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Tom tat—Trong bai bao nay, chung t6i dé xuat phuo’ng
phép hiéu qua dé danh gia hi¢u nang qua tham s6 x4c suat
dirng (OP) cua so dd truyén thong chuyén tiép hai chiéu
(TWRN) dua trén phuong phap hoc sdu DL (Deep-
learning). M6 hinh xem xét bao gom hai nut nguon trao do6i
thong tin v6i nhau duéi sy hd tro cia nut chuyen tlep (R)
sir dung k¥ thuat khuéch dai va chuyen tiép (AF) c6 thu
thap ning luong (EH). Trudc tién, biéu thic OP dang
twdng minh dwoc rat trich. Mo phong kiém chung Monte-
Carlo thyc hi¢n qua kénh fading Rayleigh dé x4c minh tinh
chinh xac cho biéu thirc OP d& xuat. Hon nira, chung toi sir
dung phuong phap c6 d¢ phirc tap thap dé dy doan OP qua
md hinh hoc sau. Cac két qua mo6 phong OP trung khép véi
phuong phap dung DL.

Tir khéa— TWRN, EH, DL, OP.
l. GIOITHIEU

Do hi¢u qua phd tan cao hon so véi chuyén tiép mot
chiéu, truyén thong chuyen tiép hai chiéu (TWRN) nhén
duoc sy quan tim dang ké vao nhimg nam gan day [1]. Xet
mot mang TWRN cu thé, thong tin ctia hai ntit ngudn trao
(101 qua lai véi sy hd trg ctia mot hodc nhleu nat chuyén
tiép (R) & gitra. Cac giao thire chuyén tlep dang tin cdy da
duogc phat trién dé s dung nhitng wu diém cia TWRN [2].
Hiéu nang cua mang TWRN da dugc danh gia trong cac
nghién ctru [3—4]. Dic biét, xac suat dimg (OP) da duoc
phéan tich trong [5—6].

Hoc méay (ML) 1a mot linh vyc di phét trién rong rdi
trong cac cong ngh¢ hién dai. Cong ngh¢ nay da duoc tich
hop vai nhidu linh vuc khac nhau nhu bao mét, xir 1y tin
hi€u va hinh anh, va mang truyén thong khong day [7— 9]
Phan tich OP cua so do da truy cap khong tryc giao
(NOMA) str dung vira truyén thong tin vira truyén ning
luong ( SWIPT) dya trén m6 hinh hoc sdu (DL) da dugc
nghién clru trong [10 Dy doan OP cho mé hinh nhiéu
phuong tién két n6i (IOV) dya trén ML duoc nghién ctru
trong [11], cac tac gia dé xuét giai thuat tinh toan OP thoi
gian thuc voi do chinh xac 51.8% so voi cac giai thuat
trude do. Banh gia hiéu nang cho mod hinh thong tin goi
ngén trong mang SWITP van vat két ndi (1oT) da dugc dé
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Xuat trong [12], ti 1¢ 161 khéi trung binh (BLER) véi do
chinh xac cao thuc hién trong thoi gian ngan so v6i phuong
phap phan tich thong thuong. Tdi uu hoa so d6 chom sao
dua trén DL trong mang TWRN dugc nghién ctru trong
[13] két qua mé phong thu dugc ti 1¢ sum-rate cao hon so
v6i phuong phap Iua chon niit chuyén tiép théng thuong.
Ung dung DL cho bao mat 16p vat 1y trong mang 6G di
duoc khao sat trong [14]. T4c gid trong [15], da thiét ké
chum tia dya trén DL hd tro hé thong bé mat théng minh
c6 thé cqu hinh lai (RIS: R,econflgurable intelligent
surface) dé dat duoc hi¢u ning tot hon trong ca hai truong
hop thong tin trang thai kénh truyén (CSI) hoan hao va
khong hoan hdo. Cac tac gid [16] da d@é xuat phuong phap
lwa chon nit chuyén tiép dua trén DL dé gia ting hiéu ning
bao mat 16p vat ly.

