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Tém tit— Cong trinh nay so sanh hiéu nang cua hai mo
hinh chuyén tiép da ching sir dung ngudn nang luong vo
tuyen va sir dung ma Fountain. Trong m6 hinh d4u tién, nit
nguon lién tyc guri cac goi ma hoa den nut dich, thong qua
cac nat chuyén tlep nam trén tuyén giita ngudn va dich.
Khac v6i mé hinh dau tién, trong mé hinh tht hai, di liéu
ngudn s& dwoc chuyén tiép theo ting chang tu nguén dén
dich, sir dung mi Fountain. Hon nira, tat ca cac nat phét
trong hai mo hinh nay déu phai thu thap nang lugng vo
tuyén tir mot tram duoc lap dat trong mang. Cong trlnh nay
danh gia chinh xac xac suat dimg toan trinh va tong s6 lan
truyén trung binh trén mot 1an truyén thanh cong cua hai
mo hinh dé xuit trén kénh fading Weibull va kiém chimg
cac cong thire bang mé phong Monte Carlo. Cac két qua
cho thay rang mo hinh thir hai dat dugc hiéu nang tét hon
mo hinh th nhat.

Tir khéa—Ma Fountain, thu thdp néng luong song vo
tuyén, chuyén tiép da chang, xac suat dung, kénh fading
Weibull.

l. GIOITHIEU

Chuyén tiép [1]-[3] 1a mot phuong phap phé bién, voi
muc dich nang cao hiéu nang cho cac mang thdng tin vo
tuyén, nhu mé rong ving phu, ting do tin cdy truyén tin,
tang hiéu qua ning luong thong qua viée sir dung cong suat
phat thap. Nguyén Iy co ban cua chuyén tiép do 1a st dung
c4c nut trung gian dé van chuyén di liéu tir ngudn dén dich.
Céc nut trung gian ciing dugc goi 1a cac nit chuyén tiép
(relay nodes), va ching thuong sir dung cac ky thuat
chuyén tiép co ban nhu giai ma chuyén tiép DF (Decode
and Forward) [4] hay khuéch dai chuyen tiép AF (Amplify
and Forward) [5]. Ky thuat DF gidp loai bo nhiéu tai mdi
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chang nén dat duogc hi€u nang tdt hon ky thuat AF. Tuy
nhién, k¥ thuat AF don gian hon vi cdc nit chuyén tiép chi
can khuéch dai tin hiéu nhan dugc va gii dén nut ké tiép.
Céc cong trinh [6]-[8] danh gi4 x4c suit ding toan trinh
(E2E-OP: End-to-end Outage Probability) cho mang
chuyén tiép da ching (MRN: Multi-hop Relaying
Network), ¢ day dit licu ngudn duge giri qua ting chang dé
dén dich. Hon nira, cic cong trinh [6]-[7] con dé xuét ky
thuat chon tuyén tSt nhat cho mang vo tuyén nhén thirc
(Cognitive Radio) dé nang cao hiéu nang E2E-OP. C4c tac
gia trong [3] va [9] danh gia hiéu nang bao mat cia MRN,
vOi su xuat hién cua nit nghe 1én. Trong [10]-[11], chuyen
tiép da ching duogc ap dung dé van chuyén cac géi tin ngan
(short packets) tir ngudn dén dich.

Gan day, thu thap ning luong vo tuyén (WEH:
Wirelessly Energy Harvesting) thu hit sy quan tdm ctia cac
nha nghién cGu trong va ngoai nudc [12]-[14]. Trong
WEH, cac thiét bi v6 tuyén dugc trang bi bo chuyén doi dé
bién doi song vo tuyén thu dugc thanh dong dién mot
chiéu, nham cung cip ning luong va kéo dai thoi gian hoat
dong. So v6i cac ky thuét thu thap ndng luong khac nhu
nang luong mét troi, nang luong gio, v.v. thi WEH kha 6 on
dinh va it bi anh hudng bdi cac yéu t6 moi truong. Thong
thuong, dé cung cip niang luong 6n dinh cho céc thiét bi,
c4c tram phat song vo tuyén (PB: Power Beacon) s& duoc
lap dat tai timg khu vuc cu thé trong mang [15]- [18]. Cac
cong bd [17]-[18] dé xuat nhitng mé hinh chuyén tiép da
chang cho mang thur cap (secondary network) hoat dong
trong moéi trudng vo tuyén nhén thiec, o day, cac nat phéat
thir cép, gom nguon va cac nit chuyén tiép, phai hiéu chinh
cong suét phat dé giao thoa gay lén mang so cép khong
vugt qua mot ngudng quy dinh trudc. Hon nita, cac nuat
phat nay phai thu thap nang luong tir mgt tram PB va su
dung nang lugng nay dé chuyén tiép dir liéu. Cac tac gia
trong [10]-[11] nghién ctru nhitng mé hinh chuyén tiép da
chéng stir dung WEH va ky thuat thu/phat phan tap tai moi
chang dé nang cao do tin cay truyén tin toan trinh. Tai liéu
[19] dé xuét cac phwong phap chon tuyén giira nguon va
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dich dé lam giam E2E-OP trong diéu kién cong suat phat
cua cac nut mang bi han ché do su Xuét hién cua cac nat
nghe 1én, va sy anh huong cua khiém khuyét phan cing
(Hardware Impairments). Cac tac gia cua cdng trinh [20]
4p dung truyén théng cong tac (Cooperative
Communication [21]-[22]) tai m&i ching dé nang cao do
loi phén tap va hi€u nang E2E-OP cho MRNs st dung
WEH.

