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ABSTRACT

This paper proposes a method for synchronizing Lorenz chaotic system
consisting of one master and one slave. Sliding mode controller (SMC) is used
to synchronize the above system. Moreover a Lyapunov function candidate is
applied to ensure the stability of the system and adaptivity of the controller. The
above proposed algorithm is developed basing on Simulink of MATLAB. The
simulation result demonstrated for synchronization between the master and
slave system is approximately 99.94%. This research work is the initial basis
results for studying about the synchronization of a system with many masters
and many slaves.

TOM TAT

Bai bdo ndy dé nghi mét gidai phap nham dong bé héa hé chaotic Lorenz gom
mét chii va mot 16. B diéu khién truot SMC (Sliding mode controller) duoc
ding dé thiee hién viéc dong b hé nay. Bén canh do, Iy thuyét on dinh
Lyapunov dwoc dp dung nham dam bdo tinh én dinh ciia hé thong ciing nhw tinh
thich nghi cua bg diéu khién néu trén. Gidi thudt nay dwoc xdy dung trén phan
mém Simulink ciia MATLAB. Dua trén két qua moé phong, su dong b gitta hé
chii va t6 dat 99.94%. Két qua nghién ciru ndy la co sé ban dau dé nghién ciu

sw dong bo cua hé nhiéu chu va nhiéu to.

1 GIOI THIEU

Trong hai thip nién qua, dong bo hoa hé
chaotic da thu hut nhiéu nha nghién ciru khip thé
giéi quan tim ké tir cong trinh nghién ctru dau
tién cua Pecora and Caroll vao nam 1990 (Pecora
LM and Carroll TL, 1990). Nhiing nim gan day,
d6ng bo hoa hai hé théng (hé théng gdm mot chu
va mot to) da duoc ap dung trong cac qua trinh
phan tng hoa hoc, bo chuyén ddi cong suit, cac
hé thong sinh hoc, x1r ly thong tin, bao mat truyen
thong,... Pac biét cac tac gia cua (Alexandra S
Landsman and Ira B Schwartz, 2007) di kiém
chimg mot mo hinh don gian vé dong bo cac té
bao ndo. Céc t& bao nay nhan thong tin tir cic ngd
vao cta nhiéu ving nio khac nhau. Dé dong bo
hai hé théng, cac tac gia cua (Yan-Qiu Che et al.,
2010) da su dung mang noron ham co s& xuyén
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tam RBFNN (Radial basic function neural
network) dé xap xi cac ham phi tuyén chua biét va
st dung bo diéu khién trugt (SMC) dé dong bo hé
thong nay. Nhiéu tac gia cia (Choon Ki Ahn,
Sung - Tae Jung et al., 2010; Yan - Qiu Che et al.,
2010; Yu Liang and Horacio J. Marquez, 2009;
Navid Noroozi et al., 2010); Zuo-Lei Wang Xue -
Rong Shi, 2009; Sang-Hoon Lee et al, 2010)
chon ham Lyapunov dé chimg minh tinh 6n dinh
ctia hé thong trong khi mot so tac gia khac lai sir
dung cac bo diéu khién khac dé dong bo hé thng
nhu Heo két hop voi bt ding thirc ma tran tuyén
tinh LMI (Linear matrix inequality) (Choon Ki
Ahn, Sung - Tae Jung et al., 2010; Sang-Hoon
Lee et al., 2010), SMC (R. Aguilar-Lo’pez, R.
Mart1'nez-Guerra, 2008), chuyén tir dang toan
phuong sang dang thay dbi tham sé (Yu Liang
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and Horacio J. Marquez, 2009), logic m¢ (Navid
Noroozi et al., 2010, Jiang Wang et al., 2009),
didu khién hoi tiép (R. Aguilar-Lo’pez, R.
Marti nez-Guerra, 2008), luat diéu khién tuyén
tinh héa (Lingling Tian et al., 2008), bd diéu
khién cudn chiéu (Zuo-Lei Wang and Xue-Rong
Shi, 2009),...

H¢ chaotic 1a mot hé phi tuyén. Cho nén, du hé
nay c6 cung mot mod hinh toan nhung néu diéu
kién dau khac nhau thi dap Gng s& khac nhau ca
vé pha 1dn bién do. Cac nha khoa hoc dd ching
minh b didu khién trugt rat phu hop cho didu
khién cac hé phi tuyén. Tuy nhién, bo diéu khién
nay c¢6 nhugc diém 13 gdy dao dong dbi véi luat
diéu khién. Do d6, bo diéu khién trugt bac cao két
hop véi bo didu khién héi tiép duoc dung dé lam
giam dao dong nay (R. Aguilar-Lo’pez and R.
Marti'nez-Guerra, 2008), dung logic m¢ dé uée
luong bién do cua ludt diéu khién trugt (Nguyén
Hoang Diing va Duong Hoai Nghia, 2010). Hon
thé nita SMC v6i mat trugt duge chon nhu ham
tich phan ty 1¢ cia (Chung-Wen Lai and et al.,
2008) duoc ap dung dé dong bo hai hé chaotic va
dugc chiing minh 1a c¢6 kha nang lam giam dao
dong d6i voi luat didu khién.

