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(a) View of the interface with the hand menu displayed. (b) View of the drone flying to waypoints.

Fig. 1: First-person views from the HoloLens 2 showing the Drone Brush interface and a created path.

Abstract—In this paper we present Drone Brush, a prototype
mixed reality interface for immersive planning of drone paths for
tasks such as collaborative photogrammetry and inspection. This
interface employs Microsoft’s HoloLens 2 to allow users to draw
paths for drone navigation in 3D using hand gestures. Users can
place waypoints with a simple pinch gesture, and similarly, delete
and move existing waypoints. To validate paths, we leverage the
HoloLens spatial map to check for potential collisions ahead
of time, greatly reducing the likelihood of a collision during
drone navigation. Paths are simplified and cleaned up using
density-based clustering to prevent complex or redundant drone
movement. In this Late-Breaking Report, we present the design
and implementation of our system that integrates mixed reality,
natural hand gestures, and drone path planning, which we plan
to evaluate in a user study in the near future.
Index Terms—Drone path planning; Mixed reality (MR); Aug-
mented reality (AR); Human-drone interaction; Robot navigation

I. INTRODUCTION

Aerial robots (i.e., drones) are becoming indispensable tools
for a wide variety of real-world human-robot interaction tasks,
such as collaborative photogrammetry, environmental inspec-
tion, and search or surveillance activities. In this research,
we are interested in exploring new interfaces that may better
support humans and drones in effectively communicating with
each other to navigate environments and complete such tasks.
To date, the majority of drone navigation and path planning
interfaces have been designed around joystick controllers
and/or smartphone displays. Demonstrations of additional con-
trol modalities, such as brain-computer interfaces, voice-based
interfaces, or gesture-based interfaces, have been explored in
the past decade (e.g., [1]), but have not been adopted due to

issues such as the lack of specialized hardware systems and
the inability of such interfaces to provide visual information
while keeping the real world in focus.

Mixed reality systems enable virtual graphics to be
projected directly within the context of the task, which has
shown benefits in applications such as guidance in head
and neck surgery [2], drone-augmented human vision [3],
and collocated robot teleoperation [4]. As a result, we
believe mixed reality headsets are suitable candidates to host
interfaces as a part of human-robot interaction with collocated
robots. Specifically, drone navigation and path planning can
potentially become less encumbering and more enjoyable
with mixed reality headsets such as the HoloLens 2 (HL2).

This work aims to take a step forward in improving
human-robot interactions and presents Drone Brush, a
mixed reality interface prototype for immersive drone path
planning. The Drone Brush interface employs a HL2 to
keep pertinent, real-world spatial information in view and
anchor robot command sequences to the user’s environment
using virtual graphics. Users draw and modify paths for
drone navigation in 3D using intuitive hand gestures such
as pinching. Subsequently, paths are validated to ensure
collision-free operation of the drone. In our future research,
we plan to evaluate Drone Brush in user studies that feature
tasks that rely on the use of drones collocated in the user’s
environment. Through this research and future user studies,
we aim to answer two research questions of interest:

RQ1: How does immersive path planning in 3D with a mixed
reality headset impact task completion speed and accuracy for



co-located drone operation?
RQ2: Can users intuitively guide a drone indoors through
and past obstacles using a mixed reality headset and natural
hand gestures for path planning?

In summary, this work currently contributes the following:
� A mixed reality interface for drone path planning, demon-

strated on a mixed reality HMD that captures natural hand
gestures.

� A path validation approach that leverages a density-based
clustering algorithm, DBSCAN, and the HL2 spatial
mapping capabilities to validate drone paths as operable
and to avoid collisions.

II. RELATED WORKS

User interfaces for robot control have been an active area
of research for the past few decades [5]–[7]. In particular,
there is a continued need for natural user interfaces for drones
to allow unskilled pilots to accurately operate drones without
extensive training [1]. Proposed user interfaces for drones
have evolved with the adoption of technologies advanced
in the past decade, including natural language processing,
gesture recognition, and machine learning to better interpret
sensor streams that enable new, multi-modal interactions [1].
Examples of such interfaces include voice-based interfaces
for drone mission planning [8], gesture-based interfaces for
remote robot control [9], and interfaces for sketching and plan-
ning paths in detail for applications such as cinematography
using drones [10]. Despite various benefits proposed by the
aforementioned interfaces, such interfaces are limited by the
lack of spatial information for collocated users when planning
paths. There has also been progress to explore more natural
communication methods [11] and to make drones safer [12].

Mixed reality has also been an active research field for the
past few decades with a recently renewed interest in the subject
taking place due to significant advancements in computer
vision and display hardware [13]. This has opened up oppor-
tunities at the intersection of mixed reality and robotics [14].
There has been work with mixed reality headsets toward
better understanding robot intent using virtual imagery [15]
and exploring the mediation of human-robot interaction using
virtual surrogates [16]. These prior works do not explore the
utility of natural hand gestures when combined with a mixed
reality interface. To the best of our knowledge, there is no
prior work involving drone path planning using mixed reality
interfaces with natural hand gestures. As a result, we have
decided to explore the usage of mixed reality interfaces with
natural hand gestures, with the belief that their usage for both
path planning and subsequent observation of the drone’s intent
will enable new human-robot interaction studies.

III. DRONE BRUSH

The Drone Brush ecosystem has three primary components,
as seen in Figure 2: a HoloLens 2 (HL2) Headset for the
interface, a Parrot ANAFI quadrotor drone for navigation, and
a host computer for bridging the system and controlling the

Fig. 2: Diagram of the Drone Brush system showing the com-
ponents and their communication. The HL2 transmits path data
to the host computer, which in turn sends commands to the
drone for path navigation. The drone sends the computer state
information and responses to commands indicating success or
failure. The HTC VIVE tracker 2.0 mounted on the drone
continuously transmits its pose to the host computer to localize
the drone.

drone. The HL2 and the host computer communicate using
ROS [17], whereas the Parrot ANAFI communicates through
messages via the Parrot Olympe SDK [18]. The user can
create, manipulate, and validate paths in mixed reality using
the HL2 and use gestures to press a virtual button to send
path data to the host computer for execution with the drone.
The system requires a live pose of the drone for executing
navigation, which in our prototype is provided by an HTC
VIVE tracker 2.0 mounted on the drone.

A. Mixed Reality Interface

To aid mobile users in navigating their environment, we
aim to create an easily accessible user interface that is always
within arm’s reach of the user. Thus we utilize a hand menu
that quickly appears when the user faces their palm toward
the display, in addition to requiring eye gaze and a flat palm
to prevent false activation. The main menu allows users to
navigate between creating points, editing a path sequence,
and sending the ordered points to the drone. To place a
point on the path, we use the HL2’s built-in hand tracking
to calculate the distance between the index finger and thumb
locations and set a threshold for registering a pinch motion.
To prevent unwanted point creations, the user can specify their
pinching hand in the path drawing submenu. Moreover, we
set constraints on the minimum distance (10 cm) between two
consecutive points and when a user completes the pinching
motion.

After adding points to the path, a procedural cylinder mesh
connecting the points generates. The mesh creates a visual
line that represents the path. We offer editing tools to delete,
clear all, and move points. The mesh regenerates after creating,
moving, or deleting a point and when the updated spatial mesh
processes every few seconds. Path validation occurs before
regenerating the mesh, so users can safely send their drawn
path to the drone at any time. If a path is invalid, we notify
the user that drone navigation cannot happen due to collisions
with the environment. We built the interface using Unity with
the Mixed Reality Toolkit (MRTK) [19].




