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TUYEN NHAN THU'C SU DUNG KY THUAT
THU THAP NANG LUONG VO TUYEN

Nguyén Anh Tuan’, V6 Nguyén Quéc Bao*
"Tap Poan Bwu chinh Vién théng Viét Nam
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Tom tit- Bai bao nay nghién ciru hé thong vo tuyén
nhan thire str dung ky thuat thu thap nang luong tir ngudn
phat nang luong la mdy phat cia mang so' cap va mot
ngudn ngoai doc lap. Nat ngudn phat dir liéu ciia mang
thr cap khong cod ndng lugng luu trit ma su dung nang
lwong thu thap tir hai ngudn phét ning lugng linh hoat dé
cung cip cho cac hoat dong truyén phat thong tin. Ching
t6i dd dé& xudt phuong phap dé phén tich xac sudt dimg
chinh x4ac cua hé théng va biéu dién dudi dang tudng
minh. Két qua md phong di xac nhan tinh chinh xac cua
két qua phan tich va chi ra cong suit may phat so cp va
vi tri ciia mang thir cdp anh huong téi hidu ning hé
théng.

Tir khéa- V0 tuyén nhan thic, thu thdp nang lugng
vO tuyen, nguon phat.

l. GIOI THIEU

V6 tuyén nhan thirc (Cognitive radio-CR) 13 cong nghé
htra hen, giap dat dugce hiéu qua sir dung tan sb tot hon.
Gan day, mang vo tuyén thir cip sir dung k¥ thuat thu
thap nang luong dugc nhiéu nha khoa hoc quan tam. Tai
[1], nhom tac gia nghién ciru mang vo tuyén chuyén tiép
trong moi trudng vo tuyén nhén thirc. Tai bai béo nay, tac
gia phén tich hiéu nang hé théng nhung chua xac dinh
duogc cong thirc dang dong cua Xéc sudt dimg hé thong.
Tai [2], nhom tic gia d& xuét co ché truyén théng hop
tac, hé théng thir cap thu thap ning lugng tir may phat
cta hé thong so cip. Tai [91], k¥ thuat thu thap ning
luong va phuong thirc st dung tin sé cua hé thong vo
tuyén nhan thirc d dugc xem xét voi gia thiét khong
hoan hao cua phan cimg. Xac suét dimg hé thong da dugc
cai thi¢n bang viée tang sO luong anten ctia may phat va
thu ctia hé thong thir cip. Tai [3], nhom tic gia nghién
ctru thong luong ti da cho truong hop mot may phat tha
cép thu thap ning luong v tuyén tir méi truong xung
quanh. Tai [4], tic gia xem xét mang chuyén tiép trong
mdi trudng vo tuyén nhan thirc, nit ngudn va niit chuyén
tiép ciia mang thir cap c6 thé thu thap ning lugng tir may
phat cua mang so cép dé phat thong tin. Tai [5], nhom tac
gia de xuit phuong thirc méi cho thu thép nang luong vo
tuyén voi mang v tuyén nhan thirc c6 nhiéu PU. Véi dé
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xudt ndy, nat mang cua hé théng vo tuyen nhén thuce cé
thé thu thap ning luong tir mang so cap. Nhom tac gia
cling xem xét anh huong cta cac tham s trong hé thong
dé xuit va xac dinh duoc cong thire dang tuong minh cho
xac suét dimg hé thong thir cép.

Thém vao dé, nhidu nha nghién ciru da tap trung vao
nghién clu viée truyén nang luong khong day tor mot
ngudn ngoai c6 nguodn nang lugng vo han. Vei viée thu
thap nang luong tir mot ngudn ngoai 6n dinh ting hiéu
ning cta hé thong vo tuyén s dung k¥ thuét thu thap
nang luong [6-8]. Tai [6], nhom tac gia xem xét va phan
tich hiéu nang hé thong da chang, ¢ d6 cac nat thu thap
nang luong vo tuyén tir nhiéu nguon ngoai PB va dung
ning luong thu thap dugc dé truyén va thu thong tin tir
cac nat khac. Nut dich c6 nhiéu anten va ap dung k¥ thuat
tong hop t6i da dé tong hop tin hiéu thu dwoc. Tai [7],
nhom tac gia da dé xuat phuong thirc thu phat thong tin
va truyén nang luong khong day, ¢ d6 viée thu thap nang
lugng tir mot nguon ngoai. Tai [8], nhom tac gia xem xet
loi ich cua huéng tinh anten tir nguon ngoai PB truyén
nang luong vo tuyen Phuong thurc diéu kién truyén ning
lwong dd dwoc dé xuét dé co thé tang kha ning thu thap
ning lwong va kéo dai thoi gian hoat dong ciia hé thng.

