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XU LY TIN HIEU SO BANG DAY GIA NGAU NHIEN

Nguyén Viin Son”, Nguy&n Hoai Giang, Ping Hoang Anh
Truong Dai hoc Md Ha Ngi

TOM TAT

Xao tron (scrambling) la mot phuong phap xtr ly tin hiéu giup lam tang tinh ngau nhién hay la lam
trang phd cho chudi tin hiéu truyén di. B6 x40 tron dwoc sir dung rong réi trong cac tng dung nhu:
nhan dang hé théng, déng bo, do ludng tir xa, doan nhan kénh, va nhit 1a bao vé tin va
CDMA....C6 hai loai x40 tron (scrambler): X&o tron dong bo(synchronized scrambler) va tu dong
bo(self-synchronized scrambler). Loai dong bo dung mach ghi dich cong (additive LINEAR
FEEDBACK SHIFTREGISTER_LFSR), loai ty dong bo va thiét bi nhing ty thir (build-in selftest
system BITS) ding mach ghi dich nhan(chia): multiplicative LFSR. Bai bao nay khao sat hudng
g dung cua b tron déng bo. Bo tron tw ddng bo va Thiét bi nhing tu thir sé duoc khao sat trong
bai bao tiép theo. Cong cu thich hop duoc lya chon 14 trudng Galois va bién d6i D. Ta c6 thé thay
b x40 tron da lam cai thién dang ké dic tinh ngau nhién tin hiéu (1am trang pho).

T khoa: Xdo trén, mach ghi dich, ngau nhién, nhan dang hé thong, dong bé, do lwong tir xa,
dodn nhén kénh, cin bang nhiéu
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ABTRACT
In this paper, a randomization effect of the scrambling process on the digital signal is presented.
Due to the scrambling process, the transmitted signal becomes noise-like or in other words:
whitened. The random properties make the signal more suitable not only for transmission media
but for other specific applications like system recognition, synchronization, CDMA and
cryptography... also. There are two kinds of scramblers: synchronized scrambler and self-
synchronized scrambler. While for the synchronized scrambler the additive linear feedback
register (LFSR) is used, the multiplicative LFSR is used for the self-synchronized one. In this
paper, the general analyzing method for both kinds of scramblers based on D-transform and trace
function in Galois field theory is presented. It has been shown that the statistic properties of the
scrambled signal such as state distribution, runs autocorrelation function are almost noise-like.
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GIOI THIEU

Dé nghién ctu va ap dung bo xao tron trong
cac duong truyén dan sb, nhat thiét phai tim
hiéu va phan tich cac day nhi phan gia ngau
nhién PN (Pseudorandom Noise). Céng cu
toan hoc hiru hi¢u dé mé ta cac day PN la ly
thuyét truong hitu han va bién déi D. Sau day
s& dé cap dén mot sb tinh chat théng ké cua
day PN, dong thoi trinh bay cac khéi niém co
ban vé trudng hitu han va phuong phap biéu
dién, phan tich diy PN trén truong hitu han va
bién d6i D.

DAY NHI PHAN NGAU NHIEN VA DAY
NHI PHAN GIA NGAU NHIEN

Diy ngiu nhién

DAy ngau nhién c6 mot sb tinh chét nhu sau:
+ Tinh can bang: Tan suat xuat hién cua '0' va
"' trong day ngau nhién 1a 1/2.

+ Tinh chay: Mét budc chay dugce dinh nghia
la mot day con lién tiép cac ky hiéu gidng
nhau trong ddy ngau nhién. Theo tinh chay,
mot ntra s6 budc chay c6 chiéu dai 1a 1, mot
phan tu sé budc chay ¢ chiéu dai 1a 2, mot
phan tam sé budc chay cé chiéu dai 1a 3,...
1/2" téng s6 busc chay c6 chiéu dai n.

