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ABSTRACT

Underwater Robot Localization Based on Bayes Filter Using

Seabed Terrain Information

Noh, Sung Woo

Advisor : Prof. Ko, Nak Yong, Ph. D.

Dept. of Information and Communication Eng.,
Graduate School of Chosun University

In this paper, underwater robot localization method based on Bayes filter using
seabed terrain information is proposed. This method is used to predict underwater robot
pose using proprioceptive information and undergoes a process of updating the position
using exteroceptive information. The advantages of Bayes filter method is estimated
considering uncertainty of proprioceptive, exteroceptive information.

In this paper, proprioceptive information for predicting the underwater robot position
was only used robot command(truster speed, the angular velocity elevator, rudder
angular speed). Exteroceptive information was only wused altimeters. Estimation
algorithms were used Extended Kalman filter, unscented Kalman filter and particle filter

methods based on Bayes filter.



Especially, UKF localization is a feature-based robot localization algorithm using the
unscented kalman filter. The UKF uses the unscented transform to linearize the motion
and measurement model. Instead of computing derivatives of these model, the unscented
transform represents Gaussians by sigma points and passes these through the model.

This paper was verified localization of the proposed EKF, UKF, PF methods through the

simulator and the actual experiments.
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Table 1.1. features of proposed method
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a9 282 "HeEdad BHES Uels A st=oln o7A X2 o] X AlA
BEO A, w FF BE AFEA ARAAM FaE

O
S AEeth aga X dAe] AA M FAE e 2RO AAE 9vE

Deadreckoning method(X.;, w)

(55:)": Z)T = TEl(LA’:‘A”W)T
6.6.v) =Tes(p.d.7)

x'=x + xAt

y'=y + yAt
z'' =z + ZAt
¢ = ¢ + AL
0' =0 + OAt
y' =y + yAt

remrn X, = (x',y', 2,40 ')

a3 28 HEdgayd atm=
Fig 2.8. Dead reckoning pseudo code

Ty Tpis T% 232 91X W daf 5 22 AxANM A+ 14 =
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o Ao M u v, weE o B HAAEANA S5 2 olF HXolil, i, y, 2
2 A 2 FEAANAY olF £ HAEE u|sitl. 4 222 A

Aol A 2] Z(roll), ¥ X (pitch), L(yaw)oll th3+ =5 Zxo| Z&x A

5T 5 93]

<>

x| |cosOcosy singsinfcosy —cosgsiny  cos @sinf cosy +sin gsiny

Tp1=| y |=| cosOsiny  singsinfsiny +cosgsiny  cos gsinfsiny —sin g cos i

<>

2.1

>

z —sing sinpcosf cos ¢ cos 6

| |1 sinptand cosptand
Tgyr= 6|=0 COSQ —sing
w| |0 singsecd cospsectd

(2.2)

PRSP O

Ha AP 242 o] AlFel Havt Hi ANRRE 55 el 9
e S WHOE nfel 9% &% wolAg Al TOA ARE o §

shoi16]. 19 272 HA AFHd digh oA Z=E YERTH34].
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Least square method(d)

M = (lb—1|— Ib—l)

2, 2 )
Bl -t -l -a2)
Az(zpb,l 2Pb,n)T

P,, = (xb,n Yb.n Zb,n)
(MA)" = (A (M) (MA)
W =(MA)"M

X,=WB

return X, = (x, V, z,)T

I8 2.9. TOA ARE o] &3 HA A5H
Fig 2.9. Least square method using TOA information

oA7IM X FAE 2R 91A AE g qE, 4= oln] i U= o AlA
59 9x AR W3 P, gl M= MA9 oA 9 g H(Pseudo Inverse
Matrix)elth. ZL2]aL A bk n2 9] AlA ¢k nHAE YEho] bno] 25 A
A nHAY F AMES 9usta, B 9 AHES A g Zoleo A

F3 A8 ADE AFH Aol B Jrow 2t Yholt),
T

N7 ZERe Agel VS E AAe olgdte] el 9B A

of mAgH ] glofo
e dA g egel Be wdol avAt Hawe AR FAAE AhAH =
2 AE A AZol Asatth 2% 210014E A AN F2 A= 374 ol

Aol NEAoZRE G AMA =t ole] AgE =Asto] A2kslE= Lateration”]

- 20 -



I 7IEA- ] e FAR] 4=E A4t AgE doli= Angulation”] ]

.

