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Abstract: This paper addresses the state-estimation H, problem for continuous-time impulsive genetic regulatory networks
(GRNs) with random delays, using a sampled-data approach. Genetic regulatory networks are fundamental in controlling gene
expression and protein synthesis, governed by regulatory interactions between transcription factors and mRNA (Messenger
Ribonucleic Acid) binding sites. To estimate mRNA and protein concentrations, sampled measurements replace continuous
measurements in this framework. We propose a new model that leverages impulsive control strategies to regulate mRNA and
protein dynamics under conditions with random delays. The primary contribution of this study is the derivation of sufficient
conditions that guaranteeing that impulsive genetic regulatory networks is globally asymptotically stable is derived. By
introducing a discontinuous Lyapunov- Krasovskii functional, sufficient stability analysis has been rooted in terms of LMlIs:
Linear Matrix Inequalities. By applying Wirtinger inequality technique, conservation of the impulsive GRNs system is globally
asymptotically stable in the mean- square sense have been diminished greatly. Eventually, a numerical example is given to the
feasibility and advantages of the developed results.
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1. Introduction and System Formulation

Gene regulatory networks play an important role in the
molecular mechanism underlying biological process. The
mutual interaction between a set of genes or proteins or
small molecules to control the ratio of transcription is
referred to as “Genetic regulatory networks” briefly called
GRNGs. Transcription and Translation are the main process of
gene expression, which is composed by proteins. Until now,
various models have been developed to describe the GRNS.
Some of the theorems are Bayesian model, Boolean network
model, continuous network model, the differential equations
model.

Many of the results on the stability analysis for GRNs
with time- delay and discrete time varying systems have been
published, see [2, 4, 6, 8, 9, 16]. In [11-13, 15, 17, 20], the

authors discussed the random delays and stochastic delays in
modelling GRNs and in [5, 10, 14, 21, 22] the researchers
deeply studied in time-delay at network areas. However, an
important issue is discretization of continuous time signals
in the process of using computers to conduct the addressed
problem is called sampling.

Furthermore the sampled data approach have been presented
to handle the analysis and synthesis problems of GRNs in
many important literature, see [1, 7, 19]. Moreover many
systems are identified by changes at definite instants due to
rapid perturbations, which results to impulsive effects [3, 18].

Motivated by the above deliberations, the main contribution
of this paper can be summarised as follows:

1. To examine the approximation concerns for the
continuous - time impulsive GRNs with random delays
and extrinsic distribution into the problem and modelled
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the robust H state estimator for a class of continuous- 2. Problem Formulation
time impulsive GRNs.

2. By applying the Lyapunov stability theory, we found In this paper, we deliberate the Consequential Genetic
some sufficient conditions are satisfying the terms of  regulatory networks with time- varying delays, external
linear matrix inequality(LMI). disturbances and impulses

3. Finally, a numerical example is given to view the
capability of our results.

mi(t) = —aimi(t) + g1t — (), -, Pu(t = Cu(t))) + emiu(t)

m(ty) = Lm(t;), ke ZT t=t,

pi(t) = —cipi(t) + dimg(t — £(1)) + ep,ult),

p(tr) = Jp(ty ), ke ZT t =1 (D)

where m;(t) € R(i = 1,2,3..n) and p;(¢) € R(: = 1,2,...n)  the regulation function g;(-) with this form

are the concentrations of mRNA and protein of the i*" gene gi(p1(t), p2(t), ..., pn(t)) = Z;L:1 95 (P;(¢)) is called sum
at time t, respectively. a; and c; represents the degradation  logic [18], the function g;;(P;(t)) is a monotonic function and
rates of mRNA and protein. d; denotes the translation rate.  satisfies the Hill form [19].

C1(t) € [Gmy s Cary) and (2(t) € [Cms, Car,) are random delays,

Yii (Pj(t)/ﬂ)HH
9i;(Pj(t)) = LHE O/8)7 . . :
i TP (DB if transcription factor j is an repressor of gene i.

if transcription factor j is an activator of gene i,

Where H is the Hill Co-efficient, 3 is a positive scalar, 7;; is a bounded constant representing the dimensionless transcriptional
rate of transcription factor j to gene i. v(t) is the external disturbance belonging to L ([0, 00), R), while e,,,, and e,, are used to
express the intensities of the external disturbances of the mRNA and the protein respectively.

