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Protocol-Based Control for Semi-Markov Jump
Systems With Dynamic Quantization

Jiangming Xu, Jun Cheng
and Wenhai Qi

Abstract—This brief is devoted to protocol-based control
method design for semi-Markov switching systems with dynamic
quantization. Essential different from the semi-Markov process
with arbitrary switchings, by proposing a novel semi-Markov
process subjected to a deterministic switching signal, a gener-
alized framework of semi-Markov switching systems is set up.
With respect to the quantization range of the dynamic quan-
tizer, an improved event-triggered protocol associated with the
quantizer parameter is proposed. On account of mode-dependent
Lyapunov theory, sufficient conditions are established to ensure
the stochastic finite-time boundedness of the resulting system. In
the end, a tunnel diode circuit model shows the practicability
and effectiveness of the presented method.

Index Terms—Semi-Markov process, event-triggered protocol,
quantization effect, switching signal.

I. INTRODUCTION

S TYPICAL hybrid systems, Markov jump systems

(MIJSs) have a wide range of applications in various
areas, which are composed of a series of modes and subsys-
tems. In reality, MJSs are capable of characterizing dynamics
with unexpected variations, external perturbations, etc [1].
To be specific, in light of the assumption that sojourn-time
(ST) obeys exponential distribution, the time-invariant tran-
sition rates have been well exploited in MJSs [2], [3]. As

Manuscript received 20 April 2022; revised 7 June 2022; accepted
19 June 2022. Date of publication 22 June 2022; date of current ver-
sion 28 October 2022. The work of Jun Cheng was supported by the
Guangxi Science and Technology Base and Specialized Talents under
Grant Guike AD20159057, and in part by the National Natural Science
Foundation of China under Grant 12161011 and Grant 62173100. The work
of Ju H. Park was supported by the National Research Foundation of Korea
(NRF) funded by the Korea Government (Ministry of Science and ICT) under
Grant 2019R1A5A8080290. This brief was recommended by Associate Editor
J. Ding. (Corresponding authors: Jun Cheng; Ju H. Park.)

Jiangming Xu is with the School of Mathematics and Statistics,
Guangxi  Normal  University, Guilin = 541006, China  (e-mail:
jiangmingxumath@ 163.com; jcheng @gxnu.edu.cn).

Jun Cheng is with the School of Mathematics and Statistics, Guangxi
Normal University, Guilin 541006, China, and also with the School of
Information Science and Engineering, Chengdu University, Chengdu 610106,
China (e-mail: jcheng @gxnu.edu.cn).

Huaicheng Yan is with the Key Laboratory of Advanced Control and
Optimization for Chemical Process of Ministry of Education, East China
University of Science and Technology, Shanghai 200237, China (e-mail:
hcyan@ecust.edu.cn).

Ju H. Park is with the Department of Electrical Engineering, Yeungnam
University, Kyongsan 38541, Republic of Korea (e-mail: jessie@ynu.ac.kr).

Wenhai Qi is with the School of Engineering, Qufu Normal University,
Rizhao 276826, China (e-mail: giwhtanedu@ 163.com).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TCSI11.2022.3185219.

Digital Object Identifier 10.1109/TCSII1.2022.3185219

, Huaicheng Yan"™, Member, IEEE, Ju H. Park™, Senior Member, IEEE,
, Senior Member, IEEE

indicated in [4], it is more general to explore non-exponential
distribution in depicting the ST, namely, semi-Markov pro-
cess (SMP), and the corresponding system is called semi-
MIS (SJSS) [5]. Owing to their distinguishing ability, the
ST-independent transition rates/probabilities are time-varying,
which are essentially different from the reporting MSSs sub-
ject to time-invariant transition rates/probabilities. On the other
hand, SMP in the afore-discussed controllers/filters design
is pre-supposed to be described by arbitrary switchings. As
pointed out in [6], SMP with arbitrary switchings may increase
the conservativeness of derived results, and such drawbacks
can be well tackled by a deterministic switching signal (DSS).
It is noteworthy that SMP subject to DSS has not attracted
suitable attention due probably to its inherent difficulty.

For a resource-saving network with massive packets
exchange, quantization is frequently occurred in the control
community [7], [8]. In view of packets should be quantized
before accessing the communication channels, the quanti-
zation errors should be taken into consideration since they
affect the control performance. To date, many efficient quan-
tization techniques have been studied in the principle of
easy-to-implement, see, uniform case, logarithmic case, etc.
These techniques are so-called static quantization strategies.
Comparably, the dynamic quantization mechanism has dis-
tinguishing flexibility by introducing dynamic parameters [9].
In contrast to the fruitful achievements of static quantization
strategies, the dynamic case has not gained enough research
interest, which motivates the present study.

