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Introduction

The ionosphere introduces two problems for GNSS
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Plasma bubble

Bubble movement (21 — 01 LT — 18 Mar. 1999)

N

Artistic animation W

lonospheric bubbles are rarefied plasma
regions. lonospheric irregularities inside the
bubbles have scale size varying from cm to
Km.

They are confined to tropical regions.
The bubble speed is about 150 m/s to East
(normally).

ALL SKY PHOTOMETER
6300 A, MARCH 18 1999,
CACHOEIRA PAULISTA .




lonospheric scintillation

* When a radio wave crosses the ionosphere, it suffers a distortion of
phase and amplitude. This produces amplitude and phase fluctuations
that are called scintillations due to ionospheric plasma irregularities.

*The amplitude fading (called scintillations) if deep enough and long
enough, can potentially cause tracking loss. Below 30 dB C/N, the
signal reaches a critical point with possibilities of GNSS signal loss of
lock and thus potentially degrading the navigation solution.



lonospheric scintillation

SCINTILLATION INDEX
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To quantify the amplitude
scintillation, we use the S4 index
that is the standard deviation of the
signal intensity relative to the
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Local time, seasonal and solar cycle effects over
lonospheric scintillation (at S&o José dos Campos)

Scintillations are highly dependent on the season (September to March),
time of day (19-24 LT), location, solar cycle and magnetic storm.

Solar Flux, daily variation and scintillation seasonal occurrence
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Solar Cycle Activity



lonospheric location effects

Latitudinal and longitudinal (location) effects due the Equatorial lonization Anomaly
(EIA) (to be explained)



Magnetic storms effects

DURING MAGNETIC STORMS:

-SIGNIFICANT AMOUNT OF ENERGY FROM PARTICLES AND FR OM THE SOLAR
WIND IS TRANSFERRED TO THE MAGNETOSPHERE-IONOSPHERE —
THERMOSPHERE SYSTEM (THERE IS A COMPLEX INTERPLAY B ETWEEN
THESE LAYERS) DURING A SOLAR FLARE AND DURING A COR ONAL MASS

EJECTION FROM THE SUN



Solar flare




Coronal mass ejection from the sun




Magnetic storms effects

EXAMPLE OF STORM TRIGGERED SCINTILLATION
IN A PERIOD WHEN SCINTILLATION IS NOT EXPECTED

SAO LUIS EQUATORIAL STATION



Magnetic storms effects

VHF RADAR RANGE - TIME - INTENSITY BACKSCATTERED EC HOES
FROM IONOSPHERIC IRREGULARITY FOR APRIL 11 2001

Source: de Paula el al, Ann. Geophysicae, 2004



Magnetic storms effects

EXAMPLE OF STORM MAIN PHASE SCINTILLATION INHIBITIO N
FOR SAO JOSE DOS CAMPOS



lonospheric scintillation effects
LOSS OF LOCK

The amplitude fading (called scintillations) if deep enough and long enough,
can potentially cause tracking loss.



lonospheric scintillation effects

Decreasing of available satellites

Dilution of precision (DOP)

Bad geometry Good geometry

The expression “dilution of
precision” (DOP) is used to
name the effect of satellite
geometry on the precision
of navigation solution.




How to mitigate the ionospheric scintillation effec

- SUGESTIONS TO MITIGATE THE IONOSPHERIC IRREGULARITY
EFFECTS OVER THE GPS SIGNAL:

-TO INCREASE THE NUMBER OF AVAILABLE SATELLITES (GLONASS,
GALILEO).

-TO BUILD GPS RECEIVERS MORE ROBUST TO SCINTILLATION,
DECREASING THE BANDWIDTH, HOWEVER THIS PROCEDURE
INCREASES THE NUMBER OF LOSSES OF LOCK.

-IN THE SBAS TO SELECT IDEAL SPACING BETWEEN GEOS TO AVOID
DEGRADATION OF THE GPS SIGNAL TO/FROM GEOS.

ts



How to mitigate the ionospheric scintillation effec ts
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Increasing the number of available satellites (GPS,GLONASS, GALILEO etc)



Total Electron Content (TEC)

The ionosphere is ionized atmospheric layer
that causes a delay in the GPS signal.

TEC represents the number of electrons in a
column from the Earth’s surface up to the
satellite height.

This ionospheric delay is proportional to
Total Electron Content (TEC) through the GPS
signal.

1 TECU (TEC unit) =1 x 10 ¢ electrons / m 2.

1 TECU = 16 cm ranging error at L1=1575.42
GHz

Source: JPL

http://iono.jpl.nasa.gov//latest rti global.html




Total Electron Content (TEC)

Equatorial lonization Anomaly

* At low magnetic Ilatitudes, ionosphere
presents the Equatorial lonization Anomaly
that consists of two crests of high electron
densities (and TEC) around 20 degrees
(North and South) of magnetic latitude.

