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DANH GIA GIAI PHAP GIAM NHIEU CHO TiN HIEU TIENG NOI SU DUNG
CAC PHEP BIEN POI WAVELET

EVALUATING SOLUTIONS TO NOISE REDUCTION FOR SPEECH USING
WAVELET TRANSFORMATIONS

Dwong Ngoc Phap, Vo Thi Diéu Hanh
Truwong Cao dang Cong nghé Thong tin, Pai hoc Pa Nang; dnphap@cit.udn.vn, dieuhanh3107@gmail.com

Toém tat - Bai bao tap trung trinh bay ky thuat gidm nhiéu nang cao
chat Iwgng cho tin hiéu tiéng néi st dung cac phep bién déi trong
mién Wavelet. Phuwong phap xac dinh nhiéu s dung bo loc phan
tram (PF: Percentile Filter) [6] dwgc st dung dé thwe hién tién xtr
ly cho cac ky thuat nén nhleu bao gom ham nén nhiéu nguong
ctrng, nén nhiéu ngwéng mém va nén nhiéu thich nghi st dung
phwong phap loc Wavelet thong ké co6 tinh cam quan (PSWF)
Phan mé phdng sé trinh bay két qua danh gia hiéu qua giam nhiéu
clia ba phwong phap trén trong cac méi trwdng nhiéu khac nhau,
ddng thoi ciing sé thyc hién so sanh, danh gia voi cac phuong
phap giam nhiéu trong mién tan s6 da dwoc nghién clru. Két qua
cho thay cac ky thuat trong mién Wavelet cho hiéu qua gidm nhiéu
kha tét, dac biét déi véi nhidu mau.

Tir khéa - Wavelet; giam nhi&u; tiéng néi; PSWF, mién Wavelet

1. Pit van dé

Trong cudc sdng con ngudi, phwong thirc giao tiép
chu yéu véi nhau 1a tiéng noi. Hau hét chat lugng tiéng
néi trong cac hé théng thong tin lién lac déu bi suy giam
do tac dong boi nhiéu. Vi vay, viéc nghién ciru va dua
ra cac k¥ thuat nhiam loai bo nhidu dong vai trd quan
trong trong viéc dam bao chat lwong va tinh trung thuc
ctia tin hiéu tiéng noi trong cac hé thong thong tin lién
lac.

Viéc nang cao chat lugng tiéng nodi bao gdm viéc cai
thién chat lugng, tinh dé hiéu va giam sy kho chiu cho
ngudi nghe bang cach giam tdi da nhiu tac dong vao tiéng
no6i. Cac ky thuat da duoc sir dung dé giam nhiéu cho tin
hiéu tiéng nodi bao gdm trir phd (SS) [2], udc lwong MMSE
[3], log MMSE [12], loc Wiener (WF) [4], bién ddi
Wavelet...

Noi dung bai bao sé€ tap trung danh gia cac ham nén
nhiéu trong mién Wavelet bao gobm ham nén nhidu ngudng
ctmg [8], nén nhidu ngudng mém [9] va nén nhidu thich
nghi st dung phuong phap loc Wavelet thong ké cd tinh
cam quan (PSWF) [1], [7] dua trén viéc xac dinh ngudng
nhiéu voi bo loc phan tram PF [6]. Trong mién Wavelet,
tin hiéu tiéng noi duoc phan tich thanh cac séng con, tmg
v6i mdi hé so Wavelet dong gop vao mic nhleu voi
phuong sai 0% cho phép xac dinh chinh xac cac hé s nhidu.
Két qué thyc hién s& duoc so sanh, danh gia véi cac ky
thuat da d& xuét cho thiy ring, cic ham nén nhidu trong
mién Wavelet t6 ra kha hiéu qua véi cac loai nhidu khac
nhau trong moi truong thuc.

2. Phép bién dbi Wavelet
Goi f(x) 1a tin hi¢u ban dau, phép bién doi Wavelet cua
f(x) str dung ham Wavelet {5, duoc biéu dién [5]:

Abstract - The article focuses on demonstrating noise reduction
techniques for enhancing speech signaling using
transformations in the Wavelet domain. Noise determination
with Percentile Filter is used to perform preprocessing for
interference suppression techniques including hard-edge
interference compression, soft-band interference compression,
and noise correction using sensory Wavelet filtering (PSWF).
The simulation will show the results of the noise reduction of
the three above methods in different noise environments, and
will also make comparisons with the noise reduction methods
in the research frequency domain. The results show that the
techniques in the Wavelet domain for noise reduction are good,
especially for color noise.
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W(sb) = = [17 00w (57) dx ()

Trong do:

- W(s,b) 1a h¢ s6 bién doi Wavelet cua f(x), voi s la ti 1¢
(nghich dao cda tan s6) va b 1a dich chuyén déc trung vi tri.

