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Tom tit— Bai bao nay nghién ciru hidu ning mang
quang ba da nguoi dung st dung mé Fountain. Trong m6
hinh dé xuat, nut ngudn st dung ma Fountain dé giri cung
mdt dir licu den mot nhom cac nat dich. Hon nira, nhiéu
nat nghe 1én xuat hién trong mang va c¢b ging giai ma dir
liéu cua nguén. Do d6, k¥ thuat tao nhiéu nhan tao dugc ap
dung dé 1am giam chat luong cua kénh nghe 1én. Cu thé,
céc nut & gan cac dich s& dugc dung dé tao nhidu 1én cac
nat nghe 1én. Ching t6i dua ra cac cong thic tuong minh
danh gia chinh x4c x4c sudt dimg va x4c suit mat bao mat
ciia md hinh dé xuét trén kénh Nakagami-m. Céc két qua
mo phong Monte Carlo dugc thyc hién dé kiém ching cac
cong thire toan hoc, ciing nhu dé phan tich su tic dong cua
céc tham sb hé théng nhu sd nut dich, s6 nat nghe 1én, s6
nut tao nhiu va hé s phan bd cong suat phat 1én cac hiéu
ning hé thong.

Tir khéa— Ma Fountain, mang quang ba da nguoi dung,
bao mat 16p vat 1y, xac suit dimng, xac sudt mat bao mat.

l. GIOITHIEU

Bao mat 16p vat Iy PLS (Physical-layer security) [1]-[3]
la mdt k¥ thuat bao mat don gian, trong do dit liéu co thé
bao mat néu chat luong cua kénh dir liéu (data channel) tdt
hon kénh nghe 1én (eavesdropping channel). Vi vay, céac
nha nghién ctru da dwa ra cac giai phap nhim nang cao chét
lugng ciia kénh dir lidu va lam giam chét lugng ciia kénh
nghe 1én. Mot trong nhiing ky thuat phd bién dé nang cao
chat luong kénh dit liéu 1a cac k¥ thuat truyén/nhan phan
tap (transmitting/receiving diversity), trong d6 cac thiét b
phat va thu hop phap trang bi nhiéu anten dé thuc hién
truyén/nhan dit lidu [4]-[6]. D6i véi cac thiét bi khong thé
trang bi nhiéu anten (do giéi han vé kich thudc nhu cac
thiét bi cam bién, dién thoai di dong, v.v.), cac ky thuat
chuyén tiép két hop vai chon lyra nut chuyén tiép ciing nang
cao chét lugng va do lgi phan tap cho kénh di liéu [7]-[11].
Bén canh d6, ky thuat tao nhidu 1én nat nghe 1én s& lam
giam dang ké chét lugng cua kénh nghe 1én, va do d6 s&
dat dugc hiéu qua bao mat cao. Ky thudt nay véi tén goi 1a
tao nhiéu cong tac CJ (Cooperative Jamming), trong d6 nut
tao nhidu (jammer) s& phat nhiéu 1én nut nghe 1én, dong

Tac gia lién hé: Trin Trung Duy,

Email: trantrungduy@ptithcm.edu.vn

Dén toa soan: 11/2021, chinh sira: 03/2022, chip nhan dang:
04/2022.

SO 03 (CS.01) 2022

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG

thoi hop tac voi cac may thu hop phap dé khir giao thoa ma
nat nay gay ra [12]-[13]. Trong cac cbng trinh [14]-[15],
hiéu ning ciia mang PLS duoc danh gia thong qua xac suat
dimg OP (Outage Probability) va x4c suat mit bao mat IP
(Intercept Probability). Cac két qua dat dwoc tir cac cong
trinh [14]-[15] cho thiy c6 su danh ddi giita OP va IP. Vi
du, hé théng nang cao chat lugng dich vu (giam OP) bang
cach ting cong sudt cho may phat. Tuy nhién, hé thong lai
kém bao mét hon (tang IP) do kha nang nghe 1én tang khi
cong suat phat 1on. Nguoc lai, may phat mudn giam cong
sudt phat dé ning cao hiéu qua bao mat thong tin, nhung
lac nay OP cua hé thong lai tang 1én. Dé c6 thé giam IP ma
van dam bao duoc chat luong dich vu OP, cac cong trinh
[16]-[17] d& xuit cac k¥ thuat truyén/nhan phan tap, cac k¥
thuat chon lya nut chuyén tiép Kkét hop véi k¥ thuat tao
nhiéu nhan tao.

