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TOM TAT

Trong mang vé tuyén nhén thirc, viéc
phét hién dung phé tan sé nhdm téi sir dung
va lam sao dé gidm anh huéng ctia nguoi st
dung thtr cép (Secondary User — SU) Ién tin
hiéu cta nguoi str dung chinh (Primary User
— PU) la mét khia canh phtrc tap va vé cung
quan trong. Chinh vi thé, céc thuat toan
nhadm xac dinh céc khodng phd tan trong
mét cach chinh xac déng vai tro quyét dinh
dén chat lwong cta mang vé tuyén nhan
thire. Trong bai bao nay, chung téi tap trung
vao thuét toan cdm bién phé tén cta céc SU
nhadm tim ra dwoc nhitng khodng phé tén
tréng (Spectrum Hole — SH) da duoc cép
phép cho céc PU nhdm tan dung nhitng

khodng phé tén tréng nay. Cu thé hon,
chiung téi tap trung nghién ctu va danh gia
thuat toédn cédm bién dwa trén mirc ndng
lwong cda tin hiéu khéng xac dijnh trong
nhiéu loai kénh truyén fading khéc nhau. Két
qud mé phéng dat duoc gén nhuw tring khép
vGi phén tich ly thuyét. Két qua thé hién réng
chét lvong cua thuat todn do tim phé tan sbé
duwra trén muec nang lueong tin hiéu trong kénh
truyén AWGN la chép nhén duoc trong diéu
kién ty sé tin hiéu trén nhiéu SNR khéng qua
thap, tuy nhién hiéu suét phét hién tin hiéu
clia hé théng sé gidm nghiém trong trong
méi trirdng fading.

Tor khéa: cdm bién phé, vé tuyén nhan thire, kénh truyén fading, ngudi dung chinh, ngudi

dung thir cép

MO PAU

Trong vai thap ky qua, su thiéu hut nghiém
trong cua pho tan vo tuyén 1a mot trong nhing
dong luc chinh cua cac nha nghién ctu trong linh
vuc truyén théng khong day. Nhu cau truyén
thong toc do cao la két qua tat yéu ciia phat trién
x& hoi con nguoi vé truyén thong da phuong tién
thay vi chi truyén thoai nhu truée. V6i ngudn tai
nguyén tan s6 ¢6 han thi viéc phan bé tai nguyén

phd tin tinh nhu hién nay khéng thé dap tng
dugc nhu cau ngay cang phat trién do.

Nguoi ta tin rang, sy thiéu hut tan sé chu yéu
Ia do sy khan hiém vat Iy cua pho vo tuyén va su
phét trién nhanh chéng cua céc thiét bj tuong tac
khong day nhu dién thoai di dong, may tinh xach
tay, thiét bi gia dung, thé¢ khong day,... Tuy
nhién, mot b4o cdo gan day cua uy ban truyén
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thong lién bang M$ (Federal Communication
Commission-FCC) da cho thay [1]: Trong rat
nhiéu khoang bang tan, thi viéc truy cap, sir dung
phd tan chua hiéu qua lai chinh 1a nguyén nhan
chinh dan dén sy thiéu hut nay. O Hinh 1 cho ta
thdy sy thiéu hut tai nguyén phd tan chi thyc su
xay ra & mot vai khoang bang tan, con da sd cac
khoang bang tan con lai thi ching ta chwa that sy
khai théc hét nguon tai nguyén nay. Thong ké lai
thi bang tan chi duoc sir dung trong khoang 6%
thoi gian [2][3]. O mot bao cao khac duoc tién
hanh tai Tp H6 Chi Minh va tinh Long An [4],
két qua ciing xay ra twong tu, phd tan chi bi
chiém khoang 10% dén 15% thoi gian, diéu do
c¢6 nghia 1a hon 80% thoi gian con lai phd tan
chua that sy dwoc khai thac. Tur d6, mang vo
tuyén nhan thac (Cognitive Radio Network —
CRN) ra doi dé giai quyét vin van dé trén, véi y
tuong sir dung lai phd tan sé da dugc cap phét tai
nhitng khoang thoi gian, khong gian nao do khi
cac PU chua c¢6 nhu cau. Hinh 2 md ta nhiing
khoang phd tan tréng theo chiéu thoi gian va tan
s6 ma cac PU khong c6 nhu cau st dung, nhiing
khoang phd tin nay 1a co hoi dé cac SU trong
mang vO tuyén nhan thuc khai thac nham nang
cao hiéu suét sir dung phé tan sb. Thong thudng
cac SU thuong 1a nhirng thiét bi vo tuyén hoat
dong & nhitng khoang phé tan sé duoc cap phét
mién phi (phd tan ISM - The Industrial, Scientific
and Medical Radio Bands), noi ma vén d luu
lwong va kiém soét nhidu giira cac thiét bi ludn
dugc dit uu tién 1én hang dau.

