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ABSTRACT

The authors employ the artificial noise (AN) technique to enhance physical
layer security (PLS) in one-way full-duplex (OWFD) networks.
Specifically, an OWFD network incorporating AN and operating over
Rayleigh fading channels is considered. The system consists of five nodes:
a source node, a destination node, a relay node, an eavesdropper node, and
a jamming node. To evaluate security performance, the authors analyze and
assess several metrics, including the secrecy outage probability (SOP),
secrecy throughput (STP), and the trade-off between outage probability
(OP) and intercept probability (IP). Closed-form expressions are derived in
the paper. The analytical results are validated through Monte Carlo
simulations implemented in MATLAB, the results are illustrated through
four graphs: the impact of the artificial-noise node’s position on the SOP
under variations in the source node’s transmit power; the effect of the
eavesdropper’s position; and the influence of the path-loss exponent on the
system’s OP, IP, and SOP. In addition, a comparative graph of the SOP
between the proposed model and the reference model is presented. All
graphs demonstrate a significant improvement in security performance
compared with previous studies. The proposed model confirms the
feasibility of implementing PLS solutions in OWFD networks.
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TOM TAT

Téc gia sir dung phuong phép gay nhidu nhan tao (AN) nham cai thién cac
van dé bao mat 16p vat 1y (PLS) trong mang song cong mot chiéu (OWED).
Cu thé, xem xét mang OWFD c¢6 4p dung AN va sur dung cac kénh truyén
suy hao Rayleigh fading. H¢ théng bao gdm nam nat: nat ngudn, nut dich,
nut chuyén tlep, nut nghe 1én va nat gay nhidu. Dé danh gia hi¢u suat bao
mat, tac gia tién hanh phan tich va danh gia cac thong s6 nhu: xac suat dung
bao mat (SOP), théng lugng bao mat (STP), sy danh d6i gitra x4c suat ding
(OP) va xéc suét chan (IP). Bai bao da xay dung cac cong thirc dang dong.
Két qua phan tich toan hoc dugc kiém ching bang phuong phap mo phong
Monte-Carlo trén phan mém MATLAB, thé hién bang bon dd thi: anh
huong vi tri ctia niit gdy nhidu nhan tao 1én SOP khi thay doi gia tri cong
suat phat tai niit nguon, vi tri nat nghe 1én, gia tri hé s6 suy hao duong
truyén 1én OP, IP va SOP cua hé thong. Dong thoi, ciing dua ra do thi so
sanh SOP giita mo hinh d& xuit va tham chiéu. Tt ca cac dd thi déu cho
thdy hiéu sudt bao mat dugc cai thién dang ké so véi cac nghién ciru trudc
day. M6 hinh dé xuét ching minh tinh kha thi ctia viéc trién khai cic van
d& PLS trong mang OWFD.
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1. Gioi thiéu

Céc ting dung phd bién ciia mang khong day di trd thanh mot phan khong thé thiéu trong cudc sdng
cua chung ta. Mang khong day doi hoi ngay cang nhleu tai nguyén phé tan s6 dé hd trg s6 lwong ngudi
st dung ngay cang tang cao [1]. FD cho phép truyen va nhan dong thoi duy nhat trong mot kénh thoi
gian va tan s, htra hen s& ting gip nhleu 1an hiéu suat phd so véi cac hé thong truyén théng ban song
cong (HD) [2]-[5]. Mot trong nhitng mdi quan tim ngay cang ting cua truyén thong khong day la tinh
bao mat cua tin hi¢u dugc truyén di. Do mang khong day cé tinh chat m&, vé ban chat thi théng tin
truyén di khong dugc bao mét [6]. Sy don gian cua viéc dat dugc quyen truy cap vao phuong tién khong
day lam cho dé dang nghe 1én thong tin lién lac qua phuong tién cua thiét bi khong hop phép [7]. Phuong
phap tiép can AN— Goel va Negi [8], [9] da dé xuat mot ky thugt ddém bao giao tiép bao mat tuyét ddi
giita cac nut hop phéap. Céc tac gia da thiét 14p ring bao mat hoan hao c6 thé dugc thuc hién khi kénh
clia bo thu bat hop phap nhidu hon kénh cia bo thu hop phap. AN dugc thém vao khong gian cta kénh
nguoi nhan hop phap [10].

