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Tom tit—May tro thinh dang mé thuong gip
phan hdéi am thanh, 1dm han ché mitc khuéch
dai c6 thé dat dugc va lam giam chit lwgng am
thanh. Phuong phap loai bé phan hoi thich ng
dua trén phuong phéap du doan 16i (PEM-AFC) la
mot phuong phap duge biét dén rong rai dé giam
thi€u cdc tac dong bét lgi cha phan hdi Am thanh.
Thuét toan APA c6 diu (APSA) da dugce ap dung
thanh cong cho cic ting dung loai b6 tiéng vong
mang. Tuy nhién, viéc st dung thuit toan thich
#ng nhanh nay dé loai bé phan hdi Am thanh van
bi han ché do mbi twong quan von c6 giira tin hiéu
mong muén dén micrd va tin hiéu loa. P& giai quyét
thach thic nay, téi dé xuét tich hep thuat toan thich
ng nay 1én PEM-AFC véi cat mém (soft-clipping),
tao ra mot phuong phap loai bé phan hdi Am thanh
méi cho mdy trg thinh, goi 1a PEMSC-APSA. Két
qua mé phong cho thiy phuoeng phap dé xuit cé
kha niing chéng lai nhiéu xung, dat dugc toc dd hdi
tu va theo diu cao hon trong khi van duy tri cac
16i trang thai on dinh t6t hon so véi cic phuong
phap canh tranh tién tién.

Tir khéa—Loai bé phan hoi am thanh, bd loc
thich éng, PEMSC-AFC, PEMSC-APSA.

1. GIOI THIEU

Mot vin dé phd bién & mdy trg thinh dang mé
(open-fitting hearing aid) 12 phan hodi am thanh,
xay ra khi micr6 thu dugc mot phan tin hiéu loa.
Phan hoi nay dudc xit ly thong qua hé théng vong
kin ctia mdy trg thinh, dan dén chit lugng tin hiéu
giam va han ché kha ning khuéch dai c6 thé dat
dugc. Trong mot s6 diéu kién nhét dinh, n6 c6
thé khién mdy tr¢ thinh trd nén khong &n dinh va
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gdy ra tiéng hd (howling). Trong sdu thap ky qua,
nhiéu phuong phdp loai bd phan hdi am thanh
da dugc dé xuit [1]. Trong sb d6, phuong phap
loai bé phan hoi thich tng (Adaptive Feedback
Cancellation - AFC) da dudgc st dung rong rai dé
giam thiéu cic tic dong tiéu cuc cta phan hoi am
thanh. Phuong phdp nay bao géom udc tinh dudng
phan hdi 4m thanh bang bd loc c6 dap ting xung
chiéu dai hitu han (FIR). Pudng phan hoi uéc tinh
sau d6 dugc st dung d€ tinh todn tin hiéu phan hoi
va tin hiéu nay bi triét tiéu khoéi tin hiéu micro.
Tuy nhién, viéc udc tinh dudng phan hdi c6 thé
c6 sai sb (bias), do tuong quan cao giita tin hiéu
loa va tin hiéu mong mudn dén micré [2].

DE giam sai s6 nay, nhiéu ky thuat khi tuong
quan da dudc dua ra trong cac nghién ctiu trudc
day, chang han nhu thém do tré vao dudng xd
ly tin hiéu (the forward path) [3], chén nhiéu do
(probe noise) vao tin hiéu loa [4], [5], dich chuyén
mot luong nho tan sb [6], diéu ché pha [7] va st
dung tién bd loc [8]. Trong s6 nay, phuong phap
loai bd phan hdi thich ting dua trén du dodn 16i
(PEM-AFC) dic biét ndi tiéng vi hiéu qua ctia
né trong ca mién thdi gian [9]-[11] va mién tan
s6 [2], [12]-[14]. Phuong phap nay st dung tién
bd loc d€ tién lam tring cic tin hiéu diu vao
ctia bo loc thich ung, giup giam tuong quan va
do d6 giam sai s6. PEM-AFC thuong dudc tich
hop véi céc thuit toan buée bién thién (VSS) [6],
[15], [16], cac ky thuat bang con [17]-[19], cac
hé théng nhiéu micrd [20], cic thuit todn chuyén
mach véi bd du dodn 6n dinh dua trén cat mém
[21], [22], phan tich bd loc bang cich st dung
mot tich Kronecker [23], va cac bién thé dudc tao
ra bang cach két hop cac ky thuat nay.

Mic du cac phuong phap AFC trude day da co
mot sb tién bo vé hiéu ning, nhung ching vin c6
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thé dudc cai thién va tbéi uu héa hon nita.

Gan day, cac phuong phap AFC dua trén céc
thuat todn APA c6 dau (Affine Projection Sign Al-
gorithm - APSA) [24]-[27] dugc chi y do ching
c6 kh3 ning chdng lai nhiéu xung khong phai
Gaussian va hoi tu nhanh. Luu y ring thuit toan
APA thong thuong (Affine Projection Algorithm)
[28] cap nhat hé s ctia bd loc thich dng dua trén
nhiéu vector dau vio gan nhét thay vi mot vector
du liéu hién tai duy nhéat nhu dudgc st dung trong
céc thuat toan LMS va NLMS. Khi bac chiéu
(projection order) ciia APA tang 1én, tbc do hoi tu
tang 1&én va do phuc tap tinh toan ciing tang theo.
Dé gidm dd phic tap tinh todn, mot sb thuit todn
cai tién dudc st dung nhu Fast APA (FAPA) [29],
[30]. Tuy nhién cic thuit todn APA va FAPA déu
bi suy gidm hiéu ning khi tin hiéu dau vao c6
nhiéu xung. Do dé thuit todn APSA 1a mot lua
chon thay thé ndi bat nhd do phic tap thip va do
manh mé chéng lai nhiéu xung.