+ Tinh dich - cong: Cong hay dich céc day
ngau nhién sé tao ra diy ngau nhién khac.
Thuc té rat kho tao ra dugc mot ddy sé hoan
toan ngau nhién, vi vay trong k¥ thuat nguoi
ta s dung cac ddy nhi phan gia ngiau nhién
(PRBS: Pseudo-Random Binary Sequence) cé
mot chu ky 13p lai ndo d6, hau nhu thoa man
cac yéu cau dé ra. Chu ky lap lai cua PRBS
duogc goi la do dai cua day. Cac PRBS nhu
thé c6 thé duoc tao boi mot mach ghi dich hdi
tiép tuyén tinh LFSR (LFSR: Linear
Feedback Shift Register).

+ Ham ty tuong quan nhon: Dang ham delta
Dirac (xem muc Ham tu twong quan)

Bo tao diy nhi phan gia ngiu nhién
(PRBS:Pseudo-Random Binary Sequence)
LFSR [2], [3], [6]

B6 tao ma PN dugc x@y dung dua trén mach
ghi dich hoi tiép tuyén tinh LFSR (Linear
Feedback Shift Register) c6 so do tong quat
minh hoa trong hinh 1.

Ds j
-+ 5 1w N N-1 N

Qo Q1 Qa2 Qs Qn
L Db(D)

Hinh 1. So d6 téng quéat LFSR
Nhu vay, mot mach ghi dich hoi tiep tuyen
tinh gom N trigo D, mac noi tiép. Mach hoi
tiép gom cac cong XOR va da thirc déc trung
g(x). N cang 16n thi chu ky 1ap lai cua day tin
hiéu dau ra mach ghi dich cang I6n.). Khi da
thac g(x) 1a nguyén thuy, day co chiéu dai
cuc dai L = (2"~ 1) va duoc goi 1a ddy m.
TRUONG HUU HAN
Trwong hitu han GF(p)(Galois field)
Cho p 1a mot sd nguyén td. Vanh céc sé
nguyén mod p tao nén mot truong goi la
truong Galois, ky hi¢u la GF(p). Cac phan tir
cua GF(p) ¢6 thé duoc ky hiéu bang mét tap
cac s6 nguyén: 0,1,2,...,p-1. Cac thuat toan +,
-, *,/, dugc thuc hién theo mod p.[6].
Cac da thire trén trwong F [1], [2], [6], [7]
Biéu dién cdc da thirc trén truong F
Mot da thuc f(d) bac m trén truong F c6 thé
dugc biéu dién nhu sau:
f(d)=co+cid+ ... +c,,d”
trong do: ci lay céc gia tri trén truong F.
Truong hitu han hai phan tir déng mét vai tro
quan trong trong cac ung dung lién quan dén
day nhi phan lay cac giatri 0, 1 hoac +1, -1,
Bac cua f(d), ky hiéu deg[f(d)], 1a sé nguyén i
I6n nhat, sao cho: ci= 0 (da thic f(d) = 0 ¢6
bac 1a 0).

Da thire t6i gidn

Pa thire f(d) trén trudong dugc goi la téi gian néu
nd khéng thé phén tich thanh dang thtra s6 cua
cac da thtrc bac thap hon trén cung mot truong.
Da thirc nguyén thuy

Vé6i moi m va p (nguyén tb), ton tai it nhat
mot da thuc toi gian bac m va luy thua T =
p™-1. Da thirc d6 goi 1a da thuc nguyén thay.
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Truong mé rong bac m cia GF(p)
Néu y(d) 1a mot da thic toi gian trén GF(p),
vanh cac da thuc trén GF(p) module y(d),
nghia 1a cong va nhan theo module y(d), s&
tao ra mot truong.
Néu bac cua y(d) 1a m, truong nay sé dugc dai
dign boi p™ da thic chia d co bac bé hon
hoac bang m-1, truong dugc goi la truong
Galois GF(cap p™ hodc la truong mé rong
bac m cua GF(p) va ky hiéu la GF(p™). [5],
(61, [7].
Phwong phiap biéu dién diy PN trén
truong GF(2)
Biéu dién bang bién déi d [1], [7], [8]
Bién doi d:
C6 thé biéu dién mot cach thuan tign day nhi
phan: ug, U, ... U, bang bién doi d cua no,
duoc dinh nghia nhu sau:
n
u(d)=ug+ud+...+u,d 1)

hoic ¢ thé viét;

Dlu]=u(d) => ud'
@

trong d6 D[u] 1a bién ddi d cua u.

