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KET HOP THUAT TOAN MUSIC VA LMS TREN MANG MICROPHONE
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TOMTAT

Nghién ctiu nay dé xuat md hinh microphone dinh hudng 6 cdu triic mang chif nhat dong nhat (Uniform Rectangular Array - URA) phuc vu trong phong
hop. Hoat ddng clia microphone dua trén viéc két hop thudt todn phan loai tin hiéu da duong (Multiple Signal Classification - MUSIC) va thuat toan quan phuong
trung binh 6i thiéu (Least Mean Squares - LMS), ¢6 thé theo ddi va diéu khién bip song theo hudng tin hiéu mong mudn, tir d6 gidm cong sudt tiéu thu, tiét
kiém ndng lugng cho microphone. Qua mé phdng ddi vdi ba tin hiéu trong dai tan tir 1,3 kHz t6i 1,4kHz, két qua nhan dugc phu hop véi yéu cdu dé xudt. Khi so
sanh hiéu sudt ddi vdi cac thuat toan diéu khién bup song truyén théng (Conventional Beamforming - (B), dép ting khong méo phuong sai cuc tiéu (Minimum
Variance Distortionless Response - MVDR), MUSIC dat ty s6 dinh trén trung binh (Peak-to-Average Power Ratio - PAPR) 50dB tai ty s6 tin hiéu trén nhiéu (Signal-
to-Noise Ratio - SNR) 36dB trong khi MVDR va (B lan lugt la 36dB va 10dB. Trudc bao hoa, I6i trung binh can quéan phuang (Root Mean Square Error - RMSE) clia
MUSICla 1,3° tai SNR = 0dB thap nhat so véi MVDR 1,9° va (B 5,1°. Sau bao hoa, MVDR cham t6i mic 16i ciia MUSIC trong khi CB van trén 5°. Thudt todn LMS
tuy ¢d thai gian hdi tu chdm hon thuat todn quan phuong ti thiéu dé quy (Recurisve Least Squares - RLS) khoang 0,06s, nhung sau d6 khdng c6 su chénh léch
vé bién do tin hiéu.

Tir khéa: Mdng chi nhdt déng nhdt, uéc luong géc téi tin hiéu, thudt todn phan loai nhiéu tin hiéu, ki thudt diéu khién bip séng thich nghi, thudt todn qudn
phuang trung binh t6i thiéu.

ABSTRACT

This study presents a beamforming microphone that utilizes a uniform rectangular array (URA) structure specifically designed for meeting rooms. The
microphone operates by combining the multiple signal classification (MUSIC) algorithm and the least mean squares (LMS) algorithm to effectively track and
direct the beam towards the desired signal direction. This results in reduced power consumption and energy savings for the microphone. The results achieved
through simulation for three signals within the frequency range of 1.3kHz to 1.4kHz satisfy the specified criteria. When comparing the performance of MUSIC
with the conventional beamforming (CB) algorithm and minimum variance distortionless response (MVDR) algorithm, the MUSIC algorithm achieved a peak-
to-average power ratio (PAPR) of 50dB at a signal-to-noise ratio (SNR) of 36dB. In contrast, the MVDR and the (B achieved PAPRs of 36dB and 10dB, respectively.
Prior to reaching saturation, the root mean square error (RMSE) of the MUSIC algorithm was 1.3° at the SNR of 0dB, which was the smallest compared to the
MVDR algorithm at 1.9° and the (B algorithm at 5.1°. Following the point of saturation, the MVDR algorithm achieved the same level of error as the MUSIC
algorithm. However, the (B algorithm remained higher than 5 degrees. Despite the LMS algorithm's slower convergence time of approximately 0.06s in
comparison to the Recursive Least Squares (RLS) algorithm, there is no difference in error thereafter.

