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2.1 GPS DGPS

2.1.1 GPS

GPS(Global Positioning System)
(Ground- Based Radio Navigation)
(Space- Based Radio Navigation)
Radar, LORAN, VOR/ DME(VHF Omnidirectional
Range/Distance- Measuring Equipment), TACAN(Tactical Air Navigation),

OMEGA . 1960
NNSS(Navy Navigation Satellite System) T sicada,
GLONASS, GPS, NAVSAT
GPS :
3 :
24
GPS
4
GPS (Space Segment), (Control Segment),
(User Segment) . 24 4 6
55 11 58 20,183 -
20,187km
GPS (Code Division Multiple Access
CDMA) PRN L- band

L1(1575GHz), L2(1.2276GHz) 2 . ,



PRN C/A P(Y)
GPS Colorado Springs 1
Ascencion, Diego Garcia, Kwajalein 5 <
2-2>, < 2-3> ,
< 2-1> C/IA P
<Tab.2- 1> Comparison of C/A code and P code
C/A P
L1 ( L1, L2 (
) )
100m 2drms 16m 2drms
1ms 267
< 2-2> GPS

<Tab.2-2> Accuracies

of GPS Services vs Requirements

100m , C/A Code
30m ( ) |P Code
10m , DGPS
1m

< 2-3> GPS

*“[9]

<Tab.2-3> Error Range of GPS Positioning

Haw aii,
2-1>, <



(International

UERE
P code(m) C/A code(m)
05 6.5
(a)
1.0 1.0
(b) 5
0 2.0
1.0 1.0
8.2 8.2
1.0 1.0
45 9.8-19.6
39 39
29 29
24 2.4
1.0 1.0
95% UERE 13.0 15.7-23.1
2.1.2 DGPS
(1992 FRP)
(Differential System) ‘
: IMO
Electrotechnical Commission : IEC)
C (USCG)

GPS

DGPS(Differential Global Positioning System)

- 11 -

GPS



1983 11 RTCM 104

DGPS ( )

GPS

DGPS

20.0m), ( 21m),

2.2 DGPS

DGPS 1

, 8 DGPS (Local DGPS Station)

, DGPS

. < 2-4>

221 DGPS

DGPS (Reference Station),

M onitor) (283.5kHz - 325kHz) MSK

(Stand- Alone System)
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(SC- 104)
DGPS

1996 3 22

cm

( 4.7m)
1.4m

(Control Station)
8

DGPS

(I.M. Integrity



DGPS 2

(Redundancy)
L1, L2 2 , CIA
L1 L2 AS(Anti- spoofing)
L1/L2
RTCM 9 MSK 200bps
, SPS(Standard Positioning Service)
12 2 , ,
RTCM SC -104 RSIM Version 1.0
DGPS 2 (1 2 )
DGPS , , , : ; ;
4 DGPS
45m 3 ,
( 40%) : DGPS
22m ,
300w
2.2.2
8 (Coverage Monitoring Station) ,
( ), (
), ( ), ( ), (
), ( ), ( ), ( )
283.5kHz 325kHz 100Hz
10 pv/im 150 pv/m + 1.25dB
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223

8 DGPS 8

workstation 2

DGPS (RS, IM, X- mitter)

, , DGPS
, DGPS

224

DGPS
(4800 baud )

NMEA (National Maritime Electronic Association) 0183(IEC 1162
) RSIM #1  #50 , ,

< 2-4> DGPS *[9]
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<Tab.2- 4> DGPS Stations of Korea

Station's Name |Lat'(N)/Long' (E) Coverage(km) |Frequency(kHz) |Bit rate(bps)
Young Do |35 02.9/129 34.3 93 300 200
Palmi Do 37 21.3/126 30.8 185 313 200
Geomun Do |34 00.3/127 195 185 287 200
Jumunjin 37 53.7/128 50.2 185 295 200
Echong Do |36 07.2/125 58.1 185 295 200
Mara Do 33 06.8/126 16.3 185 290 200
Changgigap |36 04.5/129 34.3 185 310 200
Ulung Do |37 23.3/130 55.2 185 319 100
2.3 DGPS

