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Abstract An underwater positioning method that can be applied to structures for underwater
construction is being developed at the Korea Institute of Ocean Science and Technology. The method
uses an extended Kalman filter (EKF) based on an inertial navigation system for precise and continuous
position estimation. The observation matrix was configured to be variable in order to apply
asynchronous measured sensor data in the correction step of the EKF. A Doppler velocity logger (DVL)
can acquire signals only when attached to the bottom of an underwater structure, and it is difficult to
install and recover. Therefore, a complex sensor device for underwater structure attachment was
developed without a DVL in consideration of an underwater construction environment, installation
location, system operation convenience, etc.. Its performance was verified through a water tank test. The
results are the measured underwater position using an ultra-short baseline, the estimated position using
only a position vector, and the estimated position using position/velocity vectors. The results were
compared and evaluated using the circular error probability (CEP). As a result, the CEP of the USBL alone
was 0.02 m, the CEP of the position estimation with only the position vector corrected was 3.76 m, and
the CEP of the position estimation with the position and velocity vectors corrected was 0.06 m. Through
this research, it was confirmed that stable underwater positioning can be carried out using asynchronous
sensors without a DVL.

Keywords : Asynchronous Sensors, Doppler Velocity Logger, Extended Kalman Filter, Sensor Fusion,
Underwater Positioning
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Fig. 1. System Configuration for Underwater experiment

Table 1. Applied sensors and equipment
Sensors
Item | Model | Range Error Operating | Measured
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Acc: Acc:
+ 0,
. £10 8 <0'03/) -40 °C Angular
IMU Spatial| ~ Gyro: Gyrot to velocit
FOG | +490 °/s| <0.01 % . ”
. . 75 °C  |Acceleration
Mag: Mag:
8 G {0.07 %
Pressure: o
Pressure 0-30 bar | Pressure: 20 °C
Bar30 R to Depth
Sensor Depth: |£75 mbar| o
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300 m
5 m:
Depth: 0.1 m o o
Sub 1000 m | 100 m: 20°C Underwater
USBL | sonus i to .
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300 ° 1000 m:
50 m
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Item | Model | Processor Comm. | Operating | Measured
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Kintex7 Rs-422
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Table 2. Results of the Test

East North Max. period
c Difference | Difference CEP of signal
ase PO
[m] [m] [m] acquisition
(max-min) | (max-min) [sec]
USBL 0.03 0.15 0.02 14
only
Pupd
INS 30.17 10.64 3.76 0.01
PVupd
INS 0.19 0.35 0.06 0.01
(1) USBLE &A% 45 914 Hol"& g53t tlo]
H % 2% Ul 7% Bskeut dols 95
2717h Aol
@) 914 MElRt BT B9 24 S W 1ol
Whsslel 4% o3} rasel Asd02 o
A =8 A 24 A HlolE= W4lkstA "t
(3) USBL &4 tlo|B& &-&3to] 14| #E 9} &&=
MEIE BT Aol FYHl 2 A o
olgE &HT 4 it
T A Al Sl Akt 5 A A4 g3
IE 45 HS 4 BYe oot
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