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SUMMARY

The objectives of the research i1s to develop a cheap and multi—functional
monitering system that can be applied to small ships. This system basically
provides the navigation information of ships which is the fundamental information
of the monitering system. Using the location information, we developed an
algorithm that the arrival of a ship in port or departure of a ship from port can be
automatically acquired. The system also can provide fishing information such as a
haul of fish or the kind of fish.

The system adopted AIS transponder as a wireless communication system that
can cover more than 50 miles from the ship. It also possible ship to ship
communication, so that the actual communication distance can be enlarged about
200 miles when there are the right ship in the right place. In addition, we
developed an algorithm that can calculate the total sailing distance and time of a
ship. Using the sailing distance and time information, the amount of duty free oil
for each ship can be estimated.

All these information (navigation, arrival and departure, fishing, and sailing
distance and time information) are stored into a database system. This database is
provided through internet, so that any one who needs the information can easily
approach them. The following effects are expected when it i1s applied to actual
ships as a fisheries policy.

It can solve the problem related to arrival and departing notice of a ship.

It can be effectively applied for collision avoidance between two ships when a

foggy day.
It can be possible to solve the conflict between the supplier of duty-free oil and

fishermen.

The database relating to the fisheries can provide useful information on fishing
grounds, and hence the income of fishermen will be increased.
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¥ 8 HWAIA 7§A1E (Reporting Rate)
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Ship 0-14 knots and changing course 4 sec
Ship 14-23 knots 6 sec
Ship 14-23 knots and changing course 2 sec
Ship > 23 knots 3 sec
Ship > 23 knots and changing course 2 sec

F) o] 7% IMO® “UAIS A5 71" & A=<

@ ITU-R M.1371¢] 7l &

o] 74 SOTDMAZE A-&3l= AISY 7432 EAS dAusts EA2ZA IMOY &7l
o A=A ew, IMO, ICAO, IALA, IEC, CIRMell #j 2% o
7 Agant

a) IMO7} universal shipborne AISo| tha &+ o+

b) o] Al=®le] AREL ARpIE Aduby Sty A=k el HolHE mdAHom kel

% so] Fale] RPAEE ol Alzglolt,

:

(e3

¢) SOTDMAE A3t A2ge RE AEAE £83 ol o 2fEde] Ergel

d) old Azl Aubnh Auzh, AwbEa VTS Ab

e) ol#]gk Al 2~"l& agutonomous, automatic, continuous E=0 A F2Fa|ofsla A o2
W4 (broadcast) . & AR ¥ TE 18U assigned, interrogation R =] A %= TDMA 7]4
= ol&3dteo] AFEE F qlojof g

f) o] Al=glE AREA} o F&toke] vl digk mHeY gHE & 7 de g
A4S IMO © AISo| tigh A& Mur 2 gafjep =4 2o =gse As E£3sHd
Zhal it

g) IALA= AIS Al xARe & BA7ZIHS 97 IAA & tet 715 2 F4& ot
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(th) Aekabs A A A 2" ERAEY O 4
A ¥k o] A A ~ 8l (Automatic Identification System;AIS)e] E#WMAZT = Al 7He F&
T4 EEE R 1A vk 9A, e, £9 To ARE A Fe AR e
o 7Hd @ol AFgH = AS GPSolH 71E Adutel A2E v AAe AZ2S S B A
b ot 28 i AIS7F AHgdteR @9 " VHFE ol §3t7] 918 VHF
o =3 AlA e JRE AISHAARZ 29stal VHF &5 Alofs

=
K3
H Qlol= A &4 RER ‘?‘o Aok, AuzE, Akt stz A=
5 ot

:>|J:"4
"
[‘ (e
©
fop)
S
S
os)
)
w2
Lo
=
o
r>
o
N
)
N
=
=
It
2}
o
frt
M
0
N
k)
S
2
)
)
a
S
=
Lo
2,
f
2,
b
)
N
N
olf
ol

719k 1719 FAl7 = %“3301 Reom, FA7= 2789 Aol A
T dem, FAV= 2709 QS Hdol $AMY. Od 132 AIS E

GNSS5/DGNSS Antenna

r-———~——>~—~——=——7—=— - =-=- == 1

| | OPTIONAL
YHF Antenna | l— TDMA/DSC Transmitter |4 I GNES/DGNSS

: : Receiver (IEC61108)

L

' S ™  DSCReceler [ '

[ 3 3 :

l % —  TDMA Recer — ?3 ' P

ecaivar ad :

! gl | (Display)

| Q |

| = |
GPS‘%’nna I B TDMA Recelver ™ |

| |

[ [

| ' GPS Receiver - |

[ [

| |

. AlS Transponder |

a9 13 AIS EfAET FAAE

@O HAAAA EE(GPS)

GPS #4171+ Aggk Az Aurel A, gsfjvlelHE Algsta, A8 AISe] FAZZA
M= olg ARE WA, A5A & AtdMZREe| deoly H® **”é‘, TEFE SO AR
5, dAlHdAE 52 I $Ae, B AR 8 SAVAToRTE Y ARE FAlse] B
YEol AR sit7 A= AlSe 2 Aoz iE e JRE FAlste] RUYH FA8ha,



aA MEYAE Ff B 7|Hel] dFgoh
S Z3tstr] 98te] self-organized Time Division
Multiple Access (self-organized TDMA %3+ STDMA) ®A& gzt = &b 71& A
b Eok A g BE AIS © A AurEo] time-slot allocation(A7FH4E &9)S s )
T WAoln F2 GPSAIZHE AE St sUg st FAFRg AYS Fate] o YA
Zho| FE AR 5o vlolE FAle] 7bEsith
a9 14%}F o] H=AdAEE 2250709 time sloto & o] ZF AMulo)] &wslar, Zhr] Fof
Aog FARE FAHE HE JFYAE] FAlol ol& FAlg. AIS F - 74l W
: T 3T &= vE o dyzded wet XK F77F AR =
b, £S5 9lgh 443 time slotg FEt 4 TE5S FotHA 7FYAvo &A=z H

% 9l STDMAWA & A g3k},

2250 slots/min
Each time slot k

N I

milliseconds.

7

The AIS of ship A
sends the positon
message in one time

The same
procedura is

slot. At the same repeated by all
time it reserves other AIS-
equipped ships.

another time slot for
the next position

message.

