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Energy saving control for subway station air conditioning systems based
on reinforcement learning
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Abstract: The subway station air conditioning system consumes a lot of energy, and traditional control methods cannot
take into account the comfort and energy saving issues together, resulting in poor control effect. Moreover, the current
subway station air conditioning control systems control the air system and water system separately, which cannot guarantee
the energy saving effect of the whole system. Therefore, this paper proposes an energy-saving control strategy for the
system based on reinforcement learning. Firstly, this paper uses a neural network to establish an air conditioning system
model as a simulation environment for offline training of the agent to solve the problem of long convergence time of
model-free reinforcement learning methods for online training. Then, in order to improve the efficiency of the algorithm
and also to address the characteristics of the multidimensional continuous action space of the air conditioning systems,
this paper proposes a deep deterministic policy gradient algorithm based on multi-step prediction and designs an agent
framework that will be used to interact with the environment model for training. In addition, in order to determine
the optimal number of training times, the agent training termination condition is also set, which further improves the
algorithm efficiency. Finally, simulation experiments are conducted based on the measured operational data of a subway
station in Wuhan, and the results show that the proposed control strategy has better temperature tracking performance and
can ensure the comfort of the platform, and the energy saving is about 17.908% compared with the current actual system.
Keywords: reinforcement learning; deep deterministic policy gradient; neural networks; multi-step prediction; subway

station air conditioning systems; energy saving control
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T R T 5.
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W 28 T 3T R G AR, B AR D B Al R Ak o )
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TEATR B % R G ] ) P A B X A R, AR
SCHRH T EE T 22 A5 TN IR R A 1tk SRS A B (deep
deterministic policy gradient, DDPG) &y, X Ak v 2=
WRRFHK R G472 /=], DDPG &k n]
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VR HEAT 07 LSRG, &5 AR W, Fr R R A i SR s 5 4% 5t
DDPG 5240 H, 2 Be AR I Zr ik 2 ek 2> 86 Ik, HLBEHS
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Mk G IRE T [k + 1]
22 HIEREFMTALIE

HHE Z6 H ~9 H & % s2 A ARG 31T &
G R SRR 1A 5 min, 3X S8 B 45 H Bk ot 4%
BRG0P W03 1 FTOR. BT RE AU
WAL 73 BSOS AN (5] (1 8005 B, FH T 50 i 48 X 2 A Y
(U ZR AR, 2 5 2531 24 70 9o F1 30 %o

*1 BABERER

M

1 2 3 5 6 7 8 9 10
A%k L EER 4.58 4.54 4.49 4.63 423 4.14 4.19 4.17 4.2 4.06
G/ °C 23.9 23.89 23.85 23.95 23.78 23.7 23.74 23.74 23.74 23.6
=EHMRIE°C 32.6 31.9 31.6 31.6 31 30.9 31 30.9 30.9 30.9
EHMHAIRSE / %o 68.4 68.1 70.7 73.4 67.2 66.2 66.9 66.2 69.1 67.8
REG5 T kW 556 551 546 558 538 528 533 533 534 515
BIHRARBIKIREE 1 °C 8.2 8.2 8.2 8.1 7.8 7.9 7.9 8 8 8.1
REEE AN R/ V 5.7 5.7 55 5.4 5.3 53 5.3 5.4 5.4 5.4
R KEE LA / (m® /h) 111 110 109 109 110 108 109 109 109 108
A HIKEE TR/ (m® /h) 162 161 159 163 163 158 159 163 163 159

FERP 22 26 I 2R R o, | TR R 5 A\ AR
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A5 10X 2 | 0 I A 18, L 5 I i 24 T VAL S 1
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RIS 52 P /= M 28 e (B, — BT il 2 X
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- ' R UG o Ay A, B L B A2 (1, 10).

2.3 HEMELE

W3R AT A M AR 1IN RS R
AL AS a2 57 R G, 3 ) A s 4 I 4%
OB IE B BE DL R AT OB T AR A — AR LR E it
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AL SR A6 2 R B, B R RO 10 1 R 2% )1
SRR B, Y77 MR AR 22 dee /D, S LU 2 SR AN 3k 2
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8 0.0131
9 0.0147
10 0.0127
11 0.0150
12 0.0132
13 0.0145

B2, AR S AR T (R 0 $h S8 5 % 2 Kot
BR3P

®3 RGEBERINGOSHENESEIRE

¥4 SHBE
2 R 2 25 70 =R AR R M
HINEAT R 11
K ST R4k 10
ot 2 R 2
W e K& 2 RELU, it /2 SIGMOID 8 5
R R MSE (75 #)
LA ADAM??!
I 25 PEAN FE b MAE (P45} = 7%)

24 1REIMEEDHT

FIF ke 22 (1) R G i B A7 0k, IR B 3
1000 2H, MR 45 R W 5K 4 frs. BHER 4 0] D, A5 0] 3K
it 55 RO () B b 2 TR ZE RN, R A BT R
(1475 R ZR G A mT DA DU o PR R e Wt 3R G N
HREABE 0 b A i AR LRt 56 R, H B 450
87 B (AR i, (R B B e e idE AT BB T SR AR, A
A LRESCHE.

Fz4 RGEARINEHSHENESHLE

R A 3 5 i HER L EER
| —0.5~0.5°C —03~0.4
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Gy — R 35 A 48 WX 48 3RO, Actor [ 265 Bl B 552 B bR
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FE REAR ML (13 2, Bk H A T 4% Bt SR e )
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BEAT AR AL R BRI, SR T R A 1 2 ST R A
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I \: Actor X4 {I M 45 (s, 0), Actor H F5 W 2%
7'(s,0"), Critic 24 W % q(s, a,w), Critic H ¥x ¥ %%
¢ (s,a,w'), ZE A0, 0 w Fw'; LS E,
LIS A oS D.

LS5 eE b BT BRI AR Hm, H bR
SR PR O, e KIERIKBN, Kb > 0,
a® > 0, Hr 0 -y, O F R E 7, T 2H 2, Pl
S p.

By Bt Actor 24 BT N 2% 2% @ 1 Critic 241 ™
“ZH w.

step 1: BENLAIIG L ZHO . w. 0" = 0. w' = w,iF
AU R D.

step 2: VIWHHIRE S, 2i =1,k = 1.

step 3: £ T Actor 4 H M 25 £ il — B0 1E A, 4., IF
IR INBEALIE S €.

step4: FIH RGEAL Fir N U EDIRASF A, 5, 153
N ZI RS T;, A EER, F IR R 2 RE, I
NI Z R GURSE N GRS,

step5: #rk = p, MFE F step6, BN Lk = k + 1,
% step 3.

step6: #i = n, W Z step7, BN, %i = i +
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