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Té6m tit. Bai béo gidi quyét bai toan dong bo tin hieu hdn loan clia mot 16p mang no ron té bao
v6i nhiéu tham s6 chua biét bang 1y thuyét dicu khién thich nghi. Céc thuat diéu khién va luat cap
nhat tham s6 dua ra duge ching minh dam bao tinh dong bo toan cuc dua trén 1y thuyét on dinh
Lyapunov. Trén cd sé d6, dua ra mo hinh truyén thong bdo mat st dung két qua dong bo va dic tinh
hon loan clia mang noron té bao SC-CNN (State Controlled Cellular Neural Network). Cac két qua
tinh toan mo phéng duge thyc hién trén Matlab.

Tt khéa. Mang noron té bao, hé hén loan, dong bo thich nghi, bdo mat truyén thong.

Abstract. This paper solves chaotic signal synchronization problem of a cellular neural network with
unknown parameters by using adaptive control theory. The constructed control and the parameters
update laws are proven to ensure the global synchronization based on Lyapunov stability theory. From
this result, we bring out the secure communication model for the synchronization and the chaotic
property of the cellular neural network (SC-CNN). The simulation results are performed on Matlab.

Key words. CNN, chaos system, adaptive synchronization, secure communication.

1. GIOGI THIEU

Nghién citu vé hanh vi hén loan ctia hé dong hoc phi tuyén ciing nhu cac tng dung ctia
chiing trong céc linh viyc khac nhau da thu hat duge sy quan tam nghién citu clia nhiéu nha
khoa hoc.

Theo huéng nghién cttu thiét ké cac mach ciing hay cac hé tao dao dong hén loan cé thé
ké ra két qua chinh nhu: He hon loan Lorenz [6], he hdn loan Chen [7], hé hén loan thong nhat
[8] hay cac mach Chua, Lure trén co sé ly thuyét mang noron té bao [10, 13].

Theo huéng ting dung hén loan, sau khi Pecora va Carroll dua ra khai niem dong bo drive
— response [12], da ¢6 nhiéu mo hinh truyén thong bao mat sit dung dong bo hon loan duge dé
xuit [3, 5, 9, 16, 17]. Tu tudng chung clia cac md hinh nay 1a 4p dung bai toan dong bo dé béen
nhan c6 thé tu xay dung duge dong khoa mat diing dé giai ma. Theo huéng ting dung nay, dé
gidi quyét bai toan dong bo drive — response hai mang noron té bao SC-CNN véi cac tham s6
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khong chac chan va tin hiéu quan sat duge ciia hé drive khong day di. Mo hinh truyén thong
bdo mat anh st dung két qua dong bo nay ciing duge dua ra. Két qua Iy thuyét duge chiing
minh bing 1y thuyét én dinh Lyapunov, hién qua clia thuat todn ma hoa duge kiém ching
thong qua cac do do pho bién trong ma hoé anh.

Sau phan gidi thieu, Muc 2 mo6 tad vé mo hinh SC-CNN dudc st dung. Muc 3 tap trung
thiét ké bo diéu khién thich nghi va luat cap nhat tham sb ude lugng gidi quyét bai toan dong
bo hai hé hdn loan v6i nhiéu tham s6 chua biét. Muc 4 trinh bay mo hinh truyén thong bao
mat dé xuat v cac phan tich, danh gia. Cudi cung 1a phan két luan.

2. MO HINH SC-CNN

Ngoai mo hinh gbc clia Leon Chua va LingYang [10], CNN con dugce phat biéu dudi nhicu
mo hinh khac nhu mo6 hinh SC-CNN (State controlled CNN) [14]; m6 hinh Full range CNN
[2]; mo hinh Reaction — diffusion CNN [2]... Theo [14], phuong trinh trang thai cia SC-CNN
tong quat viét cho mdi cell nhut sau

Tj;=—xj+ Z A] LYk + Z Bj pug + Z Cj7kxk+lj (1)
C(k)eN(35) C(k)eN(35) C(k)eN(y)
v6i j la chi s6 cells, ; 1a bién trang thai vd y; la ham dau ra cta cell duge dinh nghia béi
ham tuyén tinh ting doan

vy =1 (@) = 5 (125 + 1 =l — 1)), )