Mang chuyen tlep dya trén ML/DL dé tdi uu hoa hi¢u
ndng bdo mit, cai thién ti 1¢ 18i bit (BER) v6i 4n dinh cong
suit tai R dd duoc dé xuat trong [17—18]. Lua chon R toi
uu dya trén DL [19] dé cai thién hiéu nang OP va dung
luong kénh truyén so véi phuo’ng phap truyén thdng. Lya
chon anten dya trén DL d€ t0i wu hoa hi¢u ndng h¢ thong
dd dugc dé xuét trong [20]. Panh gia hiéu ning bao mat
trong mang NOMA SWIPT [21] v&inut R st dung k¥ thuéat
mi hoa va chuyén tiép (DF), ¢6 thu thap ning luong dwa
trén ky thuat phan chia nang luorng (PS: Power Switching)
cho gidi ma thong tin. Tac gia da phat trién thuat toan dé
Ira chon hé s6 an dinh cong suét t6i vu dat dugc hiéu ning
bao mat tot hon so véi phuong phap thong thudng.

Khéc véi cac nghién clru & trén, bai bao nay dé xuat mot
phuong phép d6 phic tap thip dé du doan OP cho mé hinh
TWRN c6 EH dUng ky thuat DL. Ham hoc sau (AI) dua
trén DL giam thoi gian tinh toan va hi¢u qua so véi phuong
phap thong thuong. Dé giam thoi gian m6 phong OP,
chung t6i dua ra mot mé hinh hoc sdu dé dy doan chinh xéac
OP. Dac biét, chung ti xay dyng mot mang no-ron hoc séu
(DNN) dé nim bit mbi quan h¢ gitta cac tham sd hé thong
va OP tuong mg, c6 the dy doan hiu qua tham s6 OP cho
cac tinh hudng thyc té khac nhau cin quan tam.

Il. MO HINH HE THONG

Xem xét mé hinh hé théng nhu trinh bay & Hinh 1 véi
S1Va S, 14 hai ntt nguon trao ddi thong tin voi nhau qua sy
tro gitip cua nat R ¢6 thu thdp nang lugng, su dung kénh
truyén fading Rayleigh. Trong Hinh 2, nit R s dung ky
thuat AF va PS.
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Hinh 1: M6 hinh nghién cieu

Goi hy, h2 13 hé sb kénh truyén tir S;—R, S,—R va hy, h,
lan luot 1a hé s6 kénh truyén R—S;, R—S,. He thong str
dung k¥ thuat ghép kénh phan chia theo thoi gian (TDD
Time Division Duplexing), gia st rang céc kénh d6i xtng,
nghia 1a hy= hy, ho=h,. O kénh truyén fading Rayleigh, do

loi kénh truyén twong tng |hi| 6 phan b mii v6i tham sb
dac trung ;, =|h, |2 /d!", trong d6 d; 12 khoang cach gitra hai
nat, y1a hé s6 mil suy hao dudng truyén phu thudc vao
moi trudng truyén dan thudng co gia tri tir 2-6 [22].

Thu thip ning lugng tai R

vas,

Truyén théng tin tir S; va S, dén R

Hinh 2: Ky thudt PS tai nut R

Trong Hinh 2, R s& thu thap nang luong trong khoang
th(nglan oT , nang luong nay s& dugc sir dung dé R chuyen
tiép thong tin trong pha tiép theo 1—a)T . Qua trinh dé
truyén tin hiéu tir S—R va nguogc lai bao gdm hai pha. O
trong Pha 1 tr S;—R, tin hiéu nhan dugc tai nut R duoc

cho boi
y, =yRhx +Rhx +n,, L)

trong d6, P1 va P, 1a cong suat phat tir nat Sy va Sy, xq la
symbol truyén tir niit Sy, X2 12 symbol truyen trnat Sy, ny la

nhiéu Gaussian tai nat R véi phuong sai o” .

