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Abstract: This paper mainly studies the stability and input-output gain of fractional-order linear systems with cone
invariance and unbounded time-varying delays. The trajectories of such systems are usually restricted in a proper cone,
which is a generalization of fractional-order delayed positive systems. Firsly, using the trajectory of the solution of the
system state equation, a necessary and sufficient condition that ensures the cone invariance of the system is given. According
to the partial order relationship on a proper cone, a necessary and sufficient condition that ensures the asymptotic stability
of fractional-order cone-invariant delayed system is given. The method is also applicable to the case when the system
without delays, which means that the stability of fractional-order cone-invariant systems is not sensitive to the size of
delays. Moreover, through the construction of a sampling system using rounding functions and the analysis of the partial
order relationship between state trajectories of the sampling system and their corresponding counterparts without delays,
the cone-induced gain of fractional-order cone-invariant systems is characterized in terms of system matrices. Finally, a
numerical example is provided to illustrate the theoretical results.
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e, (t) =z,(t,0) —x5(t,0),
DVe,(t) = (A+ Ag)e,(t) + Agzo(t)—

Aol 7)) ©

quex(s) =0. %iﬁlﬂ%?ﬁﬂjwl(t,e) th .’L‘Q(t,O).
42 5IFT, AR Jim @, (t,0) —SEAFAE. &

t
NJao)v
(A+ Ay)k + BO. 4R 24

<k+1LH[0,k+1)C
t+ At

k= tli)rgloa:g(t,a) - tlglglomg(t

Mffﬁﬁtliglo Dixy(t) =
S,

tllglo Dl x5 (1) zlim SL{D}xs(t)} =

lim st X,(s) =0,

Heh Xy (s) = L{xa(t)}. FTBL & = —(A+ Ag)~BS.
N
HET 51078, v ELAT DU LSy FAIE T,

EM3 AEIENEK, R, K, cR™HIK, €
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R?, LU ¢ € intK, f0 € intK,,. RE1)II4HEE 0.1 0.3 0.2 1 2
FHEAY = [[(D = (C+ Ca)(A+ Ag) 1. Ag=106 025 0|,B=|-02 04],

E %e,, (t) =2.(t,0) —x(t,0). e, (t) = yi(t, —-04 0.2 0.2 0.3 0.1
0) —y(t,0), H _ l1.2 0.5 —0.2] |
DVes, (t) = Aey, () + Ages, (t — da(t))+ LA
Agy (1) — Agzy (t — dy (1)), C, — lo.s 0.7 - 0,2] |
e, (t) = Ce,, (t) + Cae,, (t — do(t)), 0 —04 -05
(10) 0.2 0.7
Horbe,, (s)=0, se[—7,0]. i 51 FTRIEH L, 7T %0 ~ o1 0,3] '

R4 (10) ZHEANE RS, BT z,(¢,0) =k, z(t,0)
My, (t,0) =k, y(t,0) WAt > 0BIL. ey, (1) =
z(t,0)— z5(t,0),e,,(t) =y(t,0) —y=(¢,0), H

Pye,,(t) = Ae,,(t) + Age.,(t — di(t))+

t

Agxo(t — dyi(t)) — Adx2(LNJ)7

ey, (t) = Cey, () + Caes, (t — da(1)),
(1D

Hrbe,,(s) =0. &N > max{(1 — p)~ 1, T}, R
W1, A2 (t — dy(1)) =, @([y:)), BEHRLD)
AL RS, FTLH

0 <k, x2(t,0) <k, x(t,0) <k, x1(t,0),

0 =x, ¥2(t,0) =k, y(t,0) =k, y:1(t,0),
AT T LASE H lim 2(1,0) = —(A + Aq) ' BO. HR¥E
517, SIEES AR L, A

jlggoyl(tjao) :jlingoyg(tj,e) =
(D —(C+ Ca)(A+ Ag)7)8,

FibLlim y(t;,0) = (D— (C+Ca)(A+Aq) )6, 1
PEEIE7MRA2), Hx(t,0) <k, —(A+ Ay)~* BOXT
fER&t > OFROT, FTLA

y(t,0) <k, (D —(C+ Cq)(A+ Aq)™")0
ST > 0RO, AT AT LASEH

v =[(D = (C+ Ca)(A+ Aq)" ).