Theo dinh nghia cua FCC [1] thi mang vb
tuyén nhan thie 13 hé théng vo tuyén c6 kha nang
“nhan thuc”, “cam nhan” dugc moi truong xung
quanh. Tir d6, n6 ¢6 kha ning thay doi cac tham
s6 truyén dan nhu 1a cong suat phat, tin sé séng
mang, phuong phap didu ché... mot cach ty dong
nham tdi wu hiéu suat truyén dan (tbc do truyén,
giam nhidu,...). Ttr dinh nghia do, ching ta thiy
rang mot trong nhitng nhiém vu chinh cia mang
vO tuyén nhan thic 14 1am sao khai thac dugc

nhitng khoang phé tan chua dwoc sir dung trong
mot khoang thoi gian hoidc khong gian nao do
nham cung cap cac giai phap truy cap phé tan sb
cho céc SU.

Nhu vay, mang v tuyén nhan thic ¢d kha
nang do dac, cam nhan, hoc va nhan thuc dugc
céc tham s lién quan dén dic tinh kénh truyén
v tuyén, su hién dién cua cac thiét bi dang hoat
dong trong phod tan quan sat,... Trong mang Vo
tuyén nhan thirc thi cac PU dugc xem 1a ngudi
ding ¢6 quyén wu tién cao nhét, hay 13 ngudi
dung hop phéap dugc cap phép sir dung phd tan
d6, con nhitng SU 1a nhitng ngudi ¢6 quyén wu
tién thip hon trong viéc truy cap tai nguyén phd
tan cua céc PU.
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Hinh 1. Théng ké thoi gian st dung phd tin [2]
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Hinh 2. M6 ta khoang tin s6 trf)ng do cac PU taora
theo thoi gian va tan so [5]

Di nhién, ngudi dung thi cdp SU phai khai
thac pho tan cua cac PU theo mot cach ma khong
gay bét ki can nhiéu nao cho cac PU. Chinh vi
thé, cac SU can c6 kha nang “nhan thic”, nhu
viéc phai nhan biét dugc khi nao thi phé tan duoc
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cap phép cho nhitng PU dang trong tinh trang
tréng, va khi nao thi cac SU khong duoc su dung
phd tan do, va tir d6 thay ddi cac tham sé truyén
dan nham khai thac nhiing khoang tan sé chua
duoc st dung nay.

Vi tinh quan trong cua viéc nhan thiace duoc
phd tan, cac thuat todn phd tan di va dang nhan
dugc rat nhiéu sy quan tam cua cac nha khoa hoc
trén thé gioi. Co thé tam phan loai cac thuat toan
cam bién phd tin gdm nhém céc thuat toan cam
bién dia phuong (bat hop tac) va nhém céc thuat
toan cam bién hop tac [6]. Ching tdi quan tam
dén nhém céc thuat toan cam bién bit hop tac.
Hinh 3 mo ta phan loai céc loai cam bién phé tan
trong mang vo tuyén nhan thuc.

MJi thuat toan déu c6 nhimg uu va nhuoc
diém riéng. Trong d6 ndi bat 14 thuat toan cam
bién dya vao ning luong cua tin hiéu (Energy
Detection) va nhdm thuat todn dya vao dac trung
cta tin hiéu (Cylcostationary Detection) dang
nhan duoc rat nhiéu sy quan tim. Puoc biét dén
bai tinh hiéu qua cao nhit, nhom thuat toan dya
vao dic trung cua tin hiéu to rd nhuoc diém 1a do
phuc tap cao, din dén kho thi cong trén phan

ctiing. Co6 tinh kha thi cao nhat phai ké dén nhom
thuat toan cam bién dya vao niang luong cua tin
hiéu. Pay la thuét toan c6 do phuc tap thap nhat
ma van dam bao dugc x4c xuat phat hién & mot
ngudng chip nhan duoc nao d6. Mot uu diém
khac cua thuat todn dya trén nang lugng cua tin
hiéu 1a nd khong can thong tin vé tin hiéu phét la
tin hiéu gi, vi du nd khong can quan tam cac pilot
chén nhu thé nao, sir dung phép diéu ché gi, ...
Hién tai chuan WRAN (Wireless Regional Area
Network) IEEE 802.22 van dang duoc cac nha
khoa hoc xay dyng. Nhiéu ban nhap di duoc
hoan thién va céng bé ¢ thu vién dién tu IEEE
Xplore, trong d6 thi nhom thuat todn cam bién
phd tin dya trén mac nang luong cua tin hiéu
duoc dé xuat trong mang vo tuyén nhan thic
nham tai sir dung phé tan sé danh cho cac dich vu
truyén hinh s6 mat dét [7].