Tai nut R, tin hiéu thu duoc phan chia thanh hai phan boi
bd phén chia nang luong theo PS, mot phan cho thu thap

nang lugng [\/_(\/Thlxl + \/—thxz )] va mét phan cho xir Iy
thong tin [ 1-4(\Rhx +Rhx )].véi 0<A<1lahesd
phén chia nang luong [23].
Nang lugng thu thap trong Pha 1 1a
E =nta® [ +RI, )
Cong sut truyén tai R

R :i:ﬂﬂa(alh1|2+lehZ|2) , (3)
l-a l-«a

Tai nut R, tin hi¢u thu dugc yr s€ dugc qhuyén ddi tir
bang thong cao sang bang tan co ban va khuéch dai boi hé
s0 B cua ky thuat AF tai R

X, =BY,, (4)

trong do

j, =\J1-2)PhX +/0-)Phx, +y/@-2n, (5)

SO 02 (CS.01) 2023

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG

v6i np 14 nhidu Gaussian do xir Iy RF dén bang tan co so.
Hé sb khuéch dai cua AF 1a
Jr
R 2RI+ - 2)e;
" . (6
Ja- 2R +@-2)R [

_ e
Na-a)(1-2)

Tin hi¢u nhén tai nit S; va S lan luot 1a y; va y,. Sau
mot sO bude bién doi ta thu dugc

y,=hx +n =hpgy +n
7
A (JR, B o ), O
va
y, =hx +n, =hpBy +n,
8
T (R s B en )en O
trong d6, N1 va nz 1an luot 1a nhiu Gaussian tai S; va S,.

Sau khi cac n(t S; va S; loai bo thanh phan ty can nhidu
(SI: self-interference) 1a tin hi¢u x1, X2 st dung céac ky thudt
ma mang [24]. Ti s6 tin hiéu trén nhidu nhan dugc tai nit
Sl va Sz la

_ RS

, 9
A (1-2)o" +o° ®)

1

_RA-A)F [ Inl

(10)
gl (1-2)c +o

v6i hy va hy 1a hé s6 kénh truyén co phan b fading
Rayleigh. Do do, ditX =|h|" va Y
Ham pdf ciia phan bé mii duge cho boi

=|h,|" s& c6 phan bd mil.

LX) = A, (11)

i
cac do loi kénh truyén duoc ky hiéu la |hi |2 , ie{,2}s€ co
phan bb mii voi gia trj trung binh 4 =1/ 4, = E{|h |2} , trong
d6 ={}1a toan tir ky vong.

Ti s6 SNR ciia h¢ thong:
Tir (9) va (10), sau mot vai phép bién ddi va dat bién
=Y =] b=g (1-2)0"; c=0c"; d=P(1-2) 5

So @5 TWHD dua trén AF tai R, SNR tong thé tai S; va
S, 1a

aXY
= , 12
& bX +¢ (12)
dxy
- . 13
Ty v (13)

trong d6, X va Y 1a cac bién ngau nhién c6 phan b6 mil.
ll. PHAN TiCH HIEU NANG
A. Tinh todn OP
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Theo tai liéu [25], hiéu nang OP cua so dd TWRN dinh
nghia boi

TWHD
Pout

=Pr(y, <z, or y, <)

= Pr(}/1 <r)+ F’r(72 <2'),
S — (R—

Pr, Pr,

~Pr{y, <t} {r, < )

P

(14)

trong d6 cac thanh phan xéc suat Pry, Pry, Prz dugc tinh todn
nhu bén dudi.

Trudc tién, theo dinh nghia 1y thuyét xac sut, thanh

phan Pry
axy
Pr1=Pr(71<r)=Pr( <rj,
bX +c

(15)

Tir (15) ¢6 thé viét lai nhu sau

cloced)

Pr. = Pr(Y <
ax

0

(16)

Khai trién tich phan (16) ta thu dugc

= Ar{bch}
Prl—'f(l—e o ]/lle“dy

@ “JX +c}
=1—je T aedx
t : (17)

7,60

=1- leaj.e”mx

e 4her
Ax

=1-4e ° Je an7’dx

Ap dung cong thirc (3.324.1, [26]) ta duoc

42.cr 42, ct
Pr=1- Ae K |
a a

voi K, () la ham Bessel bac 1.

