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Tém tit: Déng bd hdn loan ludn 1a vin d& duge quan
tam vi cac hé hén loan chéng lai su déng bo hoa do ¢6 sb
mii Lyapunov dwong. Do sy nhay cam véi diéu kién dau
cua tin hiéu hdn loan nén sy hoi tu cua hai quy dao giéng
hét nhau ciing hiém khi xay ra. Trong bai béao nay, ching
t6i d& xuit mot phuong phap dong bo hda hén loan dugc
ap dung trong thong dya trén hdn loan. Trong phuwong phap
ctia chdng tdi, mot thuat toan diéu khién phi tuyén vai tiy
chon k-hang sé dugc dé xuat dé ddng bo toan cuc gitra hai
hé théng hdn loan. Dic biét, cach tiép can cua ching toi
c6 thé giam thoi gian dong bo hoa so véi cac phuong phap
dugc d& xuit truge d6. Mo phong s6 xac nhan hiéu qua cua
phuong phap dé xuit.

Tirkhoa: ddng bo hdn loan; didu khién phi tuyén, thuyét
6n dinh Lyapunov.

. MO'BPAU

Céc hé théng hdn loan kha don gian, nhung ching co
thé tao ra cac tin hiéu rat phiic tap [1]. HOn loan thé hién
trang thai 16n xon thiéu trat tu cua cac hién tuong tu nhién.
Vé mit khoa hoc, ly thuyét hdn loan dung d& mé hinh hoa
mét hé théng van dong cd vé nhu khdng c6 trat ty, nhung
lai tuan theo mot quy luat va nguyén tic nao d6 véi cac dic
diém dic trung nhu nhay cam véi diéu kién dau; van dong
bat quy tic trong mat phang pha va 1a hé thong khéng co
céc thong sb thong ké xéac suat (day la diém khéc biét voi
qué trinh ngau nhién) [2]. Su nhay cam véi diéu kién dau
lién quan dén ham mii Lyapunov. S6 mii Lyapunov duong
la mot tiéu chuan xac dinh hanh vi hdn loan trong hé dong
hoc phi tuyén. Néu sé mii 16n nhat caa hé dong hoc dwong
thi hé dwoc mé rong va cac quy dao Ian can s& phan ky. Vé
ban chét, s mii Lyapunov dinh lwong d6 nhay cam vao
diéu kién dau cua quy dao trong vang hat. Khi c6 it nhat
mét s6 mii Lyapunov duong, quy dao 1an can s& phan ky
theo cip s6 nhan, hé sé gian no theo mot huéng hoic nhiéu
huong.

Hién tuong hdn loan da duoc biét dén tir nhimg nam
cudi cua thé ky 19. Poincare Ia nha khoa hoc déau tién da
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quan sat va dua ra théng bao quan trong lién quan dén tinh
trang hdn loan trong cac hé thong dong phi tuyén [3]. Ban
chat nhay cam cua céc hé thng hdn loan thuong dugc goi
14 hiéu ing canh buém [4] - mot hién tugng duoc tim ra
boi Edward Lorenz. Bong bo héa hé théng hon loan la mot
hién tuong c6 thé xay ra khi hai hoac nhidu bo dao dong
hén loan ghép hoic khi mot dao dong hdn loan dan dong
mot dao dong hon loan khac [1]. Vi “hiéu tmg canh buém”
gay ra su phan ky theo cp s nhan cua quy dao cua hai hé
thong hdn loan giéng nhau bat dau véi cac diéu kién dau
gan nhu gibng nhau, viéc dong bo héa hai hé théng hdn
loan dudng nhu van dé rat thach thie. Hé thong hdn loan
cu thé dugc goi 1a hé théng chinh hoic hé thong dan thi hé
thdng hdn loan khac dwoc goi la hé thong phu hoic hé
thdng phan tmg, sau d6 y tuéng cua viéc ddng bo hoéa la su
dung dau ra cia hé thong chinh dé diéu khién hé thdng phu
sao cho dau ra cua hé théng phu theo sat dau ra cia hé thong
chinh mot cach tiém can.

