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Relative Error between GPS and Loran C at a Fixed Station

on the Land

Masaji GODA, Toshiyuki KUNO and Shigekatu NAKANE

In order to put hybrid navigation with GPS and Loran C into practice, and to
measure basic data for the accuracy of position fixes by Loran C, we evaluated the
relative error between the position fixes obtained by the simultaneous measurement with
GPS and Loran C at a fixed station (Nagasaki University) on the land.

There was constant error of about 600m southerly on Loran C. And the differences
in distance from the observation position on Loran C to the relative position on Loran
C to GPS in the case where the datum position was GPS were 30~60m on 3D (three-
dimensional positioning) and 2D3 (two-dimensional positioning with three satellites).
But there were distance differences of 0.1~0.2 nautical miles on 2D2 (two-dimensional
positioning with two satellites).

When we corrected the GPS position by the displacement obtained from the observa-
tion at a fixed station and calculated the distance difference from the observation
position on Loran C to the relative position on Loran C to GPS correction position, their

errors were 10~40m except in the case of the middle level positioning of 2D2.

key words: GPS global positioning system : @< > C Loran C ;
TEXTRAZE relative error ; BE L% fixed station on the land.

53

EESWE, chETCHEMBE Y X7 ANAV-
STAR,/GPS (LAF GPS L57) DEEEES BT
LPNEE OFMETT> T &z, DR, GPS 12
X pHIfEEE CERA+HERES) 13, AV AT
LR B 2 BEERREOZRITHIN (LT
3DELEY) TRHV~LVT50~90m, MV RLT
60~120m, L.V -~V TE0~170mBETHD, LV
NRAVTHO. HEEAKICT EFY, ZOHEIREE 3
DTENRTWS,
ZITEESILGPS Lo CyRATAIRE S
NATYy FREETI 120, BEUaI v Cy R
T ADRBE OWTERNAREZES 20, WYX
TAC L BUBEOHNEERIEE T2 2 L2 BN
LT, RIGKRFZBY ZEELES L NINAERERIC
BWT, ZRENEY AT AORKFEIE 21705

Ulzo BT, BEEEARBT2HENEEIZOW
THRET 5,
BEFFE L UEH

BIE I, 19894F 6 H15H~R17H O/, GPS B &
a7 yCO7 7T 52KELOELCHREL T
fTo¥z, BEEMBIZ, GPS D7 v 7 FHuBrEH#
BEEFRITO 1,7250000 X » 5 K » (lat32°
46.964'N, Longl29° 52.075E), Zh % %R
WGS-84ic Z# L 72 % @ (lat32° 47.163'N,
Longl29y” 51.935°E) 2w/, ZBu I v CAE
IR WGS-T2IC#HLL T\ B 720, Zh 2l
RWCS-84icEHT 2 t w7 v 7 FEDEI
DWTHEEETTo T,

M U7z GPS ZE#3, HAREHEHE! JTLR-4000



54 &M, A%, HRGPSLu sy COBELESK BT LHEE:

FThb, usrCRERTIHLELEMELR
-NITEHER oS CEAZERTH S,

GPS ZEHWOFEAT— i, Ik TLEEICH
HBE—-F, REEEERTE-FBIULIXVE—
FRBELTEVRVEDWTHIESR T 720 BT
> Ci9970F = — > OMB—XFE UTFX &E9),
MBE—YR (LATY LET) ORMEEL X UEE,
BERPHEL 2, WMREHKE Y FLavEa—
& (NECPC-9801) %R, MZEHE»SHE
NBHEE, BELREDT - WCO0T, GPSit& 3
B SAIRERIBE D AT T > CDF— 5 OELD A S
BTSRRI 42BEBLT, 14 BT
Uy E—F 4 A7 LI, B8, GPSHESB X
Vas Y CRIZEEDR» > BL2ERL, WY A
7 L OFEE L E OMENEEERD T2,

BRELUER

1. GPS mBIf¥ERE
SHEORED S B, 16, 17OTH &  03EF465>
»515~16538, 3D (HEES3, 6, 9, 12)
DERFERDBA E RO L 720 # OFIRALIEME X
160024 . THER L 1THD15. 4R T, BAHEEFH
Z2h49. 6¥FHE, 8. 6BHIZLEL TV, Ihdlik
wIhb, TNETOI[MOBE HEXS3-6-
9) TOZKRILHEN (LATF2D3 &5T) 0%, 4
SR OBRIFE 2R TH - 25 EEN b > 72 b
DTHb, TNBDHE, 4~7HTEKRICE
L, ZOBABBRRUENES L CER L., 20
ORI IC B 2 128HE 2 FH L TOWM T,
BlieRkEWREEEShZW, 27T, Z0X5K
BNERENRE ko ERE LT, 125®E»
SOEEORENHICLZ2 DL IFELONT,
ZO—HELT, ZEEB 1Ty ANDY—T Y
Yy NREARTHZ I ENDTons, ZOAR