DGPS 1999 4 27
DGPS
(JM SA Japanese Maritime Safety Agency) 24
, DGPS 13
DGPS
, GPS , DGPS
200 bps , type 3, 5, 6, 7, 9, 16
200km 40dB(over pV/m) . < 2-5>
DGPS
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< 2-5>

DGPS

<Tab.2-5> DGPS Stations of Japan

FERNS 8

(1999.10)

. Frequency (
Station's Name | Lat'(N)/Long'(E)
kHz)
Kinkasan 38-17/141- 35 316 operation
Inubo saki 35- 42/140- 52 295 operation
Hatizyo sima 33- 05/139- 51 302 operation
Turugi saki 35- 09/139- 41 309 operation
Daio saki 34- 17/136- 54 288 operation
Muroto saki 33-15/134- 11 295 operation
Toi misaki 31- 22/131- 20 309 operation
Ose saki 32- 37/128- 36 288 operation
Wakamiya 33-52/129- 41 295 operation
Hamada 34- 53/132- 02 305 operation
Esaki 34- 36/135- 00 320.5 operation
Ohama 34- 05/132- 59 321 operation
Seto 33- 26/132- 13 320 operation
Kusiro saki 43- 04/145- 09 288 under preparation
Abashiri 44- 00/ 144- 18 309 under preparation
Soya misaki 45- 31/141- 56 295 under preparation
Shakotan misaki 43- 22/140- 28 316 under preparation
Matumae 41- 25/140- 05 309 under preparation
Siriya saki 41- 26/141- 28 302 under preparation
Sakata 38- 57/139- 50 288 under preparation
Hegura sima 37- 51/136- 55 295 under preparation
T ango 35- 47/135- 48 316 under preparation
Urayasu 35- 37/139- 54 321 under preparation
Nagoya 35- 02/136- 51 320 under preparation
Tokara ]
_ 29- 49/129- 55 320.5 under preparation
Nakanosima
Gesasi 26- 36/128- 09 288 under preparation
Miyako sima 24- 44/ 125- 26 316 under preparation

- 16 -




2.4

DGPS

(The Maritime Safety

DGPS/RB

1999. 9
System)

40dB(over
DGPS

N

22

)
DGPS

2000

©Vim)

Administration) DGPS/Radiobeacon(
12 DGPS/RBN 8
; 200bps
8 FERNS(Far East Radio Navigation
200w 5- 8%
15w
140km . < 2-6>
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1999 FERNS

< 2-6> DGPS

<Tab.2- 6> DGPS Stations of China
Station's Name Lat'(N)/Long' (E) Frequency (kHz)
Dasanshan 38- 52/121- 50 301(R) 301.5(D) operation
Laotieshan 295
Qinhuangdao 39- 55/119- 37 287(R) 287.5(D) operation
Beitang 39- 06/117- 43 310(R) 310.5(D) operation
Chengshanjiao 291
Wangjiamai 36- 04/ 120- 26 313(R) 313.5(D) operation
Y anweigang 34- 29/119- 47 317 operation
Haozhigang 287
Dajishan 30- 49/122- 10 307(R) 307.5(D) operation
Dinghai 310
Shitang 28- 16/121- 37 295 operation
Tiandashan 313
Zhenhaijiao 24- 16/118- 08 320 operation
Luyu 23- 20/116- 45 317 operation
Sanzao 22-00/113- 24 307 operation
Naozhoudao 20- 54/110- 36 301 operation
Fangcheng 287
Baohujiao 20- 00/ 110- 56 310(R) 310.5(D) operation
Sanya 18- 17/109- 22 295 operation
Y angpu 313
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3. DGPS
3.1
3.11

