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Tém tit: Mot trong cac van dé chinh ctia may trg thinh
1a phan hdi am thanh (acoustic feedback). Phuong phép
loai bo phan hdi 4m thanh phd bién hién nay 1a dung mot
bd loc thich nghi dé uée lugng kénh phan hdi (feedback
path). Tuy nhién viéc u6c luong kénh phan hdi thuong c6
sai s6 sinh ra do sy twong quan giita tin hiéu dau vao mic
va tin hiéu thu dugc tai loa. Phuong phap du doan 16i sir
dung tién bo loc két hop v&i may trg thinh st dung 2 mic
va 1 loa (PEM-AFC2) duoc biét dén 1a mot phuong phap
hiéu qua trong viéc giam sai s6 ndy. Pé nang cao hon nira
hiéu suit ctia viéc loai bo phan hoi 4m thanh cua phuong
phap PEM-AFC2 bai bao nay dé xuat mot phuong phap
méi duoc xay dung dya trén viée tich hgp nhiéu do (probe
noise) vao PEM-AFC2. Phuong phap méi khong nhimng cai
thién duoc hai chi s quan trong 12 d6 1éch chuin hoa (MIS)
va d6 khuéch dai 6n dinh gia ting (ASG) ma con duy tri
duoc chét luong t8t ciia Am thanh thu duoc.

Tir khéa: Loai bo phan hoi am thanh, nhig::u do, phuong
phap tién bd loc, phuong phap tién bd loc két hop 2 mic.

l. GIOITHIEU

Mot trong nhitng van dé chinh ctua méy tro thinh 13 hién
tuong phan hoi 4m thanh (acoustic feedback) gay ra boi tin
hiéu tir loa quay tr& lai mic khién cho tin hiéu tai mic luc
nay khong chi 1a tin hiéu dau vao mong mubn ma con cong
thém tin hi¢u phan hoi tir loa. Tin hiéu nay di qua dudng
xtr ly tin hiéu (the forward path K(q)) s& bi tré di va duoc
khuéch dai trudc khi toi loa. Qua trinh trén 13p di 1ap lai tao
nén mot hé thong vong kin (closed loop system). Phan hoi
4m thanh 1am giam chat lugng cua tin hiéu thu dugc dong
thoi han ché do khuéch dai co thé dat dugc ctia may trg
thinh. Trong mot s truong hop nhat dinh phan hoi 4m
thanh c¢6 thé khién hé théng mat 6n dinh va “tiéng ra”
(howling) c6 thé xuat hién. Viéc giai quyét van d& phan hdi
4m thanh ngay cang tré nén thach thire khi nhu ciu vé may
tro thinh co k1ch thudc nho ngay cang gia tang.

Trong sudt 60 nam qua c6 rat nhidu phucmg phap loal bo
phan hdi 4m thanh da duoc gi6i thiéu [1]-[3], trong s6 d6
cac phuong phap loai bo phan hoi am thanh thich nghi
(Adaptive Feedback Cancellation-AFC) duogc biét dén
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rong rai nho tinh hiéu qua cua né. Phuong phap AFC chu
yéu dua trén viéc dung mét b loc FIR dé uée luong dudng
phan hdi &m thanh ma sau d6 dugc st dung dé tinh tin hiéu
phan hdi 4m thanh. Tin hiéu 15i duoc tao ra bang cach lay
tin hiéu tir mic trir di tin hidu phan hdi am thanh. Pudng
phan hdi 4m thanh dugc ude lwong théng qua viée ti thiéu
héa 16i binh phwrong trung binh (MSE). Tuy nhién viéc uéc
lwong dudng phan hoi am thanh nhu vay thuong c6 sai sd
16n do c6 su twong quan cao giira tin hi¢u tai loa va tin hiéu
t61 mic (the incoming signal) [11, [2], [4], dac biét khi tin
hiéu t6i mic 14 tin hiéu phd mau (spectrally colored) chang
han nhu tiéng noi, 4m nhac, ... Dé giam sai s6 nay nhiéu
phuong phap loai bo twong quan di duoc dé xuit cho AFC
chang han nhu chén thém tré vao duong xtr 1y tin hiéu [1],
[5], st dung dich tan sb [6], [7], diéu ché pha [8], chén
nhidu do (PN) [9]-[12], hodc sir dung tién bo loc [13], [14].
Mot s phurong phap khac st dung céc b loc thich nghi c¢6
tdc d6 hoi tu nhanh [15]-[17]; hay sir dung thudt toan bién
d6i budc [7], [18]-[20]. Trong [21] mdt phwong phap AFC
dua trén viéc phan tach mot bo loc thich nghi dai thanh tich
Kronecker cua hai bo loc ngin hon da dugc dé xuat. Cac
phuong phap AFC lai dua trén viéc chuyén mach giira hai
thuat toan c6 tdc dd hoi tu khac nhau nham muc dich nang
cao toc do hoi tu cuia phuong phap lai trong khi van duy tri
duoc do 1éch chuén hoa thép, ASG cao va chat luwong am
thanh t&t dugc giéi thidu trong [22], [23]. Trong cac
phuong phép trén thi phuwong phap du doan 15i (Prediction
Error Method) cho AFC [14], [24]-[27], goi 1a PEM-AFC,
la phuong phap dugc sir dung rong rii cho may tro thinh
st dung mét mic va mdt loa.

