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ABSTRACT

The purpose of this work is to invesigae a proper modd to correct the ionospheric
effect usng sngle frequency GPS measurements, which it will be used in the atificid
sadlite orbit determingtion taking in account that sadlite will be aove 1000 km of
eath's surface. When the GPS dgnds ae trangmitted from GPS sadlite to receiver,
they propagate through the ionosphere causng errors on the messurements which are
the highes one on dgnd propagation. To achieve the highes possble postioning
accuracies foom GPS, the ionospheric erors shdl be neutrdized usng some kind of
modd and/lor messurement, and they have to be conddered within the adjusment
process. Usng dud frequency GPS recevers, the ionospheric errors can be admost
totelly accounted for teking advantage of the ionospherds dispersve nature. However,
this work deds with regtime determination of an atificdd sadlite orbit with sngle
frequency GPS recever. So, some modd of single frequency ionospheric correction
mugt be used. Such invedtigation will define to which extent the ionospheric error can
affect the fina accuracy of the regtime deerminaion when usng the GPS

congelation.



Keywords: GPS sgnds ionosphere, single frequency

INTRODUCTION

The GPS Sydem dlows usars to messure range and range rae information
dmultaneoudy from four sadlites to determine us's podtion and velocity. Each
satellite trangmits a data stream caled Navigation Message on L1 and L2 a a rate of 50
bps. This daia sream contains the sadlite clock correction term; the clock reference
time; the differentid group dday and IODC (Issue of Date, Clock) term; the Ephemeris
paameters for the trangmitting sadlite; the dngle frequency ionospheric correction
terms, the coefficients to convert GPS time to UTC; the Almanac of dl sadlites (Leick,

1994),

Moreover, the GPS sadlite sgnds tranamit other data types which are code and
carier phase pseudoranges. They are acquired from the transmitted sgnd a two L-
band frequencies, f1 = 157542 MHz and f2 = 1227.60 MHz. Except for corruption by
clock errors, a@mosphere ddays and insrumenta dedays, pseudorange is an absolute
measurement of radio-metric range between a GPS sadlite and a receiver. Among the
error sources, the largest one comes from the delay when a sgnd travels through the
amosphere. Carrier frequencies bedlow 30 MHz are reflected by the ionosphere and only

higher frequencies penetrate the ionosphere.



There are two differences between the carrier phase and code pseudoranges which are:
the carrier phase pseudorange is biased by an unknown integer number of cycdes and it

has a data noise much lower than code pseudorange, which makes it more precise.

To dlow usars to automaticaly correct the effects of both the range and range rate
erors induced by the ionogphere the secondary frequency was incorporated into the
system. The dud frequency GPS recaivers teke advantage of the dispersve nature of the
ionogphere and can diminate the ionospheric errors, & leest mathematicaly. For sngle
frequency usars, it was incorporated into the sysem a numeric modd of ionospheric

range error caled Klobuchar's modd.

IONOSPHERIC EFFECTSIN THE GPSMEASUREMENTS

The amosphere is usudly subdivided into regions. Thee regions ae based on
common physca properties and gopearances such as temperaures, compostion, Sate
of mixing, and ioniztion. With resgpect to dgnd propegation, it can be divided in
troposphere and ionosphere. This divison is made according to the different conditions

of propagation.

The ionosphere covers the region between agpproximatdy 50 km and 1000 km above
the eath and is characterized by the presence of free dectrons. In fact the upper
boundary of the ionogphere is not wel defined snce it can be interpreted as the dectron
dengties thinning into the plasmesphere and subsequently the inter plangtary plasma

(Komjathy, 1997).



The ionogphere is a digpersve medium for radio waves implying that the refractive
index is a function of the radio waves frequency, the dectron dengty, and to a minor

degree, the intengity of the earth's magnetic field. The refractive index is given by:

C
n=1if—22 (1)

where the podtive sgnd is for carier phase pseudorange and negative one is for code
pseudorange, f is the frequency, ¢ = -40.3 N, N is the dectron densty which is dways

postive.

After integrating the phase and group refrective indices dong the path of the GPS
sgnd, the range obtained between the sadlite and the receiver which is different from
the true geometric range by the amount caled ionospheric error. The error is negative
for the carier phase pseudoranges (phases is advance that is, the measured range is
shorter than the geometric range) and postive for the code pseudoranges (a group delay;

thet is, the measured range is longer than the geometric) (Komjathy, 1997).

The ionospheric dday is proportiond to the number of eectron content (integrated

dengity dong the Sgnd path) and inversdy proportiond to frequency squared used:

40.3
D oy =—>TEC @

fZ

where TEC is Tota Electron Content and is given by:



TEC = (N, ds €)

and s is the path from sadlite to the recaver. The dendty of free dectrons varies
drongly with the time of the day and the latitude. Therefore, the change of pseudorange
measurement caused by the ionospheric refraction may be redricted to the
determination of the TEC. However, the TEC itdf is a farly complicated quantity
because it depends on sunspot activities, seasond, and diurnd vaidions the line of
sght which indudes devaion and azimuth of the sadlite and the postion of the
obsarvation ste Taking dl effects into account, a GPS pseudorange may be wrong

from about 15 m to 50 m (Hofmann-Wellenhof, 1994).