Dua trén nhiing céng trinh nghién ctru duogc
liét ké ¢ trén, mot giai phap dwoc dé nghi 1a s
dung bd diéu khién truot dé dong bd hé chaotic
Lorenz. Pdng thoi ham Lyapunov duoc sit dung
dé tim ra ludt diéu khién truot thich nghi va chimg
minh tinh 6n dinh cua hé théng.

2 PHUONG PHAP

Mot hé chaotic gém mot hé cha va mot hé to.
HE phuong trinh sau day duoc xem nhu modt hé
chu (Wenlin Li et al., 2010)

% = (25 +10)(x, — x,),

%, = (28 =35a)x, — x,x; + (292 - 1)x,, (1)
Xy = XX, — (8 +30£_)x3 )

Néu =0 thi hé chaotic 1a hé chaotic Lorenz
Néu 0=0.8 thi hé chaotic 13 hé chaotic Lii
Néu o=1 thi hé chaotic la hé chaotic Chen

H¢ dap ung (hay con dugc goi 1a hé td) duoc
mo ta nhu sau:
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3 =25 +10)y, - 3,),
7, =(28-35)y, -y, + 2%y, +d+u, (2)

) 8+
V=00, _B+ab, 304 b,

Trong do, u la luat di€éu khién va d 1a n
hi€u cong.

b

Sai sb gitta hé chu va hé t¢ duoc dinh nghia
nhu sau:

€ =Y —X (iZl,_3)

1

)

Néu }éy dao ham hai vé ciia phuong trinh (3)
thi sai s0 vi phan dugc xac dinh nhu sau:

& =(25+10(e, —¢,),
&, =(28-3%1)¢, ), +x,.x, +(2%—De, +d+u, (4)

% =ee, +X2€1 +Xl€2 —(8—:?)63 ,

Nhiém vu coa luat diéu khi_én dé nghi s& dam
bao dong bo giita chu x,(i =1,3) & phuong trinh
(1) voito y,(i= 1,_3) & phuong trinh (2) sao cho
sai s6 e, (i = 1,_3) tién vé zero.

Do h¢ ¢ phuong trinh (1) va phuong trinh (2)

12 hé bac nhat nén mot ham truot s duge chon nhu
sau:

S=¢€>

6))

Néu hé théng 6n dinh tac luén ludn nim trén
mat trugt thi lic nay e,=0 va phuong trinh (4) c6
thé duogc viét lai nhu sau:

é =—(25a+10)e,,

8+a (6)
e, = X,e ——( )63 ,
3
Tu phuong trinh (6), phuong trinh
6 = —(25(1 + 10)61 co nghiém

e, =exp(—(250.+10)t). Do d6 néu t—>co thi
e1—0. Néu e;—0 thi tir phwong trinh (6), phuong

&, =x,e — —(8 +3(1)€3

(8 +:;X,)€3 — O

trinh hay

e, + cling céd nghiém
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e, =exp(—(8;—a)t) Do d6 khi t-oo thi

63—)0.

Dé tim duoc luat diéu khién trugt dya vao mat
truot, bai bio nay st dung ham Lyapunov dé dam
béo tinh én dinh cua hé chaotic Lorenz. Vi e; tién
vé zero thi es tién vé zero, nén ham Lyapunov xac
dinh duong duoc chon dua vao e va e; nhu sau:

V:%(e12+ezz) 7

Lay dao ham hai vé ciia phwong trinh (7) dat
dugc phuong trinh sau:
V= ee +e,e,

(®)

Thay phuong trinh (4) vao phuong trinh (8),
phuong trinh (8) s€ trd thanh

V=(25a+10)(e,—¢)e,

+e,[ (28-35a)e, — y,y; + x,x, +(29a —D)e, +d +u |
oV = —(25a+10)¢’ —e;

+e, [(38—10&) e, — V), +xx,+2%xe, +d+u] )
Dé ¥ <0, chon
(38—100{) e —yy; +xx,+29e, +d +u

= —ksign(e,) (10)
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Véi k 1a hang sb duong.
Do d6 phuong trinh (9) tré thanh
V =—(250+10)e — e} —ke,sign(e,) (11)