D& ning cao hiéu niing hon nita, t6i dé xuit tich
hop thuat toan APA c6 dau (APSA) 1én PEM-AFC
v6i cit mém, tao ra mot phuong phép tiép can
mdi c6 tén 1a PEMSC-APSA. Luu y ring APSA
[31]-[33] da dugc trién khai thanh cong trong viéc
loai bo tiéng vong mang (NEC - Network Echo
Cancellation). Tuy nhién, viéc st dung ching dé
loai bé phan hoi Am thanh thich ting vin con nhiéu
thach thifc do c6 mdi tuong quan cao giita tin hiéu
mong mudn dén mic va tin hiéu loa. D& vuot qua
thach thiic nay, trudc tién tdi dé& xuét st dung tién
bd loc dé tién lam trang cic diu vao bd loc thich
ting, cho phép gidm dang ké mdi tuong quan trén.
Sau d6 thuat todn APSA c6 thé dugc st dung dé
cip nhat hé s6 bd loc thich tng theo cach dé quy.
DPéng goép cua bai bio nay bao gom:

o Dé xuét phuong phap loai bd phan hdi thich
ing nhanh c6 kha ning chéng nhiéu xung
manh cho cac dng dung trg thinh (PEMSC-
APSA). Phuong phap nay tdn dung udc tinh
c6 sai s6 nhod cho dudng dan phan hoi bing
cach st dung tién bo loc va téc do hoi tu/theo
d4u nhanh bang cach st dung céc thuit toan
APA c¢6 dau. Ngoai ra bd cat mém (soft
clipper) dudc st dung trén tin hiéu 16i e(n)
dé nang cao hon nita hiéu ning loai bd phan
hdi Am thanh.

o Cung cp phan tich chi tiét phuong phap
dé xudt (PEMSC-APSA) cho cic tng dung
AFC. Theo hiéu biét clia tdi, cong trinh nay

chua dugc dé cap trong bit ky tai liéu nao
trude day.

o Do phic tap tinh toan cta phuong phip dé
xuét dugc phan tich khi so sanh véi cdc thuat
toan canh tranh.

Phan con lai cia bai bdo dudc 6 chic nhu sau.
Phan II va phan III 1an lugt phan tich cic md hinh
PEM-AFC thoéng thuong va md hinh PEMSC-
APSA dé xuit. Trong phan IV, viéc thiét 1ap tham
s6 va ddnh gia két qua mo phdng dugc thuc hién.
Phan V phan tich va so sanh do phiic tap tinh todn
clia cac phuong phap AFC. Cubi cung, két luan
clia bai bdo dugc trinh bay trong phan VI.

1. PHUONG PHAP PEM-AFC VOI CAT
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Hinh 1. M hinh phudng phap PEM-AFC vGi cat mém.

Trong bai bio nay, dé don gidn tdi gia dinh
ring tit cd cic hé théng AFC déu 1a hé théng
tuyén tinh, bat bién, rdi rac theo thdi gian va tin
hiéu mong mudn dén micrd 12 tinh (stationary).
Phuong phdp AFC thong thudng c6 sai sb dang
ké trong udc tinh dudng din phan hdi. Nhidm muc
dich gidm sai s6 nay, tién bd loc dudc st dung
dé tién lam tring cic dAu vao cda bd loc thich
ung trong phuong phap PEM-AFC [2]. Ngoai ra,
bd cit mém (soft clipper) dudc sit dung trén tin
hiéu 16i d€ nang cao hon niia hiéu ning loai bod
phan hodi am thanh [21]. Hinh 1 minh hoa md
hinh PEM-AFC véi cit mém, goi 1a PEMSC, cho
may trd thinh c6 mot micrd va mot loa. Gia thiét
dudng phan hoi, H (gq), gitta loa va micrd dudc coi
1a ham truyén da thic véi cac hé s6 Ly, bién thién
theo thoi gian, nghia 1a H (¢) = h'q, trong d6
h = [ho, b1, ..., hr,—1]" 1a mot vector chidu dai
Ly, biéu dién ddp ting xung ctia dudng phan hoi
am thanh thyc & va q = [1,¢7 ', ... ,q_L’L“]T
v6i ¢! biéu thi toan ti do tré.
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Tin hiéu mong muén dén micrd dudc biéu dién
bang mot quy trinh ty hdi quy (autoregression-
AR), tiic 1a,

z(n) = A" (q)w(n), (D

trong d6 n 1a hé s thoi gian rdi rac, va A~! (q)
biéu thi cho modt bd loc toan cuc dn dinh dao,
trong khi w (n) bi€u thi mot chudi nhiéu Gaussian
trang.

