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SUMMARY

In this paper we have implemented a 3 dimensional position location system to estimated
the 3-dimensional position of ROV (Remotely Operated Vehicle) in underwater environments.
This system can help to estimate the location of underwater vehicle by the operator who is on
the deck or platform. For the underwater explorations, lots of underwater systems use
equipments and sensors. Theses equipments and sensors are very expensive, so 3-D location
system is necessary in order to keep the safety of equipments and sensors. In this research, we
developed low-cost SBL(Short BaseLine) system for measure real-time 3-D location when
using the underwater vehicles. We let 4 hydrophones in different positions and moving
sensor(pinger) to communicate with each other to find the 3-D positions for both the fixed and
moving vehicles. This system implement 3x3x1.7(m) basin and each sensors connected with
NI(National Instrument) DAQ(Data Aquisition) board and LabView program. In order to
calculate 3-D position used geometrical position estimate method. To verify the performance of
designed position estimate system, experiments were done in a water basin. Hereafter, we will

test in the ocean using designed SBL system.
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Fig. 15 TC4013 Hydrophone(RESON)
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Fig. 16 TC4013 Hydrophone Sensitivity
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Fig. 17 TC4013 Hydrophone derectivity
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< Tx - Function Generator >

< Rx - Oscilloscope >

Fig. 18 TC4013 Hydrophone initial test

Table 4 TC4013 Specifications

Frequency Range

1Hz to 170kHz

Receiving Sensitivity

-211dB+3dB re 1V/uPa

Transmitting Sensitivity

132dB+3dB re 1pPa/V @ 1m @ 100kHz

Horizontal Directivity Pattern

Omnidirectional = 2dB @ 100kHz

Vertical Directivity Pattern

270° + 3dB @100kHz

Operating Depth 700m
Survival Depth 1000m
Weight in air 75¢g
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4.4 Pre Amplifier

FAElE pMEo| SEZEZ 5 AFEE Pre Amplifiere= Fig. 199F ZCh 1HEl 474
of £ATIZRE E0{QE AMIE BEAFV| Ad ALBEIH 6EHHZ HQ(Gain)S

ZHg £+ Qom, 1Hz0lM IMHZH K|S 1S EE{(High Pass Filter)7} E24QULCH.

Fig. 19 Pre Amplfier(EC6061)

Table 5 EC6061 Specifications

Input Impedance 100MQ/2.5pF
Input Max. Level 2.8Vrms @ 12V supply
Output Impedance 10Q/100pF
Output Max. Level 2.8Vrms @ 0dB gain
Gain Setting 0,6, 12,20, 26, 32dB
Gain Tolerance +0.5dB
Hi-Pass Filters -3dB @ Hz 5k, 10k, 20k, 50k
Hi-Pass Filters -12dB @ Hz 0.1
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4.5 Data Acquisition Board

2 A™0M Data Acquisitiong &l AFEE AD/DA EE&= National Instrument
AtS| NI USB-6251 BNC Z2EO|MH, Tt Fig. 208t ZCh AD/DA EE9| A2
Table 504 LIEFLHRACH DAQAIAEIR Labview ZZIZH1O| %|MSIEl A|AERIO|MH, 874

9| Analog Input€ 7tX|Z 1.25MS/s@| Sampling rateg 7tX|Z RUCH EEFH, 2749

mo
o
rr
o
I+
=
=
lo
e

Analog output EHAFE 7FXK|Z QSH, 2.86MS/s2| Sampling rate

= o
52 9|

7tX|H, 2471 2| Digital /OE 1 QUL

-

DOOO L=
5660 66 ®

Fig. 20 DAQ Board (NI USB-6251 BNC)
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Table 6 NI USB6251 BNC Specifications

Number of Channels

16 Differential

ADC resolution

16bits

Sampling rate

1.25MS/s single channel

Analog Input 1.00MS/s multichannel
Input coupling DC
+10V,£5V, 2V, £1V
Input range
+0.5V,£02V,+0.1V
Start Trigger
Reference Trigger
| Pause Trigger
Functions
Sample Clock
Convert Clock
Analog Triggers Sample Clock Timebase
Analog edge triggering,
Modes Analog edge triggering with hysteresis,
Analog window triggering
Resolution 10bits, 1 in 1,024
Number of Channels 2
DAC resolution 16bits

Maximum update rate
Analog Output

1 channel — 2.86MS/s
2 channel — 2.00MS/s

Output range =10V
Output coupling DC
Output Impedance 02Q
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Fig. 21 Experimental Basin(3mx3mx1.7m)
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Fig. 22 SBL system installation for basin test
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Fig. 23 LabView program front panel for SBL system
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Fig. 27 Basin test casel of SBL system
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Fig. 28 Basin test casel of SBL system
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Fig. 30 Basin test case4 of SBL system
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Fig. 31 Basin test case5 of SBL system
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Fig. 32 Basin test case6 of SBL system
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Fig. 33 ROV with hydrophone for basin test
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Fig. 34 SBL test in basin using ROV
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=BL Testin Basin

Fig. 35 SBL test in basin using ROV (XY)

SBL Testin Basin using ROV (30

Fig. 36 SBL test in basin using ROV (3D)
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Fig. 38 SBL system Field test installation

Fig. 39 Field test of SBL system case 1
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Fig. 40 Field test of SBL system case 2
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SBL Field Test
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Fig. 41 SBL system field test result

SBL Field Test{3D)

Fig. 42 SBL system field test result 3D
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SEBL Field Test

Fig. 43 SBL system field test result using ROV

SBL Field Test(3D)

Fig. 44 SBL system field test result using ROV 3D
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