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Summary

GPS has already penetrated our life and delivered very useful information
and convenience to us even in the lack of understanding it. For fixing the
difference in GPS that has been used in the wide scope, DGPS(Differential
Global Positioning System) has been developed and used.

In this experiment, we checked the coverage of DGPS, which had used
only mathematically, and calculated the maximum distance received iIn
navigating a ship in the coast of Korea. As correction values were
received from DGPS transmitting station in short, and long distance errors

were occured and observed.
The result follows.

1. The DGPS of Korea covered the range of 100 miles fully on the sea, and

the limit of reception didn’t occur within the range of the coverage.



2. Maximum receiving range of DGPS transmitting station which used a
auto selection covered about 420miles from a position of 31°14 " N, 122°

51 " E to Palmido station, navigating from Shanghai to Jeju.

3. Stable receiving range of a common DGPS on the land and the sea

might covered about 150miles and 200miles, respectively.

4. The results received from GPS and DGPS at the fixed position showed
large errors. Therefore, DGPS receiver is necessary to find correct

positions in navigating within a narrow channel or fairway.

5. A running fix at a fixed position made errors according to the change of
distance between reference station and receiver, but the change of distance

and the variation of error were not related each other.
6. Positioning of DGPS for long time could make mean position close to

actual position. Mean of positions measured for 4 hours contained errors

within almost 3m and for 5 minutes was within b5m.
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2.1 A3 A=z

W agels AFustm dgustus akel AHA oleksel gl 9

DGPS2171(JRC, JLR-7700)¢} GPS<417](Samyung, SGP-3600N/A)E ©]

$39=H 1 AGE 242 Table 1, 2 9 2t

Table 1. Specifications of DGPS Receiver(JRC, JLR-7700).

Receiving frequency 1575.42MHz+1MHz(C/A code)
Sensitivity -130dBm
Dynamic range 25dB
Signal acquisition Automatic by computer controlled
Maximum No. of tracked satellites 8
Fix update rate Every 1 second
GPS position fixing 100m 2DRMS(L1, C/A code, HDOP<4)
Accuracy T —
DGPS position fixing 10m 2D RMS(L1, C/A code, HDOP<4)
Receiving frequency 283.5KHz to 325KHz
Beacon Frequgncy step ' 500Hz ‘
o Selection of beacon station |Automatic or manual
TeCEVING 'Demoduration Minimum shift keying(MSK)
RF bit rate 50/100/200bps

Table 2. Specifications of GPS Receiver(Samyung, SGP-3600N/A).

Receiving frequency 1575.42+ 1Mz

Sensitivity -143dBm

Signal acquisition Automatic by computer controlled
Maximum No. of tracked satellites 11

Fix update rate Every 1 second

Accuracy 10m RMS, HDOP<2.0
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Fig. 1. Block diagram of GPS/DGPS system and PC.
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Fig. 2. DGPS beacon stations of Korea.

(Reference stations and integrity stations)



Table 3. DGPS beacon stations of Korea.

S?g&ré’s Latitude, Longitude (Il*;riiq;lg?g(yb(glsz))) Sta‘ﬂ())n’s Remarks
Youngdo | 35°029 "N, 129°05.6 " E 300(200) 720,721
Palmido 37°21.3 "N, 126°30.8 " E 313(200) 722,723
Geomundo | 34°00.3 "N, 127°195 " E 287(200) 724,725
Jumunjin | 37°53.7 " N, 128°50.2 " E 295(200) 726,727
Echongdo | 36°07.2 "N, 125°58.1 " E 295(200) 728,729
Marado 33°06.8 "N, 126°16.3 " E 290(200) 730,731
Changgigap | 36°04.5 " N, 129°343 " E 310(200) 732,733
Ulungdo 37°233 "N, 130°55.2 " E 319(200) 734,735
Sochongdo | 37°45.7 " N, 124°43.7 " E 323(200) 736,737 | on test
Soheuksando| 34°05.7 " N, 125°05.9 " E 298(200) 738,739 | on test
Jeojin 38°33.1 "N, 128°239 " E 292(200) 740,741 | on test
2.2.2 vt FH el DGPSAEQ] o] £l B3 So|d A

=i ?__;]%7

S 9 ﬁu DGPS% W|X #A%-& Table 3459 2th o] 7]A
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Table 4. DGPS beacon stations of Japan.

