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FF“

_HWU (k,m) = min (111;;1}{ (@(k. m), —900).900)

7814 4

O(k,m) = 0(k,m) +a -sgn((j(k. m)) - (0(k,m))*

T 8& Babble :=o]Z7} 5dB2] SNRZ EAsHE A3, e &9 AN S AA Wk 7ty 9] w
¥ WS vudt ol

23}l 71§6P %—’FJ o W —‘é—% o158 = ATh(S440).

shte] Zedell= v e Az o) H22 F3k4= Wl(frequency bin)o] &A1& 5 vt
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FE 490 10%= Ao m WA huA, g AIZHRTE0)& A 7HEA R E A

Lk o] Zof =, NOISEX-92 d"lo]EjH|o]2~9] Babble, Factory % Volvo %:0]|Z7} AFE-E A,

Egk P8 dolgHE ol&3te] shEH | vld EEE ol&std, AR & A4 ﬁ(small room), A5 37t
(large room)oﬂ A, o AQd wpolze] 9 (center of mic array)E WA 7HHA, SdFe] A (r)E WA
7FAA, Sde A W S -90EREE 190ER 10% HFo R WA JpHA, E"JJ Wakzks FAEA
o},

=112 = 109 =M, wmol=E dd) huA, AZEA W 7 34 7S ARgste] A AdE =4
gk =wott

AWA 7] (M), A3 7]< 1(N. Ma and G. J. Brown, “Speech localisation in a multitalker mixture by
humans and machines,” in Proc. Interspeech, 2016, pp. 335973363)(N. Ma, T. May, and G. J. Brown, *
Exploiting deep neural networks and head movements for robust binaural localization of multiple
sources in reverberant environments,” IEEE/ACM Trans. Audio, Speech, Lang. Process., vol. 25, no. 12,
pp. 244472453, Dec.)oll 7]¥gt Zo =, DN &3 EXA(feature)d A9 (dimension)& WaFzte] /T
(class)9] G2 AAstar, DNNo.2 & 53k AR &&(posterior probability)e] Hul7} ¥l&= S@X(class)
Z dd HIFor AEsts daolth, dE o] -90~+90% W WIS 0% W2 BRI BRI
2= 19707} A},
FHA ZIHWANG) S A& 7]% 2(Z. Q. Wang, X. Zhang, and D.-L. Wang, “Robust speaker localization
guided by deep learning based time-frequency masking,” IEEE/ACM Trans. Audio, Speech, Lang. Process.,

vol. 27, no. 1, pp. 178?188, Jan. 2019.)°l 7]¥tst Ao 2 “Mask-weighted steered-response SNR” o 7|4k
gk darg]Folt).

TAH OS2 DW regressiong &3 vwlAA(mask)E F4HT §, FAHE =3 E o] &3fo] o] &ste] A=3qt
THARE 7ML J& A1 A-Fa¢ s Fedvh. 22l YA beamforming 71H-E HEste], W3k
al

ool 1N ok

&

I} Fuk Wl w2 SNR S (response)E Al4Feal SNR & (response)< W3} st= FHoslst= Wekz
= ie Rl = S B A 17Jri @], DWe| F7HdHe] AdAQl F4go &8¥+= 3lo| ofyet 7%
(weight) 2 &85 & vl2A(mask) FAAYT 8Eo= Ho| Eolsrt.

AR 71 (elPD)2 & Argoll A Alteh=s, AT AEW 7Inke] Wazt =4 Wijolt.

agla clPDeE, | #Y BEe ALE flo], Al 3 A AZFEE F8h] 15 o83l S WIS vz
AbEehE WS oust 4= Qi)

H2AEE wo]=29 ZF(Babble, Factory, Volvo)E WA 7FdAA, gl xo]l=z9 =7|E WHAN7FHA (SNR
5dB, SNR 10dB, SNR 15Db) Ay 37+ Z7](Large room, Small room)E WASN/IHA, S 9XS WA
7FaA YA

rlr
s
=
>

)

L= =
-1 = =2 T L
of Hlgte] 5% Ao Hehlls A& & 5 U

TR 2 Tl Agksks AA I (elPD)S A& 71w 20 7R FHA ZPHWANG O Hls $-3 A
< YWEbiY, A s 1o 71wk A 7P M) oF AR e e dEhlE As

&= 109 =delA, 2 AZHRTE0)& Al 7PaA, A7 B&d =4 71Ee ARkl 2Ed 2

Farepd, 2 oA Ajksk= AlMA 71 (elPD)2, | Y EHES AREEHA &2 cIPD
7

8 AIZHRT60)S Z=4Aa) 7FAA, AW F7Fe] =7](Large room, Small room)S WA ZIHA, 49 =
WA 71AA e AT

= 12a ¥ = 12bE Faspd, B oA Ajtel= AlWA ZIM(elPD)2, | Y EES ARREA &2
cIPD, A& 7] 1o 7kt AHA 7PHWMA), A 7= 20 719gk FHA 7R (WANG) o Bl B -3 4

