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Abstract: This study proposes a deep Q-network (DQN) algorithmebased on the K-nearest neighbor (KNN) algorithm (K-
DQN) for the energy consumption prediction of buildings. When using the Markov decision process to model the energy
consumption of buildings, the K-DQN algorithri shrinks the original action space to improve the prediction accuracy and
convergence rate considering large-scale action space problems. Firstly, the original action space is evenly divided into
multiple sub-action spaces, and the corresponding state of each sub-action space is regarded as a class to construct the
KNN algorithm. Secondly, actions of the same sequence in different classes are denoted by the KNN algorithm to shrink
the original action space. Finally, state class probabilities and original states are combined by K-DQN to construct new
states and help determine the meaning of each action in the shrunken action space, which can ensure the convergence of
the K-DQN algorithm. The experimental results indicate that the proposed K-DQN algorithm can achieve higher
prediction accuracy than deep deterministic policy gradient (DDPG) and DQN algorithms and take less network training
time.
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D LG 3 i B PR TRUINRS FiE, 3k B P 35 4 nk iR 22
(mean absolute error, MAE), 3377 Hi2 1% % (root mean square
error, RMSE), Y 5€ Z 4 (coefficient of determination),
YERVEI FE bR, Hoat 55 A 205 5 A

1

MAE = — > i) ©)

1 m , 2
RMSE = |— > . (vi=¥) (10)
m &i=

m "2
Zizl(yi—yi)

2
R=1-25—
g 0i=9)

(11)
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Ferb, mB R BEAR A B, y Wy R S A 3 92
R, 5 B R A (9 248
33 ER551h

S0 F ) S0 65 SRS B S AE S | BB MR 1
HEfh b, HO BRI S R b A BE LI 22 s, 45
— S AR 10 VS0 45 51 P4 16

4 &7~ T DQN, DDPG LA KA~ R 2851 5 H 15 1o
T K-DQN 535 R A T . e, bl 2 R 500
(YT B FEAE, SN U SERE . T (0 522k o B
EIRLEE 1 ELLR, £R3 T4 A 2052 A REAE AR ).
g A4 P R A 2 L, U VR T RS
RE . AR, W R LR A 20% HR 54, S5 T
T €0 2 TR T AR A T 9 REAE A 80%, I
i 1 5 € R 2 U0 2 0% ) B E A EOSE fiE HE 1
120%. =% 4R FR T 35 4 Ao TR (8 AV RE 55 (8 A 35
20% [F35 245 . JIRAF BER, DQN SLv:1F B9z Rt
{EAGT 500 B 7 5022 RO T b 42 2545 2 b, 50 0
TS B 5 2. A2 T, DDPG 59 () Tl 45 56 5
(I T 72 _E 07, B9 3% 3 H B AR TR 25 . 3 K-
DQN ST 5, H B0 P 3 KNI 4936 38 %
WRZSHEAT 7 K145, MOt f REFE A 2 B — S8 14
St IR 25 BN 6 18 1) K-DQN 1,
BN 75

F 1 MIFE 2 R T 3 AR BTG B AN
MAE 5%, DQN SyE TR, B 5 A, 24 51.566, TR
AKPRECN T (9 K-DQN 53 TR 3 55 v,

MAE {874 39.852. DDPG 5 IRAEHEHON 14 #I K-

DQN F3E FoUlRG B2 AH G, P50l 45 R 1) MAE (Y4
44 UL b ZELLEL RMSE SRbs oL T, PNEESIPSR i
ft1 K-DQN Tl 4§ £ ) % DQN, DDPG 5%, JL %
&k RMSE 40T 70 VLR . 25505 %08 3 1 19 K-DQN
SRR, FC I R AT e M R KNI 23 2888 X038
PEA O HKHF R S B R Fohr I T S A 40 &k
B, R AR 1 U5 B B ) A B . R 1
# 2 I, K-DQN B 1 Tk B 3% 5 T DQN
DDPG 5%, HIEMECN 6. 7 1) K-DQN Hi%k Tl ks
FE R

AR, X K-DQN 5320 &, FE %, shiE =2
SVENVEAN BB, S35 10 TINDAS P bk v . (EL el T 3
G IS AR IR 43 SV 2 2 I IS o) %) 8 i 328 8 ALK,
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T 2 M B9 TN RS B2, e 3 R K-DQN (1) Tl #% i
AR RN EAE FRERER. REKE, Bl Heh
7 11 K-DQN #5034 24 S s o, Fouii s A e e

5RILT 3 FEEINSGE AT MAE B &
#. o, DQN ik i e Sl B R vk, B SIUR
MAE 1i7 T DDPG } K-DQN ik, b4k, 11 DON
S N=2 B 1] K-DQN Bl MAE 3w, AEE 5
AN Gy Ao it DDPG J HoAh 73 2K S 40 1) K-DQN &
WMok = F LR, BRI 6. B 6 B3 3 BISTTURHEAT
JE 7%, AT LU i DDPG 7% 5555 80 8 1) K-DQN
i A 38 HOIE AP SKT T MAE W5 5. % K-
DQN HLi7i & , KNN.4» 264 K-DQN A A B (i)
MAERTIGE, FLRZS 20 %, K-DQN Sk I ik
A, USHUE I MAE {EBAIK. SOz sessH, 2800 85
N 14 ) K-DQN Sk SIGHE K 7 1.

