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Abstract: A novel intelligent control structure based on 2D cloud model is proposed The model is a non-linear

model, and can be easily constructed by a group of uncertain reaning rules The non-linear mgpping characteristics

of 1D and 2D cloud model, are analyzed and the design method of the intelligent controller based on the structure

model is given Smulation results show the effectivenessof themethod

Key words Cloud model;

[1]

1 2004-09-09;
(1964—),

Intelligent controller; U ncertainty reasoning; Non-linear mgpping

[2]

[4 7]

3 [9]

: 2005-03-28

[3]

(8]

[10,11]

1

(1936—),



8 867
(12l | , [13] | |
: [14]
: ( ) ( )
[15] ; 3
(Ex,En,He) X = Xo
, ) , X ,
Ce,; X = Xo, p= Cr(x)
) = Cr (xo0), Y
: 58, co,
: X
Pi= Ri(En,H¢), (7
2 NS
U= {x} ' I~li=ez(Pi) (8)
T U Cr(x) U X
[0, 1] _ x U (Pa,Ps) = R2(En,En,He,Hg),  (9)
Crbd,  Crb) U e
(21 ., Ri(E1, E2) Hi=e g " ' (10)
) E: JE2 Y
7 Pi= Ri(En,H¢), (12)
xi= Ri(Ex, En), (1) yi= Ey£ 4 - 2In(u)P. (12)
Pi= Ri(En,He), (2) (7 (8) Ex,En,He
. e.g(%)z 3) (9 (10 Ex,, En H e,
W drop (o) (i= 1,2, e Ee e '
) 41 (11) (12 Ey,EnHe
(Ex, En,H o).
R, , X Ce, ,Ceg,
E. E» JEs Ea , M ;
(xi,y) = Rz(Ex, Ey, En, En), (4) Hi Ce, drop (y;,
(P, Py) = R2(En,En,He,He),  (5) ) ’ XXz Corpny
S L Hi drop (yi, mi).
w=e 2l e ] G) , o1
(49 (6) drop (xi,yi, mi) (i= 1, o4 x( X1 X2
2, ) ) y.
(s, drop (xi,yi, ki) 3
(Ex,En,He) (Ey,En,Hsg) ,
» Ex Ey ) if Ai, thenBi; i= 1 N.
Enx Eny ,H e, H s, , (Ex, Enx, A U= [_ 1, 1],
He) (Ey,En,He) Bi V= [- 11],
(12), N = 5,

A:= (- 1,0 3,0 01),
A= (- Q5,0 3,0 01),
Asz= (0,0 3,0 01),



868 20

A.= (050 3,001,
As= (1,0 3,0 01);
Bi= (- 1,0 3,0 01),
B= (- Q5,0 3,0 01),
Bs= (0,0 3,0 01),

B.= (05,0 3,0 01), . N, /‘\
Bs= (1,0 3,0 01). (13) - . :

-1.0_-06 02 02 06 10
X Y A x
, u X,
\% V. x U 1
, y 1 . , Al U= [- 1,1],B: vV=1[- 11],C
, W=1[- 11 N=M=K=5
(13) , A={A}B={B} C={C
N = 4, : Ai= (- 1,03,1E- 4),
if A1, thenB 1 ifAs, thenBs; A:= (- 050Q3,1E- 4,
if A4, thenBs, ifAs, thenBs (14) As= (0,0 3,1 E- 4),
1 . , As= (050Q31E- 4),
As= (1,031 E- 4);
, (13) Bi= (- 1,03,1E- 4),
: B.= (- 050Q31E- 4),
A:= (- 1,020 01), Bz= (0,0 3,1 E- 4),
A= (- Q67,02001), Bs= (050Q31E- 4),
As= (- 03302001, Bs= (1,0 3,1E- 4);
A= (033,020 01), C:= (- ,03,1E- 4,
As= (0 67,0 2,0 01), C.= (- 050Q31E- 4),
As= (1,0 2,0 01); Cs= (0,0 3,1E- 4),
B.= (- 1,0 3,0 01), Cs= (050Q31E- 4),
B.= (- 0503001, Cs= (1,0 3,1 E- 4). (18)
B:= (0,0 3,0 01), :
B.= (050 3,0 01), (11 1 1 1
Bs= (1,0 3,0 01). (15) 2 2 2 2 2
N = 5): R={r}=1]3 3 3 3 3. (19)
if A1, thenBs, if A2, thenB 4 4 4 4 4 4
if Az, thenBs; if A4, thenBy; L5 5 5 5 5
if As, thenB . (16) rij
1 ) ifA = Ai B=Bj, thenC = Cy
(15) , i=1 5j=1 5k=r;=1 5§
N = 5): : i=3j=5 , k=r;=3,
if A1, thenB 1 if As, thenB 3 ifA = A3, B =Bs, thenC= Cs
if A4, thenBs ifAs, thenB g , k=ry=0 |, \
if As, thenBs (7 Ai Bj,
1
' (18) (19
Ry ifAiandBj, then Cg - 2(a)

