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Abstract: The GNSS-HUMGAdj version 1.0 is software 
designed for the processing of Global Navigation Satellite 
System (GNSS) data in the field of surveying and mapping. 
The software has been developed based on Microsoft Visual 
Studio platform and has a capability to process GNSS data in 
RINEX format, broadcast ephemeris, and precise ephemeris 
for positioning with high accuracy. The main features of the 
software are: (i) to compute the coordinate of satellites using 
broadcast and precise ephemeris; (ii) to adjust error sources 
such as the satellite clock’s error, Sagnac effect, the 
ionospheric effect, the tropospheric effect, and the satellite 
antenna phase centre offset; (iii) to calculate the integer 
ambiguity using the integer rounding method, the integer 
bootstrapping method, and the integer least-square method; 
(iv) to calculate the relative and absolute positioning problem 
using the C/A code and P code pseudo-range observations or 
using a combination of these codes pseudo-range observations 
and carrier phase measurement. The experiment was carried 
out using GNSS data measured by a Topcon GB-1000 Receiver 
and then the results were compared with those processed by 
the LAMBDA 3.0 and some other software such as Bernese 5.0. 
The comparison results show that the accuracies are almost 
similar. Therefore we conclude that the GNSS-HUMGAdj 
software could be used for processing of GNSS data in the field 
of surveying and mapping. In addition, the software could be 
used as an alternative GNSS tool for teaching of GNSS at the 
faculty of Geomatics and Land Administration, Hanoi 
University of Mining and Geology. 
 

I. INTRODUCTION 
GNSS technology has been widely and effectively used 

not only in the field of surveying and mapping but also in 
other fields of geoscience such as geodynamics, the Earth 
atmosphere, and navigation in Vietnam. In order to use 
GNSS signals, GNSS receiver and GNSS processing 
software is needed. Currently, GNSS receivers are supported 
by many software packages such as Trimble Business 
Centre (Trimble), Hi-Target (CMC), Pinacle (Topcon), 
Leica GNSS Spider (Leica), and in general they can process 
GNSS short baselines with medium accuracy. To improve 
accuracy, some software with the capacity of producing high 
accuracy has been developed such as Bernese, Gamit/Globk, 
and Gipsy-Oasit. To illustrate clearly the process of GNSS 
resolution, Sandra Verhagen and Bofeng Li (Verhagen and 
Li, 2012) developed the LAMBDA 3.0 software, however it 
has been seldom used in Viet Nam. In Viet Nam, several 
software packages were developed such as GUST software 
(Hoa, 2013) for studying geodynamic, GNSS-PRO software 
(Huong, 2015) use for resolving the short baseline of the 
combination GPS/GLONASS signals, and the NAVISTAR 
software for high accuracy positioning purposes.  

Since these software packages are commercial, therefore 
new packages with open sources should be developed. In 

addition, the department of Geodesy in the faculty of 
Geomatics and Land Administration, Hanoi University of 
Mining and Geology, has been teaching GNSS courses for 
surveying and mapping for more than 20 years, therefore 
open source GNSS packages for those courses are highly 
necessary.   

We address these issues by proposing a new open source 
GNSS software, namely GNSS-HUMGAdj version 1.0, 
developed based on Microsoft Visual Studio platform. The 
main features of the GNSS-HUMGAdj are as follows: (i) 
calculate the coordinate of satellites on their orbit over time 
by using broadcast ephemeris and precise ephemeris; (ii) 
resolve the absolute positioning problem using the C/A code 
and P code pseudo-range observations or combine code 
pseudo-range with phase measurement; (iii) estimate integer 
ambiguity using methods such as the integer rounding, the 
integer bootstrapping or the integer least – square; and (iv) 
calculate the relative positioning problem using code 
pseudo-range observation or carrier phase measurement. 
 

II. THEOREITICAL BACKGROUND OF THE METHOD 
USED FOR THE DEVELOPMENT OF GNSS-

HUMGADJ VERSION 1.0 

A. Determination of the satellites’ coordinates overtime 
It is well-known that the interval of a satellite’s orbit is 2 

hours in the broadcast ephemeris and 15 minutes in the 
precise ephemeris while the interval of receivers varies from 
1 second to 30 seconds. To solve the positioning problem, 
the coordination of satellites at every epoch must be 
calculated. For works that need the medium accuracy, the 
broadcast ephemeris is commonly used whereas the precise 
ephemeris is used for cases that need higher accuracy. In the 
GNSS-HUMGAdj, the satellite’s coordination is estimated 
using the two ephemerides. 

