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To om tit—Bai bao nay dé xuét mot phuong phap phan tlch xac
suat dimg cua hé thong chuyen tiép hai ching véi niit ngudn va
nut dich duoc trang bi nhidu anten vdi nit chuyén tiép st dung
nang luong thu thap vo tuyén dé chuyén tiép dir 1ieu nhan tur
nut nguon Phuong phap phan tich méi cho phép xép xi tot hon
Xac sut dung he thdng so v6i phuong phép phan tich xap xi
truyén théng, von chi pht hop cho mang voi niit mang don
anten. Cac két qua phan tich dé xuat dugc kiém ching voi két
qua mo phong. Pdng thoi dic tinh cia mang nghién clu ciing
dugc nghién ciru va kiém chimg.

T kho'a—chuyén tiép, hai chang, MIMO, kénh truyén fading,
thu thap nang lugng vo tuyen

I. GIOI THIEU

Ngay nay, cic mang cam bién v tuyén duoc phat trién mot
cach manh mé& va dugc Ung dung trong nhiéu linh vuc khéc
nhau trong doi séng xa hoi nhur 1a: quan tric méi truong, chim
soc sirc khoe...bang cac thiét bi voi gia thanh thap [1, 2]. Tuy
nhién, cac thiét bi nay chi cé thé hoat dong trong mot thoi gian
ngin va yeu céu phai dinh ki thay thé hodc nap ning luong dé
duy tri két ndi bon ngudn nang lwong g101 han. Hon nira, viéc
thay thé cac ngudn cung cap cho cac thiét bi d6 1a khong thé
thue hién dugc hoac 1a chi phi cao. Vi vay, viéc tim ra cac ky
thuat thu thap ngudn nang luong tir méi trudng xung quanh dé
cac mang ty duy tri hoat dong ma khong rang budc vao nang
lwong cung cip da dugc cac nha nghién ctru quan tam [3, 4].

Céc ky thuat thu thap ning lugng truyén thng chi thu thap
ning luong tir cac ngudn ning lugng ty nhién, vi du nhu ning
luong mat troi va ning luong gio, va chuyén hoa thanh ning
lwong dién dé dam bao hoat dong thu phat cua hé théng. Cac
nghién ctru ndy dugc dé cap trong cac bai bao [5-7].
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thu thap ning luong tir cc tin hidu tan s6 vo tuyén xung quanh
nhur 13 giai phap dé truyén thong tin va niang lugng dong thoi
[8-11]. Khai niém truyén thong tin va ning luong dong thoi
dugc trinh bay trong bai bao [9] cho cac kénh truyén fading
phing, trong d6 dic tinh co ban cho cac kich ban truyén thong
tin diém-diém 1a sy danh ddi chu yéu gitra ti 1 thong tin va
ning lugng can truyén. Ngoai ra, cac tac gia con nghién ciru ki
thuat thu thap ning luong cho cac kich ban truyén thong tin
v6i nhidu xuyén kénh dugc trinh bay trong bai bao [12] va bai
bao [13] trinh bay nghién ciru viéc truyén thong tin va ning
lwong ddng thoi trong cac hé thong da dau vao — da dau ra voi
thong tin kénh khong hoan hao & tai may phat.

Tuy vay, cac mach dién thyc té cua mang thu thdp nang
luong khong thé nhan dang dit liéu va thu thap ning luong
dugc tir cac tin hiéu vo tuyén cing mot thoi diém. Trong bai
bao [14], cac tac gia da gidi thidu mot kién trac may thu tong
quat, & do cac mach dién thyc hi€n nhiém vu do tim tin hi¢u va
thu thdp nang lugng hoat dong theo phuong thirc chia sé thoi
gian hodc kiéu phan chia ning lugng. Anh hudng viéc phan
chia nang luong 1én sy danh ddi giita ty 1& truyén thong tin dat
dugc va nang lugng thu thap duoc trinh bay trong bai bao [10]
va su khac nhau hi¢u nang gilra phan chia nang lugng va chia
sé thoi gian dugc nghién ciru & bai bao [15]. Cac hudng tiép
can nay thich hop véi cac mang hop tac mot cach ty nhién va
nhitng anh huéng cia chung 1én xac suit ding cho cic mang
chuyén tiép dung k¥ thuat khuéch dai va chuyén tiép (AF) véi
mdt cip ngudn va dich duoc nghién ctru trong bai bao [16].

