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CO SO TOAN HQC CUA PHUONG PHAP UNG DUNG WAVELETS
TRONG XU LY TIENG ON

Tran Thi Thanh Thiy!
TOM TAT

Tiéng on 1a mét hién rwong phé bién trong doi song, viéc xi ly tiéng on da tré thanh
mgt van dé quan trong mang tinh thyc tién cao. Trong bai viét ndy, ching ta dé cap dén
mot phwong phap xu 1y tleng on dua tren cac thugt toan phan tich va tong hop wavelets,
ket hap véi cong nghé kiém soét tleng on chu dong (ANC). Cong nghé ANC si dung cac
thiét bi chuyén dung @ thu nhdn tiéng on tir méi trieong xung quanh, sau dé tqo ra tin hiéu
am thanh thit hai c6 ddc tinh firong tw nhung nguwoc pha véi nhimg tiéng on ban dau. Theo
nguyén ly giao thoa, khi hai tin hiéu nguroc nhau dwoc két hop thi nhiéu am sé by triét tiéu.
Phan tich wavelets 1a cong cu rat hiéu qua gitp ching ta tqo ra tin hiéu thiz hai nay.
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1. PAT VAN BE

Tiéng 6n 1a mot van dé mudn thud trong doi sdng x& hoi. Ngay nay, cudc sbng cang
phét trién thi tiéng on xuat hién nhiéu hon véi nhitng hinh thirc ngay cang phong phu.
Xung quanh ching ta, tiéng 6n c6 thé duoc phat ra tir bat ci noi dau, bat ky ldc nao. Ta co
thé nhan thay c6 tiéng on phat sinh do doi song sinh hoat, nhu tiéng la hét, tiéng karaoke,
tiéng on tir dién thoai, may nghe nhac, tiéng 6n tir c4c nha may cong nghiép, cong trudng
xay dung dang thi cong, tiéng on tir cac loai phuong tién giao thong Céc noi dung chinh
cua viéc xu ly tiéng on trong doi sdng x& hoi 1a: kiém soéat tiéng on glao thong, thiét ké
kién trdc, xay dung do thi trén co sé quy hoach ha tang, kiém soét tiéng on trong cong viéc
nghé nghiép dic thu. Tiéng 6n cd thé tao ra mot mic do tac dong méi trudng anh huong
lien tuc dén stic khoe cua ngudi dan sinh séng hodc lam viéc trong céc khu vyc nay, ca
trong nha va ngoai troi, gay ra nhiing thach thire dang ké cho cac chién luoc kiém soat va
xt ly tiéng dn hiéu qua.

Tiéng dn noi chung c6 anh huong tryc tiép va tidu cuc dén hé than kinh ciing nhu
tam ly va stc khoe con nguoi. Do d6, van dé phan tich va xir Iy tiéng on 1a mot van dé cap
thiét duoc dat ra moi ltc moi noi.

Hién nay, bén canh cac giai phap thu dong nhu cach 4m, tiéu am truyén thdng,
nhiéu phuong phap xir ly tiéng 6n chu dong va ki thuat s6 da dugc phat trién nham dat
hiéu qua cao hon trong méi truong séng va lam viéc hién dai. Trong s6 do, bién doi
wavelets va kiém soat tiéng 6n chu dong (ANC) la hai cong cu va phuong phap tiéu biéu
duoc cong ddng nghién cau quan tam manh ma.

