Nghién ciru khoa hoc cong nghé

NANG CAO CHAT LUQNG UOGC LUQNG HIEU THOI GIAN DEN
TRONG BAI TOAN PINH VI NGUON AM THEO NGUYEN LY TDOA
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Tém tit: Bai bao trinh bay mot s6 két qua nghién ciru giai phdp ndng cao chdt lwong
dinh vi nguon am si dung nguyén ly TDOA, trong truong hop logi nguon am can dinh vj
dwgc xdc dinh trude. Trong do dé xudt giai phap cdi thlen chdt heong woc tinh hiéu thoi
gian dén dua trén thudt toan GCC-PHAT-£ Véi hé sé £ thich nghi theo tin hiéu dwa vao
woc tinh. Trén co sé phan tich 1y thuyét va tién hanh mé phong Monte-Carlo trén Matlab,
két hop voi dir ligu dwoc thu thdp trong diéu kién thuc té bai bdo sé danh gia hiéu qua cua
gidi phdp dwoc dé xudt, qua dé cho phép ndng cao chat heong dinh vi nguon am theo
nguyén ly TDOA.

Tir khoa: Dinh vi ngudn am; TDOA; GCC-PHAT; GCC-PHAT- B.
1.MO DAU

Trong cac hé théng dinh vi nguén 4m thanh sir dung nguyén 1y TDOA (Time Differences of
Arrival) u6e lugng hi€u thoi gian dén 1a budc quan trong nhit, quyet dinh chét lugng cta hé
thong dinh vi nguén am [4]. Déc biét, voi cac hé thong dinh vi nguén am ngoai trdi, khoang cach
dinh vi xa, nhiu va tap 4m tac dong 16n t6i ¢ chinh xac sb udc luong hi¢u thoi gian dén, qua do
lam giam d6 chinh x4c dinh vi nguon am [5]. Hién nay, viéc udc tinh tré thoi gian dén phan 16n
dua trén cac thudt toan s dung thuét toan tuong quan chéo téng quat, trong d6 hiéu qua nhat 1a
phuong phép udce tinh dya trén phuong phép blen d6i pha GCC-PHAT (Generalized Cross
Correlation - Phase Transform). Trong diéu kién ti s6 tin hiéu trén tap 4m (SNR - Singal to Noise
Ratio) 16n, phuong phdp GCC-PHAT mang lai hiéu qua cao, tuy nhién, khi SNR giam sai s6 ciia
phuong phap GCC-PHAT la twong dbi 16n [9]. Bai bao sé& trinh bay mot s6 két qua nghién ctru
cai thién hiéu qua cia phuong phap GCC-PHAT trong diéu kién SNR nho bang céch st dung
bién thé GCC-PHAT-, trong d6, hé s6 B duoc tinh toan thich nghi theo tin hiéu thu duoc trén
céc cam bién. Hidu qua cuia giai phap gop phan nang cao chét lwong dinh vi ngudn 4m st dung
nguyén ly TDOA.

2. UGC LUQNG HIEU THOI GIAN DEN
2.1. Pinh vi ngudén am theo nguyén 1y TDOA

Phuong phap dinh vi ngudn 4m theo nguyén Iy TDOA duoc xdy dung trén co s¢ udc tinh
hiéu thoi gian dén 7; ctia tin hiéu Am thanh thu duoc trén cic cam bién.

T =TT, (1)

Trong do: 7 Va 1 lan luot 13 thoi gian tin hi¢u truyén tir ngudn am toi cam bién thtr i va j.
Trién khai cong thire hi€u thot gian dén theo khoang céach r;, rj tr ngudn am tdi cic cam bién va
van toc lan truyén cua 4m thanh trong khong khi v, thu duge phuong trinh biéu dién mot
hyperboloid trong khong gian 3 chicu:

o I x,—mll I x, —mll
T = L —2=—2 : . J 2)
(A v

Vi Xs = [Xs, Vsr 2], Mi=[Xi, Vir il m - [XJ, Yi, ZJ] lan luot 14 toa d6 ctia ngudn 4m va toa do cua
hai cam bién thir i, va tht j trong khéng gian.