Bién doi d ciia mot day nhi phdn tuan hoan ¢6 dang:

udy =@ ®
q(d)

v6i diéu kién q(d) khong chia hét cho d va
bac cua r(d) nhé hon bac cua q(d).
- Néu r(d) va q(d) nguyén té cung nhau thi
chu ky cua u la luy thira cta q(d), nghia 1a chu
ky cia u 1a s6 T nho nhét sao cho q(d) chia
hét (1+d").
- Céc ddy do mot LFSR m tang c6 da thuc
dac trung h(d) tao nén va ky hiéu la tap u co
thé biéu dién trong khong gian d nhu sau:

U(d)={%, deg[ s(d)] < m} (4)

Pa thic s(d) ddc trung cho trang thai ban dau
cia LFSR va cd thé duoc xac dinh tir noi
dung nhé nhi phan ban du cua cac phan tir

cua LFSR qua mot hé théng phuong trinh
tuyén tinh.
- Néu s(d) va h(d) 1a nguyén té ciing nhau va
h(d) khong chia hét cho d thi h(d) 1a da thirc
sinh cua LFSR ngan nhit tao ra day u c6 bién
d6i d dang:
s(d
u(d) = s(d) (5)
h(d)
- Néu h(d) da thuc sinh cua mot LFSR 1a
nguyén té thi u(d) 1a bién ddi d cua ddy m c6
chu ky: T=2"-1 véi m la bac cua h(d).
- Ton tai (2™-1) pha caa mot ddy m voi (2™-1)
da thire s(d) bac nho hon (m-1).
- Goi Dlu 12 day dich pha j nhip so véi u ta cé:
Diu=u(d).d’ (mod h(d))
_ (6)
:ﬂ.dJ (mod h(d))

h(d)
Phuong phéap nay c6 mot sé wu diém:
- C6 thé mo ta day long ghép co do dai bat ky
(L#2"-1).

- C6 thé sir dung dé mo ta tin hiéu (ddy) va ca
phan cing (ham truyén dat, huéng tng tu do,
hudng tng cudng bac cta mach ghi dich), vi
bién d6i d 1a mot phép bién doi cé thé d& dang
suy tir biéu thirc toén hoc sang dang nhi phan
va nguoc lai. Do d6 phu hop véi céc yéu cu
ung dung trong k¥ thuat phan thoi gian (Time
multiplexing). Tom lai cdng cu toan hoc hiu
hiéu dé md ta cac ddy PN la bién d6i d.

Biéu dién bang ham vét [8,9]

Ham vét 1a mot anh xa tuyén tinh tir truong
mé rong GF(p™) xudng truedng con GF(p) va
duogc dinh nghia mot cach tong quat nhu sau:

m-1 )
Tr;f” (oc):zolocp' (M

O la phan ta cua GF(p™).
Trong treong nhi phan GF(2), cong thirc trén
tr thanh:
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m-1 )
T (a) =Y o ,a e GF(2") (8)
i=0
Trong do, thay ¢ bang Tr" dé biéu dién
don gian hon.
Mot s6 tinh chat quan trong sau day cta ham
vét ¢b thé gilp cho viéc tinh toan va khao sat
cac ddy PN mét cach linh hoat, ro rang hon:

Va,BeGF(p), taco:

Tr(o) e GF(p™) )
Tr(a+B)=Tr(a)+Tr(B) (10)
Tr(ra)=ATr(a), AeGF(2") (11)
Ti(o)=Tr(er) 12

Day nhi phan cuc dai (ddy m) c6 chu ky

2™ —1 c6 thé duogc biéu didn bang ham vét
nhu sau:

{a} (aOIal’ . ) (Tr ( )Trlm(a),...,Trlm(azm_z))

Phuong phap biéu dién biang ham vét con
dugc goi 1a biéu dién bang phan tir nguyén
thuy( OL ). Biéu dién bang ham vét c6 vu diém
1a cong thirc biéu dién ngin gon. Tuy nhién,
st dung ham vét c6 nhuge diém la

+ Ham vét chi duoc dinh nghia cho céac diy co
do dai (|_ _on_ 1), trong khi d6 cac day co6 do
dai (Le2" _1) thi ham vét khong thé biéu dién
duogc. Luc do phai sir dung mét cong cu khac.
+ Ham vét khong thé biéu dién dugc huong
g cudng buc may trinh ty tuyén tinh

BOQ XAO TRON TiN HIEU (SCRAMBLER)
Khai niém b xao trén

Bo6 x40 tron s la mot thiét bi dung dé tao nén
mot sy thay doi can thiét trong dong théng tin
nhi phan bt ky. Nhiing tinh chit mong muén
cua day ra, khi dua vao dau vao bo xao tron
mot dong nhi phan bat ky, 1a: sy can bang
gitra cac bit '1' va '0' va ham ty tuong quan
nhon, hay néi khéac di: phan bé lai cac bit '1'
va '0' dé dat duoc mot X&c suat trang thai va

mat gia tri ham ty twong quan (ACF) da cho.
Do d6 cac bd x&o tron sé con duoc sir dung
rong réi trong thay van, mat ma, dau tin
(steganography)....[12-14]. C6 hai loai
scrambler synchronized scrambler (X&o trén
ddng bo) va self-synchronized scrambler (T
ddng bo). Bo x&o tron ddng bo (thiét lap lai
Reset scrambler) duoc m ta ¢ hinh 2 ¢ phan
phat, viéc cong md-dun p theo tirng symbol
gitta ddy so lieu {1}(vao) véi day gia ngiu
nhién {u} tao thanh day sb liéu da duoc xéo
tron {O}(ra).

{O} ={I} + {u} mod p (13)

"- < = an |

B6 tao PRBS

+ Dbéng
b

B6 tao PRBS

Hinh 2. B xdo tron dong bo

Thay cho viéc truyén di day sé liéu nguyén
thay {1}, phan phat truyén di ddy da x4o tron
{O}. Tai may thu, ching ta c6 mét bd tao
PRBS hoan toan giéng va dong bo véi bo tao
PRBS phan phat. Trong truong hop nhi phan
(p = 2), ching ta c6 day bit s6 liéu tach duoc
nho theo mé-dun 2 tirng bit cua day nhan duoc
Véi timng bit cia PRBS tao dugc & phan thu:

11} ={0} ® {u} (14)

Hién nhién, cac b tao PRBS phan phat va thu
nhat thiet phdi dong bo véi nhau. Nhuge diém
cdn ban ctia b xao tron va giai xao tron “thict
lap lai” 1a can phai co cac thiet bj dong bo. Bu
lai, loi thé cua ching 1a cac 15i truyeén dan
khdng gay nén cac boi 15i tai phan thu.

Hiéu qua xir ly ciia scrambler

Cac day bit thdng tin co thé c6 nhiing do dai
tuong doi ngan va nhitng loat dai cac bit
khong Chuyen d6i cyc tinh. Piéu nay dan dén
nhitng dac diém bat loi:
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- Phé cua tin hiéu truyén di phu thudc vao
mau cua dy bit duoc truyén.

- Cac vach pho cua tin hiéu kha thua trén
thang tan s va d6 thi pho khéa cao & nhiing
tan s6 thap.