M4 Fountain hay ma Rateless (FC: Fountain code) gan
day dugc nghién ctru rong rai boi kha nang ap dung dé dang
vao cac hé thong mang vo tuyén [23]-[26]. Uu diém cua
FC la bd ma héa va giai ma don gian, thich Ung voi didu
kién moi truong, khong yéu cau thiét bi phat phai biét trudc
thong tin trang thai kénh truyén, va dic biét, khong yéu cau
su hoi tiép tir thiét bi thu vé thiét bi phat khi sy truyén cua
mot goi bat ky bi 16i. That vay, thiét bi phat str dung FC s&
lién tuc giri cac goéi ma hoa dén thiét bi thu, cho dén khi
thiét bi thu nhan du sé goi dé khoi phuc thong tin gbe [23]-
[27]. Cong tr|nh [28] nghién ctru hiéu ndng bao mat cua
mang vo tuyén nhan thic dang nén cong tac sir dung FC.
Cong trinh [29] dua ra m6 hinh quang b4 da nguoi dung st
dung FC véi su xuét hién cta nhiéu nat nghe 1én. Hon nira,
trong [29], ky thuat tao nhidu cong tac (Cooperative
Jamming) duogc ap dung dé han ché kha nang giai ma cta
cac nut nghe lén. Céc tac gia trong [30] danh gid sy danh
d6i giita hiéu nang dimg OP va hiéu ning mét bao mat
thdng tin IP (Intercept Probability) cho mang chuyén tiép
da ching str dung FC va WEH. Hon nita, nit ngudn trong
[30] s& gui timg g6i ma hoa dén nut dich, véi sy giup do
cua cac nut chuyen tiép trung gian. Nham nang cao do tin
cay khi truyén cac goi ma hoa tai timg chang, nhém nghién
clru trong tai liéu [31] 4p dung truyén thong cong tac ting
cuong (Incremental Cooperative Communication [32]), st
dung cac niit bén ngoai tuyén giita ngudn va dich.

Bai bao ndy nghién ctru va danh gia hiéu nang cua hai
md hinh MRNs sir dung FC va WEH. Trong mé hinh dau
tién, ky hiéu HPR (Hop-by-hop Fountain Packet Relaying),
nut ngudn lién tuc giri cac goi ma hoa dén nut dich, thong
qua sy giup suc cia cac nat chuyen tlep trung gian. Trong
mo6 hinh tht hai, ky hiéu HDR (Hop-by-hop Data
Relaying), dir liéu nguon s& dugc chuyén tiép theo timg
ching tir ngudn dén dich. Piém khac nhau co ban giira hai
m6 hinh nay 12: HPR st dung chuyén tiép da ching dé giri
ting goi ma hoa dén dich, trong khi HDR s& chuyén tiép
toan bo dir licu ngudn theo timg chang. Tt ca cac niit phat
bao gdm ngudn va cac nat chuyén tiép trong HPR va HDR
déu phai thu thap ning luong tir mot tram PB dt trong
mang. Hon nita, k¥ thudt DF déu duoc su dung trong ca hai
mo hinh dé xuét.

Tiép dén, chung t6i phan tich diém mai va diém khac
biét gitra cong trinh nay va cac cong bd trude day:

- Khac véi cac cong trinh [10]-[11], [17]-[20], bai

bao nay nghién cuu va danh gid hi¢u nang mang
WEH MRN str dung ma FC.

- Cac md hinh dwoc dé xuit trong [30]-[31] va [33]
tuong tw nhu md hinh HPR trong bai bao nay. Tuy
nhién, diém moi cia md hinh HPR d6 1a: khi nat
dich nhan du s6 goi ma hoa dé khoi phuc dir lidu
ngudn, nit dich s& giri thong bao vé nit nguon dé
ngudn dimg viée truyén. Vi thé, mo hinh HPR s&
giam s6 1an truyén cac goi ma hoa, giam thoi gian
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tré va dat duoc hiéu qua ning luong cao hon cac mo
hinh dugc dua ra trong [30]-[31] va [33].

- K& tiép, bai bao nay dé xuat mo hinh HDR va mo
hinh nay dat dugc hi¢u nang cao hon mo hinh thur
nhit. Hon nita, sy truyén dit liéu tai mdi chang cling
s& két thuic ngay khi nat thu nhan du sé géi ma hoa
dé khoi phyc dit ligu.

- Cubi ciing, khac véi tit ca cac cdng trinh lién quan
ké trén, cong trinh nay danh gia hidu ning cta hai
m6 hinh HDR va HPR trén kénh truyén tong quat
fading Weibull [34].

Mot trong nhitng déng gop chinh cua bai bao nay do la:
ching t6i dua ra cac biéu thirc tinh chinh xac xac suét dimng
toan trinh (E2E-OP) va tong sb lan truyén trung binh trén
mdi 1an truyén thanh céng ciia cac mé hinh HDR va HPR
trén kénh Weibull fading. Chung tdi cling thyc hién mo
phong Monte Carlo dé kiém chung cac bi:éu thtre toan hoc.
Cac két qua chon loc s& dugc trinh bay dé mé ta xu huéng
hiéu nang, va sy tac déng cua cac tham s6 hé théng nhu s6
ching, cac tham s kénh truyén, s6 lan truyén tdi da va hé
s6 phan bo thoi gian tai mdi chang 1én cac hiéu ning md
hinh.

