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Tom tdt—Truyén thong chuyén tiép da thé hién
duwgc rat nhiéu vu diém vuet trdi trong hé théng
thong tin v tuyén, diic biét 12 ning cao kha niing
bio mét ctia hé théng. Trong bai bao nay, chiing
toi danh gia hiéu nang bao mit cia mang vo
tuyén nhan thic chuyén tiép da ching st dung
k§ thuat lwa chon mit chuyén tiép tét nhét tai moi
ching. Cu thé, chiing tdi dwa ra cac biéu thirc Xac
suat dirng bao mit - Secure Outage Probability
(SOP) va Xic suét lwgng bao mat khac khong -
Probability of Non-zero Secrecy Capacity (PrNZ)
cho giao thirc chuyén tiép ngau nhién-va-chuyén tiép
- Randomize-and-Forward (RF) st dung ky thuat
lua chon miit chuyén tiép tot nhit 6 méi chang. Cuéi
cung, cic két qua mé phong Monte-Carlo sé dugc
trinh bay dé kiém chitng phuong phap phan tich
va biéu thitc phan tich dat dugc.

Tiv khéa—Vo tuyén nhan thite, Chuyén tiép 6
Iva chon, Dung lugng bao mat khac khong, Xac
suat dirng bao mét, Dung lugng bao mit.

I. GIOI THIEU

Mang thong tin vo tuyén d trd thanh mot phan
khong thé thiéu clia doi song, dic biét trong linh
vuc ngan hang va quan doi, va ngay cang phat
trién manh mé. Do dic tinh quang ba clia kénh
truyén vo tuyén, ngudi dung khong hop phap ciing
c6 thé dé dang thu nhan dudc thong tin, hay thim
chi c¢6 thé tan cong va stia d6i thong tin. Vi ly do
d6, bdo mat trong thong tin vo tuyén dong vai trd
hét stic quan trong. Theo quan diém truyén thong,
ban mat trong thong tin vd tuyén dudc thyc hién
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& céc 16p trén 16p vat ly, va tit ca cdc giao thic
mat ma dudc st dung réng rai hién nay (RSA,
AES,...) déu duogc thiét k& va thuc hién véi gid
thiét 1a 16p vat ly da duogc thiét 1ap va cung cip
mot dudng truyén khong cé 16i [1].

Nhiing nim gan day, nhiéu nghién ctiu cho thiy
16p vt ly c6 kha nang ting cudng dd bao mat cla
hé thong thong tin vo tuyén, vi vy cic nha nghién
clfu da tap trung nghién cifu vé bdo mat thong tin
& 16p vat ly. Ly thuyét bao mat thong tin 12 nguyén
ly co ban ctia bao mat 16p vat ly, va chi yéu dudgc
xdy dung dya trén khdai ni€ém bao mat hoan hao
ctia Shannon [2]. Khai niém nay cho thiy kha
ning hé théng thong tin v tuyén vin dam bio
an toan khi ké nghe trom c6 day dii ning luc dé
giai mé, phan tich thong tin dudc truyén tif ngudn
dén dich. Sau d6, nam 1975, trong [3], Wyner da
dua ra mo6 hinh kénh nghe trom va ching minh
dugc rang hé thdng c6 thé dat dudc bdo mat hoan
toan néu tdc do truyén nhé hon hiéu dung luong
gitta kénh chinh va kénh nghe trém ma khong can
phdi mat ma cho dit liéu. Sau d6, dén nim 1978,
trong [4] d2 mS rong md hinh Wyner cho kénh
Gaussian, két qua ciing cho thay do bdo mat ctia
hé théng sé dudc dam bao néu tdc do truyén nhod
hon dung lugng bao mat.

Trong bado mat thong tin 16p vat ly, ¢6 ba tham
s6 hiéu ning quan trong dung dé dinh gid kha
ning bao mat ctia hé théng thong tin vo tuyén,
d6 1a: i) x4c sult ding bao mat - Secrecy Outage
Probability (SOP), ii) xac sudt dung lugng bao
mat khac khong - Probability of Non-zero Secrecy
capacity (PrNZ) va iii) dung lugng bao mat -
Secrecy Capacity (CS) 1a cdc tham s6 dé [5].