300kHz

< 31> ITU-R

P
F o= 94.5015+ 0.9682xx- 1.4314% X+ 10 10g 10 (—gpq) « -+ vrvvv--

Fy 1pVim P, W), dum
(P:)
, (1) < 3-2>
3-1> s/m G/m

ms/m s/m



Field Srength (5, 1KW)

10*
Dristancy (km)
< 3-1>

<Fig.3- 1> Groundwave and Skywave Field Strength Variations with Range

Fieid Serength (dByt, 1 k%)

< 3-2>
<Fig.3-2> The Representation of Results by using an Empirical
Formula
* , m : 95%
A : 50%
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3.1.2

ITU- R(International T elecommunication Union) 435-6
300kHz 1kw ,
8km 200km
3,000km . < 3-1>

DGPS

ITU-R 435-6 < 31>

P,
F s0s= - 43.6336+ 37.0486xx- 3.6019xx°+ 10 log 10 (g0 )2

P,
F o= - 53.0005+ 37.5392x- 3.6616x°+ 10 log 10(Tg9 ) (3)
(2.3 [2]
50% (2)
F iz V F g2t F? s sssssssssssss s (4)
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, DGPS

3.1.3
(Atmospheric Noise Level)
300kHz 8.4dB(over uV/m)
3.1.4 DGPS
DGPS
USCG DGPS
DGPS 18dB(
DGPS
- 36dB (
1/4,096 ) [9].

- 22 .

, 20MHz

30MHz

1kHz

64



< 3-1> DGPS USCG
<Tab.3-1> Protection Ratio Regulation of USCG concerning DGPS beacon

Frequency

separation Wanted DGPS DGPS DGPS

between

wanted and

interfering| Interfering RBN(RDF) RBN (id) DGPS

signal(kHz)

0 18dB 18dB 18dB
05 - 34dB - 34dB - 28dB
10 - 36dB - 36dB - 36dB
15 - 4508 - 4508 4548
20 - 66dB - 66dB - 66dB
3.1.5 DGPS
DGPS/RBN

S 3-3> 1w
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<Fig.3-3> Groundwave Field Strength Versus Distance for Different Values
of Path Conductivity at 300 kHz

SIN ( ,
) SIN
ITU-R 823 DGPS 500Hz
S/N 7dB , 1000 1
, COMDINST M 16577.1
100bps 75 pv/im(37.5dB
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over pv/im) , 200bps 100 zv/m(40.0dB)

DGPS
, ITU
ITU-R 322-3 1IMHz 74.6dB
00:00 00:40 75dB(Fam above kTDb) . 75dB
300kHz 8.4dB(above uv/m) , ,
ITU-R 823 S/N 7dB DGPS 16dB
DGPS 200bps
40.0dB(over pv/m)
3.2
3.2.1
; , DGPS
DGPS
ITU-R
, ITU-R 1kW
, DGPS 300W 100 (185km)
40.0dB(over puv/m)
DGPS (1) 10W
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8 FERNS 200km
v/m) 12w
300W 5 - 6% 15w
DGPS

3.2.2

(Great Circle Sailing)
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4.1 DGPS

10W, 12w, 15w

< 4- 1> < 4- 3> , DGPS

M2 E [dBu]
o (i)
[} =

(58]
o

< 41> DGPS [185km, 10W]

<Fig.4- 1> Designed Coverage and Field Strength of Korea DGPS Stations
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<Fig.4- 3> Designed Coverage and Field Strength of China DGPS Stations
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4.2
DGPS

DGPS
, DGPS

< 4- 2>

4.2.1 DGPS

DGPS

40dB(over #V/m)
RBN

220km

DGPS

40dB (over p#V/m) ,

ITU-R 435-6

(1.2
< 4-1>

( )

- Wangjiamai RBN

Wangjiamai(RBN 313kHz)

185km
18dB
Wangjiamai RBN
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(4)
DGPS
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< 4- 4> Wangjiamai

<Fig.4-4> Groundwave Field Strength of Palmido and Wangjiamai in
Daylight

< 4-5>, < 4- 6> DGPS Wangjiamai RBN
( (G)) (Wangjiamai(G+S))