Vé mit toan hoc, wavelets 1a cac phép bién doi c6 thé dwoc sir dung dé phan tich tin
hiéu. Truéc ddy ta hay ding bién d6i Fourier dé phan tich mot tin hiéu thanh mot ho cac
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song hinh sin. Khi wavelets ra doi va duoc str dung rong réi trong thoi gian gan day, ngudi ta
cd thé dung phép bién di wavelets @& phan tich tin hiéu thanh mot ho cac wavelets. Véi dic
diém khéc biét 1a cac song hinh sin c6 d6 dai vd han, con cac wavelets lai co do dai hitu han,
rat phi hop véi viéc nghién ciru tinh chét cuaa tin hiéu nhu kha nang khir nhiéu, dic trung
phét hién cac dinh séng, tinh tan s tai nhiing thoi diém cuy thé... LA mét cong cu todn hoc,
wavelets c6 thé duoc sir dung dé trich xuét thdng tin tir nhiéu loai tin liéu, ching han tin hiéu
am thanh va hinh anh. Wavelets 1a cdng cu quan trong va can thiét dé phan tich dit liéu mot
cach diy du. Cac wavelets “bd sung” gilp cho viéc phan tich tin hiéu khdng cé khoang tréng
hodc chong chéo dé qua trinh phan tich c6 thé dao nguoc v& mit todn hoc. Do vay, cac
wavelets b sung rat co ich trong céc thuat toan phan tich - tong hop, trong d6 chung ta
mong mudn khdi phuc thong tin ban dau voi mirc do mat mét tdi thiéu.

Bién d6i wavelets da chimg minh hiéu qua vuot trdi trong viée phén tlch va khir nhiéu
cac tin hiéu ph1 tuyén, khong tinh tai - dic trung thuong gap trong tleng on thuc té. Cac
nghién ctru gan day [1][2] da ap dung wavelets dé khtr nhiu tiéng On nén trong tin hi¢u am
thanh 101 noi, cai thién do 16 va chat luong 4m thanh dau ra. Mot s nghién ctu ciing da két
hop bién d6i wavelets véi cac ky thuat hoc may dé tu dong t8i wu hoa tham sb loc nhiéu, tir
do6 dat hiéu suat xtr 1y tot hon cac bd loc tuyén tinh co dién.

Trong bai viét ndy, chlng ta s& xem xét kha nang tng dung wavelets vao viéc phan
tich tiéng 6n nhu 1a mot tin hiéu va sau d6 két hop véi mot sé cong nghé vé 4m thanh dé xu
ly giam thiéu cudng d6 cua tiéng on, tao cho ching ta cudc séng tién nghi, d& chiu, lam viéc
c6 hiéu qua hon.

2. POl TUONG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciu

Trong bai béo nay, ching ta s& tim hiéu va nghién ctu cac khai niém va tinh chat
cua wavelets lién tuc va wavelets roi rac, cadch xay dung mot phan tich da phan giai. Tir do,
ching toi dua ra cac thuat toan phan tich va tong hop wavelets. Tiép theo, nghién ctu s&
tap trung tim hiéu cac tinh chat dic trung ciia cdng nghé ANC va viéc tng dung céc thuat
toan phan tich va tong hop wavelets vao cong nghé ANC dé xtr ly tiéng on.

2.2. Phwong phap nghién ctru

Phuong phap nghién ctu chu yéu 1a phuong phap phan tich dinh tinh. Thong qua
viéc tim hiéu va nghién cau cac thuat toan phan tich, tong hop wavelets cling véi viéc
nghién ciru cong nghé xir ly tiéng on ANC, chung t6i da tim ra méi lién hé giira cac thuat
toan nay vai cdng nghé ANC. Trén co s& do, bai bao dé xuat phwong phap ung dung
wavelets vao viéc xir ly tiéng on.

3. KET QUA NGHIEN CUU
3.1. Khong gian L1(R) va L2(R)
3.3.1. Khong gian L1(R)

a. Dinh nghia: L*(R) la khéng gian cac ham f gia trj phizc thoa man:
IFI3 = [221fGoldx < eo.[3]
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b. Tinh chat: L1(R) vai chuan || ||? 1a khdng gian Banach.
3.3.2. Khong gian L%(R)

a. Dinh nghia 1: L*(R) la khéng gian cac ham f gia tri phuc thoa man:
IF13 = [71F(0)Pdx < oo, [3]

b. Dinh nghia 2: Cho cac ham f, g € L%(R). Tich v6 huéng (tich chap) cua f va g
duoc dinh nghta: (f, g) = [~ f(x)g(x)dx, vai ki hidu g(x) la lién hop phiic cua g (x). [3]

c. Tinh chat 1: L2(R)l1a mot khong gian Hilbert [1].

