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Abstract: This paper focuses on the issue of global synchronization for the quaternion-valued neural networks (QVNNSs)
with mixed time-varying delays. In the case where the activation function of the network is not required to be separated
into two complex parts or four real parts. Several new sufficient conditions for the proposed neural networks are established
in terms of Lyapunov-Krasovskii functional approach, drive-response synchronization method, linear matrix inequality
technique. Meanwhile the design method of the synchronous controller is established. The synchronization criteria of linear
matrix inequalities are provided in the form of quaternion-valued and complex-valued linear matrix inequality (LMI). In
the remark, the results are compared with the existing ones. Finally, a numerical simulation example is used to verify the
validity of theoretical analysis.
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Q%) =-—Q1D-T,—-D" Q1 — Py,
22 = —Q.D — Ty + D*QY + TT Py,
Q) =Py + 7Py — Gy, 2 = Piy + 7Pss,
Q) =—(1 = )Py, Q5 = —(1 — &) Py
P R BAET
Ki=Q'S, K =Q'T, Q= Q1+ Qyj,
S =581+ 5j, T =T, +1T5j,
MJQVNNs(1)HIQVNNSs(2) /&4 = [F 1.
4 BED I
HIEU T BA LTI QVNNs Y.
z(t)=—Dx(t — ) + Ag(x(t)) +
By(a(t — (1)) +
C t g(xz(s))ds+ J, t >0, (22)

t*Tg(t)

Horr:
D = diag{3.6910,1.2339}, A = (a;;)2x2,
B:(bij)2><27 C:(Cij)2><27 J = [0 O]Ta §=0.2,
71(t) = 0.1 + 0.1 cos(4t), m»(t) = 0.1] sin(7t)|,

91(2(t)) = ga(a(t)) = 0.2 tanh(x (1)), Va(t) €Q",
a;; = —1.2171+1.8709i — 0.4868j+0.7484k,
a2 = 0.405740.8205i4-0.1623j+0.3282k,

az = —0.4057+1.8338i — 0.1623j+0.7335k,

(= 1.6228+1.7873i40.6491j+0.7149K,
by, = —0.0347+0.7057i — 0.0278j+0.5646k,
bia = 0.0695+0.0197i+0.0556j+0.0158k,
byy = 0.0232+1.6263i+0.0185+1.301 1k,
bys = —0.0463+0.27781 — 0.0371j+0.2222k,
e = —0.2468++0.3794i — 0.0987j+0.1517k,
c1a = 0.082340.1664i+0.0329j +0.0666k,
¢o1 = —0.0823+0.37181 — 0.0329j+0.1487k,
Cap = 0.3291 + 0.3624i + 0.1316j + 0.1450k.
BIRAREHE T
B l—1.2171 + 1.8709i 0.4057 + 0.82051]
"7 | 0.4057 4+ 0.82051 1.6228 + 1.7873i|

—0.4868 + 0.74841 0.1623 -+ 0.3282i
—0.1623 +0.73351 0.6491 + 0.7149i | -
H T RiERE S B, CRIEEGT ot A —— 5125 7.
MNQVNNSsHE AR

y(t) =—Dy(t — 5) + Ag(y(t)) +
Bg(y(t —mi(t))) + C x
S o) s+ + u(t), >0, @3

Le(t) = z(t) —y(t), fe(t) = g(z(t)) — g(y(t)),
B Nu(t) = —Kie(t) + Kye(t — 6). HER(22)
FIREER (23) ] PATFRIR 22 QVNNs AR Y ARG
é(t)=Ke(t) — (D + Ky)e(t — ) +
Af(e(t)) + Bf(e(t — (1)) +
t

CL_W Fle(s))ds, t =0
MR E X, 4T = diag{0.2,0.2}, 7 = 0.2, e=0.4
i, e R 1-2. 1EAb, I HIMATLAB T B4 YALM-
IP, SRAELMIs(19)—(21) 7] 15