Tuy nhién, kh4 ning bio mat ctia hé thong vo
tuyén c6 thé khong dam bao khi cac diéu kién vat
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ly ctia kénh truyén hop phdp kém hon diéu kién
vit Iy ctia kénh truyén khong hop phap. PE khic
phuc tinh trang nay, truyén thong chuyén tiép hay
truyén thong hop tic thudng 1a mot gidi phap tot
ma & d6 céc niit chuyén tiép sé hop tac va trg gitip
dé cai thién diéu kién vat ly cta kénh truyén hop
phidp nhim ning cao khi ning bio mat ctia hé
théng thong tin vo tuyén, vi du: [6], [7], [8]. Mot
xu hudng khic gan day 1a st dung nhiéu nhan tao
nham ting kha ning bio mat ctia hé thdng, vi du
[91, [10], [11], [12], [13].

Trong khi cdc nghién ctu néi trén chi dé cap
dén hé théng vo tuyén chuyén tiép hai ching thi
bai bao [14] da danh gia kha ndng bao mat 10p
vat 1y cua mang thong tin vo tuyén v6i nhiéu
chiing chuyén tiép. Cac két qua phan tich trong
bai bao da chi ra cic wu diém vugt trdi cia ky
thuat chuyén tiép da ching trong bio mat thong
tin ctia hé thdng.

Ngay nay, v6i su phét trién rit nhanh cta thiét
bi di dong da lam cho nhu cau st dung phd tan
vO tuyén gia ting nhanh chéng. V6i chinh sich
phan b3 phd tan hién nay, cic dai phd dugc cip
phép theo tiing nhém thiét bi va c6 phan nao dé
gay kho khin cho viéc trién khai cdc cong nghé vo
tuyén mdi [15]. Trong céc gidi phéap tiém ning thi
vo tuyén nhan thic 14 giai phap tot dé giai quyét
bai todn han ché vé phd tan [16], [17]. Trong hé
théng vo tuyén nhan thic, ngudi dung thi cép -
Secondary Users (SUs) c6 thé sit dung tam thoi
tan sd cta ngudi dung so cip - Primary Users
(PUs) khi PUs khong st dung. Véi co ché nay,
cdc khoang phd tring dugc tan dung cho SUs va
din dén hiéu suit st dung clia toan bo gidi tan
dugc cai thién dang ké. Két hop mang vO tuyén
nhan thic véi truyén thong chuyén tiép sé mang
lai nhiéu Igi ich nhu mé rong pham vi truyén tai
thong tin, gidam can nhiéu cho cdc hé thong khic
ma van ddm bdo dudc chit lugng truyén tai tin
tdc tif ngudn dén dich [18], [19], [20].

Trong bai bdo nay, ching tdi quan tim dén mo
hinh nghién ctiu tong quat ctia bai [14] va khéo sat
kha nang bado mét 16p vat ly khi st dung ky thuat

lua chon niit chuyén tiép tot nhét & ting ching. DE

danh gid kha ning bio mat ctia hé thong, chiing
t6i phan tich va ddnh gid cac tham sb SOP, PrNZ
ctia hé théng trén kénh truyén fading Rayleigh.
Céc két qua phan tich dugc danh gia thong qua
mo phdng Monte-Carlo trén phan mém Matlab.
Phan con lai cia bai bdo dudc & chic nhu sau.
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Muc II trinh bay mé hinh hé théng; Muc III trinh
bay chi tiét cdc phan tich d4nh gi4 hiéu niing bio
mit ctia hé thdng; Muc IV trinh bay két qua mo
phéng bang phan mém Matlab, va cudi cing Muc
V 1a tém tat két luan thong qua cdc phan tich, ddnh
gia da dudc trinh bay & trén.

1. MO HINH HE THONG

Cum K

Hinh 1. M6 hinh hé théng chuyén tiép da chiing sit dung k¥
thuat Iya chon niit chuyén tiép ting phan.