Angulation "

Lateration
a9 210 A ST
Fig 2.10. Triangulation method

a9 2119 A7 SFHS Lateration WS o] &3 WHOoRAM 4749 S M
&

T4 R T vlojdY §1A AHEe} 158 TOA AHE o]&3ste] %
ol 9IA & FAHAT & [35-37]

Trilateration method(d)

N

Xp2 = Xp1 Vb2 = Vb1 22 T Zp1
G= Xp3 ~Xp1 Vb3 Vb1 Zp3 T Zp1

Xba —Xp1 Vb4~ Vbl Zp4a T Zp1,

2 2 2
Xpo t Vb2 +Zpo— xbl ybl —-d
_ 2 2 2
H=— xb3+yb3+zb3 xbl ybl -d
xb4+yb4+zb4 xbl ybl —d
X, =G'H

return X, =(xr V., Z, )T

% 211 TOA BHE o] &3 4 Sy
Fig 2.11. Trilateration method using TOA information
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H =
1

M

ol A et HAFA WL Bayes TE 7IRE oA FH Wriolth o]
W2 A7 #84d AEE ol&ste] 5 2R AAE d5sta A8 HdEE
ol gstel dFd FT ZX fAXE AAle= RS AXWY. Bayes ZH WU

A AAFAA AV 8 AR, 25848 Fre =dA4E Lysty 94

488 WL A 29 313 2ol 5 2 JAE dSse dF 9
(Prediction step)®} ol Z¥ X & 7BAlsk= 7§42l ©A|(Correction step)= HE 5= 3

ot

7 N

) 4 )

Prediction step Correction step
: Prediction robot pose using : Estimate robot pose using
Proprioceptive sensor information exteroceptive sensor information

. / \ i

) S

9 3.0 oAb HEE Y
Fig 3.1. Bayes filtering method
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Filtering method(X..;,z",z" E)

1. X, = Prediction step(X..., z")
2. X, = Correction step(X, 2" E)

3. return X

9 3.2, Hlol A% dE Y W oA =
Fig 3.2. Pseudo code of bayes filtering method
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Localization EKF(X..1,2.1,u,%, ¢, E)

1. (X,X) = Prediction step(X..;,Z.;,u)
2. (X,X) = Correction step(X,f,,z,,c,,,E)

3. return (X,2)

Y 3L 9 w BE gyel o ;=
Fig 3.1. Pseudo code extended Kalman filter method

EAs)

a9 32 A A A oS @Al tid o)X

il
iw
o
=
=
2
i)
o

],
ZNk e e oFdAe tlolA FAE T 2R 9A AR X, F449
A TR S A FE REY £ AR uE YETETh Line 3 ~ 5v
AbsRet ™ G, Line 6> AF=H|QF &&d ¥, 123l Line 7, 82 &4t dE M,
E AArst= 4otk Line 99 #AdAE d4Ed 5 289 £ AHE AT
a1y FEAC FE AHZ AR AVA Tpd Tee A 2.1, 2204 ®lukeh
T 9499 £ ARE AT 1A FARACAAY] £x= ARE WHise &
B Ho|t} Line 1037 112 Line 1 ~ 92 HARES ngog =3 2
3}

947 X o FRA T ANFT ol QA HY2 B Y 2w Ay
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Prediction step(X.;, 2.1, u)

9.

10:

1t
12

p=X 14 0=X_1p, v=X,,

u:”t,u’ v:ut,v’ W:”t,w’

