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Active Disturbance Rejection Control of Air Conditioning Supply Air

Temperature Based on Improved Gray Wolf Algorithm

YANG Shi-zhong, GONG Yu-cheng, WANG Wei
(School of Information and Control Engineering, Qingdao University of Technology, Qingdao 266520, China)

[ Abstract |

temperature control system of variable air volume air conditioning supply air, a closed-loop control system of supply air temperature

Aiming at the problems of nonlinearity, large delay, uncertain model parameters and weak anti-interference ability in the

based on active disturbance rejection control (ADRC) was designed. In order to overcome the difficulty in parameter adjustment of ac-
tive disturbance rejection controller, an improved grey wolf optimization (IGWO) algorithm was proposed to optimize controller parame-
ters. By introducing chaotic mapping, nonlinear convergence factors, dynamic weights and dimensional learning strategies into grey
wolf optimization (GWO) , the population diversity was increased and the balance between search and exploitation was taken into ac-
count. The advantages and feasibility of the proposed algorithm were verified by MATLAB simulation. The experiment further proves
that compared with the traditional proportional integral derivative (PID) controller and the traditional gray wolf algorithm, the IGWO
algorithm can shorten the supply air temperature overshoot by 45.3% and 8.9% . The adjustment time is reduced by 34.8% and
11.2% , the steady-state error is smaller, and the system is more energy efficient.

[ Keywords] variable air volume air conditioning; air supply temperature; PID control; active disturbance rejection control; im-

proved grey wolf optimization
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Fig. 1 Water system structure diagram
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Fig. 3 Contrast curves of convergence factor
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Fig. 4  Flowchart of IGWO

4 IGWO EixMEgemik

4.2 MXERHH
222 BTN RV B A A 45 I pR B 1 e A

4.1 MiXEARIZE (B FAREZE | 43 501 S Bk A — ik pR 2
B IR FEL PR 48 10W0 Sk 5t LMEISIERE KB REE W2 Fim,
F2 MK R3TLE
Table 2 Test results comparison

PREL SR WOA GWO TGWO LGWO DLH-GWO IGWO
HRE 257 x 10 -3 6.29 x10°% 5.18 x10°% 3.50 x10 17 1.67 x10°% 0

F1 A 2.41x10°7 1.93 x10°% 3.96 x 10 =% 1.02x10°'® 8.67 x10~% 0
FrifE 2 7.57x10°7 3.11 x10°% 8.41 x 1074 0 1.61 x10 % 0
SSYUR(E 1.26 x10 7% 2.62x10°" 5.07 x107% 4.01 x10~% 1.38 x10 =% 1.19 x10 1%

F2 A 5.50 x 10 3! 1.07 x1071° 8.90 x10 %8 1.83x10°% 1.33x10°% 1.20 x 1012
brifEzE 1.91 x10~° 7.10 x10 "7 9.33 x10 % 4.52 x10°%8 1.08 x 10 ~2! 0
52IR(EN 1.04 x 10* 5.63x107° 4.10 x10 12 3.43 x10° 2.36 x10° 0

F3 A 4.10 x10* 8.45x10°¢ 1.18x1077 5.73 x 10° 3.68 x10 72 0
brifE 2 1.41 x10* 1.60 x10 3 4,28 x1077 1.29 x10° 1.78 x 107! 0
ZIR(E] 2.85x10"! 8.21 x107% 3.10x10° 1 1.19x10°" 1.18 x1077 1.66 x 10 =17

F4 SEHEIE 59.9 8.52x1077 9.79 x10 12 6.89 x10°1° 1.18 x10°° 1.31 x10 1%
FrifE2E 27.2 9.06 x10~7 1.34x10°1 8.36 x10°1° 1.14x10°° 0
AME 0 5.68 x10 !4 0 0 7.51 0

F5 A 0 1.95 2.08 0 34.8 0
FrifE 2 0 3.51 5.45 0 3.10 x 10! 0
AlfE 8.88 x 1016 7.90 x 10 -1 7.99 10~ 4.44 1071 1.15x10° 4.44 1079