Dé x4c dinh toa do r}guén am X, trong khong gian 3 chiéu, cén giao hdi cua it nhe‘it’3
hyperboloid, tuong Gmg cén it nhat 4 cam bién am thanh (trr 1 - 4) d¢ tao thanh 3 cép cam bién
doc lap. Khi do, toa dd Xs ciia nguon am chinh 1a nghiém cua h¢ phuong trinh [1, 2]:
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Ve =06 =) (=2 (2 ) (6 %)+ (1~ ¥s) (2~ 2)
Vi :\/(Xi_xs)2+(y1_zs)2 +(21_Zs)z _\/(Xs_xs)z +(y3—y5)2+(23—25)2 3
V7y, :\/(X1_Xs)2+(y1_zs)2+(21_zs)2 _\/(X4_Xs)2+(y4_ys)2+(z4_zs)2

Nhu vay, dé dinh vi nguén am theo nguyén Iy TDOA, c6 hai budc quan trong can thyc
hién: Udc tinh hiéu thoi gian dén Tij cua su klen am thanh trén it nhat 3 cdp cam blen Giai hé
phuong trinh (3) dé xac dinh toa do cua nguon am. Trong hai budc trén udce tinh hiu thoi gian
dén co vai tro quan trong, thiét 1ap hé sé cua phuong trinh dinh vi ngudn am, quyét dinh do
chinh xac dinh vi [4].

2.2. Uédc tinh hi¢u thoi gian dén

bé ude til]h hiéu thoi ‘gian dén cua tin hiéu thu duoc trén hai cam })ién, cac nghién ctu trong
nhiing ndm gan day chi rang phuong phap str dung twong quan chéo tong quat mang lai hiéu qua
cao nhat [3-5]. Trong phuong phap nay, hi¢u thoi gian dén dugc udce tinh theo cong thire [5]:

fij =argmax ., () (4)

Vi Fex, 12 ham tuong quan chéo téng quat [5]:

b, @2 F Yy (F)= [y, (1)e%77df = [@()S,, (f)e ' df (5)

Trong do:
Sx, (f)2E[X (f)X](f)] Ia ham Cross Spectrum;

@(f ) 12 ham trong sd trong mién tan sd.
C6 nhiéu cach lya chon ham trong s6 @(f) khac nhau, trong tmg voi cac phuong phap tinh
toan hiéu thoi gian dén khac nhau nhu, twong quan chéo kinh dién (CCC — Classiscal Cross

Correlation), bién dbi lam tron tin hiéu (SCOT — Smoothed Coherence Transform), bién ddi pha
(PHAT — Phase Transform).
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Hinh 1. Gid tri ciia ham GCC-PHAT vdi cac mirc SNR khdac nhau.
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Trong cac phuong phéap néu trén thi GCC-PHAT la phuong phap c6 hi€u qua cao nhit, hoat
dong hi€u qua va c6 d6 chinh xéc cao [6]. Trong phuong phdp nay ham trong so trong mién tan
s0 duogc tinh theo cong thuc [6]:

o(f) =2 1

Sx,xj(f)‘:‘Xi(f)[xj(f)ﬂ ©)

V6i ham trong s6 dugc tinh toan theo cong thirc trén thi toan bd thanh phﬁn bién do duogc loai
b6, khi d6 viéc udc lugng hiéu thoi gian dén phu thude hoan toan vao pha cua tin hiéu.

Tuy nhién, khi phuong phip GCC-PHAT dugc dung dé wéc tinh hiéu thoi gian den cua
nhitng tin hiéu c¢6 dai tan rong, trong d6 tap &m manh chiém wu thé trong phan 16n bang tan cua
tin hiéu khién cho hiéu suét ctia phuong phap suy giam [9]. Trén hinh 1 thé hién gia tri ctia ham
GCC-PHAT tuong umg tai cac gia tri SNR khac nhau, c6 thé nhan thay khi SNR 16n dinh cua
ham Mo néi bat trén nén nhiéu, tuy nhién, khi SNR suy giam, dinh nay hoa 13n trén nén nhiéu
16n, gay ra kho khan khi ap dung cong thire (4). Diéu nay dan t6i sai s6 16n khi ude tinh hiéu thoi
gian dén, dic biét khi ude tinh hiéu thoi gian dén trong cac hé théng dinh vi ngudn 4m ngoai troi,
khoang cach dinh vi xa, SNR tai cac cam bién 4m thanh nhé. Do d6, ddi véi 16p mg dung nay,
doi hoi phai c6 phuong phap pht hop nang cao dd chinh xac wdc tinh hiéu thoi gian dén.