E 13 % x 4=, & oE gAE A9E =A% 2ot
g 9l wol=rl EAlte FAAA, T 59 fAAE WA A, MZFA WE 744 719 (THO, MA,
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PROP)& AR8-8to] F7le] &<lo W&z (o1, 62)& FAsislt.
o714 MA= kA AWEE A 7l 190 7IRke Wk 4 71 el

w3 THO=, A3 7]% 3(N. T. N. Tho, S. Zhao, and D. L. Jones, “RobustDoA estimation ofmultiple

speech sources,” in Proc. IEEE Int. Conf. Acoust. Speech Signal Process., 2014, pp. 228772291.)°] 7]
ghgl ekt 2 7)ol
WSk PROPE, & #yoA Adshs Wekz 4 7o),

y

A7) FFe] ol (Babble, Factory, Volvo)& AHg3tel, 1ela Frhe] e A7he AHgste], B2Es 5

b

T 132 Ay A9E o2 FH HE AEs & A9E EAS EHola, & 4E AY 2daE T 3
Ao 2 AEs 3 A3E =g 2ol
% 138 Fastd, wol=9] FF{(Babble, Factory, Volvo) o A §lo], PROP] Hy A|HF 22} (Root Mean

Square Error, RMSE)7} 7} WAl SAHE S},

w3 = 142 Fudhd, eke] A)7k(shorter RT60, longer RT60)] A §lo], PROPY H AHE 2*F(Root
Mean Square Error, RMSE)7} 7F& WA A= AT},

AL 2 do A Agtsk= 7'M (PROP) o] 71 3 A5S YehdE A& HojFt.

A5 23A Fo| 24F mukd A7 Abge] 9A/83S BAKE JEe S FaB
WE (beanforning) 71%&, S99 ANE du 9&E AAE st 4ol

e} = = =2
= ZoZ, 5433 (speech enhancement), 43212 (speech recognition)

H oo shy o gy RuS o]gste] ¥zt AR, E3] QY 7 A A= AHHor FAATE S
FHerh, FAA SR 2 A=, dT" Ad 2 A ARFYH AR A 1 G AE FAToEA, T
9] 7IHE vlEte] Y9-8 (sound source localization)? AsS A 5 Urt.

w3k Ma7ls o4, =9 54 (output feature)s 4789 Jio] S22 L (classification)shs 34
& Fsto] el FAS Bl wrel, 29 2RddA= fF 2E Ao dHE wdste] 34
(regression) @& AT F o] &3t7] wioll, &Eallso] Se2=e] Froll o AT WA &= o] Ut
FdH, Aol dibHgor FA ] Alojs HHshs TALR, TYALUGA, vholam ZEAN, ZEAAN T
o] golot 282 & U,

Aded & dw, 2o Z15E A HFEE os ¢ e ZERA s Aol hestth. A
7 e e wiAlE, ASrE AlaEedl st A 4 9l HolHTE AREE BE FRel VISAAE
e, AFEIE oS 4 = vWiAle] d=3=, HDD(Hard Disk Drive), SSD(Solid State Disk), SDD(Silicon
Disk Drive), ROM, RAM, CD-ROM, #t7] o], &= tix=, 3F dolg] A A o] dvt. &g, 47 A

FEE BUle AolR(180)8 ¥ FE Avh webd, 4719 AT 4 wE HelN AdHor o4
[e)

O
g
=

HojAe o] EHa dAAQl A s ofof ghrh. - we] W= AN A o] FEA el o
AgElojol atal, & WHo] 7 WM Ao BE WA 2 awo] wifd xFHET.

Reo] 49

1100 A5 120: &85

130: AlofF

_15_



SS=50l 10-2346133

=y
=20
100
130
140 H2g zye 120
Hog
s 110
=52
Q Diffuse noises
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EEEE—
Post-
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E95
mic2 o0
° \ micl l /\ A
N
CHii 510
E||-0|3_ T
Ag: 00|13 7k 94 Xt0|(PID)
EH6

om0, 530 (5 1) cos 3,058, (5~ 1)
[KQ O - QAQ O - QN}
QOO000O000O -~ O
QOO000O000O O
OOO0O00OOO0O0 O]

(sinmpy(l,m), -, Sind¢, (g — 1,m) ,cos ¢, (1,m), ..., cos Ag,, (; — l,m))
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B
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Freq. (kHz)

Clean speech IPD

T

Freq. (kHz)

L]

Reverbe
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'

(b)

zoE‘ speech IPD

Enhanced IPD
T YT

(©

Enhanced IPD

0.8 16 24

(sec)
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s==4

B
H

DoA direct
Number of bins

Sinu DoA
Number of bins

Sinu IPD
Number of bins

[
o
(=)

