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ABSTRACT
Unmanned aerial vehicles (UAVs), commonly known as drones,
have been deployed across various applications. These applications
range from entertainment to critical situations, such as search and
rescue (SAR) operations. The use of single drones is most common–
one pilot controls one individual drone. Research has begun to
explore the bene�ts of deploying a group of drones as a coordinated
swarm. It is, however, uncertain how a multi-drone system should
be designed to facilitate interaction in real-world contexts. We
report initial �ndings from three study sessions involving prototype
evaluations and co-design sessions we conducted in collaboration
with the emergency services of Denmark. The results of our study
open new questions and provide input on the features and functions
that impact the future adoption of multi-drone systems, including
interactions with multiple video feeds, ecology of screens, team
communication, and �ight control methods.

CCS CONCEPTS
• Human-centered computing! Interaction design; Empiri-
cal studies in ubiquitous and mobile computing; Collaborative
and social computing.

KEYWORDS
search and rescue, multi-drone system, user-interface evaluation

ACM Reference Format:
Maria-Theresa Oanh Hoang, Niels van Berkel, Mikael B. Skov, and Timothy
Robert Merritt. 2023. Challenges and Requirements in Multi-Drone Inter-
faces. In Extended Abstracts of the 2023 CHI Conference on Human Factors
in Computing Systems (CHI EA ’23), April 23–28, 2023, Hamburg, Germany.
ACM, New York, NY, USA, 9 pages. https://doi.org/10.1145/3544549.3585673

1 INTRODUCTION
In recent years, there has been a rise in the use of drones across
various contexts and application areas, often involving direct inter-
action with people. Drones have become tools for various causes,
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including the inspection [7, 39] andmapping of land [19, 41], deliver-
ing items [17], and creating intricate light shows [42]. Furthermore,
drones are used for critical situations such as emergency response
and search and rescue [20].

Traditionally, interactions with drones have focused on a sin-
gle operator controlling a single drone, often utilizing a phone or
remote controller such as a two-stick controller (e.g., DJI’s Smart
Controller1). These systems require the pilot to �y the drone by
moving the joysticks to adjust the position from moment to mo-
ment, which limits the speed at which tasks can be completed.
Programmable �ight planning helps to automate �ight control.
However, this is useful only for limited scenarios where the path
can be planned ahead of the �ight. Both research and industry have
started to push the boundaries of automation with intelligent �ight
planning2 [34, 40], as well as expanding beyond the deployment
of single drones to multiple drones that can work together, also
known as swarms [1, 8, 11, 39]. The potential bene�ts of drone
swarms include more rapid visual scanning of large areas and the
ability to provide multiple camera perspectives, among others [35].

While contemporary physical controllers are optimized for con-
trolling a single drone by a single pilot, they are not designed to
control multiple drones simultaneously. Therefore, multiple drones
require multiple pilots, with the coordination between pilots intro-
ducing increased complexity and diminishing the situation aware-
ness (SA). Further research is necessary to understand how to design
user interfaces to support people interacting with drone swarms
to realize the bene�ts mentioned above [8, 23] while maintaining
SA [1, 14, 15, 38].

In this paper, we investigate how a multi-drone system could be
designed to speci�cally support search and rescue (SAR) missions.
SAR teams consist of professionals with varying technical expertise
and a wide range of experiences they draw from when deploying
SAR missions. Due to the critical nature of these missions, the
system needs to facilitate e�ective planning and control of the
swarm and facilitate communication and situation awareness to
support the SAR team.

Building upon the HCI studies that have previously focused on
SAR [5], our work continues in this tradition by directly involving
end-users. By doing so, we aim to gain a deeper understanding of the
current challenges and design solutions that are speci�cally tailored
to time-sensitive and critical situations. This paper presents current
challenges and requirements for multi-drone interfaces through

1https://www.dji.com/uk/smart-controller
2https://www.robotto.ai/�re
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a study comprising three sessions. We created a SAR prototype
system capable of controlling multiple drones �ying outdoors to
elicit a more realistic scenario than a lab study would provide. From
our co-design sessions, we identi�ed various requirements relevant
to the SAR context but could also apply to other uses of drone
swarms.