Mot phuong thire khong nhitng hiéu qua dé mo rong ving
phii song ciia mang vo tuyén, ma con c6 kha ning trong viéc
chéng lai cac anh hudng xdu cua cic kénh fading ma khong
can st dung nhiéu tai nguyén mang hon, d6 14 truyén thong da
ching hay con goi 1a chuyén tiép [17, 18]. Nguyén 1y co ban
ctia hé thong truyén thong chuyén tiép 1a cho phep st dung céac
nat & glua nat nguodn va nut dich g1up chuyen tiép dir liéu cta
nat ngudn. Gan day, k¥ thuat chuyén tiép dugc ap dung cho
mang vo tuyén thu thap ning luong voi muc dich cai thién
vung phu song va/hodc nang cao hi¢u ning ctia mang [19-29].
Dé phin tich hiéu ning ciia mang, cc nghién ctru ké trén déu
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su dung k¥ thuat xap xi hop 1y & ving ty 1é trén nhidu cao dya
trén ham BesselK dé xuét boi Nasir va cac cong sy trong [19].
Nhuge diém cia k¥ thuat nay 1a do sai Iéch s€ ting nhanh &
ving ty 1é tin hiéu trén nhiu thap, ddc biét 1a cac ching khong
dbi xtg.

Trong bai béo nay, ching toi dé xuit mot k¥ thuat phan tich
méi dya vao phéan tich chudi ctia ham mil va cac két qua phan
tich cho két qua chinh xac hon phuong phap truyen thong ciia
Nasir va c6 thé ap dung cho hé thong sir dung nhiéu anten.

I1. MO HINH HE THONG
Ta xem xét md hinh nhu Hinh 1 bao gdm mét niit ngudn (S),
mdt nut chuyén tiep (R) va mdt nit dich (D). Gia st rang nit
ngudn va nit dich 1an luot c6 N, va N, anten trong khi nit
chuyén tiép chi c6 mot anten. Gia sur rang nat ngudn va nut
dich hoat dong dya trén nang lugng dugc cung cap.

Sj\ D

Hinh 1 M5 hinh hé thng chuyén tiép hai ching MIMO sir dung nang lrong
thu thap.

Gia sir khong ton tai kénh truyén truc tiép tir nlit ngudn S toi
nat dich D, do ving phu séng ctia nut nguon gidi han hoac do

c6 vat can gilta nut nguon va nat dich. Goi h . voi

i=1..,N,va h,.
5]

p véi j=1,...,N, lan luot la h¢ sé kénh

truyén cia kénh truyén tir anten thir i cia ngudn va tir nut
chuyén tiép dén anten thir j ctia nit dich.
Xem xét & kénh truyén fading Rayleigh, d0 1gi kénh truyén

2 2 , . X \
|h1 | va |h | c6 phan bo ham mii v6i tham s6 A va A, cu
i 2] 2

thé A =E [n[ vimoii var=Fln[ voimoi]j
trong @6 E{.} 1a toan tir trung binh thong ke.

Gia str rang hé thong sir dung k¥ thudt ban song cong va nut
chuyén tiép sir dung k¥ thuat giai mi va chuyén tiép (decode-
and-forward) dé chuyén tiép dir liéu dén nut dich, sir dung kién
tric phan chia nang lugng theo thoi gian. Pat T 1a chu ky phat
clia mot symbol, qua trinh truyén ban song cong dién ra theo
ba pha thoi gian nhu trinh bay ¢ Hinh 2.

