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Recent advances in large multimodal models for UAV visual understanding

Yu Yating, Cao Congqi’, Wang Zhaoying, Zhang Yanning
School of Computer Science , Northwestern Polytechnical University , Xi’an 710129, China

Abstract: With the rapid expansion of the low-altitude economy and the increasing maturity of intelligent unmanned sys-
tems, unmanned aerial vehicles (UAVs) are gradually transforming from traditional remotely controlled flying platforms
into autonomous aerial agents capable of perception, reasoning, and decision-making. Among the various sensing modali-
ties available to UAVs, visual perception plays a central role in acquiring environmental information and enabling high-
level situational awareness. Consequently, the capability of visual understanding directly determines the intelligence level
and operational autonomy of UAV systems. In recent years, the emergence of visual foundation models, vision-language
models, and multimodal large language models has substantially reshaped the technical paradigm of UAV visual under-

standing. This paradigm shift provides new opportunities for enabling UAV systems to operate effectively in complex and
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open environments where perception, reasoning, and decision making must be tightly coupled. To clarify this emerging
research landscape, we introduce a capability-oriented analytical framework that organizes UAV visual understanding into
three hierarchical levels: basic perception, semantic reasoning, and decision planning. This framework serves as the con-
ceptual backbone of the survey and allows recent studies to be examined from a systematic capability-evolution standpoint.
Specifically, from the task perspective, we construct a comprehensive taxonomy of UAV visual understanding tasks that
includes four major categories: basic object perception, event semantic analysis, spatial environment understanding, and
flight decision-making. Within this taxonomy, representative tasks such as object detection, target tracking, human action
recognition, visual question answering, spatial reasoning, navigation, and autonomous flight control are analyzed in a uni-
fied manner. At the same time, we summarize several fundamental challenges that arise in aerial visual perception. These
challenges include significant scale variations caused by high-altitude viewpoints, long-range observation that leads to
small object representations, complex backgrounds with strong visual clutter, and dynamic environmental changes that
require robust temporal reasoning. From the technical perspective, we review the methodological evolution that underlies
the development of UAV visual understanding models. Early approaches were largely based on conventional deep learning
architectures that focused on supervised visual perception tasks. Subsequent advances in visual foundation models signifi-
cantly improved representation learning by leveraging large-scale pretraining and open-vocabulary multimodal alignment.
More recently, large language models and multimodal large language models have introduced powerful reasoning capabili-
ties and cross-modal interaction mechanisms that allow UAV systems to interpret visual observations in conjunction with
natural language instructions and contextual knowledge. Building upon these developments, embodied vision-language-
action models have begun to connect perception with action generation, thereby enabling UAVs to perform complex task
planning and interactive decision making in real-world environments. From the capability perspective, we further examine
how large visual understanding models enhance UAV intelligence across three dimensions: 1) visual perception enhance-
ment, where large models improve robustness in open-vocabulary recognition, small-object detection, and fine-grained
visual understanding; 2) vision-language reasoning, where multimodal models facilitate complex reasoning processes such
as spatial relation reasoning, event interpretation, and cross-modal knowledge integration; 3) visual decision planning,
where embodied multimodal models enable UA Vs to translate perception and reasoning outcomes into actionable flight strat-
egies, mission planning procedures, and adaptive control policies. In addition, we summarize representative UAV visual
datasets and benchmarks that support the development and assessment of large multimodal models for visual understand-
ing. Particular attention is given to the evolution of evaluation protocols. Traditional-benchmarks often measure perfor-
mance in narrowly defined tasks such as detection or classification. However, recent research increasingly emphasizes
capability-oriented evaluation frameworks that assess broader competencies including reasoning ability, cross-task general-
ization, and decision support. This transition reflects a broader shift in the field toward evaluating integrated visual intelli-
gence rather than isolated perception performance. Finally, we discuss several promising research directions that may
shape the future development of UAV visual understanding systems. These directions include the construction of general-
purpose visual foundation models tailored for aerial scenarios, the advancement of embodied UAV intelligence through
vision-language-action integration, the development of real-time reasoning techniques and lightweight deployment strate-
gies suitable for resource-constrained aerial platforms, and the establishment of safety-aware, trustworthy, and privacy-
preserving UA V. perception systems.

Key words: multimodal large language model; visual foundation model; unmanned aerial vehicle (UAV) ; visual under-

standing; intelligent decision-making; review
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Table 1 Comprehensive overview of representative UAV visual understanding tasks
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Fig. 2 Development timeline of VFMs, LLMs, MLLMs and VLA models
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Table 2 Comparison of large multimodal models for UAYV visual understanding
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