Tin hiéu thu dugc tai micrd, m (n), chita hai
thanh phin quan trong 13 tin hiéu mong mudn
x(n) va tin hiéu phan hdi am thanh v (n) =
h”u (n), v6i tin hiéu phan hdi 1a két qua cla viec
tin hiéu tu loa quay trg lai micro,

m(n)=xz(n)+vn). ()

Tin hiéu phat ra tai loa u(n) la mdt vector
chiéu dai L;, dugc biéu dién dudi dang u (n) =
[u(n),u(n—1),...,u(n— Ly, +1)]". DE tién
lam trang cac tin hiéu tai micrd va tai loa, toi st
dung A (¢), 1a mot udc lugng ciia A (¢), nhu sau:

my (n) = A(q)m(n), 3)
up (n) = A(q)u(n). 4)

Do d6, tin hiéu 16i tién lam tring, e, (n), dugc
tinh bang cach l4y tin hiéu microé dudc tién lam
tring trit di tin hiéu phan hodi udc tinh da lam
trang nhu trong cong thic dudi day:

ep (n) = myp (n) =0y (n), (5)

trong do v, (n) = flTup (k) v6i u, (k) =

[up (K) up (k=1) ..y (0= Ly + )] Ta

vector chiéu dai L;. Khi toi thi€u héa 16i du

dodn binh phuong trung binh, £ {e2(n)}, ta thu

dugc trong s6 tdi wu ctia duong din phan hoi
udc tinh cia phuong phap PEMSC nhu sau:

ho = E {u, (n)ul (n)} " E {u, (n)m, (n)},

) (6)
hg =h+ R, (n) 7., (n), (7)
D e
bias
trong d6 x, (n) dudc tinh nhu sau
z, (n) = A(q)z (n). 8)

Thay thé (1) va (8) vao (7) cho thdy ring mot
udc tinh khong c6 16i clia dudng din phan hdi c6
thé dat dugc néu A (q) = A(q), gia thiét & (1)
thda min, va c6 do tré it nhAt mot miu & dudng
xt ly tin hiéu (forward path). Hon nita, néu do

tré nay khong ngan hon do dai cia mo hinh AR
A(q), thi c dudng phan hdi H (¢) va mo hinh
AR, A (q), c6 thé dugc xdc dinh trong cAu hinh
vong kin ma khong can tin hiéu nhiéu do (probe
noise) hoic phi tuyén tinh [2].

Trong PEMSC, cdc hé sb tdi wu hy dugc cap
nhat dé quy bang thuét toan NLMS nhu sau:

puy, (n) e, (n)

ul' (n)u, (n) 46’

h(n+1)=h(n)+ )
trong d6 p bi€u thi kich thudc budc (step-size) va
d 1a gid tri duong nhé dugc thém vao dé tranh
chia cho s khong.

Tin hiéu 15i tién 1am trdng, e, (n), dugc dung
dé diéu khién viéc cap nhat cic tham sb ciia bd
loc thich tng, H (q).

Tin hiéu loa dugc tinh nhu sau:

u(n) = K (q)esc (n),

trong d6 K (q) bi€u dién dudng xu ly tin hiéu va
e(n)

«

(10)

esc(n) = atanh ( 13 tin hiéu 16i & ddu ra
bo cit mém. Viéc lua chon tham sb o giéng nhu
dugc mo ta trong [21]. Gia thiét ring K (¢) =
|K|q~%, trong d6 |K| va dj, biéu thi do 1gi va
do tré trén dudng xi ly tin hiéu. Do tré ny phai
12 it nhat mot mau, tic 1a dj, > 1.

III. PHUONG PHAP PE XUAT

Hinh 2 minh hoa m6 hinh hé théng ctia phuong
phap AFC dugc dé xuét. Su khac biét chinh gitta
phuong phip AFC dudc dé xuit va cic phuong
phép hién thai 1a viéc tich hgp thuét toan thich dng
nhanh, APSA, vao PEMSC dé€ tao thanh phuong
phap méi (PEMSC-APSA).

u(n)
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N
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Hinh 2. M& hinh phudng phap dé xudt (PEMSC-APSA).
Tin hiéu micré nhan dugc bao goém tin hiéu
phan hdi am thanh v (n) va tin higu 2’ (n),

m(n) =z (n)+v(n), (11)
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trong d6 2’ (n) 1a tin hiéu mong mubn dén mi-
crd (z (n)) bi can nhiéu bdi nhi€u nén (npg, (n))
va nhiéu xung (nm, (n)), nghia la

z' (n) =z (n) + npgr (1) + Nimp (n) . (12)

Trong PEMSC-APSA, tin hiéu tai micrd m (n)
va tin hiéu tai loa wu(n) dugc tién lam trang
bdi céc tién bd loc A (g) tuong ty nhu mod ti
trong cac cdng thic (3) va (4) nhung véi tin
hi€éu tai micré dudc dinh nghia trong (11). P
vector gan nhét cta tin hiéu loa sau khi lam trang
dugc nhom thanh ma trdn kich thudec L; x P
dé€ dua t6i dau vao bd loc thich dng, nghia 1a
U,(n) =[up(n),...,up(n—P+1)] véi P la
bac chiéu. Vector tin hiéu micrd, vector tin hiéu
16i tién nghiém (priori error vector) va vector
tin hiéu 161 hau nghiém (posteriori error vector)
sau khi lam tring dudc biéu dién lan lugt dudi
dang m, (n) = [m, (n),...,m,(n— P+ 1),
e,(n) = lep,(n),...,ep(n—P+1)]", va
ep(n)=1lep(n),...,ep(n— P+1)]". Cic vec-
tor tin hiéu 15i tién nghiém va hau nghiém sau
khi 1am tring dugdc tinh nhu sau:

ey (n) =my (n) — Uy (mh(n), (13
ep(n) =m, (n) = U) (n)h(n+1). (14
Trong phuong phap PEMSC-APSA dé xuit, [; —
norm cta vector 16i hau nghiém dugc t6i thiéu
héa v6i mot diéu kién rang budc dbi véi cac hé
s6 bd loc nhu sau:

nin = ([my (n) ~UF (Rt ).
(n+1) 2 as)
subject to Hfl(n +1)— fl(n)H2 <2, (16)

trong d6 12 mot tham sd dude sit dung dé dam
bdo riang vector hé sb trong sd khong thay ddi qua
miic trong m&i 14n lip. Bang cach sit dung phuong
phap cua bd nhan Lagrange nhu trong [34], ta thu
dugc

B(n+1)=Fi(n) + 5 U, (n)senle, ()],

) (17)
trong d6 sgn [.] biéu thi ham diu, va x biéu thi
hé s6 nhan Lagrange. Thay thé (17) vao (16) ta
thu dudgc

SO 02 (CS.01) 2025

Thay thé (18) vao (17), phuong trinh cip nhat
vector trong s6 clia bo loc thich ting dudc tinh
nhu sau:

h(n+1) = h(n)+
U, (n)sgn(e,(n)) .
\/sen(ef (n))UZ (n)U, (n)sen(e, (n))

(19)

Do vects 16i hau nghiém e, (n) phu thudc
vao h(n+ 1) - thi khong thé truy cip trudc
bin cip nhat hién tai, nén c6 thé xip xi
n6 bing vectd 16i tién nghiém e, (n). Dit
uy (n) = U, (n) sgn (e, (n)) vGi sgn (e, (n)) =

[sgn (ep(n)),...,sgn (e}2 (n—P+1))]", cong
thiic (19) c6 thé dugc viét lai nhu sau:
h(n+1)= ”ug( ) . (20)

\/ u )+ ¢

trong d6 ¢ 12 mot sé6 duong nhé dudc cong vao
maiu s6 d€ tranh chia cho 0. Nhu trinh bay &
(20) thi khong can phép toan nghich dio ma trin
cho PEMSC-APSA. So sanh v6i PEMSC-APA thi
PEMSC-APA can phép tinh nghich dio ma trin va
viéc tinh todn cling phuc tap hon so v6i PEMSC-
APSA.

v. MO PHONG
A. Thiét ldp tham sé

Puong din phan hdi 4m thanh dudc do trén
mot dau gid (dummy head) c6 dng tai c6 thé diéu
chinh, stt dung may trg thinh hai micr6 sau tai va
khuon tai hé. Puong phan hoi dau tién dugc do
ma khong cé bat ky vit can nao giita micrd va
loa (goi la dudng phén héi truong tu do, Hy (f))
va dudng phan hdi thit hai dudc do bang cach dit
dién thoai gan khuon tai (goi 12 12 dudng dan phan
hdi khi c6 dién thoai dit gan, Hs (f)) [36]. Toi
ldy mau ddp tng xung (IR) clia cac dudng phan
hdi da do dugc & tan sb lay mau f, = 16 kHz va
sau d6 cit bt ching theo d6 dai Ly, = 100. Hinh
3 cho thiy d4p ting bién do va pha clia cic dudng
phén hdi do dugc.

D6 1éch chuin héa - Normalized Misalignment
(MIS) dugc stt dung d€ dénh gid cac phuong phéap

.loai bé phan hdi 4m thanh thich tng. PO 1éch

chuén héa do do sai léch gitta dudng phan hdi
thuc té va dudng phan hodi udc lugng, va tham s
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Hinh 3. PuGng phan hoi do dudc: a)Dap Ung bién do,
b) Pha.

nay dugc tinh toan nhu sau [8]:
- 2
b -Bw,
I (n)]3

MIS = 10log;, 1)

D6 1éch chuin héa dugce ding dé€ danh gia hiéu
ning cla cic phuong phip AFC, tham sb nay
cang thip thi cang tét. Cac tham sb sau dudc
chon cho tét ca cdc md phong: do tré dudng xi 1y
tin hiéu d; = 96 mau, do khuéch dai ctia dudng
xt ly tin hiéu |K| = 30 dB, d0 tré tai dudng
loai bo phén hdi dp, = 1 miu, va § = 107°,
¢ = f@ Chon d6 dai ctia cic duong din phan
hoi wdc tinh, L; = 64. Bic chiéu, P = 2, dugc
chon dé€ dam bao riang do phic tap tinh toan chi
ting nhe. Pbi v6i phuong phip PEMSC-APSA
kich thuéc bude p = 8.1075 dugc chon d€ cap
nhat cac hé sb bo loc thich tng, H (q), trong
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Hinh 4. Tiéng nbi la tin hiéu d&n mong mudn.

khi u 8.10~* dugc chon cho PEMSC-APA
va PEMSC-IPAPA. Dbi v6i PEMSC-NLMS va
PEMSC-IPNLMS, p = 1073 dudc chon. Viéc
chon kich thudc budc nhu vay d€ ddm bao mdi
phuong phdp trén dat dugc hiéu ning tbt nhat.

