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PHUONG PHAP TRIET NHI EU XUNG TiN HI EU RF BANG BIEN POI
WAVELET PACKET K ET HQP VOI TH ONG KE BAC CAO (HOS)
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TOM TAT

Ky thuat trigt nhiu cho tin héu vo tuyn st dung bién dbi waveletdd dwoc nghién ¢u nhiéu trén
thé gisi. Hiu hét cac nghiénu tap trung vao cacliée lvong vadit ngedng mém trén o so cia
lain Johnstone va David Dohono. Bai bao nay tria fshrong phap tét nhidu cho tin hgu xung
v tuyén bing viéc két hop bién d6i wavlet pachket & hop voi thong ké tic cao.

Tw khéa: Wavelet paecket, HOS (higher-oder statistic), SURH{'s Unbiased Risk Estimate),

SURE (Steils Unbiased Risk Estimate).

GIOI THIEU CHUNG

Pit van dé

Céc K thuat triét nhiéu cho tin hiu sr dung
waveletda duoc thyc hién trong [4], [6], [8],
[11], wéi chchddt ngedng mem hadic ngrdng
cing tuy thige VA0 Viéc chpn ngrdng theo tiéu
chuan dat ra. Nhrng nhroc diém aia phrong
phéapdit ngrdng la réu tin hitu c6 SNR bé thi
c6 thé dan dén viec mit hét tin hiéu.

Bai bao naydé xuat mot phuong phéap tidt
nhidu 1a € dya vao véc dat cac k& 5 nhidu
Gaussian ia bén d6i wavelet packet tin Bu
thu king khéng. Va tin Bu dugc triét nhidu
s& dugc tai Bo tir cac 1 S5 con hi. Van dé 1a
lam cach naaté do tinh dugc Gaussian @
cac I sb. Phép thhng k& bac cao HOS &thyc
hién viéc nay.[7]

Bién déi wavelet packet

Bién d6i wavelet packet la tong hop tong
quéat @a phan tich wavelet.4D tric hinh sau
goi la cay wavelet packet (hinh 1).

M3di hé sb trong hinh 1a rét nat aia cay, Bu
phan ra mt tin hiéu c6 N niu va s dung cay
wavelet packet cdo sau D, thi ta c6 NxDéh
O [4].

Khong gian ham:Khéng gian ham i@ bién
d6i waveletdugc ar dung 1aV, va W, . Bit
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dau phan rad ty 18 2°, voi mdi phan ra bit

rang Wi mdi i < 0 trong qua trinh phan ra,
-1

khéng gianV, va {W,} mo rong thanh

j=1

khong giarV, .

Hinh 1. Bién déi wavelet na réng thanh cay
wavelet packet
Khi nghién d¢u bién dbi wavelet, tada bit
cach phan ra khéng gianrtr giao Vi thanh
hai khong gian trc giaoV, ,vaW,_,. Co thé

ching minhdugc rang khéng gianW, ding

c6 thé dugc phan ra thanh mimg khéng gian
con tirc giao trong tw nhu véi khéng gian
V.. Bé d& nghién ¢u, ta & dung ky hiu

khéng gian 1aQ in nhr sau.Pau tién dat

Q, =V, phéan ré khoéng gian nay thanh:

Qs =0Q°% 00l @)
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Trong d6: Q% =V va QL =W

-1

tong
quat:

Q' = Qiz—nl u Qiz—Tl

Hinh 2. Cay wavelet packet theo cac khong gian
Céac ham va i si: Ta biét ring khong gian
V, dugc mg rong nhy ham o s {¢,,}, va
khong gian W, duoc mo rong king ham o
so ¢, va khong gianQ/ ciing dugc mo
rong tr cac ham ¢ s truc giao. & dung ky
hiéu 8 dé ky hieu cac ham € s5 nay va
dong ntit 8% =@, va 6, =¢,, . Ké ndi
gitra cac ham & s cho hai néc phan ré lién
tiép cho plrong trinh § 1&:

8% =V2Y N Bsmac 3
m

Va phrong trinh waveletdng quat:

675 =2 9,00 e (4)

TRIET NHIEU BANG BIEN DOl
WAVELET PACKET
Gia sr tin hiéu thu duoc Ia

y(n)= XN+ Z n (5), z(n) la tin Ku nhiu
tring Gaussian, n = 1,2,...N, x(n) la tirétni
xung RF thudugc. Dung bén d6i wavelet
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packet ta & thu dugc cac B s bién dbi
wavelet packet hai cbi thoi gian — én &
nhu sau:

{wh @)y ={w} ) +{w}* .6 ©
Trongdd, {W} (i), {W}}, ().

