Nguyén Anh Tuén, Tran Thién Thanh, V& Nguyén Qudéc Bo

PHAN TiCH XAC SUAT DUNG HE THONG
CHUYEN TIEP HAI CHIEU SU’ DUNG CONG NGHE
THU THAP NANG LUQNG TU NGUON PHAT

Nguyén Anh Tuan’, Tran Thién Thanh”, V& Nguyén Quéc Bao”
"Cuc Tan sb vo tuyén dién-Bo Théng tin va Truyén théng
“*Trwdng Dai Hoc Giao Théong Van Tai TP. H& Chi Minh

*Hoc vién Coéng nghé Buu chinh Vién thong

Tém tit- Bai bdo nay nghién ciru mang chuyén tiép
hai chiéu siv dung ky thudt thu thip nang liwong tiv
nguén phdt ning lwong. Cdc niit mang khong cé
nang lwong luu triv ma si dung nang lwong thu
thip tir nguén phat nang lugng dé cung cip cho cdc
hoat dong truyen phat. Chiing toi da dé xudt
phuwong phap dé Pphin tich xdc sudt dieng chinh xdc
ciia h¢ théng va biéu dién dwdi dang twong minh.
Két qui mé phéng da xdc nhdn tinh chinh xdc cia
két qua phan tich va chi ra rang vi tri clia nguon
phdt va niit chuyén tiép anh hwéng rit Ién dén hiéu
néng cia hé thong.

Tir khéa- chuyén tiép hai chiéu, fading Rayleigh, thu
thap nang lugng v tuyén, nguon phat nang luong

I.GIOI THIEU

Trong nhitng niam gan ddy, cong nghé thu thap
nang luong 12 mdt hudéng nghién cuu séi dong va
dugc cac nhém nghién ciru trén thé gii quan tam
[1-3] nhu 14 mot phan ciia cong nghé truyén thong
xanh [4-7]. Bén canh thu thap nang luong tir ngudn
ty nhién vi du nhu gid, thay triéu, anh sang mat
troi, thu thap nang luong tir song vo tuyén co
nhiéu vu diém nhu tinh 6n dinh, cha dong, va d&
dang ap dung cho cac mang thong tin vo tuyén [8-
10]. Cong nghé thu thap ning luong vo tuyén cho
phép cac nut mang thu nang lugng bén canh thong
tin tir tin hiéu vo tuyén dé chuyén ddi thanh néng
luong phuc vu cho cac hoat dong truyén phat ciia
mang [11, 12]. Cong nghé nay nay cho phép kéo
dai thoi gian hoat dong cua cac nut mang vo tuyen
ngay ca khi nat mang khong dugc cap nguon tai
chd, dic biét hiru dung cho cac mang cam bién
khéng day. Hién nay, c6 hai kién tric tric co ban
trong thu thap ning luong vo tuyén, dé 1a (i) thu
thap ndng lugng phan chia theo thoi gian va (ii)
thu thép néng lugng phén chia theo cong sudt [12].
Cho dén nay, co rat nhidu nghién ciru nhim cai
thién hiéu nang va vung phd séng cua mang thu
thap nang lwong, vi du nhu: [13] d& xuét phuong
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phap phan tich hiéu ning ciia mang chuyén tiép
thu thap ning luong, [14] d& xuat phuong phap
phan tich hiéu ning dwa trén chudi Taylor cho
mang chuyén tiép co Iya chon nut chuyén tiép,
[15] dé xuat phuong phap phén tich hi¢u ning méi
cho mang Multi-Input Multi-Output chuyén tiép
thu thap nang lugng thu thip nang luong, [16]
khao sat anh huong cua kénh truyén khong hoan
hao trong Iya chon nit chuyén tiép ctia mang
chuyén tiép thu thap ning luong, [17, 18] ap dung
ky thuat distributed switch-and-stay cho mang
chuyén tlep thu thu thap nang luong, [19] tan dung
kénh truyén truc tiép cho hé théng chuyén tiép da
nguoi dung su dung ky thuat SWIPT
(Simultaneous Wireless Information and Power
Transfer), [20] khao sat hiéu nang ciua mang
chuyén tiép da chang theo cum véi ky thuat thu
thap nang luong, [21] khao sat thong luong cua
mang thu thap ning lugng c6 ngudn phat.