Mot nghién ciru dugce khai xudng béi Pecora va Carroll
da chirng minh rang hai hé théng hdn loan c6 ciing mot tap
cac gia tri tham s c6 thé duoc dong bo hoa vai nhau [5].
Két qua nay co ¥ nghia quan trong dbi vai viéc thiic day
nghién ctru tng dung hén loan vao cong nghé thong tin. Vi
s6 mil Lyapunov duong, mot hé thong hon loan khong ddng
bo vai bt cir hé thdng ndo [6]. Su ddng bo hda cua hai hoic
nhidu hé théng hdn loan bat ngudn tir suy nghi thong
thuong 1a hai didu kién dau s& xuat phat gan nhau trong
khong gian pha. BSi véi hai hé théng hdn loan riéng biét,
quy dao duogc bét dau véi diéu kién dau gan nhau ciing s&
phan ky Hai he thong hén loan khong ghép ndi giéng hét
nhau CO s6 mil Lyapunov duong gap doi so voi chung dugc
ghép noi [6] Hay noi cach khéc, c6 thé thém vao cac ghép
noi gitra cac hé thong rleng Ié dé thay doi pho Lyapunov-
thy thugc vao khép ndi va cac hé thong cu thé, tir do c6 thé
giam hoic tang sé mii Lyapunov duong.

Sau Pecora va Carroll, nhidu phuong phéap ddng bo hoa
da duoc phét trién nhu nam 1989, Aranson va Rul'kov da
Xuit ban mot bai bao phan tich cac ving ddng bo héa trong
céc hé théng dong luc hoc da chidu [7]; Afraimovich va
cong su da xudt ban mot bai béo ndi tiéng vao nam 1986 vé
su dong bo héa I3n nhau cua hai dao dong thoi gian khong
tu hanh, hdn loan [8] ... Cho dén nay, dong b hda hdn loan
da dugc nghién ctu trong nhiéu linh vye nhu vat Iy [9], hoa
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hoc [10], sinh hoc [11], diéu khién, nhu diéu khién ché do
truot [12]...

Trong bai bao nay, ching t6i d& Xuat mot phuong phap
dong bo hdn loan sir dung phuong phap diéu khién phl
tuyén két hop Iy thuyét 6n dinh va duoc ap dung trong céc
hé théng truyén thong bao mat dua trén hdn loan.

Bai bao nay duoc cdu tric nhu sau. Dau tién, chdng toi
mo ta md hinh hé thdng thong tin bao mat duya trén hdn
loan. Gii thiéu dic diém cua tin hiéu hdn loan va ddng bo
hon loan, mt phuong phép ddng bo hoa hdn loan duge dé
XUat, phan tich cac uu diém cta phuong phap, két qua mo
phong duoc trinh bay trong phan tiép theo. Cudi cung 1a
thao luan va két luan.

Il. MO HINH HE THONG

M6 hinh ciia cac hé théng truyen tin dya trén hdn loan
dugc thé hién trong Hinh 1 [13].

m(t)

Bo phat | *(t) O

hdn loan +

.| Bo phat
| hén loan

Y
A

Hinh 1. Hé théng théng tin dua trén hén loan

Day 1a hé thong cua Cuomo va Oppenheim, ban tin géc,
m(t), c6 bién d6 nho dugc cong véi tin hiéu hon loan, x(t),
¢ bién do 16n hon dé tao ra bién s(t). Bién nay duoc
truyén dén phia thu, & day gia st ¢6 su ddng bo hon loan
giita phia phat va phia thu. Sau do, ban tin khéi phuc bang
céch thyc hién phép trir giita tin hiéu truyén trén kénh s(t)
va tin hiéu hon loan , x'(t).

Néu khdng c6 su ddng bé giita phia phat va phia thu thi
hé théng thong tin hdn loan dwoc thuc hién nhu Hinh 2.