O Viét Nam, mang vo tuyén nhan thtc ciing
dan dan nhan dwoc su quan tim dic biét. Cac béo
cdo Vvé tinh trang st dung phé tan sé & thanh phé
Hb Chi Minh va Long An ¢ [4] da phan nao cho
thiy hién trang s dung phd tan hién nay cua
nudc ta.
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Hinh 3. Phén loai cac thuat toan cam bién phd tan trong mang v6 tuyén nhan thic [6]

Tu nhitng Iy do trén, viéc nghién cau céac
thuat toan cam bién phd tin cho mang vo tuyén
nhan thirc 1a can thiét. Trong bai bao nay, ching
t6i tap trung vao thuat toan cam bién pho tan dua
trén ning luong cua tin hiéu. Co so ly thuyét
cling nhu m6 hinh mé phéng thuat toan cam bién

pho tan trong cac loai kénh truyén fading duoc
nghién ciru chi tiét. Cac két qua dat duoc ciing
ching to rang thuat toan nay hoan toan phi hop
dé c6 thé phat trién xudng phan cing va la ung
vién cho mang vo tuyén nhan thtc trong tuong
lai gan.
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COSOLY THUYET
Cam bién tin higu trong méi trudng nhiéu

trang cong

Hinh 4 md ta cac khéi chic ning co trong
thuat toan cam bién phé tan dwa vao mirc ning
luong cua tin hiéu. Bo cam bién nay bao gém
mot b tién loc chéng nhiéu — loc théng dai, mot

Loc thong

()°

thiét bi binh phuong va mot bo tich phan hitu
han. Tin hiéu tai ngd ra cua bé tich phan tai mot
thoi diém t nao d6 1a nang lwong cua tin hiéu
trén toan khoang thoi gian tir t — T dén £. Muc
nang lugng nay dugc so sanh voi mét gid tri
ngudng da duoc thiét 1ap tir truée dé quyét dinh
xem kénh truyén c6 dang bi chiém bai PU hay
khoéng.

b

dii

b 4
W

LTL.:F S| -

— Hl
S0 sanh ngudng

Hinh 4. So db khéi hé théng cam bién dya vao nang luong tin higu

Tin hiéu ngd ra cta bo phéat tin hiéu la mot
phép thir, tuan theo mat trong hai gia thuyét sau:

[y(t) = hs(t) + n(t) ‘H, 1)
y(t) =n(t) ‘H,

Vé6i Hy la gia thuyét khdng c6 su hién dién
cua PU, khi d@6 tin hiéu ngd vao chi la nhiéu. H,
1a gia thuyét c6 su hién dién cua PU, tac Ia tin
hiéu vao bao gém tin hiéu cua PU va nhiéu.
Nhi&u duoc mé ta nhu 1a cac bién ngau nhién doc
lap c6 phan bé Gaussian — trung binh E {n(t)} =
0 va mat d6 phd cdng suat nhidu hai bén Ng,. Gia
sir nhidu chi ton tai trong bang thong W. Hé sb
kénh truyén h, trong md hinh chi xét nhiéu tring
cong thi h 1a hang sb.

Goi V la ngd ra cta bo phan tich phan trong
khoang thoi gian T. Bé thuan tién cho viéc tinh
toan vé sau, chiing ta dat:

V'=L=i}y2(t)dt (2)

N02 02 0
V' goi 1a thong ké kiém tra cua thuat toén.
Trong thuc té, tin hiéu cao tan RF nhan truéc
hét dugc cho qua mo bo loc thong dai co bing
thong 1a 2W, trung tam quanh tan sé séng mang,
dé gi6i han cong suit nhidu. Md hinh thdng thp
tuong dwong co bang thong 1a W, va duoc lay

mau theo tan sé Nyquist Ia f,= 1/2W. DU bai toan
duoc giai theo md hinh thong thap hay théng dai
thi két qua dat dugc 12 nhu nhau [8]. Do d6, dé
tién cho viéc tinh toan, chung t6i chon cach xu ly
thong thap.

Tin nhiu theo thoi gian c6 thé biéu dién
thong qua mot tap cac mau nhiéu dugc ldy mau
véi chu ki T, [9]:

—+00

i) . .
n)= > | — |sinc(2wt—i) (3)
=\ 2w

V6i  n@/2W)=n(i): ¥ (0,52)tuan
theo phan bé Gaussian c6 trung binh bing 0,
phuong sai 5nz

Ham sinc=sinzX/zX. Hién nhién
52 =2N W 12 nang luong cia nhidu trong
bang thong W.