The explanations of formulas that are used to compute the 
satellite’s coordinates from the broadcast ephemeris can be 
found in Guochang (2007). The satellite’s coordinates based 
on the precise ephemeris (Guochang, 2007) can be 
calculated using Equations 1 and 2 as below: 

m

j j
j=0

y(t) = L (t).y(t )∑ 	 (1)	
       
where: 
 

m
k

j
k=0 j k

(t - t )
L (t) = , k  j

(t  - t )
≠∏ 	 (2)	

m is the order of the polynomial, y(t) are given data at the 
time tj. 
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B. Absolute positioning 
Absolute positioning is one of the basic tasks in 

positioning. Since we use only one receiver to locate the 
coordinate of objects, therefore to resolve the absolute 
positioning, first, we have to solve the relative positioning to 
get a coarse coordinates of the receiver that is used for 
converting the satellite’s coordinates and adjusting some 
residuals of observations. 

The absolute positioning allows users to gain better 
accuracy, however, it is also dependent on the method used. 
In general, the accuracy can vary from several meters with 
the standard point positioning (SPP) method down to several 
centimetres with the use of the precise point positioning 
(PPP) (Sanz Subirana et al., 2013) and even millimeters for 
geodynamic purposes (Wang, 2013). 

The absolute positioning algorithm using the pseudo-
range codes can be written as below (Sanz Subirana et al., 
2013): 

From the code meassurements Rj for n ≥ 4 satellites 
j j j j j j j j

1ˆR  = ρ  + c(δt - δt ) + Tr  + α I  + TGD  + M  + ε ,
j = 1, ... , n

	 (
3)	

After adjusting some error sources to the observation, we 
linearize equation (3): 

 
j j j

j j j 0 0 0
0 j j j

0 0 0

x -x y -y z -z
R  - ρ  - D  = dx +  + dz + cδt,

ρ ρ ρ
j = 1, ..., n

	

(
4)	

where j j j j j
1ˆD  = -cδt  + Tr  + α I  + TGD .  

The previous system for the navigation equation is writen 
in a matrix notation as: 
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(
5)	

After solving Equation 5, the estimated coordinates of the 
receiver is: 

0

0

0
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z z dz
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	 (6)	

 
Instead of using only the pseudo-range codes as in SPP, 

the PPP method uses the linear data combination of codes of 
pseudo-range and phase measurement (Sanz Subirana et al., 
2013). The process of resolving precise positioning points 
can be explanined following steps: 
• Preprocess: we adjust some error sources for 

observations, smooth the pseudo-range codes, detect 
and adjust cycle slips to phase measurement; 

• Adjustment of parameters for PPP by computing carrier 
phase biases, wet tropospheric delay (is taken as a 
random walk process 1 cm2/h), receiver clock, and 
receiver coordinatation; 

• Carrier phase ambiguity fixing. 

C. Ambiguity resolution 
When using phase measurement, the integer ambiguity 

and some others parameters must be determined. Several 
methods can be used to calculate the integer ambiguity 
(Verhagen, 2005) such as the integer rounding, the integer 
boostrapping, and the integer least-square (ILS) methods. In 
general, the ILS is considered as the most efficient  method 
for calculating the integer ambiguity due to the highest 
accuracy obtained. 

D. Relative positioning 
The equation for relative positioning that based on the 

carrier phase measurement between two receiver, i.e. A and 
B, and two satellites, i.e. j and k, can be written as belows 
(Guochang, 2007): 

j j jj
AA A A,φ

j j J
A,φ φ φA A,φ

φ (t) = φ (t) - φ (t) + N (1) + I (t) +

f            + T (t) + d (t) + d (t) + d (t) + ε
c

	 (7)	

where: Aφ (t) = the phase of receiver’s oscillator 
jφ (t)  = the received signal phase of the satellite 
j
AN (1)= the integer ambiguity 
j
AI (t)  and j

AP (t) = the ionospheric and tropospheric 
effects 

j
A,φd (t)  and j

φd (t) = the delay of transmitting signal 
caused by the hardware of receiver and satellite. 

φε  = the random error. 
The double difference equation is presented as: 

jk jk jk jk
AB AB AB AB

1Δφ (t) = ρ (t) + N  + ε
λ

	 (8)	
Or 

jk jk jk jk
AB AB AB ABλΔφ (t) = ρ (t) + λN  + ε 	 (9)	

where:  jk
ABε is the effect of some other error sources. 