{Wi}js(i) la cac B s5 bién dbi wavelet

packet éa x, y, va zwong ing, j = 1, 2,
3,...JwiJla$ micphanravas=1,2, ...,
2jladscalevai=1,2, ..., MorM = N/2j
va N la chéu dai @a tin héu.

Vay sau khi bén doi wavelet packet trong cac
hé sb thuduoc c6 @ cac & 5 caa thanh phn
tin hiéu xung RF dn cac i s5 do nhéu. bé
loai trr theo plwong phap théng thyng
nguoi ta € lya clhon mirc ngrong ta § lva
chon mdt mic ngrong A, sau do loai bo
(hgudng amg), hay lam co (ngsng mém)
céc I sH c6 gia ti nho hon ngrdng. Ap ding
ky thuat dinh ngrdng nhr vay trong trong
hop tin hu c6 SNR 4t bé c6 th dan dén mit
hoan toan tin Bu. Bai bédo nay &dé ngh
mot pheong phap khadé tach cung RF, ¢
triét nhiéu s dwa vao véc dat cac I8 b nhidu
Gaussian a bén doi wavelet packet tin Bi
thu king khdng. \in dé la lam cach nado
tinh Gaussiant@ cac k sb. Phép thng ké
bac cao HOS — higher Order Statistithuc
hién diéu nay.

THONG KE BAC CAO — HOS

Uu diém aia ky thuat théng ké Wc cao: Gia
tri trung binh va plong sai éa bt tin higu
Gaussian méatday du tinh chit caa nd. Con
cacdai luong thbng ké lc cao HOS wa tin
hiéu Gaussian dng khong hac chra nhing
théng tin thra. Do thrc t 1a nhiu loai tin
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hiéu khéng phi 1a tin hiéu Gaussian va céac
dai lugng thdng ké lc cao HOS khéac khéng
va nhéu loai nhiéu la nhéu Gaussian, trong
cac tuong hop nay nénis dung caadai luong
thdng K bac cao thay cho ting ké bac hai.
Vi vé nguyén ic dai luong thdng K bac cao
HOS it b anh hrong ki nhidu en Gaussian
hon cacdai lugng bic hai.

Kurtosis va g phan lagi ham mit dg:

Xét mot bién nciu nhién vé kréng x c6 ham
mat do xac sdt p,(x). Moment lc j a,

cua xduogc dinh ngha boi ky vong xac sét:

a, =E{x} = T Jp@)d j=12..(7)
va moment trung tamab j, p j cia x la:
u=e{oea)}=fe-meare 1208
Do d6 moment trung tamdugc tinh xung

quanh gia frtrung binh mx @a x, bing Wi

gia ti momex;. Moment HBc hai

a,= E{ x2} la cong sht trung binh da x.
Moment trung tamg, =1va p, =01a vo
ngha, trong khi moment trung tamid hai
U, =0’ 1a phrong sai éa x.
Moment trung tam4x 3:

1= E{(x-m)%} (9)

Puogc i la skewness, la 6t dai luvong hiu

dung do tinh kit d6i xang aia cac ham pdf.
Ta ¢ dang thy ring skewnessamg 0 \6i cac

ham mit d6 xac sét ddi xing quanh gia tr
trung binh @a chung.

Moment kc 4: a, = E{ x“} dwoc &p ding

trong mt s thuat toan ICA i vi tinh don

gian aia chung. Thay vi s dung moment
trung tam Bc bn

U, = E{(x— m>§4} thi ngroi ta theong st

dung mot dai lwong thing ké e bbn khac
duoc i la kurtosis, 161 vi n6 cédac tinh hiru

dung ma moment trung tamadbin khéng co.
Kurotsis trong trong hop c6 trung binh dng

0 nhr sau:

kurt(x) = E{ ¥} -3[ § f}]z (10)

Va kurtosis chén héa:

§ E{ x'}
K(y=—1"T 311

[E{x}]
Mot dic diém quan tong khac aa kurtosis 1a
né la nt dai luong thing kédon gian nHit
cho phép chra tinh khéng gaussiama not
bién ndiu nhién. Ta c6 thching minhduoc
néu x la mot bién co phan b Gaussian thi
kurtosis @a no6 kurt(x) =0. N6 cho tly
rang kurtosis “chén” hon moment Bc bjn
(khéng ling 0 \6i c&c bén Gaussian).
Cumulant, moment valgc tinh aia ching:
Gia sr x la nmdt bién ndiu nhién thrc vo
huéng lién uc trung binh Bng khéng c6 ham
mat do xac st p,(X). Ham dic tinh dau
tien ¢(w) cua x dugc dinh ngha nhr la mot

bién d6i Fourier lién tic cia ham pdfp, (X) :

#() =E{exp(jax} = [ expex b, )b (12)

M&i ham mit d6 x&c sit déu trong ing duy
nht v6i mot hamdic tinh va ngoc lai. Khai
trién chbi Taylor aia hamdic tinh 1a:

103



D6 Huy Khoivabtg

Tap chi KHOA FOC & CONG NGHE

118(04): 101 10¢

k=0

¢(w)_:|-[zx (J'w) ]px(x)dx_z g 1) U (Jw) (13)

Do d6, cac & s cia cac 8 hang khai trén |a
cac momentE{ xk} cua x (gh s rang ching
ton tai). Ham dic tinh @i & ham sinh
moment. Ta thong mong maén sr dung ham
dac tinh thr hai ¢(w)cia x hay con g la
sinh cumulant. Ham naytuoc tinh king
logarit tr nhién @a hamdic tinhdau tién :

@) = In(p(w)) = In(E{exp(jex} ) (14)
Cumulantk k cia x, duwoc dinh ngha trong
ty nhue cachdinh nghia moment, & céacéhsh

cua khai trén chibi Taylor aia hamdic tinh
tha hai:

Aw) = ZKK (15)

k.
Trong d6 cumulant Bc k dugc tinh theo

cbng thirc:

« d (0(0))
Cdof

V6i mot bién nciu nhién x trung binhamg 0,
bén cumulanidau tién 1a :

== (16)

kK =0
K, = E{ x2}
K, = E{ )(3} (7

k,=E{x}-3[ E{ ¥} |

Ba cumulantdau tién la cac moment, con
cumulant ic 4 la kurtosis.

Céac cumulant con cé¢hsb dic tinh sau :

- Piat x vay la hai bin ndiu nhiéndoc lap
théng ké cung chiu thi cumulant ga tng
z=x+y bing cumulant éa x ®ng cumulant
cuay.
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- Néu phan b cia véc b ngiu nhién hay qua
trinh x 1& ham gaussiaia bén thi #it ca cac
cumulant ¢ ba va Bc cao on déu hing 0.
bic tinh trén 4t hiru hiéu gitp cho kh ning
sir dyng cumulantdé tach cac thanh gh
khdng Gaussian ra khmot tin hiéu. Tuc la
tach nhu Gaussian kbi tin hiéu bing
cumulant.

DPinh ngwéng mém bién doi wavelet packet
bang HOS.

Viéc ar dung cac cumulantar muc dich la
loai bo nhidu Gaussian ang vao.biéu nay
thuc hien dugc nhy dic diém oa cac
cumulant Bc n d@ia mdt tin hiéu Gaussian,
Cunf[z], déu bang 0 i n>2.

Véi truong hop xem xéts trén, tin h¢u c6 ich
bi cong nhéu Gaussian, nén khi quan sat
trong khang thyi gian da 16n thi cac rau tin
hiéu hiu ich € khéng c6 Gaussian. Ta tinh
Gaussian ta cac k 5 phép bén déi wavelet
packet @a tin héu thu dugc {V\/,}JyS @i). Sx
c6 mit cua tin héu s5 cho ta cac &isb khong
Gaussiandi mot s bang tn  trongdd xung
tin hiéu RF bn tai, hay chinh xac lahsh
Gaussian Bu hién cho nhiu. Cac & sb bién
d6i wavelet Gia Gaussianan la Gaussian khi
thyc hién bién doi wavelet tugn tinh. Ung
vién $t nhit tr cac cumulant & cao la
kurtosis, 14 kéu chuin héa @a cumulant bc

4. Qua trinh Gaussian cédingia ti kurtosis
theo ly thuyt & bing 0. Gk thiét cac i s5
bién d6i Wavelet packet c6 zero-mean,
cumulant B¢ bdn duoc tinh theo k vong:

cuntWp,)= EWB -3 Ew g 18)
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Dua vao dai lugng kurtosis dugc dinh
ngha la:

Cunf(WP,)
T = (19)
(E[wr])

Nhung do $ luong mhu tin hiu 1a c6 hn,

nén ta & dung gia ti wéc lugng trung binh
thoi gian. Gi4 tf nayduoc tinh:

KA(WP] ,s) =

iWP,-‘;(i)
[iWPﬁs(n]

Phai ¢ong khung B uéc lugng, trong terong

K (WP ) =M ~-3 (20)

hop M h¢ &5 cia WP la méu phan b

Gaussian thi bias va variancéachd udéc
lugng kurtosis theo plong trinh tréndugc
cho hyi:

B(K,)=-6/M, Var(K,) =24/M (21)

Bat pheong trinh Bienayme-Tchebychev cho

phép gia tr woc lrong Gaussian di chép
trong khang: £/24/M /J1-a + 6 /M
Véi o |a pHin trim gia ti tin ciy. Phép kém
tradon gian cho phéplo tinh Gaussian la:

\lq <J24IM IW1-a (22)

GIAlI THUAT THUC HIEN

Mot s gia thiét cho bai toan:

- Tin hiéu xung RF phadi 1a xung chir nhat,
khoang thyi gian By mau tuan theo Nyquist.
Nhiéu tring Gaussiartugc Sr dung dé cong
thém vao 4o tin héu thu. Tin héu thu ph

thudc vao thong & SNR (signal to noise ratio)

va $ chu k lap xung.

- Ham wavelet ma dugc chon la ham

Daubechies. & bac cia ham chinh 1a &
moment I triét ti€u dia ham. Trong qua trinh
mo phong tién hanh tirc hién voi cac kic 1a
4, 8 va 16dé lya chon ra Hic t6i wu va mec
phan ra wavelet packet [p=4+7.

- Ngudong hra chon cho bén d6i wavelet
packetdé trigt nhidu 1a dra tréndiéu kién
(22), trongdd kurtosis @a k¢ 5 WP duoc
tinh »p xi theo phrong trinh (20) vi d tin
cay er = 0.9,

Tao | xung

Nhiéu ¥
Gaussian N

Xung ~ RFeo nhiéu
(SNR diéu chinh duoc)

Bién d6i Wavelet Packet
tai mire J, ti 16 5 =1,2,...,2"
thu dugecde hé so WP/, (i)
I
Y
Ut lugng kurtosis cho cic hé sb
Wavelet Packet vdi moi ti ¢ s.

[

Kiém tra tinh Gaussian Bing
cuia cic hé so (thong qua

kurtosis ¢ trén)

Dit hé so
WE! (i) =0

;

Thue hién giai doan 2:
dp dung ngung cimg véi
cie hé so khéng Gaussian

¥

Tai tao tin hiéu tlr cac hé
50 con lai

Hinh 3. Luu dé thugt toan tach nkdu

Dé so sanh kinnang thre hién tach nHu aia
thuat toan ¢ trén chang téi ¢6 & hanh md
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phong so sanh khning triét nhidu va phat
hién xung tin hfu véi phuong phap dat
ngudng mém “SURE” aia Johnstone va
Dohonos [2] trong cung & diéu kién vé& do

dai tin héu va mirc nhiéu.

Tao | xung RF

Nhiéu Gaussian

D

HOEOROR Y OE B W

%
£

]

=3

Xung RF c6 nhiu
¥ ¥
Triét nhidu xung RF Triét nhiéu xung RF
biing bién d6i Wavelet biing bién d6i Wavelet N . Tima S L
Packet vi dit ngudng Packet vi kiém tra tinh Hinh 6. Cac ¥ so wavelet packeti@ tin higu thu
mém theo chuin “SURE” Gaussian bang HOS L =~
¥ ¥ c06 nhieu
Tinh ton sai s6 trung binh Tinh tén sai 6 trung binh B .,
binh ph RMSE tir binh ph RMSE tis I i A Al -
e o ety i Sau khi thec hign bien doi wavelet packet la
g R gic i higuxang RF gheidi kiém tra tinh Gaussiama cac B s5 WP théng
i ' qua kém tra kurtosis thediéu kién (22).
. Sai s  Kiutosis cuia WP level 4 - nguisn theo di Biemym=-Tehebycher vei e =0.8
Bring 28
V& db thi RMSE theo SNR cita ci hai = /
phuong phép triét nhidu af
P ¥
\ , P N E i ; : |
Hinh 4. S» dé so sanh phong phépdé xuiat va T S % (T DR SRS GRS B S
phirong phapdat ngrong mém %:: £
. . ~ R bl g
KET QUA THUC HIEN TREN MATLAB = i _
Céc tham & chon cho giaidoan tach nhiu 5 e 5
nhr sau: SNR = -3dB, N = 4096 am, ham L A