Phan con lai cua bai bao duge tom tit nhu sau: Phan 11
mo ta nguyén Iy hoat dong cia HDR va HPR. Phan III trinh
bay cac cong thirc toan hoc danh gia hiéu nang cia cac mo
hinh. Phan IV thyc hién mé phong Monte Carlo kiém
ching 1y thuyét. Phan V dua ra cac két luan va kién nghi
thiét ké.

Il. MO HINH HE THONG

PB

A
. ) oo 6
Nguén T, T, T Dich

Hinh 1. M6 hinh dé xudt.
Hinh 1 m6 ta mé hinh hé théng ctia cic mo hinh dé xuat
HPR va HDR, ¢ day, ngudn (T,) giri dit liéu dén dich

(T¢), s dung k¥ thuat chuyén tiép véi K chang va véi
sy gitp stc cia (K-1) nit chuyén tiép DF (T,), voi
k=12..K-1 va
(T,) va cac nat chuyén tiép (T,) s& thu thap nang luong

K >1. Tat ca nit phat nhu ngudn

tir tram PB va sir dung nang luong nay dé truyen dir liéu.
Hon nira, PB sir dung tan sb dugc cap riéng dé tranh niéu
dong kénh giita hoat dong truyén dir liu va hoat dong
truyen nang lugng trong mang. Gia st rang cic nut mang
déu chi c¢6 01 anten va hoat dong & ché do ban song cong.
St dung FC dé giri dir liéu, ngudn (TO) chia dir li¢u cua
minh thanh céc goi nhé c6 chidu dai bang nhau. Tir cac gbi
nay, T, chon ngdu nhién 01 hodc nhiéu goi dé tao thanh
01 g6i ma héa. That vay, thao tac ma hda rit don gian khi
ma T, chi can XOR céc g61 dugc chon lai, thém vao cac
thanh phan mao du va cac bit kiém tra 18i [28]-[31]. Tiép
dén, cac g6i ma hoa s€ lién tuc dugc gui di cho dén khi niit
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thu (céc nat chuyén tiép hodc nit dich) nhan di Ny goi

de khoi phuc dir lidu gbc cia nguon [28]-[31]. Do gi6i han
vé th(n gian tré, ta gla su rang s6 1an truyén t6i da cua
ngudn va cac nit chuyén tiép 12 N, .

Trong mé hinh HPR, timg goéi mi hoa s& dugc gui dén
dich. Néu dich T, nhan thanh cong Nreq g0i, nit nay s&
gui thong bao ACK vé nit ngudn dé nit ngudn dimg viée
truyén cac goi ma héa. Nguoc lai, néu nguon T, da gui
xong N, £6i mid hoa ma dich T, khong thé nhan dua
Nreq g0i thi ta xem nhu sy truyén dir liéu giita nguon va
dich bi dung. Nhu da dugc dé cép, ta thiy rang cac mo hinh
dé xuat trong [30]-[31] va [33] déu cho nat ngudn st dung
hét N, lan truyén. Tuy nhién, néu T, c6 thé nhan di
Nieq g6i trude khi T, str dung hét s6 1an truyén thi sy
truyén dir li¢u cua nut pguén sau d6 s& tré nén du thura. Vi
the, mo hinh HPR khac phuc dugc nhuge diém nay, nén
dat dugc hiéu qué nang luong cao hon cac md hinh trudc
day.

Trong mé hinh HDR, T, s¢& lién tuc gui cac gbi ma hoa
dén T, cho dén khi T, nhan du N, g6i dé khoi phuc dit
liéu. Tiép dén, T, s& mi hoa lai dix liéu ngu@)n va st dung
méa Fountain dé giri dit liéu dén T,. Qua trinh truyén nay
s& duoc lap lai & cac chiang. Ta luu ¥ rdng nat ngudn va cac
nut chuyén tiép déu chi duoc giri tbi da N, 1an. Hon nita,
sau khi ndt phat T, , & ching thir k stir dung hét N, 1dn
truyén ma nat thu T, khong nhén du N goi thi dit liéu
ngudn bi rét (drop) & ching nay. Ta ciing luu ¥ rdng trong
truong hop T, nhan di Ny goi trude khi T, ; s dung
hét lugt truyén, T, s& giri thong bao dé T, , ngung truyén
dir lidu. ) N . .

Néu L la tong thoi gian tré cho moi lan truyén 01 goi
ma héa tir nguon den dich thi thoi gian danh cho moi ching
la 7=L/K.Xétsy truyén 01 goi ma hoa bat ky & ching
thr k gitranat T, , vanat T, ; ¢ dy thoi gian dé T, thu
thap nang lugng 1a ar va thoi gian dé T, , giri goi ma hoa
dén T, la (l—a)r , vOi a(O <a Sl) 1a hé sb phén chia
thoi gian va la tham s6 hé thong dugc thiét ké trudc.

Ky hiéu wag la do loi kénh fading Weibull giira nut
phat A va nat thu B, véi
A—>Be{PB— T, T, > T }.Nhuduocduara trong
[34], wag 12 bién ngiu nhién lién tuc c6 ham phan phdi
tich iy (CDF: Cumulative Distribution Function) duoc
viet ra nhu sau:

F (x) :1—exp[— );ﬂAB J 1)

AB

v6i Bag VA g la cac tham s6 kénh fading Weibull gitra
AvaB.