- Py (%) 1a ham 1ién hiép phirc cua Wavelet, Y, (x) duoc
goi 1a ham Wavelet phan tich.

Biéu thuc (1) c6 thé duge viét lai dudi dang tich ndi
nhu sau:

W(s,b) = (f(x), Wos ) (X)) )

%) @

Trong 46 Wogs () =

W
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Hinh 1. Mién phan tich ciia phép bién doi Wavelet
MObi mot tin hidu dugc phan tich thanh hai thanh phe“m:'
thanh phan xap xi A “arong img voi thanh phan tan so
thap” va thanh phan chi tiét D “fwrong irng thanh phan tin
50 cao” thong qua hai bd lgc thong thap va thdng cao, trong
do, bd loc thong cao st dung ham Wavelet W(x) va bo loc
thong thap su dung ham ti I¢ (scaling function) ®(x).
Méi quan hé giita ham ti 1¢ va ham Wavelet duoc cho
bai:
D(x) = Y4 o P(2x — k) (4)
Y(x) = YN =D*c. P(2x +k =N+ 1) (5)
Trong d6, W (x) la ham ti 1é cho ham Wavelet @ va cy
la cac hé s6 Wavelet.
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3. Mé hinh nhiéu cdng trong mién Wavelet

Do tinh chét tuyén tinh cta bién d6i Wavelet roi rac
DWT (Discrete Wavelet Transform), mé hinh nhiéu céng
trong mién tan s6 cling dung trong mién Wavelet [7]:

r’fli(n) = ‘r’;i(n) + DT]:l,i(n) (6)
trong d6, Y,k ;(n), X[ ;(n) va D, ;(n) mo ta cac chudi hé
s6 goi WaVNeIet ciia cac tin hiéu b; nhiéu, tin hiéu sach va
tin hi€u nhicu twong ng dugc tinh tai ty 1€ thir m cho frame
thei(k=1,2 3, ..2M).

Trong nghién ctru nay Gng dung phan tich goi Wavelet
nhi phdn WPD (Wavelet Packet Decomposition) thyc hién
tai ty 1€ phan tich m = 7. Hinh 2 mo6 ta cau tric phan chia
goi Wavelet.
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Hinh 2. Cdu triic cdy phdn chia goi

4. K¥ thuit chon ngudng

Giai phap khir nhidu Wavelet duge xem nhur 1 phuong
phap uéc lwong théng ké khong c6 tham sb. Nguyén Iy thuc
hién dya trén viéc dinh ngudng hodc nén cac h¢ s6 Wavelet
ma gia tri cia chung thdp hon ngudng nhidu. Viéc chon
ngudng s& tac dong dén sy lam tron hodc 1am cho khép véi
tin hiéu dugc khir nhiéu.

Cu thé 1a ngudng gia tri nho s& dan dén sy khir nhidu
nhe, va hé qua 1a nhidu con ton dong nhiéu sau xu 1y.
Nguoc lai, ngudng véi gia tri 16n hon s& nén nhiéu hé sb
Wavelet, dan dén lam tron tin hiéu nhung ciing ddng thoi
lam suy hao cac thanh phan unvoiced (vi du am /s/) clia
tiéng noi, va gay méo tin hiéu tiéng néi sau khi khir
nhiéu. Trong cong b6 [10], tac gia da dé xuét cong thirc
tinh ngudng nhiéu toan cuc UT (Universal Threshold)
dya trén nguyén tic tdi thiéu hoéa ham rui ro (risk
function) giita tin hiéu sach mong mudn va tin hiéu dugc
khtr nhiéu:

EQR()} = E{|[E(Re(0)} — EX 0"} + (|12 0v) —

EZm}|’)
ER(T)} = { oo} {xk(n)ﬂw{fw(n)E{fw(n)}z}
)

Trong d6 E{.} 1a toan tir trung binh théng ké, X, (n)la
hé s6 Wavelet da dugc cai thién. Vi gia thiét vé tinh tryc
giao cta bién d6i Wavelet va phan bo nhiéu véi phuong
sai o2, thi ngudng UT ty Ié thuan véi do léch chuan o va
chidu dai N cua chudi hé s Wavelet. Bé ude lugng tot
nhiéu mau, UT duorc tinh toan cho mdi goi Wavelet doc 1ap
tai mdi khung tin hi¢u nhu sau:

Tyi = O—szD\/ZIogNkz ®)
MAD
06745Medlan(|Y,”(n)|) la uée

O_kl =
luong bén viing cua do léch chuan bNang cach tinh Median
Absolute Deviation (MAD) ctia chuoi céac hé so.