Trong md hinh nay, théng tin géc, m(t), dugc cong

thém vao tin hiéu hon loan, x, (), trude khi duge dua lén
kénh truyén. Nhu vay tin hiéu trén kénh truyén s¢ la:

s(t)=m(t)+x(t) ©)
SO e
N
Bo phat | %(!) S(t); .
honloan | + T

Hinh 2. Hé thdng théng tin duwa trén hén loan cé déng bo
hoa

Tai b thu sé tién hanh ddng bo hoa giita b thu tin hiéu
hdn loan va bo phat dé c6 dwoc céc tin hiéu hdn hop trong
bo thu. Sau khi ddng bo, hé thdng s& lay tin hiéu nhan duoc
tir kénh truyén, s(t), trir di cac tin hiéu hdn loan di dugc
ddng bo, x,(t), dé khoi phuc lai thong tin géc.

m'() = s(t) - x, (t) = m(t) )

Do dic diém cua tin hiéu hdn loan x, (¢) 1a van dong
bit quy tic va nhay cam véi diéu kién dau nén khi dwoc
cong thém tin higu hdn loan, n6 s& lam ting gid tri entropy.
Chinh vi vay, tin hiéu s& kho c6 kha nang giai ma thong tin,
gilp hé théng nang cao tinh bao mat.
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Tuy nhién, do khong ¢6 dac tinh chu ky nén tin hiéu
hon loan ciing gy ra nhitg khé khan rat I6n trong viéc
ddng bo tin hiéu giira may thu va méy phat. Do d6, hé thong
chi c6 thé hiru dung néu giai quyét duoc van dé dong bo
hén loan.

Trong bai bao nay, chiing t6i d& xuat mot phuong phép
ddng bo hoa hdn loan vaéi do chinh xé4c théa dang dé dam
bao tinh kha thi cia md hinh hé thong. Trong phuong phép
nay, hé théng van c6 thé dong bo ma khong can théng tin
trang théi hé thong cua hé thong dan dong.

1. TIN HIEU HON LOAN VA BPONG BO
A. Tin hiéu hén logn

i Héx xem xét hé thong dong Lorenz lién tuc [14] duoc
biéu dién bang phuong trinh sai phan sau:

dx

—=o(y-x)

dt

d

e ©)
dt

dz

— =xy -z

dt

Trong d6 x,y,z la céc bién trang thai; o, p, B 1a cac
tham sé cua hé thong, twong tng véi sé Prandtl, sb
Rayleigh va céc kich thudc vét ly cua chinh 16p do. bé giai
he phuong trinh (3), ta chon gié trj cua cac tham sb la hang
sb. Theo Saltzman(1962) dito = 10, vivay B = 8/3, 56
Rayleigh dé dam bao tinh khong on dinh xay ra khi p =
24.74. Ta ciing c6 thé chon gia tri gan toi han, p = 28, khi
d6 hé Lorenz roi vao trang thai van dong hdn loan [15].

Hinh 3 m6 phong hé Lorenz véi cac gid tri p khac nhau.

p=14,0=10, B =83 p=13,0=10,8=8/3

p=15,0=10, B =83

p=28,0=10,8=8/3

Hinh 3. Hé Lorenz véi cac gia trji p khac nhau.

Hinh 4 12 khdng gian pha cua hé Lorenz c6 gié tri dau
gidng nhau, nhung véi dung sai twong ng 13 1073 (duong
mau xanh) va 10 (duong mau do6). Hai quy dao nay duong
nhu khac nhau khi nhin vao bén trong cua nd, mot bén mau
xanh va mot bén mau dé. Tuy nhién, rat khé c6 thé xac dinh
mot cach chinh xac dwong nao nhanh hon va diém bt dau
tao nén su sai khac. Dé lam rd hon van dé nay, ching toi
chia d thi 3D thanh ba thanh phan riéng biét nhu hinh 4.
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Hinh 4. Khéng gian pha v&i dung sai khac nhau trong hé
Lorenz hén loan

Hinh 5 md phong phuong trinh Lorenz véi cung diéu
kién dau nhung tan s6 ldy mau chénh nhau 3.5 1an. Tan sb
IAy mau cang I6n thi d chinh xéac cang cao. Trong khoang
thoi gian tir 0 dén 5s, hai quy dao nay tring nhau, nhung tir
5-10s thi dd c6 su sai khéac, va dan dén sai khac hoan toan
khi thoi gian mod phong dat dén 50s.