Mb hinh dé xuét xem xét clia bai bdo nay la
mot hé thdng chuyén tiép da ching trong moi
trudng vo tuyén nhan thifc nhu trinh bay & Hinh 1.
Trong d6, hé théng mang thi cAp bao gom mot
niit ngudn (S) va mot nit dich (D), c6 su ton tai
mot ndt nghe trom (E). Gia st khong c6 dudng
truyén truc tiép tif nit ngudn dén nit dich, nhu vay
niit ngudn truyén thong tin dén nit dich thong qua
nhiéu cum (cluster) chuyén tiép tin ciy. Ching toi
gia st ¢c6 K cum giifa nit nguodn va nit dich. Moi
cum c6 sb nit 1an lugt 1a: Ny, Na, ..., Ng. Nt
chuyén tiép trung gian t6t nhit dudc Iva chon &
mdi cum giai ma hoan toan cic thdng tin bi mat
nhan dugc va sau d6 ma hoéa lai roi chuyén tiép
dén nuit dich qua kénh vo tuyén fading. Gia st ring
tht ci cdc nit dudc trang bi mot antena va hoat
dong & ché do ban song cong. Trong khi do, tai
mdi ching, nit nghe trom ciing cb gang thu, giai
ma thong tin qua kénh bat hop phdp. Ching toi gia
dinh rang, nit phat (mit ngudn hoic it chuyén
tiép) c6 day du thong tin trang thdi - Channel
Status Information (CSI) cta cd hai kénh chinh
va kénh nghe trdm. Trong mo hinh nay chuing t6i
st dung phuong phdp chuyén tiép RF dé nit nghe
trom khong két hop dudc dit liéu & cac ching.
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. DPANH GIA HIEU NANG HE THONG

Goi Rj*! véi i =0,1,2,..., K la nit chuyén
tiép tot nhit dudc chon & cum thd i + 1. V4i hai
tru’iing hgp dac biét: ¢+ = 0 thi RO 1a nidt nguodn
S, RY = Svai=K thi Rit! lanutdlchD
R’Jrl = D. Ta c6 thé viét

RZ+1 (1)

arg max ’}/Rl R1+1
.] 1a27 7N1+1
Xét ching thd i v6i i = 1,2,..., K, cong suét
phéat cda mit dudc chon dé chuyén tiép 1a [21],
[22]
Iy,

PR;—I = ] 5
TR, P

(@)

v6i Iy, 1a mic can nhiéu t6i da cho truéc ma mdy
thu so cip c6 thé chiu dung dudc.

Ta ky hiéu ypi-1 p la d0 1gi kénh truyén giita
Ry~ va PU, ypi1 i 12 0 lgi kénh truyén gitta
R’ Lva Ri, va VTR E 12 do 10i kénh truyén giita
Rz va E. O kénh truyén fading Rayleigh, cic do
101 kénh truyén VR~ P YRR} va VR E co
phan phdi mi véi thong s6 dac trung lan lugt 1a
Ai—1,Ps Ai—14 Va Ni—1.E.

Theo [2], dung luong chuin hoa tic thdi cia

kénh du liéu la
LV,
No’szq’P

“log, [ 14+ QB 3)
TRi'.P

v6i Q = I;;, /Ny va Ny la phuong sai ctia nhiéu
cong. Dung lugng chuidn hoa tic thoi cia kénh
nghe trom la

TR,'.E
CRz—l’E = 1Og2 (1 + Q ) . (4)

TR, P

Cszl,Rf, = 10g2 (1 +

Dung lugng bao mét & chang thi ¢ 1a mot dai
lugng 16n hon khong va dugc dinh nghia la su
chénh 1éch gitta dung lugng chuin hoa tic thdi
cta kénh di liéu va kénh nghe trom, cu thé [2]

Trong hé thdng truyén thong da ching, ching yéu
nhét s& quyét dinh hiéu niing ctia hé thong [14].
Do dé, ta c6 thé viét dung lugng bdo mat ctia hé
théng nhu sau:

Csc = min ¢
¢ s, K %
1
1—|—Q
. 71?’ 1p
= min max [0,log, e
1=1,2,..., 1+Q b
7122”,13