Muc dich co ban cua thuat toan xao tron la
loai bo cac chu ky ngan trong day tin hiéu 16i
vao va khir bo céc loat dai, khéng phu thudc
mau day bit 16i vao nhu thé nao.

Hudng wrng ciia cdc by xdo tron tin hi¢u

Bo x40 tron c6 thé duge moé hinh hoa nhu mot
may trinh tu tuyén tinh. Nhu vy, day ra c6
thé duoc chia thanh hai thanh phan doc lap:
huong Gng ty do va huong ung cudng buc.
Huong Gng tu do 13 do trang thai ban dau cua
b6 tron quyét dinh, con hudng tng cudng birc
la do ddy vao quyét dinh. Dac tinh vao — ra
cua bo tron cé thé duwoc mo ta mot cach don
gian qua ham truyén dat H(d) trong khéng
gian d nhur trong biéu thic:
Y(d)=X(d).H(d) (15)

Trong d6 X(d) va Y(d) lan luot 12 bién ddi d
cua day vao x(n) va day ra y(n). Ham truyén
dat caa b giai xao tron sé la 1/H(d).

Phén bé xdc suit

Goi {0} la day dau ra caa bo tron so, {1} 1a
ddy dau vao (hay huong Gmg cudng buc cua
bo x&o tron) va {u} la day tao bséi LFSR(tin
hiéu hay hudong tng ty do cua bd x&o tron).
Xéc suét bit '0' va bit '1' ciia ddy dau ra tuong
ang 1a P, (0)va P, (1). Xé&c suat bit ‘0" va
bit '1' cua diy dau vao twong tng la P | (O)Vé
P, (1) Xac suit bit '0' va bit '1' cua day tao
boi LFSR tuong tng la P (0)va P (1). Vi
bo x&o tron 1a mot hé thdng tuyén tinh xép
chdng nén diy dau ra duoc tinh theo cong
thac

{O) ={1} @ {u} (16)
Vy, X&c suét bit '1' trong ddy ra {O} duoc tinh:
Po (1) =Pi(1).P, (0)+P,(0).P, (1) (17

Ddy tao boi LFSR {u} théa médn tinh can
bang, nghia la: x&c suat bit ‘0’ cua day

PRBS do LFSR tao ra va xac xuit bit ‘1’
thoa man:

P,(1)~P,(0)~ (18)

N

Vay, ta co:

1 1
P~(1)=P,(1).=+PF,(0).=
o (1) |()2+|()2
1

5 [P@+RO)]~3

Vay, véi ddy vao {1} va day {u} tao boi
LFSR 1a doc 1ap thong ke, ta c6 day ra {O} sé&
c6 phan b xéc suat:

Po (1) =Py (0) z; (19)
Céac ddy dai n bit khéng chuyén d6i mac &
16i ra ciing xay ra Véi Xac suat rat thap, co
X4c suat nhu déi voi day {u}, tac la= 1/2".
Ham tu twong quan
Ham ty tuong quan cua day ra {O} dugc dinh
nghia nhu sau:

A-D
R(k)=

A+D
Trong d6: A 1a s bit gidng nhau giita ddy ban
dau va day duoc dich di k bit (hay dich di mot
khoang thoi gian T), D 1a s bit khac nhau
gitra hai day.
Bién d6i toan hoc R(k) ta dugc:

(20)

A-D A+D-2D D
R(k)= = =1-2
( ) A+D A+D A+D (21)
=l—2Po(l)z0

Vay, day ra cua bd xao tron {O} thoa man hai
thuoc tinh ngau nhién:
1
Po (1) =Py (O) zE
R (k) ~0
C6 thé thay céac vach pho sit nhau hon va do
d6 db thi phé cua day khé thap, tic 1a do thi
phé cua diy dugc truyén co dic tinh kha
gan voi @6 thi phd cia mot nhiéu trang.
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Ro(t)

