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T6m tat- Trong bai bao nay, ching tdi tién hanh so sanh hiéu
ndng cia mgng chuyén tiép gia tang thu thdp nang heong
trong diéu Kién cé va khéng cé may phdt ndng hrong cé dinh.
Chung téi d@a phan tich xdc sudt ding cua hé thong trong hai
trieong hop siz dung ki thudt xdp xi chudi va ham Bessel diéu
chinh bdc mét logi 2. Két qua phan tich chi ra rang trong
cling mgt diéu ki¢n kénh truyen va hé thong, mang chuyén tiép
gia tang thu thdp nang heong tir nguon cho hiéu nang hé thong
tot hon mang chuyén tiép gia ting thu thip nang hrong co
dinh la 5 dB.

Tir khéa- thu thap nang luong, fading Rayleigh, thu thap
nang luong vo tuyén, ngudn phét nang lugng cb dinh

1.GIOI THIEU

Trong truyén thong hop tac, ky thuét truyén gia tang 14 mot
trong nhiing ky thut chuyén tiép c6 hiéu qua nhit v& mat
hiéu sudt phd tan, cho phép nut chuyén tiép chi hd trg nat
dich khi ma tin hiéu ma nat dich nhan tir nat ngudn khong
dam bao dé giai diéu ché [1]. K¥ thuat truyen gia ting cling
¢6 uu diém la giam ap lyc cho nuit chuyen tiép khi phai
luén ludn chuyén tiép dir liéu ciia niit ngudn ciing nhu han
ché viéc tiéu t6n nang lugng cua nit chuyén tiép [2-7].

Dé khuyén khich cac niit chuyén tiép tham gia vao cong tac
chuyén tiép dir liéu cho niit ngudn, Bao va Tuén trong bai
bao [8] da dé xuat sir dung k¥ thuat thu thap ning luong
cho nut chuyén tiép va d& xuit phuong phap danh gia hiéu
nang cua hé thong. Tuy nhién, nang luong thu thap tir nit
chuyén tiép trong hé thong nay thuong la nho, do phu thuge
vao nang luong phat cua nut chuyen tiép, va dan dén ving
phu song cua hé théng 1a nho. Dé mo rong ving phu song
ctia hé thong, ciing nhu ting cudng hiéu ning ctia hé thong,
mdt gidi phap khac 1a sit dyng nat phat nang lugng c6 dinh
— chuyén cung cip ning luong — dé cung cip ning lugng
cho ndt phét [9-19]. Tuy nhién, hiéu ning hé thong cia hai
trudong hop thu thap nang lugng tir ngudn va thu thap ning
lugng tir nut phéat ¢d dinh 1a chua r5.
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Trong bai bao nay, ching toi s€ danh gid va so sanh hi¢u
nang hé thong chuyén tiép gia tang thu thap ning luong vo
tuyen trong diéu kién c6 va khong c6 may phat nang lugng
c¢b dinh & kénh truyén fading Rayleigh dudi dang xac suét
dimg hé théng. Két qua va nhitng nhan xét dat dwoc s& cho
biét hé thdng nao hiéu qua hon va co thé 4p dung vao cac
mang cam bién khong day sir dung ning luong thu thap.

Phan con lai cua bai bao s€ dugc t6 chire nhu sau. Phan II
s& dé xuit mo hinh hoat dong va dé xuat phuong phéap danh
gia hiéu nang mang. Phan III s& so sanh hiéu ning hé thong
chuyen tiép gia tang thu thap ning lugng vo tuyen trong
diéu kién co va khong c6 may phat nang luong ¢ dinh &
kénh truyén fading Rayleigh. Bai bdo s& két thac voi phin
két luan & Phan VL.

I1. MO HINH HE THONG

Hinh 1 M6 hinh hé théng truyén gia ting véi ky thuat lwa chon

nGt chuyén tiép va két hop lwa chon. Hinh bén trai la hé théng

thu thap niing lwgng tir nguén. Hinh bén phai la hé théng thu
thap ning lwgng tir nit phat nang lweng.

Xem xét mo hinh truyén gia ting cong tic bao gdm mot nit
nguon (S), mot nit dich (D) va N nut chuyén tiép ky higu tur
R,,R,,...,R, . Qua trinh truyén thong tin tir nat nguon S dén
nat dich D vé6i sy giap dd ciia N nat chuyén tiép théng qua
giao thuc truyén gia tang.

