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• Initial Use Case: Large, fixed-wing UAS (e.g., C208) operating from 
conventional airports to deliver regional cargo (~200,000 UAS flights per 
year in the United States)

• The Challenge: Achieving scale and satisfying business cases requires 
robust procedures for off-nominal events
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• UAS that are remotely piloted rely on the Command and Control (C2) link

• When the C2 link is severed, a Lost Command and Control Link state 
(LC2L) is declared
• Lose connection between remote pilot (RP) and UAS
• Lose connection between air traffic controller (ATCO) and RP

• The ATCO will not be able to issue actionable control instructions to the 
UAS when the C2 link is severed
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• The UAS cannot “fall back” on Visual Flight Rules (VFR) operations

• Gap: Aircraft are typically controlled via voice in the terminal area; a lost 
link UAS cannot follow this paradigm

• Need: Assessment of LC2L procedures in a realistic airspace 
environment

• Contribution: Developed a realistic environment for assessment with 
simulated air traffic control resolution maneuvers

7



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

8



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

• Modeled Dallas-Fort Worth airspace 
(D10)

8



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

• Modeled Dallas-Fort Worth airspace 
(D10)
• Standard Terminal Arrival Routes 

(STAR)

8



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

• Modeled Dallas-Fort Worth airspace 
(D10)
• Standard Terminal Arrival Routes 

(STAR)
• Instrument Approach Procedures 

(IAP)

8



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

• Modeled Dallas-Fort Worth airspace 
(D10)
• Standard Terminal Arrival Routes 

(STAR)
• Instrument Approach Procedures 

(IAP)
• Played back recorded background 

traffic

8



Modeling the Airspace + Routes

KAFW

KDFW
KDAL

FAA VFR Sectional Chart of Dallas-Fort Worth, 
TX

• Used NASA’s modular airspace 
simulation environment

• Simulated ATC resolution maneuvers 
using automated resolution technology

• Modeled Dallas-Fort Worth airspace 
(D10)
• Standard Terminal Arrival Routes 

(STAR)
• Instrument Approach Procedures 

(IAP)
• Played back recorded background 

traffic

• Flights into DFW cargo hub Fort Worth 
Alliance (KAFW)

8



Modeling the Airspace + Routes

9



Modeling the Airspace + Routes

• Modeled accurate arrival procedures in nominal and off-nominal scenarios

9



Modeling the Airspace + Routes

• Modeled accurate arrival procedures in nominal and off-nominal scenarios

• Nominal (remain on route):
• Identified real flights that flew between airports of interest
• Modeled vectored control instructions that ATC gave in the terminal area

9



Modeling the Airspace + Routes

• Modeled accurate arrival procedures in nominal and off-nominal scenarios

• Nominal (remain on route):
• Identified real flights that flew between airports of interest
• Modeled vectored control instructions that ATC gave in the terminal area

• Off-Nominal (RTCA DO-400):
1. The UAS flies to its last clearance (e.g., end of STAR)
2. The UAS then proceeds directly to the Initial Approach Fix of the 

published approach
3. The UAS then executes the published approach
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• KLBB: Lubbock, TX (2 routes, northwest)
• KLIT: Little Rock, AR (4 routes, northeast)
• KSHV: Shreveport, LA (3 routes, southeast)
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• Number of aircraft converted 
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• IFR aircraft predicted to fly within 
3 nmi and 1,000 ft of Lost Link 
UAS

• The minimum number of 
additional simulated ATC conflict 
resolution maneuvers enacted 
maintain separation because of 
the Lost Link UAS

• KLIT ILS Nominal: matched 
intuition (transits busy airspace) 
-> quantifiable 17
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• Number of unique LOS

• LOS recorded with VFR aircraft

• VFR aircraft were not converted

• Controller might, in real life, 
ground VFR aircraft or disperse 
them away from the UAS 
destination

• KSHV ILS LC2L: Longest in 
Terminal at low altitude -> 
expected VFR interactions
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• Number of simulated ATC resolutions 
enacted by air traffic control surrogate