d. Pinh nghia 3: Mot tap dém duoc {f,},, trong LZ(R) duoc goi 12 mot co so Riesz
néu Vf € L*(R), f duoc bicu dién mot cch duy nhét f = Yez cafy VA tON tai cac hing
so A va B thoa mén :

, AlfIIF < ZnEZlcr}lz < BIIfII* [3]
e. Tinh chat 2: Cho mot co sé truc chuan (¢,,) e, cia LZ(R). Khi do:

Vf € Lz f ZneZ(f (pn>

Cong thuie nay duoc goi la dang thirc Parseval. Bang thtc nay c6 khi dugc viét dudi
dang: [IfII> = Xy ci V6i ¢ = (f, @)

3.2. Bién déi Fourier:

Cho ham f € L?(R). Bién d6i Fourier cua f 1a:

Fw)=m=[2 fG) e ™ dx.

Bién do6i Fourier nguoc cua f 1a :

Néuf,f eLY(R) thi fF(t)= J% [ F (w)e™tdw va duogc goi 1 cdng thuc bién
do6i Fourier nguoc cua f [3].

3.3. Bién d6i wavelet

3.3.1. Bién doi wavelets lién tuc:
Cho ham f € L%(R), ¥ € LA(R) c6 [~ (t) dt = 0. Khi do:

Wf(a,b) = f(). 1/)( )dtvm abeR,a#0 (1), duoc goi la

bién dbi wavelets cua f lién két voi wavelets y.

Trong d6, hai tham sé dic trung a va b 1an luot 14 ty 1¢ nghich dao (d6 gidn) cua tan
s6 va tham s6 dich chuyén (vi tri), cac tham s6 nay néi chung thay doi lién tuc. Tham s ty
& a twong g V& Viéc gidn hay nén tin hiéu. Gia tri a 16n twong tng véi thanh phan c6 tan
s6 thap nén sé& cho thong tin toan thé. Nguoc lai, gia tri a nho lai twong ung véi thanh phan
c6 tan sb cao nén s& cho biét thdng tin chi tiét. Tham s dich chuyén b cho ta biét vi tri caa
tin hiéu trong khéng gian hoac thoi gian [4].

Céc ham wavelets dung trong phan tich xuat phat tir mot ham wavelets co ban
thuong dugc goi 1a ham wavelets me (morther wavelet) bang cach thay dbi hai tham sé ty
1& va dich chuyén.

Ghi chli: Néu dat g ) (t) = \/lTl'b( ) thi ta c6 thé viét:
Wf(a,b) = [ f®).Yun®)dt vsiabeR, a0 (2).
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3.3.2. Bién doi wavelets roi rac va phén tich da phan gidi
a. Cho wavelets y va ham f € L%(R). Khi d6 phép bién doi
(; 2—1) 2 2 [° f(x).Yp@ix—k)dx voiVjkeZ
duoc goi la phép bién d6i wavelets roi rac (DWT) cua f

b. Mot phan tich da phan giai (MRA) cta L%(R) la mét ddy cac khong gian con

déng {V,},j € Z cia L*(R) théa man céc diéu kién sau:
V,cV,,,VjeLZ.
U,ezV, = L*(R).
njeZ V] = {0}.
f()EV, & f(2t) € Vyy,,Vj EZ
ft) eV, & f(t—n) eV, vneLZ
3¢ € Vy 580 cho {(po,} _, 1amdt co s truc chuan cua V, voi:

@ik = 2é<p(2ft —k),Vj,k € Z.
Vj € Z, ta ky hiéu W, 1a phan b tryc giao cta V; trong V;,,

TacoVjy; = Vi + Wyvavu € Vi, u =v +w,trongdov € V;, w € W;, (u,v) = 0

va sy phan tich caa u 1a duy nhat [4] [5].
Theo cich twong tu, ho wavelets cua khong gian con W; ¢ dang:

() = 292t — k)

Duéi day 1a mot s6 wavelets thong dung:

A\ A B Pl e

db2 db3 db4 dbs db6

-5 o} 5

Hinh 2. Meyer wavelets [6]
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sym®6 sym7 sym8

Hinh 3. Symlet [5]
3.4. Thuit toan phan tich va téng hop wavelets

Chon ham ty I€ ¢ va V; sinh boi {@ ; }rez 80 cho ¢ (t) = X,cz Cr(2t — n) Vi
Ynezl Col? < 0 va Ykezl @(t + kmr) lz < 0.
Bay gio, chung ta dung phép chiéu tin hiéu tu V;,, xuong V; va W; :
Piif=PFf+Qf.