N(j) la tap lan can cta cell C(j), I; 1a gia tri ngudng. Cac hing s6 Ak, Bjk, Cjx lan lugt
la cac ma tran trong sb lien két phan hoi, diéu khién va mau.
V6i SC-CNN 3 cells phuong trinh (1) (2) dugde viét tuong minh nhu sau

( 3 3
Ty = —x1 4+ Y apye + D S1kTk + 01
k=1 k=1

3 3
Ty =—x2+ Y Gopyk + Y. SokTk + i2 (3)
k=1 k=1

3 3
3= —x3+ Y. agkYk + Y S3pTk + 13
k=1 k=1

Dé thue hien mach mang SC-CNN theo cau triic mach Chua kinh dién [11], theo [15] tac
gia da lya chon cac tham s6 phit hop dé phuong trinh (3) trd thanh

1 = —x1 + anyr + sz + 51323
To = —x2 + 52202 + 2373 (4)
T3 = —T3 + S3121 + S39%2 + S3373

V6i viéc dat

air = a1 (b—a);si = (1 —a1b);s13 = a1;802 = (1 + az);
So3 = —1;831 = —3; 832 = ;833 = (1 - B)
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ta c¢6 thé thay phuong trinh (4) tuong duong véi phuong trinh Chua kinh dién

b= o1 (2~ h(x)
Yy=0Qy —=2

2=Fy—x—2) (5)
h(z)=bx+05(a—>)(lx+1] —|z—1|)

Viéc nghién cttu tinh chat dong hoc ctia (4) phu thuoce vao cac tham s6 da duge trinh bay
chi tiét trong [15]. Chang han véi bo tham s6 s1; = —1.2418, s13 = 0.3050, s99 = 1.4725,
s23 = —1.0000, s31 = —0.3143, s32 = 0.3143, s53 = 0.6857, a11 = 2.2754 ta nhan dudc gid tri
riéng ciia ma tran on dinh

s11+ain—1 0 513
Jo = 0 S92 —1 893
531 s32  s33—1

lan lugt 1a A; = 0.1907, Ao = 0.0006 + 7 (0.5166) A3 = 0.0006 — i (0.5166) va he (4) 1a he hon
loan. Hinh 1 m6 t4 viing thu hat hén loan double scroll ctia he (4) véi cac tham s6 nay, thuc
hién trén Matlab.

Wung thu hut hon loan cua he SC-CNN

Hinh 1. Ving thu hat hon loan ctia hé SC-CNN mo phéng trén Matlab

3. BAI TOAN DONG BO THiCH NGHI
3.1. M5 ta va giai quyét bai toan

Bai toan dong bo drive — response duge Pecora va Carroll dé xuat nam 1990 [12]. Muc
dich ctia bai toan la diéu khién hé response sao cho tin hiéu (trang thai hodc dau ra) ctia hé
response dong bo véi tin hiéu tuong tng ciia hé drive. Trong phan nay ciia bai bio sé giai
quyét bai toan dong bo drive — response hai heé SC-CNN c¢6 ciing cau tric bang thuat diéu
khién thich nghi. V6i gia thiét mot s6 tham s6 hé théng khong duge biét ddi v6i hé response
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va chi quan sat dugec mot phan tin hieu ciia hé drive, luat diéu khién thich nghi dugc thiét ké
dam béo hai hé dong bo tiém can toan cuc va xac dinh duge tham s6 thuc clia hé response.

