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Abstract
This paper presents for using precise ephemeris to improve point positioning 

accuracy when processing GNSS data. The experimental GNSS network locates in 
Dak Nong province. It consists of 13 points, of which 3 points are control points for 
coordinates and height. The shortest baseline of the GNSS network is 2.5 km, the longest 
is 68.5 km and the average is 34.3 km. The data of the GNSS network is processed in 
two ways: Option one is to use broadcast ephemeris; Option two is to use precise 
ephemeris. Research results show that the error of point positioning of option two is 
smaller than option one, respectively. The minimum value of this error is 0 mm, the 
maximum�is�3�mm�and�the�average�is�1�mm.�There�is�not�much�diৼerence�in�the�height�
error�of�the�points�when�adjusting�according�to�the�two�options.�The�biggest�diৼerence�
is 2 mm, the smallest is 0 mm and the average is 1 mm. The accuracy of the GNSS point 
positioning depends on how the data is processed. The accuracy of point positioning 
when using a precise ephemeris is higher than that of using a broadcast ephemeris. 
Currently, exacting precise ephemeris from the internet is easy. Precise ephemeris is 
updated quickly in the software. The accuracy and reliability of the adjustment results 
are high. Therefore, precise ephemeris should be used during GNSS data processing.

Keywords: Ephemeris; Precise ephemeris; Broadcast ephemeris; GNSS; 
Adjustment.
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1. Introduction

The process of processing Global 
Navigation Satellite System (GNSS) 
data follows the principle: Determine the 
satellite orbit from the ephemeris, then 
combine with the measured values to 
calculate the coordinates, the height of 
the points, the distance between points 
and their accuracy.

An ephemeris is a set of data that 
represents a satellite’s position as a 

function of time. There are three types of 
satellite calendars: Almanac ephemeris, 
broadcast ephemeris and precise 
ephemeris. These satellite calendars 
have� di򯿿erent� accuracy,� so� the� satellite�
calendar chosen while processing GNSS 
data�will�a򯿿ect�the�coordinates�as�well�as�
the accuracy of the factors after network 
adjustment [7, 8, 9, 10].

In normal GNSS data processing, 
broadcast ephemerises are used in the 
calculation. Precise ephemerises are 
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interested in processing GNSS data 
with high accuracy requirements (for 
researching the modern movement of 
the Earth’s crust, studying changes in 
sea level and building national frame 
geodesy)� by� scienti¿c� software� such� as�
Bernese, Gamit/Globk. 

In this paper, for improving the 
accuracy of point positions, precise 
ephemerises will be used to process 
GNSS data by commercial software. The 
study not only shows the role of precise 
ephemeris in processing GNSS data but 
also suggests for GNSS data handlers in 
using precise ephemeris.

2. Theoretical basis

2.1. Broadcast ephemeris
GNSS broadcast ephemerides are 

forecasted, predicted or extrapolated 
satellite orbits data which are transmitted 
from the satellite to the receiver in the 
navigation message. Because of the 
nature of the extrapolation, broadcast 
ephemerides do not have enough high 
qualities for precise applications. The 
predicted� orbits� are� curve� ¿tted� to� a� set�
of relatively simple disturbed Keplerian 
elements and transmitted to the users.

a0, a1, a2:�Polynomial�coe൶cients�of�
the clock error.

toe: Reference epoch of the 
ephemerides

a : Square root of the semimajor 
axis of the orbital ellipse.

e: Numerical eccentricity of the 
ellipse.

M0: Mean anomaly at the reference 
epoch toe.

0ϖ : Argument of perigee.
i0: Inclination of the orbital plane.

Ω0: Right ascension of ascending 
node.

Δn:�Mean�motion�di򯿿erence.
idot: Rate of inclination angle.

Ω : Rate of node’s right ascension. 
CUC, CUS:�Correction�coe൶cients�(of�

argument of latitude).
CrC, CrS:� Correction� coe൶cients� (of�

geocentric distance).
CiC, CiS:� Correction� coe൶cients� (of�

inclination). 
2.2. Precise ephemeris
Since the 1980s, due to the 

importance of precise ephemeris, 
international professional organizations 
have been interested and cooperated in 
promoting the establishment of its. Not 
only� that,� this� product� has� been� uni¿ed�
and standardized. From the beginning, 
precise ephemeris was designated the 
standard product (SP). As with many 
other GNSS products and metrics, the 
standardization� is�brought�many�bene¿ts�
to the user community [2, 3].

