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Load forecasting of buildings using LSTM based on transfer learning with
variable source domain

ZHANG Yong, TAO Yi-fan!, GONG Dun-wei
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Insufficient historical data severely affects the accuracy of the long short-term memory (LSTM) in predicting
building loads. Transfering and using the energy consumption data of other similar buildings in the source domain can
improve the prediction accuracy of LSTM processing of the buildings in the target domain. However, the existing methods
do not take into account the change of the source domain matching relationship caused by the increase in data during
the prediction process. In view of this, an LSTM-based building load prediction method guided by transfer learning
with variable source domain is proposed. During the execution process, according to the correlation between the load of
the source domain building and that of the target building in new windows, the source domain building and its energy
consumption data to be selected are adjusted in real time to ensure that the source and target domains always remain
high similarity. Finally, the application on several typical examples shows that compared with the traditional fixed source
domain transfer learning method, the proposed LSTM-based load prediction method guided by transfer learning with
variable source domain can always maintain a higher prediction accuracy.

Keywords: load forecasting; transfer learning; LSTM; variable source domain; grey relational analysis
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AiER 065 0.7 0.75
47290 ~ 5750 RMSE 16962 3488 3.357 4472
(5 17) MAE 9.992 2525 2200 3.061
MAPE 19.611 8.573 7.004 9.494
SH6H ~5H 120 RMSE 9704 11990 11.922 12.068
(52H) MAE 4488 5.184 5775 5.877
MAPE 20.009 21.948 24.095 23.913
SHI13H ~5H190 RMSE 4844 4673 4260 3368
(53 ) MAE 3373 3462 3227 2592
MAPE 10.447 11.062 10.831 8.864
SH20H ~ 5260 RMSE 4375 461 3499 10591
(554 J8) MAE 3.207 3.323 2677 3.909
MAPE 10.222 10295 9.601 9.616

*3 BARBEREZENBRFER2HNTUNRE
BI{E

AiEF 065 07 075

H w2

RMSE 18337 4910 4.525 4.618
MAE 10.798 2.816 2.784 2.749
MAPE 26517 10.202 11.063 11.453

4H29H ~5H5H
CGE1A)

RMSE 8.631 11.302 10.380 10.411
MAE 4499 5390 4.758 5.095
MAPE 27.405 30.503 28.353 29.284

5H6H ~5H12H
(352 )

RMSE 8.066 5968 5.526 5.060
MAE 33483 3.205 2704 2.698
MAPE 11.631 11.411 10.136 10.485

SAHIBH ~5H19H
(B34

RMSE 5206 3.672 3.586 6.568
MAE 2834 2.144 2.088 3.675
MAPE 11.055 9.071 9.177 13.176

5H20H ~5H26H
(ZE4 )

*4 BAEBEREEBRFRHTNRE
BIME

AT 0.65 0.7 0.75

H# WE

RMSE 5.852 4582 3.507 4.545
MAE 2789 2.195 1.855 2.192
MAPE 17.855 14.167 12.733 14.268

4H29H ~5H5H
(3B 1)

RMSE 7.660 7.293 7.385 7.558
MAE 3.045 2950 3.324 3318
MAPE 25973 24.826 25.432 25.511

SH6H ~5H12H
(%2 )

RMSE 3.543 3480 3.357 3.346
MAE 2276 2.120 2.119 2.005
MAPE 15.055 12.504 13.714 11.794

SH13H ~5H19H
((H3H)

RMSE 4436 4222 3.267 3.303
MAE 2769 2.691 2.136 1.989
MAPE 19.623 19.504 17.059 15.491

5H20H ~5H26H
(B4 )

3.2 EEIREKESEAXEKERMITLE

AT 5 A G oG B B E S (TR R AR R
177 30 P, B iE BT 3 M 30 oG B BE B T S A AL
P AER e = 0.7THESL T, FIH20184F4 H1H &
4 128 H 4 J& i #cds 1l J5 4 J4, R 5 R 1 4 Rk
FH BEAR O IR FE 5 g 3 O IR B 45 7 b 7 B ik I 38
. W] LA 18 305G 7 2 ade YR 2 1 4 {2 /b
TEAR G 7 ST i B, FLAT# Pl A
TIaaE ik REG .

