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Tém tit— Cong trinh nay dé xuat mé hinh chuyen t1ep
da chang st dung nguon nang lugng vo tuyen va truyen
thong cong tac tai moi chang. Trong mé hinh dé xuét, cac
nUt phat phdi thu thap néng luong tr cac tram phat séng vo
tuyen va st dung nguén nang luong nay de truyén dir lidu.
Pé nang cao hiéu ning cho mo hinh dé xuat, cong trinh nay
4p dung truyén thong cong tac ting cuong trén mdi ching.
Hon nita, ky thuat chon lya nut chuyén tiép don trinh tong
quat ciling s& dugc nghién ctru. Chung t6i dua ra cac cong
thirc dang twdng minh danh gia chinh x4c xac sudt dimg
toan trinh cho mé hinh d& xuét trén kénh fading Rayleigh.
Ddng thoi, chung t6i thuc hién mé phong Monte Carlo dé
kiém chung cac cong thirc dua ra.

Tir khéa—Thu thip nang luong song vo tuyén, truyén
thong cong tc tang cudng, chuyen tiép da chang, chon lwa
nuat chuyén tiép don trinh, xac suit ding.

l. GIOITHIEU

Trong nhing niam gan day, su phat trién ciia mang IoTs
(Internet of Things)/WSNs (Wireless Sensor Networks) da
thu hit rit nhiéu sy quan tim ctia cac nha nghién ctru trong
va ngoai nude. Cac van dé duoc dic biét quan tm 14 ning
cao toc do truyén dir liéu, mo rong ving phu song, va bai
toan hiéu qua nang luong. Mang loTs/WSNs dugc du bao
s& str dung thiét bi voi mat d6 day dic, dung dai bang tin
cao hua hen dat duoc toc truyén dit liéu 1én dén hang chuc
Gbps. Tuy nhién, mét van dé dugc dic biét luu tam, d6 1a
viéc sir dung dai tin sb cao s& din dén viéc tin hiéu bi suy
giam nghiem trong. Diéu nay s€ lam cho khoang cach
truyen truc tlep tir nguon t6i dich s& bi gii han. Dé giai
quyét van dé mo rong vung phi dong thdi nng cao do tin
cdy cua viéc truyén dir lidu, cac tac gia trong cdc cong trinh
[1-4] da nghién ciru ky thuat chuyén tiép da chang (multi-
hop relay) str dung céc nut trung gian chuyén tlep du lidu
o khoang giita nut ngudn va nat dich. Nut chuyen tiép co
thé sir dung ky thuat khuéch dai va chuyén tiép (AF:
Amplify and Forward) [5, 6] hodc k¥ thuat giai ma chuyén
tiép (DF: Decode and Forward) [7, 8]. Trong k¥ thuat DF,
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nut chuyén tiép sé tiép nhan tin hiéu tir ntit ngudn hodc nit
chuyén tiép 0 chang trudce, thue hién giai ma tin hiéu (loai
b6 nhidu), sau d6 thuc hién ma hoa lai roi gui tin hiu dén
nut ké tiép. Thi tuc DF gitp ndng cao do tin cdy cho quéa
trinh truyén dit liéu trong mang vi nhidu dugc loai bo ngay
sau mdi chang. Tuy nhién, thii tuc nay duoc thuc hién
tuong dbi phirc tap tai ntit chuyén tiép va mot khi sb lwong
nut chuyén tiép ting 1én véi sb luong 16n s& gay ra do tré
dang ké cho hé théng. Nguoc lai, niit chuyén tiép trong k¥
thuat AF chi don gian khuéch dai tin hiéu nhan dugc tir
ngudn rdi chuyén dén nut lién ké. Vi ky thuat AF, tin hiéu
duoc khuéch dai tai cac nat chuyén tiép dé bu vao su suy
giam cua tin hiéu sau mdi ching nén khoang cach truyén
dan tr nguén t6i dich s€ dugc md rong. Mac du ky thuat
AF thyc hién nhanh gon nhung véi ki thuat nay, nuat
chuyén tiép s& thue hién khuéch dai ca tin hiéu mong mudn
cung véi nhiéu kénh truyén, do vdy céc loai nhidu khong
mong mudn ciing dugc ting cudng va chuyén dén nut dich.
Khi @0, nit dich doi hoi phai c6 d6 nhay thu 16n va can sir
dung céc k¥ thuat loai bo nhiéu, ciling nhu ting d6 loi phan
tap thu. Trong mang chuyén tiép da ching, cac loai nhiéu,
ma trong d6 phai néi dén nhiu dong kénh (Co-channel
Interference) va fading kénh truyén (nhu fading Rayleigh)
c¢6 anh huong rat 16n dén chét lwong tin hiéu thu ciing nhu
hiéu ning toan tuyén ciia mang. Dé nang cao hiéu ning cho
mang chuyén tiép da ching dudi sy anh hudéng cua fading
kénh truyén, cac tac gia trong cac cong trinh [9, 10] dé xuét
ky thuat chon lya tuyén co ty s6 SNR (Signal-to-Noise
Ratio) hodc SINR (Signal-to-Interference-Plus-Noise
Ratio) tirc thoi toan trinh tot nhat. Tuy nhién, dat dugc cac
gia tri SNR va SINR toan trinh 1a mét bai toan qua phirc
tap. Hon nira, khi s6 tuyén giita ngudn va dich 16n, mo hinh
chon tuyén t6t nhit trong [9, 10] tiéu tén qué nhiéu ning
lugng, dong thoi thoi gian tré 16n nén viée thuc thi cang
khé kha thi. Nhém cac cong trinh [11-14] d& xuat phuong
an chon Iya nut chuyén tiép t6t nhat tai mdi chang, trong
d6 cac nut gin nhau hinh thanh nhimg cum nut (cluster).
Viéc chon lya nit chuyén tiép tai mdi ching s& nang cao
su tin cdy cua viéc truyén dir liéu tur nguén dén dich. Nhém
cac cong trinh [15, 16] &p dung truyén théng cong tac tai
mdi ching cho mang chuyén tiép da ching. Viéc sir dung
truyén théng cong tac tai mdi chang don gian hon viéc sur
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dung truyén thong cong téc trén tuyén nhu trong [9, 10] hay
viéc t chirc mang dudi dang cum nhur trong [11-14]. That
vay, cong trinh [15] sur dung nat chuyén tiép & ngoai tuyén
dé thyc hién ky thuat truyén théng cong téc, trong khi cong
trinh [16] &p dung ky thuat thdng cong tac ting cuong
(Incremental Cooperative Communication) tai mdi ching
nham don gian héa viéc thyc hién, ciing nhu nang cao hiéu
qua str dung phé tan. Khac véi cac mé hinh chuyén tiép sir
dung nat chuyén tiép nhu da dé cap ¢ trén, cac cong trinh
[17-19] nghién ciu md hinh chuyén tiép sir dung bé mat
phan xa théng minh ty cdu hinh (RIS: Reconfigurable
Intelligent Surface). RIS st dung céc phan tir thdng minh
dé hiéu chinh ti uu bién d6 va goc pha nham dat dugc SNR
t6i da tai thiét bi thu. Cong trinh [17] xem xét tac dong cua
nhidu dong kénh (CCI: co-channel interference) 1&n hiéu
nang ctia mang chuyén tiép vai su hd tro RIS. Téc gia trong
[18] nghién ctu mang truyén théng g6i tin ngén (Short
Packet Communications) st dung RIS, trong moi truong vo
tuyén nhan thirc dang nén (Underlay Cognitive Radio). Cac
tac gia trong [19] nghién ctru md hinh chuyen tiép da chang
két hop glua RIS va cac nat chuyén tiép AF. Ngoal hai ky
thuat chuyén tlep ké trén, cong nghé chuyén tiép sir dung
quang vo tuyén (FSO: Free-Space Optical) hodc két hop
gitra FSO va vo tuyén [20] ciing dang 1a nhitng cong nghé
day tiém nang trong tuong lai gan.

