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TOM TAT

Ky thuat trigt nhiéu va nang cao élnluorng tiéng néi dung phép Bin d6i Waveletda dugc nghién
ctru nhidu trén tié gioi. Hau hét cac nghién eu tp trung vao caclrée lugng vadit ngudng toan
cuc cho toan b tin hiéu. Bai bao nay trinh bay pbng phap tét nhiéu nang cao ch Iuorng tleng
néi bing bién d6i Wavelet cho tin igu tiéng néi thanh hai thanh ph he s5 chi tiét va ke sb xap
xi, saud6 ap ding ky thuat trir pho va ky thuat woc luong binh plrong 6i thiéu MMSE inimum
mean square erroryaa Ephraim/Malah cho caclsd d6. Cac Kt qua mé plong cho thy tiéng
néi c6 nhéu duoc triét nhidu king phrong phapdé xuit c6 SNR cao én cac plrong phéap tir
phd, phrong phap MMSE va prong phap Waveleti@ Dohono.

Tir khoa: wavelet, trét nhiéu, pho trir, MMSE, PSNR.

TONG QUAN VE TRIET NHIEU TiN HIEU
TIENG NOI

Nhidu anh hrong nhiu dén hi¢u qua xir ly tin
higu. Vi vy, triét nhidu va nang cao éh
Iugng tin héu la hréc quan tong trong cac &
thong xir ly tin hiéu thoi gian thre [3].

M6 hinh chung a tin héu c6 nhéu la:

X =S +n, k=0,..,K-1 (1)

Trong dod s la tin heu tiéng noi ach, n 1a
ngwn nhéu doc lap woi phuong  sai
0, (02 =1) (gia st n 12 nhéu trang).
Goi S la gia ti véc lwong aia tin héu tiéng
noi sach. Muc d!'ch aia céc; plrong phé}p tigt
nhiéu tin hu tiéng noi la 6i thiéu sai $ binh
phurong trung binhE(| S, sf)

K-1
E[Ilé-#2]=§E(§ $) @
PHUONG PHAP BEN POl WAVELET
CHO TIN HIEU TIENG NOI CO NHEU.
Phép bién dbi wavelet
Bién d6i wavelet WT @a mot tin hicu x(t)
dugc dinh ngl‘ia

Wi(b.2) =la 2 [ x(ty/?(—)dt *)
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Trongdo zp(ﬂ) l& ham wavelet m @(t)
a

la ham wavelet pic cia ¢/(t), b la toan &
dich va a la toanitti Ié.

Trong thyc & bién d6i wavelet throng ding
la wavelet & rac DWT (Discrete Wavelet
Transform)dugc thuc hién bing diu trac da
phan gii MRA (Multiresolution Analysis)
phan tich tin Ku ra hai thanh g chi tiét
(detail) va ¥p xi (approximation). Thanh
phan chi tiét 1a thanh phn tin $ cao va cha
nhiéu nén cac plong phap tét nhidu bing
waveletdéu dra trén y tong dit ngedng cho
cac thanh pin chi tét va laai bo cac thanh
phéan chi tiét nho hon ngrang.

| s

| Filters | L2 —
low-pass high-pass
1 1
A D

Hinh 1. Bién doi wavelet pi rac dungda phan gii
Bién doi Wavelet roi rac ap dung cho tin
hi¢u tieng noi.

DWT dugc xay drng dra trén du tric da
phéan giai MRA [6]. Tin hi¢u nguyén thy Sdi
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qua 2 I loc codac tinh bu nhau va phan tach Goi G(w) la k¢ sb trong  pho. Ap dung bién

thanh 2 tin iu, cA 1a cac B sb xap xi, cD la
cac It sH chi tiét.

Qué trinh phan tach codhiuoc lap lai, véi
xap xi hoan toanduoc tach ra, datd mst tin
hiéu duoc tach thanh nbu thanh phn phan
giai thap hon. NO dugc i la cay phéan tach
Wavelet.

PHUONG PHAP TRET NHIEU THAM KHAO
Phwong phap trir phd

Y tuong chung ea phrong phap tir pho [1,
5] qla chon mot muc pho san trong ng Wi
pho caa nhéu nén va téch ra kbi pho tin higu
lan nh&u. Gi thiét nhiéu nc1a qua trinh nau
nhién drng trong khéng thoi gian ndt khung
tieng ndi va khénguong quan i tin hieu
tieng noi.

