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Acoustic based Two Dimensional Underwater
Localization Considering Directional Ambiguity
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Abstract: Acoustic based localization is essential to operate autonomous robotic systems in underwater
environment where the use of sensorial data is limited. This paper proposes a localization method
using artificial underwater acoustic sources. The proposed method acquires directional angles of
acoustic sources using time difference of arrivals of two hydrophones. For this purpose, a probabilistic
approach is used for accurate estimation of the time delay. Then, Gaussian sum filter based SLAM
technique is used to localize both acoustic sources and underwater vehicle. It is performed by using
bearing of acoustic sources as measurement and inertial sensors as prediction model. The proposed
method can handle directional ambiguity of time difference based source localization by generating
Gaussian models corresponding to possible locations of both front and back sides. Through these
processes, the proposed method can provide reliable localization method for underwater vehicles
without any prior information of source locations. The performance of the proposed method is verified
by experimental results conducted in a real sea environment.
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[Fig. 1] (a) Underwater acoustic source and (b) Acoustic signal
acquisition system
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[Fig. 2] Front-back ambiguity of time difference arrivals based
direction estimation

=R EN H5H0 A £
&= otk
B =iolAe F e slol=gEo iy 59

dlo

& 415 7o) A0S 2

o5 NEE o] gate] HEkzt AR E =4 9] o}o]
ERE DS AL Aok P AR E Be] 5
% gl o] Lok, 541 AAje] 2717} 714 31 415 A2)
7h BRIk Wb, B ATl S5 A% A e
S oo Mk AR 1 FAela, 2Rl o)F U 5%
g A Auelel 432 B A A4 FalTEs
i,

[Fig. 211 7 7] Sho S E-S o] 5 :=galgkzfo] 7]k
R /1o A ek ol 40 ol
EREN} 55 909 A7t 54 S| ERE Aol o] 7]
(el w8 vl Wk ARSI ), 55 S AlEe)

Ash e WHskE /b E 5 glrk o) 2 E], £F 29 A
o

of WaIzhe T 4l £ 215 The] EEA|ZERfol(5) R

0 =acos(5,-C/d) Q)]

71X O 75 245(9F 1,500 m/s)©] T},

ot B2 =G AZEAo] 7|Rke] Wiakz)t 242 T 71| 3]
Ax|ojof gt FA| o] Utk WA, 2] (1)ol|A] Holi= nle} &
5171 = F A1 Ale 3k

ol gho] 44 ol
oloix]7] whiolt}. He-0.2, [Fig 2]°ﬂ 2

Lo] EEA|Zka}o] RO R HE ol 5% S4le] 917
o BEE 4 Ak 59 A ASFA S BAR &
AREAYo| % 217) wole), o] % ob| BB AlolelaL S,
0] oo} = 345} 4] el A 1] F 7 &

TS T T S 7 9IA] 1A VES A

QL

o 2 oAt e
;|
d

2o

Sk 7goll A 1Sl nfe} o), 5 S o Wk A4S 218l
M AT EAIRERo] gk A Ehe] A 3l
oF gt & Aol A= kAR ERfo] o] WA O 7 AL
S5 Ak e AR APls 7 ke 2 shed, e A o
2 EE T 599 5A4E ol 8% g5 e 4
7| E o] &gkt

A F PG 2 (1) S 2y () O AT L F A
3 7+9] 3547 A|9(cross-correlation) #ko] Z )7} E &= Al
2; gh& A WA o= e

0, (T) = Bl (8) 2, (¢ —17)] Q)

8, cc=argmax R, (7 (1) 3)

o]zt AT AR
AR Aol A Dof] F3F A5 FHREE o]-8ato] Z2A
o}, A RE E A Aol A Aofl 53
of oJal) A2 o2 f=E A} F-2 5 A5 H(noise source)