In 1982, the organizations agreed to 
develop precise ephemeris.

In� 1985,� the� ¿rst� generation� of�
precise ephemeris was announced: 
SP1 and ECF1, SP2 and ECF2. The 
SP1 ephemeris in ASCII includes the 
coordinate component and the velocity 
component of the satellite at a given time. 
Not all GNSS applications require high 
accuracy so that SP2 calendar is also 
published. The SP2 ephemeris is also in 
ASCII, but only includes the coordinates 
of the satellites. ECF1, ECF2 is the binary 
form corresponding to SP1 and SP2. EF13 
is the compressed form of ECF2.

In 1989, the 2nd generation precise 
ephemeris was published. In addition 
to the same parameters as in the 1st 
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generation, the 2nd generation precision 
satellite calendar adds clock correction 
to improve the accuracy of positioning 
applications.� Standardized� orbit� o򯿿er�
many advantages, especially in ephemeris 
conversion. ASCII and binary both serve 
this function, but binary is simpler because 
it is independent of the computer’s 
operating system.

IGS operates the publication of 
the precise ephemeris. Monitoring 
data from IGS sites are transferred to 
the following centres: Jet Propulsion 
Laboratory (JPL); Scripps Institution of 
Oceanography; National Geodetic Survey 
(NGS); GeoForschungsZentrum (Berlin); 
Center for Orbit Determination in Europe 
(University of Berne, Switzerland); 
European Space Agency; Canada (EMR) 
processing.� The� ¿nal� accurate� satellite�
calendar is the combined solution of the 
solutions received from the centres.

The precise ephemeris is determined 
based on: The accurate model for 
transition of reference systems; The 
accurate� model� represents� the� e򯿿ects� of�
anomalies on satellites and measuring 
points; The precise coordinates of points 
in the ITRF which these poitns are 
observation of the satellite; Processing 
software; Atmospheric delay error model; 
Model of solar storm pressure; System of 

continuous monitoring points in the world 
with high quality data. The database for 
processing data (real - time) is strong 
enough [4, 6].

Each data processing software uses 
a type of ephemeris. When processing 
GNSS data using precise ephemeris, it is 
necessary to understand their structure, 
quantities and meanings. In general, 
the structure of each type of precise 
ephemeris can be divided into two parts 
[5]:� The� header� and� the� body.� The� ¿le�
header contains information about the 
ephemeris type, issuing agency, time, 
satellite�type,...�The�body�of�the�¿le�is�the�
quantities directly related to the ephemeris. 
The quantities, their characteristics and 
their� meanings� are� di򯿿erent� depending�
on the type of ephemeris. In principle, 
all ephemeris issuers have a notice 
explaining the structure of the ephemeris 
in detail. From time to time, versions of 
the satellite calendar have been published 
in the formats SP3a, SP3c and SP3d. The 
SP3d format adds three extensions to the 
previous SP3c format as the maximum 
number of satellites is increased from 85 
to 999, the unlimited number of comment 
records allowed in the header and the 
maximum length of each track comment 
recording has been increased from 60 
characters to 80 characters.

Table�1.�Part�of�an�ephemeris�򟿿le�in�SP3d�format
 #dP2013 4 3 0 0 0.00000000 96 ORBIT WGS84 BCT MGEX
 ## 1734 259200.00000000 900.00000000 56385 0.0000000000000
 + 140 G01G02G03G04G05G06G07G08G09G10G11G12G13G14G15G16G17
 + G18G19G20G21G22G23G24G25G26G27G28G29G30G31G32R01R02
 + R03R04R05R06R07R08R09R10R11R12R13R14R15R16R17R18R19
 + R20R21R22R23R24E01E02E03E04E05E06E07E08E09E10E11E12
 + E13E14E15E16E17E18E19E20E21E22E23E24E25E26E27E28E29
 + E30C01C02C03C04C05C06C07C08C09C10C11C12C13C14C15C16
 + C17C18C19C20C21C22C23C24C25C26C27C28C29C30C31C32C33
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 + C34C35J01J02J03I01I02I03I04I05I06I07S20S24S27S28S29
 + S33S35S37S38 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 ++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 %c M cc GPS ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc
 %c cc cc ccc ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc
 %f 1.2500000 1.025000000 0.00000000000 0.000000000000000
 %f 0.0000000 0.000000000 0.00000000000 0.000000000000000
 %i 0 0 0 0 0 0 0 0 0
 %i 0 0 0 0 0 0 0 0 0
�/*�Note:�This�is�a�simulated�¿le,�meant�to�illustrate�what�an�SP3-d�header
 /* might look like with more than 85 satellites. Source for GPS and SBAS satel29 
/* lite positions: BRDM0930.13N. G=GPS, R=GLONASS, E=Galileo, 

