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Dynamic Superheat-Driven Key Technology for Precise Temperature Control in
Multi-Split Air Conditioning Systems

Liao Min  Zhao Qian

(Xiaomi Technology (Wuhan) Co. , Ltd. , Wuhan 430010, China)

Li Beiyu Shan Lianyu  Wu Qingzhuang Zhang Jie

Abstract  Existing multi-split air conditioning systems fail to provide satisfactory thermal comfort in complex residential operating
scenarios. To address this limitation, this study proposes a dynamic superheat-driven adaptive precision temperature control strategy
employing a multi-agent reinforcement learning (MARL) algorithm. The strategy accounts for system operational characteristics and room
temperature dynamics across three distinct control stages, namely, start-up, rapid cool-down, and steady-state operation, and
implements a stage-specific control scheme for electronic expansion valve (EEV) opening and indoor-unit superheat. Experimental
validation demonstrates that the prototype incorporating the proposed strategy achieves a cool-down response rate of >0. 45 ‘C/min and a
temperature fluctuation of <0. 3 ‘C. Compared with two conventional control strategies—fixed evaporation temperature and fixed superheat
—the proposed strategy exhibits significant advantages in both setpoint attainment time and steady-state stability, with an improvenet of
overall cool-down rate by 38. 4% and temperature control accuracy by 42. 2%.

Keywords multi-split air conditioners; precise temperature control ; multi-agent reinforcement learning
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Fig.1 Multi-split air conditioner constant evaporation temperature control
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Fig.2 Multi-split air conditioner fixed superheat contro
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Fig.3 Adaptive temperature control model framework
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Fig.4 Schematic diagram of the environmental simulation laboratory
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Fig.5 Temperature control in each room under the same set

temperature scenario
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Tab.1 Comparison of temperature control effects when

setting the same temperature in multiple rooms
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0~10min  10~20 min ~ 20~60 min (&
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C 30.3 26.8 26.8 26.8
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Fig.6 Temperature control in each room under different

temperature settings
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Tab.2 Comparison of temperature control effects in multiple

rooms with different temperature settings
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Tab.1 Correlation analysis of indoor temperature

influencing factors at different temperature control stages
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Fig.7 Response characteristics of indoor temperature influencing factors at different temperature control stages
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