Impulsive GRNs(1) can be rewritten as

mi(t) = —aimi(t) + Y Vijbj(Pi(t — () + I + emiul(t))
j=1
m(ty) = Lm(t,),keZT t=t,
pi(t) = —cipi(t) + dimi(t — £(1)) + ep,u(t),
p(ty) = JIp(ty) k€ ZT t=1tyi=1,2,..n )

Where b;(x) = %,ﬁ I, => jeu; Vij and U is the set of all the transcription factors j which is a repressor of gene i.

The matrix V' = (V;;) is the coupling matrix of GRNS, which is defined as follows:

vij,of transcription factor j is an activator of gene 1,
Vi = 4 0,if there is no link from mnode j to node i,

—vij, if transcription factor j is a repressor of gene i.

Rewriting GRNSs(2) in compact form, we have

m(t) = —Am(t) + Vb(p(t) — (1) + I + Enu(t)
m(ty) = Lm(t,),keZ T t=1t
p(t) = —Cp(t) + Dm(t —&)) + Epul(t)
p(te) = Jplty). k€ Z t =t 3)
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Where We shift the equilibrium (m*, p*) to the origin by letting
z(t) = m(t) —m*,y(t) = p(t) — p*.
m(t) = Col{mi(t),ma(t),...,mn(t))} Then we can obtain the following equations:
t) = Col{pi(t),p2(t), ..., pnlt
T O ) HO) = —Anl) + V(e — () + Bmu(t)
g{a’lva/Qa"'an} _ +
I = Col{l,I,..I,} wlte) = Lalt,) kb ezt =t
C = diag{cr,ca, 0} y(t) = —Cyft)JrDﬂC(f—ﬁ(t))) + Epu(t)
D = di(lg{dl,dg,...dn} y(tk) = Jy(tk )?kGZ at:tk (4)
E, = Col{em,;€my;---m,} Where
E, = Col{ey,,epy,--Cp,}
x(t) = Col{z1(t),z2(t),...,xn(t)}
b(p(t)) = Col{b t)),b ), ...bn (pn(t
(0(1) = Col{ba(p1(),bapa(t)) -ba (pu(9)} O G
Suppose that (m*, p*) is an equilibrium points of GRNS(3) fly@®) = by)+p*) —bp").

in the disturbance free case.
Note that g;(-) is a bounded and monotonically increasing
function, hence we have

filyi(t))
yi(t)

The parameter uncertainties are inevitable in GRNS, due to model errors and the change of environment.
Now, we consider the following uncertain IGRNS;

< K, Vy(t) #0,i=1,2,..n (5)

(t) —(A+ AA(L)x(t) + V f(y(t) = (1) + I + Emu(t)
z(ty) = La(ty).keZt t=t
y(t) = —(C+ACH)y(t) + Dx(t - £(t)) + Epult)
y(ty) Jylty), ke Zt t =ty (6)
the parameter uncertainties AA(t) and AC(¢) satisfy: () = ¢(t), forte Vs,
[AA(t), AC(2)] = K1 M(t)[Na, Ne)- CO=10 fortew,
Where K7, N4 and N¢ are some given constants matrices
with approximate dimensions, M (t) is the uncertain matrix Where Uy = {t : £() € [, &0) )
with Lebesgue measurable elements satisfying M7 (t) M (t) < Wy = {t:&(t) € &0, &)}
1,9t 2 0. o S s ={t:((t) € [(n:C)}
Assumption 1 [11]: Considering the probability distribution of  p, — {t:¢(t) € [Co,Cun)}s
the time- delays ¢ (t) and &(t), for some given scalars (o and From the definitions of the ¥, Wy, U5 and Wy, it can be
€0, two sets of functions are defined as seen that t € ¥y means that the event £(¢) € [¢,,, &) occurs
t € ¥y means that the event £(t) € [£o,&n) occurs ¢ € P
(t) = §(t), forte Wy, means that the event ((t) € [(n, (o) occurs and ¢t € Uy
0, forte Uy means that the event occurs ((t) € [o, (ar) occurs. Then the
stochastic variables «(¢) and B(t) can be defined as:
0, forte ¥y, 1,te ¥
Gn=10 e alt) = 1
g(t), fO’I"tG\IIQ 0,t € Uy,
0, forte Vs, l,tew
Gt) = ’ B(t) = 8
C,fOT‘t€\I/4 O,tE\I/4.

