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ABSTRACT

Today, the sound amplification systems play an important and useful role in
human life. It is widely used in many places such as conference rooms, lecture
halls, musical theaters and recording studios as well as in telecommunication
and mobile devices. However, there is a drawback of using these systems. That
is the existence of howling which can be known as the Larsen effect appearing
in the system, when there is audio feedback back to the microphone. This
phenomenon could reduce the sound quality and cause unpleasant to the
listener.

This paper presents the nature of the Larsen effect and the method to prevent
the Larsen effect using frequency shifting with the aid of Matlab software.

TOM TAT

H¢ théng tang dm ngdy nay déng vai ro rdt quan trong va hitu ich trong cugc
song ciia con nguedi, né dwge s dung rat rong rdi trong cdc phong hop, giang
duong, cac san khdu dm nhac, cdc phong thu am, cho dén cdc thiét bi vién
thong va di dong. Tuy nhién cic hé thong tang dm van con ton tai nhwoc diém
@6 la van thuong xuyén xudt hién tiéng hii trong hé thong khi c6 sw phan héi am
thanh tro lai micro. Hién twong nay con dwoc goi la hiéu ung Larsen, lam giam
chat lwong dm thanh va gdy khé chiu cho nguoi nghe.

Bai bdo nay trinh bay bdn chdt ciia hiéu img Larsen va cach ngan chan hi¢u
ung Larsen dwa vao phuwong phap dich chuyén tan so voi sw ho tro cia phan
mém Matlab.

1 GIOI THIEU

1.1 Hiéu &ng Larsen

va 10i tiép tuc thu lai, khuéch dai thém nhiéu lan
nira, &m thanh moi lac mdt 16n 1€n cho dén khi dat
cuc dai va phat ra tieng ha (M. R. Schroeder,

Hi¢u tmg Larsen, con dugc goi 1a hién tuong
phan hdi 4m hoc, duge mot nha khoa hoc nguoi
Pan Mach tén 1a Soren Larsen (1871-1957) phat
hién ra vao giitta nhitng nam 1920 (Wikipedia,
2013).

Hién tuong nay xay ra khi xuét hién vong lap
cong huong, micro thu dugc am thanh do chinh
n6 phat ra sau d6 khuéch dai thém rdi phat ra loa
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1964).

Hiéu ing nay duoc minh hoa trén Hinh 1. Am
thanh tir ngudi noéi (P) phat ra dugc micro (M) thu
lai, dua dén bo khuéch dai cong sudt (A) khuéch
dai 1én va truyén dén loa (S dé phat ra. Am thanh
tir loa (S) phat ra s& truyén dén nguoi nghe (2),
dong thoi mot phan 4m ciing truyén den micro va
dugc micro thu lai. Néu am thu lai gibng am cua
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ngudi ndi phat ra s€ xdy ra hi¢n tuong cong
hudng va dan dén phat sinh tiéng hu.

Hiéu tmg Larsen chiu anh huéng chii yéu do
hé so khuéch dai cua hé thong tang am va vi tri
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twong quan giita micro va loa. Ngoai ra khi &m
thanh phat ra moi truong s¢€ bi phan xa trd lai
micro theo cac cach khac nhau, sy phan xa nay
cling gop phan tac dong 1én hiéu tmg Larsen.

Hinh 1: So' A0 minh hoa hé théng Am
thanh c6 hién twgng phan hoi Am

o,

1.2 Phwong phap khic phuc tiéng hi

Nhiéu nghién ctru da duge thyc hién dé khic
phuc tiéng ha trong hé thdng ting am. Trong linh
vuc am hoc, nguoi ta nghién ctru vé song am, hi¢n
tugng phan xa am hoc, tinh chat hat 4m cua vat
kién trac dé thiét ké hinh dang, kich thudc va kién
trac ctia phong 4m dé tranh hién twong phan hoi
4m cua hé thong. Hién nay phuong phap nay van
dang con &p dung rong radi cidc phong karaoke,
phong hoa nhac, hodc cic phong thu hay hoi
truong noi dién ra cac sy kién am nhac. Tuy vay,
nhiéu lac van c6 hién tugng phat ra tiéng hi 1am
anh huong dén nguoi hat va cac khan gia.