We provide the following contributions. First, we present exam-
ple user interfaces that help in the planning and real-time control
of a drone swarm. Second, we identify key challenges among the
human team interacting and controlling the swarm. Finally, we
propose requirements and approaches to designing multi-drone
interfaces for future research.

2 INITIAL PROTOTYPE
We developed an initial prototype system, in which we make use
of familiar visual cues from the platform currently used by the
emergency services. In this section, we describe the hardware and
software of the initial prototype used in the �rst study session.
Following Sessions 1 and 2, we added additional features to this
system, as described in the respective study sessions.

2.1 Hardware and Software
The drone control prototype consists of three parts: a drone con-
troller, a server, and a web application.

2.1.1 Drones and Smart Controllers. We used drones from Da-
Jiang Innovations (DJI). Speci�cally, we used two DJI Mavic 2
Enterprise Advanced Dual and four DJI Air 2S, where each
drone was connected to a DJI Smart Controller. The DJI products
were chosen because the emergency services are familiar with them
and use them in their drone operations. We installed our custom
Android app based on DJI’s software development kit on the Smart
Controller, which communicates with the drone and the server.

2.1.2 Web Server and Client. We developed a web application to
facilitate interaction between drone operators and drones. Imple-
menting it as a web application had the added bene�t of being
platform-independent and, thereby, could be tested on any device
with a browser. To link the web clients with the Smart Controllers,
we created a server hosted on a local computer that acted as a tunnel
for messages. For each individual drone controller, each instance
of the web client continuously listens to changes in the server and
updates the layout accordingly.

The interface centers around a map view, following prior work
on multi-drone systems [2, 16]. This map shows where the drones
are �ying and where they are heading. We made an e�ort to fol-
low design cues from DJI’s in-built software since the emergency
services already have some experience with it. For example, we im-
plemented a feature that allowed the drone operators to fence in an
area that the drones would stay within during the search. We also
added a menu to provide the current drone status and additional
control methods described in the next section.

2.2 Control Methods
We implemented three di�erent control methods for controlling
the drones: selection, beacon and leader drone [26, 27, 33]. With
selection control, the user selects a subset of the active drones and

points them to a speci�c location on the map. We considered this as
an appropriate control method in a location containing something
crucial to the mission, e.g., a building or something that might
resemble a person. The beacon control method has two modes: repel
and attract. This method allows the user to fence o� an area of
particular interest or should be avoided. With the leader drone
control, the operator would mainly interact with a designated leader
drone, and the swarm would inherit features and behaviors from
the designated leader.

3 THREE EVALUATION SESSIONS WITH SAR
PROFESSIONALS

Our research is exploratory and involves evaluations of functional
prototypes with experts in SAR. Our study approach was inspired
by the say, do, make framework [32, 36], where we primarily took el-
ements from the say andmake tools and techniques. Users engaged
in realistic tasks using the prototypes to evaluate the usability of
features and functions, after which we engaged in co-design discus-
sions with pre-de�ned questions to generate ideas and suggestions
for how the future system should be designed. We conducted three
study sessions in collaboration with the emergency services of Den-
mark across three cities in the country. In total, six participants
joined the study (all male), �ve of whom are active SAR o�cers, and
one is their IT specialist who acquires and supports the technolo-
gies used by the team. Depending on the session, the participants
had varying degrees of SAR and drone experience, as summarized
in Table 1. Figure 1 illustrates the focus of the di�erent sessions,
including the prototype evaluations in the �eld and the interview
setup. In the following subsections, we explain the three sessions
in more detail, followed by the results of each session.

We conducted three study sessions at the three main headquar-
ters of the emergency services across the country, which gave access
to large testing areas to set up realistic training missions with the
�ying drone swarm as well as access to the most experienced drone
pilots.

