LI TR F IR 5 55 KL% 2 81,2026 F 3 A
Journal of Zhejiang Sci-Tech University
DOI: 10. 3969/j. issn. 1673-3851(n). 2026. 02. 011

E F SSA-VMD-BP-LSSVM % £ 157 Fin il 42 BY 14
R AT LS MER XL & % MPC R &

s, TER, B0
(i T RFEFAIREFR, LM 310018)

H E: RS RAAREFEESZFRSELALANREAFR 2o A A2 L&MW e R AR
WA B A, F B R R B R A RIS A AT T 09 R IR AR R B T ARIEAT. A b, AR A A
HRARGHARRI S, LT — A G A Fn B A, 5t & sb A sl b 3% 3t A8 & 69 5 & F ) 42 4] (Model predictive
control, MPC) & w&, & &, @ it A & R 2 440X & 30k 7F L - N 4542, & & k£ 3 % £ 'k (Sparrow search
algorithm, SSA) AL % 54 & 4 fi# (Variational mode decomposition, VMD) J- 3 5~ A fi #7 5 71 . 2 %) KA
BP A% 22 M % #= 5z ) = & % 4 % & ML (Least squares support vector machine, LSSVM) AR 3+F 5 5| s 4, M & T
SSA-VMD-BP-LSSVM % i 47 Fa | A & 2ok, 4 A% it 49 % B 478 F # F % (Improved multi-objective particle
swarm optimization, IMOPSO) F= sz %45 H] & ik it JR W) 3% 3+ MPC w4 R JG . AN & Do AR A 3 K 4 4
A, ¥ 3% TRNSYS-MATLAB 3445 B -F & , 39E SSA-VMD-BP-LSSVM 4~ i #7 Tl 42 A 69 /& #4 M2 2L & MPC %
WAy IR R R AR A A, S RKM 5 BP F 4 MEE AR, SSA-VMD-BP-LSSVM % i 47 Fam| A 2 LA &
B s AR AT IR AR AR AT R A A9 ATAR T L B BBt s ) Rk AR L, R MPC SRowk it £ A2 AR & & e 4388
18 H & A, 2 R RIBATRAEEARS. 05% ., ZAFRFIN SSA ik VMD Hik . i# e L n ST 2 F12 8
FRFIA. AR BP Ao LSSVM B AL 38 3 T 4 5 4 TR A %3 o B0 48 A M BB AL T 49 38 5 15 )
B, IMOPSO S ik 245 % MOPSO ik sl B3 T REAT B KB BT E T F 84,4835 7 MPC Rk
A3 & BT T & B R S A AR SRR . AT T A 30 & AT T AR At e R R et 4 H R A

KSR LA TR A B 5 Ao SRR 5 37 0 Ak 5 4 B AT TR 5 IR R B AR )

HES%ES: TPIS3 NERIRERS: A XEHS: 1673-3851 (2026) 03-0219-10

Bl 2 iE, A%, T, AT SSA-VMD-BP-LSSVM 4 i 47 F 4 & 64 45 414tk 4 e 47 R % 42 MPC K
W[ J]. AT T K IR CE RAHF) . 2026,55(2) :219-228.

Reference Format: MENG Hejie, WANG Zhiyi, BAI Xuesong. MPC strategy of radiative cooling combined with fresh air
system based on SSA-VMD-BP-LSSVM cooling load prediction model[ J]. Journal of Zhejiang Sci-Tech University,2026,55
(2):219-228.

MPC strategy of radiative cooling combined with fresh air system
based on SSA-VMD-BP-LSSVM cooling load prediction model

MENG Hejie /WANG Zhiyi , BAI Xuesong
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The radiative cooling combined with fresh air system has been widely applied in hot summer
and cold winter areas because of its high comfort level. But its nonlinear nature. lag, and energy
consumption coordination issues make it tough for traditional feedback control strategies to achieve precise

temperature and humidity control and energy-saving operation under dynamic loads. A cooling load
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prediction model was established with the radiative cooling combined with fresh air system as the research
object, and the corresponding model predictive control (MPC) strategy was designed on this basis.
Firstly, the input features were screened by Spearman rank correlation coefficient method, and the
variational mode decomposition (VMD) algorithm was combined with the sparrow search algorithm (SSA)
to decompose the cold load sequence, and the BP neural network and the least squares support vector
machine (LSSVM) model were used respectively to model the subsequences, and to construct the SSA-
VMD-BP-LLSSVM cooling load prediction model. Secondly, the MPC strategy was designed by combining
the improved multi-objective particle swarm optimization algorithm (IMOPSO) and the optimal control
quantity screening principle. Finally, taking the radiative cooling combined with fresh air system of an
office in Hangzhou as an example, the TRNSYS-MATILAB joint simulation platform was built to verify
the accuracy of the SSA-VMD-BP-LSSVM cooling load prediction model and the temperature and humidity
control effect and energy saving of the MPC strategy. The results show that the SSA-VMD-BP-LSSVM
cooling load prediction model has higher accuracy compared with the four models such as BP. Under the
condition that the relative humidity is stable within the comfort zone, compared to the feedback control
strategy, adopting the MPC strategy results in the indoor air temperature being closer to the set value and
more stable, and the energy consumption of the air conditioning system is reduced by 8.05%. In this
study, SSA is introduced to optimize VMD to avoid the problems of modal overlap and information loss
caused by traditional decomposition, and BP and LSSVM sub-band modeling are used to improve the
adaptability of the cooling load prediction model to abnormal fluctuation values and nonlinear data
processing. At the same time, IMOPSO adds the chaotic particle initialization strategy and particle
position variation on the basis of the traditional MOPSO, which improves the global search ability and
convergence stability of the MPC strategy in dynamic load scenarios. This study can provide reference for
the control of radiative cooling combined with fresh air system under dynamic loads.

Key words: model predictive control; radiation cooling; fresh air; energy saving; cooling load

prediction; temperature and humidity control
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