Tu cong thic (1), ta c6 ham mat d6 xac suat (PDF:
Probability Density Function) ciia Wag 12
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B
fWAB (X) = @ XﬂAB_l exp _ﬂ . (2)
5AB 5AB

Kénh fading Weibull 12 kénh truyén tong quat vi tly
thudc vao cac gia tri khac nhau ctia Sag , ta ¢ dugc nhitng
kénh fading khac nhau. Vi du, khi Bag =1, ta c6 kénh
fading Rayleigh, va ham CDF va PDF cta W,g lan luot
la:

SOREEY

AB

1 X

f, (x =—exp[——]

'//AB( ) 5AB 5AB
Tro lai voi sy truyén gbi mé hoa ¢ chang tht K ; ning
luong ma T, ; thu thdp dugc trong khoang thoi gian ar

dugc tinh nhu trong [30]-[31]:

EH ., = ﬂarPPBd};é{Tk_ll//PBTk_l
=naQpgr_ PeaVper,

véi 7(0<n <1) la hidu suit chuyén déi tin hi¢u séng vo

®3)

(4)

tuyén thanh dong dién, P, 1a cong suat phat ciia PB, dpg
1a khoang céach giita nat phat A va nit thu B, y 1a hé sb
suy hao duong truyén, va tham s6 kénh truyén giira A va B
(Qag) duwgc md hinh héa nhu trong [33]:
Qg = dx4, VAB.

Boi vi thoi gian truyén dit lidu 1a (1- )7 nén cong suat

phat trung binh caa T, ; la (xem [30]-[31])

EH
Bea= - ;)1 = 11 Fogiper, ) ()
voi
na
= 6
H=1 g (6)

Tir cong thic (5), toc do dir liéu tirc thoi trén kénh
T, = T, duoc viét nhu trong [30]-[31]:

Readr” v
—AUT T P T Ty

Op

Ck = (1—

2

= (1-a)zlog, (1+ g1, Q71 PosVeet, V1, T, ]
%0

= (1— a)z' log, (1+ KWeet VT T, )v
)
voi 002 1a phuong sai ctia nhidu Gauss tai tat ca cac nat
thu B, § =g QO 1 Q,va Q=P log.

Gia st rang T, s& giai ma thanh cong goéi ma hoa nhan
dugc néu dung lugng kénh tic thoi C, 16n hon ngudng
duong Cy, xéac dinh trudc. Ngugc lai, néu C, < Ci, tacod
thé gia str viéc giai ma g6i ma héa tai T, bi 15i. Do d6, xac
suét giai ma 161 01 goi ma hoa tai T, dwoc viét dudi dang
sau: (xem [30]-[31])
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b =Pr(C, <Cy)

(8)
= Pr(WPBTHl//THTk <¢ ) ,
voi
Clh
2(l—a)r 1
e 9
A 4 ©)

Tiép tuc thyc hién bién doi, va sir dung cac ham phan
phoi CDF va PDF da dua ra trong cac cong thie (1) va (2),
ta dat dugc cong thirc tinh chinh xac xac suit 6 nhu bén

dudi:
0 A
6 = jo Frss | (7] iy o (X)X
_y P 10)
§Tk—1Tk
i Pret_y i
XﬂkalTk -1 exp| — (ﬂ( ) 1
P 2
oo 5PBTH X PBTk-1
X J. dx.
0 { XﬂTk—lTk J
exp| —
I 51T, |

Boi vi tich phan trong cong thire (10) khong thé duoc
biéu dién dudi dang tuong minh (closed-form) nén ta co
thé st dung phan mém Matlab dé tinh tich phan nay bang
phuong phap sb hoc.

Trong truong hop dic biét tit ca cac kénh truyén déu la
kénh fading Rayleigh: fSr 1 = fegr,, =1, ta dat duoc

biéu thirc dang tuong minh cho xéc suit &, nhu sau:

6’k =1_
1 & X
exp| — exp| ——— dx  (11)
§Tk—lTk JO { 5PBTle] ( §Tk—lTk ]
=1-2 _h

K{z - }
o1 1. %eT, , o1 1. %eT, ,
véi K, (.) 1a ham Bessel bién ddi loai 2, bac 1 [35].

Tiép theo, ta xét xac suat dich T, khong nhan thanh
cong 01 g6i ma héa dugc truyén tir ngudn T, trong md
hinh MPR. Béi vi T,

truyén goi nay thanh cong trén tat ca cac ching, nén xac
suat T, khong nhan thanh céng 01 goi ma hoa duge viét

nhan thanh cong 01 goi néu su

dudi dang sau:

K
PE2E :1—H(1_9k)- (12)
k=1

K
Trong cong thirc (12), H(l—@k) la xac suit ma su

truyén 01 g6i ma hda thanh cong trén tat ca cac ching hay
xac suat ma nuat dich nhan thanh cong 01 go6i ma hoa.

lIl. PHAN TICH HIEU NANG
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A. Xac sudt dirng toan trinh (E2E-OP)

V6i md hinh HPR; ta goi I 1a s6 goi ma hoa ma dich T,
thi T, khong thé khoi
phuc dit liéu ngudn. Do d6, xac suit ding toan trinh cia

md hinh HPR dugc tinh, twong tw nhu [31]:
Npeg—1

OPgpr = Cr(lmax (1_/0152E)r (PEzE)Nmax_r:
r=0

nhan thanh cong. Néu 0<r <N,

e

(13)

v6i 1— peoe 1a xac sudt dich T, nhan thanh cong 01 goi
ma héa, va Cf,  lahé s6 nhj phan:
roo N ax !
Nre Y (Njp =)
Thay pgse trong (12) vao (13), ta duge biéu thtrc tinh

chinh xac E2E-OP cua mo hinh HPR.
V&i md hinh HDR; trude tién, xac suat dung & chang thur
k hay xac suat T, khong thé nhan da N, g6i ma héa tir