3.1 Session 1: Overview of Drones
For the �rst session, we focused on visualizing an overview of the
drones where the prototype can be seen in Figure 1. This included
understanding what the drone operators needed when maintaining
an overview of the drones and initial ideas for controlling them.
Some of the details in this session were also discussed in our prior
work [21]. Two research team members controlled the drones man-
ually, mimicking autonomous behavior until someone used the
selection control. We used a Wizard-of-Oz approach for two of the
three control methods (beacon and leader drone) - a common prac-
tice in drone interaction research [3, 10, 24]. We �ew two DJI Mavic
Enterprise Advanced Dual drones around an area privately owned
by the emergency services. In the demonstration, the participants
completed a few tasks, which we designed to allow the participants
to consider whether functionalities and the control methods were
relevant for potential SAR missions. The demonstration was fol-
lowed by a co-design session, where the participants expressed
their thoughts about the prototype.

3.1.1 Challenges to Current Setup. The drone technologies used
are all standard DJI M300 and Mavic 2 Dual drones with the Smart
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Figure 1: Study procedure including prototypes and interviews for the initial prototype, advanced swarm control prototype,
and interactive video feed prototype.

Controller and Pilot app, which provides manual �ight control
and simple mapping missions. The participants claimed that the
current system works, yet they clari�ed that the software is limited.
This is most apparent in regard to automated �ight paths, where
the operators cannot de�ne the �ight start and end points nor the
camera angle. This was a signi�cant limitation since elements such
as the terrain and information given by the police signi�cantly
impacted where the drone should �y.

Collaboration is also a challenge that emergency services face
amidst a SAR operation. P2 noted that helicopters were a challenge
when operating drones: “[. . . ] it’s also di�cult to work together with
the helicopters, which means that there’s no cooperation [. . . ] the
drones are grounded.”

However, the main challenge faced in their drone missions is
processing the video feed, especially in dense areas where the ter-
rain is �lled with di�erent colors, items, and patterns. This is done
manually by someone who has to be replaced after ⇠20 minutes as
processing the feed is mentally demanding and can lead to what the
emergency services refer to as image blindness. Due to this factor,
P2 showed skepticism toward a multi-drone system as they said
“[. . . ] it doesn’t necessarily add a whole lot of value because for the
current situation, it is bringing just a lot more data, and then the

bottleneck will be the people processing the data.” However, he elab-
orated that he was not against the idea if “[. . . ] there is something to
do the process of data on behalf of us [. . . ]”.

3.1.2 Physical Devices. The participants agreed that it using a
tablet to gather an overview of the drones and view the �ight paths
was su�cient. Still, the interface should be designed for ‘sausage
�ngers’ and would be too small to identify objects in the video feed.
P1 noted that if a device is meant to be used outdoors, the tablet
would need to have “[. . . ] the right surface that can be used in hot
weather and rain [. . . ] and also able to work in strong sunlight.” The
team often experiences that touch screens do not respond very
well when exposed to heat, and the battery quickly drains in cold
weather. We asked whether styluses would be a viable option for
them. However, P1 said: “We shake our �ngers too much with it, it’s
simply too cold. [. . . ] a button on the screen is what helps us. Or that
the controller has a physical button that has the function for that.”.

3.1.3 Control Methods. The participants generally found that the
three control methods presented were relevant to SAR e�orts. A
vital feature they claimed should be the same across the methods
is the ability to modify the drones’ behavior to comply with the
current situation. They thought it would be valuable if the system
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Session 1 - Overview of drones Session 2 - Swarm control Session 3 - Video feed control

Participant P1* P2 P3 P4 P5 P1*
Role Senior Sergeant Senior Sergeant SAR specialist SAR specialist Senior Sergeant Senior Sergeant
Age 42 32 26 50 46 42
Drone Exp. (Years) 6 9 3 1.5 4 6
SAR Exp. (Years) 23 10 2.5 1.5 24 23
Table 1: List of the participants working directly with the drones in SAR missions. *P1 participated twice as he was the
nationwide leader for the drone team and the main contact and coordinator for the other study participants.

could automatically suggest beacons based on the terrain. This
could help the team identify which areas should be avoided or
thoroughly inspected.