Mot trong nhiing van d ciing can luu y do 1a bai toan
cung cép ning luong. Trong thoi gian gan day, k¥ thuat thu
thap nang lwong vo tuyén (RF-EH: Radio-Frequency
Energy Harvesting) cling dang thu hit sy quan tdm dac biét
cua cac nha nghién ctu. Véi k§ thuat ndy, céc thiét bj vo
tuyén c6 thé thu thap niang lugng tir séng vo tuyén trong moi
trudng truyén dan. Khéc véi cac phuong phap thu thap ning
luong khac nhu nang Iwong mat troi, nang lugng gio, ... ky
thuat RF-EH c6 thé vuot qua duoc mot sé diéu kién khach
quan ciia moi truong nhu ngay va dém, diéu kién thoi tiét.
Hon nita, ky thuat RF-EH chi can yéu ciu mét hozc nhiéu
ngudn phét séng vo tuyén 6n dinh, va viéc tich hop giita
truyén thong tin va thu thap nang luong c6 thé duoc thuc
hién dong thoi qua viéc phét séng vo tuyén ciing 13 mot wu
diém cua ki thuat RF-EH. Trong cac tai liéu [21-25], mot
hozc nhiéu tram phét song vo tuyén dugc dat trong mang dé
cung cép nang lugng cho cac thiét bi. Sau khi thu thap ning
lwong, cac thiét bi phat vo tuyén s& s dung ngudn ning
luong nay dé phat dir liéu. Céc tai liéu [26-31] da ap dung
céc ky thuat truyén théng cong tac cho mang chuyén tiép da
ching nham nang cao hiéu ning cho mang chuyén tiép sir
dung ky thuat RF-EH. Vi cac két qua dat dugc trong cac
tai lidu [26-31], mot lan nira cho ta thay wu diém cia truyén
thdng cong tac trong viéc nang cao chat luong va do tin cay
cua cua mang.

Cong trinh nay dé xuat mé hinh chuyén tiép da chang sir
dung ngudn nang lugng vo tuyén va truyén thdng cong tac
tai mdi chang. Trong m hinh dé xuét, cac nlt phat phai thu
thap nang lugng tir cAc tram phét séng vo tuyén va sir dung
nguon ning lugng nay dé truyén di liéu. P& nang cao hiéu
nang cho m6 hinh dé xut, cong trinh nay dé xuat &p dung
truyén thong cong tac ting cuong tai moi Chang Hon nira,
ki thuat chon lra nat chuyén tiép don trinh tong quat ciling
s& duoc nghién ctu, & day nat chuyén tiép tét thir “Q” s&
duogc chon khi nat chuyén tiép tét thir nhat, thir nhi, ..., tot
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thir “Q-1” khong sin sang gitip d&. Nhitng dong gép méi va
diém khéc so vai céc cong bd trude day s& duoc tém tit nhu
sau:

- Khéc véi cac cong trinh [21], [23] chang t6i ap dung
ky thuat truyén thong cong tac tai mdi chang dé nang cao
hiéu nang cho mang Chuyen tiép da chang st dung nguon
nang luong séng vo tuyén.

