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Abstract

The constant temperature and humidity air conditioning system in pharmaceutical cleanrooms can
provide the optimal temperature and humidity environment protection scheme, effectively ensur-
ing compliance with drug production quality while saving system operating energy consumption.
The subtropical monsoon climate in Wuhan experiences drastic fluctuations throughout the year,
which exposes significant shortcomings of conventional PID control methods in practical applica-
tions, such as weak anti-interference capability, slow response due to large time delays, and diffi-
culty in decoupling strong coupling. To address this, for the constant temperature and humidity air
conditioning system of a tablet production cleanroom in Wuhan’s Optics Valley pharmaceutical en-
terprise, a control strategy based on the particle swarm optimization (PSO) algorithm improved
Elman recurrent neural network is proposed. Based on the temperature and humidity dual-loop
control strategy of the cleanroom, a simulation model is constructed, and MATLAB simulations are
carried out to compare the PSO-optimized Elman neural network controller with the basic Elman
control and traditional PID control. The results show that the proposed method has lower overshoot
and shorter regulation time, can more efficiently search for the optimal neural network weight pa-
rameters, and provides a practical and feasible technical solution for the intelligent upgrading of
constant temperature and humidity systems in pharmaceutical cleanrooms in Wuhan.
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Table 1. Main equipment and monitoring parameters table of air conditioning system
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Table 2. Identification results of temperature channel model parameters in different seasons in Wuhan
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Table 3. PSO-Elman controller network structure parameters
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Figure 1. PSO algorithm optimized Elman neural network control schematic

1. PSO &AMk Elman #4228 151 [R IR [E

5 HESRITEL

AL H MATLAB R2025a/Simulink /£ 415 317 & 5 73 7l EE X645 48 PID #2125 L JL il Elman #2828
BB PID 1l % K2 PSO 4k Elman # il 2 A4 s A7 075 B s, D 28 3k =2 [R] — e o) G2 5 4R 3
AN, SEBLEERCLOU N IR R PR B, RO AR I 2 PR Ho, A48 PID 588 & S84 Z-N
Bk BB e, R RIS E Kp =1.85. Ti=162s. Td =18s, /% [HIEEHL
Kp=1.42. Ti=216s. Td =24s. K PID #Hl85 RH 4SO S50, DLRZE e MR ZELE ec
BN, TRl ASDRIAI U B B AR AL = PR AE R SEI B PID 2K . Kw K, IR LA
B4 R A0 7 49 SN, BRI Tk, =2.0,k, =05, HitH & HBIE T
AK, =0.8,AK; =0.5,AK, =0.6 . #tah{5 TR AR TGRS 2022 FEN TR LA, HEidhxh 2022
7 A 13 H 16:30 #7505 [ [ PRI S AE(Z /NEE 20 min M 38°CR#Z 29°C, FHXHEEM 72% RH T+
91% RH)HHATHIE -

PiE e, DLUREE 22°C . 8FE 55% RH MR BRI EEAE A RGN, PSO Sk 156 56 bUA 42 )5
TR, KSR R AUE R FEW * 7R N Elman NAERWIIES 4L, BSR4 BP ByAfEia T i fEHh #F
SO, LS R SEI AR . 7R 2R BP SO SR AR B R PRV 4 UL EAT SR SR, E bR R

DOI: 10.12677/hjce.2026.154097 246 T AT


https://doi.org/10.12677/hjce.2026.154097

KR &

Hste SRR 2 10— ORI B A7
1
E (k) =5 [R(K) -y (kI = ¢ (K) (13)
ot R(K) k2R, y(K) A RGEShRA ()RR 2 . RLAHY R 2 B 7 [ AT 37,
239 = 0005 (LRI Z) I = 0.005 (EIEHSHIAS), %02 HT FM I LTS5l 0% H5HR %
HI: BIASTEI m = 0.9 DUITHICSIOFMIRBLIE IR, AL 37 A RN

__ (k)
Aw(k+1)=-n 8W(k)+m Aw(k) (14)
FELOR R 60 s AT — O LRl R ST AR B0 ), O I 2 2 )2 BUELHEAT /Mg B, DL 4
PSO BSZARA T 3RS (M S AR AUE B KR 75, A DR ) 20 DU DX 2R 1 Ui B RR B i
NEBETT o

G111
num/den
Step sum
AKi | G11
II O TRk B ER49% BB i ?| numiden
S . — el | 5

W1 w2 wel—p| 81

L
II O du/dt .A int » num/den
C1 C2 C3 —
Ste| T(t)
P Elman block Scope

...............................................

' ﬁ é
Ings Pooef—>{emen {02 | o |
1 Step E

| time |—>||eT|+|eH|

Out_J

Figure 2. Constant temperature and humidity control system comparative simulation model
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Figure 3. Dynamic response simulation comparison curve of constant temperature and humidity control system
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Table 4. Simulation results comparison of four control strategies
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