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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.

Keywords: Sliding Mode Control, Takagi-Sugeno Fuzzy, Liu chaotic system.

Ki hiéu
Ki hiéu Mo ta
A,B,C,DEE Matran trang thai khong gian
u Tin hiéu diéu khién
A Ma tran duong chéo
Viét tit
T-S Takagi-Sugeno
Tém tat

Bai bao nay thao luan vé viéc thiét ké bo diéu khién truot
dé truyén thong an toan cac mach dién tir dya trén hé théng
hon loan cha va phu. Pau tién, mot mé hinh hé thong hdn
loan 3D dugc biéu didn. Tha hai, cac md hinh toan hoc cua
hé théng chi va phu duoc cai tién thanh hé mo Takagi-
Sugeno (T-S). Thir ba, bai bao dua ra mot s thuat toan méi
cua diéu khién truot cho viéc ddng bo héa tin hiéu cua hé
thdng chu va phu. Thi tu, viéc 6n dinh caa phuong phéap diéu
khién da duoc ching minh mot cach hop 1y. Thir nam, két
qua md phong MATLAB x4c nhan 1y thuyét kiém soat dwoc
dé xuit 1a hoan toan chinh xac va qua trinh dong bo héa cac
hé thong hdn loan duoc Kiém tra thanh cong thong qua cac
thi nghiém lién quan dén giao tiép mach dién tir. Céc trang
thai cua hé théng phu 1a cac trang thai dugc theo ddi chinh
xac cua hé théng ch.

1. Giéi thiéu

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

bao mat théng thudng khong dap tmg duge yéu cau, vi vy
nhu cau vé bao mat an toan thong tin duoc quan tam. Cac
cong trinh nghién ciru bién phap mai tang cuong do tin cay
va an toan cua cac hé thdng bao mat thong tin 1a can thiét.
Trong dé viéc 4p dung cac dic diém cua hé théng hdn loan
va hé thdng an toan thong tin duoc chu trong. Mot hé thong
an toan thong tin sir dung hé hdn loan bao gém hé thong chu
va hé thng phu. Cac diéu kién ban dau cua hé thong chu va
phu 1a khic nhau didu nay dan dén sy khac nhau giira cac
trang thai cua hé thong hon loan khac nhau. Cac trang thai
cua hé thong chu va hé théng phu duogc sir dung dé ma hoa
va giai ma dit liéu nén hé théng phu can duoc didu khién ddng
bo véi hé thong chi. BE dong bo tin hiéu giita cac hé théng
nay, viéc diéu khién phai dwoc thuc hién chinh xac. Trong
nhitng nim gan day nhiéu nghién ctru 4p dung dong bd hoa
hé thong hdn loan di dwoc dé xuit. Hé thong hdn loan dwoc
sir dung trong bai bao nay va khai niém co ban vé dong bo ¢
thé tim thay trong [1]. Thuc hién md hoa T-S cho hé hon loan
va dong bo héa trén hai may tinh dwoc két ndi va trén mach
dién tir c6 trong [2]. Hé thong an toan thong tin dugc thuc
hién trén mach dién tir va dat dwoc két qua kha thi co thé tim
thay trong [3]. Thuc hién diéu khién dong bo hé hdn loan thi
tu phan sé duoc thao luan trong [4]. Cac phuong phap didu
khién déng b6 hoa thuc nghiém trén mach dién tir c6 trong
[5-6]. Biéu khién ché do truot cho hé thdng 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 hén loan duogc thé
hién trong [8]. Mot s6 phuong phap quan sat va loai bo nhiéu
duoc thao luan trong [9-10].

Bai bao sir dung lai hé thong Liu da dugc sir dung trong
[1] va [6]. Thuat toan diéu khién dugc dé xuat bao gom mot
bo diéu khién ché do trugt dugc tich hop méi thuat toan thich
nghi. Hé théng hdn loan duoc viét lai dudi dang mo hoa T-S
va chi dugc sir dung cho viéc thiét ké didu khién ché do truot.
Hé théng chu va phu van sir dung & dang hé théng Liu.
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Diéu khién truot 1a phuong phap diéu khién phi tuyén,
gom hai thanh phan diéu khién dong cét dua trang thai cia hé
thong tién vé mat trugt va thanh phan diéu khién tuong duong
gitr trang thai hé thdng trén mit truot da chon[11-13]. Tinh
on dinh cua bg didu khién tuan theo dinh luat Lyapunov[14].