1.1. Cbng trinh lién quan

Tac gia da phan tich, danh gia sy danh ddi do tin cay va bao mat cua hé thong, st dung kénh truyén
Rayleigh fading, FD va diing giao thire DF tai nut chuyén tiép, PLS bang cich gdy AN dén nit nghe 1én
[11]. Trong [12], tac gia danh gia SOP va STP ctia hé thong, tinh toan trén kénh truyén Rayleigh fading,
dung giao thire DF va FD tai nat chuyén tiép, PLS bang cach thu thap ning luong tai niit chuyén tlep
ctia hé théng. Nhom tac gia ciing nghién ctru, phan tich, danh gia SOP va IP cua hé thong, kénh truyén
Rayleigh fading dugc dung trong mé hinh, st dung giao thirc AF va HD tai nat chuyén tiép [13]. Trong
[14], nhém tac gia phan tich, danh gia OP va IP clia hé thong, st dung kénh truyén Nakagami-m, hé
thong khong dung thiét bi FD, PLS béng cach dung bang phan xa dé chuyén tiép tin hiéu, vi tin hiéu
dugc truyén thang nén khong ding giao thitc AF hay DF. Dic biét, trong [15], cic cong thirc toan hoc
dugc ap dung dé tinh toan va phan tich ra két qua dang dong, dugc cac tac gia trinh bay chi tiét [16], tac
gia nghién clru phé”tn cung cua RIS nham PLS mot cach tot nhét, gidi thiéu cac kich ban tuong tng, cac
mo hinh hé théng dugce xem xét déu khong c6 FD va thiét bi chuyén tiép, tac gia thao luan vé cac hudng
nghién ctru tiém ndng trong twong lai va nhimg thach thiic cia truyén thong PLS dugc hd trg boi RIS.
Céc nghién ctru trong nudce ciing da phan tich, danh gia xac suit dimg, xac sudt chin cho mang nhan
thirc, song cong khi tram chuyén tiép c6 thu thap ning luong va dung k¥ thuat chuyén tiép kénh [17-
19].

Tir céc nghién ctru trén, tac gia ctia mo hinh dé xuét ciing da dwa ra nhitng vin d& mo cho nghién ciru
tiép theo, chang han nhu: Pat thém thiét bj gay nhiéu vao hé thong, song cong tai thiét bi chuyén tiép
va thiét bj nhén tin hiéu hop phap, thém dudng truc tiép tur thlet bi ngudn dén thiét bi nghe hop phap va
nghe 1én vao md hinh nghién ctru, thay d6i mé hinh kénh truyén va giao thirc tai nut chuyén tiép.

1.2. Dong gop

Cac nghién ctru trong cac cong trinh lién quan chua dé cap den nut dich trong h¢ thong va nut ngoai
hé thong gay AN, ddng thoi cling chua nghién ctru duong truyén tin hiéu tryc tiép tir nut nguon dén nut
dich cho h¢ thong nay. Cu thé 1a cac cong trinh [11]-[15] tuy d4 phan tich, danh gia sy danh d6i OP va
IP, SOP, STP cho cac mé hinh ban song cong, song cong, c6 nut chuyén tiép, gay nhiéu tir nat ngudn,
kénh truyén Rayleigh fading, Nakagami-m .

Nghién ctru dé xuét da lam giam thiéu t6i da ty s tin hidu trén nhiéu (SNR) tai nit nghe lén bang
cach gay nhiu tir nt ngoai hé théng va nat dich, ¢6 dudng truyén truc tiép tir nut nguon dén nut dich,
nham ting cudong do bao mat va cai thién tét hiéu ning bao mat cho mang chuyén tiép OWFD. M6 hinh
¢6 FD tai niit nghe hop phép va nat chuyén tiép nham tiét kiém bang thong va bao vé thong tin hitu ich
khi truyén tin hiéu.

Céc van d& chinh dugc dong gop trong bai bao niy bao gdm:
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Tai nit dich va nit chuyén tiép str dung thiét bi FD nhim bao mat thong tin va tiét kiém bang thong
cho mang chuyén tiép OWFD. Pong thoi, bai bdo di dé xuit cac bo giy AN ngoai hé thong va tai nut
dich. Rut ra dugc dang dong sau khi phan tich cac biéu thirec SOP, STP, OP, IP mét cach rd rang, chinh
xac cho mang chuyén tiép OWFD. Chimg minh mét cach hidu qua viéc anh huéng dang ké dén higu
ning hé thong trong viéc ngin chan thiét bi nghe 1én khi co sy tac dong ciia bo gdy AN. Danh gia, phan
tich cac biéu thirc SOP, STP, OP, IP duoc chuing minh hoan toan chinh x4c, thong qua viéc thuc hién
phan mém Matlab va mé phong Monte Carlo.

1.3. Céu triic béi bdo

Céu triic bai bao dugc chia 1am 6 phan: Phan 1 gidi thiéu tong quan cac cong trinh lién quan va sy
dong gop cuia bai bao. Phan 2 trinh bay mé hinh hé théng dang duoc xem xét. Phan 3 phén tich va danh
gi4 su danh d6i OP va IP. Phan 4 phan tich va cung cip chi tiét cac biéu thirc SOP, STP. Phan 5 trinh
bay két qua va thao luan. Phan 6 trinh bay két luan.

