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User Interface for Drone Missions: Automated 3D Planning

Vaclav Sovak

Abstract

Manual drone flights for building inspections are incredibly stressful, prone to human error, and current
planning tools are often cluttered 2D nightmares. To solve this, | developed a 3D extension for the DroCo
system in Unity that allows operators to interact directly with real-world map data and automatically generates
collision-free scan routes. The system calculates optimal camera overlaps and replaces tedious waypoint
clicking with intuitive 3D spatial editing tools. Planning time rapidly decreases, thus reducing pilot cognitive
load and guaranteeing high-quality, consistent data collection for precise photogrammetry.
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[Motivation] Imagine flying a drone worth thousands
of dollars inches away from a building to capture a per-
fect 3D model. As a pilot, you probably already know
how much data there is to look after. It is a cognitive
nightmare. Research indicates that high operator work-
load significantly degrades flight safety and mission
effectiveness [1]. Automation is clearly the answer, but
the current software market is incredibly frustrating.
Professional planners often look like outdated CAD sys-
tems packed with confusing spreadsheets and endless
menus. Worse, many tools force pilots to plan com-
plex building inspections on flat 2D maps, relying on
pure guesswork for vertical height. Even when 3D envi-
ronments are supported, the buildings are usually just
passive graphics, leaving the pilot to manually calcu-
late distances and overlaps. Fighting with an incom-
prehensible, limiting interface before you even take off
completely defeats the purpose of automation.

[Problem definition] For a proper photogrammetric
output, the drone must maintain a precise distance
from the facade and a consistent image overlap. These
strict parameters are essential for successful 3D recon-
struction and minimizing artifacts in photogrammet-
ric software [2]. Manual flying practically guarantees
human error, leading to inconsistent data or crashed
drones. The problem is how to automate this trajec-
tory generation over 3D structures without trapping
the user in an unintuitive, spreadsheet-like Ul.

[Existing solutions] The drone software market is
crowded and complicated. Professional tools like UgCS

are incredibly powerful, but their Ul rather resembles
a CAD system, intimidating and cluttered with modal
menus. Others, like Litchi, are very user-friendly but
primarily 2D focused, forcing the pilot to guess build-
ing heights blindly. Existing 3D tools treat buildings as
passive obstacles rather than interactive targets, which
is a common limitation in current structural inspection
path planning [3].

[Our solution] | designed and implemented an inter-
active and user-friendly 3D mission planner built in the
Unity engine as an extension of the already existing
DroCo system [4]. It transforms OSM data from a mere
list of GPS coordinates into an interactive anchor. You
click the building, and the app calculates the rest.

[Contributions] My work completely eliminates the
need for manual waypoint-by-waypoint construction.
It features:

 Aclean, dark mode interactive User Interface for
mission planning.

+ Auto-generation of horizontal and vertical inspec-
tion paths with optimal overlap.

« Intuitive mission editor with 3D gizmos for rapid
visual adjustments.

« Executing autonomous missions on supported
drones.

The poster visually guides you through the exact work-
flow a pilot experiences when using the application.
Let’s walk through it.
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First, the operator navigates through the 3D map envi-
ronment, which is populated with real-world buildings
as a mesh. As shown in , the target building can
be interactively selected. The system recognizes its
boundaries and dimensions. The process of building
reconstruction before being selected can be seen in

Fei)

Instead of clicking waypoints into the world scene, the
operator simply confirms the target, and the algorithm
takes over (). It automatically wraps a 3D tra-
jectory around the building, calculating the exact seg-
ments and vertical steps required to achieve the de-
sired camera overlap for optimal photogrammetry.

However, no algorithm is perfect for every unpredictable
real-world scenario. That is why the app is not a dead
end here. As seen in m, the operator retains full
control. Using intuitive 3D gizmos directly in the scene,
the user can grab entire columns or walls of waypoints
and shift them dynamically to avoid an unmapped tree
or chimney. The Ul panels on the right side provide
instant feedback on mission parameters.

Once the route is verified by the user, the operator
connects the drone via the local DroCo server (| Fig 5 |).
This local architecture is crucial because internet cov-
erage near remote inspection sites is often unstable.
The operator gets a clear overview of telemetry, sig-
nal strength, and potential warnings (wind, GPS loss)
before takeoff.

Finally, the operator hits start, and the drone autonomousl

executes the mission (). The Ul minimizes dis-
tractions, hiding unnecessary tools and displaying a
live camera stream, allowing the pilot to simply super-
vise the safe collection of perfect data.

The core philosophy was Zero Cognitive Overload. Dur-

ing the prototyping phase, user testing revealed that

putting too many menus or unknown icons on the screen
caused confusion. This aligns with cognitive load the-

ory in user interface design, which emphasizes mini-

mizing unnecessary visual elements [5].

Therefore, the final Ul relies on a cleaner canvas ap-
proach. The left panel houses only fast and immediate
actions (like emergency stop or camera controls), while
the right panel handles complex settings within col-
lapsible sections. To prevent user errors during route
editing, an Undo stack (Ctrl+Z) was implemented, fol-
lowing established usability heuristics for user control
and error recovery [6].

The applicationis built within the Unity engine, leverag-
ing its rendering pipeline to visualize real-world build-
ing meshes generated from OpenStreetMap data. The
user interface was developed using Unity’s native Ul
system to ensure responsive scaling across different
tablet devices, which are commonly used in the field
by drone operators. Communication with the underly-
ing DroCo server is handled asynchronously to prevent
any Ul freezing during critical flight operations.

Before deploying to real hardware, the system’s tra-
jectory generation algorithms were iteratively tested
using a custom simulation script. This script simulated
the drone’s flight path around the virtual model of the
building, allowing for safe verification of the generated
routes, distance constraints, and camera overlaps with-
out risking actual drone crashes. Following this virtual
verification, the system was successfully validated dur-
ing real-world testing with a physical drone. Prelim-
inary user feedback indicates that the interactive 3D
visual approach significantly reduces the time required
to plan a mission compared to traditional 2D tools. To
formally measure this UX improvement, future tests
will be evaluated using standardized quantitative met-
rics, such as the System Usability Scale (SUS) [7].

Planning an inspection flight does not have to feel like
rocket science. By leveraging the power of Unity and
reating 3D buildings as interactive objects, this work
ridges the gap between complex photogrammetry
math and user-friendly design.

The resulting tool reduces mission preparation time,
minimizes the operator expertise required, and ensures
the collected data is optimal for 3D reconstruction. In
the future, this application could be expanded to sup-
port multiple drones dividing a single mission to save
time, and to integrate automatic detection of other
subtle obstacles, such as power lines.

| would like to thank my supervisor Ing. Daniel Bam-
busek for hisinvaluable feedback and guidance through-
out the development of this user interface and the un-
derlying application logic.
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