(14)

req

T, _, dugc viét bang cong thirc sau:

OPror = Y Cl (1-6,) (6)"", (15)

r=0
v6i 1- 6, laxac suat T, nhan thanh cong 01 goi ma hoa tir
T,
R6i thi, E2E-OP ciia md hinh HDR dugc viét nhu sau:

K
OPypr =1- H(l_ OPyprk )
k=1

(16)

K
Trong (16), H(l—OPHDR’k) 1a xac sudt sy truyén dir
k=1
lidu ngudn trén tat ca cac chiang déu thanh cong.
B. Tong S6 Lan Truyén Trung Binh

Trong cac tai liéu [30]-[31] va [33], nat ngudn ludn st
dung hét N max 1an truyén t6i da dwoc phép. Trong mot sb
truong hop, nat dich ¢ thé nhan dugce hon Nyeq 90i md
héa, va nhu vay, mot sb goi nhan duoc tai dich 1a du thira.
Pé giam so lan truyén cho nguon va cac nat chuyén tiép,
trong mo6 hinh HPR, chiing t6i dé xuat rang mdt khi dich
Ty nhan di N, g6i ma héa, nit nay s€ giri thong bao vé
ngudn dé nguon ding viéce truyén. Tuong tu, trong md hinh
HDR, khi ndt T, nhan di Ny, goitornat T, ;, T, cling
glri thong béo dé T,_, dimg viéc giri g6i ma hoa. Dé danh
gia va so sanh hiéu ning, ching tdi s& phan tich tdng s lan
truyén trung binh trén mot 1an gui dit 1i€u thanh cong tr
nguodn deén dich cho ca hai mo hinh d¢ xuat.

Trong mo hinh HPR, d¢ nit dich nhan du N4 g6i ma
hoa thi nut ngudn phai giri it nhat Nreq £0i, cling nhu céc
nut chuyén tiép ciing phai chuyén tiép it nhat Nyeq lan. Vi
vay, tong s6 1an truyén t6i thiéu cua ngudn va cac nit
chuyén tiép s& 1a K* Nyeq - Do su tic dong cta nhiéu va

fading kénh truyen su truyen cac g6i ma hoa co the bi 16i,
vi thé s6 1an truyén cua ngudn Va cacnut chuyen tiép s& 16n
hon Npgq . Ta ky higu Ng la sO 1an truyén can thiét cua
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nguén T, trong md hinh HPR dé dich Ty nhan du N
g6i ma hoa, voi Ngq < Ng <N . Vi s6 lan truyén thanh
cong cac goi gitta ngudn va dich la Neq nén s6 1an truyén
bi 18i s& 1a Ng — N,e . Hon nita, méi lan giri thanh cong 01

goi ma hoa ludén can K lan truyén cta cac nit, trong khi
mdi lan gui khong thanh cong 01 géi mé héa s dung H

lan truyen véi 1<H <K. Vi dy, néu viéc truyen 261 ma
hoéa bi 161 ngay ¢ chang dau tién thi mang chi mat 01 lan
truyén, tirc H =1, va néu viéc truyén nay that bai & ching
cudi (chang thir K) thi H = K . Mot cach tong quét, néu s
truyén 01 g6i ma hoa khong thanh céng & ching thir k thi
tong s6 lan truyén g6i ma hoa cua cac nit 1a k, hay H =k .
Do d6, s6 lan truyén trung binh khi truyén khong thanh
cong 01 goi ma hoa s& duge tinh bang cong thiic sau:

Sl Sl
peze 1—1;[(1—@)

1

k-1

Trong cong thuc (17), H
u=1

hoéa bi r6t & ching thir k (sy truyén & Kk —1 chang trude do
phai thanh cong). Ké tiép, ta tinh duoc téng sb lan truyén
trung binh dé gui thanh cong N, go6i dén dich trong md

hinh HPR nhu sau:

-6, )t9k 1a x4c suat goi ma

1
NUMypr
1-OPypr
N
e Nre N _Nre
X f CNSi (1 Pe) “(Pee) ™ (18)
NS:Nreq

x| KNpeq +(Ns = Nygq )H |
Trong cong thic (18), 1-OPypr 1a xac suét nit dich
Ty nhan di N, goi ma hoa dé khoi phuc thanh cong dir
liéu nguodn, KNieq +(Ns - Nreq)ﬁ 1a tong s6 1an truyén

trung binh ciia ngudn va cac nat chuyén tiép can thiét dé
Ty nhan du Nieq goi, va

C req (1 PEzE)
nhan da Npq goi khi ngudn T, giri Ng gdi ma hoa.

