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Tom tit: Bai bao nay dé xuit mo hinh chuyén tiép lai
ghép vé tinh-tram mat dét hai chiéu, trong d6 mot nguoi
dung mat d4t va mot vé tinh mudn trao déi dit liéu v&i nhau
thong qua sy hd trg cta cac tram chuyén tiép mat dat. Sur
dung ma Fountain 13 huéng nghién ctru méi ddi véi hé
thong HSTRNS, trong d6 ngudi dung mat dat va vé tinh s&
lién tyc giri cac goi ma hoa dén nhau. Dé khoi phuc thong
tin gbc, nguoi ding mat dat va vé tinh phai nhan da mot s6
luong goi mé hoa duoc quy dinh. Bai bao ap dung mo hinh
chuyen tiép hai chiéu 03 pha, trong d6 tram chuyén tiép
mit dat s& XOR cac goi mi hoa nhan duge tir ngudi dung
va vé tinh trong 02 pha dau, va giri goi dd XOR dén ngudi
dung va vé tinh trong khe thoi gian thir 03. D& nang cao do
tin cdy cua viéc truyén dir liéu tir ngudi dung dén cac tram
chuyén tiép, chung t61 ap dung k¥ thuat chon lya tram mat
dat t6t nhat. Bai bao dua ra cac cong thirc danh gia chinh
xéc xac suat dimg tai nguoi ding va vé tinh, ciing nhu xéc
sut dimg hé théng. Hon nita, md phong Monte Carlo ciing
duoc thyuc hién dé kiém chung céc cong thure toan hoc. Cac
két qua cho thay mo hinh dé xuat dat dugc hiéu ning cao
hon mé hinh chuyén tiép thong thuong, st dung 04 khe
thoi gian.

Tir khéa: Mang chuyén tiép lai ghép vé tinh-tram mit
dat, chuyén tiép hai chiéu, chon lya nit chuyén tiép, xac
suét dimg.

l. GIOITHIEU

Trong thoi gian gan déy, thong tin vé tinh [1]-[3] nhan
duoc sy quan tdm dac biét cua cac nha nghién ctu trong va
ngoai nudce. Vi kha ning cung cap két ndi téc do cao &
khép moi noi, truyén thong vé tinh s€ 1a mot linh vuc déy
tiém nang trong tuong lai gan. Thong tin vé tinh sir dung
céc vé tinh 1am thiét bj chuyén tiép dit liéu cho cac thiét bi
mat dat [4]. Thong thudng, cac tram mat déat s& dugc trién
khai dé két ndi v6i vé tinh, ciing nhu dé chuyén tiép dir liéu
tir vé tinh dén nhitng nguoi dung mat dat. M6 hinh nay c6
tén goi la chuyén tiép lai ghép vé tinh-tram mat dét
(HSTRN: Hybrid Satellite-Terrestrial Relay Network).
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Cho dén nay, cac mé hinh HSTRN da dugc 4p dung va
nghién ciru trong nhiéu tmg dung khic nhau. Céc cong
trinh [5]-[7] dé xuat md hinh HSTRN véi su xuit hién cua
cac nut nghe 1én. D& nang cao hiéu ning bao mat, cac tac
gla trong [5] -[7]1da a ap dung k¥ thuét chon lia tram chuyén
tiép dé tang cuong chit lugng kénh dir liéu. Céc cong trinh
[8]-[9] danh gia hiéu nang mang HSTRN trong méi trudong
v6 tuyén nhan thie (CR: Cognitive Radio), trong d6 cac
nit thir cép nhu vé tinh va tram mat dat phéi hiéu chinh
cong suat phat dé thoa man rang budc vé mirc can nhiéu tdi
da ma mang so cip dua ra. Pé ning cao hiéu ning cho
mang HSTRN thtr cp, cic giai phap hiéu qua nhu MIMO
(Multi-Input Multi-Output) [10] va chon lya ngudi dung
(User Selection) [11] di duoc dé xudt va phén tich. CAc tac
gia trong [12]-[13] 4p dung k¥ thudt da truy nhap phi truc
giao (NOMA: Non-Orthogonal Multiple Access) cho
mang CR HSTRN dé nang cao tdc do dit liéu. Hon nira,
cong trinh [12] xem xét sy xuét hién cua nit nghe 1én trong
mang, va danh gia hi¢u nang cia md hinh thong qua xac
sudt dimg (OP: Outage Probability) tai nut thu hop phap va
xac suat chin (Intercept Probability) tai nut nghe lén. Cong
trinh [13] 4p dung k¥ thuat chuyén tiép song cong (Full-
duplex Relaying) dé nang cao toc do dir liéu, khi so sanh
v6i ky thuat chuyén tiép ban song cong (Half-duplex).
Chuyén tiép hai chiéu (TWR: Two-Way Relaymg) [14]
1a mot ky thuat hidu qua, trong d6 hai niit nguén trao doi
dit liéu v6i nhau thong qua su gitip d& ciia mot hodc nhiéu
nat chuyén tiép chung. M6 hinh chuyén tiép hai chiéu
thong thuong [15] s&€ sir dung 04 khe thoi gian tryc giao,
va do do toc do dir lidu dat dwoc 1a 02/04 (02 dit lidu trén
04 khe thoi gian). Dé nang cao téc d6 dir liéu cho mang
TWR, cac tac gia trong [16]-[17] su dung k¥ thuat ma hoa
mang sO (DNC: Digital Network Coding). S dung DNC,
hai nat ngudn s& gui dit liéu dén nut chuyen tiép chung
trong 02 pha dau, sau d6 nit chuyén tiép chung s&¢ XOR
cac dir liéu lai va giri dit liéu dd XOR dén ca hai niit nguon
trong pha thtr ba. Nho tiét kiém duoc 01 khe thoi gian
truyén, toc do dir liéu ciia mang TWR sir dung DNC la
02/03 (02 dir liéu trén 03 khe thoi gian). Cac cbng trinh
[18]-[19] nghién ctu k¥ thuidt ma hdéa mang tuong tu
(ANC: Analog Network Coding) dé dat duoc toc d6 dit liéu
02/02. Thét véy, hai nat ngudn cing lic giri tin hi¢u dén
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nut chuyén tiép chung trong pha dau, va nat chuyén tiép sé
khuéch dai tin hiéu nhan duogc, trude khi giri dén ca hai nat
ngudn trong pha thir hai. Tuy vy, xir 1y tin hiéu phtc tap,
dic biét 1a viéc loai bo nhiéu trong tin hiéu nhan duoc tai
céc nut ngudn, 1a nhuge diém chinh ciia md hinh TWR sir
dung k¥ thuiat ANC nay.