Dua vao thuc té 1a:

+o0

[ sinc(awt—i)sin c(2Wt -k)dt

—o0

YW, i=k
= [o, ik (4)
Chuing ta c6 thé viét lai cong thic (3):
o 5 1 & )
jw n?(t)dt = sz a; (5)
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Véi o, =n(i/2W). Trong khoang thoi
gian quan sat T, n(t) c6 thé duoc xap xi bai tong
cua 2TW thanh phan:

n(t) =Y o sinc(2Wt—i), 0<t<T (6)

Tur cong'thiac (5) va (6), chiing ta c6 thé xip
xi ning luong cua nhiéu trong khoang thoi gian
quansatT:

j n(t)’dt =ﬁzl a )

Pit b =a / J2WN,, Tir (2) va (7), thong ké
kiém tra V' dudi gia thuyét H, c6 thé viét lai la:
2TW

Vi=2b’ (®)

D& dang thiy & phuong trinh (8), V' 14 téng
binh phuong cia 2TW cac bién c6 phan bd
Gaussian ¥ (0,1) . Hay ni cach khéac, V' c6 phan
bd Chi binh phuong trung tdm véi do ty do 14
2TW [10].

Khi tin hiéu ngd vao cé su hién dién cua s(t).
Gia str tin hiéu vao s(t) ciing c6 phan bb Gaussian
¥ (0,67), phin tin hiéu s(t) trong khoang thoi
gian quan sat T c6 thé duoc xdp xi mot cach

tuong tu:
s(t) = Ziv“ ( Jsm c(2Wt —i) 9)
Va
[s*dt= Nzwa (10)
Véi o, = S(Lj
2W
Suy ra:
— j s(t)%dt = ZTZW: B (11)

Khi ¢6 ca nhiu n(t) va tin hiéu s(t) hién dién,
thi ngd ra y(t) duoc xap xi mot cach twong tu

2WT
y(t)=> (a +a)sinc(2Wt—i) (12)
i=1
Khi d6 nang lugng cua y(t) trong khoang
thoi gian quan sat T 1a:

]’yz (t)dt =

2TW

Z(a +a)  (13)

Nhu vay khi ca tin hiéu caa PU va nhiéu hién
dién, thi théng ké kiém tra V dugc viét:

=—jy (t)dt—Z(b +AY (14
02 0

Noi cach khac, dudi gia thuyét Hy, théng ké
kiém tra V'1a tong binh phwong cia 2TW bién
ngau nhién c6 phan bd Gaussian c6 trung binh
bing 0 va phuong sai khic khong. Théng ké
kiém tra V' dugc goi 1a c6 phan bé Chi binh
phuong bét trung tam véi do tu do 1a 2TW [10].
Tham sb bat trung tam A dwoc tinh [11]:

(1)t = -E3
A= Zﬂ j (Odt=—

02 0 02
y 1a ti s6 nang lugng trén mat do cong suat
nhidu hai bén. Goi ¥ =57 /67 Iati 6 tin higu
trén nhiéu SNR. Dé dang ta c6: A =2y . Tém
tai théng ké kiém tra V' dudi ca hai gia thuyét thi
duoc viét:

V' {Zzsz ©) H,

(15)

16
IZZTW (2y) H, (9

Pt N = 2TW, gia st TW 1a mot s6 nguyén,
do @6 N = 2TW la mét s6 chin, khéng am. Ham
mat do phan bd xac xuat (PDF) cua théng ké
kiém tra V dugc cho boi [12]:
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1 N/2-1,-vI252

SN 2N?T(N 1 2)

f (V)=

267\ 2y

N-2
1 (v )4 —22755 J2v
e IN/Z—l

52

j H

H,
17)

I"(.) 1a ham gamma hoan chinh, va I,(.) 1a ham Bessel bo xung bac thir v [13]:

Tur d6, xac suit bao 16i Pea VA Xac suat tac tinh hiéu Pp c6 thé duoc tinh dya vao ham phan phéi tich

lily CDF:

Pea = Pr(v >Vi [Hp) =1- Pr(vl <Vi|Hp)=1- FV‘(\/T | Ho)
P = Pr(V >V [H,) :1_Pr(vl <V:|Hy)=1- FV'(VT |H,)

Véi V1 1a ngudng phat hién .Ham CDF cua
thong ké kiém tra V' trong hai gia thuyét Hy va
H; duoc tinh tur (17):

F(N,VJ

Hao)

F, (v) = r(';'j (19)
1_Qﬁ(@1\ﬁ)’ :Hl

. \ N 7 N 2
Vi @m 1a ham Marcum véi d6 tu do 1a 2™,

duogc dinh nghia [14]:

0 om x2+a?

