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Abstract 
  
Ever since the inception of navigation systems, mostly provides the 
positional accuracy up to a meter range. However, this is not adequate for 

revising the positional accuracies more precisely in GPS receivers. The 

situation occurs because of not considering the ambiguities in phase and 
assessment of Total Electron Content (TEC) that is encountering the signal 

from the GPS satellite to the receiver. There are many a report on the studies 

of pseudo ranges to calculate the GPSTEC from its observables of GPS using 

RINEX data format.Further, the precise positioning cannot be utilized 
directly. Hence, in this paper an attempt is made to compute ambiguities in 

phase and accordinglyfor extracting GPSTEC for precise positioning with 

higher accuracies. This results in it is observed that the values of TEC 
achieved from the phase ambiguities happened to be better byconsidering 

negligible integer ambiguities in phase. Finally, we conclude that from 

observations, there will be a considerable decrease in the time delays that 
occur due to the presence of ionosphere resulting in better precise positions 

of GPS receivers. 
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1 Introduction 
 

The modern navigation system such as GNSS is a combined form that 

facilitates a 3-D positioning for the user to solve the pseudo ranging of radio 

signals coming from the orbiting satellites [1]. It is very popular that the GPS 
is a better constellation it is therefore the accuracies derived for positioning 

of GPS receiver is mostly influenced by various errors like the delays in 

ionosphere, troposphere and the clock offset or cycle slips in the receiver [2]. 
In addition to this the biases due to the instruments of the satellites and the 

receivers and the multipath effects are to be considered. It is observed from 

the literature that the GPS TEC which is a function of ionospheric delay 

seems to be the major component affecting the precise positioning of GPS, 
particularly for navigation purpose. It is therefore a dual frequency GPS 

receivers have better performance through asses the Total electronic content 

instead of single frequency receiver utilizing the fact of ionospheric 
dispersive nature[3]. 

In order to avoid the errors that come across in estimating the positional 

accuracies in different scenarios, such as combining the satellite systems like 

GPS, GLONAS, GALILIO, GAGAN, etc.. In this situation, the visibility of 
satellite will help in improving the precise positioning accuracies [4]. 

However, this approach needs different data formats and according extract 

the data by maintaining the same time at the same receiver which is more 
difficult [5].   

Considering a different scenario where the pseudo signal with double and 

triple differences adopting different methodologies [6]. In all these method, 
we need to correct all the errors to find the position of the receivers with 

better accuracy. However theprocedures are very tedious and lengthy 

resulting in inaccurate measurements in these methods. Further the position 

range is also minimal in measuring the ranges to the extent of meters [7]. 

 
2 Literature survey 
 
2.1GPS Data Processing 
 

Using GPS L1, L2 frequencies that provide both code and phase 

measurements and the navigation data parameters that are derived from the 

based on visibility of satellites [8]. There are several steps in estimation the 
TEC that includes the extraction of the decided data computed from the 

satellite position,  position of the receiver and the Ionospheric Pierce Point 

(IPP) has tobe carried out [9].The step includes the implementation of 
modulesusingthe PHYTHON software tools. The complete process is 

broadly classified as follows: 
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a. Extractionof Navigation and Observation data from RINEX file. 

b. Estimation of Satellite Position  

c. Assessment of  GPSTEC using carrier phase  
d. Calculation of elevation angle with respect carrier phase integer 

ambiguities. 

e. Computation of IPP coordinates 

f. Receiver positionestimation 
 

  2.2 Estimation of Satellite Position 
 

Table 1 Shows the parameters of ephemeris used for the estimate of 

satellite position is as follows [10]. 