,M Mu

f

2 T T T

Hinh 5. Sy sai khéc cua céac thanh phén x, y va z trong hé
Lorenz hon loan véi toc db Iay mau sai khac nhau 3.5 lan.

B. Pong bé hén logn

_ Hay xem xét h¢ théng Lorenz bao gom mot h¢ thdng
dan dong va mot hé thong phan tng. Hé thong dan dong
dugc md ta bang phuong trinh dong luc hoc Lorenz nhu
sau:

dx,
e =o(y, —x)

dy,

Pl S At (4)
& Y, = F1z
d xl 1 1

Hé thong phan tmg ciing duoc md ta bai hé théng dong
Lorenz:

58 02 (CS.01) 2021

d
i—o-(yz—x)+u

dt

L:/))(z_)lz_)(zzz"—l'lz ®)
dt

di=xy -pz,+u

dt 272 2 3

O day, u,(i = 1, 2, 3) la luat diéu khién can duoc Xac
dinh dé dam bao hé thong phan tmg dong bg véi he thong
truyén dan dong.

Sai sb giita hai hé théng hdn loan dugc xac dinh:

€ =X—-X
&=Y,— Y (6)
€&;=2,-17

Dao ham trén hai vé cia phuong trinh (6), sau do6 thay
phuong trinh (4) va (5) vao ta thu duoc phuong trinh vi
phén cua sai s6 hé théng nhu sau:

de
d—tlzﬁ(ez
at PE

de

—e)+Uu,

=€, X2, = X7 +U, (7)

=P8 = XY, + XY, +Us

Nhigm vu cua luat diéu khién 1a dam bao sy dong bo
gitra h¢ thong dan dong (4) va h¢ thong phan ung (5) sao
cho sai s6 (6) ve 0.

Lwa chon luat diéu khién:
u, =—ke, —oe,
u, =—ke, — p& +x2, — X, 2, (8)
Uy =—Ke; =X Y, + XY,

Trong d6 k 12 hang s6. Tir phuong trinh (7) va (8) ta ¢6:

de,
— =—(o+k)e
dt (e+ke
de
= ke, ©)
de
=—(B+K)e,
Giai phuong trinh (9) ta duoc:
e1 — e—(o—+k)t , ez — e—(l+k)t ’ e3 — e—(ﬁ+k)t (10)
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Hinh 7. §éng bé hén loan (a) Cac bién x, y, z va (b) la sai sé tuong tng so v6i phuong phép [12].

_Khi ¢ tién dén oo thi e;, e,, e; tién dén 0, nghia 1a hé
thong dan dong va hé thong phan tmg dong bd véi nhau.

Dao ham hai vé ciia phuong trinh (11), ta co:

dv(e) _ de de, de, 12
\ Ham Lyapun_ovV phai luén duopg trén R3\{0}, dao dt *dt | Zdt esa (12)
ham cua né phai luén &m trén R® va V(0) = 0, vay nén
chon ham Lyapunov dé dam béo tinh on dinh cta hé hon Thay phuong trinh (9) vao (12), ta duoc:
loan Lorenz [16]: av (e)
T —(o+k)e’ — (L+Kk)eZ — (B +k)e? (13)

V(e) =%(ef+e§ +€2) (11)
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Chuing tdi nhan thdy rang V (e) 1a mot ham duong trong
R®vaV’(e) lamotham am trong R®, tic la hé 6n dinh tai
diém céan bang (0,0,0). Theo ly thuyét 6n dinh Lyapunov,
lua chon luat diéu khién nhu phuong trinh (8) thi s& dam
bao su 6n dinh cua cac hé théng hdn loan Lorenz.