Tir (1), sau khi ¢a $ hoa taduoc:

Xu(K) = s(k) + nu(k)  (3)

PhS cua tin héu 1an nhiu la

X, =T+ N O+ SOW I % W
(4)

Néu ching ta choang n(k) c6 trung binh

bang 0 va khdng uong quan i s(k) thi

S, (W. N, (W+ §( W N( Wién i 0. Do

vay ta co :

IS(W F=] X(WF-H | N(wf]
|S(w F=| X(vwr[l—

()

X(w P

|S(W) P=| X(WF .G(W)

Tiéng noi |
goc |

dbi Wiener vadon gian hoéa ling ham bin
ddi trong & theo [1] ta co:

NPSD(W)
G= 1- —= 8
Ma{ VKoo ” ] ©

Véi ala hg sb woc lwong trén vaB 1a san ph
duogc chpn trong trng.

Phwong phdp MMSE (minimum mean
square erroj caa Ephraim/Malah

Trong phrong phap MMSE ta
Ephraim/Malah [7], cac thanh @i phd cia
tiéng néi va nhu duoc md hinh thanh céc
bién ndiu nhién Gaussian.
Phan khung ing con téng noi thi i thanh cac
khung c6d6 dai Bing nhau. Ngdng nhéu usc
luong trong khung thh p va ting con th i 1a
A"P dugc xacdinh theo Jansen [4].

-\ priori

i \post ;
(R) "2 (R))
ngudng CTR (Cofficient to Thershold Ratio)
tien nghém va Hu nghém:

i \priori _ |Cr|n |
(R) =

Céc ngidng nhéu ddi veéi ting ke & ¢, 1a AL
duoc uéc hrgng gidbng nhau tronguing khung.
NGi cach khéc trong khung . = 1"P.

CTR hau nghém teong tng

(R)"™

la cac t 16 hé 5 trén

9)

-aﬁ'ﬂl—a)nax[oﬁ P 1(10)

iéng noi tai ho

Cac kg
chi tiét

____________

Hinh 2. Phan tich Wavelewi rqc tiéng noi
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Véi o la mit hé s c6 th thayddi 0 < a <1.
Véi CTR tién nghém va Hu nghém xacdinh
nhu trén ta c6 cong tke biéu dién bd loc dit
ngudng mém Ephraim/Malah:

H (Rﬂ)post [ l (Rn) post J
m 1+ (Rn)post (Rn) priori 1+ ( Rn)post

(11)
Ap dung b loc nay cho cacésb phan ra §,
véi ting bank i, cac &1sd phan rada dugc
triét nhiéu duoc tinh nhr sau:
C =H C (12
M6 hinh tri ét nhidu dé xuit
Trong tin héu tiéng néi thanh pin nhiu
“musical noise” dugc loai bo & phmrng phap
MMSE la uéc Iuorng ngrdng nhéu doi véi
tung ¢ 50 phan ra trong khung nénagi
thiéu sai $ pho Két qua thuc nghgém trong
[5, 7] cho tfiy hiéu qua trigt nhidu aia
phuong phap nay khong cao séivphuong
phép tir phd va phrong phap tigt nhiéu bing
Wavelet @a Dohonodbi véi truong hop
nhiéu c6 arong do 16n (PSNR éa tin héu lan
nhiéu nh).
Mit khac thanh pdn nhu “musical noise”
la cac thanh gn chi tiét trén mén Wavelet.
Thuat toan trét nhiéu nhr sau:

Busc 1. Phan ra DWT cho toard lin hiéu
tiéng noi c6 nhiu

Bugc 2. Sr dung by loc dé ldy cac & sd chi
tiét va cac B 5 xap xi.

m

Budc 3. Ap ding phrong phép tir pho cho ¢
sb Xap X.

Buoc 4.,Ap ding phrong phap MMSE choéh
so chi tiét.

Bu6c 5. Tai ho wavelet va thudtuoc tin héu
daduoc trigt nhiéu.

Cac tham $ thuwc nghiém.

Gia ti phd san tréro = 0.9, san déi B = 0.5
trng Wi khoang c6 téng néi,a = 1.2, = 0.1
ung wi khoang lang [1]. DWT dugc thuc
hién voi thuat toan FWT, Wavelet mdugc
chon 1a Deubechies 8)snirc phan ra 1a 3.
KET QUA TRIET NHIEU THUC NGHIEM
TREN MATLAB

Chung t6ida thr nghiém hé thong triét nhidu
dé nghi voi dau vao 1a ttng néi ach ng Wi
nhiéu Gauss ting nhan 4o.