F2 MK 3 FENERT 3 FEEIIZR ).
W1, DDPG SiE R4k ] e K, N 1353.058 s. DQN
FEIN R TR EL Yk, N 1190.733 s. 1) K-DQN Hik 1)
YIS ] U B e TR e g, —Mm &, RS0
SEGHZ ) BRSNS, 28 )1 25 B 75 1) S 20k b,
YIZRES B] A, i K-DQN Sy (I S 1] B 2451 B
PN S E N N = R (S RSl M ik e ) VR VNP S WS
SEA W BR, PLECT AN il 22 AR, ) G 2 0 O
10 I ) K-DQN B34 4. 5
4 Hit5RA

K-DQN 2 —Fiuff KNN 433638 15 DQN i & 1
S RE SR, T 7 241 SR T 0, 31 T
DQN. DDPG 5% 1) a2 30 fe 4 BORS B2 2Bk s %
X} R AR ENAE 23 A AT PR 48, 7= A2 2 AT B 251,
1 J& A A T B R 25 RAAE — 2RI 25 KNN 232888, JF
TELCEEA b, AR AR R 7 B E AT 48— 3R
N, MK JE G B AE 25 A Wi 28 B — 7 Bl AR 25 [l o, o
PR 46 B /R 2 (8] R 46 08 46 005 I B4 25 18] 5 iR 46 30
YR A LG, SIEAECE />, Bk 5 SR, i
T 42 T 42 S R A8 00 R RS B2 b4k, K-DQN B4 17
SRR FERHE K O I 2 HAE R A A N Q M)
BN, BSE T SRR R T I A X R T
VRS R S TIOAS BE. Be 4 SE G &5 B, 5
DQN, DDPG HiZAHL, 25158 7 B K-DQN HyALETi
TR BE, W SIGR =R, IR E) 7 T A EUAR AL AE R, 5
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IE T K-DQN Sykp0A 20t I4h, BT K-DQN &k ERR 2 R IEAS TN . 7E 5 2L TAE ol X — 4
AR A S5 A A0 R S A 2 T, AT 288 300 A RE S Bl B k), 55 PEEAT PR 1 B, 32+ K-DQN 51 HE 42 (1368 FH 1.

1750 | 1750 [ 1750 |
1500 | 1500 | 1500 |
1250 | 1250 | 1250 |
1000 | 1000 | 1000 |
750 | 750 | 750 |
500 | 500 | 500 |
250 | 250 | 250 |
0t 0t (o‘-
0 250 500 750 1000 1250 1500 0 250 500 750e1Q)01 .253'4 500 ’ o 500 1000 1500
(a) DQN (b) DDPG_. (c) K-DQN (N=2)
D i g
1750 | 1750 | 1750 |
1500 | 11500 | 1500 |
1250 | 1250 1250 |
1000 | 1000 | 1000 |
750 | 750 | 750 |
500 | 500 | 500 |
250 | 250 | 250 |
0 r 0t oL
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
(d) K-DQN (N=4) () K-DQN (N=6) (f) K-DQN{(N=8)
+ A\
1750 | 1750 | 1750 f —
1500 | 1500 | 1@0 1 #
1250 | 1250 | l‘lZ%O-
1000 | 1000 | 1000 |
750 | 750 750 |
500 | 500 ¢ 500 |
250 | 250 | 250 |
0t 0t 0t
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
(g) K-DQN (N=10) (h) K-DQN (N=12) (i) K-DQN (N=14)
Bl 4 3 FRRETImGE B GLrh, BEAAAR R R B T REFE(E (kWh), PALARR IR B SEREFE (kWh))
2 DQN 1 DDPG &% TS B Bl kit [a]
Bk MAE (kWh) RMSE (kWh) R WIZRI ] (s)
DQN 51.566 74.346 0.921 1190.733
DDPG 44478 75.760 0.922 1353.058
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# 3 K-DQN Sk TG B )l 25 [A]
o BER Kt SyRERT  MAE — RMSE e Y ZRAFa)
B N (%) (kWh)  (kWh) (s)
2 1340 6 99.727 43.779  66.757 0.924 1103.653
3 894 4 98156 43.773  71.104 0.923 1025.076
4 670 11 97268 41228 67.581 0.925 985.108
5 536 15 95970 42783  69.185 0.924 957.143
6 447 7 94809 41.663 66.992 0926 847.062
7 383 8 93716 39852 67326 0926 830.333
8 335 9  89.891 43.821 69.644 0.923 819.153
9 298 7 88115 43.838 69329 0.923 832.182
10 268 6 85109 43.622 69.867 0.923 878.649
11 244 7 82719 42309 66571 0.925 875988
12 224 8 78552 43597 68.532 0.924 774.784
13207 11 76708 43.639 66.801 0.924 797.845
14 192 8 74112 44385 67.146 0923 784.872
1200
“ DBPG
1000 | N
5 | — N=4
5 800 | — N=6
Q \ — N=8
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< W N=14
g 400 | L
[}
= ",
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0 25 50 75 100 125 150 175 200
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5 200
L
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