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Abstract

The process of controlling temperature and humidity in building environments is influenced by
nonlinear characteristics, time-delay effects, and the interaction of multiple disturbances. Tradi-
tional single modeling methods often struggle to achieve ideal results in terms of prediction accu-
racy and control response speed. This paper constructs a tandem predictive control framework that
integrates a Long Short-Term Memory network (LSTM) with an Adaptive Neuro-Fuzzy Inference
System (ANFIS). In the prediction phase, LSTM is used to model the temporal evolution of tempera-
ture and humidity, capturing long-term dependency features in historical data; in the control phase,
the LSTM output, together with current environmental measurements, is used as input to ANFIS,
which achieves coordinated regulation of temperature and humidity through its fuzzy inference
and self-learning mechanisms. Performance tests are conducted under typical high-temperature
and high-humidity weather conditions in the summer of 2024. The results show that compared with
the Elman neural network, standalone ANFIS, and PSO-Elman methods, the proposed LSTM-ANFIS
tandem scheme achieves a temperature prediction MAE of 0.31°C and RMSE of 0.42°C, with maxi-
mum deviations in temperature and humidity control decreasing by 62.3% and 58.7%, and steady-
state adjustment time reduced by 41.2%, demonstrating significant advantages in both prediction
accuracy and dynamic control performance.
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Figure 1. Schematic diagram of the LSTM-ANFIS serial network architecture
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Figure 2. LSTM plane block diagram
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Figure 3. Simulation platform system block diagram
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3.1. Tt gEXTEE s34

NEGAE LSTM TN G, K S5454E Elman £ 4%, #— BP 4 M4% K ARIMA I 515
BTG . PP FR bR R P340 1R 22 (MAE) . 177 iR 22 (RMSE) ik REU(R?) . S8 7E A4
R FE T 45 RS LA 1 FR .

Table 1. Performance comparison of different prediction models

= 1. TRITUMRA A M REXTEE

TR Y MAE/'C RMSE/C R? YIZ5I 6] /min
ARIMA 0.89 121 0.821 153
BP &M 4% 0.72 0.98 0.871 8.7
Elman #1284 44 0.58 0.79 0.913 12.4
LSTM (¥.2) 0.44 0.61 0.939 182
LSTM (W/JZ) 0.31 0.42 0.968 26.5

T DHRFEAS n = 14,688 IIHIEHE A& FR bR LAE -
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Figure 4. Comparison of LSTM and Elman prediction performance under typical high-temperature conditions
4. BASRETHT LSTM 5 Elman FUUR XL

3.2. #EHMEREXTEE 4T

FETRMAE RIS AIE S8R5, ¥ LSTM-ANFIS 53 BCH i 2% 5 A7 4E PID #5625 . BOWI# 45 . PSO-Elman
FEbi 98 S H— ANFIS 2 52T E IR R 0T FLse . Seie s se s

Ysc 1 JHERZE): B H 2, AR 10°CHUETHE 2 25 C Y Tt

Y5 2 (BRI BNSE ). Bl ECPOE = fom il H . N E S i PR (35°C )ik N A 30 i 1 PRk P i 4%
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Table 2. Comparison of temperature control performance

2. mBEIEHMREXTEE

e SR R E/% A5 B} ] /min FAREC IAE
PID 18.5 420 +0.95 286.3

R 75 i) 10.2 31.5 +0.58 197.6
ANFIS (FC Tl 7.4 24.8 +0.41 148.2
LSTM-ANFIS 3.1 153 +0.18 89.7

e MR TN B IR 24 CRrEREE 28°C s MK Ay fe te 42 il PE RE 4R B -

Table 3. Comparison of humidity control performance

= 3. IREEHIMRERTEE

st SR TR/ % Y5 I 18] /min KSR %E/% RH IAE
PID 223 48.5 +5.2 342.1
ket 13.6 35.2 +3.8 231.5
ANFIS (FCHii) 9.1 28.6 2.5 172.8
LSTM-ANFIS 4.5 17.8 £1.3 108.4

E: RR T A WE IR M 50% RH R E 60% RH; I B0E J & 48 b5 S 18

PiFLEE KB, LSTM-ANFIS Hf BRA% i 4575 TG Wik 5 h ) R B s R il 1 e . 55 PSO-Elman
JiEAHEL, LSTM-ANFIS F U5 5 1 5 i () 46 06 41.2%, FEREI /D 62.3%; 85I (04556 37.9%, #
PRI/ 59.3%. 58— ANFIS #$| 284, LSTM-ANFIS (¥ FI0 AT i AL 455 42 il 2% fE 0% P2 A i A 53
AL IR IPHAVENE, A RORD TS .

FRAlMEAE RN, AEAIEI%5 4 T, PSO-Elman fll¥— ANFIS #2628 B8 7 0 B 19R 3%
PR GEEED BN 6.7%H1 5.3%), 1fii LSTM-ANFIS ({745 2. 8% IH, REETEN TR, X2ERHN
LSTM Tl 45 5y ANFIS it | AR EAR ) 605 5, ([Fh Rg B4 “ Tl - Jesk” msEar iy
REJJ, A RS T Hshm .

33. e S &R

AT PPl LSTM-ANFIS J7 275 BB bR B H AR 25 & RUas . %05 B TR 19 23 R R A ReRERET T 4t
50 8. DMFEREN 2024 4F 8 HMAIE @ H 5 H~11 H, =HA-FWIERE 32.8°C, TFHIEE 78%)H
Guit AR, ASFEFES TR REREXT L 4 B

Table 4. Comparison of energy consumption in typical air conditioning systems
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