M4 Fountain [18]-[19] c6 thé d& dang trién khai trong
cac hé thng thong tin vo tuyen trong d6 mot may phat gt
lién tyc cac gbi ma hoa dén cac may thu, cho dén khi cac
may thu nhan du sé lugng g6i ma hoéa dé khoi phuc dit liéu
gbc. Ta ciing luu ¥ ring cic may thu chi cn nhan du sb
lwong g6i ma hoa ma khong can quan tim goi nhan duoc
cu thé 1a g061 nao. Vi vay, ma Fountain tranh dugc viéc may
phat phai gtri lai nhitng géi ma héa ma cac may thu khong
thé nhan duoc hodc giai ma bi 16i. Chinh vi ddc diém nay,
mé Fountain rat phu hgp voi cic md hinh mang quang ba
da ngudi dung. Tuy nhién, bao mat s& 1a mot van dé ct
yéu trong cac hé thong vo tuyén sir dung ma Fountain. Gan
day, cac nha nghién ctru trong va ngoai nudc da dé xuét cac
mo hinh hiéu qua nhim nang cao hiéu qua bao mat [20]-
[22]. Trong céc tai liéu [20]-[21], cac tac gia dé xuét cac
m6 hinh bao mat 16p vat 1y 4p dung cho mang truyén thong
vO tuyén st dung ma Fountain. Dé bao mat duoc thong tin,
nat dich cn phai nhan da s6 goi ma hoa dé khoi phuc dit
liéu gdc trude niit nghe 1én. Cong trinh [22] dwa ra mo hinh
chuyén tiép cong tac dé nang cao chét lugng kénh dir ligu,
nham gitip nut dich dat duoc di s6 goi ma hda sém hon nit
nghe 1én. Pdng thoi, cong trinh [22] ciing 4p dung k¥ thuat
tao nhidu hop tac CJ dé giam kha nang giai ma cta thiét b
nghe Ién. Cac tac gia trong tai liéu [23] [24] ap dung ky
thuat chon lya anten phat t6t nhat dé dat dugc ty s6 SNR
tbi da tai nut dich. Dong thoi, cac nit tao nhiéu trong cac
tai lidu [23]-[24] dit gan cac nat dich dé phdi hop véi cac
nut dich trong viéc khir nhidu gay ra. Cac cong trinh [25]-
[26] st dung k¥ thuat da truy nhap phi tryc giao NOMA
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(Non-Orthogonal Multiple Access) dé riit ngan thoi gian
truyén cic goéi ma hoa dén cac nut dich. Nhu da dé cap
trong cac cong trinh [25]-[26], viéc giam s6 lan truyén cac
g61 ma cling nang cao hiéu qua bao mat thong tin.

Bai bao nay dé xuat mo hinh bao mat 16p vat 1y sir dung
ma Fountain cho mang quang ba da nguoi dung Trong md
hinh dé xuat, mot nit nguon gui ctng dit liéu dén mot nhom
céc nut dich, v6i sy xuét hién ctia nhiéu nat nghe 1én. pé
giam chét luong kénh nghe 1én, mot nhom cac nut tao nhiéu
& gan cac nat dich s& dwoc st dung dé gy nhidu 1én cac
nut nghe 1én. Sau déy, ching t6i tom tit nhitng diém méi
va nhitng dong gdép chinh cta bai bao:

- Khac v6i cac cong trinh [20]-[26], bai bdo nay nghién
clru mang quang ba da nguoi ding, trong d6 niit ngudn sir
dung ma Fountain dé truyén dir liéu dén nhiéu nguoi ding
cung lac. That vay, cac cong trinh lién quan [20]-[26] chi
xét mo hinh ¢6 01 ngudi dung. Trong thyc té, mot nhom
céc nguoi dung sé yéu cau ciing mot loai dir lidu, va trong
truong hop nay, viéc 4p dung ma Fountain s& don gian
trong viéc truyén dit liéu cling nhu giam thorl glan tré, khi
so sanh voi phuong phép truyén dir lidu truyén thong.

- Khéc véi cac cong trinh [20]-[26], cac tac giad chi xét
mo hinh bao mat 16p vét 1y vai chi 01 nit nghe 1én. Trong
thyc té, nhiéu nut nghe 1én c6 thé xuét hién cting liic trong
mang, va day 1a mo hinh tong quat dugc nghién ctru trong
bai bao nay.

- Khac véi cac cong trinh [23]-[24] va [28], chlng tbi
xem xét mo hinh nhiéu nut tao nhiéu cong tac, trong d6 mot
nhom céc nit xuat hién gan cac nit dich s& phdi hop dé gay
nhiéu 1én cac nit nghe 1én.

- Méc du cong trinh [29] cling nghién ctru m6 hinh
truyén thong quang ba da ngudi dung, tuy nhién cong trinh
[29] khong xem xét md hinh bao mat 16p vat 1y st dung k¥
thuat tao nhiéu cong tac (CJ). Hon nira, cac tic gia trong
[29] nghién ciru vé hiéu ning mang quang ba thi cap trong
v tuyén nhan thirc (Cognitive Radio).

