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Abstract

This paper discusses the design of a sliding controller for secure communication of electronic circuits based on a master
and slave chaos system. Firstly, we present a 3D model of the chaotic system. Secondly, we improve the mathematical models
of the Master and Slave systems using the Takagi-Sugeno fuzzy system (T-S). Thirdly, we propose new algorithms for sliding
control for signal assimilation of Master and Slave systems. Fourthly, we prove the stability of the control method. Fifth, the
MATLAB simulation results confirm the proposed control theory to be completely accurate, and the synchronization process
of chaotic systems is successfully tested through experiments related to electronic circuit communication. The Slave system

states are precisely monitored states of the Master system.
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Bai b4o nay thao luan vé viéc thiét ké bo diéu khién truot
dé truyén thdng an todn cac mach dién tir dya trén hé théng
hdn loan cha va phu. Dau tién, mot md hinh hé théng hdn
loan 3D dugc biéu diZn. Tha hai, cd&c md hinh toan hoc cua
hé thdng chi va phu duoc cai tién thanh hé mo Takagi-
Sugeno (T-S). Thua ba, bai bao dwa ra mot sé thuat toan mai
cua diéu khién truot cho viéc ddng bo hda tin hiéu cua hé
thdng chii va phy. Thir tu, viéc 6n dinh ctia phuong phap diéu
khién da dugc chiang minh mot cach hop ly. Thir nam, két
qua md phong MATLAB xac nhan ly thuyét kiém soét dugc
dé xuit 13 hoan toan chinh xac va qua trinh dong b héa cac
hé théng hdn loan dugc kiém tra thanh cong théng qua céc
thi nghiém lién quan dén giao tiép mach dién tir. CAc trang
thai cua hé théng phu 1a céc trang thai duoc theo ddi chinh
xéc cua hé théng cha.

1. Gi6i thiéu

Su phat trién vuot bac cua khoa hoc ki thuat kém theo
cac cudc tan cdng mang ngay cang tinh vi hon. Cac hé thong

bao mat thong thuong khdng dap tmg dugc yéu cau, vi vay
nhu cau vé bao mat an toan thong tin duoc quan tam. Cac
cdng trinh nghién cuu bién phap mai ting cuong do tin cay
va an toan cua cac hé théng bao mat thdng tin 1a can thiét.
Trong d6 viéc &p dung cac dic diém cua hé thong hdn loan
va hé thdng an toan thong tin dwoc chi trong. Mot hé théng
an toan théng tin sir dung hé hdn loan bao gdm hé théng chu
va hé théng phu. Céc diéu kién ban dau cua hé théng chu va
phu 1a khac nhau didu nay dan dén su khac nhau giira cac
trang thai cua hé thong hdn loan khac nhau. CAc trang thai
cua hé thong chu va hé théng phu dugc sir dung dé ma hoa
va giai ma di liéu nén hé thdng phu can duoc diéu khién ddng
b6 véi hé thdng chu. Bé dong bo tin hiéu giita cac hé thong
nay, viéc diéu khién phai duoc thuc hién chinh xéc. Trong
nhitng nam gan day nhiéu nghién cau &p dung dong bo hoa
hé thong hdn loan di dwoc dé xuit. Hé thong hdn loan dwoc
sir dung trong bai béo nay va khai niém co ban vé déng bo co
thé tim thay trong [1]. Thuc hién m& héa T-S cho hé hdn loan
va ddng bo hoa trén hai may tinh dwoc két ndi va trén mach
dién tir c6 trong [2]. Hé thong an toan thong tin duoc thyc
hién trén mach dién tir va dat dwoc két qua kha thi c6 thé tim
thay trong [3]. Thuc hién diéu khién dong bo hé hdn loan thi
tu phan so dugc thao luan trong [4]. Cac phuong phap diéu
khién ddng bo héa thuc nghiém trén mach dién tir ¢ trong
[5-6]. Diéu khién ché do trugt cho hé thong an toan thong tin
ctia mach phan tir logic da duoc thao luan trong [7]. Truyén
thong am thanh an toan cua dong bo hé hdn loan dugc thé
hién trong [8]. Mot s6 phuong phap quan sat va loai b nhiéu
dugc thao luan trong [9-10].

