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Abstract

Differential Global Positioning system (DGPS) is abservation technique that can be used to reduee t
ionosphere effects arising in ordinary GNSS. DGEBé&hiique is used to increase the GNSS accuracy by
reducing error associated with pseudo range bt doeremove orbital ionosphere and troposphem®rthis
paper investigates an integrated system for impnavé the accuracy of differential GNSS and Real elim
Kinematic (RTK) using Egyptian network as a caselgt Three steps were used to reduce these efirbes.
comparison between DGPS observations and the drebatervations used in determining the Egyptiamoekt
coordinate are presented. The resulting coordiaatkof analysis of integrated system and computegrams
are presented. The integration of use of precisempris from International GPS Services (IGS) Nekwo
Klobucher ionosphere model with Hopfield or Saastimen troposphere model improve the accuracy of BGP
to large extent.
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1. Introduction

GPS (Global Positioning System) has become an itapbtool for any endeavor where a quick measure¢wien
geodetic position is required .However GPS obs@mat contains both systematic and random errors.
Differential GPS (DGPS) and Real Time Kinematic K} Tare observations technique that can be used to
remove or reduce ionosphere effects arising innangi GPS observation. To reduce or eliminate tifecebf
some these biases and errors, GPS observableediffag technique, and/or linear combination between
observables are formed. In addition, GPS-biasesetaathn also be used as will be presented in thetne
subsections. This current study investigates aygmted system for improving the accuracy of déffeial GPS
and Real Time Kinematic (RTK) for the location wlinicovers the great Cairo part of High Accuracy Refee
Network “HARN" of Egypt. The study utilized thre¢eps used to reduce the orbital error, the ionagpbeor
and the troposphere error [1]. A comparison stugtwben DGPS and RTK solutions for Egyptian Netwditke
resulting analysis of this study is presented.

2. Errorsof DGPSand RTK.
DGPS and RTK, Measurements are also biased by ptrads refraction, clock errors, site and instrutaén
effects, Selective Availability effect. Phase isléidnally biased by unknown ambiguity. Biases nbeydefined
as being those effects on the measurements thse the true range to be different from the meastaege by a
systematic amount, and which must be accounted for in the measuremerlel used for data processing.
Additionally entering through incorrect or incomg@eobservation modeling, biases can also entemugfiro
imperfect knowledge of constants [1]. Hence, urttierheading of "errors" are assembled all unaceaufar
measurement effects, as well as any unmodelledesidual biases. These errors can be summarized as
following:-

lonospheric Delay
Ultraviolet and x-ray radiations coming from thensateract with the gas molecules found in the aphere,
which results in a large number of free negativargld electrons . This is called the gas ionizatsuth a
region of the atmosphere where gas ionization tpkase is called the ionosphere [2]. The ionosplestends
from an altitude of about 50 km to about 1000km ¢lectron density within the ionosphere is not tanis it
changes with altitude, therefore the ionosphergiore is divided into sub regions according to thec&on
density. The refractive index (n) of microwavesaigunction of frequency (and hence the ionosphaethe
property of "dispersion") and tluensity of free electrons, and may be expressed as first-order approximation

=1* A Ne
e

n

(1)
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A is aconstant = 40.28
N is the total electron density (efypand
f isthe frequency.

The sign in the above formula will depend on whetthee range (+) or thephase (-) refractive index is
required. The propagation speed v is related todfiactive index according to formula :
v=o @

Where ( ¢ ) is the speed of electromagnetic razhatEMR) in a vacuum. Equations (1) and (2) impigittthe
speed of the carrier wave (the "phase velocitygdsially increased, ormtivanced". Hence the phase refractive
index is lesghan unity. However, the speed of the ranging casleecreased (the so-called "group velocity")
and therefore the pseudo-range is considered "gglayand hence the range (or group) refractive xnide
greater than unity. (The ranging codes modulated on the carrier waresconsidered a "group" of waves
because they have different frequencies) The imfdin is therefore that the distance as implied thoy
integrated carrier phase tigo short, but the pseudo-range ti@o long [3]. The correction terms are, of course,
guantities with a reversed sign, that is, the eapphase correction fsitive, while the pseudo-range correction
is negative.