2. M6 hinh h¢ thong

Nhiéu tir giao thoa

(XXX X thé~u nhan tao

— -> Tin hiéu nghe lén @
—9 Tin hiéu hop phap ee?’ ’ * )

Hinh 1. M6 hinh mang chuyén tiép song cong mét chiéu co mdt thiét b nghe 1én.

Hé théng truyén thong duoc xem xét bao gdm mdt nut ngudn S, mot nut chuyén tiép song cong R,
mot nut dich song cong D, mot nut nghe 1én thy dong E va mot nit gay nhiéu J, nhu duge mo ta trong
Hinh 1 cua bai bio nay. Gia sir rang S, E va ] mdi nat c6 mot anten duy nhét, trong khi R va D duogc
trang bj hai anten dé truyén va nhan tin hiéu. Nut chuyén tiép R hoat dong theo giao thirc DF, nit D
nhan tin hiéu ddng thoi tir S va R, trong khi nat E chi nghe Ién tin hi¢u tir S. Nut D va J géy nhiéu nhan
tao bang cach phat di song mang co cac tan s6 khac véi nhimg tan s6 phat ra tir cac nit khac trong hé
thdng. Dong thoi, gilra nguon gay nhleu tai nGt D, J va nguon tin tai nat S, R ludén biét trude trang thai
thong tin kénh truyen v6i nhau. Gia st rang nit E khong the nghe Ién tin hi€u tir nut R do cac déc diém
dia hinh bi che chin nhu cay cbi, ddi niii, cic toa nha cao tang, v.v..., 1am can tré dudng truyén tin hiéu

tlr niit chuyén tiép R dén nut E. Cho ue{S—R, S—E, R—D,S—D, D—R, D—E,J—E} thi céc h¢ sb kénh
truyén trong hé thong Rayleigh fading 12 h, va dwoc phan phdi theo quy luat h, ~CN (O,/lu) voi
A :E{|hu|2} 1a d6 loi trung binh ctia kénh truyén u. Cho ve{S,R,D,J} thi cong suit phét tai nit v 13
P,.Cho I e {R,D,E} , nhiéu Gaussian tai nat / 1a n, (t) duogc phan phdi theo quy ludt n, (t) ~ CN(O, 0',)
, phuong sai nhidu Gaussian duoc chuan hoa O',2 =N,, SNR tai nit / dugc ky hiéu 1a y,. Cac kénh trong

JTE, Volume 21, Issue 01(V), 02/2026 48


mailto:jte@hcmute.edu.vn

JTE TAP CHI KHOA HQC GIAO DUC KY THUAT
HOMAUTE Truong Pai hoc Cong nghé Ky thuat Thanh pho Ho Chi Minh

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

hé théng sir dung mo hinh Rayleigh fading nén ham mat d6 xéac suat (PDF) va ham phan bd xac suat

(COF) cita do loi kénh lin luot duoc cho boi: £, , (x)= /Iie% Va £, (x)=1-e * V6i x>0.

Gid st rang tai thoi diém t, S phat tin hi¢u X, (t) dén R va D. Trong khi d6, D, J guri tin hiéu gay
nhiéu w, (t),w,(t) d&én S, R va E, sau d6 E nghe 1én tin hi¢u tir R. Viéc giri tin hiu gdy nhiu nham
lam giam SNR tai E, tir d6 ting cudng hiéu ning bao mat cho hé théng. w, (t),WJ (t) va X (t) duoc
chuén héa sao cho: E{|wD (t)|2} = E{|wj (t)|2} = E{|xs (t)|2} =1, trong d6 E{.} 1a toan tir ky vong.

Tai thoi diém t, tin hiéu thu duge tai R dugc cho nhu sau:

t)=hoen [P Xs () + AP Xe () + B P, (8) +hp [PW, () +1, (2) (D)

Vi cac can nhidu nhan tao c6 thé biét trudc tai R va R ¢6 thé khir can nhidu h,w, (t) , hpew, (t) .Do
d6, tin hiéu thu dugc sau khi khtr can nhiéu tai R dugc cho boi:

P (t) = hog [P xg () + hagPoxq () +1 (2) ()

Ciing tai thoi diém t, tin hiéu thu dugc tai E va D dugc cho nhu sau:

t)=hg\[Poxq (t) +hoe [Bw, () + e \JPw, () +n, (t) (3)
hep P X5 () +hep [P Xe (t) + oo JPow, (8) +hp ([P, () +0, (t) (4)

