2201416@yu.ac.kr, rjf031208@yu.ac.kr,

OHH

A AzY ZzERY 78

yongtackwoo@yu.ac kr, yjsong@yu.ac.kr

29
2 =S G T 7 e FA 5% A A2 ZREEQIS o, of AL A A 54 7lbﬂr B £= 54 715, $A
A A 7sol Zehd 5 milal, AvlE IMU A9 7k | 1E1€ Sgstel AUV 91415 FAsk= MZIUSES /st IMU HoleE
T FAAA AR F A oA FAS didshy] flstel, 3 Aw dEs) dEE FHE T3, Hybnd EKF(Extended Kalman
Filter)-PF(Particle Filter) °Lirﬂ%% MEato] Alaglel] 28-soint B3, 2847 TS 9 %f?} Eelol A-HE BE AXES A8t T4
o A1#4d& =9H. Hybrid EKF-PF &ae]5o] s Algdolds &a ASatslon, A $A Alxee] A a2 43S Sdf 97tetsl
o}
[.A & B =TolA] AN s AlglE 19 13} o] AA] 4744, AUVE o]

A ge] A F 80% o) o] nittol A Aar glal oo st ZAME 13
71 fEA FE Jl 33 F4Ye] 7Fed AUV(Autonomous
Underwater Vehicle) % ROV(Remotely Operated Vehicle)s 2 & 4
T 589 &8o] st SITthll.

TS o] &d AAY 75 TS AT u, AR 2 Ao

50 el SR AR 2 8 Sol A &

=

.= =
=T % F

o

flo 2% rlr tlo o wp

of
ot

o

ox, fo >

ol

S mel B A A

DVL[4] USBL[S]% sl
Oko] on;]_

weba] 2 = AE HAA-AUV 7 B4 *]‘/Pﬁlo‘)ﬂ"i A8 IMU
(Inertial Measurement Unit) *ﬂ’ﬂ o oeja] =HE AUVY 7145 o]

A8]E AA 7L ARE

Bol 5% EAS 95 Bt 08 mElow 24 A3 AUV 54
A Alole] A W Zg -,53 g-4-31= Multi-Modal Sensing 7)1t

Hybrid EKF (Extended Kalman Filter)-PF (Particle Filter) ¢18]5<
Aloratt), ol tsle], FAE AUV 5% 4 ARE 2Hgslo] 234

o7 FAM-AUV 7+ &3 1dl AHo] 71538 5 B4 A48 TZ2E
EQlS Feste A AT ATE S Al Multi-Modal
Sensing 7|4k} Hybrid EKF-PF ¢ag)5g Edf 45 9% 4L 9
8 37k ANE B8 Qrieh, SAH-AUV 2] 1412 F410)
7P e AA Y vx HAES 6H el g A9l

o2&
A. Multi-Modal Sensing 714t Hybrid EKF-PF ¢18&

e He AUV

Main Board
(Jetson Nano)

)
IMU Sensor

Motor Controller

xy.2) (ROBOTIS CM-550) (@awy)

lAw,m

Main Board

Motor Az (), 2§E1==z< vas)
{(Jetson Nano) (ROBOTIS XM540-W270-T) o)

7HEE HE

BUANF, B4

Acoustic Modem
(Popoto $1000)
e

auv | Acoustic Modem
(Popoto S1000)
R

start,end signal

O

FolA olrh. WA AUV = Nvidia Jetson NanoZ HQIEER Ao}
IMU Al o &3 25ls AAA T o, AUV W9l E =0 A= IMU
A9 AUV 7Hs % Hlolg & wlR =l Faetal 53 Rleie=
g 2ddkat AUV Abole] Ag], m&e] &1 HolHE
oA gkl glojele} &8 nulo] gl flolE =
< Agahet A4 et Ae 2 9 5o
= Falska, 548 HolHE el B (Jetson Nano)ol|A] 3

Rl Bl A%k HlolH e 7Kk vlolEE &-&ato] AUV
£ Hybrid EKF-PF ‘“’L"’E] 3] AxkAd EKF ZE = 7]&
(Kalman Filter)el H]4 s}et JEjo] 1, PF HEl+= w4
S5 EES HARE FEoltt o] me} AR 790l 7Fed
A= ZF FE7F AdellA o A 74 A"l A8

& 7kl Sivk ol & sty 18l Hybrid

>

=2

A

Hoos e

¢

o

=
[

ot
Ev)

o mot g XN

o
}:}:l

E

B

[e)
P& 7

o o

i
Lo,

il

=

X, = [‘thwytfl’thlﬂrl]ﬁl?q}?fl?v?fl] ! (1)

T 0] Aofah Aolis v,k FAE MR AR AP )

