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ABSTRACT

In this paper, we analyze performance of multiple input multiple output (MIMO)
protocols ex ploiting Fountain Codes (FCs), where a transmitter (Alice) is equipped
with multi-antennas using transmit antenna selection (TAS) technique to transmit its
encoded packets to a legitimate receiver (Bob) in the presence of an eavesdropper
(Eve). Moreover, both Bob and Eve nodes are equipped with multi-antenna receiver
using selection combining (SC) method to decode the original information which is
transmitted by Alice. To evaluate the performance of the proposed secure communication
protocols, the article presents exact closed-form expressions for the success decoding
probability and security performance (SS). To enhance security performance, the
transmit power at A must be significantly reduced to degrade the eavesdropper's link
quality. The paper also provides the interception probability (IP) and the average
number of encoded packets (AP) over Rayleigh fading channels. To improve security
performance, the appropriate number of antennas must be designed for both A and B.
Moreover, power allocation at A should be optimized to transmit only the necessary
amount required to block E, the entity attempting to eavesdrop on the original data from
A. Finally, Monte Carlo simulations are conducted to verify the theoretical resullts..

TOM TAT

Bai bdao nay phan tich hiéu nang cua cac giao thirc MIMO su dung ma Fountain
(FCs), trong d6 mét may phat (Alice) dwoc trang bi nhiéu anten sir dung ky thudt
Iwa chon anten phdt (TAS) dé truyén cdc géi md héa dén mét may thu hop phdp
(Bob) trong béi canh cé ké nghe trém (Eve). Hon nita, ca Bob va Eve déu dwoc
trang bi mdy thu nhiéu anten sir dung phwong phap két hop lua chon (SC), dé
giai md théng tin goc dwoc truyén boi Alice. Pé danh gid hiéu ndang ciia cdc giao
thike truyén thong bao mdt dwoc dé xudt, bai bdo dwa ra cac biéu thire dang dong
chinh xdc ciia xdc sudt giai ma thanh céng va bao mdt (SS) dé cai thién hiéu
sudt bdao mdt, can giam dang ké cong sudt phat tai A @é giam chat luong lién
két ciia ké nghe lén; xdc sudt chan (IP), va sé lwong trung binh cdc géi ma héa
(AP) trén cdc kénh fading Rayleigh. Dé cai thién hiéu sudt bao mdt can thiét ké
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Jading Rayleigh. két qua 1y thuyét.

s6 heong anten phit hop cho ca A va B. Hon nita, viéc phin bé cong sudt tai A
chi can phat du muc can thiet dé ngan chan E, nguoi co gang nghe lén dir liéu
goc tur A. Sau do, cac mo phong Monte Carlo dwoc thuc hién dé kiém chirng cac

1. Giéi thiéu

Dua trén ddc tinh phat song cia truyén
thong vo tuyén, nhitng ké nghe trom c6 thé dé
dang nghe 1én va chan dit liéu truyén tai. Truyén
thong, dé dat dugc truyén thong an toan, cac
phuong phap ma hoa dua vao quan 1y va phan
phdi khoa bi mat da duoc trién khai rong rai
trong cac hé thong truyén thong thuc té & cac
tang cao hon (B. Schneier, 1998) vi du, ting ting
dung. Tuy nhién, cac k¥ thuat nay chua xem xét
dén kha ning cta nhitng ké nghe trom, trong d6
kha ning tinh toan cua ho c¢6 thé khong gidi han
trong tuong lai.

Bao mat l6p vat ly PLS, (C. E.
Shannon,1949; M. Bloch, J. Barros, M.
Rodrigues, and S. McLaughlin, 2008), ( A.
Wyner, 1975) di dugc dé xuat gan day nhu la
mot trong nhimg giai phap hiéu qua dé ting
cuong bao mat trong cac hé thong truyén thong
v tuyén bang cach khai thac cac dic tinh cia
kénh vo tuyén. Ngoai ra, PLS co thé duoc st
dung b6 sung cho cac phuong phédp ma hoa
truyen thong Trong (K. Cao, 2017) cac tac gia
da d& xuat cac phuo‘ng an gy nhiéu hop tac
bang cach truyén cac tin hiéu nhiu nhan tao
(AN) dén céc ké nghe trom dé giam chét lugng
clia cac lién két nghe trom. Két qua trong (J.-M.
Kang, J. Yang, J. Ha, and I1-Min Kim, 2017) cho
thay rang viéc két hop céc so dd truyén thong da
dang va ky thuat gay nhiéu dat duoc cht lugng
truyén thong dir lidu an toan tot hon so vdi cac
mang hop tac truyén thong ma khong sir dung
tin hiéu gy nhiéu (H. Guo, 2017; N.-E. Wu and
H.-J. Li, 2013). Dé nang cao kha ning bao mat,
cac tac gid (T. T. Duy, T. Q. Duong, T. L. Thanh,
and V. N. Q. Bao, 2015) da dé xuat cac so do lua
chon b 1ap cho truyén thong hop tac dudi tac
dong cua nhiéu déng kénh va hiéu suit bao mat
clia cac mang hop tac vo tuyén nhan thirc dudi
muec cling da dugc nghién ctru trong (T. T. Duy
and P. N. Son, 2015). Hon nita, dé cai thién viéc
truyén tai an toan trong truyén thong vo tuyén,
PLS vo6i cac kénh MIMO nghe 1én (T. Liu and