Frequency (ki)

Station’s

Station’s Name Latitude, Longitude . Remarks
(Bit rate(bps))| ID

Kinkasan 38°17 "N, 141°35 " E 316(200) 680,681
[-ubosaki 35°42 "N, 140°52 " E 295(200) 682,683
Hatizyosima 33°05 "N, 139°51 " E 302(200) 638,689
Trugisaki 35°09 "N, 139°41 " E 309(200) 686,687
Daiosaki 34°17 "N, 136°54 " E 288(200) 692,693
Murotosaki 33°15 "N, 134°11 "E 295(200) 694,695
Toimisaki 31°22 "N, 131°20 " E 309(200) 706,707
Osesaki 32°37 "N, 128°36 " E 302(200) 704,705
Wakamiya 33°52 "N, 129°41 " E 295(200) 702,703
Hamada 34°53 "N, 132°02 " E 305(200) 670,671
Esaki 34°36 " N, 135°00 " E 320.5(200) 696,697
Ohama 34°05 " N, 132°59 " E 321(200) 698,699
Seto 33°26 "N, 132°13 " E 320(200) 700,701
Kusirosaki 42°58 " N, 144°23 " E 288(200) 660,661
Abashiri 44°00 " N, 144°18 " E 309(200) 662,663
Souyamisaki 45°31 " N, 141°56 " E 295(200) 664,665
Shakotan misaki | 43°22 "N, 140°28 "E 316(200) 666,667
Matumae 2WP)5 N, 140°05 " FE 309(200) 668,669
Siriyasaki 41°26 " N, 141°28 " E 302(200) 678,679
Sakata 38°57 "N, 139°50 " E 288(200) 676,677
Hegurasima 37°51 "N, 136°55 " E 295(200) 674,675
Tango 35°44 "N, 135°05 " E 316(200) 672,673
Urayasu 35°37 "N, 139°54 " E 321(200) 684,685
Nagoya 35°02 "N, 136°51 " E 320(200) 690,691
Tokara nakanosima| 29°49 "N, 129°55 " E | 320.5(200) | 708,709
Gesasi 26°36 " N, 128°09 " E 288(200) 710,711
Miyakosima 24°44 "N, 125°26 " E 316(200) 712,713




Table 5. DGPS beacon stations of China.

Station’s ) ) Frequency (k) | Station’s
Latitude, Longitude ) Remarks
Name (Bit rate(bps))| ID
Dasanshan 38°52 "N, 121°50 " E 301.5(200) 602,603
Laotieshan 38°44 "N, 121°08 " E 295(200) 604,605
Qinhuangdao | 39°55 "N, 119°37 " E 287.5(200) 606,607
Beitang 39°06 "N, 117°43 " E 310.5(200) 608,609
Chengshanjiao| 37°24 "N, 122°42 " E 291(200) 612,613
Wangjiamai | 36°04 "N, 120°26 " E 313.5(200) 614,615
Yanweigang | 34°29 " N, 119°47’ 317(200) 620,621
Haozhigang | 32°01 "N, 121°43° 287(200) 622,623
Dajishan 30°49 " N, 122°10° 307.5(200) 624,625
Dinghai 30°01 " N, 122°04 ° 310(200) 626,627
Shitang 28°16 " N, 121°37 " E 295(200) 628,629
Tiandashan | 25°28 "N, 119°42 " E 313(200) 630,631
Zhenhaijiao 24°16 " N, 118°08 " E 320(200) 632,633
Luyu 23°20 "N, 116°45 " E 317(200) 640,641
Sanzao 22°00 "N, 113°24 " E 307(200) 642,643
Naozhoudao | 20°54 "N, 110°36 " E 301(200) 644,645
Fangcheng 21°358 NMI084d = 287(200) 646,647
Baohujiao 20°0¢" N, 110°56 "E 310.5(200) 652,653
Sanya 18°17 "N, 109°22 " E 295(200) 654,655
Yangpu 19°44 "N, 109°12 " E 313(200) 656,657

E
E
E
E
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Fig. 3. Equipments for positioning at base point of Sarabong.
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'Fig. 4. ID's DGPS beacon stations obtained by DGPS
receiver around Jeju Island and south sea of
Korea from July 16" to 21%, 2001.
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Fig. 5. ID’s DGPS beacon stations obtained by DGPS
receiver around Jeju Island and south sea of
Korea from November 12" to 17th, 2001.
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Fig. 6. ID’s DGPS beacon stations obtained by DGPS
receiver on the strait of Jeju from June 12" to
15%, 2002.
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Fig. 7. ID's DGPS beacon stations obtained by DGPS
receiver on Jeju - Shanghai route from October
7™ to 8", 2001.
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Fig. 8. ID's DGPS beacon stations obtained by DGPS
receiver on Shanghai - Jeju route from October
13™ to 14™ 2001.
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Table 6. Maximum receiving range of Korean DGPS beacon stations

selected by DGPS receiver on Jeju Shanghai route.

