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ABSTRACT

The deployment of drones and swarms of small drones for operational purposes
is rapidly increasing the load on human operators especially if interaction relies on
low-level control interfaces. This paper reports work carried out as part of a project
on human-centric drone control by natural language interaction and Al-augmented
task understanding. With the proposed method, operators are able to give high-level
commands to single or small groups of drones and task-representations are structured
from these commands and executed with predefined mission primitives. The focus
of the system is to promote transparency and operator supervision through explicit
feedback about the interpretation of tasks and task execution.
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INTRODUCTION

The use of unmanned aerial systems (UAS), also known as drones, is
becoming more prevalent in reconnaissance, inspection, surveillance, and
protection roles, both in civilian and military contexts (AL-Dosari, 2023).
This increasing requirement for UAS operations is creating a requirement for
human operators to monitor not only a single unmanned aerial system, but
potentially several unmanned aerial systems simultaneously, either in parallel
or in coordinated formations (Lopez, 2017). This is creating significant
cognitive demands (Schmidt, 2022), particularly in relation to low-level
control interfaces, such as waypoint specification, numerous parameters in a
graphical interface, or joystick-based control.

One of the important challenges, therefore, is to increase the level of
abstraction at which human interaction with autonomous aerial systems
takes place. Rather than controlling the trajectories of platforms manually,
it should be possible to communicate high-level mission intent and monitor
its execution (Casado Fauli, 2024). Natural language interaction is one area
that holds promise in this regard, as it enables operators to articulate tasks
in familiar operational language, thus minimizing the need for constant
human input. Nevertheless, its application in safety-critical and mission-
critical domains raises issues of ambiguity, expectation management, and
transparency (Javaid, 2024).
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In this paper,a methodology for human-friendly control of drones and small
swarms using natural language tasking and structured intent representation
and task decomposition is proposed. The paper is conceptual, and we outline
the interaction model, system architecture, and design principles that underlie
the process of translating operator intent into autonomous behaviour.

BACKGROUND AND HUMAN FACTORS CONSIDERATIONS

The human-drone interface has undergone significant changes in the past
decade, with the primary aim being to make drones more accessible, such
that they can be effective in operational real-world scenarios (De Cubber,
2017). Initially, most of the research efforts were concentrated on enhancing
stability and low-level control support for drones, enabling non-experts to
control drones more comfortably (Alexis, 2016). Nevertheless, even with
enhanced flight controllers, traditional control interfaces still require manual
input and are still demanding in terms of training and concentration.

With the increasing complexity of drone operations and the involvement
of more drones in operations, the focus of research has shifted to higher-level
modalities. Gesture-based interaction (Obaid, 2016), multimodal interfaces
using vision and sound (Fernandez, 2016), and augmented reality interfaces
(Mourtzis, 2024) have shown promise in improving usability. However, these
interfaces often depend on the explicit specification of commands and require
controlled environments for use.

Natural language interfaces have also been explored as a more natural
interface modality, especially for ground robots and simple aerial operations
(Nwankwo, 2024). Some existing systems have already demonstrated the
capability to translate natural language commands into specified actions
or parameterized operations (Liu, 2022). While these systems reduce the
complexity of the interaction process, they often require the use of a fixed
grammar and/or a limited context of operation, thereby limiting the flexibility
of the system. On the other hand, open-ended systems leave the door open
to undocumented or erratic responses from the UAS, which can lead to
incidents (Doroftei, 2020). Moreover, the extension of natural language
interfaces to the control of multiple drones or swarm robotics has not yet
been adequately explored (Heidari, 2023), especially in the context of the
increasing importance of such systems.