S. Shamai ,2009; T. F. Wong, M. Bloch, 2009)
cling dd dugc nghién ctru. Ngoai ra, mot sd
cong trinh trong tai liéu (H. Alves, R. D. Souza,
M. Debbah, and M. Bennis, 2012; N. Yang, H.
Suraweera, I. Collings, and C. Yuen, 2013) da
chi ra rang bang céach str dung Iya chon ang-ten
phat TAS tai by phat da ang- -ten, loi thé 1a bo
phat hop phép chi truyen chi s6 clia ang-ten ¢
diéu kién kénh tbt nhat dya trén tin hiéu phan
hdi tir b thu hop phap. Mic du ké nghe 1én ¢o
thé truy cap vao kénh phan hoi cong khai, nhung
chi s6 dng-ten nay khong phai 1a t6i wvu ddi véi
ké nghe 1én. Vi viy, diéu ndy c6 thé cai thién
bao mat v4i ciu tric phan ctig don gian, giam
chi phi va tiéu thy ning lugng nhung van dat
dugc ddy du da dang truyén thong (P. L. Yeoh,
M. Elkashlan, and I. B. Collings, 2011)

Pé khic phuc cic vin d& co ban trong
truyén thong vo tuyén nhu tap 4m, fading, nhidu
giao thoa b(')ng mo va suy hao duong truyén
nhimg yéu to ndy thuong xuyén thay dbi trong
cac kénh vo tuyén trong sudt thoi gian truyén tai.
Gan day, ma Fountain FC, hay ma rateless (M.
Luby, 2002; T. T. Duy and H. Y. Kong, 2014)
da thu hut su chu y 16n do kha nang thich ung
hiéu qua voi nhiéu diéu kién kénh khac nhau
ma khong can biét thong tin trang thai kénh CSI
tai may phat trude khi truyén cac géi ma hoa va
da dwoc ap dung rong rii trong nhiéu hé thong
truyén thong dé cai thién hiéu suat hé thong.
Trai nguoc v6i cac mi cb dinh ti 18 truyén thong,
trong ma Fountain, m0t may phat st dung bo
ma Fountain c6 thé tao ra sé lwong khong giGi
han cic go6i mé hoa tir cac ky hiéu ngudn cua
thong diép gbc va truyén chung dén cac may thu
duogc chi dinh. Sau do, may thu thu thap cac goi
mi hoa nay néu thu da sd luong goi ma héa no
c6 thé giai ma va phuc hoi thong diép goc Tuy
nhién, do ban chit phat séng ctia cac truyen dan
vo tuyén, nhitng ké nghe trom co6 thé dé& dang
chdn céc goi ma hoa nay dé xay dung lai dir licu
ngudn. Vi vay, thong tin bao mat trd thanh van
dé quan trong trong cac hé thdng truyén thong



dua trén FC.

