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MO DAU

Pong luc nghién ciru

Su gia ting nhanh chéng ctia luu lwong dit liéu trong cac hé thong
thong tin vo tuyén hién dai, cung véi sy phat trién cua céc thiét bi thong minh,
Internet van vét (IoT) va cac dich vu sd, dang dit ra nhitng yéu cdu ngdy cang
kht khe dbi voi mang truyén thong, bao gém tde do dir liéu cao, do tré thép,
mat d6 két ndi 16n va do tin cay cao. Mac du cac mang thong tin di dong mat
dat da dat dwoc nhiéu tién bo qua cac thé hé phat trién, kha nang dap tmg cac
yéu cau ndy van con han ché trong cac kich ban ving phu rong hodc diéu kién
moi trudng bét loi nhu ving bién, mién nti va khu vuc ha tang kém phat trién.

Trong bdi canh d6, xu hudng tich hop gitra mang vé tinh va mang
mit dat, dac biét 1a cac hé théng chuyén tiép két hop v¢ tinh—tram mat dat
(HSTRN), d ni 1én nhu mot giai phap hiéu qua nham mé rong ving phi va
nang cao do tin cdy cta hé théng. Tuy nhién, cac hé théng HSTRN van phai
d6i mat véi nhiéu thach thirc nhu suy hao duong truyén 16n, pha dinh nghiém
trong va nhiéu dong kénh, 1am suy giam hiéu ning truyén dan. Trong diéu
kién nay, cac ky thuat ma hoa véi tée do ¢b dinh kho c6 thé thich émg hiéu
qua voi sy bién dong cua kénh truyén.

Ma Fountain (FC), voi dac tinh sinh ma vo han va kha nang tich iy
gdi tin linh hoat, dugc xem 1a mot giai phap tiém ning nham nang cao do tin
cdy trong moi truong truyén dan khic nghiét. Bén canh do, cac ki thuat tién
tién nhu da truy nhap khong truc giao (NOMA), lya chon chuyén tiép ting
phan (PRS) va bé mit phan xa thong minh (RIS) di dugc chimg minh 13 co
kha ning cai thién hiéu qua phd, do lgi phén tap va chét lugng kénh truyén.

Tuy nhién, cic nghién ctru hé théng HSTRN hién nay chu yéu xem xét
cac kich ban str dung doc 1ap cac k¥ thuét hoac co Kkét hop nhung chua st
dung FC, dac biét dudi goc do bao mat 16p vat Iy (PLS) va trong moi trudng
¢6 nhidu déng kénh (CCI). Do dé, viéc nghién ctru cac mé hinh HSTRN tich
hop FC cung véi cac k§ thuat tién tién 13 can thiét nhim nang cao ddng thoi
do tin cay va kha nang bao mét ctia hé théng.

Xuét phat tir nhitng van dé néu trén, dé tai: “P¢ xuit va danh gia hi¢u
ning cic md hinh chuyén tiép két hop vé tinh—tram mit dit sir dung mi
Fountain” mang tinh cap thiét, c6 ¥ nghia khoa hoc va thyc tién 13 rét trong
bdi canh phat trién cac hé théng thong tin vo tuyén thé hé méi. Cac két qua
nghién ctru cia ludn an khong chi gop phan hoan thién co so 1y thuyét cho
viéc phan tich va danh gia hiéu nang cuia cac hé thong HSTRN trong diéu kién



kénh truyén phirc tap, ma con cung cap cac dinh hudng thiét ké quan trong
nham néng cao do tin cdy va bao mat 16p vat 1y cho hé théng HSTRN trong
cac kich ban trién khai thuc té.

Céac dong gop cia lugn an

Thtt nhat, mo hinh HSTRN sir dung FC trong méi truong ton tai nhiéu
ddng kénh (CCI) duoc dé xuat. Cac biéu thic giai tich dang tuong minh
cho xéc suit dimg (OP) va xéac sudt dimg hé théng (SOP) duoc thiét 1ap va
kiém chimg bang mé phong Monte-Carlo ddi v6i hai phuong an thong thuong
(ConV) va d& xuét (ProP). Két qua cho thdy phwong 4n ProP khai thac hiéu
qué co ché tich lily goi cua FC, qua d6 cai thién dang ké do tin cdy truyén
dan va giam anh hudng ctia CCI so v6i phuong 4n ConV. Bén canh do, bai
toan t6i uu két hop phan bd cong sudt va thoi gian truyén duge giai quyét,
chi ra sy ton tai clia cac cau hinh tham s6 tdi wu nham nang cao hiéu ning
h¢ thong, dong thoi cung cip cac dinh hudng thiét ké quan trong cho cac hé
thong HSTRN trong diéu kién kénh gip bat loi dudi tac dong ctia nhidu.

Thir hai, Luan an phat trién mo hinh PLS-NOMA—-HSTRN nhiéu cum
ngudi dung, tich hop FC va co ché lya chon chuyén tiép (PRS) trong kich ban
t6n tai nhiéu thiét bi nghe 1én. Cac biéu thic giai tich cho cac chi tiéu hiéu
ning va bao mat (OP, IP, SOP, SIP) dugc thiét 1ap va kiém ching. Két qua
cho théy mo hinh dé xuét nang cao d(‘”)ng thoi d6 tin cay va hiéu nang bao mat,
ddng thoi 1am rd méi quan hé danh d6i gitra hai yéu td nay va xac dinh cac
tham s t6i vu, dic biét 1a hé sd phéan bod cong suét.