F6 A 4.56 x10°1 1.03x10°1 1.21 x10 ™ 6.93 x10°1 2.00 x10 ™ 4.44 %1071
bR 2.70 x10 71 1.97 x10 1 3.68 x10° 1 1.63 x10°1 4.63x10°1 0
ISR 0 0 0 0 2.80 x1077 0

F7 SEEIE 1.41 x10 2 5.50 x10 3 2.90x10? 0 2.80 x10°? 0
R 4.36 x10 2 9.50 x10 3 5.90 x10 3 0 5.50 x10? 0
SEYUR(E 5.90 x10 3 6.60 x 10 3 9.90 x10 3 6.00 x10° 9.63 x10° 4.86x10° 1

F8 A 6.87 x10 2 5.63 x10 72 5.64 x10 72 9.38 x10~° 1.67 x1073 2.50 x10 73
brifEZE 1.72x107! 3.78 x10 2 3.78 x10 2 2.03 x107° 4.24x10°° 2.00 x10 73

Mtk . www. stae. com. cn



Bo¥ o R 5 TR

5496

Science Technology and Engineering

2025,25(13)

EHAWE A, IGWO B3k 7 %L F1 . F3 F5 F7
Prhefe o R 2 e S R M, fE Rk 12 F4 F6 LT
B B Y ME AR, 76 iR B F1 ~ F7T LARiE2E
B/, LGWO Bk WOA B350 WAL AE R FS |
F7 _FRERSE BN IS 0. BLAR WOA BILAE
PR F6 L3R B B e L e, (HF-YE & T IGWO
Bk SRR 2, IGWO Bk TEH 4 2 sk

10°F
10}
dm
£
{,Z‘
$1 102®} ——DLHGWO
——LGWO
—TGWO
—GWO
| — WOA
IGWO
0 100 200 300 400 500
EARIREL
(F e 8uth 2
10°
10*](‘0
m
Exd
.]2
#) | —— DLHGWO
——LGWO
—TGWO
—GWO
— WOA
1073% IGWO
0 100 200 300 400 500
JERIREL
()F 3 suth 2
10°r
I 00 L
m
LT
S 10
42
10*]1) L
107" . . . . )
0 100 200 300 400 500
IEARIKEL
(e)FSWsiith 2

F8 I BAREUS B e U AL, (R AR -2 (i A b v 22
LT LOWO Bk, BRIk, IGWO Bk F-
PEAEHERE T = e R
4.3 UrSE AT

B RS T R A s R, il
HAB B IEIA T USRS ZeXT HE, o] LUE B8 T X pR
F8 SARRCRAE , IGWO BIkAE AL BRpR S F1 ~ F7 I

1050 r

100_

TR A

——DLHGWO
—LGWO
—TGWO
—GWO
— WOA
IGWO

0 100 200 300 400 500
EARIREL
(b)F 20 Sl 2

10-]00 F

1 07200

10°

——DLHGWO
—LGWO
—TGWO
—GWO
—— WOA
IGWO

100 200 300 400 500
EARKEL
(d)F A S i 2

———DLHGWO
——LGWO

0 100 200 300 300 500
FERIREL
(D6 S 24

—— DLHGWO
——LGWO
——TGWO
——GWO
— WOA

i IGWO

£

E

]

— WOA
IGWO »
0 100 200 300 400 500 N 0 100 200 300 400 500
IERIREL IEARIKEL
(&) F T Bh il 2 (h)F8i &5 i 2
K5 SEE RS XT

Fig. 5 Comparison of convergence curves of different algorithms
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Fig. 6 IGWO optimized ADRC schematic diagram
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Table 4 Comparison of dynamic indicators
Pl /% ETHEE s SRR s
IGWO-ADRC 0 191 263
LGWO-ADRC 0 199 278
GWO-ADRC 0.09 206 281
ADRC 0 327 345
PID 4.17 65 306
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Table 5 Comparison of dynamic performance indicators

BEE/ —— B L/ ﬂ% f’s
°C % BflEl/s  1R22/%

PID 7.7 334 6.5

12 GWO-ADRC 5.0 255 4.4

IGWO-ADRC 4.3 221 3.3

PID 7.5 316 5.9

15 GWO-ADRC 4.5 232 3.9

IGWO-ADRC 4.1 206 3.6
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Table 6 Comparison of energy consumption
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