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SUMMARY

In the present paper it will be illustrated the grdtalities of an innovative strategy for the
post-processing of GLONASS and GPS data. Presentlact, the enhanced availability of
visible satellites in numerous temporal windowse d¢io increasing number of GPS satellites
and also to the improvement of the Russian syste@NASS as well as to the beginning of
the European system Galileo, lead to the searchsoéwtions able to concretely exploit this
increased availability. For this reason the newraggh defined "Multiconstellation” is
studied. The goal is to show as such innovativecgmh is applicable also under operational
GNSS conditions.

SUMMARY IN ITALIAN

Con il presente lavoro si vogliono illustrare letggialita di una strategia innovativa per |l
post-processamento dei dati GLONASS e GPS. Alldosttuale, infatti, la grande
disponibilita di satelliti visibili ormai in numese finestre temporali, legata sia
allinfoltimento della costellazione GPS ma anche riganamento del sistema russo
GLONASS nonche allo sviluppo del sistema europeblégda spinge alla ricerca di nuove
soluzioni in grado di sfruttare concretamente tpuasmentata disponibilita satellitare. In tale
ambito si colloca appunto l'approccio definito "Mebnstellation”. Al fine di dimostrare
come tale approccio innovativo sia di fatto apfimanche in condizioni operative di rilievo
GNSS sono stati utilizzati alcuni tra i piu diffusftware di post-processamento.
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1. INTRODUCTION

If we consider a global constellation comprehendibgth GPS and GLONASS satellites,
almost always at least 12 satellites are visibleis greater number of satellites allows to
realize a new approach that we called "Multi-Coltestien." This presently, only concerns the
constellations GLONASS and GPS, but in a near &jtwith the completion of the Galileo
constellation, it will also have an advantage fitsrsatellites.

In a traditional GPS survey, in which a network poehend more receivers, only the
baselinelines linearly independent between themuiesd| in every session of measure,
contribute to the final compensation of the neelitsConsidering a net composed by a
number N of receivers the independent baselinelinegvery session is N-1. Is easi
understandable as a single observation sessiomtisenough to perform correctly the
compensation of the net and this cause longer bpesaof survey, complex as well as
economically onerous because more sessions of necarineeded. Nevertheless the greater
number of available satellites if we consider mix&aS and GLONASS constellations allows
to simplify the survey in advantageous way. It &xia fact the possibility to extract from the
unique constellation two subconstellations everyvbfch able tobe the reference for two
GNSS measurement among them simultaneous and mdieqte with undeniable advantages
of time and necessary costs for the measurements.

Practically the approach Multiconstellation itlsealized only through the employment of
a sperimental software under experimentation, thdiébn that allows the preprocessing of
the GNSS data. Is a specific software written t#i+Tanguage that directly operate on the
files in formed RINEX format (RINEX is the acronyof Receiver Independent Exchange
Format and is the format in which the necessarg ttatthe determination of the position of
the satellites are available to all) and it alldavextract from a single RINEX file relative to a
specific session of measure, 2 files containinghaadependent observations coming from
different satellites. With the purpose to illuserdbetter the operation of such innovative
approach we can use an example. Starting considerinetwork constituted by 4 points.
Operating in "classical” way (where we’ll call ckasal way the use of traditional approach to
distinguishing it from innovative Multi-Constellati approach) for the determination of the 6
baselinelines, two sessions of measure are negessdact in a first session three vectors
among them linearly independent are measured, windenet is completed with the second
session where the measurement of the remainingec®ors is performed. From this
measurements it is possible to perform the congimmsof themeasured network.

In the same circumstance, choosing instead theordabn "Multi-Constellation" a single
session of measure would be enough. The availaiereations of the only performed
session are divided through the software Multicod enerefore it is as if, in a certain sense,
we measured referring to two different sessidm®&e baselines can be calculated through the
observations coming from the satellites of a grgsyb-constellation) and three with the
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observations of the satellites of the second group.

The possibility to opportunely divide the obsergat coming from different satellites and
therefore to derive, from a single RINEX file, tvgeparate files, allows therefore to make
some baselinelines, that otherwise would not belependent and that therefore they should
necessarily be calculated in different sessions.

‘: | “Classic” elaboration
4 recelvers
E Muli-Constelistion elsboration
4 recelvers
Figure 1- Independent Baselines in a single sessitim“Classic” and Multiconstellation
approach.

