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Abstract. Using a simulated ground control station, this study documents the
methods for measuring the verbal response and execution time of unmanned
aerial system (UAS) pilots to direct commands from air traffic controllers (AT-
Cos). Although prior research has examined characteristics of ATCo-manned
aircraft communication, there is very little literature on response times of UAS-
ATCo communication. Thus, there is a great need to examine the measured
response of UAS pilots to ATCo commands given that there will be more ex-
tensive inclusion of UAS operations in the national airspace in the near future.
The present paper aims to provide a methodology for measuring part of the
UAS and ATCo interaction, one that can be used in future studies involving
UAS operations in the national airspace.
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1 Introduction

Unmanned aerial systems (UAS) have enormous potential for use in missions relating
to scientific research, law enforcement, emergency services support, and others. In
2006, for example, NASA utilized the UAS, Ikhana, to peer through smoke and pro-
vide the U.S. Forest Service with valuable real-time forest fire imagery [1]. The tech-
nological capability of UAS have only increased since this time, and the recently
passed FAA Modernization and Reform Act of 2012 [2] paves the way for more ex-
tensive integration of UAS into the national airspace.

Despite the increasing presence UAS will have, the precise manner in which they
will interact with the current and future air traffic control framework has not been
developed. It is assumed, though, that UAS will have to interact with air traffic con-
trol in a manner that is equivalent, in terms of safety and efficiency, to manned air-
craft. This requirement will exist despite the fact that there will not be a pilot on board
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the aircraft, and that UAS have characteristics that may differ quite a bit from manned
aircraft (e.g., smaller in size, slower in operating speeds, varied in terms of maneuvers
that could be performed, etc.). While research into communication between manned
air traffic and air traffic controllers (ATCos) exists, similar efforts have not been rep-
licated with UAS as a focus.

Cardosi [3], for example, determined the time required for an air traffic controller
(ATCo) to communicate a command to a pilot in manned aircraft in an en route envi-
ronment. By reviewing voice tapes from traffic control centers and identifying traffic
maneuvers, she determined the average time required for a controller to deliver a
message, the average time before a pilot’s response, and the duration of a pilot’s ac-
knowledgement. Cardosi found that it took, on average, approximately ten seconds
for a pilot-ATCo communication to happen when accounting for the 12% of transmis-
sions that had to be repeated due to pilot or ATCo error. Further, research has also
been conducted on the effect of communication delays between manned aircraft and
ATCos on controller performance and workload. Rantanen, McCarley, and Xu [4]
manipulated two varieties of delay: systematic audio delay, which is the consistent
delay between when the controller speaks and when it is heard in an aircraft cockpit,
and pilot delay, which is the time it takes for the pilot to verbally respond following
an ATCo command. They found that both audio delay and pilot delay reduced separa-
tion between aircraft in tasks where multiple communicative exchanges were re-
quired. Sollenberger, McAnulty, and Kearns [5], in a follow-up study designed to
more finely determine the limits of an acceptable delay, compared a 250 ms, 350 ms,
and 750 ms delay, and found that a 350 ms delay was operationally effective for air
traffic communications and resulted in the best controller performance.

Considering the lack of similar investigations involving UAS, the present study
was designed to establish a methodological procedure for capturing the measured
response of UAS in a simulated environment. Measured response is a measurement of
UAS response times to ATCo commands, and includes the following four compo-
nents: (1) time for the pilot in command of the UAS to verbally respond to ATCo
instruction, (2) time for the UAS pilot to begin action after ATCo instruction, (3) time
for the UAS aircraft to initiate action after the pilot’s command, and (4) time for the
aircraft maneuver to be visible on the controller’s display. A methodology to accu-
rately capture these intervals is integral to future experimental research investigating
the communication dynamic between ATCos and UAS, and to determine critical fac-
tors that differ from that of manned aircraft. The intention is that, once established,
this method could be used with more elaborate experimental manipulations to further
elucidate the communications relationship that ATCos and UAS pilots will have in
the national airspace.

The present study captures the measured response by simulating the presence of
UAS in an air traffic environment and recording the response time of the UAS to
standard air traffic commands. Out of the four components of measured response
described earlier, we focus on the measurement of the first two components: the in-
terval between the ATCo’s instruction and the UAS pilot’s verbal response and the
time for the UAS pilot to begin execution of ATCo command.
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2 Method

2.1  Participants

Two retired ATCos participated in the study, in addition to fourteen IFR rated pilots.
The ATCos had experience in both civilian towers and civilian TRACONSs. Both indi-
cated that they were experienced with the Multi Aircraft Control System (MACS)
software [6] that was used to simulate the radar, air traffic control environment. The
fourteen IFR pilots did not have any UAS flying experience, but all had experience
with the Multiple UAS Simulator (MUSIM) ground control station [7] used in the
study. The pilots all had flight training simulator experience, and an average of 1,171
actual flight hours.