* High electron density gradients between the
magnetic equator and low latitudes can
generate irregularities and can affect GNSS
performance.

* Similar situation can be extended to middle
latitudes during magnetic storms (solar
flares and coronal mass ejection) (WAAS
had some outages during strong magnetic
storms)



TEC Effects over GPS Signal

Large TEC gradients introduce bias into GPS receivers’ filter output,
causing phase ambiguity.

Steep TEC gradients can favor the triggering of irregularities.
Large background TEC causes intense amplitude scintillation.
A delay in the GPS signal:

PLOT FROM TOM DEHEL ( FAA — FEDERAL AVIATION ADMINI STRATION — USA ), 2002



lonospheric irregularities effects over TEC

* lonospheric irregularities cause large depletion on the Total Electron
Content.

PLOT FROM TOM DEHEL ( FAA — FEDERAL AVIATION ADMINI STRATION — USA ), 2002



How to correct the TEC effects
over GNSS

* To use dual frequency receivers (expensive solution for personal use but
not for aviation, companies etc).

* To implement the Space Based Augmentation System (SBAS).
— WAAS (USA), GAGAN (INDIA), EGNOS (EUROPE) etc.



Wide Area Augmentation System



lonospheric scintillation and TEC receivers
Network at Brazil



GPS receivers:
(SCINTEC-CASCADE)
INPE / Cornell

* X Receivers of
single frequency




GPS stations in
Brazil:
(SCINTECCASCADE
e LISN / NSF)

LISN / NSF
Santa Maria-RS,
Porto Velho-RO
Rio Branco-AC
Parintins-AM
Tefé-AM

Boa Vista-RR
Dourados-MS
Santarém-PA
Alta Floresta-MT
IIhéus-BA
Cuiaba-MT
Ji-Parana-RO

IGS (International GNSS Servicq
Fortaleza
Brasilia
Cachoeira Paulista




Summary of GPS
Stations in Braazil:

All of the GPS

receiving stations in
Brazil (INPE, IBGE and
LISN/NSF)

* Xk gINGLE

*

FREQUENCY

LISN/NSF receivers:
(LISN PROJECT)
provide TEC AND S4

Santa Maria, Porto Velho
Rio Branco, Parintins
Tefé, Boa Vista
Dourados, Santarém
Alta Floresta, Ilhéus
Cuiabd, Sao José dos Campos
Ji-Parana, Tocantins (Palmas)

IGS (International GNSS Servicq
Fortaleza
Brasilia
Cachoeira Paulista




TEC animation

Monitoring of scintillation and TEC

Scintillation and TEC monitoring through site: http://www.inpe.br/scintec/

Strong scintillation (22 Jan 2002)

lonospheric animation

Scintillation and TEC maps (animation)
are generated daily and automatically.

Support: FAPESP



- /

/Objectives: Space weather information and fore-casting for users: \
* lonospheric conditions (Scintillation map and TEC)
* Occurrence of GIC (Ground induced current)

» Satellite operation environment (high energy particles)
* Alarm for geomagnetic storm related to solar CME (Coronal mass

\ ejection) /

http://www.inpe.br/climaespacial/index.php




http://www.inpe.br/climaespacial/index.php



GNSS Modernization

GPS is now GNSS
Signals during Past Solar Maximum

CA
P{Y) P(Y)
il N i
L2 L1
1227.60 MHz 1575.42 MHz

Courtesy: Paul Kintner — Cornell University



GNSS Modernization

New GPS Signals

LS L2C L1CA

— M code T~ M code

1176.45 MHz 1227.60 MHz 1575.42 MHz

L5 will be more
affected by scintillations Courtesy: Paul Kintner — Cornell University



GNSS Modernization

Cornell new receiver

L1/L2P(Y) direct
L1 space flight Down conversion

Scintmon L1 only receiver Storage receiver

L1CA/L2C
TEC
software
receiver

on DSP L1CA/L2C digital

GR_' D storage receiver
receiver

Courtesy: Paul Kintner — Cornell University



CONCLUSIONS

- lonosphere causes a delay in the GPS signal
- lonospheric scintillations can deteriorate the GNSS performance

- lonospheric scintillations at Brazil occur from September to March,
from about 19-24LT, are more intense and have larger frequency
of occurrence during high solar activity and larger amplitudes occur
under the Equatorial lonization Anomaly

- Magnetic storms (solar flares and coronal mass ejections) can
trigger or to inhibite irregularities (dependends of arrival time)

- Larger number of available GNSS satellite will help mitigate the ionospheric
scintillation effects

- Dual frequency receivers can correct the ionospheric delay
- Modern receivers should be more robust to ionospheric scintillation

-The Space Weather program should give magnetic storm warnings
and should provide nowcasting and forecasting of TEC
and ionospheric scintillations



[HE END