- Céac cong trinh [26], [28] va [8] nghién cau md hinh
chuyén tiép da chang trong mang dang cum va dé xuét
phuong 4an chon lya ndt chuyén tiép t6t nhét tai mdi chang.
Trong khi d6, cong trinh [6] dé xuat mo hinh chuyén tiép
cong tac trén tuyén duogc chon giita ngudn va dich. Nhu da
dé cap o trén, viéc s dung truyén thdng cong tac ting
cuong tai mdi chang 1a diém khac biét chinh giira bai béo
nay va cac nghién ctu lién quan [26-29].

- Bai bao nay duogc phét trién tir cac cong trinh trude day
[30-31] cua nhém nghlen ciru. Cu thé, cong trinh [30]
nghién cau md hinh chuyen tiép da chang su dung nguodn
nang lugng vé tuyen va truyen théng Cong tac tai moi Chang
Tuy nhién, trong [30], md hinh hé théng chi bao gom 01
nguon phét ning luong v tuyén va 01 nit chuyen tiép don
duoc str dung trén mdi chang. Cong trinh [31] tong quat hon
cong trinh [30] khi d& xuat mé hinh chon lya nat chuyén
tiép don trinh (Partial Relay Selection) va truyén thong cong
tac ting cudng tai mdi chang. Mo hinh dé xuat trong bai béo
nay 1a mot truedng hop tong quat cua [30] va [31]. That vay,
ching tdi nghién ctru trudng hop chon lra nat chuyén tiép
don trinh tét thar “Q” va md hinh nhiéu ngudn phét ning
lwong vo tuyén.

- Bai bao nay dua ra cac cbng thuc dang twong minh
(closed form) dénh gi4 chinh xac OP cho mé hinh dé xuat
trén kénh fading Rayleigh. Bai bao cling dua ra mo6 phong
may tinh dé kiém chiing tinh chinh xac cuia cac cong thic
toan hoc.

- Két qua trong bai bao cho thiy cac két qua md phong
phu hop vai cac két qua ly thuyét. Céc két qua ciing cho
thiy mo hinh dé xuat dat dugc hiéu niang OP t&t hon md
hinh chuyén tiép da ching thong thuong.

- Bai bao ciing nghién cttu ky su tac dong cua sb ching
giita ngudn va dich, s ngudn phat ning lugng vo tuyén, sb
nat chuyén tiép tai mdi chang, ciing nhu thoi gian danh cho
viéc thu thap nang luong Ién hiéu ning OP ciia md hinh dé
XUAt.

Phan con lai cta bai bdo ndy dwoc ciu tric nhu sau: Phan
IT trinh bay nguyén ly hoat dong ciia md hinh dé xut, va
Phén IIT danh gi4 hiéu niang OP toan trinh trén kénh fading
Rayleigh Phan IV dua ra cac két qua phan tich ly thuyét
dugc kiém chimg bang mo phong Monte Carlo. Cudi cling,
cac két luan va huéng phat trién dé tai duoc thao luan trong
Phan V.

. MO HINHHE THONG

Hinh 1 mé ta md hinh hé théng ciia mé hinh dé xut,
trong do, nat ngudn (To) gui dir lidu dén nut dich (TM )
sir dung chuyén tiép da ching DF, dwa vao tuyén da duoc
thiét lap truge: T, —>T, »..T,, —T, . Su thiét lap
tgyén nay dugc thuc hién tai 16p mang theo cac giao thic
san co, vi du qAODV (Ad-Hoc On—Der_nand, Distance
Vector) [32]. D€ nang cao d0 tin cdy chuyén tiép dir liéu,
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chuyén tiép tang cuong dugc ap dung trén mdi ching, sir
dung cac nut chuyen tiép bén ngoai tuyén. Ta dat tén cho
mo hinh dé xuat 1a MHR-IR (Multi-Hop Relaying using

Incremental Relaying). O chang the m(m=1,2,...,M ), gia
sirco K, nit chuyén tiép ngoai dugc dit tén 1a Rni R
Rm,Km

don trinh, mot nut chuyén tiép s& duoc chon dé phdi hop
véicacnat T, 4 va T,. Takyhiéu R, lanat chuyén tiép

m,2

. Trong K nutnay, st dung k¥ thuat chon lya

seeey

duoc chon, 6 day, R E{le, R, Rmme} . Tét ca cac

nut phat s& phai thu thap nang luong vo tuyén tr N tram
phat vo tuyén, duoc dit tén la B,,B,,..,B, . Dé tranh
nhidu giita cc hoat dong truyén dit liéu va thu thap ning
lugng, tan so st dung cho viéc phat nang lugng vo tuyén
s€ khac véi tan so truyén dir liéu.

| o T

. T |ese|T, | ® [T,

s L)
Hinh 1. M8 hinh @é xudt.

