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Study on modeling of indoor environmental quality control by bilinear model

ZHAO Anjun, YU Junqi, SUN Guang
(School of Information and Control Engineering, Xi’an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract; In modern architecture, it is necessary to control and optimize the quality of indoor environment to ensure
the high comfort and low energy consumption. Indoor environmental quality that contains a lot of uncertainties and
nonlinear factors is difficult to be described in the traditional linear system. This paper takes the intelligent building
laboratory of Xi'an University of Architecture And Technology as the research object. Based on linear relationship
between the physical parameters and control parameters of the indoor environmental quality by using bilinear
model, the least squares estimation is performed to identify the indoor environmental quality control and energy
consumption optimization modeling according to the data measured. Experiment results demonstrate the

effectiveness of the modeling method.
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Fig. 1 Block diagram of indoor environmental quality
control system

IREBFRE: 2(k+1)=f(x(k), u(k), d(k))
g y(k)=x(k)

i E: w(k)=g(xs, y(&))
AT ARG PR R, A R8N A
16, 2PN EREE i JBCAY A5 R BT LR 0T B 34
FRAIRIR -
2(k+1)=x(k)+p fi(x(k), u(k), d(k))+
o, [2(x(k), uCk), d(k))+-+
o (x(k), u(k), d(k)) (D
H, 0=p, o5 5 p, RREDP TR IR 2
A, RER 2 (k) E XN
2 (k) =[COy (k), Tu(k), COyou(k), Tou(k)]
Hopr, COu (R) A R I 200 25 ) 28 A0 B B0 I 5
Ti (k) A & ZVE NI EE 3 COuon (R) A kB 2
A ERABRIE 5 T (R) S k B 2= AMEE.
Pl 1) 2 E LT
u(k)=[w(k), A(k)]
Ao w(k) R & B Z0HE XU B8 XU A (k)
FRFE ke I 2025 A o) 14 L ) A
G E R 2, E SR
2, =[COys, T,]
Hr, COy RAEB BN =N ZEARIKE; T,
FUE M ENTLE.
MFE N AR AR RS, W
BAR A T AN ) B T Sk 7 40
k1 I 205 ) A AR B & B 20 )
AP B 0 R R0 HE XX 3 X B T R B,
SE
COsiny (B11) =COsiny (B) +
aw (k) (COyou) (k) = COyiny 1))
Hop, o RFFEIERBBRSH. e+ 1 N ZIE NG
IR ke I 22 N AMIELRE L HEXUXU B £ 38 XU ) e 25
U R ) 14 R o) ) T R
Tu(kt+1)=T, (k) +B (To (k) —Tw(k))+
B ACk) By (k) (Tow (£) = Tiary)
Hop, g, By B RATEIFRMBET S S RTHE
TP B 4 o) AR AR W] LSRR ANE
x(k+1)=Bax(k)+Cx(k)w(k)+Fu(k)
1 0 0 0
O 1= 0 pB

/\EFZ B: ’
0 0 ¢ 0
0 0 0 ¢
—a 0 a 0 0 O
C— 0 — B 0 — B . F= 0 B ;
0 0 0 0 0 0
0 0 0 0 0 0

@1y @ AR AN T A BR K R AR 2%



51

AT, AR BT A AR AR Y 5 A R IFE ot A AR T TR R 147

AT — AN I 2R — AN Z05¢ &, BT RLE )

HeZH

N
2 HERERERPEIR

SR T AL Y B0 VG 2 i SR K SR R
WAL, S ERA 110 m, 5 2.7 m; AME
P A R BE 5%, R SR 35 mm, 53 A &
DEFEREAY LY, JERE 5 mm; TR RS AR, B
B 30 mm.  ZE A PR £ M) KF-72LW/Y-
Sx(E) o R ¥E X2 s, HHIAEH 7 200 W,
W Th & 2 820 W HEXU &S R 58 B FDA0OE,
TRV, hEH 200 W, KEHEK 4 000 m’/h.
REAEE B RS0 R A8 5 2o S RE AL B 4 ] °F 0
&, I ENIRE, AR AL, RE
FENHEE S EAMRE T crossbow 5
Gl RGP 5 a3 U 2 R0 HE XU B D B O 1%
b, I A EE P E N TR E A A A
BRI .

FESEE i R b, WAk T s R R HE X B 4 A
otk TG, hEARE, KE AR
B, WS R ERE, 16 CH| 26 °C, X
ZERERE M K I T & R s PO EE S SR

-
34
32
30
2

og
2 24
2

——

e b

T T T T T T T T 11

8 1 1 1
0 Ix10° 2x 10° 3x 10°

(a) ANTR) 2 ST BE T % WL () 55 9 AL BE

U,=1{0, 0.1, 0.2, ==, 0.9, 1}, &EHIEE R
1C; T HEXALEE S, 55 XPLEY XU, A0 F
4000 m®, ARG BE R BE/NRE 400 m® 6 B0 B 45
REFE B L K 45 P & 0 ML I B i 0S5 A
Uy=1{0, 0.1, 0.2, -+, 0.9, 1}.

