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TOM TAT

Hé théng vé tuyén nhdn thire (CR) dang la
mét trong nhitng dé tai dwoc quan tim trong
nhitng nam gan day. Ching giip cho viéc sir
dung bang tan hiéu qua hon. Vin dé chinh ciia hé
théng vé tuyén nhdn thirc la phdi xdc dinh chinh
xdc dwoc viée sir dung bang tan ciia nguoi ding
chinh. Hién nay ¢6 nhiéu phirong phap dwoc sir
dung dé thuc hién diéu nay nhw dwa trén nang
lwong (ED), cira sé truot, Axell’s detector. Trong

ds, phwong phap dwa trén ddc diém tin hiéu
(cyclostationarity - CS) ludn thu huit nhiéu suw
quan tam do hiéu qud ciia né & mién SNR thdp.
Voi cyclic prefix lap lai, tin hiéu ghép kénh phan
chia theo tan sé truc giao (OFDM) cho két qua
phat hién t6t theo phiwong phdp ndy. Bdi bdo nay
dé xudt mot phieong phdp dwea trén ddc tinh tw
tuwong quan cua tin hiéu OFDM trong moi truong
nhiéu trang (AWGN).

Tir khéa: vé tuyén nhdn thire (CR), cyclostationary (CS), OFDM, AWGN

MO PAU

Trong nhitng thap ky gan ddy, nhiéu nghién
ctru trén thé gisi va & Viét Nam chi ra rang trong
rat nhiéu khoang bang tan dwoc cip phép khong
duoc sir dung hiéu qua [1, 2]. Piéu nay gay ra su
thiéu hut nghiém trong vé phd tan vo tuyén va dé
giai quyét van dé trén, mang vo tuyén nhan thuc
(CR) dugc dé xuit. Dya trén ¥ tuong su dung lai
nhitng ving tan sé khong dugc s dung boi
ngudi sir dung chinh (Primary user — PU) dé cip
cho nguoi sir dung thir cap (Secondary user —
SU). Hién nay, CR dugc xem la mét giai phap
hiéu qua trong viéc ting kha niang st dung phd
tan cua mang khong day va thu hat dugc nhiéu sy
guan tam [3-5]. Trong mang vo tuyén nhan thirc,
cac ngudi sir dung thir cip SU s& duoc phép st
dung tam thoi nhitng phd tan cia nguoi sir dung
chinh PU ma khdng gay can nhiéu dén PU. Vi
vay, cac SU phai c6 kha nang nhan thace duoc khi
nao PU dang st dung va khi nao céc SU ¢ thé str

dung phé tan duoc cap cho PU. C6 thé thay duoc,
viéc cam nhan phd tan dong vai tro quyét dinh
trong hé thong vo tuyén nhan thirc va vi thé da co
nhiéu phuong phap dugc nghién ctru va dé& xuat.
Trong d6, duoc quan tdm nhiéu nhat la céc
phuong phap dua trén nang luwgng (ED) [6], dua
trén dang song hay loc phdi hop, dwa trén dic
trung tin hiéu (cyclostationarity detection - CS)
[7], dua trén wavelet hay eigenvalue [8]. Nhiing
phuong phép nay c6 nhitng uu diém va nhuoc
diém riéng vé kha ning cam nhan, d¢ phic tap,
thoi gian cam nhan va yéu cau ddi véi tin hiéu
PU. Thi dy, phuong phip cam nhan phé dua trén
nang lugng c6 uu diém l1a don gian, khong c6 yéu
cau vé thong tin tin hiéu cua PU tuy nhién
phuong phap nay lai khdng hiéu qua trong moi
truong nhiéu 16n. Cac thuat toan cam nhan dua
trén dang séng hay loc phdi hop doi hoi cac diéu
kién rd rang vé dang song pilot biét trudc hay tin
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hiéu truyén 1am anh huong dén bao mat trong
truyén théng. Vi phuong phap cam nhan dya
trén dac diém tin hiéu chi s dung ciu trac va dic
diém théng ké cua tin hiéu PU. Ddi vai tin hiéu
ghép kénh phan chi theo tan s truc giao
(OFDM), dya trén dac diém tu twong quan tuén
hoan cua cyclic prefix khi cé tin hiéu OFDM s&
cho gié tri khéc khong va bang khong khi khong
c6 tin hiéu dé cam nhan su hién dién cua tin hiéu.
K§ thuat nay c6 uu diém la don gian va cam nhan
duoc tin hiéu & vang ti s6 tin hiéu trén nhiéu
(SNR) thap.