- Bai bao nay dé xuat phuong phap phan bd cong sudt
phat don gian glu’a ngudn va cac nut tao nhleu dé so sanh
mot cach cong bang giita cac mo hinh véi sé nut tao nhiéu
khéc nhau, giita mo hinh sir dung k¥ thuat tao nhiéu cong
tac (CJ) va mo hinh khong sir dung k¥ thuét nay.

- Chung t6i dua ra cac cong thtc tinh chinh xac OP va
IP ciia mé hinh dé xuét trén kénh Nakagami-m. Cac biéu
thirc dua ra déu dudi dang tuong minh (closed form), va
dugc kiém ching tinh chinh x4c thong qua md phong
Monte Carlo. Hon nira, kénh truyén Nakagami-m 13 kénh
truyén tong quat nén cac két qua phan tich trong bai bao
nay co thé 4p dung dé thiét ké va quy hoach mang trong
nhiéu truong hop thuc té.

- Céc két qua mo phong va 1y thuyét duoc dua ra dé so
sanh hiéu nang giita cdc mo hinh, ciing nhu danh gia sy anh
huéng cac tham s hé théng 1én hiéu ning OP va IP, sy
danh doi gitra d6 tin cay (OP) va kha ning bao mat thong
tin (IP).

Phén con lai ciia bai bao dugc cdu tric nhu sau: Phan 11
trinh bay nguyén ly hoat dong, trong khi Phan III danh gia
hiéu nang OP va IP clia mo hinh. Phan IV dua ra cac két
qua md phong va 1y thuyét. Cac két luan va hudng phat
trién duoc thao luan trong Phan V.
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. MO HINHHE THONG

k=12,..,.K m=12..M

//
n=12,..,N
Hinh 1. M6 hinh hé thong.
Hinh 1 md ta mo hinh hé thong dé xuét, trong d6 nguon
S muon guri clng dit ligu den mot nhém N nat dich D. Cung
lic d6, K nut nghe 1én E dang co gang nghe Ién di liéu cua
nguon S. Be chong lai cac ndt nghe 1én, M ndt tao nhieu J
s€ hop tac véi cac nut dich de gay nhicu lén cac nut E. Hon
nita, cac nlt tao nhicu nay ¢ gan cac nit dich D va s& phoi
véi cac nut dich dé khir nhiéu gay ra. Gia sir rang tat ca cac

nitS, D,, J. va E, d&uco 01 anten, va hoat dong theo
ché do ban song cong (half-duplex mode), véi
n=12..,N, m=12..,Mvak=12.,K

Str dung ma Fountain, ngudn S chia dit liéu goc thanh céc
26i ¢6 kich thudc bang nhau, va chon ngau nhién mot s cac
g6i nay dé tao ra cac g6i ma hoa (vi du nhu XOR céc goi
duogc chon nay lai [20]-[26]). Ngudn S sé lién tuc gii cac
g6i mi hoa dén cac dich D, va mdi niit dich D, phai nhan
it nhit H g6i ma hoa dé co thé khoi phuc thanh cong dit liéu
gbc [28]. Hon nita, s6 1an truyén cac g6i ma hoa toi da cua
ngudn S dugc ky hiéula N, N__ >H [28]. Cu thé hon,

ngudn S s& lién tuc giri N, g6i ma hoa dén cac nut dich,

max !

va sau d6 s& ngung truyén. Néu nut dich D, khong thé
nhan thanh cong it nhat H goi, thi nut nay khong thé dat
duoc dir liéu goc. Cling vy, néu nit nghe 1én E, khdng
thé dat dwoc it nhat H g6i mé hda thi E, ciing khong thé
khoi phuc duge thong tin gde.
2.1 M6 hinh kénh truyén

Trong bai béo, kénh truyén giita may phat X va may thu
Y la kénh Nakagami-m, véi (X,Y)e{S,D,J, .E,}. Taky
higu hyy 1a hé s6 kénh truyén giira hai nit X va Y, va
Txy = My I 1a d6 loi kénh twong tmg. Gia st rang hé sb
kénh truyén khong thay df)i trong sudt qué trinh gmyén 01
61 ma hoda, va sé€ thay doi doc 14p gitia nhiing l1an truyén
cac go6i ma hoa khac nhau. Do do, 40 loi kénh yyy s€ co

ham mat do xac sudt (Probability Density Function) nhu
sau (xem tai li¢u [30]):

My v Ax v e My o1
fm(x):%ww exp(-Myy Ay X). (1)

Trong (1), My, la hé¢ sé Nakagami-m, va A, bing
nghich dao giéa tri trung binh cua 7xy : Ay =1/ 7_/X,Y , 6 day

7xy |2 gid tri trung binh cia 7y . Khi My 12 s6 nguyén,
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ta c6 ham phan phéi tich lity CDF (Cumulative Distribution
Function) cia 7y nhu trong tai liéu [30]:

Myy -1

Fyx,y (X)zl_exp(_mx,vﬂvx,vx) Z %(mxyyﬂxva)u. 2

u=0
Khi m,, =1, kénh Nakagami-m s& tr¢ thanh kénh

fading Rayleigh, va ham PDF va CDF cua Jyy s la:
fyx‘y (X) = ﬂ'x,v eXp(_/?'x,YX)'
F,, (X)=1-exp(=AcyX).