Assume that «(t) and [(t) are Bernoulli distributed
sequences with
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Prob {a(t) =1} = E{a(t)} = o Remark 1:
Prob {a(t) =0} =1—E{a(t)} =1—ay From the Assumption 1 it is easy to see that,
Prob {5(t) = 1} = E{B(t)} = fo E{a(t)} = ao, E{(a(t) — a0)?*} = ao(1 — an)
Prob {5(t) = 0} = 1 - E{B(1)} = 1 - f, E{B(1)} = Bo, E{(B() — o)} = Bo(1 — o)
where 0 < ap < 1and 0 < By < 1 are constants, E{a(t)} By Assumption 1, the IGRNS (6), can be rewritten as
E{pB(t)} are the expectations of a(t) and 3(t), respectively.
i(t) = —(A+AA[)z(t) +a()VF(yt— @) + (1 —al@)V (Yt — () + Enu(t)
z(ty) = La(ty),keZt t=t
y@t) = —(C+ACH)y(t) + B(t)Dx(t — &i(1))) + (1= B(t)) Da(t — &(t) + Epu(t)
yte) = Jylte ), ke 27t =1 (7)
which is equivalent to
i(t) = —(A+AA@D)z({) +aoV f(y(t) — (1)) + (1 —ao)Vf(y(t — ()
+((t) —ao)V[f(y(t — (1)) — [yt — G(t))] + Emult)
z(ty) = La(t,),keZT t=t,
gt) = —(C+ACH)y(t) + BoDa(t — (1) + (1 — Bo) Dt — &2(t))
+(B(t) = o) Dl (t — &1(2) — 2(t — &2(1))] + Epul(t)
y(te) = Jylte™) ke Z t =1 ®)
the initial condition of the GRNS (8) are given by That is
Zo(t) = Zu(tr), Zy(t) = Z,(t), tr <t < tgy1 (10)

-TL(t) = \IJZ(t) € C([_fa 0]7 R)a
yi(t) vi(t) € C([=¢, 0], R),
where C([—¢,0],R) and C([—¢,0],R) denote the set of all

continuous functions from [—¢, 0] and [—(, 0] to R.
Now we define the measurement outputs of the network as
follows.

Zx(t) = Qu(t), Zy(t) = Py(t) ©)

where Z,(t) and Z,(t) € R™ are the measurement outputs
of the GRNS(8), @ and P are known constant matrices with
appropriate dimensions.

Similar to [13], the measurement outputs have already been
sampled before transmitted to the estimator side.

Where Z,(t) and Z,(t) € R™ are the actual inputs of the
estimator side, ¢y, is the updating instant of the zero order hold,
0=ty <t; <..<tg..,satisfying lim;_cotr = 00.

Let the sampling period be h = tj4y; — t;. Using the
available sampling outputs Z,(t) and Z,(t), we can construct
the following state estimator:

—AZ(t) + Ra[Za(t) —
—Ci(t) + Ra[Z,(t) —

Where Z(t) and 7 (t) are the estimations of (¢) and y(t), Ry
and Ry are the estimator gain matrices to be determined later.

Defining the error vectors by e, (t) = z(t) — Z(t) and
ey(t) = y(t) — 9(t).

We can get the following error dynamical system from (8)
and (11):