eoo| T

LN X ]
3
|

Gia sir tat ca cac nat mang chi ¢6 01 anten, va sy truyén
dir liéu duoc thuc thi thong qua cac khe thoi gian tryc giao.
Néu tong thoi gian tré cho moi lan truyén dir liu gitra
nguon T, va dich T,, laL, thi thoi gian phan bo cho mdi
chang 1a: 7=L/M. Xét chiang thir m, (m=1,2,...,M) :
hoat dong thu thap nang lugng va truyén dir liéu duogc thuc
hién trong cac pha sau. O pha 1 (v&i thoi gian a7), cac nat
T,., vd& R, thu thdp ning lugng tir cic tram B, ¢ day
0<a<1 va ala hé sb di duogc thiét ké trude. Dé don
gian cho viéc mo ta va phan tich bai todn, ta gia st gid tri
o gidng nhau & tat ca cac chang. O Pha 2 (v6i thoi gian
(1-a)rl2), T,
1 dé gui dit ligu dén T, va R,

n SU dung nang luong thu thép trong Pha
. Sau pha 2, néu T, giai
nat T,
ACK dé thong bao. Trong trudng hop nay, su truyén dfr
liéu ¢ chang thtr m nay da thanh cong nén T, khong can

ma thanh cong dir liéu tor T,

s€ gui thong diép

su gitp d& ciia R, nita. Néu T, khong giai ma thanh cong
dir liéu ¢ Pha 2, nat nay s& giri thong bao NACK dé yéu
cau sy hd trg ciia R, . Trong trudng hop nay, néu R, da
giai ma thanh coéng dir liéu, nit R s€ truyén lai dir liéu
dén T, trong Pha 3 (v6i thoi gian truyén (1-ar)7/2).
Bai bao ndy nghién ctru kénh truyén fading Rayleigh
gilra cac nat. Xét sy truyén dir liéu gitta may phat X va may
thu Y, véi (XY)e{T,,By Ry}, véi u=01..M,
n=12..,N, m=12..,M va v=12..,K, . Ky hiéu
Wy y 1ado loi kénh gitra X va Y, va Wy y s& 1a bién ngdu
nhién c6 phan phdi mil, véi cac ham phan phdi tich liy
(CDF: Cumulative Distribution Function) va ham mat do
xac suat (PDF: Probability Density Function) lan luot 1a:
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Fue (X) :1_eXp(_Qx,YX),
f'//x,v (X) = QX,Y exp(_QX,YX),

v6i Qy y 1a tham s6 dic trung va duoc tinh nhu sau:

B
Qyy = (dX,Y) ' )
véi dyy 1a khoang cach gitta X va Y, va # 1a hé sd suy

M

hao dudng truyén.
Gia sir cac niit chuyén tlep & gan nhau (vi du ¢ cung
chung mot cum) va cac nguon B ciing & gan nhau. Do d6,

ta co the Vlet. dX|Rm,v _dX,Rm y dRm,va _dRm,Y va
dg v =gy, voi moi X, Y, mn va V. Tuong tu, ta co:
QX,RmYV

Tiép dén, chiing t6i mé ta viéc chon lya nat chuyén tiép
don trinh tong quat, & ddy nat chuyén tiép tot thae Q,, —th

=Qur. Qr v =R v vaQp v =Qgy.

0 chang thrt M s& dugc chon, véi thuat toan sau:
Ru v r, =Qnth o (‘//Tm,l,Rmyv ) ®)

Trong cong thirc (3), néu Qn, =1 tuc 1a chéng nay chon
dugc nat chlrlyén' tiép tot n}lét. Trong truong hop nut
chuyén tiép tot nhat khong thé san sang gitip d& (vi du nhu
hét nang lugng dé hoat dong), thi nat T, , s& chon nut
chuyén tiép tot thir hai, va lac ndy Q,, = 2. Mot cich tong
quét, nat T, , s& chon niit chuyén tiép tt thir Q,, néu nhu
cac nut chuyén tiép tot nhat, tot nhi, v.v. tbt thu (Qm —1)
khong sén sang hop tac.

Xét Pha 1 ¢ ching thtr m; nang luong ma T, v& R
thu thap duoc lan luot 1a (xem céc tai lidu [28,29]):

N N
ETnH =770”PBZZB”,TM’ ERm =77aTPBZZBn,Rma 4
n=1 n=1

véi 77(0 <n< 1) Ia hidu sudt chuyén ddi nang luong, va
P, lacong suét phét cla tit ca cac ngudn ning lugng. Cﬁng
thirc (4) cho thay rang nang lugng thu thap s€ tang khi )
luong tram B tang, hiéu suat chuyén ddi ning luong ting

va thoi gian thu thap nang lugng tang.
Tur cong thure (4), ta tinh dugc cong suat phat trung binh

cia T, , va R, trong Pha 2 va Pha 3 lan lugt la:
Po— i _py
Toa = (1—a)r/2 = HFBAT sum:
E (®)
Ro
PRm = (1—06)1'/2 ::UPBXR,sumv

voi p=2nal(l-a), va

N
xT,sum = ZIBH T
n=1

Xét Pha 2, ty s6 SNR tirc thoi dat duoc tai cacnut T,, va
R, lan luot la:

N
’XR,sum :Z}(Bn,Rm' (6)
n=1
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_H Fs ><T,sum)(Tm,l,Tm

Moo = 2 = IUAXT,sumle_l,Tm )
)
A 7)
BATsumAT, ;R
}/Tm—llRm = 02 - = ILIAXT,SumZTm—erm'
0

v6i o¢ 1a phuong sai cua nhidu cong tai cac nat thu T, va
R,,va A=P,/o;.

