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Abstract: In recent years people have witnessed an increased worldwide attention to the concept of smart buildings. Compared with
traditional counterpart, smart buildings are more energy efficient, comfortable and maintainable. Hence, smart buildings are becoming the
mainstream of future building construction. As a key part of smart building ventilation systems, air conditioners highly impact the overall
energy consumption of smart buildings as well as the experience of their occupants. Therefore, how to design and evaluate feasible
scheduling strategies of air conditioning systems becomes a major challenge in the design of smart buildings. Especially when many
uncertain factors caused by physical environment are involved, the complexity of strategy evaluation increases drastically. Although
existing approaches allow the evaluation of smart buildings from the perspectives of energy consumption and performance, few of them

consider the evaluation of the scheduling strategies themselves. Based on priced timed automata, this paper proposes an efficient
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framework that enables accurate modeling and evaluation of scheduling strategies of smart building air-conditioning systems with
uncertain environment. This framework utilizes the statistical model checker UPPAAL-SMC as the engine to quantitatively analyze
user-specified performance queries in the form of properties. Based on the underlying random simulation runs monitored by
UPPAAL-SMC, the framework can automatically report the quantitative analysis results of energy consumption and user satisfaction
under uncertain environment. Experimental results show that the proposed approach can effectively help smart building designers to make
their decisions in the selection and optimization of scheduling strategies.

Key words: uncertain environment; smart building; priced timed automata; strategy evaluation
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Fig.2  Context diagram of air-conditioning system
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5 KB
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o SR T 2R SC G Fi R I b 3 FOE 2 4 31 R Ay [278,282], W R I 47 il J8E 25 A S TR oy [276,288]. FH 1 AR 4%
8 f~9 MUEBEN FFIA] T 5 pi~6 s 8] B IF. %A b 8] FRO LS S8 N s I TR S8 W3R 1T SER e —
i AMD FX8350(4GHz) CPU 1 Linux i1 Hl I 58 5, UPPAAL WA Ay 4.1.19, 1T~ 5K 560 (R ASE Y SO e Jeg 1 #x 1)
SCAERTRE UL https://github.com/ranger34/uppaal-smc/.

Table 1 Parameter configuration of the model

F1 BMSHNE
Sk 23
KA T s=283.5,T r=280.5,4_r=0.00014,4_s=0.00042,8=0.00007,C=0.262
H u_mode={0,1} ,arrive_t=[0,3600],leave_ t=[32400,36000]
N=5,rid={0,1,2,3,4} ,temp_lower[rid]={288.0,286.0,290.0,289.0,287.0} ,temp_upper[rid]={300.0,298.0,302.0,301.0,
55 8] 299.0},temp_need[rid]={294.0,293.0,296.0,295.0,294.0},c={42.0,44.0,47.0,46.0,45.0},r={0.033,0.024,0.027,0.029,
0.026,0.034}
power[rid][2]={{630,830},{610,810},{650,850},{640,840},{620,820} } ,power_variation_arg[rid][2]={{0.13,1.0},
{0.11,1.0},{0.15,1.0},{0.14,1.0},{0.12,1.0} },

(1) 3 i SR (1) fie 1k Vi

LI R X 3 RIS T K AERE R AT B M A I A HITE T8 Pr[<=day](<>energy>=20000000),
B RS S — R a) oK R FE RE R I 20 000 000 A BE I 5247 IR I 15 0 i 5k IR AN TR (% F 7 47 S A
2 3 F0 SRS [ REFE I B ARNE SR 23 A0, 3 ] 15(a) (9 H 7 B3 59 23 A R 26 B8 B3 I s [R], P81 15(b) v 1
AT AR R IEAS /A B b S1,82,S3 43 R s SR I 1,580 2,5 3;Uniform £ Normal W) 43 5l 2 7R 34159 43 A7 Al
EA I

s

T T T T T 1 T
! == S| Uniform S1 Normal
0.9 1 0.9
E 0.8 S2 Uniform 208 wi S2 Normal ]
5 (.7 |==S3 Uniform '_g 0.7 L=#=S3 Normal #{‘.«,sa_
© 3 o3
% 0.6 s 0.6 s
0 0.5 o 05| &
2 > 4
= 04 5 04 &7
203 = 03 &
£ 02 £ 02 7,
o Y O ,f
0.1 0.1 e
0 . O . . A N " 0 . P i . . . .
22500 25500 28500 31500 34500 22500 25500 28500 31500 34500
Response time Response time
(a) 951504 (b) A i

Fig.15 Cumulative probability distribution of energy consumption of three strategies
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Fig.16 Cumulative probability distribution of time which beyond the temperature limit of three strategies
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Table 2 Experimental result comparison of three strategies

T2 3 RS S 4 BT L

o AEFE ) RAMER R BR A I 1) ) AR O ) RIS )
B350 0y #i kil IEAN A AT B350 03 #i il IEA A il

WS 1 0.835 7 0.784 jre 0.923 jre 0.793 w7

g 2 0.782 et 0.728 etk 0.724 0.680

SN 3 0.823 0.737 0.276 et 0.222 e
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