On another research front, massive packets transmitted via
the shared channels may result in many undesired issues, such
as data dropouts, time delays, and packet collisions. As such,
event-triggered protocol (ETP) has been verified to be an effi-
cient tool in dealing above shortcomings [10]. Apart from
the existing time-triggered scheme, the packets will not be
transferred to the actuator unless the preset conditions are
met. Added by its merits, several types of ETPs have been
presented, including static ETP [11], and dynamic ETP [12],
[13], etc. Notice that all these protocols are based on the
current and last transferred information in triggering crite-
ria, which omit the particularity of the quantization effect
in constructing ETP scheduling. Up to now, little research
interest has been devoted to ETP involving the quantization
effect. Thus, it would be an interesting issue to investigate the
improved ETP by utilizing a dynamic quantization strategy.

On the basis of the above observation, the finite-time asyn-
chronous control method for SMIJS with dynamic quantization

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/


https://orcid.org/0000-0002-3483-747X
https://orcid.org/0000-0001-5496-1809
https://orcid.org/0000-0002-0218-2333
https://orcid.org/0000-0002-9065-0802

XU et al.: PROTOCOL-BASED CONTROL FOR SEMI-MARKOV JUMP SYSTEMS WITH DYNAMIC QUANTIZATION

TABLE I
THE PARAMETER DEFINITIONS

Ry  Markov chain

T ST of SMP, ie., Tp, =t — tp—1
Gp  probability distribution function
Xp  probability density function

and improved ETP (IETP) is explored. The key contributions
are generalized as follows: (1) A generalized framework of
SMIS is constructed, in which the variation of SMP is regu-
lated by a higher-level DSS, and the average residence time
strategy improves the stability analysis of SMIJS. Clearly,
the time-varying transition rates are jointly described by the
switching signal and SMP. (2) Considering the dynamic quan-
tization effect rather than traditional system states, an IETP
is effectively scheduled, which is capable of speeding up the
convergence rate since the introduction of adjustable quantiza-
tion parameters. (3) Based on the hidden semi-Markov model,
an asynchronous control method associated with the dynamic
quantization effect is designed. By means of Lyapunov the-
ory, sufficient criteria are achieved to ensure the stochastic
finite-time boundedness (SFTB) of the resulting systems.

Organization: Section II formulates the problem descrip-
tion of SMJS and IETP. Section III provides the main results.
Section IV presents the simulation results. Section V draws a
conclusion.

Notations: Pr{-} signifies the occurrence probability. 2T
symbolizes the transpose of the matrix 2. R"* stands for the
ny-dimensional Euclidean space. diag{-} means the diagonal
matrix. Amin(-)/Amax(-) symbols the minimal/maximal eigen-
value. || - || refers to Euclidean vector norm. £{-} signifies the
expectation. N describes the set of nonnegative integers.

II. PROBLEM FORMULATIONS
A. Semi-Markov Jump System

Consider the continuous-time SMJS in the following form
x(1) = A(r(0))x(1) + B(r(0)u(®) + Cr)w(@), ey

where x(f) € R™, u(t) € R™, and w(t) € L]0, oo) signify
the state, control input and disturbance input, respectively. The
stochastic process {r(t),t > 0} € M = {1,2,..., M} rep-
resents a continuous time semi-Markov process (SMP). Let
N(t) = sup{k : t < t}, and r(#) = Rn(), where the parame-
ter definitions are provided in Table I, and {(Ry, )} is called
the renewal process. The parameter {6(¢),t > 0} € N =
{1,2, ..., N} describes a DSS. In this regard, the correspond-
ing transition probability of renewal process subject to DSS
6(t) can be described as

89,
Pr(Rir1 =q| R =p.0(1) =0} = {0”” ﬁig

Additionally, inspired by the work of [5], the TR matrix can
be inferred as WO(h) = [ 3, (W]pxm with TR

Pr{r(t+o0) =q| r(®) =p,0(t) =0}

Pr{Tir1 < h+0, Rer1 = q | Trr1 > h,
Ri=p.0@) =0} =73 (Wo +0(0).p #q
Pr{Tiy1 > h+0, Rer1 = q | Tewr > h,
Ri=p.0@t) =0} =1+n] (o +o0(0).p=q

2)
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where lim, 0 = 0(0)/0 = 0, and the cumulative distribution

function (CDF) G, = Pr{Tiy1 < hlr(tx) = p,6(t) = 0}. For
0

P # q, my,(h) = 0 signifies the mode transfer rate, it yields
7_[8 (/’l) — lim Pr{r(t+0)=q|r(t)=p,0(1)=0} __ 85 xp(h) 75
pg\'t = HMo—0 Ny o = %pg 1=, P

g and ng,(h) =— Zq:l,q;ép n]:dq(h) < 0.

