=

kg alE) x| A7 A6E, pp 83~90, 2003(ISSN 1225-0767)

A HEY FEHE o] &3 BN E 220 SEAA )]
T B dags
O FT - o|BE* - G A
* A YATE NI AT A
= gt 2A3GE Y

Underwater Hybrid Navigation Algorithm Based on an Inertial Sensor
and a Doppler Velocity Log Using an Indirect Feedback Kalman Filter
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ABSTRACT: This paper presents an underwater hybrid navigation system for a semi-autoniomous underwater vehicle (SAUV). The navigation
system consists of an inertial measurement unit (IMU), and a Doppler velocity log (DVL), accompanied by a magnetic compass. The errors of
inertial measurement units increase with time, due to the bias errors of gyros and accelerometers. A navigational system model is derived, to include
the scale effect and bias errors of the DVL, of which the state equation composed of the navigation states and sensor parameters is 20. The
conventional extended Kalman filter was used to propagate the error covariance, update the measurement errors, and correct the state equation when
the measurements are available. Simulation was performed with the 6-d.o.f. equations of motion of SAUV, using a lawn-mowing survey mode. The
hybrid underwater navigation system shows good tracking performance, by updating the error covariance and correcting the system’s states with
the measurement errors from a DVL, a magnetic compass, and a depth sensor. The error of the estimated position still slowly drifts in the horizontal
plane, about 3.5m for 500 seconds, which could be eliminated with the help of additional USBL information.
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Fig. 1 Block diagram of the indirect feedback Kalman filter of
the hybrid navigation system for an unmanned
underwater vehicle

Peste) FHe ¢ 2VWHES B3l olFolAn, 1
A Hue Aoz H3 st oldtk 3 BEPPA

zRe oREs Qo] FolAdA @S AT B U
FElE olgale] IMU @502 928 Fsivl, 2o} 57
Q57 gl A9l 248 updatestn JeEE B
A

74 sk s ANA %
SAUV(ZXY 5, 2000)o] tistd AEHelHE FhstdTh
o] SAUVE AAASE A% o5 EhdAte]
HG1700AG11 IMUZ DVLEF RDIAMY] Work Horse
Navigator® WAstal itk 2 AlE#eldd A8 IMUE 3
A 7hE% AAe) 3709 Apol2E WAste, DVLE A= o
A Y AN} BAE Fa Ao FEelA Al
&30 W2 289 T2 AHE o|fsly 3% £EF
Z3g) agtil SAUVelE vlavlg Fafx TCM29 A%
| 2 25A Fo] gAlH Utk B =RAAE olE AA7t
Wgd SAUVY $E53He AlEE el 9o, Table 12
Al ggol o) AR 4 A9 548 vehia ok 714
vy Fxze SAUV UjR-o] Axpgule] o d3dS
Zsle] ulolojz A= A3ALH, AmAE HA AHHE
AAXe EAS nHstd Aslch 9, DVLY Hd A8
& 100me]th

X

Table 1 Specification of the sensors of the hybrid under-
water navigation system

Bias Error Random Noise
Accelerometer 1.0 mg 100 pg
Gyro 1.0 deg/h 0.3 deg/h
USBL 18 m 18 m
DVL 0.01 m/s 01 m/s
Magnetic Compass 10.0 deg 1.0 deg
Depthmeter 05 m 05 m
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Fig. 2 Simulated acceleration signals of SAUV in lawn-
mowing mode
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Fig. 3 Simulated gyro signals of SAUV in lawn-
mowing mode
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Fig. 4 Simulated velocity signals of SAUV in lawn-
mowing mode
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SAUV IMU-DVL : X-Y plane view
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Fig. 6 Simulated localization of SAUV with IMU-
DVL-depth-heading fusion (X-Y plane)
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Fig. 7 Simulated localization of SAUV with IMU-
DVL-depth-heading fusion (X-Z & Y-Z planes)

SAUV IMU-DVL Navigation : 3-D Trajectory
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Fig. 8 Simulated localization of SAUV with IMU-
DVL-depth-heading fusion
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3-D Error [m)
N w

o

0 50 100 150 200 250 300 350 400 450 500
time[sec]

~

X-¥Y Error {m]
~N w

{=1

0 50 100 150 200 250 300 350 400 450 500
time[sec]

Fig. 9 Simulated localization error of SAUV with IMU-
DVL-depth-heading fusion
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Fig. 10 Simulated localization of SAUV with USBL at
6,000m depth (sampling period : 8 sec)

Localization Errer : SAUV USBL
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Fig. 11 Simulated localization error of SAUV with USBL
at 6,000m depth (sampling period : 8 sec)
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