Hién nay nhiéu phuong phap loai bé phan hoi 4m thanh
thich nghi st dung nhiéu mic va mot loa da dugc nghién
ctru cho cac ung dung nhu dién thuyét (public address)
[28], [29] hay may trg thinh [11], [30]-[32]. Trong cac
phuong phap nay mot beamformer dugc st dung dé giam
phan hdi am thanh. Trong [33], [34] mot phuong phap méi
st dung 2 mic cho may tro thinh (AFC2) duogc gidi thiéu.
Viéc tich hop PEM-AFC vao AFC2 dugc dé xuat trong
[35], goi 1a PEM-AFC2. Phuong phap nay tin dung dugc
ca vu diém cua viée sir dung tién bo loc dé 1am tring (pre-
whitening) tin hiéu dau vao cua bd loc thich nghi trong
PEM-AFC va wu diém cua viéc khai thac thong tin khong
glan do vi tri tuong dbi giita 2 mic cua phuong phap AFC2.
Két qua 1a phuong phap PEM-AFC2 c6 sai s6 thip hon
phuong phap AFC2 trong viéc uéc lugng duong phan hdi
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am thanh. Ngoai ra phuong phap nay ciing c6 do léch
(MIS) thap hon va d6 khuéch dai 6n dinh gia ting (ASG)
cao hon so v6i hai phuong phéap thanh phan 1a PEM-AFC
va AFC2 dbi vdi tin hi¢u dau vao 1a 4m nhac hodc tiéng
noi. Hon nira phuong phap PEM-AFC2 ciing cho phép duy
tri chét lugng tin hiéu tot. Dé cai thién hon nita hiéu suat
clia PEM-AFC2 t6i dé xuét mot phuong phap méi dya trén
viéc tich hop nhiéu do (PN) vao tin hiéu loa ctia hé théng,
goi 1a PEM-AFC2-PN. Phuong phéap duoc dé xuat do d6
c6 kha nang lam giam hon nita sy tuong quan giira tin hiéu
loa va tin hiéu dau vao mic din dén lam giam dang ké sai
sO ctia viéc udc luong duong phan hdi am thanh. Két qua
mo phong cho thiy phuong phap dé xuat c6 do léch trung
binh (MIS) nhé hon va d6 khuéch dai 6n dinh gia ting
trung binh cao hon (ASG) so Vi mot sé phuong phap tién
tién dugc dung dé so sanh cho cac trudng hop: TH1) dudng
phan hdi am thanh khong thay d6i (F1, F2), tin hiéu vao la
tiéng n6i; TH2) dudong phan hdi 4m thanh thay dbi dot ngot
tr F1 sang F1-vat can, tur F2 sang F2-vat can sau 40 s, tin
hiéu vao Ia tiéng noi; va TH3) gidng TH2 nhung tin hiéu
vao 1a &m nhac. Hon nira chat lugng ca tin hiéu van duy
tri & mirc rét tot (STOI > 0,98).