Thtt ba, Luan 4n dé xuit mé hinh PLS—HSTRN tich hgp RIS két hop
NOMA, FC va PRS, qua d6 xay dung cac biéu thirc giai tich cho cac chi tiéu
OP, SOP, IP va SIP. Két qua cho thiy RIS gilip cai thién dang ké chét luong
kénh va hiéu ning hé théng thong qua d6 loi phan xa va phan tip khong
gian.Cung v6i do, mo hinh d& xuét co RIS cai thién hiéu nang vugt trdi so voi
cac mo hinh khong RIS. Dong thoi, luan 4n 1am rd mdi quan hé danh di giira
do tin cdy, bao mat va do tré, cling nhu xéc dinh cac mién tham s tbi wu phuc
vu thiét ké hé théng. Cac két qua dat dugc cung cap co s& quan trong cho viée
phat trién va tdi wu cac hé théng HSTRN tich hop da cong nghé trong céc
mang v tuyén thé hé méi.

Nhin chung, cac két qua cia Luén an gép phan hoan thién co so 1y
thuyét va cung cép cac dinh huéng thiét ké hiéu qua cho cac hé théng FC—
HSTRN tich hop da cong nghé trong cac mang vo tuyén thé hé mai.



Chuong 1: Tong quan

Trong nhitng ndm gan day, HSTRN duoc xem 1a giai phép tiém ning
nham mé rong ving phii va nang cao do tin ciy cho cac hé thong sau 5G va
6G. Dong thoi, FC cung cép kha nang thich nghi kénh va chdng mét géi, trong
khi NOMA, PRS va RIS cai thién hiéu qua phd, phan tap va chat lugng kénh.
Tuy nhién, cac nghién ctru hién tai chu yéu xem xét cac k¥ thuat nay doc lap,
trong khi viéc tich hgp FC trong HSTRN da cong ngh¢ con han ché. Pic biét,
anh hudng ctiia CCI dén co ché tich lity géi ciia FC va vai tro ctia FC trong
danh ddi gitra do tin cdy va bao mat khi két hop véi NOMA, PRS va RIS chua
dugc nghién ciru day du. Do d6, viée phat trién cac mé hinh HSTRN tich hop
FC vi cac k¥ thuat tién tién 13 can thiét nham khai thac hiéu qua tiém ning
cong ngh¢ va nang cao hiéu nang va PLS.

Chuwong 2: Co s6 Iy thuyét

Chuong 2 trinh bay cac co s& 1y thuyét ciia hé théng HSTRN, bao gom
mo hinh hé thdng va dic tinh kénh truyén vé tinh—mit dat va mat dat-mat dat
v&i cac mo6 hinh pha dinh nhu Shadowed—Rician, Rayleigh va Nakagami-m.
Bén canh d0, chuong gidi thidu nguyén 1y va co ché tich lily géi ciia FC, cling
cac k¥ thuat NOMA va RIS, qua d6 1am rd kha nang nang cao d¢ tin cdy, hi¢u
quéa phd va chét lugng kénh truyén. Cac ndi dung nay tao nén tang cho viéc
xay dyng mo hinh va phan tich hiéu ning, bao mat trong cic chuong tiép theo.

Chuong 3: H¢ thong HSTRN sir dung FC trong méi truong CCI

3.1. Gi6i thiéu

Nbi dung ciia Chwong 3 dwoc phat trién dya trén cac két qua di cong
bb trong cong trinh C;:

[Cy]. N. V. Toan, T. T. Duy, P. N. Son, D. T. Hung, N. Q. Sang and
T. L. Thanh, “Outage Performance Of Hybrid Satellite-Terrestrial Relaying
Networks With Rateless Codes In Co-Channel Interference Environment,” in
2023 International Conference on System Science and Engineering, Ho Chi
Minh, Vietnam, pp. 468—473, Jul. 2023.

3.2. M6 hinh hé thong

Hé théng FC-HSTRN duoc xét trong mdi trudng c¢6 Q ngudn CCI,
trong d6 vé tinh S truyén dit lidu téi U,, thong qua R (khong ton tai lién két
tryc tiép). Cac goi ps dugc truyén theo giao thirc DF; tai R can thu thap tbi
thiéu Gmin goi dé giai mé, voi s6 lan truyén td1 da Hyay; it ca cac nat su
dung don dng ten. H¢ thong gém hai phuong an, trong phuong an ConV, R
thuc hién DF ting goi ma khong luu trit, voi qua trinh truyén qua hai ching
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Hinh 1: M6 hinh hé thdng HSTRN sir dung FC duéi tac dong cua CCI.

S —R va R — U, dudi anh huong ciia CCI, phu thudc hé s6 phan bo thoi gian
Tconv- VO1 phuong an ProP, R dugc trang bi by dém dé tich Iy cac goi FC:
khe thir nhit trong ty ConV; khe thir hai gdm hai truong hop: (i) néu chua dat
Glmin, R vira luu trit vira chuyén tiép; (i) néu dat du G yin, R giai mi va chu
dong phat cac goi FC t6i U,,, khong con phy thudc vao phan bo thoi gian.

3.3. Phén tich hiéu ning

3.3.1. Xdc sudt giai md thanh céng mét géi FC

Phan nay trinh bay phan tich x4c dinh cic biéu thic twong minh cua
x4c sudt giai ma thanh cong mot gbi FC trong ca hai phuong an ConV va ProP.

3.3.2. Xdc sudt dirng cua timg nguwoi ding

OP cua U, hai phuong an dugc xéac dinh theo cong thirc ] va .