(6)

A. Xdc sudt ditng bdo mdt

X4c suit diing bdo mat 1a mot thong sd quan
trong dé danh gia chéit lugng cia ctia hé thong
thit cip, SOP cho chiing ta biét chit luong cla
hé thébng ma khong can biét hé thdng st dung
phuong phap diéu ché va gidi diéu ché nao. Boi
vi, SOP chi so sanh dung lugng bao mat nhd hon
mot gia tri dung lugng bao mit duong cho trude
C4p,. Viét theo biéu thiic toan hoc, ta ¢

SOP =Pr (Csec < Cip)
min C'Sec < Cth> )

—Pr<
i=1,2

14 7

Gia st rang kénh truyén giita cac ching 1a doc 1ap
v6i nhau, ta viét lai (7) nhu (8) dudc trinh bay &
dau trang sau. D& tim dudc SOP, ta can phai tinh
I; trong (8). Pit p = 29 ta viét lai I; nhu sau
[23], [14]

Vri=1 ni
1+Q’YR1 Lp
I; =Pr < 20m
1—*_62'7121 Lp
00
_ p—1
_/Fszl,R;;( Q x—i—py)
0

X f’sz_l,P (l‘) f’sz—l’E (y) dl’dy

Khi st dung ky thuat lua chon mit chuyén tiép
tiing phan & ting ching [24], ta c6 thé viét

©))

’YR;),RL+1 == max (10)

i i+ 1
G=1,2, it 1 TR RS

C' . = max (0’ Cri-t pi — CRFl E) nén ham phan bd xdc suét tich lily ctia VYR~ Ri>
b E o (p;lx ) ¢6 dang nhu (11) duge

14 Q Tri-tai \Q + py ang (11) C

_ 7 VP trinh bay & dau trang sau.

— max 0, 10g2 W (5) n . "
1+Q il Thay thé (11) vao (9) va thuc hién tich phan,
Tritp ta c6 biéu thiic dang dong cho I; nhu (12). Cudi
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14 Qi
SOP =Pr | min max | 0,log, 73371 . < Cu,
i=1,.2,...K I ACRE:
Tri-1 p
- b -—
'YR',‘; R
Qe
=1— H 1 —Pr | max | 0,log, o Ty < Cy, (8)
i=1 14+ Q5
Rb P
L I; J
+00
I; :/ Ai—1,p exp (—Ai—1,pT) Ai—1,E €xp (—Ai—1,EY)
0
N, B
x |1+ Z (—1)"C, exp <_n)‘i1,inx> exp (—n)\iupy)] dxdy
n=1
=1+ Z (-n)"Cy, / Ai—1,pexp (=Ai—1,pT) A\i—1,E
n=1 0
x exp (—Ai—1,EY) exp <_n)\i—1,ipc_2$) exp (—nAi_1,py) dxdy
N \: \;
=1+ (-1)"Cy, LP . LB (11)
,; (D", Aic1,p +nAio1ilor AieLE + nAio1ip
—+00
I; —/ Ai—1,p €xp (—Ai—1,pT) A\i—1,E €xp (—Ai—1,EY)
0
N, N, B
x [1+ Z (—1)”( Z> exp (—n)\i_upx> exp (—nAi—1ipy) | dxdy
n=1 n Q
ol N; by by
-1 + -1 n< z) i—1,P i—1,FE (12)
; (1) nJAi-1,p+ n)‘i—l,i% Ni—1,E +nXi_1,ip
al N; by by
SOP =1 — -1 "+1< ) LP LP (13)
Z»l_[l [; =) nJ)XN_ip+ n/\i_u%l XNi—1,E + nX\i—1,ip

cung, két hop (12) va (8), ta tim dudc biéu thiic
dang déng ctia SOP nhu & cong thic (13). Tiép
theo, ching t6i khio sat hiéu ning xdc suit ding
bdo mat & cac gia tri @ 16n. That vay, khi @ da
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16n, ta c6 thé x4p xi (3) va (4) nhu sau:

Q—+o0
~ 10g2 (Q ) )

Q—+00 TRi-' E
~ log, (Q ) . (14)