Il. MO HINH HE THONG BE XUAT
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Hinh 1. M6 hinh hé théng loai bé phdn héi dm thanh dé xudt
(PEM-AFC2-PN) cho may tro thinh

Hinh 1 minh hoa mé hinh hé thdng loai bo phan hoi 4m
thanh dé xuat (PEM-AFC2-PN) cho may trg thinh. Mo
hinh nay dua trén mé hinh PEM-AFC2 [35], su khac biét
la trong bai bao nay nhidu do (PN), ki hiéur (k), dugc
cOng thém vao tin hiéu tai loa. M6 hinh gém ¢6 2 mic, trong
d6 mic chinh (mic 1) dugc dat trong dng tai (ear canal) con
mic 2 dugc dat phia sau tai (Behind The Ear — BTE). Loa
dugc dat gin véi mic 1. Khoang cach giita 2 mic phai du
xa dé dam bao rang tin hi¢u duong phan hoi thir 2 suy giam
nhiéu hon tin hiéu dudng phan hoi thir nhét [33], [34]. Mdi
mic nhan tin hi€u téi tr moi trudng xung quanh va tin hi¢u
phan hoi, nghia 1a

X (k)=u, (k) +fy (K), &)
X, (k) =u, (k) +f,y (k), )
trong d6 f, =[fi‘o, f.... fiwl]T voi 1=1,21a b loc
FIR c6 chidu dai L; ding dé mo hinh héa duong phan hoi

am thanh thu i; Y (k) 1a vector c6 chiéu dai L chi tin
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hiéu loa va u, (k) 1a tin hiéu du vao ciia mic tht i. Bo loc

f dugc bidu didn dusi dang F(q)=f'q vei
[1qt. g ]

Gid thiét rang tin hiu diu vao mic 2 1a u, (k) c6 thé
duoc mo hinh héa nhu sau

u, (k)=G" (a)w(k), ®)

trong do W(k) 1a ddy nhidu Gauss trang, trung binh khong

vaG* (q) 12 b6 loc toan cuc c6 thé nghich déo dugc. Mdi

quan hé giira tin hiéu dau vao mic 1 va mic 2 duoc gia thiét

nhu sau
u (k) =h"u, (k) +&(k), (4)

trong d6 h =[h0, h,...h
truyén dat twong ddi (Relative Transfer Function - RTF)
H(q) véi chidu dai Ln va &(K)1a 16i du gay ra boi dudi

.
- la dép ung xung ctia ham

mo hinh héa (undermodeling) RTF. Gia thiét rang véi vi tri
cla cac mic dugc sap x€p nhu da cho thi h 13 nhan qua.

Tin hiéu mic va loa sau khi di qua tién bo loc é(q)

duogc dinh nghia nhu sau

X, (K)=G(a)X (k), (5)
X, (K)=G(a)x, (k), 6)
y,(k)=G(a)y(k), @)

trong do G(q), x (k),x, (k), y(k)lin luot la ue luong
ciia bd loc G(q), tin hi¢u thu duge trén mic 1, mic 2, va

tin hiéu tai loa.
Tin hiéu 16i sau khi dugc tién lam trang (pre-whitened)

duoc tinh nhu sau
(k)—e,, (k). ®)

ep (k) = elp
e, (K)=x,(k)—F(a)y,(k)va
e,, (k)=H (a)x,, (k). Tin hi¢u 16i €, (k) duoc ding
dé diéu khién qua trinh tinh toan thich nghi cic tham s
cua bo loc Fl(q) va H (q)

Bing cach tdi thiéu héa binh phuong trung binh cia tin

trong do

hiéu 15i ep (k) ,taco thé wdc lugng duogc cac hé s6 cua bo

loc f, va h thong qua viéc st dung thuét toan NLMS

(Normalized Least Mean Squares) (xem phan tich chi tiét
6 [35]) nhu sau

f(k)=f(k-1)+ ———

T R AL

A(K)=h(k—1)+

trong do

#sz (k)ep (k)(lO)
[z, (I, +&

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 41



Trén Thi Thuc Linh

v, (K)=[3, (K).y, (-D)....y, (k=L +1)T
Xop (K) =[ %, (K). %, (K=1).. 3, (K= L, +1) |

Ia céc vector ¢6 chiu dai L ; & 1a mot gid trj rét nho
duoc cong vao mau s6 dé tranh chia cho 0.