The participants stressed that in the �nal system, it should be
very minimal how much the operator should interact with the
drones directly. P2 said, “I think the idea with drone swarms is that
we don’t need to control them [. . . ]”.

3.2 Session 2: Swarm Control
From the �rst session, we re�ned the prototype to align with users’
comments more closely. This included implementing the possibility
of retrieving the live video feed from the drones.

With the updated prototype, we went to another regional depart-
ment and focused more on their opinions on the swarm controls.
Due to the location, we could not deploy the drones outside. Instead,
we opted to deploy four DJI Air 2Ss through the DJI assistant’s sim-
ulator, as the prototype would act the same as if the drones were
�ying in a physical space. Similar approaches have been used in
relevant studies [1, 25]. After introducing the prototype’s features,
we asked participants to use and explore the application. Finally,
we conducted a co-design discussion, with the prototype always
visible and working on an iPad in front of them. This allowed our
participants to point out and specify what they talked about during
the interview.

3.2.1 Drone Behavior. The participants found the selection and
beacon control useful for controlling multiple drones but did not
�nd much relevance in the leader drone control method. P3 said
“[. . . ]I don’t �nd it useful regarding SAR missions[. . . ] I don’t think
there needs to be a leader drone; I just think [. . . ] that you want to be
able to control more drones at the same time.” Instead, they found it
more relevant to have the drones �y independently in each corner
of the search area. They also expressed the importance of visually
di�erentiating the drones from one another, as they wanted to
identify and deal with any problems quickly.

3.2.2 Video Feed Layouts. The participants were shown various
layouts to display the video feeds. However, there was some skep-
ticism about having multiple video feeds for a single person to
review. They estimated that to avoid overwhelming the viewer,
there should not be more than four video feeds displayed on the
same screen. They welcomed the idea of displaying multiple video
feeds, but only if there was an integrated object detection layer that
could alleviate data processing tasks from the team.

3.3 Session 3: Video Feed Control
In preparation for the �nal session, we focused on re�ning the
display of video feeds. Although the control methods were used in
the search task, we focused on the interactions with video feeds.
We designed layouts for the 11" iPad Pro and the larger LED screen.
We �ew the swarm of three DJI Air 2Ss autonomously in a mock
search mission. However, three research team members always
had the physical Smart Controller in hand to override if a problem
would arise. The emergency services have a dedicated truck for
drone operations, containing all drone equipment and a 30" LED
for enlarging the video feed from one active drone. We used the
LED screen for the video layout designed for larger screens. We
conducted a co-design session after the demonstration. The proto-
type was running during the session with a large projected screen
to show the video layouts. A whiteboard enabled the participants
to explain through sketching their visions for future prototypes.

3.3.1 Di�erentiating the Video Feeds. None of the drone operators
we interviewed was colorblind; therefore, they thought that rep-
resenting the drones and their feed with colors was su�cient as
long the colors were clearly visible. However, using colors has the
di�culty of not scaling properly with the number of drones, and
you would potentially end up in a situation where the colors are too
similar. When asked about alternatives using shapes as a unique
identi�er, they said that they would end up in a similar situation
as with the colors, where P6 said: “[. . . ] you will have nine symbols,
where you can stand and discuss, what the (explicit) should I call it
[. . . ]?”. The safest identi�er, they stated, would be to use numbers
to di�erentiate across a large number of drones.

