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Intelligent design of building energy conservation with multi-surrogate
assisted MOEA

ZHANG Yong, LIANG Xiao-ket, CHEN Zhi-peng, GONG Dun-wei
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Evolutionary computation has been successfully applied to building energy conservation design problems
because of excellent global search capabilities. However, since the need to continuously evaluate individuals by
expensive building energy consumption software, existing evolutionary algorithms generally suffer from high operating
cost. In view of this, this paper proposes a multi-surrogate assisted multi-objective evolutionary algorithm for building
energy conservation design, called MS-MOEA/D. Firstly, multiple basic surrogate models are constructed
simultaneously according to the objective decomposition characteristic of the multi-objective evolutionary algorithm
MOEA/D. Then, for each individual that needs to be evaluated, the appropriate base surrogate model is automatically
selected, and their integration results are used to predict the objective value of the individual, so as to improve its
prediction accuracy. At the same time, the update timing and the scale of the basic surrogate model are determined
autonomously in the evolution process, in order to reduce the management cost of the surrogate model. The
MS-MOEA/D is integrated with the software EnergyPlus to establish a multi-objective evolutionary simulation platform
for building energy conservation design, and the platform is used in the energy conservation design examples of atypical
residential and office buildings in Beijing, China. Comparing with seven classical multi-objective evolutionary
algorithms, experimental results show that the MS-MOEA/D can obtain a highly competitive Pareto optimal solution set
while significantly reducing the computational cost.
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FHEBARAR (HV)B PEAN B2 1 M R, 12300 2 AT [R] B o
Wi 12 SRR AR ) 2 AT PR AT S

R, A SR AT T REASH VREHH
SRR ALEL H S i 28, DL SR TR A A A
o 3 5 BN SRR A RE PR S
3.3 Xttearth
331 5Z28% Hird i EE#HATX

A5 ¥ BTt MS-MOEA/D 513 5 5 fh g il £
H AR kA AT LU A8 S35 VKP4 0.05 1 ¢-
test R0 I W AN [F) B9 1) 3 2 S, b “ R4V 3R
NMS-MOEA/D HIVERE B E T H— XL, “=”
T2 IR REA Y, “ =7 RRTHRIGE L.

F 2 A3 35 5 MS-MOEA/D 5 5 Ftif Eb 535k

#F 2 MS-MOEA/D 5;5#% Bir# L EXBEIMHVE

Hik best worst

average std t-test

MS-MOEA/D 72796.5 20447.5 32416.1 18696.7 —
MOEA/D 32840 15898.2 19691.1 73728 R+

65 MOABC 279583 183263 26031.9 43075 =

B

’ MOPSO 33138.4 18959.7 24766.6 6153.6 R+
NSGA-II 16724.6 5184.8 127433 55659 R+

BBMOPSO-A 279784 244149 26074 13557 =

MS-MOEA/D 10982.2 57089 7899.1 21151 —
MOEA/D 6704.6 3857.1 53486 10292 R+
MOABC 7938.1 52749 69375 1086.1 =
MOPSO 95335 50942 70154 17177 =
NSGA-II 54604 47466 5032.1 3909 R+

BBMOPSO-A 97963 4980.6 78285 20132 =

e

%3 MS-MOEA/D 55#hZ 8% B

U EARIE TR E) B
5k best worst  average std
MS-MOEA/D  1666.33 2203.68 1774.58 194.3
MOEA/D 299493 327098 3114.65 11243
N MOABC 3043.71 3908.09 342523 344.82
H ) 1a]
MOPSO 3099.52 3868.59 341531 353.93
NSGA-II 36734 427558 394045 239.66
BBMOPSO-A 308696 4854.85 3685.67 711.98
MS-MOEA/D 34852 3784.15 3616.96 138.57
MOEA/D 5797.87 6319.09 6105.44 224.79
N MOABC 6039.18 682556 6471.28 339.74
% J5[H]
MOPSO 6422.66 7191.59 673534 295.77
NSGA-II 6250.54 6963.35 6542.55 298.08

BBMOPSO-A  6162.75 6833.19 6473.06 294.51
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M ENHV EAZ A7 (). 1] BLE 1) 76 5055 1] 75
N2 2 d MS-MOEA/D 3K158 1 & & (°F 2 HV (A,
H HAH lE MOEA/D. MOPSO 5 NSGA-II 73 51 & H!
12725.7 649.5 119 672.8; 2) 15 2 T4 CHR R (1 4 B,
MS-MOEA/D F1Ig 47 I [ 45 21 1 R K44, F 135 it
[f] 9 1774.58s, 3 & 5 B 5 v (10 °F 35 B (8]
3516.26;3) 1£ % Ji5 |6 Z 5 ', MS-MOEA/D 351§ 1
B B ¥ HV AE, N 7899.1, H A AE 7 H MOEA/D
21 47.6 %, =1 H NSGA-T1 2 56.1 Y%. M 8] 77 T8 171 5,
MS-MOEA/D Hi% 1) 341847 [0 283 616.96 5, Ho 4
SRRSO T R4 R] A 6 465.53 s.
332 S5RHEHBIZE BAr L EERAT X