Name of DGPS beacon MaX1mL.1m receiving range (NM) '
i from Jeju from Shanghai
Station . .
to Shanghai to Jeju
Palmido(722) 400 420
Marado(730) 150 165
Geomundo(724) 185
Youngdo(720) 315
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Fig. 9. ID's DGPS beacon stations obtained by DGPS
receiver on Jeju - Tianjin route from June 2ond
to 24", 2002.
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Fig. 10. ID’s DGPS beacon stations obtained by DGPS
receiver on Tianjin - Jeju route from June 29
to July 1%, 2002.
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Table 7. Maximum receiving range of Korean DGPS beacon stations

selected by DGPS receiver on Jeju Tianjin route.

Name of DGPS beacon MaX1mu.m receiving range (I\.TM.).
) from Jeju from Tianjin
Station ... .
to Tianjin to Jeju

Echongdo(728) 365 325

Palmido(722) 355 340

Geomundo(724) 65 90

Marado(730) 55 145
Fig. 9= 200293 69 22¢9%HEH 69 24471A] A FoA HF o=z sl
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Fig. 11. ID’s DGPS beacon stations obtained by DGPS
receiver on Jeju - Keelung route from September
11" to 13" 2001.
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Fig. 12. ID’s DGPS beacon stations obtained by DGPS
receiver on Keelung - Jeju route from September
18" to 21%, 2001.
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Table 8. Maximum receiving range of Korean DGPS beacon stations

selected by DGPS receiver on Jeju Keelung route.

Maximum receiving range (NM)
Name of DGPS beacon .
Station from Jeju from Keelung
to Keelung to Jeju
Geomundo(724) 235 150
Marado(730) 210 200
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Fig. 13. ID’s DGPS beacon stations obtained by DGPS
receiver on Jeju - Toyama route from July gt
to 11", 2002.
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Fig. 14. ID's DGPS beacon stations obtained by DGPS
receiver on Toyama - Jeju route from July 16"
to 18" 2002.
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Table 9. Maximum receiving range of Korean DGPS beacon stations

selected by DGPS receiver on Jeju Toyama route.

Name of DGPS beacon Maxungm receiving range(NM)
i from Jeju from Toyama
Station .
to Toyama to Jeju
Geomundo(724) 55 45
Youngdo(720) 85
Changgigap(732) 270
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Fig. 15. ID’s DGPS beacon stations obtained by DGPS
receiver on Jeju - Vladivostok route from July
22" to 24™ 2002.
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Fig. 16. ID’s DGPS beacon stations obtained by DGPS
receiver on Vladivostok - Jeju route from July
29" to August 1%, 2002.
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Fig. 17. ID's DGPS beacon stations obtained by DGPS
receiver on Jeju - Busan route from September
25" to 29" 2001.
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Table 10. Accuracy of positions obtained by GPS and DGPS receivers.

Position  Error(m)
) Standard
Receiver Range Average o
deviation
GPS 0.92~64.4 14.56 8.42
DGPS 091 ~@2.5 6.76 4.63
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Fig. 19. The result of positioning obtained by DGPS receiver
at the Jeju harbor.
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Fig. 20. The result of positioning obtained by GPS receiver
at the Jeju harbor.
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Fig. 22. Average of position error obtained by DGPS and GPS receivers
with Geomundo and Marado beacon station at the base point of
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Fig. 23. Average of position error obtained by DGPS and GPS receivers
with Geomundo, Youngdo and Marado beacon station at the base
point of Sarabong.(Oct. 6™, 2002)
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Table 11. Distribution of each distance from base point measured

at a fix position of Sarabong.

Position error Average of

. Name of -~ e
Receiver ) DBB position

beacon station Oct. 5 Oct. 6 error
Marado 28 5.16 3.89 452
DGPS Geomundo 48 5.03 487 495
Youngdo 157 12.85 12.85
GPS 53.20 57.87 55.53

% DBB : Distance between base point and beacon stations
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Table 12. Distribution of each distance from mean position measured

at a fix position of Jeju harbor.