Trong do,

5. Thuit toan gizm nhiéu trong mién Wavelet
5.1. Ky thudt nén nhiéu ngwing cieng va ngwing mém
K¥ thuat khir nhiéu trong mién Wavelet xudt phat tir
nguyén tic: Mdi hé sé Wavelet dong gop vao mirc nhiéu
v6i phuong sai 1a 62, nhung chi c6 mot vai sé hé sb
Wavelet anh huong tdi tin hiéu [10]. Diéu nay cho phép
thay thé cdc hé sd nhidu bang zero. Cac ky thuat nén
ngudng cung va nén ngudng mém la cac ham khur nhiéu
kha don gian nhung chua t6i wru. Cac Hinh 3 va 4 mo ta
mdi quan hé gitra ngd vao va ngd ra cua ddc tuyen ham nén
nhiéu ngudng cling va ngudng mém trong mién Wavelet.
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Hinh 3. Bdc muyén ham nén nhiéu ngudng cing
trong mien Wavelet [7], [8]
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Hinh 4. Bdc tuyén ham nén nhiéu ngudng mém
trong mien Wavelet [7], [9]

Ham nén hard-threshold GM (T) nén tit ca cac hé sb
Wavelet nho hon ngudng nhiéu v€ toi thi€u trong khi
nhiing hé s6 con lai thi khong tac dong gi.

{Yk(n) Af Y (m)| > T

Xi(n) = GH(T,Y) = ity <t O
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V6i ham nén ngudng mém dugc dé xuét trong [9],
nhitng diém gian doan trong dic tuyén ngd ra ctia ham nén
ngudng cing duoc loai bo bang cach nén cac hé sé Wavelet
hon mirc ngudng 1 gi4 tri, bang chinh gia tri ngudng T
duogc udce lugng:

Xi(m) =G5(T,Y) =
{Sgn(Yk(n))(IYk(n)I =T Lif @|>T
0 Jf M| <T

Ham nén ngudng mém du da cai thién nhung van chua
dat t6i wu vi quy luat nén tuyét ddi cac hé s6 dudi ngudng
vé 0, n6 c6 thé pha hily nhitng hé s6 Wavelet ciia tin hiéu
tiéng noi vo thanh, do su tuong tu cia tiéng noi vo thanh
va mot s6 muc nhidu. Him nén ngudng cing dan dén
phuong sai 16n hon vi tinh chat khong lién tuc cia ham
gain, trong khi nguong mém thi din dén mirc do dich
chuyén 16n hon, do tat ca nhitng hé s6 nao 16n hon ngudng
déu giam di mot lwong bang gia tri ngudng T.

(10)

5.2. Thudt todn giagm nhiéu ding phwong phdp loc
Wavelet thong ké cé tinh cim quan PSWF

Phan nay trinh bay phuong phap giam nhiéu Wavelet
t6i uu (Optimal Shrinkage) dung thuat toan phén tich géi
Wavelet WPD (Wavelet Packet Decomposition), béi thuat
toan loc Wavelet thong ké c6 tinh cam quan PSWF
(Perceptually Statistical Wavelet Filter) véi muc nhiéu
toan cuc UT (Universal Threshold) goi tit 1a Shrinking-
UT-PF, v6i so @6 khéi nhu Hinh 5.
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Hinh 5. So do ciia thudt todan PSWF [1], [7]

Trude hét, ngudng Ty ; duoc tinh tir cac hé s& Wavelet
Y, (n) tai mdi goi. Sau d6, ngudng nhiu cam quan Pj;
dugc tinh cho mdi CWS (critical Wavelet subband) théng
qua b anh xa ngudng. Tiép theo, ap dung k¥ thuat loc
percentile thong ké dé udc lugng ngudng nhidu percentile
17,1- cho mdi CWS mot cach thich nghi.

Céc ngudng da duoc ude luong nay lai tiép tuc duoc
tinh chinh boi trong s6 hoa trong mién thoi gian va mién
tan s6. Cudi cung, sau khi qua bd anh xa nguoc ngudng tir
CWS sang toan b cac bang con tuong ung cac goéi phan
tich Wavelet, cac ngudng 17, nay dugc dua vao ham nén
nhiéu thich nghi dé khir nhiéu cac hé s6 Wavelet. Cac mau
tiéng néi duoc khoi phuc boi phép khoi phuc goi Wavelet
(WPR).