V& linh vuc dién t, nguoi ta co thé st dung
cac bo loc equalizer, cac bd mixer, lam tré
hodc giam tin hi€u vao micro va cac thiét bi chan
tan sé am thanh (Gil-Cacho, T.van Waterschoot,
M.Moonen, and S. H. Jensen, 2009). Phuong
phap nay dat dugc két qua tét do can thiép truc
tiép vao hé thdng am thanh trude khi vao hé thong
tang am. Tuy nhién, cho dén nay cac phuong phap
nay van chua that sy phd bién do gia thanh cia
thiét bi con cao va do chi phi dau tu thiét ké cac
phong am chuyén nghi€p con qua 16n.

Mot phuong phap khac 1a kiém soét pha cua
tat ca cac thanh phan tan sb cua song am tir micro
sao cho tit ca cac thanh phan tan s6 cia song 4m
phan hdi t6i micro s& c6 pha khac di so véi tin
hiéu ban dau, do d6 tranh dugc hién twong phan
hoi duong dé tao nén tiéng hu (M. R. Schroeder,
1964). Tuy nhién néu thay d6i pha nhidu qua s&
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lam méo tin hi€u, ma thay dbi it thi khong tri¢t
tiéu dugc tieng hu.

Thay vi thay d6i pha, c6 thé dich chuyén tan sb
tin hiéu. Bang cach 1am cho tin sb cua séng 4m
phan hdi lai khac véi tan s am thanh géc, su
cong hudng 4m bi triét tiéu va tiéng ha dugc loai
trr (Toon van Watershoot and Marc Moonen,
2011), (Peter Svensson, 1999). Dya vao dic diém
cua tai nguoi 1a kha ning phan biét su thay doi
cao do am thanh c6 gi6i han nén giai phap nay s&
dich chuyen tat ca cac thanh phin tan sé phat ra
1én hoac xudng mot tri sb Af dinho dé tai nguoi
khong nhan ra dugc sy thay dbi d6 (Jan Scheuing
and Bin Yang, 2006), (M. R. Schroeder, 1964),
(Edgar Berdahl and Dan Harris, 2010).

Pap ung tan s6 ctia bd dich chuyén tan so

H(w,t)=e™" . (1

Gia st tin hiéu tir micro 13 m(7) va duoc lay
mau voi tan sb fs. Sau d6 tin hiéu cdc mau tin hiéu
m(n) s& dugc chia thanh timg khdi ms(n) v6i chidu
dai L. Do dé:

m(n) =Y m,(n—bL). )

Bién doi Fourier 101 rac tin hi€u chuyén tin
hiéu sang mién tan so:
27

N-1 -z
M, (k)=> m,(n)e ¥ (3)
n=0
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Ta s& nhan dugc mot khdi miu sau:

s (N/2-Day (N/2-Das
NN v
voi wg =27f.

2
N

a_f; 5

geesey

|

Néu N > L thi ta phai chén thém “méu 0”
(tan so bang 0) vao ta co:
Dy
vl

o, (N/2-Da, (N/2-Da
Néu ta dich tat ca cac thanh phan tan s mot

N

59 PEEET)

0,-2,....; ,
{ N N

. @ v x 1A
gia tri Aw = —= thi ta s& nhan duoc

Q(k){QWO),...M,,(;V —2)M(]2\[+1),--M(N—1)D}

Khoang dich chuyén tmg véi N miu la

A = % . Vi du véi N = 4096 mau,
N 4096

Diéu nay cho thay rang néu chon s6 miu qua
nho thi khodng dich tan so s€ rat 16n.