Q@)= e 7 1, (@i (20)

FPra

Tir d6 xac suit bao 16i *F4 va xac suit phat

hién tin hieu 72 duoc tinh:

F[N,VJ
r(zj (21)
P, =1-Qy (27, \Vr),

(18)

Trong d6 T'(.,.) 1a ham gamma bat hoan
chinh [13].

Cam bién tin hi¢u trong méi trwong fading

Trong truyén thong vo tuyén thi ngoai nhidu
tring cong AWGN thi tin hiéu con bi anh huéng
boi hién tuong fading. Kénh truyén Fading néi
chung 1a kénh truyén gy nén hién tuong thing
giang cudng do tin hiéu tir dau phat dén dau thu,
c6 thé theo thai gian, tan sb hoic khéng theo thoi
gian, tan sb. Hiéu qua cua thuat toan cam bién
phd tan trong méi truong fading s& dugc mo ta
trong phan nay.

Xéac xuat phat hién tin hi¢u trung binh trong
kénh truyén fading P, duoc tinh bang cach lay
trung binh xéc suat phat hién tic thoi Pd véi ham
PDF cua ti s6 tin hi¢u trén nhiéu » déi véi kénh
truyén fading do:

B [QWDLOd @)

Trong f (y) Iaham mat do xac suat cua y
trong kénh truyén fading, » 1aty s tin higu trén
nhiéu trung binh.
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Trong kénh truyén Rayleigh fading thi dap @ng kénh truyén h bién doi theo ham mii, PDF dugc cho bai
[15] :

Y

1 <
L= r20 (23)

XA&c suat phat hién trung binh EdRay trong kénh truyén Rayleigh dugc tinh theo cong thirc (22) :

Parar = [ P, ()= _fQu(\/Z,«/vT)%eyd7=%IQU(\/Z,\/\ZWOW (24)

Giai (24) theo H. NuHall [14,16], ta tinh dugc xac suat phét hi¢n tin hiéu trung binh trong kénh truyén
fading Rayleigh duoc viét dudi dang twong minh nhu sau:

Vu2 k —\ut Vr Vu2 k
) 1+y > =3 y
Paw=e 100 ( j [_j ¢ T _ zk{ : j (25)

/4 2(1+7)

Dap tng kénh truyén h bién doi trong kénh truyén Fading Nakagami, khi d6 ti s6 tin higu trén nhidu tic
thoi ¥ tuan theo phan b6 Gamma, véi ham PDF duoc cho bai [15]:

m " 77
f(y)= F(m)E_j y" e’ y=0 (26)

Véi m 1a tham s Nakagami. Dé ¥ rang khi m = 1 thi kénh truyén Nakagami fading tré thanh kénh
truyén Rayleigh fading. Xac suit phat hién tin hiéu trung binh Pnaa trong kénh truyén fading
Nakagami ciing duoc tinh bang trung binh ham mat do xac suat ciia y Véi xac suat phét hién tac thoi
trong moi truong AWGN:

Pavia = j Q27 e £, ()dy = j VAN O )H yme dy  (27)

Gia sir m la s6 nguyén duong, dang tudng minh cua Phaka trong kénh truyén Nakagami c6 thé
duoc biéu dién dang tuong minh nhu sau [16]:

)

Pavaa = | G, +ﬂ2 TOR (m n+1V2 mL&] (28)
Trong do:
1 " o
W( j B = F(m)[ }/j (29)
Va
G, = f x2m-1eTX?Q(x, NYAL:Y (30)

0

V6i 1F1(.;.;.) 1a ham confluent hypergcometric, Q(.,.) = Q4(.,.) 1a ham Marcum Q béc tht nhit [17].
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Hé sd kénh truyén trong méi truong
Shadowing ¢6 thé duoc mé hinh hoa nhu nhing
bién ngau nhién Log-Normal, h = exp(x), trong
d6 x 1a bién ngau nhién phan bb Gaussion, trung
binh 0, phuong sai 5°. & duoc biét véi tén goi
khac 1a tham sb trai rong (spread parameter),
thong thuong & duoc tinh theo giai dB, O, 6
mdi quan hé vai giai tuyén tinh nhu sau [15]:

0 =0.15,; In(10) (32)

Khi ti sb tin higu trén nhidu tac thoi p bién
ddi theo phan bé Log-normal gay ra boi hiéu tng
Shadowing, chang ta ¢6 thé tinh xac suit phat
hién tin hiéu trung binh Pash trong kénh truyén
Shadowing Log-normal mét cach twong ty nhu
trén:

Pan = [ Q (27, M) fa()dy  (32)

Véi fg(y) 1a PDF cia y theo phan bd
Log-normal. Tich phan & (32) khéng thé tinh
dugc bang biéu dién dang twong minh toan hoc
[8]. Do d6, x4c sudt phat hién tin hiéu trung binh
trong kénh truyén fading Shadowing can dugc
wdce lwong nho vao cach tiép can thuc nghiém.
THAM SO VA MO HINH MO PHONG HE
THONG

Trong phan nay, ching tdi trinh bay mé hinh
hé théng vo tuyén nhan thac gdm c6 4 users,
trong d6 c6 2 PU va 2 SU bang phan mém
Matlab phién ban 2009, thu vién Simulink. Hé
thng dwoc md phong va do dac cac gié tri xac
sust bao 16i P, =P.(V >V, |H,) xac suit
phat hién tin higu P, =P (V >V, |H,)xéac
suit phat hign nham P, =P.(V >V, | H,) déi
v6i kénh truyén nhiéu tring cong AWGN. Céc
tham s6 cua md hinh dwgc mo ta chi tiét trong
Bang 1.

M6 hinh Simulink hé théng dugc thé hién
trong Hinh 5. Chng t6i thuc hién cac phép do sé
trén mo hinh va so sanh voi céc xéac suat bao 15i
Vva XAc suat phat hién tin higu & cong thic (21).

Bang 1. Cac tham s6 hé théng

Tham s Gia tri
The do bit 1 Mbps
Phuong phap diéu ché so 4-QAM
He¢ s0 ting mau 8
Cong suat phét 1w
He¢ s0 uon cuia bd loc nan xung 0.3
S luong mau quan sat 8,12, 16
Ty s tin hiéu trén nhiéu SNR -25 dén 20 dB

KET QUA

O phan nay, ching t6i danh gia chat lugng hé
thong dua vao cac duong biéu dién su phu thudc
ciia X4c suat phat hién tin hiéu PD theo xac suit
béo 16i PFA, hoic sy phu thudc cua xac suat phat
hién nham Pm theo xac suét bao 156i PFA tly vao
ting tinh hudng quan tdm cy thé. Hién nhién PD
+ Pm = 1 nén viéc bidu dién PD hay Pm theo
PFA khong lam thay d6i ban chat van dé. Ching
ta mong muédn xac suat phat hién nham cang thap
cang tét dé téi thiéu can nhidu do cac SU gay ra
cho PU. Cac duodng biéu dign sy phu thuge do
nguoi ta goi la cac duong dac trung hoat dong
cia bo thu ROC (Receiver Operating
Characteristic) hoac C-ROC (Complementary
Receiver Operating Characteristic).

Hi¢u qua thuit toan trong kénh truyén Non-
Fading (kénh truyén chi c6 nhiéu tring cong
AWGN)

Hinh 6 biéu di&n hiéu qua cam bién dya trén
ning luong cua tin hidu trong kénh truyén chi co
nhidu trang cong AWGN. Két qua chi ra rang
chat luong cua thuat toan cam bién bi anh huong
nghiém trong trong méi truong nhiéu twong ddi
I6n. Cu thé, khi SNR khoang 5dB thi ty 1& phat
hién nham Pm da 1én dén khoang 60% tuong ng
VGi Xac suat bao 16i 10%. Chit lwong cua thuat
toan chi chdp nhan duoc khi SNR lon (khoang
trén 10 dB). Tur két qua md phong dat duoc,
ching ta dé dang thay rang két qua mé phong va
ly thuyét la khép nhau. Trong qué trinh chuin
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héa chuin WRAN IEEE 802.22, ngudi ta khuyén  duoc 1a rat tét, dudi 10%. Néu cong suit nhidu
céo xé&c suat bao 15i nén nam trong 1-10% [1].  ting lén thi chit lugng hé théng sau d6 giam
Do d6, tir két qua nay ta c6 thé thay rang xac suit  xudng mot cach dang ké.

phét hién nham caa truong hop SNR = 10dB dat

To_channel —{From_channel

Transmitter_PU Receiver PU

Rayleigh

(Channel

BER Display

Receiver SU
Transmitter_SU -

Hinh 5. M6 hinh hé théng vo tuyén nhan thirc 2 SU va 2 PU

ROC of ED in AWGN channel

-
=,

O SNR = 0dB, Simulation
SNR = 0dB, Theory
4  SNR = 5dB, Simulation
SNR = 5dB, Theory
% SNR = 10dB, Simulation
SNR = 10dB, Theory
O SNR = 12dB, Simulation
SNR = 12dB, Theory L

Probahility of miss detection
T

L i
10 10° 10° 10 10
Probability of false alarm

Hinh 6. Chét lrong thuét toan ED trong kénh truyén AWGN
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Performance of ED over Rayleigh fadding channel

----------------------

......