Grmin—1
. min H X on ngonv on Honax — L(;Lonv
op = Y- ( chl;V) (Og™) (1—o) )
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3.3.3. Xdc sudt dieng ciia hé thong
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3.3.4. Van dé két hop phén bé cong sudt va thoi gian
Bai toan tbi wu két hop phan bd cong suét va thoi gian duoc xac dinh
theo [ va duoc trinh bay cu thé trong cac Giai thuat 1, 2 va 3.

i Px.
,2in,, SOPx ®
O<pux<1

3.4. Két qua mé phéng va thio luin

Phan nay trinh bay két qua mo phong nham xéc thyc phan tich va danh
gi4 anh huong tham sb 1én OP, SOP cua hai phuong an ConV va ProP, dong
thoi xac dinh cau hinh tbi wu.

Két qua Hinh 3.2 cho thidy OP bio hoa tai ving SNR cao, x4c nhan
CCI 1a yéu t6 gi6i han hiéu nang. Viéc tang Hyna, cai thién ddng ké do tin cay
(giam t&i 95% trong mot sd kich ban), nhung dénh ddi bang d6 tré cao hon.
Trong khi ProP ludn vuot trdi so véi ConV nhd co ché tich lity goi FC.
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Hinh 3.2: OP tai Un voi A (dB) khi HConV = HUProP = 05, TConV — TProP — 0.5.

Hinh 3.3 chira réng OP phu thugc manh vao tham sb T, va tdn tai mot
gid tri Tx t6i wu ing véi mdi yx nham tbi thiéu hoa OP. Hiéu ning gan tbi
uu dat dwoc khi gy ~ 0.5, phan anh sy can bang cong suét giita hai ching.

Két qua Hinh 3.4 cho thdy SOP giam theo A va bdo hoa & ving SNR
cao do CCI chi phéi. Phuong 4n ProP luén dat SOP thip hon ConV, trong khi
SOP ting theo s6 lwong ngudi dung N do xéc suat dimg gia ting.
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Hinh 3.3: OP tai U, theo Tconv Va Tprop khi A = 20dB va Hyux = 8.
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Hinh 3.4: SOP theo A (dB) khi HcConv = HProP = 0.5, Tconv = Tprop = 0.5 va
Hiax = 8.

Két qua Hinh 3.5 thé hién SOP giam 15 rét khi H,,y ting, dong thoi
ton tai gid tri 7y t6i uu gitp toi thiéu hoa SOP. Phuong 4n ProP mang lai mtc
cai thién rd rét so voi phuong an truyén thdng, qua d6 khing dinh hiéu qua
ctia co ché tich lily goi trong nang cao do tin cay.
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Hinh 3.5: SOP theo Tcony (7prop) khi A = 20 dB, icony = fprop = 0.65.
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Hinh 3.6: SOP theo ficonv VA fiprop Khi A = 15dB, N = 8 va Hpax = 9.

Hinh 3.6 cho thay SOP phuy thudc manh vao 11y, va ton tai gia tri pux
t6i wu cho timg phuong 4n. Két hop véi Hinh 3.5, cho thiy viéc t6i wu dong
thoi phan bd cong suat va thoi gian 1a can thiét dé dat hidu nang i wu.

Hinh 3.7 cho thdy SOP giam d4ng ké khi ap dung cac tham sd tbi wu
(px,Tx ), didc biét trong ving A va Hp,y 16n. Dong thoi, khoang cach higu
nang gitra ProP va ConV gia tang khi H,,y ting, cho thay viéc két hop ti wu



tai nguyén véi co ché tich lity goi FC khong chi cai thién hiéu ning ma con
m¢ rong khoang cach so voi phuong an truyén thong.
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Hinh 3.7: SOP theo A (dB) v6i cac gié tri t6i uu ctia (uux, 7x ) khi N = 5.
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Hinh 3.8: SOP theo s6 lugng nguoi ding N khi A = 15dB.
Hinh 3.8 cho thdy SOP c6 xu hudng gia ting theo s6 luong ngudi dung

N, phan anh sy suy giam hiéu nang bao mat trong cac kich ban mat d¢ cao.
Tuy nhién, phuong 4n ProP Iudn dat hi€u nang vugt trdi so voi cac phuong

9



an con lai. Bang chu y, khi H,,, tang, hiéu nang ctia ProP tiép tuc duoc cai
thién, qua do khéng dinh vai tro quan trong cta co ché tich Iy goi, dic biét
trong cac moi truong da nguoi dung phuece tap.

3.5. Két luan chuong

Chuong 3 d& xuat va phan tich mé hinh HSTRN sir dung ma Fountain
dudi tac dong ciia CCI, trong d6 co ché tich lity géi tai tram chuyén tiép giup
cai thién dang ké do tin cdy. Cac biéu thirc tuong minh cho OP va SOP cia
hai phuong an ConV va ProP dugc xay dung va kiém chimg bang mé phong,
cho thay hi¢u nang bi giéi han bai CCI & ving SNR cao, trong khi ProP vuot
trdi nho tich 1y goi, voi SOP gidm 20%—-50% va OP gidm tdi 95% khi tang
H pax, danh doi béng dd tré cao hon. Bai toan toi uu tai nguyén xac nhan sy tdn
tai ctia cAu hinh t&i wru (u, 7), nhan manh vai tro ctia phan bo tai nguyén trong
nang cao hi¢u nang. Tuy nhién, mé hinh hién tai chua xét cac kich ban nhiéu
R, t&i uu hiéu qua st dung phd va mirc d6 bao mat cta hé thdng. Cac van dé
nay s& duge mé rong trong chwong tiép theo thong qua tich hop NOMA va
lwa chon chuyén tiép.

