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Rotating Arm Test for Assessment of an Underwater Hybrid
Navigation System for a Semi-Autonomous Underwater Vehicle
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ABSTRACT: This paper presents a rotating arm fest for assessment of an underwater hybrid navigation system for a
semi-autonomous underwater vehicle. The navigation system consists of an inertial measurement unit (IMU), an ultra-short baseline
(USBL) acoustic navigation sensor and a doppler velocity log (DVL) accompanying 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 error model of the USBL acoustic navigation sensor and the scale effect and bias errors of the DVL, of which the state
equation composed of the navigation states and sensor parameters is 25 in the order. The conventional extended Kalman filter was
used to propagate the error covariance, update the measurement errors and correct the state equation when the measurenents are
available. The rotating arm tests are conducted in the Ocean Engineering Basin of KRISO, KORDI to generate circular motion in
laboratory, where the USBL system was absent in the basin. The hybrid underwater navigation system shows good tracking
performance against the circular planar motion. Additionally this paper checked the effects of the sampling ratio of the navigation
system and the possibility of the dead reckoning with the DVL and the magnetic compass to estimate the position of the vehicle.
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Table 1 Specification of the IMU HG1700AG11

Accelerometer Gyro
Operating Range +37g +1074, /s
Bias (10) img 1, /h
Random Noise(10) 50mg 03, /h
Random Walk 0.065ft/s/+/ h 0.125, /+/'h
Output Frequency 100Hz
Interface RS422, SDLC
(2 DVL
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Table 2 Specification of the DVL RDI
Workhorse Navigator 300.

Available Frequency 307.200kHz

Minimum / Maximum Altitude 1.0m / 200m
v=1.0m/s 0.3cm/s
Precision . v=3.0m/s 0.6cmyfs
v=5.0m/s 0.8cnys

Accuracy +0.4%+0.4 cmys

Maximum Ping Rate 051t 7 Hz

Interface RS232
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Fig. 6 Rotating Arm Test Results of a Fish Equipped with
an IMU and a DVL.
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(e) Estitmated Velocities
Fig. 7 Estimated Positions and Velocities of the Fish with
the IMU-only Navigation System.
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the Hybrid Underwater Navigation System.
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Fig. 11 Estimated Position and FErrors According to the

Change of the Sampling Interval of DVL with DVL-only
Navigation (Sampling Interval : 2.5 sec).
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Fig. 13 Tracking Performance According to the Change of
the Sampling Frequency of IMU with the Hybrid
Underwater Navigation System.

=N

o

o), oldE, A-A(2003). "+ =YY UHE o]&F #
A B 25 SxAM T £ BPE Al
q7, @=sdests] 2003 ARy, ATt
!, 523-24.

An, E, Healey, A. ], Park, ]. and Smith S. M.(1997).
"Asynchronous data fusion for AUV navigation via
heuristic fuzzy filtering techniques,” Proc. of Ocean 97
Conference, Vol. 1, pp. 397~402, Oct.

Gelb, A.(1974). Applied optimal estimation, MIT, Cambridge,
MA.

Honeywell (2001). HG1700 IMU/”
Aerospace Electronic Systems, Honeywell, Sensor and

“User's manual for
Guidance Products 2600 Ridgway Parkway, Minneapolis,
MN 55413

Kinsey, J. C. and Whitcomb, L. L.(2003). “Preliminary field
experience with the DVLNAV integrated navigation
system for manned and unmanned submersibles”, 1st
IFAC Workshop on Guidance and Control of
Underwater Vehicle, April 9-11.

Larsen, M. B.(2000). “Synthetic long baseline navigation of
underwater vehicles”, Proc. of Oceans 2000 Conference,
Vol. 3, pp. 2043 ~2050.

Marco, D. B. and Healey, A. ]J.(2001). “Command, control,
and navigation experimental results with the NPS ARIES
AUV,” IEEE J. of Oceanic Engineering, Vol. 26 No. 4,
pp. 466476, Oct.

Milne, P. H.(1983). Underwater acoustic positioning systems,
Guif Publishing Company.

RD Instruments Inc. (1997).
profilers - workhorse navigator doppler velocity log
technical manual,” P/N 957-6023-00, October.

Titterton, D. H. and Weston, J. L.(1997). Strapdoun inertial
navigation technology, Peter Pegerinus, London.

Woolven, S. and Feld, M.(1998). "POS/SV - an aided inertial
navigation system for submersible vehicles," Proc. of
Oceans ‘98 Conference, Vol. 1, pp. 103~107, Oct.

Yun, X, Bachmann, E. R, McGhee, R. B, Whalen R H,
Roberts, R. L, Knapp R G., Healey, A. ]. and Zyda, M.
J.(1999). '"Testing and evaluation of an integrated
GPS/INS system for small AUV navigation," IEEE ]. of
Oceanic Engineering, Vol. 24, No.3, pp. 396~404.

“Acoustic doppler current

- 148 -