Bén canh ky thuat thu thap nang luong, ky thuat
chuyén tiép 1a mot ky thuat hiéu qua dé mo rong
ving phil séng cia mang vo tuyén, dic biét la
mang v tuyén thu thap ning luong do ning luong
thu thap hién nay vin & mic mW [22-24]. Trong
cac k¥ thuat chuyén tiép, chuyén tiép hai chiéu cho
hiéu sudt phé tan cao nhét [25, 26]. Cho dén nay,
ky thuat chuyén tiép hai chiéu da dwoc xem xét
cho nhiéu cong nghé tién tién & 16p vat ly, vi du
nhu vo tuyén nhan thie [27-29], bao mat 16p vat 1y
[30], song cong [31], goi tin ngén [32], va diéu ché
khdng gian [33].

Gan day, ky thuat thu thap ning lugng ciing dugc
&4p dung cho mang chuyén tiép hai chiéu, vi du &
nhitng bai bao [34], [35], [36], [37]. Cu thé, trong
[34], nhom tac gia da danh gia hiéu nang cta hé
thong truyén chuyén tiép hai chiéu trong moi
truong vo tuyén nhan thirc voi nat chuyén tiép thu
thap ning lugng trong didu kién suy giam phin
ctng. Trong bai béo [35], Tutuncuoglu va cong su
da d& xuét cic giao thic cho phép t6i da tong
thong lwong cua mang chuyén tiép hai chiéu véi
gia st cac nit mang hoat dong dya trén nang lugng
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thu thap va khong c6 by dém. Cac két qua phan
tich trong bai bao da chi ra rang k¥ thuat chuyen
tiép c6 anh huong dang ké 1én giao thirc truyen t6i
uu. Bai bao [36] d4 xem xét mang chuyen tiép hai
chiéu thu thap ning luong vo tuyén véi mot nit
mang khong thu thap nang luong va mét nit mang
¢ su dung thu thdp nang luong. Bai bao da deé
xuit mot giao thirc truyen t6i uu dya trén mé hinh
thu thap nang lugng ngau nhién. Gan ddy, bai bao
[37] dd phéan tich chit lugng hé théng truyén
chuyén tiép DF hai chiéu ba pha thoi gian trong d6
ndt chuyén tiép thu thip ning lugng tir tin hiéu vo
tuyén trong hai pha dau tién dé chuyén ddi thanh
ngudn phat tin hiéu trong pha thoi gian thir ba.
Trong bai bao ndy, nhom tac gia phan tich chat
luong hé thong theo hai thong s6 1a x4c suat dimg
va thong lugng. Tuy nhién, bai bdo chua dua ra
biéu thirc dang tudng minh ciia xac suit dimg toan
hé thong.

Trong bai b4o nay, ching to6i dé xuit mé hinh
chuyén tiép hai chiéu sir dung k¥ thuat giai ma va
chuyén tiép sir dung ning lwong thu thap véi bdn
khe thoi gian. Cac nut mang thu thap nang luong
tir ngudn phat nang luong doc 1ap. Ching toi phan
tich va biéu dién xac sut ding hé théng & kénh
truyén fading Rayleigh ¢ dang twong minh. Céc
két qua phan tich 1a méi va la dong gop quan
trong. Cac két qua phan tich trong bai bao Ia
nhitng két qua budc dau dé phan tich nhiing mo
hinh phirc tap hon khi sir dung chuyén tiép hai
chidu va nhiéu ngudn phat ning lugng.

Céc phan tiép theo cua bai bio dwoc bd cuc nhu
sau. Phan II 14 M hinh hé théng. Phan III phan
tich x4c suit dimg chinh x4c ctia hé. Phan IV trinh
bay két qua mé phong Monte Carlo dé kiém ching
két qua phan tich 1y thuyét va khao sat dic tinh cua
hé thdng. Phan V 1a phan két luan cta bai béo.

I1. MO HINH HE THONG
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Hinh 1 He théng chuyén tiép hai chiéu thu thip ning
lwgng sir dung ky thuéat chuyén tiep DF véi mét nguon
phat nang lwgng.