9=

(24)

b _ | 86070+0.0000i —~0.2140-0.0552i

U 0.214140.0552i 18.3868+-0.0000i
. [0.00004-0.0000i —0.00020.0003i
27 10.0002—0.0003i 0.0000--0.0000i

o [ 40.3496+0.0000i —1.1298—0.2921i
271 21.12984-0.2921i 41.0726-+0.0000i |’

o [0.00004-0.0000i —0.0011+0.0015i
227 10.0011—0.00151  0.000040.0000i
P [559.96004-0.0000i  4.2000-+1.0900i
370 4.2000—1.09001  227.3000+0.0000i ]|’
P [ 0.000040.0000i 0.0029—0.0019i
271 0.0029+0.0019i 0.0000-+0.0000i ]|’
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P [ 52.2500+0.0000i —4.1300+5.6200i1 X RQVNNs(24) HHME N
41 — . [
| —4.1300—5.6200i 169.7000+0.00001 e1(t)=1.6655 + 7.6979i + 6.4402j —0.5671k,
p.. _ | 0-0000-+0.0000i —0.0056+5.4591i] es(t) =—2.9953 + 3.1760i + 1.8176j + 0.4517k.
42 — . . )
:0'0056_5'45911 0.0000-+0.0000i NP 14 FI, RASAE Fe (t) PR a) i 7 428 56AIE
p. _ | 35:0261+0.0000i —0.3045+0.2241i T QVNNSs(22)FIQVNNs(23) [R5
o171 20.3045—0.2241i  42.4793+0.0000i| ’ 2o
o [ 0.0000+0.0000i —0.0005+0.2088i I'SE ——— ORI
27 10.0005 — 0.2088i 0.00004-0.0000i |’ é‘;\ UL,
01— 11.9059—0.06431 —6.6822—1.7352i BO00pS
"7 —6.8106+1.8103i  7.6018—0.0009i| g I
= -10 .
0y 0.0031—0.0009i —0.0079+0.0100i T s 1
27 10.0060—0.0091i 0.0002+0.0002i |’ 24 1
! 25} .
—25.13304+0.01991  6.8403+1.7606i 1 S S S S
5’1: . |, 0 2 4 6 8 10 12 14 16 18 20
7.1751—1.8719i  —26.2489+0.0134i e
o [ —0.0007-+0.0002i 0.0108—0.0126i B 1T (24) 55 1 B AR A B2
2= —0.00784-0.0104i —0.0020-+0.0024i |’ Fig. 1 The first part of the state response trajectory
- for Model (24)
7 _ | 405734018781 2.8469+0.7729i
"7 | 18.8357—5.0131i —7.7009—0.0231i| A——————1——1— —
T [—0.0099+0.0030i 0.0003—0.0024i Z: ———egggﬁgﬂg |
— e N EWAS T
> | —0.015840.0246i 0.0017—0.0025i « sl ’ |
L \\m 1
G =diag{103.8033, 308.0326}. & af 1
\ " p i i
PHI L, T DA B dIl S R EUK, KW R 2
T 2p i
K, = K K K, Ko Ko 7 1t\t 4
Kio1 Koo Koo Koo o P
o 02 4 6 8 10 12 14 16 18 20
K111 = —3.341 — 0.01486i + 0.0006j — 0.0001k, t/s
Ky1o = —2.945 — 0.782i — 0.0028] + 0.0042k, A2 BRQOR2RPRERRHL

Fig. 2 The second part of the state response trajectory

K01 =—2.053 + 0.5359i 4+ 0.0022j — 0.0028k, for Model (24)

K99 =—6.277 4 0.00171i — 0.0002j 4 0.0008k,

Ko = —4.154 — 0.0064i + 0.0002j + 0.0000k, 7 T T T T T
. . 6f - eI
Koy = —0.7104 — 0.1864i — 0.0006j + 0.0011k, | OB, |
Koy = —1.245 + 0.3239i + 0.0014j — 0.0017k, s |
Ao
Koz = —1.694 — 0.0010i + 0.0000j — 0.0000k. g |
g
R 5 B URHE 16 151, QVNNS(22) FIQVNNS(23) g 2y |
L RFZE . QVNNs(22) M N 1 fL |
\
x1(t) =1.1623 + 2.25951 + 1.2294j + 0.6191k, or
25(t)=1.0811—1.2983i + 4.9630j + 5.9425k; 02 4 6 8 10 12 14 16 18 20

QVNNs23)[FIHME A " " . /S \
. . P 3 R (24) B 3FR T IR NN 2
y1(t) =—0.5032—5.4384i—5.2108; + 2.8266k, Fig. 3 The third part of the state response trajectory for
y2(t) =4.0764—4.47431 + 3.1454j—1.7500Kk; Model (24)
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5 ik

AICHEFL T BA IR A I I QVNNs 42 Ja [7) 4 1%
] R 38 It 74 1% A & Y Lyapunov-KrasovskiiiZ i, 15
B 7P 4 4 J R A M 1R 78 20 0 R ) 247 ) s 1 1
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