THUAT TOAN CAM NHAN PHO TIiN HIEU
OFDM

Téng quan cam nhan phé tin higu OFDM

Trong md hinh truyén OFDM, ngudi sir dung
chinh s& truyén tin hiéu ghép kénh phan chia theo

tan so truc giao (OFDM) véi Ng s6ng mang con.
Pay ciing 1a s6 luong mau dir liéu trong mot
symbol OFDM va dong thoi ciing 1a kich thugc
bo IFFT (Inverse fast Fourier transform). Sau bo
IFFT, & giam hiéu tng nhiéu lién ky tu (ISI), tin
hiéu s& dugc chen thm mot khoang bao vé céd
chiéu dai N.. Khoang bao vé duoc tao bang cach
sao chép Ne mau cudi caa symbol OFDM va chén
vao dau symbol va duoc goi la cyclic prefix (CP).
Nhu vay mot symbol OFDM gom Ns = N + Ng
mau. St dung ctra s6 quan sat co chiéu dai
L+N,miu gém K symbol OFDM va N, mau
cua symbol K + 1, L = K (N¢ + Ng) dugc minh
hoa ¢ Hinh 1.

Trong mdi trudng nhiéu Guass (AWGN), tin
hiéu nhan duoc tai nguoi sir dung tha cip 1a
y(k)=s(k)+n(k), k=01---L+N,-1. (1)

K K+1

CP Data CP

v,
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Hinh 1. CAu trtc tin hiéu OFDM véi CP

V& co ban, cam nhan phé 1a qué trinh quyét
dinh su hién dién cua tin hiéu truyén dya trén tin
hiéu thu duoc tai diu thu ngudi sir dung th cap.
Diéu nay c6 thé thé hién dudi dang phuong trinh
nhu sau:

{Hl ty(k)=s(k)+n(k)
H, 1 y(k)=n(k) '
k=01,...,L+N, -1

L 2
k=01,...,L+N, -1 @)

v6i Hi va Ho lan luot 1a gia thuyét cé tin hiéu
OFDM va khéng c6 tin higu. S6 lugng mau thu
thap trong quéa trinh cam nhan 1a L + Ng mau.
Nhu vay, s& cd cac truong hop xay ra khi cam
nhan phd gom: bao 15i xay ra khi kénh truyén
trbng ma quyét dinh c6 tin hiéu, phét hién nham
khi kénh truyén ban ma quyét dinh khéng c6 tin

hiéu. Py 1a hai truong hop anh huong dén hiéu
qua cuaa viéc cam nhan phd. Ngoai ra, xac xuat
phét hién tin hiéu xay ra khi phéat hién dung sy
hién dién cua PU, Pq = 1 — Png = P(H1/H1) voi
Pma 12 X4c xuit phat hién nham. Cubi cung la xéac
suit phat hién 15 tréng khi phat hién dung sy
vang mat cua tin hiéu nguoi st dung chinh. Dé
thiét ké mot bo cam nhan tét 12 xem xét viéc cuc
dai xac suét phat hién dung v6i xac suét bao 13i
P,, cho trudc.
Thuat toan cam nhan phé dwa trén CS

Phan nay trinh bay thuat toan cam nhan phd

dua trén dic diém tuan hoan cua tin hiéu OFDM
V6i cac diéu kién gia dinh nhu sau:
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Phuong sai nhiéu o? va phuong sai tin hiéu
o2 lakhong biét.

Cac thdng s6 Ng va N biét trudc.

Tai dau thu, quan sat thay K symbols OFDM.

Goi ry la tich cua hai mau tin hiéu thu y, va
yn+Nd VGi khoang cach Ng trong toan cira s6 quan
sat chiéu dai L + Ng, s& ¢6 (3).
LK(Ng+N)-1 . (3)

Ic-\n = ynyn+Nd ! n= O'

Duya vao sy tuan hoan ciia ham ty twong quan
cua tin hieu OFDM véi CP lay tir data. Chu ky
ndy bang do dai mot symbol OFDM
N, =N, +N, . Gia st rang cac symbol OFDM
doc lap va voi K symbol OFDM, s& do dugc do
twong quan giira 2 mau c6 khoang cach Ng trong
mot chu ky 1a (4).

