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A Study on 2-Dimensional Sound Source Tracking System
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Abstract

When navigating in or near an area of restricted visibility, it is necessary to be heard the whistle, bell
and/or the siren of lighthouses or ships at times. Even though we can get the brief informations about
the property of sound, the direction and range of a sound radiator, it is not enough to get the accurate
informations for decision making.

Generally the audio frequency is known as 16~20,000Hz, but the earshot is shorten and discrimination
of sound is more difficult when there is some noise. The sound pressure is 60dB at the moment when
human speaks 1 meter away. Usually the noise pressures are 40dB in a silent room and 60dB on the
quiet street, respectively.

In this study, the basic algorithm and a method of signal processing are suggested to trace the
direction and range of the source radiator using the signals received through not a physical sense but

the microphone sensors.

« gaseoeta W
e QA FNRE WSS



2 BEAUBBEE F 208 B 4K 199%
.AME

FASo] B3, At vekdez A
A A E woh B S =@
F 0 sgmER AEH ks b

A% Eolxz ek

w

1986 1989 1992 1965
YEAR

a8 1 Ak sl ¥

7~ OTHERS
P " TONBOAT
Y “FISHING BOAT
TANKER
FREIGHTER
PASSINGER SHIP

COLLTSSION 7
CASUALTY

SINKING CAPSIZAL
FIRE EXPLOSI

a22 At e OE w88

22 13 18 28 2 1097 $

ZjetollA] 2
A sdtabn Ag-e vhepd Aelch

a3 elA

4 slgel $EAIE FA St sl
spcbabe) AFEES HEA, F2A D olale]

AAska glch 2 of&ol|, AnterdS .,,]fg} )z

WA, A, A s =27, AR
WA, EE VIS 44 % BEA 280 B0

A77F sl AT Qw, AF7A e o
WeelE 99 Be A7 nasged

W, Aol AVE AL N W A
A4, 2% wx $H9) Aold 5o A5e A
Ador & WaAol A7IA Hel, o AE, Yuhg
o &4l §F 549 A2 AL AGHe
= @ % e old 22 FaAbt g
2 9% R YRR L A ol gol o
=3 gtk

QAze) Azhe <F 16~20,000Hz A S Fo5
de) $@E T 5 AA, AA FAlE el
£79) selgel TAsE 2o, ol go] A% %
o) ez 7)A S Axg Aol 3L A
Ak Feie) Sgol glod 4al W ALl
4% AR & YA, 240
203 ARARE gebAn, AEeH 289 A
W, Axge) o B¥ 5o BUE ol

Im ol RE =719 delz T of AUy
zele) 271 W2 e0dBelth. E, 28 Aol
£ 40dB, AFFAIA = 50dB, 243 AlE 60dB
HESh 549) 712e] B3 ek Ae)eAl Atet
£ 83 SUERAAL) ARt 2007k 2 oo
o} o 6dBH 7141 9cH” weba, Hiwel 4287188
60ABE. 3151 wl 717le] ekt ol Abete] Ao
Se) el A o] vhehd 4 glek.

D=2 ¢ )

o D 2o AR m], Sp: ¥ &HAB],
Np: 48 3HdB]

Z At 2w, F9 2gste] AETE
WAy s AT AR, &2 HEAE A
=& Aot}

B Aol A S-Ho] dAR 7HA F It ool A
walste AESI F £SS A%t A4
o] old Microphone A& F3l] $Ast3, &



SR8 AAtE 59 YA AEAAE sl
49 oA AAS BPE FAstE 7]
wAel GuelEe Attt Vet

2. Al 2|

I
e

&9lo] walE S%& Microphone sensor¥|&
o] g3te] $Alstm, 7z Aol &3] dojAe HE
of el HA AEALE sk ZF AR A
= A7kxde Aoz, FAVd A S
o] Ao (A=, WehE FAsax ot £,
A e AL Fu ANANE A S
o] APLE(C)FEE, ol FHE FY & Ut

299 SFATE AAFE FAF AT, o=
g AMNE 71Fo2 He o, o AMde A
o wid, 7+4 %o A 86 wat FAlEel A
A 742 A (time delay)el A71A Dr} 24 AxAE
Az A 2AE EAHst U] AHAAE T
st g Ee o 2

e Ut w2 FAR AXFe
Zx=Ecy s, | Az el A A
¥ NE e (29 o] FoiArh14)

o

elt) = s[K;(t +&)1+n(t)