3. NANG CAO CHAT LUQNG UOC TiNH HIEU THOI GIA PEN
3.1. U6 tinh hi¢u thoi gian dén dwa trén thuit toan GCC-PHAT-S
Dé nang cao chit lugng wdc tinh hi¢u thoi gian dén khi SNR nho, mot vai nghién ctru dé xudt
thuat tgén GCC-PHAT- £, 1a mét bién thé cia GCC-PHAT [7]. Trong thuat toan nay, hi¢u thoi
gian dén duoc udc tinh theo cong thirc [7];

X(H[X,(H]
xmx,n]f

A -1
7; =argmax | F

(7)
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Hinh 2. M6 phong wéc tinh hiéu thoi gian dén.

Thuét toan GCC-PHAT-f kiém soat mirc d6 loai bo thanh pl}én bién d trong ham truong
quan chéo tong quat thong qua hé so S, khi f=1 toan bd thanh phan bién d6 bi loai bo, viéc udc
lugng chi str dung pha cua tin hi¢u tuong duong v6i thudt toan GCC-PHAT [7]. Khi =0, toan bo
thanh phan bién d¢ duoc gilr lai twong duong véi phuong phap twong quan chéo kinh dién. Viéc
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lya chon gia tri tham ) b tbi wu phu thudc vao nhiéu yéu t6 nhu ban than loai tin hiéu can dinh
vi, SNR cua tin hiéu thu duoc trén cac cam bién. Dé danh gia anh huong cta tham sb S t6i sai s6
wdc tinh hiéu thoi gian dén, mot chuong trinh md phong duoc xay dung trén Matlab.

Trén hinh 2 thé hién so d6 khéi cac budc thyuc hién ctia chwong trinh mo phong. Trude hét tin
hiéu c6 ton tai sy kién am thanh trén cam bién thir i va j duoc tao ra tir tin hiéu gdc, trong do,
hiéu thoi gian dén 7jj duoc thiét 1ap. Tin hiéu sau d6 dugc bo xung thanh phan tap 4m va hé sd
suy giam theo cong thirc (1). bé udc tinh hi¢u thoi gian dén cua tin higu trén hai cam bién trudc
hét can bién ddi tin hidu sang mién tan s6 bang thuat toan FFT (Fast Fourier Transform), sau d6
tinh twong quan pho ning luong, bd xung ham trong sO trong mién tan sé theo cong thirc (7).
Bién d6i cac gia tri thu dugc vé mién thoi gian theo thuat toan IFFT (Inverse Fast Fourier

Transform), va xac dinh tré thoi gian dén 7; cua hai tin hiéu theo cong thuc (4). Cubi cung thuc

tinh toan sai tré thoi gian dén theo cong thirc:

(8)

Tién hanh mé phong voi SNR khac nhau ndm trong khoang [-5.5+0] dB, buéc nhay 0.2 dB,
vOi mdi gia tri SNR thyuc hién 1000 mau th, trong d6 tin hi¢u am thanh dugc dua vao mé phong
1a tiéng nd dau nong cua sung AK47 duoc 1y mau véi tan s6 f=20 kHz, két qua thu duoc sau d6
dugc dua vao danh gia sai s6. Két qua trén hinh 3 thé hién sai sb tré thoi gian dén trong cac diéu
kién SNR khéc nhau voi timg hé sé . C6 thé nhan thiy sai s6 hiéu thoi gian dén khong chi phy
thudc vao ti sd SNR ma con phu thudc vao hé sb S, trong mbi thoi diém véi mot gia tri SNR nhat
dinh s& ton tai mot gia tri hé sb B tdi wu. Viéc lya chon hé s6 nay trudc day dya vao kinh nghiém,
hé s6 thuong c¢b dinh véi cac mitc SNR khac nhau va khong ti wu trong moi thoi diém.

Do d6, bai toan lya chon gia tri S tdi wu duoc dua ra nham udce tinh chinh xéac gia tri B thay
ddi dé sai sb wdce tinh hiéu thoi gian dén nho nhit duogc cai thién so voi truong hop st dung thuat
toan GCC-PHAT.

SAI SO UOC TINH TRE THOI GIAN DEN GCC-PHAT
45 T T T T T T T T T

* (ms)

SNR(dB)

Hinh 3. Sai s6 wéc tinh tré thoi gian dén véi cac hé sé p.
3.2. Giai phap lya chon h¢ s6 g thich nghi theo tin hi¢u thu dwgc trén cim bién
Nhu da trinh bay, viéc lya chon hé s6 f chinh 1a lga chon ti I¢ thanh phﬁn bién d6 bi loai bd
trong viéc udc tinh hi€u thoi gian dén. Bé xac dinh hé so g thich hop khong phai la mdt viéc de
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dang, ban than hé s6 nay khong nhitng phu thudc vao SNR ma con phu thudc vao ban than tin
hiéu can dinh vi.