Thuét toan sir dung mot ham Wavelet nén nhiu duoc
cai tién, ma vé ban chat chinh 1a ham ngudng cing duoc
1am tron theo co s& ludt p. Quy tic nén duoc thé hién boi
ham u6c lugng sau (posteriori function) ciia ty sb tin hiéu
trén ngudng duoc phan doan trudc y,, ; nhu sau:

1, ify, <1
Hy,; = (14 ) i1y
‘ sgn {Yk,i(p) ”Z—Vk} ifv,, <1
1, if 7 >1
Hei = @+ ) -1
Sgn{Yk,i(p)}+’lf 7 <1
ki ki
(11)
IR |Yk'l-(p)| N N A ’ :
O day, y,, = T va thong so thich nghi p, , duoc
: o :
dinh nghia [1]:
R OT
Pt = exp(p m,axl{}'k,i} } T
L | maxfY (o)1)
My =exXp| S = P (12)
max{T,} Ik
1

Trong d6, phan mii exp ty thich nghi v6i chinh né bai
ngudng nhiéu duogc 1am tron va chuan héa I}, véi hang s6
do déc g = 5,8.
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Hinh 6. Bdc tuyén ham nén nhiéu thich nghi trong
mien Wavelet [7]

Hinh 6 md ta mdi quan hé giita ngd vao va ngd ra ctia
dic tuyén ham nén nhiéu thich nghi trong mién Wavelet.
K¥ thuat nén theo luat p biéu dién mot sy théa hiép gilia
ngudng cimg va ngudng mém. Trong khi ham ngudng
cliig ¢6 phuong sai 16n hon nhung bias nhé hon, thi ham
ngudng mém cé bias 16n hon va phuong sai nho hon. Néi
cach khac, ngudng clng c6 xu huéng giit dang gbc cua tin
hiéu, con ngudng mém c6 xu huéng 1am min tin hiéu hon
[9]. Mot wu diém 16n cua nén ludt p so véi cac luat khac 1a
n6 khong thiét lap tat ca hoac mot phﬁn cua cac hé $6
Wavelet, ma trj tuyét dbi ciia cac hé sé nay déu thap dudi
ngudng, vé bang 0 nhu dwoc thyc hién boi ngudng cimg
hodc mém.

6. Thue hién giam nhiéu va danh gia két qua
6.1. Co so dii liéu

Co s¢ dir liéu danh gia duge léy tur thu V‘ién NQIZEUS
[13] gom 30 cau thoai duoc ghi &m trong phong thi nghiém
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theo chuan cua IEEE 1a tin hiéu thoai sach. Mdi cdu dai
trung binh khoang 2 s.

Nam loai nhiéu duge chon dé nghién ctru 1a nhiéu 6 t6
(Car), nhicu ddm dong (Babble), nhicu trang (White),
nhiéu tlr tu héa (Train) va nhiéu duong pho (Street).

6.2. Tiéu chi danh gia

_ Cac phuong phap danh gia khach quan duoc khao sat
dé thyc hién danh gia chat lugng tin hiéu tiéng néi qua cac
tiéu chi danh gia, bao gdm:

- Segmental Signal-to-Noise Ratio (SegSNR);

- Log Likelihood Ratio (LLR);

- Cepstrum Distance (CEP);

- Perceptual Evaluation of Speech Quanlity (PESQ);

- Weighted Spectral Slope (WSS).

6.3. Két qua ddnh gid va phan tich

Bai bao s€ thuc hién danh gia, so sanh 3 k¥ thuat da
nghién ctru 1a NSS-PF, MMSE-PF va LogMMSE-PF uéc
lugng nhiéu str dung bé loc phan tram (PF) voi 3 k¥ thuat
giam nhiéu trong mién Wavelet 1a HardThr-PF, SoftThr-
PF, Shriking-UT-PF.

6.3.1. Danh gia theo phwong phap LLR

Phuong phép do LLR s& dugc lya chon dé danh gia 6 ky
thuat giam nhiéu véi 5 muc nhiéu khac nhau, két qua duoc
thure hién véi nhiéu tiéng 6n dam dong nhu & Hinh 7.