2.2  Apparatus

The data was collected in the Flight Deck Display Research Laboratory at NASA
Ames. The MUSIM-UAS ground control station was used to simulate the actions of
UAS pilots. The MUSIM display consisted of a north-up map with ownship and the
current filed route of the UAS (see Fig. 1). The aircraft’s path was controlled by drag-
ging and dropping waypoints along the planned route, while altitude was controlled
by editing planned altitude levels at waypoints along the planned route. During the
simulation the MUSIM screen did not display any other traffic. The ATCo DSR-
MACS display simulated the sector used in the simulation, ZLA 20. Targets on the
ATCos’ DSR were depicted as a chevron icon on the display. The icon’s shape and
position allowed the ATCo to determine aircraft’s heading and the altitude of the
aircraft was displayed in its data tag. Unlike the MUSIM display, air traffic in addi-
tion to the UAS was displayed. However, the ATCo was instructed to only pay atten-
tion to the traffic when instructed to issue a traffic call to the UAS. In other words, the
ATCos were not managing the traffic in the sector. The pilot, ATCo, and experimen-
ters that were facilitating the data collection spoke to each other using push-to-talk
headsets over a voice system.

Fig. 1. MUSIM-UAS map display with a waypoint path for the UAS specified
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2.3  Procedure

Pilots participated in this data collection effort following an unrelated study that used
MUSIM, so virtually no training in MUSIM operation was needed. Regardless, pilots
received a five minute training presentation to familiarize them with the simulation
and reviewed important MUSIM procedures. Following the training presentation and
prior to the experimental trials, each pilot completed an approximately five minute
training scenario during which they received five different commands that included
two frequency changes, one altitude change, one heading change, and one command
that involved editing a waypoint. These commands were pulled from a list of 15 base
commands, which were presented in a partially counterbalanced order. The com-
mands consisted of crossing restrictions, traffic calls, radio frequency changes, route
amendments and direct to waypoint clearances. The following are examples of each
the 15 command types used, presented here in an arbitrary order:

e “PD-1, cross GAREY at one-four-thousand.”

e “PD-1 turn left heading two-four-zero, proceed direct ZIGGY, then resume own
navigation.”

e “PD-1, descend and maintain one-two-thousand.”

e “PD-1, turn right, fly heading one-two-zero.”

e “PD-1 climb and maintain one-five-thousand, traffic twelve o’clock, five-zero
miles, westbound one-three-thousand.”

e “PD-1, contact center 133.25.”

e “PD-1, traffic nine o’clock, five-zero miles, eastbound one-four-thousand. Turn
right immediately, fly heading one-five-zero.”

e “PD-1, contact tower 129.00.”

e “PD-1, traffic one o’clock, five-zero miles, westbound one-five-thousand. Turn left
immediately, fly heading two-six-zero.”

e “PD-1, contact approach 126.30.”

“PD-1, descend and maintain one-three-thousand. Traffic eleven o’clock, five-zero

miles, eastbound one-four-thousand.”

“PD-1, turn left, fly heading one-eight-zero.”

“PD-1, climb and maintain one-six-thousand.”

“PD-1, turn right three-one-zero, direct KRAIL, then resume own navigation.”

“PD-1, cross CAJON at one-five-thousand.”

As noted earlier, the commands were partially counterbalanced between participants,
and each participant completed two identical trials of fifteen commands. The ATCo
was provided with a list of commands for each trial. However, in their list, some
commands were missing specific information (which had to be changed on a trial-to-
trial basis depending on the current UAS location), such as the waypoint to direct the
UAS. The missing information was provided during the trial by an experimenter
seated adjacent to the ATCo. Each command was issued after the MUSIM observer
confirmed the MUSIM pilot was ready. The ATCo would issue each command indi-
vidually and the pilot would verbally acknowledge the command and begin its execu-
tion. As the aircraft started the action on the ATCo scope, the ATCo would confirm
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the command was being executed on his MACS-DSR screen, and this signaled the
end of the trial. The MUSIM pilot was instructed to focus only on completing ATCo
commands as quickly and accurately as possible, and s/he was not performing any
other UAS relevant task.

3 Data Collection Method

Timestamps were collected for verbal exchanges between ATCo and UAS pilot
communication, UAS pilot actions on the MUSIM station, and observable indications
of aircraft changes on video recordings of both the pilot’s MUSIM display and AT-
Co’s MACS radar displays. For each of the fifteen commands, these data allowed a
detailed and accurate timeline of ATCo and UAS verbalizations and actions. In addi-
tion to the timing data, pilot workload and ATCo acceptability ratings were also col-
lected, but this data is not being reported here.