€x(t) = —Aes(t) — R1Qex(tr) — AA(t)x(t) + Emu(t) + aoV f(y(t — G1(1))) + (1 — ao)
<V F((y(t = G2(t)) + ( (t) = ao)V[f(y(t — G(2)) — [yt — C(1)))]
éy(t) = —Cey(t) - RzPey(tk) AC(t)y(t) + Epu(t) + BoDx(t — &i(¢))) + (1 = Bo)
xDx(t — &2(t))) + (B(t) — Bo) Dl (t — &1(t)) — x(t — &2(8))] th <t < tppa (12)
Subsequently, we define a function d(¢) = ¢t — tx, then the error system (12) can be written as:
ex(t) = —Ae(t) — RiQe(t —d(t)) — AA®)x(t) + Enu(t) + oV F(y(t —Gi(2)) + (1 — ap)
XV f((y(t = (1)) + (a(t) — ao)VIf(y(t = Q1)) — fy(t — C2(2)))]
€,(t) = —Cey(t) — RaPe,(t —d(t)) — AC(t)y(t) + Epu(t) + BoDz(t — &1(t))) + (1 — SBo)
xDa(t —&(1)) + (B(t) = Bo) Dl (t = &1(t)) — (t — &(1)] te <t <trp (13)
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where 0 < d(t)
By defining

< h.

y(t) =1y

T(t)ey

(t)]T

Combining (8) and (13) we get the following augmented system

2(t) = —Az(t) = Q(t = d(1)) + aoV f(RY(t = (1(1)) + (1 = o) V(R = G(1))
FEmu(t) + (at) — ao) VI (Ry(t — (1)) — f(Ry(t — C(1)))]
z(ty) = La(ty ),keZT,t=t
y(t) = —Cy(t) — Pyt — d(t)) + BoDR(t — &1(1)) + (1 — fo) DRZ(t — &2(1)))
+Epu(t) + (B(t) — o) DIRZ(t — &1(1)) — 2 (t — &(1))]
yty) = Jylty ) ke ZT t=t (14)
where
- [A+AA) O ~ (0 0 - _([C+AC() 0 = (V
A= ( AA(t) A)’ @= (o R1Q>’ ¢= ( N c>’ V= (V)
= 0 0 = D - E,, = E
U R ) B U B VO
Let us introduce the following definitions and lemmas. subject to
Definition 2.1. For all non- zero v(t) € L2[0, +00), the error A ®
system (13) is said to satisfy a prescribed H., disturbance . m () — . it 9i,5(t )
attenuation level ~, if it satiesfies the following inequality 9ig : R™ = R, g05(1) = 905 (1) (91‘-,]' ) f;(t) =0

under the zero- initial condition:

E{llel[3} < ~*[lv3]]

where e(t) = [e] (t)e] (1)]".

Definition 2.2. For a given functional V' : C([¢,0]; R™) x
R4 — R, its infinitesimal operator L is defined as

LV((Et,t) = llmA — Oii[E(V(ZL’H,A,t + A)/(xt) —
V($t7 t)} .

Lemma 2.1. (Extended Wirtinger inequality) Let Z(t) €
Vle,d) and Z(c) = 0. Then, for any n x n matrix H > 0, the
following inequality holds:

[ 27 (s)HZ(s)ds < 299 14 7T ()R (s)ds.

Lemma 2.2. (Lower Bounds Theorem) Let 71,79, ey 'N
R™ — R have positive values in an open subset G of

R™. Then, the reciprocally convex combination of f; over D
satisfies:

15)

+ max
94, (t)

7fz

a;|a; >0, Z(y,_lz ;

Zfz Zgz,J

Lemma 2.3. Let E, F' and G be real matrices of appropriate
dimensions with GTG < I. Then for any scalar € > 0,

EGF + (EGF)T < e¢EET + ¢ 'FFT.

Main Results: In this section, to obtain the sufficient
condition under which the disturbance level v(t) 0 is
globally asymptotically stable in the mean - square sense and
satisfies the H, performance constraints (15) under the zero-
initial condition for all non-zero v(t).

Theorem 2.1. Let the estimator gain matrices k1 and Ry be
given. For given positive scalars <,,, Sas, So, Em, Ear and &g, the
error system with v(t) = 0 is globally asymptotically stable in
the mean- square sense, if there exist matrices S; > 0,5y >
0,7, >0,U; >0(j =1,2,...,6),V; > 0,V > 0, diagonal
matrices W, > 0, Wy > 0,W3 > 0, and any appropriate
dimensional matrices Z1, Zo, UN](j =1,2,...,6), such that the
following LMIs hold:

(16)

A7)
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Where @ = [®; j]21x21 is symmetric, with

