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Abstract

- Brittany A. Duncan? - Robin R. Murphy3

This article describes a small unmanned aerial system (SUAS) interface that allows untrained responders acting in a Mission
Specialist role to effectively coordinate with a Pilot and directly control the UAS payload. Currently, responders view the
same interface as the Pilot and give verbal directions for navigation and payload control. Field experiments with 26 experts in
chemical, biological, radiological and nuclear response evaluated two interfaces for a chemical train derailment incident staged
at Disaster City®. Responder participants had their own role-specific tablet display: one interface passively filtered Pilot-only
artifacts from the payload camera video feed; the second interface added responder-specific indicators and information and
allowed the participants to actively control the payload pan, tilt, and zoom and to take pictures. A majority of responders
reported greater role empowerment for similar tasks using the responder-specific interface. This article demonstrates that a
responder-specific interface is preferred by untrained responders instead of viewing the same interface as the Pilot in sUAS.

Keywords Tablet interface - Human robot interaction - UAV

1 Introduction

This paper presents the human-robot interaction (HRI) field
investigation of a Mission Specialist interface for small
unmanned aerial systems (sUAS) in the CBRN (chemical,
biological, radiological, nuclear) domain. The small category
of UAS are used in civilian-supported CBRN operations such
as fire and rescue [1], law enforcement [2], and civil engineer-
ing [3]; further, SUAS are widely used in military-supported
CBRN operations [4-6]. Current legislative trends for UAS
integration into the national airspace suggest that SUAS are
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in high demand for these domains and will become widely
available much faster than any other category of UAS [7].

All UAS involve a human team with clearly defined roles
[8]. This work focuses on the Mission Specialist, one of three
human team member roles (in addition to Flight Director and
Pilot) first identified in [9] and summarized in Sect. 2.2.1.
The Mission Specialist role is uniquely responsible for oper-
ating the unmanned aerial vehicle (UAV) payload yet current
human-robot interface technology only permits duplicate or
shared visualization with, and passive interaction through,
the Pilot role [9] (Fig. 1). Understanding how a Mission
Specialist role can interface with a UAV is critical for inves-
tigating HRI in sUAS, reducing the human-robot crewing
ratio, and improving individual human role and team perfor-
mance. This investigation provides a HRI study for a Mission
Specialist interface with 26 expert CBRN responders. Field
experiments for a chemical train derailment incident staged
at Disaster City® compared two interface conditions: (i) only
viewing a Pilot-artifacts-filtered, shared display and verbally
directing the Pilot to control the UAV payload camera, and
(i) a role-based interface with responder-specific indicators
and information, allowing responders full active control of
camera payload.

The remainder of the article is organized as follows. Sec-
tion 2 serves as a review of research literature for factors
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Fig. 1 A sUAS Mission Specialist (far right) Passively Shares an Air-
Robot® AR100-B Payload Camera Display with the Pilot (center).
The Display (upper left) Contains Numerous Visual Indicators such as
Battery Voltage, Flight Time, Distance from Home, etc. that are Impor-
tant to the Pilot but not the Mission Specialist (Courtesy of Center for
Robot-Assisted Search and Rescue)

associated with Mission Specialist HRI in SUAS. An ini-
tial implementation of a Mission Specialist interface with
observations from an exploratory field study are also sum-
marized in this section. In Sect. 3, the theoretical approach
for this work is given where a Shared Roles Model for
sUAS is formulated that includes two human team roles
(Pilot and Mission Specialist). Refinements to the Mission
Specialist interface from the exploratory study observations
are also discussed. Sections 4 and 5 present the details for
the experimental field study and associated findings, respec-
tively. Finally, Sect. 6 presents the conclusions and future
directions for this work. The work is expected to: (i) provide
a new tool for HRI practitioners and researchers to investi-
gate human-robot team performance in sUAS, (ii) serve as
a reference document for unmanned system designers and
developers, and (iii) contribute to a better understanding of
vulnerabilities in HRI with sUAS.

2 Related Work

This section presents background material for understand-
ing the HRI of a Mission Specialist role and interface for
sUAS. Human-robot team modeling is discussed, with a spe-
cific review of Joint Cognitive Systems and the Shared Roles
Model for generic unmanned systems. Next, a summary
of Mission Specialist human-machine interaction (HMI)
findings for sUAS is given. Finally, observations from an
exploratory field study involving an initial implementation
of the Mission Specialist interface are described.
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2.1 Human-Robot Team Models for Small UAS

Several frameworks exist for collaboration modeling in
human-robot teams [10]. For the case of sUAS, the Shared
Roles Model (developed from Social Role Theory and
described within the context of a Joint Cognitive System)
provides a suitable framework for human-robot team inter-
action as it was based on empirical unmanned systems studies

[11].
2.1.1 Joint Cognitive Systems

The Shared Roles Model relies on the viewpoint of a human-
robot team operating as a Joint Cognitive System (JCS). As
described by Hollnagel and Woods [12], the focus of the
JCS is on the co-agency of the participants rather than on
the individual participants as distinct components. The what
and why are emphasized in a JCS rather than the how. The
JCS approach permits less restriction on formalized defini-
tion of the cognitive system itself, including functions and
processes. This permits an easier description of robots as
agents or as artifacts and, more importantly, leads to the idea
of the Shared Roles Model [11].