In Equation 9, satellite j is the reference satellite. And the 
coordinate of one receiver must be known. We assume that 
A is the known point (dXA = dYA= dZA = 0). Using Taylor 
expansion for Equation 9 , ignoring the high grade and 
convert it to a correction equation, we have: 

 
jk jk jk jk

B B BXB YB ZBAB
jk jk
AB AB

V (t) = a (t)dX  + a (t)dY  + a (t)dZ

 + λN  - l (t)

+ 	 (10
)	

where 
 jk jk j jk k

Bo ABoAB AB Al (t) = λΔφ (t) - ρ (t) + ρ (t) + ρ (t) - ρ (t)  
The unknowns of Eq.10 are the coordinate correction of 

B (dXB, dYB, dZB) and the integer ambiguity of double 
difference jk

ABN . If A and B receive GNSS signal 
simultaneously in nt epochs, Equation 10 can be rewritten as 
below: 

V	=	BXB	+	AXN	+	L,	P	 (11
)	

where:  
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Equation 11 has two groups of solutions, XB is the real 

solution and XN is the integer solution, therefore they can’t 
be compute simultaneously. If we solve Equation 11, we 
receive only the float solution. The fixed solution could be 
obtained in a process including three major steps as follows: 

The first step: determine the float solution by using the 
least-square method. In this step, both XB and XN are real 
numbers; 

The second step: using the searching technique and the 
solution in the first step to estimate the integer ambiguity. 
The result of this step is the set of difference ambiguity; 

The third step: substituting the result of the second step to 
Equation 11, we can get the best solution (fixed solution). 

III. THE GNSS-HUMGADJ SOFTWARE AND THE 
EXPERIMENTAL RESULTS 

A. Introduction to GNSS-HUMGAdj software 
The GNSS-HUMGAdj software has been developed 

based on the Microsoft Visual Studio platform. Microsoft 
Visual Studio is an IDE (Integrated Development 
Environment) that was designed by the Microsoft company 
to help programmers to develop their own applications. In 
addition to the basic functions such as coding, building, and 
debug, Microsoft Visual Studio also provides some 
functions such as: 

Work in groups by Team Foundation Server; 
Advanced Breakpoints; 
Hot keys and plugin for helping the users work faster; 
Wizard classes; 
Customize link the project and library, related files. 
The interface of this software is shown in Figure 1. 
 

B. Some main functions of the GNSS-HUMGAdj software 

This software consists of several main functions as follows: 
• The manager module: it can create new folders and 

open them; 
• Data input module: input data such as observation files, 

broadcast ephemeris, precise ephemeris, ANTEX files, 
and the known point files; 

• The module for computing satellite coordination: this 
module is used for computing the coordinates of 
satellites using  the broadcast and precise ephemeris; 

• The module for adjusting the error sources of 
observations: it can adjust some error sources such as 
the satellite clock’s error, Sagnac effect, the ionospheric 
effect, and the tropospheric effect (in this module we 
can use some tropospheric models as Saastamoinen 
model, Hopfield model, Neil model for SPP, and Neil 

model for PPP), the satellite antenna phase center 
offset; 

• The ambiguity resolution module: it can resolve the 
integer ambiguity using methods such as the integer 
rounding, the integer bootstrapping, and the integer 
least-square; 

• The absolute positioning module: This module can 
solve the absolute positioning problem using the 
pseudo-range code or the combination of the pseudo-
range code and carrier phase measurement; 

• The relative module. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure1. The interface of the GNSS-HUMGAdj software 

C. The experimental result 

1)  The experimental data 
The experimental data in this report consist of: 
• The data for absolute positioning: The experimental 

data was measured by the Topcon GB-1000 receiver 
at a study site in Hanoi city for 12 hours with a time 
interval of 30 seconds. The GB-1000 is a dual 
frequency receiver, so it can track both GPS satellites 
and GLONASS satellites. The measured data was 
then converted to RINEX format. In RINEX format, 
the GB-1000 data has seven observation which are 
C/A code observation on L1 carrier (which are 
denoted as C1), P code observation on L1 and L2 
carrier (which are denoted as P1 and P2), L1 and L2 
phase observation and Doppler observations (which 
are denoted as D1 and D2); 

• The data for ambiguity resolution: we used the data  
publish by Kai Borre (Borre, 2009). 