Remark 1: Notably, the ST plays a crucial role in describ-
ing the dynamic behavior of MSSs, and conventional ST
subjected to exponential distribution renders the restriction of
widespread applications. Lately, SMPs have been introduced
to deal with the afore-discussed limitation, in which ST obeys
generalized distributions (i.e., Weibull, Bayes). Nevertheless,
on the basis of SMP with arbitrary switching, the control laws
may increase the conservativeness of the systems. As a result,
SMP associated with a deterministic signal {6(¢), t > 0} rather
than an arbitrary signal is proposed in this brief, the time-
varying transition rates can be described in a more general
form, which contains the existing Markov process and SMP
as special cases.

B. Dynamic Quantizer

Concerning the limited capacity of network bandwidth, it
is essential to consider the quantized signals over the digital
processing. As such, a generalized dynamic quantizer is for-
warded in this brief. It is assumed that there exist range and
sensitivity scalars M > 0 and A > 0 such that

q(x(@), n(@®) =0, if x(O] = Ap(n), 3
lg(x(@), w(0)) —x(O] < Ap@),if Ap@) < 1x@)] < M), (4)

lg(x(®), u@)| = M — A)u@),if |x@)] = Mu@). )
From one-parameter family of quantizer, it holds that
x(1)
q(x(1), n(1)) = u(t)q(—>- (6)
wu(t)

For better analysis the quantification purpose, we define

u(t) = gu(m, )

where ((f) > O signifies a dynamic quantizer parameter.

C. Improved Event-Triggered Protocol

To save network burden and maintain the control
performance, the ETP has been established to arrange the data
transmission. By means of ETP, one can effectively judge
whether to release the data to networked channels. Before
presenting the IETP, let’s recall the ETP given in [14], [15]:

fih =t + min [lh e (teh + 1) Qe(teh + 1h)
€

®)

where e(tyh+1h) = x(txh+1h) —x(th), and matrix Q > 0. p €
(0, 1) is a preset threshold scalar, &, and #;h are the sampling
interval, and the latest released instant, respectively.

In this brief, apart from the ETP (8), the quantization
information is involved in the IETP, and the next released time
instant is determined by

> px " (eh + 1) Quc(tyh + Ih) }

tigh = tch -+ min {10 T (eGuh + )., (o + )2,
€
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x q(e(tch + Ih), u(teh + 1h))
> puT (th + Qo ich + ) |, ©)

where matrix ©, > 0 is mode-dependent, and g(e(txh +
lh), u(th+1h)) = q(x(tkh+1h), p(tch-+1h)—q(x(txh), w(tkh)).
Besides, the time interval of two adjacent instant is described
as [txh + nk, tkre1h + Mry1) = U%Il, where Z; = [txh + Ih +
Nk+1s tkth + h + h+ ngyi+1], d = tee1 — tx — 1. In addition, let
n(t) = t—1txh—Ih for all ¢t € 7y, it yields n(¢) € [n1, n2], where
n1 and 12 mean the lower and upper bounds of ¢ — th — lh.
Summarized the above-observation, a controller is devised as

u(t) = Ky q(x(teh). 11(tih)), (10)
where K ;) stands for the control gain to be solved. A homo-
geneous Markov process, ¢(f) € S = {1,2,...,S}, is built
via a conditional probability matrix I' = [®ps]pr«s:

Prip(t) = s | r(t) = p} = Pps, 1D
where @, € [0, 1], and Zle O, = 1.

Remark 2: Essential different from the existing ETPs, by
resorting to the dynamically quantified parameter . (f), a novel
IETP is scheduled to arrange the transmission of the packets
efficiently. As such, more information can be applied based
on IETP (9), which renders higher freedom in analysis con-
trol performance. Compared with ETPs (8), fewer packets will
be released while maintaining the desired control performance.
With this property, one can achieve fewer triggering times and
further alleviate the communication burden to fulfill the prac-
tical industrial requirements. Such a point will be verified in
the simulation section.