Bai bao st dung lai hé thong Liu di duoc st dung trong
[1] va [6]. Thuat toan diéu khién dwoc d& xuat bao gom mot
b6 didu khién ché do truot duogc tich hop méi thuat toan thich
nghi. Hé théng hdn loan duoc viét lai dudi dang mo héa T-S
va chi dugc sir dung cho viéc thiét ké diéu khién ché do truot.
Hé thdng chu va phu van sir dung ¢ dang hé thong Liu.

Received: 10 March 2023; Accepted: 21 April 2023.



Measurement, Control, and Automation

Diéu khién truot 1a phuong phap diéu khién phi tuyén,
gom hai thanh phan diéu khién dong cét dua trang théi cia hé
thong tién vé mat truot va thanh phan diéu khién tuong duong
giit trang thai hé théng trén mit truot da chon[11-13]. Tinh
on dinh ctia by diéu khién tuan theo dinh luat Lyapunov[14].

Diéu khién thich nghi Ia mot phuong phép diéu khién tu
dong trong d6 cdc thong so diéu khién duogc diéu chinh lién
tuc dé dap tng céc yéu cau hoat dong thay doi cua hé thong
didu khién[15]. Cac thong sé diéu khién nay co thé la cac
hang s6 hoac cac ham chic nang. Phuong phap diéu khién
thich nghi sir dung cac thuét toan tu dong hoc hoac cac thuat
toan giai tich dé udc lugng va diéu chinh céc théng s diéu
khién. Thuat toan hoc duoc dua trén cac mé hinh toan hoc
cuia hé thdng va céc thong sé duoc cap nhat lién tuc bang cach
phan tich céc tin hiéu dau vao va dau ra cua hé thong. Két
hop diéu khién truot véi diéu khién thich nghi gidp hé thong
c6 thé dap tmg nhanh hon véi cac bién dong cuia hé thdng va
dat duoc hiéu suat tot hon. Diéu khién truot dwoc st dung dé
thiét 1ap mot mat phing truot dic biét dé giam do léch gitra
trang théi thuc té va trang thai muc tiéu. Didu khién thich nghi
c6 thé duoc sir dung dé diéu chinh céc thdng sé diéu khién
cuia thanh phan gay ra hién twong rung dua trén céc tin hiéu
dau vao va dau ra cua hé thdng. Cac thdng sb nay sé dugc cap
nhat lién tuc dé dam bao riang hé théng hoat dong tét trong
cac diéu kién bién dong va khong chéc chan.

Hé mo Takagi-Sugeno (T-S) dwoc nghién ciru lan dau
tién vao nam 1985 [16] va dugc md ta ngin gon boi Tanaka
va Wang [17]. Nghién ctru cua Tanaka va Wang gidi thiéu
mot s6 phuong phap tim kiém mo hinh mo T-S bang cach
chuyén d6i mé hinh toan hoc phi tuyén thanh mét két hop cac
hé con tuyén tinh va cac ham thanh vién ma. Mé hinh mo T-
S d6ng vai tro trong viéc md hinh héa phi tuyén thanh cac hé
con tuyén tinh, va khéng lam mat tinh téng quét cua cac dac
tinh cua hé thdng gdc. Viéc sir dung céc bién mo va quy tic
md giip mo hinh héa cac quan hé phirc tap giira cac dau vao
va dau ra cua hé théng mot cach chinh xac hon, déng thoi
ciing giup dé dang diéu chinh cac tham sé va quy tic dé tdi
uu hoa hiéu suat caa hé thdng. Mo hinh m& T-S cé thé duoc
sir dung dé xay dung mot master va slave duoc dong bo hoa
cho céc hé théng hon loan trong cac nghién cau [18-22].
Trong nghién ciu ndy, md hinh todn hoc mo T-S dugc su
dung dé thiét ké bo diéu khién ché do truot.