Pha 1: 14 pha thu thap ning luong cia nit chuyén tiép, dién
ra trong khoang thoi gian o7 véi « la ty 1¢ thoi gian thu thap
nang lugng, 0 < <1. Khi d6, ning lugng ma nut chuyén
tiép thu thap duoc 1a

2
E, =¢eP, hz, ol , 1)

v6i € 1 hé s6 hiéu nang chuyén d6i nang luong 0 < e <1 va

P, la cong suat phat tai nat nguon S . Trong (1), i la chisd
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cua anten c6 ty sO tin hi¢u trén nhiéu 16n nhit cia ching 1, cu
thé

i =argmax,_, |n,| @

Pha 2: 1a pha quang bé dir liéu ctia ntt ngudn, dién ra trong
khoang thoi gian (1—«) T/ 2. Vé6i ky thuat lya chon anten

phat tai nat ngudn, nén anten c6 ty so tin hi¢u trén nhiéu 16n
nhét cua ching 1, s& duoc chon dé tmyén dir lidu v& nut
chuyén tiép véi gia st rang kénh truyén la khong ddi trong pha
1 va pha 2 dan dén ty sb tin hiéu ctia ching 1 nhu sau
2
h .
1,0

N

0

P

S
71:

Ny | @)
véi N, 1a cong sudt nhidu AWGN tai céc méy thu.

Pha 3: 1a pha chuyén tiép dir lidu ctia nut chuyén tiép dén
nat dich dién ra trong khoang thoi gian (1—a)T / 2 v6i cong
suat

2eaP;

p =—_“t>0
folra )

Ty s6 tin hiéu trén nhidu tir nt chuyén tiép dén anten thu j
cua n(t dich duoc cho nhu sau:

2 2
h| [p )
(1 - )No (5)

Gia su nut dich st dung k¥ thuat ket hop t6i wu (Maxnnal
Ratio Combining — MRC), ta ¢6 ty s tin hiéu trén nhiéu cua
chéng hai nhu sau

Yoy =

72:

j=1 (
N,
Z 2,5 |
- : (6)
Chu ky phat tin hiéu T
Pha 1 Pha 2 Pha 3

Thu thap nang lugng Quang ba tin hiéu Chuyén tiép tin hiéu

aTl A-a)T/2
Hinh 2 Khung thoi gian truyén ban song cong.

1-a)T/2

Khi nat chuyén tiép st dung k¥ thuat gidi ma va chuyén
tiép, nhur dd chirng minh trong [30, 31], hiéu nang cua hé thong
s& bi quyét dinh boi chang yéu hon. Biéu dién theo biéu thirc
toan hoc, ta co ty so tin hiéu trén nhidu tuong dwong cua hé
thong nhu sau:

Vs = min('ylfyz) . (7)

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 51



Nguyén Anh Tuin, V5 Nguyén Qudc Béo, Lé Quic Cuong

I1l. PHAN TicH HIEU NANG clia (3, nhu sau:
Biéu thic tinh dung lugng C chuin héa tic thoi cua hé R j
thong theo « 12 F(z)=1- e DZ %[i]
— 2 i—0 J-*
Cla) = 1-a log, 147, = (16)
(8) va
voi tién t6 1-a la do qua trinh thu thap nang lugng va /(@) P 7leii
() = ————
truyén don cong. Tir (8), ta co thé viét xac suat ding cta hé K T(N,)A” (17)
thong nhu sau
l-a
OP = Pr log, 1+7, <R al
2R 9)
= Pr|y, <2 -1
2" , , : A-7
V6i 7, =2 —1 véi R latoc d¢ truyén mong muon. A
Dé d& dang phan tich, ta dat
2
ﬁl = maxi:l..,,,NS |h'1,1| (10) .
va a A
N, )
8= |n,|- (11)
i=1 \
Khi d6. ta c6 thé viét lai OP & (9) nhu sau Hinh 3 Mién tich phan cua cong thirc (12).
< il N il p ~ ,
.| P, 2naP, bit g = va b=—"=—— ,tacd T trong cong thirc
OP = Pr IIllIl[F5 617m51ﬁ2 < ﬂ)/th i 2£aPS
0 0 N, (I—a)N,
P, 2naP; A
=1-Pr N—‘ﬁl > 7t117m/8162 >, (12) duogc viét lai nhu sau:
’ ’ Z(a,b)=Pr B, >a,60, >0
T b (18)
=1-Pr 61>ﬂ’ﬁ162>L :fl_F:’z[;] ﬁfl(x)dx
% 2ok Két hop (15) va (16), ta c¢
N(] (1 _ Oz)N(] ) €t hop va I ,aco ]
7 . (12) i =Sl
Dé co thé tinh toan (12), ta can biét dwoc ham CDF va PDF Z(a,b) = f € ; i\
cua 3, vag,. Gia st kénh truyén 1a doc lap 1an nhau, ta c6 N N
VPO BT I d
ham CDF cta (3, nhu sau XZ( 1) [i])\le v
i=1
v, , . , (19)
=1 oan doi vi tri ciia dau tong va dau tic an tron, ,ta
N Hoén d d gvad h ph g (19
F(r)=|1-e¢ viét lai Z(a,b) nhu sau
) . (13) i b/)"z
Trién khai nhi thirc Newton, ta co: Ny Np-1 (_1),;12. N J o ;IT]” z
N (N L Z(a,b) = Z ¥ s [_] f —]das
F (z)=>) Z,S (—1)“[1—6 *1] Py AT O L B
= (14)
Tur (14), ta ¢6 ham PDF cua 3, nhu sau: . . (20) L .
Tich phan J trong (20) khong ton tai dang dong. Bé giai
N, . . I3 7 3 r 3 ~
f ()= Z (—1) [N 5|t e*i"f quyet van dé nay, ta quan sat thay rang tai vung ty I¢ trén nhieu
8 P 7
' A (15) 6n thia = 1% — 0, nén ta c6 thé xép xi 7 bing céch thay
Khi nut dich st dung k¥ thuat MRC, ta ¢6 ham CDF va PDF ~