Remark 3: The dynamic quantization scheme in this brief is
capable of reducing the frequency of packet exchange. In con-
trast to the static case (i.e., logarithmic quantization, uniform
quantization), the dynamic quantization scheme has impressive
flexibility since the presence of several adjustable parameters.

For brevity, let ¢(¢) = s, and r(f) = p. From (1) and (10),
the closed-loop SMIS is established as

x(1) = Apx(1) + BpKs(q(x(t — (1)), u(1)
— g(e(tkh + lh), u(txh + 1)) + Cow(n).  (12)
Definition 1 [16]: For switching signals 6 (%), if there exist
real numbers Ny > 0 and 7, > 0, such that the number of
switches on interval (71, T3] meets Ng(t2, 71) < (12 —711) /70 +
No, 7, is average residence time, and Ny is the chatter bound.
Definition 2 [17]: For the bounded disturbance
Wi = Whow@ < d? Vvt e [t1,6]}, SMIS (12) is
called SFTB with respect to (w.r.t.) (c1,c2, Ty, R, d) such
that sup_, g o ElxTORX(6), X (O)Rx(O)} < 1 =
ExT(ORx(1)} < ¢, where scalars Tr >0,c1 > 0,2 >0,
and matrix R > 0.
Lemma 1: [18] For any t9 < t < t, and continuous and
summable functions v(¢), ¢(¢), and n(z), if V() < ¢(@)v() +
n(¢) holds, one can derive that v(¢) < v(fg) exp( ftf) c(rydr) +

Ji () exp(f! ¢(r)drds.
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III. MAIN RESULTS

Theorem 1: For given scalars n1, 72 > 0, d > 0, a > 0,
b>0,p>0,60 > 0, the closed-loop SMJS (12) is SFTB
w.rt. (c1, c2, Ty, R, d), if there exist matrices PI‘? >0,M >0,
R:>0,0, >0, (¢ =1,2), 2, > 0, and any matrix Z, for
any d € N, p, g € M, s € S, such that

=i E.I
Emeﬁ = [ ]:713 é);16i| < O, (13)
pm
PY < uP?, (@ # B) (14)
Tf Tf
coky > cre” etk + diic, (15)
TrInk
> = ’ (16)
7T In(eana) — In(e iy + d?)
gl, & J
= pm m —
whee S, =TT g, -
¢ IR, 0 Som Epm ZCP | e omh =S
I:eanRz eil’”ZRz “E;m 0 0 . me = dlag{.:pm, c‘pm’
— ~ I
o~ —) B, = YL AGPS + 0+
0, + PE e PR, A%ATQPA +  He(ZA,),
22, = PO Z4aA]ZT, 8, = YATQ,~ Y5 @, 7B,K,,
Egm = _e_mel - e_mel, EISJm = —e_brlZQz — g—bVIZRz’
= ) N
agm =-z-77 + U%Rl —|—0n%2R2, 5177”1 = ZS:l q;pSZBsz’
Eﬁm = —2e7""Ry + 32 PS2ps ﬁfq = S{Tl’l?q(h)} =
0Oo nl?q(h)XP(h)dh’ n2 = m — nm. kK = Ki/k,

kK1 = K11 + k12 + K13, k2 =

! ! , 2 + k2, K1 =
rmad RTZIPIRTI), k12 = 2o 55— Amax(RT2Q. R 72,

1 1 _ —b
)\max{RﬁRIR*z}w
_1 _1 bnia—n1r—e M o=
— 5 —= — = — = —e NS
Anin{ RTIPIR™2), ey = Yo i RT2QRTIH=45
Proof: The Lyapunov function is chosen as

K13 =

K21 =

3
V(x(0),r(0),0() = Z Vs(x(@), r(1), 6(1)),

s=1

where Vi (x(1), (1), 0(1)) = xT (P} {x(1), Va(x(0). (1), 0(1))
= le—n. P T (s)le(t)ds—}-f[t_n2 eP6=DxT (5)0rx(t)ds, and
V3(x(), 7(0), (1)) = m fj’m S ePO0XT @R (0)dOds +
o 2 [y €?@705T (0)R21(6)db ds.