Ta co thé gia su rang cac kénh truyén S—D,, S—E,

®

va J, = E, 1a doc lap va dong nhit, cu thé:

Z‘S,Dn = ﬂ’S,D' ﬂ‘S,Ek = ﬂ‘S,E’Z’Jm,Ek :/lJ,Ei

Mgp =Mgp, Mge =Mge, My ¢ =My (Vn, k, m)-

4)

2.2 Xay dung cac biéu thirc SNR (SINR)

Xét sy truyén 01 goi ma hoa bét ky gitra ngudn S va cac
nat dich D, . Cling trong luc d6, cac nut tao nhidu J,, ciing
phat nhiéu Ién c4c nit nghe lén E, .

Tin hiéu nhan dugc tai dich D, va ndt nghe Ién E,
dugc biéu dién nhu sau:

M
Yo, = \/Eshs,ans +ZPJthm,D"XJm +0p,,
m=1L
M ®)
Ye, = \/Esm,Ek X5+ Z PJm th,Ek X, t 0>
m=1L
voi By va P lan luot 1a cong sudt phat cia Sva J,,, X va
X, lan luot la tin hiéu duoc giri di boi Sva J,, va g, va
ge, lan luot la nhidu Gausstai D, va E, . D& don gian vé
mit trinh bay, ta gia st tat ca nhidu Gauss déu c6 gia tri
trung binh bang 0 va phuong sai 1a ;.
Céc nit D, s& hop tac véi cac niit J, dé khir cac thanh

M
phan giao thoa Y P, h, 5 X, ra khoi tin hiéu nhan duoc.

m=1
Sau phép kht, tin hiéu nhan dugc tai dich D, con lai la:
Yo, =\/Fshs,ans+gDn- (6)
Tir cong thirc (6), ty s6 SNR & cac dich D, s& la:
R
Vsp, = : SéDn . )
Oy

Dé bao mat viéc trao d6i cac thong tin lién quan dén hoat
dong tao nhidu va cac thong tin vé X, ; cac nat J, thuong
& gan cac nit D, dé viéc trao d6i nay 1a hoan toan bao mat
d6i voi cac nit nghe 1én E, [17], [23]-[24]. Do d6, céc nit

E, khong thé loai bo nhiéu gy ra boi cac nit tao nhiéu
J,, nén tir cong thiac (5), ty sb SINR (Signal-to-
Interference-plus-Noise Ratio) tai E, s&1a

Ry, SE,
Vse, = m ) (8)
Z PJ"]/JM,Ek 10y
m=1
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2.3 Bai Toan Phian B6 Cong Suit Phat

Dé so sanh cong bang giira cac mé hinh véi s luong nut
tao nhidu khac nhau, va gitta mo6 hinh sir dung k¥ thuat tao
nhidu CJ va khong sir dung k¥ thuat tao nhiéu CJ, ching
t6i dua ra bai toan phan bd cong sudt phat nhu sau:

Trudc tién, tong cong suat phat cia ngudn S va tat ca cac
nut tao nhiéu duogc c¢b dinh bang Q, d6 1a:

R+YP Q. ©

Gia sir ring cac nut tao nhidu phat ciing cong suit, bai
toan phan bo cong suat dugc viét lai nhu sau:

1-—
R=4Q P, =P ="150
v6i 2 14 hé sb phéan bd cong sudt, o day 0< u<1.
Trong truong khong sir dung ky thuat CJ, hay p=1, va
bai toan trong cong thirc (10) dwoc viét lai nhu sau:
P,=Q, P, =0. (11)

Do do, thay (10) vao (7) va (8), ta lan luot dat dwoc cac
bicu thirc tinh SNR va SINR nhu sau:

HQys,
Ysp, = ZSDH = /Hl]/s,on )
Oy
1Qy. SE,
1_ M
M[u ZQ7Jm,Ek +G§
m=1

WY 7se,

ﬂwxmm +1
M ¥

(10)

(12)

Vse, =

(13)

voi

Q M
T:?'xk,sum:Zme,Ek' (14)

0 m=1
Trong truong hop khéng sir dung k¥ thuat CJ, thay (11)
vao (7) va (8), ta cé:
Vsp, = \P}/S,Dn WsE, = \PyS,EK . (15)
Trudc khi di vao phan tich cac hiéu ning ctia mé hinh dé
xudt, chiing ta di tim ham PDF cua bién ngau nhién X\ sum

trong cong thtc (14).
2.4 PDF ciia X,

Str dung dinh nghia ham sinh moment (MGF: Moment
Generating Function) [31], tir cac cong thuc (1) va (4), ta
dat dwoc MGF ciia bién ngu nhién 7, g Dhusau:

MGF, (s) :J.Om f, N (x)exp(-sx)dx
~ (mJVE/lj,E )mJ'E (16)
(s+mede )mJ'E
Vi viy, MGF cta X, g, duoc Viét ra nhur sau:
M R
MGF, _ (s)=] [MGF, _ (s)= Q an
m-1 (s + mJVE/lj,E)

Str dung phép bién d6i Laplace ngugc cho cong thic
(17), ta dat dugc ham PDF cua X, nhu sau:
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(my e )m*EM
ka‘sum (X):% XM lexp( mJVEZJYEX). (18)

ll. PHAN TiCH HIEU NANG OP VA |IP HE THONG
3.1 Xac Suit Giai Ma Mt G6i Ma Hoa

Néu ty s SNR (hodc SINR) dat dwoc tai mot thiét bi thu
I6n hon mot ngudng xac dinh trude w,, , thi thiét bi thu
nay s€ giai ma thanh cong (khong 16i) g6i ma hoa nhan
dugc. Nguoc lai, ta gia sir rang thiét bi thu khong thé giai
ma thanh coéng gbéi ma hoa nhan dugce.

Tur dinh nghia trén, xac suit ma nat dich D, nhén thanh
cong mdt goi ma hoa dugce tinh nhu sau:

Po = Pr('/’s,on 2y, ) (19)

Str dung cac cong thuc (2) va (12), ta tinh dugc chinh xac
X4C suat giai ma p, trong cong thirc (19) nhu sau:

—Pr[;/SD "”thj 1-F, (ﬂj
uY ¥

D”%sp¥th mS‘Dill Ms 545 pWin ’
[

Ta luu ¥ rang Xac suét giai ma thanh cong mot goi ma
hoa tai tat ca cac nut dich 1a giéng nhau, do gia thiét cac
kénh truyén gitta nguon S va cac nat dich 1a déng nhat. Hon
nira, X&c suat ma nut dich D, khong thé giai ma thanh cong

(20)

01 go6i ma hoa s€ la
1-pp =

_ _mS,DﬂS,D!//th ms‘Dili Ms s oWin T
oo

Xét kha ning giai ma cta nit nghe 1én E, ; st dung cdng
thac (13), ta co:
Pe = Pr(V/S,Ek Zy/th) Pr(7SE 20Xy +0, )

= [, (1-F., (ax+0)) . (x)dx (22)

Vi
oMW 5 V.
M u uy
Thay cac ham CDF va PDF di dat dugc trong cac cong
thuc (2) va (18) vao trong cdng thic (22), ta dat dugc:
m;eM
(mJ,E M /IJ E )

mexp(_mS,EﬂS,Ee2)x

mge-1 (mS,EﬂS,E )u J‘Om(glx + 92 )u XmJ'EM *

Pe=

= ! xexp(—(mJ'EM Aog +Mgedse6)) x)dx
q (23)
St dung khai trién nhi phan;

9x+0

Zc 0x)’

(23) dudi dang sau:

, ta viét tiép cong thuc
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moA myeM

Pe= ((r:]fEJT'E)_l)!eXp(_mstﬂstﬁz)
M1 u ]

9 %C:(@)“(@)”‘” 9
u=0 v=0 ’

X[ XM exp (< (Mg Ay + Mg s ) Xk

Sau khi thyc hién phép tinh tich phan, ta c6 dugc biéu
thue chinh xéc cua pg nhu sau:

m M )"
po- et (i)
e :
v u-v (25)
et Zu: (mSEﬂSE) (mJ,EM +V_1)!(91) (92) _
u=0 v=0 (mJ,EM A+ ms,E/?s,Egl)mlEM+V

Twong tw nhu py, X4C Suét giai ma thanh cdng mot goi
ma hoa tai tit ca cac nat nghe 1én 12 gidng nhau, va xac suat
ma nat nghe 1én E, khong giai ma thanh cong 01 g6i mi
hoa s 1a 1- pg.

Xét truong hop dic biét: hé thdng khong sir dung k§ thuat
tao nhiéu cong tac CJ. Trong trudng hop nay, cac giatri p,

va pg duoc viét lai nhu sau:

. Ms 54 oWy Ms 54 oW ’

Po —exp[ ] uzo, u'( v j . (26)
. Mg e As Wiy Mg e As Wi ’

Pe —exp( J u§o u'[ v j - (27)

3.2 Xac Suit Dirng Hé Théng

Ky hiéu L, 1asb goi ma héa ma dich D, nhan duoc
sau khi ngudn da gtri hét N, g6i ma hda. Néu L, >H
thi ntit dich D, s& khéi phuc thanh cong dir liu goc.