Giao thic truyén gia tang la dé giam ap luc nang luong lén
cac nut chuyén tiép nhu d6i véi giao thirc tmyen thong cong
tac thong thuong [1, 3, 4]. Céc nit chuyén tiép dugc trang bi
mach thu thip nang lugng vo tuyén va sé& sir dung ning luong
thu thap dé gitp chuyén tiép dir liéu trong khi nut ngudn va
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nat dich s& sir dung nang luong luu triv tir ngudn, vi du nhu
pin. Nghién ctru nay s& nghién ctru hai truong hop: (i) cac nit
chuyen tlep thu thdp nang lugng tir nit nguodn va (ii) cac nut
chuyén tiép thu thap ning luong tir nit phat ning lugng (PB).

Gia sir hé thong sir dung ché d6 thu thap ning lugng phan
chia theo thoi gian. Goi T 1a thoi gian truyén chuén cho mot
symbol va ¢ 1a ty 1€ phan chia thoi gian thu thip nang luong.
Qua trinh truyén tin tir nit ngudn dén nut dich s& chia ra lam
ba khe thoi gian con lan lugt 1a: khe phat quang ba, khe thu
thap nang lugng, va khe truyén gia tang, trong d6 khe thu thap
ning luong va khe truyén gia ting la hai khe truyen tuy chon
phu thudc vao chit lwong ciia kénh truyén truc t1ep trong khe
phat quang ba. Thoi lwong cho ba khe thoi gian 1an luot la:

Lar rowali%r
2 2

. oo 1-
Trong khe phat quang ba véi thoi gian la TaT , nat

ngudn phat quang ba tin hiéu va ty s tin hiéu trén nhidu tai

nut dich va nit chuyén tiép R, co6 dang:
P Jho|’
Yo = @
NO
va
Veu = M )
SR, )
NO

v6i P, 1a cong suit phat cia nit nguon, hy, 1a hé s6 kénh

truyén tir S dén D, va N, 1a cong suat nhiéu tai may thu.

Tai cudi khe thoi gian phat quang ba, nit dich kiém tra ty sb
tin hi€u tai nat dich. Co6 hai truong hop s€ xdy ra la nit dich
giai ma thanh cong va giai md khong thanh cong. Trong
truong hop giai ma thanh cong, nut dich s& gui tin hiéu hoi
tlep de nat ngudn va cac nat chuyén tiép tiép tuc phat symbol
ké tiép. Trong trudng hop g1a1 ma khong thanh cong, nut dich

cling s& gui tin hiéu hdi tiép dé cac nut chuyén tlep thu thap
nang luong trong khe thoi gian thir 2 va nat chuyén tiép lya
chon thyc hién khe truyen gia tang. De don gian trong phan
tich hiéu nang cua hé thong, gia su rang kénh truyen héi tiép
la khong tré va khong 16i. Anh hudng tré va 16i ciia kénh
truyen hoi tlep nhu trinh bay ¢ nghién ctru 1a c6 thé bu dip
bang cong suét phat [8].

Xem xét trong khe thoi gian thir 2, cac nat chuyén tiép tién
hanh thu thap nang luong. Nang lugng thu thap tai nat chuyén
tiép thir n trong 3 truong hgp dugc viét nhu sau:

a. Truong hep 1: Thu thip ning hrgng tir nit ngudn

Goi hg; hé s6 kénh truyén tir nat nguén S dén nut R, ta co

2
ER,, :77PS|hSRn al (3)
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v6i 77 14 hé sb chuyén dbi nang luong.
b. Trwong hgp 2: Thu thip ning lwgng tir nut phat ning
lwong

Khi hé thong s dyng nat phat nang luong, nang luong thu
thap tai nat chuyén ti€p la nhu sau:

E, =nkK |hPR,, |2 ol 4

v6i hy, hé s6 kénh truyén tr nat phét nang luong (P) dén nat
R

n-

Khi ¢6 nhiéu nat chuyén tiép, hé thong chon nut chuyen t1ep
thu thap dugc nhiéu nang lugng nhat dé lam nut chuyen tlep
trong pha truyén gia tang [20]. Goi R, la niit chuyén tiép

duoc lua chon, ta ¢

R, =arg max, E,. ®)

n

Tuong tng voi hai trudng hop, ta viét lai biéu thic (5) cho
TH1 va TH2 nhu sau

argmax,,, 7P, |he, |2 aT, TH1
Ro= : N0
argmax,_, 77Pp |hpRn | aT, TH2

Khi d6, cong suat phat ciia niit duoc lwa chon trong pha thoi
gian th{r 3 twong Gng trong hai truong hop la

