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GNSS	
  signal	
  from	
  Space	
  to	
  Earth:	
  	
  
effects	
  induced	
  by	
  the	
  Ionosphere	
  

DELAY	
   SCINTILLATION	
  (SCATTERING)	
  



Why	
  such	
  effect?	
  

Courtesy of NASA 

Global	
  occurrence	
  characteris>cs	
  of	
  scin>lla>on	
  (Courtesy	
  of	
  P.	
  Kintner)	
  

�  Solar Wind-Magnetosphere coupling causes 
turbulences of the ionosphere 
�  Irregulari>es	
  with	
  scales	
  in	
  a	
  large	
  range	
  (space	
  and	
  >me)	
  
�  Random	
  fluctua>ons	
  of	
  the	
  refrac>ve	
  index	
  	
  
�  Distor>on	
  of	
  the	
  original	
  wave	
  front	
  

�  Diffraction effects on the transionospheric signals 
�  Ranging	
  errors	
  –	
  losses	
  of	
  lock	
  



• High	
  frequency	
  sampling	
  (50Hz)	
  
• Mul>ple	
  frequency	
  
• Mul>	
  constella>on	
  (GPS,	
  GALILEO,	
  GLONASS)	
  

How	
  to	
  monitor	
  TEC	
  and	
  scin>lla>on	
  by	
  GNSS?	
  
GNSS	
  receivers	
  for	
  scin>lla>on	
  



TEC

gradients


High  level  of

(phase)  scin9lla9ons


Loss  of  lock  

on  L2




CONNECTION  WITH  

THE  SATELLITE  IS  

LOST!




•  First	
  receiver	
  installed	
  at	
  Ny-­‐Alesund	
  (Svalbard)	
  on	
  2003	
  
• Polar	
  ionosphere	
  

•  Svalbard	
  islands	
  (3)	
  
•  Antarc>ca	
  (4)	
  

• Mid	
  la>tude	
  ionosphere	
  
•  Chania	
  (Crete)	
  	
  
•  Huelva	
  (Spain)	
  –	
  stopped	
  
•  Huelva	
  sta>on	
  moved	
  to	
  Lampedusa	
  

•  Equatorial	
  Ionosphere	
  
•  Tucuman	
  (Argen>na)	
  

Data	
  are	
  accessible	
  at	
  the	
  electronic	
  Space	
  Weather	
  upper	
  atmosphere	
  website	
  
eSWua	
  	
  

www.eSWua.ingv.it	
  

INGV	
  receivers	
  network	
  



INGV	
  network	
  partners	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

CIGALA/CALIBRA	
  Network	
  (see	
  next)	
  

Hammerfest	
  

NoHngham	
  

Bronnoysund	
  
	
  

Trondheim	
  
	
  

Hornsund	
  

CBK-­‐PAN	
  –	
  Polish	
  Space	
  Research	
  Center	
  

InsJtute	
  of	
  Electronics	
  and	
  TelecommunicaJons	
  of	
  Rennes	
  (IETR)	
  
-­‐	
  University	
  of	
  Rennes	
  

StaJon
 Lat	
  (°)
 Lon	
  (°)


Hornsund  (3  rec.)
 77°00′N  
 15°56ʹ′E 


Hammerfest 
 70.7°N
 23.7°E 


Brønnøysund
 65.5°N
 12.2°E 


Trondheim 
 63.4°N
 10.4°E 


Noingham
 52.9°N
 1.2°W


Rome
   41°49‘N
   12°30‘W


Univeristy	
  of	
  Noingham	
  –	
  Noingham	
  
Geospa>al	
  Building	
  

•  CHAIN	
  (Canadian	
  High	
  Arc>c	
  Ionospheric	
  Network)	
  
	
  

LocaJon	
   Lat	
   Lon	
  (°E)	
  

Hue	
   16.4	
  	
   107.6	
  

Hoc	
  Mon	
   10.9	
   106.6	
  



Examples	
  of	
  relevant	
  results	
  



HUE	
  

HOC	
  

ScinJllaJon	
  inhibiJon	
  over	
  Vietnam	
  
(INGV-­‐Un.	
   of	
   Bath,	
   Un.	
   Of	
   Rennes,	
   Vietnam	
   Academy	
   of	
  
Science	
  and	
  Tecnology)	
  
	
  
1	
   April	
   2006	
   was	
   a	
   quiet	
   day,	
   with	
   typical	
   levels	
   of	
  
scin>lla>on	
   at	
   low	
   la>tudes.	
   5	
   April	
   2006	
   was	
   during	
   an	
  
ionospheric	
   storm,	
   with	
   elevated	
   TEC	
   values,	
   but	
   similar	
  
levels	
  of	
  scin>lla>on.	
  On	
  6	
  April	
  2006,	
  the	
  ionospheric	
  storm	
  
was	
  s>ll	
  in	
  progress,	
  but	
  scin>lla>on	
  was	
  suppressed.	
  	