C=BeiDou,J=QZSS,
�/*�I=IRNSS,S=SBAS.�For�de¿nitions�of�SBAS�satellites,�refer�to�the�website:
 /* http://igs.org/mgex/status-SBAS
 * 2013 4 3 0 0 0.00000000
 PG01 5783.206741 -18133.044484 -18510.756016 12.734450
 PG02 -22412.401440 13712.162332 528.367722 425.364822
 PG03 10114.112309 -17446.189044 16665.051308 189.049475
 PG04 -24002.325710 4250.313148 -11163.577756 179.333612
 PG05 -15087.153141 8034.886396 20331.626539 -390.251167
 PG06 13855.140409 -11053.269706 19768.346019 289.556712
 ……………………………………………………………………………………

…………………………………………
 PS28 5169.591020 41849.037979 17.421140 0.170452
 PS29 -32240.432088 27155.480094 -12.156456 0.101500
 PS33 -5555.490565 -41739.269117 2093.250932 -0.199099
 PS35 -28749.533445 -30836.454809 -4.729472 -0.008333
 PS37 -34534.904566 24164.610955 29.812840 0.299420
 PS38 -12548.655240 -40249.910397 -3.521920 -0.027787
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 * 2013 4 3 0 15 0.00000000
  …………………………………………………………………………………

……………………………………………
 * 2013 4 3 23 45 0.00000000
 PG01 4340.761149 -17469.395805 -19521.652181 13.021579
 PG02 -22187.015530 13877.264416 2583.141886 425.527461
 PG03 9785.535610 -18824.396329 15333.698561 189.465625
 PG04 -24642.374460 4816.578416 -9365.337848 180.261632
 PG05 -13667.233808 8977.038381 20922.734874 -390.371011
 PG06 13696.828033 -12657.020030 18869.219517 288.240920
 ……………………………………………………………………………………

…………………………………………
Table 1 is part of the SP3d ephemeris, on which the most basic features can be 

explained and summarized in Table 2.
Table�2.�Basic�features�of�an�ephemeris�򟿿le�in�SP3d�format
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The above are the most important 
features to be able to identify the 
quantities, parameters and meanings in 
the�ephemeris�¿le.�It� is�necessary�to�¿nd�
out in detail from the accompanying 
documents of the ephemeris issuing 
authorities�for�speci¿c�applications.

2.3. GNSS data processing
The principle of processing GNSS 

measurement data is to determine the 
satellite orbit from ephemerises and then 
combine it with the measured values   to 
calculate the coordinates of the points, 
the distance between the points and their 
accuracy. Basically, the processing of 
GNSS data includes the following main 
steps: Extracting data from the receiver 
to the computer; Processing baselines; 
Checking the network; Adjusting the 
network [1].

The calculation of adjustment is 
done after the results of the baseline 

resolution meet the requirements. It 
means that the error of characteristic 
elements of the GNSS network is within 
the allowed error limit. The GNSS 
network needs to be adjusted in the 
3D coordinate system. Similar to other 
geodetic networks, the GNSS network 
is also adjusted according to the 
principle of least squares, the condition 
[PVV] = min. The GNSS network is 
presented in the X, Y and Z geocentric 
space perpendicular coordinate system 
or in the B, L and H geodetic coordinate 
system.

3. Experimental data
The GNSS network in Dak Nong 

province is built for the establishment 
of topographic maps of bauxite mines in 
this province. The network consists of 
13 points of which 3 points play role in 
coordinate and height controls.