#* 5 REAARXBEMNEBIRFRTERIEFER

SRS BRI HEESIES 7S
1 2,4,5,6,7 4,7
1,5.6,7.8 5,6,7,8
8 2,5,6,7.8 2,56

6~ RJER T 2. 80 HIR A RAR I
T BRIy U SR T AR T 45 2R T LAE L, R4
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RZHAGOL T, W sh BT 1S 45 AL T 54K
RITT TR 1. DLE bRFAL 1 9, B 228 3
MAPE VL & 25 4 J& ffl MAE 5 MAPE, 1 zh < 5 Al
145 AR T B AR Oy A 45 31
6 KIRAEKRXESEHXESG AR
HERRSTUNIRE

B RE S BMOREL MK

4H290 ~5A50 RMSE 3.366 3.357
GE 1) MAE 2.561 2.200
MAPE 8.993 7.004

SH6H ~5H 120 RMSE 12.760 11.922
(2 5) MAE 6.030 5.775
MAPE 24287 24.095

SHI3H ~5A419F]  RMSE 4.735 4.260
(3 ) MAE 3.449 3.227
MAPE 10.678 10.831

SH20H ~5H26F  RMSE 5.100 3.499
(4 7) MAE 2.637 2.677
MAPE 7.183 9.601

RT R2RABUHXKSENREKS A

BRI STNRE

H 3 W BRREE B

4H29H ~5H5H RMSE 4910 4.525
G 108) MAE 2.816 2.784
MAPE 10.202 11.063

SH6H ~5H12H RMSE 11.302 10.380
(B2 MAE 5.390 4.758
MAPE 30.503 28.353

SH13H ~5A19A RMSE 5.968 5.526
(3 ) MAE 3.205 2.704
MAPE 11.411 10.136

SH20H ~ 5426 A RMSE 3.672 3.586
(48 MAE 2.144 2.088
MAPE 9.071 9.177

*®8 RSRAEMXIKSERNKIKS AR

BXBTUNIRE

B WE BRI BRI

4H29H ~5A50 RMSE 3.840 3.507
(1) MAE 2311 1.855
MAPE 13.785 12.733

SH6H ~5H12H RMSE 7.342 7.385
(%2 ) MAE 2.969 3.324
MAPE  24.895 25.432

SHI3H ~5419F  RMSE 3.504 3.357
(5% 3) MAE 2.151 2.119
MAPE 13.105 13.714

SH20H ~582%F  RMSE 4.741 3.267
(% 48) MAE 2.814 2.136
MAPE 13.888 17.059
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F10 3TEELIEEITE

K10 TG TMIRE

H %% LSTM/R Fixed LSTM FH 532 HiH %% LSTM/R Fixed LSTM FE%

6H5H ~6H 111 RMSE 7756 4.077 4.077 6H5H ~67111 RMSE 8885 6.895 5.442
(5% 1) MAE 3511 2.459 2.459 (5% 1) MAE  3.575 2.999 2.786
MAPE 12.464 9.606 9.606 MAPE 11616 10.208 9.695

6H 121 ~ 64180 RMSE 7356 3.475 3.252 6H 12 ~ 65181 RMSE 9418 4.176 3.080
(%2 ) MAE  3.293 2.345 1.948 (%2 1) MAE  4.100 2.600 2219
MAPE 11.002 8.791 7.049 MAPE  13.560 9.021 8.311

6H 190 ~ 64250 RMSE 4430 4712 3.803 6H19M ~ 67250 RMSE 4004 4.006 3.356
(53 ) MAE  2.576 2.609 1.889 (53 ) MAE  3.269 3.123 2.817
MAPE  9.961 10.838 7.966 MAPE 12.825 11.728 11.466