1=1,2,3, 2)
&, s(6), n(t)E Axe] FAE Azsh &R
re
£E A
K 499 Ade Be giesez dv
7Y

wf, WA el thE AZEHEE o3 2T
K,‘(t) - 1+V,/C l=1 2,3, (3)
4, C= 55

V;%& bearing lineoll #4198 &%

2349 gAFH B¢ AT 3

299 $E7F £4Col WA FAL F UL
AEz Aok d V;/CFE FAE £ dem,
geld, A2 A2 vebd & ok

eft) = s(t+&)+n(t) i=123, @

s4aA A ANAAY ARl R, &

R = C-1; i=1,2,3," 5)
& e Qo zRE WA AMAAe] ¥
2] A=A

7b =,z Axjabel o) dAlg Al AzbARE A

)22 vehd £ ek

4,j=1,2,3,~ ®)

A2 7t Fe5E AT A=) B T
§ 4 gle Aoz &% 5 U, e AA
2 AR ASARE FAY AHE 2L F U
B2 3-sensor system Z¥-& thEV|E ¥t

a2y 3e &4 AMER °]FA 3-sensor
system®] 71&8A F2E vEhd o2, M,

M,, M;+<= $AalAelx, Ly, L, & A A7 e

Ty = —Tii— T,—7;

source

M,

Y
Ny
3

™ L, L.

a8 3 £43 A e sEEH P2



4 EEAUGEEIE F20 % B4, 199%

rAe|a, By, By, By 7 AAeA $U7 AlA
o] o] F+ w7to|r}

o] 3-sensor systemell4] 3702 AAEFL =
Ax M Atel] EAEt e AAZEE < lska 3§
9, Ao JAE o] 43l SYUo2HE 7
AA Me 7HA18] Al Ry &F Sl Jg 44l B,
& 5 qlel
B4 2 AlAAle] o=

S

& o] A},
R3 = RZ + C- T32 (78)
RI = Rz - C- 791 (7b)
£25 7 A So] BRI ol T Yo

AE o]-83}o, LluLz—Li 32 R;F R;E

2AFE, 7184 M2 Y E $-d71A12) A9}

W= ‘(8)_‘% 29l 23] :rL”J + it

_ 2L=(C- )’ = (C - y)?
R, = NC - 1p—C - 13) ®)

2 (C )%~ 2R, -C-ry— L2
B, = cos ™! o2l 2R22~L 4 9

w3 FA% S uelel A E o] &3l o]
Farel WS 7 4 gk &, A EL T
J BAEE 23 SR 928 g eH
29 Abtl&E(relative motion)ZF FE(true

theo2 Ao Fa AvnslL gl
s1o] AH®),@eIH B s o], wakst A2
240 2 ohg T 7H) 235k ek v,
DEHHo ¥ei® 7 AAe] AHE A5
o) Az 2 e
@ AAS) 91425

A7kl e] EAR oA Al A-5[(SNR),
24 ZH(obervation time), 3= (bandwidth),

ZAlF 9 <(center frequency)s} e X% e} A8
o] wisfel ofs) H$-olk duiy oz $£417]
Fole AsiFF ALl A=, olid
&8 49 Faeg 2ol - AAY 4 glohd SNR
o] AL E2 &2 sHARE AXA "ol o)
3t olvlz2 1 HEIZE o] &3 AY £ 1
3 4ol RolXe] &5 FAIsh= AA e F99
7\3'—%‘1}—.3: -’F”‘? + 8l AXME At F AA
g2 AASE T A
W& 853zl gk

zA2 59 ’:liiial 7]