Diéu khién thich nghi 1a mot phuong phap diéu khién tu
dong trong d6 cac thong sb diéu khién duoc diéu chinh lién
tuc dé dap mg cac yéu cau hoat dong thay doi cua hé théng
diéu khién[15]. Cac thong s diéu khién nay co thé 1a cac
hang s6 hodc cac ham chic ning. 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 cac thong sb diéu
khién. Thuat toan hoc duoc dua trén cac mé hinh toan hoc
cta hé théng va cac thong s6 dugc cap nhat lién tuc bang cach
phan tich cac tin hi¢u dau vao va dau ra cua h¢ théng. Két
hop didu khién truot voi diéu khién thich nghi gitip hé thong
¢6 thé dap ung nhanh hon véi cac bién dong cua hé théng va
dat duoc hiéu suat tot hon. Diéu khién truot duoc sir dung dé
thiét 1ap mot mat phang truot dac biét dé giam do léch gitra
trang thai thuc té va trang thai muc tiéu. Didu khién thich nghi
¢6 thé dugc sir dung dé diéu chinh cac thong s6 diéu khién
cua thanh phﬁn gdy ra hién tuong rung dua trén cac tin hiéu
d4u vao va dau ra cia hé thdng. Céc thong sb nay s& dugc cap
nhat lién tyc dé dam bao rang hé théng hoat dong tét trong
cac diéu kién bién dong va khong chic chan.

Hé mo Takagi-Sugeno (T-S) dugc nghién ciru lan dau
tién vao nam 1985 [16] va duoc mé ta ngan gon bai Tanaka
va Wang [17]. Nghién ctu cua Tanaka va Wang gi6i thicu
mot s6 phuong phap tim kiém mé hinh mo T-S bang cach
chuyén d6i mé hinh toan hoc phi tuyén thanh mot két hop cac
hé con tuyén tinh va cac ham thanh vién md. M6 hinh mo T-
S dong vai tro trong viéc mé hinh héa phi tuyén thanh cac hé
con tuyén tinh, va khong lam mat tinh tong quat cua cac ddc
tinh cua hé théng gbc. Viéc sir dung cac bién mo va quy tac
m& gitip md hinh héa cic quan hé phuc tap giita cac dau vao
va dau ra ciia hé théng mot cach chinh xac hon, dong thoi
cling giup d& dang diéu chinh cac tham sé va quy tic dé ti
wu hoa hiéu suat cia hé théng. M6 hinh m& T-S ¢6 thé dugc
sir dung dé xay dung mot master va slave duoc ddng bo hoa
cho cac hé thong hon loan trong cac nghién ciu [18-22].
Trong nghién citu nay, mé hinh toan hoc mo T-S duogc su
dung dé thiét ké bo diéu khién ché d¢ truot.

Bo diéu khién truot mo T-S ¢6 nhiéu vu diém vuot troi
hon so v&i bo diéu khién trugt thong thuong khi duoc sir dung
dé diéu khién cac hé thong khong tuyén tinh. Tinh linh hoat
cao giup bo diéu khién trugt md T-S c6 thé téi wu hoa hiéu
suit cua hé théng thong qua viéc didu chinh cac tham sb va
quy tic. Tinh én dinh cao cua bo didu khién trugt mo T-S
dam bao tinh an toan va d tin cay cua hé thong. P9 chinh
xac cao duoc dam bao nho viéc st dung cac bién mo. Tinh
dién giai cao giup dién giai va giai thich cac quyét dinh cua
hé thong mot cach dé dang. Tinh twong thich cao cua bo diéu
khién trugt md T-S gitp tich hop vao cac hé thong diéu khién
tu dong phuc tap mot cach dé dang. Do d6, bo didu khién
trugt mo T-S 14 giai phap hiéu qua cho cac hé thong khong
tuyén tinh phtc tap.