2.1.2 Shared Roles Model

The Shared Roles Model is a compromise between the Task-
able Agent Model and the Remote Tool Model for describing
human-robot teaming. In the case of the Taskable Agent
Model, full autonomy of the robot is the goal of the system,
with teleoperation being temporary in nature, if necessary
at all. On the opposite end of the human-robot model spec-
trum is the Remote Tool Model. According to the premise
of the Remote Tool Model, the robot is essentially devoid
of autonomy and used entirely as a tool by the human team.
The Shared Roles Model is a hybrid approach that assumes
robot semi-autonomy with improved human connectivity for
communication [11].

In Murphy and Burke [11], the Shared Roles Model has
six different types of primary agents, four shared roles (Pilot
- Platform Telefactor, Mission Specialist - Payload Tele-
factor), and two singletons (Safety Officer and Knowledge
Worker) (Fig. 2). The Mission Specialist role primarily has
an egocentric perspective through the UAV that is shared
with the Pilot role. The Pilot role primarily has an exocen-
tric perspective of the UAV that is shared with the Mission
Specialist role. The Safety Officer and Knowledge Worker
roles do not share either perspective. Information transfer
can occur between the Pilot and Mission Specialist roles.
Communication of mission directives can occur between the
Pilot and Knowledge Worker roles. Similarly, transfer of data
can occur between the Mission Specialist and Knowledge
Worker roles. An important factor to consider in the Shared
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Fig.2 Graphical Illustration of the Shared Roles Model for a Generic
Unmanned System. Human Team Roles that May be Co-Located or
Geographically Distributed are: Mission Specialist, Pilot, and Safety
Officer. The Pilot maintains a Primarily Exocentric View of the UAV
(Platform Telefactor) and the Mission Specialist has Primarily an Ego-

Roles Model is the potential latency of information transfer,
whether it is data from the Mission Specialist role or com-
munication of directives to and from the Pilot role.

2.2 HMI Technology for Small UAS

Peschel and Murphy [9] surveyed the human team roles and
HMI currently used on 10 micro and small UAS human-robot
teams. Three human team role trends were identified (Flight
Director, Pilot, and Mission Specialist). Findings from [9]
suggested that a Mission Specialist role requires a small,
mobile, and visual interface that is dedicated and software-
based.

2.2.1 Small UAS Human Team Roles

Human team member roles identified in [9] fall into one of
three role categories: Flight Director, Pilot, and Mission Spe-
cialist. These three role labels represented a synthesis from
the literature and were given to describe role function rather
than rigid role titles within a UAS.

Flight Director was the role responsible for supervisory
planning, coordination, and control of operations critical to
mission success, especially for a SUAS human-robot team;
across the sUAS field studies literature, one or more human
team members were found to be responsible for directing the
mission.

Pilot was the role responsible for operating the UAV
and was common to all SUAS human-robot teams; how-
ever, the degree to which one or more individuals were solely
responsible for flight control activity varied and navigation
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centric View (Payload Telefactor). Verbal Communication Between the
Pilot and Mission Specialist Occurs, as Well as the Transfer of Data
and Directives Between Both of These Roles and Knowledge Workers
(From Murphy and Burke [11])

responsibilities were also included as a role responsibility
and thus combined with the main function of piloting the
UAV.

Mission Specialist was the role responsible for UAV pay-
load sensor control and data acquisition; sUAS operations
allow a human-robot team to insert themselves remotely for
visual investigation and recording and a role solely respon-
sible for the payload was a commonly identified role.

2.2.2 Small UAS Human-Machine Interaction

Three HMI findings were given in [9] that suggested current
Mission Specialist performance in SUAS may be sub-optimal
due to the sharing of a single Pilot-oriented interface or a
reuse of the Pilot interface.

The interaction technology used by the Mission Special-
ist had the three primary characteristics: mobile, small, and
visual. Mobility was observed in all of the interfaces that
the Mission Specialist interacted with. Small handheld con-
trollers that could be carried and handled by one individual
were the most common form of interaction device. Interactive
feedback to the Mission Specialist was visual and took the
form of small video displays, graphical menus, and real-time
video.

Across the sUAS literature, the Mission Specialist either
shared the same interface with the Pilot role, was given a
duplicate of the Pilot interface, or was a passive viewer. No
SUAS in the literature had a dedicated Mission Specialist
interface. Given that the Mission Specialist is aunique human
team role, a distinct or different modality of HMI technology
from that of the Pilot would be expected; therefore, existing
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interfaces, in general, do not support the functionality of the
Mission Specialist role.

The responsibility of the Mission Specialist is for data
acquisition and, often, interpretation. The possibility for
direct manipulation of the imagery for verification, including
extracting single static images and a video series for real-time
playback while the flight continued to be recorded, appeared
present in only one of the ten surveyed sUAS. The findings
in [9] suggested that there is a heavily reliance on hardware-
oriented interaction by current Mission Specialists. Current
HMI for the Pilot-oriented interfaces could be limiting the
software capabilities that may improve Mission Specialist
performance in SUAS missions.