  

Alfonsi	
  et	
  al.,	
  ASR,	
  2011	
  



Concurrent	
  observaJons	
  of	
  Travelling	
  Ionospheric	
  Disturbance	
  from	
  
Ionosonde	
  and	
  GNSS	
  receiver	
  at	
  Tucuman	
  (ArgenJna)	
  
(INGV,	
  Universidad	
  Nacional	
  de	
  Tucumán,	
  Universidad	
  Tecnológica	
  Nacional,	
  	
  
Consejo	
  Nacional	
  de	
  InvesMgaciones	
  CienNficas	
  y	
  Técnicas,	
  ArgenMna)	
  
	
  
	
  
	
  

Alfonsi	
  et	
  al.,	
  JGR,	
  2013	
  



PRU1	
  and	
  PRU3	
  receivers	
  are	
  displaced	
  almost	
  along	
  E-­‐W	
  
magne>c	
  direc>on	
  PRU1	
  and	
  PRU3	
  distance	
  is	
  about	
  300	
  
meters	
  (≈First	
  Fresnel	
  zone	
  for	
  L-­‐band	
  frequencies)	
  

Zonal	
  velocity	
  of	
  the	
  Equatorial	
  ionospheric	
  
irregulariJes	
  over	
  São	
  Paolo	
  	
  
(INGV-­‐Un.	
  of	
  NoSngham-­‐	
  UNESP)	
  

Mean	
  value	
  of	
  the	
  zonal	
  velocity	
  of	
  ionospheric	
  irregulari>es	
  
and	
   occurrence	
   of	
   S4	
   above	
   0.25	
   as	
   a	
   func>on	
   of	
   the	
  
Universal	
  Time	
  (LT=UT-­‐3).	
  



MiJgaJon	
  of	
  the	
  posiJoning	
  errors	
  due	
  to	
  
ionospheric	
  scinJllaJons	
  	
  
(INGV-­‐Un.	
  of	
  NoSngham)	
  

The	
  Ny	
  Alesund-­‐Longyearbyen	
  (Svalbard	
  Islands)	
  baseline	
  
(125	
  km)	
  has	
  been	
  used	
  to	
  test	
  an	
  original	
  approach	
  able	
  
to	
  miJgate	
  the	
  posiJoning	
  errors	
  due	
  to	
  scinJllaJons	
  
Such	
   advancement	
   effec>vely	
   supports	
   several	
  
applicaJons	
  demanding	
  high	
  precision	
  posiJoning	
  ,	
  such	
  
as:	
   civil	
   avia>on,	
   precision	
   agriculture,	
   oil	
   drilling,	
  
buildings	
  monitoring,	
  etc.	
  	
  	
  

Phase	
  scin>lla>on	
  

Posi>oning	
  error	
  

Mi>ga>on	
  

Aquino	
  et	
  al.,	
  J.	
  Geod,	
  2009	
  



De Franceschi et al., JASTP, 2008 

Synergyc adoption of tomographic  
technique and scintillations measurements 

TEC	
  and	
  scinJllaJons	
  enhancement	
  over	
  ArcJc	
  
(INGV,	
  Un.	
  Of	
  Bath,	
  Un.	
  Of	
  NoSngham,	
  Polish	
  Academy	
  of	
  
Sciences-­‐Space	
  Research	
  Center)	
  
	
  



Most	
  relevant	
  on-­‐going	
  projects	
  

CALIBRA:	
  Countering	
  GNSS	
  high	
  Accuracy	
  applica>ons	
  LImita>on	
  due	
  to	
  ionospheric	
  disturbance	
  in	
  BRAzil,	
  FP7–
GALILEO–2011–GSA–1	
  
	
  
TRANSMIT:	
  Training	
  Research	
  and	
  Applica>ons	
  Network	
  to	
  Support	
  the	
  Mi>ga>on	
  of	
  Ionospheric	
  Threats,	
  FP7-­‐
ITN	
  Marie	
  Curie	
  
	
  
ESPAS:	
  Near-­‐Earth	
  space	
  data	
  infrastructure	
  for	
  e-­‐science,	
  FP7-­‐Research	
  Infrastructure	
  
	
  
MISW:	
  Mi>ga>on	
  of	
  space	
  weather	
  threats	
  to	
  GNSS	
  services,	
  FP7-­‐Space	
  	
  	
  
	
  
ERICA:	
  EquatoRial	
  Ionospheric	
  Characteriza>on	
  in	
  Asia,	
  ESA-­‐ALCANTARA	
  
	
  
DemoGRAPE:	
  Demonstrator	
  of	
  GNSS	
  Research	
  and	
  Applica>on	
  for	
  Polar	
  Environment,	
  PNRA	
  
	
  
GRAPE:	
  GNSS	
  Research	
  and	
  Applica>on	
  for	
  Polar	
  Environment,	
  SCAR	
  
	
  
	
  



	
  
•  Space	
  Weather	
  can	
  affect	
  significantly	
  the	
  Naviga>onal	
  and	
  Posi>oning	
  satellite	
  

systems	
  
•  This	
  problem	
  has	
  limited	
  the	
  expansion	
  of	
  the	
  GNSS	
  market	
  in	
  mission-­‐cri>cal	
  

high-­‐precision	
  applica>ons,	
  such	
  as	
  air,	
  rail	
  and	
  marine	
  transport	
  and	
  even	
  
autonomous	
  machinery	
  in	
  areas	
  as	
  agriculture.	
  

•  Ionospheric	
  GNSS	
  receivers	
  are	
  reliable,	
  low	
  cost	
  and	
  robust	
  systems	
  able	
  to	
  
monitor	
  the	
  Space	
  Weather	
  effects	
  in	
  the	
  ionosphere	
  	
  

•  There	
  is	
  a	
  need	
  for	
  a	
  new	
  genera>on	
  of	
  researchers,	
  trained	
  with	
  ionospheric	
  
and	
  Space	
  Weather	
  exper>se	
  directly	
  connected	
  to	
  their	
  GNSS	
  knowledge.	
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