Vi cac can nhidu nhan tao c6 thé biét trude tai D va D c6 thé khir can nhiéu h,w, (t) . Do d9, tin hiéu
thu dugc sau khi khtr can nhiéu tai D duoc cho bdi:

yD(t \/_x +hRD\/_x hDD\/EWD (t)+nD (t) ®))

Tir (1), (3) va (4), ta c6 SNR tai cac nit R, E va D ¢ thoi diém t, 1an luot duoc cho nhu sau:
SNR tai nut R 1a:
2
lhss| Py

—_ Il 7s 6
Vr b PN, (©6)

SNR tai nat E khi R gidi ma x; (t)thénh cong, nghia la x, (t) =X (t) :

Ve = fel"7 (7)
|hDE| P, +|h,E| P +N,

Vi gitra 2 nit R va E bi che chﬁp boi dia hinh nhu tac gia da néu trong m6 hinh, nén cho du nit R c6
giai ma thanh cong hay bi 10i thi déu khong chuyén ti€p tin hi€u dén nit E duoc. Do vay, SNR tai nat E
khi giai ma x(t)bi 13i ciing bang chinh SNR tai nit E khi giai ma x; (t)thanh cong:

- |h| P
© |hyel B [ PN

=V )

SNR tai nat D khi R gidi ma x; (t)tha‘mh cong, nghia la x, (t) =X (t) :
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 _hoPrhoRl __lhol P[P
D 2 /D 2 (9)
hoo|” By +N, |hoo|” By +N,
SNR tai nat D khi R gidi ma x;(t) bi 13i, nghia la x, (t)#x,(t):
: o[ P
= 10
"l Bl B o

3. Phéan tich hi¢u nang bao mat

SOP cua hé théng dugc dua ra. Dung lugng bao mat dugc dinh nghia la d6 1€ch gitra dung lugng
kénh hgp phap va dung luong kénh nghe Ién.

+ 1 1+ "’
¢, =[¢,-¢.] :5[% 70} (11)

1+y,

trong d6 C, , C, va C, lan luot la dung lugng bao mat ciia hé théng, dung lwong nhan tin hiéu hop
phéap tai D va dung luong nghe 1én tin hiéu tai E, [x]+ = max(x,O) :
Pinh ly 1: CDF va PDF cua y, dugc cho boi

—box

e

F (x)=1-a 12
W X)=tman (12)
ab,e™  a,e ™
£ ()= (13)
a, +X (ao +X)
AP, N,
trong do, a, =—%=; b, =—=>
ﬂ'RRIJR /1$RPS
Chitng minh:
Tur cong thuc (6) CDF cua y, dugc cho boi
h. | P P by
F.(x)=Pr _IhalB j“' S <x |=Pr| 5 cx |=1-q,~ (14)
' |hRR| P +N, X, P +N, a, +X
trong do, X, :|hSR|2 va x, =|hRR|2 .
Tu (14), PDF cua y, 1a dao ham bac nhét cua F, (x) , duoc tinh nhu sau:
-be ™ (a,+x)—e™ abe™ ae™
f}'R (X)Z_ao : ( > 2) =—= +— 2 (15)
(g, +x) aG+Xx  (a,+x)
Pinh ly 2: CDF cua y, dugc cho boi
e“’iy 1 e—f1}’
F(y)=1-———|1+— |[+———— 16
() bl(y+c1)( dlj ed, (y+g,) (16)
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trong do,

— NO . — /’i’DDPD . Z’RDR? d ﬂR [ 1 j — X’DDPD f NO — PSA’SD
1 i} ’ » Y1 D &1 1 » Y1
ﬂ’RDPR A’RDPR /IDDP D 'Dsﬂ'su A’RD RSJ’SD PSJ’SD ﬂ’DDPD
Chirng minh:

Khi R giai ma thanh cong, ta c6:

P, +|h |2 Q
FD (y) (' | RD <yj=Pr(—<yJ (17)
’ |hDD| |hoo|2 Py +N,

trong do, Q=|hSD|2 P +|h;w|2 F

Cho nén,
_a o o P
Fo(q)=Pr(Q<q)=1-e "% - RN P (18)
Do do,
FVD(y)=Pr(Q<y(|hDD|2PD+NO))=1—bl(6;/—:Cl)£l+diJ+Wﬁigl) (19)

trong do, y, =|hDD|2 .
Pinh Iy 3: CDF ciia 7, dugc cho boi
Khi R giai ma bi 13i, ta co:
h P p 1( et by
F. (2)=Pr| — o s <z|=pr| — % g|=1-2| & __° (20)
e |heo| By +|hoo| Py +N, 2,P, +2,B,+N, a,\z+c, z+d,

trong do, z, =|hSD|2 2, =|hRD|2 va z, =|hDD|2 .

