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Abstract

The operation of Far East Chain(GRI 5970) of Loran ~ C system had been stopped on June,
1995, but that of Korean Chain(GRI 9930} of Loran - C system which was jointed with North
West Pacific Chain(GRI 8930) and Russia Chain(GRI 7950) by international cooperation, was
started on January 1996.

In this paper, in order to study the accuracy of Loran - C fix of Kdrean Chain, the authors
examined and analyzed the data of the reciever of Loran— C(LC - 90, Furuno) and GPS(Acc-
Nav Sport™, Eagle) measured automatically and continually for 2 seconds at interval of 5 min-
utes from November 22, 1995, to January 20, 1996 at the fixed position of National Fisheries
University of Pusan. The results obtained were as follows ;

1) The mean time differences of M - W, M - X, and M - Y pair measured in the base observed
position were 12333.09us, 28338.44us, and 42806.01us respectively and the mean standand
deviations of that were 0.0121us, 0.0290us, and 0.0327us respectively. The daily and monthly
variance forms of time difference at each pair appeared in a similar reappearance.

2) The mean standard deviations of the latitude and longitude by Loran — C were 9.1m and
17.4m in W - X pair, 11.5m and 13.7m in W - Y pair, and 8.1m and 29.3m in X - Y pair respec-
tively, and then the probable radiuses within 95% of each pair were 39.2m, 35.7m, and 60.8m,
respectively. Therefore, It is to be desired that W - Y pair is selected to improve the accuracy in
Pusan area.

3) The mean standard deviations of the latitude and longitude by GPS were 15.4m and
15.0m and the probable radius within 95% was 43.4m.

4) The position errors for GPS and each pair of Loran - C were 16.0m to the South in GPS and
265.2m to the East in W - X pair of Loran — C, 279.5m to the North in W - Y pair of that, and 224.3
m to the North — West in X - Y pair of that, so GPS is about 250m higher than Loran - C in accuracy.
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Table 1. Specifications for GPS and Loran-C

receiver
Receivers Items Specifications
GPS Species AccuNav Sport™
Channels Five Parallel
(Four continuous for position)
Updata rate One to five seconds - User
adjustable
Position 25m CEP
Velocity 0.25m/sec RMS
Input voltage 6-35vde
Loran  Species LC-90
Frequence 100 kHz
Receiver Sensitivity 1 uV/im
Tracking Capacity =~ Master+5 Secondaries(Max.)
Tracking Speed 80 Knots nominal
Input voltage 10 - 42 vde
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Table 2. Specifications of the transmitting stations in Korean chain

Transmitting stations Code Emission delay(us)
Pohang M
Kwangju w 11946.97
Gesashi X 25565.52
Niijima Y 40085.64
Ussuriisk Z 54162.44

Coding delay(us) Power(kW) Position(WGS - 84)

150 360 11,05.450”N
129° 20" 27.440°E
35°02'23.996"N

1000
Hoo 50 126° 32" 27.295"E
26° 36’ 25.038"N

2. 0
200 600 128° 08 56.920"E
34°24° 11.943’N

37000 1

% 000 139° 16" 19.473"E
51000 700 44°31'59.702"N

131°38 23.403"E

Table 3. Distances from each station to the observed point

Observed position Latitude(N)

Longitude(E)

Distances from each station(km)

M w X Y

Pusan 35°07" 55.204”

129° 06’ 21.744”

118.44 233.92 949.87 933.99
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Fig. 3. The reappearances of time difference rea-
ched from each transmitting station to the
observed position.

(a) Time difference of M - W pair.
(b) Time difference of M - X pair.
(c) Time difference of M - Y pair.

: Time differences in November.

. : Time differences in December.

