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Abstract: (=) MEE

This project studies some problems about ()
discrete-time networked control systems. Till now, we
have finished: 1. the effect of scheduling on the stability
of networked control systems, 2. the stability analysis of
networked control systems based on the approach of
“transmit if necessary”, 3. the stability analysis of
model-based networked control systems.

(Networked control systems

NCS [4]-[11] [13] [14] [17]-[24] [26]

SE€Nsors actuators

SE€Nsors

actuators (

) model-based



3. Model-based
I
2.1
sensors (
h)
( C ))

G :x(k+1)=Ax(K)+Bu(K),i=1,...N (1)

x; (k) e R" i u; (k) e R™
i
o —
L 0 s G —
— EF in -.'r':l !—l"

Ki s u; (k) = Fix (k) )
F |45 (A +BF)|<1

(A +BF) A +BF

(delay  packet dropping quantization... )

Kh (K
) () Kh Konih
[ Korril= (K- Koxph
i i (
)
4, (A +BR)|<1 i
KONi KONl /K

| |
&8 KA
L Kipa ‘+' Fegrdh "L Kinal "+' [
r= r=ach =24
()
i
( scheduling
Kh
Konih i )

X (K+1) = Ax (K)+ B F % (k), if gKh<t<gKh+ Kgyih
if gkh+Kgyh<t<(g+1)Kh

i'{m(k+1)=m<k>,

A3)
Lyapunov Stability Theory
A=A +BF Acim = mjax|/1]- (Ad )| <l
ﬂcim <y <l j'ci = lci I?bi
Hi A
Pi
T
Mph_pig-0, Q>0 4
ci Ci
ln[/1 P éP)]
KONi > min i (5)

In| — 2 ~
ﬂ’min (F)l) : A’il



pe=maxi; (ATRA) i

gK <k <gK + Kgy

X (K+1) = Ay (k) >
oK + Koy <t<(g+DK

% (K+1)=Ax(K)

]
2.2 2 2
X(k +1) = Ax(k) + Bu(k) , 6)
Sensors
Sensors
drop out
Sensors Driver
(
sensors
)
u(k) = Fx(k) (7
F |4(A+BF)<1
(delay  packet dropping  quantization... )
X(0), X(1), X(2), X(3), ...
q
( X(0),
X(@), X(2Q),....... ) q
?

x(k+1) = Ax(k) + BFx(iq), if ig< k < (i+1)q, (8)
q

®) q

<1,

q ;
A [Aq +3 ATl BFJ

i=1

®) u

Lyapunov

ki i

x(k +1) = Ax(K) + BFx(k,), if k; <k <ki,,, (9)

k—k; .
x(k) =| A+ ST ARKTIBE [x(k)
j=1

e(k) = x(k) - x(ki) ,
|4 (A+BF)|<1

k <k<k

i+1

O<ux<l

ATPA-P <P
P V(X) = X' Px Lyapunov
function

V (x(k + 1)) =V (x(k)) < = {|x(k)])

for some class K function — ()

)

*Anyin (P)
k < /’l min
Jeco < \/ (4+1) A,y (FTBTPBF)

)

It

B

3.3 Model-based

SE€NSors

h
Model-based

x(k+1) = Ax(k) + AAx(k) + Bu(k) , (10)
[AAj<5( AA=Y pE; for some known E,
and | pi| <1)
sensors
Driver
delay quantization

error

model( () ):



R(k +1) = AR(K) + Bu(k)

model
model
X(k) u(k) = Fx(k)
AA F |4 (A+AA+BF)<1
u(k) = Fx(k)
_I ke T]md : l_ i
( ) Model-Based
X(0), X(1), X(2), X3), ....
q
( X(0), x(q),
x(29),....... ) q ?

{x(k + 1)} ~ {A+ AA+BF

~BF |[xk)] . .
ek +1) A+ BF ' > lask<(+ha

A-BF | | ek)

{X(_iq)} :[X(iq)} an
e(iq) 0
(k) = x(k) - X(k)
model iq i
q
q
(11) q
g [(A+AA)q +§(A+AA)‘H BFACJI} <1»
j=1
(11) m

[4]

[7]

’ 2

”Model-based”

S. Boyd, L. El
Balakrishnan,

Ghaoui, E. Feron, and V.
Linear Matrix Inequalities in
Systems and Control Philadelphia:
SIAM,1994.

M. S. Branicky, Hybrid Systems: Modeling,

Theory,

Analysis, and Control, Department of Electrical

Engineering and Computer Science,
Massachusetts Institute of Technology, June 1995.
M. S. Branicky, “Multiple Lyapunov functions
and other analysis tools for switched and hybrid
systems,” |EEE Trans. on Automatic Control,
43(4): 475-482, April 1998.