Do d6, dung luong kénh tirc thoi trén cac lien két
T.,—T,vaT, >R, s€lanluotla:

l-a
~ (l—a)r | 1 ®
TniRn =~ 5 092( +7Tm,1,Rm)’

Xét truong hop nut chuyén tiép R, duoc st dung;
dung lugng kénh tirc thoi cta lien két R, — T, trong Pha
3 duoc tinh nhu sau:

l-o)r
Cr, 1, =u|092 (1+7Rm,Tm)1 ©)
voi
ﬂPBXR,sumZRm,Tm
TR, T, = 2 = Mg sum AR, T, (10)
0

lIl. PHAN TiCH HIEU NANG

Xét su truyén dir liéu & chang thtr m; xac suét dung trén
chang nay duogc tinh nhu sau:

OP, = Pr(chfl,Tm <Cip.Cr r < cth)
Oval
+ Pr(chflmi <Cin.Cr g 2Cin.Cr 1 <Cp )

OP, »

(11)

Trong (11), C,, 1a ngudng ding xac dinh trudc, va khi
dung lugng kénh dat dugc 16n hon C,, thi thiét bi thu s&
g‘iéi ma :[hénh cong dir lié}l nhan dugc. Ngugc lai, gia st
rang thiét bi thu khong thé gidi ma dugc dit liéu (hay lién
két bi dimg). Do d6, OP,, 1a x4c sust ma T, va R, déu
khong thé giai ma thanh cong dit ligu nhan duoc tir T, ¢
Pha 2 nén sy truyén dir lidu trén chiang nay bi dimg. Ciing
trong (11), OP,, 14 x4c sudt ma T, khong giai mi thanh
cong trong Pha 2 nhung R lai thanh cong, tuy nhién su
truyén dit lidu gitta R, va T_ trong Pha 3 lai khéng thanh
cbng.

Xét OP, ,trong cong thirc (11); sir dung cong thire (7),
ta c6 thé viét:

OP,1 = Pr(xT,sumZTrH,Tm < P XT,sum)(Tm,l,Rm < P )v (12)
voi

2Cy
p A |
o

Tiép tuc thuc hién bién ddi cong thirc (12), ta c6 thé viét:
[ P P
0P} P (2o (2t 080 09

P =
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Sir dung cong thuc (1), ham CDF F, (&j trong
Tm-1.Tm X

(13) dugce viét nhu sau:

Q
Yo T 2T Pt
P (_th) =1-exp [—TJ (14)

X

P6i voi ham CDF F, (&j trong (13), st dung
Tm-1.Rm X
thong ké cho bién ngiu nhién 16n thir Q, trong tai liéu

[33], ta co:

Kn—j+1
Q ) Q "
Fran (&J =l (1—e><p[——T“‘R"‘p‘“ B
m-1Rm X =] X
j-1)Q
xexp(—(J ) TM,RumJ

X
Qy  Kp=j+l

=14, ) (FN)'CC

j=1g=0,q+j=1

“ exp(_( j+q _l)QTm,l,Rmpth ]

X
(15)
Tiép dén, bdi vi X;gy 13 tong cia N bién ngiu nhién
c¢6 phéan phdi mii doc 1ap va ddng nhét, sir dung két qua dwa
ra trong tai liéu [34], ta c6 ham PDF cia X, nhu:

N
Q
fo. (X)= % XNt exp(—QB,TMx).

Thay cdc cong thirc (14)-(16) vao (13), st dung cong
thae (3.471.9) trong [35] dé tinh cac tich phan; ta dat duoc
cong thirc dang tuong minh chinh xac caa OP, ; nhu sau:

OPm,l :1_ﬁ(‘91)’; Ky (2\/@)

j 2c*cd
+ (_1)q Kn K

nit Y
w(92)2 Ke(2J8;) an
2c)'c? N

q Kp “Kp—j+l -

g @) (208

vi Ky (.) 12 ham Bessel bién dbi loai 2, bac N [35], va
6 = Qg1 Q1 P 0, = ( j+a _1)QB,T,MQT

93 = QB,T,H (( J +q _1) QT,H,R,“ + QT,H,T,“ )pth'
Xét OP, ,trong (11), ta c6 thé viét lai x4c sut nay dudi

(16)

LR, P

dang sau:
OR,,=Pr ( xT,sum)(Tm,l,Tm < Pins xT,sumZTm,l,Rm 2 Py )
I (18)
x Pr( XR_Sum;(RWTm < Pn )
Pé tinh 1, trong cong thirc (18), ta ¢ luu ¥ sau:
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I,+OP,,

- PI’( XTﬁU"’le,Tm < P XT,sumZT,,H,Rm 2 Py )
+Pr(Xr g tr, 7 < P Xramr,or, <Pn)  (19)
=Pr( Xy g r, 7, < Pn)

- IO+°° o (%jfxm (x)dx.

Tiép dén, thay ham CDF F (&) va ham PDF
X

XTm-a.Tm

fx... (X) vao cong thire (19), va sir dung [35, cong thirc
(3.471.9)] dé tinh tich phan; cudi cung, ta dat duoc

2 N
|1+0Pm,1=1-m(01)z Ky (2J8).
Bay gio, két hop cac cong thirc (17) va (20), ta co:
Qn Ky—j+l y 2ci*ca N
qHl EVK, (6‘2)2 KN(Z\E)

. = -1 Kn—j+l
' éq:o,%m( ) (N-1)! on
2Ky (248).

Qn Kyt 2c*ce
B 1 q+1 Ky K=+l
Mot cach tuong tu,

j=1g=0,g+j#1
Pr(xR,sumZRm,Tm < pth) trong (18) nhu sau:

(20)

ta c6 thé tinh xdc suét

Pr(XR,sumZRm,Tm < pth )

AL (%)fxmmdx

2
- (N-1)! 1) u (2VB).
v6i 6, =g Qg 1 Py, vAhamPDF f, () I
N
(Qer,)
Fun (x) =mxN 1exp(—QBRmx).

