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Abstract. GNSS technology has made great contributions taé¢ivelopment of surveying and
mapping in Vietnam. Many useful GNSS processingvsre packages have been created and
widely used all over the world. However, since thesftware programs only have input and
output, the new users without expert theoreticalvWdedge (especially new students) can not
understand the principle or interfere with the psxto obtain explicit results at each step.
Therefore, the research team has built the GNSS-BWY] software package to visually
illustrate GNSS data processing steps for studentse. In the design stage, the group has learnt
the experience in programming GNSS processing sofwinheriting published GNSS data
processing algorithms. In addition, some algorithreach as converted GNSS baseline in
resolving the relative positioning problem, adjngtthe receiver antenna height, and the effect
caused by the change of distance over time wereldjged in the software.

1. Introduction
GNSS technology has been applied since the 199Dkasicreated a new revolution in surveying and
mapping in Vietham. Based on it, a 2D traditionebdetic network was modernized, and unified on
Vietnam’s territory; thus, successfully establighithe VN-2000 reference system [1]. In addition,
GNSS technology is also widely applied in othefdBesuch as environmental resource monitoring,
disaster warning and observing. However, in Vietndma application of GNSS technology monitoring
still uses instruments, software packages, andhtdoby solutions by foreign corporations such as
Trimble, Leica, Topcon,... There have been some fagmit researches on manufacturing GNSS
receivers and software packages like the produttavis center — Hanoi University of Science and
Technology [2], the short baseline GNSS processifigvare using GPS/GLONASS mixture data [3].
GNSS processing software can be divided intodleving groups:
a. The software group installed in the receiver (Thé&ware-Defined Receiver (SDR)): It is used
for controlling the hardware of the receiver, nagm@NSS-SDR [4], ipexSR [5], NAMURU
[6],...

b. The commercial software group designed by GNSSufaaturers such as Trimble Business
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Center made by Trimble [7], Topcon tool [8], HGQ, [Bompass post-process [10]: This group

is often used for processing short baseline witdiom accuracy requirements.

c. The group of scientific software: It is applied famocessing long baseline for the purposes of
geodynamic research, atmospheric studies,... Somieatygxamples are Bernese [11],
Gamit/Globk [12], Gipsy-Oasis [13],...

d. The online processing software group: This grouwides the GNSS processing service based
on continuously operating reference stations (CAR8)14, 15],...

e. The open-source software group including some soéwackages as follows:

- RTKLib [16] programmed by C++ language for praiag GNSS data for RTK and PPP
problems using signals from all GNSS data.

- LAMBDA [17] for determining the integer ambiguitywith many versions. It is built on
different programming languages based on the thafosgarching integer ambiguity [18] that
include both paid and free versions.

- Raw GNSS measurements [1] with some solutionssfceiving the raw data from some types
of mobile phones...

Among these aforementioned software, there areymmaluitions and software packages created by
some institutes and universities such as: GNSS-8DRpexSR [5], NAMURU [6], Bernese [11],
LAMBDA [17]... Some of them are being widely usegldrientists all over the world like Bernese or
effectively utilized in researches on processingSSNlata such as LAMBDA, ... Furthermore, there is
some software built for teaching about satellitsifianing as BaselineByCode [19].

Vietnamese users are also divided in two groupg$lassurveyors at surveying - mapping companies
who are using commercial software packages suchB& Leica Spider, Topcon Tool, etc..., (2)
researchers at institutes and universities wh@appdying both the commercial and scientific softsvar
packages (mainly Bernese and Gamit/Globk), onlafevgire and open source software.

These above-mentioned software packages (excepp#resource software) such as black box only
have input and output; therefore, the users (ealeciew students who have just studied Satellite
Positioning) can not understand the principle ¢eriere with the process to obtain explicit resalts
each step. In the case of using open source seftia users must have expert theoretical knowledge
to interfere with existing programs or build advameodules. Based on these issues, in order to irapro
education quality, the research team has builtGINSS-HUMGAd] software package to visually
illustrate GNSS data processing steps for studentse. In the design stage, the group has Ielaent t
experience in programming GNSS processing softwaleeriting published GNSS data processing
algorithms. In addition, some algorithms such @sverted GNSS baseline in resolving the relative
positioning problem, adjusting the receiver anteheght, and the effect caused by the change of
distance over time were developed in the softwlrese self — developed algorithms will be introdLice
later.

2. Theoretical basis

2.1. GNSS data format
Data types that are used in processing GNSS oligemacludes the following formats:

- RINEX includes Observation data(*.OBS or *.yyOhiah contain the code pseudo-range, phase
measurements...., the broadcast file (*.NAV or *.yylyyG) and meteorological data (*.MET) [20].