2.3 Exploratory Study

This section summarizes the overview, salient observations,
and interface refinement recommendations for an exploratory
field study of the Mission Specialist interface that deter-
mined a Mission Specialist preferred coordination with the
Pilot versus only controlling the payload camera and captur-
ing images themselves [16]. The exploratory study consisted
of 16 CBRN responders each participating in two different
sUAS mission trials to visually evaluate and capture images
of a simulated train derailment involving hazardous materi-
als. The most significant observations from the exploratory
study indicated: (i) more role-specific information should
appear in the Mission Specialist interface, and (ii) a person
acting in the Mission Specialist role preferred coordination
with the Pilot.

2.3.1 Exploratory Study Overview

The purpose of the exploratory study in [16] was to field
test a Mission Specialist-controlled interface (Fig. 4) ver-
sus the Mission Specialist only passively viewing their own
display and instructing the Pilot for payload camera con-
trol and image capture. The exploratory study took place at
the Disaster City® facility located on the campus of Texas
A&M University. The context of the sSUAS missions was a
simulated train derailment involving hazardous materials. A
DraganFlyer™ X6 UAV was used in the exploratory study.
The human acting in the Pilot role for the exploratory study
had a significant number of hours flying small UAVs and
was qualified as a corporate trainer for the DraganFlyer plat-
forms. A second individual with a private pilot certificate was
on-site to ensure compliance with FAA regulations; neither
were researchers for the study or dedicated subject matter
experts for specialized emergency response.

A 16 participant mixed-model study design was devel-
oped from the HRI study guidelines in [17]. Each participant
received interface instructions and made two different UAV
flights - one per mission trial - with each flight having three
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pre-defined stationary waypoints and corresponding sets of
questions regarding the identification of certain objects (e.g.,
identify any punctures or ruptures in the tanker truck and
capture an image of each you may identify). The maximum
duration of the flights were limited to 7-min for consistency
and participants were instructed that their goal was to cap-
ture images for all of the questions at all of the waypoints
within this period of time. The order of the interfaces was
randomized to counterbalance the study.

During condition 1, half of the participants passively
viewed their own display (mirrored from the Pilot display) on
alaptop and instructed the Pilot to control the payload camera
and capture images. The laptop was placed on the Dragan-
Flyer™ X6 base station and adjusted for optimal viewing by
each participant. Participants were given a verbal protocol
from which they could issue the following camera control
instructions to the Pilot: tilt camera up, tilt camera down,
zoom camera in, zoom camera out, and take photo. The
second half of the participants used the Mission Specialist
interface to control the camera and capture images (Fig. 4).
The Apple® iPad was placed on a camera stand that was
adjusted for optimal viewing and interaction by each partic-
ipant. Each participant in condition 2 used the interface they
did not have in condition 1. For both flights, participants
were given a verbal protocol from which they could issue
the following UAV control instructions to the Pilot: turn left
__-degrees and turn right __-degrees. The verbal protocol
for UAV control was made available to participants since the
DraganFlyer™ X6 payload camera cannot turn left or right.

2.3.2 Exploratory Study Results and Observations

An analysis of the exploratory study results for the Mis-
sion Specialist interface resulted in two key observations:
(i) visual feedback confusion was experienced using both
interfaces, and (i) more positive role empowerment (confi-
dence and comfort) was reported when the Mission Specialist
only passively viewed their own display and instructed the
Pilot. These observations suggested that a Mission Specialist
preferred coordination with the Pilot versus only controlling
the payload camera and capturing images themselves [16].
Observation 1: Participants experienced a lack of ade-
quate visual feedback when using both interface approaches.
In both interface cases, each participant experienced at least
one instance of difficulty with establishing payload camera
status (i.e., extent of zoom or degree of tilt). For example, par-
ticipants would attempt to zoom the payload camera in when
the camera was already at maximum zoom. This suggested
that payload camera status feedback should be provided visu-
ally to the Mission Specialist even though this feedback is
not presently available to the Pilot. This would be especially
important if the Mission Specialist is a member of an ad hoc
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Fig.3 Interface Formulation of the the Shared Roles Model for sUAS
that Focuses Only the the Pilot and Mission Specialist Roles and Rep-
resents the State of the Practice Where the Mission Specialist is a
Passive Viewer of the Pilot Interface. The Blue Arrow Indicates Verbal
Communication from the Viewing-Only Mission Specialist (Top) to the

human-robot team and does not have training similar to that
of the Pilot.

Observation 2: Participants reported more positive role
empowerment when passively viewing a display and instruct-
ing the Pilot to control the payload camera and cap-
ture images. Role empowerment was reported in a post-
assessment survey as confidence and comfort in the ability to
execute tasks with each interface. Based on the exploratory
study conditions, when using the Mission Specialist inter-
face, participants were not allowed to ask the Pilot to control
the payload camera and capture images. The lower reported
role empowerment suggested that a Mission Specialist pre-
ferred to verbally coordinate with the Pilot versus directly
controlling the payload camera and capturing images.