Bo diéu khién trugt mo T-S ¢6 nhiéu vu diém vuot troi
hon so v6i bo diéu khién truot théng thuong khi dugc st dung
dé diéu khién cac hé thong khong tuyén tinh. Tinh linh hoat
cao gip bo diéu khién trugt md T-S ¢6 thé toi wu hda hiéu
suit caa hé thdng thdng qua viéc diéu chinh cac tham sé va
quy tic. Tinh 6n dinh cao cua b diéu khién trugt mo T-S
dam bao tinh an toan va do tin cay cua hé théng. Do chinh
xac cao duoc dam bao nho viéc st dung cac bién mo. Tinh
dién giai cao gitp dién giai va giai thich cac quyét dinh cua
hé théng mot cach d& dang. Tinh tuong thich cao cta bo diéu
khién trugt mo T-S gilp tich hop vao cac hé théng diéu khién
tu dong phuc tap mot cach dé dang. Do d6, bo didu khién
treot mo T-S 14 giai phap hiéu qua cho cac hé thong khong
tuyén tinh phtc tap.

Hé thong bao mat an toan thdng tin hoat dong dua trén
su dong bo cua hé théng chii va phu. Tin hiéu sau khi dugc
méa hoa boi hé théng chu dugc gui va giai ma bai hé thong
phu. Tin hi¢u hdn hop duoc gui cong khai trén kénh cong

cong. Do chinh xac cua tin hiéu sau khi giai ma phu thuoc
vao hiéu suit diéu khién ddng bo hé théng chu va phu.

Bai béo bao gom cac noi dung: Dau tién, gisi thigu
chung vé hé théng, phuong huéng nghién ctu, ‘phuong phap
dé xuat. Tha hai, md hinh toan hoc cua hé thong duoc viét
duéi dang mo héa T-S. Thir ba, bo diéu khién ché do truot
dugc dé xuit, tinh 6n dinh cua hé thong dugc kiém nghigm.
Thir tur, hiéu qua cua cac phwong an dé xuit thong qua mo
phong MATLAB va thyc nghiém truyén théng an toan théng
tin trén mach dién tir dwoc tién hanh. Cudi cung, két luan va
dé xuat cac phuong hudng phét trién trong tuong lai.

2. Mb hinh toan hoc ciia hé hén loan 3D
2.1. M6 hinh mé T-S

E=g"{xu}é+h" {x,u}u+d

)/:Im{x,u}gZ

V6i & la céc vector bién trang thai c6 n thanh phan, &j,
j=12,...,n,i=12,..,

@)

m, m la sb luat mo. y 1a vector dau
ra. g™, h™, and 1™ 1a cdc ham tron. Véi didu kién
& (t)=[§min (1), Emax (t)} ham trong luong cua cic bién
trang thai dugc xac dinh nhu sau:

Ehax =1 0)

Ehex = Ehin )
7 (&5) =1-7{

Khi d6 hé (1) dugc viét dudi dang mo hda T-S nhu sau:

§Zw

y=C¢ 3
Trong do, ¢ R™Y9, ueR™Y va yeRPY 1a cac bién
trang théi hé thong, dau vao diéu khién va dau ra tuong ng
cia hé théng. d la nhidu cia hé théng. A e R™Y |

nd (&) =

A1§+AA1§)+(BU+ABU)+Dd}

BeR™™, C e RP" I3 c4c ma tran trang thai, ma tran dau
vao, dau ra tuong tng. D e R™X 1a ma tran cua nhidu hé
thong. AA e R™Y gia tri thay d6i gan dung cua A
AB; € R™™ gié tri thay ddi gin dung cua B; .

Voi cac ditu kien |Dydj(t)] <&y, [AAy|<Eny, va
|ABU-|35ABU. phai duoc thoa man. Voi &y, anir Sasj

xac dinh tl'(zh cuc duong. w

Nhirng nhiéu loan va gia tri khong xac dinh dwoc to hop lai
thanh mot bién AAX+ABu+D;d =Ejl , véi E; eR>® 1a
mot ma tran hing xac dinh truéc va I=[l, lp,... ;1 .
Phuong trinh (3) ¢6 thé viét lai duéi dang sau:
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E=

i
y=C¢& 4

V6i @i 13 ham thanh vién ma cua hé thdng va duge xac dinh:

@ (‘f)=ljl’7ij (5i ) )

I ™M=

lwi {EHAS +Bju+EjL}

2.2. M6 hinh m& T-S cho hé hén loan
Bai bao str dung hé hdn loan Liu dé thiét ké hé thong an toan
thong tin. HE hon loan Liu ¢6 mé hinh toan hoc:
X = =0 + fixy
XZ = —hX1X3 (7)
X3 = O'hX]_2 +hx1x2 -p [ h
Trong d6 X, Xo va X3 1a cac bién trang thai; a, S, o, p,Vvah
la cac hang sb xac dinh ciia hé théng. Vi a=1 g =2,
o0=1 p=23,va h=2 thi hé¢ phuong trinh (6) roi vao trang
thai hon loan.