- ANTEX comprises receiver antenna and satelliterama information [21], used to adjust the
satellite antenna and receiver antenna errors.

- Precise ephemeris (*.SP3).

- Difference Code Bias (DCB).

- Other data like the coefficients to correct tifea of ocean load (*.BLQ) [22]....

2.2. Computation of the satellite position overetim
The principle of satellite positioning problem igtarsection baseline in space problems in which
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satellite coordinates serve as original data. Dejpgron the computing method, the coordinates ean b
determined by using broadcast ephemeris or prepisemeris. In case of processing short baselire wit
medium accuracy, the satellite positions are catedl from broadcast ephemeris. When solving the
long baseline processing problems or the high acyuproblems (such as studying the geodynamic,
establishing the reference system), the satelitedinates are computed by using precise ephemeris
[23]. The formula for calculating satellite posite®using precise ephemeris is:

(t-to)(t-t1)(t-tg) (k- Gg1)-(t- tn)
lj )= (tj-to)(tj - t1).(Ej 'ij-l)(tj3tj+1)---(tj'tn) @
X(6) = ZiZo X (£)L(0) (2)
Y(6) = T YL@ 3)
Z(t) = XtoZ(t)Li(0) (4)
dT(¢) = XjLodT(t)(0) (5)

It should be noted that the antenna phase cendegeometric center of some satellite do not overlap
thus we need to adjust this deviation (the ecagtytiof the transmitter satellite signals) when paiting
the satellite position over time [14].

2.3. Adjusted effects of some error sources to GiS&rvations
GNSS observations are influenced by many errorcesuvhich can be divided into 3 groups:

a. The satellite errors:

- Satellite’s clock error: For relative positionirtgis error can be removed by the single diffeeenc
For single point positioning, this error is minimi by using the clock parameters in the ANTEX file
or precise ephemeris [24].

- The delay time caused by satellite hardware.

- The eccentricity of satellite transmitter signal.

b. The receiver errors:

- The receiver’'s clock error: When eliminated, thrsor is treated as a unknown number in the
satellite positioning problem;

- The delay caused by receiver's hardware: theeetan methods to remove this error: (1)
downloading and adjusting the parameters to observ# they are estimated for receiver [25]; (2)
determining these parameters in the preprocessitagstiage before resolving the positioning problem.

- The eccentricity of antenna phase center: tharmpeaters are used in ANTEX file to adjust these
errors [23, 26].

c. The transmission medium errors:

- The ionosphere error: The electron particles glbie wave propagation direction from satellite to
receiver have different effects on phase obsematind code pseudo-range [23, 25]. The linear
combination of GNSS observations and Global (orores) lonosphere Map can be used to minimize
this error.

- The troposphere refraction: Due to the variatafhrefractive index coefficient, the signal
propagation from satellite to receiver is refractedhe transmission time is delayed. This errfacés
both phase observation and code pseudo-range $23TRe troposphere models such as Hopfield,
Saatamoinen, Neil... are often used to adjust tha.er

- The multi-path error: This is a common error tN$S observation, there are some methods to
adjust this error [27].

2.4. Ambiguity resolution problem

Phase measurement is used in all high precisequsi problems. It's characteristic is
the undetermined integer of wavelength (Integer igmty). This value is computed
simultaneously with other parameters when the jositg problem is resolved. The accuracy
of integer ambiguity is the deciding factor to solthe positioning problem using phase
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measurements. There are many methods to determteger ambiguity like FAST, IR, IB,
LAMBDA .... The GNSS_HUMGAUJ;j resolves integer ambityuby IR, 1B, LAMBDA.

2.5. Single point positioning problem
Absolute positioning is one of the two basic profdein satellite positioning problem. According to
statistic results [14], the application of singlgind positioning accounts for more than 90% of GNSS
applications. Absolute positioning is divided i@ problems: Standard Point Positioning — SRP an
Precise Point Positioning — PPP.

