: Non-Urgent 
Case (N=80) 

Manned Neutral Unmanned 

Manned 
80% 

Neutral 
20% 

Aggregate: Urgent Case 
(N=80) 

Manned Neutral Unmanned 



Strategies influenced less by IFR 
vs VFR control as urgency grows 

 “Why would you contact 
them first?” 

 Explicitly probed factors 
cited in their decision 
- Aircraft performance (27) 
- Speed of response (24) 
- See-and-avoid (24) 
- Confidence (20) 

 RQ-4 controllers may 
consider speed of response 
more than MQ-1/9 controllers 
- RQ-4 (8 consider/2 do not) 
- Combined (8/1) 
- MQ-1/9 (8/10) 
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MA 
79% 

N 
21% 

MA 
76% 

N 
24% 

 
0% 

MA 
83% 

N 
17% 

MA 
80% 

N 
20% 

MA – IFR MA – VFR 

UA – 
VFR 

UA – 
IFR 

As a conflict scenario becomes more urgent, controllers tend to consider aircraft dynamics 
more than other factors in their decisions to maneuver manned aircraft over unmanned.  

 



Research Conclusions 

 Aircraft performance differences may be more a more significant 
factor for controllers to consider than whether the aircraft is 
manned or unmanned  
- This could be a major hurdle for UAS-NAS integration if not 

addressed through airspace design, procedures, and decision 
support tools 

 Mental models appear to be influenced by variable regulations and 
procedures at different facilities 
- This could raise human factors concerns among future UAS pilots 

when transitioning between facilities 

 Controller mental models and strategies appear to differ between 
type of unmanned aircraft  
- Factors are not necessarily generalizable across all UAS 

 Controller mental models and strategies appear to differ between 
the types of control facilities 
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Current and Future Research 

 Based on this research, the relationship of …  
1. Aircraft performance 
2. System latency 
3. Controller trust 
4. Structure  
… affecting Air Traffic Controllers’ strategies for conflict 
management is being investigated 

 To begin, a human-in-the-loop pilot study is being conducted to 
investigate the dynamic relationship between aircraft speed and 
response latency for conflict avoidance 
- Independent variables:  
- 2 (aircraft speed) X 3 (response latency) 
- Dependent variables: Aircraft chosen to maneuver 
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Thank you, any questions? 

Major Brandon Abel (abelb@mit.edu) 

Professor R. John Hansman (rjhans@mit.edu) 

Massachusetts Institute of Technology 

4 November 2015 
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