Keywords: Uniform rectangular array, DOA estimation, multiple signal dlassification algorithm, adaptive beamforming technique, least mean squares algorithm.
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KY HIEU

Ky hiéu  Don vi Y nghia

PAPR dB Ty sé dinh trén trung binh

RMSE ° L&i trung binh cén quan phuong

SNR dB Ty sé tin hiéu trén nhiéu

Ao m  Budc séng tin hiéu

C m/s Toc dé lan truyén am thanh
trong khéng khi

d m  Khoang cach gita cac phan t

trong mang

CHU VIET TAT

AB Adaptive Diéu khién bup song
Beamforming thich nghi

CB Conventional Diéu khién bup song
Beamforming truyén thong

DOA  Direction Of Arrival ~ Huéng séng téi

LMS  Effective Number of Quan phuong trung
Bits binh t&i thiéu

MUSIC Multiple Signal Phan loai tin hiéu da
Classification dudng

MVDR Minimum Variance  Dap ung khong méo
Distortionless phuong sai cuc tiéu
Response

PPAR Peakto Average Ty s6 dinh trén trung
Power Ratio binh

RLS Recurisve Least Quan phuong téi
Squares thiéu dé quy

RMSE Root Mean Square L&i trung binh can
Error quan phuong

SNR Signal-to-Noise Ratio Ty s6 tin hiéu trén

nhiéu

UCA  Uniform Circular Mang déngd nhat
Array hinh tron

ULA  UniformLinear Array Mang tuyén tinh

déng nhat

URA  Uniform Rectangular Mang chitnhat déng

Array nhat
1. GIGI THIEU

M6 hinh phong hop théng minh dang la xu hudng

nghién ctu tai Viét Nam cling nhu trén thé gidi, trong dé
nang cao chat lugng am thanh la moét trong nhiing van
dé quan trong nhat [1-4]. Hau hét cac mé hinh phong hop
truyén théng hién nay, madi vi tri ngoi dugc trang bi mot
microphone ca nhan (hinh 1(a)). Phong hop thudng cé
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kich thudc rong, song, quy mé mét cudc hop khong phai
lic nao cling dap Uing vai s6 microphone nay.

Dé gidam t8i da s6 lugng microphone can st dung,
nhom nghién ctu dé xuat sir dung moét microphone dinh
hudng duy nhat, thay thé cac microphone ci, nhung
cébng nang st dung cao hon. Microphone dugc lap am
trén tran nha, dat chinh gitta khéng gian hop, lam cho
khéng gian phong hop don gian, tham my, chat lugng
cudc hop dugc nang cao (hinh 1(b)). Microphone cé cau
tric URA, hoat dong dua trén su két hgp hai ky thuat: uéc
lugng goc tdi tin hiéu (DOA Estimation - DOAs) va diéu
khién bup séng thich nghi (Adaptive Beamforming - AB).
Ky thuat AB sé theo ddi va diéu khién bup séng chinh
theo nguén am thanh muc tiéu, dit diém “khéng” (null)
vao cac am thanh khéng mong mudn (tiéng lat gidy, tiéng
va dap,...) dua trén két qua xac dinh goc téi cla ky thuat
DOAs, tur d6 loai bo su tac ddng clia ching, tap trung thu
va khuéch dai am thanh muc tiéu qua loa.

aYsYaYs! aYsYaYs!

o009 QQgoQ
(a) (b)

Hinh 1. Mo hinh (a) phong hop truyén thdng, (b) phong hop véi
microphone dé xudt

Su két hgp gitia ky thuat DOAs va AB thudng xuyén
dugc st dung trong cac cong nghé truyén thong, chiyéu
trén mang tuyén tinh (Uniform Linear Array - ULA) va
mang tron (Uniform Circular Array - UCA) [5-9]. Bugc
nghién cltu tir cau trdc ULA, URA thich hgp véi mo hinh
dé xuat hon vi né cung cap phé dap ung hai chiéu thay vi
mot nhu ULA va UCA, tir dé dem lai d6 chinh xac tir ca mat
phang phuong vi va mat phang ngang [10-13]. Mot s6
thuat toan DOAs st dung phé bién hién nay nhu: thuat
toan MUSIC, CB, MVDR. Véi cung diéu kién dau vao, thuat
toan MUSIC luén c6 dé réng bup séng chinh nhé nhat, ty
sO dinh trén trung binh (PAPR) cao hon so véi cac thuat
toan con lai [14-17]. Déi véi ky thuat AB, thuat toan LMS
va RLS Ia hai thuat todn loc thich nghi dugc ap dung rong
rai. LMS st dung phuong phéap giam dan dé d6c ngau
nhién (Stochastic Gradient Descent) trong khi RLS su
dung phuong phap quan phuong t6i thi€u (Least
Square), diéu nay giup cho téc d6 hoi tu ctia RLS nhanh
hon LMS [18-22]. Tuy vay, LMS it phtc tap hon RLS do
khong yéu cau ma tran tuong quan dao cua tin hiéu va
van dua ra két qua chinh xac.

