ol

EHESSEIX| M 393 75 pp. 509-516

July 2022 /509

=1

Korean Soc. Precis. Eng., Vol. 39, No. 7, pp. 509-516

") Check for updates

A B7H L) WEX} Sy 2Ro| MEX} S

http://doi.org/10.7736/JKSPE.022.019
ISSN 1225-9071 (Print) / 2287-8769 (Online)

Hxl F=of| et g

A Study on Sound Source Localization of Survivors for the Robot
Searching Victims in a Narrow Space
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In this study, we proposed microphone array and algorithm for sound source localization based on GCC-PHAT for the
robot searching victims in a narrow space. Through frequency domain analysis, we designed filter to make algorithm
react only to the sound with a human voice frequency. Additionally, calibration algorithm was integrated to solve the
problem of the update cycle of result value becoming very short when passing through the filter, presenting difficulty in
checking the value. Results obtained through experiments verified the performance of the proposed microphone array

and sound source localization algorithm.

1. M2

Sl SHEst R QA e g FA
27k BolA] et ek e el A s B 4
ZXE

sty 53, 45 g2 ) :za L Sl 83
o] gJom & ARAR= 1,800 0] Yi=r}. =9]9] AL 9-11
B2 Qlet AAFAAE &3, W=t EM~—E}XP o3,

AR 5 gAR For A S g YRR B AAE

o} b Baabae] o) Sla) @A AT 4 Al

o.>,i ;; .li 4 ol

1 93 U, Ofei oleig S Fausl) i ke
1 ThoRdl R §L =t 4~ Q= WO

=T PO S

Copyright © The Korean Society for Precision Engineering

Manuscript received: February 9, 2022 / Revised: April 14, 2022 / Accepted: May 4, 2022

= o5 T Aol B-gaf Hrt
A= #‘l@ o %EH 4] I dgke = yEAL
']Ee ;}’Ll'—‘] k]/“] Egi :rLHOH -r'g-
ﬂ?ﬂ stEEl‘}iﬁ} [5]. g AollA vlAtshe WA
Qlsf AJoprt SHEE ] oF2- F7oll A A&
72 /‘i/ﬂ 5o e wpo]ARES o83 A
g 7159 BadE AAIskL Al
(Sound Source Localizationy> 4|7} 582+
1€§ ol5 &AL A =it "iAsh Hoh
4=305F 4= QJrh S HjAF HAL = =
UL ol s B B4 2910] e 8
A SJAITH 4 9l Stolaks oAl 77} BE A=t
o) S0 9141 #4 PR AL 8 4o U

I o

TR
o 2

o ox

)

o o

e

S rr

iz

ol
N Ho o2 jo%
r et =
R 10 oﬁ, r_;[’_,
)jn o
—1 N i
r_ ré

N

=

N
o
© o
jg (e
2 {o
1
oZ‘l

>

]_

ol
of
il

s
3
o
a
L
ol

=z rlr

or
[e]
2
2 [
d
7
EO

o_>|:

it

|

i

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.022.019&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

510/ July 2022

;L}a Q17]e] Thee] wolmRE o] AMgEIgict

9 ] 49 o) whe) RS ALK BEE
ST zﬂoml whECHS]. whebd AVEAL T sl 28
37] 915k mhol 22 wjx|of Qele] o] Wasiet.

Ao Qg o &9 91X 2% gaelEe] T4 B

2% 5 74 712 =23t 3 A 100mm o] ¥
& B e BH 0w sHe WY w2 ARE7)e) 47
70mme} 27|12 AAE AN mEo] A ol ARE wj
2 FATHS]. 5 WA S vho]A2E ujx|of AHg3] 4

= o
dnzi
HU

>

[*]

aet o9 914 #4 o Tt
 polE 4T 71l wrar Vel ulolaRES ol §
329 9% F4 dmeEH T 28 A 22 A

g9 A77F AlgHQl v AAHH fo|aREZo R 9]
iz S AAstgler ol E83dl7] fJdl TDOA (Tlme
Difference of Arrival) ‘ﬂol'é]% /HX* 3Tk of7)o) s 99
e Eaf e Tt ZE|(Band Pass Filter)S 2851901,
=9 YA =44 E;ﬁ% Q)5 F+&3t Turn Switch 7]|WFe] &3
St %@LEH AEAL gAY 2ol A-8str] 9]3t Calibrated

GCC-PHAT ¥d118]&L 3331t vixjato g2 L&k g
955 1357 Sl AEL AWkt

antH o 39l 91A % % ol W NS 24
a}7] SJsial 47114 u}o]ag APRA| ko R i) aljof gt
o}, HlEE S o] 7= o

= Vo) ololaes B FAL, U

A Sl slol R | LA FAT S ek

ufo] AR E Ajolo] 7o) Yois HAT

P 520 9 39 A1) S 52 - el
SHAR B B2 o3t oI A

@ 230 A5 upo|ARES FFY AN BEO

ot u}r p"l

mm ©|5}9] A|Fhe W] Eof HAXEHS]. ol 4]
s A9 slolaEe) Al WA, Be 1A 2 )
A® BrPselth. wlabd WY 2ite] d8E 99 917 24
melae tgel F b £4% BE, 1) 29 vlolas
E& AR AR 180%] gt 2 914 %—%ﬂ% S, 2)

& ASael 44 Telel Fie 131 2] 003m 02
A3k, s 2NN EEAS UFH] SAoh 2 A
24 guelze Ane FHAL 4wt 50 olste] Bk o

NEE S AL BEE S

ot

3.2 B 2ROl S Xl = L1z

o

__I"

3.1 TDOA (Time Difference of Arrival)
okt ulo]ARE o] Mgt S 91 2 o

MIC1 MIC2

Fig. 1 Microphone array in snake robot
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Fig. 2 Sound source localization with TDOA
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Fig. 3 GCC-PHAT block diagram
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Fig. 4 Filtered GCC-PHAT block diagram
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Fig. 6 Calibrated GCC-PHAT algorithm
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Fig. 7 Testbed for sound source localization experiments
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Table 1 Expressible angles by distance between microphones

L [m]
0.03 0.05 0.1 0.15
n 0[] n 01 n 01 n 0[]
5 0 7 0 14 0 21 0
4 17 6 31 13 22 20 17
3 44 5 44 12 31 19 25
2 61 4 55 11 38 18 31

0 90 0 90 0 90 0 90

2 118 -4 125 -11 142 -18 149
-3 135 -5 136 -12 149 -19 155
-4 162 -6 149 -13 158 -20 162
-5 180 -7 180 -14 180 -21 180

Table 2 Mean error by distance between microphones

L [m]
0.03 0.05 0.1 0.15
Mean error [°] 3.35 4.71 0.49 1.72
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Fig. 10 Results of Filtered GCC-PHAT with various sound source
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