Tin hi¢u loa duogc tao ra bang cach lam tre roi sau do
khuéch dai tin hi¢u 13i tai mic 1 (e, (k)) trén duong xir ly
tin hiéu va cudi cuing la cong thém nhidu do r (k) nhu sau

y(k)=K(q)e (k)+r(k). (11)

Gia thiét ring duong xir 1y tin hidu gdm mot bd khuéch
dai voi hé sb khuéch dai bang |K| va mot bo lam tré ¢6 dk
> 1 mau, thi K(q):|K|q’d*
(k) c6 thé dugc cong thém vao tin hiéu loa nhu trinh bay
o cong thire (11) trude qua trinh thich nghi dé tang cuong
viéc giam sy tuong quan gitra tin hiéu vao mic 1 la
u, (k) vatin hiéu loa y (k). Két qua 1 sai s6 trong viéc udc

. M6t nhidu do Gauss tring

lrong dudng phan hdi am thanh f, (k) giam di dang ké,

g6p phan cai thién cac chi s6 do 1éch chuin hoéa (MIS) va
d6 khuéch dai én dinh gia tang (ASG). Tuy nhién viéc cong
thém nhiéu do c6 thé gay anh huong dén chat lugng tin
hi¢u dau ra tai loa néu bién do ctia nhidu do du 16n so véi
bién d6 cua tin hiéu. Thuc nghiém cho thy ring néu ta
cong vao tin higu loa mét nhidu do cé ty s6 SNR =30 dB
thi khong nhimng khong lam anh huong dén chat lugng cta
tin hiéu dau ra ma con lam giam dwoc dang ké MIS ddng
thoi 1am ting ASG.

Il. KET QUA MO PHONG

Hinh 2 biéu dién phd bién do cua cac dudng phan hoi
am thanh dugc st dung trong cac mé phong. Trong d6 cac
dudng phan hoi 4m thanh F1 va F2 tuong mg véi phan hoi
am thanh tr loa téi mic 1 va mic 2, dugc do trong truong
hop khong c6 vat can & giita cac mic va loa (binh thuong);
con cac duong phan hdi am thanh Fl-vét can (closest
object) va F2-vat can, dugc do khi dat mot vét can & gin
tai dé tao ra vat can gitra cac mic va loa. Ta c6 thé d& dang
thdy rang phd bién do cua dudng phan hdi 4m thanh ting
1€n khi c6 vat can gilta cac mic va loa.
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Hinh 2. Phé bién do ciia cdc dwong phan héi am thanh
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Céc tham s do 1éch chun hoa (MIS) va do khuéch dai
6n dinh gia ting (ASG) duoc sir dung dé danh gia hi¢u suat
ctia cac phuong phap loai bo phan hdi 4m thanh. Gia tri cia
MIS cang nho va gia tri cia ASG cang cao thi cang tot.
Cong thirc tinh d6 1éch chuan hoa va do khuéch dai 6n dinh

gia tang cho viéc udc luong Fl (q) dugc dinh nghia nhu
sau trong mién tan s6 chuén hoa o:
a j —jodg, 2 jw 2
I F(e")-e"""F(e")
MIS =10log| =2 >
Io ‘Fl (e )

ASG =10log| min - 1 —
¢ ‘Fl(e"")—e"‘”d"’Fl(e"")

1
—10log m|n — |, (13)
CIR(e)
trong d6 d 14 d6 tré trén duong loai bo phan hdi 4m thanh;
F (ej“’) va |f1 (ej‘”) lan luot 1a cac dap ung tan sb cua

do

(12)
dw

dudng phan hdi 4m thanh (F1) thuc té va woc luong. Céc
tham s6 sau dugc lua chon cho tat ca cac truong hop mo
phong: d6 tré trén duong xtr ly tin hiéu dy = 32 mau, d6
khuéch dai ciia duong xur 1y tin hiéu |K| = 30 dB, do tré
trén dudng loai bo phan hdi 4m thanh dw= 16 mAu, tin sb
ldy mAu fs= 16 kHz, SNR = 30 dB va5 =10"° . Chiéu dai

cia F(q) va F(q) tin lugt laL, =38,L, =22. Ta
chon L, = L. =10. i véi cac phuong phap AFC sir dung

hai mic cac hé sé budc (step-size) dé cap nhat cac bo loc
F1 (q) va |:| (q) duoc chon bﬁng nhau. B¢ 1éch chuén hoa