———

Hinh 7. Gia tri Kurtosisudc lwong i cac ndt va
gia tri ngeang kurtosis mang tinh Gaussiadi V¢
tincgy e = 0,9

wavelet = ‘db4’, § mac phan rd J = 4. Thu
duoc s 6 phan ra:

Tres Decomposiion data for node: (4)or (2,1).

HE SO WP - BO CAC WP GAUSIAN BANG K.TRA KURTOSIS

i / \

Ff \ if ‘l ‘ I\ /\

I3ﬁl Ef”) !-\,él Pf] lﬂ“l lﬂ ) (TI E-?}

MR L
| (I | | |

iﬂu"mLxm;‘u

1080 1500 2000 2500 2000 2800 4000
Time (Sample]

Hinh 8. Cac k¥ sé wavelet ga tin hisu sau khi
logi bé cac ¥ s6 WP c6 tinh Gaussian

(a)

Hinh 5. Cay phan rd wavelet packetatin hiéu
thu c6 nhéu (a), va @ li¢u thudiroc tgi nat (2,1)
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HE S0 WP CUA TIN HIEU RADAR DA TRIET NHIEU

Mod

2 |ﬂl'l
N T

B 1000 1500 2000 2500 e R 4000

Timre (Saenple)

Hinh 9. Cac k¥ s6 wavelet packeti@ tin hiu sau
khi thic hién xong trét nhieu

TIN HIEU GOC

R » S
2 |

0 500 1000 1500 2000 2500 3000 3500 4000

Time (Sample}
TIN HIEU GOC + NHIEU - SNR = -3 dB.

F ‘ . L
2 . m ()
" ~|—-w-r- b bl T
2 [ T T J
2 . . , .
0 500 10D€J 1 500 2000 2500 3000 3500 4000
e (Sample)
TIN HIEU SAU KHI LOAI TRU CAC HE SO WP GAUSIAN BANG KURTOSIS
2 ; . ; ; :
5| |
j oy @
Bl ]
2 , . . . , .
w0 0w oo a0 @00 a0 a0 <000
Time (Sample)
TIN HIEU SAU KHI TRIET NHIEU
2 T T T T
Za m ()
3
2

] 500 1000 1500 2000 2500 3000 3500 4000
Time (Sample}

Hinh 10. Biéu dién thyi gian aia cac tin hiu
So séanh gia ghi thuat dé ngh véi giai thuat
“SURE” cia Johnsotne va Dohonas [4]
trong cung it diéu kién vé do dai tin héu,
muc do nhidu va cunglidu kién mé plong
sd mirc phan rd, ham waveleterrKét qua cho
thiy giai thuat dé ngh c6 cac gia ir RMSE
rat thip so i gia tri RMSE @a [5].

RMSE

SNR (dB)

Hinh 11.Biéu dién RMSE theo SNRia phrong
phapdé nghi va tri¢t nhiéu theo tiéu chén
‘SURE”

KET LUAN

Bai baoda dua radugc mot pheong phap tiét
nhiéu msi cho tin héu RF king cach kt hop
hai cong @ manh aia xr ly tin hiéu 1a bén
d6i wavelet packet va timg ké Wc cao.
Phrong phap tirc hién dugc thir nghém trén
Matlab va cho cac giaitRMSE thip so \6i
RMSE aa [4], [6], [8], [L1] thim chi khi
kiém tra Wi muc SNRdén -24dB vin hat
dong bt.
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SUMMARY
DENOISING OF RF SIGNAL BASED ON WAVELET PACKETS AN D HIGHER
— ODER - STATISTICS
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Denoising technique for RF signals using waveketgform has been much research in the world.
Most studies focus on how software estimatien adtgesholds on the basis of lain Johnstone
and David Dohono. This paper presents denoisinpadstfor RF signal based on Wavelet packet
and higher-order-statistics.

Key words: Wavelet paecket, HOS (higher-oder statistic), SUREIn's Unbiased Risk
Estimate,), SURE (SteinUnbiased Risk Estimate).
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