_ Z’RDPR _ HDDPD b — NO ‘C. = ZSDPS d — ﬂ'SDPS
- M3 1~3 T yY3
j’SD'I:TS j’SD'DS ﬂ“SDPS j’RDPR ]'DDP D

3

Pinh ly 4: CDF va PDF cua y, dugc cho boi

1 et et
F (t)=1-— =
(1) bz((t+c2) (t+d2)J @
Va
1 a,t e—azt a e—azt e—azt
t)=— + S 22
f}/z( ) b {(t_i_cz) (t+C2)2 (t+d2) (t+d2)2] ( )
trong do, a, = No , b, = ﬂDEP _ 2P , G, = i ,Vva d, _ Jach
ﬂ'SE SE PR //l’SE PR /,{’DE PD X’IE PJ
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Chirng minh:

Phan tich cong thirc (7), ta c6 CDF ciia ¥, bang cach ap dung ([16], eq. (3.352.4) and eq. (3.353.3)).

2 —a,t —a,t
F, (t)=Pr| — e i <tl=pr| T p|og PfEe € (23)
|hDE| PD+|h/E| P +N, t,p, +t,P,+N, b,\t+c, t+d,

trong d6 t, =|hSE|2 b =|hDE|2 va t, :|hJE|2.

Tir cong thirc (23), PDF cua y, 1a dao ham bac nhat cua F, (t), dugc tinh nhu sau:

1( a e—azt e—azt a e—azt e—azt
t)=—| 2—+ -2 - 24
f}’g() bz[t+cz (t+C2)2 t+d2 (t+d2)2] ( )

Pinh Iy 5: CDF va PDF cua y, duoc cho boi
Khi R giai ma bi 16i (E ciing khong phu thudc vao R), ta co:
F.(t)=F,(t) (25)
va
1 (t)=1,(t) (26)
Chirng minh:

Vi khi R giai ma bj 131, thi E van chi nghe 1én tin hiéu tir S. Nén ty s6 tin hiéu trén nhidu tai E lac
nay, bang ty so tin hi€u trén nhieu chinh né khi R giai ma thanh cong. Nghia la:

Fooy=p] — B e @7)
& |hDE|2 PD -i_|hJE|2 PJ +N0 "
Tur 46, suy ra:
1 a e—azt e—azt a e—azt e—azt
(t)=—| = + -2 - =f (t 28
£ () bz[t+c2 (t+c,) t+d, (t+d2)2J A (28)

3.1. Xdc sudt dirng bio mdt ciia hé thong
SOP cuia hé théng 1a x4c sudt xdy ra khi va chi khi dung luong bao mat nhé hon mét ngudng cho
trude va dugce cho boi:
SOP =Pr(C, <C,) (29)

trong 46 C, 1a dung lugng bao mat ctia hé thong, C,, 1a ngudng cho trude ciia dung luong tai nut nghe
hop phéap.

Ap dung cong thire (18) cho mé hinh dang xem xét, khi nit R giai ma thanh c6ng va bi 16i, x4c suat
dung bao mat lan lugt dugc tinh nhu sau:

SOP,

Nerror

=Pr(Cl™ <, )=F, (2% e +2% -1) (30)

SOR,,,, =Pr(CI™ <ct,,)=Fy; (2% y; +2% -1) (31)

Do d6, SOP cua hé théng duoc cho boi:
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SOP =SOP,

Nerror Error

Pr(y, 22% =1)+ SOR,,,, Pr(y, <2% -1)
(32)
= SoP,

Nerror

(1-F, (2 -1))+ 0P,

Error

F, (2% -1)

3.2. Théng lwong bio mdt ciia hé thong
Théng lugng bao mat cia hé théng chinh 14 tich cua téc d6 bao mat v6i xac suét hoat dong bao mat
cua hé thong va dugc xac dinh nhu sau:

STP=R_(1-SOP) (bit/s/Hz) (33)
trong d6 STP thong lugng bao méat cua hé théng, R, tdc d6 bao mat cua hé théng, SOP xéac suét dung
bao mat cua hé théng.