trung binh (MTS) va d6 khuéch dai 6n dinh gia ting trung
binh (ASG) dugc tinh trén toan bd thoi gian mo phong (80
s) trong trudng hop 1 (TH1) va duoc tach thanh MIS;, ASG;
(thoi gian tinh 12 40 s) v6i i=1,2 tuong tmg dudng phan hoi
binh thuong va c6 vat can nhu trong truorng hop 2,3 (TH2
TH3). Trong trudng hop 1 va2 (TH1 va TH2) tin hidu dau
vao cac mic Ia tiéng noi duoc ghi &m bang 2 mic véi thiét
ké nhu trong [34]. Céc ngudn tiéng néi duge xdy dung dya
trén 30 cau IEEE duoc ndi boi 3 nam va 3 nit ldy tir co s&
dir liéu NOIZEUS [36]. Cu thé 1a ta ghép 30 cau nay !
nhau dé tao ra tin hiéu tiéng néi dau vao mic. Céac hé sb
budc (step-size) duge lga chon sao cho cac phuong phap
AFC déu ¢6 tdc do hoi tu ban dau tuong duong nhau. Cu
thé, hé sb bude p = 0,001 dugc chon cho AFC2, trong khi
do p =0,0005 duge chon cho cac phuong phap con lai. Ta
sir dung mot mo hinh hoi quy tw dong (AR model) bac 20
cta tin hiéu vao dugc tinh toan cho tat ca cac khung chiéu
dai 160 miu st dung thuat toan Levinson-Durbin [37].
Ngoai ra dé danh gia chét lwong cua tiéng noéi thu duogce tai
loa ta st dung hé s6 STOI (Short-Time Objective
Intelligibility). H¢ s6 STOI nam giita 0 va 1 dung dé xac
dinh do dé hleu cla tiéng noi, gia tri ciia STOI cang cao thi
chat luong tiéng néi cang tot.

Dbi vé6i truong hop 3 (TH3) ta chon 1 doan trong bai hat
“Imagine” ciia John Lennon dé 1am tin hiéu ddu vao mic.
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Tiép theo day hiéu sudt ciia phuong phap d& xuét s& duoc
phén tich cu thé cho tung trudng hop trong su so sanh véi
cac phuong phap tién tién khac.

Truong hop 1 (TH1): trong truong hop nay ta so sanh
hiéu suat ctia phuong phap de xuit (PEM-AFC2-PN) véi
céc phuong phép tién tién gom PEM- AFC, AFC2, PEM-
AFC2 vdi tin hidu dau vao cac mic 1a tiéng noi. Cac duong
phan hoi 4m thanh F1, F2 (binh thudng, khong c6 vét can)
dugc st dung trong céc phuong phap dung 2 mic, con F1
dugc st dung cho phuong phap PEM-AFC.

PEM-AFC
—AFC2
S — PEM-AFC2
—PEM-AFC2-PN, SNR = 30dB

0 10 20 30 40 50 60 70 80
Time [s]

PEM-AFC

—AFC2
0 —PEM-AFC2
—PEM-AFC2-PN, SNR = 30dB

0 10 20 30 40 50 60 70 80

Time [s]
Hinh 3. So sdnh phuong phdp dé xudt (PEM-AFC2-PN) véi mét
$6 phirong phap AFC tién tién; Tin hiéu vio ld tiéng néi, duong
phan héi Flva F2 (binh thiong), SNR=30 dB.

Hinh 3 cho thdy phuong phap dé xuit c6 MIS thdp hon
dang ké va ASG cao hon so v&i cac phuong phép con lai.
Téc @6 hoi tu cia cac phuong phap la tuong duong.

Bang 1 ciing chi ra ring phuong phéap dé xuit c6 hé sb
MIS duge cai thién khoang 2,64 dB so v6i PEM-AFC2;
5,31 dB so v&i AFC2 va [én t6i khoang 9 dB so véi PEM-
AFC. Hé s6 ASG ciing ting khoang hon 2 dB so v6i PEM-
AFC2; 4,59 dB so véi AFC2 va Ién t6i khoang 9,5 dB so
v6i PEM-AFC. Trong khi d6 hé s chat luong tin hiéu
STOI clia phuong phap dé xuét 14 rat cao (0,985) va twong
duong véi cac phuong phap con lai.

Bdang 1. So sanh phuong phap ae xuat (PEM-AFC2-PN) véi mgt
SO phuo’ngphap AFC tién tién dya trén cdc hé sé
MIS, ASG va STOl.