T AREBUR S SE I A, BV E 2R
AV S, REAEE B I 4R P 6 B E R E
S TAER, EN A RHEREARE 6 A, BHR
G IR 10 20 0 5 K s il 23 P A HE XU E 24 h i
RFEATHIS . BRI HE R, W = N R B S R
25 YA DA B HE R B ) 4 o &, [|) B SR = AR
SRAEECHE VR I R I FE AR B R, S0 3 £ 6 B DA
2015 4F4 H 11 HE 14 H, 4F& 2 min #Ff7—0KR
FE, 32 882 AN RAES. REFEAEE WE 2 FIlE
3 B,

ARG PERCR e/ AR, S R R
X2 o BT

HAR ().
2(kt+1)—2(k)=x(k)+po fi(x(k), ulk), d(k))+

o2 fo(x(k), u(k), d(k))---—+
onf n(x(k), u(k), d(k))

0.0 50x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x 10°
T
() IR FE 25 L2 R IF 2

B2 ARZFAFAETENMNEE

Fig. 2 Indoor and outdoor temperature for different air conditioning output
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Fig. 3 Indoor CO, concentration for different fan opening output
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Fig. 4 Real and predicted values of CO, concentration for different fan opening output



L

S BT R BRI = N S5

i 5 S ) S A T i E T 149

1 1 1 1 1 1 1 |

100 200 300 400 500 600 700 800
AT
b 4SRN B T W 2 a1 FF
B S5 E #0 B E

Fig. S Real and predicted values of indoor Temperature for different air conditioning output

45 10
— bR
40 —T{Jﬁ\(ﬁﬁfs el
06
35 04
& 30 B 021
ﬁ % 00
% o5 M _gn b
20 04
-0.6
15
-0.8
]0 1 1 1 1 1 1 1 1 _1.0
100 200 300 400 500 600 700 800 0
(a) 25 PR ILE 4 S0 R0 A AU A 0
BEs5s AEZEAFETHENER
o~ [4]
4 g
R UG PE BRI 25 48, 6F 5 PN B 5 o 0 4 36
BETEHRITR, BEHBIC T4
(DML R I 5% ALK o
WEEIRZS TR, A TR T WA ENIRES
I & G H AR A IQET%V\]%%‘&}D‘T%%
HE NN 2B L R R & 2 R R R 6]
(2) LAVE 2 g R K 5 2 e 30 S 30 = 0 F
AR, WYL REM Y, AT R
SR SHIE T T, SR T RGN (7]
(3) 3 S BRI AE 5 43 AT, LEAH ] ) = 4 SRR
B, @R R A, P
25 R = N B T 0T S B T I R S B ) 1R W) (8]
GRREERC T, UEHH SR H A2 BB BN 5= N R
T R g BT B AT Y, AR kS
= PV EREE S TR AL AL BE E T SR A (9]
S E3CHk References
[1] CORGNATI SP, FILIPPI M, VIAZZO S. Perception [10]
of the thermal environment in high school and universi-
ty classrooms: Subjective preferences and thermal (1]
comfort[J]. Building & Environment, 2007, 42 (2):
951*959
[2] B%, X5 BhEG . R HLIX A TR R IR B A
éﬂﬁm WZ 25 4,2007,37(5) : 115-117. (2]
LI Baizhan, LIU Jing, YAO Ruiming. Investigation
and analysis on classroom thermal environment in win-
ter in Chongqing[J]. Journal of HV&AC, 2007, 37 [13]
(5): 115-117.
[3] MAYNE DQ. Model predictive control: Recent devel-

opments and future promise [J]. Automatica, 2014,

50 (12): 2967-2986.

A B 2R AT PR IR, ASE TR T 4 o AR 5 Bk R
[T]. B3R, 2013, 39(3): 222-236.
XI Yugeng, LI Dewei, LIN Shu. Model Predictive

Control-Status and Challenges [J]. Acta Automatica
2013, 39(3): 222-236.
PERVEZ H, NURSYAR B, PERUMAL N, et al. A

review on optimized control systems for building ener-

Sinica,

gy and comfort man-agement of smart sustainable
buildings [J].
views, 2014, 34, 409-429.

ABDUL A, FARRONKH J. Theory and applications
of HVAC control systemse: a review of model predic-
tive control (MPC) [J].
2014, 72, 343-355
DALAMAGIDIS K, KOLOKOTSA D, KALAITZA-
KIS K,
servation and comfort in buildings []].
Environment, 2007, 42(7): 2686-98.
KARATASOU S, SANTAMOURIS M, GEROS V.
Modeling and predicting buildings energy use with arti-
En-

Renewable and Sustainable Energy Re-

Building and Environment,

et al. Reinforcement learning for energy con-

Building and

methods and results [J].
ergy and Buildings, 2006, 38(8): 949-58.
ZAVALA VM. Real-Time Optimization Strategies for
Building Systems[]J]. Industrial & Engineering Chem-
istry Re-search, 2013, 52(9):3137-3150.

JUSTIN R, BRANDON M. Model predictive HVAC
control with online occupancy model []].
Buildings, 2014, 82:675-684.
MOROSAN P, BOURDAIS R, DUMUR D,
Building temperature regulation using a distributed
Energy Build, 2010, 42

ficial neural net-works:

Energy and
et al.

model predictive control[]].
1445-1452.

EKMAN M. Modeling and control of bilinear sys-
tems, applications to the activated sludge process [D].
Uppsala: Uppsala Uni-versity, 2005.

LIU Chuan. Distribution theory of the least squares
averaging estimator [J]. Journal of Econometrics,
2015, 186(1): 142-159.

(% A RD