EH

(12)

A2 T G BTG I TR, B LT AR AL

MSEBDHER AT LU, RGE() MR E M HIRERE A + Aq )
HurwitzPE B E, Iy (1) AN ETERIBE,
6 BHEMIH

HIBRG(D) W R RGEHIFEL R

~125 05 0
A=1| 02 -09 —01],

E X Z T K, K, MK, 758 K, 2 {z € R3|
FxeRi}LK, = {ycRFy € RZ} K, =
{we R2|F,w e R}, Hr:

1 0 -1

|3 -1 -1
0o 1 1
-1 2 1

1 —1 11
F, =  F, = .
1 1 21

BT e Metzler B

—0.925 0 0.05 0.025

0.5625 —1.275 0 0.3875
N 0.225 0 —-1.2 0.325

0.1625 0.075 0 —0.9625

{615 HF, = F, A, 1R4E3CHR [24, Proposition 1], 7] L4
4 A J& & F K, 1 cross-positive 1 [, [7] # 7] 1§
AsK, CK,,BK, CK,, CK,CK, CqK, CK,,
DK, C K,. %v = 0.95,

|sint| +0.1, t < 1,
d1 t) =

0.3t|cost|, t=>1,

| cost|, t <1,
da(t) =
0.4¢|sint|, t > 1,

P(s) = [2 V6+cosms 2sin7s]T (s€[—1.1,0]). #
SR, Yn=[77.1939 89.5752 12.4439]T, 4 (A
+A4)n <k, 0, XU A + Ay2& Hurwitz 55 FE. K,
Hw(t) =0, REDLHNILIER, I HRGHPIRSE
g IR O T BoR RGEMRIHEA AR,
L2(t)= F.x(t)fh(t)=F,yt). HT0 € K,, IR
2 T HER, A K, 1€ X Wik 2(t) € REFIR(E) €
R2 % FVE > 0B, W R G2 K T(K,, Ky, Ky)
HEANAZ IR 2 (¢) MR (¢ ) B8 IS 18] 75 4 18 60 728 4 70 ) i
e 23, IEWE TR, 2(¢) Fh(t) i AR FRAEE
PRI, KAEH T R4 () KT (K, Ky, K,,) #EA
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AR,

t/s
E 1 v = 0958, RG(DIEWHEY () FHPARSHLIZE

Fig. 1 The state trajectory of system (1) under the initial val-
ue 9 (-) when v = 0.95

41 2
77722

3k S
,,,,,,, 24

t/s
K2 v =0.950F, z(t) %
Fig. 2 The trajectory of z(t) when v = 0.95

t/s
3 v = 0.9587, h(t)FI%LZE
Fig. 3 The trajectory of h(¢t) when v = 0.95

40 = 1[04 17, ¢ =[1 0] Alp(s) = 0. Ht —
oo, H
lim y(t,6) =(D — (C + Ca)(A + 4q) )0 =
[41.1267 9.5700] .
SRABHRAL, ] 5t
4 = min a,
s.t. Fyla¢ — (D — (C + Cy)(A+ Aq) 1] € R,
Fyla¢+ (D = (C+ Ca)(A+ Aa) 18] € RY,
a >0,
A 15 RGeS R IG 26 Ny = 50.696 7. fELLIEIE T
iy () R BARE27E EAh, a7 LB By (¢) Wiz
R(41.1267,9.5700). BbAb, y(t) B B [a] 1) 38 10 B 2k
B RIAEEIS . 7] UE By (¢) 2 R ag .
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Fig. 4 The output trajectory of system (1) under v = 0.95,
Y(s) =0andw(t) =0
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AL 3
Fig. 5 The output trajectory of system (1) under v = 0.95,
¥(s) = 0 and w(t) = 0 evolving over time

b, By = 0411015 . 72 FS5 4 4EF,
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v = 0.410F, RGEATIER AT LL S AT I A e . 1&17-8
T T 2(t) eREFA(E) € R2XF TV > OB, 3%
ARG ()RR T (K, K, K, HEARZER). 24U, 24
P(s) = 0Fw(t) = 0, IEWIEFTR, y(t) 558 T LAk
SHA £ (41,126 7, 9.5700). A1 1R1EISH L, El6v
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Fig. 6 The state trajectory of system (1) under the initial val-
ue () when v = 0.41
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Fig. 7 The trajectory of z(t) when v = 0.41
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