Ns—N o L, ar
(,DEZE) S ™ la x4c suat dich T,

Déi voi HDR, s0 l‘ﬁn tru}{én trung binh trong moé hinh
nay s€ bang tong so lan truyén trung binh trén moi chang.
Xét sy truyén dir lidu ¢ chang th k gitra T, 4 va T, ; néu

taky hiéu Ny (Nreq <N; < Nmax) 14 s6 1an truyén cia

Ty thi s6 1an truyén trung binh cua T, ; d& T, c6 thé

nhan di Nq goi s€ dugc tinh bang cong thirc sau:
NUMprk

N
Nreq
f Nkal NT

_ Ny =Nieg

L-6)" (8)" M (19)

1_OPHDR,k
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Trong (19), Cy” Nrea ™ (1 9) “ (6 )NT'KIN’eq 1a xé4c sut
ma nat T, nhén du Nreq goi khi nat T, giri Ny goi
mé héa dén T, . Nhu da lap luan & trén, tong s6 lan truyén

trung binh cho mét lan giri thanh cong dir lidu giita ngudn
va dich trong mo6 hinh HDR duogc viét nhu sau:

K
Numypr = Z NUMypRk-
k=1

. KET QUA MO PHONG VA LY THUYET

Trong muc nay, chung t6i thyc hién mé phong Monte-
Carlo d€ kiém chung céac ket qua phan tich, cling nhu dé so
sanh hi¢u nang E2E-OP va tong so lan truyén trung binh
(ky hiéu NUM) cta hai m6 hinh dé xuat HPR va HDR.
Trong céc hinh v& bén dudi, két qua md phong duge ky
hiéu la SIM va két qua phén tich dugc ky hiéu 13 ANA.
Mbi truong mo phong 1a mit phang Oxy, & day ngudn T,
dugc ¢b dinh & gde toa do (0,0); dich T,

(1,0), nut chuyén tiép T, duogc dat & vi tri (k / K,O) , va

(20)

c0 dinh & vi tri

tram PB dugc ¢6 dinh ¢ (0 5, l) Hon nifa, trong tit ca cac

két qua mo phong va ly thuyet c4c thong s6 hé thong sau
s& duoc cb dinh: thoi gian tré toan trinh dugc tiéu chuan
hoa bang 1 (L=1), hiéu suét chuyén ddi ning lugng song

v tuyén bang 0.5 (77 = 0.5) , hé sb suy hao duong truyén
bang 3 ( 4 =3). Ta ciing gia st rang cac tham sb kénh
truyén fading Weibull & cac chang 1 gidng nhau va duoc
k}” hléu nhu sau: 5PBTk,1 = :17 ﬂPBTk,l :IBPB va
P71 =Pr,véimoi k=0,1...,K. Tacling luu y rang cac
biéu thirc dua ra trong bai bao nay co the ap dung cho tat
ca cac gia tri khac nhau cua cac thong s6 hé thong trong

thuc té.
Trong hinh 2, chung t6i biéu dién xac suat dung toan

trinh ctia hai mo hinh dé xuét theo Q (dB) (Q =Py lof )

Or, T,

v6i cée gia tri khac nhau cua N, vavoi K=3, a=0.2,
Cn=05 fp=35, fr=27va N

thdy rang x4c suat ding cta ca hai mé hinh giam nhanh khi
Q ting boi cong suat phat ciia tram PB ting ciing 1am tang

=5. Piu tién, ta

cong suit phat ciia ngudn va cac nit chuyén tiép. Tiép dén,
khi Ny = Nieq =5, ta théy hai mé hinh HPR va HDR c6
gia tri E2E-OP gidng nhau. That vay, béi vi s lan truyén
t6i da (Nmax ) béang véi sb goi can nhan tai dich (Nreq ) nén
tat ca su truyén goi ma hoéa & tat ca cac ching déu phai
thanh cong dé dich c6 thé nhan dit Nyoq g0i. Khi ting gid
tri cia Ny, tir 5 16n 6 va 7, ta thay rang xac suat dimg ciia
HPR va HDR giam vi nut dich c6 thém co hdi nhan du
Nyeq g6i md héa. Ta ciing quan sat rang voi Ny, =6 va
7, md hinh HDR dat dwoc gia tri xac suat dimng thap hon
mo hinh HPR. Cudi cing, cac két qua mo phong va ly

thuyét tuong dong nhau, diéu nay kiém chtng tinh chinh
xéc cua cac két qua phan tich cia E2E-OP trong muc III.
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Hinh 2. E2E-OP vé theo Q (dB) véi K =3, a=0.2,
C, =05 f;=35, g =27va N, =5.

_ Trong hinh 2, xac suét dimng toan trinh cta hai mé hinh
dé xuat dugc vé theo Q (dB) vai K=3 a=0.2,
C,=0.25 N, =6 va N, =5. Ta thy ring md hinh
HDR ludn dat gié tri x4c suit dimg thap hon mo6 hinh HPR

va cac két qua mod phong phu hop voi cac két qua phan tich.
H1nh 3 ciing cho thay su anh huéng dang ké cua cac thong

sO kénh truyén fading Weibull nhu Bog va Br 1én hiéu
nang dimng cta hai mé hinh. Khi Sog = S =1, tit ca cac
kénh truyén déu 1a kénh fading Rayleigh, va trong truong

hop nay gid tri E2E-OP cua HPR va HDR la 16n nhit. Boi
vi kénh truyén fading Weibull c6 do loi kénh 16n hon khi

tang gia tri Bog VA Pr, nén dédy la 1y do tai sao xac suat
dirg ctia ca hai m6 hinh 1a thap nhat khi Bog = fr =2, va
16n nhat khi Sg = Br =1. Hon nita, gia trj E2E-OP trong
truong hop SBog = fr =2 ciing thap hon rat nhiéu khi so
sanh vai 02 trudong hop con lai.

