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ABSTRACT: In this paper, we propose an underwater localization scheme through the fusion of an inertial navigation system (INS) and the received
signal strength (RSS) of electromagnetic (EM) wave sensors to guarantee precise localization performance with high sampling rates. In this localization
scheme, the INS predicts the pose of the unmanned underwater vehicle (UUV) by dead reckoning at every step, and the RF sensors corrects the ULV
position functions using the Earth-fixed reference when the UUV is located in underwater wireless sensor networks (UWSN). The localization scheme
and state modeling were conducted in the extended Kalman filter framework, and UUV localization experiments were conducted in a basin
environment. The scheme achieved reliable localization accuracy during long-term navigation, demonstrating the feasibility of exploiting EM wave

attenuation as Earth-fixed reference sensors.

1. M =
AL 75 7= 9 Jed IR Jsto, FxeA
(UUV, Unmanned underwater vehicle)2 4~ &3l ¥#qto] oz}
T TEREY 8 9 B A0 ol2E Y YFE T
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Marani and Choi, 2010).

FE AR FAANZRL TA F1 A Wi A
A)2~El(Inertial navigation system)s ©]-83F 91X FHHA|~EF
GPS(Global positioning system)2} T2 <A 2jFol] AX]= Al
A8 o]83t 91X 4 AlHl(Earth-fixed reference frame) 2.2
Uz 5 Atk kAN BA33PH A 2’1 9] -9 Dead-reckoning 2

i}

2k g w2 H(Drift) & Jste] AL o8 Al FARA
AAF7e] A=t DojThLi et al,, 2013b; Karimi et al,
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et al., 2005; Akyildiz et al., 2005; Elibol et al., 2016).
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EM wave attenuation along the distance
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Fig. 1 Plot of RSS values according to the distance (10 mW and
420 MHz)
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T A WA ASAHE o] &8 X FHE A
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&5 ARE o]fste FAFA 9A F AAE

A=
&z 2

dd;, =4 99, 8 /\]/S%"Zr )
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Fig. 2 The overall process of proposed localization scheme.
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Fig. 3 The coordinate system in the proposed localization scheme
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A SN A FA™FA L X2 A Fh(Position probability)
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PHE o83t} 9N 345 Bk o 97 AR 97 37
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Ui AIMEZRE deth B =RoA AL FARA ]
A 2L FRIded A =L et al., 2013a; Won
et al, 2015) < H3lATh
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Table 1 UWSN based update step
Algorithm 1 UWSN based update step
Data: "r,, RSS!, "N'=" frequencies f'
HPBW, sensing range RSS, ;.
Result: updated position "r,

n

', sensor model,

function Position n,r,t( ny,;, RSStl ..... n, n,Nl,...,n’ fl"”’",
HPBW)
for i<—1 to n do

sensor model,

Receive EM waves signal at frequency f'
Calculate ©; between AN’ and MN using "rz and N
if (RSS! > RSS,,;,) and (©) < HPBW/2) then
Compute distance d; using 6, N' and sensor model

end if

end for

if rLum(d;) >3 then
Compute "r, and sets of d using the EKF

end if

retum "r,

2.5. 2| MM

AA719e] AT A7) & o] g8t ==Xt APE FAs]
A E FAFoNA dojAe HAAT AZIE AR AR=
Hgstoiof it} E7] FollAe] Aol mE AAprIa A7l

Friis 2% &2|(Friis transmission formula)S ©]-&3}o] Wgtal 4=
A TH(Friis and Rumson, 1971). 344k o] Ag] 2dle wjdo]
T EE gl Fohe 371E 7Hds] wiiel &3 ol A
ig] % 9 A7 F oA e ol A8 5 itk 1
FolA AT 74 REE A7) YA M2
7%3 E‘?—l‘”] 3 gsit
ol8 SIA Ax= 71E9 Friis A% 2T udedA 9]
Maxwell Z+4] “d<(Maxwell’s attenuation constant formula)< ©]
g3t B ujdoA Y Aol e 24 2Es AASANA
THBalanis, 2012; Park et al., 2016a). ©] 2JollA, A7k v 1 A4H
=& %] Aol e FA AAZIS A7)(RSS)E 4
F(a)E ]85t oot o] yERd & UTh

RSS] =—20log, ,d; —20d; alog,,e+I' [dBm] (6)

S71A e AE 2 A 54 Aglel Aglel Qe
o W70 Sla AAHE A o= A9l S ekt
rie olglsh 2ol vekd 5 ok,

= 10log, , PLE + 20log,,——— = f +10log,, Gy @)

+10log, , G, +w

A7\ PLEE 7+ QHEURES] #3326, FRRFEY ol&
(Gain), G,< FAIREIUGS] o5, f& T3 (Frequency), n<
=78 &(Refractive index), wie AR &2 F7H4Q1 744 8l
(P BAZ, FEA01E &4 5)E Yehdth(Park et al.,

2012).