Xét hidu ning xéac suat dimg hé thong 1a xac suat ton tai
mot nit dich khong thé nhan du H goi ma hoa de khoi phuc
thong tin goc. Trudce hét, ta xét xac suat ma tat ca cac nat
dich déu c6 thé nhan duoc it nhat H g6i ma hoa:

n=1
N mex
=HLZH Cy (o)™ (1-pp )™ LD”} 28)

Trong cong thirc (28), x4c Suét tat ca cac dich khoi phuc
thanh cong dit liéu s& bang tich xac suat thanh cong ciia moi
nut dich. Nguyén nhan 1a vi hoat dong giai ma & cac nat
dich la doc 1ap véi nhau.

Tir cong thic (28), ta dat dugc cdng thic tinh xac suét
dimng hé théng nhu sau:

OP=1-OP

H{Ze

(29)

“(L-po)™ L}N.
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Thay gia tri ctia p, trong cong thuc (20) vao cdng thiac
(29), ta dat dugc biéu thirc dang twong minh caa OP . Hon
nira, thay p, bang pp (xem cong thic (26)), ta c6 duoc
cong thic tinh OP hé thong khi khong str dung k¥ thuat tao
nhiéu nhan tao CJ.

3.3 Xac Sudt Miat Biao Mat

Ky hig¢u Lg
duogc sau khi nguon S két thiic qué trinh truyén dit ligu, Ta
thay rang chi can mét trong cac ntt nghe 1én nhan it nhat H
goi mé hda, thi dix liéu s& bi mat bao mat. Do d6, x4c suat
ma tat ca cac nat nghe lén khéng nhan du s6 H goi la:

IP= HPr (L, <H)
K
K=

H-1
H{E)Cf& (e)™ (L=pe)™ } (30)

la s6 g6i ma héa ma nat nghe Ién E, dat

[ St (oo wpr]

L=0
Trong cong thic (30), 0<L <H -1 vi thé nit E,
khong thé khéi phuc duoc thong tin gdc. Hon nita, bai vi
céac nat nghe lén hoat dong doc 1ap va co vai tro nhu nhau
nén xé4c suat IP bang tich xac suat giai ma dit liéu ngudn
khong thanh cong cia moi nut nghe lén.
Vi vdy, xac suat mat bao mat hé thong sé la:

|P=1—ﬁ>=1—[ fchm (pE)L(l—pE)NW—L} . (31)

Thay gié tri cua pe trong cdng thuic (25) vao cong thic
(31), ta dat duoc biéu thirc dang twdng minh cua IP . Cudi
cung, thay p; bang p. (xem cong thirc (27)), ta c6 dugc
cong thirc tinh 1P hé thdng khi khong sir dung ky thuat CJ.

IV. KET QUA MO PHONG VA LY THUYET

Phén nay dua ra cac két qua mo phong va 1y thuyét cua
cac tham s6 hiéu nang OP va IP. Trong cac két qua mo
phong, kénh truyén Nakagami-m giira cic nut dugc tao ra
bang ham Matlab gamrnd. Ngoai ra, dé két qua mo phong
hoi tu vé két qua ly thuyét, chung toi thuc hién 5*10° phép
thir cho mdi mo phong. Tét ca cac két qua cho ta thay rang
céc gia tri md phong (Sim) va ly thuyét (Theory) tring véi
nhau. Diéu nay kiém ching tinh chinh xac cua céc cong
thitc OP va IP dua ra trong Phan I11.

Trong cac hinh v&, ngudng dung v, dugc ¢b dinh bang
1, sb goi ma hoa (H) dé khoi _phuc dir liéu gbc bang 5, va
tham s§ cia cac kénh truyén dwoc thiét 1ap nhu sau:
Asp =L Asg =2, Mgy =3, Mg =2 va m =1.

Hinh 2 biéu dién xac suat ding hé thong (OP) va xéac
suat mat biao mat hé thong (IP) theo gia tri W (dB) véi cac
gia tri khac nhau cia hé s6 phan bd cong suét phat ( ,u) ,va
véi N=5, M=2,,K=2,N_, =6, 4=15. Hinh 2
cho thiy sy danh dbi gitra chét lugng dich vu cia mang (gia
tri OP) va kha nang bao mat thong tin (gia tri IP). That vy,

khi tang W (hay ting cong sudt phat Q), xac sut ding
giam nhung xac suit mat bao mat lai ting. Ta ciing thay
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rang khi z=0.85thi gia tri OP nho hon khi so vdi
#=075. D6 la vi
ngudn S cang 16n, diéu nay s¢ dan dén OP thap. Tuy nhién,
4 cang 16n thi cong suat phat ciia cac nut tao nhicu sé&

44 cang 16n thi cong suit phat cua

giam, dan dén kha ning nghe 1én cua cac nit E, ting, va
diéu nay lam gié tri IP h¢ thong ting.

