No Training, Better Flights: Test-Time Scaled VLMs for UAV Navigation
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Abstract

Test-time scaling offers a promising method to im-
prove the inference performance of Vision-Language
Models (VLMs) without additional training. Existing
approaches to vision-language navigation (VLN) for Un-
manned Aerial Vehicle (UAV) typically relies on a sin-
gle inference pass, which can falter in complex environ-
ments by producing suboptimal or unsafe trajectories.
In this paper, we explore a simple and effective approach
to apply test-time scaling to VLN for UAV. We enhance
navigation reasoning through an iterative refinement
process that requires no extra model training, guiding
the model to re-evaluate its initial navigation plan for
better accuracy and safety. Our method first prompts
the model to generate multiple parallel candidates and
then performs a self-correction step, achieving deeper
and more robust planning without changing the under-
lying model. To further strengthen decision-making,
we design a multi-criteria scoring function to evaluate
the refined candidates based on Safety, Goal-Alignment,
and Forward-Progress. This simple yet powerful com-
bination enables a frozen UAV navigation VLMs to self-
correct and generate more accurate and reliable flight
plans, achieving SOTA performance in this task. Ex-
tensive experiments on seen and unseen scenarios show
improvements in success-related metrics and path effi-
ciency, along with reduced navigation error.
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1. Introduction

Recently, the application of VLMs to the autonomous
navigation of UAVs has emerged as a research direction of
widespread interest. The core objective of this research is to
establish a more intuitive and flexible paradigm for human-
robot interaction. This would enable non-expert users to
deploy and control UAVs for complex tasks using simple
natural language instructions, thereby significantly lower-
ing the operational threshold. This technology presents a
wealth of application scenarios, including automated logis-
tics, large-scale infrastructure inspection, precision agricul-
ture, and post-disaster search and rescue. It is poised to
significantly enhance both operational efficiency and safety
in these critical domains. Figure | provides an example that
visually illustrates the complexity of such a task. The UAV
needs to interpret human-generated instructions and accu-
rately identify a specific red fire hydrant in a dense urban
environment filled with visual distractors such as red trash
cans and traffic cones. Consequently, developing intelligent
navigation agents capable of accurately understanding high-
level human commands and making robust and deliberate
decisions has become a recognized and crucial challenge at
the intersection of Artificial Intelligence and robotics.

Foundational work in this area has successfully demon-
strated the feasibility of VLMs-based navigation agents,
providing the research community with essential platforms
and baseline models. For instance, Wang et al. [1] pio-
neered the development of the OpenUAV platform, which
offers a realistic simulation environment for UAV-based
VLN, and established a baseline VLMs-based navigation
agent. Concurrently, other studies, such as the work by



Instruction
The red fire hydrant is located on a paved
sidewalk in an urban environment with a
mix of tall buildings, some with notable
architectural details, and wide streets.
Various street objects such as traffic cones,
trash bins, and poles are present nearby,
along with scattered vegetation and parked
vehicles, providing clear visual landmarks
to help identify the location.

Figure 1. Task definition for UAV navigation. This set of images shows the target recognition process for a UAV in a simulation
environment. The red boxes represent negative samples, which are distracting objects whose color or shape might cause confusion (such
as traffic cones and trash cans). The green boxes represent positive samples, which are fire hydrants that need to be located.

Fan et al. [2], have explored aerial vision-and-dialog navi-
gation. These pioneering efforts have successfully validated
the fundamental feasibility of VLMs in translating language
instructions into flight trajectories. However, these stud-
ies predominantly employ a single-step decision-making
model, where the agent generates an action directly from the
current multimodal input. While this approach is compu-
tationally efficient, its decision-making process resembles
an instantaneous response. Consequently, its reliability in
complex and dynamic environments remains an area requir-
ing significant improvement.

Although existing methods have validated its feasibility,
their core challenge lies in the limitation of their planning
capabilities. These navigation agents lack the capacity for
more deliberate planning prior to action, such as evaluating
multiple possibilities and performing self-correction. This
deficiency leads to insufficient reliability when facing com-
plex or ambiguous instructions, often resulting in the gener-
ation of suboptimal paths. To enhance the decision-making
quality and robustness of UAV navigation agents, we in-
troduce the fest-time scaling paradigm, which has proven

effective in the broader domain of large language mod-
els. This paradigm boosts a model’s reasoning depth and
breadth by allocating more computational resources at the
inference stage. It is primarily divided into two main strate-
gies: (1) sequential scaling, which utilizes techniques like
the Chain-of-Thought method developed by Wei et al. [3]
and the Self-Refine framework by Madaan et al. [4] to op-
timize a single decision chain; and (2) parallel scaling,
which employs methods like the Tree-of-Thoughts from
Yao et al. [5] to explore multiple reasoning paths concur-
rently. We contend that single-dimensional scaling has its
own limitations: purely sequential scaling, while deepening
the reasoning process, may become trapped in a local opti-
mum; purely parallel scaling, despite its broad exploration,
offers limited depth for each individual path.