Két hop tit ca cac cong thirc (11), (17), (18), (21) va (22)
lai, ta co dugc cong thirc tinh chinh x4c xac suat ding &
chang thir m cia mo6 hinh dé xuit. Hon nita, do sy doc lap
clia cac chiang nén xéac suat dimng toan trinh ciia mod hinh
MHR-IR dugc tinh bang cong thirc sau:

M
OPMHR-IR =1- H(l_ OPm )
m=1

(22)

(23)

(24)

M r N
Trong (24), [ J(1-OPR,) la xac suat ma sy truyén dir
m=1

liéu trén tit ca cac chang déu thanh cong.

So sanh véi cac md hinh lién quan, bai bao nay s€ so
sanh MHR-IR v&i mé hinh chuyén tiép da ching khong sir
dung truyén thong cong tac (hay chi sir dung truyén truc
tiép & cac chang). M6 hinh nay c6 tén goi la MHR-DT:
Multi-Hop Relaying using Direct Transmission. Dé su so
sanh dugc cong bang, trong MHR-DT, sy truyén trén mdi
chiang van c6 thoi gian 1a 7=L/K, va & chang tha m,
khoang thoi gian @7 dugc ding dé T, , thu thap ning
luong, va T, s€ sit dung toan by thoi gian con lai
(1-a)7 dé truyén dit liéu dén T, . Do d6, ning lugng thu

thap tai T, , va cong sudt phat cua T, lan luot la:
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N
ETmi1 =nar PBZ X, T, . (25)

n=1

* Tmfl
PTm,l = = a)PBXT,sum' (26)
(1-a)r
. no , N , A Tn
voi o= 1o Do d6, dung lugng kénh tirc thoi trén lién
-

két T, — T trong MHR-DT s& la:

C;M,Tm = (1_0‘)7 log, (1+ a’PBXT,sumZTm,l,Tm ) (27)

Twong tu nhu trén, x4c sudt dimg & chang thir m trong
MHR-DT duogc tinh nhu sau:

OP, =Pr(C; . <C,)= J'OFZ (%fomm(x)dx

:1_(r\|2_1)!(9°)g K (248),

(28)
v6i Gy =Qp7 Qp Oy va
Cin
2(1—0{)2’ -1
o. =
th CUA

Tir cong thirc (28), ta ¢ cong thire tinh x4c suit dimng
toan trinh cia MHR-DT nhu bén duéi:

M
OPyuror =1-] [(1-0P;)

m=1

=1_1mM! —(Nz_l)l(eo

(29)

2 Ky (24 )}

IV. KET QUA MO PHONG VA LY THUYET

Trong phan nay, ching t6i thuc hién mo phong Monte
Carlo dé kiém chimg cac cong thirc tinh OP toan trinh,
cling nhu so sanh hiéu ning cia MHR-IR va MHR-DT.
Céc két qua mo phong (ky hiéu Sim) va ly thuyét (ky hiéu
Ana) déu dugc thuc hién trén phan mém MATLAB. Trong
mo phong Monte Carlo, kénh truyén fading Rayleigh gitra
cac nut mang dugc tao ra bﬁng ham Matlab sau: h =
randn(1,1) + j*randn(1,1), va h s& 1a hé sb kénh fading
Rayleigh. Hon nira, 5*1076 phép thir dugc thuc hién dé cac
két qua mo phong hoi tu vé cac két qua phan tich. Nhu co
thé quan sat trong cac hinh v& bén dudi, sai s6 gitra mo
phong va 1y thuyét 1a rat nho, diéu nay kiém chung tinh
chinh x4c cia mé phong va 1y thuyét.

Mbi truong mo phong 1a mat phang hai chiéu Oxy, trong
do6 cac nit T, dugc dat & vi tri (m/M,0), cac nut R,

dugc dat ¢ ((2m—1)/(2M),0) , Va C&c tram phat nang
¢6 dinh & (051), véi m=01..,M,
n=0,1...,N.Tir viéc sip xép nay, ta thiy khoang cach

lugng B,
giita ngudén T, va dich T,, ludn bang 1, khoang cach giita
hai nat k& nhau T, , va T, bang 1/M véimoim,va R,
ciing cach déu T, , va T,. Trong cic md phong, ta cb
dinh h¢ s6 suy hao duong truyén bang 3 (8 =3), tong thoi

gian tré bang 1 (L=1), hi¢u suat chuyén ddi cong sut bang
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0.5 (77 = 0.5), va ngudng dimg bing 1 (Cth =1). Hon nita,
dé d& dang cho viéc khao sat sy tac dong cua s6 nat chuyén
tiep va viéc chon lya ntt chuyén ti€p tai moi chang Ién hiéu
nang cua cdc mod hinh, ta gia su sO nlt chuyen tiép tai moi
ching déu bang nhau (K, =K, Vm), va cac chang déu
chon Iya nut chuyén tiép tét nhat tha Q giéng nhau

(Qu=Q.vm).