n l K-1

Ry :E B, ng) + K=0,000 Ny + N =1 (4
1=0

IRi

—= SMR=-6dB

0 g

35 40

Hinh 2. Vi dy ham ty tuong quan cta tin hiéu OFDM

Véi hai gia thuyét trong van dé& cam nhan tin
higu, tat ca cac gid tri R, & Ho duoc phan bé déu
do tin hiéu nhan duoc chi ¢ nhiéu. Trong khi ¢
gia thuyét H; do co su lap lai N gia tri di liéu &
CP nén sé co N gid tri R, ¢ tuong quan cao hon
Ng gia tri con lai. Tai Hinh 2, dic diém khi c6 tin
hiéu OFDM duoc thé hién rd vai cac gia tri Ng =
32 (kich thudc khdi IFFT), cyclic prefix N =
Na/4 = 8, s6 symbol OFDM la K = 500, tdm miu
tuong Gng trong ving CP cua béat ky symbol
OFDM sg ¢6 d6 16n gid tri twong quan cao hon
cac gia tri con lai do khi c6 tin hiéu OFDM, ham

f.. (R/H,,0,062,07
. (R) =] 225 i (R 0%

max f. (Q/Ho,af)

:maxln[ &Z)J Mo
R/H(R/H D) A

tuwong quan dat gia tri dinh tai vung CP. Ngugc
lai, ca&c mAu tin hiéu hay nhiéu khong cé twong
quan c6 gia tri nho.

Dya vao dic diém trén, tin hi¢u OFDM c6
thé dwoc phét hién ma khong can biét cac thong
tin vé cong suat tin hiéu o2 va cong suit nhiéu

2

o, -

Vector tuong quan dugc dinh nghia la
éz[éoﬁl"'ﬁN“N,lT va tinh logarithm tu
nhién cta ty s twong tu (LLRT) [9]

(R)>2:H,

5
(R)<A:H, ©
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v6i In()) 1a logarit tu nhién, (A) la gia tri ude
lwong ML va A la ngudng quyét dinh. Noi mot
cach don gian, gid sir rang R, la doc lap, vi thé
ham mat d¢ xac suat (pdf) cua (5) dugc viét nhu

(6).
T, (R/H,,0,07,07 ) = Ndﬁilfﬁk/Hl(ﬁk/H,,H,of,of), (6)
voii=0, 1.

Do R,, k=01,...,
ngiu nhién phirc, chung c6 thé xac dinh dudi

N, + N, —1 14 cac bién

dang téng cua hai bién ngiu nhién thuc R, va

A

R, nghia 1a R, =R +JR,, vi thé s& c6 (7) va
(8).

—_ 1 K = _
EZ;,V I(Ng+N;) (7)

X 12

R :EIZOr (N +N,) (8)

v6i k=0,1,...,N; +N_ -1

Ham xac suat c6 diéu kién pdf cho bai (6) co
thé viét lai sir dung (7), (8) nhu sau

o (RIH, 02,07 = N"ﬁ 1fa i [RoR/ M, 0 ) ©)
Vi thé can xac dinh ham mat do xac sut
két hop cia R, va R, duéi didu kién Ho va H.

Trong SNR thép, ék va ﬁk thi khéng twong quan.
Vi thé, pdf ciia chiing duéi diéu kién H, cho boi

Rk/Ho( R./H ) ﬁa exp —(ZR;Z (10)

Do lik va F\A’k la khong twong quan, (9) tré thanh

Ng+N, -1

N g - D

fo [/ Mo ) =

véi o =o' /2K, o la cong suit nhidu va K 1a
s6 symbol OFDM.

Duéi diéu kién H;, s& co 2 truong hop.
Truong hop 1, c6 tin hiéu OFDM va k nam trong
vung CP nhu hinh 2. Trong truong hgp nay, pdf

~

cia R, la

2 _off 12
fa/H( /H) JZUO {(Rzag)] kecp o

voi o’la cong suat tin hiéu thu dwoc. Trong
truong hop 2, ¢6 tin hiéu OFDM nhung k khong
nam trong vung CP va c6 pdfla

R, ’
) pme L

keCP (13)

Cén luu ¥ ring pdf cia R, dudi didu kién H,
khong phu thude k va dugce cho bdi

RK/H( /H) \/_0 exp —% . (14

A

Tir (11) va (14) thiy rang cac gia tri R, ¢6
cing ham mat d¢ phan b xac suat va khong phu
thude vio didu kién gia thiét. Chi co R, phu
thudc vao diéu kién Hy va Ho.