2

b1, = —S1A-ATS +T +T2+T3+T4—U3—%V17
2
D10 = —S1Q—173T+U3+%V1,
b3 = U, B 9=—-ATZ], ®1 90 =050,
P11 = (1—0a0)SQ,
2
oz = —2Ws+Us+05 — W,
Dy = —Uj +Us,
oo = —QTZ{, ®33=-Ty—Us,
b4 = U T, ‘134,5:—(71T+U1,
b6 = (71T7 ¢5,5=—2U1+(71+[71T,
b5 = ~Ut + Uy, D510 = 50(DR)T527
D518 = 50(DR)T22T, G = Uy — Uy — T3,
g7 = UL +Us, Pog=U, Org=—2Us+Us+UZ,
Oy = ~Uf + Uy, O710=(1- 50)(DR)T527
P78 = (1-— BO)(DR)TZQT7 bg g = Uz — T3,
gy = —Zi—ZF + 88U, + Uz + ¢°Us + ¢° W1,
D910 = aZ1Q,
D911 = (1-a)ZiQ,
Prog0 = —5C—CTSy+T5+Ts+Tr+Ts — Us — %2‘/2,
2
Pi911 = —S2P— ﬁsT + Us + %Vz,
D012 = ﬁﬁT, ®1915 = —CT 27,
1919 = RTKWy, @111 =—2Us + Us + ﬁsT - %2‘/2,
D112 = —175 +Us, @118 =Pl +27, ®1910 =T — Us,
D313 = “Us—T5, Pi314= —(74T + Uy,
D315 = (7;7 Dia14 = —2U4 + Us + [74T,
Diy15 = ﬁf + Uy, Pra90 = (R)TKWs,
D515 = —Us—Us—Us, Pi5,16 = (75T + Us,
D517 = (75T, Di6,16 = —2Us + Us + 175T,
D17 = —[75T +Us, ®i621 = RTKW3,
D717 = —Us—1Tx,
Big1s = —Zo— Za — 12Uy + &2Us + ¢°Us + g% Va,
Pig19 = —2W, Pyg29 = —2Ws, Pa121 = —2W3,
& = & —&ms &2=8m — &, 1= —Sms S2=5SM — <0,

and the rest terms of ® are zero.
Proof: We choose the following discontinuous Lyapunov functional to prove our results

4
V(2,50 = > Vilt, 21, 1) (18)

i=1
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Where
Vi(t,Ze, 7)) = @ (t)S12(t) + 77 (t)Say(t)
¢ ¢ ¢ ¢
Vao(t, Ze, J¢) = / 7 (s)Ty(s)ds + / 1 (5)Thi(s)ds + / 1 (5) T3 (s)ds + / 7 (s)Tyz(s)ds
t—&m t—&o t—E&m t—g
t ¢ ¢ ¢
b [ et [ Pt [ 6T [ 5T enas
t—Cm t—Co t—Cm t—g
7§m t 750 t
Va(t,Ze,5:) = & / /;%T(s)Uls*c(s)dsde+g2 / / T (s)Upz(s) dsd9+g// $)Usz(s)dsdf
—&o t+6 —Enrt40 —gt+6
—€m t —€o t
+& / / T(5)Uyij(s)dsdf + & / / $)Usij(s dsd9+g// s)Usij(s)dsd0,
—&o t+0 —Enmt+0 —gt+6
¢ ¢ Ll
— — 2 ~-T N 2 ~-T - i — — T — —
Vilt.ong) = o [ & @Vidods +g" [T (6 Vails)ds T [ @(s) = 2(0) Vi @(s) - a(tw))ds
th ty Ly
7T4 _ B Ter - _
= [ @) = 5(te))” Va(y(s) — y(tx))ds
tr
According to Lemma 1, it is easy to see that V4(¢) > 0.
Furthermore, V4(t) vanishes at ¢t = t;. So we have lim V(t) > V (t).
t—t,
Differentiating equation (18) and taking expectation on it, we get
4
E{LV (t, 7, 50)} = > E{Vi(t, @), 5} (19)
E{LV(t, 70, 50)} = 22" ()S13(t) + 27" (t)S29(t) (20)
B{LVo(t,7,5)} = 7 (T + T+ T3+ )T+ 5 (T + T+ Ts + T)G