Gan day, c6 mot sd nghién ciru trong tai liéu
da st dung FC dé dat duoc truyén thong an toan
(H. Niu, M. Iwai, K. Sezaki, L. Sun, and Q. Du,
2014; D. T. Hung, T. T. Duy, D. Q. Trinh, and V.
N. Q. Bao, 2018). Trong (H. Niu, M. Iwai, K.
Sezaki, L. Sun, and Q. Du, 2014), cac tac gia da
phan tich mot so do truyén tai an toan khai thac
FC, trong d6 ca may thu hop phap va ké nghe
trom s& cb gang thu di s6 goi ma hoa dé phuc
hoi dir liéu gde. Két qua cho thiy truyén tai an
toan co thé dat dugc néu ngudi dung hop phap
thu duoc du sé goi Fountain trudce ké nghe trom
tai ciing mot thoi diém. Trong (W. Li, Q. Du, L.
Sun, P. Ren, and Y. Wang, 2016), mot co ché ma
hoa Fountain dong tai may phat da dwoc dé xuat
dé tang cuong dir liéu an toan vai toe d6 giai ma
cao hon cho nguoi ding hop phap va xac suit
chin thap hon cho ké nghe trom. Trong (L. Sun,
P. Ren, Q. Du, and Y. Wang, 2016), da dé xuat
mot giao thirc bao mat cua hé thong relay hop
tac dya trén FCs trong tinh hung c6 ké nghe
1én, va dé cai thién truyén thong an toan, di su
dung mot ké hoach gay nhiéu hop tac tao ra tin
hiéu nhiéu nhan tao dé giam chét luong tin hi¢u
thu tai ké nghe 1én va hop tac v6i ngudn dé loai
b6 nhiéu tai diém dich. Hon nita, & (D. T. Hung,
T. T. Duy, D. Q. Trinh, and V. N. Q. Bao, 2018)
céc tac gia di dé xuat mot giao thirc chon anten
phat (TAS) st dung FC dudi tac dong cua cac
van dé vé phan ctmg. Dé ting cudng hiéu suit
bao mat cta hé théng duoc dé xuat, mot bd gay
nhidu hop tac duoc st dung dé lién tyc phat tin
hiéu nhiéu nhan tao dén ké nghe 1én va loai bo
nhiéu do nat gy nhiéu giy ra tai bd thu hop
phép. Ngoai ra, trong (Q. Du, Y. Xu, W. Li, and
H. Song, 2018), cac tac gia da nghién clru cac
mang da diém sir dung FCs trén “Internet van
vat” (IoT) dé cai thién hiéu suit bao mat.

Trong bai bao dé xuit mot giao thic
MIMO TAS/SC khai thac FC dé cai thién hiéu
ning bao mat, trong d6 ngudn (A) duoc trang
bi nhiéu anten va chon anten tot nhat dé gui cac
g6i ma hoa dén dlch (B) trong bi canh co ké
nghe trom (E) cb gang nghe 1én dit liu dugc
phat tir nguon. Ca diém dich va cac nut nghe
troém déu sir dung nhiéu anten va ky thuat két
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hop Iya chon (SC) dé giai mé thong tin gde. Khi
diém dich c6 thé thu du sé goi ma hoa dé phuc
hdi thanh cong dir li¢u géc, no6 s€ gt mot tin
hiéu phan hoi dén ngudn dé két thuc viéc truyén
dir liéu gitta ngudn va diém dich. Truyén thong
bao mat c6 thé dat duge néu nut nghe trom
khong thu di1 s6 g6i ma hoa cung luc, né khong
thé giai ma dir liéu gdc. Néu khong, thong tin
gdc s& bi nghe 1én. Pé danh gia hiéu ning bao
mat cua cac giao thic dé xuét, bai bao tinh toan
chinh xac céc biéu thirc dang dong cho xac suit
giai ma thanh cong, 46 bao mat (SS) va xac sut
chan (IP) trén cac kénh fading Rayleigh. Hon
nira, s6 lugng trung binh cic goéi ma hoa duoc
ngudn (A) st dung ciing duoc danh gia. Cudi
cung, thuc hién cic md phong Monte Carlo dé
kiém chimng cac két qua ly thuyét. Bai bao dugc
t6 chirc nhu sau. Phan 2 mé ta mo hinh hé thong
ctia cac so d0 dé xuat. Phén tich hiéu nang bao
mat cua cac giao thirc dé xuét trong Phan 3. Céc
két qua md phong dugc trinh bay trong Phén 4.
Cubi cung, két luan cta bai bao nay dugc duara
trong Phan 5.

2. Mé hinh hé théng

Hinh 1: M6 hinh hé théng ciia cac giao thirc
dwge dé xuit

-z B

Hinh 1 trinh bay mét mo hinh hé thong vo
tuyén cia cac giao thuc truyén thong bao mat,
trong d6 ngudn hop phap, Alice (A) véi nhiéu
ang-ten (m =1, 2, ..., M) st dung giao thuc TAS
dé gri dir liéu ciia minh dén diém dich duoc chi
dinh 1a Bob (B), trong bdi canh c6 mot ké nghe
1én duoc goi 1a Eve (E), nguoi ¢d gang nghe trom
dit liéu duogc phat tir nat A. Lién két di liéu gitra
A va B dugc goi 1a kénh chinh, trong khi lién Kkét
gitta A va E dugc goi 1a kénh nghe 1én.