R/H (R/H o 10 ) H fa/H (Rk/Hi'O-nz'o-sz)fﬁk/Hl(R:k/H|YO-nzvo-s2) (15)

Thay (15) vao (5), ¢6 LLRT

Ng +N, 1
I1.5

(F”e)>/1 H,

Ag(fe):mgtxln

o (R /H,,62, 2) A
Ay

Tt (R/Has?) |

(16)

0
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Tir (16), nhan thdy rang ham kiém tra chi phu thugc phan thuc cia R, , trong khi do phan ao

khong déng gop hodc chira bat ky thong tin nao vé thong ké.

Tir d6 dugc ham pdf ciia phin thue R, dudi hai gia thuyét H, va Hy nhu (17) va (18).

Ny +Ng -1 - 3 1 1 Ng+Ne-1/, — \2 17
:!:!: fék/Ho(Rk/HO,g,Gﬁ)_Wexp(_ZO—g ; (Rk)j ( )
va
_ 2 —\2
Ng +Ng -1 - . (li —0'52) 2. (A)
I (Rk/Hl,e,aﬁ,a§)= Xp (R — LR (18)
k=0 YALY O-O

Uéc lugng ML ctia phuong sai tin hiéu &2
la
o1 ey
6l=— z R,.

Nc keCP

(19)

Véi uéc luong 72, chi xem xét Ng bién

A

ngau nhién R, khong & trong ving CP va theo
d6 uéc lugng ML cua o2 dudi gia thuyét khong
¢6 tin hiéu Ho va c6 tin hiéu Hj 1a gidng nhau

, , 1 NegNe-1, — 2
&O/HO:AO/Hl:N_ Z (Rk)'

d k=0
keCP

(20)

Nhan thdy rang viéc chon nhiing mau dir
liéu N, (khong chon vung CP) dé udc luong o}
1a chinh xac boi vi do ¢6 cung wdc lugng cho cac
mau N, s€ cho két qua quyét dinh don gidn &
(20). Thay thé o2 vac?, s& co quy luat quyét
dinh nhu (21) [7].

_ N2
Aq (R) - oego,.%éﬁ(m 71;(k§, Rkj !

v6i 1a hé s6 nhan ngudng dugc xac dinh dya

Ag(R)>ndi:H,  (21)
A (li)<;;o"§ ‘H, ’

vao x4c suat béo 16i P, cho trudc.
Néu khong quan tdm dén yéu cau dong bg,

6 thé sip xép cac phan tur ﬁk tang dan va chi
14y N¢ mau 16n nht, s& ¢6 (22).

_ NNl 2 A R >née:
AQ(R):[ Z Ros,jJ' 9( ) ’

i=Ng

"2
Ay (R) <763 - H,

ﬁ@o )N\1 +N,

Thuat toan dé do tim tin hi¢u OFDM dé xuét
c6 thé toan tit nhu sau:

Str dung cac miu quan sat trong cua s6 K
symbol OFDM, tinh gi& tri N. + N4 cta phan
thuc ham ty tuong quan trong thoi gian N, . Goi
nhitng gi4 tri nay la correlation bins, tuong (tng
vGi mot chu ky cua ham ty twong quan duge dinh
nghia ¢ (7)

Ngb ra cta bd twong quan, cac correlation
bins duoc gui tuan ty vao mot thanh ghi dich c6
chidu dai N, + N, .

N, + N, 6 nhé nay dugc sap xép tang dan
theo d6 1on cua ching, cac gia tri 16n dé tinh
thong ké kiém tra, trong khi cac gia tri nho duoc
sir dung dé udc lugng mac nhidu nén 52. Gia tri
udc lwong nay sau dé dugc nhan vai hiang sé n
goi la hé s nhan ngudng, dugc chon sao cho dat
dugc xéc suat béo 16i mong doi,

Cudi cung, so sanh Ay |R| dugc tinh &
(22) voi ngudng dat dwoc dé quyét dinh co hay
khdng tin hiéu OFDM.
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KET QUA MO PHONG

Phan nay trinh bay két qua mé phong bang
Matlab Simulink thé hién hiéu qua cua thuat toan
thdng qua xé&c suit phat hién dung Py Véi cac
SNR khéc nhau cua tin hiéu nguoi st dung chinh.
PU s& truyén tin hiéu OFDM c6 diéu ché QPSK
v6i Ng song mang con va cyclic prefix ¢ chiéu
dai Nc. Biéu dd Py theo SNR cua thuat toan dugc
thuc hién voi xac suat béo 13i Pr, c6 dinh, trong
cac md phong xac suat nay 1a P, =0.05.