Semi-major axis, a= ( 𝑎)
 2 

n= 
𝜇

𝑎3 + ∆,  

ephemeris,tk t t0e 

Mean anomaly, M k M 0 n(tk ) 

M k Ek e sin Ek 

  𝑠𝑖𝑛𝑣
𝑘

=
 1−e2sin Ek

1−e cos Ek
 ,   𝑐𝑜𝑠𝑣

𝑘
=

cos Ek− e

1−e cos Ek
 

k vk 

  k Cus sin(2k ) Cuccos(2k ) 

rk Crs sin(2k ) Crc cos(2k ) 

ik Cis sin(2k ) Cic cos(2k ) 

ukk k 

rk a(1 e cos Ek ) rk 

ik i0  (di / dt)tkik 

k  o (&&e)(tk)&et0e 

xp rk cos uk 

y p rk sin uk 

ECEF x-coordinate, xs x p cos ky p cos ik sin k 

ECEF y-coordinate,  ysx p sin kyp cos ik cos k 

ECEF z-coordinate, zs y p sin ik 

Earths universal gravitational constant, (µ) = 3.986 x 10
14

 m
3
s

-2
 

Value of the earth’s rotation for WGS-84, ( e ) = 7.2921151467 e-05 rad s
-1

 

Above said all the ephemeris data will get from RINEX navigation data 
file[11]. The parameters for satellite position estimation is given in Table 1. 
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Table 1Parameters for Satellite Position Estimation 

 
Symbol (with units) Description 

Mo (rad) Mean anomaly  

∆n (rad s-1) Mean motion difference  

E Eccentricity  

 𝑎(m1/2) Semi-major axis 

o(rad) Latitude of ascending node at weekly epoch  

io(rad) Inclination angle  

(rad) Argument of perigee  

 (rad s-1) Rate of change in longitude of the ascending 

node 

di/dt (rad s-1) Change in inclination angle  

Cuc(rad) Cosine value of argument of latitude  

Cus(rad) Sine value of argument of latitude 

Crc(m) Cosine value of the orbital radius 

Crs (m) Sine value of the orbital radius 

Cic (m) Cosine value of the inclination angle 

Cis (rad) Sine value of the inclination angle 

toe (sec) Seconds of GPS week 

n Corrected mean motion 

tk Time from ephemeris motion 

k Argument of latitude 

k Argument of latitude correction 

rk Radius correction 

ik Inclination correction 

uk Corrected argument of latitude 

rk Corrected radius 

ik Corrected inclination 

k Corrected longitude of node 

xp In-plane x-position 

y p In-plane y-position 

 
2.3 Computation of Elevation and Azimuth Angle 

 

After calculation of elevationandazimuth angle from which the receiver 

position in Earth Centered Earth Fixed (ECEF) coordinates are derived by 
using the RINEX observation file [12]. Then after translating 

thegeodeticcoordinatesnamely (λ, ,   z). Further the positioncoordinates of 

the satellite (xs, ys, zs) from the coordinate frame of ECEF is converted into 
the coordinates of local region (ENU) in accordance with the user position 

[13]. Finally these coordinates are utilized for the computational of elevation 

and azimuth angle.  
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Longitude (λ) = tan−1 𝑦𝑢

𝑥𝑢
 

Latitude φ(0) = tan−1 𝑧𝑢

 1−𝑡2 𝑃
   ,  P=  𝑥𝑢2 + 𝑦𝑢2 ,   t =  2 ∗ 𝑓 − 𝑓2 , f= 

1/298.257, a = 6378137. 

  
𝑥𝐸
𝑦𝑁

𝑧𝑈
    =   

−𝑠𝑖𝑛(λ) 𝑐𝑜𝑠(λ) 𝑂

−𝑠𝑖𝑛 φ 𝑐𝑜𝑠(λ) −𝑠𝑖𝑛 φ 𝑠𝑖𝑛(λ) 𝑐𝑜𝑠(φ)

−𝑐𝑜𝑠 φ 𝑐𝑜𝑠(λ) 𝑐𝑜𝑠 φ 𝑠𝑖𝑛(λ) sin(φ)
.

