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THONG TIN BAI BAO TOM TAT

Ngdy nhan bai: 14/08/2023 ~ Trong nghién ctru nay nay, ching t6i dua ra m6 hinh truyén thong NOMA
. o ¢6 két hop véi mang anten tuyén tinh ¢ pha thay déi dwoc nhiam muyc dich
Ngdy hoan thi¢n: 10/09/2023 tang cuong bao mat & 16p vat ly. Chung toi gidi thiéu 1 mé hinh gdm 4 nit:
Ngay chip nhan ding: 18/09/2023  ndt phat S, ntt thu D1, nat thu D2, nit nghe 1én E. Trong d6 nat S dwgc
trang bi mot mang anten c6 thé thuc hién thay doi bup song (beamforming),

Ngay dang: 28/08/2024 .
sy ame 2 nit D1 va D2 1a 2 nit thu dir ligu x1, x2 duge phat tir Nat S, Nt E duge
TU KHOA 1a nat nghe len, s€ c6 gang thu tin hiéu tir S goi dén x1, x2. D& danh gia
. kha nang cai thién bao mat 16p vat 1y, nghién ctru da dua trén thong sO xdc

NOMA;

suét dimg bao mat 16p vat 1y. Qua nghién ctru da dua ra két luan rang, néu
Mang anten; két hop mang anten s& cai thién dugc kha tot ‘Van dé bao mat 16p vat ly
Bao mit 16p vat Iy; trong k¥ thuat NOMA, Bai bdo rit ra két luén rang tly vao vi tri cua Nut E

. ) ma viéc bao mat duoc tot hoac xau di.
Xac suat dung;

Beamforming.
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1. Téng quan

Ngdy nay, trong cudc cach mang 4.0, téc do truyen dir lidu vo tuyen gitra cac thlet bi doi hoi ngay
cang tang Téc do du liéu nay lai ty 1€ thudn vdi bang thong vo tuyén, nhung ngudn bang thong nay la
¢6 gidi han [1], [2], [3]. Trude ddy, cac ki thuat dé sir dung hiéu qué bing thong vo tuyén nhu: FDMA,
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OFDMA, CDMA... va gin day la k¥ thuat NOMA [4], [5]. NOMA la k¥ thuat cho phep tmyen nhiéu
dir liéu trén cing mot bang tan trong cing mot thoi gian, dong thoi bo khir can nhidu tuan tu (SIC:
Sequential Interference Cancellation) dugc str dung & phia thu dé tach cac tin hiéu thu duoc [6].

Song song v6i viée st dung hiéu qua bang thong, viéc bao mét thong tin cling la mot van dé rat quan
trong. Do tin hidu dugc truyén trong moi truong vo tuyén nén viée bi nghe 1én 1a van dé khong thé tranh
khoi. Hang loat cac k¥ thudt bao mat ap dung cac k¥ thuat ma hoa, xac thuc phic tap: WEP, WP [7
]....duoc st dung & 16p tng dung. Tuy nhién, nhu vdy ciing duoc xem 1a chua du, cac nghién ctru vé
bao mat 16p vat ly dugc gidi thi€u. Bao mat vat 1y dua trén nguyén ly co ban: kénh truyén duoc xem la
bao mat khi dung luong kénh cta ngudi dung hop phép 16n hon dung luong kénh nghe 1én [8].

Trong cac hudng nghién ciru vé bao mat 16p vat Iy thi hudng nghién ctru vé beamforming dang dugc
quan tdm kha nhiéu. Beamforming 13 k¥ thuét dua trén viéc thay ddi bién d6 va pha ciia ngudn dién cap
cho ting phan tir trong trong mang anten nham thay d6i huéng va do rong ciia chum tin hiu tir nguodn
phat goi dén nut dich [9], [10], [11]. Va ddy ciing chinh 13 chu dé ciia nghién ctru ndy: cai thién vé bao
mat 16p vat Iy trong mang NOMA bang mang anten.

Nghién ctru ndy duoc trinh bay theo trinh ty sau: Phan dau giéi thiéu vé téng quan, phan 2 gidi thiéu
Ve md hinh nghién ctru va cac ly thuyet lién quan, phan 3 s& trinh bay vé viéc chung minh céc cong thuc
vé bao mat 16p vat 1y, phin 4 14 phan mo phong va danh gia két qua, phan cudi 1 phan két ludn va dua
ra cac dong gop chinh cua nghién ctru nay.