Hé thong bao mat an toan thong tin hoat dong dua trén
su dong bo cua hé théng chii va phu. Tin hiéu sau khi dugc
ma hoa boi hé thong chii dwoc giri va gidi ma boi hé thdng
phu. Tin hiéu hdn hop dugc giri cong khai trén kénh cong

cong. Do chinh xac cta tin hiéu sau khi giai ma phuy thuoc
vao higu suit diéu khién dong bo hé thong chu va phu.

Bai bao bao gdm cac nodi dung: Dau tién, gisi thiéu
chung vé h¢ thdng, phuong hudng nghién ciru, ‘phuong phap
dé xuat. Thir hai, mo hinh toan hoc cua hé thong duoc viét
du6i dang mo hoa T-S. Thir ba, bo didu khién ché do truot
dugc dé xuat, tinh 6n dinh caa hé théng dugc kiém nghiém.
Thir tu, hi¢u qua cta cac phuong an dé xuat thong qua md
phong MATLAB va thuc nghiém truyén thong an toan thong
tin trén mach dién ta dugc tién hanh. Cudi cing, két luan va
dé xuat cac phuong hudng phat trién trong tuong lai.

2. M5 hinh toan hoc ciia hé hon lean 3D
2.1. M6 hinh mo T-S

E=gM{xu}&+h" {x,u}u+d

y=1M {xu}&

V6i & 1a céc vector bién trang thai c6 n thanh phan, &j,
i=12,.ni=12..,

)

m, m 1a s6 luat mo. v 1a vector dau
ra. g", h™, and 1™ 1a cac ham tron. Véi diéu kién
& (1) :[fmin (1), max (t)} ham trong lugng Clia cac bién
trang thai dugc xac dinh nhu sau:

Ehax —Ehin )
) ) =1—770

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

é= Zaﬁ{} (A +AAS)+(Bu+ABu) + Did}

’73(5])=

y=C¢ @)
Trong do, FeR™  ueR™d y3 yeRqu la cac bién
trang thai hé théng, dau vao diéu khién va diu ra tuong tng
cia h¢ théng. d 1a nhidu cua hé théng. A eR™9
BeR™™, CeRP"
vao, diu ra twong tng. De R™K 1a ma tran cua nhidu hé
théng. AA
AB; € R™M gi4 trj thay dbi gin dung ciia B;.

Véi cac ditu kien |Didj)] <&y, [AAy<ani va

la cac ma tran trang thai, ma tran dau

eR™9 gia tri thay d6i gan dung cua A ,

|ABy| < Eagjj Phai dugc thoa man. V6i Coj, Canj Easj
xac dinh tich cyc duong. i

Nhitng nhiéu loan va gia tri khong xac dinh duogc t6 hop lai
thanh mot bién AAX+ABu+Dd =El , véi E eR>3 1a
mot ma tran hing xac dinh trude va |=[h, lp,... 11"
Phuong trinh (3) ¢6 thé viét lai duéi dang sau:
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. r
=3 o {EH{AE+BjU+E|L}

y=C¢& 4)
V6i wi 1a ham thanh vién mo cia hé thong va dugce xac dinh:

o, (5):§’7ij (fi ) (5)

2.2. M hinh mé T-S cho hé hdn loan
Bai bao st dung h¢ hdn loan Liu dé thiét ké hé théng an toan
thong tin. H¢ hon loan Liu ¢c6 m6 hinh todn hoc:
¥ =—ox; + fxp
Xp =—hx1x3 ()
X3 ZGhX]_Z +hX1X2 —p/h
Trong d6 X, Xy va X3 1a cac bién trang thai; a, S, o, p,vah
la cac hang s6 xac dinh coa hé thong. Véi a=1 =2,
o =1 p=3,va h=2 thi hé phuong trinh (6) roi vao trang
thai hon loan.

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

V6i @, (%) =m; (% ) Hé thong (8) co thé viét lai dudi dang
mo T-S nhu sau:

2
=Dy {xl }{(Ai§+AAi5+H}
=

y=C¢ ©)
Trong d6 & € R¥ 13 cac bién trang thai hé thong. ¥, gia tri
thanh vién cua hé thong mo. Ae R3X3, C eR™ 1a c4c ma

tran gan dung. AN e R¥>313 cic ma tran khong chic chan.
H 1a vector hang.