Tuy nhién, nhugc diém cua hé théng vO tuyén nhén thirc
tly thudc vao mang so cap. Vi vAy ma hiéu sudt thu thap
nang luong tir nguon so cap la khong on dinh. Cong suat
cua PT cang lon thi hi¢u suét thu thap nang luong tai hé
thong thir cap cang cao. Nhung n6 ciing dan t6i hiéu suat
truyen thong tin giam xuong Trong truong hop cong suat
cua PT hé thong s0' cap thap thi hi¢u suat thu thap nang
luong giam xudng va dong thoi giam nguy co gay nhiéu
cho h¢ théng thu cap Vi vay, mot nguon nang luong
ngoai on dinh cung cap ning lugng cho hé thong thir cap
s& tang hiéu nang cua hé thong. Dé ting hiéu ning ctia hé
thong thir cip, ching toi dé xudt co ché thu thap ning
luong cua hé thong thir cip, linh dong két hop cua hai
ngudn nang lugng d6 12 PT cua hé thdng so cip va ngudn
nang luong ngoai 6n dinh PB. Bang phuong phéap xép xi
mdi, ching t61 xac dinh dugc cong thirc cia xac suét
dimg hé thong thir cap va xac dinh cac tham s toi wu dé
hé thong c6 hidu nang cao nhét.

Il. MO HINH HE THONG
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— —» Truyén néng lrgng

—fp Truyén dir liéu

— MNhifu

Hinh 1. M6 hinh h¢ théng v6 tuyén nhén thirc thu
thap nang lwgng vo tuyen

Hinh 1 1d m6 hinh hé thong. Hé thng thir cip gdm nit
phat S va nit dich D . Nat S phat thong tin té6i D
nhung S bi han ché vé ning lugng. Do d6, Nat S sé& thu
thap nang luong tr PT la may phat cua hé thdng so cip
hodc/ va tir nguon nang lugng ngoai on dinh PB. Goi T 1a
chu ky truyén thong tin tir nguon S t6i D . O mdi chu
ky, phan thoi gian ddu oT 1a thoi gian S thu thip ning
lugng tir PB hoac/va PT, khoang thoi gian (1-«) T la
dung dé phat thong tintir S t6i D, véi 0 < a < 1.

Chung t6i d& xuat 03 phwong thire thu thap ning lugng
cta nat S nhu sau:

Phwong thirc 1: (BS- Beacon scheme): chi ngudn ning
lwong ngoai 6n dinh cung cip nang luong cho nit S trong
hé thong thir cp. Gia thiét may phat cia h¢ thong so cip
PT 6 xa va n6 khong gy nhidu cho hé thong thir cap.

Phuong thire 2: (TS -Primary Transmitter Scheme): Chi
¢6 may phat PT truyén ning luong vo tuyén cho nut S.
Nhung may phat PT cta hé thng so cip gdy nhiéu cho
hé thong thir cép. Truong hop nay khong co ngudn ning
luong ngoai PB.

Phwong thie 3: (MBT scheme- Maximize the transmit
power of PB and PT Scheme): C6 hai ngudn ning lugng
d6 1a may phat PT va mot ngudn ning luong ngoai PB.
Nhung nut S s& lwa chon ngudn ning luong c6 mic cao
nhit dé thu thap nang luong.

