
27 4

2010 4 Control Theory & Applications
Vol. 27 No. 4

Apr. 2010

: 1000−8152(2010)04−0457−09

1, 1, 1, 2

(1. , 116024; 2. , 100085)

: ,

, . ,

(self-abstracting rules fuzzy control, SARFC) . ,

, , , .

, SARFC , ,

, .

: ; ; ; ;

: TK323 : A

Self-abstracting-rule fuzzy control simulation of
a real environment chamber system

ZHANG Ji-li1, ZHAO Tian-yi1, LU Zhen1, LIU Hui2

(1. School of Civil and Hydraulic Engineering, Dalian University of Technology, Dalian Liaoning 116024, China;

2. Beijing Siemens Cerberus Electronics Limited, Beijing 100085, China)

Abstract: This paper discusses the transfer-function modeling of the thermal processes and the self-organizing fuzzy

control for the indoor-air temperature control, the supply-air system control and the hot-water system control in a mul-

tivariable real environment-chamber system with multi-parameters and large time delays and nonlinearities. Firstly, a

self-abstracting-rule fuzzy control(SARFC) method is presented. Then, based on the experimental data from each con-

trolled loop, the involved transfer functions are identified. Third, by properly selecting the order for each transfer function

through comparison, we obtained a set of desired transfer functions. Finally, by means of SARFC method, simulations are

carried out for the fuzzy control of the supply-air system and the hot-water system in the real environment-chamber. Re-

sults show that SARFC method gives satisfactory control characteristics for those systems. The transfer functions and the

control-simulation investigations provide a theoretical basis for further experimental study on fuzzy control for the artificial

environment chamber system.

Key words: built environment chamber; experiment; parameter identification; self-abstracting rules fuzzy control; con-

trol simulation
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1

Fig. 1 Test-bed of low temperature hot water radiator system

2

Fig. 2 Real environment chamber diagram

3

Fig. 3 Schematic diagram of air system

4

Fig. 4 Schematic diagram of water system

1

Table 1 Control loops of test-bed of low temperature hot water radiator system

LP– 1

LP– 2

LP– 1

LP– 3

LP– 4 (

) LP– 3

LP– 5

LP– 4
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2 (Self-abstract-

ing rules fuzzy control method)
2.1 (Basic structure of controller)

5 , :

T ; r ; y ;

e∗, ec∗ u∗

; A∗, B∗ C∗ e∗, ec∗ u∗ ;

Ke, Kec Ku e∗, ec∗ u∗

, K ′
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5

Fig. 5 Structure of the SARFC

6

Fig. 6 Triangle membership function

Mamdani , (1)

2 .

if x1 is Ai
1, x2 is Ai

2, · · · , xn is Ai
n,

then y1 is Bi. (1)

i = 1, 2, · · · ,m, m . 2

, Ai Bi , Cij

, i, j = 1, 2, · · · , n; NB(negative

big), NM(negative medium), NS(negative small),

ZE(zero), PS(positive small), PM(positive medium),

PB(positive big) .

2
Table 2 Initial fuzzy control rule

Ai

Bj

NB NM NS ZE PS PM PB

NB PB PB PM PM PS PS ZE

NM PB PM PM PS PS ZE NS

NS PM PM PS PS ZE NS NS

ZE PM PS PS ZE NS NS NM

PS PS PS ZE NS NS NM NM

PM PS ZE NS NS NM NM NB

PB ZE NS NS NM NM NB NB

2.2 (Implementation method)

dT , (k − d)T

kT . ,
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kT ,

( 3 ), (k−d)T

,

,

.

3

Table 3 Calibration rule table of self-organizing

module

ec
e

NB NM NS ZE PS PM PB

NB −6 −6 −4 −4 −2 −2 0

NM −6 −4 −4 −2 −2 0 2

NS −4 −4 −2 −2 0 2 2

ZE −4 −2 −2 0 2 2 4

PS −2 −2 0 2 2 4 4

PM −2 0 2 2 4 4 6

PB 0 2 2 4 4 6 6

1) (k − d)T .

e∗((k − d)T ) ec∗((k − d)T ) (k − d)T

, [9],

.

2) (k − d)T

. 5 ,

, ,

, 3 ,

, (k−d)T

, ΔCij((k − d)T ).

3) (k − d)T

. 2 Cij((k − d)T ) (k − d)T

,

(k + 1)T ,

Cij((k+1)T )=Cij((k−d)T )+ΔCij((k−d)T ). (2)

3 (Identifica-

tion of transfer function in air supply system)

3.1 (Transfer function model)

2 mm ,

; .

,

.

,

θaver(s)
Q̄Ea(s)

=

mrCpas+KaFa

mrCpamacpas2+KaFa(mrCpa+maCpa)s
, (3)

θRoom(s)
Q̄Ea(s)

=

KaFa

mrCpamaCpas2+KaFa(mrCpa+maCpa)s
.

(4)

: θRoom, θaver Q̄Ea

; QEa

, kW; mr

, kg; ma

, kg; Cpa , kJ/(kg·℃); θRoom

, ℃; Tθaver ,

, ℃; Ka ,

W/(m2 ·◦ C); Fa , m2.

(3)

(LP– 1 ) ;

(4)

(LP– 2 ) . ,

2 .

.

3.2 (LP– 1 )

(Parameter identification of transfer function

in average supply air temperature control )

(3)

Taver(kT ) = a1Taver(kT−T )+a2Taver(kT−2T )+

b1QEa(kT − T ) + b2QEa(kT − 2T ).