Il_N ;\//

T
0 T NT NsT t

(b)
Hinh 3. Ham ty fwrong quan cua tin hi¢u

sau xao tron

Xét ham tu tuwong quan cua ddy ra bo tron
trong truong hop téng quat:

Goi {in} la day VA0, VGi
{in} €0,1, 0<n<oo, va I(d) 1a bién d6i d
cua day nay. Da thic h(d) bac m la da thirc
sinh cua bo tron va S(d) c6 bac nho hon m
dic trung cho trang thai ban dau cua bo tron.
Déy ra c6 dang nhu sau:

o<d>='(dr)f;(d)=of<d>+oa(d> @)
Trong do, O (d)=1(d)/h(d) va

0,(d)=5(d)/h(d) lan luot biéu dién huong
ung ty do va hudng tng cudng bic cua bo
tron trong khéng gian d.

Khi I(d) va S(d) la doc lap, nghia la duoc
chon mét cach doc lap, thi tir tinh chat tuyén
tinh cua bo tron, ta c6: huong ung cudng bic
va hudng tng tu do 1a doc 1ap vai nhau.

bat:

D[ 0 (d)+0,(d)]=0; +0% =0, (24)
1a bién d6i d nguoc cua diy ra, trong d6 0,
la ddy ra. ACF cua day nhi phan ra dugc dinh
nghia la:

R(k)= E{a(on).a(on+k)} (25)
Trong do, a(on)zl khi 0,=1 va a(on)=-1
khi 0,,=0. Ngudi ta chimg minh dugc rang:

ACF caa mot day ngau nhién, c thé duoc
tinh nhu sau

R(k)=1-2[P{a(0,)=-La(0,.,) =1} +Pfa(0,) =1 (0, )=-1}]
=1-2P{a
-1-2P,a

R(k)=1-2P,{a(0,)+a(0n,)} (26)

Trong d6, @ 1a phép cong md-dun 2, & day

ta ky hiéu 1a + vi cac phép tinh lién quan dén

ddy nhi phan di nhién la mo-dun 2, va

P,{X,} laxac suat 1 trong day X, .

Nhu vay, ta cé:

P{a(on ) ® a(0n+k )} =

- P{(af (0,)+2" (0p )) + (aa (0q)+a% (0 )) =1}

=P {3 (k)+ x5 (K) =1} =Py {x; (k) + %3 (K)}

Trong do:

xf(k)=a'(o,)+a"(0,.«)

x5 (k)=a%(o,)+a%(o,,x)

Ta gia thiét tin hiéu vao va tin hiéu do by x40

tron tao ra la doc lap théng ké

Do a?(o,) va a®(0,,,) 1a hai ddy m léch pha

nhau nén X (K) cling 1a mgt day m, ta co:

R(6(00) =R (1) =, KT m>>1

n
Va:

g, = P{XL (k) :1} = Pl{xtl (k)}

Qo =1-0q;

Vi X‘;(k) va x (k) 1a doc lap, nén ta c6:

Pl{X; (k)+x3 (k)} =Py +Poty :;
Do do:
R(K)=1-2P{x} (k) +x3(K)j=0- (D)

No6i cach khac, tin hi€u vao sé duoc ng?lu
nhién héa mot cach hiéu qua khong phu thude
vao tinh chét thong ké ctia no.

C6 thé thiy r6 diéu nay khi thuc hién mo
phéng qué trinh ngiu nhién hoa tin hiéu, sir
dung hai bd tron s6 mic ndi tiép, mdi b tron
s6 1a mot LFSR gdm 7 trigo, tao duoc ddy m

86

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Vin Son va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

195(02): 81 - 88

gdm 127 bit. Tin hiéu vao 1a ddy 127 bit nhi
phan, c6 dang bat ky, tuy nhién & day chi thyuc
hién md phong véi tin hidu vao xau. O truong
hop nay, tin hiéu vao 1a day 127 bit, trong do:
gdm 95 bit '1', 32 bit '0, tdi da c6 95 bit 'l"
lién tiép va 32 bit '0' lién tiép, c6 mot lan
chuyén muc tin hidu.