2)  Calculation of the coordinates of satellites using the 
broadcast ephemeris 

The satellite’s coordinates were calculated using the 
broadcast ephemeris file, which was measured by the GB-
1000 receiver from 1h13m15 to 3h11m10 with the interval 
of 15s on October 16th 2010 at Hanoi, Viet Nam. This 
ephemeris was used for interpolating the satellite’s 
coordinates at all epochs. The computed results are shown in 
Table 1 as follows: 

TABLE 1. THE SATELLITE COORDINATES COMPUTED BY BROADCAST 
EPHEMERIS 

No Epoch PRN Satellite’s coordinate (km) 
X Y Z 

1 1h14m45s 3 -10531.347      18902.255 14784.952 
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6   -13793.452       14116.400 17856.339 
7  12953.875     9852.211 21027.211 

13  6214.371    21072.560 14757.879 
16 -16513.100          4860.370 20332.923 
19 -7350.610      25003.480   4127.723 
23 911.543       25846.260 5193.783 
24 -17681.153     15892.552 -11529.872 

2 1h15m00s 

3 -10536.856    18872.828     14818.210 
6 -13795.138    14082.523    17882.267 
7 12917.854     9869.512    21040.959 

13 6207.510    21100.170    14721.527 
16 -16543.070     4836.273    20314.676 
19 -7353.859    24994.820     4174.695 
23 906.267     25855.714     5147.002 
24 -17703.416    15896.719 -11489.737 

3 1h30m00s 

3 -10915.926      17004.677 16672.746 
6   -13945.419    11971.575     19278.176 
7 10749.412       10985.283 21679.955 

13 5860.649       22637.362 12416.637 
16 -18322.735        3481.276 19047.002 
19 -7540.281        24320.618 6947.529 
23   615.281        26267.133 2302.406 
24 -18901.983       16122.601 -8986.559 

 
The satellite coordinates that were provided by IGS at the 

same time are shown in Table 2: 
TABLE 2. THE SATELLITE’S COORDINATE PUBLISHED BY IGS. 

No Epoch PRN Satellite coordinate (m) 
X Y Z 

1 1h15m0
0s 

3 -10536.857   18872.829   14818.211 
6 -13795.138   14082.524  17882.267 
7 12917.8546    9869.5123   21040.959 

13 6207.5108     21100.172 14721.528 
16 -16543.072      4836.272 20314.676 
19 -7353.860      24994.820 4174.694 
23 906.267     25855.714 5147.001 
24 -17703.416   15896.720 -11489.738 

2 1h30m0
0s 

3 -10915.926   17004.677   16672.746 
6 -13945.420   11971.576   19278.177 
7 10749.413   10985.282   21679.955 

13 5860.649     22637.364 12416.637 
16 -18322.737    3481.276 19047.002 
19 -7540.282      24320.618 6947.528 
23 615.280     26267.133 2302.405 
24 -18901.982  16122.603   -8986.560 

From Tables 1 and 2, we can see that the maximum error 
of the satellite’s coordinate at all epochs is approximately 2 
meters. 

3)  Calculation of the satellite coordinates using the 
precise ephemeris 

Using the precise ephemeris file, igs16056.sp3, provided 
by IGS and the Lagrange interpolate algorithm at grade 9, 
the coordinates of satellites were computed and the results 
are shown in Table 3. 

 
TABLE 3. THE SATELLITE’S COORDINATE INTERPOLATED FROM PRECISE 

EPHEMERIS 

No Epoch PRN Satellite’s coordinate (m) 
X Y Z 

1 1h14
m45s 

3 -10531348.544    18902256.032    14784953.552 
6 -13793452.522       14116401.219 17856339.669 
7 12953876.185         9852211.480 21027211.428 
13 6214372.152       21072561.587 14757879.833 
16 -16513102.274        4860370.508 20332923.668 
19 -7350611.636        25003480.216 4127722.229 

23 911543.073     25846260.882 5193782.374 
24 -17681152.491    15892554.592 -11529873.291 

2 1h15
m00s 

3 -10536857.212   18872829.210   14818211.704 
6 -13795138.707   14082524.432 17882267.499 
7 12917854.956    9869512.396   21040959.445 
13 6207510.849     21100172.369 14721528.163 
16 -16543072.920      4836272.743 20314676.756 
19 -7353860.363      24994820.989 4174694.216 
23 906267.566      25855714.437 5147001.603 
24 -17703416.134   15896720.772 -11489738.546 

3 1h30
m00s 

3 -10915926.947   17004677.143   16672746.828 
6 -13945420.298   11971576.289   19278177.153 
7 10749413.151   10985282.900   21679955.754 
13 5860649.655     22637364.427 12416637.730 
16 -18322737.448    3481276.147 19047002.821 
19 -7540282.764      24320618.547 6947528.517 
23 615280.878     26267133.563 2302405.373 
24 -18901982.920   16122603.577   -8986560.246 

 

4)  Calculation of the integer ambiguity resolution 
The ambiguities in real number format as follows:  

5.45
â = 3.10

2.97

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

 

The co-variance matrix of the ambiguities is as follows: 

â

6.290 5.978 0.544
Q  = 5.978 6.292 2.340

0.544 2.340 6.288

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

 

The ambiguity computed by the integer rounding method: 
 

R

5
a  = 3

3

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

(  

The result obtained from the integer bootstrapping 
method: 

T -1
B

1 1 0 -5 5
a  = (Z ) z = 1 1 -1 10  = 3

0 1 -3 2 4

⎛ ⎞⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠

( (  

The integer ambiguity computed by the integer least-
square method. 