Position error Average of
. Name of . o
Receiver . DBB” position
beacon station May. 30t Jvime. gt error
Marado 28 0.89 0.35 0.62
Geomundo 48 0.13 1.64 0.88
Osesaki 117 2.24 0.74 1.49
DGPS
Youngdo 157 2.89 1.13 2.01
Echongdo 158 1.17 1.14 1.15
Wakamiya 168 1.56 1.56
GPS GPS 1.14 1.14

% DBB : Distance between mean position and beacon stations
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Fig. 26. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 12" to 13th, 2002.
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Fig. 27. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 13" to 14", 2002.

_35_



6- GPS

5_
E (3.96m)
S 47
2
% Changgigap
5 3
c (1.19m) "
2 Osesaki Mean position
(s}
2 27 (0-56m) (0.68m)
o (0.81m) Youngdo
14 Hamada® / (1.05m)
Wakamiya
G T T T T T T 1
0 1 2 3 4 5 6 7

Direction for longitude(m)

Fig. 28. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 15" to 16™, 2002.
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Fig. 29. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 17" to 18th, 2002.

_36_



6-

4 Youngdo

GPS
Mean position (1.56m

Osesaki

Changgiga|
(0.08m) (ogfm% P

Direction for latitude(m)
e

14 Hamada

T T T T T T T T T T T
0 1 2 3 4 5 6 7
Direction for longitude(m)

Fig. 30. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 18" to 19", 2002.
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Fig. 31. Average of position error obtained by DGPS and GPS receivers
with Youngdo, Changgigap, Hamada, Osesaki and Wakamiya
beacon stations for 4 hours each at the mean position of Busan
harbor from August 20" to 21%, 2002.
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Table 13. Distribution of each distance from mean point measured

at a fix position of Busan harbor(Each 4 hours).

Position error(m) Average
. Name of " -
Receiver . DBB” of position

beacon station I I m I\ ' VI error
Youngdo 4 1.045(1.357|0.687|1.233[1.562|0.819 1.11
Changgigap 66 1.123(1.195]0.422(0.346|0.095 0.63

DGPS Wakamiya 30 0.254/1.906(1.048|0.159 0.448 0.76
Hamada 148 0.372]0.772]0.810/0.832|1.766|1.261 0.96

Osesaki 158 0.829]0.081]0.562(0.149]0.080{0.961 0.44

GPS GPS 1.299(3.257|3.963|3.711|2.825 3.01

% DBB : Distance between mean position and beacon stations
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Fig. 32. The result I of position error obtained by DGPS and GPS
receivers with Youngdo, Changgigap, Hamada, Osesaki and
Wakamiya beacon stations for 5 minutes each at the mean

position of Busan harbor.
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Fig. 33. The result I of position error obtained by DGPS and GPS
receivers with Youngdo, Changgigap, Hamada, Osesaki and
Wakamiya beacon stations for 5 minutes each at the mean

position of Busan harbor.
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Fig. 34. The result Il of position error obtained by DGPS and GPS
receivers with Youngdo, Changgigap, Hamada, Osesaki and
Wakamiya beacon stations for 5 minutes each at the mean

position of Busan harbor.
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Fig. 35. The result IV of position error obtained by DGPS and GPS
receivers with Youngdo, Changgigap, Hamada, Osesaki and
Wakamiya beacon stations for 5 minutes each at the mean

position of Busan harbor.
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with Youngdo, Changgigap, Hamada, Osesaki and
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Fig. 37. The result VI of position error obtained by DGPS and GPS

receivers

with Youngdo, Changgigap, Hamada, Osesaki and

Wakamiya beacon stations for 5 minutes each at the mean

position of Busan harbor.
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Table 14. Distribution of each distance from mean point measured

at a fix position of Busan harbor(Each 5 minutes).

Position error(m) Average
: Name of " .
Receiver . DBB” of position

beacon station I I m I\ ' VI error
Youngdo 4 2.993|0.214(1.009(0.897[{0.909|4.174 1.69
Changgigap 66 1.834(5.052|1.717|0.632[0.638|1.850 1.95

DGPS Wakamiya 30 1.586(4.3611.464|0.333[0.440]1.629 1.63
Hamada 148 1.864(4.444|3.352/1.350]0.810(2.378 2.36

Osesaki 158 1.42115.242]2.192|0.310]0.667|1.823 1.94

GPS GPS 4.90416.984(5.110|2.006|2.294(2.958 4.04

% DBB : Distance between mean position and beacon stations
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