TR, P

TRI-' Ri
CRi—l RL ——
b 1l ~pi-1
Ri-'.P

CR;—l,E

Do d6, xdc suit diing bao mat trong (9) c¢6 thé
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xap xi nhu sau:

7 Q—+00 Pr <Q'YR;17PL§/’YR£1,P < p)

i ~
QVri— 6/ VR P

Q—+o0
IS Pr ("}/Ri—l R < p’}/R?:l’E)

Q—H—oo
/f’YRz 1 B

Tuong tu nhu céch tinh toan & trén, ta c¢6 thé dat
dudc I; bang biéu thiic sau:

(px)dz. (15)

“fRz 1 Ri

i

YRS (—yren,

n=1

—+o00
X / Ai—1,Eexp(—Ai—1,57)
0

X exp(—n)\i 1,ip)dx

Ai—1,E
z 1E+nAz 1,iP
(16)

Cubi cling, x4c suat ditng bao mat toan trinh c6
thé dugc din ra nhu trong cong thic sb (17) bén
dudi:

SOPQ*+“1—

n+1 < ) Ni—1,E
Ni—1,E +nXi—1ip

a7

Quan sat ti cong thiic s& (17), ta thiy ring, khi gia
tri Q 16n, xdc suat diing bao mat hoi tu vé mot gid
tri khong phu thudc vao Q. Hon thé nita, gia tri
nay chi phu thudc vao céc tham sb dic trung cta
kénh dir liéu (X\;—1;) va kénh nghe 1én (\;_1 k)
ma khong phu thudc vao tham sb ctia kénh giita
mang thi cip va mang so cip (\i—1.p).

B. Xdc sudt dung lugng bdo mdt khdc khong

Xd4c suat dung lugng bdo mat khac khong la
thong s6 bdo mat clia hé thong thé hién xadc suit
ma dung lugng Shannon ctia kénh truyén dit liéu
16n hon kénh truyén nghe trom, cu thé dugc biéu
dién & bidu thic (18).
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St dung phuong phédp tuong tu nhu cho (7), ta
c6 thé viét lai PrNZ nhu sau

PrN7Z

—HPr 1+ QLR >1+Q TR E
el 7R TR~ P
K

:HPI‘ (7R£717R£ >7R271,E)' (19)
=1

Xét x4c suit Pr (’7sz1 R > VR E> trong (19),

st dung xdc suét diéu kién, ta c6 [23]:

= /0+oo f’sz_l,E (x) [1 - F'Yag—l,fcg (:U)] dx

N,
i " NZ —+o00
=2 (-1 H( )/ Ai-1,E
n=1 n 0

X exp (=it Eﬂf) exp (—n)\ifl,ia:) dx

Ni—1,E

_ Z n+1< ) -1, .
Ni—1,E +nXi—1,

Thay thé (20) vao (19), ta dudc cong thiic dang
tuong minh cla xdc sut dung lugng bdo mat khac
khong ctia hé thdng.

(20)

IV. KET QUA MO PHONG

Trong phan nay, ching tdi sé thuc hién mo
phéng trén phan mém Matlab d€ kiém chiing cic
két qua phan tich & phan trén. Xem xét mo hinh
hé théng & khong gian hai chidu v6i niit ngudn
dat & vi tri (0, 0), nut dich dat tai vi tri (1, 0),
cdc nit chuyén tiép clia cum 4 dit & vi tri (i/K,
0). Nut E dugc dat tai vi tri (zg,yg), nit PU &
vi tri (zp,yp). Khodng cach gitta hai nit Réfl
va R} la d;—1; = 1/K, khoang cich gitta nut
R ' vaPséladiyp = \/(% —zp)’ + (yp)?
va di—l,E = \/(% —xE)2+ (yE)Z bo loi
kénh truyén st dung mo hinh suy hao dudng
truyén don gidn nhu sau: Xi-1p = (di,l’p)ﬁ,

Ai1i = (di—l,i)ﬁ vadi-1p = (di—,l,E)ﬁ voi § la
hé so suy hao dudng truyén dugc co dinh bang 3.