Hinh 2 biéu dién xéc suat dimg cia cdc md hinh MHR-
DT va MHR-IR theo ty s6 SNR phat A (dB) khi s6 ching
giita ngudn va dich duoc ¢ dinh bang 3 (M=3), hé s phan
chia thoi gian cho pha thu thap ning lugng tai mdi ching
bang 0.2 (¢ =0.2), va s niit chuyén tiép tai mdi ching
bang 5 (K=5). Pau tién, ta thy rang OP clia ca hai mo hinh
déu giam khi A tang, do cong suat phat clia cac ngudn phat
ning luong B ting (hay cong suit phat cta cac nit phét
T., va R, ting). Ta ciing thiy rang OP cia MHR-IR 16n
hon MHR-DT khi gia tri A thap. Piéu nay chimg to viéc
su dung truyen thong cdng tac s€ khong hiéu qua khi mirc
cong suat phat ciia cac nit thap. Khi gid tri cia A 16n,
MHR-IR dat gia tri OP thip hon MHR-DT. Ta ciing thy
rang OP ciia MHR-IR giam nhanh hon mé hinh MHR-DT
khi A ting & mién gia tri trung binh va cao. Piéu nay
ching to6 MHR-IR dat dugc d6 lgi phan tap cao hon do su
dung truyén thong cong tac tai mdi chang. Hinh 2 ciing cho
thdy rang viéc chon dwoc nut chuyén tiép t6t nhit & mdi
chang (Q=1) s& gitp MHR-IR dat dugc hiéu ning OP tot
nhét Ngugc lai, OP cua MHR-IR tang lén khi ntit chuyén
tiép tot thur 2 (Q 2) hodc nat chuyen tlep t6t thir 4 (Q=4)
dugc chon. Cudi cung, ta thiy rang cac két qua md phong
(Sim) va 1y thuyét (Ana) tring véi nhau, diéu nay kiém
chung su chinh xac ciia cac cong thirc tinh xac suét dimng
duogc dua ra trong bai bao.

10°

[ E <
o107%F E
% MHR-DT (Sim)
MHR-DT (Ana)
® MHR-IR (Sim,Q=1)
B MHR-IR (Sim,Q=3)
100 F ¥ MHR-IR (Sim,Q=4)
MHR-IR (Ana)
10 : ; ‘ ‘ '
0 5 10 15 20 25 30
A (dB)
Hinh 2. OP vé theo A (dB) khi «=0.2,M =3, K =5va
N =2

Hinh 3 v& OP ctia cac m6 hinh MHR-DT va MHR-IR
theo A (dB) véi a=0.25M =4,N =3va Q=1.Tuong
ty nhu Hinh 2, OP cia MHR-IR thép hon OP cia MHR-
DT khi A du 16n, va mé hinh dé xuat dat d6 loi phén tap
cao hon MHR-DT. Trong Hinh 3, ta luu ¥ rang K=1
tuong ing voi tnrong hop khong su dung k¥ thuat chon lya
nit chuyen tlep o moi chang, vakhi K= 2 va K =10 thi
nat chuyén tiép t6t nhat s& duoc chon & mdi ching (Q =1
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). Mic du, khi k¥ thut chon lya nat chuyén tiép duoc sir
dung thi OP cia MHR-IR giam manh, tuy nhién OP trong
hai truong hop K=2 va K =10 lai khong thay do6i déng
ké. P6 1a vi phuong phap chon lya nut chuyén t1ep don
trinh chi dam bao chat luong cho lién két gitra T..VaR,
nhung lai khong dam bao duoc chat lugng cho lién két giita
R, va T, . Mot lan nita, cac két qua mo phong ki€ém chimg
su chinh xac ctia cac két qua 1y thuyét.

*  MHR-DT (Sim)

MHR-DT (Ana)
10-3 L [ ] MHR-IR (Sim,K=1)
% MHR-IR (Sim,K=2)
¥  MHR-IR (Sim,K=10) )
MHR-IR (Ana)
10 4
1075 1 1 I 1 L 1
0 5 10 15 20 25 30 35
A (dB)

Hinh 3. OP vé theo A (dB) khi ¢ =0.25,M =4,N =3va
Q=1

Hinh 4 v& OP ciia MHR-DT va MHR-IR theo A (dB)
v6i @=0.3,M =4,K =6va Q= 2. Trong Hinh 4, s luong
ngudn phat nang lugng N s& bang 1 va 3. Nhu ta ¢6 thé du
doéan, OP cua ca hai mé hinh MHR-DT va MHR-IR giam
manh khi ting gia tri N tir 1 1én 3. D6 1a vi cang c6 nhiéu
ngudn phat nang luong thi nang luong thu thap ¢ cac nat
cang 16m, dan dén cong suét phat cua cc niit cang cao. Tuy
nhién, ting sb tram B ciing ting chi phi va gia thanh khi
trién khai hé théng. Do d6, s6 tram N, cling nhu vi tri cia
cac tram B thong thuong da duoc thiét ké trude va hdu nhu
1a ¢6 dinh trong qué trinh trién khai mang. Ta ciing quan
st tir Hinh 4 rang khi N =1 thi hiéu ning ctia mo hinh
MHR-IR rat thap. Diéu nay s& duoc giai thich trong Hinh
5 bén dudi.

&

%  MHR-DT (Sim,N=1)
®  MHR-DT (Sim,N=3)
MHR-DT (Ana)
® MHR-IR (Sim,N=1)
¥  MHR-IR (Sim,N=3)
MHR-IR (Ana)

107 F

107 : : ‘ ‘ ;
5 10 15 20 25 30 35
A (dB)
Hinh 4. OP vé theo A (dB) khi @ =03,M =4,K =6va

