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Unmanned Aircraft System Traffic Management (UTM) @

> 3.9 million small Unmanned Aircraft System (UAS) by 2022
> UTM: air traffic maonagement ecosystem for small UAS in low-altitude
> Complements FAA's air traffic management services 3



UTM Research Transition Team

> NASA, the FAA, and Industry

coordination

o Operational Concept and
Scenario

o Data Exchange and Information
Architecture

o Sense and Avoid
0 |Communicotion and Navigotion|

&

UAS Traffic Management (UTM)

Research Transition Team (RTT) Plan

FAA and NASA collaborative efforts planned through
September 2020

January 31, 2017

> NASA conducting research to
explore UTM capabilities that will
accommodate rulemaking
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UTM Progress

Technical
Capability Level
(TCL) 1: multiple
Visual Line of
Sight (VLOS)



UTM Progress @

TCLY: multiole
VLOS

TCL2: multiple
Beyond VLOS
(BVLOS), sparsely

populated area




UTM Progress
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TCLY: multiole
VLOS

TCL2: multiple
BVLOS, sparsely
populated area

TCL3: multiple
BVLOS,
moderately
populated area




Test Description

Command and Control (C2) communications system:
necessary to maintain operational control of UA

Designed to evaluate effectiveness of redundant C2
communications system

Four FAA-designated UAS test sites conducted the test
during TCL3: Alaska, Nevada, New York, and North Dakota

Test Site Operator to use redundancy configurations of
their own choosing




Test Instruction

1. EqQuip small UAS with more than one C2
communications system

C2link 1

C2link 2

Operator




Test Instruction

2. Prepare a maneuver command (e.g. climb)

C2link 1

C2link 2

Operator
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Test Instruction

3. Send the command and confirm execution

C2link 1

C2link 2

Operator
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Test Instruction

4. Toke one C2 system off-line and repeat #3

C2link 2

Operator
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Example UA Track & Maneuver Command @/

. . Second maneuver:
First maneuver: climb heading change
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Test UAS & Communications Technology

> UAS (7 total)
o 2 quadcopters
o 2 fixed-wings
o 1hexacopter
o 1octocopter
o 1helicopter

> Communications technologies
o Radio modem
o Wi-Fi
o Long Term Evolution cellular (LTE)
o Satellite communication (SatCom)
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Redundancy Configurations

Test site AK AK

UAS Quad | Quad
copter copter

Comm. ' Radio |LTE
system 1

Comm. Radio | Radio
system 2

NV
Fixed
wing

Radio

Radio

ND ND
Fixed Hexa
wing copter
Radio LTE

SaotCom | Radio

NY

Octo
copter

Wi-Fi

LTE

ND

Heli
copter
Radio

Radio
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Test Execution and Remarks

Test
Site

AK

NV

NY

ND

Transition to redundant
communications system

1) one radio manually
disconnected, 2) LTE link
failed without intervention

One radio signal turned off

UA flown outside Wi-Fi
ronge

1) one radio manually
disconnected, 2) UA flown
outside radio range

Test Site Operator remark

Both cases having a secondary C2
improved reliability in maintaining
the operator control

The operator was able to maintain
control with transition

No issues occurred, the operator
maintained control

The operator’'s control of UA

maintained
17



UTM Next Step

(]

TCLY: multiole
VLOS

TCL2: multiole
BVLOS, sparsely
populated area

TCL3: multiple
BVLOS, moderately
populated area

&1 |BVLOS, urban area

TCL4: high density
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"Microwave Antenna" by Keiichiro
Shikano is licensed under CC BY 2.0

"wi-fi" is licensed under CCQO 1.0
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"Vintage Sharp Carousel” by danc86
is licensed under CC BY-NC-SA 2.0

"TV 4" by vargklo is licensed under
CCBY-SA2.0 19
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Recommendation for Urban Operations

1. Do not use C2 systems that use the Industrial,
Scientific, and Medical (ISM) radio bands for
redundancy

Tested Redundancy Configuration

UAS Quad Quaod Fixed Fixed Hexa Octo Heli
copter copter wing wing copter copter copter

Comm. Radio LTE Radio Radio LTE Wi-Fi Radio

system 1

Comm. Radio | Radio Radio SotCom | Radio LTE Radio

system 2 20



Recommendation for Urban Operations

@ https:/intrs.nasa.gow/search jsp?R=200500417 14 2019-08-08T18:17:06+00:00Z

2. Verify the RF characteristics
of operation area and
examine theradio = wWwW = e
interference level during R —
OperOthﬂ Noise Floor

NASA/ CR-2004-213551

Per Enge, Dennis Akos, Juyong Do
Stanford University, Palo Alto, California

Joel B. Stmoneau, L. Wilson Pearson, Venkatesh Seetharam
Clemson University, Clemson, South Carolina




Recommendation for Urban Operations

3. Monitor availability, quality, and reliability of
communications service used by the redundant

system

% Know before operation
> Minimum data transfer rate
> Maximum tolerable latency

% Monitor
> Data transfer rate
> Latency

The intersection of two sets in a Venn diagram, by Stephan Kulla, the22
Creative Commons CCO 1.0 Universal Public Domain Dedication



https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/publicdomain/zero/1.0/deed.en

Recommendation for Urban Operations

4. Adopt a standard set of contingency steps to
manage the loss of C2 in a consistent manner

108: Continue

> .
Operation
TRUE
100
102: Start a 104: Execute a
'—> timeout |—| plan to regain 106 2 communications regained before
counter communications reaching timeout?

FALSE

110: Initiate
——»| safe landing ——»

process

112: Prepare off-nominal
situations report




Conclusion

> TJested redundant C2 ! -
communications system
effective in maintaining
operational control of sUAS
over moderately populated
area

> Operators must prepare C2 &
communications system thaot &
reflects urbon environment

> The insights from the test to
support the FAA's UAS
integration effort