i=1 N,j= 1 M,k= 1 K. (18) ,



Ew= (05,0 30 01),

8 869
fm e m——mmmm THERUME
(1 2 3 4 ¢ E (Ey, .E.qpH.,) (B, By, Haw) ;
112 3 3 \ Hy drop(yy,,.4) i
- fr1 = : v
R={r}=1]2 2 3 4 4. (20) | (Euy, EugyHey) wEuyHe) ! ,
3 4 45 5 : aafilang
5 4 3 2 1 E s
(18)  (20) . ! s
1 ]
'; 3
e
0 M, Xa
Input B -0.5 1.0 =02 1 C C
nput -1.0 1. Input 4 Ca,B, Cay By !
IJ { ] C C !
(@ 18 (19 " Fi T
L drop (um, , k).
1.9 Kk
1.0 ’ Xa XB
= 05 z
g 0 Ea Brietles) Cacbuntlon) B Erien) — g iy
0,54 1 : _
-1.0 | :
1.0 T ! fn
| 0 —0 By EragHer) (BgpEuggHag) (BayBuyHou) v
Input B L0 .0 Y- Input 4 ' : P
Xally . .
] > c,,‘, C, > e
(b) (18) (20) o e e
E( x4, E ' 4, I,) (E:B H.g) (Eu.,'Enu,,’HeU : &
2 ! :
1 I‘ : EE
' Hyy droP(.Vu, ) : -
, e E=[- 1,1], e E
, [- 1,1], e Ec= [- 1,1]
4 e , Ui
s e & ) Uro
, o U= [- 1,1l,um Um= [- 1,
) , -1 - 100%, + 1
+ 100%. ui e | ;
U e PD
N, | , E/ U,
C(;Al CGAN ,
“Nj , CGU1 CGU f En= (- 1, Q 3, Q 01) P
drop (yn, , v ). Eer= (- Q50 30 01),
) X Es= (0,0 3,0 01),



870 20

Es= (1,Q 3,0 01); x
BT
Un= (- 1,0 3,0 01), X —Hn
Ue= (- Q5,030 01), - o BRGIEH
Us= (0,0 3,0 01), s x ‘—‘iﬁfﬁ
Uw= (05,0 3,001, BRI 48
Us= (1,0 3,0 01). (21)
| 5
if Er= Eun, thenU,= U ,
if Ei= Epr,thenU = Uy ,
if Er= Ei, thenU,= U PD
if Er= Eu,thenU = Uy | , PD + |
if Eil= Ews, thenU,= U (22)
PD , E, Ec Um 5
PD
E.= (- 1,Q 3,0 01), :
E.= (- 050 3,001,
Es= (0,Q 3,Q 01), _ s+ 2
E+= (05030 01), S HEF\ 15 43
Es= (1,0 3,0 01); > o KeEkKes
= (- 1,030 01), Ks= 1,Ky, = 85Ku= 30 PD 3
Kp= 85K ;= 30,Kp = 65
Ec,= (- Q5,0 3,0 01),
P+ |
EC3 = (0,0 3,0 Ol), G(a)
Ec,= (0 50 3,0 01), 0,0 02550 0296 s
Ec,= (1,0 3,0 01); Q1ls : PD
Umi= (- 1,0 3,0 01), L2—w @ .
Umz= (- 05,030 01). RN Y
Ums= (0,0 3,0 01), 0.8 A 5
Uma= (0 5,0 3,Q 01), y @
0.4}
Ums= (1,0 3,0 01). (23)
H:) 25 1 0 Nl 1 1 .
0 ] 2 3 4 5
r R t's
111 2 2
11 2 3 3 @
R={r}=1]2 2 3 4 4. (24) 1.2
3 4 4 5 5 AT AN .
L4 5 5 5 § 0.8 105
3
' y 103} @
; S . 0.4}
1.01 @
! 20 22 24 26
; u= KuZ+ Ku , . 0 L - 1 A
! Y 0 1 2 3 4 5
z /s
Y, K1, Kz, Ks ,
, (b) PD
: K. K 6 PID