Phuong phap AFC MIS ASG STOI
PEM-AFC —11,50 11,75 0,985
AFC2 —15,23 16,67 0,988
PEM-AFC2 —17,92 19,06 0,988
PEM-AFC2-PN —20,54 21,26 0,985
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Truwong hop 2 (TH2): trudng hop nay gidng THI, chi
khéc 1a cac duong phan hoi am thanh dugc chuyén dot ngot
tir F1 sang F1-vat can, tir F2 sang F2-vat can sau 40 s. Hinh
4 cho thiy PEM-AFC2-PN c¢6 toc do hoi tu turong duwong
v6i cac phuong phap dung dé so sanh khac, nhung phuong
phap nay c6 kha ning theo dau (tracking) sy thay doi ctia
dudng phan hoi 4m thanh nhanh hon hai phwong phap
PEM-AFC va AFC2 va tuong duong véi PEM-AFC2.
Ngoai ra phuong phap dé xut co MIS thap hon dang ké va
ASG cao hon so voi cac phuong phap con lai.

Bang 2 dua ra so sanh phuong phap d& xuét véi mot s6
phuong phap AFC tién tién. Trong d6 cac chi s cua MIS;,
ASGi va STOI; véi i=1,2 tuong ung duong phan h01 binh
thuong va cé vat can. Ta c6 thé thay 1 rang rang hé s6 MIS
cia PEM-AFC2-PN c6 muc cai thién tuong ung 1,64 dB;
4,48 dB va 7,74 dB so v6i PEM-AFC2, AFC2, va PEM-
AFC truéce khi ¢co sy chuyén dot ngot cua duong phan hdi
am thanh. Hé sb ASG ciing ting khoang 0,78 dB so véi
PEM-AFC2; 3,37 dB so véi AFC2 va 1én tdi khoang 8 dB
so v6i PEM-AFC. Sau khi c6 su thay ddi dot ngot cla
dudng phan hdi 4m thanh, hiéu suét cua phuong phap dé
xuit dugc xac dinh thong qua hé sé MIS2, ASG2 van tot hon
nhiéu so véi cac phuong phéap con lai. Hon nita phuwong
phap dé xuét c6 hé sb STOI rét cao (> 0,98) va tuong duong
cac phuong phap khac cho ca trude va sau khi duong phan
ho6i 4m thanh chuyén dot ngot. Didu nay chimg to rang chat
lwong 4m thanh van duoc duy tri & mirc rat tbt mac du nhidu
do duogc sur dung.
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Hlnh 4. So sanh phiong phdp ¢ dé xudt (PEM-AFC2- -PN) v6i mot
56 phirong phap AFC tién tién; Tin hiéu vao la tiéng ndi, Cac
duwong phan hoi chuyén dét ngot tir F1 sang F1-vdt cdn va tir F2
sang F2-vdt can sau 40 s, SNR=30 dB.

Bang 2. So sanh phwong phdp dé xudt (PEM-AFC2-PN) véi mét
56 phwong phap AFC tién tien, tin hiéu dau vao la tieng néi. Cac
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chi s6 ciia MISi, ASGi va STOli véi i=1,2 twong tmg Cac duong
phan hoi binh thuong va cé vdt can.

Phwrong phip AFC MIS, ASG, MIS, ASG, STOI, STOL
PEM-AFC —11,02 10,97 —13.,07 1390 | 0,987 0,984
AFC2 14,28 15,60 14,56 16,72 0,990 0,986
PEM-AFC2 -17,12 18,19 —16.44 17,67 | 0,990 0,986
PEM-AFC2-PN 18,76 18,97 17,54 17,73 0,986 0,981

Truong hop 3 (TH3): trong truong hop nay tin hi¢u vao
mic 1 4m nhac; cac duong phan hdi am thanh dugc chuyén
dot ngot tir F1 sang F1-vat can, tu F2 sang F2-vat can sau
40 s. Bac caa md hinh hoi quy tu dong (AR model) dugc
chon 14 51. Do viéc mé hinh hoa tin hiéu dau vao mic la
am nhac kho hon so véi tin hi¢u tiéng néi, trong trudong hop
nay ta chon bic ciia md hinh AR cao hon dé nang cao do
chinh xac cua viéc mo6 hinh hoa.
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Hinh 5. So sdnh phirong phdp dé xudt (PEM-AFC2-PN) véi mét
$6 phirong phap AFC tién tién; Tin hiéu vio la am nhac, cdc
dwong phan hoi chuyén ddt ngot tir F1 sang FI1-vdt can va tir F2
sang F2-vdt can sau 40 s, SNR=30 dB.