𝑥𝑠
𝑦𝑠
𝑧𝑠

 

 

Elevation angle (E) and Azimuth angle (A) are as follows [14]: 

Elevation angle (E) = tan−1 𝑧𝑈

 𝑥𝐸
2+𝑦𝑁

2
 

Azimuth angle (A) =  tan−1 𝑥𝐸

𝑦𝑁
 

 

 

2.4Assessment of GPSTEC using Carrier Phase  
 

2.4.1 GPS Observables 
 
 Signals in terms of codes (pseudo ranges in meters) and phases (carrier 
phases in cycles)[13]. The GPS observables are given in Table 2. 
 Codes (Pseudo ranges) 

P1ij = ρij+ c(dti-dtj) + relij+ Tij+ α1Iij + K1ij + MjP1,i+ εjP1,I      

P2ij = ρij+ c(dti-dtj) + relij+ Tij+ α2Iij + K2ij + MjP2,I+ εjP2,i 

 Phases (carrier phases)  

L1ij = ρij+ c(dti-dtj) + relij+ Tij- α1Iij + B1ij + ⱳL1 + mjL1,i+ εjL1,i 

L2ij = ρij+ c(dti-dtj) + relij+ Tij- α2Iij + B2ij + ⱳL1 + mjL2,i+ εjL2,i 

 

Table 2 GPS observables 

Symbol Description 
ρ Geometric delay 

i Receiver 

j Satellite 

dt Clock offset 

rel Relativistic effect 

T Tropospheric delay 

w Windup 

C Light velocity 
ε Noise 

I Ionospheric delay 

K = k+TGD Instrumental delay 

B= 2ᴨλN Phase ambiguity 

N Integer ambiguity 

m, M Multi path delay 

b Biasing errors 
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To find out GPSTEC from single receiver with dual frequencies L1 and 

L2 and corresponding phases[5] 

L1 = ρ + c(dti-dtj) + rel + T + I1 +b1r + b1s +λ1N1 + ⱳL1 + mL1 + εL1      (1) 

L2 = ρ + c(dti-dtj) + rel + T + I2 + b2r + b2s +λ2N2 + ⱳL1 + mL2 + εL2  (2) 

In view of the above it is denoted that L1 and L2 frequencies contain 

geometric phase delay due to the change in the path of satellite to that of 
receiver influencing the delays in ionosphere and troposphere,ambiguities in 

phase and the delays occurred due to multipath along with the background 

noises[15-16]. 
Taking the equations specified (1&2) and subtracting one from the other, 

it is seem that inclusive of delays due to ionospheric, errors due to biasing 

and the ambiguities with the parameters left namely geometric range, clock 

error, relativistic, windup troposphere, multipath and thermal noise effects 
[17-18].  

Equation (1) – Equation (2)   

L1 – L2 = I1 – I2 + (b1r – b2r) + (b1s – b2s) +λ1N1-λ2N2 

L1 – L2 = I1 – I2 + br+ bs +λ1N1-λ2N2 

If = (40.30/f2) * TECΦ 

L2 – L1 = 40.3(1/f22 – 1/f22) TECΦ + br+ bs +λ1N1-λ2N2 

TECΦ = (1/40.3) ( 𝑓1
2𝑓2

2

𝑓1
2−𝑓2

2) [(L2 – L1)- (br+ bs ) –(λ1N1-λ2N2)] 

TECΦ = 9.52 * 1016 [(L2 – L1)- (br+ bs ) –(λ1N1-λ2N2)]   (3) 
Here we are neglecting the biasing errors and carrier phase ambiguity [19] 

Then we get the equation for,  

STECΦ   = 9.52 x 1016 (L2 – L1)    (4)        
   

VTECΦ =
𝑆𝑇𝐸𝐶𝛷

𝑀𝐹
       (5) 

WhereMF=
1

𝑐𝑜𝑠 (𝑍 ′ )
 

sin (Z’)=
𝑅𝐸

𝑅𝐸+𝐻𝑚𝑎𝑥
 sin(Z)   

Z= Zenith angle (90-α) 