X1 -a-Aa L+AB 0 X1
Xo | = 0 0 (-h-Ah)xq || x2
X3 (oh+Ach)x  (h+Ah)xq 0 X3
@)
0
+ 0
—plh+App

Véi o (%) =7; (%) Hé théng (8) co thé viét lai dugi dang
mo T-S nhu sau:

2
= o {Xl }{(AierAAierH}
i=
y=C¢ 9)
Trong d6 & € R 14 cac bién trang théi hé théng. ¥ giatri
thanh vién cia hé théng mo. A € R¥*3, ¢ < R™® 1a cac ma

tran gan ding. AA € R¥31a cac ma tran khong chac chan.
H 14 vector hang.

(-1 2 0 -1 2 0

A=l 0 o0 10[,A=l0 0 -10|va
10 -10 0 10 10 0
0

H=| 0 | hamthanhvién o = —amax—X
—d/k X max ~ XLmin

@ =1-@, Xmax =5 Xymin =0

Dé hé théng (9) c6 thé hoat dong 6n dinh thi thanh phan
khéng chic chin cua hé théng phai théa man
|—AOLX1 + Aﬁle < 11 max |—AhX1X3| < |2 max va

‘Aahxlz +A,

< lSmaXa voi IlmaXv I2maXv va I3me1x la
nhitng hang sé xéac dinh duong.
Hé thong cha dugc biéu dién dudi dang:

Xim = —(Aam 'HZ)le +(Aﬁm +ﬂ)X2m

Xom = —(Ahmy + h)xlmXSm

; 2

Xam = (oh+Achm )X, + (h+Ahy g )X X0
—(plh+Am)

Véi m 1a ki higu dai dién cho hé thong chi. Aay,, Afm,

Acpy, Ahy, Aphy,va Ap, 13 cac gia tri thay doi cua cac

tham s6 hé théng. Hé thdng cha cé thé viét lai dudi dang mo
T-S nhu sau:

) 2
fm :zwl(xlm)[Algm + Hm + Eilm]
i=1
’m :C§m (11)

Dé hé thong (11) ¢6 thé hoat dong on dinh thi thanh phan
khong chac chan caa hé thong phai thoéa mén

|_Aamxlm + Aﬂmem| < hmmax>

(10)

|_Ahm X1m*3m | < I2m max

N 2 - N
va ‘Aamhmxlm +Aphm‘ <lzymaxs VOl hmmax: lammax: Va
lsmmax 12 nhitng hang sb xac dinh duong.

Hé théng phu dugc biéu dién dudi dang:

)'(1S = —(Aas +a)xls +(Aﬂ5 +ﬂ)x28 +ugy +dSX1
XZS = _<Ahx25 + h)Xlsxss +USX2 + dSX2

) 2
X3S = (Uh + AO'hS )xls + (h + AhX3s )XistS
—(p! h+Ag)+ugy, +dsx,

(12)

Vi s la ki hi¢u dai dién cho hé théng phu. Aag, ABg, Aoy,
Ahg, Achg,va Ag 13 cc gid tri thay doi cta cac tham sé hé
thong. dsy,, dsx, . Va sy, Usx .+ Usx, » V& Usx, lan luot
la cac gia tri nhiéu loan va gi4 tri diéu khién tuong (ing Vi
cac bien trang thai xq, Xo5, Va X35 ; Hé thong phu co thé viet
lai dudi dang mo T-S nhu sau:

2
& =Y wj(x5)[A&s +Bjus + Hg + Ejls]
i-1
7s =C&s (13)

Dé h¢ thong (13) c6 thé hoat dong on dinh thi thanh phan
khdong chac chan caa hé thong phai thoa mén
|—Aasx13 +Aﬁsx23| < hsmax |_Ahsxlsx3s| <lsmax Va

V6i s max losmax, Va

2
‘Aashsxls +Apps < I3y max

l3smax 12 nhitng hang s6 x4c dinh duong.