1 Pra=0.05, N =&, Na=32
T T

.........

A

:
—— K= 400
031 —a— <= 400 : :
—6—K=2m : :

0.8

Pd

08 Ee et R

200 -8 -B <14 12 -0 -8 & -4 2
SNR (dE)

Hinh 3. Xéc sut phat hién dung véi thoi gian quan sat
khéac nhau

Dau tién, thay déi sé lwong mau K symbol
OFDM dé danh gid kha ning cua thuat toan
théng qua nhirng thoi gian quan sat khac nhau.
Kich thuéc symbol OFDM gom 32 mau véi Ng =
32 va cyclic prefix Nc = Ng¢/4 = 8, nhu Hinh 3. T
két qua Hinh 3, voi K thay ddi tir 200-500, nhan
thdy véi cing mot SNR, xac suat phat hién ding
ting twong (ng véi thoi gian quan sat. Thi dy, voi
SNR = -10dB, K = 500 symbol thi x4c suit phat
hién dung 1a 97 %, trong d6 véi K = 200 thi Pd
chi la 65 %. Tuy nhién, s& c6 sy danh doi giira
kha nang phat hién tin hiéu va thoi gian xur ly, tuy
vao diéu kién khac nhau dé c6 lya chon phu hop.

| Pra=0.03, Na= 32
T T

20 8 B 14 12 a0 8 ] 4 2 i
SNR (4B)

Hinh 4. X4c sudt phat hién dung v6i CP khac nhau

Hinh 4 thé hién sy phu thudc cua chét luong
cam nhan vao s6 mau cyclic prefix tai dau thu
SU. Véi ciing sé6 mau dit liéu Ng = 32, s6 mau CP
cang l6n thi kha nang cam nhan cang ting. Diéu
nay la do khi CP cang nhiéu thi trong mét symbol
OFDM cang c6 nhiéu thanh phan tuong quan, do
d6 viéc quyét dinh s& d& dang hon. Theo hinh 4,
v6i Ne = 1/2Ng = 16 cho két qua tét nhat. Tuy cac
hé théng truyén thuc té s& c6 CP vai ti 18 tir 1/4
dén 1/8 nhung két qua nay van cho thiy anh
huéng cia CP dén chit lugng cam nhan.

KET LUAN

Bai bao trinh bay mot thuat todn cam nhéan

phd nhanh cho tin hiéu OFDM véi méi trudng
nhidtu AWGN. Dya vao dic trung
cyclostationarity cua tin hiéu véi CP, thuat toan
tinh sy twong quan khi cé tin hiéu OFDM tur do6
quyét dinh sy hién dién cua tin hiéu. Két qua md
phong cho thdy hiéu qua cua thuat toan ddi véi
moi trudng nhidu 16n va sy anh huong caa thoi
gian quan sat va ciu trac tin hiéu dén chat luong
cam nhan. Hudng tiép theo I1a nghién ctu viéc
cam nhén trong méi truong fading va tng dung
thuat toan trén phan cang cua hé théng vo tuyén
nhan thuc.
Loi cdng on: Nghién cdy dgf{)’c tai tro boi Pai
hoc Quoc gia Thanh phé H6 Chi Minh (DHQG-
HCM) trong khuon khé Dé tai ma so C2015-18-
01.
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Spectrum sensing in cognitive radio
wireless networks for orthogonal fregnency
division multiplexing in additive white
Gaussian noise channel

e Nguyen Minh Tri
e Nguyen Thanh Tu
e Nguyen Huu Phuong

University of Science, VNU-HCM
ABSTRACT

Cognitive radio (CR) systems are one of the
most interesting topics in recent years. They
would enable more efficient use of the spectrum.
The main problem of CR is how to dectect exactly
the spectrum usage of primary users. There are
many ways to do this, such as energy detector
(ED), Axell’s detector, the sliding window

detector, etc. Among them, cyclostationarity (CS)
based dection methods attracted much attention
because of their better results in low-SNR
regimes. This paper will propose a method based
on the autocorrelation property of orthogonal
frequency division multiplexing (OFDM) signals
in additive white Gaussian noise (AWGN).

Tir khoa: cognitive radio (CR), cyclostationary (CS), OFDM, AWGN
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