IV. KET QUA MO PHONG VA THAO LUAN

D¢ thir nghiém, chiing tdi tién hanh mé phong luat diéu
khién dong bo & trén bang phuong phap Runge-Kutta véi
cac tham sé o = 10,p = 28,8 = 8/3 va diéu kién dau
cho hé théng dan dong la x,(0) =10,y,(0) =
18,2, (0) = 14, diéu kién dau cho h¢ phan tmg duoc xac
dinh nhu sau: x,(0) = 17,y,(0) = 22,2,(0) = 9. Hang
s6 k duoc chon lan luot 12 1, 10 va 100, véi truc thoi gian
duoc tinh theo don vi gidy (s) minh hoa trong Hinh 6.

Chung t6i cling mé phong phuong phap ddng b trong
[12] dé so sanh, két qua md phong dugc thé hién trong Hinh
7. Hinh 7 (a) md phong ba bién x, y, z ciia ham hdn loan
Lorenz va (b) la sai s e, e,, e5 khi k dugc chon lan luot Ia
10 va 50, dugc xac dinh theo phuong trinh (6). Ca ba thanh
phan sai s6 déu rat nhanh chéng tién tgi 0 cho ca ba thanh
phan, thé hién sy dong bo hda toan cuc; trong khi phuwong
phép [12] c6 thanh phan e,, e; dao dong kha nhiéu, thé
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kénh. Két qua md phong duoc thé hién trong Hinh 8. Trong

phuong phap ctia ching t6i, thdng tin khdi phuc chinh xac

hon phuong phap trong tai liéu tham khao [12].

Phuong phép d& xuit ciing dat dwoc két qua tuong tu
khi so s&nh véi phuong phap dugc dua ra trong tai liéu tham
khao [17], minh hoa trong hinh 9.
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dong bo hon loan
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Hinh 9. Pdng bé hén loan (a) Céc bién x, v, z va (b) 1a sai sé tuong (mg so véi phuong phép [15]

hién két qua dong bo hoa khong duoc tht.

So véi phuong phap trong [12], phuong phap cta ching
t6i mat it thoi gian hon dé dong bo hda. Mt khéc, hiang sé
k cang lon thi thoi gian déng bo cang nhanh. Diéu nay c6
thé duoc giai thich 1a do hang so k trong phuong trinh (8)
hoat dong nhur mot bo khuéch dal sai so gitra hai hé thong
hdn loan. Tuy nhién, néu hing s6 k qué I6n, ham diéu khién
s& dao dong (tao ra xung vudng tan sb cao).

Dé chirng minh 16 hon két qua dat dwoc, ching t6i ciing
md phong tin hiéu m(t) = 5sin(5wt) duoc truyén trén
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KET LUAN

Trong bai bao nay, mot phuong phap dong bo héa hdn
loan st dung bo diéu khién phi tuyén da duoc dé xuét. Ung
dung cua hé théng ddng bo hdn loan cé thé duoc st dung
dé tiép can thanh cong cac hé théng thong tin lién lac dugc
bio mat. Mot wu diém dang ké cua cach tiép can nay la
giam dang ké thoi gian dong bo hoa va sai s6 bang cach
chon céc hang sb k mot cach thich hgp. M6 phong s6 ciing
cho thdy hiéu qua cta phuong phap dé xuat.
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THE NONLINEAR CONTROL ALGORITHM
WITH PARAMETER SELECTION - A GLOBAL
SYNCHRONOUS MOTHOD

Abstract: Synchronization of chaotic systems has
always been intriguing, since chaotic systems are known
to  resist  synchronization  because of their
positive Lyapunov exponents. The convergence of the two
systems to identical trajectories is a
surprise. In this paper, we propose a chaotic
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synchronization method to be applied in chaos-based
communication. In our method, a nonlinear control
algorithm with k-constant selection is proposed for global
synchronization between two chaotic systems. In
particular, our approach can reduce synchronization times
compared to previously suggested methods. Numerical
simulation confirms the effectiveness of the proposed
method.
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