Bang 1: Ham V xac dinh Am

s=¢, V
=0 =0
>0 <0
<0 <0

Tir Bang 1 va phuong trinh (7) ¢ thé két luan
rang, luat diéu khién & phuong trinh (10) s& dam
bao déng bd 6n dinh duoc hé chaotic Lorenz. Tur
phuong trinh (10), luat diéu khién trugt duoc xéac
dinh nhu sau:

u=yy,—(38-10a)e —x.x,

—29ae, —d — ksign(e,) (12)

3 KET QUA MO PHONG VA THAO LUAN

Quy dao pha cua h¢ chaotic Lorenz & phuong
trinh (1) dugc mé td & Hinh 1. Néu chua duge
ddng bo thi hé c6 phwong trinh (1) va phuong
trinh (2) s& léch nhau ci vé pha va bién do
(xem Hinh 2). Trong d6, diéu kién dau cua hé
la xi1(0)=-1, x:(0)=3, x3(0)=4, y1(0)=0, yx(10),
y3(0)=1, va nhiéu d=0.1 *sin(1.89t). Tuy nhién,
trong mot sb tmg dung thuc té thi doi hoi phai co
su dong bo ca vé bién do va pha. Do do6, bai bao
nay d& nghi sir dung bd diéu khién SMC dé ddng
b hé thong trén ca vé bién do va pha.

Hinh 1: Quy dao pha ciia hé chaotic Lorenz chi
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Before synchronization between Xy and Y4
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Hinh 2: H¢ chaotic Lorenz chwa dwgc dﬁng bd véi diéu kién diu x1(0)=-1, x2(0)=3, x3(0)=4, y1(0)=0,
y2(0)=10, y3(0)=1 va d=0.1*sin(1.89t)

Synchronization between Xy and Y4
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Hinh 3: H¢ chaotic Lorenz di dwgc dong bd bing b) diéu khién SMC véi diu ki¢n diu xi(0)=-1, x2(0)=3,
x3(0)=4, y1(0)=0, y2(0)=10, y3(0)=1 va nhidu d=0.1%sin(1.89¢)
Néu st dung bo diéu khién truot dugc xdy  v6i do phu hop xdp xi 99.94% (xem Hinh 3). Do
dung nhu phuong trinh (12) thi cha va té trong h¢  phu hop dugc tinh dya trén (Sunil L. Kukreja et
chaotic Lorenz dugc dong bd ca vé bién do va pha al., 2005).
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1 &
_NZ( i_yi)

Fit=|1 =l
N Z (x;)

i=1

2

x100 (13)
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Trong d6 N 1a s6 mau

Luat diéu khién truot duoc trinh bay & Hinh 5.
Luat diéu khién nay dam bao duoc tinh dong bod
ctia hé chaotic Lorenz sau 1.25 s. Tin hiéu sai sd
cta hé thdng hoi tu vé zero (xem Hinh 4). Piéu
nay di minh chimg cho tinh 6n dinh cia hé thong.

Error signal Y%y
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Hinh 4: Tin hi¢u sai s6 giira chii va t¢ sau khi dong b

C6 thé nhan thiy rang, k 1a bién d6 cua ham
sign(ey) trong biéu thirc (12). Ham nay c¢6 nhiém
vu nhu mét ham chuyén d6i dé dua quy dao vé
mat trugt va duy tri 6n‘ dinh trén mat trugt do. Do
do, hing s6 k trong biéu thirc (12) can phai duoc
chon phu hop dé dam bao lut diéu khién khong
bi dao ddng (tao cac xung vudng vdi tin sb cao).

Néu k cang 16n thi hién tugng dao dong trén luat
didu khién cang 16n. Pbi voi két qua mo phong
trong bai bao nay hang s k dugc chon la 0.015.
V6i k duoc chon phi hop thi luat diéu khién truot
dugec mo ta & Hinh 5 khong c6 hién tuong dao
dong. Va luat diéu khién nay c6 nhiém vy dong
b ca vé bién d6 va pha ciia hé Lorenz.

Sliding mode controller

5 T

Anrplitude

51l I I

0 10 20 30 40 50 60
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Hinh 5: Luat diéu khién trugt (12)
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4 KET LUAN

Két hop giira bo diéu khién truot va ly thuyét
6n dinh Lyapunov, bai bao da dé nghi mot giai
thuat déng bo hé chaotic Lorenz gém mot hé chu
va mot hé té. Pay 1a mot hé phi tuyén va rat nhay
v6i didu kién ddu. Tuy nhién, két qua mé phong
cho thdy giai thuat da dap ung dwoc kiéu kién
ddng bod cho hé thdng trén voi d6 phut hop xép xi
99.94%.

Gia st rang néu hé Lorenz c6 nhiéu hon mot
chu va mot t& thi viée df”)ng bd chéc chin tré nén
kho khin hon. Do d6, két qua trong bai bao nay
14 co s& ban dau dé nghién clru vé su dong bo cua
hé nhiéu chu va nhiéu to.
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