2. Co Sé Ly Thuyét Va M6 Hinh Nghién Ciru
2.1. M6 hinh c#a nghién ciru

Trong nghién ctru nay, moé hinh gdm 4 nt mang dugc nghién ciru gbm Nt ngudn S, Nut dich Dy,
nut dich D, Nt nghe lén E. Trong do, nut S ung dung ky thuat NOMA aé  ghep tin hiu va truyen cho
2 nut D; va D.. Nut nghe Ién E duoc str dung dé gia st rang c6 1 ngudn tin cong cb ging dé thu thap
thong tin tir ngudn S guri cho Dy, Do.
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Hinh 1. Théng sé dinh dang cho (a): van ban néi dung; (b): tiéu dé cac phan

Céc gia thuyét dua ra trong nghién ciru:

* Nut S 1a mang c¢6 N anten dipole, cac nat con lai Dy, Dy, E, chi ¢ 1 aten duy nhét.

*Nut S biét duoc chinh x4c vi tri ciia 2 nut Dy, D2 dé c6 thé thay dbi bup séng truyén ti hai nit nay
la tot nhat.

« Cac kénh truyén duoc nghién ciru 1a kénh Rayleigh fading va nhidu trong hé théng 13 nhidu tring
cong (AWGN).
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* Nut S duoc dat tai géc toa do, cac nit D1, Dy, E ndm cach déu nat S trén mot duong tron ban kinh
tuong duong 1.

2.2. Ky thudt NOMA cho tuyén hwong xuong.

Trong nghién ctru nay, nat S s& thuc hién ghép hai tin hi¢u 1a x; ([nong‘muén giri dén Di) VA x,
(mong muon gui dén D») bang k¥ thuat NOMA. Khi d6, tin hi¢u tong dé truyén di la: [12]:

’ X§ =R X R X, (1)
Véi ay , @, 1a cac hé s6 cong suat twong ing véi x; VA x,; trong d6 a;+a,=1.
2.3. Mdng Anten

Mang anten dugc dinh nghia 1a mt mang gom nhiéu anten dugc dit gin nhau trong khong gian
nham tao ra mét dang bure xa (bup séng) cu thé. C6 nhicu loai mang anten khac nhau: mang mot chiéu,
2 chleu tuyén tinh, khong tuyén tinh, tam giac, vi dai....[13]. Trong bai bao nay, mang anten c6 dong
¢ dinh va pha thay ddi duoc sé duge 4 ap dung tai nat S, nhém tao ra chum tia btrc xa chinh dén 2 ntt D;
va D,. Khi d6, trudng dién tdng ciia mang anten ndy & ving xa (¢ ving dit cac nat Dy, Dy, E) thé hién
& cong thire (2) nhu sau [14]:

Et = E*AF )

Vi Erer : 1a truong dién cua timg phan tir anten (trong nghién ciru nay xem nhu bang 1 & hudng
truyén), AF la hé so ghép clia mang anten va c¢6 cong thure (3):

AF(N)=e? yelh 4 el 3

Vi N 1a s6 anten trong mang; Bi la pha cua timg anten, 0< B; <27t
T (1), (2) va (3) ta duoc:

X =|ET|(\/EX1+@X2)
=LAF(N)|(yePox + P, | )
= AF(N,0,9) (P +JaPox, )
Véi
AF(N,6,9) =|AF(N)|
3. X4c Suit Dirng Biao Mat Lép Vit Ly Trong Md Hinh Nghién Ctru
3.1. Ly thuyét vé xdc suit dirng ciia bio mdt I6p vit Iy

Nt S sé& truyén tin hiéu vao méi trudng vo tuyén, khi d6 nat Dy s& thu dugc tin hiéu c6 dang theo
coOng thirc sau:

=\JA AF(N, O, ¢SD1)\/EsxthD1 + X AF(N, O, ¢SD1)'\/EshSD1X2 + Ngpy )

V6i hgpq 12 hé sb ctia kénh truyén gitra S va D1, AF(N,o1,6501) 13 hé s6 mang anten theo hudng