+* Véi phwong thire BS:
Nang luong thu thap tai S 1a :

2
>

EH, = eaTPy |,

)

V6i € 1a hidu sudt chuyén dbi ning lwong. Cong suat
phét ctia S trong khoang thoi gian (1-a)T la:

PSEH = kP | fl |2 > 2

voi hé s6 K duoc dinh nghia x = 18—0( .
—-a
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Hon nita, dé khong anh huéng dén PR trong mang so cip
thi cong suat tai S phdi nho hon mirc ngudng I, duge
quy dinh bai PR, cu thé:

P =—L. 3)

Tir (2) va (3), cong suat phat tai S dugc bidu bién nhu
sau:

“

P = min[KPPB | f1|2 ,I—pz}
9]

Véi: I, 1a mic ngudng
cho phép tai PR.
+* Véi phwong thire TS:

Tuong tw nhu phuong thirc BS, cong suét tai S sau khi
thu thép nang luwong dugc xac dinh nhu sau :

PEH = Py |1,[7, )

Cong suat t6i da cho phép tai S dé khong gay can nhidu
1én PR duoc xac dinh nhu sau:

Py =to_ (6)
I

Do d6, cong suét phat tai S dugc bidu bién nhu sau:

|
P = min{KPF>T |1, ,@J 7)

¢ Vi phwong thire MBT:

Mot cach tuong tu, cong suit tai S sau khi thu
thap ndng luong la tai S nhu sau:

P& = max (KPPB | f1|2 &P | f2|2 )’
(®)

Cong suit t6i da cho phép tai S dé khong gy can nhidu
Ién PR 12

©)
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Do d6, cong sudt phat tai S dugc bidu bién nhu sau:
2 2 I p
P | ), =2
ol
(10

)

MBT _ .
P —mln[max(KPPB

lll. PHAN TiCH HIEU NANG HE THONG

Xéc suét dung hé théng duoc xac dinh nhu sau:
P = Pr[(l a)log, (1+7/S°h)< Rth], (11)
v6i sch e {BS,TS,MBT}.

EH _ 2
P =xP. ||,

Gia stir cdc ham va bién nhu sau:

Xéc suét dung hé théng OP duoc xac dinh nhu sau:

I |h
’ p‘z‘ <7n
9
,h2< Jin 1+
12 KPPB“I‘Z
2

OP=F, ()= Pr[mm[KP

:Pr{gz < KPIp

(13)

Biéu thirc |, ctia cong thire (5.13) dwoc xac dinh nhu

sasau:

®(a,b,c):J' ab exp(—g—bxjdx

o X+a X

abc J'

e p(———bxjd
O

Ta dit cac tham sd nhu sau:

|
é“:_P, Q:M,¢:2

KP,. KAy, -
0= ﬂhythﬂ“fl ’9: ﬂ“gﬂ’fllp ’
kPog K Pog

va ;((X) = Z&Kl (2\/;) .

Pé xac dinh xac sudt ding cia hé théng theo ting
phuong thirc, Nghién ctru sinh xac dinh lan lugt nhu dudi
day.

a. Phwong thirc BS
Véi truong hop chi ¢6 PB 1a truyén nang lugng khong

day cho hé thdng thir cp, ta c6 SNR duoc xac dinh nhu
sau:

e —mm(KPPB| | ’|g| J|h| (12)

. ca
Véi Kk =——.
l-a
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s

ifl CXp(—ﬂfIX)dX (14)
=1-2(0)-x(9)+x(6+9)

Tiép theo, xac dinh dugc I, nhu sau:

+o0 ﬂ I

|, = J.exp(——f‘ P ) 1—exp _ AlX
0 KPgX I,
* 2 exp(—lgx)dx

4,1
=2(8) = —
ﬂ'hj/th + Ipﬂ'g

(15)
2(0+9).