Sau d6 c6 thé dung blen d01 Fourier ngugc
dé chuyén tin hiéu tir mién tin sb trd lai mién
thoi gian.

Han ché cua phuong phap nay vén dé thoi gian
tré. Néu s6 mau cang 16n thi lam ting thoi gian tre
ctia hé théng. Thoi gian tré (mg v6i s6 lugng mau

N nhu sau: 7= N/ f;. Vi du mdi khéi c6 4096
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miu, tin s6 ldy miu fi=44.100Hz thi

=N/ fs =4096/44100 = 0,092s5 = 92ms .

Do d6 tiy thudc vao ting hé thdng cu thé va
tin hiéu la giong ndi hay am nhac ma nén chon so
mau cho phu hop.

2 PHUONG PHAP NGHIEN CUU
2.1 Khao sat dac tinh cia hiéu ung Larsen

Mot chuong trinh thu thap dir li€u tgy dong
duoc xay dung trén nén Matlab\Simulink dugc
ding dé khao sat dic tinh cua hiéu mg Larsen
(Hinh 2). Tin hi€u tuong ty tir micro dua vao sé€
duogc bién doi thanh tin hiéu sb, duge ldy miu véi
tan sb 8.000Hz va duogc luu vao bd dém, sau do
duogc xuét ra hé thong ting am va loa.

Cach thuc hién: Cho hé tl}éng thu am hogt
dong sau d6 dua micro tir xa dén gan loa cho dén
khi phat sinh tiéng hu.

Thoi gian thu &m 20 s, am thanh dua vao truc
tiép tir micro 1a mét doan am ngan khoang 5 s.

Tiép tuc thuc hién cac thuc nghiém tuong tu
nhung ddi véi cac moéi truong va hé thdng am
thanh c¢6 cong sudt khac nhau nhu cic hé thong
am thanh trong cac phong hoc dén cac hoi trudng
v6i dién tich tir 200 dén hon 2000 m?,... ta rit ra
duoc dac tinh cta hiéu rng Larsen nhu sau:

Hiéu tng Larsen lam hé thong phat sinh tiéng
ha. Tiéng hi ban dau xuat hién voi am lugng nho
sau d6 16n dan va dat gia tri cuc dai (Hinh 3).

Thoi diém phat sinh tiéng hu ddi voi cac hé
thong 1a khac nhau, tiy thudc vao 4m phan hoi 1a
16n hay nhd.

Signal To
Workspace

Hinh 2: So' A0 mé phéng thu thip dir liéu lién tuc
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2000 samplesisec
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Tin hieu ngo ra

Bien do(V)

10
So mau(n)

Hinh 3: Tin hi¢u dwoc biéu dién theo thoi gian

Mat do pho cong suat cua tin hieu ngo ra

Bien do(dB)

Tan

so(kHz)

Hinh 4: M4t do pho c6ng suit ciia tin hi¢u trén mién tan so

Tiéng ha trong hé thong ting am duoc dic
trung boi tan s0 Larsen, noi co bién d6 16n nhat
trén phd tan s6 (Hinh 4). Tan sé Larsen phy thudc
vao timg hé théng ting 4m va cac méi trudng
khéc nhau.

Dbi voi cac hé thong tang &m co cong sudt nho
thi thuong chi c6 mot tan s6 Larsen nhung ddi véi
cac hé thong cong suit 1on va moéi trudng phirc
tap thi c6 thé c6 nhiéu tan sb Larsen.

2.2 Thuec hién ngin chin hiéu ing Larsen

Chuong trinh ngan chan hi€u tng Larsen theo
phuong phap dich chuyén tan s6 dwuoc xay dung
trén Matlab\Simulink nhu trong Hinh 5. Tin hi¢u
tuong tu tir micro dua vao s& dugc bién ddi thanh
tin hiéu s6, dugc lay miu véi tan s6 8000 Hz, sau
d6 tin hiéu duoc chuyén sang mién tan s va duoc
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dich di mot gia tri Af, cudi cing dugc chuyén
nguoc tré lai mién thdi gian va xudt ra hé théng
tang am va loa.