On the basis of the probability density function and the
infinitesimal operator, the expectations of derivation about
V(x(1), r(t), 6(t)) carries out

ELLVI(x(@), r(D), 6(1)}

1
= lim —[5{ Y Pr{Teq1 <h+0. Ript = q | Tegr > h,
o—=00 s

Ri=p,0(t) = O}x (1 + 0)PIx(t + 0) + Pr{Tey1 > h

a7

+0 | Teat > b R = p, 0(1) = Ofx " (1 + 0)POx(t + 0)}

—x" (t)P?x(t)}

N
=xT (0| D757 |+ + He[T 0P (],
qg=1

(18)
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E(LVA(x(1), (1), O(1)))
= —bVo(t) +x" ()(Q1 + Q)x(H) — e "MxT (t — 1)

x Qux(t — 1) — e PMxT (1 — ) Q1x(t — o), (19)
ELV3(x(0), (1), B(1))
= bV + 5T (nFR1 + hR2 )50
- e‘bmxilex;_m - e_bnzxiizy)Tsz;:Zy)
_ embmydmm TR2X;:Zl(t)’ (20)

t—n(1)

t—n(1)

where x;_, = x(t) —x(t—n1), X = x(t—n(1) —x(t—n),

=2
and xii%) =x(t —n1) —x(t — n@)).
Recalling (12), for any matrix Z, it holds that
0=2(x"(0) +ax" (Z-[ — i) + Apx(t) + Cpw(t) + ByK,
x [q(x(t = n(@®), u(®) — qle(txh + lh), p(xh + )] (21)

From the quantizer (-) given in (4), one can get that

x(1) x(1)

90, 1) = wOlaCri) =

< u@®A+ x@).

+ x(¥)

(22)
Combining (9) and (17)-(22), it yields
ELLV(x(D), (1), 0(1))}

< =DV, 7D, 0(0) + ET (O EpsE() +w' (Ow(D), (23)

where &(1) = [x(t) x(t — n(0)) x(t — n1) x(t — n2) x(t) e(t —
n(t)) w()]". Tt follows from (13) that 8ps < 0, which equiv-
alents LV (x(2), r(1), 0(1)) < —bV(x(2), r(1), 0 () +w ' (OHw(r).
On account of Lemma 1, for any ¢ € [, tx + 1], it follows
from (23) that

—PTOEY (x(1r), r (1), 0(1))}
t

+/ e—b(t—S)WT(s)w(s)dS- (24)
173

EVx@), r(0),0(1)} <

According to the condition (14), for the switching interval
tx—1, one derives the following formula

EV(x(n), (), 0(1))} < kE{V(x(t), r(5), 0(5 )} (25)

Then, combining (24) and (25) gives

T, Tf

EV(x@), r(d), (D)} < cle*b’;c%/q +rwd>.  (26)

According to (17) and (26), the following result holds

Iy Iy
EXTORx®)) < cre P likak) +k7ad /kr.  (27)

On the basis of (15), it yields 5{xT(t)’Rx(t)} < ¢p. Thus,
applying Definition 2, it can be concluded that SMIS (12) is
SFTB, which completes the proof. |

On the basis of Theorem 1, the control gains will be
designed in Theorem 2.

Theorem 2: For given scalars n1, 7o > 0, d > 0, a > 0,
b>0,p>0,and 0 > 0, the closed-loop SMIS (12) is
SFTB w.r.t. (c1, c2, Tf, R, d), if there exist matrices I_’? >0,
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M>0,R;>0,0; >0, (s =1,2), 2, > 0, and compatible-
dimensional matrix Z, for any 0 € N, p, g € M, s € S, such
that (14)-(16) hold, and

Epms = [“5:"5 “:p/ﬁ‘] <0, (28)
o
A gl &7 .
where & 5 = |:u:”’ ;g'"i|, E[]M5 =
o

IR, 0 &, 8, Zcp YOAT AL Al
I:eb”ZRz emRy, a8, 0 0 0 o | Tpm T
diag {8}, &5, 85, 2, =1, = An}, 8}, =
FOP0 + 01 4+ 0y + P) — e MRy + HelZA,),
&2, =P0—Z+aAlZT, &, = YIATQ, -5 | ®,B,K,,
égm = _e—bﬂlQ1 — e—bﬂlkl, élsjm = —e_b’an — e_bnzkz,
égm = —Z-Z" + 77%1_?1 + T}%ZRQ, é;m = Zle
®)B,Ks, &S, = —2e"mRy + 50Q, A =
—diagiP9, P3,....PY_ ., P, Py} AL =Z0/7]

6] -0 5] -0 0 -9 po
P To-1P =1V Tpipen o1y Tpm Pl

Furthermore, the controller gains are devised as

Ky =KZ" (29)