KST : Korean Standard Time
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Table 4. The mean values and RMS of the time differences in us at the observed position
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Fig. 4. A daily variance of positioning error on
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Fig. 5. A daily variance of positioning error on
W - X pair for specified periods of time.
(a) sunset and sunrise (b) day
(c) night (d) 24 hours
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19 209 Ateldll 5% F o2 2% Eot A%, @
£7158 29 Avs 2N PEY AR 893}
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SR RRL DR L L RS

W ohE 3 2ok

1) Loran—-C = &4 M-W 2=, M-X &
% M-Y 229 ®F Alate 12333.09us,
28338.44us, 42806.01uso) P 1, 1T AT HEZ L
zvz} 0.0121ps, 0.0290us, 0.0327us2 Loran - C
Azl viad dPHASE & & A =3,
Al Zbxtel AWzt 9 Y3 Ao QPGS Kol
T USEE S F UAt

2) Loran-C &= #Q19] 71 & 1A 2 F-E 9 ¢
T gk A weko] Ml E 2 W X oA e
9.1m, 17.4m, W - Y 2% A& 11.5m, 13.7mo]
o XY 2ZAe 8.1m, 29.3mo|Fth. &
g, 2w 2t 229 95% B8 W& 747} 39.2m,
35.7m, 60.8m & JHERRCE. whebA], B4 2| ol A
EW-Y 235 d9ste F93te Ao] F4 A
EEYS 3IANE FUES ¢ F AU

3) GPSdl| 9|3 A= Waa A wake] g%
£ 154m, 15.0mojl o™, 1 o) 95% & w7
L 43.4mo| Y}

4) 712 AXNE FHLZ GPS 33 HAA W -
XZZ,W-YZEZZL XY ZF 3 Loran -
C 23 YA & vay 27 GPSe ¥F oz
16.0m VYFFPD, WX 22 TH0F 2652
mW-YZ2Ze BFoz 2795m, 22| XY
2T BAZo 2 2243m W sld, Loran-C
X7} GPS $1x Bt oF 250m o] HAYE AL ¢
F AR

Hozs

1) Goda, M., S. Nakane and H. Yoshimura(1982) :
Evaluation of the Loran C system — [l (Accuracy
of the 9970 chain while the ship is cruising in
coastal areas of the Japan Sea). Bull. Fac. Fish.
Nagasaki Univ., No. 53, 27 - 32.

2) Goda, M., S. Nakane and H. Yoshimura(1984) :

Accuracy of the 5970 chain in coastal Areas of
the Southern Japan Sea. Jap. Ins. Nav., No. 79,
9--14.

3) Goda, M., T. Kuno and S. Nakane(1990) : Rela-
tive error between GPS and Loran C at a fixed
station on the land. Bull. Fac. Fish. Nagasaki
Univ., No. 68, 53 - 60.

4) Goda, M., T. Kuno and S. Nakane : Relative
error between GPS and Loran C in the Eastern
area of the East China Sea. Bull. Fac. Fish.
Nagasaki Univ,, No. 71, 177 - 185,

5) Kanazawa, T.(1986) : Nautical charts and the
geodetic datum - A note on positioning with
NNSS, Loran C, GPS--. Jap. Ins. Nav, No. 88,
81 - 86.

6) Kim, K. H,, H. . Shin and C. S. Jang(1985) :
Accuracy of the Loran - C fix in Cheju areas.
Bull. Korean Fish. Tech. Soc., 21(2), 123 - 130.

7) Kuno, T., M. Goda and S. Nakane(1994) : Rela-
tive error between GPS and Loran C 9970 chain
in western area of the north pacific ocean. Jap.
Ins. Nav, No. 121, 31 - 35.

8) Lee, W. W. and H. 1. Shin(1984) : Accuracy of
hybrid navigation system combining dead reck-
oning and Loran C. Bull. Korean Fish. Tech.
Soc., 20(2), 105 - 111.

9) Nishi, T., K. Taguchi and K. Miyazaki(1994) :
Seasonal variation of ECD of Loran C over sea.
Jour. Japan Ins. Nav,, Vol. 91, 177 - 184.

10) Sinzi, Akira M.(1976) : Issuance of “datum trans-
formation chart” (No. 6019) for reduction from
WGS - 72 to the Tokyo datum. Jap. Ins. Nav,
No. 50, 47 - 52.

11) Yanagawa, S., Y. Nakamura, T. Kakihara,Y.
Koike, H. Imazeki, Y. Kurita and Y. Mine(1981) :
Accuracy and Repeatability of Ship Position in
Fishing Grounds. Trans. Tokyo Univ. Fish., No.
4,21-30.

- 380-