• Conversion of a historical aircraft and 
additional control resolution maneuvers 
(e.g., path stretch)

• Minimum number of communications 
the simulated ATCO would have to 
convey due to Lost Link UAS

• Likely an underestimate of the real 
number of communications

• Highlights the need for future human 
ATC-in-the-loop testing

• Same trend as Conversions metric
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• Number of inferred 
communications

• ∆ between the historical aircraft 
and the converted aircraft 
trajectories

• Inferred from trajectory data
• >3.3 ft/sec (1 m/s) altitude
• >2 deg/sec heading

• 9am KLIT RNAV LC2L had 15 
additional inferred 
communications
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9am Conversion Locations

• Busiest hour: Same trend, locations 
mapped

• Location of UAS (square) when a 
conflict was detected with an IFR 
aircraft (circle)

• IFR aircraft was then converted and 
issued a simulated resolution 
maneuver

• 27 conversions across 10 simulations

• RTCA DO-400
• Complete STAR
• Go direct to Initial Approach Fix
• Execute Instrument Approach 

Procedure
21



9am Conversion Locations

22



9am Conversion Locations

• 9/27 conversions occur while the UAS 
is on a STAR

22



9am Conversion Locations

• 9/27 conversions occur while the UAS 
is on a STAR

• 18/27 conversions occur after the UAS 
has completed the STAR

22



9am Conversion Locations

• 9/27 conversions occur while the UAS 
is on a STAR

• 18/27 conversions occur after the UAS 
has completed the STAR

• UAS would normally be receiving 
vectored control instructions

22



9am KSHV ILS LC2L

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal
• IFR in Center

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal
• IFR in Center
• Could necessitate communication 

between Terminal and Center 
controllers

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal
• IFR in Center
• Could necessitate communication 

between Terminal and Center 
controllers

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal
• IFR in Center
• Could necessitate communication 

between Terminal and Center 
controllers

23



9am KSHV ILS LC2L

• UAS on STAR, IFR departing
• UAS in Center
• IFR inside Terminal
• Could necessitate communication 

between Terminal and Center 
controllers

• UAS heading direct to UKW (where 
UAS would be receiving vectored 
control instructions)

• UAS being overtaken while on IAP
• UAS inside Terminal
• IFR in Center
• Could necessitate communication 

between Terminal and Center 
controllers

• Highlights speed differences
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9am Conversion Locations

• Majority of conversions clusters in the 
northeast and northwest corners of 
D10

• Many conversions are overtake 
conflicts (~100 kts speed difference 
between C208 and commercial jets)

• Conversions the occur when the UAS 
and IFR aircraft are not in the same 
airspace could require additional 
communications between ATCOs
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• What are some key concerns? 
• Confirmed intuition: 

• LC2L UAS have the potential to be highly disruptive
• The presence of a UAS, especially a LC2L one, could be considered as contributor to 

higher controller workload
• Most conflicts for these scenarios observed during busy 9am rush
• Conflicts with VFR traffic

• Quantified:
• Up to 5 simulated ATC resolution maneuvers
• Up to 15 additional inferred communications in these scenarios

• Major Takeaways:
• Most conflicts were detected between the end of the STAR and the beginning of the 

IAP, precisely when ATC gives vectors over voice (along arrival routes) 
• UAS and conflicting IFR aircraft were often in the terminal and center airspace, 

respectively, meaning ATC would have additional coordination concerns
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Moving Forward

• What are some mitigations to those concerns?
• Findings suggest that procedural deconfliction (e.g., UAS-unique 

approaches) could be beneficial
• Better predictability of the airspace system, especially of system 

degradation
• Strategic flight planning to account for possible Lost Link

• Possible future exploration:
• Multiple UAS in a single scenario
• Involve human controllers
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maneuvers

• 72 unique scenarios in which up to eight unique LOS, up to five simulated ATC 
resolutions, and up to 15 additional inferred ATC communications occurred due 
to a single Lost Link UAS

• The additional communication load due to a Lost Link UAS should be 
considered when Lost Link procedures are designed 

• This work can be used to provide data for Lost Link procedure development
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