Trong Hinh 2, ching t6i khio sit xac suét ding
bao mét theo gia tri cia () (dB). Trong mo6 phdng
nay, s6 cum dugc cb dinh bing 2 (K=2) va sb
nit trong mdi cum biang 2 (N} = Ny = 2), vi
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PrNZ = Pr (Csee > 0)=Pr| min

i=1,2,.., K

max |0, logsy

Yri—1 Ri
1 b T
TR 0 18
'YR};*l,E > ( )

1 + Q’YRq‘,—l P
T

% M0 phong (Cm =0.1)

+ M6 phdng (Cm =0.5)

O Mé phéng (Cm =1)
—Ly thuyét chinh xéc
—— Ly thuyet xap xi

I
3
T

Xac sudt dirng bao mat
o
(2}

05
0.4
03
02 | | | | | |
45 10 5 0 5 10 15 20
Q[dB]
Hinh 2. X4c suét ditng bao mat bidu dién theo gia tri @

[dB] khi TE = ]-7yE = 0.25,11}13 = —0,57yp = —05’
Cin = {01705, 1}7 K=2 Ny =2, N, =2.

% M6 phdng (M = 1)

+ M6 phdng (M = 2)

O M0 phéng (M = 3)
—Ly thuyét chinh xac
— - Ly thuyét xap xi

Xéac suét dirng bao méat
o
o

0.5
0.4
,,,,,,,,,,,,,,,, |
03[ 1
0pE===" s >
-15 -10 -5 0 5 10 15 20

Q[dB]

Hinh 3. Xdc suit diing bio mat biéu dién theo gid tri Q
[dB] khi zg = 1,yg = 0.25,zp = —0.5,yp = —0.5,
Cth20.75,K:3, V5N1:N2:N3=N.

tri ciia nut nghe 1én 1a (1, 0.25), vi tri cda nut sg
clp 1a (-0.5, -0.5); va gid tri ctia Cy, thay d6i tur
0.1 dén 1. Tir hinh vé, ta thiy ring xdc suit diing
bao mat SOP giam theo sy gia ting cua Q. Tuy
nhién, khi Q dd 16n, SOP hoi tu vé két qui ly
thuyét xip xi (LT-XX). Ta ciing c¢6 thé thiy ring,
hiéu ning bao mat SOP ciing gidm khi gia tri cia

SO 01 & 02 (CS.01) 2018

O Méphéng (x, =y, =-0.2) |
+ Mo phéng (xp =Yp = -0.5)
% Mo phéng ()<P =y, =-1)

—Ly thuyét chinh xac

o
o
T

— = Ly thuyét x&p xi

Xac sudt dirng bao mat
o
(4]

04
031
L
0.2
0.1
____________ R
0 I I I I | |
-25 -20 -15 -10 5 0 5 10

Q[dB]

Hinh 4. X4c suét diing bdo mat biéu dién theo gi4 tri Q (dB)
khi TE = 0.5,yE = 0.5, Cth = 0.25, K = 4, N1 = 2,
N2:3, N3:2V§:IN4:3.
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Hinh 5. Xdc suit dung lugng bdo mat khac khong biéu dién
theo gia tri N khi zg = 1,yg = 0.25, va K =1,2,4,6 .

Cyy, tang. Cudi ciing, Hinh 2 cho thy ring két
qua md phéng (MP) trang khit v6i két qua phan
tich 1y thuyét chinh xic (LT-CX), diéu nay minh
ching cho su chinh xdc trong cac phan tich ly
thuyét.