3. Xay dung bd diéu khién

3.1. Piéu khién trwet cho hé théng ddng bd hda
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Sai s gitra hé thong chu va hé théng phu dugc xac dinh:

e=4m—3Ss (14)
Hay:

2 2
S:za)l {le} a’l{xls}{'%[égm_égs]_Bius+Ei|}

i=1 i=1

15
+]e (15)
D¢ dong bo héa tin hiéu cia h¢ thong chia va phy mot cach
thich hop, ta chon diéu khién ché do truot v6i bé mat ché do
truot tich phén ty 1€ nhu sau:

S=e+ ﬂje (16)
Hay
S=6+1e (17)
Véi 4 la ma tran duong chéo duong duge xac dinh:
4 0 0
A=|0 A, 0 |, phuong trinh (16) duoc viét lai nhu sau:
0 0 14
2 2
= za}l {le}zwl {Xls}{Ai [fm _§s]_ Bjus + Eil}
i=1 i=1
+e (18)

Véi $=0, Ejl =0 thanh phan diéu khién twong duong cua
hé théng duogc xac dinh:
2 2
-1
Uggs = B Zw, (xam ) D (x5 ) { Ao+ e} (19)

i=1 i=1
Thanh phan diéu khién tuong duong ctua mdi truc Ia:

2 2
Uegst =[L O 01> a1 (Xam) D @ (%15 I Ave+ €]

i=1 i=1

2 2
Uegs2 = [0 1 Olza’l (le )Za’l (Xls )['Aﬁe"‘ el (20)

i=1 i=1
2 2

Uggs3 =[0 O 10D @ (xam) 2@ (x5 ) Ave + 2]
i=1 i=1

Thanh phin diéu khién chuyén mach dugc xéc dinh theo bo
diéu khién relay:
Uswst = Kyg x Sign(sl)
Usws2 = Ku2 XSign(SZ) (21)
Usws3 = kyz x sign (33)
Dé giam anh huong cua hién tugng rung va nang cao hiéu
suat cua qua trinh diéu khién ta sa dung bo diéu khién thich
nghi nhu sau:

t
kUl = klﬂel (T)|dT
0

t
kuz =ka [[e (7)dz (22)
0

t
ku3 = k3‘[|e3 (T)|dT
0

3.2. Danh gia 6n dinh

Dé xéc dinh tinh on dinh ctia bo diéu khién ché do trugt duoc
dé xuat ta chon ham Lyapunov c6 dang:

1 1 1
V(S)ZES:I_2+ESZZ+ES32 (23)
Pao ham hai vé ta dugc:
V (s) =518 +5p%) +5353 (24)
Thay (20), (21), (22) vao (24), va bién dbi ta duoc:

. t t t
V() =-syky ] ey ign(sy ) - soka [ epsion(s; )~ s3kg ] fession(s3)
0 0 0 (25)
t t t
=Ky [s1] I[eg| k55| [ |ea| ~ka]ss I es]
0 0 0
V6i ki, koVa kg la cac hang s6 xac dinh duong thi:
V(s)<0 (26)
Vay phuong phéap dugc dé xuit on dinh theo Lyapunov.

4. Vidu minh hoa

Céu tric cua mot hé truyén thong an toan thong tin dwoc thé
hién nhu Hinh 1 bén duéi.

Tin hiéu gui | T4, hiéy ma hoa Tin hiéu nhan

3 +
ym+ -ys
: X Xs '
H¢ thong chu . ¢ H¢ thong phu
B diéu khién

Hinh 1. CAu trdc truyén thong an toan thong tin.

Phan nay trinh bay két qua mé phong va thyc nghiém. Kich
ban md phong dugc thyc hién trén phan mém MATLAB Sim-
ulink trén may tinh ca nhan véi Windows 11, RAM 12GB va
chip Intel(R) Core(TM) i5-8250U CPU @ 1.60GHz 1.80
GHz. Bé thyc nghiém qua trinh ddng bo hai hé hdn loan trén
mach dién tir ta sir dung hai vi mach AD 633 JNZ va AD 711
INZ Kkét hop véi dién tro loai 1/4W — 1% va cac tu dé biéu
di&n md hinh cia h¢ hon loan va cdc phuong phép duge dé
xuat.

4.1. Matlab&Simulink

Thong s ctia qué trinh md phong trén MATLAB nhur sau: hé
s6 mat trugt /4 =100, 25 =100, va 13 =100. Hé sb cua
bo diéu khién: kg =0.5, ky =0.5, va k3 =0.5.