SPP problems is solved by the following proced@d:[From the code measurements Rj far 4
satellites

R/ =p/ +c(8t-8t)) + Tr/ + 6,1/ + TGD/ + M/ + ¢/, (6)
j=1,..,n
After adjusting some error sources to the obsemaive linearize equation (6):

S xpX -y zp-7 (7
RJ-pé—DJ= O]. dx+y0]y + Oj dz + cdt,
Po Po Po
j=1,.,n

whereD’ = 63t/ + T¥/ +§,1/ + TGD'.
The previous system for the navigation equatiomrigen in a matrix notation as:

R'- p(l) -D?t
R™ - pg -D"
Xo-x'  yo-y' zp-z! 1 dx (8)
PG PG PG dy
Xo-x"  yo-y" zp-z" dz
Py Py Py cot

After solving Equation 8, the estimated coordinatethe receiver is:

X Xo dx
<y> = ()’o> + (dy) 9)
z Zo dz

The issue of resolving SPP problem is computingliéat coordinate using broadcast ephemeris,
thus the accuracy of point location in this casm.s

Different to SPP, PPP problem uses some speciali@a to achieve accuracy from cm to dm,
namely, using linear combination of both code psewathge and phase measurement; determining
satellite position using precise ephemeris; adjgsthe effects of ionosphere layer using Global and
regional ionosphere map; correcting the effectsashe errors such as the earth pole movement, the
ocean loading, the earth tide... [14, 24]. Equation @is case will be:

y = Gx (20)
while
RE - p} + cdt! - Trg
@ - pg + cdt! - Trg - Ayw?!
V=] (12)
RE - py + cot™ - Trg
D¢ - py + oo™ - Trg - Ayw™
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Xo-x'  yo-y' zg-zt
"pé "pé Opg 1 My O .. 0 .. O
xXo-x'  yo-y' zg-z'
°pé "pé "pé 1 My 1 .. 0 .. O
" - -
YorX VoY Zor g opmkoo0 .00 .. 0
_ Po Po Po
6= Xo -xk Yo 'Yk Zy - z¥ k (12)
1 M o .. 1 . O
P& P& P& wet
Xo-X" Yo-y" Zp-z"
°pg °pg °pg 1 M O ... 0 ... 0
Xo-x" yo-y" zg-z"
°pg °pg °pg 1 M O ... 0 ... 1
1 k n\T
X= (dx dy dz cotg ATrpwee B .. Bc .. BC) (13)

Instead of using the least-square principle, thémida filter is often used to solve the absolute
positioning [28].

2.6. Resolving the relative problem
Relative positioning achieves the accuracy from toram, depending on the measurement time, and
the algorithm applied to solve the problem. Relpwositioning includes static problem and kinematic
problem. The procedure of solving this problem bardescribed as the following steps:

- Input and manage data;

- Preprocess;

- Choose the referent satellite;

- Compute the effects of error sources to obsarmati

- Resolve the real resolution;

- Estimate the variance for observation;

- Resolve integer ambiguity;

- Fix the solution.

2.7. Developing solutions for processing GNSS data

Apart from using the GNSS process algorithms whighdeveloped by scientists all over the world, the
research team also developed some algorithms suatljasting the receiver antenna height in relative
positioning, the algorithms for correcting the oparof distance over time [26]. In this article, the
authors will introduce the algorithm for adjustitig distance over time to observation.

In the absolute positioning problem using code geaange, the derivative of the distance over time
(p(t)) must be considered as the varied coefficient adpisted to pseudo-range due to the
asynchronous time as below:

Ap(t) = p(t). 4t (14)

While p(t) = (dp/dt) andAt is the propagation time from satellite to receiver

From the relation:

p2 =R?+ 12— 2Rrcosy (15)
We have:
dp _ r—Rcosy dr  Rr . ay
(E)VT = + 5 sinyp— (16)
There is a relationship between the radius andndger axis of the orbital motion of the satellite:
_ a(l—e?) (17)
. . l+ecosv . .
The derivative of radius over time is computedodisws:
dr _ ae(1-e?*)sinv dv
dt ~ (1+ecosv)? ' dt (18)

Through some transformation steps, we have:
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dp _ a.e.(1-e?)sinv(r—-Rcosy) , Rr , av
Govr ={ S(Ltecos ) + [A1 sin(w +v) — By cos(w +Vv)]} - (19)
dv.__dE _ No . )

(20)

at dat (1—ecosE) = (1—ecosv)
Formula (19) will be rewritten as below:
da a.e.(1—-e?)sinv(r—Rcos R.r [Aq sin(w+V)—B, cos(w+Vv
(d_ig)VT = { p((1+e cjsv)z((l—e cosvlf) + T[ ; ((1—2 co;v) ( )]}no (21)
When proving formula (21), only the movement ofefiagé on its orbit is considered, the Earth is
regarded as motionless. In fact, the Earth is emrtigt orbiting, so this movement must be computed
into the derivativelp/dt:

(%)td = wgR.cos By cosE .sinA (22)
Thus, the total effect of satellite movement andliemovement in derivativeyis
. d d
p®) = vr = BDa (23)

It can be seen that after adjusting the effedt@Barth movement, the value(%f)td. Atis removed
due to the opposite sign.

