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Abgtract : The stability properties of the embedded real-time scheduling systems whose control loops are subject to

sampling and latency jitter are studied. Focused on the time uncertainty caused by jitter , a discrete-time closed-loop

interval matrix is set up based on interval algebra methods. Furthermore, a looser sufficient stability condition by

smply evaluating the norm of a time invariant matrix is presented. Smulation results show the effectiveness of the

proposed method with jitter bounded systems.

Key words: Scheduling; Jitter; Uncertainty; Interval algebra; Stability

(19509, , )

1 ,q:’cTik'P'q)dk- P<0, Wy, Q" k=
3 1 [6]
[1] )
[2] ) )
[3] [7]
, 2
, [4] 2.1
: (1)
1. , [5] ,
P, Q
1 2006-12-19; : 2007-04-12.
(60505018) .
(19659 , , , ;



368

23

he = se1 - . (1)
(2)
Tk = fr - « (2)
1 @ :k k
'S , f
2.2
task
haTa,d,
1 hmax = ha + d -
Tyg, hrin =Ta + (ha - d).
<—d> D EEE——
task |4—3 » |
ol
task II=|—> [ |
< " >« I >
1
task 2
Tmax = d, T min
=Ty
g
< y g
task <=|T—|=v|
41_1'_4’
task =
2
, task
2.3
2 )
1, ha T
( ). RM( )

h(task:1) =4, 2
h(taskz3) =5, 4

h(task:2) =4, 3
h(taskz4) =7,5 T (taskz: =

2,6 T (taske2) = 2,7 T (taskzes) =2, 8
T (task2.4) = 4.
1
ha Tyg
taska 4 2
taskz 5 2
task, _| |_|
1 2 3 4
5 6, 7 8
<> <>
M
0 4 8 12 1.6 20
t/s
3
1 task:
5s 2s. , he [4.,7]s
T« [2 ,4] S.
( 3,
3
3.1
Ty [1]
x(t) = Ax(t) + Bu(t-Tyq), (3)
y(t) = Cx(1), (4)
ha T g
(3 T ha,
Xee1 = D (ha) xk +To(ha T a) ue +
Mi(haTa) e, (5)
Yk = CX«. (6)
- Xk ; Uk, Uk-1
D (hg) Jo(haTa) F1(ha(Ta)
hg Ty o
® = Mo, (7
M, = g'tha™ d)'[odeAstB, (8)
h -
Mo = IO“ ‘e*ds (9)
(5) ,

|:Xk+1i| |:q)(hd) rl(hd;[di||: Xk‘:|
= +
Uk 0 0 Uk-



369

Mo d L d
|: (hl ' )i| Uk . (10)
Uk- 1
(10)
Xk
Uk = - L(hd;[d)|: ;| . (11)
Uk-
L .
(11) , (10)

|:Xk+1i| _[[‘D(hd) rl(hdId)}
ud 0 0 )

Mo(ha T 4 K
[ (hI)}L(hdId)}[x‘].
| Uk-

(12)
(12)
o, :[Cb(hd) rl(hdId):| )
0 0
Mo(haTa
[ I i|L(hdId). (13)
3.2
h T«
k
(de :[‘D(hk) r1(thk)i| )
0 0
Mo (he T«
|: | i||_(hd;[d). (14)
(14) , L
haTad
hi T«
(Dclk
Xk = chIk q)dzcbcll Xo , (15)

Xo
he Ty

Xk
Uk :-L(hdId)[ ‘]
Uk-

(). o

14
P (Pg,
(17)

Py, Py,) < 1. (17)

he Tk,

(hTw,

4.1

: [a,b] [c,d],
[a,b] + [c,d] = [a+c,b+ d],
[a,b] - [c,d] =[a- d,b- c],
[a,b] *[c,d] =
[min(ac,ad,bc,bd) ,max(ac,ad,kc,bd) ],
[a,b]/[c,d] =
[min(a/c,a d,ic,b d) ,max(a/c,a/ d,bc,b/ d],

0%[c,d].
4.2
ha Ta,d, h T«
( 1 2),
he  {hmn, ,hex},
hiin =Ta + (ha - d) ,hmex = ha + d-Tq, (18)
T« {Tmin, Imax}Imin :Td;[max:d. (19)

(18) (19 e T«

hk {hm’n, ,hnax} —>hk [h‘rin,hﬂax], (20)
Tk {Tmin, Imax} ~>Tk [.[min;[max]. (21)
(14) [hmin,hmax] [tm'n;[max]
he Tk,
[Pa],
b= [4.4,],

fh,j = min f([hnln,hmax] ,[Tmin:[max]) f

&5 = max ([ Min, hoa] ,[Crin Tmac]) . (22)
[Pa]" = [Pa][Pa \_fPa],

k

[ X1, Xie1] = [Pa]*Xo. (23)
[Pa] [Pa]"
(23)
4.3
(23) (15)

(8]