Tuy nhién, trong bai toan dinh vi ngudn am, trong d6, ngudén 4m can dinh vi dugc xac dinh
trudc vi du nhu dinh vi tiéng no dau nong cua sung, phao,... viéc lya chon hé so f co thé duoc
thuc hién thong qua hé s6 tuong quan gitra tin hi€u thu dugc trén cdc cdm bién va tin hi€u mau.

Hé s6 twong quan, ky hiéu la r dugc st dung dé do lvong mirc 6 phu thude tuyén tinh cua
hai bién ngau nhiéu, ¢ day, hai bién ngau nhién bao gom tin hi¢u thu dugc trén cam bién X; va tin
hi€u mau X, khi d6, ham tuong quan c6 dang [8]:

N
(Xs(n)_ XS)(Xi(n)_ Xi)
r(m) = ——== 9)

\/Z(xs(m—is)z \/Z(xi(n)—ii)z

Trong do, X s va Xi lan luot 1a gia tri trung binh cac cua tin hi€u mau va tin hiéu tai cam

bién tht i. Dya trén cong thuc (9) gia tri tuong quan cuc tri dugc xac dinh theo cong thic [8]:
r =argmax{r(m)} (10)

Heé s twong quan r dugc tinh todn c¢6 gia tri ndm trong khoang [0,1], khi r —1 tin hiéu thu
duoc trén cam bién co tinh twong quan cao voi tin hiéu mau, tir d6 c6 thé dua ra két luan réng ti
1&¢ SNR 16n, mét khac khi r— 0 tin hi¢u thu dugc c6 tinh twong quan the”ip voi tin hiéu mau
tuong tmg v6i SNR nho. Qua d6 ¢o thé st dung cong thire tinh toan hé s6 S theo cong thirc:

ﬂ_ris js
2

Trong do, r, va ry lan luot 14 gia tri twong quan giita tin hiéu thu dugc trén cam bién thir i va

(11)

j v&i tin hiéu mau.

SAl SO UOC TINH TRE THOI GIAN DEN GCC-PHAT-3 THICH NGHI
T T T T T T T

T
=—8— GCC-PHAT
=== GCC-PHAT-#-ADAPTIVE | |

- —D. 5
SNR(dB)

Hinh 4. Sai s6 wéc tinh tré thoi gian dén véi hé sé P thich nghi.
Trén hinh 4 thé hién két qua mé phong voi ti 1¢ SNR khéc nhau ciia phwong phip GCC-
PHAT va phuong phap GCC-PHAT- f véi gid tri h¢ s6 g duoc udc tinh theo twong quan. Vi
phuong phap GCC-PHAT khi ti s6 SNR > -2.5 dB sai s6 ¢, =~ 0, tuy nhién, khi ti s6 SNR < -2.5
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dB, sai s6 hiéu thoi gian dén &, tang nhanh. So sanh v6i phuong phap GCC-PHAT phuong phap
GCC-PHAT-$ thich nghi cho thiy trong cac diéu kién SNR khac nhau, phuong phap cai tién déu
¢6 sai s6 nho hon, dic biét hiéu trong diéu kién SNR nho.

3.3. Mt s6 két qua thue nghiém ciia gidi phap

bé danh gia hiéu qua cua cia thuat toan GCC-PHAT- § thich nghi, mdt hé¢ 08 cam bién 4m
thanh INMP401 cta hang InvenSense dugc st dung dé thu nhan tin hiéu 4m thanh, day 1a loai
cam bién vi co tién tién c6 do nhay cao, kich thuéc nhdé gon. Nhitng cam bién nay dugc bd tri
trén hai hinh tir dién déu 16ng nhau c6 do dai canh 1 m nhu trén hinh 5, viéc bé tri cac cam bién
nam trén tr dién déu giup tin hiéu thu dugc dong déu trén cac hudng t6i [3].

Hinh 5. Cum cam bién thu tin hiéu ém thanh.