Thay (14) va (15) vao (13) ¢6 thé xéc dinh duoc xéc suét
dung cua h¢ thong.

b. Phwong thirc TS

V6i truong hop nay, hé thong thir cap thu thdp nang
lwong tir ngudn phat PT ciia hé thong S0 cép. Nghién ctru
sinh xac dinh SNR cua hé thdng thir cip nhu sau:

L W,
2

Por | 3]
(5.12)

TS
7s =min| kP, ,—|2

Xéc suét dung hé théng OP duogc xac dinh nhu sau
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OP=F ()

= Pr| min| xP, \f 2 ‘h‘z
= 1 _—
PT ‘ ‘ PpT‘f‘ <7
p{k Yo |gf <—0 }
x|, ‘ PT‘ ‘
+P{X<7‘hPPTg ,\f2\2> 'y 2},
! KPor |9

p

_g (m] o [K;pijfw(x)dx

ol e

|4

(17)

voi X = |h[*/|f,[ -

Ham CDF cua X duoc tinh nhu sau:

o [||f|| o

I o (7)F (%) (18)

dXZL
A, +A4Y

Thay (18) vao (17) xéc dinh dugc I; nhu sau:

= QA exp(~4,,X)
s X,

I3:I X—

0 X+Q (19)
QA 1,4,
—I exp| — — A, X [dx

x+Q kPrx 7

Ap dung bién dbi (3.383.10) tai [40] dé xac dinh |; nhu
sau:
I, =Q4, exp(Q4, )T(0,Q4, )-0(Q.4,.4,¢)  (20)

Tuong ty nhu vay, I, duoc xac dinh:

T P4 ¢
-([1+¢x [_T_ﬂ x]dx Y(¢’ e ) @n

Sau do, thay thé (20) va (21) vao (17), ta xac dinh duge
xac sut dimg hé théng OP.

¢. Phuong thirc MBT:
Truong hop nay, nguon nang luong cung cép cho hé
thong thtr cap bao g6m ca PT va PB. Ngudn ning luong

dugc chon la ngugn nang lugng c6 mic cao hon. SNR
cua hé thong thir cap dugc xac dinh nhu sau:
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2

i
Por [

MBT

I,
¥y =min max(KPPB|f| K‘PPT|f | ) W

Xéc suht dung hé théng OP duoc xac dinh nhu sau:

OP=Fou (74)

2

max(xpps\ £ xPur | fzf)
=Pr

<Vin»
Ppr‘fs‘z Vin

|
PT ‘ fz‘2)<@

max(KPF,B :

P{Ipz ‘h‘z
lgf PPT“‘

Dit I5 1a biéu thirc cta cong thire (23) nhu sau:

< ¥, Max (K'P -

e

[
lg

2
‘ ‘ Vth

|.=Pr

5

s

‘f}‘z xY

o <—L®
kP Y

e (e [
- FX(KXJFQZ[KPPTXJfY(x)dX

Pos |h|2 2 2
—£ X = and Y =max|g|f|,|f
o X (1)

24

Vol pu =
Xac dinh CDF va PDF cua Y nhu sau:
FY(Z)=Pr[max( 2)<Z}
z
=Pl (ﬂj':f/ (2)

Az
=1- exp(—ﬂfz Z) - exp{—ﬁj (25)

A Z
+exp| ———— 4 Z
7

A A
fY(Z):ifzexp( - Z)+76Xp( TZJ

ool ea))
—| =+ 4 |exp| —| —+ 4 |2Z
H H

Thay thé CDF cua X, va PDF cua Y vao cong thic (24),
ta co:

va
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i A A X
A exp(fﬂbf x) —Lexp| ——
w0 X+Q B X+Q u 7
IS:J. dx
0 Q f Ay
- —+A; |exp| —| —+4; |X
X+Q : Y7,
AS
L
x+Q "¢ p[ x n j
_T Q f (_lgé/_lf‘xj dx
ol X+Q u X Y7
Q [f'+/1f Jexp{—gg—(ﬂ+ﬂf }XJ
X+Q\ u : X
27

Ap dung (3.383.10) tai [40] xac dinh duoc |5 nhu sau:

2 2 2
I, =2, Qexp(4,Q)T(0,2,Q)+ —"Qexp(—“QJr[o,—"Q]
: : “ u “

,(%+1fzjﬂexp[[%+lh]Q]F[O,[%+AEJQJ (28)

A l,
76(9 A1, 94) [ > "lgé‘JJr@(Q’ u Ao 94]