3. GNSS-HUM GAd]
With the target of developing a GNSS processingnsok package for teaching and researching at
Hanoi University of Mining and Geology, this progranust ensure that the language in the interface is
Vietnamese.

GNSS-HUMGAJ] is built by Visual Studio language wihe interface in Figure 1.

o GNSS-HUMGAG]

Quanly Nhépséliéu PDinhvituyétdéi Xilycanh Binhsai Caidathétoadd Tiénich

A
{_ Internat

i b ®

Figure 1. The main interface of GNSS-HUMGA(]

Some major features of this software are listefbbmws:

- Management: This function can create new foldee, object where the data input is stored,
intermediate calculation data and final result.

- Input data: The program can input some data tgoes as all RINEX versions (include both
observation data, broadcast ephemeris), precisenapis, IONEX, ANTEX, Ocean loading data, data
of the the Earth pole movement... The input datetion of the software is illustrated in Figure 2.
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o GNSS-HUMGAd]

X ly canh
Nhip s6 liéu dang RINEX  »
Nhap s liéu IONEX

Nhap <6 liéu DCB

Nhap s8 liéu EOF

Nhip sé ligu BLQ
Chinh stra dir liéu RINEX
_l |

Quan ly

7
| Internet

ST i

Figure 2. Input data interface

- Single point positioning: This feature permiteissto choose SPP or PPP problems with different
setting options as shown in Figure 3.

0 Cai dst B
lositido P v] Lich v& tinh |Lich vé tinh quangba - |
Bai luu |Saastamoinen v | Phudng phap giai |LSQ_ULF‘S v |
Bign ly IKnbaick-% v DO chiniase (0003 | [ooos |
S6 thdi didm GiMs |2 | Tysogilacactido 190 |
S— Higu chinh KC |Tham s6 quy dao v]
Trong s6 |Ham goc cao ~ |
Hé s6 Klobuchar Trang thai dinh vi |FIXED v | Xid Iy nhay dong hd MT Icé L |
Tinh chuyén toa do phing [Cé v| DeB [ce v|  Tim kism N [Lam tron v|
Mi DCB_Tdg [0 ] Tinhdolechioadod [Khang v]
Ghi nhd

Figure 3. Setting some parameters for single point positigni

Users can choose and change many setting opt@nsxample, types of observation, ephemeris
types, methods to adjust the effects of tropospher@sphere; methods to correct the change of
distance, methods of computing weighting numbeasisference to horizontal coordinate...

- Baseline Processing: Similar to single pointifpmsing, this section also allows users to setotes
related parameters to solve positioning problemgsrasented in Figure 4. In addition,the authors als
offer many setting options to illustrate clearlydarisually how to resolve the satellite positioning

- Coordinate system setting: GNSS positioning tesate the coordinates perpendicular to the
geocentric space (XYZ) and usually in the WGS-8drdmate system. This module allows converting
coordinates from BLH to XYZ and vice versa, frone tWGS-84 coordinate system to the VN-2000
coordinate system and vice versa, from geodeticduoate BL to the planar orthogonal coordinate
system xy and vice versa.
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a7 Cai @t tham s6 cho dinh vi tuang doi
Phwong phap giai | Tudng ddi tinh v | Goc ngwing |_1 5
Hé théng vé tinh |gPs v|  Hiéu chinh ATMT [Hiéu chinh vaotoads -
Tham s6 @& chinh xac do cia may
Loai tri do L1 v [10 | [10 |
Lich v tih |Lich v& tinh quangba |  Trong s6 V/sin(E)"2 v|
Phwong phap tim kiém N |Lam wron | MTTS [Xich ma nhu nhau v|
Phudng phap giai RTK  |PMODE_FIXED v] NG [inh |dynamics v]

Ghi nhd

Figure 4. Setting some parameters to resolve relative jpositg problems

Utility module: This function provides some optidios users.
When positioning problems are resolved, all valokeall calculation steps are printed in separate
files for users to follow and refer to.

4. Empirical calculations
This section illustrated the results of empiricallcalations in searching integer ambiguity and isglv
absolute point positioning problems (SPP and PPP).