3 recelvers

3 receivers

During the first conducted experimentations on théticonstellation approach, a minimum
number of GPS satellites was needed in evru subgtai®n it was a limitation for the
elaboration of the data in presence of a consp&umumber of satellites Glonass, in this job
we’ll show that also in presence of O satellitesS@8r instance in the first subconstellation,
the processing and the following compensation efrtetwork are correctly completed. This
is a great advantage for the "Multiconstellatioppeoach because enhanche the gflexibility
in the subconstellation division allowing also tinelusion of older "only-GPS” receivers.
Various tests were performed with the software boptools related to the same temporal
window dividing the constellations with the Multitsoftware in such way that in one of
them there is a number of GPS satellites that,nmégg from O progressively increase; these
tests have shown the possibility to overcome taitdtions imposed by the different
softwares in terms of number of satellites GPS witich to operate.

2. THE TEST NETWORK AND USED DATA

The performed experimentations, is based partigutar the data recorded by the permanent
stations of:

" Perugia” (UNPG)

" Foligno” (REFO)
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" Citta della Pieve” (REPI)

The test network with three points that is objdcthts study, results therefore constituted by
permanent stations all part of the GNSS networkagead by Regional administration of

Umbria.

The choice of the typology of stations has not beasual, on the contrary vertexes were
choosen to reconstruct a situation very similaatbeld suurvey with point not too much

distant among them.
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Figure 2 —The tested network

Considering the availability of the data of evetgti®n it was chosen to work with a temporal
window of the duration of 60 minutes (from the 5@Dat 5:59:59 a.m.) of July %®@011 for
the MultiConstellation approach. For the class@aboration instead, two baselines among
them linearly independent were calculated withrst 8ession of July {92011 while the third
independent baseline is calculated using the dddded to the same stations of the day after
July 20" 2011, always considering the time interval betwten5:00:00 and the 5:59:59 a.m..
The use of the software Multicon it is rather sieyph fact only the name of the RINEX file
to "splice” is needed toghether with the optiorvien automatic or manual subconstellation
choice. In these experimentations we choose toauseanual subdivision since specific
necessities had to be satisfied in terms of distidn of the satellites inside the two
subconstellations.

In Figure 3 a Sky-Plot in which the satellitestthave been attributed to the one and the
other group result underlined.
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Figure 3 - Skyplot of the chosen time interval vaitiie and red circled the satellites assigned
to the two different subconstellation

From the figure above we can observe as throughtanual division we tried to get, for
both the constellations, a best geometric confiumatrying to distribute in homogeneous
way the satellites and avoiding, above all, discwites between a subconstellation and yhe
other.

The observations preprocessed with the Multiconthas imported inside the commercial
software Topcon Tools. The procedure used foremaiog to calculate the net exploiting as
two separated sessions the contained measures samhe file RINEX but related to different
groups of satellites, has been to proceed for agpgrojects. Therefore a first project is
realized to process the files of the three stati@hsted to the first subconstellation (called
"G1") of satellites. Before starting the elaborationce more the station of Perugia was fixed
as control point using the values of available gecoordinates reported in the website of the
station itself. At the end of the baseline proaggsit ids possible to select the two
independent baselines (the vectors UNPG-REFO anBGJREPI) elaborate and to export
them in the format '. tvf" managed by the softwdmea second project have been loaded the
data related to the constellation G2 instead; tmdyfiles of the stations REPI and REFO were
used after fixing as reference the station REP$0Ahe new baseline has been exported and
saved. The last performed operation has finallyhlibat to open a third definitive project, to
elaborate the three independent vectors calcuiatdte two preceding phases and to perform
the compensation of the net.

3. RESULTS

In Table 1 the ellipsocentric coordinates of thaishs of Perugia, Citta della Pieve and
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Foligno as reported by on the site of the universitPerugia;

X (m) Y (m) Z (m)
UNPG 4555146.162 997822.219 4337432.566
REFO 4561083.779 1028178.388 4324106.922
REPI 4573777.964 972388.553 4324002.439

Tabele 1 — Reference coordinates of Perugia, @iléa Pieve e Foligno stations as reported
on Perugia university web site

At first was chosen to effect a test according tassical approach, calculating the first two
vectors (UNPG-REPI, UNPG-REFO) with the data of fing session of measure related to
July 19 th 2011 and the remaining vector (REPI-RE®@h the data of the second session
related to July 20 th 2011.

The coordinates of the stations after the compemwsaare been compared with those
furnished by the site of the university of Perugaad differences are been calculated in
comparison to these last. To highlit this on tgbtée differences related to the coordinates of
the stations calculated after the compensatiortlamsk brought on the site;

AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO -0.004 -0.008 -0.016
REPI 0.006 0.006 0.008

Table 2 - Differences between reference coordsatel coordinates adjusted following a
classical approach

It can be observed that the differences of the beselines are all negative and the second
positive: this may be caused by a mismanagemetiteofntenna heights but this aspect need
further investigation. Anyway, in the following tals, the comparison between “classical’
and Multiconstellation results can be observed. @tmpensation in this test, and in all the
following tests, has been conducted fixing using station of Perugia as reference, for such
reason the differences gotten by the comparisonade

As it regards the test related to the innovativpreach Multiconstellation we choose, as
before specified, to use a manual subdivision efsiditellites as shown in table 3.