1 2



8 871
6(b) : : Ec,= (- 1,0 3,0 001),
PD 0,0025s Q0296s Ec,= (- Q5,0 3,0 001),
00296s .PD Ec,= (0,0 3,0 001),
' Ec, = (0 5,0 3,0 001),
( ); Q1ls ,
PD , D+ | Ec, (1,0 3,0 001).
Q1ls |, )
Qs 12 U= (- 1,0 3,0 001),
PD ’ U.= (- 05,030 001),
Us= (0,0 3,0 001),
[16] 3 Us= (05,0 3,0 001),
D 1 . Us= (1,0 3,0 001).
(s+ ¥ -~ _
gz 111 2 2
2) 3
s(s+ 1) 112 3 3
- Q1s
e
3)52+0025+1' 2 2 3 4 4.
5 3 M+ 3 4 455
| | 4 5 5 5 4§
2) 3) PD
_ 1)
En= (- 1,0 3,0 001),
Er= (- Q50 3,0001),
E:= (- 1,0 3,0 01),
Es= (0,0 3,0 001),
E-= (- Q4,0 3,001,
Eu= (Q5,Q 3,0 001),
Ez= (- Q08,0 3,0 01),
Es= (1,0 3,Q 001).
Es= (Q08,Q 3,001,
Es= (Q4,0 3,001,
Uu= (- 1,0 3,0 001),
Es= (1,0 3,0 01).
Ur= (- Q50 3,0 001,
Us= (0,0 3,0 001), Ee= ( 1,03,000,
Uu= (05030001, Ee= ( 0503000,
Us= (1,0 3,0 001).
Ec,= (0,0 3,0 01),
_ Ec,= (05,0 3,0 01),
if Er= En, thenU = U i
. Ec.= (1,0 3,0 01).
if Ei= Epr,thenU = Uy
if Er= Ep, thenU = U g
. U:.= (- 1,0 3,001,
if Er= Eu,thenU = Uy
. U= (- 0503001,
if Ei= Es, thenU = Uss
) PO Us= (0,0 3,0 01),
Us= (0503001,
K= 1,K2: 25,K3: l,Kul: 9,Ku2:01 Us= (103001)
Ei= (- 1,0 3,0 001), (11 1 1 1
E-= (- Q5,0 3,0 001), 1 2 3 4 5
Es;= (0,0 3,0 001), 1 1 3 4 5
E.= (050 3,0 001), 113 4 5
Es= (1,0 3,0 001). 1 2 3 4 5
L5 5 5 5 §




872

20

2) tKi1= 3,K2= 9,Ks=
0,Ky,= Q 19, Ky,= Q 3) 1K=
3,Kz2= 4,Ks= 1,Ky=19K,=121

3
7 . o+ 15%
- 2 5%; + 1 4%
- 3 6%; + 3 2%
- 3 3%. [16]
[16] PD
1.2
0.8} 4
@ A
¥ ;@
oatlf @
//.;/
0 = L 1 " L
(0] 5 10 15 20 25
t's
2
6
(References)
[1] : , . [J1
, 2004, 15(9): 1-13
LiDY,LiuCY,DuyY, etal A rtificial Intelligence
with U ncertainty [J]. J o Sd ware, 2004, 15(9): 1-
13)
[2] : , : Al
10 [C]
, 2003: 6-15

(LiD Y, GanW Y, LiuL Y. A rtificial Intelligence and
Cognitive Physics[A ] CAA1-10[C] Beijing: Beijing
U niversity of Posts and Telecommunications Press,
2003 6-15 )

[3]Wang SL, LiD R, Shiw Z, etal CloudM odel Based
Spatial DataM ining[J] Geographical Inf omation Sci-
ence, 2003, 9(2): 67-78

[4]LiD Y, HanJ, Chan E, et al Know ledge Representar
tion and Disoovery Based on L inguistic A toms[A |
Proc o the 1st Pacif ic-A sia Conf on KDD &DM [C ]
Singapore, 1997: 89-97.

[5]LiD Y, DiKC,LiDE, etal Mining A sociation
Rulesw ith L inguistic Cloud M odels[A ] PAKDD ' 98
Proc o the Second Pacific-A sia Conf on Know ledge
D iscovery and D ataM ining [C ] M elbourne, 1998: 392-
394

(6] : :

[J] , 1999, 11
(4): 930-935
DiKC,LiD Y, LiDR Cloud Theory and ItsAppli-
cations in Spatial DataM ining and Know ledgeD iscovery
[J] 3 o Image and Graphics, 1999, 11(4): 930-935 )

[71 : , : X
. , 2004, 16(11): 2417-2420Q

(LiuCcyY,DaiXJ, LiDY. ANew A lgorithm of Back-
ward Cloud[J]. J o Systens Simulation, 2004, 16(11):
2417-242Q )

[8] , , .