3.1. Control points
Table 3. Control points of GNSS network in bauxite mine area of Dak Nong province

Coordinates of points in Table 3 at 
axis meridian 108o, projection zone 3o, 
Hon Dau height system.

3.2. Measurement data
Measurement� data� ¿les� include:� 12-

13411.dat, I-153411.dat, I-283411.dat, 
IV553411.dat, IV613412.dat, IV693412.dat, 
IV703412.dat, KN663411.dat, N0623412.dat, 
N0693412.dat, N0703411.dat, N0743411.dat, 
N0773411.dat and N0793411.dat.

3.3. Precise ephemerises 
The�precise�ephemeris�¿les� include:�

igs14043.sp3 and igs14044.sp3.

Figure 1: Diagram of GNSS network

Part�of�the�Rinex�¿le�will�be�shown�
in the following table:
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Table�4.�Part�of�򟿿le�12-13411.06O
     2.11           OBSERVATION DATA    G (GPS)             RINEX VERSION / TYPE
HuaceNav                                                    PGM / RUN BY / DATE 
12-1                                                        MARKER NAME         
                                                            OBSERVER / AGENCY   
Trimble Dat File                                            REC # / TYPE / VERS 
                                                            ANT # / TYPE        
 -1929326.4597  5942739.4120  1282395.5678                  APPROX POSITION 

XYZ 
        1.5000        0.0000        0.0000                  ANTENNA: DELTA H/E/N
     1     1                                                WAVELENGTH FACT L1/2
     2    C1    L1                                          # / TYPES OF OBSERV 
    15.000                                                  INTERVAL
  2006    12     6    23    56   15.000000      GPS         TIME OF FIRST OBS   
                                                            END OF HEADER       
 06 12  6 23 56 15.0000000  0  8G 1G 3G16G20G23G25G31G19                        
  20658371.719     -280294.4695                 
  20135761.039     -652812.5945                 
  21677376.141     -151053.3485                 
  22919110.727     -359949.3835                 
  22462978.102     -899525.4775                 
  22434918.109     -472439.0125                 
  23036374.383     -408703.5005                 
  21763240.398     -244259.7075                 
 06 12  6 23 56 30.0000000  0  8G 1G 3G16G20G23G25G31G19                        
  20653035.484     -308333.6254                 
  20123118.031     -719253.1604                 
  21674456.000     -166399.2624                 
  22912066.031     -396967.3714                 
  22445254.484     -992660.9964                 
  22425640.445     -521193.5274                 
  23028351.063     -450867.9534                 
  21746273.852     -333420.4924                 
 06 12  6 23 56 45.0000000  0  8G 1G 3G16G20G23G25G31G19                        
  20647732.383     -336201.6804                 
  20110506.930     -785523.6454                 
  21671546.984     -181685.3714                 
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  22905044.828     -433866.8554                 
  22427550.313    -1085700.6374                 
  22416373.492     -569893.4614                 
  23020337.367     -492978.8794                 
  21729326.414     -422478.2504                 
From�this�Rinex�¿le,�it�is�shown�that�

the experimental network only receives 
the signal of the GPS system (G).

The experimental GNSS network is 
processed in two ways:

- Option 1: Using broadcast 
ephemeris in the process of processing 
experimental network data.

- Option 2: Using precise ephemeris 
in the process of processing experimental 
network data.

From the results obtained according 
to the above two data processing options, 
compare, analyze and evaluate the results.

4. Result and discussion
The data of the experimental GNSS 

network are processed by Trimble Business 
Center 5.0 (TBC) software in the sequence 
of the data processing steps mentioned 
above. After adjusting, the coordinates, 
height and typical errors for the accuracy 
of the network are determined.

Table 5. Comparative table of coordinates and heights of the points after adjustment

It can be seen that:
- The maximum value of the 

deviation in coordinates between option 
one and option two in the X direction is 
3 mm, in the Y direction is 5 mm and in 
height is 11 mm.

- The maximum value of the 
di򯿿erence�in�coordinates�between�option�

one and option two in the X direction, Y 
direction and the height is 0 mm.