Xét he hon loan drive SC-CNN

T1d = —T1d + A11Y1d + S11T14 + 513734
Eoq = —Taq + S22 + $23T34 (6)
T3q = —T34 + 31714 + S32T24 + $33T34

v6i a11, $11, 822, 833, 513, 523, 831, 32 14 cac hing s6 da biét, duge hya chon dé dam bao (6) 1a
hé hdn loan. Gid st cdc tham sb s13, s23 14 hoan toan chua biét déi vdi hé response. Khi dé
hé response dugc xac dinh nhu sau

T1r = —T1r + a11Y1r + S11T1r + 51373, + U1
Tor = —T2r + $22%2r + 523T3, + U2 (7)
T3p = —T3r + 83171, + S32T2r + S33T3r + U3

trong d6 313, 823 1& cac ham udc lugng tham s6 theo thoi gian ¢ va ug, uo, u3 1a cac ham didu
khién. Céc chi s6 dudi d, r ky hi¢u hé drive va response tuong ting. Trit (7) cho (6) ta dugc hé
dong hoc 161

é1 = —e1 + a1 (Yyir — Y1a) + s11e1 + (513 — s13) T3r + S13€3 + Uy
€9 = —eg + S99e9 + <§23 — 823) T3y + Soze3 + U2 (8)
€3 = —e3 + s31€1 + S32€2 + S3zes + us
V6i gia thiét hé response chi c6 duge mot phan tin hieu s = (714, :UQd)T ctia he driver, bo
diéu khién va luat cap nhat tham s6 dugce thiét ké nhu sau
uy = —a1 (Yyir — Y1a) — kre1;up = —kae;ug = 03 k; = ei? (i=1,2); )

513 = —€1%3r; 523 = —€2T3¢

Dinh 1y 1. Hai hé hén loan SC-CNN (6), (7) dong bo tiém cin toan cuc vdi bo diéu khién
va ludt cap nhat tham so (9).

Ching minh. Lya chon ham Lyapunov

1 . R
V(e(t) = 5(612 + e + e’ + (513 — 513) + (803 — 523)° + (k1 —1)* + (ko — 1o)®)  (10)
trong do e(t) = (eq, e, 63)T la véc to sai léch trang thai gitta hé drive (6) va response (7);
l1,15 1a cac hing s6 xac dinh, sé dugde lira chon sau.
Dao ham (10) theo thai gian, sit dung (8), (9) ta thu dugc

, (e(t)) = e1€é] + exéy + e3é3 + (§13 — 813) §13 + (§23 — 823) §23 + (kl — ll) ifl + (kz — lg) ifg
(—e1? + s11e1” + (813 — s13) e1x3, + s1zere3 — kier?)

(—ea? + saea? + (823 — S23) €2x3, + Sageses — kaeo?)

(s

<

+ + |

es? + sz1e1€3 + szaeze3 + 533632) — (813 — s13) €173,
23 — S23) €23y + (k1 — 1) e1? + (ko — l2) e9?

e1? (=1 +s11 — 1) + ea? (—1+4 s92 — lo) + 32 (—1 + s33) + e1e3 (s13 + 531) + ezes (s23 + s32)
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Theo bat dang thiic cosi, ta c6

1 1
eres (s13 + s31) < —el? 4 5632(513 + 831)2,

2
1 5 1 4 2
eges (S23 + s32) < 52" +5es (s23 + s32)°.

Tu do ta duge

Vie) <er?(—l+siu—l+2)+e?(~1+sm—1l+13)
+€32 <—1 + s33 + %(513 + 831)2 + %(823 + 832)2)

Chon l1 = s11 + %; lo = S99+ % va véi chi ¥ khi Iya chon tham s6 cho hé hén loan (6) phai
thod méan

1 1
S33+5(313+831)2+§(323+332)2 <1l-ge>0, (11)

ta co, ‘
%4 (e(t)) < —612 — 622 — 8632 < 0. (12)

Theo ly thuyét én dinh Lyapunov, tit (12) cho thay tlim e; = 0; i = 1,2,3. Hay he (7)
—00
dong bo tiém can toan cuc véi he (6). [ ]
3.2. Mo phoéng

Dé thay dugc hieu qua dong bo, ta tién hanh mo phéng véi Matlab R2012a. Cac tham s
chuan bi mé phéng duge chon nhu sau