Chuong 4: Hé thong NOMA-HSTRN sir dung ma Fountain va PRS

4.1. Gi6i thi¢u

Nbi dung ciia Chuong 4 duoc cong bd trong cac Cong trinh J; va Cy:

[J1]. N. V. Toan, T. T. Duy, P. N. Son, P. V. Tuan, and T. L. Thanh,
“Security-Reliability analysis of NOMA-assisted hybrid satellite-terrestrial
relay multicast transmission networks using Fountain codes and partial relay
selection in the presence of multiple eavesdroppers,” EAI Endorsed Transac-
tions on Industrial Networks and Intelligent Systems, vol. 12,no. 3, Apr. 2025.

[C2]. N. V. Toan, N. V. Hien, P. X. Minh, and P. N. Son, “Perfor-
mance Evaluation of Hybrid Satellite—Terrestrial Relaying Broadcast Net-
works Using Fountain Codes and NOMA,” in Proc. IEEE Int. Conf. Con-
sumer Electronics—Asia (ICCE-Asia), Danang, Vietnam, Jul. 2024, pp. 1-4,
doi: 10.1109/ICCE-Asia63397.2024.10773917.

4.2. M6 hinh hé thong

Hé thong PLS-HSTRN gdm vé tinh S truyén dit liéu téi hai cum ngudi
dung U va V thong qua K tram chuyén tiép do khong ton tai lién két truc tiép.
Mot tram R, duoc chon theo co ché PRS dua trén chat luong kénh tt nhat.
Hé théng ton tai Q thiét bi nghe 1én c6 kha nang thu tin hi¢u tu S va Ry, do d6
chién lugc ngdu nhién hoa va chuyén tiép dugc ap dung dé ting cudng bao
mét. TAt ca cac nit sir dung mdt dng-ten va hoat dong & ché do ban song cong.

10
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Hinh 4.1: M6 hinh hé théng HSTRN sir dung FC.

Trén co s& mo hinh hé thong, Lun 4n xac dinh dugc biéu thic tin hidu
thu tai cac cum nguoi dung va nhom thiét bi nghe 1én. Tt d6 xac dinh SNR,
lam co s& dé phén tich pham chit va bao mat 16p vat 1y ctia hé théng.

Bang 4.1: Xir Iy tin hiéu tai R, va E, trong hai khe thoi gian

Nt thu

Khe thoi gian thir nhat

Khe thoi gian thir hai

Ry

Truong hop 1: R, gidi ma thanh
cong ca hai goi py va py tr S

Ry, mi héa lai va chuyén tiép py,
pu dén hai cum nguoi ding

Truong hop 2: R, gidi ma thanh
cong py nhung khong giai ma
duoc py

Ry ma hoa lai va chi chuyén tiep
py dén cym V

TH 3.1: E, giai ma thanh cong ca
pv vapu tur S

Khong thyc hién gidi ma trong
khe thur hai

TH 3.2: E; gidi md duoc py
nhung khong giai ma duoc py

E, thuc hién SIC, loai bd py va
giai ma py tr Ry

TH 3.3: E, gidi ma dugc py tir S

Khong gidi ma py trong khe thu
hai

4.3. Phan tich hi¢u ning hé thong
4.3.1. Xdc sudt giai ma thanh cong mét géi FC

Thuc hién giai tich toan hoc rat ra cac biéu thirc tuong minh xac dinh
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xac suét giai ma mot goi FC trong cac truong hop dugc mo ta trong Bang 4.1.
4.3.2. Bdnh gid do tin cdy ciia hé thong

Hmax H
OPy=1- ( ) Oy )" (1 = Ory )

T
r=Gmin

- N
X l Y Oixt (1 XU,pU)Hl : (6)
1=Clin

Hax trot —t
OP\l—l— Z Z( max)( max tll)

t
tot= Gmm t1=0 tot

X (eRb;PV7PU) (eRbmv,PU)tm fx (1 - 0Rb7PV7PU - eRb,pvﬁDTJ)Hmax_tml

& &2 t t M
Z Z (ri) (ri) (XV,PV)TI (1 - Xv,pv)hivﬂl

X r1=0ro=0, r1+7r2>Gpnin ’ (7)
X(Tvpy) (1 — Ty py )27

SOP =1 — (1 — OPy) x (1 — OPy). (8)

4.3.3. Panh gia do bao mdt cua hé théng

& Hmax —r
IPE‘Z Pi Z ( (AEqvpl) ( - AEqvpi)Hmax ’ (9)

r
r=Gnmin

P, =1—(1—1pg, ) (10)

q+Pi

SIP = 1Py + IPy — [Py x IPy. (11)
4.4. Két qua va thao luan
Trong phan nay, cac két qua mé phong dugc trinh bay nhim xac thyc

cac biéu thirc giai tich va danh gid anh huong ciia cac tham sb hé thong.
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Xac suét dirng [OP]

Hinh 4.2: OP cua cac cum khao sat theo A (dB) v6i Gyin = 8 va ay = 0.25.

Hinh 4.2 cho tha”iy hiéu nang phu thu¢c manh vao diéu kién kénh, trong
dé kénh AS vuot troi so vi FHS (vi du OPy giam tir4 x 1071 Xuéng 2x1073
tai A = 16 dB). Tang H.,x cai thién dang ké hidu nang trong FHS (giam t&i
93.3%) nho co ché tich liy goi FC, nhung danh d6i bang do tré. Ngoai ra,
OPy va OPy déu giam theo A, trong d6 OPy suy giam nhanh hon & ving

10

10—1 L

, Theo, AS
2 ——OPy, Theo, AS
- - --OPy, Theo, FHS
- - --OPy, Theo, FHS

A OPy, Sim, Hyper = 8

4 6 8 10 12 14 16 18 20 2
A [dB]

SNR cao nho¢ hi€u qua cua SIC.

