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TOM TAT

Ngay nay, cling véi s phat trién vé mat khoa hoc cac nha nghién ctiu va thiét ké da dat
duot nhitng thanh tu trong viéc phét trién cong nghé chdng 6n. Bai bao nay dé cap dén la cong
nghé chéng tiéng 6n chii ddng ANC (Active Noise Control). Ap dung cac thanh tuu khoa hoc kj
thudt tién tién nay vao thuc té nén tiéng 6n trong 6 t6 ngay cang dugc triét tiéu dang ké. Triét
tiéu tiéng on trén 6 t6 [a mdt yéu td quan trong va khdng thé thiéu trén cac dong xe ngay nay.
Hé thong hoat dong dua trén nguyén Iy thu nhan 4m thanh bén ngoai va tién hanh déo nquoc
song, sau dd triét tiéu bang cach trung hoa hai séng am. Cong nghé nay chinh la xu hudng
phit trién trong tuong lai. Nhu vy, cong nghé chéng on nay c6 thé tu dong diéu chinh dugc
am thanh dé triét tiéu nhiing tiéng 6n bén ngoai xe d€ tao cam giac thoai méi cho nquoi ldi va
hanh khach trong xe. Day chinh la uu diém ndi bat ma cac cong nghé trudc do khdng c6 dugc.
N6i dung clia bai bao nay sé md phong, mo hinh hda cdng nghé chdng tiéng on chti dong ANC.

Tirkhéa: ANG, chdng on, trung hoa song dm.

ABSTRACT

Today, with scientific developments, researchers and designers have achieved
achievements in developing noise canceling technology. This article wants to mention active
noise canceling technology ANC (Active Noise Control). Application of these advanced
scientific and technical achievements in practice, noise in cars is increasingly eliminated
significantly. Noise suppression in cars is an important and indispensable factor in today's
vehicles. The system operates based on the principle of receiving external sounds and
reversing the waves, then eliminating them by neutralizing the two sound waves. This
technology is a future development trend. Thus, a noise canceling technology can
automatically adjust the sound to eliminate noise outside the car to create a comfortable
feeling for the driver. This is an outstanding advantage that previous technologies did not
have. This article will simulate and model ANC active noise canceling technology.
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1. GIGI THIEU

Cong nghé chéng tiéng 6n chu dong
(ANC) lan dau tién dugc hang siemens phat
trién vSi muc dich triét tiéu tiéng 6n cua
dong co va mat dudng anh huéng dén xe. Hé
théng ch dong loai bé tiéng 6n va dat dugc
lgi thé t6i da tir viéc chuyén sang am hoc clia
cac phan mém. Hé thong nay hoat dong chu
dong gilp cai thién trdi nghiém 1ai xe va
gidm dang ké trong lugng cla xe. Cdng nghé
ANC dua vao cac bo phan nhuloa giai tri trén
xe dé tao ra song chéng hoac phat nguoc lai
song am déi vai tiéng 6n bén ngoai. Song
dugc loa tao ra sé c6 cung bién dé va tan sé
vGi nguodn tiéng 6n nhung bi ddo ngugc co6
nghia la sé 1éch pha 180°. Ngay nay, ANC dua
ra cac thuat toan c6 thé xt ly nhiéu tin hiéu
am thanh trong cung thai diém. Cac hang xe
cling Ung dung thuat toan kiém soat thich
Ung trong khéng gian 3 chiéu. Am thanh
trong xe dugc kiém soat chi dong nén gidp
cho cabin 6 t6 ngay cang tré nén yén tinh
hon, su riéng tu cla ngudi ngdi trong xe
ngay cang I6n hon.Co6 thé noi rdng, ANC
dang la hé th6ng ma tat ca cac hang xe 6 t6
trén thé gi¢i déu mudn ap dung. Hé théng
kiém soét tiéng 6n chu déng mang lai rat
nhiéu uu diém ndi bat:

«Kiém soat truc tiép am thanh: ANC c6
thé kiém soat truc ti€p tét am thanh tan s6
thap theo chu ky tir ddng co hay mat duong.
Vi thé c6 thé triét tiéu gan nhu hoan toan am
thanh dua vao cabin néu két hgp véi kiém
soat thu dong tét.
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e Hé théng don gian, nhe nhang: ANC chi la mot
thiét bi dién t& rat nho dugc dat trong xe. N6 khong can
ap dung cac vat liéu cach am trén khap than xe nhu
phuaong phép kiém soat dm thanh thu dong. Diéu nay dac
biét hitu ich véi viéc gidm am thanh trén 6 t6 thé thao
hodac may bay.
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Hinh 1. So d6 cong nghé ANC

Hé théng ANC giup cho cabin xe ngay cang trd nén
yén tinh hon. Day la mét phuang phép loai bé tiéng 6n
hét stic ch dong dé khong gian ca-bin 6té giam tu 6 -
10dB [1].
2. CAU TRUC CUA BO LOC THICH UNG