Hé¢ thong chuyen tiép hai chiéu thu thap ning luong
gom hai nat nguén (ky hi€u A va B), mot nit chuyén
tiép (ky hiéu R) va mdt nut cung cap nang luong (ky
hiéu PB). Gia su rang chc nit A, B, va R déu khong
duoc trang bi ngudn nang lugng va phai st dung nang
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luong thu thap tir PB. M6 hinh nay rét thyc té thuong
ng dung cho mang cam bi€n khong day vdi cac nut
mang thudng dua vao nang lugng thu thidp dé hoat
dong.

Qua trinh truyén nang luong va thong tin cua hé

thong dién ra trong bon khe thoi gian con co thoi gian
lin luot 1a: oT , & ;‘)T a ;‘)T vl ;‘)T véi

« 13 hé s6 phén chia thoi gian voi e €(0,1) va T la

thoi gian truyén ciia mot symbol chuan trong ché do
truyén truc tiép. Trong thuc té, gia tri o 1a mot tham
s6 hiéu nang quan trong, va co thé chon « dé hiéu
nang h¢ théng toi wu [41] [42].

Trong khe thoi gian con thir nhit, PB phat ning
luong cho cac nut A, B, va R. Trong khe thoi gian
con thir 2 va 3, nat ngudn A va B lan luot truyén
thong tin vé nut chuyén tiép R. Trong khe thoi gian
cudi ciing, nit R chuyén tiép thong tin nhan dugc tir
nit A (va B) vé nguon B (va A) dung giao thirc giai
ma va chuyén tiép.

Goi h,, voi Xe{A,B,R,P} va ye{A,B,R} la

. 3 2 .

hé sb kénh truyén tir X — Y, ta c6 |h| c6 phan bé

ham mil voi gia tri trung binh A,, khi xem xét hé
thong & kénh truyén fading Rayleigh.

Xem xét khe thoi gian con thir nhat, ning lugng thu
thap tai nat A, B va R tir PB lan lugt nhu sau:

En = &PgaT || 1)

E, = ePopaT |hyg |, (2)
va

Ex = &PgaT |he| 3)

V6i & 1a hiéu nang thu thdp nang lugng va P, la
cong suat phat trung binh cua PB.

Xem xét trong khoang thoi gian (l_;Z)T , ta tinh
duoc cong sut phat cia A, B, va R nhu sau:
3¢P,alh
PA PB | PA| (4)
l-«
3eP.alh, |’
PB — PB | PA| , (5)
l-«
va
2
- 3ePogar|hugl ©)

l-«a

Khi do, ta co ty $6 tin hi€éu nhan dugc tai R trong
khe thoi gian con thir 2 va 3 nhu sau:
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_ Pa |hAR| SgaPPB |hPA| |hAR| )
" N, l1-a N,
o Palhoe|” _ 3e0tPog |Pea|” [hea | @
oR N, l1-a N,

véi N, la cong sut nhidu tring tai may thu.

Tuong ty, ta c6 ty sO tin higu trén nhiéu tai A va B
trong khe thoi gian con thir 4 nhu sau

Yon = PA|hAR|2 _ 3eaPy |hPR|2|hRA|2
RA N, l1-a N, )
_ Pa |hAR|2 _ 3caRy |hPR|2 |hRB|2 (10)

BN, l1-a N,

I11. PHAN TICH XAC SUAT DUNG HE THONG

Trong phan ndy, chung t6i s€ phan tich xac suét
dimg cua hé thong ¢ kénh truyen fading Rayleigh.
Xem xét ba khe thoi gian con dé truyén thong tin, hé
thong chuyén tiép hai chidu sir dung k¥ thuat giai ma
va chuyén tiép s& bi dimg néu bét ky mot khe thoi
glan con nao khong dam bao toc do du ligu mong
muon cho truoc R . Ap dung dinh luat tong x4c sudt,
ta c6 thé viét xac suit ding hé théng nhu sau

OP =Pr[f(yax)<R]
+Pr[f (1) 2R, f (7er) < R] (11)
+Pr(f(yAR)2Rl f(rer) 2 R, f(}/R)<’R)

Vo 1y, )=

7g 12 ty b tin hiéu trén nhidu tvong dwong cua khe
thoi gian con thir 4.