Ship B
ShipC EE ;

Ship A

19 14 STDMA 2]

AISE Autsh AUzl At $3RATIE B3 S, VTS Azdste] A s
wrelel, ga hde BE FURAC H&AS FAAAE ATk A8AE o] Asgony
ARE AL = Qolok a, o HFol PR AL HxE 8Tk s,

=
Z83 71 8AS A oF . o] Al 288 Search and Rescue (SAR) &8l Ag= 4 gt}
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Aukg AIS = GPS H+= TALA Correction 21 &5 AH&-3tE DGPSE vlg o= 3to] 11

Zo] fAE FAstL WE vIAA el olYd AAARE ¥l thE EWRAEY H

demow FAT g glojof dhrp EE FAe e o ERAZITEFEH AR
= A~

el FA5 EMN=EY L] AAE vEhfolof gtk whekA o] g 7]
_/':

A0l A A Aok B 7S Auud e 2ol e 5 gtk
coBae 91X R SRR PW ok BdY uw sdmEp Al A%
BUlFE )%

Display Unit Graphical Display

with Keyboard RADAR/ECDIS/PC

|
|
|
|
|
Heading :
[ [ !
|
Spd / pos / v_ll_—n: V:F v_ll_—n: V;F |
time / COG, et x x x x |
|
Built-in GPS |
SOG / STW Processor Receiver Board :
,,,,,, |
ROT
Transponder
24VvDC

EWE-=9<F © 161.975 / 162.025 MHz 2 156525 MHz
HE =2 9600bpsell 4] 25kHz

Wl 3 74 0 12.5kHz

2 1 1/10/25W 7HE 7S

z2] 1 GMSK/FM/F2B

[e]
EE2AE FA7124 LI/CAZE AL, BAF7] flzd d549 A

e Interface

BERS-232CE &% <F FHES 944
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IS Au] ¢} o] GPS T+ Beacon Al

of olg1gk AXNARE F3ste] EA
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oX
off
o
do
ol
R
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2
ol
rir
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olf
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M
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o,
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AR SGAEA ALH BFE s
oAute] ERsEYRRHY AuE 34 we F dE s
—

ARE Agsta, ITU-R. M 13715 wFeles T2eFS 74 2 B435e] ®A]7]9

Hole Fejrt EHHES A5 WEL o F= otk B EAATIHRRE A

ol

VHFE Ea4 AISHRE $5408ts Rt}

GPS /Beacon
Combined
Antenna

Beacon )
Receiver Splitter
Transponder Cavity Filter
Multitech Power Supply
| Multimodem Unit
24vDC

a8 16 7)1 A =8 AIS @] A

H



- 7] EAL)
Q71 A= AIS ] 71241 A Aduk AIS A9jet 5o
e VHF F+417] A5
[ | T 1 161.975 / 162.025 MHz % 156.525 MHz
Z : 9600bpsol A 25kHz
EERA 21 14 0 12.5kHz
HE== 0 1/10/25W 775
Ws =72 0 GMSK/FM/F2B
%

H N
[ |
2= N
“mﬂ

FN

[ ]
=
)
D
o)
0p!

§ GPSAY
HBE2AE 5207124 LI/ CAZE AFE, 57 wizxd d54d A,
e Interface

HEC - FHESS] A48 fste] RS-232C, NMEA-0183 59 ©A} *3},

(2}) IEC 61162-1 Sentence
AIS EAAZEYA A wAAE AHFsE sentencew IEC 61162-1 Edition 3¢ 71 % Stoll
xohE o]z H 9] AISE sentenceZ, AIS EWAZET 7L 418 T A AHE &9
sk wA Aol Ed=ET O] WAA] = 6bit FEfS] HolHEA 64709 EARE F4lo] 7h
Sotth WA R 9] FF/F 2+ Addressed Message®} Broadcast Message® Yo 2 7} 9lo
, EdAETE 03]] WA A E A4 6= VDO, VDM sentence® 4184, VDO(VHF
Data-link Own-vessel message)= A}7] AFAl1e] WA X VDM(VHFEF Data-link Message)< Tt}
2 EdxEYE T3l 5ol HAAE grgn
t}2-o A A]3F= sentence F2]S H413F AIS AHE ITU-R M13719] g2jo = uj7l3}
sl o2 ol=59 HWAIX F VDM sentenceE |4 slo] AbEA = AHZE ARE Xﬂ%é}‘?i
&
s

=)

of

Ht. ITU-R M13712 SOTDMA(Self-Organized Time Division MultipleAcces) 2S5 A}
S AISS 71%d S4S Austs BARA FANATE 2ol o zﬂw Jom,
A7 A= E MuEkg AISe] 25 A8 "o

D ABK - Addressed and binary broadcast acknowledgement

$--ABK, xxxxxxxxx,a,x.x,x,x*hh<CR><LF>

|— Type of acknowledgement ®
Message Sequence Number*

ITU-R M.1371 message ID®
AlS channel of reception ?
MMSI of the addressed destination AIS unit’
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ITI\&IJeglstag/elz'llsgl Message Sequence Number source

6 sequential message identifier from ABM-sentence, IEC 61162-1

7 addressed AIS unit's message 7, sequence number, ITU-R M.1371
8 sequential message identifier from BBM-sentence, IEC 61162-1

12 sequential message identifier from ABM-sentence, IEC 61162-1

13 addressed AIS unit's message 13, sequence number, ITU-R M.1371
14 sequential message identifier from BBM-sentence, IEC 61162-1

15 no source, field shall be null

@ ABM - Addressed Binary and safety related Message

l--ABM, X, X, X, XXXXXXXXX,X,X.X,5--5,Xx* hh<CR=><LF=

|—Number of fill-bits ®, 0 to 5

Encapsulated data®

ITU-R M_1371 message ID (6 or 12)

AlIS channel for broadcast of the radio message *

The MMSI of destination AIS unit for the ITU-R M.1371 message *

Sequential Message identifier®, 0 to 3

Sentence number ', 110 9
Total number of sentences needed to transfer the message ', 1t0 9

@ BBM - - Broadcast Binary Message

--BBM,x,x,X,X,X.X,5--8,x*hh<CR=><LF>

|— Number of fill-bits ®, 0 to 5

Encapsulated data*

ITU-R M.1371 message ID, 8 or 14

AIS channel for broadcast of the radio message *

Sequential message identifier?, 0 to 9
Sentence number ', 1t0 9

Total number of sentences needed to transfer the message ', 1t0 9

@ VDM - - VHF Data-link Message

1--VDM, x,x,x,a,s5--5,x*hh<CR=><LF>

Number of fill-bits *, 0 to 5
Encapsulated ITU-R M.1371 radio message *
AIS Channel ®, "A" or "B"

Sequential message identifier >, 0 to 9

Sentence number ', 110 9

Total number of sentences needed to transfer the message "1to9
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®

®

o

C)

VDO - - VHF Data-link Own-vessel message

I--VDO,x,X,X,a,5--8,x*hh<CR><LF>

\— Number of fill-bits *, 0 to &
Encapsulated ITU-R M.1371 radio message *

AlS Channel ®, "A" or "B"
Sequential message identifier >, 0 to 9

Sentence number’, 1to @

Total number of sentences needed to transfer the message ', 1to 9

EdWAETE F8 HolH FAIA AIS HAA

1--ABM,2,1,1,440350000,0,6,041@PU>0IE=<4LFOU>1@E=Br10ib18E=0tq<F1@v0l,0*19
1--ABM,2,2,1,440350000,0,6,D,0*3B