- LLR - babble
1.6
O HardThr-PF
141 & SoftThr-PF
©  Shrinking-UT-PF
LogMMSE-PF
2 NSS-PF
MMSE-PF

LLR

-
::WM

0.4

0 5 10 1
SNR
Hinh 7. Két  qua danh gia LLR ciia 6 thudt toan tang cuong

chdt lwong tiéng néi véi logi nhiéu tiéng 6n dam déng (Babble)

Két qua so sanh chi s6 LLR chi ra rang loc nhidu ding
cac thuat toan trong mién Wavelet cho két qua tot hon cac
thuét toan dugc so sanh.
6.3.2. Danh gida theo phuwong phap CEP
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H,‘Inh 8. Ké't’qud danh gia CEP cia 6 thudt todn tang cuong
chat luwong tiéng néi véi logi nhiéu tieng on dam dong (Babble)

6.3.3. Ddnh gia theo phuwong phap WSS

WS S-babble

i Maisy Signal
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Hinh 9. Két qua danh gia WSS clia 6 thudt todn ting cuong chat
lugng tieng noi voi logi nhieu tieng on dam dong (Babble)

6.3.4. Ddnh gia theo phuong phap SegSNR

ShRsegbabble

gk *  MNaoisy Signal

O HardThrFPF
G- < SoftThePF

o ShiinkingUT-PF
4r LogMM SE-PF
oL MNSS-PF .{

g MM SE-FF

Q

I W

sl {H,
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SHR

Hinh 10. Két qud danh gia SegSNR cua 6 thudt toan tang cwong
chat lwong tiéng néi voi loai nhiéu tiéng on dam déng (Babble)

6.3.5. Ddnh gia theo phuong phdap cam quan PESQ

Thyc hién danh gia PESQ cho k§ thuat giam nhiéu st
dung 3 thuat toan trong mién Wavelet g v6i 5 moi truong
nhidu khéac nhau cho két qua nhu & Hinh 11, Hinh 12,
va Hinh 13.

Két qua danh gia cho thiy ham nén nhiéu Wavelet
PSWF cho chi sé PESQ t6t hon han hai ky thuat Wavelet
con lai, vi ham anh xa ngudng tich hop 128 mic ngudng
toan cuc vao 17 gia tri ngudng twong Gng véi 17 bang con
thir yéu (CWS) [7], thay Vi sir dung truc tiép cic gia tri
ngudng toan cuc boi phép phan tich goi, trong do, chi sd
nay tng voi loai nhidu tring (white) 13 cao hon hén so voi
céc loai nhiéu con lai.
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320

- *
g T

Car
Babble
White
Train
Strest

o 4
@
—H—

F —B8—

%

SNR

Hinh 11. Két qua danh gid ham nén nguéng ciing cho
5 moi truong nhiéu
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- PESQ - SoftThr-PF
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Hinh 12. Két qua danh gia ham nén ngudong mém cho
5 moi truong nhiéu

- PESQ - Shrinking-PF
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Hinh 13. Két qua danh gid ham Wavelet PSWF cho
5 méi truong nhiéu
Ngoai ra, danh gia cam quan PESQ trén cac moi truong
nhiéu khac nhau con duoc so sanh giita cac k¥ thuat giam
nhiéu v6i nhau nhu Hinh 14 dugc danh gia trén nhiéu tir
tau hoa (train).
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SNR
Hinh 14. Két qua phuwong phap danh gia PESQ ciia 6 thudt todn
tang cuong chat luwong tleng noi voi nhiéu tteng on tau héa
Két qua danh gia cho thiy cac thuit toan trong mién
Wavelet cho két qua xtr 1y kha thap khi mirc nhiéu cao. Tuy

nhién thuat toan giam nhjéu Shrinking-UT-PF cho két qua
kha tot khi mirc nhiéu thap.

7. Két luén

Két qua danh gia dir lidu tiéng noi sau khi dugc ting
cuong str dung céc thuat toan da trinh bay, cho thiy cac
tiéu chi danh gia khac nhau c6 su thay d6i nhat dinh trong
cac moi trudong nhiéu khac nhau va boi cac ki thuat giam
nhiéu khic nhau.

Tuy nhién, nhin chung tin hi¢u tiéng noi bi tac dong boi
nhiéu trang cho két qua sau ting cuong tét hon, vi c6 mat
d6 pho phang.

Trong nhom cac thuat toan nén nhidu mién Wavelet,
thuat toan Shrinking-PF cho két qua xur 1y t6t hon, kha
ning nén nhiéu cao hon, tin hiéu sau xur 1y it bi pha huy,
va van dam bao tinh d& nghe cua tin higu. Két qua trén
hoan toan tuong dong sau khi nghe thir cac mau tin hiéu
da xu ly.

Trong sb cic phuong phap danh gia da tim hiéu, phép
danh gia PESQ va SNRseg cho két qua dang tin cdy hon,
turong dong cao voi cam nhan nghe chu quan.
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