Iogz(1+7/w) v6i Me{AR,BRR} ;

Khi nat chuyén t@é'p st dung k¥ thudt gidi ma va
chuyén tiép, ta c6 thé viét [43]

Ve =MiN(Yga:Vre) - (12)

T (7), (8), va (12), ta c6 thé viét OP lai do tinh doc
1ap thong ké clia 7,5, ¥an, VA 75 nhu sau:

OP = Pr(?’AR < 7th)+Pr(7AR 2 ¥ )Pr(yeg < 7th)
+Pr(7ar 2 70) Pr(7er 271h)Pr(7R <71h)
=1-Pr(¥ap 2 70)Pr(7er 270 )Pr (e 2 74)
(13)
£l ,
Voi 7, =2¥% -1 va dau
dung tinh Chét Pr(]’xv <7th):l_Pr(7xv <7zh) '

“w__s

0 (13) co6 dugc do s

Pr(yam > 7y )=1-Pr

3ca Py ‘hpA‘z‘hAR‘z <
1-a N, "

(14)

Str dung xac sut c6 diéu kién, ta co thé viét

T N
Pr (7/AR >}/th =1- .[F\hAR\ T > (X)dx (15)
0

BSaPPB X ‘“PA‘
l-o

voi F

ol . (y) va f‘h ; () lan lugt 1a ham CDF ciia

Ihse|” va ham PDF cua |he| . Thay thé F‘h ¢ (%)
c6 dang
F L (y)=1-exp| -2 (16)
Inae Ang
f .(y) codang
[har|
1 /4
f 2(7)=—9XP[——j (17)
o AAR AAR
vao (15), ta duoc
T 1 7uNo
Pr(ym >7n)=1-||1-exp| ~— 220
(726 > 70) .([ A 360Pg y
1-(1 AP
1 Vap
——exp| == |d
Xﬂ‘AR p( /,LAPJ Y ap
17 1 7w No Vap
== [exp| -~ tuo _Tw |4
/7'AR 0 P /1AR 3gaPPB j’AP 7o
l a AP

Str dung bién dbi (3.321.1) & [44], ta dugc
Pr(VAR > 7th) = 2,’ 7 A= )N,
3saPog Anp Anp (19)
K| 2 7 (- a)N
3eatPog Apng App

v6i K (X) 1am ham Bessel diéu chinh loai 2 bc 1
[45].

Tir (7) va (8), ta nhan thiy rang y,, VA g CO

cung mét dang, nén tr Pr(y,; > 7, ), ta d& dang suy

ra Pr(ygs > 7y, ) nhu sau:

Dé tim duoc OP, ta can tin todn Pr(ym, > 7). P (e > 7) =2 7o @—a)N,
Pr(Yer >7n) Va Pr(7z >7y)- Cu the ta viét lai (7) o 350t Pog Aop fg (20)
nhu sau: X}q(z Yo A= a)Ny ]
3e0Pog Agp Agp
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Bay gio ta s& tim Pr(y, > 7,,) bing cach xem xét
Ve VA Ves 0 (9) va (10) va nhan thiy yp, VA 7pg 12
trong quan véi nhau do c¢6 mdt thanh phan chung
|hee|* - Do d6, ap dung xac xut c6 diéu kién, ta co thé

viét Pr(yg > 7, ) nhu sau:

[(7e <70) = Fo e ) F (i )y - (21)
0

Nhic lai (12), ta c6 thé viét

FyR\YPR (rw)=1- Pr(7RA|YPR >7thl7RB|YPR >7/th)'
(22)

Khi diu kién trén Ypg , ¥ga| Ver VA Vge|Ver 18 doc

lap thong ké voi nhau, nén ta c6 thé viét lai (22) nhu
sau:

FyR\yF,R (7w) :1_Pr(7RA|YPR > Vi )Pr<7RB|YPR > Vi ) :
(23)
O kénh fading Rayleigh, ta c6

Pr(7RA|YPR>7th) Pr{lhRAl >

= exp{—

Pr(?/RlePR > 7th):exp[_

YuNo (- a)j
3£aPPB|hPR|

7uNo(1-a) ]
30 Pog Apa |hPR |2 (24)

Tuong tu, ta co

YaNo(1—a) J( )
3eatPog Agg |hPR |2

Két hop (22), (23), (24), va (25), ta co
7 7uNo(L-a) _ 7aNo(-0)
}/R ) 7m 'I‘:l_exp[_ 3gaP:BiRA7/PR jexp( 350‘P:52'R57PR H
1 VPR
x——exp| - |dyeg
e Xp( APRJ 7
(26)