Déi véi tin hiéu mong mudn dén micro, toi st
dung tin hiéu giong ndi dugc tao ra tu 30 cau
néi bdi 3 nam va 3 nit ma dugc trich xut tr co
s6 dit lieu NOIZEUS [37]. Cu thé, 30 cau IEEE
da dugc nbi lai va phat lai lién tuc. Cac tin hiéu
giong néi da dugc ghi lai bing nit tai SP1x clia
Sensear [38], sau d6 cit ngin con 60 gidy. Hinh
4 minh hoa tin hiéu giong néi dugc ghi am lai dé
st dung lam tin hiéu dén mong mubn.

Trong moi trudng c6 nhiéu nén va nhiéu xung,
micrd khong chi thu dugc tin hiéu giong néi dén
va tin hiéu phan hoi ma con thu dugce tiéng 6n nén
va tiéng 6n xung. Ty 1 tin hiéu trén nhiéu (SN R)
gitfa tin hiéu giong néi dén va tiéng on nén c6
thé dugc chon trong pham vi SN R = [10, 20, 30]
dB. Ty 1é tin hiéu trén nhiéu (STR) gitia tin hiéu
giong néi dén va tiéng on xung dudc chon bing
SIR = 0 dB. Toi chon hai loai nhiéu nén cho mo
phéng, gdm nhiéu tring va nhiéu trong nha may
(factory 2) lay tli co s& dit liéu NOISEX-92 [39].

Nhiéu xung dugc md hinh hoa nhu mot
phén phéi Bernoulli-Gaussian (BG), trong d6 BG
(y (n)) 1a tich ciia mdt qua trinh Bernoulli (¢ (n))
vdi mdt qua trinh ngiu nhién Gaussian tring
(g (n)), tic 13, y (n) = ¢ (n) .g (n). Xac suit thanh
cong cho qua trinh Bernoulli la P(c=1) = «
va qud trinh Gaussian trang c6 trung binh bing
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khong véi phuong sai 03. Cong suit trung binh
ctia qua trinh BG la a.ag. 0 day a = 0.1 dugc
chon cho cac mo phong.

B. Két qud mé phdéng

1) Kich bdn 1: hé thdng c6 su tic dong cla
nhiéu tring (tiéng on nén) va nhiéu xung.

Trong trudng hgp nay, hiéu nang cta phuong
phap PEMSC-APSA d& xuét dudc so sianh véi
cac phuong phap hién thdi nhu PEMSC-NLMS,
PEMSC-IPNLMS, PEMSC-APA va PEMSC-
TIPAPA khi tiéng dn nén 1a nhiéu trang v6i SN R =
(10,20, 30] dB va c6 su hién dién cta nhiéu xung
v6i STR = 0 dB. Giong néi ghi am dudc st dung
lam tin hiéu dén mong mudn.

PEMSC-NLMS

0 — = = -PEMSC-IPNLMS
PEMSC-APA
PEMSC-IPAPA
PEMSC-APSA

MIS [dB]

Time [s]

Hinh 5. Higu nang cUa phudng phap dé xuat so sanh vOi
cac phudng phap canh tranh: tin hiéu dau vao la ti€ng noi,
nhidu nén 1a nhiéu trdng SNR = 10 dB va c6 nhidu xung
SIR =0 dB.

Hinh 5 — Hinh 7 minh hoa do l1éch chuin héa
(MIS) ctia phuong phap AFC dé xuét khi so sanh
véi cac phuong phdp canh tranh.

Toi quan sat thiy rang & cac SNR da chon, tdc
dd hoi tu va theo diu ctia PEM-APA nhanh hon
nhiéu so vdi cic phuong phap PEMSC-NLMS va
PEMSC-IPNLMS, nhung cham hon so v6i PEM-
IPAPA. Toc do hoi tu cta phuong phap dé xuét
(PEM-APSA) vuot trdi so véi tit ca cdc phuong
phdp con lai. Khi dudng phan hdi dot ngot thay
ddi sau 30 gidy, téc do theo dau cia PEM-APSA
nhanh hon nhiéu so véi cdc phuong phap AFC
khéc. SNR cang cao, toc dd hdi tu va theo diu cia
phuong phép dé xuit cang dudc cai thién nhiéu
hon so v6i cac phuong phap con lai.

SO 02 (CS.01) 2025

PEMSC-NLMS
0 1 == =:PEMSC-IPNLMS
\ PEMSC-APA
PEMSC-IPAPA
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Time [s]

Hinh 6. Hiéu ndng cua phudng phép dé xudt so vGi cac
phudng phap canh tranh: tin hiéu dau vao la ti€ng noi,
nhiéu nén fa nhiéu trAng SNR =20 dB va ¢6 nhiéu xung
SIR =0 dB.

PEMSC-NLMS
0 = = = -PEMSC-IPNLMS
PEMSC-APA
PEMSC-IPAPA
PEMSC-APSA

MIS [dB]

Time [s]

Hinh 7. Hiéu nang cla phudng phap dé xuat so v8i cac
phucng phép canh tranh: tin hiéu dau vao fa ti€ng noi,
nhiéu nén 1a nhiéu trdng SNR = 30 dB va ¢6 nhiéu xung
SIR =0 dB.