Ta co: 1:)0 f = ZkeZ Ao k- Pok -

Trong d6: ag i = (f, @ou) = [ ., f(x) . p(x — k) dx.

Pii1 [ = 2rez@ivi ke Pivrk VO Ay = ) Pivr) -
= ajn = (f, <Pj,n) = (f, Xkez hk(pj+1,2n+k> = Ykez hkaj+1,2n+k'

Mitkhac: Q; f = Xkez dj kWi, VOi djp = (f, Yjn) = [, Lkez Ik Pis1,2n+k)
= Ykez 9k - {f’ (pj+1,2n+‘k> = dj, = Zkelm'aj+1,2n+k

Nhu vay chiing ta c6 so d6 thuat toan phén tich Wavelets [3] [6]'

a; —»a] 1—>a] 2—» 4>a0

\\\\

Mit khac tacling ¢6: Pipy f =P f +Q; f = Xkez @jx@jk + Xrez ik VPjk
Va Ajyin = <Pj+1 f, (Pj+1,n)
= Ykez G lPikr Pjvin) T Zkez Lk Wik, Pjs1n)
Dat{ @ik, ®jr1n) = hak—n V3 (W} Pjr10) = G2k—n
Ta duoc: C}j+1,n = Zkeg hok—n@j i + Ykez 2k-nj i
Ta c6 so do thuat toan tong hop wavelets [3] [6]:

ao. 4>a1 %az h 4>a

////

86



p-1SSN 3030 - 4628

TAP CHi KHOA HQC TRUONG PAI HQC HONG DUC - SO 79 (09.2025) 5-1SSN 3030 - 4636

3.5. Wavelets va cong nghé ANC
3.5.1. Ky thudt loc s6 va cong thirc tong hop

Tiéng 6n 1a mot loai tin hiéu 4m thanh thudng gap trong cudc séng, do vy ta ¢ thé
sir dung wavelets dé phan tich ca thanh phan xap xi lan thanh phan chi tiét, qua d6 giup
han ché sy mat mét thong tin, git lai dugc dic tinh dia phuong dé tiép tuc xu ly vé sau.

O day ta sur dung thuat toan dé phan tang bo loc thénh bo loc thong thap, bo loc
thong cao va Iay mau xu0ng va goi do 1a ky thuat loc s6 hay con gol la phép loc guong
cau phuwong. MJi tin hiéu tiéng 6n duoc phan tich thanh hai thanh phan thanh phan xap xi
A (approximation) tuong ung Vi tan sb thap va thanh phan chi tiét D (detail) trong tng
véi tan s cao théng qua 2 bo loc thdng thip va théng cao. Bo loc thdng cao sir dung ham
wavelets y (t), bo loc théng thap sir dung ham ti 1& ¢ (t) [7][8].

Céac phép loc dugc tién hanh véi nhiéu tang khac nhau, va dé khéi luong tinh toan
khong ting, tin hiéu tiéng dn dugc lay mau xudng 2 lan khi qua mdi bo loc.

Nhu vay tin hiéu goc dugce dua qua 2 bo loc, tao ra 2 thanh phan tin hiéu xap xi va
chi tiét. Cac thanh phan nay cé thé duoc Iap rap lai thanh tin hiéu ban dau ma khéng mat
thong tin. Qué trinh l1ap rap nay duoc goi 1a tong hop.