Xac bi nghe Ién [IP]

Hinh 4.3: IP ctia cac cum theo A (dB) v&i Gin

101k

m 1Py, Sim,
;o ;o o 1Py, Sim,
R % 1Py, Sim,

4 6 8 10 12 14 16 18

13

=8 vaay = 0.25.



Hinh 4.3 cho théiy IPy va IPy tang theo H .y (vi dutai A = 18 dB,
IPy tang 5 1an khi Hy,y ting tir 8 18n 9) do s lugng goi FC 16n hon 1am ting
kha ning giai ma cua thiét bi nghe 1én. Pong thoi, IP; ting theo A va cao hon
trong kénh AS so v6i FHS. Két hop Hinh 4.2 va Hinh 4.3 cho thiy 15 sy danh

N
e aa \
doi gitra OP va IP.
10
4
T 10t
[
°
2
P=1
3
k]
S
2
g 9 0 OPy,Sim,K = 18
102F # OPy,Sim,K =1
A OPy,Sim K =3
¢ OPy,Sim,K =3
O OPy,Sim,K =5
> OPy,Sim, K =5
——OPy, Theo
——OPy, Theo
103 L i ; i i
005 01 015 02 025
ay

03

Hinh 4.4: OP cua cac cum theo ay v6i A = 10 dB, Gin = 8 va Hyax = 9.

100,

1071

oviepn

10

, Theo
1Py,
TPy,
1Py,
1Py,
1Py,
1Py,
1Py,

Theo

Sim, Q =1
Sim, Q = 2
Sim, Q = 3
Sim, Q = 1
Sim, Q = 2
Sim, Q =3

ay

0.1 0.15 0.2 0.25

0.3

Hinh 4.5: IP cta cac cum theo oy v6i A = 10 dB, Gjn = 8 va Hyax = 9.
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Hinh 4.4 cho thdy OPy; va OPy bién thién ngugc chiéu theo avy do rang
budc phan b cong suét trong NOMA va giam manh khi K ting nhd PRS; vi
du OPy giam hon hai bac d 16n khi K tang tir 1 1€n 5 tai oy = 0.25. Ngoai
ra, diém can bang giira hai cum dich chuyén khi K ting, cho thiy vai tro cua
phan bd cong sudt trong can bang do tin cy.

Hinh 4.5 cho thiy IP ting theo so lugng thiét bi nghe 1én @ do kha
nang thu thap goi FC dugc cai thién. Déng thoi, [Py tang theo ay, trong khi
IPy giam nhe, phan anh co ché phéan bod cong suit cia NOMA. Do do, viéc
lga chon ayy phu hop c6 thé kiém soat murc do bi nghe 1én gilia cadc cum.

Hinh 4.6 cho thay SOP giam nhanh theo A, phan anh sy cai thién do
tin cay hé thong. Vi ay = 0.1, SOP cao hon trong viing A thap nhung giam
manh va tré nén thip hon khi A ting, do OPy chi phéi theo (§). Trong khi
d6, ay = 0.3 cho xu huéng giam 6n dinh hon. Do d6, viéc lua chon phu hop
ay va A cho phép diéu chinh SOP theo yéu cau thiét ké.

1071 E

10°% F

O SOP Sim, ay = 0.1
o so 0.2
SO 3

1074
5

A [dB]

Hinh 4.6: SOP theo A v&i Gpin = 8 va Hyax = 9.

Hinh 4.7 cho thiy SIP ting theo A do kha ning thu chin cua cac thiét
bi nghe 1én duoc cai thién. Pang cha ¥, trong ving A thap, lya chon ay = 0.3
giup giam SIP, qua d6 nang cao hi¢u ndng bao mat.

Hinh 4.8 cho thiy SOP giam manh khi K ting nho d lgi phan tap cua
PRS; vi du tai ay = 0.2, SOP giam tir 6 x 10~ " xudng 1 x 102 khi K ting
tir 3 1én 10 (khoang 60 1an). Ngoai ra, ton tai gia tri ay t6i wu gitp t6i thiéu
hoa SOP, dich chuyén theo K. Két qua ciing chi ra ring c6 thé t6i uu hiéu
nang h¢ thong thong qua phdi hop phan bd cong suat va s6 lugng K.
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O SIP Sim, ay=0.1
O SIP Sim, ay=0.2
& SIP Sim, ay=0.3

02| SIP Theo

5 6 7 8 9 10 11 12 13 14 15
A [dB]

Hinh 4.7: SIP theo A v&i Gin = 8 va Hppax = 9.

10°

——SO0P, Theo
o SOP,Sim,K =3
o SOP,Sim,K =5
v SOP,Sim,K =8
¢ SOP,Sim, K = 10

10 2 L L L
0.05 0.1 0.15 0.2 0.25 0.3
ay

Hinh 4.8: SOP theo ay v6i A = 7.5 dB, Guin = 8 va Hyax = 10.