4. Phan tich, danh gia sy danh déi d¢ tin ciy va bao mat
4.1. D¢ tin cdy
Do tin cdy chinh 1a xac suat dimg cua hé théng hay xac suit ma dung lugng Shannon ciia kénh dir
liéu nhdé hon mét ngudng xac dinh trude, dugce dinh nghia:
OP=Pr(C, <C,,) (34)
Ap dung cong thirc (30), sau d6 14n luot thé y=z=2%
xét, khi ntt R gidi ma thanh cong va bi 131, x4c sudt dung cua hé théng lan luot duoc tinh nhu sau:

—1 vao (16) va (20) cho md hinh dang xem

o (2 1) 1 o fi2% —1)
OP,,., =Pr(Cr <C,)=1-—F——| 1+ |+ 35
" (© ") bl(zcm—1+cl)( dJ ed, (2% -1+g,) 3
~by (2 1) ~by (21
1| e e
OP. =Pr(Ci™ <C, |=1-— - 36
Error ( S th) a, ZC"’ —1+C3 ZC"’ —1+d3 ( )
Do d6, OP cua hé théng duoc cho boi:
C, C,
OP =P, Pr( 7, 22% —1)+ OB, ,, Pr(y, <2 -1)
. . (37)
= 0P (1-F,, (2 1))+ 0P, F, (2 -1)

4.2. Dg bdo mat

Xéc suit chan (IP) hay xac suit nat nghe 1én giai mé thanh cong dir liéu nghe lén ma dung lugng
Shannon cuia kénh nghe 1én dir li€u 16n hon hoac bang mdt ngudng xac dinh trude, duge dinh nghia:

IP=Pr(C, >C, )=1-Pr(C, <C,) (38)

Ap dung cong thuc (34), sau d6 thé t=2% —1 vao (21) cho mo hinh dang xem xét, khi nat R giai
ma thanh cdng va bi 101, xac suat chdn cua hé thong l1an lugt dugc tinh nhu sau:

lerror 1 6702 (th 71) 8702 (ZC"’ 71)
=1-Pr(C} <C, )=— - (39)

i b| (2% -1+c,) (2% -1+d,)

Nerror
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P =1-Pr(CE™ <C, )=IP, 40

Error E th Nerror ( )

Do d6, IP ctia hé théng duoc cho boi:

IP=1Pyy Pr( 7 22 1) +1Py 0, P (7 <29 =1) =1Pryrryy =IPrr, (41)

5. Két qua va thao luan

Céc két qua sb va mo phong dé xac minh cac biéu thire SOP, STP duoc dé xuit, danh gi hiéu ning
bao mat ctia mang chuyén tiép OWFD dugc trinh bay trong phan nay. St dung kénh truyén Rayleigh
fading trong mé hinh. SOP, STP OP va IP dugc danh gia trong céc thong s6 van hanh chinh, chang han
nhu vi tri cia nat E va J, s6 mil suy hao duong truyén £, ngudng cho trudc cia dung lugng

C, :{0.01, 0.05, 0.1} (b /s/ Hz). Dé minh hoa bai toan, toa do ngudi dung dwoc chon 1a S tai
(0.0,0.0), D tai (8.0,8.0), R tai (5.0,4.0), E tai (10.0,14.0), J tai (8.0,20.0), dit X, X,, X, X, VA
Yer Vor Ve, ¥, 1an luot 1a hoanh do va tung d6 cua S, D, E, J. Ngoai ra, P, =20(dB) , P, =-25(dB),
P, =-25(dB), P, =1(dB) ciing dwoc théng qua. Tinh toan suy hao dudng truyén, cong suat fading duogc
mo hinh héa d™” véi d 1a khoang cach tir may phat dén may thu. Trong tat ca céc’két qua thi ¢6 mot
két qua xem xét cho tuy moi truong truyén dan nén gia tri f dugc chon chay tir 2 dén 6 va cac két qua
con lai déu duge chon £=3.

mb phéng Ps/o? = 20(dB) |

*  phan tich Ps/o? = 20(dB) | |
mb phéng Ps/o? = 25(dB) | |
©  phan tich Ps/o? = 25(dB) | |
mb phéng Ps/o? = 27(dB)
®  phan tich Ps/o? = 27(dB)
I | | 1 I | | ]

0 2 4 6 8 10 12 14 16 18 20

X (m)

Hinh 2. Anh huong Vi tri ciianit J 1én SOP khi thay déi gia tri P, /o™ .

Hinh 2 md td anh huong vi tri cua nit J |én SOP tai ba gia tri khac nhau cta P, / o’ véi
P, /o® ={20,25,27} (dB), C,, =0.01 (b/s/Hz). Hinh nay cho thiy sy tring khp giita md phong va
phan tich, xac thuc cac biéu thirc SOP dugc dé xuét. Ta thay rang, khoang cach nut J tang tir 0 dén 10
mét thi SOP giam dan dén cuc tiéu, tiép d6, khoang cach nut J tang tir 10 dén 20 mét thi SOP ting dan
tir gia tri cuc tiéu. Diéu nay duoc 1y giai nhu sau, nat J cang gan nat  thi cong suit nhidu tai nut £
cang tang, nén SOP cang giam va nguoc lai. Do dé, tai vi tri cua ntit J ¢ hoanh d6 1a 10 mét thi nat
gan nat E nhit, lac nay, SOP dat gia tri cuc tiéu. Mit khéc, khi P, /c* cang tang thi SNR tai E cang tang
va ty 16 ting chdm hon SNR tai D vi nat E nhan bén kénh, trong d6 ¢6 hai kénh phat nhiéu, do do cac
thanh phan nhiéu nay lam giam d¢ tang ctia SNR tai E, nén C, cang ting, vi thé, SOP cang giam.
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I
mo phéng Vg = 10(m)| |

