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A Hybrid Navigation System of Underwater Vehicles
Using Fuzzy Inferrence Algorithm
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Abstract

‘This paper presents a hvbrid navigation system for AUV to locate its position precisely
in rough sea. The tracking system is composed of various sensors such as an inchnometer,
a tr-axis magnetometer, a flow meter. and a super short baseline(SSIBL) acoustic position
tracking system. Due to the inaccuracy of the attitude sensors, the heading sensor and the
flowmeter, the predicted position slowly drifts and the estimation error of position becomes
larger. On the other hand, the measured position is liable to change abruptly due to the
corrupted data of the SSBL system in the case of low signal to noise ratio or large ship
motions. By tntroducing a sensor fusion technique with the position data of the SSBL
system and those of the attitude heading flowmeter reference system (AHFRS), the hybrid
navigation system updates the three-dimensional position robustly. A Kalman filter
algorithm is derived on the basis of the error models for the flowmeter dyvnamics with the
use of the external measurement from the SSBL. A failure detection algorithm decides the
confidence degree of external measurement signals by using a fuzzy inference. Simulation
is included to demonstrate the validity of the hybrid navigation system.
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Table 1 Vehicle model and test conditions for

xlmulatlon
Item l Value Unit
Mass } 300 kg
Added mass coeffluent 1.0 o
Yaw moment of Inertia 390.63 kg - m"
Damping coefficient
pine o 26.7 N - sec/m
(Forward direction)
Damping coefficient ! o )
L. 1335 N - sec/m
(Lateral direction)
Damping coefficient
e 382 . N-sec
(Yaw dxrectlon) |
Thrust force 400 } N
\n.\\ ‘moment 192 N-'m
\urrent speed 0.5 m/ sec
Direction of current 150 1 degree
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Fig. 3 The simulated tracks of the vehicle and the
estimated tracks with the use of AHFRS
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Table 2 Fuzzy inference rules for the detection

of failure

Rule No. 4 a Status
1 - big Failure
2 big mid2 Failure
3 medium mid2 Swiail
4 small mid2 | Noisy
o) big nudl Noisy
6 medom  midl L Nobsy
70 small o omidl . ~ Valid !
3 L small i Valid
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