= [e] =0 =
e o} Alo] WRE B9 91X 34 daeES 28 29 o] o] Folil
Initialize State vector(Xy), Error
| Covariance(Py) Unden{vaterchannel-
TPy Transmit measurement
[Xo u, VO, d? data
EKF prediction & Calculate
B Covariance e
1) X, = f(xtflvut;
2) Py = FeyPeaFi_y + Qexr
1 Qrxr
st“), dgl)
PF prediction
1) Xta) = f(X({'_)l,u{) + we
(We~N(0, Qgxr))
[
Measurement update
T _ P
1) (%) = exp(—%(zt —h (x}‘))) R (zt —h (X,(‘)))
7 |g@Y. @ 1
2 W@ P(Z[%") w2 Nert = S
) ==y 72129 o0 ZE
Z,-=1P( ‘l t )"“(-1 if Neyy < resampling
[
Compute Accurate position
& EKF Error Covariance X, Py
1) X =3 1m“’ X0 [t=t+1
2 o= aul? - FO-X) O
¥ 2: Multi-Modal Sensing 7]%+ Hybrid EKF-PF &ate]s

2004



20254 st=Salst

(2)45%
(b)4-5%
3% 3 H-EE AREHE o83 H3Y 5% w9 AE Ay
FuelFelM e A e X 2 EdE, 5% 29 4Es 5t
= e e 22wl o8 o]Hxinh

A¢ = atan2(y,,r,) —atan2(y, _,x, )

(2)
Ay = atan2(z, Val+y?) *atan2(zt,17\/x?,1 +yl

aear 9jeh 2ol Alkd 7 WSkl e 17 394 Hel= HF

=, T AP

b =+ AY (3)
2% RS desh g
m 43 43

A, AEHOA 49 23}

w £3 ® o

e E
A el

() AA-A17E

(b)ynlAds AA-A7 <
39 4 ARl o AR 4} e
AA 5 o= Rl w2 Al e @849 WR ]leiA
7] WiEol A Aol

Qg 71&E HolEE EEshs Aol oy
o ﬂﬂ*éa lE°17l Hoﬁﬂ Algﬂﬂ olA& WYL AlEolAd 84

_);1_;4
X
N
~
ol
rl
o,
oo
o
L
re
.Jl
&
o{x
K3
S
1
L
e
-y
o,
EY
)
Mo o
to
4

2

$7F Fo] 7§ 231 Hybrid EKF-PF €a85-& 04k $71%0] 714
th 29 49 ()%= PRI R IMU 9 34 A4 o] 4 $7F Fo
7 231 Hybrid EKF-PF @are| o] £} S7H5o] 7h 2tk 17 49
T zES Bl & 4 kol Hybrid EKF-PF ¢hate]se] 914 F740]

N
-

A B o S o 5 9

B. &= A4d

% 59} 2+ % #1740 Hybrid EKF-PF 23858 58 3% 2
9 4y FEoR Zé%”l S8 2y 4498 Adgsisinh 54 Al ol
3k 2 F 2 SNR(Signal-to-Noise Ratio) & AAsG 1 ald A F= A8
o Al AREeHE &8 Rl REyE Awo|th A3S IS u 1
© 6ol Holo] RE 9 ngHA|e} da]Fol o3 JHE Hw s

5o 953 Eopxlgo] Belt) o] Hybrid EKF-PF &L
Fo] A BANME v 2HE sl AlAEdS AAbeHE ble]

—— e AV Y

a9 5 5z A 34

Multi-Modal Sensin;

NS AHFT) o] A|xEE %
A Hybrid EKF-PF &18]52 34 AUV $AE E%é}ait}. MU
o] 7}&E dlolBE 2gate] 343k Naive 54Xt} Hybrid EKF-PF

o

{0

Of

=3

gt 5 4E¥ SNR X]J‘)ﬂ*i fremgk ¢ o Al
Fith ool Multi-Modal Sensing 714k %?f} EX A|2Eo] AA 87
1% fFustAl 2Este AlaRE YEetith

= HOo
F 1 EF

3

[Lo]s%, =4, 283, “AUVe 738l 715k 3349 Dynamic
Window Approach %_L.EE]% Vg AAEY A43) sholwAsee
8] =53, pp. 160 - 162, 20231 9€.

[2] Park H,, Kim D., Kim J. S., Hahn J. Y., and Park J. S.,“Performance
improvement of long-range underwater acoustic communication in
deep water using spatiotemporal diversity,” *The Journal of the
Acoustical Society of Korea*, vol. 38, no. 5, pp. 587 -592, 2019
(https://doi.org/10.7776/ASK.2019.38.5.587)

[3] L. J. C. van Schriek, “Evaluating Effectiveness of Directional
Acoustic Modems Integrated onto Autonomous Platforms,” M.S.
thesis, Dept. of Applied Physics, Naval Postgraduate School,
Monterey, CA, USA, Jun. 2018.

(4] e, e a4, AdF, AT Walel INS/DVL/RPM S8 A 2~
dl AA" (@arelkaels]Al) | A133E A5E, pp. 470 - 478, 2019 10€.
(https://doi.org/10.26748/KSOE.2019.085)

[5] Panmuk Lee, Jinyoung Park, Hyuk Baek, Simoon Kim, Bonghwan Jeon,
Hoseong Kim, Pilyeop Lee, “Underwater Navigation of AUVs Using an
Uncorrelated USBL Measurement Error Model,” Journal of Ocean
Engineering and Technology, vol. 36, no. 5, pp. 340 - 352, October 2022.
(https://doi.org/10.26748/KSOE.2022.019)