Céc trang thai ban dau cua hé théng chi va phu:
&m(0)=[0.05-0.2,0.03], & (0)=[0.02,-0.02,-0.01] .

Hiéu sut ciia qué trinh dong b hoa hé thong chir va phu dugc
thé hién trong Hinh 2 dudi day.
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%

=

@

=

£

B

L=

on

=

g

)

S

o

>

=
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0 10 20 30 40 50
Time (s)
(@)

—x2s
4 X

Quy dao trang thai tin hiéu x2

4 . . .
0 10 20 30 40 50

Time (s)

(b)

Quy dao trang thai tin hiéu x3

0 10 20 30 40 50
Time (s)

(c)
Hinh 2. Quy dao ddng bo cac tin hiéu: (a) tin hiéu x1; (b) tin hidu x2; (c)
tin hiéu x3.
Viéc ddng bo hé,a dat dugc chinh x4c va gia tri sqi léch theo
dGi trén ba truc rat nho. Céc gié tri sai léch dugc hién thi trong
Hinh 3 duéi day

0.1
—cl
--=-e2
© b e e3
S
ey O
=
o)
k=
=
3]
<
= -0.1F
<
%]
-0.2 L . .
0 10 20 30 40 50

Time (s)
Hinh 3. Sai s6 cua hé théng ddng bo.
Thoi gian 6n dinh cua hé théng dong b trén cac truc Xy, X2 va
xs 1an luogt 13 Ty <6.41x107(s), Ty <1.15x107°(s),
Te3 <3.9x1073(s). Sai sb theo ddi trong khoang
e e[—10‘2;6.4><10‘7] V), & ¢ [—1.8><10_1;1.15><10_5]

(V), & e[—2.57x10‘5;4x10—2] (V), dbi véi ddng bo hoa

trén cac truc xu, Xz va xs. Cac quy dao pha cua cac h¢ thong
chu va hé théng phu duoc hién thj trong Hinh 4 bén dudi.

11
4 T T
——Pha x1x2s
- - -Phax1x2m
2 L 4
.2
o]
T 0
IS
B
2k
4 . . I I . . I I
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
x1-axis
(@)
6 T T
——Pha x1x3s
- - -PhaxIx3m| |
.2
o]
T
o
»
»
=
?
)
=

x2-axis
(c)

Hinh 4. Biéu d6 pha cua hé théng.

0

Tin hiéu giri va tin hiéu nhan
~o E (=)}

(=]
T

20 30 40 50
Time (s)

(@)

(=]
(=]

T
= Tin hi¢u ma hoa

Tin hiéu ma hoa

Time (s)

(b)

Hinh 5. Két qua md phong truyén thang: (a) tin hiéu gui va tin higu nhan;
(b) tin higu ma héa.
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Tin hiéu gui va tin hiéu nhan duoc 13 gibng nhau ngay ca khi
bi anh huong bai nhiéu va khac hoan toan véi tin hiéu ma hoa
dam bao cho viéc bao mat thong tin. Cac két qua md phong
cho thiy phuong phap diéu khién duoc dé xuat dap tmg nhu
Cau ciia qua trinh dong bo hé hdn loan va bao mat thong tin.

4.2. Két qua thuc nghiém

Dé thuc nghiém qua trinh ¢ong bo hai hé hdn loan trén mach
dién tir ta s dung hai vi mach AD 633 JNZ va AD 711 JNZ
két hop voi dién tro loai 1/4W — 1% va cac tu gdm dé biéu
di&n mo hinh caa hé hdn loan va cac phuong phap duge dé
Xuét. Cac phép nhan va chia dwoc thuc hién bang vi mach AD
633 JNZ, va phép cong va trir dugc thuc hién bang vi mach
AD 711 JNZ. Pién 4p dién thé thuc nghiém dwoc cung cip
bai thiét bi ngudn mot chiéu GWINSTEK GPS-2303. Thiét
bi do luong 1a may dién song ky thuat s6 GWINSTEK GDS-
2104A.