1--BBM,1,1,1,4403500000,0,8, =<4LFOU>1@E=Br10ib18E*1B

IAIABK, 4403500000,A,6,1,0*26

EWdAETE T8 HolE FAIA AIS HWAIA

IAIVDM,2,1,0,B,<65q1>9 vLU@D8ICPICP;?B51P=7=16PC16DIP9>6?B=1D9?>P35>D5BPf@<,0%08
IAIVDM,2,2,0,B,JP3853;PI?EBP19CP85149>7PC5>C?B0,0*7D
IAIVDM,2,1,2,B,865q1>00@80E22Dp2Dp2KIQ@H3CK@A 4hAUGH2CQSIS@E2CkK 0iCU1D; T36,0%76
IAIVDM,2,2,2,B, 0j1@jp6CmD 0BDp5CRES0TQ;P0,2*09
IAIVDM,1,1,,B,86Sq1>00@80E22Dp2Dp2kIQ@@0,4*34

IAIVDM, 1,1, B,665q1>9 vLu@D89CP=5CC175P9CPD5CDfP@<J0,4*56

IAIVDM,1,1, A,<65q1>9 vLu@D89CP=5CC175P9CPD5CDfP@<J0,4*5F

Ed~EYE Ba dolH 44 4

of
e

o
K

1--ABM,2,1,1,440350000,0,6,041@PU>01E=<4LFOU>1@E=Br10ib18E=0tg<F1@v0I,0*19

IAIVDM,1,1,,B,86Sq|>00@80E22Dp2Dp2kIQ@ @0,4*34

IAIABK, 4403500000,A,6,1,0%26

AISE E3] ABM =+ BBMO 2 WAIA] A5 Al AdH Edlx ZCA WAIAE A
2 A HWH ABK=Z dAE AdE Ack 21&7

ENAEGE F9 ol 54 Ase A5

i
to
X
il
i
ui
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1--ABM,2,1,1,440350000,0,6,041@PU>0IE=<4LFOU>1@E=Br10ib18E=0tq<F1@v0l,0*19
<No Ack>
IAIABK, 4403500000,A,6,1,3*26

IAIVDO,1,1,,A,6000HCNCGMB0040LmBO0>0NOV,4*69

1--ABM,2,1,1,440350000,0,6,041@PU>0lE=<4LFOU>1@E=Br10ib18E=0tq<F1@v0l,0*19
<No Ack>

IAIABK, 4403500000,A,6,1,3*26

IAIVDO,1,1,,A,6000HCNnCGMB0040LmB0>0NOQV,4*69

AISE &3] ABM %= BBMO = AR AF Al ZdjH EWAZEC A wAAE F4l
A Ll AfodE AckAEE o] AF AdE g8 51 VDO EZ wAIAE YEFYEY
th. Ax ABM E= BBMO g WAIA] AE A=E ot Fabe] v Ao g wWAA] F4l
Al g

(2) GPS & HAFHAI=" AA

Class B AIS Transponderg& AF&3F oJAd&¢ TYHY Alx®o] xFH o st A
2" AA A FAEE ofdle ¥ 178 Zoh 71E£9 AIS 7|A =L 283}

RS232 4o RE485
Converber

NREopIoCessoT
Adrnegal?s

O 17 I9AFHE Y3 AxE AT

it 9 Specification of Class B AIS
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Item Specification
BMBaseband PCB: 160 x 100mm

Physical
BRF PCB: 160 x 100mm
W12V dc (isolated)
Power B Average power consumption 6W

BPower Consumption 0.5A continuous

BMIEC 61108 compliant

BRTCM, SBAS corrections

W1 RS232 - 115.2kbaud/38.4kbaud

BRS422 NMEA bi-directional

BT requency : 156.025 to 162.025 MHz in 25KHz steps
VHF Transceiver B Output power: 1W to 4W + 1.5 dB

B Channel Bandwidth: 25KHz
BVHF Antenna connector: BNC

Connectors BGPS Antenna connector: TNC
BNMEA bi-directional port: D type

GPS Receiver

Electrical Interfaces

AAFAE A A" Autgs A&z A s F dow, durgol= Class
B AIS transponder, VHF<¢FE|Y, CPS Receiver, Microprocessor, RS422/RS232 Converter,
Graphic LCD, Keypad, Power module® T7d°] 5o Sl VHFSIHIUE Fstodr = sfd-&
olFEFIg Y U9 27153 AE(87B, 8B)E AFE3dte] 1 2,00070e] JRIF AFo]
H, GPSTFA 7= Az, Auk) X9 JRI7F Ay, Keypades YA EA o g2 (o)F, ofF
F, 49 SHREE JET F =T HAAVE Hol vk w3 AW EolE Class B AIS
transponder, VHF¢tE| U, GPS Receiver, RS422/RS232 Converter, A H & PCE A o] ¥ o
Ak 2 FAFY 5L ve Z2oh

AAFA A" Ao]FA = AVR Ag= wo]A2FZEED] § Atmegal2824 L&
du| el doly wEeE AAlzstr] 93 HAE SHHoR AMESE stHE X9 1)
okl A4l 7Rt ® sk RISC 7ls& A&sto] ¢ wE P3Ag £=5 74

an vk R ofy ek AVRE A dlEY Vled HEAA F el Z2IOY smEgow
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O ¥ RISC +x
- R g 29

om AuE 133700 A e ol

- 32«8 W& T2 dA=H +

FH HEZ dA=HE 4.

O HIZHAg =233 doly wEe
128K Byte In-System X =13 ZZfA] HEF.
Hol WgE FE T2 7802 [n-System ZE1#Eo] 715,
H 25 545 A F37}5.
O 4K Byte W1&3 SRAM
- #Hd 64K Byteo] &4 wlxg] 9.
O FW ALY
T M9 8-bit/ Timer/Counters®} EHE ZgA~A L], vl EE A
- F 7hel &34 16bit Timer/Counter®t 5 HE T 2AdY, HILE=
- 8 Ad, 10bit ADC.
O &2 A4
—- 45VolA 55V Alole] et A ¢
VCC |6V A4S aadt
GND | a28hgE= Fojr}
i PORT Al g woj3 /0 222 Ui EQA3. QdzEen Yy
- 958 ~ | Edol 248 A% gvAon Boe 290 B gy
i 825% PORT E | 2= @4 elell HIGHY LOW7} b Tri-stated “3 e
pENC‘%Sﬁﬁ 5334..5,W_m.‘, PORT F XE F= A/D AvEe JEXE. T3 A B, C, D, E XE9
(oxouroopFei 3 4525 ey 2o WMEFEZE A4S
RS wprar on XE Gt wolF /0 XEZ X EQAY. JYTERH ¥
poeafent Sheane EGE W% ESlol BH® A% gpHor Frhe FEGE
ramre peo s wbscrns| | PORT Glaoro) 2 a5 gree o4 Adolw HIGHY LOW of
4= o oo 1 Tri-stated A H.
) o (2 AN
iospea 12 sbrewo | RESET |14l 94 #olth.
oo e shram | | XTALL [whd 9 %712 49 999, r2e 53494 3=
Pl o izgeranssanpeem| | XTALZ |wd 94 2E725E9 Z9 .
SRR £E Fsh A/D Aue el A9 g, ADCE AHgatA ¥
FHEEH T AVCC |gle 9RAom Vccg‘r A7, Wl ADC/} AgHTHA
883 Ei A LOW-PASS B E ZAf3te] Veest 92,
g i 12 AREF | A/D ZuH 9| elsadzs A5,
29 18 wlo| A2 3 F A A