Tropospheric Delay
The troposphere is the electrical neutral atmosphregion that extends up to 50 km from the surfat¢he
earth. The troposphere is a non-dispersive medarmaflio frequencies below 15 GHz. As a resulieiays the
GPS carrier and codes identically. Unlike the iqgrtesic delay, the tropospheric delay can't be resdovy
combining GPS waves L1&L2 observations. This is ntyaibecause the tropospheric delay is frequency
independent. Tropospheric delay depends on: Pesdtemperature, Humidity and Signal path through
troposphere, the tropospheric delay is minimizethatuser's zenith and maximized at horizon. Toyadspheric
delay results in values about 2.30 m at zenith) 9n3for a 18 elevation angle, and 20-28 m for Gedevation
angle [4].
Tropospheric delay is a function of the satellivation angle and the altitude of the receiverwieer, a good
starting point is to define it in terms of the eaftive index, integrated along the signal ray path:

dyop = [(N=D.ds 3)
or in terms of the refractivity of the troposphétg, = 1F(n - 1):
Ayop =10°[ Ny .0 (4)

The tropospheric refractivity can be partitionetbithe two components, one for tthey part of the atmosphere
and the other for theet part:

Nirop = Nwet + Nary 5)
and the total tropospheric delay can be calculatedrding the following formula:
Oirop = dary + Awet (6)

The dp can then be estimated by separately considemntwiv constituentsqg and ge. About 90% of the
magnitude of the tropospheric delay arises from dhe component, and the remaining 10% from the wet
component [5].

iii. GPS Orbital Biases.

As the forces of gravitational and non-gravitatiomaigin perturb the motion of the GPS satellitélse
coordinates of the satellites in relation to the 888 reference system must be continually determimexdigh

the analysis of tracking data [1]. The satelliteh&meris bias is the discrepancy betweertrthe position (and
velocity) of a satellite and itenown value. This discrepancy can be parameterizedrinmber of ways, but a
common way is via the three orbit components: albagk, cross track and radial as shown in figde I the
case of GPS satellites, the along track compomsehti one with the largest error.
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Figure 1: Satellite Ephemeris bias.
There are two basic classes of satellite orbitrmftion:

Ephemeris that are predicted from past trackingrinftion, and are available to GPS users at the
time of observation, available via the GPS Navmatlessage. The Ephemeris computation takes
place at the Master Control Station using traclkdatp acquired from the five monitor stations of
the GPS Control Segment. Evidence suggests thatdberacy of the broadcast Ephemeris is
below 10m for a single Navigation Message updatedpg, and better than 5m when three daily
updates are performed.

Post-processed Ephemeris, which are orbit repratsems$ valid only for the time interval covered
by the tracking data. Obviously this informationriet available real-time as there is a delay
between collection of the data, transmission of tlea to the computer centre, the orbit
determination process and the subsequent diswibti GPS users. Post-processed Ephemeris are,
in general, more accurate than predicted Ephemeitis,demonstrated accuracies well below the
meter level.

iv. Carrier Phase Ambiguity.
As indicated in figure (2) below, the integratedriza phase measurement at timeirivolving satellite i and
receiver j consists of the three components:

e The fraction of a cycle.

« The arbitrarily assigned integer ambiguity at sldaek-on,

* A count of the whole cycles by the receiver.
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GREC0

Figure 2: Components of the integrated carrier pmsasurement.
If satellite signals are obstructed by objectsnterfered by other signals, a loss of lock on thatelite signal
will occur. On the resumption of lock to the sate(k), the accurate fractional part of the phasgeovable can
again be measured [6]. However the integer pattheilre-initialized and the initial integer ambiguivill no
longer have a valid connection between the ambigdmctional cycle measurement and the satelliteiver
range.
3. Observation Sitesand used | nstruments
The plan of this study was in two phaseBst : five stationsOZ95 , A6 , OZ97 , OZ88 and E7 from Egypt
network will be taken . The distances between tlstasons are approximately 30-40 km interval, ¢hsmitions
are selected from a High Accuracy Reference NetwHkRN), the coordinates of these stations are shiow
table (1),Second: GPS (Trimble 4000SSE dual frequency) is used seoke approximately 20 km with RTK .