Gia dinh rang ca B va E déu duoc trang bi
nhiéu dng-ten thu, nghia 1a (n =1, 2, ..., N) va
(k=1,2, ..., K) st dung phuong phap két hop
lua chon (SC) dé két hop céc tin hiéu thu duogc.
Trong FC, ngudn (A) chia dir lidu gbc bao mat
ctia minh thanh cac goi L ¢6 cing d6 dai. Pé tao
cac goi dugc ma hoa thich hop, mdt hodc nhiéu
g6i dugc chon ngiu nhién tir cdc géi L nay va
thuc hién phép XOR vé6i nhau. Tai mdi khe thoi
gian, A sir dung k¥ thuat TAS dé phat mdi goi ma
hoa ctia minh dén B. Tuy nhién, do tinh chat phat
song ctia kénh vo tuyén, cic goi mi hoa niy ciling
s& dé dang duoc thu boi nut E. Sau do, ca B va E
s& ¢ gang giai ma cac goi ma hoa da thu va luu
trlr chung vao by dém cua ho trong thoi gian nay.
Hon ntra, dit liéu géc duogc gia dinh 1a phuc hi
thanh cong néu cac thiét bi thu nay c¢6 thé thu dung
it nhat H goi ma hoa, trong d6 H=(1+ ¢ ) L, voi
£1a d6 du thira giai ma phu thudc vao thiét ké ma
cu thé (J. Castura and Y. Mao, 2007). Khi B c6 thé
thu d sb goi ma hoa dé giai ma dir liéu gde tir A,
n6 s& giri mot thong bao phan hdi dé théng bao cho
A dimg phét dit liéu. Pong thoi, néu E khong thu
du cac goi ma hoa dé giai ma dir liéu goc, thi giao
tiép bao mat dugc thyc hién. Nguoc lai, thong tin
géc cua A s€ bi danh chan.

Tiép theo, xem xét viéc truyén dur liéu tai
mot khe thoi gian tuy y. Gia st 4, 1a 0 191 kénh
gitra ang-ten thir m, cia A va dng-ten thir n, cta
B,voim=1,2,...Mvan=1,2,...,N. Tuong
tu, chiing t6i ky hi¢u ... 1a d loi kénh gitra ang-
ten thir m, ciia A va ang-ten thur £, cua B, tuong
ung, voi k =1, 2, ..., K. Gia dinh rang mo hinh
cua cac kénh la fadmg Rayleigh khdi, c6 nghia
1a cac hé s6 kénh khong ddi trong khe thoi gian
nay nhung thay d6i doc 1ap qua cac khe thoi gian
khac nhau. Do do, do lgi kénh 4,,, va @,,, 1a cac
bién ngiu nhién phan phdi mil (RVs), c6 cac ham
phan phéi tich lity (CDF) duoc cho bai:

F, (x) 1—exp(—Ax),
F (x) 1—exp(—), (1)

trong do Azl/E{J/m,n}‘s Q—I/E{(Dmn}’ vaE {.}
la toan ta ky vong. A sir dung ang-ten thar m
dé phat goi ma hoa cia minh dén ang-ten tha
n, cua B, va B s€ két hop cac tin hi¢u thu duogc
bang cach sir dung phuong phap SC. Do do, ty
1€ tin hi¢u trén tap (SNR) tirc thoi thu dugc tai B

duoc cho boi:

B _ PA _ PA

), = max (VO 7,,1,”] =N max (7,,). ()
trong do P, la cong suat phat tai ang-ten thir m,
cua A (cling la cong suat phat tai cac ang-ten
khac), N 1a phuong sai cta nhiéu Gaussian tai
B (gia dinh rang tat ca cac nhiéu Gaussian trang
cong tai cac thiét bi thu co phan phdi Gaussian
v6i trung binh bang 0 va phuong sai la N,). Véi
ky thuat TAS tai A, n6 s€ chon ang-ten tot nhat
dé phuc vu B, sir dung cong thirc sau:

b=arg max (‘ngn) 3)

m=1,2,..
trong d6 b =1, 2, ..., M. Xét tai mot khe thoi
gian tuy y voi phuong phap TAS/SC, SNR tuc
thoi thu duoc tai B ¢6 thé duoc tinh nhu sau:

WYB = max (‘PB )
LI VA WL

_4 max  max (ym’n) 4)

N m=1,2,...M n=1,2,...N
0

Tuong tu, SNR tirc thoi thu dugc tai E trong
mot khe thoi gian tuy y c6 thé duge cho boi:
P,
vy = Ft)k:rpg?fk(n,k )- (5)
Tiép theo, gia dinh rang mot goi ma hoa cb thé
duoc giai ma thanh cong néu SNR thu dugc tai
tat ca cac thiét bi thu cao hon hodc bang ngudng
dinh trudc, ky hiéula y,, . Néu khong, goi ma hoa
khong thé dugc giai ma thanh cong. Do do, xac
suat ma B khong thé thu ding mot goéi ma hoa
dugc biéu dién nhu sau:
szPr(\P?<7/th)=F\yE(7/th)9 (6)
Tuong tu, xac suat ma E khong thé thu dang
mot g6i ma hoa dugce tinh nhu sau:

pEZPr(\PbE<}/th)=F\y[§ (7th)a (7)
Hon nita, xac suit ma B va E c6 thé giai ma
thanh cong mot géi ma hoa dugce cho boi 1- Lp
va 1 - pg, twong Gng. Luu y ring xac suit giai
ma thanh cong hay khong thanh cong ctia mot
g6i ma héa tai moi khe thoi gian 1a nhu nhau.
Trudce khi xem xét cac tham sb hiéu suit hé
thdng trong bai bao nay, ching toi gia sir L 1a
tong sd goi ma hoa duge giri bai A. Tiép theo,
chung t6i cling ky hi¢u L, va L_ la s6 goi ma hoa



dugc thu ding béi B va E, tuong trng. Khi B thu
du s6 go6i ma hoa thi B ngay lap ttc g tin hidu
phan hdi dé théng bao cho A dimg phat dit liéu
cua minh.
Hon nita, ching ti gia dinh rang B ¢6 thé
giai m thanh cong dit liéu gbc néu B thu di A
g6i ma hoa. Do do, xéc suat ma B gidi ma thanh
cong va bao mat (SS) c6 thé duoc cong thirc hoa
nhu sau:
SS=Pr(L,=H,L, <H|L,), (8)

Tiép theo, xac suat danh chan (IP) ma E ¢6
thé thu cac goi trudc hodc cing luc v6i B ¢6 thé
dugc dinh nghia nhu sau:

IP=Pr(L,=H,L,<H|L,), 9)

Cudi cting, chiing t6i xem xét s trung binh ctia céc
2061 ma hoa duge phat bdi A, co thé duge bicu dién
chinh xac nhu sau (xem phuong trinh (8)):

H
E{LA}zl_p

B

(10)

3. Phan tich hi¢u suat
3.1 Chuin bi toan hoc ciia Psva Pr
Trong phan nay, dé thuc hién cac két qua
toan hoc dan xuét tir (4), hdy xem xét bién ngau
nhién (RV) z,, Z, = r112axM max (}/m,n ), co

CDF cua Z1 ¢6 thé duoc viét nhu sau:
F, (x)=Pr(Z <x)

(;/m,n)<x), (11)

Ap dungphuongtrinh (22) cta(T. T.DuyandP.N.
Son, 2015), CDF clia Z, c6 thé dugc tinh nhu sau:

F ()= £, (x)] " =(1-ew(-20)". (12
Ngoai ra, thay thé (12) vao (4), chung ta c6 thé
viét lai CDF cua W® nhu sau:

Fop (x)=Pr(¥} <x)= Pr(Zl < %x]

A

=F, [%on) =(1—exp(— A}])ZO xn .(13)

Tuong tu, tr (5), xem xét RV Z,, trong do
Z,= max (m »c6 CDF cua Z, co the duogc

k=
biéu dlen nhu sau:

:Pr( max max
m=1,2,...M n=1,2,..