Supporting Observation 2 was mixed-model design for
role empowerment consisted of the between participants fac-
tor being the average 5-point Likert confidence score and
the within participants factor being the average 5-point Lik-
ert confidence score per interface type. These two survey
variables were measured by averaging the post-assessment
survey data of each participant for each condition. The
interaction of which interface was presented first was also
examined for its impact.

The between participants analysis results (F[1,14] = 1.48,
p = 0.24) indicated there was not an effect of order in which
the interfaces were presented. This result suggests the par-
ticipants are likely to experience similar role empowerment
regardless of the order in which they used the interfaces.
The within participants analysis results (F[1,14] =14.35,p =
0.002) suggest there is significant interaction within partic-
ipants based on reported role empowerment for the mission
trials and the order in which the interfaces were presented.

"
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N

Pilot (Bottom), Who is Solely Responsibe for Payload Camera Control
and Image Capture. The Knowledge Worker and Safety Officer (Flight
Director) Roles are Excluded to Simplify Focus Toward the Mission
Specialist (Formulated from Murphy and Burke [11])

Post-assessment survey statistics were examined to deter-
mine the significance of the within participants analysis
results. Participants on average reported greater role empow-
erment regardless of mission trial when using the passive
approach (M =4.53, SD = 0.80) than they did using the dedi-
cated Mission Specialist interface (M =3.56, SD = 1.07) (M
= mean, SD = standard deviation). On mission trial 1 when
participants used the passive approach, greater role empower-
ment was reported (M =4.33, SD = 0.96) than when using the
dedicated Mission Specialist interface (M =3.84,SD =0.97).
On mission trial 2, participants using the passive approach
reported more role empowerment (M = 4.73, SD=0.59) than
when using the dedicated Mission Specialist interface (M =
3.28, SD = 1.16). These results suggest that mission trial 1
M = 3.80, SD = 0.74) and mission trial 2 (M = 4.28, SD
= 0.63) had on average, less than one half confidence rating
point difference. There is also an average of less than one
confidence rating point difference based on which interface
was first used. The reader should see [16] for more in-depth
details about the Exploratory Study.

3 Approach

This section provides the theoretical approach for a Mission
Specialist interface in SUAS. A formulation of the Shared
Roles Model is presented that includes two formal human
team roles: Pilot and Mission Specialist (a Flight Director
(Safety Officer) was present in the experimental study for
proper operational procedure, but the role was not evalu-
ated in this work). Recommended refinements to the Mission
Specialist interface implemented in [16] are discussed that
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Fig.4 Initial Implementation of the Mission Specialist Interface on an
Apple® iPad Used in the Exploratory Study by Peschel and Murphy
[16]. A Captured Image of the Simulated Train Derailment is Shown
in the Video Display Window. The Mission Specialist Swipes (Up and
Down) and Pinches (In and Out) Directly on the Video Display to Con-
trol the Payload Camera for Tilt (Up and Down) and Zoom (Out and In).
Images are Captured by Pressing the Capture Image Button (Courtesy
of Center for Robot-Assisted Search and Rescue)

included role-specific information for UAV position and
heading, as well as payload camera tilt and zoom indicators.

3.1 Shared Roles Model for Small UAS

To formulate the Shared Roles Model for sUAS, the Knowl-
edge Worker and Flight Director (Safety Officer) roles are
excluded in order to simplify focus toward the Mission Spe-
cialist (Fig. 3). Formal role labels in the model are defined
as in Sect. 2.1.2: Pilot and Mission Specialist. Payload and
platform telefactors, representing egocentric and exocentric
perspectives, respectively, remain consistent for this work.
An interface is shown to illustrate the manner in which each
human interacts with the small UAV. Figure 3 represents the
the state of the practice where the Mission Specialist is a pas-
sive viewer of the Pilot interface; verbal communication is
from the Mission Specialist to the Pilot for payload camera
control and image capture.

3.2 Mission Specialist Interface Refinements

Based on the lack of adequate visual feedback observed
during the exploratory field study, the Mission Specialist
interface was refined to include role-specific information that
included an overview map with real-time UAV position and
heading, a digital compass, and payload camera tilt and zoom
indicators (Fig. 5). The Mission Specialist controls the pay-
load camera and captures images in the identical manner as
the initial implementation described in [16]. The addition
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Fig. 5 Refined Implementation of the Mission Specialist Interface on
an Apple® iPad Used in the Experimental Study. A Captured Image of
the Simulated Train Derailment is Shown in the Video Display Win-
dow. The Mission Specialist Controls the Payload Camera and Captures
Images in the Same Manner as the Initial Implementation in Peschel
and Murphy [16]. Role-Specific Information Was Added that Included
an Overview Map with UAV Position and Heading, a Digital Compass,
and Payload Camera Tilt and Zoom Indicators (Courtesy of Center for
Robot-Assisted Search and Rescue)

of the role-specific information to the interface effectively
focused the visual common ground for the Mission Special-
ist.