4.1 Results of integer ambiguities

a. Input data
Integer ambiguities in real number format [29] are:

5.45
a= (3.10)
2.97
The corresponding co-variance matrix of the integgabiguities in real number format is:
6.290 5.978 0.544
Qs = (5.978 6.292 2.340)
0.544 2.340 6.288

b. Results of integer ambiguities

5
- The ambiguity computed by the integer roundinghoé is: d; = (3)

3
- The ambiguity obtained from the integer boofgtiag method is:

1 1 0\/-5 5
dg=Z"lz= (1 1 -1) (10) = (3)
0 1 -3/\2 4

- The integer ambiguity computed by the LAMBDA nmadhis:

1 1 0\/-5 5
dg=Z")1z= (1 1 -1) (10) = (3)
0 1 -3/\2 4

It can be seen the resultant integer ambiguitiekeutated by the authors are completely similar to



VII Perm Hydrodynamical Forum (PHD-Forum 2020) IOP Publishing
Journal of Physics: Conference Series 1809 (2021) 012038  doi:10.1088/1742-6596/1809/1/012038

the results in the announced documents.

4.2 Results of absolute point positioning problems

a. Empirical data

Empirical data used in resolving absolute pointitpmeng problems are data of points measured in
Hanoi as clearly mentioned in Table 1.

Table 1. Information about data of points in absolute posihg problems

No. Point name Receiver type Antenna type Intefsatond)
1 | DANP GB-1000 TPSPG_Al 30

In order to have data for comparison, Bernese soéiwas used to process the above-mentioned
data obtained from IGS stations surrounding Vietnahe results are shown in Table 2.

Table2. The obtained coordinate based on Bernese software

. coordinate components (m)
No. Point name X (M) Y (M) Z (m)
1 DANP -1611206.0777 5731022.2975 2281407.9258

b. Results of empirical calculations

GNSS-HUMGAd] software is used to solve SPP and itBBlems with experimental data to archive
the coordinate of points in both WGS-84 and VN-2@00rdinate reference. After that, this achieved
coordinate was compared to the obtained coordinased on Bernese software and RTKPOST.exe
module of RTKLib 2.4.2 software.
b.1 Comparison of results by GNSS-HUMGAd] and Berrseftware

The values of deviations of coordinate componeftsnaresolving SPP and PPP problems in UTM
projection at epochs are presented in Figure F-agute 6, respectively.

L 5! -10 6
o
)
Q’
@
o® : p 1 -5
=h ; 6

Figure5. The deviations of coordinate components archivedmsolving SPP problem
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Figure 6. The deviations of coordinate components archivednsolving PPP problem

In Figure 6, the first 205 epochs’ coordinate congris were compared.
Besides, the deviations of 3D coordinate component®/GS-84 coordinate reference was also

determined as shown in Figure 7 below.
2.000

1.500
1.000
0.500
0.000

-0.500

-1.000

dX dy g {7

Figure 7. The deviations of 3D coordinate components in WB8S&oordinate reference

From figure 7, it can be seen that there are stithe systematic errors in the results processed by
GNSS-HUMGAd]j because of deviations of coordinatéh the same sign at epochs.

b.2 Comparison of results by GNSS-HUMGAdj and RTKHGexe

The authors directly used the program runningxe fermat without interfering with the program's
source code in order to investigate the accura@nwising an existing program.

The used RTKPOST.exe module comprises such paresmage Using IONEX to determine
correction of ionospheric, Saastamoinen model tterdene correction of tropospheric, Precise
ephemeris (SP3) to calculate satellites’s coordinags_abs.pcv and igs05.atx to determine correctio
of satellites and receiver phase center. All theampater options are shown in figure 8 a, b and c,
respectively.

10
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Figure 8. Parameters when processing data by RTKPOST.exalenod

The deviations of coordinate components in WGS-8drainate reference when using RTKLib,
GNSS-HUMGAd] and Bermese software to solve PPPlproln static and kinematic modes are shown

in the following figures.
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Figure 9. The deviations of coordinate components procelgdRITKLib and Bernese software
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Figure 10. The deviations of coordinate components procesg&ITtKLib and GNSS-

HUMGAJ] software

While Figure 9a and Figure 10a illustrate the rssinl static mode, Figures 9b and 10b present the
results in kinematic mode when processing PPP enoldty RTKPOST.exe module of RTKLib

software.

5. Conclusion

It can be concluded that the GNSS-HUMGAdJ] softwaaekage for surveying and mapping was
successfully built by the authors. This softwargusily illustrates GNSS data processing stepsdar n
students even without experience to easily solvetpmsitioning problems. Beside inheritied GNSS
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data processing algorithms, some algorithms ssdo@averted GNSS baseline in resolving the relative
positioning problems, adjusting the receiver arngehaight, and the effect caused by the change of
distance over time were also developed the GNS$EWAd].
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