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Implementation of Bayesian Filter Method and Range

Measurement Analysis for Underwater Robot lL.ocalization
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Sung Woo Noh', Nak Yong Ko', Tae Gyun Kim®

Abstract This paper verifies the performance of Extended Kalman Filter(EKF) and MCL(Monte
Carlo Localization) approach to localization of an underwater vehicle through experiments.
Especially, the experiments use acoustic range sensor whose measurement accuracy and uncertainty is
not yet proved. Along with localization, the experiment also discloses the uncertainty features of the
range measurement such as bias and variance. The proposed localization method rejects outlier range
data and the experiment shows that outlier rejection improves localization performance. It is as
expected that the proposed method doesn’t yield as precise location as those methods which use high
priced DVL(Doppler Velocity Log), IMU(Inertial Measurement Unit), and high accuracy range
sensors. However, it is noticeable that the proposed method can achieve the accuracy which is
affordable for correction of accumulated dead reckoning error, even though it uses only range data of

low reliability and accuracy.
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Fig. 1. Cruising type underwater robot
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Table 1. Pseudo code for MCL

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

1 X=X, =0

2. fori=1to M do

3. x7 = Motion model(u,x,

4. a),[“] = Sensor model(zr,xt ,E)

5. endfor

6. fori=1to M do

7. x = Resamplmg({( i W}jzl,-u,M})
8. endfor

9. return X,

X, : the set of estimated robot poses at timet —1
u,: robot command for internal sensor

z,:recived sensor information from external sensor
E:environment information

X, : the set of estimated robot pose at time t
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Table 2. Motion model used in MCL

Motion model(u,,x,_,)

i = u + sample(ar,, Ju| + M + &, W] +

P+ ald

p‘ + aw‘q +‘ a, ‘r‘ +a,)

up

v=v+ sample(aw‘u‘ + aw‘v‘ + am‘w‘ +a,

w=w + sample(a,,|ul W+ @, |+ e ld + e, ta,)
P = p + sample(a,, |u +a,|pl +a,lq

4 = q + sample(a,,|u qn‘w‘ +a, p‘ +ay, q‘ s

P =r + sample(a,, |u +a,

( ) = El(u,V:W)T
(3.6, v) =T,.(p.G. )"

x'=x + XAt
V' =y+ At
z' =z + ZAt
¢ =+ gnt
0 =0+ 0n
v' =y + yAt

return x, = (x',',2',¢.,0'y")"

Ty, Ty, :trasnformation matrix frombody fixed frametoinertial frame
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Fig. 5. Transducer used for experiment
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Table 3. Specification of actuators and sensors

Specification
: 1300 RPM
1 40 deg
1 40 deg
124V
1 >lhz
: 15khz

Item

Max RPM
Max Angle
Max Angle

Truster
Rudder

Elevator

Input voltage

Receive data rate

Acoustic frequency

47He] S2a17)0k 4 myto] Azl 17
$A715 olg —6—}04 EKF, MCLe]| 9J3} 9121 5451
e et 4=z AFE AFskgo
g} 9324 UlEle) 2 Liesic
&35 Wlold 47)e) :417] 91 (22) 5 27 (b)el
el A 2 Azke] 7k tmolek TelA]

E

A,

&

(a) Test tank

'@

Sl

(0,20) (14,20)

% P
03,10, 1.2 | (137,10,1.2)

©,0) {T4,0)
(b) Monitoring

Fig. 7. Environment for experiment

725 HE= 4 9] fert shd SRl M= 2
Hstol, 239 YRS vehdes gElEEe] o Fiol &

zejo] Upehtar gek
AT AEE T 47 FH Y 73 geer 113y
sHlch the] *16& &H—l A%S E3 EKF9 MCLO| A
225 93} ujrfH I 49} Zro] AAEICh
Qs @y = 2.3 18004 e 9] 24

«Q

uud

Table 4. Parameter used for implementation of EKF localization and MCL

Parameta EKF MCL
e} 1.5 m 1.5 m
Q,, 0.3 rad 0.3 rad
a,., 1.2 m 1.2 m
a 0.1 rad 0.1 rad
o 20 m 20 m
Number of particles - 10007}
Shit - 0.8
Stong - 0.05
Snax - 0.1
S, and - 0.05
Outlier rejection 1.5 m 1.5m
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Table 5. Location difference analysis for EKF and MCL without outlier

rejection
Average of Standard
Min error | Max error verag deviation of
Trajectory (m) (m) error error
(m)

(m)

MCL | EKF | MCL | EKF | MCL | EKF | MCL | EKF
trajectoryl | 0.05 | 0.05 | 2.05 | 3.28 | 0.53 | 0.78 | 0.44 | 0.73
trajectory2 | 0.16 | 0.04 | 1.37 | 2.63 | 0.28 | 0.45 | 0.25 | 0.51
trajectory3 | 0.19 | 0.05 | 1.98 | 2.38 | 0.37 | 0.36 | 0.43 | 0.52
trajectory4 | 0.13 | 0.00 | 1.61 | 1.95 | 0.30 | 0.33 | 0.40 | 0.34
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Table 6. Mean and standard deviation of the range measurement
error

Sensor Average of error Standard deviation

Sensorl 0.3943(m) 0.9515(m)

Sensor2 0.0993(m) 0.8165(m)

Sensor3 0.3946(m) 0.8217(m)

Sensor4 0.5158(m) 0.7213(m)
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