25 4 Fr 3 HY MS-MOEAD 3% 5 ParEGO #lI
CSEA BEAT LL . R 4R35 5 50 3 R BVEAS 2K
HV L ALE /T[], f1 3 4 F13 5 0] W 1) 78 555 (] 73
N EZRZHIH, MS-MOEA/D 315 T S /I F ¥ HV 1H,
N 32416.1, H:{f kb ParEGO 5 CSEA V- HV 1&
(25850.7 #1121 434.6) 73 Al #& 1 25.40 %~ 51.23 %;
MS-MOEA/D ]V 332 17 I [A] 24 1 774.58 s, 1 B {22
PRF ParEGO 5 CSEA. 2) 75 £ J5 1] J& RO 5 2 49
MS-MOEA/D 5 ParEGO [f1°¥- 35112 17 i} [8] #H Z£ 1R /)N,
H¥8 BT CSEA Hi%; {H 72, MS-MOEA/D 15 2]
I HVAE A 7899.1, #41 T- ParEGO &5 CSEA. &4k
1M 5,5 ParEGO. CSEA M Lb, 7E f# i & 5 2 H Al

KRkt 7 ik 3063
Ak, 5] #5777 T MS-MOEA/D # B 5% 4+ /7.
%4 MS-MOEA/D 52 #h X IB4E)
HUEEBRNHVE
Bk best worst  average std t-test
MS-MOEA/D 72796.5 20447.5 32416.1 18696.7
HE  ParEGO 323362 212251 258507 49084 =
CSEA  26570.7 18021.6 21434.6 39347 R+
MS-MOEA/D 109822 57089 7899.1 21151 —
Z 5 ParEGO 8576.9 4990.6 68952 19901 =
CSEA 9267.1 42689 6490 19868 =
%5 MS-MOEA/D 52 #{XIE4HEh
HUEEE TR E Bfi:s
B best worst  average std
MS-MOEA/D 166633 2203.68 1774.58 1943
) ParEGO 247783 2742.81 2578.12 110.75
CSEA 1833.07 2022.66 1883.47  90.63
MS-MOEA/D 34852 3784.15 361696 138.57
EAL! ParEGO 3417.29 3941.69 3614.04 240.43
CSEA 460526 5054.95 470228 480.56

iHE— 25, %F b MS-MOEA/D. ParEGO 5 CSEA
B 24 H b ek 0 S/ MEL EFR B [ i SR 22
S 1B i3, 2% 6 F13% 7 43 7] W MS-MOEA/D 5 2 i bt
BRI RIS R, R e 7 AT W, A0 2 ML H
b, FE P23 40 _E MS-MOEA/D 13k 158 1 HE4 55 2 1)
SE AR, WRT BT IR, MS-MOEA/D Ji 15 Pareto fift 42
IEEAAE B ZEAL T ParEGO 5 CSEA.

#=6 BERMEBEFPARELS T 2B EEINRME
HA51/(MJ/m? H#r2/h
ok ¥R 1/(MJ/m?) i
etk T Ji % He44 etk T i E He4
MS-MOEA/D 5.02 5.25 0.18 2 39.93 55.13 23.61 2
ParEGO 5.17 5.29 0.12 3 40.5 5521 13.46 3
CSEA 4.96 5.06 0.14 1 36.25 53.5 26.49 1
#=71 ZEEBREFRHPAREZE 2 BHREANR/IME
. HFR1/(MJ/m? 72/h
0k Fr1/(MJ/m?) ER7N
IS 3ES F1 05 % He4 5 3ES Ty 0% He4
MS-MOEA/D 45.84 46.62 0.73 2 2640.25 28735 163.89 2
ParEGO 46.35 46.91 0.44 3 2928.5 29742 27.15
CSEA 45.26 46.18 0.67 1 2598 2724.8 122.28 1

4 & ©®

BT R AR REBE U 1) R, B HY — b 22 AT Y Al
B i) MOEA/D 4k, 77 5, Bl MS-MOEA/D. i it 5] A
BT AR iR 1 22 AR 2R A R AN B B T AH
PR R A AR TEN LA filS T 45 2R 1 225
RO 7 NS RS, BB S T R PERR. ShIe g
K, MS-MOEA/D fig % LA /N T ARN 3k A5 =

J5i & ) Pareto B fIL il 2.
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