Q=2
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Hinh 5 v& OP cia MHR-DT va MHR-CC theo s ching
(M) giira ngudn va dich khi A=25 (dB), Q=1,N=2va
K =6. Quan sat tir Hinh 5, ta thay gia tri OP cua tit ca cac
mo hinh déu rat 16n khi sb ching 16n. Day ciing chinh 1a
nguyén nhan tai sao OP cia MHR-IR trong Hinh 4 & trén
1a rat 16n. Ta c6 thé giai thich diéu nay nhu sau: khi M 16n
thi thoi gian truyén trén mdi ching s& giam, dan dén OP tai
modi chiing ting, va do d6 s& 1am ting OP toan trinh ctia céc
md hinh. Hinh 5 ciing cho thdy MHR-IR dat dugc gia tri
OP thp hon mé hinh MHR-DT khi s6 ching M c6 gia tri
tir 1 dén 4, hay n6i cach khac MHR-IR chi t5t hon MHR-
DT khi s ching giita ngudn va dich khong qua 16n. That
vay, khi s6 chang qua I6n thi thoi gian truyén & cac Pha 2
va 3 & mdi ching trong MHR-IR s& rat thap. Do d6, truyén
thong cong tic & mdi ching s& khong hiéu qua hon viéc
truyén tryc tiép. Hinh 5 ciing cho thay hé sé phan chia thoi
gian @ tac dong dang ké 1én gia tri OP ciia cac md hinh.
Trong MHR-DT, OP khi & =0.15s& thip hon trudng hop
a=0.3 néu sb ching 16n hon 5. Tuong tu, trong MHR-
IR, OP khi ar=0.15s& thap hon truong hop a=0.3 néu
s6 chang 16n hon 2. Vi véy, tiy thudc vao sé chang giita
ngudn va dich, ta c6 thé thiét ké gia tri @ thich hop dé giam
xéc sudt dimg cho mé hinh dé xuat.

% MHR-DT (Sim,a=0.15)
B MHR-DT (Sim,a=0.3)
MHR-DT (Ana)

®  MHR-IR (Sim,a=0.15)
¥  MHR-IR (Sim,a=0.3)
MHR-IR (Ana)

T o
Hinh 5. OP vé theo M khi A=25 (dB), Q=1L N=2va
K=6.

Hinh 6 v& OP ctia cac m6 hinh MHR-DT va MHR-IR
theo hé sb phan chia thoi gian @ véi A=25 (dB),
M =3,N =2va K =6.Quan sat tir Hinh 6, ta thiy ring hé
sO a tac dong dang ké 1én gia tri OP toan trinh ctia cac mo
hinh. That vay, khi @ thép thi ning luong thu thap duoc
tai cAc niit phat ciing thap, din dén cong suat phat thap, va
xéc suat dimg ctia cdc mé hinh 16n. Tuy nhién, khi @ qué
lon thi thoi gian danh cho viée truyén dit lidu lai thap, va
diéu nay ciing dan dén x4c suat dimg cua cac mo hinh tang
Nhu dugc quan sat trong Hinh 6, ta thiy ton tai gla tri cta
a dé xac suét dung cua cac mo6 hinh MHR-DT va MHR-
IR dat gia tri thip nhat. Vi du OP cia MHR-DT thap nhét
khi a¢=0.3, va OP ciia MHR-IR thip nhét khi «=0.18
vOi tit ca cac gla tri ciia Q. M6t 1an nita, Hinh 6 cho ta théy
MHR-IR dat gia tri OP cang thap khi chon dugc nit chuyén
tiép tbt (Q nho).
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10
% MHR-DT (Sim)
MHR-DT (Ana)
® MHR-IR (Sim,Q=1)
B MHR-IR (Sim,Q=3)
107! ¥ MHR-IR (Sim,Q=5)
] MHR-IR (Ana)
[a
O
Y
102
10—3 L I L
0.1 0.2 0.3 0.4 0.5
(0%

Hinh 6. OP vé theo @ khi A=25 (dB), M =3,N =2va
K =6.

V. KETLUAN

Céc két qua dat duoc trong bai bao cho thiy mé hinh dé
xuat MHR-IR dat dugc hiéu nang OP tdt hon mé hinh
chuyén tiép thong thuong MHR-DT khi cong suat phat du
16n, va véi sé ching khong qua 16n. Mat khac, MHR-IR
cung dat dugc d6 loi phéan tap cao hon MHR-DT. pé nang
cao hiéu nang cho mé hinh dé xuét, ta can tang s6 nut
chuyén tiép, tang so tram phat nang luo’ng v tuyén va can
chon nut chuyen tiép t6t nhat ¢ moi chdng. Hon nira, cac
thong s6 hé thong khac nhu sé chang va hé sé phéan chia
thoi gian ciing can dugc thiét ké t6i wu.

Trong tuong lai, chiing toi s& phat trién mé hinh trong
bai bao st dung cac thiét bi thu phat nhiéu dnten va phan
tich hiéu ning cuia mo hinh trén cac kénh truyén fading
tong quat nhu kénh fading Rician, Nakagami-m.

L&1CAM ON

Nghién ctru nay duogce tai trg boi Hoc Vién Cong Nghé
Buu Chinh Vién Thong Co S& Thanh Phd HS Chi Minh
v6i mi sb dé tai 11-HV-2022-RD_DT2.
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ENERGY HARVESTING AIDED MULTI-HOP
RELAYING NETWORKS USING
INCREMENTAL COOPERATION AND
PARTIAL RELAY SELECTION

Abstract: This paper proposes a multi-hop relaying
scheme using wirelessly energy harvesting and cooperative
communication at each hop. In the proposed scheme, all
the transmitters have to harvest wireless energy emitted by
power beacon stations, and then use the harvested energy
to transmit data. To enhance performance for the proposed
scheme, the incremental cooperation at each hop using
partial relay selection. Moreover, we investigate a
generalized case, where the “Q-th” best relay is selected at
each hop. We derive exact closed-form expressions of end-
to-end outage probability for the proposed scheme over
Rayleigh fading channel. We also provide Monte Carlo
simulations to verify the derived expressions.

Keywords—Radio  frequency energy harvesting,
incremental cooperative communication, multi-hop
relaying, partial relay selection, outage probability.
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