p:”t,p’ q:ut,q’ r:”tr

veospsing cosyAt+vsing singAt—wsing sinf cosyAt+-wcosp sinyAt

Gl = —u sind cosyt +vsing cosd cosyNt +wcosg cosd cosyAt
—1cos0 simyAt —v sing sind simyNt —vcosg cosyNt —wcosd sind simyAt +wsing cosyNt
veosp sind simyAt —vsing cosyNt —wsing sind simyt —wcosg cosyNt
G2, = —u sin0 simy\t +v sing cosO simyAt +wcosp cosO simyAt
ucosd cosy\t +v sing sinf cosyNt —vcosp simpNt +wcosp sin cosyNt +wsing simyNt
100 Gl (1) GL(21) GL (31
010 G2,(11) G2(21) GH(3D
G = 0 0 1 vcospcosON—wsingcosON — —ucosON —vsing sindN —wcosg sinft 0
““looo 1+q cosptand —r sing tandN gsinpsec® ON +rcospsec® ON 0
000 —q SingN —r cospNt 1 0
0 0 0 gcospsecN—rsingsecON  qsing secOtandN +rcospsecd tanN 1
cosO cosylN  sing sind cosyAt —cos@simpNt - cosg sind cosyNt +sing simyt - 0 0 0
cosOsiny\t  sing sin0 simyt +cospcosy\t - cosg sinb simyNt —singcosyt 0 0 0
V< —sinOAt sing cosOAt cosp cosOAt 0 0 0
t_ 0 0 0 N singtanON  cosptanO
0 0 0 0  cosp SingN
0 0 0 0 singsecON cospsecON
(el + ] + ot + )+t fd + @l +a, )’
(et + | + it + g + g+ +ax, )
P (et + ] + b+l + el + el + aws)j
(apuM +op |+l +a,lh +ayld + o, +apS)
gl + g + o + | + o+, +
(b + bl + b+l + ]+, +a,)
) 0 0 0 0 0
0 R(21) 0 0 0 0
I 0 0 B3 0 0 0
! 0 0 0 P(4) 0 0
0 0 0 0 B(5) 0
0 0 0 0 0 PB(61)

P, PECEERYA

(63 2 =Tpwuw), (3.6,v) =Teatpgr)”
X =X+t 5z ¢ 6 yfa
Y =G %G +my]
return},,i

Y 32 % 2w AY PHel oAF GAe) B oA ==

Fig 3.2. Pseudo code for prediction step of extended Kalman filter method
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a9 33w &% A9 dE W] TOA AR gk A dAE dEdE 9

>
H
I
o

[16]. 28 <] Line 2 ~ 11> ZA 4 Z/o] dato] =5 =5 994 X}
QA FEA BE AT, o] AL oA B iHA TOA Fro| thaf =
FZne 3 giel A o5 K'E Asteta, X9 TE wkEEte] A o] dh

#4E F3l Line 129 #2o] TOA ARl o3 A X048 Ziroas AR

Correction step(X,2,7,¢,E)

2: for all observed fea tures of TOA zti = (r,i S,i )T do
3: j=c
4 G=(E; ~X1: ) +(E; ,~ X1, ) +(E;. - X.-)’

0 0 0 0 0 0
i i< i [
7: Si=H! X, [H,] +0,
I i [T i [t
8: k=%, [#] [s!]
9: X, =X, +K!z -2)
10: S, =(1-K!H)T,
11 endfor
12: Yt,TOA =X, iz,TOA :it
13: return X,,TOA, f,yTOA

% 33. TOA gHe] 72 wAe] dig o1 2=
Fig 3.3. Pseudo code for correction step of TOA information
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B
239 A X e ol&dte] 5 ZXo fAES A5 olF AL Al
= 97 AA AR ok 95 3H AR EE ol &35te] oS dAA AgFE 5
23O AA S AFEE A ada dFE a7 23 A e ALt A

=S vtgor QA T 2R AAE FAA FrH16][59-60].

Localization PF(X,1,u,z,E)

1. X, = Prediction step(X..,u,)
2. X, = Correction step(X,z,E)

3. return X,

9 34 ZEE Bl 7ukg 9E S ZH oAb =
Fig 3.4. Pseudo code for particle filter method based on filtering method

I 35v gEE Iy Wi did dd o oA m=E yebdith 139 Line
3o 4 H<Ql “Motion model(-)"> EE| A& dFat= BA Edolt} o] T
M A A2 el W Ao oel ald 2R £ AW 48t o] Az
t-1914 F4E 9GBS X, BERE ol&sto] X SXE oS3 Line 49
“Sensor model(-)”2 Line 3¢ “Motion model(-)’ol A <l=% IEF Xol| thate] *
A ANHE ws Adtets AlA ot of HAM = =ie] FA A toll A <
oA AR g, T3 S i 7 AR EE o] &sto] BA EHA o 5H

gtE]E9] AFEE AAFSEE Line 79 “Resampling(-)’2 A R 3 Alx o
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@ wAlelth olsh o] wEF We W

r

THor FHste] JEFEY 2EE FATLEM T 2R AAE FAS

rr

WRiolth o714 Me A&d HEE9] JFE or gtk

Particle filter method(X...,u,7,E)

L X,=X,=¢

2. fori=1toM do

3 x/Y = Motion model(upxz[i]l

4, w!l = Sensor model,, x!V | E )