+ phantich Ve = 10(m)

mo phéng Ve = 12(m)
10-1 [
r © phantich Ve = 12(m) |7

mo phong Yg =18(m)| ]

e phan tich Ve = 18(m) |1

SOP

102

| | | | | | | | |
] 2 4 6 8 10 12 14 16 18 20

Ps/o? (dB)

107

Hinh 3. Anh huong gia tri p, /o 1én SOP khi thay déi vi tri cuia nit nghe 1én E.

Hinh 3 md ta anh huéng gid tri p, /o> 18n SOP khi thay déi vi tri niit nghe 1én E. D thi cho thdy su
trung khop gitta mo phong va phén tich. Cong suét phat nit S 1a P,/c* cang tang thi SNR tai nut R, D
cang tang, tir d6 do bao mat ctia hé thdng cang ting, hay noi cach khac 1a SOP cang giam, vi SNR tai
nat D cang ting, nghia 14 dung luong bao mat cia hé théng cang ting, dan dén SOP cang giam. Mit
khac, tung do nut nghe 1én E 14 y, cang 16n thi SNR tai E cang giam, trong khi d6 khong gay anh huong
dén SNR tai D, nén C, cang ting, tir d6, 1am cho SOP ciia hé théng cang giam.

10° T

mé phéng Ps/o? = 0.2(dB)
+  phan tich Ps/o? = 0.2(dB)
mb phéng Ps/o? = 0.5(dB)
O  phan tich Ps/o? = 0.5(dB)
mé phéng Ps/o? = 0.8(dB)|
®  phan tich Ps/o? = 0.8(dB)

SOP

|
2 25 3 3.5 4 4.5 5 55 6
B

Hinh 4. Anh hwong cua 3 1én SOP khi thay doi giatri p, /o> .

Hinh 4 m6 ta anh huong S 1én SOP ., hinh nay ciing da cho thay sy tring khép gitra mo phong va
phan tich. Ta nhan thdy rd ring, S cang ting thi cong sudt nhidu nhén tai nut E va nat D cang ting,
nhung cong suit nhidu nhén tai nat E tang cham hon tai D, vi gi4 tri nhiéu tai nat E 16n hon tai nat D.
Tir d6, SNR tai nut E cang ting, din d&én C, cang giam, nén SOP cang ting. Két qua mé phong cho
thay 18, tai S=2 thi SOP dat cyc tiéu. Mat khac, p, /o? cang tang thi SOP cang giam, ly do la cong

suat nhiéu nhan tai niit D tang nhanh hon tai E, din dén C, cang tang, nén SOP cua hé thong cang gia.
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10°

o

OP m6 phong C,,, = 0.01 (bit/s/Hz)
4 OPphantich C, =0.01 (bitisiHz)
OP mé phéng C,, = 0.05 (bit/s/Hz)
10€| © OPphantichc, =0.05 (bitisiHz)
OP mé phéng C,, = 0.1 (bit/siHz)
@ OP phantich C,, = 0.1 (bitis/Hz)
1P m6 phong C,, =0.01 (bitis/Hz)
g | Y IPphantichC,, =001 (bitsiHz) x ki
10 IP mé phéng C,, = 0.05 (bit/s/Hz) *3

OP/IP

@ 1P phantich C,, =0.05 (bitis/Hz)
1P m6 phong C,, = 0.1(bit/s/Hz)
x  IP phan tich C = 0.1(bit/s/Hz)
1 | | 1 1 |
25 3 3.5 4 45 5

B

1010
2

Hinh 5. Anh huong cia /3 18n OP va IP tai 3 gid tri nguong C,,

Hinh 5 mo ta anh hudng vi tri nat ngudn /3 1én OP va IP, d6 thi nay ciing da cho thdy sy trung khép
gilta md phong va phan tich. Khi 3 cang ting thi OP cang tang va IP cang giam. Diéu nay dugc 1y giai
mot cach d& dang, £ cang ting thi SNR tai D cang thip va SNR tai E cang cao, tir d6 dan dén OP cang
cao va IP cang thap. Hon nita, gi4 trj ngudng cho trudc C, cang ting thi thi OP cang tang, con IP cang
giam, diéu nay dugc chimg minh tir dinh nghia caa OP va IP. Tur sy danh gia va phan tich cho Hinh 5
ta thay ro dugc rang khi OP tang thi IP giam va nguoc lai. Trong m6 hinh dé xuat nay, OP va IP lu6n
ludén doi ngugc 1§1i véi nhau. Hay néi cach khé}C, duoc OP thi mat IP va nguoc lai. Nhu vay, gitra OP va
IP ¢6 su danh d6i cho nhau. Nghia 1a, luon ton tai viéc danh doi gitra dd tin cdy va bao mat trong hé
thong da xem xét.