(Gsors #s01) 13 hudng cua Di trong khdng gian, ngpq 1a tin hidu nhidu tring cong AWGN, ngp1~(0, Np).
Tt cong thire (5), ta dugc ty s6 SNR dat duoc tai D v6i tin hiéu xq la:

P
) AFZ(N, Oy b)) N | -5 2
AF?(N, Oy, o) Pt [N _ o o) N N, (6)
2
AF*(N, Oy, i) [Nspa | Per, +Ng AF*(N, O, ¢SD1)|hSD1|2 ::)Isaz +1

0

SNRp, =
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SNR,,, = Gen19smQty
" GypyOspiQar, +1
Véi
R
N,

A 2 A 2 A
Osp1 :|hSD1| ) GSDl = AF (N’95D11¢SD1)’ Q =
Tuong ty, tai nit D, ta thu dugc tin hi€u sau:

Yoz =+Joa AF (N, s, ¢SD2)\/ESX1hSD2 +.Ja, AF (N, O, ¢SD2)\/EshSD2X2 +Ngpy (7)

Vi hgpy 14 hé s6 kénh S va Dy, AF(N, oz, 802) 13 hé s6 mang anten theo hudng (Gsoz: #o2) 13 hudng
ctia D, trong khong gian, ngp, 1 hé s6 nhiéu trang cong AWGN, ngp,~(0, Ny).

Theo nguyén 1y giai diéu ché SIC cua ky thudt NOMA, tin higu x, tai D, dugc giai diéu ché bang
cach trur di tin hiéu x; da duogc giai diéu ché thanh cong tir nat D1 (va xem nhu x; da giai di€u ché thanh
cong ly tuong). Do do, tin hiéu con lai tai D, [14], [15] I&:

yD2_x2 = \/ 2 AF (N ’ QSDZ ’ ¢SD2)\/ Ps hSD2X2 + nSD2 (8)
Khi d6, hé s6 SNR cua x, la:

AFZ(N, Ocp.» b)) | Neo,|” Pscx P
SNRDZXz = =2 ,\TEZ | SD2| 2 = AFZ(N’05D2!¢SD2)|hSD2|2N_Soaz (9)
= Ggp,9sp Qs
Tuong tu nhu phan tich trén, tai nit nghe 1én E, tin hiéu thu dugc c6 dang:
Ye = AF(N, O, e )\ R X s + /o, AR (N, Ose s dhoe )\ P hse X, +Nge (10)

V6i hgg 1 hé s6 kénh truyén giita S va E, AF(N, O 5e) 12 hé sb mang anten theo huéng (G %) 13
hudng cua E trong khdng gian, ngg 1a tin hi¢u nhiéu trang cong AWGN, ngg~(0, Ny).

Tai nut E nay, tin hiéu x; s& ciing dugc giai diéu ché trude, sau d6 tiép tuc dén tin hidu x, ciing s&
duogc giai diéu che bang bd giai ma SIC hoan hdo. Do do, tin hi¢u khi da gidi ma thanh cong x;con lai
de giai ma x, la:

Ye_xo =% AF(N, Osc, dhe )\ PN X, + e (11)

Tir cong thuc (10) ty s6 SNR tai E cua x; &

P
AFZ(N ) 98E’¢SE)|hSE|2 Wsal

0

AFZ(N798E'¢SE)PSa1|hSE|2

SNRE,Xl = AFZ(N 0 )|h |2 P + N - 2 2 P
1 Ose P ) |Nse | Bsx, o AF?(N, 05E’¢SE)|hSE| I\TSOZZ +1 (12)
0

_ G0 Qx
Gse 9seQar, +1

ye A A A P
Véi O :|hSE|2’ GSE = AFZ(N105E’¢SE)’ Q:N—S
0

Va tir cong thir (11) SNR cua tin hiéu x, la:

SNRe ,, = Gge 9 Qax, (13)

Céc dai luong vé do loi kénh truyén fading Rayleigh ggp1, gsp2, gsg trong cac cong thirc (10), (11),
(12) ¢6 ham phan phoi xac suat nhu sau: (PDF: probability density function) [15]:

fo,(0) = Ae™Hix (14)
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V6i A; = dP; i = SDy, SDy, SE; £ hé s6 suy hao ciia kénh truyén (c6 gié tri tir 2 dén 5).
Va ham tich liy (CDF: cumulative distribution function) c6 dang:

Fp(x)=1- e~ Aix (15)
Dung luong kénh truyén tai Di [15]:
‘ Cpi = (1+SNRp;,) (16)
Dung luong kénh truyén cta ntit nghe 1én la:
Cz' = (1+SNRgy,) (17)
Vi i=1,2.
Khi d6, dung luong bao mat 1a [16]:
G = [coi - ¢i']” (18)

Véi [x]T = max{x, 0}.
3.2. Xdc sudt dirng ciia bao mgt lop vt Iy ciia cdc tin higu trong mang NOMA

‘Theo [16], xéc suat dimg ctia bao mat 16p vat 1y (trong cong thire 18) 1a xac suét khi thuc hién vige
thong ké xem khi nao dai lugng C; nho hon dai lugng ngudng Cy,.

Do vy, xac suat dimg ctia tin hiéu x; duoc cho béi cong thire sau:

Pl = Pr[C; < Cyl
=Pr Pr [(Cpi = C5*) < Cunl
Thay (17), (18) vao (19) ta dugc:
Poie =P Pr [(1+SNRp1,) = (14 SNRgz,)) < Curl

1+ SNRpy 4,
=pPr||l——2) <
[( 1+ SNRp,, " (20)
= Pr % < 2Ctn
1+ SNRg,,
biat §=2¢th — 1, khi d6:

Px_p |: G, Qe 9y < 6’+(¢9+1) Ge:Qa,9se :| (21)
G Qet,9spy +1 SEQQZQSE +1

Véi gia thuyét niit E c6 thé loai bo dwoc hét anh hudng can nhiéu cta tin hidu x, khi giai ma tin hiéu
x; khi @6 (21) la:

(19)

G Qg }
- |: Gsp1 Qe 9spy +1 ( ) se 2 Yse

g 0
P|oe > sp19sp1 _ } dx
|: = (0+1)Ge (Gepi Q95 +1)  (0+1)G:Qer,

-1 (x)Pr[g CaorX ¢ }dx
) o SE (0+1)Gg (G Qet, 95y +1)  (0+1)GQey (22)
T |: GypiX o }dx
0 gsm 0+ 1) Gge ( Gy Q2 spy + l) (9 + 1) G Qo
g > Gsp1Osps _ 0 ’
w (6+1)Gg (GepQ, 9, +1)  (0+1)GQex .

+| f, (X)Pr
i[ Soor GSDlx 0

>
(9 + 1) Gge (GSDlQaZ Oso1 t 1) (9 + l) G:Qoy
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Néu a; < fa, thi:
Pri(a; — 0ay)xGspQ < 0] =1va
Gyp10son
0 +1) Gge (GstO‘z Osp1 +1)
7 GygpiX 0
_ ’ >
(9+1)GSEQa1 (0+1)GSE (GSDlQazgSDl+1) (6+1)GSEQa1

955>(

Pr =0 (23)

Vi
Pt = [ fyop O 1dx + [ fy 0 (x).0dx=1+0=1

Néu aq > 9“2:

2 0
Pe=|f, (X)Prj x<————— dx
' l Sso1 { (0+1) GSDIQOJ

(24)
z Gyi0 0 0
+| f._ (X)Pr > SDL=SDL - X > dx
'([ 95D1( ) |:gSE (9+1)GSE (Gstazgstrl) (9+1)GSEQa1 (0+1)GSD1Qa1
. 0
Voim= ———
Gsp1Q(a1— 0ay)
[ee]
Pl =1—e Asom 4 f Aje~Asp1¥e=AseAdx (25)
m
- a,—6a, 1
batA =

@1a,(0+1)QGsg  az(0+1)GspQ(QGspr azx+ 1)

Cong thirc (25) chinh 1a cong thirc thé hién mdi quan hé giita xac sudt dimg bao mat 16p vat 1y cua
x4 tai D1 v6i cac dai lugng li€n quan.