95km ,
Wangjiamai RBN 110km
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4.2.2 - Wakamiya DGPS

DGPS (295kHz) Wakamiya
453.8km . DGPS
40dB(over pV/m) 185km Wakamiya
DGPS 18dB 90km
Wakamiya DGPS , 40dB(over pxV/m)
200km 18dB 100km
L T e R T s R

FEH Gy -F koo = ‘:"\:’%k_j'_f;]i)'@@_

] P | 2

2DD 5ID i DID 1 5ID QDID 25ID 360 3:’%0 4DID 45ID
Hal [km]

< 4- 7> Wakamiya DGPS
<Fig.4-7> Groundwave Field Strength of Jumunjin and Wakamiya in
Daylight

< 4-8>, < 4- 9> DGPS Wakamiya DGPS

75km , Wakamiya DGPS

80km
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<Fig.4- 9> The Comparision of Field Strength concerning The Groundwave
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4.2.3

V/m)

<

<Fig.4- 10>

Daylight

DGPS (295kH2)

M2 E [dBu]
(i) [ag]
[} [y}

I
[}

40

35

DGPS

DGPS

185km

18dB

55km

453.8km

DGPS 40dB(over

DGPS

, 40dB(over pV/m) 55km

30

4- 10>

DGPS

Groundwave Field Strength of
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250 300
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< 411>, < 412> DGPS DGPS

52km , DGPS 52km

M2 E [dBu]
[ag]
[y}

< 4- 11>
<Fig.4- 11> Comparision of Field Strength concerning The Groundwave of
Echongdo and The Total(Groundwave and Skywave)of Jumujin
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M2 E [dBu]
[ag]
[y}

o] a0 100 150 200 250 300

< 4- 12>
<Fig.4- 12> Comparision of Field Strength concerning The Groundwave of
Jumunjin and The Total(Groundwave and Skywave)of Echongdo

4.2.4 - Laotieshan DGPS

DGPS (295kHz) L aotieshan

480.1km . DGPS 40dB(over pV/m)
185km Laotieshan DGPS
18dB 90km
Laotieshan DGPS , 40dB(over pV/m)
220km 18dB 110km
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< 4- 13> Laotieshan DGPS
<Fig.4- 13> Groundwave Field Strength of Laotieshan and Echongdo in
Daylight
< 4- 14>, < 4- 15> DGPS Laotieshan DGPS

70km Laotieshan 90km
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4.2.5 - Wakamiya DGPS

DGPS (295kHz) Wakamiya DGPS

421.9km . DGPS 40dB(over wpV/m)
185km Wakamiya DGPS
18dB 80km
Wakamiya DGPS , 40dB(over gV/m)
265km 18dB 90km

! m%fi::(é)";

HEl [km]
< 4- 16> Wakamiya DGPS
<Fig.4- 16> Groundwave Field Strength of Echongdo and Wakamiya in
Daylight
< 4-17>, < 4- 18> DGPS Wakamiya DGPS

70km , Wakamiya 80km
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4.2.6 - Hegura Sima DGPS

1999. 10 FERNS DGPS
Hegura Sima Muroto Saki
Hegura Sima 991.5km ,
Muroto Saki 846.4km
David Last Dorothy Poppe * A Coverage Prediction Model for Radio
Beacon Differential Satellite Navigation System' 1kW
8km 200- 300km
3000km
Hegura Sima
708.8km, Muroto Saki 707.4km
800 - 1000km
DGPS (295kHz) Hegura sima DGPS
991.5km . DGPS
40dB(over pV/m) 185km Hegura
sima DGPS 18dB 240km
Hegura sima DGPS , 40 xV/im
200km 18dB 260km
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<Fig.4- 19> Groundwave Field Strength of Echongdo and Hegura sima in

<

Daylight
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<Fig.4- 20> Comparision of Field Strength concerning The Groundwave of

<

Echongdo and The Total(Groundwave and Skywave)of Hegura sima
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<Fig.4- 21> Comparision of Field Strength concerning The Groundwave of