0

S6 01 (CS.01) 2017 TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 52



DE XUAT PHUONG PHAP PHAN TiCH HIEU NANG MO CHO MANG MIMO

dbican tir @ vé 0 nhu sau [19]:

NEEY
- )‘1.,+ .
0 T
E
y 2
=2 & BesselK|j —1,2 b
Ab )\1/\2

(21)
v6i BesselK[n,z] 1a ham Bessel diéu chinh cua loai hai [32].

Str dung két qua tir (20), (21) va (12), ta tinh dwoc x4c sut
dimg ciia hé théng nhur sau:

N,

S ND’I _ i—1 NV
oP~1-S 3 EU Ol T
p S AN t 2eaP A,
(I—-a)N, @)
-1
_ 2
x[l a] 2BesselK|j—1,2 |-
2eq

Xép xi cho OP ma ta dat duoc ¢ (22) dya trén gia sir réng hé
thong hoat déng & vung ty 1é tin hidu trén nhiu cao va ching
dau tién yéu hon chang thir 2. K§ thuat x4p xi nay s& khong
hiéu qua cho hé théng MIMO, ma ching t6i s& trinh bay &
phan két qua mo phong & phan sau. Bén canh d0, v6i cong
nghé hién tai, hé thong thu thap hoat dong & vung ty 1é tin hiéu
trén nhiéu thap, do d6 gy ra nhirng sai 1éch 16n cho OP ¢ viing
ty 1¢ tin hiéu trén nhiu thap. Trong phan tiép theo day, t6i dé
xudt mot ky thuat xap xi méi, cho phép dénh gia chinh xac hon
xac suit ding cua hé thong.

b/)\2

)\ T

Ta bat dau tir tich phan J = —da: & (20) va sur

dung chudi cho ham mii [21, (1.21 1.1)], cu thé

0 k

. x

=kl n (24)
cho thanh phan ham mii thi hai ctia J , cu thé

s o)
Y k!) [/_]

£=0 z
(24)
Str dung (24), ta c6
_i, WA
R
J = f L
x]
SN ey
:Z ]{7' _] f J+k -
= A (25)

Ap dung cong thue [33 Eq. (3.351.4)], ta ¢6
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) _1)k
j:
,; k!

T GHE-D)G+k—2)..(j+k—1-0)

(26)
Tir (20), (26) va (12), ta c6 thé xap xi x4c suat dimg ctia hé
thong nhu sau:

k+j

Ng Np=l oo ¢ qyith-1 (V|
OP ~1— Z ( 1) E K2 Vi
= =0 k= Jlk! ¢ )\1 25@1)5)\2
(I—a)N,