Tuong ty nhu cach trén, xac sudt dimng bao mat 16p vat 1y cia x, tai D2 duge cho bai cong thire sau:
Pi=R[Cs-Cl <Gy ] (26)
T (16), (17) va (26), ta duoc:
P2 = Pr[1+ Gqp,05,Qat, < 2% (1+ G 05:Qaty) |

=Pr [Gs 02950,Qt, <O+ (9+1)GSEgSEQa2]

_ Pr[gSE > Gs529502Q%, _‘9}
(@+1)G;Qa,

% G.,,XQa, — 0
=|f _(X)Pr {g > M}dx
'(‘). ot * (0+1)GsQar,

Gsp,XQa, -0
(0+1)GseQar,

O3 O3

fo., OPr[Gsp,xQa, < H]dx+f foo, (x)P{gSE > ,G;p,XQa, > H}dx
0

(27)

- R - G;p,XQa, -6
e *Pr[Ggp,XQar, < Oldx + g 0P Pr| gy >—SD2 <2~ gy
Aspa [ s02XQa, ] .9[ Asp2 |:gSE (0+1)GSEQa2j|
Qa,

i % g Gs02xQe, 0
= J.ﬁ'SDZeiﬂSDZX |:1_ ﬂngeiﬂSDzn :|dX + J‘Z.SDzeizSDZXe (6+1)GsggseQar dx
0 n

e_ASDZn

= J— _ASD n
S v
b2 T (0 + 1)Gsg
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Véin=——
QGsp2a>

Nhu vay, ta dd xac dinh duoc biéu thirc xac suit dimg cua x, tai D cong thirc (27) .
4. Kiém Tra Va Panh Gia Hé Thong

Pé kiém tra tinh dung dan cua hé thdng, chung t6i s& thuc hién viéc mod phong bang phin mém
MATLAB vi s6 lan 13p 1a 10° phép thir. Céc cong thirc (25) va (27) dugc dua vao dé kiém tra xem c6
phu hop giira 1y thuyét va méo  phong hay khong. Ngoai ra, trong md phong ndy con dung thu vién
PhaseShift cia MATLAB dé hd trg tao ra cac hé s pha trong mang anten theo cac huéng cho trude.

8

G(dB)

0 20 40 60 80 100 120 140 160 180
phi(do)

Hinh 2. Bé thi d¢ lpi ciia mdang anten véi 8 phan tir (don vi do)

G(dB)

0 20 40 60 80 100 120 140 160 180
phi(do)

Hinh 3. D6 thi dg loi ciia mang anten véi 10 phan tir (don vi dg)
Hinh 2 va 3 thé hién mdi quan h¢ gitra bién do AF va h¢ s6 goc theo mat cit ctia mit phfmg chtra
Dy, D, E.
Trong hinh 2: D1 va D, & vi tri ¢6 goc ¢sp1=130°, ¢spr=45°. Méang anten dé tao dugc do thi nhu hinh
2 1a mdt mang anten tuyén tinh gom 8§ phan tir, cd bién d6 dong bang nhau va pha duoc tao ra tir thu
vién PhaseShift cua MatLab. Nhu vdy, mang anten da tao ra dugc 2 vi tri ¢6 bién d 16n nhét ciing chinh
1a 2 vi tri dat 2 thiét bi thu can giai diéu ché ra x; Va Xo.

Hinh 3: D1 va D2 ¢ vi tri ¢6 goc ¢sp1—130 , #sp2=45°. Mang anten dé tao dwoc dd thi nhu hinh 3 1a
mdt mang anten tuyén tinh gébm 10 phan tur.

JTE, Volume 19, Issue 04, 2024 39


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

4.1. Kiém tra va ddnh gid xdc sudt dirng theo hé so anpha:
Hinh 4 12 két qua c6 duoc khi tién hanh mé phong viée thay ddi hé s6 phéan chia cong suat cia 2 tin
hiéu gui dén Dy va Dy la x4 va x,.

Trong md phong nay, sb anten cua S 13 8; d6 loi anten cua Di, E déu bang 1; hé sé Q=1 va 5dB; Dy,
D2, E & cac goc: (0,70), (90,70), (30,70); Rt=0.2; Gsg=0.3dB hay ¢se=63°); Asp1=1, Aspz=1, Ase=1.