2
:thRl

Str dung lai bién déi (3.321.1) ¢ [44], ta c6
I Yo d=a)N, K| 2 I?’m(l*“)No
\BeaPo dug by |\ 360t Pog g Ao
< 2 I Yo L—a)N, K| 2 l Y 1-a)N,

\I 3earPog Apr Age V 3eaPog Agr Aep
XZ\/}/‘hNO(l_a)(l-#lj

3‘E‘CKPF’B/?"PR j'RA //i"RB

x| 2 7uNo(-a) iJri
BeaPsder \Ara  Zre

Vi 7pp

Pr(7e <7w)=1 |:

Cudi, thay thé (19), (20) va (27) vao (13), ta cb
dugc két qua dang dong cua xac suét dimng hé théng &
kénh truyén fading Rayleigh.

V. KET QUA MO PHONG

Trong phan nay ching t6i s& thuc hién md phong
Monte Carlo d¢ kiém ching két qua ly thuyét phan
tich & phan trén va khao sat dac tinh cua hé thong. Bé
don gian, ching ta gia sir hé thong duoc dat trén mot
mat phang hai chi€u va cac nat nguon A, B, R va PB
co6 toa do lan luwot la: (0, 0), (1, 0), (0.5, 0), va
(XPB, yPB) ngoai trir cac khai bao khac. Véi kénh
truy:én, chung ta sir dung mo hinh suy hao duong
truyén don gidn d€ mo hinh héa d loi kénh truyén
trung binh, cy thé A,, =d,,™ véi 0, 1a khoang
cach vat 1y gitra X va ) va 5 hé s suy hao duong
truyén co gia tri tir 2 dén 6, voi 7 =3 . Cac tham s6
hé thong c6 gia tri nhu sau: € =0.6 va R=1.

Outage Probability

Hinh 2 X&c suit dirng hé théng theo P,g : anh hwéng
cia a VoI (Xpg, Ypg) = (0.51) va d,, =0.5.

o
©
-
N

o
®
-
S

o
bt

/
N

o
@

Outage Probability
o
o

0.4

P g = 1008
—— —Pg=15d8

Pog = 20dB

0.3
) 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1

Hinh 3 Xéc suét dirng hé théng theo & : anh hwéng ciia
Py V61 (Xog Vo) = (0.5,1) va d,, =0.5 .

Hinh 2 khao sat anh hudng ciia hé s6 « l1én xac
suat dung cua hé thong bang cach vé xac suat dung hé

(27) . _ ;

thong theo P.;. Ta xem xét ba truong hop cua hé so

a, 3612 0.25, 0.5 va 0.75. Két qua trong Hinh 2 chi

ra rang gia tri h¢ thong s& cod gia tri xac suat dung
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thdp nhat khi o =0.25 va xac suat dimg 16n nhét khi
a=0.75. Bén canh do6, két qua 1y thuyét va két qua
md phong trung khit nhau, xdc nhén phuong phap
phan tich x4c suat dimg & phan trén la dung dan.

Pé hiéu rd anh huong cua gia tri o, ta V& xac sut
dimg hé théng theo « voi ba trudng hop cua

P,; trong Hinh 3. T Hinh 3 ta thiy ring, xac suat
dirg h¢ thong phy thuéc manh vao gia tri « . Khi gia
tri & 16n hon 0.7, thi hé théng hoan toan bi dung,
nghia 14 thoi gian khong du aé t{uyéq dir lidu theo tdc
d6 mong muodn. Hinh 3 chi ra rang ton tai mét gia tri

a ti wu 1am cho xac suat dimg hé thong 14 nho nhét.
Két qua phén tich trong Hinh 3 ciing chi ra rang gia tri

a tbi wu 1a khong phu thude vao P, va déu cho ciing
mot gia tri la 0.31.

PB (0.0,0.3)

o — — —PB(050.3)

N PB(1.0,0.1)
~ -

Outage Probability

0 5 10 15 20 25 30
Py [dB]

Hinh 4 X4c suét dirng hé théng theo Py : anh hwéng
cuavitriPBvéi ¢=03 va dz =0.5.