10°

102
o
o
o
o 10
® OP-Sim (;=0.75)
% IP-Sim (u=0.75)
B OP-Sim (;=0.85)
107 %< IP-Sim  (1=0.85)
N OP-Theory
IP-Theory
107 :
2 4 6 8 10 12 14
U (dB)

Hinh 2. OP va IP vé theo Y (dB) voi N=5, M =2,
K=2, N, =6, 4¢=15.

Hinh 3 biéu dién xéc sudt dimg h¢ théng (OP) va xéc
suat mat bao mat h¢ thong (IP) theo gia tri cua ¥ (dB) véi
cac gia tri khac nhau cua N, , va voi N=5, M=3
K=3, ©=0.8, 4¢ =1.5. Tuong ty Hinh 2, khi tang ¥,
mé hinh d& xuit dat dugc gia tri OP thép hon nhung lai
chiu gia tri IP cao hon. Hinh 3 ciing cho thay OP giam dang
ké khi tang N, tir 5 1én 6. Boi vi khi tang N, s€ tdng
thém co hdi cho cac nit dich nhan da H gbéi ma hoa dé khoi
phuc dit li¢u. Tuy nhién, ta c6 thé thay rang N, tang ciing
lam tang gié tri IP. Qua cac Hinh 2 va 3, ta thdy dugc su
danh do6i gitta OP va IP. Do do, cong suat phat cia cac nut,
hé s6 phan bd cong suat va sb 1an truyén cta niit ngudn can
dugc thiét ké k¥ ludng.

® OP-Sim (N 5)
% IP-Sim (N =5)
m OP-Sim (N =6)
% IP-Sim (Nma =6)

OP-Theory
IP-Theory

U (dB)
Hinh 3. OP va IP vé theo W (dB) véi N =5, M =3,
K=3, £=08, A, =15.
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[ J
2
v
¢ [IP-Sim ()\ e
10-4 X IP-Sim (A JE =1)
< IP-Sim (A JE =1.5)
OP-Theory
IP-Theory
10 : :

N 9 10 " 12

Hinh 4. OP va IP vé theo N,,, véi A=5(dB), M =1,
K=3, u=0.75.

Hinh 4 v& OP va IP theo sb 1an truyén téi da cua nut
ngudn (N, ) voi cac gid tri khac nhau ciia sb nit dich (N),
vavéi A=5(dB), M =1, K=3, ¢=0.75. Trudc tién, ta
luu ¥ rang xac suat mat bao mat (IP) s& khong phu thudc
vao s6 nit dich (N). Tuy nhién, IP s& thay d6i theo Aj.
Bdi vi 4 bang nghich d4o gia tri trung binh cua do loi
kénh, nén A, cang nho thi trung binh d9 loi kénh gitra cac
nat J va cac nat E cang 16n, va vi thé sy tac dong cua nhiéu
do cé&c nat J gay nén cac nat E cang I6n. Do 1a 1y do tai sao
trong Hinh 4 khi gia tri 4,z giam thi gia tri IP ciing giam
theo. Tiép dén, nhin vao Hinh 4, ta thiy x4c suit ding (OP)
giam manh khi N_,, ting bdi vi cac nat dich c6 nhiéu co
hoi hon dé khoi phuc thanh cong dir liéu nguf”)n. Tuong tu,
cac nut nghe len E cling tang thém co hoi giai ma dir liéu
ngudn, di€u nay dan dén gia tri IP tang. Ticp dén, ta thay
rang gid tri OP tang khi s0 nguoi dung (N) tang. Boi vi khi
N tang thi x4c suat co it nhat 01 nat dich khong nhan du H
261 ma hoa cling tang theo.

10°g

OP-Sim (M=1)
IP-Sim  (M=1)
OP-Sim (M=3)
IP-Sim  (M=3)
OP-Theory
IP-Theory

0.5 0.6 0.7 08 0.9 1
I

Hinh 5. OP va IP vé theo u véi A=5(dB), N =3,
K=4, N, =6, 4 =15.
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4mek

3

107 : : :
0 2 4 6 8
M
Hinh 6. OP va IP vé theo M véi A=6(dB), N =2,

1u=08, N_ =7, Ag=15.