With the refinements to the Mission Specialist interface
resulting in a third version (or third state of the Shared Roles
Model), it is appropriate to consider more precise termi-
nology to define the method of interaction which can also
be visualized and evaluated with the Shared Roles Model
(Fig. 6). When a Mission Specialist is only passively view-
ing a filtered video feed and instructing the Pilot for payload
camera control and image capture, this is referred to as a
passive-coordinated, filtered interface (Fig. 6a). The Mission
Specialist interface in the exploratory study is considered to
be active-coordinated, filtered (Fig. 6b) since it permits only
direct control of the payload camera and little verbal commu-
nication with the Pilot. The role-specific refinements to the
Mission Specialist interface combined with the option to ver-
bally coordinate payload camera control and image capture
with the Pilot identify it as a dual-coordinated, role-specific
interface (Fig. 6¢). These more precise interface descrip-
tions (passive-, active-, and dual-coordinated) will be used
throughout the remainder of this paper.

4 Experiments

This section presents the experimental design, research
hypotheses, and results for two Mission Specialist interface
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(a) Passive-Coordinated, Filtered

Fig. 6 Shared Roles Model Representations of the Mission Special-
ist Interface Versions. a The Passive-Coordinated, Filtered Interface
Permits Only Passive Viewing of the Filtered Pilot Display and Ver-
bal Direction of the Pilot. b The Active-Coordinated, Filtered Interface
Permits Only Direct Control of the Payload Camera and Limited Verbal

conditions (passive-coordinated, filtered and dual-coordinated,
role-specific) to determine which interface increased Mis-
sion Specialist performance. Specific details regarding tasks,
survey questions, etc. can be found in [8]. The experi-
ment included 10 CBRN responders visually evaluating and
capturing images of a simulated train derailment involving
hazardous materials. Two research hypotheses were posed
to determine which interface condition increased perfor-
mance: (i) role empowerment (confidence, comfort, and
perceived best individual and team performance), and (ii)
task completion time (object identification, evaluation, image
capture). Results showed that a Mission Specialist using the
dual-coordinated, role-specific interface reported greater role
empowerment while completing similar tasks in a similar
amount of time as when using the passive-coordinated, fil-
tered interface.

4.1 Design

A 10 participant complete 2 factorial mixed model design
with within-subject factor interaction type (mirrored display
vs. mission specialist display) and between-subject factor
environment (flight environment 1 vs. flight environment
2) was conducted at the Disaster City® facility at Texas
A&M in the context of a simulated train derailment involv-
ing hazardous materials. Each participant received interface
instructions and participated in up to a 5-min training flight
to demonstrate understanding of the interface inputs prior to
each experimental interface condition. The average time for
demonstrated interface competence was 3-min. Two differ-
ent UAV flights were made, one per mission trial, with each
flight having three pre-defined stationary waypoints (Fig. 7);
participants completed activities and answered questions at
each waypoint, consisting of object identification, evalua-
tion, and capturing images. The tasks and questions asked of
the participants were carefully developed in conjunction with
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(C) Dual-Coordinated, Role-Specific

Communication with the Pilot. ¢ The Dual-Coordinated, Role-Specific
Interface Permits Direct Control of the Payload Camera and Full Verbal
Communication with the Pilot. Observed Contention for Payload Cam-
era Control is Shown in Red. (Courtesy of Center for Robot-Assisted
Search and Rescue)

specialized emergency responders from the CBRN domain to
reflect the most likely field conditions, activities, and needed
information for which a small UAS and Mission Specialist
interface would be used. The maximum duration of the flights
were limited to 10-min for consistency and participants were
instructed that their goal was to capture images for all of the
questions at all of the waypoints within this period of time.
The order of the interfaces (conditions) was randomized to
counterbalance the study. An AirRobot® AR100-B UAV was
used in the experimental study. The human acting in the Pilot
role for the experimental study held a private pilot certificate
and had a significant number of hours flying the AirRobot®
platform. This person was not a researcher for the study nor
a dedicated subject matter expert for specialized emergency
response.

Of the 10 participants, all were men. Age ranges were:
35-years to 44-years (3 participants), 45-years to 54-years (4
participants), and 55-years and older (3 participants). Eight
of the participants had prior experience with a mobile touch-
based device (e.g., Apple iPhone or iPad), with frequency
of use from several times per week to continuously, for a
period of at least 1 year. Two of the participants had no prior
experience with mobile touch-based devices. The types of
interactions participants had with their mobile touch-based
devices were: use it as a phone (8 participants), check email
(7 participants), surf the Internet (6 participants), and play
games (5 participants). A majority of the participants had
previously used a Tablet PC or other pen-based device but
indicated only short-term and/or infrequent usage. There
were 6 participants who had prior experience controlling a
remote camera either on arobot or through the Internet. Eight
of the participants had played a major role in actual search
and rescue missions or exercises. Only three participants had
been involved with a robot-assisted search and rescue mis-
sions or exercises. Six of the participants had command-level
experience (e.g., Fire Captain, EMS Team Leader) and four
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Fig.7 Frontal and Overhead
Map Views of the Simulated
Train Derailment at Disaster
City® with the Three Waypoints
Shown for Each Mission Trial.
Mission Trial 1 Waypoints are
Shown as Circles and Mission
Trial 2 Waypoints are Shown as
Squares. The Numbers Indicate
the Three Waypoints in the
Ascending Order They Were
Visited (Courtesy of Center for
Robot-Assisted Search and
Rescue)

had non-command-level experience (e.g., HAZMAT tech-
nician, Equipment Specialist). Nine of the participants were
scored as having non-dominant personalities (one participant
scored as having a dominant personality). Nine of the partic-
ipants were scored as introverts (one participants scored as
being an extrovert). All of the participants scored as having
a high internal locus of control.

