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ABSTRACT

Developing agents capable of navigating to a target location based on language
instructions and visual information, known as vision-language navigation (VLN),
has attracted widespread interest. Most research has focused on ground-based
agents, while Unmanned Aerial Vehicle (UAV)-based VLN remains relatively
underexplored. Recent efforts in UAV VLN predominantly adopt ground-based
VLN settings, relying on predefined discrete action spaces and neglecting the
inherent disparities in agent movement dynamics and the complexity of navi-
gation tasks between ground and aerial environments. To address these dispar-
ities and challenges, we propose solutions from three perspectives: platform,
benchmark, and methodology. To enable realistic UAV trajectory simulation in
VLN tasks, we propose the TRAVEL platform, which features diverse environ-
ments, realistic flight control, and extensive algorithmic support. We further
construct a target-oriented VLN dataset consisting of approximately 12k trajec-
tories on this platform, serving as the first dataset specifically designed for real-
istic UAV VLN tasks. To tackle the challenges posed by complex aerial envi-
ronments, we propose an assistant-guided UAV object search benchmark called
UAV-Need-Help, which provides varying levels of guidance information to help
UAVs better accomplish realistic VLN tasks. We also propose a UAV navi-
gation LLM that, given multi-view images, task descriptions, and assistant in-
structions, leverages the multimodal understanding capabilities of the MLLM to
jointly process visual and textual information, and performs hierarchical trajec-
tory generation. The evaluation results of our method significantly outperform
the baseline models, while there remains a considerable gap between our re-
sults and those achieved by human operators, underscoring the challenge pre-
sented by the UAV-Need-Help task. The project homepage can be accessed at
https://prince687028.github.io/Travell

1 INTRODUCTION

Constructing embodied agents capable of understanding human commands remains a long-term
objective in the field of artificial intelligence. Among these (Qi et al.,[2020; |Ku et al.,|2020; Shridhar,
et al., 2020; [Shen et al., 2021)), visual-language navigation (VLN)—navigating to a target location
based on language instructions and visual information—has garnered significant research interest.
Current research in VLN focuses primarily on ground-based agents (Krantz et al., 2020; |Blukis
et al.l 2018)), while UAV-based VLN has received comparatively less attention. This area presents a
wealth of application scenarios, and due to the notable differences in action space and observations
between UAVs and ground-based agents, it represents a valuable area for research.
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Figure 1: We propose a realistic UAV simulation platform and a novel UAV-Need-Help benchmark.
The TRAVEL platform focuses on realistic UAV VLN tasks, integrating diverse environmental com-
ponents, realistic ight simulations, and algorithmic support. The UAV-Need-Help benchmark in-
troduces an assistant-guided UAV object search task, where the UAV navigates to a target object
using object descriptions, environmental information, and guidance from assistants.

Recent UAV VLN benchmarks (Liu et al., 2023b; Fan et al., 2022; Lee et al., 2024) typically adopt
ground-based VLN settings, relying on a xed set of discrete actions. However, we argue that a sig-
ni cant gap exists between ground-based movement and UAV ight characteristics, along with the
distinct operational environments, making a direct transfer of ground-based approaches to UAVs in-
suf cient for precise aerial navigation. The primary differences and challenges are manifested in two
aspects: 1Mismatch in agent movement dynamic&round-based agents (Anderson et al., 2018;
Yan et al., 2019; Shah & Levine, 2022) typically move along a horizontal plane, which makes it
straightforward to plan navigation using discrete actions such as horizontal movement and rotation.
In contrast, UAVs can operate freely in three-dimensional airspace. As shown in Fig. 1, traditional
methods attempt to de ne UAV movement using xed action sets, which incorporate basic directions
such as up, down, and horizontal movements. These approaches oversimplify UAV control and fail
to capture realistic ight dynamics, as UAVs often perform maneuvers like pitching up, diving, and
rolling simultaneously to achieve spatial movement. UAV trajectories are inherently continuous and
dif cult to decompose into discrete actions, leading to unrealistic navigation when such simpli ca-
tions are applied. 2pisparity in navigation task complexity UAVs frequently operate in diverse
outdoor, open environments, where navigation paths are often long and complex. Unlike ground-
based agents (Anderson et al., 2018) that navigate using well-de ned descriptions of target objects,
UAVs must deal with obstructed views and shifting perspectives due to their high maneuverability.
Therefore, relying solely on target descriptions is inadequate for precise localization and navigation
in such complex, dynamic scenarios. To address these disparities and associated challenges, we
propose a UAV simulation platformiRAVEL , a target-oriented VLN dataset, a novel benchmark
UAV-Need-Help, along with a UAV navigation LLM to create a more realistic framework for UAV
vision-language navigation which supports continuous trajectories and complex scenarios.

To narrow the gap to realistic UAV VLN tasks, a crucial advancement lies in replacing xed action
sequences with continuous ight trajectories. To facilitate this, we introdiRAVEL , a simulation
platform TowardsRealisticAerial Vision andExploratoryL anguage navigation, offering realistic
environments, authentic ight simulation, and extensive algorithmic support. As shown in Fig. 1, we
utilize UE4's realistic rendering capabilities, integrate 22 scenarios and 89 objects, and provide APIs
for object placement and scenario con guration. We integrate AirSim plugin to translate trajectory
sequences into continuous paths with realistic ight dynamics and support continuous ight control
using real ight signals via remote controllers or designed APIs. Building on the features above, we
develop a parallel realistic trajectory collection framework and a closed-loop simulation framework,
providing comprehensive algorithmic support for UAV tasks.
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