Trong phan nay, bai bao trinh bay nghién ciru mo ta
cdu tao clia bo loc thich Ung. Vi cac dac tinh cdia nguén
tap am va maéi trudng thay doi theo thdi gian nén tan sé,
bién d6, pha va téc d6 am thanh cla tiéng 6n khoéng
mong muén la khéng cé dinh. Do d6, dé han ché nhiing
bién d&i nay, hé thdng ANC phai c6 kha nang thich tng.
Phé bién nhat 1a dang bé loc thich tng va bé loc ngang
st dung thuat toan binh phuong trung binh nho nhat
(LMS), hién thi khung bo loc.
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Hinh 2. C&u trtic tong quan

Khong gian
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Cau trac phan ciing ctia ANC dugc mé ta nhu trén hinh
2. S6ng am tai vung khoéng gian tinh ndng la téng hop
luéng séng sa cap d(k) va lubng séng thi cap y(k). Ludng
sa cap d(k) 1a séng am bén ngoai méi trudng phu thudc
n(k) va khodng cach khéng gian. Quan hé gitta d(k) va n(k)
@ mét ham P(z) cé xu hudng giam theo khoadng cach
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khong gian va dugc mé ta la mét khau c6 moé hinh khong
biét trudc. Ludng thi cap y(k) la song am do hé théng
ANC sinh ra.

So d6 khéi trén hinh 2 m6 ta hé thong ANC. W(z) la
khau loc thich nghi, trong sé ctia b6 loc dugc cap nhat
thong qua thuat toan LMS. S(z) la ham truyén clia cac khoi
tu loa dén microphone cadm bién sai sé. Trong vat li, téc
dé clia &m thanh la 343m/s, véi toc dd nay khi am thanh
di vao trong bo mach sé khong kip x{ li. Vi vay can co
thuat toan du doén tiéng 6n dé tu tiéng én dau vao co
thé du doan tiéng 6n ti€p theo la gi. Khéi S'(z) 1a ham
truyén udc lugng ctia khau F(z). B6 loc F(z) cé chiic nang
tach loc séng am c6 tan sé trong pham vi 0 - 400Hz dé
dua vao khau xt li LMS v&i muc tiéu han ché séng am cé
dai tan sé thap va tan so cao.

LMS la thuat toan loc thich nghi tuyén tinh, bao gém
hai qua trinh co ban sau:

- Qua trinh loc: bao gém viéc tinh toan dau ra ctia bo
loc theo cdc tin hiéu vao bang loc va danh gia su sai léch
gilra dau ra va tin hiéu chuan (tin hiéu mong muén).

- Qua trinh thich nghi: day 1a qua trinh diéu khién tu
dong trong s6 loc tuohg Uing vdi sai sé dugc danh gia.

Hé théng ANC phan hoi thich tng mot kénh hoat
doéng bang cach xu ly tiéng 6n am thanh muén giam
(ti€éng 6n “muc tiéu”), sau dé no tao ra xung chéng 6n gui
vao khéng khi, do dé lam giam tiéng 6n muc tiéu & mot
muic d6 nhat dinh.

Diéu nay c6 nghia phai xac dinh chinh xac va déng
thai P(z) va S(z). Diém chinh cla gidi phap nay la véi mot
mo hinh d6i tugng thich hop, hé théng phai dap tng
dugc su thay déi clia ca tin hiéu nhiéu vao. Tuy nhién, dac
tinh cGia hé ANC phu thudc vao ham truyén ctia luéng dm
thanh thi cap y(k) véi viéc can bang dap tng tan sé khau
so cap. Trong trudng hgp nay, lugng giam tin hiéu 6n sé
dugc tang lén. Ngoai ra c6 thé sir dung mét bo loc thich
nghi bac cao FIR dé xap xi ham 1/5(z) mét cach hop ly, n6
c6 thé bu lai lugng tré vén c6 clia ludng sa cap.

3. GIAI THUAT LOC THICH NGHI (FXLMS)

Tu hinh 2 rdt ra bién d6i r&i rac cla tin hiéu sai s6:

E(2) = [P(2) - S@W@]X(2) (M)

Trong trudng hop ly tudng dé sai s6 e(k) tién can 0 khi
x(k) # 0 la ham truyén bé loc c6 gia tri:

W@ = o5 @

Gidi thuat binh phuong t6i thi€u FXLMS c6 thé dugc
dung cho cau trdc hinh 2. Khi d6, tin hiéu sai so tinh theo
cong thuc [4, 6]
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e(k) = d(k) — s(k). [WT (k). x(K)] (3)

Trong d6: s(k) = [s(k)s(k—1)..s(k—L+ 1)]T,
w(k) = [wo (k) wy(K) ... wi_;(K)]T lan lugt la dap ung
xung don vi ctia luéng am thanh thi cap S(z) va trong s6
b6 loc W(z). Chi s6 L 1a bac ctia bé loc thich nghi W(z). Gia
tri L phai d0 16n dé hé c6 dé chinh xac cao [5, 6].