; S GHE-D(+HE-2). (J+k*1*f)
i

s
]\rﬂ

27
Trong thyc té, chﬁng( ta)khéng thé tién hanh khao sat véi gia
tri & trong (27) tién t~6i v han. Khi ma chu(f)i v han cua ef
ma ta s ‘dung la chuoi hoi ty, chﬂt’mg’ ta co thé sur (,11_mg mot s
thanh phan dau tién ctia chuoi dé xap xi va dat két qua mong
doi. Goi N, 1a s6 thanh phan déu tién cia chudi (27), ta ¢6 thé

xap xi OP nhu sau

k+j
Ng Np—1 N, i+k—1
OP~1-— Z Z -1 * T
= i J'k! )\1 2504Px\2
I—a)N,
P Vi
. Ok
1)tk SV . N,
g ('(+:/? 1)'[;] H _/\iz_ﬁ t
] —1): s
1 1 %o 72/1
ki
(‘ , 0
—1 EARR
jrk=2 ( )[)\1 %
= (k=D +k—-2)...(j+k—-1-10)
(28)
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D6 chinh x4c cua biéu thire xap xi (28) twong quan véi gia tri
N, s& dugc khdo sat trong phan tiép theo.

IV. KET QUA SO VA KET QUA MO PHONG

Muc dich ciia phan nay bao gém: i) Kiém chimg tinh dung
dan cia cac phan tich ¢ trén, ii) Khao sat uu va nhugc diém
clia giao thirc d¢ xuat, iii) Khao sat anh huong cua cac tham sd
h¢ thong va kénh truyén 1én hi¢u nang hé thong. Cac tham so
mé phong su dung nhu sauw: A\ =1, A =1, R=1,

a=0.3vae=0.75.

100

O M phéng
K thudt xap i truyén théng
Xap xi 38 xudl, N=1

Xac suét dirng
E
i

4
10 *--XépxldéxuétN 2
s XAp i 88 xudt N|
10'5 Xap xi 38 xual, N‘
s Xap ol 88 xudt N‘
4o XAp xi G& xudl ~|_ 10
10°6
0 5 10 15 20 25 30 35 40

Ty & tin higu trén nhiéu trung binh [dB)
Hinh 4 So sanh ky thuét x4p xi d& xudt va ky thuét xép xi truyén thong.

Trong Hinh 4, chung t6i danh gia k¥ thuat xap xi dé ra bang
céch thay doi sb lugng thanh phan trong chudi tir 1 dén 10 va
ddng thoi so sanh voi két qua mo phong (1a két qua chinh xac)
va véi két qua cia ky thudt xap xi truyén thong. Nhu chi ra
trén Hinh 4, chi can s lugng thanh phan 1a 3 tr¢ 1én 1a cho két
qua t6t hon k¥ thuat truyén thdng trong ving ty 18 tin hidu trén
nhiu tir 0 dén 40 dB. Cac két qua nay dugc xac nhan mot lan
nita trong Hinh 4, so sanh ty s6 cta xéac suat dimg xap xi theo
ky thudt truyén théng v6i xac sudt dirng mé phong va ty sb cia
xac sudt dimg xap xi theo k¥ thuat dé xuét voi xac suat dimg
mo phdng.

26
0 dB - Xdp «i kidu truyén théng
o 24 — = = 1048 - Xap xi kieu truyén thong
s 20 dB - Xap xi kiéu truyén théng
S22 —5— 0dB- Xép xi 4é xuit
e — B —10dB - Xap xi dé xual
E La 20 dB - Xap xi 68 xudt
&® 2
2 i
i
o 1.8
g 1
Eul 1
216y
=
o 1
Cart
bl 1
3
Fazp |
@ B-.
B3 \ A
1 — -2 - = o o amemen =
& £
(T e B L e e S
%
0.6 h’
1 2 3 4 5 6 T 8 9 10

80 lvgng thanh phan déu tién trong chudi st dung, N,
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Hinh 5 Ty sb xac suat dimg xAp xi va x4c sut dimg mé phong

0

0 . L
107!
o
€
5
3
<5
=1
w
o
@
3
102
5,10, 15, 20, 25 dB
108

0 01 02 03 04 05 06 07 08 09 1

0

Hinh 6 Xac suat dirg theo theo hé sb thoi gian thu thap ning luong véi cac
truong hop ty s6 tin hiéu trén nhidu khac nhau.