(18)

Str dung khai trién twong ty nhu Pry, ta co
Pr, =Pr(y, <)

o f%ﬂzcr , (19)
da, d

Abr
= d
=1-2¢

Cudi cung, thanh phan Prs trong cong thiic (14) dugc
tinh nhu sau

Pr, = Pr({;/1 < r}ﬁ{;f2 < r})

(%<l
=Pr <TiN <7
bx +c by +c

p({y%}m{%}j . (0

«(bec) w(by+c)

X ax Yo dy
0 ¥
—x

fxy(x,y)dydx+_[ _[ £ (xy)xdy
=P +P

%
-y
Yo
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v6i cac thanh phan P; va P, duge cho bai

Abr

R=T+T, =-2e * (T,+T,)

)
Mﬁ-i’
?Ae"‘ff’uﬁf&(myg(

Z’]
A [
Mﬁ-i

XO

(2D

e (m]

va

W(Jg}
s

thé (21) va (22) vao (20) ta thu dugc cong thirc dang tudong
minh cia Prs. Chimg minh chi tiét dugc thuc hién trong
Phan Phy luc cta bai bao [27]. Nhu véy, thay cac xac suat
thanh phan Pry, Pr, va Prs tir cong thae (18), (19), (20) vao
(14) ta dugc dang dong cua OP tong thé hé thong bing
phuong phap phan tich.

Gz)- s )“Euyo)](ﬂ)

Cong thirc (23) c6 thé tinh toan bang phuong phép phan
tich s6 va mo phong Tuy véy, biéu thirc chira nhiéu tham
sO ddu vao mat thoi gian tinh toan va mo phong lam tang
d6 phuc tap hé¢ thong Chung t6i dé xuat phuong phap c6
d6 phirc tap thip dé wéc luong nhanh tham sé OP bang
phuong phap DL chi véi mét ngo vao va mot ngd ra, su
dung ham AI dé du doan chinh xac két qua OP.

B. M6 hinh hudn luyén

Chung t6i thiét ké mo hinh mang DNN dé du doan hiéu
nidng OP cua hé thdng. M6 hinh gom mét 16p ngd vao,

(L—1) 16p 4n va mot 16p ngd ra dé dy doan OP nhu trong
Hinh 3.

TWHD
POU[
22 40 45,0t
=1-7e * K,
al a
2 fager 42 Acr
+1-2e ¢ —K, L
, d
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Hinh 3: M6 hinh mang DNN

Lop vao chira mdt no-ron tuong tng vdi mot nit chi
tham so SNR. Béng 1 tinh toan SNR qua cong thirc (12) va
(13). O d4u ra ciia m6 hinh chira mot no-ron tuong ung véi
udc luong OP. SNR 1a tdp hop cac vecto dau vao,

wh,

Mai 16p an 1 véi, 1=1,...

wtD , W 1a tap hop céc trong sé ciia md hinh.
,L—1 ¢6 chtra no ron Q(I) .

Trong do, sir dung mang tin cdy Bayesian (BNN) dé
huén luyén dit liéu [28]. BNN dugc dinh nghia la m§t mang
than kinh nhan tao ngau nhién dugc dao tao bang céch s
dung thuat toan Bayesmn Pé thiét ké mang BNN, budc
dau tién chon m6 hinh mang no-ron, vi du mgt mé6 hinh
gom nhiéu nat mang. Tlep theo, phdi chon mot mé hinh
thong ké, vi du phan ph01 xéc sudt trén tham sé md hinh c6
thé c6 p(H) va xéac sudt du doan ciia mé hinh p(y|x,0).
Tham s6 héa mé hinh c6 thé dugc coi 1a gia thuyet H va
tap hudn luyen la du liéu D. Khi str dung BNN dé dy doan,
phan phéi xac suat p(y|x,D) dugc goi 1 can bién va dinh
lwong d6 khong chéc chin ciia mé hinh d6i voi du doan
clia n6, duge quan tam dic biét. Cho trude p(6]D), x4c suét

p(y|x,D) co thé tinh boi

p(y/xD) =], p( p(¢|D)o

Cong thirc (24) sir dung dé dy doan OP theo mé hinh
DNN trong Hinh 3.