TR 1 2OWE DV TH 1 BPHOESZEZITY,

IhEEHEREC OV TEREYET Z Lk b #lf
2115, o TCZDARTOBRADHESIZ 1 DOHE
BEOWET — & 2INEL T» 3 HItofE Ok
BIERTI 2B TER WS, ZOMHEINIAF
WENTLEDI I L THB.EEERFEDS/N
BETT3oNT, 1EOHE:RZET 50
EHREES 1 PETCITET L5k %, 205
BERBREECOWIERETIRHEOETTLED
Zrwenky, BERERE LAWY, ThikDwT

12, KE2—RA M —FIZXBEHEABRICBNTY,
FEREHEOYID HA 2, BET — 5 B0 AAERH
BEOESIY AAHRRCIZANIOTEBEL, 20
BUBEOY v 7RBE LI ENBDENTV3Y,
FHEDHEOFROBEREEZ SN, 5B
BOU s 5B EOEENMbol-tdEFzoh
%,

INeDF—732EE, 2@OBEIC X5 IKT
WAz (BUF2D 2 kiY) TPYRAESE. 6B E,
RAE4. 2RO T — & 365 I IEE 2 HM B Th i
Bpol:b DL LT LT, 2hededy—5%
(1155M) XL THD 2EE BRI 6 % TH -7z,

FEROTF -5 6TEERLT, BUEMEDSDER
(LAFD.lat £589) HEFAE (BUT Dep &509)
B X OBERE (LT Dist £507) OFHEE & UME#E
REERD I, Tho OFERKR% Table1 12K,
Z DOEED. lat, Dep DWW I BEHEFZED 3 £5(3
OAULETHo 17— 7 FFEHL oo FHT — 5 1249
B (4%) T, %OFHRALERIX1500m (#0. 8%
B) Thot, BALEIC L 25— 13116M T,
LT — Y DR D=5,

3DB LU 2D 3 OEEMED S OFIHRAL & 12
HEEZE GBCRE LIBRVERERRETH Y, B
MR R T NSRBI ro b D EHET L
72

2. 05> COAIRKEE

16 H DO00RF445y > & HEHI0RE L TX A Y v 7
(—10~—430usec) IREEDSFE V> Vo, & DI T GPS
DI ATRE IS 72 o T B H O 18852443 1 RIEH 2 E %
AL T8, 170 D00RE36S 7> & F U EEE D X
Vo 7%4&EL, ZOBRAEKRTRE THRVL

o7 CHEZEHR CIMEROZE &M 1T
FI5003EICB L U, Z OG-k E»EE
T2 10008 EMED DAY v FORERNE G
%59, Rl & X HHEOERE KB R TH8860E R
ThY, HRE OIS ZHRTH 203, %
D5 H#1330%5 B HNE RO %, BN I3 BE EARH
ZE2ESORENEET I EEZOND, £%(F
Bk S/N OB T CESIMETOTICERT 5 &,
EEOERAOHREZI0usec T2 6 L TESHK

HE$ 2305, HIEHEIZI0usec EAIDOR ) v T o4
U2, AV v 7OFRERBIIZEMERLARGHESTCE

AN, BZ Lo TKRESEL S ABETORY v
Zid—10usec 25 —430usec £C, BIET 2 Z Lz



R R EEA T e s

55685 (1990)

Table 1. The mean values and standard deviations of D. lat, Dep and Distance on each level (unit
in meter)
No. of D. lat Dep Distance
Dimension Level

Data Mean SD Mean SD Mean SD
H 36 12.4 13.0 18.4 245 22.2 27.7
3D M 13 31.6 314 19.6 53.7 37.2 62.2
L 12 19.0 51.1 66.3 48.0 69.0 70.1
Total 61 17.8 28.9 28.1 41.4 33.3 50.5
H 262 11.1 294 22.8 314 25.4 43.0
2D 3 M 212 —2.7 50.7 16.5 72.7 16.7 88.6
L 180 144 80.5 —29.6 108.6 32.9 135.2
Total 654 75 54.8 6.4 76.4 9.9 94.0
H 254 174.5 210.0 129.1 185.8 217.1 280.4
2D 2 M 66 59.6 157.2 21.1 219.1 63.2 269.7
L 4 142.2 21.0 —156.4 114.7 2114 116.6
Total 324 150.7 204.1 103.6 198.9 182.9 285.0
Total 1039 52.8 138.7 38.0 134.4 65.1 193.1