Phrong phap chungé xac dinh vadanh gia
hiéu qua triét nhiéu aia cac plrong phap tiét
nhiéu trong [2, 4, 5, 7] la théng qua gi4 tr
PSNRdugc xacdinh nhr sau:

N 2
MSE=<3'($- 9 13)

PSN%lOIogO% (14)

S la tin héu nhiéu ti thoi gian i c()né la
tin hiéu da triét nhiéu tai thoi gian i.

Céc f& sb xap
xi duoc triét

Tiéng néi co

cA nhiéu

nhidu —
DW | ¢ Mumse

cDd IDW — Tiéng noi

triét nhiéu

Hinh 3. M hinh trit nhiéu s dung
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Bing 1.So sanh PSNRia cac plrong phap trét nhiéu

Tin higu nhiéu  Phwong phap Phwong

phap Phwong

phap Phuong phéap ket

trir phé trung binh phwong nguéng toan ac hgp trén mien
tdi thiéu cia Dohono Wavelet
MMSE
47.1320 58.0015 52.6225 55.5868 63.4432
52.1753 58.4312 54.3736 59.9119 65.6679
57.4413 59.8643 58.4647 64.1735 67.4762
62.5753 63.1262 64.6353 69.0072 70.2716
67.2824 69.7463 71.4373 71.3361 71.9635
72.2251 72.2601 73.6573 72.8592 73.6253
. ne w:.e (mi\\\secnn;s? 2 w10t . oe w:.e (millisetnm}s)ﬁ ? <10t
° e w:‘e (ml\hsecnn;g ? a0t ? oo w:‘e (mllllsecnnds)S ? ot
1F |‘ I I ‘ ‘ B 1r ‘ll I I B

5
time (millisecands) «10®

5
time (milliseconds) w1t

Hinh 4. Hinh anh am thanh tréc va sau khi tét nhiéu

Dé so sanh Bu qua cia phrong phapdé xuat
véi cac plrong phap khac, chang tbitth
nghiém triét nhiéu va tinh toan céc giaitr
PSNR (priori signal to noise ratigha
phueong phéap tir phd, phrong phap MMSE
cia Malah, plrong phap tét nhiéu Wavelet
cia Dohono [2] va plong phapdé xuat.

Két qua PSNR tinhduoc véi tin hiéu c6 nhéu
va da trigt nhiéu dugc cho trong bng 1. Qua
két qua PSNR nhn dugc va chit luong am
thanh kém nghém tryc tiép ta thiy pheong
phapdé xuit co Kt qua tét nhat, nhidu gin
nhu dugc loai bo ma cht luong tiéng noi
giam khéngdang K. Trong thrc nghém réu
PSNR @a tin héu 1an nh&u nhd hon 20 dB
thi & 3 phrong phapdéu khéng cho Hiu qua
triét nhidu dang K. Khi PSNRdau vao nlo
(40-60 dB) plrong phapdé xuit cho Kt qua
cao fn han, tuy nhién khi PSNRing din (>
70 dB) thi & phan bét cia cac plrong phap
la khéngdang K.
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Dya trén cac & qua nghién ¢u chang toi
danh gia phong phap tét nhiéu sr dung
bién d6i Wavelet thanh cacéhsd chi tiét, he
sb xdp xi va ap dng triét nhidu cho tng
thanh pln he sb voi ky thuat trir phd va k§
thudst MMSE aia Ephraim/Malah la 6t ky
thuat triét nhidu hiéu qua va cé tik ap ding
trong kIbi tién xir ly caa cac B thong xir ly
tiéng noi thvi gian thrc nhr ma hoéa, nin
dang tiéng noi thyi gian thre.
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SUMMARY

SPEECH DENOISING AND ENHANCEMENT BASED
ON DENOISING COMPONENT APPROXIMATIONS
AND DETAILS IN THE WAVLET DOMAIN

Do Huy Khoi, Nguyen Thanh Trung, Trinh Van Ha’
College of Information and Communication TechnologiNU

There are many researches about the methods affsdeaoising and enhancement using wavelet
in the world. Most of researches study the methodsstimate the global or sub band dependent
threshold overall signal.

In this paper, we present a speech denoising apiprosing discrete Wavelet transform ,with
approximation coefficients based on spectral sgbitia method and details coefficients based on
MMSE methods. The simulation results show that nbésy speech denoised by our proposed
method has higher SNR than the spectral subtract@mising, the MMSE denoising and the
Wavelet denoising of Dohono.

Keyword: Wavelet, denoising, spectral subtraction , MMSBENRSriori signal to noise ratio)
speech processing.
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