Sai so dong bo theo t

saisoe

=) -
|
i)

| | . | |

0 10 20 30 40 50 60 70
t

Tham so cap nhat theo t

tham so

Hinh 2. Sai s6 dong bo va tham s6 wdc lugng theo thoi gian

Chon céc gia tri tham s6 ddm bao he driver (6) 14 he hon loan

a1] = 2.2754, S11 = —1.2418, S13 = 0.3050, S99 = 1.4725

§923 — —1.0000, §31 — —0.3143, §32 — 0.3143, 533 — 0.6875 ° (13)
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Ta c6 s33 + %(813 + 531)2 + %(523 + 332)2 =0.9226 < 1—¢;e > 0, thod man dieu kien (11)

Gi4 tri ban dau ciia he driver (6): x4 (0) = (—0.4532, —0.2137, 0.6092)” .
Gia tri ban diu cfia he response (7): x, (0) = (0.3248,0.5121, 0.7321)".
Gia tri ban dau ctia cac tham s6 udc lugng 313, 523: 0 = (3.2306,4.4312)7.
Gia tri ban dau ctia bo tham s6 diéu khién ki, ko: k (0) = (—0.8145, 1.5315)T.
S6 nat lu6i thoi gian 1a At = 0.001,t = (256 x 256 4+ 1) x At.
Bo diéu khién va luat cap nhat tham s6 theo (9).
Két qué dong bo duge thé hien trong hinh 2. Ta thay, céc sai s6 trang thai gitta hé response
va heé driver hoi tu vé 0, cdc tham s6 udc lugng ciia hé response hoi tu vé tham s6 that clia he
driver: Tham s6 813 hoi tu vé 0.305; tham s6 323 hoi tu ve -1.

4. MO HINH TRUYEN THONG BAO MAT DUNG DONG BO HON LOAN

4.1. M6 tA mo hinh dé xuét

Theo két qua gidi quyét bai todn dong bo hén loan trinh bay & trén, ta thay he drive (6)
chi cAn truyén phan tin hieu s = (#1q,22q)" cho he response, hai hé van thoa man déng bo
tiem can toan cuc thong qua bo diéu khién va luat cap nhat tham s6 (9). Hon nita, cdc tham
s6 u6c lugng clia hé response ciing hoi tu vé tham s6 thuc khong duge biét ctia hé drive. Dia
trén cac két qua nay, c6 thé dé xudt luge do truyén thong bao mat anh duge mo ta chi tiét
nhu sau.

Qua trinh ma hoa

Budc 1: Chuyén ma tran pixel anh vé chudi pixel mot chiéu
Anh 16 duge tién xi Iy dé trd thanh mot chudi tin hieu s;;i = 1,...,m.n, trong dé m,n la
kich thuéc ctia dnh. Qué trinh nay tach ma tran anh A = (aij)mm theo thit tu tir trén xudng
dudi, tit trai sang phai

81 = a11,82 = Q12 .-+, Sn = Qln) -3 S(m—1)n — Aml; S(m—1)n+1 = @m2; --+; Smn = Amn. (14)

Budc 2: Khéi tao cac gia tri ban dau cho hé drive
Thiét lap gid tri ban dau x4 (0) = (o1, 202, T03)” v bo tham s6 hén loan cho he drive. Hai
béen théng nhat mot thoi gian tré ¢y dé hai he hén loan c6 thé dong bo duge. S6 nit ludi thoi
gian dé giai he SC-CNN (6) 1a t = to + mn.

Buée 3: Tao chudi khoa
Véi tg < ts < mn, khoa méa ctia mo hinh dé xuat 1a

K = (201, %02, T03, $13, 523, Ls) - (15)
A =100 (lz1a (ts)| + |z2a (ts)| + |3a (£5)]) ; B = 100 ([s13] + [s23]) (16)
k; = mod (floor (A X |z3q(5)| + B), 2b> si=to+1,..,mn;i=1,...mn. (17)

Budc 4: Ma hoa

s; = de2bi (s;,b) , ki = de2bi (k;,b);i=1,2,...,mn. (18)
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¢ = bitxor (s;, ki) ;i =1,2,...,mn (19)

trong d6 ham mod (x,y) tra vé phan du clia phép chia s6 nguyen z cho s6 nguyén y; ham
floor(x) tra vé gia tri nguyén gan o nhat nhé hon z (lam tron dudi); b 1a s bit biéu dién anh.
Ham de2bi(a,b) thyc hien chuyén sé nguyen duong a vé s6 nhi phan b bit; ham bitzor(s, k)
thire hien phép toan XOR bit hai s6 nhi phan s, k.

