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Abstract

Aquaculture has become one of the fastest-growing food production sectors worldwide, yet producers continue to face 
challenges related to labour shortages, disease outbreaks, inefficient feeding, and environmental degradation. Recent 
developments in robotics offer practical solutions by automating routine farming activities while improving production 
efficiency and animal welfare. This short communication highlights the emerging role of aquaculture robotics in precision 
fish farming and discusses its contribution to sustainable resource management. Autonomous robotic platforms equipped 
with artificial intelligence, underwater sensors, machine vision, and wireless communication can perform continuous 
monitoring of water quality, fish behaviour, feeding efficiency, and infrastructure conditions with minimal human intervention. 
These technologies support early detection of health problems, reduce feed waste, lower operational costs, and improve 
environmental sustainability. Although several technical and economic barriers remain, including high investment costs and 
limited accessibility for small-scale farmers, continued technological innovation is expected to accelerate the adoption of 
robotic systems in commercial aquaculture. Aquaculture robotics represents an important step toward resilient, data-driven, 
and environmentally responsible aquatic food production.
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Introduction 

Aquaculture plays an increasingly important role 
in ensuring global food security by supplying nutritious 
seafood to a rapidly growing population. Rising consumer 
demand, declining capture fisheries, and climate-related 
environmental changes have encouraged producers to 
adopt advanced technologies that improve productivity 
while minimizing ecological impacts. Traditional 
aquaculture practices often depend on continuous manual 

observation, routine feeding schedules, and labour-intensive 
management, which can reduce operational efficiency and 
increase production risks.

Robotics has recently emerged as a transformative 
technology capable of improving modern aquaculture 
systems. By integrating artificial intelligence, underwater 
imaging, autonomous navigation, and environmental sensing, 
robotic platforms can continuously monitor fish populations 
and farming environments with greater accuracy than 
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conventional methods. These systems reduce dependence 
on manual labour while providing real-time information for 
farm management [1].

Modern aquaculture robots can perform multiple tasks 
including water quality assessment, fish health monitoring, 
underwater cage inspection, biomass estimation, feeding 
optimization, and environmental surveillance. Continuous 
monitoring enables farmers to respond rapidly to 
unfavourable conditions before they develop into major 
production losses. The collection of reliable real-time data 
also supports evidence-based management decisions that 
improve farm efficiency.

Aquaculture Robotics for Precision Farming

Robotic technologies are gradually becoming an 
essential component of precision aquaculture. Autonomous 
underwater vehicles and remotely operated robots equipped 
with cameras, sonar systems, and environmental sensors 
can inspect cages, identify structural damage, monitor 
fish movement, and detect abnormal behavioural patterns 
without disturbing cultured organisms.

Artificial intelligence algorithms analyse the collected 
data to estimate fish biomass, evaluate swimming activity, 
detect stress indicators, and optimize feeding schedules. 
Smart feeding robots distribute feed according to fish 

appetite rather than fixed schedules, reducing unnecessary 
feed loss and improving feed conversion efficiency [2].

Conclusion

Aquaculture robotics represents a promising 
technological advancement that supports sustainable 
and efficient aquatic food production. Intelligent robotic 
systems improve environmental monitoring, optimize 
feeding management, reduce labour requirements, and 
enhance fish health through continuous observation and 
data-driven decision-making. Although economic and 
technical challenges remain, ongoing innovations in artificial 
intelligence, sensing technologies, and autonomous robotics 
are expected to make these systems increasingly accessible 
across commercial aquaculture operations. The adoption of 
aquaculture robotics has the potential to strengthen global 
food security while promoting environmentally responsible 
aquaculture practices.
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