H: high; M: middle; L : low; SD: standard deviation

3D : three-dimensional positioning

2 D 3 : two-dimensional positioning with three satellites
2 D 2 : two-dimensional positioning with two satellites
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Tabie2.  The mean values and standard deviations of the time difference in usec and Loran-C positions
Time difference (unit in x sec) Loran-C position
X Y Latitude Longitude
Date I\]I;;.t(;f Mean SD Mean SD Mean SD Mean SD
June 16 283 3741575 0.14 57058.41  0.08 32° 46.837'N 0.016” 129° 52.000'E 0.015
(29.6m) (23.2m)
June 17 270 37415.72  0.10 57058.43  0.09 46.841 0.011 52.001 0.016
(20.4m) (24.8m)

SD: standard deviation
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Table 3. The mean values and standard deviations of D. lat, Dep and Distance between the Loran-C
’ position and GPS position on each level (unit in meter)
. . No. of D.lat Dep Distance
Dimension Level
Data Mean SD Mean SD Mean SD
H 36 —606.9 23.8 75.1 345 612.4 26.1
3D M
L
Total 36 —606.9 23.8 75.1 34.5 612.4 26.1
H 64 —605.0 30.0 41.4 30.4 607.6 30.6
2D3 M 96 —588.4 64.7 52.0 58.3 593.8 65.4
L 30 —6196 1742 120.9 212.7 673.2 140.8
Total 190 —598.9 85.7 59.3 99.5 611.0 79.8
H 234 —784.5 215.6 —40.4 176.0 801.3 234.0
2D2 M 7 —915.7  239.8 —258.5 402.4 1007.9 338.8
L
Total 241 —788.3 2174 —46.1 190.1 807.1 240.2
Total 467 —697.3  190.4 5.8 160.4 712.4 205.0

H: high; M: middle; L : low; SD: standard deviation
: three-dimensional positioning

2 D 3 : two-dimensional positioning with three satellites
2 D 2 : two-dimensional positioning with two satellites
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Fig. 1. Distribution of position fixes obtained by three-dimensional positioning of GPS and Loran C.
point (0,0) : observation position.
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Fig. 2. Distribution of position fixes obtained by two-dimensional positioning with three satellites of GPS
and Loran C.
point (0, 0) : observation position.
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and Loran C.
point (0, 0) : observation position.
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Table 4. The mean values and standard deviations of D. lat, Dep and Distance of the GPS data used
for calculating relative error between the Loran-C position and GPS position on each level
(unit in meter)

No. of D. lat Dep Distance
Dimension Level
Data Mean SD Mean SD Mean SD
H 36 12.4 13.0 18.4 245 22.2 27.7
3D M
L
Total 36 12.4 13.0 18.4 24.5 22.2 277
H 64 3.6 18.9 69.1 24.3 69.2 31.2
2D3 M 96 —10.7 58.9 59.7 53.9 60.7 79.8
L 30 20.1 170.6 —15.0 217.4 25.1 276.4
Total 190 —1.0 80.3 51.1 98.3 51.1 127.3
H 234 182.3 210.1 143.9 178.0 232.3 275.4
2D2 M 8 389.4 270.5 433.7 448.6 582.9 523.8
L
Total 242 189.2 2149 153.5 197.9 243.6 292.1

Total 468 98.4 187.9 101.5 164.8 1414 249.9

H: high; M: middle; L : low; SD: standard deviation
3D : three-dimensional positioning

2 D 3 : two-dimensional positioning with three satellites
2 D 2 : two-dimensional positioning with two satellites

Table5. The mean values of D.lat and Dep of Loran-C position
obtained by correction for GPS and Loran-C observation

positions
. Correction (Gy) Correction (G,)
Dimension  Level
D. lat Dep D. lat Dep
3D H —594.5 93.5 —594.5 93.5
2D3 H —601.4 110.5 —593.9 64.2
M —599.1 111.7 —591.1 68.5
L —599.5 105.9 —605.2 91.3
2D2 H —602.2 103.5 —610.0 88.7
M —526.3 175.2 —856.1 —237.4

LORAN-C  June 16 —603.8 100.6
June 17 —596.3 102.1

H: high; M: middle; L : low

3D : three-dimensional positioning

2 D 3 : two-dimensional positioning with three satellites
2 D 2 : two-dimensional positioning with two satellites
Correction (G,) : correction value for (Table 3+ Table 4)
Correction (G,) : correction value for (Table 3+ Table 1)
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