Biéu thirc con lai cta cong thirc (23) x4c dinh nhu sau:
[ |
1 ’ > fz‘z) > ’ 2 ’7‘)2

| =Pr| max <y |=
’ { ( KPPT‘Q‘ \g\ PPT“3‘2 th}

I | P, X
1-F b ||F, | Zoler f o, (x)dx
L Y[KPPTX]:| X[ I } o ( )

I
ce—

Q Al
% X exp[ L ﬂxJ+
¢ 1+9X KPPTX
¢
l A,Q Al
=I 9 X exp[ P —ﬂgx] ax
o ¢ 1+9X 1By X

40 x IRANEANTE
¢ 1+Qxexp( [”’(P KPPT] igx] (29)
¢

Sau mot vai bién d6i, ta c6:
A A
|6:r(9, Jgrl, g]w(g Agr— *zg]
g 4 u

_Y(Q’i ﬂflﬁ'fzé/ ﬂ.f ;J
4 u ’

Thay the (28) va (30) vao Cong thue (23) xac dinh duge
xac sut dimg hé thong.

IV.KET QUA MO PHONG

Phin trude da xéc dinh duge cong thirc tinh OP cua hé
thdng cho hé théng vo tuyén nhan thirc ¢6 s dung ky
thuét thu thap nang luong tai nat nguén S véi nguon nang
luong tir nguon ning lugng ngoai PT va PB . Phan nay,
chung t6i s& khao sat, mé phong dé chimg minh tinh
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dung dén cua phan tich 1y thuyét. Dé khao st xéc suat
dung hé thong OP, chung t6i chon toc d6 dir li€u toi thiéu
1a R=1 bit/s/Hz.

O BS(Mé phéng)

Xac suit dirng

BS (Ly thuyét)
102+ O TS (Méphong)
TS (Ly thuyét)
MBT (Mé phong)
MBT (Ly thuyet)

-20 -10 o 10 20 30 40
Cong suat ciua PBva PT [dB]

Hinh 2. Xic suit dirng h¢ thong theo cong suit may
phat PT va nguon ning lugng ngoai PB

Tai Hinh 2, cng sudt may phat PB tir -20 téi 40 dB
trong phuong thie MBT. Trong khi d6, cong suat may
phat cta PT thay dbi tir -20 t6i 40 dB trong phuong thirc
TS va BS. Két qua md phong cho thay két qua phén tich
1y thuyét va mo phong 14 tring khit cho thay tinh ding
dén caa phan tich va xac dinh biéu thic tinh xac suit
dimg hé théng. C6 thé nhan thiy, véi phuong thirce MBT
va TS, hiéu niang cia hé thdng cao khi cong suit may
phat cia PT va PB thép tir -20 t6i10 dB. Sau d6 hiéu
nang hé thong giam xudng khi cong suit PT va PB ting
1én. Véi phuong thitc BS thi nguoc lai, hi€u nang hé
thong thip khi ngudn ning lugng PB c6 cong suat thip
va hiéu ning ting 1én khi cong suét 16n tir 10 dB t&i 40
dB. Nguyén nhan 1a trong cac phuong thirc MBT va TS,
nat ngudn thu thap nang lwong tir ca PB va PT, do d6 khi
cong suat PT tang 1én s& ty 1& thuan véi cong suat nhidu
gdy ra cho hé thong. Két qua 1a hiéu nang hé thong giam.
Trong khi d6 vé&i phuong thirc BS, niit nguon chi thu thap
nang luong tir PB nén khi ting cong sudt PB s& kéo theo
sy cai thién hiéu ning hé thong.

O BS (M6 phong)
BS (Ly thuyét)

O TS (Méphang)
TS (Iy thuyét)
MBT (M3 phong)
MBT (L¥ thuyét)

Xac suat dirng
=]

20

o
o

-40 -30 -20 -10
I, (dB)

Hinh 2. Xdc suit dirng hé théng theo I, (dB)
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Hinh 3 md phong xac sudt ding hé thong theo |p