—Z{ (t — &) TAZ(t — Em) — @] (t — &) ToZ(t — &)

—2] (t — En) T3 (t — &) — l“t Tt —g)Tuz(t — g)
— 3} (t = Co) T5y(t = ) — Ui (t = Co) Tey(t — o)
—g¢ (t — ) Try(t — Cur) — 9 (t — 9)Tsy(t — g) (21)
E{LV3(t,Z,3:)} = 2" ()(§UL + Uz + g°Us)z(t) + 4" (£)(GTUs + GGUs + °Us)(t)
t—E&m t—&o t
-& / T (s)U12(s)ds — & / 1 (s)Usi(s)ds — g/iT(s)U3i(s)ds
t—&o t—&nm t—g
t—Cm t—Co t
[ Ui - [ iU g [ Ul @)
t—Co t—Cm t—g
E{LVy(t, 2, 50)} = g°z" ()Wt )+9 Y (t)Vay(t)

i
L [ ] 6]

O T 2 [
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It follows that Lemma = that we can obtain

t=&m

s / T (s)Uhi(s)ds < —[g((f_fjng)
t—&o

X{ Z(t— &1(t) —ft—ﬁo) ] (24)

\\_/
/\
~

\’c?
ml
—_
—~
=&
~—
-

~

—
*
=
—

Similar to (24), we have

|
o
[\v]
8l
ﬂ
@
N~—
S
8l
—
Vo)
SN—
IS
Vo)
IN

B { Z((tti?o()t),) ;(f(f . %f)) ]T { Us U, ]

Bt = &) —2(t =) | [ a1 e
X[ Z(t — &) — x(t — &a(t)) } 9/ (s)Usi(s)d (25)

-| Mk }T A

IN

<[ oS |0 [ P 0

IN
|

| — |
<
—~
-

\
I

il
—
~
=

\
T+
~

\
o
S—

~—

(]
t—Co
gt — (1) — gt — o) A i
[ gt —Gm) — 9t — G1(2)) } — G / yT(S)Usy(S)ds 27)

t—Cm

<[ [ ]

A g [ et o8

IN
|
| ——|
<
—~
~
|
L
~
S~—
S—
I
<
—~
[
I
Q
S~—
| IR |
|
| —
5
&
| IR |

X{y(t—dt))—y(t—g) ] (29)

Besides from (5), we obtain

filyi) [fiya() — kaya ()] <
filyi(t = Q@) fiyi(t = G (#) = kiws(t = ()] < 0,
filyi(t = G(8))) [fi(yi(t — (1)) — kit — G2(8))] < 0,

where 7 = 1,2, ...n Hence for the diagonal matrices W7 > 0, Wy > 0 and W3 > 0, the following inequalities hold.

2(Ry(t))" KWy f(Ry(t)) — 2fT (Ry(t)W1 f(Ry(t)) > 0 (30)
2(Ry(t — G ()T KWa f(Ry(t — 1)) — 2f " (Ry(t — CL(t))Wa f(Ry(t — G1(t)) > 0 (31
2(Ry(t — G(t)) " KWa f(Ry(t — C2(t))) — 2f T (Ry(t — G(8))Wa f(Ry(t — C2(t)) > 0 (32)

Where K = diag{ki, ka2, ...kn }
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It is also known that the following equations are always true

C BRITOZ[-E0) - Aa(r) - Qa(t — (1) + oV F(Ry(t — (1))
+(1 — ao) Vf(R(y)(t — ¢2(1))) + (a(t) — a) ( y(t — @) — f(Ry(t — GO} = 0 (33)
E{2y" (t) Zs[-5(t) — Cy(t) — Py(t — dt) + SoDRE(t — & (t))
+(1 = Bo) DR (t — &(t)) + (B(t) — Bo) D[RE(t — &1 (1)) — Ra(t — &()]} = 0 (34)
By combining (18)-(34) and setting
U(t) = Col{z(t), z(t —d(t),z(t —g),z(t Em) Z(t—&u(t)), 2(t — o), Z(t — &(t)), 2(t — Em),
z(t),y(t), y(t —d(t)), ( 9), Yt = Gn), Yt — Ci (1)), Yt — o), Yt — ¢2(1)), y(t — Cm),
y(t), f(Ry(t)), f(Ry(t — Gi(1)), f(Ry(t) — C(1))},
We obtain,
E{V(t,Z,5)} < UT(6)DU(t), (35)

Where @ is defined in (16).