Ham nang lugng ctia séng am dugc dai dién béi gia tri
binh phuang bién dé song (§(k) = E[e?(k)]). D€ don
giadn, chung ta s&r dung ham nang lugng nay c6 dang:

5(k) = e?(k) )
Hé s6 ctia bo loc W(z) dugc xac dinh theo:
wk+ 1) = w(k) — gvz(k) (5)

Trong d6, VE(k) la gradient ctia £(k) va p la mot hdng
s6 duang du nhé thé hién budc hiéu chinh tham s6. Tu
phuong trinh (3) va (4) cé:

Ve(k) = —s(k)x(k) = —x'(k)
{VE(k) = Ve?(k) = 2[Ve(k)]e(k) = —2x'(K)e(k)
Gia tri t&i han cla p dé hé théng én dinh la:
2

Hmax = P,/ (L+M) (7)

(6)

Trong do6: P, = E[e?(k)] la cong sudt tin hiéu tham
chiéu x’(k); L la bac ctia bo loc W(z); M 1a s6 lugng mau
tuong Uing véi dé tré téng thé trong luéng am thanh thu
cap. Thuat toan FXLMS dé xac dinh tham s6 bo loc thich
nghi W(z) xac dinh nhu:

wik +1) = w;(k) + pe(k)x'(k — i) 8)

Trong thuc tién, S(z) la ham truyén chua biét trudc do
dé can phai udc lugng.

4. MO PHONG HE THONG
4.1. Mé ta thiét lap hé théng mé phong

nk) d(k) [xk]
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Hinh 3. S¢ @6 md phong hé thong ANC trén phan mém Matlab-Simulink

Gia thiét: 1) Ham truyén S'(z) la cho truéc; 2) P(z) cuing
S(z) thay d6i trong mét pham vi nhat dinh xung quanh gia
tri goc Po(z) va So(z). Ham truyén bé loc F(z) la bo loc bac 4
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dung dé tach loc tin hiéu trong dai tan ti 0 dén 400Hz.
Tan sé lay mau xr ly ctia hé ANC dugc chon la 20kHz. Khao
sat hé ANC xét trong diéu kién chi c6 mét ngudn tao song
am thanh 6n. Bap Ung thai gian cda tin hiéu nhiéu n(k)
dugc thay d6i. Bé loc thich nghi W(z) c6 bac L = 12. Hang
s6 budc ctia hé théng p = 0,01 va c6 thé diéu chinh trong
qua trinh mo6 phéng.

M6 hinh mé phong hé théng dugc thuc hién trén
Matlab-Simulink véi so d6 mé phéng nhu thé hién trén
hinh 3.

4.2. Két qua mé phoéng

a) Truong hop 1: Trong trudng hop nay gia tri cla
P(2) = Po(2). Tin hiéu vao ngau nhién. Thay déi gia tri S(z)
dé kiém tra kha nang gidm séng am 6n cua hé. Két qua
hinh 4, 5 cho thdy, khi thay d6i S(z) trong pham vi nhat
dinh hay néi cach khacla mo hinh clia S(z) khéng xac dinh
chinh xac thi hé théng ANC van c6 thé hoat déng t6t.

dk
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S1(2) = 0,1+ 0,44z - 0,095z +0,012> + 0,09z
Hinh 4. Hé s6 khi S(z) = $+1(2)
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$2(z) = 0,12+0,38z" - 0,092 +0,012° + 0,092z

Hinh 5. Hé s6 khi S(z) = S,(2)

b) Truong hop 2: Khao sat anh hudng ctia hé s6 cap
nhat p 1én thai gian hoéi tu ctia hé ANC trong trudng hgp:
P(z) =Po(2); S(z) = S,(z) = 0,12+ 0,38z71 — 0,09z72 +
0,01z73 + 0,092z™%; tin hiéu vao n(t) = 0,5sin(f X
2mt + 0) + 0,5sin(1500 X 2wt + 0,2) + tin hiéu ngau
nhién c6 tan sé 200Hz bién do trong pham vi [-0,2; 0,2].
Thai gian héi tu va dap tng qua dé ctia hé ANC khi hé s6
u thay déi thé hién & hinh 6.
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téi cau tric khéng gian hé théng, bo qua anh huéng cua
hién tuong phan déi am thanh do cau tric khéng gian -
vat thé trong méi trudng tao Ién... Trong nhiing nghién
cUu tiép theo, nhom tac gia sé trinh bay chi tiét vé cac
van dé trén va kiém nghiém két qua nghién ctu trong
moi trudng thuc.

(o] 0:5 1 1 j5 2
Time (s)
a) Trudng hop p=0,002 TAI LIEU THAM KHAO
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d) Trudng hgp p=7,200

Hinh 6. Dap (ing thai gian cla sai so e(k) khi f=150Hz
5.KET LUAN VA HUGNG PHAT TRIEN

Bai bao da trinh bay so lugc vé st dung thuat toan
FXLMS dé thiét ké hé thong ANC dan kénh véi cau tric
gitia tin hiéu diéu khién va tin hiéu am thanh thu duoc
tu microphone (ham S'(z)). Két qua moé phong cho thay,
lugng am thanh cla dai tdn s thap dugc gidm thiéu
trong diéu kién mo hinh hé théng khéng xac dinh chinh
xac. Tuy nhién, két qua mo6 phong trén méi chi xét trong
diéu kién ly tuéng: moét nguén am thanh 6n, khéng xét
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