2 FA7HE ASH]
%

T3t

TEe AgE AX FA Az="E AEs] fste KIRO
(Korea Institute of Robot and Convergence)2] A|3HFZ(7+= 12m,
AZ 8m, Zo] 6me| W& FX)o Fig 49 2 A9 34S
TE3TE AU E IE 712 2.5m, A2 3mell 24E =&
DRAE FAFNCH, &FrF ZHYS o8ty 72t = &=E
< AU 249 18" =EES -’F% T ES

o] ZF mAg] g FHalAo] A HY o, afo] deE Fut
TE AA79E S8 Z4H2te] 17‘3 == fHe 9
% Table 2%} 2t}

3.2 MM A=

F8EFR RF BES 354 24" =22 A3 {8t
o Fig. 59} 20| 5 74 AAME At o] AAEs AlA
Aol H e, BE, HiEZIE 7= glon, Adlxe] I
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Fig. 4 The experimental condition for localization system verification

Table 2 Anchor node information

71 180mm( W)x180mm(L)x500mm( H)olth. SHelvte] A 1

Node No. INode position [m] Frequency - N _ o
Node 1 [3.54, 2.00, 1.15 433.90 MHz A2 AR, F48 Ashel 27 2= Rubber join)
ode 4, 2.00, 1.13] ' 2 78] Y(Grease)E ©]-830th 3|2 2 2E-2 RadiomatrixAH2]
Node 2 [3:54, 500, 1.15] 433.95 MHz USX2E AHESIA.0m, A9 QHEIURE 3dBi AEEA 48 ok
Node 3 [1.00, 2.00, 1.15] 434.00 MHz HUS A5t AAE A Aleke & 23 2o}
Node 4 [1.00, 5.00, 1.15] 434.05 MHz AMel 9% AL Selsy] s, wuld
Node 5 [3.54, 2.00, 2.15] 434.20 MHz National InstrumentsAte] Signal analyzer®} &=#olES
Node 6 [3.54, 5.00, 2.15] 434.25 MHz o AFsFTE FEFACIELS AYE 5AE o] &35k
Node 7 [1.00, 2.00, 2.15] 434.30 MHz g stolem, RAldEs 1kHzo| S 7712 149
Node 8 [1.00, 5.00, 2.15] 434.35 MHz 2HH AEE Al 2220 AR S
Node 9 [3.54, 2.00, 3.15] 434,50 MHz I
3 72| MMz
Node 10 [3.54, 5.00, 3.15] 434,55 MHz 3‘:;; L!ij;fjow AR5 A ese] A ANE
AL = p= < Al 2 =
Node 11 [1.00, 2.00, 3.15] 434.60 MHz o T ] AR
Q7] A&A, AAk= 2.5404 T A AARDS AEEA
Node 12 [1.00, 5.00, 3.15] 434.65 MHz

T= T
At gA, ofFfjet &2 AP ARES d&

*J(Omni-directional) A58 FA317] fl5te] Aol F4L

oA HF3ATh A ALg-H 34 Alg F <Y AR
= Table 39} 2t} AA= Table 39 74 ASFE 2 (6), ()l

Fig. 5 Sensor device for an anchor node

Dipole antenna
Case cover Table 3 Experimental parameters
Characteristics Values
Circuit board with modem —
Conductivity (o) 0.075 [S/m]
Battery Medium Permeability (1) 1.3566 <10~ [H/m]
Permittivity (&) 7.2797 %107 1% [F/m]
Rubber square joint Refractive Index 8.8
Antenna gain (G, Gy,) 3 [dBi]
Case Antenna  Transmission Power (S, ) 10 [mW]
Operation frequency (f) 400—450 [MIz]
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