HaUl Journal of Science and Technology | 185



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Muc tiéu ctia nghién ctru nay la cung cap théng sé moé
phdng co ban dé phat trién ra mé hinh microphone dinh
hudng dugc ap dung tai phong hop trong cac cong ty,
doanh nghiép. Cling tur d6, c6 thé phat trién hai thuat
toan dugc ap dung trong dé xuat dé nang cao hiéu suat
cUa thuat toan, s dung dung trong nhiéu linh vuc khac
khoéng riéng xtr ly am thanh.

Cac phan tiép theo clia bai bao
dugc sap xép nhu sau: Phan 2 tién
hanh phan tich mo hinh tin hiéu va 1
cdu trac URA, nguyén ly thuat toan

ejk1dsin(91)cos(<p1)

x(t)=A(p,0)s(t) +n(t) (1

Céng thic (1) biéu dién téng tin hiéu anten thu dugc
tai thoi diém t vai s(t) va Ao, 0) 1an lugt |a bién d6 va ma
tran vector lai cla tin hiéu. n(t) la nhiéu Gaussian trdng
dugc thém vao. Riéng véi URA, A(p, 0) con dugc bi€u dién
chi tiét nhu sau:

A, (9,0)=[a,(¢,,6,),a,(®,,6,),...a,(¢p,6p)]

1 1

ejkzdsin(ez )cos(@;) ejdesin(GD)cos(ch)

MUSIC va thuat toan LMS; phan 3 I3 - (2a)
két qua mé phong ctia mé hinh dé
xuit. sau d6 so sanh d6 chinh xac ej(N)(—1)k1dsin(91)cos(<p1) ej(NX—1)k2dsin(92)cos(cpz) ej(Nx—1)desin(6D)cos(ch)
thuat toan MUSIC véi cac thuat toan
MVDR, CB: thuat toan LMS véi thuat Ay (@.8)=[a,(®,,6,),a,(¢;,6,)....a, (¥p,6p)]
toan RLS; két luan dugc trinh bay 1 1 1
trong phén 4. ejk1dsin(91)sin((p1) ejkzdsin(ez)sin((pz) ejdesin(SD)sin(<pD) (zb)
2.COSGLY THUYET -
2.1. MO hinh tin hiéu va cé’u truc ej(Ny—1)k1dsin(91)sin((p1) ej(Ny-1)k2dsin(92)sin((pz) ej(Ny—1)desin(9D)sin(<pD)
URA
Hinh 2 biéu dién cu trac hinh hoc ctia anten URA trén A((P,9)=Ay((P,9)><Ax((p,9)T 3)

hé truc toa do Descartes, bao gém N = N, x Ny phan tur
cach déu va dang hudng. Cau truc trén cho phép URA
hoat dong trong khéng gian ba chiéu. M6i phan tir anten
cach déu nhau khoang cach d bang mét nira budc song
rong nhat Ama clia tin hiéu thu dugc.