Gan day, mang HSTRN hai chiéu dang nhan duoc nhiéu
su quan tdm cua cac nha nghién ctru. Trong cdng trinh [20],
chc tac gia d& xuat mo hinh HSTRN hai chiéu sir dung
ANC. Hon nfra, cac tac gia cua [20] ciling nghién ctru sy
anh huong cia khiém khuyét phan cing 1én hiéu ning xéac
sut dimg va thong lugng mang. Tuong tu [20], cac tac gia
trong [21]-[22] cung nghién ciru md hinh HSTRN hai chidu
st dung ANC. Diém moi trong [21]-[22] d6 1a cac tac gia
dé xuat nhiing k¥ thuat chon lya tram mat dat dé nang cao
hiéu nang mang. Cong trinh [23] d& xuit mo hinh HSTRN
hai chiéu sir dung DNC va thu thap ning luong song vo
tuyén (Radio-Frequency Energy Harvesting). Céc tac gia
trong tai li¢u [24] nghién ctru hiéu nang bao mat cho mo
hinh HSTRN hai chiéu sir dung DNC, véi sy xuét hién cia
nit nghe 1én.

Khéc véi cac cong trinh lién quan [20]-[24], bai bdo nay
nghién ctru mang chuyén tiép HSTRN hai chiéu sir dung
ma Fountain. Trong md hinh dé xuét, nguoi dung mit dat
va vé tinh mudn trao d6i dit liéu v6i nhau thong qua sy hd
tro cua cac tram chuyén tiép mit dat. St dung ma Fountain
[25]-[27], nguoi ding mat dat va vé tinh sé lién tyuc trao ddi
céc goi ma hoa v6i nhau st dung k¥ thuat chuyén tiép hai
chleu 03 pha (DNC). Pé nang cao do tin cdy cua viéc
truyen dit lidu tir ngudi dung mat dit dén cac tram chuyen
tlep, chung t6i ap dung k¥ thuat chon lya tram mat dat ot
nhit. Khac vai [21]-[22], ky thuat chon Iya trong bai bao
nay 1a k§ thuat chon lwa nat chuyén tiép don trinh (PRS:
Partial relay selection), trong khi [21]-[22] nghién ctu k¥
thuat chon Iya nut chuyén tiép toan trinh (FRS: Full Relay
Selection). That vay, PRS gitp don gian hoa viéc trién khai
trong thyc té, va giam dang ké thoi gian tré khi so sanh véi
FRS. Chiing t6i dua ra cac biéu thirc toan hoc dénh gia xac
sudt dirng (OP) tai vé tinh va tai ngudi dung ciing nhu x4c
sudt dimg hé théng (SOP: System Outage Probability) cho
moé hinh d& xuat. Hon nira, md phong Monte Carlo ciing
duoc thuc hién dé kiém chimg cac biéu thitc OP va SOP
dua ra trong bai bao. Céac két qua dat duoc cho thiy ring
md hinh dé xuit dat dugc hiéu ning tét hon mo hinh
HSTRN ha1 chiéu thong thuong st dung 04 pha truyen
Hon nita, sé 14n truyén cac gbi ma hoa va sb tram chuyén
tiép mit dat cling anh huong dang ké dén hidu ning ctia mo
hinh dé xuét.

Phin con lai cua bai bao duoc td chirc nhu sau: Phan 11
trinh bay nguyén 1y hoat dong ctia mo hinh d& xuét. Phan
11T dénh gia OP va SOP bang cac biéu thirc toan hoc. Phan
IV cung cip céac két qua mé phong va Iy thuyét. Cudi cing,
céc két luan duoc dua ra trong phan V.
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ll. MO HINHHE THONG
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Hinh 1. M6 hinh HSTRN hai chiéu d@é xuét.

