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~ INTRODUCTION -
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ONOSPHERE
EXOSPHERE . -
= - h-m”ag the layer of the Earth's
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cosmic radiation. It lies
80-600 km aprox.

Main characteristics of the

lonosphere:

a) electron density profile

= b) TEC (Total electron
o content) Variability

- | c) Solar Cycle

d) Solar storms

e) Equatorial anomalies

and scintillations



Ionospheric scintillation

GPS Satellite

Ionospheric \

Irrelularlty - E -

Amplitude /Phase

GPS Receiver ? VW NN Eluctuation

» Plasma bubbles include smaller scale (~100-m scale) ionospheric
irregularities.

* These ionospheric irregularities causes ionospheric scintillation,
that is, amplitude and phase fluctuations on GNSS signals.

Courtesy of National Institute of Information and

Communications Technology (NICT), Japan



. TheTotal Content of Electrons (TEC)

ctron Content (TEC) is the num_bwmrom
)f a cross section per square meter along a

Sphe nath. | . -
_; determine the delay and changes of direction of a
lonosphere. It can be obtained by different
| mly GNSS and satellite altimeter signals

-.

N :/ NEXE] 1onospheric Delay
5 403-TEC

ITEC=10"m™} 7’

lts unit of measurement is the
TECU = 10E + 16 electrons
per square meter

The TEC refers to the degree of
lonization in the ionosphere
(courtesy of ICTP)




GNSS-TEC Observations

e Total electron content (TEC) can be derived by comparing
the pseudorange/phase delays of the two GPS signals.

P, = p+1/fi+++7 P, P,: Pseudorange

: 56 yEy g L, L,: Carrier phase

Fa pti/la+m+mn I: Total electron content

Ly = p=I/R+Am+¢€ +¢€ fy, f>: Frequency _
p: True range between the GPS satellite

Ly = p—1I/f;+ X\ana+ €+ €] and receiver

e TEC is a measure of Hg ’{f?ij PSS /fi {J

integrated electron

density in 1m? column. g O
e Spatial resolution of TEC -

map depends on the Ionosphere Vertical TEC mm

number of GNSS

satellites and GNSS 2

receivers distribution. S o e

Courtesy of National Institute of Information and
Communications Technology (NICT), Japan




1I. ICA@ CONCEPT FOR GNSS

2 position and time determination system that mcludes oneor .
, onstellations, aircraft receivers and system integrity

ng, augmented as necessary to support the required navigation

or the intended operation. (Ref. ICAO Annex 10, Vol. I).

...

Space Segment

ll@lll

ITSpace satellite constellatlons \’ il
(GPS, GLONASS, GALILEO, BEIDOU)

2) Control: monitor, control and
syncronization of satellites

3) Users: receivers, aircraft

Satellite-Ground L| k

There are Augmentation Systems like SBAS

Ground Segment Mission Segment

(Satellite) and GBAS (Ground), to improve -~

Segment

performance of GNSS systems =
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Aircraft Guidance Goals

Key
Elements:
Availability
Integrity )
Syl 4_/ T h

Presented at ICTP
Copyright 2013
Todd Walter

5 Integrity




elements of space weather are
partlcles electromagnetic energy
and magnetic fields, rather than
the more commonly known
~ weather contributors of water,
T~ | temperature and air. Magnetic
imassgectonoavessn - fields, radiation, particles and

| N . - matter which have been ejected
~ from the Sun can interact with the
~ Earth’s magnetic field and upper
~— atmosphere to produce a variety
. of effects

not to scale

2-4days Ia‘l.er'CME impacts Earth’s r’nabneﬂc field



WEATHER
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V. SPACEWEATHER EFFECTS ON GNSS IN LOW

DE EQUAT REGION) L —

Lima-Peru is the Geomagnetlc Equator in
Southamerlca Region (low latitude), that is
Vv e peruvian airports have an intense
ionosphere activity, as well as countries
located between 20° N and 20° S (aprox)
from the geomagnetic Equator, especially
during periods of maximum solar activity.
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IV. (...) SCINTILLATIONS AND TEC EFFECTS OVER

GNSS

2011/03/12  00:00:00 - 00:30:00 Universal Time

Principal impacts of ionospheric 4 D_rilfring1 p‘l‘?lsma
scintillation on GPS performance: Ieguiaics

A

* Loss of lock / outages ‘%
* Induced ranging errors '

Interruption of signal
(loss of lock)

Consequences of these
effects on GPS positioning
accuracy depends on
constellation geometry

o
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For example, losing multiple
satellites in the same region |
of the sky can lead to large GPS recever
errors

90 80 40 30

Figure Courtesy of C. Carrano, BC Geographic Longitode (West)

Scintillations generate fading TEC generates delays, measurements made
over GNSS signals by LISN (Low-latitude lonosphere Sensor

Network) — Courtesy of Boston College



. Vertical Guidance
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Requirement: More
Accuracy, Tichter Bounds

Using this model, the most critical situation for GBAS operation would be an
aircraft on approach (landing) receiving wrong correction from the ground station
caused by different ionosphere delay received by aircraft and ground station
(courtesy of ICTP-Stanford University)



V. EMPIRICAL TEC MAPS OVER PERU

e P
.

—

Mosphere is characterized by the Total Electron Content
de ity highly dependent on the interaction of the solar
1d the earth geomagnetic field

DATA OF LISN

Low-Latitude lonospheric Sensor Network (LISN) is an international project that
monitors the low, middle and high atmosphere in the equatorial region with the
- purpose of studying and forecasting the ionospheric phenomena, with special
- emphasis in dynamic and photochemical energy transport processes. For this
purpose LISN is a permanent array of new geophysical instruments in South
America, closely coordinated as a “Distributed Observatory”. All of these
instruments have been installed near the position reference of the Magnetic
Equator and the Meridian 70°W,

For this “Distributed Observatory”, LISN contemplates the set up of 50 GPS
stations, 5 Magnetometers and 5 lonosondes, centralized at Jicamarca Radio
Observatory (Lima, Peru).
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s related to%"change of distance
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| craﬂ‘ The problem Is the slope of the
3 e bubbles) and the scintillations.

an ause that there is no signal of one or more
and that It IS necessary to take signal of another
i;;r:' olutlon It IS possible to use multifrequency

: eIIatlon receivers.

e - — -

’E?éce are Ionosphere models for prediction (forecast) at low
Hatitude and thus be able to mitigate their effects in
navigation, like NeQuick or IRl model.

In the equatorial region there are many TEC variations.

The reference period was during the year 2015 (high solar
activity).



-Equatorlal region (Low Latltude) s hostlle for the GNSS signals, requ e i
more investigation. i "
-Less air traffic in Southamerica than Northamerica (Medium Latrtude) .
-Continuos study of the scintillation in more detail as the main constraint on
the use of two frequencies (L1 and L5 ) for vertlcal gwdance

-The scintillation can sgfipusly affect the continuitysand av
"Empirical-model of aTEC Map to.eve et 18

) QM\AHMH

e 9

~=Cost - benefit analysis



'REMARKS —
ica (SAM)

d AS‘_peratlon N Peru and

frastructu@yed in S ion

er the GNSS signals (Low Latitude)

0 ider BAS/GBAS

Ity

ather effects happen in the lonosphere from 80 to 600

—

| 5’ ai":'m'odel of a TEC Map (ionosphere is characterized by

'4'.—1-9‘

:'-_;1 ?;; tc evaluate the feasibility of implementing an
sﬁ?ﬂugmentatlon System (GBAS and/or SBAS) at Low Latitude

e

'.Reglon like Peru.



Note: The opinions expressed here are solely those of the author