2na 2
g Fymax,; |thn , TH1
PRD = ) - ()
1% b max, von|Pes,| o TH2
1—a "

Ty s6 tin hiéu trén nhidu tai nat dich D trong pha truyén gia
tang lan lugt trong hai truong hop 1a

P
Vryp = NL: thD 2
: lznz ’Z’ max,, s, [P+ THL ®)
f:y_zg_p;maxnlwﬂ |hPRn|2|thD|2’ TH2

Nt chuyén tiép st dung k§ thuat khuéch dai va chuyén
tiép, ty s6 tin hiéu trén nhiéu twong duong ctia hai chang 1a [1]
Vsr, Vr,D

_ 9
7SRb+7RbD+1 ©

Var =

O ving ty 18 tin hi¢u trén nhiéu cao, y,. c6 thé duoc xap xi
nhu sau [21]

Varp & min(Vsta7RbD) . (10)
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Tai nut dich, dé giam do phuc tap phén cung, h¢ théng s
dung b két hop lya chon (selection combining) dan dén ty so
tin hi€u trén nhiéu tai nut dich sau ba khe thoi gian nhu sau:

7z:max(7sov7/AF)_ (11)

111. PHAN TiCH XAC SUAT DUNG HE THONG

Trong phan nay, Chung toi s€ phan tich hi¢u nang cua hé
thong thong qua xdc suat dimg ¢ kénh truyén fading Raylelgh
v6i truong hop tong qua khi ma gia tri ngudng chuyén kénh
(R,) va ngudng dimg (R, ) cua hé thong 1a khic nhau. Ap
dung dinh 1y tong xac suit, ta c6 xac suit ding cua hé thong la
nhu sau [22]:

oP-= Pr{l_Talogz(l+ySD) > Rs,l_Talogz(lﬂ/SD) < RO}

[

+Pr{1_7alogz(1+ySD) < Rs,l_—alogz(lﬂ/z) < Ro}

12

(12)

Trong (12), I, dugc viét lai la ham cia R, va R, nhu sau

0 R, >R,
I, = R, _ Ro _ . @3
! exp[—z_ 1)—exp[—2_ 1} R, <R, (13)
Vsp Vsp

Vi |

, trong (12), ta viét lai nhu sau

750 <2f -1, MaX(Ysp» ¥ ar) < 2% _l:|
Pr(ysp < 2% —DPr(y, <2% -1), R, >R

S 0

PG <2% ~1Pr(yy <2% -1)5, R, <R

S [
R, >R,
<R,<R,

{F % -DF,_ (2% -1),
= RS RO
F.,@"-DF (2™ -1),
(14)
Dé phan tich dugc dang dong cua (14), ching ta can xem
xét ham CDF cua y,; trong hai truong hop nhu dudi day.
a. Trudng hep 1: Thu thap niing lirgng tir ngudn

Trong trudng hop nay, ta bit dau tir dinh nghia ham CDF
cla y, nhu sau:

F,. (") =Pr[min(ree, ,7e0) <7 |

(15)
=1-Pr(yss, > 7. 7rp > 7):

Xem xét cong thuce (8), ta viet lai F () str dung xac suat

diéu kién nhu sau
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R,D

=1- I hﬁbD( ] . (x)dx.

O kénh truyén fading Rayleigh, ham PDF ciia Vs, €O dang
nhu sau [7]

(r) =1- Pr(?’st >7/rﬂ75Rb

YAF

(16)

ny

N N _r
f, ()= Z(—l)"‘l( ) ji‘—ye o

SR

Thay thé (17) vao (16) va thuc hién dua dau tich phan vao
bén trong, ta cd
N NY n =X
() =1- exp( j (—1)“[ ]_—e e dIx
/AF J nZ]:_ n }/SR

N n % A
Z; [ ijR '[epr ﬂ/lRDX sk
(18)

Tich phén trong (18) 14 khong ton tai dang dong. Trong cac
nghién ctru trude ddy, vi du [23, 24], da thuc hién x4p xi bang
cach cho ngudng dudi tich phan vé khong dan dén két qua dat
dugc 1a khong phu hop voi vung ty 1€ tin hi¢u trén nhiéu cao.