(5)

: a1, a2, b1, b2 .

, 10 s,

2 s, 20%

. .

7 8 ,

θaver(z)
Q̄Ea(z)

=
0.02629z

z2 − 0.6382z − 0.36
. (6)

7 (6) ,

3 , ,

2 .
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7

Fig. 7 Identification results of z-transfer function of average

supply air temperature to electrical heating load

3.3 (LP– 2 )

(Parameter identification of transfer function

in indoor air temperature control )

,

260 s. ,

,

LP– 2 ,

θRoom(z)
Q̄Ea(z)

=
0.174z

z2 − 0.766z − 0.2252
. (7)

, ,

θRoom(z)
Q̄Ea(z)

=
0.174z−25

z2 − 0.766z − 0.2252
. (8)

(8) 8 ,

0.265 ℃.

8

Fig. 8 Identification results of z-transfer function of chamber

temperature to electrical heating load

4 (Identifica-

tion of transfer function in hot water system)

4.1 (LP–3 )

(Parameter identification of transfer function

in supply water temperature control)

8 s,

100% , .

LP– 1 ,

(LP– 3 )

θWater(z)
Q̄Ew(z)

=
0.02821z

z2 − 0.5904z − 0.4059
.

(9)

: θWater Q̄Ew

.

9 (9) . 9

,

,

2 3 .

9

Fig. 9 Identification results of z-transfer function of supply

water temperature to electrical heating load

4.2 (LP– 4 )

(Parameter identification of transfer function

in radiator inlet water temperature control)

. , 4 s,

10 .

10 , Ton

, 150 s; Toff

, 224 s. 6 ,
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224 s.

10

Fig. 10 Experimental result of electrical heating load and

inlet water temperature of radiator

8 s,

, .

θRIn(z)
Q̄Ew(z)

=
0.01144z

z2 − 1.412z + 0.4135
. (10)

θRIn .

LP– 4 224 s,

(LP– 4 )

θRIn(z)
Q̄Ew(z)

=
0.01144z−27

z2 − 1.412z + 0.4135
. (11)

,

11 12 .

11

Fig. 11 Identification results of z-transfer function of inlet

water temperature to electrical heating load

12

Fig. 12 Identification results of z-transfer function of

chamber temperature to electrical heating

load

4.3 (LP– 5 ) (Pa-

rameter identification of transfer function in in-

door air temperature control)

420 s,

θRoom(z)
Q̄Ew(z)

=
0.0009814z

z2 − 0.8326z − 0.1984
. (12)

LP– 5

θRoom(z)
Q̄Ew(z)

=
0.0009814z−4

z2 − 0.8326z − 0.1984
. (13)

5
(SARFC simulation

of chamber temperature control by regulating

supply air system)

13 .

,

, .

14

, 4

. 14 ,

, ; 4 ,

.
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13

Fig. 13 Schematic diagram of rule-self-organizing fuzzy control system of chamber temperature by

regulating supply air temperature

14

Fig. 14 Simulation result of the SARFC for chamber tem-

perature by regulating supply air temperature

, , 3.

10 s; [0, +6]kW,

[−0.6,

0.6]℃, [−0.2, 0.2]℃;

[−0.6, 0.6]℃;

[−0.2, 0.2] ℃;

[−0.1, +0.1] kW; ,

3 kW, 2.6 kW,

1 ℃,

.

6
(SARFC simulation of cham-

ber temperature control by regulating hot wa-

ter system)
LP– 3∼LP– 5 , LP– 5

, LP– 5 ,

.

15 .

15

Fig. 15 Schematic diagram of the SARFC of chamber temperature by regulating supply water temperature
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, 3 ;

80 s; [0, 6] kW;

[−0.6, 0.6] ℃;

[−0.2, 0.2] ℃;

[−0.6, 0.6];

[−0.2, 0.2] ℃; [−0.1,

+0.1] kW. −0.5 kW

( 3 kW,

2.5 kW).

1 ℃, . 16

, 5

.

4

Table 4 Calibrated rule table by the SARFC of

chamber temperature by regulating sup-

ply air temperature

ec
e

NB NM NS ZE PS PM PB

NB 0 0 0 0 0 0 0

NM 0 0 0 0 0 0 0

NS 0 0 −0.95 −1.42 −0.47 0 0

ZE 0 0 0.88 0.73 −0.15 0 0

PS 0 0 6 6 0.33 0 0

PM 0 0 6 6 0 0 0

PB 0 0 6 6 4.37 0 0

16

Fig. 16 Simulation result of the SARFC of chamber

temperature by regulating supply water tem-

perature

5

Table 5 Calibrated rule table by the SARFC of

chamber temperature by regulating su-

pply water temperature

ec
e

NB NM NS ZE PS PM PB

NB 0 0 0 0 0 0 0

NM 0 0 0 0 0 0 0

NS 0 0 −4.2 −6 −3.68 0 0

ZE 0 0 1.46 −0.75 −2.2 0 0

PS 0 0 6 6 1.47 0 0

PM 0 0 6 6 0 0 0

PB 0 0 6 6 1.99 0 0

16 ,

,

,

LP– 5

, .

7 (Conclusions)
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∼LP–5

,
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1)

, 2 3

, 2

.

2) LP–1∼LP–5 , LP–1 (

) LP– 3 (

) 2

, ; LP– 2

( ) LP– 4

( )

LP–5 ( )

2 , LP– 5

, 7 .

3) LP– 2 LP– 5
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