From the human factors’ perspective, there are several critical issues that are
important in the context of designing the interface for the effective operation
of autonomous aerial vehicles. These include issues of cognitive workload,
trust calibration, system transparency, and the operator’s ability to maintain
situational awareness (Doroftei, 2022). Mismatches in the interpretation of
the intent of the operator and the operator’s expectations can have a negative
impact on the performance of the system and the pilot (Doroftei, 2024),
especially in time-critical and/or safety-critical operations. Moreover, the
ambiguity of natural language commands complicates the interaction process
and necessitates the use of constrained interpretation mechanisms, thereby
providing a high level of feedback and task decomposition (Yadav, 2021).
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The methodology that is proposed in this research is based on the insights
that have been gathered on the importance of structured intent representations,
constrained task instantiation, and providing high levels of feedback in
the execution of the tasks. Unlike the existing natural language interfaces
that are often considered as a free-form interface modality, the proposed
methodology considers natural language interfaces as a highly ergonomic
interface modality for the supervision of the operation of autonomous
systems, thereby providing the human operators the flexibility to specify the
intent of the operation while providing the operators the level of oversight
and control that is critical in the context of semi-autonomous systems.

METHODOLOGICAL FRAMEWORK

The proposed methodology is designed to enable operators to issue
concise, mission-level commands to single drones or small swarms through
natural language input, while maintaining operator oversight and ensuring
predictable system behaviour. Rather than treating natural language as a
free-form conversational interface, the methodology structures interaction
as a sequence of intent specification, constrained interpretation, task
decomposition, and transparent execution feedback. This section presents
the conceptual framework underlying this process.

Interaction Model

The interaction model follows a command--response paradigm tailored to
operational environments where instructions must be issued rapidly and
interpreted reliably. Operators formulate mission-level intent using short
spoken or textual commands, such as “observe the area north of the building”
or “send two drones to patrol the perimeter.” The system does not assume
continuous dialogue or open-ended conversation; instead, it treats each
command as a discrete input to be interpreted, instantiated, and executed
under human supervision.
To support ergonomic use, the model emphasises:

e Low cognitive overhead: Operators express tasks in familiar operational
terminology.

e Predictability: Only task types covered by predefined primitives can be
instantiated.

e Modality flexibility: Commands may be spoken or typed, depending on
operational constraints.

A conceptual overview of this interaction pipeline is shown in Figure 1.
Natural language input is first processed by a speech-to-text front-end
(when speech is used) and then passed to a Natural Language Understanding
(NLU) component (Yadav, 2021), which produces a structured intent
representation.
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Figure 1: Conceptual interaction flow from operator input to structured intent
representation.

Intent Interpretation Framework

Once a command is parsed, the system converts it into a structured intent
representation. This representation forms a bridge between human expression
and executable drone behaviour. It captures the task type (e.g., observation,
patrol, area exploration), spatial or temporal parameters, and any explicitly
stated constraints.

The interpretation process is intentionally constrained:

Only supported task types may be instantiated, reducing ambiguity.

e Parameters are normalised into mission-relevant forms (e.g., areas,
waypoints, regions).

e Implicit assumptions are avoided unless explicitly specified by the
operator.

This design ensures that natural language remains an ergonomic input
channel, not a source of unpredictable behaviour. Figure 2 illustrates the
relationship between natural language commands, the extracted intent, and
the predefined task primitives that guide subsequent decomposition.

Natural Language Structured Task Primitive
Command Intent Templates

Figure 2: Intent interpretation as a mapping from linguistic expression to structured
task representations anchored in predefined task primitives.

Task Decomposition Logic

Task decomposition translates the structured intent into executable plans.
Unlike fully autonomous planners that reason over large action spaces, the
proposed methodology uses a constrained instantiation approach based
on predefined mission primitives and execution templates. This ensures
predictability, supports transparency, and keeps operator oversight central
to the process.

For single-drone missions, decomposition typically produces a sequence
such as:

1. transit to region of interest,
2. perform an observation, coverage, or patrol pattern,
3. maintain position or return to base.
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For swarm-level tasks, the system distributes subtasks across available drones
using simple, interpretable allocation rules—for example, dividing a search
area into subregions or assigning observation points to specific platforms.
Coordination is explicit rather than emergent to ensure transparency.