370 23
el
X = X + u
: 1
[P ] y=1[0 1]x.
[©7],
B =1[- aail, (24)
a; = max(abs(¢,) ,abs(%.)). - _[ e hkh (1)] N +[ 1-e hk.h} .
=, glj [©] 1-¢e h-1+e%
Yk = [0 1] x«
e_i,j = aj. (25)
1 a;  a [A]
b b [B] ha = 1.5s, [4]
Vi,j:a,; = b, ;and g.] < b_i,j, 30
[B] [A], [A]
[B]. hais<k<an =
1 [A] [B] (A] {1.4,1.5,1.5,1.6,1.4,1.5,1.5,1.6,1.4,1.5,
[B], [B] , [A] 1.5,1.6,1.4,1.5,1.5,1.6,1.4,1.5,1.5,1.6,
1.4,1.5,1.5,1.6,1.4,1.5,1.5,1.6,1.4,1. 5} .
. p(®Pu,, Ps,Ps) =1.5425x10° < 1.
2 = . (23) (17)
O] \
k (O]
O] = [O][OR_4O]. (26) he = [1.4,
K 1.6] s,
[8] Intlab 1%, (23)
O] = [O][OKR_4O] = [- =“="]. (27)
(27) = ;k [Pg] =
[_:k::] a ’[@] [[-2.2223,-0.1537]
1.[0] @], (@] [O], [0.303 4, 0.478 3]
1 0] (D ] [- 0.3425, - 0.323 2]}
' I 23) [0.636 7, 0.741 8]
a0 | (25)
' 3 _ R _ _ _[0.2222 o.342j
- - LT “lo.a782 0.741
[9] =1 =0.9724<1,
1.4 ——
PE) <1 {1 2t A\
= 1.0 /{\\/""'
2 0.8} |
IZ1 <1 ,pE) <1 = 5
) Pe) < e 06y — h=1.5s
- Ok hE[1.4,1.6]s
1 2 3 = o2ff T (E14.1
IZ1 <1, (29 %0 5 10 15 20 25 30
5 t/s



4 : 371

h« [1.4,1.6]s .4 [4] Marti P, Villa R, FuertesJ M, et a. Sability of onr

Truetime [11] ) line compensated real-time scheduled control tasks[ C].

6 Proc of IFAC Conf on New Technologies for Computer

Control. Hong Kong, 2001.
[5] Dogruel M, Umit Ozglner. Sability of a set of
! matrices: A control theoretic approach[ C]. Proc of the
34th IEEE Conf on Decison and Control. New Orleans:
IEEE Press, 1995: 1324-1329.
) [6] Velasco M, Marti P, Villa R, et al. A probabilistic
approach to the stability analyss of real-time control
systems[ C]. Proc of 16th IFAC World Congress.
Prague: Hsevier, 2005.
Aleeld G, Herzberger J. Introduction to interva
computations[ M]. New York : Academic Press, 1983.
[8] Velasco M, Marti P, Villa R, et d. Sability of
networked control systems with bounded sampling rates
and time delays[ C]. Proc of the 31th Annua Conf of the
IEEE Industrial Hectronics Society. Raleigh: IEEE
Industrial Hectronics Society , 2005: 2417-2422.

[7

—

( References)

[1] Astré)m K J, Wittenmark B. Computer controlled
systems—Theory and desgn[M]. 3rd ed. New Jersey:
Prentice Hall , 1997.

[J].
, 2001, 7(21) : 96-100.
(Li De-guang, Hu Yun-quan, Zhang Ming-li. Research
on quantifying R and D experience uncertainty of space
systems by applying Markov information source entropy
[J]. Engineering Theory and Practice, 2001, 7(21) :
96-100.)

[2] Arzen K E,Cervin A, Eker J, et al. An introduction to [9] Golub GH, VanLoan C F. Matrix computations[M].
control and scheduling co-design[ C]. Proc of |EEE Corf 3rd ed. Baltimore: Johns Hopkins University Press,
on Decision and Control. Sydney: IEEE Press, 2000: 199.
4865-4870. [10] Rump S M. Intlab — Interva laboratory [ M ].
[3] Marti P, Fohler G, Ramamritham K, et a. Jitter Hamburg: Institute for Reliable Computing , 2005.
compensation for real-time control systems[C]. Proc of [11] Ohlin M, Henriksson D, Cervin A. TrueTime 1. 4
the 22nd IEEE Rea-Time Systems Symposium. reference manual [ M ]. Lund: Lund Institute of
London: |EEE Computer Society Press, 2001: 39-48. Technology , 2006.
( 366 )
[62] , - [J]. [64] , , .
, 1997, 29(2) : 44-46. [J]. , 2004 , 19(9) : 983-988.
(Bi Jianrdong, Yang Gui-fang. Algorithm for merging (Wang Hong-wei, Li Chen, Liu Hui-xin. Entropic
of branchesin decison tree induction[J]. J of Harbin measurements of complexity for Markov decison
Institute of Technology ,1997 , 29(2) : 44-46.) processes[J]. Control and Decison, 2004, 19(9) : 983
[63] , , 988.)

[J]. , 2006, 28(12) : 1823-1825.
(Mi Chuan-min, Liu S-feng, Dang Yao-guo, et al.
Study on grey entropy weight clustering decison
making [J]. Systems Engineering and Electronics,
2006, 28(12) : 1823-1825.)