In the demonstration, the drones �ew in a locationwell-known to
the participants, following the same pattern and direction, leading
to similar video feeds. The participants said it was relatively easy
to maintain an overview of the videos in this scenario. However,
it would not be as easy if they �ew in di�erent directions, where
P1 explained: “As soon two of them start to turn on the Z-axis while
they’re �ying then you make greater demands on the brain of the
person who stands and looks at it [. . . ] I would imagine that I would
feel more pressured if it was not an area where I knew the terrain
beforehand.”. In cases where the drones �nd something, it would
be necessary to give time for a person to react and see and accept
what they have seen is relevant to the system. They suggested that
the drone pause or follow the target while notifying the team until
an operator told it otherwise.

3.3.2 Utilizing Mulitple Devices and Screens. Extensive discussion
was focused on the separation of roles across the di�erent devices.
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Using the existing prototype, the iPad could be used as a controller
for what was displayed on the larger screen. Here, the participants
suggested that in the case of multiple larger screens, it would be
interesting to have the option to decide which screen the video
should be displayed on instead of having it displayed on all con-
nected screens. This would be helpful if a user has found something
that could interest the rest of the team, they could display it for
part of the team but not distract other team members focused on
other areas of the search.

P1 was adamant in the claim that they would need at least “one
big screen, one management tablet” and three additional tablets
for view-only access. This would allow people outside the drone
team to maintain an overview of what the drones are seeing, so
they would also better understand the unfolding situation. These
additional tablets, by default, should not control the drones but
could act as a failover if needed.

4 DISCUSSION
Although this study focused on potential multi-drone usage in
SAR, we will discuss how the results relate to general multi-drone
interfaces. Throughout the section, we discuss topics and design
considerations that need to be a focus in future multi-drone systems.

4.1 Input Devices for Rugged Operations
Multi-drone systems are bound to be used in an outdoor space,
where weather conditions will signi�cantly impact which devices
are most suitable for managing a swarm of drones. The participants
expressed the necessity to allow controls without relying on preci-
sion or gestures. Therefore, physical buttons or larger icon sizes on
the interface are valuable. Moreover, extensive gesture controls are
also discouraged by some participants as they provide less feedback
than physical buttons, and accidental or misinterpreted touches can
severely impact the user’s intent. Future interfaces should consider
utilizing additional physical buttons or prioritize on-screen buttons
that provide the proper size and feedback if the tablet system is
used outdoors.

4.2 Size, Number, and Placement of Screens
While tablets have disadvantages in certain weather conditions, the
emergency services of Denmark still use iPad Pros as they are easy
to handle and portable. However, one participant expressed con-
cern that the more complex the system would become, the harder it
would be to navigate around the screen. It is furthermore notewor-
thy that the SAR van was equipped with a printer for printing out
larger physical maps for the team to use for discussions with the
incident commander. These factors indicate that extensive multi-
drone interfaces might value larger screens for a better overview
and control; however, the portability of a tablet is lost and might
not be preferred in other situations. Research has also found po-
tential in non-screen approaches for drone-related SAR missions
such as mixed reality and wearable technology [4, 6, 18, 29]. Future
research could seek to understand how di�erent devices bene�t
di�erent contexts.

We gained initial insights into how the camera interface should
be designed if the goal was to locate an object. Although it depends
on the situation, an operator could only observe very few feeds

simultaneously, which other monitoring and surveillance �elds
also experience [22]. In general, in a context where it is required
for a person to constantly keep an eye on them, a multi-drone
system is only viable if the system itself can carry some of the
workloads with the help of automation, such as auto-detection of
objects or anomalies. A person still has to continuously accept or
approve whether the automation has found something, and it is
still uncertain how a system should be designed to properly display
what they have identi�ed and give time for the user to take action.
Research on multi-drone systems for observation and monitoring
should seek to understand how drones need to behave when an
object of interest is found and how the interface should adjust to
provide the best possibility to take action.