4.5. Két luan Chwong 4

Chuong 4 da d& xuét va phan tich mo hinh PLS-NOMA-HSTRN da
cum, két hgp NOMA, PRS va FC trong méi trudng c6 nhiéu thiét bi nghe 1én,
qua d6 cai thién dang ké do tin cdy va bao mat. Cac biéu thirc tudng minh
cho OP, IP, SOP va SIP duoc xdy dung va kiém ching bang mé phong, cho
théy su phu hop chat ché. Két qua chira rﬁng viéc tang K va H . gitp giam
manh OP va SOP, nhung df”)ng thoi lam gia tang [P va SIP, phan anh 1o rét
mbi quan h¢ danh doi gitra d9 tin cay va bao mat. Ngoai ra, ton tai cdu hinh
tham sd t6i vu, dic biét 13 ay, Homax cho phép can bfing hi€u nang giita cac
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cum va tdi vu héa hiéu nang h¢ théng. Nhin chung, Kkét qua khéng dinh hiéu
qua cta md hinh dé xuét va tao nén tang cho viéc mo rong sang cac kién trac
nang cao.

Chuong 5: Hé thong NOMA-HSTRN sir dung ma Fountain va RIS

5.1. Giéi thiéu

Nbi dung ciia Chuong 5 dugc cong bd trong cac cong trinh J,:

[J,]. Nguyén Vin Toan, Pham Ngoc Son, Tran Trung Duy, Tir Lam
Thanh va Ta Van Thanh, “Danh gia hiéu ning ctia mang chuyén tiép lai ghép
vé tinh—tram mat dat st dung ma Fountain, NOMA va RIS,” Tap chi Hoi
bién tirva Vo tuyén Viét Nam vé Pién tirva Tr ruyén thong (REV), tap 15, $6 3,
Jul.—Sep. 2025. DOI: 10.21553/rev-jec.415 (Tap chi trong nudc).

5.2. M6 hinh hé thong

Géi ngudn
@ T
]
E=3)

1t hon s6 FPs t6i thidu, giai ma
h g6i ngudn thit bai

1iEq O~ OOCO cae gsi FC ding
XIXIN Cie goi FC 16

{t hon s8 FPs t6i thibu, giai ma

i A K \ / x
g6i ngudn thét bai " e% Vi ./ Cicgliding  Cicgdildi

O -~ OCCIO Ce goi FC ding - o000 - XK - X
XXX céc gsi FC 16i A" —— W

FPs cho khdi phuc
Hinh 5.1: M6 hinh hé théng.

Hinh 5.1 minh hoa m6 hinh PLS—HSTRN dé xuét, trong do6 tin hiéu
truyén tir vé tinh S dén cac cum ngudi dung mat dat théng qua co ché két
hop FC va NOMA. Bé hd tro truyén dan, hé thdng sir dung K tram chuyén
tiép DF vi chién lugc Iyra chon PRS, két hop véi RIS gdbm L phan tir nhim
cai thién chét lugng kénh, giam nhidu va ting cuong bao mat. Tin hiéu sau
khi phan xa dugc truyén t6i hai cum nguoi ding gdm cum U (N ngudi dung
gan) va cum V (M ngudi dung xa). Dong thoi, hé thong xét sy hién dién cia
@ thiét bi nghe 1én. Tét ca cac nut st dung mot ang-ten, hoat dong ban song
cong va qua trinh truyén dién ra trong hai khe thoi gian.
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5.2.1. Mé hinh kénh truyén

Phan nay trinh bay mo hinh kénh vé tinh—mit dat va mat dat-mat dat,
1am co s& cho qua trinh phan tich hé théng.

5.2.2. M6 hinh tin hiéu

Xay dung mé hinh tin higu va cac biéu thirc SNR (SINR) cho hé thong
dé xuat c6 RIS theo hai khe thoi gian, dong thoi thiét 1ap hai mo hinh tham
chiéu (AF va WoRIS) lam co sé so sanh hiéu ning do tin cdy va bao mat.

5.3. Phan tich hi¢u ning hé thong

5.3.1. Xdc sudt giai ma thanh cong mét géi FC

Phan nay xay dung cac biéu thirc x4c suat giai ma thanh cong goi FC
tai cac nat thu mat dat.

5.3.2. Xdc sudt dirng ciia cum va hé thong

Hmax H
e ol G [N

r
=G nin

X LZ (;) ()" (1 - xﬁ‘;)’"‘p] N- (12)

=Gmin

max tot max max — ) t
OPy = 1— HZ tz l (%) Co ) (0™ Pu e ]

t t H, t
PV pyu ot __ QPVv>PU __ DV,pu ) Fmax T Hot
tiot=Gmin 11=0 9 ) ( HRb eRb )
& t\ [t o
1 2 pyv \"t py \t17T1
X Z Z @) (1 =x4)
1 T2

() (1 - )

(13)
SOP duogc dinh nghia la xac sut ma it nhat mot trong hai cum dung:
SOP =1— (1 —OPy) (1 — OPy). (14)
5.3.3. Xdc sudt bi nghe lén cua cum va hé théng

St dung phuong phép giai tich va can cir vao Bang 5.1, Xéc sudt bi
nghe 1én duoc xac dinh theo cong thire (15) va (16).
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Bang 5.1. Cac kich ban nghe 1én thanh cong cac gbi ma Fountain

G6i FC R, E,
pu “Yg:ﬁb > i, vé’f{zb > g Vf{Z,Eq >, 711{15,15(1 > g
o Trudng hop 1: VQ,VRb > A5 ’yé’f{{b > A ’yI’{Z’Eq > A

Trubmg hop 2: 105, > 90 105, <0 e, >0
Hmux
P = Hmax gPv-pu r 1 gPv-pU Hinax =1
U= Z ( Ry ) ( YRy )
r
=G min
Q
-
r _
pu\P pu\" P
x 1=y (X&) (1= xi) : (15)
p:Gmin p

B Hp, 2

— - Hmax Hmax —t t1
X GPVJ)U
po- |72 2 () (e
L (B ™) T (1 - 6™ — 0T

t1 to Q
ty ta v\ 71 v)ti—r1
o2 () era-w

T1 =0 T2 =0
r1+722>Gnin

X (7) (1= o)