y| X, 9 (24)

Hinh 4: Tao ham Al trong Matlab dya trén thudt todn
Bayesian

C. Hudn luyén dir liéu

Cac du liéu dau vao SNR dang vector 1a cac tham )
duogc tao ra trong MatLab theo cong thue (12) va (13), kem
theo OP tuong tng theo cong thirc (23), cac gia tri dau vao
tinh toan OP dugc cho trong Bang 1. Qua trinh huén luyén
dir ligu st dung giai thuat Bayesian, nhu m6 td trong Hinh
4. Két qua huan luyén duoc ham Al ham nay dung dé du
doan OP cua hé thong Trong do, s6 16p an téi wu duoc
chon tmg v6i tham s6 16i trung binh binh phuong (RMSE)
nho nhat. Trong mé hinh ctia ching t6i, tap dir liéu dugc
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chia thanh 70% cho tap hnén luyén, 30% con lai chia déu
cho tap danh gia va tap kiém thu.

Bang 1: Cdc tham sé dau viao mé phong

STT Tham so Gia tri
1 Tbc d6 truyén dan muc tiéu Rp 0.5 bit/s/Hz
2 Time Block T 1
3 He¢ s0 phan chia thoi gian « 0.5
4 H¢ s0 phan chia nang lugng 1 0.5
5 Vi tri ciia S1 [0.0; 0.0]
6 Vi tri ciia Sz [1.0; 0.0]
7 Vi tri cia R [0.5; 0]
8 H¢ s6 mil suy hao v 3
9 Phuong sai nhiéu o? 1

10 | Hiéu suét chuyén d6i niang luong n 0.5
11 | So phép thir Monte-Carlo (N) 10°

IV. KET QUA MO PHONG

Trong phan ndy, chung t6i trinh bay ket qua md phong
dé danh gia OP cuia hé thong dugc dé xuét, dong thoi so
sanh két qua bang cach su dung phuong phap mo phong
Monte Carlo, phan tich ly thuyet OP va dy doan bang ham
Al Gia dinh rang vi tri cua cac phan tir trong toan bd mang
duoc dt tai cac toa do (x, y) voi toa d twong ng: Si1(0,
0), S2(1, 0) vaR(0.5, 0). Cac tham s6 mé phong khac duoc
trinh bay trong Bang 1. Cong suét phat cta nut nguon S1
va S, chon bang: P= Pl P.. Phuong sai nhiéu tai cdc nut

chuin hoa: ¢ :O' —a —a =1.

Tiép theo, chung t0i trinh bay cac két qua mo phong dé
so sanh két qua OP Iy thuyet va phuong phap tinh toan OP
cua ham Al dugc dé xuat. Mo hinh mang DNN trong Hinh
3 v6i cac méu dau vao dugc huén luyén 3 lan, ham AI 1a
mdi quan hé gitra dau vao SNR va dau ra OP tuong ung.
Qua trinh huan luyén tao ra ham Al véi két qua RMSE
duoc chon nhé nhat. Tham so RMSE duoc tinh toan nhu
Bang 2 bén dudi theo so 16p an.