Bang I
SO SANH CAC PHUONG PHAP AFC DUA TREN GIA TRI
TRUNG BINH CUA PO LECH CHUAN HOA TAI PUONG PHAN
HOI AM THANH H; (f), H2 (f) VOI NHIEU TRANG (TIENG
ON NEN) SNR =20 DB VA NHIEU XUNG SIR = 0 DB.

Phuong phap AFC  MIS; MIS,
PEMSC-NLMS -20.85 -26.63
PEMSC-IPNLMS 2413 -27.36
PEMSC-APA -25.37 -28.49
PEMSC-IPAPA -25.87 -28.89
PEMSC-APSA —28.89 —31.08

Bang I danh gia cac phuong phap AFC dua
trén gia tri trung binh ctia do léch chuin hoéa &
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dudng phan hdi am thanh th nhat (MIS;) va gid
tri trung binh ctia do 1éch chuin héa & dudng phan
hdi am thanh thi hai (MIS;) cho trudng hop hé
théng chiu tic dong ctia nhiéu nén la nhiéu tring
c6 SNR = 20 dB va nhiéu xung c¢6 SNR = 0 dB.
Luu y 1a viéc chuyén dudng phan hdi 4m thanh
mot cach dot ngdt o Hy (f) sang Ha (f) duge
thyc hién sau 30 s. Gid tri 16n nhét tuong tng véi
MIS; va MIS, trong bang dudc in dam. C6 thé
thy rang v6i phuong phap PEMSC-NLMS thi cic
gia tri MIS; va MIS; 1a cao nhit va v6i phuong
phiap PEMSC-APSA thi cdc gid tri nay la thip
nhét. Trong cic phuong phap con lai thi PEMSC-
APA ¢6 cic do 1éch chuin héa trung binh thip hon
so v6i PEMSC-IPNLMS nhung cao hon PEMSC-
IPAPA. Diéu nay cho thiy phuong phap dé xuit,
PEMSC-APSA c6 hiéu ning tot nhét, tiép dén la
PEMSC-IPAPA, rdi dén PEMSC-APA, PEMSC-
IPNLMS. Phuong phap PEMSC-NLMS c6 hiéu
ning thip nhit. Két qua trong Bang I hoan toan
phtt hop véi két qua trong Hinh 5 — Hinh 7.

2) Kich bdn 2: hé théng c6 su tic dong cla
nhiéu nén 1a tiéng on thu & nha mdy (factory 2)
va nhiéu xung.

Trong trudng hgp nay, hiéu ning ctia phuong
phap PEMSC-APSA dé xuét dudc so sanh véi cic
phuong phdp PEMSC-NLMS, PEMSC-IPNLMS,
PEMSC-APA va PEMSC-IPAPA khi nhiéu nén 1a
tiéng 6n nha may véi SNR = [10,20,30] dB va
c6 su hién dién cta nhiéu xung véi SIR = 0 dB.
Giong néi ghi Am dudc st dung 1am tin hiéu dén
mong mudn. Pudng phin hdi am thanh chuyén
dot ng6t tur Hy (f) sang Ho (f) sau 30 s.

Hinh 8 — Hinh 10 minh hoa MIS ctia phuong
phap AFC dé xuit khi so sanh véi cdc phuong
phép canh tranh. C6 thé thiy riang toc do hoi tu va
theo diu su thay ddi ctia dudng phan hdi 4m thanh
sau 30 s cta phuong phdap PEMSC-IPNLMS t6t
hon so v6i PEMSC-NLMS do tan dung dugc tinh
chit thua thét cia duong phan hdi Am thanh trong
viéc cap nhat trong s6 ctia bd loc thich tng.
Hiéu niing cla phuong phap PEMSC-APA t6t hon
nhiéu so véi PEMSC-IPNLMS, nhung lai kém
hon PEMSC-IPAPA do phuong phip PEMSC-
IPAPA khong nhiing tin dung dudgc nhiéu vector
dau vao cho bo loc thich ing ma con tin dung
dudgc tinh chét thua thét clia dudng phan hdi Am
thanh. Quan sat ciing cho thiy riang phuong phap
dé xuit, PEMSC-APSA, vuot trdi hon tat ca cac
phuong phip dé cip & trén.

PEMSC-NLMS
0 == = PEMSC-IPNLMS
\ PEMSC-APA
PEMSC-IPAPA

PEMSC-APSA

MIS [dB]

-40
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Time [s]

Hinh 8. Hiéu ndng cua phudng phap dé xuat so vGi cac
phudng phap canh tranh: tin hiéu dau vao Ia tiéng noi, nhiéu
nén Ia tiéng on nha may SNR = 10 dB va c6 nhidu xung
SIR =0 dB.

PEMSC-NLMS
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PEMSC-IPAPA
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Hinh 9. Hiéu nang cla phudng phép dé xuat so VGi cac
phudng phap canh tranh: tin hiéu dau vao /a tiéng noi, nhiéu
nén fa ti€ng 6n nha may SNR =20 dB va c6 nhiéu xung
SIR =0 dB.

Bang II
SO SANH CAC PHUONG PHAP AFC DUA TREN GIA TRI
TRUNG BINH CUA PO LECH CHUAN HOA TAI PUONG PHAN
HOI AM THANH H; (f), Ho (f) VOI TIENG ON NHA MAY
(TIENG ON NEN) SNR = 20 DB, NHIEU XUNG SIR = 0 DB.