G. C. Goodwin, H. Haimovich, D. E. Quevedo,
and J. S. Welsh, “A moving horizon approach to

networked control system design,” |EEE Trans.

on Automatic Control, 49(9): 1427-1445,
September 2004.

G. Guo, S. Yu, and Z. Ma, “Some properties of
networked reset control systems,” |EE
Proc.-Control Theory Appl., 153(1): 14-20,
January 2006.

D. Hristu and K, Morgansen, ‘“Limited

communication control,” Systems & Control
Letters, 37(4):193-205, 1999.

D. Hristu, “Stabilization of LTI systems with

communication constraints,” in Proceedings of
the American Control Conference, pp.2342-2346,
Chicago, June 2000.
K. Li and J. Baillieul, “Robust quantization for
digital finite communication bandwidth (DFCB)
control,” |EEE Trans. on Automatic Control,
49(9): 1573-1584, September 2004.



(9]

[11]

[14]

[17]

F. L. Lian, J. R. Moyne, and D. M. Tilbllry,

“Performance evaluation of control networks:

Ethernet, ControlNet, and DeviceNet,” IEEE
Control ~ Systems  Magazine, 21(1):66-83,
February 2001.

L. W. Liou and A. Ray, “A stochastic regulator for
integrated communication and control systems:
Part I - Formulation of control law," Transactions
of the ASME, 113:604-611, December 1991.

L. W. Liou and A. Ray, “A stochastic regulator for
integrated communication and control systems:
Part I - Numerical analysis and simulation,"
Transactions of the ASME, 113:612-619,
December 1991.

R. Luck and A. Ray, “An observer-based
compensator for distributed delays, Automatica,
26:903-908, 1990.

L. A. Montestruque and P. Antsaklis, “On the
model-based control of networked systems,”
Automatica, 39: 1837-1843, 2003.

L. A. Montestruque and P. Antsaklis, “Stability of
model-based networked control systems with
time-varying transmission times,” |EEE Trans. on
Automatic Control, 49(9): 1562-1572, September
2004.

J. Nilsson, B. Bernhardsson, and B. Wittenmark,
“Stochastic analysis of control of real-time
systems with random time delays,” Automatica,
vol. 34, no. 1, pp. 57-64, Jan. 1998.

J. Nilsson, “Real-time control systems with
delays,” PhD. dissertation, Dept. Automatic
Control, Lund Institute of Technology, Lund,
Sweden, Jan. 1998.

J. W. Overstreet and A. Tzes, “An internet-based
real-time control engineering laboratory,” IEEE
Spectrum, pp.19-34, October 1999.

S. Tatikonda and S. Mitter, “Control under
communication constraints,” |IEEE Trans. on
Automatic Control, 49(7): 1056-1068, July 2004.
S. Tatikonda, A. Sahai, and S. Mitter, “Stochastic
linear control over a communication channel,”

IEEE Trans. on Automatic Control, 49(9):

5

1549-1561, September 2004.

[20] G.. C. Walsh and H. Ye, ’Scheduling of networked

[22]

control systems,” |EEE Control System Magazine,
pp- 57-65, February 2001.

G. C. Walsh, H. Ye and L. Bushnell, ”Stability
analysis of networked control systems,” |EEE
Trans. Control System Technology, vol.10, pp.
438-446, May 2002.

G. C. Walsh, O. Beldiman, and L. Bushnell,
“Asymptotic behavior of networked control
systems,” Proceedings of the |EEE International
Conference on Control Applications, pp.
1448-1453, Kohala Coast-Island of Hawaii,

August 1999.

[23] W. S. Wong and R. W. Brockett, “Systems with

finite communication bandwidth constraints - Part
I State estimation problems,” |[EEE Trans. on
Automatic Control, 42(9): 1294-1299, 1997.

[24] W. S. Wong and R. W. Brockett, “Systems with

[27]

finite communication bandwidth constraints - Part

II: ~ Stabilization with limited information
feedback,” IEEE Trans. on Automatic Control,
44(5):1049-1053, May 1999.

J. Zhang, C. R. Knopse, and P. Tsiotras, “Stability
of time-delay systems: Equivalence between
Lyapunov and scaled small-gain conditions,”
IEEE Trans. on Automatic Control, 46(3):
482-486, March 2001.

W. Zhang, M. S. Branicky, and S. M. Phillips,
“Stability of networked control systems,” |[EEE
Control Systems Magazine, 21(1): 84-99,
February 2001.

W. Lawrenz, CAN System Engineering - From
Theory to Practical Applications, Springer, New

York, 1997.