ORNE R ST NI} HEH A w0l

il
1z
kid
2
©
X
o
k1
i)
>
)
X
K3

ot i rir



_1.
ED
ne
E
=5
%0
é
ﬂ
2

ok
0%t

V

N

54 W S TEAREels §EEUERE
P(r=4,) % X @3t 3ld & kS Hlo|x|et &8 Rdls
o)-g:3}0] v} A Hvilc eo]= gk 4

P(Tzdt‘zl:ﬁul:t) )
=n- P(Zt‘T:(;t)P(T:6t|21:t—1’u1:t)

I

ol
il
o,
ofo

ol
ol
32
o T
do
1>
o 2
=
rsﬂ
_>,i
=
ot
E
—x
He,
=
=

U e
1o
T

UM

4o
o
i,
:L

8, prop = argmax, P(7) Q)

=

o
)
o
=
ol
tlo
of
:?1:4"
N
O%
n
rlr
o
il
o ﬂl{ﬁ
ol
o
)
o
S
I oz

o
{1
>,
2
S
%
=2
1o
ot
g
>,
)
R0
o
_l 0
Jn 4
ok
L o
O
0,
o
o oz

o

oo ok
%’ N
> -
an X2
> O
N
32
i jg
S
i
ig
X
. rlr
r>4 dlo
== ol,
> o
pfiod
SR
e, o,
£
oot o e o rlo

inj

p

r

2

o it
J

e

o Mo

Hd

0{'
%
o
40,
e
>
Y
¥ 0,
o,
rlr
2
o
=
o
fru
=
¢
ol

o
o
i,
-
ofy
dlo
o,

e 1o,
o
o2
)
o
f

Ir
4
;o
fru

p
lo,
Ho
)

N

o

7l 7 a4 W ARE 34 E%](measurement
==

model) & FE3te] £ S| A} 55w 912
EAS] FAT F YES ST SLAM 714S BEFOR
<131, 55 2] Al ot 27] 4 glole 23%9] 914
F74o] 7FsHHES 3 Alolt,
i) Ao A7 A0 A )
SO

2 FastSLAM 52| ZE|H 7|Ho] A
o= Agrjo] ghow, o= x| FA] 7 2
o] 8-8HiSAM 5] L3 7|7k SLAM 7|&=E0] A7)
SIATE AR & AT A AR = S5 Rl v 59
el A ARI}F Al EA
Al argsfiof sh= e 4

lﬂ tlo ol on

a
X

o,
o
Kl
v
o
>
ol
alle
ot
N
(T
1o
[\S)
)
e
S0

A +4 71e N

Q¥sfe] 715210t @ el 7]uke] SLAM 714
55 e olal dol 1A T

i
fo
ol
ol

Mr e X8

to
:l>~
>
%
=
i o,
;:2
o
o d
Ry
=
L
L
rO
o
il
)
i rir
o 8 o
ST
bopgt o b B

O
-

N,y
of e et

o 1 Mo
1@@1

2

N
—-~
o2
=
X

Blopy L

o
QL
L
N
%

-l_/
)
o
o
I 1o
e 5
:|:‘4
i
(N

Sfo] = E
20 & 7HAIQE B *a% *@H o}OﬂW[FIg 3))

[Flg 3] 011*1 Hol=nje} gho], thro] 7] gl Eﬂﬁ&ﬂ
FAQEREES TR o = Qe A e Fom e HA SHE X
7} 15 - (uniform distribution) &} F-AFSF 228 71 4= 91
5 BRI, Bk ol Al 55 9lo] Aol alrka 714
1995 HH = 2RO o] vlakzt Apwto g ok B

e 5 glomE A W ol Y A% 94 913
> WBBE 50| 7R e el S g AlBko 7 ok 1 A]
eat el ol A bsshe shlck
Lg 7],_?_/\101- Ut—ﬂ‘: o /\]—EH aga‘_i X( ), 22X z‘sgé_g
R, 23 AEAL KR 2002 A 9% o1 B
7V e A ol 10] w5 2713 oA &
Zho 2 MR 6).

to 9 ox Ok
> o ¥@

o

—ola
& H

a,(0)=1/N (©)

[Fig. 3] Landmark initialization for Gaussian sum filter based
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