3.1 Verbal Exchange Timing Data

Verbal exchange data that were collected included the time when the ATCos and
pilots depressed and released the push-to-talk button on their headset, as well as the
time that they actually started and stopped speaking. The timing data for the push-to-
talk button were collected from a voice logger program that provided exact time in
UTC of button presses that was written to a text output file (see Fig. 2). These UTC
times were synched with a voice recording of the trial and coded as different aspects
of the exchange between pilot and ATCo (ATCo beginning verbal clearance, ATCo
ending verbal clearance, UAS pilot beginning verbal response, etc). Timing data for
actual speech were determined by listening to a video file that displayed UTC syn-
chronous with an audio recording of the exchanges.
Using this method, the following time points were collected for each command:

e Time ATCo depressed/released push-to-talk button in order to deliver clearance,
and the time the ATCo verbally began speaking and when the ATCo ended issuing
the clearance.

e Time pilot depressed/released push-to-talk button for acknowledgement of the
ATCo command was collected in addition to the time the pilot verbally began
speaking and the pilot’s verbal response ended.

e Time that the ATCo depressed/released push-to-talk button, which signaled the
detection of the executed command on the ATCo screen.

In the event that the command was a frequency change, timing data related to the pilot
checking out of the original frequency and checking in to the new frequency, in addi-
tion to the response of the ATCo on the new frequency, were collected. All of these
data were used to determine the interval for the first component of measured re-
sponse: the time for the pilot in command of the UAS to verbally respond to ATCo
instruction.
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A B C D E
1 JulianTime(Sec) MonthDay UTCtime WoicelD ON/OFF
2 1344027493 3-Aug 20:58:13 SimMgr ON
3 1344027493 3-Aug 20:58:19 SimMgr OFF
4 1344027501 3-Aug 20:58:21 Ghostl8 ON
5 1344027503 3-Aug 20:58:23 SimMgr ON
b 1344027503 3-Aug 20:58:23 Ghostl8 OFF
7 1344027507 3-Aug 20:58:27 SimMgr OFF
8 1344027511 3-Aug 20:58:31 kaitlin laptop ON
9 1344027513 3-Aug 20:58:33 SimMgr ON
10 1344027513 3-Aug 20:58:33 kaitlin laptop OFF
11 1344027515 3-Aug 20:58:35 SimMgr OFF
12 1344027517 3-Aug 20:58:37 UasPilot ON

Fig. 2. Output from logger program that recorded exact UTC time of button presses used to
initiate and end voice transmission

3.2 MUSIM Pilot Actions Timing Data

The actions that the pilots executed on the MUSIM station in response to the ATCo
commands were coded, time stamped and recorded in a text output file. Using this
output (see Fig.3), the exact time the pilots began and ended executions were record-
ed. For frequency changes, a video recording that displayed UTC time in addition to
the frequency change panel was used to visually determine timing. These data were
used to determine the interval for the second component of measured response: the
time for the UAS pilot to begin an action after completion of the ATCo’s instruction.

Type

DCEvent:

DCEvent:
10 | DCEvent:
11 DCEvent:
12 DCEvent:
13 DCEvent:
14 DCEvent:
15 |DCEvent:

5
6
7 DCEvent:
8
9

21:00:15
21:00:19
21:00:48
21:00:52
21:01:26
21:01:30
21:02:40
21:02:44
21:03:37

GMT Time Event
22,133302 Path initially selected.
27.066642 Path commit received: 1.
56.033299 Path initially selected.
59.766654 Path commit received: 2.
93.53332 Path initially selected.
97.433299 Path commit received: 3.
167.233298 Path initially selected.
171.166639 Path commit received: 4.
225.033319 Path initially selected.

Fig. 3. Output from MUSIM station detailing pilot actions and execution times

4 Discussion

By Using the MUSIM-UAS and MACS-DSR simulation software in conjunction with
the method described above, we collected timing data for various aspects of UAS
pilot responses to an (FAA suggested) limited number of air traffic controller com-
mands/clearances. With regards to the timing data, two components of the pilots’



612 J. Ziccardi et al.

response to ATCo commands were designed to be accurately captured for further
analysis: the time for the pilot in command of the UAS to verbally respond to ATCo
instruction, and the time for the UAS pilot to begin action after ATCo instruction. The
success of this method of data extraction provides a methodology for further experi-
mental studies investigating ATCo and UAS pilot communication.
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