a9 19% 9AF3

}\] < Eﬂ xﬂ O]
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WEC_vEr WEE_eEir
e
R KEV_IN
1 KEV_IN -
KEV_IN1 o
uio I P — HET_IN L3
1 _ &) = 2E R i
+ A | wEzeT 2% apmran HE—x
o ADUFRT o0 KEv_IND BNS
a1 e KETIM1 L=
s PIADED L KEV_INZ
e PEAADG P KEv_IN3
== s PEBADEE P KE I+ =
= e PERADED ADSFRS [T KEv_IN5 o
g PEMADG WTGE ADTiRAT | KE_ING L&
2| PRSI DESTIE 2 KEY_INT
T_K e T ] azeen |32 KEv_INO
T_RET ] RFRADCTITE AEVPEA KE N1 i
ADPCZ (S KE_INZ A
- alnpe KET_IN3 L=
CRU_RXD = PECVPOVRXIO AEP | KET_IM+
CRU_T:D = PEN/POOTHDO AIRPCS (3 KET_INS
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—a PEZAE 0 LINTIVE O |
o PESUED SRAIMTHRD |22
3 PRwOCO RO IMTEP OE (S
| PESOC 1A THIINTPLE E— JPUTHA
#— o PESOC1E Eirne [
w1 PRI G KA DS [
TAIPDS
T_ECK] 12 TR COMiA
_SCK[ S ToscmPoa .
w12 O 1RO H_M_,u: = . o b
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WEHE e "
L o©3 C
F




—
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B THN  RIOUT ¥

WOD_+8Y
TE"

i

Ci+
¢ TR < Jema
A

Ci+ T2OuUT

i
3
4
3
i
W liﬁ &
b o
VEC 46 l WA
J; S
4 I R

i}

=
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a9 20 A 2 AYLERE 2=

WEL_+54
KEY_INZ

KEV_IN2 501 FUi2 S0 S
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KEYZIND L = =—— L &5 o— L & o— o

ARRAY 10K
Ss S A1y b1 1151
EEY_IND = - o
KEY_IN1  —] o L5 o— L o L O—
EEY_INZ
KEY_INZ

KEY_IN4
KEY_INS

KEV_ING

KEV_IN?
Ui S S5 SN
P =
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¥
CORALA 37 76EkHz 3
= 3 1 & T 10
1 T % 10 |
IO el —=Jrth
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First screen Display

> v

0x41

Key_ScanValue

0x42

0x43

Model Display

Mode2 Display

Receive Position ?

Yes

Position &
Date & Time

Mode3 Display

v

0x30<=
Key_ScanValue
<=0x39

fish input
Ve
No
Unit ?
Yes
0x31 0x32
R " v
ton Kg
Y <

Key_ScanValue

fish input

'

message
Creation

GPS 2 DGPSY EA

% 22 AlojA]2Hle] FA L

2
.

24X B Y



7}. GPS(Global Positioning System)

==

rlo

GPSE $F53E(Space Segment), Ao L o] ga} LR o7 1}rojx] gtf FREL 67
o Amwel Zkzh 7] el dFE] L olF = dn] el 1Y AALEE of
20,183kmolal FAF7I= oF 12413, A= AAMES 550, 22 Al 9487 A E 1200 B
TAE AEE E57] "ol A7 ol FaroAME AFH 5 oA Ha N 948E 2
AIZE WY = 5 A €

GPS S omiy Asd Hape] &= o] £k 7] ufio] 94
© A7t date o] FA7]e] mae wjzhbx] o] ARE G A 5 dvh o = B éEolﬂ, A}
T AR 5 g E7E A Qabelar, GPS WS o] &% A AS e FAoE fdsid

& A3 2

V(X=X)2H(Y=Y)?+(Z—2)? = (At — E)e (i=1,2,3,4)

o714 X)Y,Z 1 GPS 4171¢] 97,
Xi,YiZi ¢ iaA 91439 914

t}. DGPS(Differential GPS)

DGPS+= oln] 91A& &aL = 7IeHl 7Ie5-8& GPSTAVIE dAete] AdsiA 5489 A
Aol 9zt GPSYA AlE = dlol =A7|E AAE 9= u|wdle] A2 AAkslo 4 GPSH
o AAALE7E = vl DGPSE A A= tid FdARTAeh 1149 7Es
(Reference Station) % 87§29 FFA|=r(Integrity monitor) 2 -/ = o]

713 A= o] DGPS Q@4 HE PSDN®WS o]-&sto] Az €A A B Ao gt sAlol =
9l ARl g A, AGE Integrity A, 7= R A S92 5 %
B 13} 34 59 EAuolEl RINEX, SSF&2 AHA|SS stal Utk

7|Eme AR 7IeAdol GPSREEUE AA|ske] Z12he] GPSHIA A5 FAlste] 544 71
(JAbARDSE ow] du Sl= AgE Hla §F 94 eAEE BAsted RTCM SC-104(Radio
Technical Commission for Maritime Services, Special Committee 104)¢] ZwWidd2lol] we} S}
(2835-32BKHz)& ol&ato] o]&aollAl Arzrom wrEatal vk AA=ES 7Ewow® FH oF
100NM(180Km)E ozl A1 51ell GPSREHUE o8 At BAA S} AR S Hold 459 A
AT o)A BRHAAE TR0 AER A RS9 AR A mota 29 Ve

(

2 A A o EFA~He] o] &H GPSFA7Y AgE=E Hrhstr] fete] 71x A
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232 GPS 21719 &8 Heoly 45 YEr, ax UTC Al
£ 71E5 IDE UEITL 17 2% 0741243
A71787
NEEe e

kol

b b

SN
w

58%H-E 07A] 43
GPS7IEH (AnE =)o GPS FA71E E3
AR5 AEE Yehdle, doigt2 GPS 7I1=H el

29 249k % 1lelM = e SFA I vjastr] 918t

Fol mlastdet, Ad 43 GPSY dHelHE A SmAEY 2xE Y
7F 2.418m Y1 %=7F 1.236me] A .

