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Who are we?
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Main Aims

To present the activities related to GNSS
developed at FCT/UNESP;

(Atmosphere and Positioning)

N
y
unesp’ &

uuuuuuuuuuuuuuuuuuuuu



lonospher

L 4]
‘

GPS

Cartography/ Troposphere

Cadactras

wauaslcc : :

2300 A 2300

2250 A 2250
E g
| | I 2200 2200 [
E =
€ 2150 | 2150 5

2100 A 2100

T T T T T T
2001 2002 2003 2004 2005 2008 2007 2008
Year

EURASIAN
PLATE

Plate
Tectonics

|
PLATE -
IGS sites
i |

‘
n
[\ —
unesp’ &Y
UNIVERSIDADE ESTADUAL PAULISTA
“JULIO DE MESQUITA FILHO'

Faculdade de Ciéncias e Tecnologia
Presidente Prudente




$&" %

$ $& & o o
" " 0
I 1"#$ 11" 0 o)
$ * $
a T ( - (.
23 + &% *&'I4 :(55("//2 77 g (85;) 14 | 6 Bl{; 51575,42
(5% *5'/4 ( /4 (
(6 5*'/4 7(6 5* 14 $6 *-8(
(1 + &$ &$ &$
1 + 1 + 1 +
( 14 & $'4 &8 $'/4
9
7! 8 8< = =
) + 2:



Avallable GNSS Data
In South America/Brazil



SIRGAS GNSS data

SIRGAS-CON GNSS
Network




Brazilian GNSS date
(IRGF/INCRA)

Brazilian Continuous
GPS Network
(RBMC). Some
stations are
operational SINCE
1996

~100 stations by the
end of 2009

Distribuicao das Estacdes da RBMC
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RBMC Real Time — RBMC [IP

Data from more than
30 Brazilian GNSS
stations are distributed
In real time, using
NTRIP protocol.

NTRIP starts to
become popular In
Brazil




GNSS/GPS Active Networl
at Sao Paulo State — Real time data




Developments at Sao Paulo State

Thematic project approved by FAPESP;

New GNSS stations
07 reference stations (GPS, GLONASS, Galileo) and
4 receivers for ionosphere monitoring;

18 automatic meteorological stations;

Integration of other stations (GNSS and Met
stations).



Met stations will be
SUOMINET type



Future Active GNSS network of Sao Paulo Sﬁate




Space Based: (CHAMP, COSMIC, EQUARS, ...) GPS
Occultation

CHAMP: Challenging Minisatellite Payload for Geoglioal Research and Application
COSMIC- Constellation Observing System for Meteogy/,

lonosphere & Climate
EQUARS — Equatorial Atmosphere Research Satellite
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Ground Based:

From GPS receiver on the ground, one can estimate the
total tropospheric delay (DTROP);
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Ground Based GNSS

b
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It iIs composed of two co\mponents: hydrostatic and wet
delays ...

-

&

Therefore:
Dzw = DTROP' DZH
The accuracy is of the order of 2 to 4 mm.
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Basics of GPS/Met — Ground Based

Once one obtain Dzw It can be converted to IWV
by applying the following equation:
10°
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& e 4

o1

Tm Is the mean weighted temperature of the
atmosphere along the vertical coordinate.
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A Tm model to be used in Braz
It was based on the last 30 years of historical

"AGRFI AR RMEIBAB AR fata se);

Radiokbnde

models:
Site Mean | St Deviation RMS
Thitenbers578 -+ [0F1ar«d 558 s(K) (K)
Nossa Senhora 133 1.69 2.24 2.81
Guajara Mirim 1T0=121.79 + W5608Ts 1.88 2.01
Porto Velho 82 1.46 1.47 2.08
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The first successful GPS/Me




Applications of GNSS/Met in developmer

Near real time estimation of zenithal

tropospheric delays for all Brazilian GNSS
Real time stations (GOA-Il e GAMIT);

These products are made available to
CPTEC/INPE for assimilation in the NWM
(numerical weather model);

For stations equipped with Met devices — IWVs
are computed



Example of Near Real Time DTROP




DTROP Days 238 and 239/2009




Additional requirements for GNSS

Meteorological stations are required to Ae
collocated with GNSS

18 will be available at Sao Paulo State

Results of interpolation from Automatic Met
stationswill be analyzed....




NICC AnA IlAanAacenhAar

A lon-model based on GNSS has been under
development at FCT/UNESP since 1997,

Mod_lon (in-house iono model) generates
coefficients will which will be made available In
the internet (near real time) 12/2009 (MSc)
Near real time ionosphere maps of TEC/ROT
and of the correspondent delays on L1 are
under development (will be available
01/2010)

IONEX files (from Brazilian GNSS data) will
also made available (GRID and GIVE)



Generation of lonospheric Grid (Gl) anc
GIVE In near real time - PhD Thesis

Kalman Filter

Ionospheric“ lonosphere

Model: C Monitoring
e 5

cl, ..., c2, DCB VTEC, ROT,
Sat, DCB Rec IPP

lonospheric Grid
Interpolation and
error propagation

Absolute VTEC (Corrected DCB Sat e Rec)
Relative VTEC ( Not Correct DCB)



VTEC Maps
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GNSS developments for Positionin

Pos processing VRS (Virtual Refere
Station)(PhD & Pos-Doc),

RTK and DGPS networke(iD & Pos-Doc & MSG)

Real Time PPP (clock estimation and in-house
software are under development Phi &
Undergrad I

Generations of coordinates and Dtrop times
series for most of the available GNSS data
available in Brazll —Proposed PhD — Climate changes



GNSS developments for Positioning

lonosphere/multipath error mitigation
wavelets (PhD Thesis)
2nd order lonospheric corrections (MSc)

Stochastic Model: In-house software for Point
Positioning and Relative Positioning (MSc and
PhD) — lon Scintillation

CIGALA Project in the context of FP7-GALILEO-
2008-GSA-1




RTK network based on the Active GNSS network of
Sao Paulo State

B Server

- User

| Spees

The user has to send the —
approximate position
the Server
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RTK Network — Sao Paulo State.



Local

TUPA

Very preliminary results.

Base/RTK
VRS (GNSS)

ARAC (GNSS) 84,13kn|

VRS_S (GPS)

ARAC_S (GPS) 84,13 k

Initialization

1min 24 seg
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2 min 23 se
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End

13:18:1

13:43:
14:08:

N. points
collected
7 205
11 205
B3 205
30 205

14:44



Data/Product Distribution

Hourly (1s) and daily (15 s) files in Hatanaka

format;
Most of the stations

Real time:

via NTRIP (after registering)
SP State Net and RBMC IP

Several tests being carried out (BKG, Real time,PR&gICSBAS,
IGSRT, JPLRT, LaPlata and FCT/UNESP lonosphere aisod\NRT
Tropo Delays);

RTK Network (Network corrections)
Commercial system — GPSNet — temporally license



Challenae:

To Integrate modernized and glkecelvers
models In an optimum way;

For real time applications, we still have
considerable data loss? How to solve such
problem?

Monitoring software and better internet connection

GNSS ambiguity resolution for real time/pos-
processing applications considering Brazilian
reality;

Appropriated solutions are needed ... some being developed
and tested.

lonosphere is one of the main problem



ROBUST GNSS RECEIVERS
AND SOFTWARE ARE
REQUIRED



gege.fct.unesp.br