Outage Probability

PB a1 (0.0,0.3)
— — —PBat (0503)
PB at (1.0,0.1)

03 . . " . . . . T T
0 0.1 02 03 0.4 0.5 06

07 08 0.9 1
o

Hinh 5 X&c suit dirng hé théng theo & : anh hwéng cia
vitri PB véi P,y =10 dBva d,; =0.5.

Trong Hinh 4, ta khao sat anh hudéng vi tri cua PB
1én xac suat dung cia h¢ thong. Ta xem xét ba vi tri

thu thap tai nat chuyén tiép s& cai thién hiéu ning ciia
h¢ théng mot cach dang ké. Tuy nhién, gia tri toi wu
cia & lai khong phu thudc vao vi tri cia PB nhu chi
ra & Hinh 5. Hinh 5 ciing chi ra rang trong ca 3 trudong
hop, xic suit ding hé théng 1a nho nhit khi

a=031.

Outage Probability

R(0.1,0.0)
— = —R(0500)
R(0.800)

0 5 10 15
Ppg [dB]

Hinh 6 X&c suit dirng hé théng theo ¢ : anh huéng cha
Vi trf Rvéi (X, Yeg) =(0.5,1) va ¢ =0.3.

20 25 30

Trong Hinh 6 va 7, chung t6i khao sat anh huong
cua vi tri nut chuyén tiép R Ién hiéu nang cua hé
thong. Gia sir rang R nam trén duong thing ket n6i
gitra nut nguon A va B va khoang cach giita nguon A
va B 1a chuan hoa bang 1, chung t6i xem xét 3 trudng
hop tiéu biéu cua R, cu thé laR rit gan ngudn A tai
toa d6 (0.1, 0), R rat gin nguon B tai toa d6 (0.5, 0),
va R nam ngay giira nguon A va ngudn B tai toa do
(0.8, 0). Tuong ty nhu cac mang chuyén tiép hai
chleu truyén thong, nat ngudn ndm tai ngay gitra
nguon A va nguon B cho xac suét dung hé thong thap
nhat tiép theo 1a truong hop nat chuyén tiép nim gan
nguon B va cu01 cung 1a truong hop nut chuyén tiép
nam gan ngudn A. Céac két qua dat dwoc 1a hop 1y voi
két qua phan tich va nhu mong doi va dé dang ly giai
bang cach van dung hiéu ing suy hao dudng truyén.

4

R at(0.1,00)
— — —Rat(0500) |
—— —Rat(0.800)

/
/
oogf %

Outage Probability

0 0.1 0.2 03 0.4 05 0.6 07 0.8 09 1
a

tiéu biéu ciia PB bao gdm: Trudng hop 1: PB rat gin
nguén A tai toa d6 (0, 0.3), Truong hop 2: PB rat gﬁn
nut chuyén tiép R tai toa d9 (0.5, 0.3), va Truong hop
3: PB rat gan niit nguon B tai toa d6 (1, 0.3). Ta thiy
rang Trudng hop 2 cho xac suat dimg tot hon Truong
hop 3, va Truong hop 3 cho xac suit ding tot hon
Truong hop 1. Hay noi cac khac, céi thi¢n nang lugng
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Hinh 7 Xéc suét dirng hé théng theo ¢ : dnh hwong cia
Vi tri R véi (Xpg, Ypg) = (0.5,1) va P,z =10 dB.

Trong Hinh 7, chling ta lai c6 thé khing dinh mot

lan nira 1a hé thong s€ bi dirng nén gia tri « 16n va gia

tri toi uu cia o khong phu thudc vao vi tri cua nut
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EXACT CLOSED-FORM EXPRESSION
OUTAGE PROBABILITY OF DECODE-AND-
FORWARD TWO-WAY RELAYING SYSTEM
WITH POWER-BEACON-ASSISTED ENERGY

HARVESTING

Abstract: This paper investigates two-way decode-
and-forward relay networks with power beacon
assisted energy harvesting. All nodes are assumed to
have limited power supply and harevest energy from
RF signals to support operation. We propose a hew
derivation approach to obtain the exact close form of
system outage probability over Rayleigh fading
channels. Monte Carlo simulations are used to verify
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the corerectness of the analysis results and pointing
out that the positions of power beacon and relay have
significant effecton on the system performance.

Keywords- relaying, two-way relaying, fading
Rayleigh, energy harvesting, power beacon.
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