Table 1: The HARN network point coordinates

Point

E (m) N (m) H (m)
0788 309898.5549+0.002 3303157.7225+0.004 137.72840
A6 ( control point
) 340016.9413 3304353.5077 134.981
E7 268216.4468+0.005 3302823.7931+0.004 230.87550.0
0297 333921.048+0.002 3323219.2644+0.005 219.776H0.
0795 350276.5655+0.002 332842.0164+0.004 230.527840

4. Analysis of Observations

Leica Geostationary Office programme (LGO) was ufmdanalysis the data. The results and analysis of
observations will be introduced into three step®#lswing:

4.1 orbital errors

This step is used to show the differences betwkerbtoadcast orbit which available for all GPS siserd the
precise orbit which obtained from IGS at the samg of observation with fixation all other factofighe results

is presented below.
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The Change of HARN Horizontal Position
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Figure 3: Precise Ephemeris VS Broadcast Ephemeris (Horizontal Position)

The Change of HARN Height Position
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Figure 4: Precise Ephemeris VS Broadcast Ephemeris (Vertical Position)

From figure (3)horizontal Position varies from 45 mm to 240 mmhwiéspect to broadcast Ephemeris but for
precise Ephemeris, it ranges from 4mm to 25 mm. fdmge for height decreased with respect to precise
Ephemeris. The rang is from -64 mm to 250 mm indhse of broadcast Ephemeris but when using precise
Ephemeris the range was from 5 mm to 50 mm. Thenue of precise ephemeris rather than broadcast
ephemeris would give an appreciable improvement
4.2 lonosphereerrors
This step is used to show the differences betwesgmguthe different ionosphere models and selectribdel
which gives the best solution where all other fetare constant. The ionosphere models in this ease
computed model using Klobucher model, Standard maie Global/Regional model [7]. The results are
shown in figure (5 and 6).
From figure (5 and 6}he coordinates vary in a clear range from 215tm&61 mm with respect to all types of
ionosphere models but for Klobucher model, the eangaries from 206mm to 511 mm. Then the use of
Klobucher model rather than other ionosphere modeldd give an appreciable improvement.

Figure 5: HARN Vertical Position
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4.3 Troposphereerrors

This step is used to show the differences betwaargithe different troposphere models and selexintbdel
which gives the best solution where all other fexctare constant. In this case, Hopfield, Simplifi¢opfield,
Saastimoinen, Essen and Froome troposphere modgls uged [8]. The results are presented below. The
analysis of observations carried out using tropespimodels are;

e Static code & phase solution.

« Kinematic code & phase solution.

Below is the effect of troposphere model with phsalaition for static code and phase solution
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Figure 7: The difference from the HARN coordinaa@sl the solution with changing the troposphere hode

Figure 7: The difference from the HARN coordinaa@sl the solution with changing the troposphere hode
Figure (7) showing that the Hopfield and Saastiranigive the same values and the results were mfdutie

the Essen & Froome model and Simplified model .@lferences between solutions by troposphere models
with code solution were equal the differences betwsolutions by troposphere models with phase isolutith

the same mask angle [9].

For Kinematic code & phase solution, figure (8)hie solution. Figure (8) shows the variation betwasing
troposphere models in all component of coordinatiéls time. The result indicates small variation aah be
neglect.
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The Saastimoinen troposphere phase solution .
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5- Conclusions

1. The use of precice ephemirace rather than broadpastmirace would give an apperciable improvemeant f
all baselines.

2. The troposphere models have the same effect oalltiddservation tegniques, the Hopfield model dive
same results with the Saastimoinen model as addifienidel result values between the Simplified Field
model and Essen & Froome model.

3. The troposphere effect on the height componenbeameglect in both east and north component .

4. The use of Klobucher ionosphere model would givagmerciable improvement for all baselines.

5. DGPS and RTK techniques accuracy improvement wdiddassured using precise ephemirace with
Klobucher ionosphere model wiHopfield or saastimoinen troposphere model withec&dbhase solution.
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