Hinh 5 khéo sat sy anh huéng ctia hé s phéan b cong
suét ( ,u) 1én céac hiéu nang hé théng, v6i cac gia tri khac
nhau cia s6 nat tao nhidu (M) va véi A=5(dB), N=3,

K=4, N, =6, ¢ =1.5. Tuong tu nhu Hinh 2, Hinh 5
cho ta thdy rang ting gi4 tri cia £ s& lam giam xéc suat
dimg (OP) nhung lai ting xac suat mat bao mat (IP). Trong
truong hop w1 =1, day 1a mo hinh khong st dung ky thuat
tao nhiéu cong tac CJ, va ta co ﬂthé théy mac du gia tri OP
dat duoc 1a thap hon nhung d6i lai gia tri IP lai rat cao.
Tuong tu, truong hop M=0 cling m6 ta mo hinh khong sur
dung ky thuat CJ, va cac gla tri cia OP va IP trong truo’ng
hop nay khong phu thudc vao M- Hinh 5 ciing cho thiy gia
tri OP khong phu thudc vao s6 nut tao nhidu M béi vi cong
sudt phat cia ngudn S khong phu thugc vao M (xem cdng
thire (10)). Tuy nhién, cong suat phat cua cdc nut tao nhiéu
lai phu thudc vao sd lugng nit tao nhleu (M). Cu thé, khi
M cang 16n thi cong suat phat ctia mdi nut tao nhidu cang
nho. O chiéu nguoc lai, sO lugng nut tao nhiéu cang nhiéu
thi tong thanh phan giao thoa gay 1én cac nut nghe 1én cang
tang. Quan sat tir Hinh 5, ta c6 thé thay khi M tang tir 1 1én
3 thi gia tri IP giam. Tuy nhién, khi & qua 1én thi sy chénh
1éch gid trj IP trong hai truong hop M=1 va M=3 la khong
dang ké vi liic ndy cong sudt phat cia cac nut tao nhidu 1a
qua nho.

Hinh 6 khao séat sy anh hudéng cua $6 luong nut tao
nhidu (M) 1én cac gia tri OP va IP hé théng, vé6i cac gia tri
khéc nhau cta sé nit nghe 1én (K), va v6i A=6(dB),
N=2 u=08, N, =7 A =15 Taco thé thiy ring
khi k¥ thuat tao nhiéu nhan tao khong duoc sir dung (M=0)
thi nguon S s& phat véi cong suat P, =Q nén OP co gia tri
thap nhat. Véi cac gia tri khac cia M, boi vi ngudn S phat
v6i cung cong suat P, =xQ va véi gia thiét cac nat dich
c6 thé khir nhidu gy ra boi cac nat J, nén gia tri cia OP
khong thay dbi. D6i v6i IP, khi M=0, gié tri IP 13 16n nhét
bai vi k§ thuat CJ khong dugc sir dung. Khi M >1, gia tri
IP nho hon nhidu khi so sanh véi M=0. Tuy nhién, véi
M >2, gia tri IP chi giam nhe khi $6 luong ntt tao nhiéu
tang. Boi vi khi c6 nhiéu nut tao nhiéu tham gia thi cong
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sut phat ctia cac nut ndy giam (xem cong thire (10)) nén
hiéu qua gy nhiéu ting khong dang ké.

V. KETLUAN

Bai bao da dé xuét va danh gia cac thong s6 hiéu niang
hé théng cho mé hinh truyen quang ba da nguoi dung su
dung ma Fountain, vi sy xuét hién ctia nhidu niit nghe 1én.
Céc két qua ciing cho thay c¢6 su danh doi giita bao mat
thong tin va d tin cdy cua viéc truyén tin. Do d6, trong qua
trinh thiét ké hé thong, cac tham sb quan trong nhu cong
suét phat, hé sO phén bd cong suat phat, s6 lan truyen g0i
ma hod tdi da hay s6 nut dich va s6 nit tao nhidu can dugc
thiét ké dé t6i wu cac higu nang hé thong.

Cong viéc tiép theo ctia nhom nghién ciru 1a s& phat trién
mo hinh trong bai bao nay theo hudng chuyén tiép ban song
cbng/ song cdng trong mang quang ba da nguoi dung, su
dung cdc ky thuat chon lya nat chuyén tiép va chon lia nit
tao nhidu dé nang cao C4c hidu niang mang.

LOI CAM ON

Nghién ctru nay duogc tai trg boi Hoc Vién Cong Nghé
Buu Chinh Vién Thong Co S& Thanh Phdé HS Chi Minh
v6i ma sb dé tai 02-HV-2021-RD_DT2.
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PERFORMANCE EVALUATION OF MULTI-CAST
NETWORKS USING FOUNTAIN CODES AND
COOPERATIVE JAMMING TECHNIQUE

Abstract: In this paper, we study outage probability and
intercept probability of multi-cast networks using Fountain
codes. In the proposed scheme, a source uses Fountain
codes to send the same data to a group of destinations. In
addition, multiple eavesdroppers also attempt to overhear
Fountain packets that are sent be the source. To protect the
source data, jammer nodes that are near the destinations are
employed to generate jamming noises over the
eavesdroppers. We derive exact closed-form expressions
of outage probability and intercept probability of the
proposed scheme over Rayleigh fading channels. The
simulated results are then performed to verify the
theoretical results, as well as to evaluate impact of the
system parameters on the system performance.
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