Hmux - ttot

x <1

(16)
Xac suat bi nghe 1én cua toan hé théng (SIP) dugc xac dinh boi
SIP =1 — (1 — IPy)(1 — IPy). (17)
5.4. Két qua va thio lugn ’
Trinh bay cac két qua mo phong danh gia hi¢u nang hé thong qua OP,

IP, SOP va SIP, so sanh véi mo hinh tham chiéu lam 13 wu diém, su danh d6i.
Két qua hinh 5.2 cho thay OP giam va IP tang khi A hodc L ting, phan
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anh danh ddi tin cay—bao mat; voi L di 16n, RIS mang lai d0 loi tuong tu nhu
do6 loi phan tap gitp hé théng vuot trdi so v6i cac md hinh tham chiéu, nhung
can t6i wu L dé can bang OP va IP.,

10

Xac suét drng clia cum [ OP ]
5
%

o
€
s
[}
o
@
S
'
< 3
\ [}
d (=
[ o)
\ k%)
' [o)
' <
: 2
3
' Rl
10°%F | E ]
' o
' Q
' X<
'
9
'
\
10 L . . | 1
5 0 5 0,015 20 2 20 25
——OP(IPy), Theo OP(IPy ar), Sim

v OP(IPy), Sim, L =1, A OP(IPy), Sim, L = 1
---.OP(IPy), Theo —%—OP(IPywors), Sim 0 OP(IPy),Sim,L=4 © OP(IPy), Sim, L = 4
OP(IPy ar), Sim - @~ -OP(IPy woris), Sim > OP(IPy), Sim,L=7 <« OP(IPy), Sim, L = 7

(a) OP (b) IP
Hinh 5.2: OP va IP theo A [dB] v&i L, Giin = 4, Himax = 6 va ay = 0.25.

Hinh 5.3 cho théy tang H .« cai thién manh d¢ tin cdy (OP) nhung lam
suy giam bao mét (IP), kéo theo danh ddi ba chiéu: do tré—tin cay—bao mat.
Két qua tir Hinh 5.4 chi ra ring SOP va SIP thé hién rd danh d6i ¢ mirc
hé théng; mé hinh dé xuét dat diém can béng t6i wu thong qua diéu chinh L
va auy, vuot troi vé tinh linh hoat so v&i cac mé hinh tham chiéu.
Hinh 5.5 cho théy ay, K anh huéng manh dén do tin cay; PRS két hop
RIS gitp cai thién 16n hiéu ning va ton tai diém cén bang tdi wu giita cac cum.
Két qua tir Hinh 5.6 cho thiy sb lugng thiét bi nghe 1én @ 1am gia ting
IP va SIP, trong d6 SIP bi chi phéi béi cum ¢6 IP 16n hon; didu chinh oy cho
phép cén bang muc d bao mat giira cac cum.
Hinh 5.7 chi ra rang viéc két hop t6i vu ayy va L gitip thu hep khoang
céch gitra cac chi tiéu OP/IP va SOP/SIP, qua d6 dat can bang dong thoi yéu
cau vé tin cdy va bao mat.
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10

Xéac suét dirng clia cum ( OP ')
[ =

=] 5
0 n

=
)
&

15 20 25

A

——OP(IPy), Theo m OP(IPyy), Sim, Hyux = 6
-OP(IPy), Theo +0P(IPU AF)s Huax =5

¢ OP(IPuy), Sim, Hyu = 5 - 4 OP(IPvar), Huax =5

(a) OP

Xéac suét bj nghe 1én ctia cum ( IP)

—¥— OP(IPy,woris), Hunax
- ¥ OP(IPy woris), Hunax =
—#—OP(IPy zr),

.
=]
™
i
R SioNN

H
5
ol

=0
O

N
]
P
<
<—<

0 5 0 , 15 20 25
#= OP(IPy zp), Hyx = 6
—O0—OP(IPy wonss), Huax = 6
- O~ OP(IPy wopss), Hunsx = 6

10*
5
5

Hyax = 6

(b) IP

Hinh 5.3: OP va IP theo A [dB] v6i Hmax, Gmin =4, L =4 vaay = 0.2.

10%

SOP - SIP
g
%

10%

10*

——SOP, Theo
- - - SIP, Theo

—w—SOP,, SIM, ay = 0.3, L=1
- 4= SIP,p, SIM, ay = 0.3, L=1

—+—SOPyoris; SIM, ay = 0.3, L =1

=+ SIPyyoris, SIM, ay = 0.3,

© SOP, SIP, SIM, ay = 0.
¢ SOP, SIP, SIM, ay

@ SOP, SIP, SIM, ay
» SOP, SIP, SIM, ay = 0.

Hinh 5.4: SOP va SIP theo A [dB] v6i ay, L, Hmax = 6 va Gpin = 4.
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10*

10t

102

OP - SOP

10 »
0.025 0.05 0.1 0.15 0.2 0.25 0.3 0.325
ay

v OPy,SIM,K=1 A OPy,SIM,K=1 @ OPy,SIM,K=2 m OPy,SIM, K =2
4 OPy,SIM,K=3 p OPy,SIM,K=3 % SOP,SIM,K=1 % SOP,Sim,K=2
% SOP, SIM, K =3 ——OP, Theo ----SOP, THEO —e—OPyar, K=3
-~ x- OPyap, K=3  «@SOPyp, K =3 - #--OPyworis, K =3 - 4+ -OPy woris, K =3
—0—SOPwonis, K =3

Hinh 5.5: SOP theo ay v6i A = 10dB, L = 4, Gin = 4 va Hpyax = 6.