Tién hanh phat tin hiéu Am thanh tao gia tiéng nd diu nong cua sung AK47 qua mét loa nén
cong suat 30 W tai cac cy ly khac nhau trong di€u kién méi truong thuc té. Tin hiéu s€ dugc thu
dong thoi trén 08 cam bién, nhirng tin hiéu nay dugc so hoa va luu trir vai tan so lay mau f_s=20
kHz lam co s& cho cac budc xtr 1y tin hiéu va dinh vi nguon am thanh.
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Hinh 6. Tin hiéu dm thanh thu duwoc tai cdc cu ly khdc nhau.
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Hinh 6 thé hién dang va gian d0 spectrogram cua tin higu trén cac cam bién & cac cu ly khac
nhau. C6 thé nhan thiy anh hudng cua tap 4m 1én tin hiéu tai cac cu ly khac nhau 1 rat 13 rang,
tai cu ly nhé hon 300 m hinh anh tin hi¢u 12 twong ddi rd rang va phan biét vai nén, muc do nang
luong tuong Ung véi tan sé am thanh ¢ thé nhan thiy tuong ddi rd. Tuy nhién, khi cu ly 16n hon
300m viéc phan biét tin hiéu va tap 4m twong dbi kho khin, phd ning lugng tin hidu ciing bi hoa
14n vao ning lugng cuia tap am.

Két qua udc tinh higu thoi gian dén trén bo dir liéu thu duoc dya trén cac thuat toan GCC-
PHAT va GCC-PHAT- §8 thich nghi duoc thé hién trén cac bang 1 va bang 2.

Bing 1. Sai s6 hiéu thoi gian dén tai cue Iy 100 m.

& (ms) T1 T13 T4 Tis5 Ti6 T17 T18

GCC-PHAT (ms) 0.023 0.025 0.021 0.023 0.016 0.018 0.016

GCC-PHAT-A-TN (ms) 0.012 | 0.0011 | 0.011 0.010 0.009 | 0.0010 | 0.009

C6 thé nhan thiy, viéc str dung thuat toan GCC-PHAT- B thich nghi cai thién sai s6 hiéu thoi
gian dén trung binh tai so voi thut toan GCC-PHAT truyén thong, dic biét khi cu ly t6i ngudn
am xa diéu nay cang duogc thé hién rd rang hon.

Bing 2. Sai 56 hiéu thoi gian dén tai cu ly 500 m.

& (ms) T12 713 T4 Tis Ti6 T17 Tig

GCC-PHAT (ms) 0.526 0.438 0.481 0.541 0.45 0.585 0.471

GCC-PHAT-S-TN (ms) | 0.024 0.022 0.016 0.028 0.024 0.021 0.027

Viéc cai thién sai s6 hi€u thoi gian dén trung binh cho thay do chinh xac wdc lugng hiéu thoi
gian dén dugc nang cao, tir d6 xay dung dugc cac hé so6 chinh xac cho hé phuong trinh dinh vi
ngudn am 3, 1am co s& cho viéc nang cao do chinh xac dinh vi nguon am.

4. KET LUAN

Trén co s& phan tich 1y thuyét va tién hanh m6 phong trén Matlab, cho thdy phwong phap st
dung thuat toan GCC-PHAT- /3 trong d6 hé s # dugc tinh toan thich nghi theo gia tri twong quan
giita tin hiéu thu dugc trén cac cam bién va tin hiéu miu cho thay tinh hiu qua trong viéc ning
cao chét lugng wdc tinh hiéu thoi gian dén, qua d6 nang cao chat luong dinh vi ngudn am sir
dung nguyén ly TDOA. Giai phap dugc ching minh thong qua chuong trinh mdé phéng trén
Matlab, cing nhu trén dir liéu tin hi¢u am thanh thu dugc trén cac cam bién trong mdi trudng
thue té. Tuy nhién, gidi phap néu trén chi dugc ap dung trong cac bai toan dinh vi ngudn am co
ton tai tin hiéu mau, ddng nghia v6i Am thanh cn dinh vi dugc xéac dinh trude. Do do, giai phap
dua ra chi phu hop v6i mot 16p cac tng dung nhit dinh, véi cac ngudn 4m phtrc tap va bién doi
lién tuc nhu tiéng néi, ngudn tiéng on,... giai phap dua ra chua c6 kha ning tmg dung hiéu qua.
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ABSTRACT

IMPROVING QUALITY OF TIME DELAY ESTIMATION
IN SOUND SOURCE LOCALIZATION USING TDOA METHOD

This paper presents several research results that enhance TDOA based sound
localization accuracy with the priority of the source of interest. The GCC-PHAT algorithm
is used to evaluate the estimated localization error. From that, we propose an adaptive
method called GCC-PHAT-Z£ to improve time differences estimated, where the parameter
L is adapted to the input parameters in TDOA method. From analisys and discussions are
made on that design and using Monte Carlo simulations with the data collected in real
environment, the results show the efficiency of our proposed method in TDOA based
localization (compared to conventional TDOA based localization).

Keywords: Sound Source Localization; TDOA; GCC-PHAT; GCC-PHAT- 4.
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