(-1 2 0 -1.2 0

A=/ 0 0 10[,A=/0 0 -10|va
|—10 -10 0 10 10 0
[0

H=| 0 |,ham thanhvién oy = omax X
—d/k X max ~ XLmin

@ =1_‘f’l' X max = 9 ‘, X min =9 : )

Dé hé théng (9) c6 thé hoat dong én dinh thi thanh phin
khéng chac chan cia hé thong phai thoa man
|—Aax1 +Aﬂx2| < Hmax- |—AhX1X3| < o max va

[Ach? + A | < lamas V61 Mmas Tomaxs Ve lamax 18

nhing hang s6 xéac dinh duong.
Heé thong chu dugc biéu dién dudi dang:

Xy =—(Aam +a) X +(ABm + B) Xon

Xom :—(Ahmy +h)xlmXSm (10)

Xam = (o-h+A0'hm)X12m +(N+Ahy g )X mXom
—(p/h+Am)

Véi m 1a ki higu dai dién cho hé théng chi. Aay,, Abm,
AGpy, Ahy,, Aphy, va Ap 1a céc gia tri thay doi cua cac
tham sé hé théng. Hé théng chu co thé viét lai dusi dang mo
T-S nhu sau:

2
& = 20 04)[Aé + Hin + il ]
i1

’m :Cé:m (11)

Dé h¢ thong (11) c6 thé hoat dong on dinh thi thanh phéan
khéng chac chan cua hé thong phai thoa man

|_Aamx1m +Aﬂmem| < hmmax |_Ahmxlm X3m| < lommax

\ 2 e \
va ‘Aamhmxlm +Aphm‘ <Bpmax> VO immax: lommax, va
lsmmax 18 nhitng hang sb xac dinh duong.
Hé théng phu dugc biéu dién dudi dang:

Xg =~ (Aag +a)xg +(ABs + B) xpg +usx, +dsy

Xps = _(Ahxzs + h) XjsX3s +Usx, *dsx,

, 2
Xaq = (oh+ Achg ))cls +(h+ Ahxgs )xlsx25

(12)

—(plh+As)+usy, +dsx,

Vi s 1 ki hi¢u dai dién cho hé théng phu. Aag, ABg, Ao,
Ahg, Achg,va Ag 14 céc gid tri thay d6i clia cac tham s6 hé
th6ng dSX]_' dSX2 , va dsx3 ) stl, USX2 , va uSX3 |én
luot 14 cac gia tri nhidu loan va gia tri diéu khién twong ng
Vi cac bién trang thai Xis» Xos, VA X35 ; HE thong phu co thé
viét lai dui dang mo T-S nhu sau:

2
s =Y @i (¥s)[A&s +Bjus +Hg +Eils]
=
rs =Cd&g (13)

Dé h¢ thong (13) co thé hoat dong on dinh thi thanh phan
khong chac chan cia hé thong phai thoa méan

|_A“sxls + Aﬁsx28| < hismax |_Ahs X1s X3s| Slsmax  Va

Sl3smax’ Vol Izsmax, va

2
‘A‘Tshsxls +A s hs max »

l3s max 12 nhitng hang s6 xac dinh duong.

3. Xay dung bd diéu khién

3.1. Piéu khién trwet cho h¢ thong dong bd hoa
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Sai s6 gitra hé thong chu va hé théng phu dugc xac dinh:

e=Jm—3Ss (14)
Hay:
2 2
gzza}l {le} wl{Xls}{A[fm_fs]_Bius"'Eil}
i=1 i=1
(15)
+1e

D¢ dong bo hoa tin higu cia hé théng chii va phu mot cach
thich hop, ta chon diéu khién ché d6 truot véi bé mat ché do
trugt tich phan ty I¢ nhu sau:

s=e+ l_[e (16)
Hay
S—e+ e (17)

V6i 2 1a ma tran duong chéo duong dugc xac dinh:

4 0 0
A=|0 A, 0|, phuong trinh (16) duoc viét lai nhu sau:

0 0 A
2 2
S:Za)l {X]_m} aﬁ{Xls}{A[gm_fs]_Bius"'Eil}
i=1 i=1
+le (18)

V6i §=0, El =0 thanh phan diéu khién twong duong cua
hé théng duoc xac dinh:
2 2
-1
Uegs =BT 2 @1 (xam) 2 (s ) { Ave + Ze} (19)
i=1 i=1
Thanh phan diéu khién twong dwong ctia mdi truc la:

2 2
Uegst =[1 0 01> o (¥1m ) D @i (s )IAE + 2€]
i1 i1
2 2
Uegs2 =10 1 01 @ (am ) 2t (s J[Ae + 48] (20)
i1 i1
2 2
Uegsz =[0 0 1> @ (xam) 2 e (245 ) Ave + Ae]
i1 i1

Thanh phan diéu khién chuyén mach duoc xac dinh theo bo
diéu khién relay:
Usws1 = Kz X Sign(sl)
Usws2 = Ky2 xsign (52) (21)
Uss3 = Ky3 X Sign(SS)
Dé giam anh huong cua hién tugng rung va nang cao hiéu
suat cua qua trinh dieu khién ta st dung b diéu khién thich
nghi nhu sau:

t
kul = klj|el (T)|dT
0

t
kuz =z [lez (7)dz (22)
0

t
ku3 = k3J‘|63 (T)|dT
0

3.2. Danh gia 6n dinh

Dé x4c dinh tinh 6n dinh cua bd didu khién ché do truot duoc
dé xuat ta chon ham Lyapunov c¢6 dang:

1 1 1
V(S)=5312+5522+5532 (23)
Pao ham hai vé ta duoc:
V(s) =518 +578 +5353 (24)
Thay (20), (21), (22) vao (24), va bién ddi ta dwoc:

t t t
V (s) = -sikq ey ian(sy) 55k Iefsign(s; ) - sgka f eglsian(s3)
0 0 0 (25)
t t t
=~k [s1] [ [er[ ~Kas2] [ eg] K353 I[es]
0 0 0
V6i Ky, kyva kgla cc hang s6 xac dinh duong thi:

V(s)<0 (26)
Vay phuong phap duoc dé xuat on dinh theo Lyapunov.

4. Vidu minh hoa

Céu trac ctia mot hé truyén thong an toan thong tin dwgc thé
hién nhu Hinh 1 bén dudi.

Tin hiéu gui Tin hiéu nhan

Tin hiéu ma hoéa

g +
ym+ -ys
' X Xs y
Hé thong chu .- ¢ H¢ thong phu
Bo diéu khién

Hinh 1. Cu triic truyén thong an toan thong tin.

Phan nay trinh bay két qua mé phong va thyc nghiém. Kich
ban mé 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 str dung hai vi mach AD 633 INZ va AD 711
INZ két hop véi dién tro loai 1/4W — 1% va céac tu dé biéu
diép md hinh ctia hé hdn loan va cac phuong phép dwoc dé
xuat.

4.1. Matlab&Simulink
Thoéng s ciia qua trinh mo phong trén MATLAB nhu sau: hé
sb mat truot }“1 =100, 12 =100, va 13 =100. Hé s6 cua

bo diéu khién: kg =0.5, ko =0.5, va k3:O.5.
Cic trang thai ban dau cua hé théng cha va phu:
¢m(0)=[0.01,-0.2;0.03], ¢(0)=[0.02,-0.02,-0.01] .

Higu suét ctia qué trinh dong bo hoa hé thdng chi va phu dugc
thé hién trong Hinh 2 dudi day.
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o8]

[

Quy dao trang thai tin hiéu x1
S

Time (s)

(@)

—x2s
4 X8 4

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)

(©

Hinh 2. Quy dao ddng b cac tin hidu: (a) tin hiéu x1; (b) tin hidu x2; (c)
tin hi¢u x3.

Viéc ddng bo hoa dat dwoc chinh xac va gia tri sai léch theo
dai trén ba truc rat nho. Cac gia tri sai 1éch dugc hién thi trong
Hinh 3 dudi day.