10°

Xac suatbao mattin hieu x1, ly thuyet

— — —Xac suatbao mattn hieu x2, ly thuyet
- [0 Xacsuatbao matiin hieu x1, me phong.
T %  Xacsuatbao mattn hieu x2, mo phong.
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Hinh 4. M6 phong Pou clia x1 Va Xz theo a1

Két qua thu dugc co thé thiy rang, md phong da thé hién ding nhu ly thuyét (dy thuyét da chimg
minh & phén trén 1a chinh xac). Két qua nay cho thiy, hé sé @, ty 1é nghich véi xac sudt dimg cua x; va
ty 1& thuan véi xac suét dimg cia cia x,.

Hinh 4 con thé hién, voi ciing mot hé s6 phan chia cong sudt, khi ty 1& cong suét tin hiéu trén nhiéu
Q ma ting 1én din dén gi4 tri xac suét ding cla x, ting theo viéc nay duoc giai thich nhu sau: khi Q
tang nhanh, dai Ivgng nay anh hudng xem nhu 1a chi dao dén do 16n cua tin hiéu thu duoc, cac dai
luong con lai nhu d6 loi anten va nhiéu anh hudng it dén viéc giai ma ra tin hiéu x; din dén dung luong
clia x; tai D1 khong tang nhiéu nhung dung lwong cta niit nghe 1én E lai ting nhanh lam cho dung luong
bao mat 16p vat Iy giam va xac suit dimg bao mat 16p vat Iy ting. Con x4c suat dimg cia x, giam theo
Q tang, tirc 1a bao mat hiéu qua ngay cang hi€u qua dung theo cong thirc (27) Q ty 1€ nghich vai xac
sudt dimng ctia bao mat 16p vat 1y x, tai D.

4.2. Kiém tra va ddnh gid xdc sudt dirng khi niit E thay doi vi tri

Dé danh gia viéc thay doi vi tri ciia ntit nghe 1én anh huéng nhu thé nao dén xac sut dimg, ching
t6i s& cho nut E thay doi trén mot nira mit phang quanh diém S (déu c6 mit ca 2 nit D; va D,), cac
thong s6 khéc giit nghién nhu moé phong ban dau. Vi hinh 5 12 mang ¢ 8 anten va hinh 6 13 mang c6
10 anten.

Két qua ¢ Hinh 5 va Hinh 6 cho thay, x4c suat ding bao mat 16p vat I ctia x; VA x, thay doi khi nit
nghe 1én E di chuyén. Khi nat E gin nat D; hodc Dy thi xc suat dimg s& tang 1én dang ké va khi no
trung vai vi tri thi xac sut dirng xem nhu bang 1(khong bao mét). Su khac biét gitra Hinh 5 va Hinh 6
con thé hién khi sb anten tang 1én thi co nhiéu vi tri xac sut dimg s& rat nho (bao mat tdt) nhung néu
nat E ¢ trong mot cy ly gan Di hay D, thi xac suat ding lai 16n hon khi so sanh v6i mang 8 phan tur
anten. Diéu nay dugc giai thich r.%mg, thu vién PhaseShift cia MatLab chi phu hop véi viéc tao ra mot
hudng birc xa cuc dai con khi c¢6 2 hudng buc xa cuc dai thi cac hé ) pha ctia n6 tao ra khong con dugc
t6t do 1a khuyét diém ciia thu vién nay.
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Hinh 5. M6 phong Pou theo vi tri niit nghe lén E véi mang 8 anten
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Hinh 6. M6 phong Pou theo vi tri niit nghe lén E véi mang 10 anten
5. Két luan

Nghién ciru ndy di dat dugc mot sb két qua sau: Chung t6i di gidi thiéu mot mé hinh truyén thong
NOMA c¢6 két hop voi mang anten nham cai thién bao mat 16p vat ly. Tr mo hinh do, chiung t6i da
chtng minh dugc cong thirc vé bao mat 16p vat 1y cua hé thong hudng xudng voi hai ngudi ding & hai
vi tri khac nhau. Sau cung, chung t6i tién hanh mé phong dé thdy su dung dén cua cac cong thic nay,
tir d6 c6 thé két ludn rang khi sir dung mang anten trong mang NOMA béao mat 16p vt Iy da duoc cai
thi€n mdt cach dang ké.
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