Hinh 1 trinh bay mo hinh HSTRN hai chiéu sir dung ma
Fountain, trong dé, vé tinh S va ngudi ding D mudn trao
dbi dir liéu voi nhau. Do bi che khudt nén S va D khong thé
truc tiép t{uyén dit liéu cho nhau. Vi vay, mot trong cac
tram chuyén tiép mit dat s& duoc chon dé hd trg viée trao
d6i thong tin nay. Ta gia sir ¢6 tit ca M tram chuyén tiép
mat dat, duge ky hiéu 1a R;, R,, ...,R,,. Cing gia su
rang tat ca céc thiét bj déu trang bi 01 anten, va su truyén
dix liéu duoc thuc hién qua cac khe thoi gian truc giao.

Ta dat tén cho md hinh dé xuit 1a TWR-3P (Two-Way
Relaying scheme with 03 Phases). Su dung ma Fountain,
cac thiét bi S va D chia thdng tin géc caa minh thanh cac
g6i nho, va sir dung cac g6i nho nay dé tao thanh céc g6i ma
hoa [25]-[27]. Ké tiép, S va D sé trao doi tirng gbi ma hda
véi nhau, thdng qua su hd trg caa cac tram R. Hon nita, mot
trong céc tram mat dét s& dwoc chon (ky hiéu tram dugc
chon 1aR ) @& chuyén tiép cac g6i ma héa. Mot chu trinh
chuyén tiép 01 g6i ma héa tir S d@én D, va tr D d&én S, s&
dién ra trong 03 khe (pha) thai gian truc giao. Trong hai pha
dau, S va D s& giri g6i ma hda cua minh (ky hiéu 1a ps va

Py ) dén R..Néu R, nhan thanh cong (giai ma khéng bi
I6i) ca Ps va Pp, R, tién hanh XOR cac goi ma hoa nay

PR =Ps D@ Py, vasegiri Py dénSvaD ¢ pha tha ba.
Khi d3 dat dugc Pg, S (D) sé thu dugc goi ma héa mong
mudn Py ( Ps) bang cach thuc hién phép XOR giira Pg
va g6i ma hda cua chinh ching, cu thé Ps® pg = Pp
( P @ pr = ps) . Nhu da phan tich trong [25]-[27], S (D)
c6 thé khdi phuc dugc thong tin gc ciia D (S) néu S (D)
nhan duoc itnhit Hy (Hg) géimahéa ps( Py ) . Dorang
budc vé thai gian tré, S chi c6 thé truyén tdida N, 1an
g0i md héa dén D, va D chico thétruyéntdida N, o lan
g6i ma héa dén S. Sau khi sy trao di cac g6i ma hoa két
thiic, néu S (D) khong thé nhan dugc it nhit H, (Hg) goi
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ma héa thi S (D) s& khong thé khdi phuc duoc thong tin géc
cua D (S), hay ndi cach khac, D (S) bi dung.

Luwu y 1: Trong bai bdo nay, ching t6i chi tp trung vao
qua trinh chuyén tiép hai chiéu, va do do, ta c6 thé gia sir
rang Ho =Hg=H va N_.s =N o = N, Thatvay,
thi sau khi S va D truyén hét N
lan, luc nay chi con S tiép tuc giri cac goi ma hoa dén D.
Trong truong hop ndy thi sy truyén cac goi ma hoa tir S dén
D chi la sy truyén 01 chiéu.

Ta ky hieu B, la cong suat phat cua nat X, véi

Xe{SR,D} va u=12,.,M.Tacé thé gia sir ring cac

vidu N s>N

max,D ! max,D

tram R ¢6 cong suat phat bang nhau: P, =Py véi moi u.
Ta ciing ky hiéu h,, 1a hé s6 kénh truyén giira may phat X
vamay thu Y, voi Y € {S,R,.D},va y,, = hy, [ 12 d0 loi
kénh twong tng. Gia sir rang cac hé s kénh truyén h,
khong thay d6i trong mot khe thoi gian, nhung thay doi doc
lap gitra cac khq thoi gian,khéc nhau. )

Xét pha truyén thir nhat, D s& giri g6i ma hda p, dén
tram chuyén tiép duoc chon R_, va tram nay dwoc chon
theo thuat toan sau:

R, “7pr, = Max (7DRU)' (2)

u=12,..M

Trong cdng thic (2), tram chuyén tiép R, 1a tram dat
dugc do loi kénh I6n nhat trong cac tram R. Nhu da dé cap,
ky thﬂuét chon Iya nay tuong tu nhu ky thuat chon nut
chuyén tiép don trinh (PRS) [26] khi chi thdng tin trang thai
kénh truyén & mot chang dwoc str dung dé chon ndt chuyén
tiép t6t nhat. Sau khi R, duoc chon, D s& giri g6i ma hoa
cuaminh dén R, vaty sé SNR (Signal-to-Noise Ratio) tirc
thoi dat duoc tai R, s& 1a:
P

b/DR,
Por, = 3
Og,

v6i of 1a phuong sai cia nhiu Gauss trang cong tinh
(AWGN: Additive White Gaussian Noise) tai R . Dé don
gian vé mat ky hiéu, ta gia sir phuong sai cua tat ca nhiéu
AWGN tai thiét bi thu Y déu bang o7 .