3% 10 Specifications of GPS

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

PEPGGA, 072458,3330,8361.0, 12631 7882.E,2,07,1,3,31. 7.M, 19,5,M,0,0724+4C

d

b C d

$GEPGGA,072459,3330,8361,0,12631, 7832,E,2,07,1,3,31 8, M, 19,5,M,0,0724+42

BGPGGA,072500,3330,8360,0, 12631, 7382,E,2,07,1,3,32,0,M,19.5,M,0,0724+45

1% 23 GPS data format
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Latitude(dms)

33.30503
33.30502 | g S
o.::::: "~"E. ‘:_::[.‘.:o.‘.
ceveses q:'_d e
SRR IR “ee
:i’:\-.‘ o: : '.':‘: ¢ oo :
votles gt
33.30801 - SRS
0.:“..,0..0' ‘[XBPSdBIa
—— Average
—— Reference
33.305
126.31472 126.31473 126.31474 126.31475
Longitude(ams)

19 24 Characteristics of the DGPS-53 position data

Table 11 Stochastic parameter of the GPS (unit : dms)

Average Reference Standard deviation
Longitude 126.3147325 126.3147373 9.36588E-06
Latitude 33.30501348 33.30501526 4.01217E-06
t}. =39 (Dead Reckoning, DR)
22 ghyel A Ave] 27] 92 44T F R Ao Aue] ofF At ¥
A=t 9 A4S Axtstal A4 AAE FASs WRiolth 5 S 259 A9 AlAo]
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oo e B ohe Mol AT A%HOoRE PET & Utk o] PR oln x U= 94

t oMol AAE AL Q= Aol ARE A oM O] A= v o] RE .

A = _ Vem©
(R, +h)cosd

b = _Vecos©.
Rt h (3-1)

Mt+D2H = MpH + At

d(t+Ap) = d(H) + At

7] A,

AN AR 6 Y=, L

b

PH

L

VA g A ] HESE
O @ AIZE ¢ oA ZpANZ

R, - A7

O

ofth. A@E-DAA v S Wel gholw o UAY Auxel F9 ke oJuld ojs Lo] 3
FUe A T gabde] We AHe o Falel 914 WaE AR 1 o ghol
AA e AAE WIS AomA Agte] Aute] wel gX e AkAew FHHE vy

21-27
o] Qe

wolepaple] )Xo plE AR gARe) SEe) DGPSE] $INAR, 191 U AsAw
RE FYEs wAe] AAztelr) oA AFE vlel ol WAASE pob OAE Anso] 4
Ao A% A A9 eAE A% FAse] Azbel wlek A4 913 oAt A, E
3 DGPSEHS o] 88 A5l Azl wheh oAzt FAHAE XY A smolae] eA7} A
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2343} 2ol MpE A&, (BT = 1Ea
Ok TAME] Azt & Aejahd, FARAS] 91213 x(k) =[M(R), 9(R),0(R]TE EAHAT U
A Alzgl mee s thga) 2,

2(k+1) = Ax(k), u(k)+ov(k), v(k)~NO, k) (3-3)

A7, Ax(k), u(k)) = dEie] o™, w(h) v AdE, o(k) T Hitolpolal site]l kY
THAIRE Fgolth A(3-1)& o] &3te], o]AMAIZE Ax(k), u(k)E T-3HH thadk Zth

in©
Ma) o+ Rcos ¢ (k)
Sy u(k) = | () + LRSS (3-4)

O(k) + A6(A)

AN dE A RNA k1 Aele] olBARRA yaelM BARS $4 vtk EHAA ol
SR 4—00% /F3Stk DGPSS UAY AvsiE 91X 4uE s wde e
2k

Z(k) = Wx(k) + w(h), wlh)~NO0,R(k) (3-5)

AZIM w(k)= Btol 0013 FEato]l R(k)Q! 7HFAIE #HEolH, GPSe= gotek fAldd &4 f+=
R RRE e TPt p(x(k)E ek 2ol et
ACR) ops
W(x(R) = | ¢(R)cps (3-6)

O(A) pc
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ot o] Hely Asgl Wi ZARWS g A " JaelZe] gt PAMe] 942

SR

L B B 0

o2

WA Az mas) Ao} Qe y(HRIE AT pr1olAe] BA RS e 2ol

o,

Wk+11 k) = Ax(k| k), uk)
(3-7)

- AR sin© (k)
Mkl R+ Rcosd(k)

(k| k) +46(k)

S AE pe+1| Bt 2ol At

rr

o] o= by
P(E+11k) = vi-PEIR -V + Q& (3-8)

A7IM, vz BE Aol Ax(k| k), w(k)l ASHEozA o A3} o] et

d(k)51n9(k)sm<1>(k) 0 dcos©O(k)

cos *d(k) Rcosd (k)
vf= 0 | —-dRsinBlk) (3-9)
0 0 1

AERERRY 4" g3 A5 ge] A= FAE <= innovation FE v(pE TR

)
o
o
i
rr
5|\
it

N
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v(k+1) Z2(k+1)—Z2(k+1)

R (3-10)
MNe+1)yps — ME+1|4k)
= | Q(k+Dgps — O(k+11k
O(k+1)pey — O(k+1lk
A7IM, Z(k+ 1) FSHHOR a5 YR 2A,
NE+1]k
Z(k+1) = kx(k+11k) = | d(k+1] k) (3-11)
O(k+1| k)
2= xaFET.
AG-10)0] FikEE FRA Y Skt 1) T 2ol FolH,
S(k+1) = E[V(k+1) - VI(k+1D]
(3-12)
= Vvh-Pkt+1| k) vET+RE+])
2(3-12)914 viae AG-1DZE HAE n(x(k+ 1| k) AP ZA,
100
vih= 1010 (3-13)
001

@] BAE WAL R+ 1] D PH 3kt 1] k+1) F AL k10149 HH 9
]_

—_

A& Brrskal A7l ke FAt ™ Pe+1 | k+ 1= BASHS Aotk WA & el A

AR Wkt 1) THes} 2ol Aol

-

WMek+1)=PFk+1|1k-vhT-S Y k+1) (3-14)

o Q9] SJEl FEPWOE R AX el AHE FHH ANE AvkF vFS Fol &
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(3-15)

(3-16)

~

x(k+11k+1)=x(k+1| R+ WMek+1)v(k+1)
e

~

2 o]
Z5]_1—4_[29*31]

3

j=i’¥e}
[

PN
T

P(k+1| k+1)=P(k+1| k) — WMk+1)S(k+1) W (k+1)

o HAA1%7F 234

=124

1|
—

file)

N

G
B

]

30m

[e)

R

ek 18 259 18 26

S

A

|27 Akl

ol
o)

Gt
.60
N
N

o)

E

1

3=}
-

i
=

F

15!
R

2.8m,
g7

.

o] Mpole} A

} 1.74m,

o Hjear
A

3}
GPS2] e

F GPS

1
o

Ale] 7ol o

Al
=2

o]

o 4%

3

T
=i

]

A
=2
o

q

A
p4

]

A
&)

ok

B Wlel Frlors L15melon], AAEAn Ae

o] Hjeat

(e}
A%

0.7fme| At} webA GPS

-

T

2 1)

1)

XH
N

1

(Lol A

oF
T
K
<t

ol

o~
T

o}
=

ol Erstar et A skl

Ko
=]