-�The�average�value�of�the�di򯿿erence�
in coordinates between option one and 
option two in the X direction is 1 mm, in 
the Y direction is 1 mm and in height is 
4 mm.
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Table�6.�The�error�in�point�positioning�and�point�height

It can be seen that: 
- The error of point positioning 

when adjusting the network using precise 
ephemeris is smaller than that of when 
adjusting the network using broadcast 
ephemeris. The minimum value is 0 mm, 
the maximum is 3 mm and the average is 
1 mm. Thus, it shows that the deviation 
value of the position error between the 
two options is not large.

-� There� is� not� much� di򯿿erence�
in the height error of the point when 
adjusting according to the two options. 
The�maximum�di򯿿erence� in�height�error�
di򯿿erence� between� the� two� options� is�
2 mm, the minimum is 0 mm and the 
average is 1 mm.

Table 7. Baseline error and baseline relative square error
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The� di򯿿erence� in� distance� and�
baseline error when adjusting the two 
options is not much. However, these values 
represent the accuracy of the baseline after 
adjustment. Of the total 61 baselines, there 
are 49 baselines when adjusted according 
to option 2 have a relative square error of 
the baseline smaller than that of option 
1. It is an equation of about 80 % of the 
total number of baselines in the network 
when adjusted according to the method 
option 2 has higher accuracy than option 
1. This proves that the variance according 
to option 2 gives higher accuracy.

5. Conclusion
From the above research results, we 

have:
- The process of calculating the 

GNSS network adjustment when using 
the precise ephemeris and the broadcast 
ephemeris is done according to a strict 
process.� Because� of� di򯿿erent� satellite�
ephemeris, the coordinates   and the height 
of the points received after adjusting by 
the�two�methods�are�di򯿿erent.

- The experimental GNSS network 
has the shortest baseline of about 2.5 
km, the longest of about 68.5 km and 
an average of 34.3 km. Therefore, the 
di򯿿erence� in�position�error�of� the�GNSS�
points when adjusted according to the two 
options is not much. However, research 
results have also shown that using precise 
ephemeris while adjusting will give 
higher accuracy and reliability than that 
using broadcast ephemeris.

- Precise ephemeris plays an 
important role in the processing of GNSS 
data. Currently, the exploitation of precise 
ephemeris is easy and the process of 
updating them into the software is quick. 
Therefore, precise ephemeris should be 
used during GNSS data processing.

REFERENCES
[1]. Dang Nam Chinh, Do Ngoc Duong 

(2012). Satellite positioning. Science and 
Technics Publishing House.

[2]. David L.M. Warren (2002). 
Boadcast vs precise GPS ephemerides: A 
historiacl perspective. Air Force Institute of 
Technology, Air University. 

[3]. Duong Chi Cong (2000). About 
broadcast ephemeris in GNSS global 
positioning system.� Scienti¿c� conference,�
Hanoi University of Mining and Geology.

[4]. Duong Van Phong, Nguyen Gia 
Trong, Pham Van Quang (2014). Comparing 
satellite coordinate interpolation results 
from� some� precise� ephemeris� 򟿿les� and� its�
inÀuence� on� the� results� of� solving� absolute�
positioning problem. Journal of Mining and 
Earth Sciences.

[5]. E. W. Remondi, B. Hofmann - 
Wellenhof (1989). Accuracy of Global 
Positioning System broadcast orbits for 
relative surveys. NOAA Technical Report 
NOS 132 NGS 45.

[6]. Kai Borre (2010). Comparing GPS 
precise and broadcast ephemerides.

[7]. Lihua Ma, Meng Wang (2016). 
InÀuence� of� ephemeris� error�on�GPS� single�
point positioning accuracy.

[8]. Ma J. Z., Shao Fang, L. P. Hu, J. Liu, 
D. M. Chen (2014). Broadcast ephemeris 
accuracy analysis for GPS based on precise 
ephemeris.� http://www.scienti¿c.net/
AMM.602-605.3667.

[9]. Oliver Montenbruck, Peter 
Steigenberger, André Hauschild (2015). 
Broadcast versus precise ephemerides: A 
multi - GNSS perspective. German Space 
Operations CenterDeutsches Zentrum für 
Luft - und RaumfahrtWeßlingGermany.

[10]. R.B. Langley, H. Jannasch, B. 
Peeters, S. Bisnath (2002). GPS broadcast 
orbits: An accuracy analysis.