Bai vi mo hinh dé xuét sir dung 03 pha truyén nén téc do
dir liéu tirc thoi trong Pha 1 dugc tinh nhu sau:

PD7 DR, J
2
% @)

1 1
Cor, = 3 log, (1+ Pog, ) =3 log, (1+

1
=3 log, (1+ ApYor, ),
V6i A, =P, /o7
Gia sir tat ca cac kénh truyén giita D va c4c tram R déu
1a kénh fading Rayleigh; d¢ loi kénh 7o, (U=12,..,M)

s& ¢ phan phéi mii. Vi thé, ham mat d¢ xac suat (PDF:
Probability Density Function) va ham phan phdi tich liy
(CDF: Cummulative Distribution Function) cua ypg, duoc

lan luot dua ra nhu sau:
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fyDRu (X) = Aog, EXp(—ZDRu X)’

F o, (X)=1-exp(~ Ao, X),
V6i Apg, 12 tham sb dic trung cua kénh truyén, va Apg

®)

bang nghich dao gid tri trung binh cua VoR, »
Jog, =1/ E{75s, | , ddy E{Z} ky higu gia trj trung binh

cta bién ngau nhién Z.
Dua vao cac cong thirc (2) va (5), ham CDF cua ypg,

(7. ) <)

Pr(;/DR1 <X, Vpr, <Xoeos Vpg, < x)

dugc dua ra bang cong thic sau:
F_(x)= Pr(;/DRC < x): Pr( max

7oR; u=12,...M

Pr(;/DRu < x) ©)

= lu:!(l—exp(—/lDRu x))

Trong truong hop cac d6 loi kénh yp 12 ddng nhat

Il
zﬁ: =z

(Yor, = or V&I Moi u), cong thic (6) duoc viét lai dusi
dang sau:
M
F}’DRC (X) = (1_exp(_/1DRX)) ' (7)
Xét pha truyén dix liéu thir hai, S guri g6i m& héa caa minh
dén R_. Ty sb SNR tuc thoi va toe do dir ligu tuc thoi dat

dugc & R, lan luot Ia:

R,
Por, = = iRC =Agy, SR, ! (8)
Oy
1
Car, zé log, (1+ AsYer, )’ )

voi A;=PR,/ o}
Tuong ty nhu trong cdc cdng trinh [8]-[13], d6 loi kénh
Vsr, €O phan phdi Shadowed-Rician, va ham PDF cua Vsr,

duoc viét nhu sau:

f (X)Zi Zm—cbc " exp _i
e\ 7 90 | 2mb, + 0, 2

Q X
Flmap— %X
" 1("‘“ ’2bc(2mcbc+Qc)J'

véi Q_ lacong suat trung binh cia dwong nhin thang (LOS:

(10)

Line of Sight) gitra Sva R, 2b, la gia trj trung binh cua
thanh phan da duong gitta Sva R, m_ la tham s6 dic
trung cho kénh Nakagami, va 1F1(.;.;.) Ia ham confluent

hypergeometric [28].

Luwu ¥ 2: Ta luu y rang viéc vé tinh S hay nguoi ding D
truyén goi ma hoa trudc (¢ Pha 1) hoic sau (¢ Pha 2) s&
khong thay ddi hiéu ning mang. Ké tiép, boi vi cong suat
phét caa D thuong nhé hon cong suat phat cua cac tram R
va vé tinh S nén viéc thyc hién chon lua tram chuyén tiép
trong cong thuc (2) s& nang cao do tin cay cho su truyén dir
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licutir D dén R . Diéu nay ciing s& lam giam do chéch léch
hiéu nang gitia S va D.

Tiép dén, ta xét pha truyén di liéu tha 3. Néu R, ¢ thé
giai ma thanh céng ca hai goi md héa pg va Py, ndt nay
s& gui g0i P dén S va D trong Pha 3. Tuy nhién, néu R,
chi giai ma thanh cong Ps (hoac Py )thi R, chigai pg
(hoic Py ) dén D (hoic S) trong Pha 03. Trong truong hop
R, khong giai ma dugc ca Ps va Py thindt nay s& khong
chuyén tiép bt cir g6i ma hoa nao trong Pha 3.

Ky hiegu p. la goi duwoc R, gui trong Pha 3
(. €{Ps. Po. Ps }), taco tde do dit liéu tirc thoi dat duoc
trén céc lienkét R, >Dva R, — S lan luot la:

Crp = % log, (1+ %} = % log, (1+ ArVro ) (11)

0
Ces =1Iog2 14 RS =1Iogz(1+ARyR s) (12
< 3 o? 3 ¢
VoI Ay =P, 1 52,

Luu y 3: Nhu da duogc gia st, d6 lgi kénh ¢ Pha 3 sé
khac cac d6 loi kénh tuong tng trong Pha 1 va Pha 2, cu
thé: Vo #Vor, VA Vrs  Yer, . TUY Nhién, ham CDF cua
cac do loi kénh 7 s Va 7ee_1a gidng nhau, va duoc dua ra
trong cong thirc (10). Xét do loi kénh 7 , trong Pha 3; boi
vi ki thuat chon lya tram chuyén tiép khong &p dung trong
pha nay nén ham CDF cua g p S& twong tu nhu trong cong
thiic (5), d6 1a:

FVRCD (X) :1_exp<_ﬁRcDX)' (13)

. DANH GIA XAC SUAT DUNG

Gia sir rang thiét bi thu Y ¢6 thé giai ma thanh cong goi
ma hoa gui tir nat phat X néu tc do dir lidu tic thoi Cy,
I6n hon mét nguong C, cho trudc. Nguoc lai, néu
C,y <C, , gia st rang Y khong thé giai ma thanh cong goi
méa hda. Véi gia sir ndy, xac suat ma D nhan thanh cong mot
g6i md hoa ps dugc tinh nhu sau:

05 =Pr(Cs, =Cy )xPr(Cep 2Cy). (14)

Cong thic (14) c6 nghia rang D nhan thanh cong p, khi
su truyén dir ligu tir S dén R trong Pha 2, va tir R, dén D
trong Pha 3 déu thanh cong.

Xét xac suat Pr(CSRC zcm) trong (14); st dung cac
cbng thuc (8) va (9), ta co:

23Cn1 _l
Pr(CSRC thh):Pr[?/SRc > J
s

(15)

VGi
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23Cm _1
Xs= A, .

Str dung ham PDF cua ys trong cong thirc (10), ta tim

(16)

dugc ham CDF cua 74, roi thay két qua vira dat duoc vao
(15), ta cé:
Pr(Ce, >C,)=1-

1 2amb, )" X

— | —=t | exp|—

| 2b,  2mb, +Q, 2b,
_[ dx

0
xlFl[mc;l;

a7

QX
2b,(2mb, +©Q,)
K& tiép, xét xac suét Pr(Cy, > C, ) trong cong thirc

(14); str dung cac cong thirc (5) va (11), ta co:

23Cth _1
Pr(Cap2Cy )= Pr[yRcD > j
D

=1- F}/RCD (ZR ) (18)
=Eexp (_ARCDZR )!
Voi
23C”1 _1
= ) 19
AR A, (19)

Thay (17)-(18) vao (14), ta duoc céng thuic tinh chinh xac
x&c suat ma D nhan thanh cong 01 g6i mé héa p :

O = eXp(_ARCDZR )X
1 2mb, )" X
| 20\ 2mb, +Q, 2b,
dx

-] o
xE|m;l e
2b, (2mb, +©Q,)

Tuong tu, X4C suat ma vé tinh S nhan thanh céng 01 goi
méa hda p,tir D dugc tinh nhu sau:

05 =Pr(Cor, =Cy )xPr(Cos2Cy,).

(20)

(21)
V§i xé&c suat Pr(C >Cm) trong (21), két hop céc

DR, =

cong thuc (3)-(4) va (6), ta co:

23Cm _l
Pr(Cor, 2Cy ) = Pr(yDRC > —J

AD
=1- FVDRC ( ;(D) (22)
M
zl—H(l—eXp(—ﬂDRu ;(D))
u=1
VOi
23Cm _1
Xo= A (23)

Doi véi xac suit Pr(CRCS zcm) trong (21), tuong tu
(14)-(16), ta co:
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Pr(CR

c

23C‘h _1
SZCth):Pr(yRCSZ A J

2mb,

L _amb Vo x
4| 20 2mpb, +Q, 2b,
=1-| d

0 QX
F G
. 1(m° L2bc(2mcbc+Qc)J

Thay (22) va (24) vao (21), tacé biéu thuc tinh chinh xac
Xé&c suat ma S nhan thanh cong 01 g6i ma hoa tir D:
M
=1

0, - {1—]:[(1—exp(—imuzo))}

2mb,

A _emb ) x
| 2b,\ 2mb, + O, 2b,
1-] d

0
X Fl mc;l;L
2b, (2mb, +©,)

Lwu y 4: Tich phan trong céac cong thuc tinh 6, va 6,
s& duoc tinh bang phuong phap s, s dung phan mém
Matlab. Tiép dén, d& thy rang xac suat ma vé tinh S va
ngudi dung D khong thé giai ma thanh cdng mot g6i ma hoa
cta nhau sé lan luot 13 1- 6, va 1-6, .

Xét xac suat ding (OP) tai vé tinh S; S s& khong thé khoi
phuc théng tin géc cua ngudi dang D néu nhu S khong thé
nhan dugc thanh cong it nhat H g6i ma héa tir D sau N,

(25)
X

lan trao d6i gitra chdng. Néu ta ky hiéu ry 1a sé g6i ma héa
nhan duoc tai S sau khi két thic su truyén dir liéu, thi OP
tai S dwoc tinh bang céng thirc sau:
H-1
Is Npax —ts
OP,=>'Ct (&)°(1-6) .
5=0

Lap luan tuong tu, OP tai D sé la:
H-1

OP,=>.CP (6,)°(1-6,)"™ ™.

p=0

Tiép dén, ta xét dén xéc suat dung hé thong SOP, duoc
dinh nghia | x4c suit ma ton tai mot trong hai thiét bi S va
D khdng thé khdi phuc dugc théng tin gdc mong mudn.
That vay, SOP ciia mé hinh dé xuat dugc viét nhu sau:

SOP s =1—(1-OP, ) (1-OP, ). (28)

Trong (28), (1-OP;)(1-OP, ) 1a x4c sust ma ca S va D
déu khoi phuc thanh cong dit liéu géc caa nhau.