Cac tham sb cua bo diéu khién: Mat truot c6 hé s6 /q =10,

9 =10, va Jg =10. H¢ s cua bo dieu khién thich nghi:
Ky =0.25, ky =0.25, vakg =0.25. Cac gié tri ban dau

duoc cai it theo gia trj dién tré va tu dién. So dd thuc nghiém
duoc b6 tri nhu trong Hinh 6 dudi day:

Bo diéu khién
T

Hinh 6. So d6 thuc nghiém

Céc trang thai cua hé thong phu dugc dong bo gan véi trang
thai cua hé thong chu két qua duoc thé hién trong Hinh 7. Cac
quy dao pha cua hé théng thuc nghiém dugc thé hién trong
Hinh 8. Két qua thuc nghiém cho thiy quy dao pha thu duoc

kha tong ty véi két qua md phong trén phan mém MATLAB,

h¢ thong chu va hé thong phu van giir ¢ trang thai hdn loan
sau khi dong bo.

AN

A
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0 = J( 28ns (m ©.008s )[ @ < 0.00U DC|

(@)
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) 28ns (@ @.008s |[ @ f 0.98V )

©

Hinh 7. Quy dao ddng b¢ céc tin hiéu: (a) tin higu x1; (b) tin hiéu x2; (c)
tin hiéu x3.
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Hinh 8. Quy dao cac pha.

Sai s6 cuia qua trinh dong bo nho duoc thé hién trong Hinh 9,
sai s6 theo ddi trong khoang e [-80;100] mV,
e, €[-80;84] mV, e3 €[-250;130] mV. Tin hiéu gui va tin
hiéu nhan dwoc thé hién nhu trong Hinh 10. Tin hiéu dwoc
thir nghiém la mot tin hiéu song vudéng dugc méa héa bang tin
hiéu Xom cua hé théng cha va gia ma bang tin hiéu x,s cia hé
théng phu. Tin hiéu nhan duoc gidng vai tin hiéu nhan va
khac biét vai tin hiéu ma hoa duoc gui trén kénh cdng cong
dam bao rang phuong phap dé xuat Ia tot cho céc hé thong an
toan thong tin.

@ 58.9949Hz |
J( 2ens (@ @.800s )[ ]

(b)

(©)

Hinh 9. Sai s6 cua qué trinh ddng bo

s @

9.0005 )

@ 470900z |

@ 1.0z |

I R B

ns (&) 0.006s

(b)

Hinh 10. (a) Tin hiéu gui; (b) tin hiéu ma héa.
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5. Kétluan

Bai bao da dé xuit mot thuat toan diéu khién méi cho hé
thong bao mat an toan thong tin. Bai toan két hop mé hinh
mo T-S dé thiét ké bo diéu khién dong b hoa hai hdn loan
khéc nhau hé théng. Cac thuat toan diéu khién dé xuét cho
mot hé thdng ddng bo hda cung cap bao mat cho dir liéu hé
thdng thdng tin lién lac. Céc ly thuyét dé xuat da duoc kiém
chang bang cach mé phong trong méi truong MATLAB va
két qua thuc nghiém trén mach dién tir. Cac két qua thu duoc
cho thay sai sb cua trang thai chii va phu cac hé thdng trén
céc tryc 1a nho, bo diéu khién trugt dwoc thuc hign béi mach
dién tar mot cach hoan hao. Ngoai ra, dit liéu d3 ma hoa va
giri trén kénh céng cong bai hé thong chi. Dix liéu dugc khdi
phuc sau khi duoc giai mé 1a gidng tin hiéu giri. Dir liéu dwoc
mé hoa rat khac so véi dit lidu da guri, x4c nhan rang hé théng
hdn loan da thay ddi kich thudc cé thé sir dung nhu mot hé
thdng thong tin lién lac an todn va céc thuat toan diéu khién
dugc dé xuat 12 tét cho hé thdng déng bo héa. Dé nang cao
chat lwong cuia qua trinh dong bo hé théng phu vai hé théng
chu ta c6 thé két hop mot ki thuat chong rung dé giam thiéu
anh huong cua hién twong rung. Ngoai ra, cd thé két hop md
hinh mo T-S véi cac phuong phdp hoc sdu nhu mang no-ron
dé tang d6 chinh xac cua hé théng va giam thiéu sai s6. Bén
canh dé, ciing can tiép tuc phat trién va thir nghiém cac thuat
toan trén nhidu moi truong khac nhau dé dam bao tinh ung
dung thyc tién cia nghién ciu.
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