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Abstract: With the widespread deployment of internet of things (IoT) devices in smart homes, smart buildings, and
other application scenarios, intelligent systems are increasingly expected to provide reliable automation control in environ-
ments where device states keep changing, user requirements are often ambiguous, and external disturbances may occur dur-
ing execution. Existing trigger-action rule methods mainly rely on predefined static logic. Therefore, they have limited abili-
ty to represent the preconditions of device operations, state dependencies among devices and environmental attributes, and
runtime environmental changes. Large language model (LLM)-based IoT agents improve natural language understanding
and task planning, but they usually lack a unified structured environmental representation. As a result, such agents may miss
important environmental dependencies, select inappropriate devices, or generate operation sequences with unreasonable exe-
cution orders. These limitations become more serious in scenarios involving multi-device collaboration, continuous monitor-
ing, and abnormal execution feedback, where they may directly affect the stability of task execution. To address these prob-

lems, this paper proposes environment-aware action framework (EnvAct), an IoT automation execution framework based on
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LLMs and structured environmental representation. EnvAct uniformly models spaces, devices, state attributes, operational
constraints, and state dependencies, and constructs an environmental representation mechanism composed of a constraint ta-
ble and a dependency table. The constraint table describes the preconditions that must be satisfied before a device operation
is executed, the expected effects of the operation, and the latency for the corresponding state effects to take place. The de-
pendency table establishes an inverse mapping from environmental states to candidate operations, so that the system can au-
tomatically supplement necessary operations when some preconditions are not satisfied. To reduce the modeling cost in the
cold-start stage, this paper extracts event-condition-action rules from Home Assistant community blueprint scripts. Based on
the current devices, observable states, and physical commonsense, LLMs are used to filter personalized or environment-in-
compatible rules and generate an environmental representation that can be continuously updated. The EnvAct system con-
sists of a planner, a compliance checker, an executor, a reflector, and an environmental representation layer. The planner in-
tegrates user requirements, real-time environmental information, device interfaces, and historical preferences to generate an
initial operation sequence. The compliance checker performs legality verification, dependency completion, and partial-order
graph construction according to the constraint table and the dependency table, thereby transforming the initial sequence into
an executable plan that satisfies environmental constraints. The executor schedules independent operations in parallel ac-
cording to partial-order relations, and realizes closed-loop execution through retries, execution feedback, and state verifica-
tion. The reflector revises environmental representation and preference information based on execution traces and user feed-
back, enabling the system to improve its behavior in subsequent tasks. Experimental results show that, across six types of
IoT tasks, EnvAct achieves overall success rates of 88.3% and 90.0% when driven by qwen-plus and GPT-4o, respectively,
outperforming baseline methods such as Sasha and SAGE. In dynamic disturbance experiments, the average execution reli-
ability of the system reaches 81.25%. In real sandbox experiments, the system maintains a success rate above 90%, with an

average operation response time below 30 s. These results demonstrate that EnvAct can improve the reliability, adaptability,
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and engineering usability of automation task execution in dynamic IoT scenarios.
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Figure 1 ~ Schematic diagram of the EnvAct system framework
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Figure 2 Registration-driven environmental representation expansion

process
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Figure 3 Feedback-driven environmental representation correction process
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Figure 4 Schematic diagram of the planner generating structured output based on prompt context
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Figure 5 Comparison of task success rates among different systems on

the overall task set
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Figure 7 Comparison of token consumption among different systems

during task execution
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Figure 10  Execution reliability and average recovery time of EnvAct

under four types of disturbances
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Figure 12 Dependency completion execution results in the temperature regulation task
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Figure 13 Context-aware execution results in the light regulation task: the system opens the curtain during the daytime and turns on the light strip at

night
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