6H261 ~7H20 RMSE 3540 3.206 2.907 6H26 ~7H20 RMSE 6128 3.892 3.741
(5 4 1) MAE 2214 2.134 1.951 (% 4 ) MAE  3.339 2.689 2.601
MAPE 8.271 7.978 7722 MAPE 11.017 9.507 9.006
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9. R 107 LA H: 1) A E T4 88 LSTM/R
FOEAE R ZHE LN 5 T 15 # %% > 1) Fixed LSTM
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YT B AR 2EAL O 7856 3 F AR, 5238 B X B AH 5%
A 7 45 TR 25 540, Fixed LSTM [ T 4% 22 3K T
£ 45 LSTM 3. 2) BE 25 I 18] i 4 E, 3 R 5503k 1) T
DA 52 1 52 I AS [F) 2 B8 1R o5 3. LASR 9 AR S 4
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SRIF TG LSTM/R 532 3) K28 1 /i Fixed LSTM Al
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BRI P U RS B #8224 T Fixed LSTM.
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kB F A ] F AT IRBRKADIITIC B & 25 R AT TR 2337

f ot Ay D0, AH BT LSTM/R il Fixed LSTM, A< X
B LA AT DR B AN 2 B L T 45 H I =
TN 25 5, i BLAE S A S R B R AT DA 2
SRS Hff ) TN 5 2R
34 H—DiHE

L5 () BP #2828 TR0 455 2 3 47 %) L, DAk
— IR A ST T A 2. BP A& M 2% 1K) 2
Foan T F N AU d S5 LR N 336 IRTE A 5
NI BEE N g = 2d + 1 = 773, FK I L
0.01. 11K 1257 7 @ 7R T A SCHEEH BP # 4
28 Ab TR H AR 2EAR 9 FI2EAL 10 B I 15 T 4% 22, \f LA
T 2, B HU )2 T 22, BP #2828 110 T A 1
FEA BT EE Tt B2, 75 4 J8 I 1) Py, FL 300000 752 iE 2 2
TR AE. X E B R R, LSTM A i 2 £ X
IS 1) 3 1) P00 ] Rt R LA G0 22 X 2%, B RS
B DA YR A RO B Y 0 A A A X g — AP I E
T AR LSTM HEAT REFE 0 ) HE 4.

F 11 AXEERBP ML IEFR OB S TNIRE

H # R BP PR
6A5SH~6AI11H RMSE 19.088 4.077
B 1) MAE 14.820 2.459
6A12H~6H18H RMSE 16.660 3.252
B2 MAE 13.851 1.948
6H19H ~6H25H RMSE 16.131 3.803
(B3 ) MAE 13.658 1.889
6H260H~7H2H RMSE 15.585 2.907
(B4 ) MAE 13.465 1.951

T 12 AXEEFBPMEAIREFR 10 B R SFUNIRE

H# R BP PRk
6H5H~6H11H RMSE 19.431 5.442
G517 MAE 16.196 2.786
6H12H~6H18H RMSE 18.887 3.080
B2 7)) MAE 15.987 2.219
6 H19H ~6H25H RMSE 18.073 3.356
(B3 JH) MAE 14.910 2.817
6H26H~7H2H RMSE 16.626 3.741
B4 ) MAE 12.883 2.601
4 4 ®

A AR B BRI S8 D2 R 155 D, AR S
PEH T — PR T TR 2% 2] AR YR I3 LSTM 471 faf Tl
J7¥%. L Carbon Culture V- & EFEALR) 10 Fr#RA4E R
R0 G AT S, 25 AR W, A BT ANl /%
> AL G LSTM/R 5092, 78 K 2 Bl 0 B 2 T i #e o
>] ) Fixed LSTM FIAS SCRF S FE RIS 3] 1 v 1) P
G FE VR 80 E 32 5 S5 SR I S B R, A SO
VRTINS B 3 3k 5 T Fixed LSTM. filt& H [ Al

Lot A HAR R DL S TN, 1t — D 5 i 5
IR PR H SRR H I RE 0, R /5 otk — P T
{1 I 7.
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