M6 hinh chuyén tiép 04 pha (TWR-4P)

(26)

@7)

Pé thdy dugc uu diém ciia mo hinh dé xuat, ching toi s&
so sanh hiéu ning cuia TWR-3P véi md hinh chuyén tiép hai
chiéu thong thuong sir dung 04 pha. Mé hinh tham khao nay
duoc dat tén TWR-4P (Two-Way Relaying scheme with 04
Phases). Cu thé, md hinh TWR-4P khong sir dung k¥ thuat
DNC nén D s& giri pp dén S théng qua hai pha, bao gom
Phal: D—>R, vaPha2: R, =S, trong 46 R, latram
dugc chon nhur trong cong thic (2). O chiéu nguoc lai, S s&
guri g6i ma hda cua minh dén D, ciing thong qua 02 Pha, bao
gomPha3: S> R, vaPha4: R, —D.

SO 02 (CS.01) 2023

Bai vi mo hinh TWR-4P sir dung 04 khe thoi gian dé trao
d6i cac goi ma hoa, toe do truyén tirc thoi giira thiét bi phat
X va thiét bi thu Y trong 01 pha dugc tinh bang cong thirc
sau:

1 R 1
Cyy = 7 log, (1+%J =7 log, (1+Axrxy ). (29)

Y
véi X,Ye{SDR.}.

Tuong tu nhu mo hinh TWR-3P, x4c suat ma D nhan
thanh cong 01 gdi mé hoa tir S, dugc tinh tuong ty nhu céng
thure (20):

Wy = exp(_ﬂ’RcDgR )X

1 2amb, )" X
5| 2b, 2mb, +Q, 2b,
dx

30
1_.[0 0O x ' 0
X P ML
2b, (2mb, + Q)
Vai
24C|h _1 24Cth _1
= f = . 31
T G

Tiép dén, x4c suat ma S nhan thanh céng 01 g6i ma hoa
tir D, duogc tinh twong tu nhu céng thuc (25):
M
=1

o = {l—lu_[(l—exp(—/lmu & ))}

1 2mb e X
| T e AN 32
. 2bc(2mcbc+ﬂcj exp[ 2@] 2
X 1—J. dx ¢,
’ X F m LL
ST 20, (2meb, +9,)
VG
24Cm _1
= . 33
=1 (33)

Tuong tu céc cdng thuc (26)-(28), OP tai vé tinh S, tai
nguoi ding D va xac suat dimg hé thong trong mé hinh
TWR-4P lan luot duge dua ra nhu sau:

H-1
OR = Ci (@) (L-a)™ ", (34)
=0
S I ) Nmax—To
OP, =2 Cl_ ()" (1~a@p) ™", (35)
=0
SOPLyrap :1—(1—OPS)(1—OPD). (36)

IV. KET QUA MO PHONG

Trong muc ndy, ching tdi trinh bay két qua mé phong
va Iy thuyét bang Matlab dé kiém chiing tinh chinh xac ctia
cac cong thirc tinh OP va SOP. Trong mdi mod phong,
ching t6i mod phong kénh truyén fading Rayleigh gitra cac
thiét bi trén mat dat va kénh truyén Shadowed-Rician giira
vé tinh va tram mat dat. Ké tiép, chung t6i dwa vao cac tham
s6 hé théng vao chuong trinh mé phong dé dém sé 1an ding
tai cac thiét bi. Gié tri xac suat dirng mé phong dugc tinh
bang s lan dung chia cho tong s6 phép thir. Bé cac két qua
md phong (Sim) hoi tu vé cac két qua 1y thuyét (Theory),
ching t6i da thuc hién 1076 phép thir cho mdi két qua.
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Cac Hinh v& cho thiy cac két qua mo phong va 1y thuyét
hoi tu vé nhau. Dbi v6i kénh Shadowed-Rician giita S va
c4c tram R, bo tham sé cua kénh truyén nay dugc thiét lap
nhu trong tai liéu [21]: m, =5, b, =0.251va Q, =0.279,
véi moi u=12,...,M . Tiép dén, tham sb kénh truyén gitra
c4c tram mat dat va nguoi dung D duoc ¢b dinh bang 1:
Ar,p =1 v&i moi u, phuong sai cua tat ca nhiéu AWGN déu
bang 1 (oj :1) , Va ty & cong suét phat giira cac nat duoc
P, =2PR, =1/5F, hay
Ag =2A, =1/5A4 [ A . Chiing ta ciing luu y rang c4c biéu
thirc dua ra trong bai bao c6 thé 4p dung cho tat ca céc gia
tri thuc té cua cac tham sé hé théng.

