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[ Abstract ] Flotation serves as the core process in mineral processing, with its efficiency directly impacting concentrate grade,

recovery rate, and operational costs. Addressing challenges such as coordination difficulties and low energy efficiency in

large flotation machine clusters, this study proposes an integrated framework combining IoT data and advanced control

algorithms for collaborative control and energy efficiency optimization. The system employs an intelligent sensor

network to collect real-time multi-source data—including air injection volume, liquid level, concentration, and foam

images—while applying Model Predictive Control (MPC) at the coordination layer to dynamically generate setpoints

for each flotation cell. An adaptive fuzzy PID controller is implemented at the execution layer to precisely regulate

critical parameters. Innovatively, energy consumption of air compressors and agitation motors is incorporated into the

MPC objective function, alongside a load allocation strategy driven by operational condition recognition, achieving dual

objectives of process stability and energy conservation. Simulation and case studies demonstrate that this strategy

enhances recovery rate stability by 0.5 - 1.5 percentage points and reduces overall cluster energy consumption by 8% -

15%, providing a comprehensive solution for intelligent flotation systems.

[ Key words ] flotation machine cluster; collaborative control; model predictive control; fuzzy PID; energy efficiency optimization;

intelligent manufacturing; Internet of Things
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