—— SNR=0dB, Theory
% SNR=0dB, Simulation
——— SNR=5dB, Theory
)  SHNR=5dB, Simulation
—— SNR=10dB, Theory -
O SNR=10dB, Simulation |-+
—— SNR=12dB. Theory :
%7 SNR=12dB, Simulation

7 |
L R

Probability of miss detection

e Y Sy | g
T =) -

-------------------

_____________

_____________

10 107

107 10" 10

Probability of false alarm
Hinh 7. Anh hudng cua kénh truyén Rayleigh dén hé théng

Chit lwgng hé théng trong méi trwong fading
rayleigh

Cac két qua thuat toan cam bién tin hiéu dya
trén mirc nang luong tin hiéu trong kénh truyén
fading Rayleigh dugc dua ra ¢ Hinh 7 trong
nhiéu diéu kién nhiu khac nhau. So sanh vai két
qua thu dugc ¢ Hinh 6 ta thiy rang chit lugng
cua thuat todn giam nghiém trong trong moi
truong fading. So sénh tai ciing mot xac suit béo
15i 12 2%, SNR = 10 dB, x&c suat phat hién nham
dbi véi truong hop chi c6 nhidu AWGN la gan
20%, con s6 nay & truong hop c6 fading ting 1én
khoang 35%.
Chit lugng hé thong ddi véii kénh Nakagami
Fading

Nhu da trinh bay & trén, kénh truyén fading
Nakagami 13 trudng hop tdng quat héa kénh
truyén fading Rayleigh. Hinh 8 mé ta chat lugng
thuat toan do pho tan dua vao dic trung ning
lwong cua tin hiéu ddi vai kénh truyén Nakagami
véi tham s6 Nakagami m = 3. O day ta ciing thay

chat lwong cam bién cua hé thdng giam dang ké
trong mdi truong fading Nakagami. Tuy nhién,
so véi kénh truyén fading Rayleigh thi chét lwong
cua hé théng trong kénh truyén Nakagami twong
ddi tét hon mot chat.

Hinh 9 biéu dién su phu thudc cua chit luong
cam bién phé tan cuia SU trong kénh truyén
Nakagami khi tham s6 Nakagami thay ddi. Dé y
tr Hinh 7 va Hinh 9, ta c6 thé thiy riang kénh
truyén Rayleigh chinh I1a kénh truyén Nakagami
khi hé s Nakagami m=1. Véi cung mét mirc
nhiéu thi chat lwong cam bién trong modi trudng
fading Nakagami s& ting khi tham sé Nakagami
tang. Theo 1y thuyét thi chat lugng cua hé théng
trong modi truong fading Nakagami s& tién toi
truong hop 1y twéng chi ¢d nhiéu AWGN khi
tham s& m tién toi vo cling. O Hinh 9 ta thiy xéac
suat phat hién nham duoc cai thién & mic 30%
xudng con khoang 5% khi tham s6 m ting tir 1
1&n 4 véi cling mot xac suat bao 13i 10%.
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Kénh truyén Shadowing Log-normal

Nhu da trinh bay, ddi véi kénh truyén
Shadowing Log-normal thi ching ta khdng thé
tim thiy dang tuong minh toén hoc cua x&c suét
phét hién tin hiéu theo xac suat béo 15i. Do do,
cac két qua md phong nhu chi ra & Hinh 10 1a can
thiét nhim xac dinh chat lwong hé thdng trong

(1]

moi truong Shadowing. Buong cong ROC trong
truong hop chi ¢6 nhiéu AWGN duoc dua ra
nhiam so séanh vai cac két qua dat dwoc. Tir cac
két qua ¢ Hinh 10, ta ciing thay rang chit luong
cam bién s& giam manh trong moi trudng
Shadowing véi d6 trai Shadowing 825 trén 4 dB.