A. Danh giad RMSE

De danh gia sai so clia mo hinh dya trén DNN dugc dé
xuét trong so dd dé du doan OP muyc tiéu. RMSE duoc su
dung dé do ludng su khac biét gitra gia tri OP thuc té OP,
theo cong thirc (23) va gia tri OP duoc du doan OP, cong

thuc (24) trong toan bd tap thir nghiém. Phuong phap
RMSE dura trén mé hinh c6 thé tinh toan boi:

1M 2
RMSE = \/Mg(opm 70Pm) (25)

trong d6 M biéu thi tbng s6 mau trong bd thir nghiém.
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Bdng 2: So sanh RMSE

S6 16p 4n Epoch RMSE
1 a4 1.2894x10°
é 93 4.0463x10™
3 9a 3.7341x10
4 62 1.0097 %10
5 62 1.5866 x10™
6 69 7.0708x10™"
! 62 8.4542x10™
8 100 1.0731x10

Hiéu ning hudn luyén tét nhét 1a 7.0708e-13 tai epoch 69

Judn luyén
Kiém thi

Tot nhat

RMSE

1D—1C‘ F

69 Epochs
Hinh 5: RMSE véi 6 1ép dn

Bang 2 trinh bay RMSE tuong tng véi ham Al ¢6 tur
1-8 16p an. Ham Al tao boi md hinh DNN duoc st dung
de dy doéan tham 50 OP cuia h¢ thong. Co thé quan sat thay
rang khi sb luorng 16p 4n tang Ién, g1a tri cuia RMSE thap
hon, OP dugc udce tinh gan chlnh xéc két qua ly thuyét.
Dleu nay 1a do mo hinh DNN ¢6 nhiéu 10‘p an c6 kha nang
téng quat hoa tap dir liéu, din dén cai thién hiéu ning
mang, trong khi mang no-ron mot 16p khong hoc duogc cac
mau phuc tap trong tép dir liéu chiéu sau dan dén RMSE
cao. Tuy vy, khi s6 10p 4n gia ting, thoi gian tinh toan va
do phue tap mang DNN ciing tang theo. Tur két qua mod
phong, RMSE nho nhét ti wu voi 6 16p a an, dugc chon dé
wéc luong tham sb OP ciia hé thng theo phuong phap DL.

Hinh 5 v& minh hoa RMSE ctia m hinh DL theo sO 16p
4n bang 6 16p, két qua tot nhét khi s6 16p 4n bang 6 dat
dugc véi 69 epoch. Gia tri RMSE dat dugce tuwong ung la
7.0708x10%3.

B. Danh gia OP

Hinh 6 mo6 phong OP theo SNR {mg v6i hai truong hop.
Truong hop 1: tbe do bit Rp=0.2 bit/s/Hz, s6 phép thu
Monte-Carlo N=10° va Truong hop 2: téc d6 bit Ry=0. 5
bit/s/Hz va s6 phép thir Monte-Carlo N=10°. Céc tham s&
mo phong con lai dugce trinh bay trong Bang 1. ‘Theory.’
la duong nét lién OP 1y thuyét theo c()ng thirc toan dang
tuong minh (23). ‘Sim.” 1a duong mo phong OP theo ly
thuyét sac xuat v6i so phép thir 1a N=10° va N=10°. ‘Al 6
I6p” 1a két qua OP v€ boi ham dy doan Al su dung mang
DNN véi 6 16p 4n. C6 thé nhan thay két qua tring khép
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o Sim.
| N — Theory.
@ R O Meip

107!
Trudng
bhop 2

OP

Truong 8L _
hep 1 )

0o 2 4 8 8 10 12 2w 1B 1B N
SNR

Hinh 6: OP thong qua SNR

gifta tinh toan 1}'/ thuyét cong thirc (23) va phuonﬂg phéap
Monte-Carlo, xac minh cho tinh chinh xéc cta bi€u thuc
OP dé xuit. Khi SNR gia tdng dam bao ngudng SNR dau
vao tai muirc t6i thiéu duy tri hoat dong hé¢ thong. Ngoai ra,
xéc suat OP gia tang khi tang toc do bit Ry tir 0.2 bit/s/Hz
dén 0.5 bit/s/Hz. Ham Al v6i 6 16p an d& xuét tinh toan
chinh xac g1a tri OP cho ca hai truorng hop minh chimg cho
tinh hiéu qua cta phuong phéap uéc lugng OP bang DL.

