% 46 B 5 6 FRRFFIR Vol. 46 No. 6
2023 % 6 A Journal of Chongqing University Jun. 2023

doi: 10.11835/j.issn.1000-582X.2022.252

Wil 154] Sy §E 23 DX F49 R Y i b et S5 % D Ao 000 Jy 34

REE" AR, H SELRHZC,E m"
(1. BZEZFAHABKRF o ZHA RS IRFE, bZ85HH T EFE, B 710055;
2. PEEAGIEITAR ARG, G 710018)

HE AT K A T @ e A SRR BT R AR A B S R R B AR S B K%
# L, 8 AT R R R A S AT AR B R R & R IR Mk T A o T R R R HOA § 4
B RGP B E A K R OU T & AR AR A AT AR R AR R T AT REER
A PH o LSTM 89 2 0 o X A R A7 TR AR R . LSTM M A 5% B Z AL R T EMAFREEETZ
Mgk ZBRE R HIEREN O ESM AR EFRARTZIMO LR RREZHE, W AFEE
H i BLLSTM M % X 4k 0d 20 49 8 % 45 B BA R M M BT A R QAR ., ABZEXEHH
A AT HIEE A F I, W R A TIRAEA AL T LSTM A2 A . CNN-LSTM #£ A #o
Attention-LSTM #E &L | 3% £ & 4% MAPE #» RMSE 34 A % 3 MK, R2%0 23§ hw AR R 0.99 24 L, A A
BT W AR A e BRI A M

KRG a5 K & & KB4 QAT TN 32 F AMAH ; KA2TICAH 2 W 2%

HESES TP391.9 XERAR RS A X E %S :1000-582X(2023)06-061-15

A cold load prediction method of shopping malls oriented to
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Abstract: Current cooling load prediction method of overall buildings for large-scale shopping malls cannot
provide a reasonable control strategy for demands of various areas of the shopping mall. By studying the
characteristics of cooling load in different areas of shopping malls, the key influencing factors of cooling load in
different areas of shopping malls were screened by using grey relational degree analysis method. To solve the
instability of the influence degree of each input variable on cooling load in actual situation, a short-term zoned
cooling load prediction model based on double attention mechanism and LSTM was proposed. LSTM network
fully considers the nonlinear relationship between air-conditioning cooling load and related characteristic

variables. Feature attention analyzes the relationship between historical information and input variables
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autonomously to extract important features. Sequential attention selects historical information at critical moments
of LSTM network to improve the stability of long-term prediction effects. The experimental results show that
compared with LSTM model, CNN-LSTM model and attention-LSTM model, the error indexes MAPE and
RMSE of the proposed model decrease significantly, and its R? increases significantly and remains stable above
0.99, indicating good generalization ability and strong stability.

Keywords: functional partition; grey relational degree; cooling load prediction; attention mechanism; long short

term memory neural network (LSTM)
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Table 1 Lighting density and equipment power density of each functional area
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Fig.1 Personnel density changes in each functional zone
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Fig. 2 Changes in cooling load of each functional zone on weekdays and weekends
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Table 2 Grey correlation degree between influencing variables of each functional area and

cooling load at the current moment
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Table 3 Key influence variables of each functional area
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Fig. 6 LSTM model structure based on dual attention mechanism
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Table 4 LSTM structure parameter settings

ZH BAE
LSTM M % 2 % 2
% — 2 LSTM # & 5T 128
% E LSTM A& T 32
ENEPRIS 6
W2 > 2 0.001
Dropout 0.2
i 2 TS PR AL Relu
FAEE T [k Adam
UENGE 200

33 XWRERRSW
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AN [R] Dy B8 43 DX ¥ 17 faf SRR S ) DR 2R AT, Ol 1 PR T B A 728 S 0 S ASE AR ) S R e D A 4
Gy 225, BRI FH 28 5k K 68 G K 36 B 0% R AIE A8 B RO SE AT R €8 O BR Ok R Y R AS REAE AR &, fH
Attention-LSTM T I A5 A 43 5 6 A7 1000, an &l 7 B, Fot DG BE A W3R 5.
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Fig.7 Prediction results of cooling load under different input variables
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Table 5 Comparison of prediction accuracy under different input variables
PEO 48 b
Ij]ﬁ'é? i EI*/T
MAPE/% R? RMSE/kW
T
K AR A 3.31 0.998 35.87
ANBEEEAD 4.20 0.946 200.34
BEREAR 3.44 0.991 52.07
BT IX ) .
ANBEPEAR 4.61 0.964 170.30
S 5 PR L
A nihxg 3.98 0.992 62.89
AN VEPRAR G 5.63 0.950 219.27
. PR 2.57 0.998 22.17
BIRIX i .
AN AR 437 0.879 93.48
AR 2.52 0.998 43.55
BREX -
ANBEEEAR 6.01 0.973 191.47
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Fig. 8 Outdoor meteorological parameters of different test days
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Fig. 9 Prediction curve of cooling load in supermarket area
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Fig. 10 Prediction curve of cooling load in jewelry area
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Fig. 11 Prediction curve of cooling load in garment area
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Fig. 12 Prediction curve of cooling load in restaurant area
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Fig. 13 Prediction curve of cooling load in entertainment area
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Table 6 Cooling load prediction error at working days
e
S ] — —
BIRIX X iz X IR IX WX
LSTM 4.69 5.96 4.87 6.28 5.76
CNN-LSTM 4.34 5.55 4.60 4.19 5.02
MAPE
Attention-LSTM 3.96 4.32 3.87 4.01 3.99
AR3L 3.23 3.41 3.41 3.39 3.52
LSTM 0.879 0.894 0.965 0.894 0.879
2 CNN-LSTM 0.951 0.970 0.960 0.970 0.964
Attention-LSTM 0.987 0.972 0.964 0.976 0.982
AL 0.998 0.990 0.991 0.990 0.998
LSTM 164.557 137.432 152.299 124.912 132.323
RMSE CNN-LSTM 107.807 79.476 133.358 92.269 82.269
Attention-LSTM 73.698 68.125 128.346 73.698 63.426
AR3C 59.972 43.551 54.507 32.179 45.878
®7 BARLAFRNIRER
Table 7 Cooling load prediction error at weekends
IgEIX
B[R LAY : -
EIIX T X Il 2 X PR IX PR IX
LSTM 4.90 5.69 6.41 4.87 6.02
CNN-LSTM 4.86 5.31 5.03 3.99 5.01
MAPE
Attention-LSTM 4.23 3.98 4.12 3.68 3.57
AL 3.12 3.31 2.34 3.14 2.57
LSTM 0.938 0.879 0.953 0.949 0.949
2 CNN-LSTM 0.973 0.955 0.948 0.956 0.980
Attention-LSTM 0.982 0.976 0.983 0.952 0.971
KNS 0.991 0.999 0.995 0.990 0.993
LSTM 168.474 213.484 232.972 149.120 244.634
S CNN-LSTM 124.917 133.171 222.885 140.050 153.622
RMSE
Attention-LSTM 72.698 93.143 168.359 90.156 125.682

A 59.972 35.878 119.862 63.646 90.018
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