Nghién ctru nay dé xuét sir ky thuat xap xi chudi cho ham mi,

o k
: X 2 .

cuthé la e* = ZF Uu diém cua k¥ thuat xap xi ham mii la
k=0

cho phép chung ta Iya chon d6 chinh xac xap xi can thlet dua

vao sb lugng thanh phan diu trong chudi. Khi do, ta viét lai

(18) nhu sau:

F_ () =1- Z( 1)“m_”

Vsr

: D[ 7 Y
x_[exp( X JZ ( J dx
Y sk PlroX (19)
N o ( 1)k+n -1 n }/ k
=1— | L
S ()
Ix exp(——]dx

7sr

Str dung két qua tich phan tai 3.351.4 cua [25], ching ta c6
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F =1- nmt
o () Z( ) ( J%R
>L

3 e e

A

n=1 k=0 Vsr \ Blro

T A T
x[(_l) (7} _(k_l)!E.[_gj

e 7sr k-1 1

ny
B ;(k—l)(k—z)...(k—l—/z) [‘g]

(20)
b. Trwong hop 2: Thu thip nang lwgng tir nit phat ning
lwgng
Két hop (8) va (10), khac véi (14), ta viét ham CDF cua
¥ae Nhu sau:

Do tinh ddc lap giita cac kénh truyén, ta viét lai (19) nhu
Sau:

F. ()= Pr[min(?’st ryp) < 7]
=1- Pr(yst >7vﬂ|\Pl_PmaX N |hPRn|2|thD i

(21)

F. (n)=1- Pr(ySRb>7)TPr(|thD|2>éj f (0d  (22)
0

O day, ta nhan thiy rang, do phuong thirc lya chon nat
chuyén tiép 1a giéng nhau, nén ham PDF cua Ve, €O dang
nhu sau

_r

f. (= Z( 1)“(nj Mg, (23)

Vrr

dan dén (20) sau khi 4p dung 3.324 cua [25] c6 thé viét lai nhu
sau
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E (1) =1-exp| -2 |[exp| - y]
el g
gor{l)2

e VPR dX
VR

=1- EXp[_g]Z( H™ [nj

X;Texp[—?—x—Ljdx

7er 0 Yor  PXro

_1 _ 1n1
ol -2 S ()

S e G
Blro¥er Blro¥er

voi K, (.) 14 ham Bessel diéu chinh loai 2.

(24)

Thay thé 1an luot (20) va (24) vao (14), két hop véi (13) va
(12), ta c6 duge xac suat dung cua hé thong trong hai truong
hop thu thép nang lugng tir ngudn va thu thap nang lugng tur
nut phat nang luong.

V. KET QUA SO VA THAO LUAN

Trong phin nay, t6i s& sir dung mé phong Monte Carlo aé
kiém ching phan tich ly thuyét & trén va so sanh hiéu ning
ctia hé thong truyén gia ting trong hai truong hop sir dung va
khong sir dung nut phéat niang luong. Dé xem xét hiéu tmg suy
hao dudng truyén, nghién cru nay st dung mo hinh suy hao
dudng truyén don gian, nghia 1a A, =d,."7 v6i d,, A
khoang cach giita nit A va nit B va 7 1a hé s6 suy hao kénh
truyén. Ngoai trir cac khai bao riéng biét khac, ta gia st rang
ndt S, R, D va P lan luot dat tai toa do (0,0), (0,1), (0;0.5), va
(X, Yp) . Tachon =3 va (X, Y,)=(0.5,0.5).

Outage Probabilty

Hinh 2 Anh hwéng caa tée dd chuyén mach Ién hiéu ning hé
théng

Hinh 2 khao sat anh hudng cua toc d6 chuyén manh trong
twong quan voi toc do truyén truyén mong muon. Ta xem xét
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3 truong hop do la: (i) TH1: R,=1<R,=2 (i)
TH2: R, =2=R_=2va (iii) TH3: R,=3<R_ =2 . Ta dé
dang nhan thdy rang (1) He thong thu thap nang lugng tu
ngudn cho hi¢u ning tot hon hé thong thu thdp nang luong tur
nit phgt nang luong (2) Ca hai hé théng s& cho hiéu nang t6t
hon néu gia tri R, dugc chon lén hon hodc bang R, va (3)
Két qua phan tich sip xi phii hop véi két qua mo phong.