Hinh 2 v& xé4c suat dirng (OP) tai S va D cta mo hinh dé
xuit TWR-3P theo A (dB) véi cac gi4 tri khac nhau cua sb
tram mat dat (M), véi toc do ngudng: C,, =0.75, s6 goi ma

cb dinh nhu sau:

hoa can thiét dé khoi phuc thong tin gbe: H =4, va s lan
truyén cic g6i ma hoa téi da cia S va D 1a N, =5. Hinh
2 cho thay gia tri OP giam khi A ting boi vi cong suat phéat
cuia tat ca cac nut déu tang. Ta ciing thay rang OP tai vé tinh
S giam khi sb tram mat dat tang. That vay, so véi trudng
hop M=1, OP; giam manh khi M=2 va M=5. Tuy nhién, su
chéch 1éch gia tri OP trong hai truong hop M=2 va M=5 Ia
khong 16n, dic biét & nhitng mién gia tri A 16n. D6 1a vi
ky thuat chon lya nut chuyén tiép don trinh mic du ning
cao chét lugng cua kénh truyén gitta D va R, tuy nhién lai
khong thé nang cao chat lugng kénh gitta R va S. Hinh 2
cling cho ta thiy rang véi M=1 thi OP tai D thap hon nhiéu
khi so OP tai S, va khi M =5 thi gié tri OP tai S va D kha
tuong dong. Do d6, k¥ thuat chon lya nat chuyén tiép
khong nhitng 1am giam xac suat ding tai S, ma con c6 thé
dat duoc su can bé‘mg hiéu néng cho S va D.

10°
107 F
o
o % TWR-3P (OP,Sim,M=1)
® TWR-3P (OPSim,M=2)
-2
10 O TWR-3P (OP,Sim,M=5)
v TWR-3P (OF’D Sim)
TWR-3P (OP,Theory)
TWR-3P (OP Theory)
107 :
5 10 20 25

15
A (dB)

Hinh 2. OP ciia S va D trong TWR-3P vé theo A (dB) khi
C, =075 H=4, N =5.
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10
-1 L 4
10 Y
% 1072 % TWR-3P (OP . ,Sim,N max =3)
¢ TWR-3P (0P, Sim Nmax—a)
O TWR-3P (OP.SimN _  =4) ¥
* TWR-3P (0P Sim Nmax—4)
1073 v  TWR-3P (OP . ,Sim Nmax=5)
-+ TWR-3P (OP o’ ,Sim Nmax=5)
TWR-3P (OP . ,Theory)
TWR-3P (OP o+ Theory) vd
1074 I .
5 10 15 20 25
A (dB)

Hinh 3. OP ciia S va D trong TWR-3P vé theo A (dB) khi
C,=1 H=3 M=3.

Hinh 3vé OP; va OP, cua mo hinh TWR-3P theo A
(dB) véi cac gia tri khac nhau cia N, va véi C, =1
H =3 va M =3. Nhu ta ¢6 thé quan sat tir Hinh 3, d6 chéch
1&ch gia tri xac suét dung tai S va D 1a kha nho khi gia tri
cia A tu 15dB dén 25dB. Hinh 3 ciing cho ta thay OP tai
SvaD giam manh khi N, tang. That vay, khi cac nat phat
S va D dugc phép truyén nhiéu lan hon thi xac suat mél D
va S nhan du H géi ma hoa dé khoi phuc thong tin gbe cua
nhau s& ting, va didu nay lam glam xac suat dung ta1 cac
nut nay. Tuy nhién, ta ciing can luu y rang ting so lan
tmyen cling s€ tang thoi gian tre va vi thé giatri N, an
duoc thiét ké mot cach thich hop. Ta xét mot vi dy, gia st
rang A=25 (dB) va chét lugng dich vu yéu cau cia hé
thong 1a OP, <0.01 va OP, <0.01, dwa vao két qua tir Hinh
3, ta s& thiét ké N, =4 la tot nhat.

1008
107 ¢
10_2 | %  TWR-3P (OP . ,Sim,H=! 3)
O TWR-3P (OP Sim,H=3)
o 4 TWR-4P (OP_,Sim H=3)
o Yr  TWR-4P (OP Sim,H=3)
107 ¢ O  TWR-3P (OP,Sim H=4)
v TWR-3P (OP,,SimH=4)
X TWR-4P (OPSim,H=4)
104 H  TWR4P (OP, SimH=4)
TWR-3P (OP s ,Theory)
TWR-3P (OP o ,Theory)
1075 H—— — = TWR-4P (OP Theory)
— —— — TWR-4P (OP_, Theory)
5 10 15 20 25

A (dB)

Hinh 4. OP ciia S va D trong TWR-3P va TWR-4P vé theo A
(dB) khi C,, =05 M =3, N_, =4
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Hinh 4 v& xéc suit dimg tai S va D cta cac md hinh
TWR-3P va TWR-4P theo A (dB) véi céc gia tri khac nhau
cia H vavsi Cy =05, M =3 vaN_, =4. Nhutacé thé
quan sét, gia tri OP; va OP, ctia md hinh TWR-3P thap
hon céc gia tri twong (ng trong md hinh TWR-4P. Nguyén
nhan 1 vi mé hinh d& xuat chi sir dung 03 khe thoi gian, do
do toc do dir lieu & mdi khe thoi gian trong md hinh dé xuat
I6n hon trong mo hinh TWR-4P. Hinh 4 ciing cho ta thay
khi N, cb dinh thi giam gi4 tri ciia H s& nang cao hi¢u
ning cta cac mo hinh. That vdy, trong Hinh 4, OP va
OP, cua TWR-3P va TWR-4P giam manh khi giam H tur
4 xubng 3.