Therefore, this research aims to explore an inference
framework that integrates parallel exploration with serial
refinement to improve the quality of planning and decision-
making for VLMs in UAV navigation tasks. To this end,
we have designed a “breadth-first, depth-optimized” infer-
ence strategy. First, the model generates multiple parallel



candidate trajectories through parallel exploration, which
prevents premature convergence on a single, suboptimal so-
lution. Subsequently, each candidate trajectory undergoes
a serial, iterative self-correction phase, where the model
is prompted to critically re-evaluate its initial plan. To
select the optimal solution from these refined candidates,
we introduce a multi-criteria scoring function that holis-
tically assesses each candidate path based on its Safety,
Goal-Alignment, and Forward-Progress. Our experiments
validate the independent contributions of both the sequen-
tial and parallel components. Ultimately, we demonstrate
that our proposed method achieves better navigation per-
formance compared to single-dimensional scaling strategies
and traditional baselines, while also verifying the positive
correlation between navigation SR and the inference-time
compute budget (token consumption).

2. Related Work

UAV Navigation. In recent years, research on drone
navigation has focused on addressing two core challenges:
maintaining precise positioning in environments with lim-
ited or denied GNSS signals, and ensuring flight safety in
complex scenarios with dynamic obstacles [6]. To address
these challenges, early fundamental research has primarily
explored multi-sensor fusion technology. One prominent
technical direction is to suppress the accumulated drift of
Visual-Inertial Odometry (VIO) through sensor fusion [7].
Combining VIO with LiDAR or Ultra-Wideband (UWB)
has been shown to be an effective means of achieving ro-
bust relative positioning. Further research has shown that a
comprehensive positioning architecture integrating VIO [8],
LiDAR odometry, and UWB anchors can provide highly ro-
bust navigation performance in extremely challenging envi-
ronments [9].

However, traditional sensor-level fusion approaches
struggle to address long-range navigation tasks requiring
advanced semantic understanding. To address this short-
coming, cutting-edge research is integrating the cognitive
capabilities of large language models (LLMs) into the nav-
igation decision loop. This shift from pure perception to
cognitive decision-making aims to enhance the planning
and reasoning capabilities of intelligent agents. For exam-
ple, studies have combined LLMs with vision-based ob-
stacle prediction, demonstrating their effectiveness in im-
proving the navigation safety of drones in crowded environ-
ments [10]. In the realm of high-speed flight, while sys-
tems combining onboard sensing with deep reinforcement
learning (RL) have demonstrated championship-level per-
formance in drone racing [!1, 12], end-to-end reinforce-
ment learning methods are still primarily used to explore
basic point-to-point operations [13, 14]. On the other hand,
advanced environmental representation techniques are pro-
viding a new foundation for intelligent navigation. Re-

searchers are applying advanced 3D reconstruction tech-
niques such as NeRF and 3D Gaussian Splatting (3DGS)
to aerial viewpoints to support visual localization and tra-
jectory optimization with collision avoidance capabilities
[15]. Research in multi-agent collaboration and advanced
human-computer interaction continues to deepen. For ex-
ample, some work has leveraged UWB ranging to achieve
collaborative relative positioning of Micro-Aircraft (MAV)
swarms [16], or proposed ‘“drone-guiding-drone” naviga-
tion schemes [17]. Furthermore, frameworks such as Aero-
Duo [18] further advance this research by separating en-
vironmental reasoning from fine-grained navigation using
heterogeneous drones operating at different altitudes. At the
same time, VLN is becoming a new research hotspot. The
groundbreaking work Aerial VLN [19] facilitated the inte-
gration of language, perception, and control by providing
simulators and datasets. Building on this foundation, new
platforms and datasets such as UAV-Need-Help [ 1] further
advance this field by emphasizing realistic assisted target
search and command tracking trajectories.

VLMs. The field of VLMs is experiencing rapid devel-
opment, with both model capabilities and efficiency contin-
uously improving. This progress has led to the emergence
of a dominant technical paradigm: efficiently bridging pow-
erful pre-trained visual encoders with instruction-fine-tuned
LLMs through a lightweight projection layer. This robust
architectural foundation has further advanced research, ex-
tending the capabilities of VLMs from static image under-
standing to more complex dynamic multimodal reasoning
tasks. The evolution of such models was initially driven by
work such as LLaVA, which established the effectiveness of
fine-tuning visual instructions for single-image tasks such
as caption generation and VQA [20]. Subsequently, the ca-
pabilities of VLMs rapidly expanded beyond static inputs.
The development of the LLaVA family exemplifies this
trend: from LLaVA-OneVision [21], which supports mul-
tiple images and videos, to LLaVA-NeXT-Interleave [22],
which can handle interleaved and multi-view inputs, the
models’ ability to handle dynamic and complex visual in-
formation has been systematically enhanced. At the same
time, contributions from the open source community are
driving progress in this field along two key dimensions.
On the one hand, open source suites such as InternVL-1.5
are significantly narrowing the gap with leading proprietary
models by achieving superior performance in tasks such as
document reasoning [23]. On the other hand, model fami-
lies such as Qwen2-VL focus on architectural innovations,
introducing novel mechanisms such as dynamic resolution
tokenization to improve computational efficiency and long-
context understanding capabilities [24, 25]. The practical
deployment of VLMs, especially in resource-constrained
scenarios such as drones, faces severe computational ef-
ficiency challenges. Therefore, improving inference effi-