C. Danh gia thoi gian thuc hién

Tiép theo, chung toi danh gia thoi gian thyc thi ciia ham
Al duge dé xuat va thoi gian tinh toan OP bang mo phong
va tinh toan OP theo 1y tuyét, nhu dugc hién thi trong Bang
3. M6 phong duoc thue hién voi phin mém Matlab
R2018a, trén may tinh chay hé diéu hanh Winl0 64bit,
CPU Core i5-8250, 8GB RAM.

Thoi gian thye hién trong Bang 3 dugc dinh nghia 1a
thoi glan danh cho hé¢ thong dugc coi la thue thi thuat toan.
Két qua cho thay raing ham Al duoc dé xuét ton thoi gian
thyc thi rit ngén, ngay ca khi xu 1y cac tinh hudng quy mo
16n. Vi du so sanh két qua chay md phong OP theo Monte-
carlo két qua phan tich Iy thuyét va mé hinh DL. Thoi gian
chay mé phong: Mo phong Monte-carlo véi sd phep thu

10° la 4.502395s. Thoi gian chay két qua ly thuyét la
1.488841s. Chay bang ham Al chi mét thoi gian 0.000521s.
Nhu viy, v6i phuong phap dy doan OP dung DL, thoi gian
rat ngan dang ké so voi phuong phép tinh toan thong
thuong. Khi so phép thur ting lén, thoi gian tinh toan OP
theo mo phong cling téng theo, trong khi thoi gian thyc thi
du doan OP bang ham AI khong anh hudng dang ké.

Bang 3: So sanh thoi gian thuc hién

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG

S6 miu | Tham | Thoi gian | Thoi gian | Thoi gian
Monte- | so thwe hién | thwc hién | thwe hién
carlo (MonTe- (Ly (Al)
Calro) thuyét)
10% OP 4.502395s | 1.488841s | 0.000521s
108 OP 66.476738s | 0.654479s | 0.000278s
V. KETLUAN

Bai bao nay di dé xuit du doan OP d6 phrc tap thip dua
trén ky thuat DL va md hinh DNN. Két qua thyc hién véi
thoi gian tinh toan OP giam dang ké sir dung phuong phép
DL. Két qua mo phong OP trang khép giita mo hinh toan
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va ham du doan dung phuong phap DL minh chung cho
tinh chinh x4c ctia ham AI dé xuét Két qua dy doan OP t6i
uu duoc huin luyen v6i 6 16p an. Hon nira, gia tri RMSE
cang giam khi s6 mau kiém tra va s6 16p an tang No6i mot
céch khac, két qua du doan tir DNN dat d¢ tin cay khi tang
s6 mau kiém tra va tang 56 16p an. Str dung mo hinh DNN
dé du doan OP glup tiét kiém thoi gian hon nhiéu so véi
phuong phap mo phong va phan tich.
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Nguyén Hiru Phong, V6 Nguyén Quéc Bo

ESTIMATE THE OUTAGE PROBABILITY OF
TWO-WAY RELAYING MODEL VIA RAYLEIGH
FADING CHANNEL BY DEEP LEARNING
METHOD

Abstract: In this paper, we propose an effective method
to evaluate the performance through the outage probability
(OP) of the two-way relay scheme (TWRN) based on the
DL (Deep-learning) method. The considered model
consists the two source nodes exchanging information with
each other via the help of a relay node (R) using the energy
harvesting (EH) and amplify-and-forward (AF) technique.
First, the explicit OP expression is extracted. The Monte-
Carlo validation simulation is performed over the Rayleigh
fading channel to verify the accuracy of the proposed OP
expression. Furthermore, we use a low complexity method
to predict the OP through DL model. The OP simulation
results coincide with the DL method.

Keywords: Two-way relaying, energy harvesting, deep-
learning, outage probability.
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