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Abstract: Vision-language-action (VLA) models represent a paradigm shift in multimodal artificial intelligence (AI) by
unifying visual perception, linguistic comprehension, and motor control into a cohesive computational framework. Tradi-
tional robotic control frequently relies on decoupled modules for sensing, planning, and execution. However, such mod-
ules frequently fail to generalize across unstructured environments or complex semantic instructions. VLA models address
these limitations by co-embedding multimodal input into a unified representation space, leveraging the expansive knowl-
edge within large language models and vision-language models to facilitate zero-shot task execution and robust physical
interaction. This study provides a systematic review of the VLA landscape, analyzing technical architectures, training
methodologies, and empirical evaluation frameworks. By synthesizing the transition from modular robotics to end-to-end
generative controllers, the survey elucidates how large-scale pretraining on diverse Internet data can be effectively trans-

ferred to downstream physical tasks. The internal mechanisms of VLA systems center on cross-modal alignment and
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sequence modeling. By discretizing robotic actions into tokens, researchers regard embodied control as a generative task
where the model predicts subsequent motor commands based on high-dimensional visual observations and textual goals.
This formulation allows agents to capture temporal dependencies between environmental states and linguistic intents
through the self-attention mechanisms of Transformer-based backbones. The survey examines how causal modeling enables
robots to anticipate the consequences of their actions, while language-conditioned task formulations allow for the interpreta-
tion of diverse natural language instructions without task-specific fine-tuning. We specifically analyze the technical imple-
mentation of action tokenization, discussing how continuous joint velocities or end effector poses are mapped into discrete
vocabularies that the model can process alongside linguistic tokens. This integration ensures that the reasoning capability of
the language component directly informs the low-level motor output. Recent research has introduced several optimization
strategies to enhance the operational capability of VLA models. Embodied chain-of-thought reasoning improves long-
horizon planning by generating intermediate symbolic or natural language subgoals, increasing success rate and system
interpretability. To facilitate real-time deployment on edge hardware, studies have focused on efficiency via model quanti-
zation, knowledge distillation, and architectural innovations, such as state-space models and mixture of experts. Further-
more, the integration of reinforcement learning allows pretrained VLA models to adapt to specific physical dynamics
through environmental interaction, mitigating the limitations of static imitation learning. Cross-action learning techniques
further extend these capabilities by enabling skill transfer across heterogeneous robotic platforms and varied degrees of free-
dom, effectively creating a shared representation for diverse robotic morphologies. This review also explores the role of aux-
iliary objectives, such as future image prediction or contrastive alignment, in stabilizing the learning process and improving
the visual grounding of linguistic concepts. The data ecosystem for VLA development is categorized into three primary
domains. Simulation environments provide scalable platforms for automated data generation by using synthetic supervision
and physics-based domain randomization. These platforms enable the collection of millions of trajectories without the risk of
hardware damage. However, they necessitate sophisticated techniques to bridge the gap to reality. Real robot repositories,
including the Open X-Embodiment dataset, offer high-fidelity demonstrations across diverse hardware but face scaling con-
straints due to the labor-intensive nature of teleoperation. Human video datasets serve as a massive passive learning source
for understanding world physics, object affordances, and task hierarchies without explicit action labels. This review evalu-
ates these resources based on their support for manipulation, navigation, and mobile manipulation tasks, providing a com-
parative analysis of benchmarks, such as robotics Transformer-1 and virtual manipulator, alongside simulation-to-real
evaluation frameworks. We also discuss the importance of data diversity, noting that performance correlates strongly with
the variety of objects, environments, and camera perspectives present during the pretraining phase. Despite recent prog-
ress, significant bottlenecks remain in achieving general purpose-embodied intelligence. Data scarcity for high-quality
VLA triplets restricts model scaling compared with pure text or image domains. The simulation-to-real gap, which is driven
by discrepancies in physical friction and sensor noise, continues to hinder the direct transfer of simulated policies to physi-
cal platforms. In addition, cross-robot adaptability and covariate shift pose ongoing challenges to maintaining performance
across different kinematics and long-duration tasks. Safety constraints and the lack of transparency in neural controllers
also complicate human-robot collaboration. Current models frequently struggle with fine-grained manipulation that requires
high-frequency tactile feedback. This limitation arises from the predominantly vision-centric nature of current datasets.
Furthermore, the computational cost of running large-scale vision Transformers at frequencies required for stable control
remains a barrier for low-latency applications. This study is concluded by identifying future research directions, emphasiz-
ing the need for improved physical common sense and data-efficient adaptation to move toward reliable and autonomous
embodied agents. We argue that future VLA systems must move beyond simple imitation to include active exploration and
self-correction mechanisms. The integration of multimodal feedback , including haptic and auditory signals, is identified as
a necessary step for achieving human-level dexterity. Moreover, the development of standardized evaluation protocols that
account for success rate and safety metrics will be essential for the field to progress. By addressing these open problems,
the robotics community can transition from specialized task-specific agents to general-purpose robots that are capable of
assisting in diverse domestic and industrial environments. This roadmap highlights the convergence of generative Al and

physical robotics as the primary path toward artificial general intelligence in the physical world.
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Fig. 6 Reasoning process of the embodied thinking chain
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Fig.7 The current development status of three types of VLA datasets
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Fig. 8 Main challenges and future directions of VLA
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