Outage Probability
-
i -

s

o 5 10 15 20 25 1
Average SNRs [dB]

Hinh 3 Anh huéng caa sé lwgng nit chuyén tiép

Hinh 3 khéo sat anh hudng cua sb lwong nat chuyén tiép 1én
hiéu ning cua thong trong hai truong hop c6 va khong c6 nut
phat nang luong bang cach ting so  luong nat chuyén tiép tir 1
Ién 3. Hiéu ning cua hé thong truyén tryc tlep trong cung diéu
kién ciing dugc xem xét dé so sanh tham chiéu. Ta c6 thé thay
rang & ving ty 1& tin hiéu trén nhidu thap, truyén truc tiép cho
hiéu nang tét hon ca giao thirc xem xét trong ca hai diéu kién
st dung va khong st dung PB. Tuy nhién, & vung ty 1€ tin hi¢u
trén nhiéu cao, giao thirc thu thap ning luong tir ngudn cho
hiéu ning hé thdng t6t nhét. Ly do 1a giao thirc thu thap ning
luong tir nguon bén canh viéc lya chon nit chuyén tiép thu
thdp nang luong t6t nhit n6 con dam bao 1a kénh truyén tot
nhat.

SO 4 (CS.01) 2018

Tha mép s ngude
PB0.10.1) ]
FE050.1)
PBL00.1}

Outage Probability

Average .:anmat
Hinh 4 Anh hwéng caa vi tri nat thu thip ning lweng

Hinh 4 khao sat anh hudng ctia vi tri nut phat ning luong
lén hiéu niang hé thong. Ta ciing xem xét ba truong hop dic
biét, cu thé: Truong hop A: nut phat ning lwong gn ngudn S,
Truong hgp B: nut phat nang lugng gén nut chuyén tiép, va
Truong hop C: nut phat nang luong gan nut dich. Hinh 4 chi
ra rang Truong hop B cho hiéu néng t6t nhat roi dén trudng
hop A va tiép theo 14 truong hop C nhu két qua mong doi. Nut
phat nang luong cang gan cac nit chuyén tiép thi cang c6 kha
ning gitip cac nat thu thap ning lugng nhiéu hon. Mot diém
dang cha y la vi tri nut thu thp nang luong cling anh hudng
dang ké dén hiéu nang hé thdng, dic biét 1a & ving ty s tin

hiéu trén nhiu cao, vi du tai muc 19 - néu sap xep vi tri nut
phét nang lwong hop 1y c6 thé 1gi gan 5 dB trong trudong hop
khéac.

Outage Probabllity

10 15 20 25 k)
Average SNRs [dB]

Hinh 5 Anh hwéng ciia mire phat ning lwgng ciia nit phat ning
lwong.

Hinh 5 khdo sat anh huong ctia muc phat nang luong cua
nut phat ning lugng 1én hiéu ning hé thdng. Ta xem xét PB

P, =10 dB, P, =20 dB, va

thay d6i voi 3 mirc nhu sau:
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P, =30 dB. Ta dé& dang nhan thdy tang gia tri P, s& cai
thién hiéu nang cua hé thdng mot cach dang ké. Tuy nhién,
murc tang cai thién phy thudc vao mirc d tuong quan gilta
cong sudt cua nguon phat nang lugng va cong suat phat cua
nguén S do ty so6 tin hiéu trén nhiéu cua hé thdng hai ching
phu thudc vao ching yéu hon.

V. KET LUAN

Bai bao da so sanh higu nang hé thong truyén gia ting thu
thdp nang luong trong hai truong hop thu thip nang luong tir
ngudn va thu thdp néng lugng tir nut chuyén tiép ¢6 dinh. Cac
két qua phan tich da chi ra rang trong cung diéu kién kénh
truyén va hé thong, hé théng thu thap ning lugng tir ngudn
cho hiéu ning tot hon hé thong thu thap ning lugng tir nut
phat ning luong. Két qua phan tich ciing thé hién rang khi
cong suit phat ctia nut phat nang lwong du 16n thi vi tri ciia nut
phat nang lugng 1a khong quan trong, cu thé 1a khong anh
huong dén hiéu ning cua hé thong Mot hé thong lai két hop
gitra thu thap nang luong tir ngudn va tir nat phat nang luong
¢6 thé 1a hudng nghién ciru tiém ning cta bai bao nay.
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