Hinh 5 so sanh  OPy va OP, cua cac md hinh TWR-3P
va TWR-4P véi céc gi& tri khac nhau cua M, va véi
Cy =06, H=4 vaN_, =5. Tuong ty nhu Hinh 4, xac
sudt dimg tai S va D trong mo hinh dé xuét thap hon céc
gia tri twong tng trong moé hinh TWR-4P. Hinh 5 cho ta
thiy 6 rang khi ky thuat chon lya don trinh khong duoc sir
dung (M=1), thi OP; trong c4 hai mo hinh déu 16n hon rét
nhiéu OP,. Khi M=2, ta thay OP; va OP, trong hai md
hinh gan nhu trong dong véi nhau, va khi M >3, OP; s&
thip hon mét chut khi so véi OP, .

1

107

TWR-3P (OP

PS ,Sim)
v TWR-3P (OP
]

*

.Sim)
TWR-4P (OP _,Sim)
TWR-4P (OP _,Sim)
TWR-3P (OP,
TWR-3P (OP_,
N — — — — TWR-4P (OP

— — — — TWR-4P (OP

Theory)
Theory)

,Theory)

s
D
s
[}
s
D
s
D

.Theory)

10™

Hinh 5. OP ciia S va D trong TWR-3P va TWR-4P vé theo M
khi C, =06, H=4, N_, =5 A=25 (dB).

10°4

TWR-3P (Sim,N =4,H=3)
max

TWR-4P (Sim,N =4,H=3)
max

TWR-3P (Sim,N__ =5 H=4)
max

TWR-4P (Sim,N_ - =5H=4)
TWR-3P (Sim,N__ =6,H=5)
TWR-4P (Sim,Nmax:B,H:5)
TWR-3P (Theory)
— — — — TWR-4P (Theory)

* 40 X
/V\"\‘VW

5 10 15 20 25
A (dB)
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Hinh 6. SOP ciia TWR-3P va TWR-4P vé theo A=25 (dB) khi
C, =075 M =3,

Hinh 6 so sanh xac suat dirng hé thong (SOP) cua hai md
hinh TWR-3P va TWR-4P véi C, =0.75, M =3 va céc gia
tri khac nhau ciia N, va H. Béi vi m hinh dé xuat TWR-
3P dat gia tri OP tai D va S thip hon mo hinh TWR-4P nén
SOP cua TWR-3P ciing thap hon SOP cua TWR-4P. Trong
Hinh 6, cac cap gid tri (N, H) thay d6i va ciing anh

max !

huong dang ké 1én SOP ciia cic mo hinh. Nhu ta ¢ thé
thiy, ca hai mo hinh TWR-3P v TWR-4P déu dat gi4 tri
SOP thap nhat khi (N, H)=(4,3).

V. KETLUAN

Trong bai bao nay, chung t6i da danh gia hi€u nang OP
va SOP cho mang HSTRN hai chiéu sir dung ma Fountain.
Bai béo ciing da dé xuét phuwong 4n chon lua tram chuyén
tiép mat dat dé nang cao hiéu ning mang, ciing nhu nang
cao su cin béng hi€u nang tai vé tinh va nguoi dung mat
dat. Cac két qua mo phong da kiém chung cac két qua phan
tich 1y thuyét dé chimg minh mé hinh dé xuét dat duoc hiéu
nang tt hon mo hinh chuyén tiép hai chiéu thong thuong
sir dung 04 pha truyén. Bai bao dua ra mo hinh dé xuit nén
dé nang cao hiéu ning ta co thé ting s6 lan truyén cac goi
mi hoa va ting s6 tram chuyén tiép mat dat. Trong twong
lai, chiing t6i s& tiép tuc phét trién mo hinh trong bai bao
voi ky thuat chon lya nut chuyén tiép toan trinh dé nang
cao hiéu nang cho moé hinh.

LOI CAM ON

Nghién ctru nay duogc tai trg boi Hoc Vién Cong Nghé
Buu Chinh Vién Théng Co S& Thanh Phé HS Chi Minh
v6i ma s6 dé tai 05-HV-2022-RD_VT2.
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PERFORMANCE EVALUATION OF TWO-WAY
HYBRID SATELLITE-TERRESTRIAL RELAYING
NETWORKS USING FOUNTAIN CODES AND
RELAY SELECTION

Abstract: This paper proposes a two-way hybrid
satellite-terrestrial relay network, where a ground user and
a satellite exchange their data with each other via help of
terrestrial stations. Using Fountain codes, the user and the
satellite send Fountain packets to each other. In addition,
to recover the original data, they have to collect sufficient
number of Fountain packets. This paper applies digital
network coding scheme, where the terrestrial stations will
XOR the encoded packets received from the user and the
satellite at the first two phases. Then, at the third phase, the
terrestrial stations will broadcast the XOR-ed packet to the
user and the satellite. To enhance reliability of the data
transmission, we consider a station selection method. We
derive exact expressions of outage probability at the user
and the satellite as well as system outage probability, and
then perform Monte-Carlo simulations to verify the
derived expressions. The obtained results showed that the
proposed scheme outperforms the corresponding two-way
hybrid satellite-terrestrial relay one using 04 phases.

Keywords: Hybrid satellite-terrestrial relay networks,
two-way relaying, relay selection, outage probability.
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