F, (x) Pr(Z <x) Pr( max (yhk)<x)

-[£, @] =

St dung (14) vao (5), ham phan phdi tich lity
(CDF) cua ¥} duoc viet dudi dang sau:

N,
e (X)=Pr(\¥) <x)= Pr(Zz <?:xj

=F, (%ij zll—exp(— Q;:[O xB .(15)

Thay thé CDF ctia ¥} va P’} vao (6) va (7), ta
c6 xac suat rang ca B va E déu khong the thu
ding mdt géi ma hoa, twong tng la:

an,
pBZLI—eXp(_ Poyth)J 5 (16)
A
=|1-ex _ AN K
PE p P, s

3.2 Xdc sudit giai ma thanh cong va bao mat

1 exp(—Qx)) (14)

F

(17)

Tir (8), x4c suat tong thé ciia SS c6 thé
duoc viét nhu sau:
+00 H-1
SS=>" Pr(L, =H|L,)x> Pr(L,=G|L,) (18)
Ly=H G=0

trong do Pr(LB H | L,) 1a xéc suét réng B
co thé thu ding H g01 mi hoa dudi diéu kién
s6 lugng goi truyén toi da cia A 1a L,. Ngoai

ra, Pr(L,=H |L,) la x4c suat rang E c6 thé
thu dugc G goéi ma hoa cung luc, trong do
(0<G<H).
Str dung phuong trinh (8) cua (T.T. Duy and H.
Y. Kong, 2024), xé4c suat Pr(L, = H |L, ) c6 thé
duoc tinh nhu sau:
_ H Ly-H
Pr(LB =H |LA):CLL:—1H (l_pB) (IOB)
Tuong tu, ta cO xac suat Pr(L,=G|L,)la
G Ly -G

Pr(Ly =G[Ly)=Cp (1=pc) (pe)"

Thay thé (19) va (20) vao (18), ta thu dugc biéu
thirc chinh xéc dudi dang dong cua SS nhu sau:

SS8= Z[CLL 1H( pB)H(pB)LAiH}

=H

(19)

(20)

H-1

X [CG (1= pe ) (pE)LAiG}

G=0

D)



3.3 Xac suit chin
Tiép theo, tir (9), ta c6 xac suat chin (IP) co
thé duogc viét nhu sau:

IP = f: Pr(L,=H,L,=H|L,)

Ly=H

X i Pr(L,=H,L,<H|L,)

Ly=H
=> Pr(L,=H|L,)
Ly=H

X [Pr(LB =H |LA)+§Pr(LB =G|L, )} (22)

trong d6 Pr(L, =H |L,) 1a xé4c suét rang E ¢6
thé thu thanh cong H gbéi ma hoa vao thoi diém
nay. Tuong tu nhu (19), ta co thé dugc biéu dién
nhu sau:

Pr(LE =H |LA ) = CLL:—_IH (1= pe )H (P )LAiH .(23)
Tiép theo, xac sudt Pr( L,=G | L A) trong (22) la:
Pr(Ly =G |L) =€ (1=, ()" (29

Thay thé (19), (23), va (24) vao (22), biéu

thirc chinh xac dudi dang dong cua IP co thé thu
duoc nhu sau:

+00

P=3 [chy (1-p)" ()" "]
Ly=H
x[ent (- pa) (pu) ™"
H-1
3 (-0 ()|
G=0

3.4 S6 lwong géi ma héa trung binh

(25)

Biéu thirc chinh x4c ctia s6 luong goi ma
hoa trung binh dugc phat béi A dugce dua ra
chinh xdc nhu sau (xem phuong trinh (8) cua

(X. Wang, W. Chen, and Z. Cao, 2009):

[31]): E{LA}:I_H

B

= H (26)

AN, "
1- l—exp(— 0y j]
T

4. Két qua mo phéng

Trong phan nay, cac mdé phong Monte
Carlo dugc trinh bay dé xac minh két qua ly
thuyét dé xuat. Dé thuc hién cac két qua ly
thuyét, trong tit ca cac mé phong, ching ta cb
dinh tham s6 ngudng 15i 1a Ve =1 s6 luong goi
ma Fountain can thiét dé khoi phuc bd dir licu

gbe 14 5 (H = 5), va chudi vo han dugc cét bot
bai 200, tire 1a (N, = 200). Trong Hinh 2, trinh
bay xac suat gidi ma thanh cong va bao mat
(SS) nhu mot ham cua ty s tin hiéu trén tap
(SNR) truyén P, /N, (dB).

Trong mo phong nay, c¢b dinh cac tham sb
kénh nhu A=0.5, Q=1, va s6 lugng anten phat
12 3 (M = 3). Trong hinh nay, c6 thé thiy rang
gia tri SS giam khi gia tri P, /N, (dB) tang.
Diéu nay 1a do khi tang gid tri P, /N, (dB), ¢
nghia la tdng cong suat truyen tai A, do d6 kha
nang chan cua E s& tang 1én.