α = Elevation angle 
RE= Radius of the earth 

Hmax= Ionospheric layer height (350km) 

 

3 Methodology 
 

3.1 Calculation of Elevation Angle with Respect Carrier Phase 
Integer Ambiguities 
 

Observing the visibility of satellites from the earth point of view and 

following the track of the receiver, At this juncture the number of cycles may 

change due to the deviation of the phase while the satellite traversing towards 
the receiver[15,20] as shown in Figure 1(a). 
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Figure1 (a) Integer Ambiguity Resolution between Satellite and the 

Receiver (b)Carrier PhaseRanging 

 

It is inferred that the distance betweenthe satellites and receiver is 

calculated by considering the product of the time delay (τ) and the velocity of 
light (c) is given in Figure 1.b. 

 
αi = 40.3/ fi

2 
 ,   α1 = 40.3/ f1

2
  ,    α2 = 40.3/ f2

2
  , 

f1 =1575.42 MHz   ,   f2 = 1227.60MHz 

    Wave lengths are λ1 = 19.03 cm = 0.1903 m; λ2 = 24.42 cm = 0.2442 m. 

From the Figure 1(b)  

It is observed from Figure 1(b) the propagation path can be expressed as an 
integer ambiguity along with the phase changes[15, 21] and the 

corresponding pseudo range is given by  

d = (𝑵 +
𝜱

𝟐ᴨ
)𝝀       (6) 

Now replacing the Pseudo range dwithC1 (P1) and C2 (P2) for the 
corresponding frequencies f1 and f2. (as read from observation file)[22]. 

Using the above equation it is shown  

For f1; C1= (N1 +
𝐿1

2ᴨ
)λ1         


N1 =

𝐶1

λ1
−  

𝐿1

2ᴨ
    (7) 

For f2; C2= (N2 +
𝐿1

2ᴨ
)λ2        


N2=

𝐶2

λ2
−  

𝐿2

2ᴨ
    (8) 

Following eq (3) we have  

TEC= 9.52 * 10
16

 [(L2 – L1) - (br+ bs)– (λ1N1-λ2N2)] 
By neglecting biasing errors the above equation becomes  

TEC= 9.52 * 10
16

 [(L2 – L1)– (λ1N1-λ2N2)]     (9) 

By substitute eq (6) and (7) in eq (8) we can the slant TECN.  
Now by comparing the TEC by considering the integer ambiguity the 

equation (4)and (9) 

Using STECn and finding out VTEC given by  
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VTECN =
𝑆𝑇𝐸𝐶𝑁

𝑀𝐹
       (10) 

WhereMF=
1

𝑐𝑜𝑠 (Z’)
 

sin (Z’)=
𝑅𝐸

𝑅𝐸+𝐻𝑚𝑎𝑥
 sin(90-E) 

E = Elevation angle 

Further equating 5&10 should show the same results. From which we 
can determine the Elevation angle for deriving GPSTECN Resulting in 

VTECΦ= VTECN 

Therefore 

VTECΦ=
𝑆𝑇𝐸𝐶𝑁

𝑀𝐹
 

Using the above the Elevation angle can be calculated by considering the 
carrier phase integer ambiguity.  

 
3.2 Computation of IPP Coordinates 

 

The signal traversing under line of sight condition from the GPS satellite 

to the receiver, where it first intersect the surface of the ionosphere at a 

particular point is said to be the ionospheric pierce point (IPP)[23] as shown 

in the Figure 2. 
 

 

 
 

 

 

 
 

Figure 2 Ionospheric Pierce Point (IPP) Geometry 

 

It is observed that the geographic latitude and longitude of the GPS 

receiver (R, R) are pre determined, accordingly the IPP point can be 

determined in accordance with the observed azimuth and elevation angle for 
the satellite in tracking[24-25]. The IPP point is given by  

IPPsin1(sinR.cosPPcosR.sinPP.cosA)    (11) 

Where, PP , is the earth centered angle given by: 

 

PP   


From above equations it is seen that  
E=elevation angle (radians);   

A = azimuth angle (radians);  

RE = mean radius of earth (m);  

hIPP =mean height of the ionosphere; 
 

=
𝜋

2
 − 𝐸 −  sin−1(

𝑅𝐸

𝑅𝐸 + ℎ𝐼𝑃𝑃
cos 𝐸) 
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Here the height of the ionosphere is assumed to be at 350km. 

