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Abstract

Ornamental fish keeping has become a popular recreational activity, L
yet water quality management, encompassing pH, oxidation-reduction -
potential (ORP), temperature, and electrical conductivity (EC), remains tech- o e - E
nically demanding for general hobbyists. Existing smart aquarium systems N
are largely limited to monitoring sensor data or to simple threshold-based ;'| i

automation, and lack the intelligence to address complex, multi-variable
water quality dynamics or to actively assist users in decision-making. E

To address this gap, we propose an Al Agent-Optimized Smart Aquarium
System that integrates Artificial Intelligence of Things (AloT), cloud
computing, and large language models (LLMs) into a unified architecture
embodying Perception, Reasoning, and Action. An ESP32 microcontroller
serves as the edge computing core, enabling real-time acquisition of water
quality parameters and water level data at low deployment cost.

Fig. 3 User interface.

The central innovation of this system is a cloud-deployed hierarchical

multi-agent framework in which three specialized agents collaborate:

The User Agent handles context-aware natural language interaction and

proactive maintenance recommendations; the Water Monitor Agent

performs time-series analysis and inter-parameter correlation to identify .
trends and anomalies; and the Device Control Agent translates decisions i
into physical control commands for actuating hardware devices.

The system employs a hybrid reasoning architecture that combines a rule
engine with LLM-based inference, enabling it to handle not only threshold
violations but also complex anomalies, delivering interpretable, expert-level
diagnostic guidance. A multimodal interface further allows users to submit
text queries or upload fish photographs for diagnosis, significantly lowering
the barrier to entry. A functional prototype has been implemented, demon-
strating that integrating LLM-based multi-agent reasoning with low-cost
loT hardware is a viable approach to transforming passive data monitoring
into active, intelligent decision-making with clear potential for extension
into smart aquaculture and broader pet care applications.

Fig. 4 Overall view of the smart fish tank and its webpage presentation.
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