5. endfor

6. Jori=1toM do

7 x[7 = Resampling({(xt[ﬂ,wt[ﬂ )f = L""M})
8. endfor

9. return X,

a9 35 9EE W oA =
Fig 3.5. Pseudo code of particle filter method

1. 24 rd(dq=44)

sl A1 4] YJJ—E]—U]FJ(OZW ~ Q)
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Hu ~ Ap)E ol &3te] 5 28 &5 FR izt 34 B7led 59445 o
HgHth. Line 137 14% Line 1 ~ 69 234240l L34 %5 229 £ HAHE
o] g3to] A 1A HEAL £x HEZ W= HAHo|t o714 Line 7~8 Tx
I T 2 2.0, 22004 YER 55 28 HxAA Y £ JRE o] g5t A

1 HuA &5 ARZ WSSt Pdo|th Line 9 ~ 142 Line 1 ~ 62 7

ol oJa AR ARES Wgoz £F 23 AXE dZsE H4LS e

o
it
N
ofy
ku
e
fo
4
N
o
f
=

rl

>

th o7|A Xy, Z ¢ 0, = Az tlelA F
ZF ol oS 23] YAE YEYe dEF e A H ot 16].

Motion model(uy,x;_1)

liu=u+ sample(auulul + auvM + auwl""i + auplpl + auqlql + aurlrl )
2v=v+ sample(avulul + awlvl + avwlwl + avplpl + avqlq +| “erl )
3w=w+ sample(awulul + awvlvl + awwlwl + awplpl + “Vqlql + awrlrl )
4:p = p + sample(apulu] + apM| + apulnl + applp| + apgla| + aprlr])
5:4 = g + sample(ogulu] + agy] + agulw] + agy|p| + agqld] + gl )
6:F =71+ sample(amlul + a,,vlvl + a,.wlwi + a,plpl + a,,qlql + a,,,,lrl)
&, 2) =T v, w)"

.0, V'I)T =Tgy(p.4.7)"
9: x'=x+ xAt + A At
10:y" =y + YAt + 1, A
11:2' =z + zAt + 2,
12:9" = ¢ + pAt + A,At

A,.\

13:6' =6 + 6t + Jgt
14y =y +yAr + 4y, At

15:return x; = (X',y’,Z’,¢’,9,,V/,)T

TE1,Tgy :trasnformation matrix frombody fixed frametoinertial frame

a9 36 B RE oA FE
Fig 3.6. Pseudo code of motion model
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Piong (7, | X, E)= max (3.2)
0 otherwise

2 339 pualzXE)ys 215 AA ARIF AR GAY, 2EkA g At
Ao A Asfje] e ztel dUigt &S Uetdtth o] gE2 9o F A9l FHu gkl

A E gE MR = oAk Bxe 2 xddTh

- 1ifz =z
Pomac(Zi | X, E)=1(z=2,, )= £ (3.3)
0 otherwise
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Prand (11 %0, E)=1 Zyar o (3.4)
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Zmaxs 13]1 Zmnd% 7_]l- 2%%01] q%é} 7}—%‘;‘(] YJ’}E}U] E1 O] T:]'

Z hit ' phit(Z; | %, E)

TR B P
Z max Pmac(Z1 | X, E) (3.5)
Zrand prand(Z; | %, E)

Zhig T Zlong T Zoax T Zrand =1

219 37 BElE BE e A4 298 dehys 9a} msol,

Sensor model(x, 7, E)

. g=1

2. fori=1to N do

3. compute zf* for the measurement zf given the robot pose x,
4. P =Zpjs 'phit(zti |xt’ E)+Zlong 'plong(zti |xt’ E)

5. +Zmax'pmax(zlf|xt’E)+Zrand'prand(Zl{|xt’E)

6. q=q-p

7. end for

8. return q

% 37, 9EE Yo A4 2d
Fig 3.7. Sensor model of particle filter
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23 94 XB dZen A28 £F 229 Rt o FRA BE %
gt ol AN WA Line 21 H%E % 2% 947 X 0% TR =
Bt olwl A WAl o] $HE FRE A= @Al o3E 5% zyel 9

N X, A58 o TR Dok dEe] 584 An 5, aew 37 4n E

Localization UKF(X;_1, Z;_1, us,z;,E)