THE DUAL FREQUENCY IONOSPHERIC MODEL

The expressons for the code and carrier phase ionospheric corrections on L1 and L2

derived from the dud frequency observations are given by (Strang, 1997):

P = P, - P, @

Fie= Fi- F ©)




where P and Fie are the free ionospheric effect, P isthe code, j is the carrier phase, f;

and f, arethefrequency on L1 and L2, respectivey.

The figures 1 and 2 show the ionospheric errors of carrier phase and code pseudoranges,
respectively. These errors have been obtaned without the ambiguity solution and data
pre-processng. According to Strang (1997), these errors should be around 05 to 1 m to

carrier phase and around 4 m to code.
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Figure 1. The carrier phase ionospheric error
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Figure 2: The code lonospheric error

KLOBUCHAR'SMODEL

The Klobuchar's modd is used to correct the ionospheric effect for single frequency
meesurements. It uses the cosne modd for the daly variaion of the ionogphere, with
the maximum being a 14:00 locd time and is described by 8 coefficents a and b which
are tranamitted as pat of the GPS sadlite navigation message. This modd removes
about 50% of the totd ionospheric dday a mid-latitudes and is represented through one
st of variables that are vdid for few days (Klobuchar, 1987). The ionospheric dday

correction equetion is given by (Seeber, 1993):
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DT, =DC  (night) @)
where DTio, is the verticd deay (ng), DC is the condant midnight term (5 ns or 5 10°
sec), A is the amplitude, f is the constant phase term (14" locd time), t is the locd time,

P is the period. The amplitude and period are functions of geomagnetic lditude and are

represented by third-degree polynomias:
3
A=Jaf" (seconds) ©)
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EMPIRICAL MODEL OF THE EARTH'SPLASMASPHERE

This empiricdl modd conggs of an andytica expresson that can be used to reproduce
hydrogen densty a abitrary locetions in the plamasphere for given conditions The
principd spatid dependence of plasmaspheric dectron densty is governed by L-shel.
The L-shdl is the suface traced out by a patide moving aound the earth's
geomagnetic filed lines. For the dectron dengties the Gdlagher modd uses the

following empiricd formula (Gdlaher et al., 1988):

Logyo(N,)=a, - F(L)- G(L) H(L) (10)



where N. is de dectron dengties;

F (L) =a,- ea3(1— a,e )/as) (11)
isamodified Chapmen layer;
G(L)=al +a, (12

is a linear L-shdl modd which has been found to be the best representation of the inner

plasmaspheric dectron dengty profiles;
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represents the shape and the location of the plamaspause; and

a, =14

a, =153

a, =-0.036

a, =30.76

a; =159.9 (14)
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The constants @ are free parameters used to fit equation to the logarithm of ion dengty.
The parameter as controls the dendty gradient in the inner plasmasphere, while @ and &
determine the location and dope of the plasmapause, respectively. L is the Macllwan
L-shdl paamee, | is geomegnetic latitude, MLT is the geomagnetic locd time
defined by the geomagnetic longitude of the mean sun, and , h(L]) is the height above

the earth’ s surface given by:

h(L,l )=R.Lcos’| - 6371 (15)

with a gtarting dtitude of 2000 km above the surface of the earth; Reis the earth radius.

This modd provides vaidions in the plaamaspheric dectron dendty as a function of
geomagnetic lditude, L-shel vaues, and geomagnetic locd time. The dgorithm does
not modd diund, sasond or sola cyde vaiaions of the plamaspehric dectron

content.

The ionospheric effect is cdculated at each point. After this, it is necessary to cdculae
the effect dong the path between the user and GPS sadlites that gives the TEC.

Knowing the TEC, it is necessary to calculate the ionospheric effect thet is given by:

O3 1ec (16)

Dl =3
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CONCLUSIONS

The man god of this sudy is to andyze and to choose a proper modd to correct the
ionospheric error on single frequency range meesurements for an atificd sadlite
above 1000 Km. Despite being a modd that providing good results, the dud frequency
modd can not be used in this work, but it will be used as reference modd. The
Klobuchar's modd must be used for an user on earth’s surface and it only corrects until
50% of the ionospheric eror being necessary to use an etimaion modd to correct the
unmodeled errors. The empiricd modd is a good modd for an user aove 1000 Km.

However, through severd andyzes, the ionospheric erors is very smdl above 1000 Km
of earth's surface (around 1m) and it should be better to edtimate them as parameters

usng Kdmen filtering.
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