Khoang dich chuyén tng véi N=512 méu

Af:%. Tan s6 liy miu f5=8000Hz. Vay

ar =22 2890 5 6051
N 512

Tuy nhién tin hiéu thu 4m la tiéng néi nén
khoang tan s dich chuyén va bi tré do qua trinh
xir 1 12 kho nhan ra va c6 thé chap nhan dugc.

Do c¢6 hién tugng 1o ri am phd khi tién hanh
bién d6i DFT tin hiéu va IDFT khéi phuc tin hiéu
nén cta s Hamming dugc su dung dé han ché
viéc nay.
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Hinh 5: So' d6 md phéng sir dung phwong phap dich chuyén tin sé

3 KET QUA VA THAO LUAN

R4t nhiéu thyc nghiém da dugc thuc hién béng
chuong trinh ngén chan hiéu Gng Larsen, trong
nhiéu diéu kién khac nhau. Két qua déu c6 chung
mot dic diém 1 tin hiéu phan hoi 4m rit nho va
nhanh chong bién mét, thé hién rd trén tin hiéu Am
thanh theo thoi gian (Hinh 6) va trén ca phd tin
hiéu (Hinh 7). Tiéng hu hoan toan khong phat
sinh, tham chi khi gidm khoang cach gitta micro
va loa. Bién d6 ctua mot sd tan sd bi giam nhung
khong dang ké va khong lam giam chat luong cia
tin hiéu.

Phuong phéap dich chuyén tan sb lam cho tan

sO tin hiéu bi léch di mot gia tri Af nén tin higu
phan hdi s& co tan sb khac di va tranh dugc hién
tugng cong hudng duong, do dé ngédn chan dugc
tiéng hi phat sinh trong hé thong. Tin hiéu sau
mdi vong phan hoi s& giam di mot lugng Af nén
sau vai vong phan hoi s& giam xudng dudi mirc
nghe thiy.

Néu chon Af cang 16n thi cang c¢6 hiéu qua
tuy nhién s& lam giam chét lugng cua tin hiéu, do
d6 khi ap dung phuong phap nay thi tuy theo tin
hiéu 1a giong noéi hay am nhac ma ta chon gié tri
Af phu hop.

Tin hieu ngo ra

Bien do(V)

-0.6—

08 ! ! ! !
0

Hinh 6: Tin hiéu ngd ra theo thdi gian ding phwong phap dich chuyén tin sé
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Bien do(dB)

*********************** I Bt Eeld i
| | |
| | |
fffffffffffffffffffffff B e B f
| | |
77777777777777777777777 -

Tan so(kHz)

Hinh 7: Mt d9 pho cong suét ciia tin hi¢u dung phwong phap dich chuyén tin sé

4 KET LUAN VA PE XUAT

Bai bdo da trinh bay dugc ban chét cua hiéu
tmg Larsen lam phat sinh tiéng hi khong mong
mudn trong cac hé thong ting am va cach thic 4
ngan chén dleu nay su dung phuong phap dich

chuyén tan s6.

Phuong phdp ngén chén hiéu Gmg Larsen voi
giai phap phan mém Matlab da dugc cai dat trén
may tinh. Két qua thuc nghiém cho thay phuong
phap nay c6 thé ngin chin hiéu qua tiéng hi. Tuy
nhién, gidi phap nay cling chi ap dung cho hé¢
thong ting am don kénh. Dé c¢6 thé tng dung rong
rai hon trong thuc té co thé thyc hién phwong
phap nay bang cach cai dat chuong trinh trén céc
vi diéu khién va cac kit DSP va c6 thé mo rong

cho céac hé thong ting 4m da kénh.
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