Xac suat dimg cia tat ca cac phuong thirc dat béo hoa khi
I, cao hon 5 dB. Nguyén nhén la ty 1& cong suét tin hiéu
tren nhiéu (SNR) cua tat cac cac phuong thire déu bj gidi
han boi rang budc vé mirc can nhidu tbi da, thé hién nhu
trong (2), (6), va (12) d6i véi phuong thirc BS, TS, va
MBT, twong tng. Hon nira, Hinh 3 con thé hién hi€u
nang cua phuong thac MBT t6t nhét trong tat ca cac
phuong thirc dé xuat khi xét cling trong mot yéu cau vé

ngudng nhiéu | p Cua mang vo tuyén nhan thirc. Nguyén

nhan vi phuong thie MBT lwra chon ngudn ning luong
bl'I"C xa lon nhat dé thu thdp, dan dén hi€u nang cua hé
thong vugt trdi hon so voi cac phuong thitec BS va TS.

Xac suét dirng

0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9

Hinh 4. Xdc suit dirng hé thong theo hé sé «

Hinh 4, x4c suét dimg cua hé thong 14 mot ham phirc tap
theo bién a va ham c6 dic tinh “ham 16i” (convex
function). Do d6 tdn tai mot gia tri tdi wu 1am cho xac
sut dimg dat cuc tiéu. Pbi véi phuong thirc MBT, gié tri
a ti wu khoang 0.6 trong khi ciia phuwong thirc BS va
TS lan luot 1a khoang 0.65 va 0.7, trong tmg. Nhu vay 1a
hiéu niang cua hé théng t6i wu khi hé thong tiéu tén
khoang 60% thoi gian cua mot chu ky thoi gian dé thu
thap nang luong tai nit ngudn S. Mot 1an nita cho thay,
hiéu ning cta phuong thire MBT 14 tdi wru nhét trong cac
phuong phap dé xuat.

O BS(Ma phang)
BS (Ly thuyét)
O TS(Mé phong)
TS (Ly thuyft)
\ MBT (M5 phing)
MBT { Ly thuyét)

Xac suit ditng

2
1072 L I s s L L L
0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9

Vitricua PBvaPT

Hinh 5. Xac suét dirng hét hong theo khoang cach ciia PB va
PT t6i nit nguon S
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Hinh 5 mé phong xac sudt dimg hé thng theo khoang
cach ciia PT va PB téi Nuat nguon S cua hé théng vo
tuyén nhén thirc. Cy ly cta PB thay doi tir 0.1 t&i 1. Theo
truc X. Trong khi khoang cach ctia PT thay ddi Xpr = Xpp
=0.1. Nhan thay xac suit dimg cua hé thong cai thién véi
cac phuong thitc MBT. Hinh 5 con thé hién su phu thude
quan trong cua hi¢u nang hé théng vao viéc dinh vi cac vi
tri cua cac nat PB va PT trong mang cling nhu vi tri cua
chung d6i Vi nit ngudn S. Cu thé, khi cac nat PB va PT
di chuyén gin vé phia ngudn, nghia 1a Xpr = Xpg = 0.1,

hiéu ning cia cac phuwong thire ting 1én vi nut ngudn cd
nhiéu co hdi thu thap duoc mot luwong 16n nang lugng.
Nguoc lai, khi cac nut PB va PT di chuyén ra xa nut
ngudn, nghia la Xpr = Xpg = 0.9, hi€u nang cua cac
phuong thirc xau di vi nat nguon thu thap nang luong tu
PB va PT mét cach han ché. Cubi cung, Hinh 5 ciing thé
hién, xac xut dimg ciia hé thong la mdt ham phuc tap
theo hé s6 suy hao duong truyén.

V. KET LUAN

Trong bai bao nay, ching tdi da nghién ctru hé thong vo
tuyen nhan thire sir dung ky thuét thu thap nang lugng vo
tuyen tu nguon ngoai PB va nguon nang luong tr may
phat PT cta hé thong SO cap Chung t6i da dung phuong
phap giai tich xap xi mdi dé xac dinh xéac suat dimg hé
thdng dudi dang cong thirc dong. Podng thoi dd md phong
theo nguyén ly Monte-Carlo dé chiung minh tinh dung
dan ciia cong thirc xac suét dimg hé thong, dong thoi
danh gi4 va tim cac gid tri tham s t6i wu ciia hé thong.
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