Safety gates are integrated into this process:

e Collision avoidance and spatial separation are enforced before execution.
e Platform capability checks ensure tasks are feasible for selected drones.

e No-fly constraints prevent instantiation of unsafe plans.

The task decomposition process is illustrated conceptually in Figure 3.

Structured Task Drone/ Swarm Execution ’
Intent Decomposition Allocation Plan

Figure 3: Conceptual task decomposition pipeline producing executable, safety-
checked plans.

Transparency and Feedback Mechanisms

A key human factors requirement is that operators should understand how
the system has interpreted their intent and how this interpretation translates
into drone behaviour. To support predictable and trustworthy operation, the
methodology incorporates transparency mechanisms:

e Intermediate task representations may be displayed to the operator.

e Planned actions are summarised before execution.

e Mission progress is reported using high-level, mission-relevant
abstractions rather than low-level telemetry.

These mechanisms ensure that operators retain supervisory authority
and can intervene, re-task, or abort missions when necessary. The overall
framework thus balances autonomy with human oversight, enabling
ergonomic interaction with single drones and small swarms while constraining
system behaviour to remain safe, predictable, and explainable.

Consolidated Prototype Architecture

Figure 4 presents a consolidated view of the prototype, aligning the
interaction model, intent interpretation, task decomposition, and execution/
feedback into a single, inspectable pipeline. The design is modular to support
transparency and supervisory control:

1. An Interaction Front-End acquires short operational commands (speech
or text);

2. NLU & Intent Structuring maps language to a constrained, mission-
relevant representation;
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3. Task Decomposition & Safety Gates instantiate intent via predefined
mission primitives, apply feasibility checks, and allocate work to single
drones or small swarms;

4. An Execution & Feedback layer dispatches plans and returns high-level
status abstractions to the operator. Exposing the intermediate representations
(dashed callouts) supports human oversight and predictable behaviour.

The pipeline constrains interpretation to supported task types and
exposes intermediate artifacts (structured intent, planned actions, allocation/
constraints) to the operator. This balances expressiveness with predictability:
operators can issue high-level tasks, yet retain authority to inspect, confirm,
or re-task before and during execution. Safety gates ensure feasibility and
compliance (e.g., capability checks, separation, no-fly constraints), while
the feedback loop reports mission-relevant progress instead of low-level
telemetry, supporting reduced cognitive load in single- and small-swarm
scenarios.
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Figure 4: Consolidated architecture: ergonomic input (left) is interpreted into a structured
intent, which is instantiated via predefined mission primitives under explicit safety gates
and simple, interpretable allocation rules. Execution abstracts status back to the operator,
exposing intermediate representations to maintain transparency and oversight.

DISCUSSION AND CONCLUSIONS

The methodology presented in this study illustrates the potential of natural
language as an ergonomically appropriate, mission-level input medium
for the control of individual drones and small swarms, particularly under
interpretation constraints and transparency design. The structured approach
to operator intent, task instantiation through mission primitives, and
provision of intermediate representations achieve a balance between the
benefits of autonomy and the need for continuous operator engagement.
The focus on transparency is consistent with established human factors
principles, including the need for predictability, cognitive manageability, and
trust calibration in human-agent interaction.
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The implementation of the methodology gives rise to a fundamental trade-
off: increasing expressiveness in natural language interfaces requires more
sophisticated interpretation and planning, but this may reduce predictability
and increase operator workload. The methodology therefore prioritizes
a scoped, constrained interaction space, consistent with the objective of
enabling safe and interpretable supervisory control rather than fully replacing
traditional interfaces.

To conclude, natural language is a promising medium for human-centred
control of UAS, particularly under the structured approach presented in
this study, where intent, task, and transparency are key considerations.
The architecture presented here provides a basis for incorporating these
considerations in a cohesive, predictable interaction process. Future extensions
should explore the potential for better handling of ambiguity, task templates,
and their application in larger, more time-sensitive scenarios. However,
advancing natural language interfaces for drone operations requires finding
a delicate balance between autonomy, transparency, and human cognitive
capabilities.
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