Hinh 2: Xac suit gidi mi thanh cong va
bao mat (SS) nhw mét ham ciia SNR truyén

P, /N, (dB) khi M = 3, 2=0.5 va Q=1.

w
o
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105
- Sim (N=1, K=1)
Sim (N=2, K=2)
1w E O Sim (N=3, K=3)
—— Theory
e s 20 2s

10 15
P_/N_ (dB)

Nguoc lai, SS tai B s€ hdi tu vé 1o cong
suét truyén thap. Hon nita, khi cong suét truyén
tai A nho hon 0 dB, gia tri SS gan bang 1, di
lidu gbe co thé dugc giai ma va bao mat thanh
cong tai B.

Hinh 3. SS dudéi dang ham caa P, /N,
trong (db) khiM=2,N=2,A=0.5vaQ=1.
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Hinh 4. SS dwéi dang ham caa A khi
P, /Ny=10 (db), M=2,N=2vaK=2.
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A

Trong Hinh 3, SS duoc hién thi duéi dang
ham (dB) véi s6 lugng anten khac nhau tai E. Tur
hinh nay, cac tham s6 mé phong duoc ¢ dinh 14
M=2,N=21=0.5vaQ=1.Tihinh 4 thiy
khi cac anten thu tai E dugc trang bi voi K =2 va
K=3, g1a tri cua SS t¢ hon 50 voi K = 1(Bang 1).
Do d6, dé cai thién hiéu suat bao mat, can giam
dang ké cong suat phat tai A dé giam chét lugng
lién két cua ké nghe 1én.

Bang 1. Gia tri SS khi k=1,2,3

M | N A Q SS

K=1 2 2 0.5 1 102
K=2 2 2 0.5 1 1043
K=2 2 2 0.5 1 103

Trong Hinh 4, SS dugc trinh bay dudi dang
ham cta tham s6 kénh A khi ¢d dinh cac tham
s6 md phong nhu sau: P, /N, = 10 (dB), M =2;
N=2;vaK=2.C6 thé thiy rang hiéu suit bao
mat cla cac giao thirc duge dé xuit ting dang
ké khi tang Q (bang 2), diéu nay 1a do viéc ting
Q lam giam chat luong lién két ctia ké nghe 1én

gita A va E.
Bang 2. Gia tri SS khi Q =1,3,5
M N A K SS
Q=1 2 2 1 2 10714

1003

10-0.3

Hinh 5. X4c suét bi chiin (IP) nhw mdt ham
ciia P, /Ny(db) khi K=2,A=0.5vaQ=1.

L B Sim (M=1, N=1)
o3| P Sim (M=2, N=1) "
O Sim (M=2, N=2)
Theory
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P, /N, (dB)

Hinh 6. Xac suit bi chin (IP) nhw mdt ham
ciia A khi P, /N,= 5(db), M =2, N =2 va K=2

IP

= Sim (2=1)
> Sim (£2=3)
O Sim (12=5)
Theory
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Trong Hinh 5 minh hoa xac suat chin (IP)

dudi dang ham cua P, /N, trong (dB) khi K =2,
A =0.5vaQ=1.Co thé quan sat rang IP ting

dang ké khi ting gia tri ciia P, /N, (bang 3).
Hon nita, trong ba truong hop dugc khao sat véi
viéc thay ddi sb luong anten tai by phat va bo
thu qua kénh hop phap, tic 1a (M =2, N = 1);
M=1,N=1)va(M=2; N=2); giatricualPla
thip nhét trong truong hop (M =2, N=2). Diéu
nay cho thiy loi thé cua cac giao thire MIMO
TAS/SC trong hé théng bao mat duoc dé xuat.

Bang 3. Gia tri IP khi P, /N, thay dbi

PN, | M | N | 2 | Q 1P
0 1 [ 1 ]os |1 0.00
2 L1 o5 |1 0.70
4 1|1 o5 |1 0.80
6 1 [ 1|05 |1 0.90
8 1 [ 1 ]o0s5 |1 0.95
10 L[ 1 ]os |1 1.0




Trong Hinh 6 tap trung vao IP nhu mot
ham ctia A v6i P, /N, (dB) (M =2, N=2)va K
= 2. C6 thé thay tir hinh nay, IP ting khi ting gia
tri A, diéu nay lam giam chat luong cua cac lién
két dir liéu giita A va B. Do d6, A can giri nhiéu
g6i tin ma hoa hon dén B v6i muyc dich B ¢6 thé
thu dit H g6i tin ma hoa dé giai ma thong tin gdc,
diéu nay ciing 1am ting kha ning chin cua ké
nghe 1én. Ngoai ra, IP giam dang ké khi tang cac
tham sb kénh cua E, tirc 1a trong mo phong nay,
giatricua Qtu 1 dén 5. Nguoc lai, khi sb lugong
anten 1 2 (K = 2), bo thu bat hop phap thu dugc
loi ich da dang v6i phuong phap SC, diéu nay
1am cho gia tri ctia x4c suat chan (IP) ting nhanh
khi cac tham sé kénh Q giam.

