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Abstract 
  
Reliability in precise positioning is of highest importance in today’s transport 

and industrial applications. Signal group delay observed in GPS, is a first 

order positioning error, ranging from 1-50m. Instantaneous correction of 

position aids in reduction of its inaccuracy caused due to clock, ephemeris, 

ionosphere and troposphere. In the present work Least Squares and Kalman 

filter are used for precise and reliable position estimate for every epoch.The 

application of statistical signal processing algorithms lead to more precise 

position of the GPS receiver. 
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1 Introduction 
 

GPS has given remarkable improvements in the fields of fundamental 

physics, remote sensing, geodesy etc [1-2]. There are many applications  
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Where the global navigation satellite Systems will have the direct or an 

indirect impact. 

  It is a well known fact that ionosphere causes signal group delay 

resulting on an inaccurate position. When any one of the navigations systems 

are used for position estimation these errors make them inconsistent for 

navigation applications. The efforts for precise positioning include 

application of multiple satellite based navigation systems, batch processing 

of data, modeling of total electron content (TEC) etc [3-4].  

  These efforts could not serve the present days requirement of precise 

positioning using satellite based navigation systems. So many efforts are 

made to correct these issues we have taken the concept of using multiple 

satellite systems, some have implemented signal processing techniques on 

batch processing methods [5-6].  

  In the case of batch processing the assumptions used for position 

estimation are considered once in 24 hours. But in the real time loss of lock 

effects these assumptions very much and these are to be addressed 

independently at that instant, carrier phase ambiguity and time correction etc 

[7-8].  

  Secondly while we are using considering more than one navigation 

systems for calibration of position is a challenging task because we have to 

process all the different data sets with different assumptions for position 

calculation. This takes lot of computational requirements and time for 

obtaining precise position. Not only this, we may not see all the different 

satellite navigation systems looking at the same point on earth at a given 

time. Then we have to consider time synchronization for obtaining precise 

position [9-10]. 

  In the present work an attempt is made to reduce the clock and ephemeris 

errors for every instantaneous position of the satellites. Least squares and 

Kalman filter are applied on the data to calibrate the precise position. Least 

square method is applied on the position coordinates of satellites visible in 

that instant of time. Thus we can get the better approximated value of the 

pseudoranges. These pseudoranges are calibrated using kalman filter to get 

the precise position of the receiver.  

  Dynamic and static positioning of the GPS requires processing of large 

number of data points to study the fault lines, which are used to calibrate the 

GPS arrays used.[3,11].   

  Receiver clock and the cycle slips will not affect the position estimation 

during instantaneous positioning. So, the complication raised due to the 

integer phase ambiguities which is the initial requirement for precise 

positioning is eliminated[ 8,11].Recognition  and filtration of erroneous data 

leads in robust results than batch processing techniques in GPS positioning. 
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2  Estimation of Satellite Clock Error and Methodology 
 

The equivalent pseudorandom Noise codes are used by Global 

Positioning System receiver, that satellites broadcasts to determine the range 

between the individual satellite and a navigation satellite receiver, this range 

is also known as pseudo-ranges. The computed pseudo-range should correct 

satellite clock error, tropospheric error, ionospheric errors, and multipath 

errors for an accurate navigation solution [1]. Of these, the satellite clock 

error has a significant effect on the pseudo-range by eq.1. 
sc

m C                                                                                               (1) 

where, ρm is the measured range;     is the actual range;   is the satellite 

clock error, C  is the speed of light in free space; from Eq (1) the pseudo-

range error obtained from the satellite clock error is of 1 microsecond will 

lead to 300 meters [2]. 

Every satellite comprises an atomic clock that controls all onboard timing 

operations, including the generation of broadcast signals. These clocks are 

highly stable, but the satellite signal timing is not perfectly synchronized 

with GPS time. The satellite clock correction factors 0 1 2, ,c c c  and clock time

oct  , explain this lack of synchronization. All these parameters are obtained 

from the GPS navigation file. The stability of the on-board clock~1 to 2 parts 

in 10
13

 over a period of the day [3]. These errors are common to the GPS 

users observing the same satellite. The satellite clock error occurs because 

the receiver's time is not synchronized with the satellite oscillator. 

The quadratic function of th time was derived by the deviation of a 

specific clock from GPS time. The parameters are estimated, uploaded, and 

transmitted to satellite. The factors  and in theEq.2 are termed as the 

bias, drift, and aging parameters of the satellite clock [4]. The broadcast 

satellite time is calculated as follows 

( / c)s rxt t                                                                                                  (2) 

where ts is termed as transmission satellite time in seconds; trx is termed 

as signal reception time at GPS receiver in seconds; ρ is termed as 

pesudorange in meters.The reception time of the satellite signal and the 

signal from the pseudorange can be interpreted from the transmitted 

ephemeris and the observed measurement values. The term in Eq. (2) 

describes the transit time of the signal. The GPS receiver calculates the 

propagation time is far from the signal reception time, when the signal started 

from the satellite is considered to be the moment of the the remaining 

time.The offset of satellite clock ( dt ) is given by as, 

s ocdt t t                                                                                                     (3) 

 

0 1 2, ,c c c
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where,ts is termed as transmission Satellite time in seconds sec; toc is 

termed as time of clock in seconds. 