Obviously, the inequalities (16) and (35) imply E{V (¢, Z+, §:)} < 0.

Then, from the Lyapunov stability theorem , it is easy to find that the error system with v(¢) = 0 is globally asymptotically
stable in the mean square sense.

On the other hand from the conditions of equation (18) and theorem (1), we note that,

! ( )Ljivm(tk) m(tk; )L T (tk ) (36)
. (tzZ)DTkL i Dikzm(ty ) — x%( te ) Livm (L))
() (DL D — L) (1)

Vi(te, z(tk), j) — Va(t,, z(ty, ), )

1l
oaaa

INIA

Vi (te, m (tk), J) Vity s xm(ty, ), 1),k € Z4. 37

This proves that the system (14) with impulsive effect is asymptotically stable in the mean square.
Hence the proof.

3. A Numerical Example

In this section, a numerical example is given to demonstrate the effectiveness of the proposed method for estimating
concentrations of the GRN.
Example 1. Considering delayed GRNs (8), the parameters are given as follows.

04 0 —0.6 0.2 0.1 0 0.2 0
A‘(o o.1>’ V‘(oz —0.7)’ C‘(o o.3)’ D‘(o o.7>

0.46 O 0.5 0 0.1 —-0.1
Em_( 0 0.5)7 EP‘(O 0.9)’ El_(o.l 0.3)
Let f(y) = % is taken as the regulatory function. It can be easily checked that the derivative of f(y) is less than 0.65.
Assume that time-delays £(¢) € [0.3,0.6] and ¢(t) € [0.4,0.1] are not continuously differentiable, suppose & = 0.5,(y =

0.2,a9 = 0.4 and By = 0.2. By Theorem 2.6, we can obtain the following feasible parameters. Due to space consideration, we
only provide a part of the feasible solutions here.

0= 0.0231  —0.0306 p_ 0.0463 —0.1003
~\—0.0306 0.1218 /)’ ~ \—0.1003  0.0243

Let h = 0.9 and v = 1. Then, we can obtain that ¢,,, = 0.1,y = 0.6, (,, = 0.2 and (s = 0.4.

Ry — 0.5440 0.0003 R, — 0.0050 0.0000
17 10.0003 1.7873)° 27 10.0000 0.0081)"
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0.6 0.6 T
x1 y1
x2 —y2
0.4t : 0.4f :
0.2 0.2
- 0 i = O
g g
X >
"‘:\: —0.2} § -0.21
x >
-0.4F -0.4F}
-0.6 -0.6
-0.8f -0.8
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t t
Figure 1. mRNA and Protein concentrations with impulsive effects.
0.6 T 0.6 T
x1 y1
x2 y2
0.4 . 0.41 g
0.2 0.2
R 0 R 0
g &
x e
§ 0.2 f{: -0.2
x >
-0.4 -0.4
-0.6 -0.6
-0.8f -0.8
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Figure 2. mRNA and Protein concentrations without impulsive effects.

From Theorem 2.6, one can conclude that the continuous-
time GRNs (7) with impulsive effects are globally
asymptotically stable. The concentrations of mRNAs and
proteins with impulsive effects are illustrated in Figure 1 with
the initial conditions x(0) = [0.01 0.02]T, y(0) = [0.1 0.2]
and the concentrations of mRNAs and proteins without
impulsive effects are illustrated in Figure 2 with the initial
conditions z(0) = [0.01 0.1] and y(0) = [0.1 0.3]7.

4. Conclusion

In this paper, we have investigated the robust sampled- data
H, state estimation problem for continuous- time impulsive
genetic regulatory networks subject to random delays. By
constructing a discontinuous Lyapunov-Krasovskii functional,
sufficient stability analysis has been rooted in terms of LMIs.
By applying Wirtinger inequality technique, conservation of
the impulsive GRNs system is globally asymptotically stable
in the mean- square sense have been diminished greatly.
Eventually, a numerical example is given to the feasibility and

advantages of the developed results.
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