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Considering Microphone Positions in Sound Source Localization Methods: in Robot
Application
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ABSTRACT

Many different methods for sound source localization have been developed. Most of them mainly depend on time delay of
arrival (TDOA) or on empirical or analytic head related transfer functions (HRTFs). In real implementation, since the direct
path between a source and a sensor is interrupted by obstacles as like a head or body of robot, it has to be considered the
number of sensors as well as their positions. Therefore, in this paper, we present the methods, which are included sensor
position problem, to localize the sound source with 4 microphones to cover the 3D space. Those are modified two-step TDOA
methods. Our conclusion is that the different method has to be applied in case to be different microphone position on real robot
platform.
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Fig. 2 Method to estimate azimuth angle using cross correlations
(The case of opened microphone position)
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Fig. 3 (a) A case of closed microphone position; adapted form [8] (b)
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e a9 (b)ek #Zo] wolaRES
meoFom  AdAshd shte wlo|lmRE
AWslof st FES 12007 fh AWHH
TDOA "oz $d° Wiks J g
o] gt % wlo] A= ESE X2 one sample
delay”} frsks eab7h Axth ol 1 st
ol AR ES MRS AR Fasith AdeA =
Aol wdo] EAsh: dol AaAE 1

2
v
—h
3

3

D

o
Fu
v
4
>
_|
w)
(@]
>
il
-4
ot
kY

AL el AT F 298 As vuE
3 Fig. 3. (a)¢] &= platform & o] &3fo] 3k
oA 1.5m 7grkE "ol Sl= =gl el
7} 0°~ 180°, 157} 0°~ 30°AFo]of| A 10°4 W
AIZIEA S 9 HlolHE o] &3 tHFig. 4.).
tolg = 229 3t oA F42 913 HRTF =
el AHEE BoR s=uRs|ed TxEos)
9 SgAe] Ao RE o] gk [9] R EF

F obelel FEEo] 9l tum table o s
geatA s, 549 A= FRES ol &

N O, tob )y > Ho

Fig. 4 Experimental setup in anechoic chamber; adapted form [8]



3l ar=zbe] WskE Folth Ale= random white  ofs ¥ @Wol WellE WA H=d], oyl o Fo]

noise & AF83F31°™ data acquisition board <] Ao IR Wk Eo] gtk 28 wgo] o)

sampling frequency = 44.1kHz ©]t}. AAF A 7S el wb= Fato] Wol HA4E HifE QAo wt

w234 6000samples = 7FA3 &9 AAE S o]AZE0] EATtE A5 WHel ¥ AEsH
=

10,20 719] dataset & 74431 4, PS¢ 5 ok AwHow §Hlo) WIS
_i,_ hof] Qloja] AlF Z7le| EAst= A A
- e e 2 (AR ZEHE HE=A] g Sfok shA Rk, A

| —ideal
150, " opencase
O close case |

—ideal
|| ® opencase |
| @ close case

B ke A5ed o1 FEo] AL
Aop AR welsts] 918 3 doles} A

SH3A olF o] AgAHIt & HoFal itk

estimated azimuth angle{degree)
-
estimated azimuth angle|degrae)

90
80 60 i .lumn l degree. 5 elevation 0 degres
30t | T | opuntmmormnm i | opuritmmormnni
a0} close case error mean | ; 4t close case error mean |
M g | S
0 n 90 120 1% 18 i 30 [ 90 120 150 180 E 0| 8 P
raal nlm\lﬂ angel[degras) real arimuth angel[degree) i 2 | ,
2t
(a) (b) T . N X
8 1}
E P e q
4 E ot
elevation 20 degree elevation 30 degree i A0 E
180 — e el Sl e 180 — e s talar e | 4l
—ideal | —ideal | B |
iuni = open case i"ﬂ:' * open case E 0l ¥ .l
| @ close case | 0 sk cais ] 3 [ 90 120 150 180 ] 3 [ 0 120 150 180
3 T 3 T roal azimuth angel{degree) roal azimuth angel{degree)

. § |
| 2 10|
£ i : @ ®)
i i '
E sol E -l -0 dovnlen ‘ﬂ “’!.0 - - _ 5, ﬁovnlen ‘ﬂ “’!.0
i | H opun case efror mean | 3 npln case error mean |
E | i E 0} g. n?_-\ clase case error mean | 2 4l e onne error mean |
; ’ H e
52
] ) ] 90 120 150 18 ] ) ] o0 120 150 18 = £,
roal azimuth angel{degrese) roal azimuth angel{degree) .g L |
(© (d) i i
E] 0
A0} al
Fig. 5 Experimental results for azimuth angle at 1.5m: (a) elevation g é ';
Odegree, (b) elevation 10degree, (c) elevation 20degree, (d) elevation T T w L
30degree (© (d)
... B r— . " clovation 20 degree . elovaon 20 dogree
T':::! o l T':::! o 3 | opun case efror mean | i ol opun case error mean |
E 3t @ :|F!¢cn_lj oo E‘ai; a :|F!¢cn_lj a :r | close case error mlm' i It close case error mlm'
3| e sesess 7| sessa H By
£ sase @ £ . sssssss = 8 E'-’
é | | E E" 3}
§9ecsaas Wesesasas . | 'ii
E | 3 | g | E !
3 B i ) o
i i - : i.
D o oo D e et : o roat stimatn angoigegreet k o roat stimatn angoigegraet