00...0 | o a1

32

Hinh 4. Day tin hiéu vao xdu
Day tin hi¢u vao dugc dua qua bo tron sb thir
nhat, xao tron tin hi€u lan 1, tin hi€u ra cta bd
tron sO thr nhat duoc dua vao bd tron so thir
hai, x40 tron tin hiéu lan 2. Tin hiéu ra ctia bo
tron sO thu hai la day tin hiéu ngau nhién
duoc truyén di. Trong do: m; la da thic sinh
cta bo tron 1, m, la da thic sinh cta bd tron 2
N, : ky hiéu s bit '1' trong day tin hiéu ra.
N, : ky hi¢u s6 bit '0' trong day tin hi¢u ra.
N, /N, : ty s0 s0 bit '1" trén sO bit '0".
M, : ky hiéu sd bit '1" téi da lién tiép (cum '1'
toi da).
M, : ky hiéu s6 bit '0' téi da lién tiép (cum '0’
toi da).
TR: ky hiéu sb 1an chuyén muc cia diy tin
hiéu ra.
O truong hop nay: tin hiéu vao l1a day 127 bit,
trong do: gom 95 bit '1', 32 bit '0', toi da c6 95
bit '1' lién tiép va 32 bit '0' lién ti€p, c6 mdt
lan chuyén mic tin hiu.

Bang 1. Tin hiéu vdao va ra sau xdo trén

m m, N, N, N, /N, M, M, TR
10000011 000001 95 32 2.97 95 32 1

001000 75 52 44 9 4 65

010101 69 58 .19 8 4 65

100000 67 60 e 8 8 54

01010 55 72 0.76 0 59

11000 51 76 0.67 0 60

00100 77 50 1.54 0 55

001110 53 74 0.72 0 57

10010001 10101011 69 58 1.19 8 S 65

11000001 53 74 0.72 7 11 56

11010101 59 68 0.87 6 9 62

11110001 63 64 1.02 B 5 72

10001001 55 72 0.76 4 6 67

10011101 53 74 0.72 6 7 37

10101011 11000001 51 76 0.67 4 10 60

11010101 55 72 0.76 4 9 64

11110001 61 66 0.92 10 8 56

10001001 75 52 1.44 ] 4 63

001110 S 76 0.67 4 65

11000001 01010 6 66 0.92 5 63

11000 [3 66 0.92 8 57

00100 63 64 0.9 9 62

01110 [ 6 1.12 4 4 72

11010101 11000 63 6 0.98 6 8 55

00 0 5 7 0.81 5 5 64

00 [i] [3 1.05 7 4 62

11110001 00 0 4 0.48 4 14 49

00 [1] [ 6 0.92 6 3 64

10001001 00 [1] 5! 0.87 5 5 63

Pay 1a truong hop ma tin hiéu vao xdu nhat
so voi cac truong hop khac. Sau khi duge xao
tron, tin hi€u thu duoc co6 cac thudc tinh:

- S6 1an chuyén mirc tin hiéu ciia ddy vao nho
nhat. Day ra hau hét déu dat gan 50% so
chuyén murc c6 the.

- Ty 1¢ chénh léch N, /N, cua day vao cao
(2.97 1§n), nhd xao trén, diy ra co ty 1€
N, /N, thap hon nhiéu.

- Tin hiéu vao gém hai budc chay, budce chay
'0' chiéu dai 32 va bude chay 'l' chicu dai 95.
Chiéu dai budc chay cua tin hi¢u sau xao tron
nhé hon nhicu.