(Ni-2, 0)(Ni-1, 0)
Ho——

Hinh 2. Cau tric hinh hoc anten URA

Trén thuc té, dé tiét kiem chi phi, cac nha nghién ciu
tich cuc tinh toan, do dac, gidm kich thudc clla mang
anten ma van gilr dugc hiéu suat cho phép. Téng s6 lugng
phan ti phai I6n hon s6 lugng tin hiéu t6i D, tin hiéu téi
la cac tin hiéu dai dep dén tir cac cap goc [¢1,04], [(2,02],...,
[@p,Bp]. Hé s6 lan truyén kp = 21t/Ap V&i Ao la budc song tin
hiéu Ao = c/fp, cla téc do lan truyén am thanh trong khéng
khi ¢ = 340m/s va tan sé trung tam fp.
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trong do6, Ax(p, 0) la ma tran vector lai theo truc Ox,
Ay(op, 6) la ma tran vector lai theo truc Oy. TU cong thuc
(3), chuyén tuan tu A(g, 8) thanh vector cé kich thudc cla
Ax(, 0) va Ay(¢p, 0) ban dau.
2.2. Thuat toan MUSIC

Thuat toan MUSIC dya trén viéc phan gidi ma tran hiép
phuong sai clia tap tin hiéu anten thu ma khéng can quét
chum tia trong khong gian. Vi X la tap tin hiéu thu theo
cong thuc (1), ma tran hiép phuong sai R dugc biéu dién
nhu sau:

R, =E[ XX"] ()

Viét lai Ry tir cong thirc (1) va cong thic (4):

R, =AE[ss" |A"+E[nn" |=AR,A" +R, (5)

vdi Rs = E[ss"] va R, = E[nn"] |an luot |a ma tran hiép
phuong sai clia tin hiéu s va nhiéu n, ma tran A" la ma tran
chuyén vi lién hgp hay ma tran Hermitian ctia ma tran A.
Ma tran nhiéu R, con dugc biéu dién nhu sau:

R, =0l (6)
trong do, I la ma tran don vi va ¢? la phuong sai cla
nhiéu. Tinh toan ma tran Ry, thu dugc N gia tri riéng nam
trén dudng chéo chinh clia ma tran, véi D gid tri riéng 16n
tuong duong gia tri riéng cla tin hiéu, N - D gid tri riéng
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rat nhoé tuong Ung gia tri riéng cla nhiéu. TU cac gia tri
riéng, chia ma tran thanh hai khéng gian con: khong gian
tin hiéu va khéng gian nhiéu chia lan lugt vector riéng
cla tin hiéu va vector riéng cla nhiéu E,. Quét ma tran
a(, 0) truc giao vdi E, trong khodng [-90°; 90°] d6i véGi gbc
phuang vi, [0°;90°] d6i véi goc ngang theo cong thiic (7)
thu dugc cac dinh tuong Ung véi gdc téi cla tin hiéu [,
011, [p2,03],..., [pp, Op], tai nhitng di€ém con lai xap xi 0 do
chta nhiéu.

1
a"(¢,0)E,E, "a(g,0)

Hiéu suat cla thuat toan MUSIC dugc thé hién qua hai
thong so: ty s6 dinh trén trung binh (PAPR) va 16i trung
binh can quan phuaong (RMSE). Cong thuc tinh hai thong
s6 nay dugc biéu dién lan luot theo cong thiic (8) va céng
thuc (9) nhu sau:

PMUSIC ((p,e) = (7)

D
ZPMUSIC((pi'ei)
PAPR(dB)=10log,,(=———) (8)
mean(Pyysc)
D )2 A\
RMSE(°)=\/Z((pi %) 2;;(9‘ %) 9

trong do, ¢, 0 1an lugt 1a géc phuong vi va géc ngang
udc lugng tha i cla thuat toan, mean(Pmusic) la gia tri
trung binh bé mat phé dap Ung cda thuat toan MUSIC
trén URA.
2.3. Thuat toan LMS

Hinh 3 trinh bay mé hinh thuc hién ky thuat AB s
dung thuat toan LMS. Viét lai béng thirc (1) dudi dang sau:

D-1

X(t) = A((po leo )so (t) + ZA((P. Iei )si (t) + n(t)

i=1

(10)

trong dd, se(t), A(o, Bo) lan luot 1a bién dé va vector lai
clia tin hiéu dugc diéu khién; si(t), A(g;, 0;) 1a 1a bién do va
vector li cta tin hiéu khéng mong muén.