The satellite transmission time is obtained using Eq. (2) Moreover, the 

navigation data file gives the clock time and the satellite clock error   is 

derived using the 2
nd

 polynomial. The bias and frequency drift in the 

navigation data file uses the correction parameters. 
2

0 1 2

sc c c dt c dt                                                                                       (4) 

where,c0 is the termed as clock bias in seconds; c1 is termed as the clock 

drift in seconds/seconds; c2 is termed as frequency drift (seconds/seconds2);  

is the satellite clock offset in seconds. 

The GPS transmission time corresponds to the signal transmission time 

from the satellite and is given by, 
sc

GPS sT t                                                                                                  (5) 

where,TGPS is termed as the GPS transmission time in seconds Finally, 

the satellite position is computed with GPS transmission time TGPS and the 

broadcast orbital parameters. 

The ephemeris error is corrected by using the navigation data as given 

below to obtain the ECEF coordinates of the satellite [12]. 

kkpkps iyxx 11111 sincoscos                                                            (6) 

kkpkps iyxy 111111 coscossin 
                                                       

  (7) 

kps iyz 111 sin                                                                                               

(8) 

where x1s --- corrected ECEF x coordinate, Ω1k – corrected longitude of 

node, y1s --- corrected ECEF y coordinate , z1s ---- corrected ECEF z 

coordinate, i1k – corrected inclination x1p  and y1p are the in plane x and y 

coordinates of the satellite.  

The pesudorange of each satellite is calculated by considering the 

receiver ECEF coordinates given in the navigation file. Then pseudoranges 

for all satellites are calculated at a particular instantaneous epoch is 

calculated. Then least square estimation is applied to finds the best 

approximated position of the receiver [13].The obtained near approximated 

are given to the kalman filter for more reeducation of noise [14]. These 

algorithms are implemented on every second data obtained from RINEX 

data. The data is collected from the Novatel GNSS receiver installed at IMD, 

Machalipatnam. The data is taken on 17 March 2017. 

 

3 Result and Discussion 
 

The ECEF coordinates of the satellites are calculated by using the above 

said equations. These are as shown in the fig.1. The pseudoranges of the 

sc



                                                                                                                  
 

satellites are also calculated for the observed satellites. The observed 

pesudoranges and measured pseudoranges are shown in the fig.2. 
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Figure 1: Satellite positions in ECEF coordinates. 

 

From the figure1 it is observed that the corrected pseudoranges are more 

nearer to the receiver position. The correction of the clock error and 

ephemeris error reduced the error in the GPS position. These methods aids in 

giving in initial parameters for estimating the statistical and kinematic 

processing of the GPS data. It could also be observed that these method aids 

in reduction of the error seen in batch processing, carrier phase ambiguities 

etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Observed and Corrected pseudortanges. 

 



                                                                                                                  
 

The receiver position is found after finding the satellite position in the 

orbit. The satellite position in the orbit is calculated by the parameters given 

in the navigation file. The satellite positions for 1 second are given in the  
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Tab.1. the receiver position in ECEF coordinates (xr, yr, zr) given in the 

header of the navigation file are 942238.4076, 6054047.015, 1766212.303 

respectively. The observed pseudoranges taken from the observation file and 

calculated pesudoranges after correction are given in Tab.2. The error in 

pseudorange is also given in Tab.2 
Table 1: Satellite positions for 1 sec. 

 

 

 

 

 

 

 

 
 

 

 

Table 2: Calculated and observed pesudoranges. 

S.No Satellite 

No 

Corrected 

Pesudorange 

Observed 

Pesudorange 

Error in 

Pesudorange 

1 14 30288758.55 22695120.88 -6553631.661 

2 15 24677395.99 24717444.78 -942269.1025 

3 18 32218153.71 22051429.27 -8483026.823 

4 20 31882828.94 24144772.89 -8147702.054 

5 21 24092346.8 20690022.45 -357219.9125 

6 24 23215034.3 22314083.22 520092.5885 

7 27 30242332.45 23555964.54 -6507205.56 

8 29 28245718.58 23735126.89 -4510591.689 

 

4 Conclusions 
 

From the above results it is observed that the signal processing methods 

along the clock and ephemeris correction give most approximated 

pseudorenges of the GPS data. It is also observed that the approximated 

values for every one second are averaged for every 30 sec has given a more 

approximated value of pseudorange of the GPS receiver. These methods 

could aid in more near approximation of fault lines and also in precise 

positioning. 
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