Tur

Hinh 5 ta co thé thay rang phuong phap dé xuét c6 cac
hé s6 MIS va ASG vuot trdi so Vi cac phuong phap con
lai. Ngoai ra phuong phap dé xuat ciing co téc do hoi tu va
kha nang theo dau sy thay d6i ciia dudng phan hoi am thanh
nhanh hon. Két qua nay hoan toan thong nhét véi két qua
o Bang 3.

Bang 3 cho thdy rang trude khi co su chuyén dot ngot
ctia duong phan hdi 4m thanh thi hé s6 MIS; cia PEM-
AFC2-PN giam khoang 4 dB; 11,5 dB va 11 dB tuong trng
S0 VOi cac phuong phap PEM-AFC2, AFC2, va PEM-AFC.
Trong khi d6 hé s6 ASG1 ting tuong tng khoang 4 dB; 11,8
dB va 11 dB. Sau khi dudng phan hdi am thanh chuyén
sang F1l-vat can va F2-vat can thi hé s6 MIS, cua PEM-
AFC2-PN giam khoang 1,26 dB; 3,53 dB va 6,59 dB tuong
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ung so voi cac c phuong phap PEM- AFC2, AFC2, va PEM-
AFC. Hé s6 ASG, ciing tang tuong tng khoang 0,44 dB;
2,834 dB va 5,34 dB.

Bang 3. So sanh phirong phdp dé xuat (PEM-AFC2-PN) vdi mot
sO phuongphap AFC tién tién, tin hiéu dau vao la ém nhac. Céc
chi s6 ctia MISi, ASG; va STOIi véi i=1,2 twong tmg dwong phan
hoi binh thwong va cé vit can.

Phuong phap AFC ml ml mz mz

PEM-AFC —5,99 6,54 —8,10 9,45

AFC2 —5,30 5,82 —11,16 11,95

PEM-AFC2 —13.,05 13,73 —13.43 14,35

PEM-AFC2-PN —-17,07 17,64 —14,69 14,79
IV. KET LUAN

Trong bai bao nay mot phuong phép loai bo phan hoi am
thanh méi duge dé xuat cho méy tro thinh. Phuong phép
nay tich hop nhiéu do 1én mé hinh PEM-AFC2 nhim muc
dich giam nho hon nira sy twong quan gitra tln hleu vao mic
va tin hiéu loa. Két qua mo phong chi ra rang néu ta cong
mot nhiéu do ¢6 SNR thich hop (vi du SNR=30 dB) thi ¢6
thé nang cao dugc hiéu suét ctia hé théng trong khi d6 van
duy tri duoc chat lugng tin hiéu dau ra tét. Cu thé 1a phuong
phap dé xuét cai thién duge dang ké cac hé s6 do 1éch chuan
hoa va d¢ khuéch dai 6n dinh gia ting ciing nhu kha ning
theo dau su thay d6i ciia dudng phan hdi 4m thanh so véi
cac phuong phap AFC tién tién khac. Chét lugng tin hiéu
dau ra cia phuong phéap dé xuét ciing rat tét (STOI > 0,98)
va tuong duong véi cac phuong phap dung dé so sanh.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Hoc vién Cong nghé
buu chinh Vién thong théng qua dé tai cp Hoc vién
“Nghién ctru, dé xuat phuong phap loai bo phan hoi am
thanh str dung nhiéu microphone cho may trg thinh”.
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ACOUSTIC FEEDBACK CANCELLATION USING
TWO MICROPHONES WITH PRE-FILTER AND
PROBE NOISE

Abstract: A major problem in open-fit digital hearing
aids is acoustic feedback. A popular acoustic feedback
cancellation approach uses an adaptive filter to estimate the
feedback path. However, the estimation of the feedback
path often produces a bias due to a high correlation
between the incoming signal and the loudspeaker signal.
The prediction error method for a hearing aid with two-
microphone and one loudspeaker (PEM-AFC2) is well
known for effectively reducing this bias. To further
improve the performance of PEM-AFC2, in this paper we
propose a new approach which integrates probe noise into
the PEM-AFC2. The proposed approach not only improves
two important metrics (Normalized Misalignment and
Added Stable Gain) but also maintains the good quality of
the received signal.

Keywords: Adaptive feedback cancellation, probe
noise, prediction error method, PEM-AFC2.
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