32 Mol R4t

AA AZAE FAAS e slo] B AL A
A8 FAIA QA Apel e B pAFHom A
Ed7)2 g}

o] F7HA fxLabe, AAe] wjde] o=
Aol ohd Z3-¢, AMA7Ee] ZbFe] A A
Alxe] wgdAde] 4lxf wjde] 7)Ee] == baseline
I dx5A] ds FSel HAch 27 5& o))

e A 30 93249 Fh 0 9
A2l 2917 2 71 91 7) 9he)
2% ehiel,

£ depd e
A 7




2494 SUFAo B AT 5

T T T

® AA2] sdAle] baseline®d Yx|3hA] 92 HS$-

M true position

{3 assumed position

Aange
) !
3000 [~ ® 4 ¢ ? ?
: Q:d4d = 0.1 m
@G :ad = 0.2 m
3 dd = 0.3 m
@: 4d = 0.4m
9 g e
1 ; H oD @ true position
6-, o c O estimated position
° : : ; L L= 2
N e ¢ $ "
T a0 =01 m
® ;
s C = 340m/s
100 {~
Ad
| Y
? M, M; M,
0 - Baseline
® A4e] wjedo] ARHE o] FA e A%



6 HREAUBERETE F208 F4%, 19%

Range

m) ® o °

000" @@ @@ eOnaef O diigeg OO S..g D: a6 = o05-
@:46 = 1.0°
QD:46 = 15"

2500 [~ @ true position

O estimated position

L= 2m
40 = 05°

C = 340m/s
100 {—
° * - Baseline
® A9 wldAle| baselined}t Ux8}A] 42 AH$-

Range

low)

3000 [~ ¢ ? * H ? D:4g - 0.tm
¢ ¢ 8 H ¢ o @:dL = 0.2m
‘ . H H H @M - 03m
o 5 & , LIPS @D:4a = 04m

000 |~ [ Q Qo é o @

2

@ true position

O estimated position
//_\/—\ L=2m
4AL=01m

C = 340m/s

M, M, M,

——I——l—! R
aLl a4 Varlar

[ ]
]

Baseline
© AA7ke] o] A% A

a6 A4 T $H LA A Aol



a2 6& 259 2+ Ao diste A F
A A exg A8, FAHE AAde] §4
ZHo vlA& Jggol Fa A BH]AT AL
baseline 22 %8 3U7x¢] A=lE F 3000m,
A7) AL 2m, 48 340m/sE AA3A
o} M) FAHA %iliiw e g, AXE
o] AA A 2o A7} s, )AL A
Al (8,96 o3 TFERe U $xo gL
ulx) A g}

13 @ A9 wjde] dAMe] ohd 7394 A
—gﬂlolmlt} o] A9 F7H44 M,y7l baselinesll
) e9ZF SAWgen o3 Ad7t 0.lmd F
7Vl 7}1°]dr. Axe] $Aextz g A7k A
9] o)t £ 91X FAl AFs] & Arlea
E 27z ek v, WAl vlAe
B FAY £ gle HER vt a9 ©®

AN} sledAde] baselined stz 2 7
o] AjEeoldelrt. &7k Ao It A&
A 27L& 99 @9 A9 Fdsle) o] AF

A MS SACZ AA Axuidade] w4
Awskon 347} .407} 05 4 F7tsle Ao
t}. o] 7% Ageae FAY HEE iy,
el e abe Ax ] sAupska) Wik e s Al
Aode) Mz g s & AgEde
ykeld) wlxlE odgo] Athe AL o F ol
a8 ©F A7 e kAol BAER Aol
A geolAdoltt U Ao I 2L 99
7399} sz, A M7 Myrt 2z F7HAA
Zag Hoxe wgor 23 4L 0.1mA
Z7}ste otk a¥ @l vig] A= Leart A
%l Az, e 13 ®Y Asro Mok =

S0] Mo Atk EZAYLF v

oﬂ ol e o33 oS ez gl
o}4kz} zbo], £-1e) Ao}t Wb E EFAstedl
oA Ao widel AEAR &, Alxe) ]l
B AR ZF AT AR l°3_ ZA ol 3¢
Fe 2 a4 A 53], 9 13 @A Bt

st o] AlAe] ANE o1 FA EshE AtE

o2

e 2 o rr

—_

_1.4

2AE LURHe] B AT 7

£99) AxaAel slAA 7R 2 2248 WA
7] f9le] o}
2o AL 2AdE F=delden o5

7t et Az LY AdAo| A7 £¥E 9l
2 o), 237} A-ESA ) X kel ds A
HAur2 gt

AX7ES 7244 Lol 23 dLo)l 9l¢ o) 249
Azlg Ryt 31, Ry A0 vehd £
k=1

& - AL+ L) — (C - 13)?~— (C - 13)?