Trong cong thac (2) néu ta dit a = al', b =nbyal, m,n € Z thi ta c6 ho

wavelets P, (t) = \/—lP ( = b) tror thanh .., (6) = a, *¥(ag™ t — nby).
Khi d6 ta c6 bién doi wavelets roi rac ¢ cac hé sé wavelets 1a:
Cinn = {f (O, Y () = [, f(O) - POt
va cong thurc tong hop tin hiéu la:
f(t) = ZmEZ Znez Cm,n lpm,n (®).
3.5.2. Kiém soét tiéng on chu dgng ANC

ANC 1a phuong phap giam hoac loai bo tiéng on khdng mong mudn bang mot cach
dic biét tao ra am thanh bd sung dé khir tiéng 6n ban dau. Tiéng 6n l1a loai song so cap
(song P), co cac giai doan nén va bién dbi dan xen nhau [9]. Thiét bi khir tiéng on s& phat
ra song am thanh c6 cung bién d6 nhung nguoc pha (nghia la 1éch pha 180°) so véi tin
hiéu tiéng on gdc. Qua trinh cac séng nay ket hop goi la giao thoa va chung s¢€ triét tiéu
nhau [10,11]. Dua trén dic tinh d6 cua tiéng 6n, nguoi ta s& dung mot s6 thuat toan thich
hop trong d6 c6 thuat todn wavelets dé phan tich dang séng tiéng 6n, sau dé lai dya vao
thuat toan khac tao ra tin hiéu nguoc pha véi tin hiéu tiéng on ban dau.

Hinh 4. M6 phéng cong nghé ANC [12]
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3.5.3. Két hgp wavelets va cong nghé ANC

Gia st ching ta can xu ly tiéng 6n nhu 1a mot tin hiéu trong mot khoang thoi gian
ma ta lay ki hiéu 1a f. St dung thuat toan phan tich wavelets ta nhan duoc cac dac diém
cua tin hiéu nay nhu tan s, bién do. Ngoai ra ta con c6 thé nhan biét thém mot sé dic diém
khéc nhu bude séng, chu ky, van téc lan truyén. .. Sau d6 nho thuat toén tong hop wavelets
va cong nghé ANC ta s& tao ra duoc tin hiéu £~ c6 day du tat ca dac diém cua f nhung co
pha nguoc lai véi f. Két hop £~ va f , theo nguyén Iy giao thoa thi tiéng 6n s& bj triét tiéu.

4. KET LUAN

Bai viét da trinh bay mot s6 ndi dung co ban cua ly thuyét vé wavelets, mot linh vuc
twong dbi mai cua todn hoc, va ciing 1a linh vuc ¢6 nhiéu tng dung trong vt ly, cong nghé
thong tin..., ddng thoi xay dung co sd todn hoc cho viéc tng dung wavelets vao xi ly tiéng
on, cu thé la tng dung tinh chét co ban cua wavelets dé hinh thanh cc thuat toan phén tich
va tong hop ching, nham ket hop thanh cong ngh¢ ANC dé giam va khtr tiéng on.

Vin dé Xu Iy tleng on trong cugc séng hién nay c6 nhiéu ich loi trong thuc té va
cling 1a mot van dé rat cip thiét. Thuat toan wavelets ndy c6 nhiéu kha niang duoc tng
dung rong ri dé thiét ké cac hé ANC, bd sung vao cac giai phap da co vé xur ly tiéng on,
lam cho cudc séng cua ching ta thém phan tién nghi, thoai mai va chat luong hon.
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MATHEMATICAL BASIS OF THE WAVELETS APPLICATION
METHOD IN ACTIVE NOISE CONTROL

Tran Thi Thanh Thuy
ABSTRACT

Noise is a phenomenon that is constantly present in our lives, the study of noise
treatment has become an important practical issue. In this article, we would discuss a
noise treatment method through wavelets analysis and synthesis algorithms combined with
ANC active noise control technology. ANC uses special equipment to listen to ambient
noise and then generate a second audio signal that has all the characteristics but is in the
opposite phase to those noises. By the principle of interference, when the two opposite
signals are combined, the noise will be canceled. Wavelets are a very effective tool for us
to generate this second signal.

Keywords: Noise, algorithm, wavelets, ANC.
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