TR
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A A GPSel o% Avelm AL HPFwAE oI5 Azt aHAM & 5 9

o] 71 A= FaolME GPSU FALUBEL Waolsl G AAY RolAu FRHom
£ gy od A%yt GPSe) A¢un @vd 4 Y v 3 wRde
2= GPSw SmAE K29 A dAshy] wael AAE AshAnt sHdtAE = GPS 9}
2EPW e BAA ol 43k7] wiel FR7F @kl vehda,
33.45304
33.45303 [
33.45302
,a’ 33.45301 |
:"g 33.453
33.45299
33.45298
—e—DR
--&- reference
33.45297 T
126.56864 126.55872 126.5588 126.56888 126.55896 126.556904
Longitude(degree)
2% 25. Dead reckoning
33.45304
33.45303
33.45302
B
©33.45301 |
3
3
s
33.45299
3345008 | —-B
--a- DGPS
- reference
33.45297 :
126.55864  126.55872 126.5588  126.55888 126.55896  126.55904

Longituck(cegree)

13 26 Extended Kalman filter and DGPS
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33.45306

33.45302
®
o
()]
()
Z 3345008 |
()
©
2
5
|

33.45294

_._m
---&-- reference
33.4529
126.55886 126.5589 126.55894 126.55898 126.55902 126.55906 126.5591
Longitude(degree)
19 27 Dead reckoning

33.45306

3345302 [ A---------’wl-_--_-i_-:-_-.-_-_-_i_-_-_-l-_-:i,l-—l-—n—lf-'-

2 ;
L]
S g
< 33.45208 g
© [
2 Py
= 4
3 .
'
Y
33.4524 '1
---------------------------------------- L7
.‘.l‘.,l--l*"""’l{ ——EKF
--a- DGPS
A reference
33.4629 ‘
126.55886 126.5580 126.55894 126.55808 126.55002 126.55906 126.5591

Longtude(degee)

1% 28 Extended Kalman filter and DGPS
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33.4728

33.4724 |

33472

Latitude(degree).

3BA4M6 [~~~ TS T oo oo ooooo oo oo

33.4712
126.3884 126.3688 126.382 126.38%6 126.39 126.3004

Longtuck(cegree)

13 29 Results of navigation using only dead reckoning

3B.478

3B.4724

33472 |

Latitude(degree).

3B.4716 |

334712
126.38%4

1% 30 Results of navigation using DGPS and EKF
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=
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KG_Code?2

$F, UserlD, F_Code, KG_Codel,

WS : Start Message
I : o ¥ Data

1 5= (46223 or 6181)

Hl XA
e i |

A

al

BUserlD :

oFIE F Aels

BT _Code :
BKG_Codel

D ojg @ (4] 00123)

BKG_Code2 :

“ton , 2 : kg)

e 2231

5000°]

o
‘j/o]:’t_‘

o

wK

No
o)

TH

!
4o

gt WAIA] 7 A o] AWM E [SF 6223 1 5000 218k 4 27}
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ANHRE ool FAUAT v /1 Fake] Fele Wi B Aty Ak WA B o3
= o] 22 A W 2% dA, A

11]1-
FTHES A A= ASEH= w1

$S, UserID, S_Code

HWS$ : Start Message

AuPAbE A Al="|E AIS A AFe] 72 Ve e2A A9E V| Aws e = 50
ke off o] AISE e Adube A4S & 5 vk whebA ALY ARk ViEow A
G Well ol Addtell tistol= At dasel AR i Adkake] A, Al
Z5H B Addtel oid ARE FAY RS ARG 2Er FAgAY RS
AIS 2 gt = v stetd = Qs Aolw, T o] B2 KoM AlSE &%
A B TP T AFS AA H dely #Fert oEsH A @i AEow AT
T Ak A kel A= Aok AHbAbaL ool & Z=&o] & Aot

AIS EdAEYAA Y WA A HAE2 IEC 61162-1 Edition 3¢ 7§17t xZ3d o] x4
FEle] AISE sentence®, EWM2ET O WA X = 6bit FEje] tlolHeolt}, T BR 647) 9
AN FgAlo] JhEslth WAl R o] FH 2= Addressed Message®t Broadcast Message =
Uro] A 7 o, ERAEEE F3 HAIAEZ 2149 += VDO, VDM sentence® <
A&, VDO(VHF Data-link Own-vessel message)= A7) #A219] wlAlx] VDM(VHF
Data-link Message)= W& EdAZFEUE 53 5o HAIAE 9 v] st

mebx ERAEC A VDM o] WAAE CPUZ AES Wi oA o] & 8bit 3
o] ASCII m== Wgate] wAxe] W&S& 314, AAZRAA ARGA HAIAAA S gt
S Hz=Fdo] FA ol FAIsHA @k iR o oA WAAE AELE Aol ASCI 3

—+
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=g WAAE 6bit o] vlojE R Wste] EAxECR Filstetes HHS HUH
EdsZYrE AFE MMSIS] EdAEGRE wA €

7k AIS HWAIA mYg/H=ag A
(D). WAIA 34

Transponderol] A WA A S €131 o]5 ASCIH ZE= WH3lst= dx+= oS3 2o 4

Ed~EY RS485 TAIHAS CPUS RS232C Wae 2 Wgs|a+= 7IHHE &3t VDM
A A ukS Z2Zate] AIS HIA A $AE A Exde] CRC AAE Sdalo] Aso A
SGeE AAT T ZA7 e A5 v 9AR "oz €

WA A o] dol7k A A 5-(154bit ©]7) °lE
HEHE R BA Fof Xtk "HElE 3] oY
i HElEFold dAH o mAAE AP F EE mAAE dFe] d45d H4E 2 Uﬂ/\l

TAE S shute] kel @S S "o A" WAIAE Mkl ITU WA A=
FZotd H=d AISHIA A oA ITUMAI A2 FE38k= o= ofgel ®of 3t}

g il
=
>,
X
g
rﬂ
é
E
2
N
L

AIS = A1A] @ IATVDM,1,1,,,100000Au]d?0f95e PAEO>RQ00000,0+48

l

ITU = AA @ 100000AuJd?0f95ePAEO>RQ00000

F=E ITU WAIAIE mlolH ey si=2 Wk 3 vy o] HAS 6HEx wAA] IDo] 1L
o MAIA 9] IDell whebA deof vE 7} 7] wite] of & WA Frefjof dhrh. ol thEt
A= okhel AAIstd

HEGY 2 A oA

x + 1000000100010101010101010101010101010101001010101

W39 6 E= WA ID => 100000 => 1
WrA A 1
WA« 1 A

o,
o

t}& 2H] E = Repeat Indicator => 01 => 1
o} 30H] E+x= MMSI => 000101010101+

o
o
dlo

ol 3t mAIA 9 o] AAx F F 8 HE ©el ASCH Z==2 4 T A2 J

_65_



rloh

o

st A Ao gk Wghe] HApr) vpEe]

of MAA BAAL A3 97

AR 9D AFH = vAA e FEE gotste] Algxo Al dEFAY taEYelE sk Hul
AIS WA]#]e] CRC A=
NO HE &2 YES
WAl 2] 1A A=
HE] 3ol A B H I
Al =] ==} & ZlE]
HE ZFo] ofUd A (6W) i
HE] &3o] SAEH HAA
k2] l(@gj\