Mot sb truong hop két hop cac da thirc dic
trung khac nhau dé tao b xdo tron, thu dugc
day tin hi€u ra véi cac thude tinh dac biét tot:
Khi chon da thirc déc trung ctia cac LFSR 1a
hai da thic doi ngau:h,(d)=1+d°+d’va
hz(d)=1+d +d’ tin hiéu thu duoc sau xdo
tron co: 67 bit '1', 60 bit '0', ty 1€ N1/ N0 la
1.12, c6 hai budc chay d6 dai 8 (mdt budc
chay gom 8 bit 'l' va mét budc chay gom 8
bit '0"), con lai 14 cac budc chay c6 do dai tir 5
tré xuong, c6 54 lan chuyén murc tin hiéu.

Khi chon da thirc déc trung ctia cac LFSR 1a
h,(d)=1+d’+d’

Va h,(d)=1+d+d’+d’+d’ tin hiéu thu
dugc sau xao tron co: 63 bit '1', 64 bit '0', ty 1&
N, /N, 120,98, c6 hai budc chay do dai 5 (mot
budc chay gom 5 bit '1' va mdt budc chay gobm
5 bit '0"), con lai 1a cac bude chay co do dai nhod
hon, ¢6 72 1an chuyén murc tin hiéu.

Khi chon da thirc dac trung cua cac LFSR Ia
h,(d)=1+d+d’

va h,(d)=1+d*+d*+d°+d"tin hiéu thu
dugc sau xao trdn co: 67 bit '1', 60 bit '0'; ty 1&
N,/ N, la 1.12, c6 ndm bude chay do dai 4
(bon budc chay gdm 4 bit '1' va mdt budc chay
gom 4 bit '0"), con lai 1a cac budc chay co d6 dai
nho hon, c6 72 lan chuyén muec tin higu.

Khi chon da thirc déc trung ctia cac LFSR 1a
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h,(d)=1+d+d*+d’+d’

va h,(d)=1+d°+d‘+d°+d"tin higu thu
duoc sau xdo tron co: 61 bit '1', 66 bit '0', ty 1&
N,/N, la 0.92, c6 mét bude chay do dai 6
(g6m 6 bit '1"), hai budc chay d6 dai 5 (gém 5
bit '0"), con lai 1a cadc budc chay do dai nhd
hon, c¢6 64 lan chuyén mirc tin hiéu.

Nhu vy, ta thdy trong cac trudng hop dic biét
ctia tin hidu vao (tin hiéu vao 1a diy gdm nhiéu
bit '1' lién tiép va nhiéu bit '0' lién tiép), khi chon
cac da thitc dac trung ciia LFSR phu hop, tin
hi¢u ra sau xao trdn s€ c¢6 nhiing thudc tinh gﬁn
théa man cac thudc tinh cia diy ngdu nhién,
nhu: s6 bit 'I' va bit '0' chénh léch nhau khong
nhiéu, mot s6 trudng hop chénh 1éch giita s6 bit
"' va sb bit '0' khong qua mot bit, do dai budc
chay giam déang ké, sb 1an chuyén muc tin hiéu
du 16n dé dam bao d& dang khoi phuc tin hiéu
dinh thoi tai phia thu.

KET LUAN

Trén day, di sir dung phuwong phéap biéu didn
X40 tron va cac day gia ngau nhién chiéu dai
cuc dai tao boi cac mach ghi dich hoi tiép
tuyén tinh bang da thirc trén truong GF(2) dé
phan tich cac thudc tinh tin hiéu ra. Ta c6 thé
thiy bo x40 tron da 1am cai thién dang ké chat
lwong truyén dan. Do d6 chung duoc sir dung
rong réi trong cac ung dung nhu: nhan dang
hé thong, dong bo, do ludng tir xa, doan nhén
kénh, can bang nhidu va nhat la mat mi
(cryptography).

LOI CAM ON

Cac tac gia bai bao xin tran thanh cam on su
hd trg kinh phi nghién ctu khoa hoc cua
Trudng Pai hoc M& Ha Noi thong qua dé tai
cap Truong ma sé V2018-12.
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