Sau khi ma ho4, chudi tin hiéu ¢; duge truyen cho bén nhan qua kénh truyén tin cong
cong. Tin hicu diéu khién s = (214, 224)” va thanh phan ¢, ciia khod duge gii cho bén nhan
qua kénh truyén tin mat. Thyc hién dong bo he (7) theo luat didu khién (9) dé c6 duge cac
tin hiéu phuc vu gidi ma.

‘ Anhrg ‘ ‘ Driver 3C-CHN ‘

Puklic
channel

Private
channel

Bén Gial mi
nhin

k.

Anh gidi m& ‘ ‘ Response SC-CHIIT }q—

¥
¥
Ll

Hinh 3. Mo hinh truyén thong bio mat anh dé xuat

Qua trinh giai ma
Budc 1: Tinh toan cic tham s6 khoa uwde luong

A= 100 (Jory (1)] + 20 (£)] + [zae (8)])5 B = 100 (Jsus] + 5291). (20)
k; = mod (floor (/1 X |xsr (5)] + B’) ,Qb) ij=to+1,..,mn;i=1,..,mn. (21)

Bude 2: Gidli ma R R
i = de2bi (k:b) i=1,2,....mn. (22)

3; = bitzor (Ci, l%l> 1=1,2,...,mn. (23)
Budc 3: Khoi phuc lai anh giadi ma
$; =bi2de (8;) ;1 =1,2,...,mn. (24)

Khoi phuyc lai ma tran dnh tir chudi s; theo tha tu tir dudi 1én trén, ti phai sang trai.

Theo két qua bai toan dong bo da gidi quyét & phan trén, cling vdi diéu kién bén nhan
biét thanh phan ts ctia khoa K dé tinh A, dé thidy mo hinh dam béo khoi phuc duge anh gbc
ti 4anh ma. Hinh 3 mo ta luge do truyén anh bdo mat dé xuat.
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4.2. M6 phdéng va phan tich bao mat

Cac gia tri ban dau chuéan bi cho qué trinh dong bo duge lya chon nhut Muc 3.2. Thai gian
tré tgp = 1s. Khoda ma K = (—0.4532, —0.2137,0.6092, 0.305, —1, 10). Anh goc duge Iyga chon
13 anh Lena 8 bit, da miic xam, kich thudc 256x256; Két qua ma hoa va gidi ma sit dung mo
hinh dé xuat dugc thé hién trong hinh 4.

500

0 100 200

0 100 200

Hinh 4. Két qua ma hoa va gidi ma: a. Anh gbc Lena, b. Histogram ctia anh gbc, c¢. Anh
mé, d. Histogram ctia &nh ma, e. Anh gidi ma

Dé phan tich do bdo mat ctia mo hinh, ta nhéc lai khai niem mot s6 do do thuong dugc
stt dung dé phan tich hiéu qua ctia thuat toan méa hoa anh sau.

Dinh nghia 1. [1] Biéu do Histogram ciia anh 14 mot dang biéu do mo ta sy phan bd ciia
cac gia tri miic xam ciia cac diém anh trong viing dnh s6. Histogram ctia mot anh s6 v6i mitc
xam thuoc do dai xam [0, L — 1] 1 h(ry) = ng v6i 7 1a midc xam thit k, ny 14 s6 diém anh c6
cling muc xém k. Xéc suat ctia mic xam p(ry) = 2= v6i n 1a tong s6 diém anh.

Dinh nghia 2. [4] Néu mot sy kién ngdu nhién rdi rac z c6 thé nhan cac gia tri lamy, ma, ..., my,
thi Entropy cta né la

H(m) = = p(m;)logyp(m;)
=1

véi p(m;) 1a xac suat xdy ra cla gia tri m;.