[J] , 2002, 28(1): 126-13Q
(Zhang F Z, FanY Z, SunX F A ssessnent and A nal-
ysisof Fuzzy Reliability Based on CloudM odels in A ir-
craft N avigation System [J] A cta A utanatica Sinica,
2002, 28(1): 126-130 )

[9] , - [J]

, 1998, 21(11): 961-969
(Yang ZH, LiD Y. PlanarM odel and ItsA pplication
in Prediction[J]. ChineseJ o Camputers, 1998, 21(11):
961-969 )

[10]LiD Y, ChengD W, Shi X M, et al U ncertainty

Reasoning Based on Cloud M odels in Controllers[J]
J o Canputer Science and M athematicsw ith Applica-
tions, 1998, 35(3): 99-123
[11] , , .
[J] , 1999, 20(1): 89-92

(zhang F Z, Fan Y Z, LiD Y. Intelligent Control
Based on M embership Cloud Generators[J] Acta
A eronautica et A stronautica Sinica, 1999, 20 (1): 89-
92)

[12] , , ..

[J1 , 2000, 17(4): 519-523
(Zhang F Z, Fan Y Z, Shen C Z, et al Intelligent
Control Inverted Pendulum with Cloud M odels[J]
Control Theory and Applications, 2000, 17 (4): 519-
523 )

( 877 )



877

H H
I — 1
# i
I 0 S SR
g FOT H
g £ i
=3 . ] [)
5 £ :
& o4f———f-——-—- Fom—mm———— .
3 i - M =
7 ' ax delay = 0.3h
-f-' 1 —==-Max delay = 0.6h
4- : -------- Max delay = 0.9h
% 0.5 1.0 1.5
s
4 DM C
4
NCS
, DM C ,
NCS . ,
DM C )
TS PC
(References)

[1] Ye H. Research on N etw orked Control Systens[D ] U -
niversity of M aryland College Park, 200Q

[2] AlvesM , Tovar E Ethernet GoesReal-time A Survey
on Research and Technological D evelopments[R ] Por-
to: Polytechnic Institute of Porto, 1998

[3] Tipswan Y, Chow M Y. Control M ethodologies in
N etworked Control Systens[J]. Control Engineering
P ractice, 2003, 11(10): 1099-1111

[4] Luck R, Ray A. Experimental V erification of aDelay
Compensation A Igorithm for Integrated Communication
and Control Systens[J]. IntJ o Control, 1994, 59(6):
1357-1372

[5] Luck R, Ray A. An Observer-based Compensator for
Distributed Delays[J] A utanatica, 1990, 26 (5): 903-
908

[6] Goktas F D istributed Control o Systens over Canmu-
nication N et orks [D ]. U niversity of Pennsylvania,
2000

[7] : : :

[J1 , 2000, 15(5): 518-
522
(Yuz X, ChenH T, Wang Y 1 Control of Network
System with Random Communication Delay and Noise
Disturbance[J]. Control and D ecision, 2000, 15(5): 518-
522 )

[8] Nilsson 1 Real-time Control Systensw ith D elays[D ]
L und: Lund Institute of T echnology, 1998

[9] Srinivasagupta D, Schattler H, Jossph B. Time-
stamped M odel Predictive Control: An A Igorithm for

Control of Processesw ith Random Delays[J] Camput-
ers and Chemical Engineering, 2004, 28(8): 1337-1346

[10] ) - ( M1

, 1992
(DuJH, XieX S Autanatic Control Principle (V ol
2)[M 1 Beijing: T singhuaU niversity Press, 1992 )

[11] . M1 : , 1993
(XiY G Predictive Control [M ] Beijing: N ational
Defense Industry Press, 1993 )

[12] Henriksoon D, Cervin A, Arzen K E TrueTme
Smulation of Control L oops under Shared Computer
Resources[A ] Procd the 15th IFACW orld Congress
on A utanatic Control[C]. Barcelona, 2002

[13] Henriksoon D, Cervin A. TrueTime 1 13 Ré erence
M anual [M ] Lund: Lund Institute of Technology,
2003

( 872 )

[13] :
[J1 , 2003, 149(2): 162-
167
(Liz, Yang Y D. The Controllable Pitch Propeller
Control Based on Qualitative Reasoning of V ariant D i-
mension CloudM odel[J]. J o N anjing U niversity of
A eronautics and A stronautics, 2003, 35(2): 162-167. )
[14] :
[J] , 2004, 16(5) : 1050-1052
(LiZ, GaoJd Study on Two-dimension Cloud M odel

Control for Electric-hydraulic Servo V ariable Pitch
[J] J o Systan Simulation, 2003, 16(5): 1050-1052 )
[15] , , . [J]
, 2005, 34(2): 157-162
(Gao J, JiangC S, Li Z A Novel Design of Controller
Based on Cloud M odel [J]. Infomation and Control,
2005, 34(2): 157-162 )
[16] Derek P A, M ajhi S L imitations of PD Controllers
[A] Proc o the American Control Conf [C] San
D iego, 1999: 3843-3847