0.1
—cl
---e2
© b e e3
S
ey O
=
<O
k=)
=
3]
<
= -0.1+ b
<
2]
-0.2 - L I . J
0 10 20 30 40 50

Time (s)
Hinh 3. Sai s6 cuia hé thong dong bo.
Thoi gian on dinh cua hé théng dong bg trén cac truc X, X2 va
xs lAn luot 1a Ty <6.41x107(s), T,y <1.15x107°(s),
Tea < 3.9x107° (s). Sai sb theo ddi trong khoang
g e[ -102;64x107 | (V), e, €[ -1.8x1071;1.15x10°° |

V), e e[—2.57x10_6;4><10_2} (V), dbi véi ddng bo hoa

trén cdc truc Xy, Xz va Xs. Cac quy dao pha cua céc h¢ thdng
cht va hé thong phu duoc hién thi trong Hinh 4 bén dudi.

x2-axis

x3-axis

x3-axis

(©)

Hinh 4. Biéu db pha cua hé théng.

8
= P Ta—
< = Tin hiéu giri
=]
3
=
g
=4
<
>
=]
&02
=
Ry
=
£0
= Il L L L

0 10 20 30 40 50
Time (s)
(@)
10 T T r T
8

Tin hiéu ma hoa

4 . . L .

0 10 20 30 40 50
Time (s)

(b)

Hinh 5. Két qua mo phong truyén thong: (a) tin higu giri va tin hidu nhan;
(b) tin hi¢u ma hoa.
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Tin hiéu giri va tin hiéu nhan dugc 1a gidng nhau ngay ca khi
bi anh huong bai nhiéu va khac hoan toan V6i tin hiéu ma hoa
dam bao cho viéc bao mat thong tin. Cac két qua mé phong 1 Lj ’

W/ J rwyv«

3 L thon, et r i
cho thay phuong phap diéu khién duoc dé xuét dap tng nhu _ M WV Mr\f\* W\/V\;{\WMN’\'N FW’|WW
Cau cua qua trinh dong b hé hdn loan va bao mat thong tin. \\ i‘ ! \“

n\ \A\H MJU‘M/\F M\\ ”ﬂ}‘f
S

di’én tu ta sir dung hai vi mach AD 633 JNZ va AD 711 JNZ
kéNt hop véi dién tro IOgi 1/4W — 1% va cac ty gom dé biég
diép m6 hinh ctia hé hon loan va cac phuong phép dugc de Ny we =
xuat. Cac phép nhén va chia dugc thuc hién bang vi mach AD (b)
633 JNZ, va phép cong va trir dugc thuc hién bang vi mach
AD 711 JNZ. Dién 4p di¢n thé thuc nghiém duoc cung cap
bai thiét bi ngudn mot chiéu GWINSTEK GPS-2303. Thiét \
bi do ludng 1a may dién song k¥ thuat sé GWINSTEK GDS- \ A
2104A. L N W\“”J Wy /\\W\ \’ f\/* F WY iy Y
Céc tham s6 cua bo diéu khién: Mat trugt co hé s6 4 =10,
9 =10, va 43 =10. H¢ s6 cua bo diéu khién thich nghi:
kl =0.25, k2 =0.25, va k3 =0.25. Cac gia tri ban dau

duoc cai dat theo gid tri dién tro va tu dién. So do thuc nghiém
dugc bd tr1 nhu trong H1nh 6 duoi day:

4.2. Két qua thuc nghiém

Dé thyc nghiém qua trinh ddng bé hai hé hdn loan trén mach

| ! W a » f
n\f \W'W\M\f W\ f\f\f\”\w \’ \N\f\‘“\d‘ Vo \f\

[(FECEEE|
D — J_ 2ns @ ©.088s ) @ ; 0.0V D]

©

Hinh 7. Qu§ dao ddng bd cac tin hiéu: (a) tin hiéu x1; (b) tin hiéu x2; (c)
tin hiéu x3.