AIS WA Ao A elz]

= =
=

a3

ITU HA A& vfolde] ==
[

ITU " A A e A wAIA] ID

# ITU ®WAA

ks

wgtE viejye Z=E 7 259
o= W (A £ x2Ah
TE 32 AR EA A A

(2) ®AIA B4

2o o dolq 944w, offA ofF W JE FAANAE u]7] 9lao] oAz

ZAAA EWREGRZE] WAAE Wtk szl o]F fldA = U] ASCH ZEE
6HE Fejel delez Wae sopdth TF MAAY FF7F B W HMAAANE Briste]

ITUR B e #Agn Waelo] EAANEE Falo] $aw =axs
NAZow AAAE A%,
WA A 9l

MAA e AT 2Ade) 7

ZH7F A" MMSI2]
EdAZr ==
S8 g QY e

weFsha o

=
=

ZEA I W AIA] 6, 8, 12, 14¥ = A A Q1 4]

AL AEFANA ATH BB WA %
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=4 Aag a9 b 24 £2s dEaE daddth o= 6 MEY A AEAE
AATA gomz BE AE A4S gEAR w@stelol s zlojth gy we Bt

Azgtel 7t wALE volde mER Wdan WHH vole

A= R R =& I o} Application ZE=E A (MAIA 69, 12919 wAA] A$u &)
dv, 2@lw A m=e} Application TEZE FAR vlele] AEE ITU WA 2 @sg
& ITU WIAAE $415 MMSL Ad, &% 59 Fuet §H AIS vAAE F+435te Edx

Foz 2w A4Y MMSIS EdsEGR A5l Hof zt,
% = o9 330l UEUNTh =3 FAE 245 o &
5o 204 FuE 19 340 e,

2
=
>
>
1o
Z
riet
[ot
il
k1
f

\4
2
opy
=
>,
X
RS
Eiv)

6, 8 12, 149
Check

6 bit Check

YES
6 or 1291 Check

nfol ] E=-> ITU WA A &
¥ 3}

<
|

AIS WMAAE T4
(£22 MMSL A4, 2% %)

19 33 AEHAIA A "t
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/) AIS WA =] 3ol AlEEE #AY
const char ValidChar[BinaryFieldNum] =

{

/O/,/l/y/2/,/3/,/4/,/5/,/6/,/7/,/8/,/9/’

Tel 1ot /1 rr—_rr rror s rr ANE DY ANN Oy [ANA hYANE N ARN YN Y’
.!’7<!_’>’?7@’A7B’C7D7E7F’G!H’IY

rY’r / Y ro/ r o’ r 7 IANA YA !’ rrgr o r 7 r o’ r o’ AN AY]
J’K7L7M7N’O7P7Q7RYSYT’U’V’WY
[ P A A B A [ R R B ol B B B & RO A A4 B AN B A P A & IV AN rr_rr_rr_rr ./
b’,’c’,’d" e {') g’ ’/h'",/1");",)k",'l",)m",'n",'0",'p","d’,

Pl Tt Tl o T

r',)’s',) 't u’ v, W'

const char BinaryField[BinaryFieldNum][7] =

{

"000000”, "000001", "000010", "000011"”, "000100”, "000101",
"001000”, "001001”, "001010", "001011", "001100", "001101",
"010000”, "010001”, "010010", "010011", "010100”, "010101",
"011000”, "011001”, "011010", "011011", "011100", "011101",
"100000”, "100001”, "100010", "100011", “100100", "100101",
”101000”, "101001”, "101010", "101011", "101100", "101101",
"110000”, "110001”, "110010", "110011", "110100", "110101",
"111000”, "111001”, "111010", "111011", "111100", "111101",

const char ConChar[BinaryFieldNum] =

{

‘@', 'A’, 'B’, 'CY, DY E! 'F G HY, T )Y, 'K
LM ON O P QR ST T U VY, W
XY 2 N T N
I (A L A A

A7
’aY

"000110",
"001110",
"010110",
"0111107,
"100110",
"101110",
"1101107,
"1111107,

000111,
001111,
"010111”,
"011111",
100111,
"101111",
"110111",
"111111"

_68_
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3 S84 H =
h=h = HE CD),
3} 2| (GHL
o] q SHEAFA(G
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Q
oltt 19 36(a)= AlAIE AlZto] ¢ks i
#2 LCD9F JHA A2 KeypadEs HoJFil glom (a)f LE£HL FUAKCZA EAAE
teol SAAMEE 32 el

Aol &3} BNC , St 4 |

(b= AAF] UYE FFEE BoFa glon EdsEY, 1dILCD, TAAME e} F4 9
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Latitude

33.2420

33.2400

33.2380

33.23860

33.2340

33.2320

33.2300

33.2280

-~/

N

&

T ——

\‘\_—-——'

126 5600

126 5650

ad

126.5700 126 5750 126.5800

Longitude

36 oS ol 8% ANAR F4 A

-

Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri

Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec

08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08

13:57:00 2006 $P 6223 126.5637 33.2379
13:57:08 2006 $P 6223 126.5639 33.2377
13:57:09 2006 $P 6223 126.5638 33.2378
13:57:10 2006 $P 6223 126.5637 33.2379
13:57:12 2006 $P 6223 126.5640 33.2376
13:57:17 2006 $P 6223 126.5640 33.2376
13:57:22 2006 $P 6223 126.5641 33.2375
13:58:02 2006 $P 440303780 126.5594 33.2393
13:58:06 2006 $P 6223 126.5648 33.2358
13:58:11 2006 $P 6223 126.5648 33.2356
13:58:16 2006 $P 6223 126.5649 33.2355
13:58:20 2006 $P 273437890 126.7493 33.1333
13:58:23 2006 $P 636012300 126.3597 32.8193
13:58:28 2006 $P 6223 126.5650 33.2351
13:58:37 2006 $P 6223 126.5651 33.2347
13:59:00 2006 $P 431300602 126.6297 33.1700
13:59:02 2006 $P 6223 126.5655 33.2338
13:59:06 2006 $P 6223 126.5656 33.2337
13:59:10 2006 $P 6223 126.5657 33.2335
13:59:13 2006 $P 6223 126.5657 33.2334
13:59:18 2006 $P 6223 126.5658 33.2332
13:59:22 2006 $P 515809000 126.4047 33.2254

a9 37 29 doly 2=
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Tue
Tue
Tue
Tue
Tue
Tue

Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue

Dec 19 11:13:10 2006 $P 6181 126.4663 33.5080
Dec 19 11:13:11 2006 $P 6223 126.4663 33.5068
Dec 19 11:13:13 2006 $P 6223 126.4663 33.5068
Dec 19 11:13:15 2006 $P 245130000 126.2321 33.6265
Dec 19 11:14:00 2006 $P 6181 126.4663 33.5080
Dec 19 11:14:02 2006 $P 6223 126.4663 33.5068

Dec 19 11:15:10 2006 $P 6223 126.4658 33.5071

Dec 19 11:15:59 2006 $P 6223 126.4648 33.5079

Dec 19 11:15:59 2006 $S 6223 OUT

Dec 19 11:15:59 2006 $S 6223 OUT

Dec 19 11:16:03 2006 $P 6223 126.4647 33.5080

Dec 19 11:16:09 2006 $P 6223 126.4647 33.5081

Dec 19 11:17:00 2006 $P 6223 126.4651 33.5093

Dec 19 11:17:02 2006 $P 6223 126.4652 33.5094

Dec 19 11:17:05 2006 $P 6223 126.4653 33.5095

Dec 19 11:17:06 2006 $P 440300036 126.4886 33.6495

9 43 2EAR AF A=

Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Dec
Tue
Tue
Tue
Tue
Tue
Tue
Tue

Dec 19 12:17:05 2006 $P 6223 126.4665 33.5070

Dec 19 12:17:07 2006 $P 440109020 126.5344 33.5202
Dec 19 12:17:10 2006 $P 412441990 126.3872 33.6110
Dec 19 12:17:11 2006 $P 412326230 126.3051 33.5745
Dec 19 12:17:58 2006 $P 209075000 126.6436 33.7883
Dec 19 12:18:00 2006 $P 356524000 126.4157 33.5701
Dec 19 12:18:01 2006 $P 412441990 126.3892 33.6122
Dec 19 12:18:02 2006 $P 440300745 126.8555 33.9520 Tue
19 12:18:04 2006 $S 6223 IN

Dec 19 12:18:04 2006 $S 6223 IN

Dec 19 12:18:06 2006 $P 6223 126.4665 33.5070

Dec 19 12:18:08 2006 $P 412458520 126.4911 33.6424
Dec 19 12:18:09 2006 $P 6223 126.4665 33.5070

Dec 19 12:18:10 2006 $P 209075000 126.6447 33.7883
Dec 19 12:18:10 2006 $P 209075000 126.6447 33.7883
Dec 19 12:18:12 2006 $P 6223 126.4665 33.5070

I 4 JIA-E A A=
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Tue Dec 19 11:28:04 2006 $P 440112280 126.4396 33.5714
Tue Dec 19 11:28:05 2006 $P 412441940 126.2691 33.4960
Tue Dec 19 11:28:06 2006 $P 6223 126.4331 33.5154

Tue Dec 19 11:28:07 2006 $F 6223 1 200 2

Tue Dec 19 11:28:07 2006 $F 6223 1 200 2

Tue Dec 19 11:28:07 2006 $P 6223 126.4331 33.5154

Tue Dec 19 11:28:09 2006 $P 477125500 126.1819 33.5463
Tue Dec 19 11:28:58 2006 $P 6223 126.4329 33.5154

Tue Dec 19 11:29:00 2006 $P 6181 126.4663 33.5080

Tue Dec 19 11:29:01 2006 $P 6223 126.4329 33.5154

a9 45 o g% A% ==

29 465 Aol A 1AFE S Adutse] A 2 T EE YEhv, 19 472 )
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Al 45.94Km= ??ﬂxlﬂ gA et i A0 webA 50760WE A= A o] AR oA et
Ho

L ] = =~ [eJe] == = o] % O = =
= AukE AT F Udes Hosr ol9f o] & Adute §1x] 2 IAERE L =
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nol 2 4 glo} slYrAALL dlgel Fleld o AmHT
34.00
33.95 | == 123456789
33.90 |
33.85 _
e
—e— EB181
33.80 . I —=— 123456789
—— — — 208075000
< 33.75 | 220415000
2 —%— 245130000
= —4— 304461000
- 33.70 | —+— 308335000
—— 312256000
33.65 | 412572930
—— 412579470
33.60 |
33.65 |
33.50 | Mmalitd
33.45

126.00 126.10 126.20 126.30 126.40 126.50 126.60 126.70 126.80 126.90
Longitude
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Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue

Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

10:57:05 2006 $P
10:57:07 2006 $P
10:57:09 2006 $P
10:57:10 2006 $P
10:57:11 2006 $P
10:57:13 2006 $P
10:58:00 2006 $P
10:58:02 2006 $P
10:58:04 2006 $P
10:58:05 2006 $P
10:58:08 2006 $P
10:58:09 2006 $P
10:58:11 2006 $P
10:58:13 2006 $P
10:58:15 2006 $P
10:59:00 2006 $P
10:59:01 2006 $P
10:59:02 2006 $P
10:59:04 2006 $P
10:59:05 2006 $P
10:59:06 2006 $P
10:59:09 2006 $P
10:59:10 2006 $P
10:59:11 2006 $P
10:59:12 2006 $P
11:00:00 2006 $P
11:00:01 2006 $P
11:00:02 2006 $P
11:00:03 2006 $P
11:00:04 2006 $P
11:00:05 2006 $P
11:00:06 2006 $P
11:00:08 2006 $P
11:00:09 2006 $P
11:00:09 2006 $P
11:00:11 2006 $P
11:01:00 2006 $P
11:01:02 2006 $P
11:01:03 2006 $P
11:01:05 2006 $P
11:01:07 2006 $P
11:01:08 2006 $P

245130000 126.1238 33.6778
371315000 127.0251 33.8021
440113360 126.4282 33.6067
440001960 126.5368 33.5208
6223 126.4663 33.5068

220415000 126.1005 33.8878
440112280 126.3283 33.5523
6223 126.4663 33.5068

440107900 126.5948 33.5370
220415000 126.1072 33.8853
440113360 126.4279 33.6068
6223 126.4663 33.5068

220415000 126.1079 33.8850
6223 126.4663 33.5068

220415000 126.1084 33.8848
6223 126.4663 33.5068

220415000 126.1142 33.8825
412326230 126.0987 33.4627
308338000 126.8103 33.6501
412679470 126.3817 33.5537
440113780 126.5214 33.5320
440113360 126.4276 33.6067
6223 126.4663 33.5069

440001960 126.5367 33.5209
440302190 126.4653 33.5069
245130000 126.1449 33.6708
6223 126.4663 33.5069

477125500 126.2818 33.5656
6223 126.4663 33.5069

123456789 126.2918 33.9581
245130000 126.1455 33.6704
565044000 126.3482 34.0909
440108090 126.5366 33.5222
477997800 126.6900 33.7893
477997800 126.6900 33.7893
245130000 126.1462 33.6701
6181 126.4663 33.5080

477125500 126.2782 33.5649
412326230 126.1038 33.4660
412679470 126.3864 33.5566
440109020 126.5345 33.5202
6223 126.4663 33.5069
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