Collaboration between the di�erent parties in a SAR mission
was a challenge as there is a need to tightly coordinate where and
how the drones should �y, especially when other entities are in
the area. Through our co-design sessions, the participant showed
interest in giving parties outside the drone team more insight into
the drones’ information. This could be facilitated by incorporating
multiple tablets out in the �eld with di�erent access levels, such
as read-only access or access only to one speci�c drone. Existing
research has touched upon the idea of multiple users collaborating
to control the drones’ and robots’ behavior to �t everybody’s needs
[28, 30]. Future research could help to understand how to support
collaboration between drone operators and drone swarms, as well
as with other stakeholders that are not an immediate part of the
operation.

4.3 Situation Awareness and Trust
Throughout the study, various discussions were focused on un-
derstanding the automation and aspects that would impact the
user’s SA and trust with autonomous features [13, 31]. When the
demonstrations occurred outside, participants were cautious of
their surroundings and constantly ensured that the drones were in
a stable and safe operating state. However, this is di�cult as the
number of drones increases, and some drones will be out of the
user’s visual line of sight.

For some participants, it was essential to di�erentiate the drones
so they could immediately identify which drone acts abnormally or
has found an object. We have attempted to use colors and shapes
to address this issue, and while it is su�cient for now, it will have a
problem scaling in the future. A numbering system would be ideal,
but it might still not be enough if the drones �y in a cluster and
overlap. At the moment, all drones involved in the operation are
always displayed on the map, but it is possible that it is not always
necessary to display them. To safely employ such a feature, studies
need to explore if it is necessary to show the individual drone at all
times or explore alternatives that scale more appropriately with an
increasing number of drones.

To maintain SA, the participants said they would need to know
what the drones have done and what they will do. The work of
Endsley [14] indicates that for the user to make informed decisions,
it is essential not to omit information but make them available in a
manner that allows the user to gain it without being overwhelmed
or having to seek after it. Like Agrawal et al. [1], research should
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seek to understand how we can design interfaces for maintaining a
high level of SA.

It was apparent from the co-design sessions that a multi-drone
system would only be viable if a layer of automation supported the
users. In the case of SAR, object detection in the video feed and
�ight automation would be critical to the success of drone swarms.
However, research shows that visual representation of automation
can result in the overtrust in a system, where the users will over-
estimate the capabilities of the system [12]. The users should still
be allowed to intervene, not only when a problem occurs but also
when the automation is not behaving to their liking. This is the
very problem some users have experienced with the current com-
mercial software for single drone control [9, 37]. The appropriate
granularity of user control in adjusting the automation is still un-
certain. Future research should seek to develop guidelines for how
automation should be handled in multi-drone systems.

5 CONCLUSION & FUTUREWORK
In this paper, we sought to establish key challenges and require-
ments for designing multi-drone interfaces. We selected the search
and rescue (SAR) domain as our case, as it provides a realistic and
critical scenario for drone swarm usage. We developed three proto-
type versions of a drone swarm interface to enable the control of
physical drones outdoors. From our co-design sessions, we discov-
ered that collaboration, devices, and video feedback analysis were
major hurdles for drone usage in SAR. For a multi-drone system to
be viable, we address it by coming up with initial requirements as
to what future interfaces need to consider. This includes designing
responsive and simple input methods that do not rely on gestures,
designing for potential collaboration, and allowing di�erent lev-
els of automation to elicit trust in the user. The current prototype
was not created to facilitate better situation awareness and trust
explicitly but focused on ways of operating and controlling drones.
There is still a need to explore more extensively how to design
interactions and support user control between operators and drone
swarms. We plan to further develop the prototype to conform to
the initial design requirements to utilize the initial requirement
we gained from our discussion with the emergency services while
addressing situation awareness and control as a main component.
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6 APPENDIX A: PROTOTYPE SCREEN CAPTURES

Figure 2: Prototype from Session 1: Overview of Drones.

Figure 3: Prototype from Session 2: Swarm Control & Session 3: Video Feed Control.
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Figure 4: Drone side menu of the prototype from Session 2: Swarm Control & Session 3: Video Feed Control.

Figure 5: Video feed layout from Session 3: Video Feed Control.
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