Hinh 6. So db thuc nghiém

Céc trang thai cta hé thdng phu dugce dong bo gan véi trang
thai cua hé thdng chu két qua duogc thé hién trong Hinh 7. Cac
quy dao pha cua h¢ thdng thuc nghiém duoc thé hién trong
Hinh 8. Két qua thuc nghiém cho thdy quy dao pha thu duoc
kha twong tu Vv6i két qua md phong trén phan mém
MATLAB, hé théng chi1 va hé théng phu Van giit ¢ trang thai
hdn loan sau khi dong bo.

AN i M%AJ\MW/MW’W

“\\JWNM'"/M/V\MMM WMW ’\‘\W\WM \)\/ JV\W

@@ 217.531Hz |
D = J[ 28ns @ B.BAs |[ @ f 8.8AV C
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Hinh 8. Quy dao céc pha.

Sai s6 cuia qua trinh dong bd nho dwoc thé hién trong Hinh 9,
sai s& theo doi trong khoang € € [—80;100] mV,
e, €[-80;84]mV, e3 €[-250;130] mV. Tin hiéu guri va tin
hiéu nhan dwoc thé hién nhu trong Hinh 10. Tin hiéu dwoc
thir nghiém 1a mot tin hiéu song vudng dugc ma hoa bang tin
hiéu Xam cua hé théng cha va gia ma bang tin hiéu X ciia hé
théng phu. Tin hiéu nhan dwoc giéng véi tin hiéu nhan va
khéc bi¢t vdi tin hiéu ma hoa dugc gui trén kénh cong cong
dam bao rang phuong phap dé xuat Ia tot cho cac hé thong an
toan thong tin.

@ 56,9949z
J[ 26ns (@ @.008s ) ]

@7 ez )
T 2éns (@ 0.88Bs )|

(b)

“wmww “‘*."'“m WW. ’

@@ 180.6260z |
[ J[ 28ns @ 0.088s || ]

Hinh 9. Sai s6 ciia qua trinh dong bo

UL oLy

SEED em S wm oSS R S0 00 ER S5 En B mR el b

i

Iw 1

11

(F <2z |
][ 288ns (@ ©.808s [ )

(b)

Hinh 10. (a) Tin hi¢u giri; (b) tin hi¢u ma héa.
5. Ketluan

Bai bao da d& xuat mot thuat toan diéu khién mai cho hé
thdng bao mat an toan thong tin. Bai toan két hop mé hinh
mo T-S dé thiét ké bo didu khién ddng bo hoa hai hdn loan
khac nhau hé théng. Céac thuat toan diéu khién dé& xuat cho
mot hé thdng ddng bo hoéa cung cip bao mat cho dir liéu hé
thong thong tin lién lac. Cac 1y thuyét dé xuat da duoc kiém
ching bang cach mé phong trong méi truong MATLAB va
két qua thuc nghiém trén mach dién tir. Cac két qua thu duoc
cho thiy sai s6 cua trang thai cha va phu cac hé théng trén
céc truc 1a nho, bo diéu khién truot duoc thuc hién bai mach
dién tir mot cach hoan hao. Ngoai ra, dir liéu d3 ma hoa va
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giri trén kénh cong cong bai hé thong chi. Dir liéu dugc khoi
phuc sau khi dugc giai mé 1a giéng tin hidu giri. Dt ligu duoc
ma hoa rat khac so vai dit ligu da giri, xac nhan rang hé thong
hdn loan da thay ddi kich thudc c6 thé sir dung nhu mot hé
thdng thong tin lién lac an toan va cac thuat toan diéu khién
dugc dé xuat 1a tét cho hé théng dong bo hoa. Pé nang cao
chat luong ciia qua trinh dong bo hé théng phu vai hé théng
chii ta c6 thé két hop mot ki thuat chong rung dé giam thiéu
anh huong cua hién tugng rung. Ngoai ra, c¢6 thé két hgp md
hinh mo T-S véi cac phuong phap hoc sdu nhu mang no-ron
dé tang d6 chinh xac cua hé thong va giam thiéu sai s6. Bén
canh do, cling can tiép tuc phat trién va thir nghiém cac thuét
toan trén nhiéu modi trudng khac nhau dé dam bao tinh ting
dung thyc tién cia nghién ciu.
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