Do do thong tin Entropy phan anh Iugng tin trung binh va do bat ngd clia nguon tin. Véi
anh 8 bit ta c6 m; = 0,1,...,255;n = 256. Dbi véi anh 8 bit hoan toan ngau nhién thi xac
suat xuat hien cdc gid tri mic xam la bing nhau va bang 55, hay Entropy Iy tudng cia dnh

256
hoan toan ngau nhien la H (m) = — 3 si:logy e = 8.

i=1
Dinh nghia 3. [18] Goi C!, C? lan lugt 13 4nh ma trude khi va sau khi ¢6 mot pixel thay doi
& anh gbc. Gia tri pixel tai diem (4, j) trong C*, C? dugc ky hieu la C* (4, 5),C? (4, 7). Khi d6
NPCR (Number of Pixels Change Rate) va UACI (Unified Averaged Changed Intensity) duge
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xac dinh nhu sau
D (i, j)
mxn

NPCR: N (C',C?) =>"
Y]

x 100%

)_ 02 (%])‘
255

. 1 2\ 1 ‘01(17]
UACI.U(C’7C)—man x 100%

irj
PR 0 Cl(i,j)=C?%(i,j5)
trong d6 D (i,7) = { 1 (i) £ C2 (i)

NPCR va UACI la hai do do sy nhay cdm ciia hé ma v6i nhiing thay doi nhé ctia &nh gbc
va kho4. NPCR thé hién s6 phan tram pixel khac nhau ctia hai &nh. UACI thé hién cudsng do
thay doi trung binh théng nhét giita hai anh. Gia tri Iy tudng ctia NPCR 1a 100%, ctia UACI
1a 33.33% [18]. Tuy nhién diéu nay hiém khi xay ra ké cd v6i hai &nh hoan toan ngdu nhién.
Céc thuat toan dé xuat déu mong muoén cac do do nay cang gan gia tri Iy tudng cang tot.

Phan tich bao mat

D6i véi mo hinh dé xuat ta c6 cac két qua sau.

Thit nhat, ta thay ring biéu dd Histogram clia anh ma c6 phan bé gan nhu dong déu thé
hién trong hinh 4, chitng t6 anh gdc da duge ma hoa tot.

Thtt 2, tinh toan Entropy ctia anh goc ta duge Hy = 7.3441. Trong khi Entropy ctia anh
ma tuong tng la He = 7.9972, rat gan gia tri ly tuéng H = 8. Diéu nay c6 nghia 13 4nh ma
gan nhutt mot nguon ngau nhién va kha nang ro ri thong tin trong qué trinh ma ho4 14 khong
dang ké. N6i cach khac, mo hinh dé xuat dam bao chong lai duge kiéu tan cong Entropy.

Thit 3, kiém tra sy nhay cam ctia hé méa véi nhitng thay déi nhé ctia khoé. Gia sit bén thi
3 ¢6 dugc khod ma hoa L = (x(n + 10710 209 + 10710, 293 + 10719, 513, 03, ts) dé ma hoa va
giai ma véi sai s6 10719 ¢ ba thanh phan dau. Tinh toan ta dugc NPCR=99.6185% va UACI
=28.13%. Tuong tit, khi cic tham s6 khac ctia he drive thay déi véi sai s6 10710 ta déu thu
duge NPCR va UACI xung quanh gi4 tri trén. Cac két qua nay cho thay thuat todn ma hoa
dé xuat rat nhay cdm vé6i khoa va anh ro. Dieu nay giup chong lai cdc tin cong biét ban 1o,
la loai tan cong ma thong qua dé bén tan cong cé thé tim ra méi lien hé c6 ¥ nghia gitta anh
gbc va anh duge ma hoa. Hinh 5 thé hien két qua giai ma bang khoa L.

Hinh 5. Két qua giai ma khi ¢6 mot sy thay ddi nhé ciia khod, a. Anh ma hod bing khoa
K, b. Anh giai ma theo thuat toan dé xuat, c. Anh gidi ma bing kho4 L.