2(C - r5=C - o) S

A2l L8 4R,Er 314, 4R+ AIDE vet
9 4 sl

24L%+ 4L - AL
Z(C " 7.'32‘_c . l'21)

AR, = R,—R, = (11)

AZARQ BRolE A7 Qe Ao S,
S A AR/ Ry)E A2 el &

Ttk A
At
4Ry, _ 24L%+ 4L - AL
R2 - 2L2 (12)

4R,
Ry

i
0 006 012 018 ] 0.3

=3

3z 7. 4L o) AR L Xe| vl = o 5

23 7E ALo] $AANY AREAe] GlAE
$2 vhepdl ol At2Ee AFR A9
Aeie A2ae AFHD A LAE ey

4
b
o ol AR Lol 4% Azledte 9P FA

N



8 WEALIBREI £ 2048 H 43K 19%

<= 24 Al

23 8 ol 24U SUEH otuels

Az @ AA2AL 74 2 AsADAE
Zeet.

K-
=

€}

v}

e
T
A

THL

r |
] > F:\(n; { B.P.F. "x Multiplexer Integrator Conéé?ter CPU
f\,»
Microphone
Correlétion ;
L Analysis Displayes
3% 8 ASA A 2 NEAA
4. A= Proceedings of Spring Meeting/STAR Sym-
posium, Coronado, California, p65-77, 1980
2 dPdMe 7HFIRR S6E)E Qe 3. Kim. W. S, “Port Design and Simulation: Va-
A7te] obd Microphone A4S Ea 4415}y 4l lidity of Microcomputer Aided Port Design
A g, &Y 229 A 42](7‘] o} uk and Its application”, Doctoral Thesis of the
E FHsl= dmalES Adstde) 2ghek w Uneversity of Wales, Cardiff, June, p.
Heg A2gE P, T2t vaA i) 194-216, 1990
I oA AT FH o] shssle] B3, A} 4. AR 939 “QAHF F9g2 A wielo)
of f&3A 449 zog sgc} B3 A7, Sk EI R, A2d A13E, 199%
dezol AFHAZH, e e ate gk 5. &A% 229], “olitg} AE FRojr]e) Hut &
AE, B 4] HAS: B4 2389 3 ol A Byl AE” ke Eta) R, 418
2], A3g3 259 Fapd 9 o]l AR A 2%, 1994
& AZL L TE} AYS 58 B Ajade] 6. A, Ataid) IFYPA A Y g2
24 Gyl o A7 Folch WAl & A, 1994
7. A%, “dule] kA8 9% A g 2ux g
Y 2% Ao BT A7, gt A

L BHEFSIROIE, PIuBHESRE, 1987-199%6
2. Atkins, D. A., Bertsche, W.R., “Evaluation of
the Safety of Ship navigation In Harbours”,

149 A&, pp. 9-25, 1995

. Maritime Dynamics,“Port of Sunderland Sim-
ulation study Report”, Publication of Maritime
Dynamics Ltd., Llantrisant, UK., July 1987



9. Maritime Dynamics, “Second Severn Crossing
Ship Simulator study Report”, Publication of
Maritime Dynamics Ltd, Llantrisant, UK,
Mar 1989

10. FUJII Y., YAMANOUCHI H. & MATSUI T,
“Survey on Vessel Traffic Management
Systems and Brief Introduction to Marine

raffic  Studies”, Electronic  Navigation
Research Institute Papers, Vol.4b, tokyo, 1984
11. #r314 “ Quantification of The Effectiveness

14.

249 SUFA e B AT 9

of Vessel Traffic Services”, #|efarx13}t3] =],
A4 A1ZE, pp. 83-93,1995

CBREBAILTEY, BBt pp. 17-18 (1991)
13.

T AN A ERE SEHESHEEEER, 17
2 M BUBOBEFEREK", -0t p. 9 (1992)
Charles H. Knapp and G.C. Carter, “Esti-
mation of time delay in the presence of
source or receiver motion”, J. Acoustic. Soc.
Am. 61(6), pp. 1545-1549 (1977)