Y

Y
P

Tin hiéura

»(®

Tin hiéu
tham chicu

Thuat toan

< LMS

et + d@

Hinh 3. K§ thuat AB cho thudt toan LMS
Tin hiéu phan héi dugc tinh nhu sau:

y(t)=w"x(t) (11)
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vGi w la trong s6 thich nghi ctia bo loc. Coi d(t) = sof(t)
tai thoi diém t, 16i e(t) xuat hién:

e(t) =d(t) - y(t) =d(t) - w"x(t) (12)

L6i e(t) s dung dé diéu chinh céc trong s thich nghi
cla dén khi w dat gia tri t6i uu bang phuong phap SGD,
khi d6 e(t) dugc t6i thi€u. Ham cap nhat trong s tai thoi
diémt+1:

W(t+1) =w(t) +px(t)e(t)

p dugc goi la téc d6 hoc hodc hé s6 thich nghi, déng
vai trd diéu khién téc d6 hoi tu va dé chinh xac cda hé
thong. p 1a moét hiang sé dugc chon trong khoang (0,
1/0max), VBi omax 12 gid tri riéng I6n nhat cta ma tran Ry
Thong thuong, p dugc chon << 0,01 phu hgp véi nhiéu
Ung dung khac nhau. Phé bup séng phan héi clia thuat
toan LMS d6i véi URA dugc tinh nhu sau:

(13)

Pous (¢.6)= ‘WHa(CP,Q)‘ (14)

3. KET QUA MO PHONG VA THAO LUAN

Tai lan m6 phéng dau tién, thiét lap microphone dinh
hudng goém 16 phan tir cé kich thudc 4 x 4 cach déu nhau
d = 0,12m. Tin hiéu phat bao gém ba tin hiéu sin c6 dai
tan s6 tur 1300Hz t6i 1400Hz dén tir cac goc A =[-60°, 10°],
B =[60°, 70°] va C = [0°, 45°]. Vi tri trong ma tran tu trdi
sang lan lugt 1a géc phuong vi va géc ngang cua tin hiéu.
Chon SNR = 30dB, tan s6 lay mau tiéu chuan F, = 48kHz,
t6c d6 hoc u=0,001.

9

Liy miu x,(t): Dit tin higu goc [0° 45°] dé theo doi:
x0 = A*s; x1 = A3*s3 + RAi*si;

Thém nhiéu Gaussian tring: Thém nhiéu Gaussian tring:
x0 = awgn(x0, SNR) ; x1 = awgn(x1, SNR);

X4y dwng ma trin hiép phuong sai: , | .
B ' Tinh todn thudt toAn LMS trong Ss:
Rx = x0*x0"';
for t=1:length(0:Ts:5)
l y(t) = w*xl(:,t);

- - R e(t) = s3(t)-y(t);
Tinh toan gid trj riéng va vector riéng: | | Tinh todn ma trin W= ow b mutxl (:, ) *e(t) ;
[evec, eval] = eig(Rx); ldi a(g, 0) end
tir @ =-90%90°
1 6 =0°:90° !
Xay dung ma trin vector riéng nhiu: Quét phd Pyy:
En = evec(N - D); pLMS = (w'*a);
Quét phd Pryugc: P NPT
SMUSIC - l/(a’*uEgiE'*a); < Nhén cic két qua b loc:
l Y0, e(), w(®)

| Nhan goc tir thudt toin MUSIC | l

Hinh 4. S d6 thuc hién md phong
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So d6 thuc hién moé phéng duoc biéu dién trén hinh 4.
Dé bat dau, thuc hién ldy mau cac tin hiéu dé xay dung
ma tran hiép phuong sai theo cong thuc (4), sau d6 tinh
toan gid trj riéng va vector riéng tu ham eig(R,) trong
Matlab. Xay dung ma tran a(op, 0) truc giao vdi ma tran
nhiéu E, va quét theo Céng thiic (7). TU phS Pumysic trén
khéng gian ba chiéu, xac dinh goc téi cac tin hiéu dé cung
cap cho thuat toan LMS. Diéu chinh cac trong s6 thich
nghi theo cac cong thirc (11), (12) va (13) déi véi tin hiéu
dugc theo doi.