10°. T T T T
L Y
S NGk
%
107+
——1IP, Theo
- - -.SIP, Theo
% v IPy, SIM, Q=1
g A TPy, SIM, Q=1
o O 1Py, SIM, Q =2
o IPy, SIM, Q=2
> TPy, SIM, Q =3
102+ < IPy,SIM, Q=3
x SIP, SIM, @ =1
% SIP, SIM, Q =2
+ SIP, SIM, Q =3
10'3 L L L L L L
0.025 0.05 01 0.15 0.2 0.25 0.3 0.325

Hinh 5.6: SOP theo ay khi A = 18dB, L = 4, N = 4, M = 2
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o 107 -
o -
a i e
T .
o 10
3 >
a p Y
O 10 s
, »
W
5 S S
105 . ¥
,
106 | PN | . .
0.025 0.05 0.1 0.15 0.2 0.25 03 0325
ay

v OPy,SIM,L=4 [> IPy,SIM, L =4 ——OP, Theo - % -SOP, SIM, L = 4

A OPy,SIM,L=4 < IPy,SIM, L= IP, Theo - - -SOP, SIM, L =6

% OPy,SIM,L=6 = IPy, SIM, L= -SIP, SIM, L = 4

& OPy,SIM,L=6 @ IPy,SIM, L =6 wASIP, SIM, L=6

Hinh 5.7: OP, IP, SOP va SIP theo ay khi A = 16dB, N =4, M =3, K = 3.

5.5. Két luan chwong 5

Chuong nay dé xuit va phan tich mé hinh PLS-HSTRN tich hop RIS,
két hgp NOMA, FC va PRS trong kich ban da cum c6 nghe 1én, cho thiy kha
niang nang cao dong thoi do tin cdy va bao mat so voi cac mo hinh tham chiéu.
Céc biéu thirc tuong minh cho OP, SOP, IP va SIP duoc xay dung va kiém
chung. Két qua chi ra cac danh d6i cdt 15i: L ting d6 loi nhung 1am ting rii ro
nghe 1én; H . cai thién giai ma nhung gia ting do tré va suy giam bao mat;
trong khi phan bd cong suat NOMA két hop PRS-RIS cho phép diéu chinh
linh hoat hi€u nang. Déng thoi, ton tai cac cAu hinh tdi wu nham can béng yéu
cau hé thong. Cac két qua nay cung cip co so dinh lugng quan trong cho thiét
ké va tdi vu HSTRN trong cac kich ban yéu cau do tin cdy va bao mat cao.

Chuwong 6: Két luin va huéng phat trién ciia Ludn an

6.1. Mot s6 két qua dat dwoc cua ludn an

1. Dé xuat va phan tich mo hinh HSTRN sir dung FC trong méi truong
c6 CCI, phu hgp voi kich ban mat do cao va tai sir dung phé. Co ché tich iy
g0i giup cai thién rd rét hiéu ning so v6i phuong an truyén théng. Cac biéu
thirc tudng minh cho OP, SOP dugc xay dung, kiém chimg bang mé phong,
ddng thoi bai toan tbi wu tai nguyén duoc thiét 1ap nham cuc tiéu hoa SOP.

2. Mo rong sang kich ban da cum, tich hgp NOMA, PRS va FC trong
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moi truong c6 nghe 1én. Hi€u nang duoc cai thi€n nho hi€u qua phé, do loi
phan tap va kha ning thich nghi ctia FC. Cac biéu thic OP, SOP, IP va SIP
cho phép danh gia dinh luong, 1am rd danh di giita do tin ciy va bao mat,
khing dinh vai tro cua cac k¥ thuat tich hop.

3. Dé xuat md hinh PLS-NOMA-HSTRN tich hgp RIS két hop FC va
PRS. RIS cho phép tai cau hinh méi truong truyén, ting do loi kénh va diéu
khién tin hiéu thu. Két qua cho thiy sé phan tir RIS anh huéng dang ké dén
hiéu nang, déng thoi 1am ré danh do6i giita do tin cy, bao mat va do tré.

4. Hoan thién 1y thuyét tich HSTRN sir dung FC véi cac biéu thic
tuong minh, cho phép danh gid hi¢u nang dudi nhiéu tham s6 nhu kénh truyén,
CCI, phan bd cong suat, cdu hinh RIS, s lugng relay va quy mo ngudi ding,
qua d6 cung cép co s& dinh luong cho thiét ké va téi uu hé thong.

6.2. Huéng phat trién ciia Ludn dn

Trén co so cac két qua dat dugc va huéng phat trién cia HSTRN trong
bdi canh 6G, mot sd hudng nghién clru tiém nang dugc xac dinh nhu sau.

1. M6 rong sang md hinh hai chiéu (TWR) nhdm nang cao hi¢u qué
phé va bao mét.

2. Tich hop RIS, EH va CR dé cai thién hiéu qua phd va niang lugng.

3. Phat trién co ché bao mat nang cao dua trén CJ Kkét hop EH.

4. Xem xét céc diéu kién thuc té nhu SIC/CSI khong hoan hdo va cac
mo hinh kénh tong quat, cung cac kién trac nhu STAR-RIS.

5. Ung dung RSMA va hoc may dé t6i vu tai nguyén va diéu khién hé
thong thich nghi.

Céc hudng nay gop phan hoan thién co sé Iy thuyét va dinh hudng trién
khai thuc tién cho HSTRN, trong d6 mot sé noi dung bude dau da cé két qua
va da duoc cong bb trong [J5].
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