L. ()?t,ft) = Prediction step( X;_1, Z;_1, Uz)
2. (X,;,%,) = Correction step(X,%;,z;,E)
3. return ( X;,2;)

9 3000 FF Avt IE W] oaf m=
Fig 3.10. Pseudo code of UKF method
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predictionstep(X,_1,Z,_1,u;)

2 2 2 2 2 2
Ut + Gy V™ + Oy W™ + Oy P+ 0y G + 0yt
avuuz +awv2 + avwwz + avppz + aquz + avrrz

[ u?+ [ V2 4 aWWM; + Oyp p2 + Oy q2 + awrrz

1:Fh=
apuuz + apvvz + apwwz + apppz + apqqz + aprrz
2 2 2 2 2
Ggylt™ + Oy V™ + Ogyy W™ + 0, P7 + 0 g™ + 01
amu2 + arvvz + zx,.wwz + a,ppz + a,qqz + a,,rz
P(L) 0 0 0 0 0
0 P21 0 0 0 0
0 0 P3,D 0 0
2:M, =
0 0 P(41) 0 0
0 0 0 0 PG50
0 0 0 0 0 P61
64 0 0 0
2
o 0 0
3:0,= 2
0 o3 0
0 0 0 o>

~
FS

7
43ﬂf_1:[ﬂx,t—l Hy =1 Hzp—1 Hpr—1 Hop-1 Hy-1 Hu—1 Hog—1 Hwe-1 Hpi-1 Hgr—1 Hrg—1 Hpelg-1 Hp2-1 Hp3e-1 ﬂr4,t—1]

5 0 0
5:28,=( 0 M, 0
00 OJyex6

wa o _ a a a a a
6'Xt—l’{”t—l Mgt WELL M zt—l:|

(16x33)

X —X _ u X
7: Xt *g(“tJrXt—l’Xt—l)mxzs)

- 2L —
L= 2 (m) yx
8= o wi Xy ()

_ Uy =
9.3, :Z_ . WO (X, - (XF, )T
-

(6x6)

a9 3L T AW 48 6% uA gams
Fig 3.11. Pseudo code of UKF prediction step
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o) % Just B &% Gue 9FL vxE R AYAch
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o
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el g FERA B mRelME 4719 54

=

Line32 9|84 AR =
Lol ik A Fw YERRQT Lined= FF 29 -1 AlHe 259 A9 =
Fo £x gWH #F volE e wol=2E YEUE FF ZE 94 HUF 4E
(argumented matrix)o|th. o] 7] A &= WH I IS ol o] mo]l=e A ®rolth
Line 5t 1449 $% 23 o3 84 %, | 485 % gue 42 X

MY, B2 Fe QUIVL TRF o FEAS vrhils A7 Aol

24 2 363 2l 7|4 n& Aaut ZQAE o N, o ks Anp IQAE

Aitol A Holth= Ame] shepulE o]t}

=a?(n+x)-n (3.6)

(¢ =0.7,k =0)
Line 7& Alz1v} ¥ E9 &% mday} Alanf LA EE 710t Feo 354
T2E deids Wyt g0e Aark 2JAES st 299 &% RdPS

gty u,= 2R £= 988 wowpgre WERHIL X = Aol 2Q1E

Mol %% ARE e,
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Line 82 Al1v} ¥ERJIEC] 7F5AE Fote] 35 232 A, § 735 2% 94
el

g dzse wiAelt.  Le Hd Fud 3SR £F 2R ARE
(2,9 6 0,0), 5% B (w,0,w,p,qr), 54 Hol8 A5e) g gy & =
oMol Lo #F 2¥e ARE o, % 39 o), 4 dold 4749 Foz

A = 16717F @b oA dEtd T
Sobte 2L+170e] Azek EQIES FAT AR Qo miel Ash T8
AHS UERE 4= Qlth Line 9% ¥EQE 7 AE ¥Helo] gEAL F £F =2

A FEAE ek Aotk wMe Aart ¥AE bE BEE FE A e

gk,
0 A
W. =
& n+/1
_ (3.7)
wh = ori=1,--,2L
" 2(n+/1) S
R )
w, = +1-a” +
< n+i p
wé ! fori=1,--2L (3-8)
2(n+/1)
(B =2 for Gaussian distribution )
2L 2L
Zw;" -1, wa 1 (3.9)
i=0 i=0
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correction step( A_’t ,Et, z,E)

12 Zr = W(X) + X7

2L —
o :Zfo " Zis @)

