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Two dimensional SLAM based on Directional Angles of
Underwater Acoustic Sources using Two Hydrophone
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Localization of underwater vehicle is essential to use underwater robotic systems for

various applications effectively. For this purpose, this paper presents a method of two-dimensional
SLAM for underwater vehicles equipped with two hydrophones. The proposed method uses directional
angles for underwater acoustic sources. A target signal transmitted from acoustic source is extracted
using band-pass filters. Then, directional angles are estimated based on Bayesian process with generalized
cross-correlation. The acquired angles are used as measurements for EKF-SLAM to estimate both
vehicle location and locations of acoustic sources. Through these processes, the proposed method
provides reliable estimation for two dimensional locations of underwater vehicles. Experimental
results demonstrate the performance of the proposed method in a real sea environment.

Underwater vehicle, SLAM, Localization, Acoustic source, Acoustic pinger
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method

M FEjR st HojE

AggE s 46} ¥ Em ol M 2

-| [l H [e)
ek, ol ol 45 5 J94 e A B 7
o] SLAM efge] g5} 4% &4 Ul 22o] 54
917 Z4of FgEh

A EKF-SLAM 7Wofl A= oflS 2Hg2 ffsl] 24
Al ZHE 83 pF 2Rk T2 AN B
222X (Inertial Measurement Unit, IMU)2} =& &
Hl(Doppler Velocity Log, DVL) 7]5te] IS ARE
E—sH S 1o 2salEin). = IMUS} DVL AlAle] g3t

=3 FojR|+= F=3H(dead-reckoning) A XS EKF-
SLAM ¢a1ej&of|x o] oS JH = 2-851A
EKF-SLAM2- 913t el BlEl= vhaat do] Aotk

=[xx]" (6)

o714 X 4% 2P| AR Aoln, X & 4%
S-o]) Tk 917 o]k, 9le] Apeh welo] that B
AL e theat o] Hojseh

7ol ”

=leyzpovuvw]” ®)

oAZINA x5 = To R X FEOH, ¢.0.v=
AN Agrolck EgL u, v, wis 25 H3EA oA &
T AHolr} & oA sto|EREe] F U A}
¥ 23 A28 gilo g s whal, AlARo Rz 23}
Yo gt =] = g—;— st} sl nl, dubzol 42
& arefsto] 3xplof oigk 4k
2 X*Eﬁ HE 3 3}
A& ﬂrﬁ‘ﬂw%



5 7o) SolERES o] §T 45 SU WA 710 234 917 A4 AW 157

DVL A4 HHE S-8ste] dAf A oA 2] el wE
g Fs3i
X(t) = f(X(t—1),u,) ©9)

o]7]ofl A u,= IMUSF DVLAIA 25E dojz)i 523
23] igt Aol dgtolt.

>
o
H
M
Lo
&5
;
.
T
4
ot
21'4
=
1o
%
k¢

Xo= [, 9, 2,5, 2, 9, ] (10)

AZNNA w, .y, = iHA T Sl ek 22k 9]
ARE ou|slH, ne AREEH

T 7N ste|ERES o] g1t
ol digh Wzt FRS Algeith webs, 55
o2 9|x]9] 27|32 oA A E)to] Wasit) =
ATolde w5 599 54 7ks 7=l 7He R 3t
. 4ejo] 27] A2 gkt 3| A2 WRkemof Balgt
27 A= HRAe® 273 S8t
EKF-SLAME 913t 4752 (1) 2o, 2ol izt
JRFz) A roltk

te &

(o]

ok

171014 0, (1) tA1710] Qoix] i o] chat
a2t Hmole.

o2 HE ofAt 2%

o4
5
e,
flo
S
o
syt
£

= tan—l[:yf’" - y‘i(t) Jw(t) (2

THE]

wol g7 4% 299 9AE
gHh (103} (12)9] 243k o
/b H

B etk
K(t) = P(t) H7(t) (H(t) P (t) H(t) + Q(t)) ! (13)
X(t) = X(¢) + K(£) (= (t) — 2(¢)) (14)
PAt) = (1— K(t) H(t)) P(t) (15)

7|04 K(t) &= 2t AR,
A, Q)= A7k

oL L
& o
T
o o
i o
fe o -
r o
oz Iy
rg Og‘-_.‘
x> =
- e sk =
E ]
T T
T o _11)1'
7 oF %% o
N pp I
St = m
N
N O g
o R oo g
=2 o g

(T T e
ol
ok
o
U
=
4
ofy
b
pat”
1o
rO
o
2
=
do

I
>
ol

my

H

>
o
I-
o
oiN
oo
e
)
=

W 1o
il

tlo

4o
%
1
%
LA
I
]
N

ot
O e
8 opp ML
:?L
re,
-
o
=
1o
. Mo Hz

2 4

3o It

[o
1o Mo

=
i)

il
g
o
2
IaJ
LY
i
it
>,
[>
o
1o
&

A= sh

o
ot
a
=)
T
o
il
n U
1o
e
1o
ox.
Hoo
o
k]
oX,
olr

4 "
o ox 0 4 o
o 2L
> flo g
oo
ot
>

ofN
o
ool

o

150) FHEE Qo A2 slolE2Ee

o, Fig. 5o 4] WA &

o7 FA|E o] gtk oA Hol=
l,:_

k3
©
N
<
u

1o
Ir

S

=
1o
_E

\i




152 =35}3] =82 A1 A3% (2016.9)

Fig. 5. Autonomous surface vehicle equipped with two hydrophones
(red circles)
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Fig. 6. Locations of underwater acoustic sources and vehicle path
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Table 1. Estimated locations of acoustic sources

Source 1 Source 2 Source 3

True (DGPS) | (15.66, 23.79) | (18.87, 11.46) | (15.66, 23.79)

Estimated | (16.15,23.57)| (18.61, 11.36) | (16.15, 23.57)

Error 0.59 0.28 0.54
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