0

20

0
X: 60.1

" Y: 70.05
Z: -2.54 ‘

Mit phéng ngfmg ©)

-90 4 0 45 90

7 Mit phing phuong vi (°)‘
Hinh 5. Phd udc lugng gdc tin hiéu

-60

o™ %0
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0 920

Mit phing ngéng (°)

-90 -45 0 45 90

Mat phing phuong vi (°)

Hinh 6. Pha diéu khién bup song thich nghi

Phé dap Ung cla thuat todn MUSIC trén mang URA
dugc thé hién trén hinh 5. Vung phé cé tin hiéu bé, do
rong bup song chinh tai -3dB nhd, sai s6 I6n nhat ctia goc
tGi thap hon 0,5°. K&t qua nay dugc chdp nhan dé cung
cap cho ky thuat AB. Dat hai tin hiéu goc A, B lam tin hiéu
khéng mong muén, dat nhiing diém “khéng” vao hai goc
nay dé theo déi géc mong mudn C. Hinh 6 biéu dién pho
dap Ung cda thuat toan LMS déi véi tin hiéu C. C6 thé
thay, cac ranh “khéng” dugc dat véi dé sau hon -50dB, gilr
doé rong chl yéu cho vung diéu khién.

Tin hidu hon hop

0.52 0.53 0= 0.55

Bien do (mV)

Tin hidu mong mudn

Bien do (mV)

05 0.51 0.52 0.53 0.4 0.55

Diura bdloc

-~ T T

Bién do (mV)

.
05 0.51 0.52 0.53 0.+ 0.55

Thoi gian (s)

Hinh 7. Tin hiéu hén hop, tin hiéu mong mudn va dau ra b loc theo thdi
gian

Theo hinh 5 va 6, dinh va dé cao cla cac phé tin hiéu
la “gid”, khong thé hién cho d6 16n thuc té cua tin hiéu.
Hinh 7 m6 ta d6 16n téng ba tin hiéu x(t), tin hiéu mong
muén Xo(t) va dau ra thuc té cta bo loc y(t) tir 0,5s tdi
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0,55s. T tin hiéu ban dau dugc cdng hudng va bu tri tai
cac diém thai gian, dau ra ctia bo loc c6 bién do va tan sé
giodng véi tin hiéu mong mudn, dap Ung yéu cau cla dé
xuat. Hinh 8 hién thi gia tri tuyét déi cla trong sé trén
phan tir URA, thay rang cc gia tri w hoi tu cung ltc trong
thai gian 0,15s. Chi ¢ thé nhin thdy tam dudng thdng
phan biét do chling ngugc pha va cung dé I16n theo tiing
cap. Két thac lan mé phong dau tién, cho ra cac két qua
phu hgp véi yéu cau ctia mo hinh dé xuat.

Gid i trong 0w

Thai gian ()

Hinh 8. Gia tri cdp nhét trong s6 theo thai gian

90

y )

Mit phing ngéng (°)

0 45 90

. Mat phéng phuong vi (°)

90 -4

Hinh 9. Phé dép ting ctia thudt toan MVDR

Lan m6 phong tha hai, nhom nghién ctu trinh bay két
qua hai thuat toan MVDR, CB va so sanh do chinh xac cla
ba thuat toan qua ty s6 PAPR va 16i RMSE. Hinh 9 va 10 lan
lugt biéu dién phé dap Ung cta thuat toan MVDR va CB.
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Dé dang nhan thay, cac vung phé cia MVDR rong hon, do
sau trung binh thap hon so véi thuat toan MUSIC, dinh
clia cac tin hiéu trdi trong khodng 2° t&i 3°. Dac biét vung
tin hiéu A khéng phat hién dinh tin hiéu ma cé dang mat
cat. Boi véi thuat toan CB, gidng véi cac thuat toan diéu
khién bup séng khac, bang mat thudng chi c6 thé xac
dinh vung tin hiéu véi dé rong phé I6n va dé sau trung
binh thap. Sau dé, lap lai mé phdng 500 lan dé 1dy gia tri
PAPR va 16i RMSE trung binh ba tin hiéu theo cong thuc
(8) va cong thuc (9) clia ba thuat toan theo su thay déi cla
SNR tir-10dB dén 36dB.