(%)
(==}

100

50

100

50

Source location: 6=-50

Source location: 6=30

Source location: 6=70

50 0 30 70 50 0 30 70 T30 0 30 70
6) (b) (©

Source location; 6=-50 Source location: 6=30 Source location: 6=70

50 0 30 70 50 0 30 70 50 0 30 70
(d) (e) ()

Source location; 6=-50 Source location: 6=30 Source location: 6=70

-50 - 0 30 70 -50 0 30 70 -50 0 30 70

DoA [Deg] DoA [Deq] DoA [Deg]

(@)

(h)

(i)
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s==4

. RTe(sec)
Cateset | room || Wim) | Lim) | Hm) | rm) | center of mic aray (m) single source localization | multiple source localization
room 1 40 | 35| 25 | 05 (225,20, L.5) 0to 0.8 (interval: 0.16) 0.24, 0.64
training | - room 2 55 [ 40 [ 35| 10 (25,175, 16) 0to 1.2 (interval: 0.24) 036, 0.72
room 3 70 | 75 [ 50 | 20 (33,3117 0to 15 (interval: 0.3) 045,09
test small room {[ 375 | 31 | 275 | 075 | (175, 1.25 155) 0 to 10 (interval: 0.2) 03,07
large room || 60 | 50 | 40 | 15 (33,16, 1.65) 0to 1.25 (interval: 0.25) 0375, 0875
W(m)
w directional w height of the room: H(m)
| sound wocg/m/ ! !
m L 0° |
............. i B
! 1 w // N m
| B_Q%_az/mmm g !
-90° % | N_90°
.......... mm--:-:-:--b_nT:-:::: ]
Lo Mmoo rm) _
| | 7
origini | | m
PLLLE | |
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E9]11

Babble noise (Small room) Factory noise (Small room Volvo noise (Small room)

SNR 5 dB (Small room) SNR 10 dB (Small room) SNR 15 dB (Small room)

&
S
-

x MA \
~&-WANG ) \ ; .r ! _
f -+ ¢lPD ! L) N : ! ) .

. |[~—ePD ¢ \ . 1 \ ,

@
S

RMSE [Deg]
w
8

°

Volve noise (Large room) SNR 15 dB (Large room)

' x MA h \ ! ] !
@ 30 .» A-WANG b4 r h ; -.
e [ * cIPD i \ \ : : ?
wor ' |——epp | ! \ ' | { \
: f / | L Al
@ 10 4 \ ! \ /

9
o ‘
N PO

X 1 o \ . N 5 A [N
c.wa 60 30 0 30 60 9 50 60 30 0 30 60 S S0 60 30 O 30 60 90 50 60 30 0 30 60 SO S0 60 -30 0 30 60 %O 90 60 -30 O 30 60 90
DoA ¢ [Deg] DoA ¢ [Deg] DoA ¢ [Deg] DoA @ [Deg] DoA 0 [Deg] DoA § [Deg]
Acc (error<15°) Acc (error<5°)

Babble | Factory | Volvo | 5dB | 10dB | 15dB || Babble | Factory | Volvo | 5dB | 10dB | 15dB

dPD 859 | 781 | 998 | 787 | 906 | 945 || 769 | 692 | 894 | 710 | 804 | 842

MA 1000 | 1000 | 1000 | 1000 | 1000 | 1000 || 997 | %1 | 1000 | 99 | 990 | 998
WANG 999 | 1000 | 998 | 1000 [ 999 | 998 |l 997 | 938 | 980 | 984 | 981 | 981
PROP (eIPD) || 1000 | 994 | 1000 | 995 | 999 | 1000 || 937 | 908 | 1000 | 914 | 932 | %98
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EHI2

RMSE [Deg]

RMSE [Deg]

=0.6 [sec] (Small room)

RT60=1.0 [sec] (Small room)
X

x MA
0 -&-WANG

-+ cIlPD
= ——elPD

RT60=0 [sec] (Large room)

1

RT60=0 [sec] (Small room) RT60=0.2 [sec] (Small room) RT60=0.4 [sec] (Small oom) RT60
Y 7 T T

A

RT60=0.8 [sec] (Small room)
T 7 X

x - MA
% A-WANG
—e- clPD
20 ——elPD 4
10hx b
b .su%,%_owes o .sU.wL_owe e guw,hawes o go%mﬁuﬁs e go.ww%_owas o go.wy%_ow@_
Acc (error<15°) Acc (error<5)
RTy, | RTy, | RTy, | RTy, | RTy, | RTy, || RTy, | RT, | RT,, | Ry, | Ry, | Ry,
dPD 1000 | 618 | 389 | 279 | 247 | 216 895 | 461 | 245 | 171 | 139 | 121
MA 1000 | 950 | 803 | 787 | 761 | 721 %8 | 792 | 629 | 571 | 534 | 490
WANG 976 | 900 | 816 | 726 | 679 | 642 %1 | 816 | 639 | 568 | 502 | 455
PROP (eIPD) || 1000 | 958 | 82 | 845 | 784 | 771 || 1000 [ 805 | 698 | 594 | 545 | 468
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o 172
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