Phuong phap AFC  MIS; MIS,
PEMSC-NLMS -21.88 27.13
PEMSC-IPNLMS -23.64 -28.18
PEMSC-APA -25.13 -28.37
PEMSC-IPAPA -25.87 -28.92
PEMSC-APSA —28.90 -31.32

Tuong tu Bang I, Bang II cling danh gia cac
phuong phdap AFC dya trén MIS; va MISy nhung
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PEMSC-NLMS
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PEMSC-APSA
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Hinh 10. Hiéu nang clia phudng phép dé xuét so véi cac
phudng phap canh tranh: tin hiéu du vao la tiéng néi, nhiéu
nén Ia tiéng 6n nha médy SNR = 30 dB va c6 nhiéu xung
SIR =0 dB.

v6i nhiéu nén Ia tiéng 6n nha may c6 SNR = 20
dB va v6i nhiéu xung c6 SNR = 0 dB. C6 thé
thdy ring phuong phiap PEMSC-APSA cho két
qua tot nhit, va so vdi phuong phap tot thi hai
1a PEMSC-IPAPA thi phuong phdp dé xuit c6
MIS; va MIS; céi thién hon khodng 3 dB va 2.4
dB tuong dng. So v6i cdc phuong phap con lai
thi phuong phap dé xuét tt hon tir 3.8 dB dén 7
dB d6i v6i MIS; va t6t hon 3 dB - 4 dB ddi voi
MIS,. Két qua nay hoan toan phl hgp vdi quan
sat 6 Hinh 8 — Hinh 10.

3) Kich bdn 3: hé théng c6 su tic dong cla
nhiéu nén va nhiéu xung véi SNR = SIR = 10
dB.

Trong trudng hgp nay, hiéu nang cliia phuong
phiap PEMSC-APSA d& xuét dudc so sinh véi
cac phuong phédp canh tranh trong moi trudng c6
nhiéu nén va nhiu xung manh ngang nhau. Giong
néi ghi am dudc st dung lam tin hiéu dén mong
mudn. Pudng phan héi 4m thanh chuyén dot ngot
tt Hy (f) sang Hy (f) sau 30 s.

Trudc tién, hiéu ning cia phuong phéap dé xuat
dugc danh gia khi c6 cic nhifu nén khic nhau
(nhiéu tring va tiéng 6n nha may) va nhiu xung.
Hinh 11 so sanh MIS ctia phuong phdp dé xuat
PEMSC-APSA cho truong hgp SIR = SNR = 10
dB, nhiéu xung 12 BG con nhiéu nén lan lugt 1a
nhiéu trang va tiéng 6n nha may. Tir hinh vé c6 thé
thiy phuong phap dé xuit PEMSC-APSA hdi tu
va theo diu nhanh hon mot chiit dbi véi tiéng on
nha mdy, nhung sau khi da hoi tu thi phuong phap

PEMSC-APSA, White noise
PEMSC-APSA, Factory 2 noise

MIS [dB]

-20

-25

-30

-36
0 10 20 30 40 50 60

Time [s]

Hinh 11. Hiéu ndng cda phudng phép dé xuét khi tin hiéu
déu vao fa tiéng noi, nhiu nén Ia tiéng 6n nha may (factory
2 noise) hodc nhiéu trang (white noise) va cé nhidu xung,
SNR = SIR =10 dB.

dé xuét dat dugc 16i trang thai 6n dinh (steady-
state error) thip hon dbi véi trudng hop nhiéu nén
1a nhiéu trang. Diéu nay cho thiy ring nhiéu trang
dé xi ly hon so véi tiéng 6n nha mdy.

PEMSC-NLMS
0 = = = - PEMSC-IPNLMS
PEMSC-APA

PEMSC-IPAPA
PEMSC-APSA

MIS [dB]

-35

Time [s]

Hinh 12. Hiéu ndng ctia phudng phép dé xuat so véi cac
phudng phép canh tranh: tin hiéu du vao fa tiéng néi, nhiéu
nén la nhiéu tréng va c6 nhiéu xung, SNR = SIR = 10
dB.

Hinh 12 - Hinh 13 so sanh hiéu nang cuia
phuong phap dé xut so véi cic phuong phap canh
tranh tuong tng cho trudng hop nhiéu nén 1a nhiéu
tring va tiéng 6n nha mdy. Mic du khi méi bat
dau hoic khi chuyén duong phan hoi 4m thanh
phuong phdp dé xuit hdi tu va theo diu chim
hon mét chut so v6i PEMSC-IPAPA, nhung sau
d6 toc do hoi tu va theo diu ting dan va 16n hon.
So véi cac phuong phap khac thi phuong phap dé
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PEMSC-NLMS
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Hinh 13. Hiéu ndng cta phudng phap dé xuét so vé&i cac
phudng phép canh tranh: tin hiéu dau vao Ia tiéng néi, nhiéu
nén la tiéng 6n nha may va c6 nhiéu xung, SNR = SIR =
10 dB.

xuat déu vuot trdi hon.