Thit 4, vé khong gian khoa, he SC-CNN (6) ting dung trong mo hinh ¢6 8 tham s6 he
théng tac dong vao qua trinh sinh hén loan va triyc tiép lam dnh hudng dén tin hieu dau ra
clia hé drive va response. Thém vao d6 1a 3 tham s6 gia tri ban dau ctia hé drive tham gia
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truc tiép vao khoa. Do nhay cam da duge kiém chiing ciia 11 tham s6 nay 1la 10710, Ngoai ra,
theo (15) thanh phan khoé ¢ nhan gia tri trong khoang (to,256 x 256). Vi vay khong gian
khoa vao khoang 1010 x 65000 ~ 238!, Khong gian khoa 1 du 16n dé chéng lai cac tan cong
do khoa.

Tit cac phan tich trén c6 thé khing dinh, mo hinh dé xuit dam bao hiéu qua bio mat.

4.3. So sanh véi mét s6 thuat toan ma hoa anh dya trén hdn loan khac

Dé danh gia tong quan, ta tién hanh so sanh véi céc thuat toan méa hoa hén loan khéc
dugc cong bb gan day. Bang 1 thé hién két qua so sanh céc do do phd bién ctia mo hinh dé
xuat vii cac thuat todn ctia Rhouma [16], Behnia, [3], J.Peng [9], va C. Cheng [5].

Bdng 1. Két qua so sanh v6i mot s6 thuat toan ma hoa hén loan khac

Céac thuat todn ma hoa
Cac gia tri | Rhouma | Behnia | J. Peng | C. Cheng | M6 hinh
so sanh (2008) (2008) | (2009) (2013) dé xuat
Entropy 7.9732 | 7.9968 | 7.9969 7.9765 7.9972
NPCR 99.58% | 41.96% | 99.65% | 99.62% 99.62%
UACI 33.38% | 33.28% | 33.46% | 33.40% 28.13%
Key space 2192 9260 9314 2398 9381

Ta thay, mo hinh dé xuét c6 Entropy t6t hon cd so v6i 4 thuat toan con lai. Gia tri NPCR
thap hon thuat toan ctia J. Peng. Tuy nhién, viéc ma hoa va gidi ma ctia J. Peng lai st dung
chung mot CNN xac dinh [9]. Dé gidi ma dugce can day du thong tin vé khod chit khong c6
qua trinh dong bo thich nghi dé tu xac dinh lai khoa nhu mo hinh dé xuat. Vé khong gian
khod, mo hinh dé xuat c6 khong gian khoa l6n thit 2, sau thuat toan ctia C. Cheng. S¢ di
thuat toan nay c6 khong gian khoa 16n 1a do viéc ma hoa dua trén dong bo hai hé hon loan
6 cau tric hoan toan khac nhau (He hén loan thong nhat - unified chaotic systems va CNN).
Tuy nhién, dé dong bo duge hé drive phéi giii day du 3 tin hicéu trang thai diéu khién cho hé
response [5]. Diéu nay bat 1¢i hon so v6i mo hinh dé xuat chi g 2 trén 3 tin hig¢u trang théi.
Vé gia tri UACI, thuat todn dé xuét c6 gid tri thap nhéat. Do viec tao dong khoa (17) chi phu
thuoc 1 tin hieu hon loan dé don gian trong tinh todn nén chua tan dung hét duge kha nang
hoa tron cta hé hon loan CNN.

Xét mot cach tong thé, c6 thé danh gia mo hinh dé xudt ¢ hieu qua tuong duong véi cac
mo hinh so sanh.

5. KET LUAN

Bai bao da giai quyét bai toan dong bo hon loan hai mang SC-CNN. Cac két qua da duge
chitng minh chit ché theo 1y thuyét on dinh Lyapunov. Trén co s6 d6 da dua ra mo hinh
truyen thong anh bio mat st dung dong bo hén loan. Qua trinh phan tich bdo mat cho thay
mo hinh ddm bao chéng lai duge mot s6 kiéu tan cong. Trong tuong lai, chiing toi sé tiép tuc
cai tién nang cao hiéu qua ctia thuat toan va tién hanh thic hién mach bai toan dong bo mang
SC-CNN.
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