The result of 2χ is 1.200 
The integer ambiguities are  

T -1
B

1 1 0 -5 5
a  = (Z ) z = 1 1 -1 10  = 3

0 1 -3 2 4

⎛ ⎞⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠

( (  

From the above results, it could be seen that the results 
computed by the GNSS-HUMG software completely 
coincide with the result published by Borre (2009). 

The ambiguities in real number format are as follows:  
5.45

â = 3.10
2.97

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

 

The co-variance matrix of the ambiguities is as follows: 
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â

6.290 5.978 0.544
Q  = 5.978 6.292 2.340

0.544 2.340 6.288

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

 

 The ambiguity computed by the integer rounding method 
is: 

R

5
a  = 3

3

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

(  

The result obtained from the integer bootstrapping 
method is: 

T -1
B

1 1 0 -5 5
a  = (Z ) z = 1 1 -1 10  = 3

0 1 -3 2 4

⎛ ⎞⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠

( (  

5)  The result of the absolute positioning 
Using the aforementioned data, the absolute positioning 

was calculated by the GNSS-HUMGadj software. The result 
(Table 4) is computed by the standard point positioning 
algorithm without using the carrier phase and the precise 
ephemeris. 

 

TABLE 4. THE ABSOLUTE POSITIONING RESULT 

No Epoch Option Geodetic coordinate 
B(o ’ ”) L(o ’ ”) H (m) 

1 0h 0m  
00s 

1 21   5  48.938 105  42  9.56 -11.991 
2 21   5  48.951 105  42   9.5 -14.8208 
3 21   5  49.0113 105  42   9.361 -74.4695 

2 0h 0m  
30s 

1 21   5  48.9727 105  42   9.632 -8.320 
2 21   5  48.9865 105  42   9.623 -11.2144 
3 21   5  48.9858 105  42   9.624 -11.0785 

      

Average 
values 

1 21   5  48.9575 105  42   9.609 -13.517 
2 21   5  48.9758 105  42   9.597 -14.893 
3 21   5  48.9753 105  42   9.600 -14.933 

 
To evaluate the accuracy of the absolute positioning 

computed by the GNSS-HUMGadj software, we compared 
this result to the result calculated by Bernese 5.0 (with using 
the data of some IGS permanent stations). This result is 
shown in Table 5 as below: 

TABLE 5. THE RESULT COMPUTED BY BERNESE 5.0 

No File name Geodetic coordinate 
B (o ‘ “”) L (o  ‘ “) H (m) 

1 3660724a.09o 21    5    48,97 105    42    9,61 -10,1855 
 
Converting these results from the geodetic coordinates to 

plane coordinates and compared them by this formula: 
 

dB" dL"dN = (M + H) ;dE = (N + H)cosB ;dU = dH
ρ" ρ"

	 (12
)	

 
The deviation of the plane coordinates shown in Table 6.  

TABLE 6. THE DEVIATION OF COORDINATE OF TWO METHODS 

 No Option Deviations of geodetic coordinate 
dN dE dP dH 

1 1 -1.186         -1.667 2.046     -1.614 
2 -0.771     -1.988      2.133     -4.444 

3 1.053     -7.404      7.479   -64.093 

2 
1 -0.133      0.414      0.435      2.056 
2 0.292         0.149 0.327     -0.838 
3 0.271             0.170 0.320     -0.702 

      

Average 
1 -0.599 -0.256 0.652 -3.140 
2 -0.037 -0.611 0.612 -4.516 
3 -0.052 -0.520 0.523 -4.556 

 
It could be observed that 100% of the epochs have dP ≤ 

3m whereas around 92% of the total epochs have dP ≤ 2m, 
and around 42% of the total epochs have dP ≤ 1m.  

IV. CONCLUDING REMARKS 
In this paper, we introduced newly developed software 

for positioning problems, namely GNSS-HUMGadj. This 
software has a Vietnamese interface; therefore it is 
convenient for Vietnamese users. The experimental results 
show that the accuracy of positioning points is the same 
with the result obtained from LAMBDA 3.0. Since this is 
open source software, it is able to be used for assisting 
GNSS courses at the faculty of Geomatics and Land 
Administration, Hanoi University of Mining and Geology. 
In addition, the software could be used for position 
problems in the field of surveying and mapping. 
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