Proof: Let Z=2"', 0. =27'0. 27", R. = Z7'R.Z7,

(¢ =1,2),Q,=27"Q,27", PI = 27'PIZ~". Pre- and post-

multiplying (13) with diag{Z,Z,Z,Z,Z, Z, I}, which yields
Epma < 0. This ends the proof. |

IV. ILLUSTRATIVE EXAMPLE

In the section, a tunnel diode circuit model (TDCM) is
employed to verify the feasibility of the proposed method-
ology. As signified in [19], the dynamic equation of TDCM
is described as

{ CVe(t) = = Vel) — 7= Ve(®) + i (0),

: . (30)
Liy(1) = =Ve(1) — Reir(1) + V(1) + u(t) + w(o),

where C = 0.1F signifies the capacitance, L = 2mH represents
the inductance, Ry = —0.002+0.01V3 o and Vi(#) = 0.5V.(¢). In

this example, the values of resistances R, and R; vary with
the complex environment, and three different sets of values
are considered: (1) R;; = 22092, R.1 = 122; (2) Rp = 180%2,
Ry = 295 (3) Rz = 15092, Re3 = 3. Let x1(t) = V(2),
x () =i, and set M =3, N =2,8=3.

In this example, the ST of the SMP is supposed to obey the
Weibull distribution. As such, the transition rate function is
expressed as ”;?q(h) = 60 kpk=1 whose distribution density

Pq ck
. _(h Cy
function is inferred as x,(h) = Cﬁkhk’le @, By considering
0 03 07
the switching signal 0(f), one has §! = [0.4 0 0‘6] and
& SIg ® rq 05 05 0

0 04 06
2 _
BM = [0.5 0 05].

With(g)lft lcg)ég ofogenerality, when p = 1, one selects ¢ = 1
and k = 2. When p = 2, one chooses ¢ = 1, k = 3. When
p = 3, one sets ¢ = 1 and k = 4. According to the above
description, the transition rate matrices can be obtained as

| —2h 0.6k 1.4h ) —2h 08k 1.2k
Wi(h) = | 122 —3r2 1.8K% |, W=(h) = | L.5A*> —3r* 1.5K°
2h3 2m —4R3 0.8n3  3.2Kn3  —4n?
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Fig. 1. Simulation results of (9).
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Fig. 2. Simulation results of (8).

Besides, the conditional probability matrix I" is set to be
' =10.3 0.3 0.4;0.4 0.2 0.4;0.2 0.5 0.3]. Other parameters
are set as b = 0.07, ny =1, m» = 5,d = 0.7, p = 04,
c1 =005 c=1R=1«k =23,60 =33456, A = 0.7,
and M = 50. By solving the conditions of Theorem 2, the
controller gains are devised as K; = [2.5341 — 0.3790]7,
K> =[0.8042 —0.0151]", and K3 = [ — 3.3755 0.7261]".

For given external disturbance w(#) = v2 cos(3.14¢) and
select the initial states xo(f) = [ — 0.1 — 0.1]5r, the simulation
results performed are plotted in Figs. 1-2. Under the frame-
work of IETP, the triggering instants and release intervals,
trajectories of dynamic state x(¢), and evolution of xT(HRx (D)
are depicted in Fig. 1. The averaged response of x' (f)Rx(f)
not exceed ¢, within a preset finite-time.

Aim to examine the merits of the IETP on the dynamic
performance, Fig. 2 is provided for the simulation compari-
son, which reveals the triggering instants and release intervals,
trajectories of dynamic state x(¢), and evolution of xT(ORx(?).
As observed from Figs. 1-2, by means of IETP schedul-
ing, faster convergence is achieved, and much better control
performance can be expected. Meanwhile, for analysis clar-
ity, we define the triggering rate TR = nutmnt%gfg? faﬁln;fesd_data.
In the proposed IETP (9), the triggering rate is calculated as
24.98%. However, based on the ETP (8), the triggering rate
is computed as 47.11%. The benefit of the proposed IETP,
fewer packets are transmitted along with a small triggering
rate. These simulation results confirm the effectiveness and
superiority of the IETP and controller design strategy.

V. CONCLUSION

In this brief, the SFTB of SMIJS has studied by an
quantization-dependent ETP. A novel SMP subjected to a DSS
has been constructed to describe the generalized framework of
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SMIS, and an IETP associated with the quantizer parameter
has been proposed. Finally, a TDCM has been applied to illus-
trate the practicability of the proposed method. Besides, the
extension of the attained results to multi-agent will be our
future research topic [20], [21].
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