During interface condition 1, half of the participants used
the passive-coordinated, filtered interface on an Apple® iPad
and instructed the Pilot to control the payload camera and
capture images. Participants were given a verbal protocol
from which they could issue the following camera control
instructions to the Pilot: tilt camera up, tilt camera down,
turn camera left, turn camera right, zoom camera in, zoom
camera out, and take photo. The second half of the par-
ticipants used the dual-coordinated, role-specific interface
to control the camera and capture images (Fig. 5). Partic-
ipants could additionally, at any time, provide the same
verbal commands to the Pilot that were available for the
passive-coordinated, filtered interface condition. Each par-
ticipant in interface condition 2 used the interface they did not
have in interface condition 1. Participants were fully coun-
terbalanced in presentation order of flight environment and
interface conditions, resulting in four experimental condi-
tions.

4.2 Hypotheses

Two research hypotheses were developed from the findings
of a comprehensive literature survey of existing Mission Spe-
cialist interfaces in UAS [9] and the exploratory field study
observations for an active-coordinated, filtered Mission Spe-
cialist interface in [16].

Research Hypothesis 1: A Mission Specialist using a dual-
coordinated, role-specific interface will report greater role
empowerment (confidence and comfort) as indicated through
a post-assessment survey. It was expected that a Mission Spe-
cialist role would be more empowered in their role with direct
control of the payload camera and the ability to verbally coor-
dinate with the Pilot.
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Research Hypothesis 2: A Mission Specialist using a dual-
coordinated, role-specific interface will complete tasks faster,
as measured by the time it takes to complete assigned tasks.
It was expected that the Mission Specialist would complete
tasks faster having shared control of the payload camera with
the Pilot.

4.3 Data Analyses and Results

Two analyses were performed on the data collected during the
experimental field study: (i) role empowerment (confidence,
comfort, perceived best individual and team performance)
and (ii) task completion time (object identification, evalua-
tion, image capture). Results showed that a Mission Specialist
using the dual-coordinated, role-specific interface reported
greater role empowerment while completing similar tasks
in a similar amount of time as when using the passive-
coordinated, filtered interface.

4.3.1 Role Empowerment Results

Summative post-assessment survey results for role empow-
erment (confidence, comfort, perceived best individual and
team performance) indicated that a Mission Specialist reported
greater role empowerment when using a dual-coordinated,
role-specific interface. Results were obtained from three sep-
arate post-assessment survey instruments - one given after
each condition was completed by a participant, as well as a
final survey given at the completion of both conditions. The
first two surveys were based on a 5-point Likert scale; the
final survey asked the participant to choose one or the other
condition (or both) as their interface condition preference
(see Supplemental Material). The final survey allowed for
the determination of participant perception for confidence,
comfort, and perceived best individual and team performance
between interface conditions. The questions were different
between each of the three different post-assessments, and
were randomized when administered, to avoid order effects.
The percentages of participant responses for confidence and
comfort are summarized in Table 1.
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Ninety percent of participants reported the dual-coordinated,

role-specific interface gave them the most confidence and
comfort in their role as Mission Specialist for capturing
images. For locating objects with the payload camera, 80-
percent reported the most confidence in the dual-coordinated,
role-specific interface. The percentage reporting the most
comfort with the same interface dropped to 60-percent. Every
participant asked the Pilot at least once to tilt or zoom the
camera during the dual-coordinated, role-specific interface
condition, while at the same time trying to complete the same
operation themselves. Equal percentages were reported for
confidence and comfort in payload camera tilt and zoom.

Participants were additionally asked which interface gave
them the best individual and team performance. Sixty per-
cent of participants reported use of the dual-coordinated,
role-specific interface resulted in the best outcome for them-
selves as individuals, and separately, the best outcome for
their team. Based on the results for confidence, comfort, and
perceived best individual and team performance, a Mission
Specialist using the dual-coordinated, role-specific interface
reported greater role empowerment than when using the
passive-coordinated, filtered interface and research hypoth-
esis 1 was supported (Sect. 4.2).

4.3.2 Task Completion Time Results

An analysis of task completion time (object identification,
evaluation, image capture) indicated that a Mission Specialist
completed similar tasks in a similar amount of time using both
interfaces. Results for the three categories of task completion
time are shown in Table 2.