10%%

% HPR-SIM (8,5 = B, = 1) "
103} O HDRSIM (g, =6 =1) >
e HPRSIM(3, =1 5.=2)
¢ HDR-SIM (85 =1, 6, =2)
104 L v HPRSIM(Gp=5.=2) Yy
- N\
% HDR-SIM (3, = 4, = 2) .
HPR-ANA
~ — — ~ HDR-ANA
10-5 T L
0 5 10 15
Q (dB)

Hinh 3. E2E-OP vé theo Q (dB) véi K =3, «=0.2,
C,=025 N, =6 va N =5.
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S
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N\ ~
N N
102F N Ssl.
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N 107 a
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® HPR-SIM (a =0.15)
10-4 0 HDR-SIM (a =0.15)
X  HPR-SIM (a=0.3)
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HPR-ANA
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K
Hinh 4. E2E-OP vé theo K véi Q=7.5(dB), C,, =0.35,
o=1,5 =3, N =4va N, =7.

Hinh 4 v& E2E-OP theo sé ching giita ngudn va dich
véi Q=75 (dB), Cin=035 fg=1,5=3, N,=4va
N, ., = 7. Trong hinh v& nay, x4c suat dimg ctia HDR ciing
thip hon ciia HPR. Ta c¢6 nhén xét rang khi sé chang qua
nho thi khoang céch glua cdc nit trén moi chang s€ 16n va
diéu nay lam gidam xac suét truyén thanh cong cac gbi ma
hoéa trén moi chang. Nguoc lai, khi ) chang qua 16n thi
thoi glan truyén dir liéu & m01 ching s& giam dang ké, va
vi thé xac suat dung trén m01 chang cung tang 1é€n. Do do,
quan sat hinh 4, ta thy rang ton tai gia tri cua K dé E2E-
OP cua hai m6 hinh 1a thap nhat. Cu thé, trong mé hinh
HPR, x4c suat dirng s& thip nhét v6i K =4 khi a=0.15
va véi K =3 khi a=0.3. Ddi vdi mé hinh HDR, céc gia
tri twong tmg la K =9 khi ¢ =0.15 va K=7 khi «=0.3
. Két qua nay cho thdy HDR hoat dong t6t v4i sb ching
lon trong khi, HPR chi phu hop véi s6 chang nhé. Ngoai
ra, h1nh 4 ciing cho thay khoang thoi gian st dung cho thu
thap nang 1u0ng 0 moi chang cung anh huong 16n dén hiéu
nang cia cac mo hinh. Cuy thé, gia tri E2E-OP ciia HPR va
HDR khi o =0.3 thi thap hon dang ké khi so v&i truong
hop ¢=0.15.

Trong hinh 5, chling tdi v& xéc suat dimg toan trinh cua
cac md hinh theo gia tri @, véi Q=10 (dB), C,, =0.35,
ﬂPB :1lﬂT :3 Nreq :4\/& Nmax
giatri  qué thip thi nang lugng thu thap va cong sudt phat
clia cic nut ciing thap, dan dén E2E-OP 16n. Tuy nhién, néu
@ qua 16n thi thoi gian danh cho viée truyén dir liéu & mdi
ching s& nho, nén xéc suit dimg toan trinh ciia cic mé hinh
ciing ting. Giéng nhu di suy doan, hinh 5 cho thiy hiéu
nang dimg ciia HPR va HDR déu rit 16n khi « qua 1on
hodc qué nho. Hon nira, tdn tai gia tri tdi wu cua o dé xac
suét dirg toan trinh ctia cdc mo hinh dat gié tri thip nhat.
Cu thé, trong ca hai mo hinh HPR va HDR, E2E-OP s& nhé
nhit véi =052 khi K=2 vavéi a=0.275 khi K=7
. Nhu ta quan sat, s ching c6 tac dong 16n dén gié trj E2E-
OP ctia cic m hinh. Ta ciing c6 nhan xét nhu sau: khi s6
chang (K) cang 16n thi hé thong nén thiét ké hé sb phan
chia thoi gian (a ) nho, va ngugc lai. That vay, khi s6

=7. PAu tién, ta thiy néu

chang cang 16n thi thoi gian phan b cho mdi ching s& cang
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nhd. Do @6, thoi gian danh cho viéc thu thap nang luong
(ar) nén nhé dé dam bao thoi gian truyén dir lieu & mdi
ching ((l—a) z') . Nhu chiing ta c6 thé quan sat tir hinh 5,
v6i K=7 vd ar>0.65 thi x4c suat dimg ciia cac md hinh
hau nhu déu bang 1.

Hinh 6 biéu dién tong sé lan truyen tlung binh cua

nguon va cac nut chuyén tiép dé chuyén thanh cong dir ligu
tir nguon dén dich (ky hiéu NUM) theo Q (dB) véi K =4,

Cin =05 B =15,p=2, N,=5va K=4.Nhin vao
hinh V&, ta thdy gia tri NUM ctia HPR va HDR giam khi
cong suat phat (Q) tang. That vay, khi cong suét phat thap
thi ngudn va cac nut chuyén tiép can truyén nhiéu lan hon
dé dam bao nut dich nhan du N., 96i ma hoa. Ta ciing
quan sat thay khi sb lan truyén N, giam thi NUM ctia
hai mé hinh déu giam. Tuy nhién, khi Q 16n, gia tri NUM
cua ca hai mo6 hinh sé h(f)ivtu vé s6 lan truyén tdi thiéu:
K*N,, =20, nhu dugc thé hi¢n trong hinh vé&. Hon nita,
NUM ciia MDR hoi tu v& K*N_ o nhanh hon NUM cua

MPR. Cubi cing, nhu ta quan sat cac két qua mo phong
trong hinh 6 d kiém chtng su chinh x4c cua cac két qua
phan tich 1y thuyét cia NUM trong muc III.