2L _
S = Zi:() Wi(C) (Ziy = 2) (Ziy — zt)T (4x4)

[\

W

2L — -
4: 3% = ZH) W,(C) (Xi),ct—ﬁt)(zi,t—zt)T (6x4)
50K, =308 (6xay
6:#t:#t+Kt(Zt_£t) (6x1)

8: %, =% —K,SK] (6x6)

9: return (g, 2;)

a9 312 ¥ AR Y AN 9 At s
Fig 3.12. Pseudo code of UKF correction step
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Table 4.2. Value for uncertainty parameter
271 84 T84
of & Iebnly AR A 1 (m)
auu a vu awu aqq arr Or
=2y 0 0 0 0 0 -
AA 2B 1.0 0 0 0.5 | 05 -
7hH
e E Z2H 0.5m
i 1.0 1.0 | 05 | 05 | 05
T3 Zqk I (ZFH5-A12h)
=2y 0 0 0 0 0 -
AA 2K 2.0 | 0.0 0 1.0 | 1.5 -
)
SEE 2 Im
i 20 0 20 | 1.0 | 1,0 | 1.0
T3 7k I (ZFH5-A12h)
==y 0 0 0 0 0 -
AA 2K 2.0 | 0.0 0 1.0 | 1.5 -
(*hH
e E ZH Im
. 20 0 20 | 1.0 | 1,0 | 1.0
T3 Zqk I (ZFH5-A12h)
=2y 0 0 0 0 0 -
AA 2K 20 | 05| 02 | 05 | 05 -
(=h
e E ZH 2m
i 20 05| 02| 05| 05
T3 ZAqk 29 (1l 7F5-A1%h)
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Table 4.3. Information for proprioceptive of simulation

surge(u) pitch(q) yaw(r) At

3.0(m/s) 0.1(rad/s) 0.3(rad/s) 0.1(sec)
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Fig 4.5. Distance error of estimated trajectory for low sensor uncertainty
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Fig 4.6. Distance error of sampling time accumulation for low sensor uncertainty
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Table 4.3. Distance error and processing time analysis of estimated trajectory for low senor

uncertainty
3 +(m) ¥ HAm) | A 2 2Hm) At(sec)
He=dg=ay 4.80 2.61 10.17 0.0000035
e & 2 1.13 1.13 5.66 0.013
&k Zab I 1.03 0.77 3.31 0.0003
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Distibution of error distance for DR
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Distibution of error distance for PF
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Fig 4.8. Distance error of estimated trajectory for rough sensor uncertainty
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Fig 4.9. Distance error of sampling time accumulation for rough sensor uncertainty
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Table 4.4. Distance error and processing time analysis of estimated trajectory for rough
senor uncertainty

% 7t (m) x HAm) | Hdl A (m) At(sec)

2] A= = AT 5.43 3.27 12.84 0.0000035
e E 2H 1.50 0.95 4.87 0.013
T Zwk dE 1.50 0.92 4.53 0.0003
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Fig 4.10. Randomize estimated trajectory contained uncertainty
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Fig 4.11. Distance error of randomize estimated trajectory for contained sensor uncertainty
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Fig 4.12. Distance error of sampling time accumulation for contianed sensor uncertainty
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Table 4.5. Distance error and processing time analysis of randomize estimated trajectory for
contained senor uncertainty

3 1t (m) EF HAm) | Ao 2 *H(m) At(sec)

H=e =y 13.47 10.49 42.80 0.000004
el F ZE 0.915 0.65 3.15 0.0141
ok Zvk 2 1.22 0.83 3.82 0.00029
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Fig 4.13. Non gaussian sensor modeling
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Distrbution of error distance for DR Distrbution of error distance for PF
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Fig 4.15. Distance error of randomize estimated trajectory for contained sensor uncertainty
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Fig 4.16. Distance error of sampling time accumulation for contianed sensor uncertainty
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Table 4.5. Distance error and processing time analysis of estimated trajectory for

% 7t (m) EF HAm) | Hd 2 *H(m) At(sec)

==y 4.669989 3.069762 10.42416 0.000004
e E I 1.733779 0.937181 5.418506 0.0152
FeF 7wk dE 2.700818 1.651418 9.428181 0.00033
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Fig 4.17. Localization simulation using beacon acoustic signal
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X 47 B0l x3hd mepvE A4 @
Table 4.7. Value for uncertainty parameter

A7) 84 9587
AR 7 1. (m)
Ay | Ay | Ay | Ayq a,, Ot
deg 2y 0 0 0 0 0 -
A 25 2.0 0.0 0 1.0 1.5 -
bt 2 2w g
el E dH 2.0 2.0 1.0 1,0 1.0 1.5m
Tzt A

F 482 (7he] Add 9¥E £=
10me] A4 5 wep ol Fgtty ojuf Ao ghs Yol AP FE o ol
.