Task completion time for each of the three task completion
categories (object identification, evaluation, image capture)
was measured as the elapsed time between the question posed
by the experimenter and the corresponding response by a par-
ticipant. For object identification tasks, participant responses
after locating an object with the payload camera were verbal
and typically of the form yes or no. Evaluation task responses
reflected the determination of information associated with
located objects; participant responses for evaluation tasks
were also verbal (e.g., I count two disconnected wheel car-
riages). Image capture task time was determined when a
participant pressed the Capture Image button or instructed
the Pilot to take a photo. Images were examined afterwards
to verify the presence of objects that were indicated to be
photographed. Every participant utilized the full 10-min allo-
cated in each of the two flights.

Sauro and Lewis [ 18] have shown that the geometric mean
(GM) is the best population center estimator to report for
usability time studies involving less than 26 participants; this
paper follows that recommendation for reporting and also
includes the geometric standard deviation (GSD). The task
completion time data for each category were determined to

follow a log-normal distribution and were log transformed
and evaluated for equivalence of means using Welch’s t-test.
Object identification task completion time was not statisti-
cally significantly different between the passive-coordinated,
filtered interface (GM = 5.8, GSD = 4.8) and the dual-
coordinated, role-specific interface (GM = 3.3, GSD =5.7);
t(101) =1.68, p =0.096. Evaluation task completion time was
not statistically significantly different between the passive-
coordinated, filtered interface (GM = 6.7, GSD =3.1) and the
dual-coordinated, role-specific interface (GM = 4.8, GSD =
4.3); t(86) = 1.30, p = 0.197. Image capture task comple-
tion time was not statistically significantly different between
the passive-coordinated, filtered interface (GM = 6.7, GSD
=4.1) and the dual-coordinated, role-specific interface (GM
=5.6, GSD = 6.4); t(82) = 0.26, p = 0.794.

As shown in Table 2, on average, the dual-coordinated,
role-specific interface resulted in numerically faster task
completion time in each category; however, there was also a
large variance observed which was the likely cause for the
completion time means between interface conditions being
not statistically significantly different.

5 Findings

Analyses of experimental data from a Mission Specialist
using a dual-coordinated, role-specific interface versus a
passive-coordinated, filtered interface resulted in three find-
ings: 1) greater role empowerment (confidence, comfort,
perceived best individual and team performance) is expe-
rienced, ii) a Mission Specialist completes tasks in a similar
amount of time, and iii) a Mission Specialist with command-
level experience prefers shared control of the payload camera
while non-commanders prefer only to ask the Pilot. The last
finding suggests that the work experience of a Mission Spe-
cialist will influence the preferred method of HRI for SUAS
operations.

Finding 1: Greater role empowerment is experienced by
a Mission Specialist when using a dual-coordinated, role-
specific interface. As seen in Table 1, the most significant
result observed was a Mission Specialist preferring the choice
to either capture images themselves or instruct the Pilot to
capture images. Each subsequent role empowerment cate-
gory related to payload camera control and perceived best
individual and team performance also showed a majority or
balanced preference. Results in the subsequent role empow-
erment categories are likely less strong due to contention
observed between the Mission Specialist and Pilot for con-
trol of the payload camera. All participants, when given the
choice, used both direct control and verbal coordination with
the Pilot for payload camera control and capturing images.
However, there was also at least once instance where each
participant asked the Pilot to control the payload camera
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Table 1 Reported preference percentages for mission specialist role empowerment between interface conditions

Role empowerment category Most confidence

Most comfort

Passive-coordinated,
Filtered interface
[percentage] n = 10

Dual-coordinated,
Role-specific
face [percentage] n =

Passive-coordinated,
Filtered interface
[percentage] n = 10

Dual-coordinated,
Role-specific inter-
face [percentage] n =

inter-

10 10

Capturing images 10 90 10 90
Locating objects 20 80 40 60
Tilting the payload camera 50 50 50 50
Zooming the payload camera 50 50 50 50
Table2 Statistical results for mission specialist task completion time [in Sec] between interface conditions'
Completion task category Passive-coordinated, Dual-coordinated, Time Difference p-value

Filtered interface Role-specific inter- [sec]

time [sec] face time [sec]
Object Identification 5.8 33 2.5 0.096
Evaluation 6.7 4.8 1.9 0.197
Image Capture 6.7 5.6 1.1 0.794

1 Geometric mean is reported as per [18]

(e.g., tilt down) while simultaneously attempting to issue the
same command themselves through the interface. This con-
tention caused movement of the payload camera beyond what
was initially desired by the Mission Specialist and had to be
corrected with additional inputs, either by themselves or with
assistance from the Pilot.

Finding 2: Similar tasks are completed by a Mission Spe-
cialist in a similar amount of time regardless of interface type.
Each of the three task categories a Mission Specialist com-
pleted (object identification, evaluate, image capture) were
determined to take a similar amount of time, if the Mission
Specialist had direct control of the payload camera versus
was only able to instruct the Pilot for payload camera control.
The numeric results shown in Table 2 suggest that on aver-
age, a Mission Specialist can complete tasks faster with the
dual-coordinated, role-specific interface, though with large
variation which would likely depend on the type of task being
attempted. The largest task completion time result difference
was for object identification, which was likely due to the Mis-
sion Specialist having direct control of the payload camera
and being able to more quickly search for an object with their
own interface versus issuing verbal instructions for individual
payload camera movements. The most similar task comple-
tion time result was for capturing images. All participants
were observed trying to properly frame the object of interest
in the center of the screen prior to capturing an image, likely
leading to a longer task completion times. When participants
directed the Pilot to capture an image, a focus on framing
was not observed.