Trong Hinh 3, chung t6i khado sat sy anh hudng
cia s6 luong nit trong mdi cum 1én gia tri cla
SOP. Cu thé, ching t6i ¢ dinh gid tri sb ching
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Hinh 6. X4c suit dung lugng bio mat khic khong biéu dién
theo gia tri yg khi 2 = 0.5, N =3 va K =2,3,5.

bang 3 (K=3) va gia st s6 nit trong mdi cum
bang nhau va bang N (N; = Ny = N3 = N).
Céc thong s6 con lai dugc xdc lap nhu sau:
xg = 1l,yp = 0.25,2zp = —0.5,yp = —0.5 va
Cyp, = 0.75. Quan sat tif hinh v&, ta thiy ring gia
tri cia SOP gidm dang ké khi ta ting s6 luong nut
trong mbi cum. Pidu nay c6 thé dugc gidi thich
don gian bdi khi s6 lugng nit ting ciing dong
nghia véi viéc tang dung lugng cho kénh di liéu.
Hinh 4 Khao sat sy anh hudng vi tri nit PU 1én
hiéu nang SOP cua md hinh khao sat. Trong hinh
vé nay, nut PU dudc dat & cac vi tri (-0.2, -0.2),
(-0.5, -0.5) va (-1, -1). Cic thong sb khic c6
thé dugc liét ké nhu sau: zp = 0.5,y = 0.5,
Oy =025 K =4, Ny =2, Ny =3, N3 = 2
vad Ny = 3. Quan sét tit hinh vé ta thiy ring, gid
tri SOP giam khi PU dudc dit xa mang thd cip
(zp va yp 16n). Tuy nhién, khi gia tri () da 16n,
hiéu nang SOP cua md hinh khao sat sé khong
phu thudc vao vi tri cia nit PU, nhu da ching
minh trong phan 3.

Hinh 5 vé& xdc suit dung luong bido mat khac
khong theo s6 luong nit chuyén tiép trong mdi
cum. Gia st rang mdi cum cé s6 nit bang nhau
va biang N (N; = N, Vi). Trong hinh vé& ndy, cic
thong s6 dudc thiét 1ap nhu sau: z2p = 1,y =
0.25, va K = 1,2,4,6. Tt hinh vé ta thiy ring,
xé4c suat dung luong bao mat khac khong ting khi
ta ting gia tri cia IN. Hon thé nita, gia tri clia xac
sut dung lugng bdo mat khic khong ciing ting
khi s6 chiing ting. Piéu nay c6 thé dugc gidi thich
nhu sau: viéc ting s ching sé ning cao toc do
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ctia kénh dit liéu bdi téc dd truyén trén nhiing
chiang c6 khoang cach cang nhd sé cang 16n.
Trong Hinh 6, chiing t6i c6 dinh hoang do cta
nit E tai zz = 0.5 va biu dién x4c suit dung
lugng bao mat khac khong theo gid tri cia tung
dd yr (yg thay d6i tir 0 dén 1). Cac tham s con
lai dugc ¢ dinh nhu sau: zp = 0.5, N = 3 va
K =2,3,5. Ta c6 thé thiy tit Hinh 6 ring khi gia
tri xdc suat dung luong bdo mat khic khong ting
khi E cdch xa tuyén tif ngudn dén dich (yz ting).
Mot 1an nita, ta cling thiy ring gid tri PrINZ ting
v6i su gia ting cda sb ching K.

Trong Hinh 5 va Hinh 6, cic két qua mod phong
(MP) va ly thuyét tinh chinh xdc xdc suit dung
lugng bao mat khac khong (LT-CX) trung khit véi
nhau, diéu nay minh ching cho sy chinh xac ctia
cdc biéu thic toan dugc dua ra trong phan 3.

V. KET LUAN

Trong bai bao nay, chiing t6i da khao sat hiéu
ning bdo mat cla mang vO tuyén nhan thic
chuyén tiép da chiing st dung ky thuét Iua chon
nit chuyén tiép & ting ching. Cu thé, ching toi
da dua ra cac biéu thic dang déng tinh xdc suit
ditng bao mat va xdc suit dung luong bio mat
khéc khong ctia mo hinh khao sét trén kénh truyén
Rayleigh fading. Cac két qua tinh toan dudc kiém
chiing bang nhiing md phéng mdy tinh. Cac két
qua da thé hién rang s6 nit tai mbi cum anh hudng
dang k& 1én hiéu ning bdo mat ctia hé thdng.

LOI CAM ON

Cam on Phong Thi Nghiém Thoéng Tin Vo6
Tuyén (WCOMM) di hd trg trong qué trinh thuc
hién bai bao nay.
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