1° SUBCONSTELLATION 2° SUBCONSTELLATION

G1, G3, G6, G16, G18, G25, G32,R1, R7, R85, G11, G14, G19, G21, G22, G24, G29, (30,
R12, R13 G31, R2, R11, R15, R17,R21, R22 R23, R24

Table 3 - Subdivision of satellites of two subcelfegion

Insofar with the RINEXSs related to the first substallation, the first two independent vectors
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UNPG-REFO and UNPG-REPI have been calculated, whiklh those of the second
subconstellation the third vector REPI-REFO hasldculated.

Also in this case the table of the coordinatesed#iices between those calculated after the
compensation of the net and the reference cooefinat

AX (M) AY (m) AZ (m)
UNPG 0 0 0
REFO 0.002 -0.002 -0.015
REPI 0.015 0.002 0.02

Table 4 - Differences between ellipsocentric rafesecoordinates and Multiconstellation
approach coordinates

From a first comparison among the results obtaimitd the classical approach and with the
innovative approach, it emerges that the differsncehe two cases is indeed very little

The results of further tests effected have shdvenptossibility to overcome the limitations
imposed by the different softwares in terms of nambf satellites GPS with which to
operate. The data related to the session of meas$uuly 20 th 2011 from the 5 to 6 a.m. or
of the same files that have been till now mentiongtie first performed operation has been
that to visualize in detail the content of the whobservable files related to the three stations
of the net, with the purpose to study the total benof satellites that they contained and to
evaluate the satellites (both GLONASS and GPS)wese contemporarily visible from the
three receivers. Subsequentlty the aforesaid data unported inside the software Multicon
for the subdivision of the files in two subconsdaétins characterized the one from a number
of GPS satellites equal to zero and from a congrunumber of GLONASS satellites, the
other instead from both the GPS and GLONASS (theaneing excluded by the first
subconstellation) satellites. Subsequently a sesfesest was performed with increasing
number of GPS satellites till a maximum of 4.

AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO 0.002 0.002 -0.015
REPI 0.015 0.002 0.02

Table 5 - Differences between reference coordmand Multiconstellation (0 GPS)
coordinates
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AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO -0.002 -0.006 -0.014
REPI 0.008 -0.007 0.019

Table 6- Differences between reference coordinatels Multiconstellation
(1 GPS) coordinates

AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO -0.002 -0.008 -0.012
REPI 0.003 -0.007 0.002

Table 7 - Differences between reference coordinabels Multiconstellation
(2 GPS) coordinates

AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO -0.016 -0.039 -0.041
REPI -0.01 -0.049 -0.02

Table 8 - Differences between reference coordinabels Multiconstellation
(3 GPS) coordinates

AX (m) AY (m) AZ (m)
UNPG 0 0 0
REFO 0 0.004 -0.018
REPI 0.01 0 0.007

Table 9 - Differences between reference coordinatesMulticonstellation
(4 GPS)coordinates
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4. CONCLUSIONS

In the present contribution is shown the real ayablility of the "Multiconstellation™ approach
under operational conditions of GNSS survey, itrespnts a confirmation of the results
previously shown in earlier work but with more filebe possibilites to choose the
subconstellations. These evaluations following fréne fact that the tests have been
conducted varying the number of the GPS sateliitesne of the two subconstellations also
reaching the case limit of only GLONASS satellites a subconstellation. It must be
underlined that, although the reported resultseactusively those related to the tests effected
with the software Topcon Tools, "Multiconstellatiowas tested with other commercial
softwares, as LGO by Leica and TTC by Trimble, iingdnevertheless greater difficulty in
the management of this innovative technique of geggprocessing.

As already confirmed various times, the great athgaof the approach introduced in this job
consists in the possibility to opportunely dividee tobservations of a same session of
measure, but coming from different satellites, witle purpose to make independent
observations that otherwise would not be. In thtargy with the definitive completion of the
constellation GLONASS with further satellites asliwas with the full operativity of the
European constellation GALILEO, this will be applde in a greater number of
circumstances. With the full activity of the GNS®tems in fact it could be hypotized on
realizing from a single constellation more than twabconstellations among them
independent so that to maximize the number of iaddpnt baselinelines in a single session
of measure. Obviously this would be possible onpgrading the software Multicon that
presently assumes as input mixed observations GLEBMGAPS and it realizes subdivisions of
aforesaid files in two only subgroups of satellit€ee development and the success of the
approach Multi-Constellation they will depend, lbes, also from the changes that
necessarily it must be operated in the commerofilvares for the treatment of the GNSS
data.
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