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SUMMARY

This thesis presents a small unmanned probing ship that can be used for
acquiring information on marine and coastal environments. The control system is
composed of three microprocessors; one is for overall mission control, another for
control of propulsion motors, and the other for sensor operation. For The
communication system, we adopt direct and indirect methods based on the wireless
modem of a commercial cellular telephone. The former is direct communication
between the modems of the ship and the server, and the latter is indirect
communication via internet between the ship and the server.

The system is equipped with a digital compass module(DCM) and a GPS
system for autonomous navigation. For @position estimation, we used extended
Kalman filter algorithm in order to associate the GPS and DCM information with
Dead-Reckoning system that is usually corrupted to various sources of noise.

The designed vehicle and developed position estimation system have been
integrated into a marine probing ship, and the performance of this ship has been
tested in the sea. We find that the ship is very reliable against the waves and the
wind in the surface of the sea. The dual communication system is suitable for
communicating the command and data even when one of the communication
methods does not work. In addition, navigation experiments on the sea show the
proposed position estimation system is efficient and reliable for estimating the

trajectory of the probing ship, so that it can be applied to practical probing mission.
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Fig. 2-1  System configuration
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Main Doy

Budrhyancy body

Fig. 2-2  Unmanned probing ship

Table 1 Volume and weight of the unmanned probing ship

Main body | Buoyancy body Drive body Total
Vﬁ};’e D54 | 22,089x2set) | 7952x2(set) | 102606
Weight
(kg) 30 11x29(set) 8x2(set) 63
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Fig. 2-3 Dimension of the probing ship
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GRS Main — Wireless
- communication
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g J
Digital

compass
rmodule

L1

Fig. 2-4 Structure of the control system

Table 2  Specifications of the microprocessors

ITEMS 80C196KC
Frequency Max. 20 Mhz
Flash Program Memory None
ROM 16 KB
Register RAM 488 Byte
Adress size 64 KB
I/O pin 48 pin
Timer 2 set
Capture/Compare/PWM Module 3
Serial Communication MSSP, USART
10 Bit A/D Module 8 Channels




Table 3 Specifications of the wireless modem

Detail Wireless modem
Producer Anydata co.

Model DTS-1800
Frequency 1800 MHz (PCS in Korea)

Communication velocity

High data rate up to 64 Kbps

Data interface connector RS-232
TCP/IP, LCD,keyboard and audio
Support )
interfaces

Table 4 Specifications of digital compass module

Detail

Digital Compass Module

Heading accuracy

+3

Resolution

L (Repeatability: *1, )

Interface

RS-232C Interface
(9600bps)

Response speed

4Hz(Response time)

Input power

7 ~ 12VDC, 556mA

Temperature

-20C ~ 70T

_10_




Table 5 Specifications of DGPS-53

Power

8-35 VDC using supplied power/data cable.
surge and revers polarity protected for
up to 80VDC. current drain-95mA@12VDC

Frequency Range

283.5 - 325.0 kHz @0.5kHz

Data Rates

200/100/50/25 bps

Input

RS-232 or NMEAO183, 4800 baud

Input sentences

Binary(Magnavox), $PSLIB(Starlink)

Output

RS-232 4800 baud

Output Sentences

RTCM SC-104(6 of 8bit format)
NMEAOQ183 version2.0

Pulse Per Second

One-Pulse-Per-Second accuracy ; *1
microsecond at rising edge of PPS pulse

Table 6 Precision of DGPS-53

Error range

(m) 0.5 3 5
Precision
(%) 5 50 95

_11_
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Start

Wireless modem Initialize

YES Acquisition compass data

| Acquisition DEFS data |

i’

| Send to modem of

DGPS & Compass data

Fig. 2-5 Flowchart for acquisition of position data
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Motor stop
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| Walt to occur motor
control interrupt

Motor control
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speed down, stop)

Fig. 2-6  Flowchart of the motor control
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Fig. 2-7 Main controller

Table 72 DC RE$} FE=etolH o] AMFS UERit DC 2He| 872 40We]
W Edbolnl= Belola 7w3 PWM Aloj7]se] 3= STK68HGE AHEaisith 2E
= #53 DGPS F417], UAE e 2e] 52 Table 83 22 AMde] wig &
ARgEl oM, 1§32 12V-70AHCIth RE &4 wiE g Table 99} 22 A
o] ey E Wz ARSI E, ol RE Tl LSk el oste] Aol Al

do] FFS = AS Hasksk] itk

_14_



Table 7 Specifications of motor and driver

Gear ratio:1:3

Motor S9D40-24GH 24V 40W (SO9KB3BH)
' Break

Driver STK6855 16-42V SA PWM control

Table 8 Specifications of batteries for control unit

TYPE VOLTAGE INITIAL CURRENT
STAND-BY
13.5 ~13.8V NO LIMIT
USE
CYCLIC USE 14.4 ~15.0V 1.75A MAX

Table 9 Specifications of batteries for motor

TYPE VOLTAGE INITIAL CURRENT
STAND-BY
27 ~ 276V NO LIMIT
USE
CYCLIC USE 28.8 ~ 30V 4.0A MAX

_15_
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A AR Rl AFRARS FAS A% FAR R AR 2w dely
3ol AR 94 & AAsHe BUHYRE TSI Fig 282 9

AAlo] 2 BUHY A|2FS EEE YERdTE SR o= RE Y 9] dlolEy v
Mobile to Mobile W20 2 M2 HEH
=
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Wiraless modem Wireless modem
] Relay station
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Maring probdeng ship

Fig. 2-8 Schematic diagram of the wireless control system ( Mobile to Mobile )
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[atabase sever
' Relay station

Client PC

Marine probeng ship

Fig. 2-9 Schematic diagram of the wireless control system ( TCP/IP to Mobile )
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Fig. 2-10 Flowchart for remote control and monitoring
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a b C d
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Fig. 2-12 Monitoring data format
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o714 X\Y,Z= GPS 21719 9A, XiYiZits iHA $149 $xelt) o] A& 4
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Fig. 3-2 Reference and monitoring stations in Korea peninsula
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Fig. 4-2 Characteristics of the DGPS-53 position data

Table 10 Stochastic parameter of the DGPS-53 (unit : dms)

Average Reference Standard deviation
Longitude 126.3147325 126.3147373 9.36588E-06
Latitude 33.30501348 33.30501526 4.01217E-06
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Fig. 4-3 View of the experimental navigation

Talble 11 Consumption of electric power

Current(mA) Voltage(VDC)
DGPS-53 95 12
Digital compass module 55 12
Main controller 300 5
Wireless modem 300 12
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