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A Study of GPS Precise Ephemeris Interpolation

for Maritime Precise Positioning Applications

Deuk Jae Cho' - Sang Hyun Park*

*«Korea Ocean Research & Development Institute, Daejeon 305-343, Korea
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Abstract : Currently many vessels determine an overhead obstruction by a rule of thumb based on their draft for maritime navigation.
Therefore they doesn’t have a good overhead obstruction clearance because vertical position of vessels varies on time by tidal. As a result,
it is occurred maritime accidents that the mainmast of vessels is bumped against overhead facilities. And disaster by global warming and
rising sea levels have increased casualties. So we feel keenly the necessity of warning system for not an earthquake but disaster wave
such a tsunami. This paper analyzes a precise GPS ephemeris for maritime precise positioning to solve these problems. The precise GPS
ephemeris provided by International GNSS service gives a difficulty to real-time application because of its sample interval. This paper
proposes an effective interpolation method for real-time application, and it analyzes an accuracy of precise GPS ephemeris through an
interpolation method.
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Fig. 2 Occurrence of freak wave
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Table 1 IGS product table

GPS Satellite Ephemerides/ Sample
Satellite & Station Clocks G || B gty Interval
Orbits ~100 cm
Broadcast ~5ns RMS real time - daily
Sat.clocks | - onov
Ultra-Rapid Oroits “oen
I time | at 03, 09, 15, 21 UTC 15 min
(predicted half) ~3nsRMS | fed
Sat. clocks ~1.5ns SDev
Ultra-Rapid “3em
3-9hours |at03,09, 15, 21UTC 15 min
(observed half) ~ 150 ps RMS
at. ghocks ~ 50 ps SDev
Orbits ~25¢cm 15 min
Rapid - 17-41hours| at 17 UTC daily
Sat. & Stn. clocks | .I:::::fv 5 min
Orbits ~25¢cm 15 min
Final ~ 75 ps RMS 12 - 18 days every Thursday Sat.: 30 sec
Sat. & Stn.clocks | )¢ ps SDev Stn.: 5 min

Satellite Position (PRN25 - GPS Week 1534)

Z-Coordinate (km)

Y-Coordinate (km) 303 X-Coordinate (km)

Fig. 3 IGS GPS ephemeris for 1 week

%107
26 e :

Coordinate (m)
o

4 L L i k.
03:30 06:00 11:00 13:30 16:00 18:30 21.00
Time (h)

Fig. 4 IGS GPS ephemeris for 20 hours
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Fig. 5 Runge’s phenomenon

A7l A p(t) &=
(epoch)S YERATE
thaka] B 7S g olElrt WEFE Ut ol u R ALt

el #% X Y, ZE5 YEhH, t= ol &

o Bidol AR, Fig. 59k o] Fofx wloje 73k 5 A
SH7E (fit interval) @] EX-Fo A wzlo] dojib= Runge &
} tH(Dahlquist and Bjorck, 1974). Fig. 5+ 2009 6

o
z

I

962 7 IARE 25 94714 20412t Bebe] 1GS 158 A
£ 214, 5 81/le) AUANAE AES Qe 807 Tk
BAPEE ol &3te] itE Atol

2 =wollAe BA] BASE olelgt Runge A48 a3
o WS Aetsteith @349 GPS AE YA
719 B3t Ho“jd:a:v% 1—1%3}04 Runge kil

ox
|

o

ot

>,

Foll A A= Runge
AE sAstrt olu

o |0
i
o
fr
4
r—{n

M Y T

.‘u‘lolﬂ
T
Ho
:10‘;‘0{1
fol 4
A Jo
2 ol
2 -
210, oy [
paVEC) h
M w0 0 5 ©
t o ah oox Holo JropN lo

Jx
=

g
O

=

o2
N

(o3
i
"

9,
4B
_IE
o
fitl
i
il

4

rr

f

=

iy,

)
2

>
e
(¢
N, Ho
FO[I
-
R
°
zo W
H

ro
N
(Z
2
)
2
i
g 3
hu
[
>,
i
e
opp
2
Mo
B9
N

Fitinterval Fit interval

Validity interval Validity interval

Fig. 6 Fit and validity interval
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Fig. 7 Flow diagram of the orbit interpolation module for
real-time applications
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Fig. 8 Results of the orbit interpolation
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Fig. 10 Accuracy of the interpolated coordinate’s difference
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