V. PO PHUC TAP TINH TOAN

Trong phan nay, do phiic tap tinh toan cta
phuong phidp AFC dé xuét dugc phan tich va
so sanh v6i cac phuong phdp canh tranh. DE
don gian, gia dinh ring phép nhan thuc va phép
chia thuc c6 cung do phuc tap. Trong phuong
phap PEM-AFC, chi can udc tinh cic hé s LPC
(Linear Prediction Coefficients). Cu thé, do phiic
tap tinh toan dé€ udc tinh cic hé s6 LPC bing
cach st dung ma trén tu tuong quan va thuit toan
Levinson-Durbin dugc tinh theo s6 phép nhan 1a
%’ trong d6 L, va L bi€u thi bic cla
mod hinh AR va d6 dai khung hinh. Ngoai ra, tin
hiéu dudc tién lam trang & du ra clia mdi tién
bd loc yéu ciu L, phép nhan. Bo cit mém can 2
phép nhan. Viéc udc tinh cic hé s6 bd loc thich
ting bang thuit toin NLMS can 3L; + 2 phép
nhan [35]. Do d6, sb phép nhan trén mdi miu
dau ra can thiét d€ tinh toan PEMSC-NLMS la
B+3L;+2, trong d6 B = at2lletle 1op 4o
Bang III téng hop s6 phép nhin thuc trén mbi
mau dau ra cho tit cd cic phuong phip AFC
duge dé cap. Mot gia tri sd (sd phép nhan) cho
mot tip hop cic tham s6 L, = 20, L = 160,
L; = 64, va P = 2 dugc tinh toan va hién thi
trong cot cudi cling ctia Bang II1. C6 thé thiy ring
PEMSC-NLMS c6 do phic tap thip nhit nhung
hiéu ning cda né 1a t&¢ nhit. Mic du PEMSC-
APA v6i P nhd (vi du: P = 2) c6 d6 phiic tap

cao hon PEMSC-IPNLMS, nhung hiéu ning cua
n6 tét hon. Phuong phiap PEMSC-IPAPA c6 sb
phép nhan cao nhit nhung toc do hoi tu va theo
diu cta né nhanh hon cd PEMSC-IPNLMS va
PEMSC-APA. Phuong phiap AFC d& xuét c6 do
phic tap cao hon PEMSC-NLMS nhung thip hon
nhiéu so véi ba phuong phéap con lai. Hon nita,
hiéu ning cia PEMSC-APSA la vugt trdi hon
cac thuat toan canh tranh khac trong moi truong
v6i nhiéu nén c6 SNR = [10,20,30] dB va véi
nhiéu xung c¢6 SIR thip (SIR = 0 dB). Phuong
phap PEMSC-APSA can s phép nhan thip nhét
va khong yéu cau phép toan nghich dio ma tran
nhu PEMSC-APA va PEMSC-IPAPA, tuy nhién
né yéu ciu mot phép toan cin bic hai. Po phic
tap cia PEMSC-APA va PEMSC-IPAPA cao hon
so vii cic phuong phap khac da dé cap con bdi
vi cdc phuong phdp nay yéu ciu phép toan nghich
dao ma trin.

VI. KET LUAN

Bai bdo ndy d& xudt mot phuong phiap AFC
méi két hop thuit toan APA c6 diu v6i PEMSC.
Phuong phiap méi nay tdn dung Igi ich cua
PEMSC trong viéc giam tudng quan gitia tin hiéu
dén mong mudn va tin hiéu loa, din dén giam sai
s6 trong udc tinh dudng din phan hodi. Hon nita,
thuat toan loc thich @ng nhanh (APSA) dudc tich
hop vao PEMSC dé€ nang cao hiéu ning hon niia,
cu thé 1a ting toc dd hoi tu, tbc do theo dau va
giam do léch chuidn héa. Ngoai ra, do phic tap
tinh todn cla tit ca cac phuong phdp AFC da dé
cap dugc phéan tich va so sanh. Cac md phdng
dugc tién hanh dbi vé6i tin hiéu giong néi trong
moi trudng c¢6 ca nhiéu nén va nhiéu xung. Nhin
chung, phuong phap PEMSC-APSA dé xuét dat
hiéu nang vugt trdi so véi cadc phuong phap canh
tranh khic dudc ding dé€ so sanh, thé hién kha
ning chdng nhiéu tét trong mdi trudng cé tiéng
on xung va tiéng 6n nén.
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ACOUSTIC FEEDBACK CANCELLATION
IN HEARING AIDS USING AFFINE
PROJECTION SIGN ALGORITHM

Abstract: Open-fit hearing aids often experi-
ence acoustic feedback, limiting the achievable
amplification level and reducing sound quality.
The adaptive feedback cancellation method based
on the prediction error method (PEM-AFC) is
a widely recognized approach to mitigate the
adverse effects of acoustic feedback. The APA
sign algorithm (APSA) has been successfully ap-
plied to network echo cancellation applications.
However, the use of these fast adaptive algorithms
for acoustic feedback cancellation remains limited
due to the inherent correlation between the incom-
ing signal signal and the loudspeaker signal. To
address this challenge, I propose integrating these
adaptive algorithms with PEM-AFC with soft-
clipping, creating a new method for acoustic feed-
back cancellation in hearing aids called PEMSC-
APSA. Simulation results show that the proposed
method is robust against impulsive noise, achiev-
ing higher convergence and tracking rate while
maintaining similar steady-state errors compared
to advanced competing methods.

Keywords: acoustic feedback cancellation,
adaptive filter, PEMSC-AFC, PEMSC-APSA.
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