Trong Hinh 6, chung t6i khao sat gia tri « ti wu, nghia 1a
gié tri ma xac suat dirng cua hé théng nho nhét. Ta c¢6 thé thiy
rang, khi ty 1¢ tin hiéu trén nhidu cuia hé thong ting thi gia tri
 tdi wu ciing thay d6i va co xu hudng ting.

10% 7
|
|
\
i
07y
L1
I f
= g Ng =2 Ny =3 I’f
RIS ;i
a [} !
S [ 7,
a vy Ng=3ng=2 / ,
g P oy
0% v oy
5] s
A P
NN <,
AN P
4 . - -f/
10 T e
1048
— = =30d8
107

0 0.1 02 0.3 04 0.5 06 07 08 08 1

o

Hinh 7 Xac suit dimg h¢ thong theo h¢ s6 thoi gian thu thap ndng luong véi
cau hinh nit nguon va nut dich khac nhau.

Muc dich caa Hinh 7 1a khao sat anh hudéng cua cau hinh nit
nguon va cau hinh nut dich (s6 lugng anten) 1én gia tri toi uu
cuia «. Ta khao sat ba cau hinh ti€u bi€u, cu thé

N,=1N,=1,N,=2,N, =3,vda N, =3 N, =2.Tacé

thé két luan rang gia tri a 1a mot ham phuc tap cia s6 lugng

anten nat phat va thu ciing nhu ty sb tin hiéu trén nhidu cua hé
thong.

Trong l}inh quéi cung, Hinh 8§, téir khao sat do lqi phéan ‘tép
cua hé thong bang cach xem xét 5 cau hinh ti€u biéu va dong
thoi v& cdc duong tham chiéu 1/SNR', 1/SNR*, 1/SNR’.
Ta quan sat thdy rang, do loi phan tap ciia cac hé thong la
min(N,,N,) khi ma do doc cua cac duong xdc suét dimg la
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bang do ddc ciia cac duong tham chiéu, cu thé do loi phan tap

cua

N,=2,N,

cac hé

thong N,=1N,=1, N, =2N, =

=3, N,=3N, =2, N,=3,N, =3 lan luot

1a1,2,2, 2, va3. Dén day ta c6 thé két luan rang do loi phan
tap cua hé thong thu thap nang 1u0’ng la tuong duong voi do
loi phén tap ciia hé thong chuyén tiép tuong tu truyén thong.

10%4

=
o

Outage Probability
=

=
&
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Average SNR [dBJ
Hinh 8 X4c sudt dimg hé théng theo ty s6 tin hiéu trén nhidu véi cac ciu hinh
khac nhau ctia nut ngudn va nat dich.

V. KETLUAN

Trong bai bao nay, chung t6i da c6 nhitng dong gop sau: (i)
Xay dung md hinh toan cho hé thong thu thap ning lugng
chuyén tiép véi k¥ thuat TAS ¢ nat ngudn va ky thuat MRC &
nut dich (i) Dé xuét ky thudt tinh toan xac suat dimg hé théng
t6t hon phuong phéap truyen thdng va (iii) Chirng minh rang do
loi phan tap ctia hé thdng 1a twong duong véi hé théng tuog tu
truyén théng (khong dung thu thap ning lugng). Dya trén mo
hinh, dé xuét va cac két qua dat duogc, dé tai c6 thé phat trién
theo cac hudng sau, vi du nhu, phat trién mo hinh cho k¥ thuat
truyén song cong, phat trién va nghién ctru mé hinh PS,
nghién ctru phan tich cac tham s6 hiéu ning khac, BER,
Capacity, va nghién ctru va giai bai toan v4i md hinh lya chon
nut chuyén tiép ti wu.
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A NEW DERIVATION APPROACH FOR
SIMULANEOUS WIRELESS INFORMATION AND
POWER TRANSFER FOR MIMO DUALHOP RELAY
NETWORKS

Abstract: This paper proposes a novel derivation approach to
derive the system outage propability for Simulaneous Wireless
Information and Power Transfer for MIMO dualhop relay
networks. The proposed approach is able to provide an
excellent approximation for the system OP as compared with
the conventional approach, esspeically for for MIMO dualhop
relay networks. Simulation results is performed to verifty the
analysis approach and to investigate the system behaviors.

Keywords:
SWIPT.

relaying, dualhop, MIMO, fading channels,
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