Hinh 7. IP 13 ham cia H khi P, /N,= 5 (db),
M=3,N=3,,=1vaQ=2

100,

B Sim (K=1)
P Sim (K=2)
O Sim (K=3)
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Hinh 8. S6 lwong trung binh cac goi tin da
ma hoa (AP) 1a ham cia P, /N, trong (db)
khi N=3, K=3,,=1vaQ=10.5

as

- Sim (M=1)
P Ssim (M=2)| -
©  Sim (M=3)
Theory

-5 - -3 -2 1 o 2 3 4 5

F; A’NO (dé)
Trong Hinh 7, cho thiy IP nhu mot ham cua
Hkhi P, /N, =5 (dB), véi cac tham s6 c6 dinh

(M=3,N=3),r=1vaQ=2. Tuhinh nay cling
c6 the thay rang IP trong Hinh 5 giam khi A tang.

Hon nira, khi ting sb lugng anten tai E tir 1 1én 3,
gi4 tri IP ting dang ké.

Hinh 8 minh hoa sé lugng géi tin md hoa
trung binh (AP) dugc phat bdi A nhu mdt ham
cia p, /N, (dB), v&i cac tham s6 chinh duoc ¢b
dinhla (N=3,K=3), A=1vaQ=0.5. Trong
hinh nay c6 thé quan sat rang voi cong sut truyén
thap, cAn nhiéu géi tin ma hoa trung binh hon dé
khoi phuc dir liu géc tai bg thu khi tang ) luong
anten tai A tir 1 1én 3, dan dén gia tri AP giam
dang ké. Tuy nhién, khi ting cong sudt phat tai A,
AP gidam nhanh chong va hoi tu vé gia tri H.

Hinh 9. AP I ham ciia H khi 2, /N,= 5 (db),
K=2,.=1vaQ=05

AP

=, Sim (M=1, N=1)
- Sim (M=1, N=2)
< Sim (M=2, N=2)
Theory

" " "
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H

Hinh 9 tip trung vao sb luong goi tin ma
hoéa trung binh (AP) nhu mot ham cua s lugng
go1 tin ma hoa H khi P, /N, =5 (dB), K =2, A
=1 va Q= 0.5. C6 thé thay, AP do A gui ting
nhanh khi s6 lugng géi tin ma hoa H yéu cau tai
B ting. Hon nira, khi thay d6i sé luong anten
tatAvaB,ticla(M=1,N=1),M=1,N=
2) va (M =2, N =2). Nhu dugc minh hoa trong
hinh, AP trong truong hop (M =2, N = 2) 1a tdt
nhat khi so sanh véi cac trudng hop con lai, va
gi4 tri AP bang véi gia tri H. Diu nay cho thiy
nhiing loi thé ctia cac giao thite MIMO TAS/SC
dé xuét.
5. Két luin

Trong bai bao nay di dé xudt cac giao thirc
MIMO TAS/SC str dung ma Fountain dé nang
cao hiéu suat bao mat cua hé théng. Pua ra cac
biéu thirc dang déng chinh xac cho xac sut
giai ma thanh cong va bao mat (SS), xac suat bi
chan (IP), va sb lugng go6i tin ma hoéa Fountain
trung binh (AP) dugc guri béi A qua cac kénh

9



suy hao Rayleigh. Cac biéu thic ly thuyét da
duoc xac minh bang cac mé phong Monte Carlo.
Két qua cho thdy rang cac giao thirc dé xudt vuot
trdi hon so véi cac giao thue khong su dung SC.
Ngoai ra, dé cai thién hiéu suét bao mat can thiét
ké s6 lugng anten phu hop cho ca A va B. Hon

nita, viéc phan bd cong suét tai A chi can phat
du muc can thiét ¢ ngan chan E, nguoi cd ging
nghe 1én dit liéu gdc tir A. Bén canh do, ciing da
chi ra ring viéc tang cudng do kénh qua kénh hop
phap va giam chét luong lién két cua cac kénh
nghe 1én ¢6 thé cai thién hiéu suit bao mat.
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