He 0

F 48 AlEdelde] A 84 AR
Table 4.8. Information for proprioceptive of simulation

At

surge(u)

pitch(q)

yaw(r)

3.0(m/s)

0.1(rad/s)

0.3(rad/s)

0.1(sec)

F 479 AYhHe xol2HE o] 8T o9

e
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Fig 4.18.. Estimated trajectory for contained sensor uncertainty
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Fig 4.19. Distance error of estimated trajectory for contained sensor uncertainty
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Fig 4.20. Distance error of sampling time accumulation for rough sensor uncertainty
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Table 4.9. Distance error and processing time analysis of estimated trajectory

3 1t(m) 7 HAHm) | Hdl 2 2Hm) At(sec)

d=d 3y 12.22725 6.725507 27.94123 0.000004
o Zwk Iy 0.891703 0.435595 2.489539 0.0042
el S Z4H 1.313343 0.636349 3.318641 0.0142
ek vk Ay 0.616146 0.245657 1.385434 0.000469
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Fig 4.22. Distance error of randomize estimated trajectory for contained sensor uncertainty
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Fig 4.23. Distance error of sampling time accumulation for sensor uncertainty
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Table 4.10. Distance error and processing time analysis of randomize estimated trajectory
Aitm) | EF BAm) | AU LAm) | Alseo)
=AY 8.637577 4.423122 19.52445 0.000004
g Z9 dE 0.98535 0.552524 2.843283 0.0039
e F 4y 1.223764 0.590311 3.27788 0.0153
FeF Zak dE 0.504489 0.355431 2.112601 0.000407
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Item Specification
Size (L)2600mm x (W)600mm x (H)600mm
Weight 120kg (On Air)
DOF 3DOF (Surge, Pitch, Yaw)
Rated Speed 7Knots
Max. Depth 300m
Battery Li-Po: 24V 30Ah / 24V 20 Ah
Endurance 3~5 hour
Thruster REDONE Thruster 1000 ( 1kW Direct Drive BLDC Motor)
Rudder Four Fin Independent AC Servo Control
DVL REDONE DVL : Acoustic Navigation System
sensor Transponder | REDONE Transponder : Opticacoustic Module
MAST GPS, Wi-Fi, RFID

a7 424 7T 2E A4
Fig 4.24. Specification of an underwater robot
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Fig 4.25. Underwater robot and exteroceptive sensor
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Fig 4.26. Towing tank experiment
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Fig 4.27. Underwater robot localization monitoring and trajectory
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u= K ot

rpm

q=u « tan(e,,,)/L, (4.1)
r=u o tan(r )/LT

ang

=

K F317] 33 £x=9 M A (Surge) &%= Abele] HlE ol ¢ = FX7
°of &9 3 5 olth e, AYHlolH Z, L2 AYHlolHe} FF =X IF
%94 %}ﬁ]%] /\]—O]Q/] 7‘-:1—0]9 rang% 311:19/] 7_}9 L7.8- 31]:19/"» :’}:% i% £

(Yaw) £ 47 Aole] o2 vhehuict.

A4 4Pe B 44 Fee T PHon HAEE AU B
AWGE E 4119 Zol AARA a,.0,.0,.0,5 A5G AR 234
2 Yehlle seigeln o2 9584 duel Ad 249X EF Aol

9 4288 47kA Feel 934 A2 e

FE 411 B3l x3d ey 24 g
Table 4.11. Value for uncertainty parameter

) 7] 4 g3 Znt 4dH TEE 4y ok A IdH
o I.5m .5 m I.5m
a,, 0.3 rad 0.3 rad 0.3 rad
a,, 1.2 m 1.2 m 1.2 m
a,, 0.1 rad 0.1 rad 0.1 rad
a, 2.0 m 2.0 m 2.0 m
Number of particles - 100071 -
Outlier rejection 1.5 m 1.5m 1.5 m
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Fig 4.28. Underwater robot trajectory in accordance with algorithms method
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