The longitude of IPP (IPP)given as: 

𝜆𝐼𝑃𝑃 = 𝜆𝑈 + 𝑠𝑖𝑛−1  
𝑠𝑖𝑛𝜑𝑃𝑃  𝑠𝑖𝑛𝐴

𝑐𝑜𝑠∅𝐼𝑃𝑃
     (12) 

 

4 Results 

 
The data acquired from Machilipatnam, India meteorological department 

(IMD) stationlocated at 16.20
0
 N  81.18

0
 E  during the date 17-03-2017.An 

attempt is made to compute GPSTEC by neglecting(equation.5) and 
considering (equation.10) of carrier phase integer ambiguity as shown in the 

figure.3 it is observed that the TEC values are reduced because of inclusion 

of carrier phase integer ambiguity and it is clearly identified graphically. 
 

 

 
(a) 
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(b) 
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© 

 
 

 
                                                   (d) 
 

Figure 3 (a) PRN – 14   (b) PRN – 18 (c) PRN – 20 (d) PRN – 21 
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From the Figure 3it is seems that the 4 different satellites ((a)PRN – 14   

(b) PRN – 18 (c) PRN – 20 (d) PRN – 21), which are visible at the same time 

interval. For each satellite as shown one is for every 2 hours the data related 
displayed in the graph and other one showis clearly the changes using the 

proposed method.    

By using the above mentioned GPSTEC valuesin IPP we can derive the 
values of latitude and longitude of the position coordinates. From the Table3, 

it is also observed that there is a change in latitude and longitude of the 

position at IPP. 

 
Table 3 Satellite Positions vs.  Geographic Pierce Position 

 

PRN 

Satellite position 

Geographic pierce position 

Neglecting Carrier phase 

ambiguity value 

Considering Carrier phase 

ambiguity value 

X Y Z Latitude Longitude Latitude Longitude 

14 24336739.78 9239124.832 5587023.471 0.288867116 1.286649934 0.250690854 1.714396359 

18 4998364.345 25370499.26 
-

7673287.288 

-

0.030277636 
1.231472387 

-

0.030344073 
1.231434175 

21 5270668.529 
-

25805761.44 

-

4183657.823 

-

0.474646559 
1.510026819 0.474360041 1.322920667 

24 11167187.84 
-

16926490.25 
16929794.61 1.098782216 0.421778841 

-

0.119022167 
1.577928067 

25 
-

15386198.37 

-

3329391.701 
21419702.32 0.474232715 1.57141461 0.018514483 1.233527809 

27 25359613.69 
-

7905381.721 
2013761.875 0.181562183 0.032063659 0.206057943 1.845201369 

29 
-

14229558.63 

-

13263055.46 
18095051.01 0.900273241 2.292270966 

-

0.043978896 
1.181147109 

 

 In order to find the precise position you can utilize the changed IPP values.  

The geomagnetic latitude, M 

sinM sinIPP.sinPcosIPP.cosP.cos(IPPP) 

where (P , P ) is latitude and longitude of specific location. 

The geomagnetic longitude GPis : 

GP UT IPP 

where, UT , is the universal time. 

By utilizing above equations we can determine geomagnetic coordinates of 

specific location. 
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5 Conclusion 
 

It clearly seems that from the observations that the values of TEC 

resulting from the phase ambiguities happened to be better byconsidering 

negligible integer ambiguities in phase. Hence we conclude that from the 
results there is substantial reduction in the time delays observed and reasons 

are due to the presence of ionosphere resulting inbetter precise positions of 

GPS receivers. 
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