T T
C,, = (0.01,0.05, 0.1) (bit/s/Hz)

proposed

1
/
/
i
/
{
i
i
i
1
i
1
!
i
1
i
i
1
i
i
i
1
1
1
1
1
1
TRRTITIRS T 1]

Cy, = (0.01,0.05, 0.1) (bitis/Hz)

SOP
T
ol il

N
=)

2 4 6 8 10 12 14 16 18
Xg (m)

Hinh 6. SOP ciia mé hinh tham chiéu va mé hinh d@é xuat khi thay doi vi tri mit E .

Hé thong tham chleu [20] bao gom ndm nat, trong d6 ¢6 mot nit phan xa tin hi¢u nhan duoc tir nut
ngudn va nit chuyen tiép, ding kénh truyén Rayleigh fading, ky thuat ban song cong va giao thirc DF
tai ntt chuyen tlep, mo hinh nghién ctru OP va higu sut nang lugng bao mét, cai thi¢n hé thong bao mat
bang bang phan xa thong minh.

Hinh 6 m6 ta duong mo phong nham so sanh SOP giira mé hinh tham chiéu va d¢ xuét. Hé thong
tham chiéu gom nam nit: S, R, D, E va B (nat B phan xa tin hiéu), trong khi d6, hé thong d& xuat gdm
ndm nat: S, R, D, E va J (nat D va nat J gay nhiéu). Khi so sanh hiéu nang thi vi tri ciia cac nat twong
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g trong hai mé hinh 12 bang nhau, nut S(0.0, 0.0), R(0.5, 0.4), D(1.0, 0.2), E(Xg, 1.8) va m6 hinh d&
xuat ¢6 thém nat J(0.5, 2.0), md hinh tham chiéu c6 thém nat B(0.5, 0.8). Khi so sanh, tac gia cho tong
cong suat phat ctia hé thong trong hai mé hinh bang nhau, cu thé tong cong suat phét cta hai hé thong
bang 101,36 (W). Két qua cho thdy cac duong md phong SOP ctia mé hinh d& xuét thip hon nhiéu so
v6i cac duong SOP trong md hinh tham chiéu, hay noi cach khac hiéu ning ciia mé hinh d& xuét ndi
tréi hon so v&i mé hinh tham chiéu.

6. Két luan

Mo hinh bai toan da dua ra mot giao thirc két hop gay AN cho hé thing OWFD. AN dugc phat di tir
S va D nham bao vé thong tin tai R va lam gidm dung lugng tin hi€u ma E nhén dugc, tir d6 lam ting
do tin cay R va cai thién dugc ¢, cua hé théng. Phan tich cho thay r& gy nhidu ludn hi¢u qua hon nhiéu
so voi khong gay nhidu cho hé théng. Két qua ddng thoi cho thiy ring SNR cang cao thi SOP cua hé
thdng cang thap va din dén STP cta hé thong cang cao. IP va OP ciia hé thng déu phu thudc vao cac
thong s6 hé thong, chimg t6 chiing c6 mbi tuong quan. Hon nira, qua viéc phén tich IP va OP da cho
thdy chiing ty 1& nghich véi nhau khi thay d6i cac théng sb cta hé thdng, diéu nay minh ching hé théng
¢6 sy danh dbi gitra d6 tin cdy va bao mat. Bing cach sir dung cong cu phan mém Matlab va phuong
phap md phong Monte-Carlo da thé hién tinh chinh xac cua viéc phan tich cac bai toan trong hé thdng
thong qua sy trung khop gitra duong mo6 phong va duong phén tich. Ngoai ra, két qua da cho duoc su
lya chon gid tri hé s6 phan chia cong sudt va ngudng dung luong cho trude dé hiéu niang bao mat hé
thong dugc t6t nhat. Két qua ciing da dénh gia B anh huong dén SOP cua hé thong.
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Tac gia xin gui 10 cam on dén céc Phong, Ban, Khoa, ca nhan (Pac biét 1a Ban Quan Ly Khoa Hoc,
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