@) (®) © ®

30, ____Meealon iodemie = " 40, 5 Savation, % degres : elevation 30 dagrae. ‘slevation 30 degres
[F—teai p—r 1 - 0, et =
®  open case 3 * opencase 4 S °F"“ caze efror mean I ] sl opun case efror mean |
E O close case . ; O closecme | close case error mean | ia IL close case error m-ml
£ - . . 2 Bp——r— . = 8 2 st
1 . . 1 . . -] -3l
k) . a k-] . = @as H -
§ [ RN 5 . sw s ooao L 45|
m sm@@E & » -4 " @@@s@sss -g £
%ll-lll-l- T -
e in------;- 5 2
fetd § o §
Bus, » E 25} 4 H
B i g o
i £ ! i
] n [ 90 120 150 1 ] 0 [0 9 120 1% 1 ) 2
] n [ 90 120 150 1 ] n [ 90 120 150 1
real azrimuth angel[degres) raal azimuth angel[degres) roal azimuth angel(degres) roat i degree)

© Q) ©) (h)

Fig. 6 Experimental results for elevation angle at 1.5m: (a) elevation

Odegree, (b) elevation 10degree, (c) elevation 20degree, (d) elevation Fig. 7' Mean and Standard deviation of azimuth estimation error as each
30degree elevation angle.

AFAHRE Fig. 7 oA tA AEsido 4
Hzloll Al 20 7 data set @} HHI BALS 1
TZbel whet vebdideh w7t 00 oM Ayt
(Fig.7 (@), (b))°llAl HZo] =52 wee] &g W
a7 Gl FaellAe 7 7HA Wl ois A3

o
N
a2
¥
o,

3

| o

EEEY

S
r
S

rjg
FIOMP
fu 18
Mo =
L
L
e
&
-z
M 3
o



7b AR veds 4 ook 28y e
10° ~30° oA 2] A3KFig. 7 (c) ~ ()= =% v g
of o3l Wal wh= o] wol A4 e 9
Ao mpola R FEO] EASE A9 el ¥ &
& a7 wATE 4 4 Stk ol =X A
of oJs Al H= wlelARES] ATt A
5l f=Eo] YERUA He Adolrt. akEZbo]
30°Q1 Aol #HHE $A el mpo]aRFEo] EA st

= A5 YR AEE 2AE XA He,

o= o] ZhEelA] AfEgolets Abgel A7)
WO A WA ool £ R
T N9 mlelazEE &9 A4 A9 A=t
BUEA L) ) WElt. A sl
nEo] mEde] e 4 eahs £R 74 oje
oxpuh 4Fs Ao AL B F gk oze
23 EAE AR5 AL tllARE b))
A2} 300m elstel Al FH2be] F4 @ab7h ww
2he] FAel 2A P mAA sk, vpola
£Fo] nEze] wWgel uet A7 Ad F=o
dao] WA oA g o] Q7] WEeluh

5, &2 &2
2 AFel A= TDOA WS o] &3te] 3 g%
el EAEE 599 WEFes FYsk= T /A
Ag-o gt WS AL, A 28 Z
Z(IRP-2004)0] A wlol4 2 ES Jpx 1 F-&F
Aol A At tﬂOlEiE o] § H *é%—% vl

‘rr%zc}oﬂ/qt - 7}7‘] IS
ANE BAAT AA =il —46} ZHdol Ay st
Aol ddAe Ao vlolazE] EA35}
ZA5-2 Wil o £ AR}E BTt o]

£ ntgoR clow zie AgdE £

P
o,
ol
r

Q2
-
r
12
2
.
)
I
1o
2
oo
fllo
R

2 odlo kI rlo B o ol e

o] ¥ 2007 A% FH(FHr=)e Ao
2 sk 57FA A A5 AR (M1050000
0112-05J0000-1121), 73 &t= 21 ZZAE L H=}
TEAJATUKETI) A5 HAR o5 788 A7

o]
)=

ikl

P

Mo
ok

(1) Y. Rui and D. Florencio, “New direct approaches to
robust sound source localization,” in proceeding of IEEE ICME,
2003, pp. 730-740

(2) A. A. Handzel, “High acuity sound source localization
by means of a triangular spherical array,” in proceedings of
IEEE ICASSP, 2005, pp. 1057-1060.

(3) F. Keyrouz and K. Diepold, “An enhanced binaural 3D
sound localization algorithm,” in proceedings of IEEE
International Symposium on Signal Processing and Information
Technology, 2006, pp 662-665.

@) FH= 5, 2005, “Hle] AL FFE o] GG 2o
G4 9H 347 FAGENA LA, BFALAEE
8}3], pp.637-640

(5) K. Nakadai, H. G. Okuno, and H. Kitano. “Real-time
sound source localization and separation for robot audition,” in
proceeding of IEEE International Conference on Spoken
Language Processing, 2002, pp. 193-196

(6) JM. Malin, F Michaud, J. Rouat, D.
Letourneau, “Robust sound source localization using a
microphone array on a mobile robot,” in proceedings of the
IEEE/IRJ Intl. Conference on Intelligent Robots and Systems,
2003, pp. 1228-1233.

(7) C. H. Knnapp, G. C. Cater, “The generalized
correlation method for estimation of time delay,” in proceeding
of IEEE Trnas. on acoustics, speech and signal processing, Vol.
Assp-24, No.4 1976.

(8) J. Yli-Hietanen, K. Koppinen, and J. Astola, “Time-
delay selection for robust angle of arrival estimation,” in
proceedings of the IASTED International Conference Signal
and Image Processing(SIP’99) Oct. 18-21, 1999 — Nassau,
Bahamas

(9) Sungmok Hwang, “Sound Source Localization Using
HRTF Database,” Master’s Thesis, Korea Advanced Institute of
Science and Technology, 2006