10° ; ; . y —_——EEE:

00500
b4

*  HPR-SIM (K=2)
O HDR-SIM (K=2)
104 L B HPR-SIM (K=7)
¥ HDR-SIM (K=7)
HPR-ANA
~——~ HDR-ANA

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
«

Hinh 5. E2E-OP vé theo a véi Q=10 (dB), C, =0.5,
Be=25,5=35, N, =5va N, =6.

HPR-SIM (N__ =6)] |
HDR-SIM (N__ = 6)
HPR-SIM (N__ =7)| 1
HDR-SIM (N =7)
HPR-SIM (N, =8)| ]
HDR-SIM (N__ =8)| |

HPR-ANA
———— HDR-ANA

max

T+ e < @ O k|

max

o ¥

Hinh 6. Tong s6 lan truyén trung binh vé theo Q (dB) véi
K=4,C, =05 fg=15,4=2, N,=5va K=4.
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Hinh 7 v& tong s6 lan truyen trung binh ciia ngudn va
cac nut chuyén tiép dé chuyén thanh cong dit liéu tir ngudn

dén dich theo a véi Q=7.5(dB), C, =05, S =3,
Br=3, N =5va N, =T Hinh 7 cho ta thiy NUM cua
HDR nhé hcm NUM cua HPR. Tuy nhién, d¢ chénh léch
gia tri NUM cua hai m6 hinh 1a khong 16n. Tiép dén, ta
quan sat thdy luén ton tai gia trj cua «a dé NUM cuia hai
mo hinh dat gia trj thip nhat. Cudi cung, nhu ta c6 thé thay,

NUM cua HPR va HDR ting dang ké khi s6 ching tang tir
3lén4vab.

26@\ %7
RS AEEE = = 2 = 2 = 2 =2 22 aad
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= 19F *  HPR-SIM (K=3)
O HDR-SIM (K=3)
b ¢ HPR-SIM (K=4)
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*  HPR-SIM (K=5)
174 v HDR-SIM (K=5)
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[e%

Hinh 7. Tong s6 lan truyén trung binh vé theo & véi
Q=75(dB), C,,=05, Bz =3, =3, N e =0 VA
N =7-

IV. KET LUAN

Trong cong trinh nay, chung t6i di dé xuit hai mo hinh
chuyén tiép da ching sir dung ma Fountain va sir dung k¥
thuat thu thap nang luong vo tuyén. Chung t6i cling da dwa
ra cac biéu thirc toan hoc danh gia chinh x4c hiéu ning xac
sut dimg toan trinh va tong s6 1an truyén trung binh dé guri
dit liéu thanh cong tir ngudn dén dich trén kénh truyén tong
quat fading Weibull. Cac cong thtc déu dugc kiém chimng
tinh chinh x4c théng qua md phong Monte Carlo. Cac két
quéa dat dugc cho thdy ring mé hinh chuyén tiép dit liéu
ngudn theo tung chang (HDR) dat dugc hiéu nang t6t hon
mo hinh chuyén tlep timg g6i méd hoa (HPR). Tuy nhién,
mo hinh HDR yéu cau cac nut chuyen tlep phai luu trit cac
g6i ma hoa dé khoi phuc thong tin gdc, dong thoi phai ma
hoa lai dit liéu bang ma Fountain trudc khi giri dit liéu dén
ching Kké tiép. Do d6, viéc thyc hién m6 hinh HDR phuc
tap hon md hinh HPR. Dé nang cao hi¢u nang cho cac mé
hinh, ta co thé tang cong sudt phat cho tram phat PB hoac
tang s6 lan truyen cho nut ngudn va cac nat chuyén tiép.
Hon nira, dé dat dugc hiéu nang tbt nhat, tuy thudc vao cac
thong s6 hé thong cu thé, hé s6 phan chia thoi gian va sb
ching giita ngudn va dich can duoc thiét k& mot cach tbi
uu.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Hoc Vién Cong Nghé
Buu Chinh Vién Théng Co S& Thanh Phd H6 Chi Minh
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Ngé Hoang An, Nguyén Quang Sang, Tir L&m Thanh, Trén Trung Duy, Tan Hanh

PERFORMANCE EVALUATION OF
WIRELESSLY ENERGY HARVESTING MULTI-
HOP RELAYING SCHEMES USING FOUNTAIN
CODES OVER WEIBULL FADING CHANNELS

Abstract: This paper compares performance of two
wirelessly energy harvesting multi-hop relaying schemes
using Fountain codes. In the first scheme, the source sends
each Fountain packet to the destination via help of the
intermediate relays those are on a route between source and
destination. Different with the first scheme, in the second
one, the source data is relayed hop-by-hop, using Fountain
codes. In addition, all the transmitters in two proposed
schemes have to harvest wireless energy from one power
station deployed in the considered network. We derive
exact formulas of end-to-end outage probability and
average total number of transmission times per each
successful transmission for both schemes over Weibull
fading channels, and verify them by computer simulations.
The results showed that the second scheme obtains better
performance, as compared with the first one.

Key words—Radio frequency energy harvesting,
Fountain codes, multi-hop relaying, outage probability,
Weibull fading channels.
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