Hegura sima and The Total(Groundwave and Skywave)of Echongdo
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4.2.7 - Muroto Saki DGPS

(295kH?2) Muroto Saki DGPS 846.4km
DGPS 40dB(over pV/m)
185km Muroto Saki DGPS
18dB 190km . Muroto
Saki DGPS , 40 xV/im 200km
18dB 200km
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< 4- 22> Muroto saki DGPS
<Fig.4- 22> Groundwave Field Strength of Echongdo and Muroto saki in
Daylight
< 4-23>, < 4- 24> DGPS Muroto Saki DGPS
135km , Muroto Saki
150km
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<Fig.4- 23> Comparision of Field Strength concerning The Groundwave of

<

Echongdo and The Total(Groundwave and Skywave)of Muroto saki

i ]

2 S (GwE)
0

00 250 300 350 400 450 500 550 600 650 700 750 800

0 50 100 150 2

Hal [km]

4- 24> Muroto saki

<

<Fig.4- 24> Comparision of Field Strength concerning The Groundwave of

Muroto saki and The Total(Groundwave and Skywave)of Echongdo
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4.2.8 - Haozhigang DGPS

(287kHz) Haozhigang DGPS 626.8km
DGPS 40dB(over pV/m)
185km Haozhigang DGPS
18dB 130km . Haozhigang
DGPS , 40dB(over pV/m) 200km
18dB 150km
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HEl [km]
< 4- 25> Haozhigang DGPS

<Fig.4- 25> Groundwave Field Strength of Geomundo and Haozhigang in
Daylight

< 4- 26>, < 4- 27> DGPS Haozhigang DGPS

95km , Haozhigang
120km
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4- 27> Haozhigang

<
<Fig.4- 27> Comparision of Field Strength concerning The Groundwave of

Haozhigang and The Total(Groundwave and Skywave)of Geomundo



< 4- 1>

DGPS

<Tab.4-1> The Expected DGPS Stations with Interference by Skywave

. " Frequency .
Base Station Name Position Distance(km)
(kH2)
Laotieshan | *38-50/121.10 295 658.3
Hegura sima| 37- 51/136- 55 295 711.4
Jumunjin
7.54/128.
37.54/128.50 Wakamiya | 33-52/129- 42 295 453.8
(295kHz)
Muroto Saki| 33-15/134- 11 295 704.9
Echong Do | 36.07/125.58 295 307.4
Laotieshan | *38-50/121.10 295 480.1
Echong Do |jyequra sima 37-51/136- 55 295 9915
36.07/125.58
(295kHz) Wakamiya | 33-52/129- 42 295 451.1
Muroto Saki| 33-15/134- 11 295 846.4
Changgigap
36.05/129.34 | Toi Misaki | 31-22/131- 20 309 562.8
(310kHz)
Geomun Do
34.00/127.20 Haozhigang | *31.50/121.20 287 626.8
(287kHz)
Palmi Do
L 313.5(DGPS)
37.21/126.31 | Wangjiamai | 36- 04/ 120- 26 556.4
313(RBN)
(313kHz)
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< 4- 2> ( )
<Tab.4-2> The Coverage Simulation Result considering The Interference of
T otal(Groundwave and Skywave)

km
(km) (km)
Wangjiamai 110 95
556.4
(Wangjiamai) ( ) (130) (110)
. W akamiya 90 75
(Wakamiya) 453.8
( ) (100) (80)
55 52
307.4
( ) ( ) (55) (52)
Laotieshan 90 70
480.2
(Laotieshan) ( ) (110) (90)
W akamiya 80 70
: 451.1
(Wakamiya) ( ) (90) (80)
Hegura sima 240 160
: 991.5
(Hegura sima) ( ) (260) (170)
Muroto saki 190 135
: 846.4
(Muroto saki) ( ) (200) (150)
Haozhigang 130 97
: 626.8
(Haozhigang) ( ) (150) (120)
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