(o)

Mit phing ngéng (°)

-90 -45 0 45 90

Mit phing phuong vi (°)

Hinh 10. Pho dép (ing cla thuat todn (B

PAPR (dB)
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== \U3IC
e \VDR

RMSE (")

(b)

Hinh 11. So sanh cac thuat toan MUSIC, MVDR, (B theo s thay d6i SNR:
(a) PAPR, (b) RMSE

Két qua thé hién qua hinh 11 cho thdy, két thuc qua
trinh, PAPR clia MUSIC cao nhat la 60dB so v6i MVDR
khodng 36dB va CB khoang 10dB. Ca ba thuat toan dat
bao hoa vé sai s6 & mdc SNR = 10dB. Tai muic SNR = 0dB,
MUSIC cé 16i RMSE thap nhat véi 1,3° trong khi CB cao
nhat 5,1° va MVDR 1,9°. Sau khi bao hoa, thuat toan MVDR
c6 RMSE tiém can véi MUSIC khoang 1,3° nhung CB van &
muc trén 5°. Tai lan m6 phdéng nay, thuat toan MUSIC
dang tin cay hon so vai thuat todn MVDR va CB dudi su
tdc dong clia nhiéu, ngoai ra cliing thay rang thuat toan
CB ludn ¢6 hiéu suat thap nhat.

0

0

0
=110 -90 -as o as 90

Mt phing phuong vi (°)

Hinh 12. Phg dép ting thuat todn RLS
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Sai 6 LMS

Bién d6 (mV)
b
=

) 002 004 006 008 01 012 014 016 018 0.

Sai s6 RLS

[}

Bién d6 (mV)

X 0.1
Y: 0.0
(@)

0 002 004 006 0.08 0.1 012 014 016 018 02

Thoi gian (s)

Hinh 13. D6 I6n sai s6 thuat toan LMS va RLS

Tai lan mo6 phong cudi cung, nhdm nghién clu so
sanh t6c d6 hoi tu va sai s6 clia thuat toan LMS vai thuat
toan RLS. Hinh 12 biéu dién phd dap (ing cla thuat toan
RLS trén URA, dang phé cta RLS gan giéng vGi LMS vai
mot vung tin hiéu I6n d6i véi tin hiéu C va hai ranh déi vai
tin hiéu A, B. D6 16n sai s6 hai thuat toan RLS va LMS dugc
thé hién trén hinh 13. C6 thé thay, téc d6 héi tu clia thuat
toan RLS nhanh hon thuat toan LMS 0,06s, nhung ké tu
khi hoi ty, hai thuat toan khong cho thay su chénh léch
dang ké vé dé Ian. Vi vay, c6 thé sir dung thuat toan LMS
do su don gidn clia né mang lai.
4. KET LUAN

Nghién ctiu nay trinh bay mét mé hinh thiét ké mét
microphone dinh hudng chuyén dung trong phong hop,
dua trén cau tric URA c6 kich thudc 4 x 4, hoat déng qua
su két hgp gilta hai thuat toan MUSIC va LMS. Nh& két qua
ctia ba lan moé phong, chiing minh rang mé hinh va thuat
toan st dung hoan toan phu hgp déi vai tng dung thuc
té. D€ phat trién nghién ctu nay va hudng tdi thuc
nghiém, nhom tac gia sé tiép tuc moé phong mo hinh qua
cac diéu kién khac nhau. Do thuat toan MUSIC dua trén
viéc phan gidi ma tran hiép phuong sai, déi véi moi
truong nhiéu nhiéu dién tir nhu phong hop, gia tri thuc té
cGia ma tran hiép phuong sai sé khéng dat téi gid tri ly
tudng, dan dén thuat toan MUSIC goc sé khéng dat dugc
hiéu suat t6i da. Vi vay, dinh huéng ctia nhém la tap trung
vao viéc ap dung cac thuat todn hoc sau (Deep Learning)
dé gidam thiéu t6i da su chénh léch ctia ma tran hiép
phuong sai thuc té so vdi ly tudng, toi uu kha nang dinh
hudéng goc téi clia thuat toan MUSIC.
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