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Abstract

"This paper describes a simulation method to generate sensor measurements for location estimation of an underwater robot, Field trial
of a navigation method of an underwater robot takes much time and expenses and it is difficult to change the environment of the
field trial as desired to test the method in various situations, Therefore, test and verification of a navigation method through simulation
is inevitable for underwater environment, This paper proposes a method to generate sensor measurements of range, depth, velocity,
and attitude taking the uncertainties of measurements into account through simulation, The uncertainties are Gaussian noise, outlier,
and correlation between the measurement noise, Also, the method implements uncertainty in sampling time of measurements, The
method is tested and verified by comparing the uncertainty parameters calculated statistically from the generated measurements with
the designed uncertainty parameters, The practical feasibility of the measurement data is shown by applying the measurement data
for location estimation of an underwater robot,

Key Words : Simulation, Sensor Measurement, Measurement Uncertainty, Underwater Robot, Gaussian Noise, Outlier, Correlation,
Sampling Time Uncertainty
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Fig. 1. Procedure for sensor measurement simulation
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Table 1. Algorithm for generation of motion data

Algorithm motion data (u(t),n,,(£))
fort=0toNdo

ult) =ult)+n,(t), n,(t)~ N0O,c,)
x(t) =motion model (w(t),x(t—1))
endfor
retumn w, x(t)
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Table 2. Algorithm for generation of sensor measurement time

1 Algorithm measurement_time (t,;_1n,(t),At)

2 fort=0toNdo

3, update 1, (t)

4 to; =t 1+ (At+n,(t)n, ()~ NO,a,)
5, toi-1 =t

0, endfor
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Table 3. Update rate of measurement

sensor Atlsec)
DVL 0.20
AHRS 0.01
rangel 0.10
range2 0.10
range3 0.10
range4 0.10
depth 0.02
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Table 4, Algorithm for generation of velocity measurement data

1. Algorithm velocity data (¢t ;u(t ), ,(t))

2. forj=0toNdo

3. fori=0toNdo

4 ift—t,; <001&t,—t, ;>0

5. wlt, ) =ult) +n, () n, ()~ NOe,,)
6.  endf

7. endfor

8. endfor

T 4o T A e B 104 2] of5at ] ARk}
230 ) & gt ulti)o) 7he et g nulte) e mEjsto]
AN oA Qofrts s gk u b apgainy,

230 NS Slol AH-sRe 9 284 Ak
FE317] 95 AME §Tste] AMSIITHY, B =Roie o
5829 AN ZAZES AB ol 317] 91ste] Agist Zlolo] gt
T 7HA AR AR e A SAgk A S B 59
ol uepict,

=) @‘,}\] }\-LQ_

5 2| 2 4Y guelE
Table 5, Algorithm for generation of range measurement data

1. Algorithm range data (t.t lsi ult)x(t))

2. forj=0toNdo

3. fori=0toNdo

4, z'ftjftw-<0.01&tj—ts‘l->0

5, Ai=t,,—t;

6. x(t, ;) = motion_model (u(t;).x(t;),At)

5 ) = VB P+ (B =, 007 + (B =% (1))
+n,(t,,), n.(t,)~ NOa,)

8. break

o. endif

10.  endfor

11.  endfor
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Table 6. Algorithm for generation of depth measurement data

1. Algorithm depth_data (t,t, ;»u(t).x(t))
2. forj=0toNdo

3. fori=0toNdo

4 ift—t, <001&t;—t,; >0

5. At= t.;—t

3. x(t, ;)= motion model (u(t;),x(t;),At)
4 dl ) =x0t, ) +ngt, ), ngle, )~ N0,0,)
8, break

9. endif

10.  endfor

5. endfor
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Table 7. Algorithm for application of correlation

1. Algorithm Application_correlation (, 7, (¢),n,(t))

2. fori=0toNdo

3. ft > tuodate +tauzﬂ

4, update 7, (1‘3,5)

5. tundate - tuzaa’ate + t,aaz:

6. endif

7. rlt)=rlt ) +nlt ) nlt,)~ NOo,.)

8. endfor
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Table 8, Algorithm for generation of outlier measurement

Algorithm Application_outlier (t,r.(t),a,)

sy = sample(t, V)
fori=0toNdo
if‘SN = ts_z
'r(t.s‘z-) = :r(t“‘) +o,
endif
endfor
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Table 9. Gaussian noise for robot command and robot motion

command motion noise(¢r)
U 0.5m/s 0.10
v, 0.0m/s 0.00
w, 0.2m/s 0.15
A 0.0rad/s 0.00
[ 0.0rad/s 0.00
T 0.5rad/s 0.10
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Fig. 2. Trajectory by robot command data and trajectory of real motion
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Table 10, Gaussian noise applied to simulated measurement

standard
. value
deviation
o, 0.1
o, 0
velocity measurement T 01
noise a, 0
a, 0
a, 0.1
o, 0.1
range measurement o, 0.1
noise 7, 01
a, 01
depth measurement
b ) oy 0.2
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Table 11, Specification of sensor features related to Gaussian noise

sensor feature value
AHRS Attitude resolution <0.1°
DVL Precision @1m/s +1.0cm/s
Ry
ange Range Precision 0.01%
measurement
Depth Accuracy 0.01%
measurement Resolution 11078
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Table 12, Procedure for EKF location estimation

Localization EKF(x(t 1), X(t— 1), % (¢), 2)

1.x(¢), X(¢) = Prediction step(x(¢ — 1), £(¢— 1), u5 (t),
2.x(t), X(t) = Correction step(x(¢), X(¢), Z“f)

3 return x(¢), X(t)

B 1200 3 A 22 segn w2 olgste] 22y
(Dead-reckoning)&- 28313 -2 -2 $1X|E ol &3}, 7 WA
Zo ABHlH AEPANGG Zol=A AN ZAgt 2L
olgste] o&H A& HFAoR HAH =M FaEE10]
ox 222749 B WPHS ARt datelgelr] SA%E
gk S8 S A Al aefslld AES o835t
Z2A vlElu|e 2 At

3 138 Al 71A] F79] EKFIAIFA datelas 283 45
A%s vepn AFHHE 2R olFARAA e dAE
702 BEFANA Alole] AgE Alkkste] At
(Mean), A&2x}e] FFHxKStandard deviation), Z|th @217 2]
(Maximum erron), %5 QXHRMSE, Root Mean Squares Erron) &
Uehicy,

2

e
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B 13, YdE S 0188 AXIFYE 2o SAX M

Table 13, Statistical analysis of the estimation using the generated measurement

Case Mean Star}de'lrd Maximum RMSE
deviation error

AS 0.1522 0.0869 0.6016 0.1332

SC 0.1537 0.0795 0.5873 0.1730

SI 0.1737 0.0885 0.6011 0.1950

% 130] 2512 A SC o] WA 71 Aol $58
S Shelat 4 glom] AF8F AlEEo A Skl kA Fhol
AR AL olmjdict. the: TH3 Asol S5 SC
ol o] 13154 An) o} AE Y ARkl AR A2 042
el vepyelrt
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0 2000 4000 6000 8000 10000 12000 14000 16000
time (sampling)

(b) Distance error of estimated location

a8 3 ddE 3= 0I18% AxFE 2

Fig. 3. Result of localization using the generated measurement
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d-9-olct. (a)ollA] AAA M2 20| AA)| o] 54K olw Wzt
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Table 14, Veritication of detection for outlier

Rate of successful number of success/
Case L .
association number of outlier error
1 100% 276/276
2 95.7% 264/276
3 100% 276/276
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