Performance of S5 based ED in Log-normal shadowing channel

10 -
-
s e s e e
=
S N S S S LU
@
L=
w»
o
E 10
(o]
=
=
L]
e
S feeeebeedeebebdbiid
—%— sigmadB = 2dB
| —©—sigmadB =4dB | i b i)
—%— sigmadB = 12dB :
SNR = 10dB. AWGN | |
1072 P b b
107 107 107 107 10°

Probability of false alarm

Hinh 10. Chét luong hé théng trong méi trudng Shadowing Log-normal

Chit lwong thuit toan véi thoi gian quan sat
khéc nhau

Hinh 11 biéu dién sy phu thudc cua cac xac
suat phat hién tin hiéu va xac suat béo 13i theo
thoi gian quan sat, hay noi cach khéac, theo sb
mau ma bo quyét dinh dung dé tinh toan gia tri
ngudng trong kénh truyén AWGN. R0 rang ta
thdy thoi gian quan sat cang Ion thi xac suat phat
hién tin higu cang cao do s6 mau diung dé tinh
toan ngudng lon. Tuy nhién, chiing ta cling phai
can nhéc sao cho sb lugng mau khéng lén qué
bai néu s6 lugng mau I6n qua thi dap Gng cua bo
quyét dinh cang dai, 6 phuc tap ciing cao lén,
gay giam hiéu suét str dung phd tan cua hé thng

vo tuyén thong minh. O két qua nay, ching ta
cling thay rang chit luong hé théng duoc cai
thién dang ké néu chung ta ting s mau quan sat.
Tuy nhién trong méi truong nhiéu thap thi sy cai
thién nay khéng con rd rang, vi du nhu truong
hop SNR = 8dB nhu trén hinh. Khi do6, chung ta
s& giam s6 mau xudng sao cho thoi gian dap @ng
cua hé thdng la ngan nhat ma van dat duoc mot
x4c suat phét hién tin hiéu mong muén vai cing
mot xac suat béo 16i. Vi du trong truong hop
SNR = 8dB, ching ta chi can sir dung 8 mau dé
xac dinh nguong thay vi 16 mau dé dat cling mot
xAc suat bao 15i 1a 10% va xac suat phat hién tin
hiéu trén 95%.
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Hinh 11. Sy phu thudc hidu suét phat hién tin hiéu theo thoi gian quan sat
THAO LUAN

Ching t6i da xay dung thanh cong co so ly
thuyét ciing nhu xay dung mé phong dé kiém
ching thuat toan cam bién phé tan dya trén muc
cong suat cua tin hiéu khong xac dinh &p dung
cho hé théng vo tuyén nhan thirc déi voi kénh
truyén nhidu tring cong AWGN va mot s6 loai
kénh truyén fading. Cac két qua mé phong ma dé
tai dat duoc déu tuong ddi trung khép véi phan
tich ly thuyét. Tir d6, chung ta c6 thé thdy rang
chat luong hé thong 1a tuong déi tét trong moi
truong nhidu khdng 16n 1im. Tuy nhién hiéu suat
phét hién tin hiéu cua hé théng s& giam nghiém
trong khi xét dén anh huong cua céc loai fading.
Dé nang cao hiéu suét cua thuat toan thi chdng ta
can tang thoi gian quan sat. Pay 1a sy danh dbi
kha di nham nang cao chat lugng thuat toan boi
thuat toan nay dugc coi 1a don gian, khéng quan
tam dén dac tinh cua tin hiéu, cé thé thyuc thi trén
phan cung.

Tuy nhién, qua két qua dat duoc, thuat toan
cam bién phé tan dwa vao mirc ning luong cua
tin hiéu ciing boc 16 mot sé han ché, d6 1a hiéu
gua cua thuat todn giam nhanh chéng trong moi
truong nhidu 16n, chua ké céng suat nhiéu phai
duoc udc lugng mot cach chinh xac, diéu ma
khong dé& thuc hién trong thuc té.

Mot s6 huéng tiép tuc duge nhdm ching toi
nghién ctru d6 1a lam sao wdc luong cong suit
nhidu mot cach chinh xac nhat, thuc hién cai
thién xac suit phét hién tin hiéu cua thuat toan
trong mot sb loai moi truong fading. D6 c6 thé 1a
cac phuong phap cam bién phd hop tac hoic
phuong phap cam bién phd dya trén dic trung
Cyclostationary cua tin hiéu. Thuit toan dang
dugc nhém ching toi thuc thi trén phan cing wng
dung trong mang vé tuyén nhan thiec.
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ABSTRACT

In cognitive radio network, how to
minimize the impact of secondary user on
primary user’s signal plays a very important
and complex role. Therefore, spectrum
sensing is one of the most essential
components of cognitive radio. Therefore,
the effect of spectrum sensing algorithms
plays a key role to the system’s
performance. In this paper, we concentrate
on spectrum sensing algorithms in order to
find out spectrum hole or while hole for

reusing it. Specifically, we will highlight the
energy detector algorithm of unknown
deterministic signals over fading channels.
The numerical results match well with
theoretical analysis. The system’s
performance of energy detection in AWGN
channel is acceptable in case of relatively
low signal to noise ratio (SNR). However,
the performance of system will be degraded
remarkable over fading environments.

Keywords: Spectrum sensing, cognitive radio network, secondary user, primary user
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