Finding 3: Command-level experience of the Mission
Specialist affects payload camera control preference. A
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Table 3 Correlation findings between level of command experience
and reported role empowerment

Role empowerment category Correlation coefficient

Best Performance (Team) 1.00
Capturing Images 1.00
Best Performance (Individual) 0.82
Locating Objects 0.80
Zooming the Payload Camera 0.80

Mission Specialist having command-level experience (e.g.,
Fire and Rescue Captain, EMS Team Leader) reported the
most role empowerment using the dual-coordinated, role-
specific interface. Conversely, a Mission Specialist with
non-command-level experience (e.g., HAZMAT technician,
search and rescue team member) reported their highest role
empowerment resulted from only instructing the Pilot for
payload camera control and image capture. This Comman-
der Effect was determined through a correlation analysis
between command-level experience reported through the
pre-assessment survey and each role empowerment category
reported through the summative post-assessment survey.
Each role empowerment category, except confidence and
comfort for payload camera tilt, was determined to correlate
at a statistically significant level (p < 0.05) with command-
level experience (Table 3).
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6 Conclusions

This work determined that a Mission Specialist in a SUAS
requires a role-specific, visual common ground interface per-
mitting shared control of the payload camera and verbal
coordination with the Pilot. Results from field experiments
with 26 specialized responders from the CBRN domain
showed that a Mission Specialist using the dual-coordinated,
role-specific interface reported greater role empowerment
while completing similar tasks in a similar amount of time as
when using the passive-coordinated, filtered interface. The
most significant finding was that the work experience of a
Mission Specialist will influence the preferred interface for
HRI in sUAS operations. The dual-coordinated, role-specific
interface is the most appropriate interface for a Mission Spe-
cialist, regardless of work experience, as it permits both direct
control of the payload camera and passive-coordination with
the Pilot.

Greater individual confidence, comfort, and perceived
bestindividual and team performance were reported by a Mis-
sion Specialist using a role-specific, shared visual common
ground interface that permits verbal coordination with the
Pilot. Role empowerment is key because greater self-efficacy
(the idea that one is capable of performing in a certain man-
ner or attaining certain goals) tends to directly correlate with
better individual performance. This is especially important
for ad hoc SUAS teams where specialized emergency respon-
ders acting in the role of Mission Specialist will likely not
have regular training and exposure to small UAV technology.
An additional consequence of greater role empowerment is
that the adoption rate of small UAV technology by CBRN-
related response agencies may increase as currently many do
not utilize sUAS.

The elapsed time for a Mission Specialist to complete sim-
ilar tasks either themselves and coordinated with the Pilot, or
only asking the Pilot, was not found to be significantly differ-
ent. This means that a Mission Specialist will perform as well
having their own interface as they would with the current state
of the practice, which is either sharing a display or passively
viewing and only instructing the Pilot for camera control
and image capture. The dual-coordinated, role-specific inter-
face is a new tool that can be used by HRI practitioners and
researchers to further study the Mission Specialist role and
sUAS team performance and process. Further, the interface
is an open-source software package that could be adopted by
designers and developers of commercial small UAV technol-
ogy to improve the HRI experience for a Mission Specialist.

The level of command experience that a Mission Spe-
cialist has affects their HRI in sUAS. Commanders want
to share control of the payload camera with the Pilot. Non-
commanders would rather ask the Pilot to control the payload
camera and capture images. The dual-coordinated, role-
specific interface eliminates this problem by accommodating

both preferences; however, a more important consequence
is that in either case, the Mission Specialist relied on the
Pilot role. This is important for two reasons: (i) the poten-
tial increase in workload experienced by the Pilot, and (ii)
the Mission Specialist wants a human in the Pilot role. This
work did not address the Pilot due to limited availability
of personnel trained to fly the UAV; however, the Pilot role
should be investigated to better understand overall SUAS per-
formance and process. That the Mission Specialist wanted a
separate Pilot role has consequences for researchers attempt-
ing to automate the role (e.g., the robot or a software agent
serving in the Pilot role). Unless the human-human interac-
tion that a human Pilot provides could be reproduced in an
autonomous agent, it is expected that a Mission Specialist
would not perform similarly to the observed results.

This research suggests that more work is needed to better
understand sUAS team performance and process, particu-
larly as it relates to the Pilot role. More complete, long-term
mission scenarios are recommended to evaluate individual
and joint situation awareness. In particular, it is not known
what task and/or environmental factors caused control of the
payload camera to be ceded from the Mission Specialist to
the Pilot, even when the Mission Specialist preferred to have
control. Understanding these issues in the context of HRI are
important as sUAS are integrated into CBRN-related opera-
tions and the national airspace.
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