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Outline

• The new technique for Travelling Ionospheric Disturbances (TID) identification based on 

the analysis of oblique Digisonde-to-Digisonde (D2D) “skymap” observations

• Comparison of the TID characteristics extracted with the D2D method with the results of 

the GNSS TEC de-trending and gradient methodologies and with the HF interferometry 

method. 

• An outlook for the development of a real-time TID detection system. 



Experimental Results: 
Digisonde-to-Digisonde 
(D2D) oblique skymap 
DPS4D operations

Indicative Digisonde settings

Tx: Dourbes, Rx: Roquetes

Date: 15 October 2016Parameter Daytime schedule Nighttime schedule Twilight Schedule

Operating

frequency

10425 kHz 4355 kHz 7825 kHz

Number of 

pulses

2048 2048 2048

Interpulse

period

10 ms 10 ms 10 ms

Measurement

duration

40.960 s 40.960 s 40.960 s

Schedule 

switch times 

9:15 to 16:30 UT 19:15 to 6:15 UT 6:15 to 9:15 and 16:30 

to 19:15 UT

The model is based on the assumption that the 
ionosphere is represented by a moving undulated mirror, 
to relate HF signal parameters to TID characteristics, 
using the Doppler-Frequency-Angular-Sounding (FAS) 
technique. 

Input: signal properties  
Doppler frequency, angle of 
arrival, and time-of-flight 
from transmitter to receiver

Output: TID parameters
amplitude, wavelength, 
phase velocity, and 
direction of propagation.

The modelThe D2D experiment



Intelligent signal processing 
in D2D raw data

For each signal exceeding the threshold, the angles 
of arrival ε and β, are determined.

Doppler waterfall

2. Clustering signals: hierarchical grouping based on 
the group path, Doppler frequency and angles of arrival

Clustering with 1E, 1F, 2F 
propagation modes

{ρ, δ, ε, β} set of values for each 
cluster define the “signal”

Reinisch, B., Galkin, I., Belehaki, A., et al. (2018). Pilot ionosonde network for identification of traveling ionospheric disturbances (Radio Science)

1. Extract signals propagated along 
different paths



Signal parameters 
from D2D raw data

Automatically tracked signal parameter for the 1083-km DB→EB link:  

Doppler frequency, group path length, and azimuth and zenith angles. 



D2D extracted TID results 
for the 21 April 2017 
moderate substorm

TID derived periods : from 95 to 110 minutes

TID derived wavelengths : ~ 1370 km;

Calculated TID velocities : between 280 and 400 m/s.



• Harmonic decomposition by Fourier

• Reconstruction of Residuals (T < 3h)

Verification of D2D results 1: 
HF interferometry method

The HF Interferometry method analyses oscillations in MUF and HF Doppler measurements
(Altadill et al., 2017)



Cross-correlation & Time delays ∆𝑇𝑀𝑖 − Ԧ𝑠 ∙ ∆Ԧ𝑟𝑖 = 0

Propagation velocity of TIDs Ԧ𝑣 =
Ԧ𝑠

𝑠2
.

HF interferometry results for 21 April 2017



Results based on the analysis of the North-South 
direction.
The approx. parameters of the LSTIDs are:
- Phase speed: 460-620 m/s,
- Wavelength: 2400-3300 km,
- Period: 1-2h.

TIDs are seen as slanted rays.
Between 16 and 20 UT, three LSTIDs wave signatures are observed with a strong equatorward component. 

GNSS based method:
it is based on the analysis of geometry free TEC data
from numerous GNSS stations in Europe and it is
mostly sensitive to perturbations from LSTIDs.
(Borries et al. 2017)

Verification of D2D results 2: GNSS based TIDs



Mean AATR values over Europe 

21:00-22:00   2017 April 21th

D2D verification results 3: The AATR index

AATR indicator:
The AATR samples 
ionospheric 
irregularities directly 
on the actual 
instantaneous GNSS 
signals and its 
computation is reset 
every time the arc 
changes (i.e., after 
every cycle-slip).

Juan et al., 2018, 
Journal of Space 
Weather and Space 
Climate



Comparison of results

Direct TID detection Indirect TID detection methodologies for validation TID indicator

D2D oblique skymaps HF Interferometry TEC gradients AATR index

Activity 
characteristics

Three LSTID waves at 1800, 2000, 
2130 UT
T: 95 – 110 min
L: ~1370 km

LSTID waves from 
1600 to 2400 UT

3 LSTIDs wave signatures betw. 
1600 and 2000 UT.
T: 60-120 min
L: 2400-3300 km

LSTID activity detected 
after 1800 UT at high 
latitudes.

Perturbations in the 20 
deg meridian are much 
larger than those in the 
10 deg meridian.

Location of 
observation

Altitude: Bottomside ionosphere.

Region: At the reflection points 
between the DPS4Ds: 
at 10 deg meridian (45 deg N) 
At 20 deg meridian (52 deg N) 

Altitude: Bottomside 
ionosphere.

Region: Europe and 
South Africa

Altitude: not specified

Region: 
Europe, below 60 deg. N
Meridian chain at 10 deg E

Direction of 
propagation

South-East in the 10 deg
meridian; south propagation in 
the 20 deg meridian

Equatorial propagation 
in the North and South 
hemisphere

Direction: Strong equatorward 
component (the east-west 
component is under 
investigation) 

Velocity ~ 280 to 400 m/s ~ 300 to 700 m/s N/S component ~ 460-620 m/s.



Some considerations

• The D2D method works in real-time and calculates the TID characteristics at the reflection points 
between two Digisondes in bistatic HF operation link.

• The ionospheric perturbation due to the TID is strongly dependent on local ionospheric characteristics.

• The verification of the results is a challenge because it is extremely unlikely to observe the same 
location with two different methods.

• The comparison of TID characteristics extracted from other methods can only provide a qualitative
confirmation about the type of activity going on over a wide region, in geographical and altitudinal 
extent.

• Most of the users concerned with TID activity need an early warning over a specific region.

• The combination of the results extracted by complementary experiments seems to work for the issuing 
a TID activity report over a specific region.  

These considerations are the drivers for the new EC HORIZON 2020 TechTIDE project



What TechTIDE will 
achieve

TechTIDE will provide for the first time direct identification of TIDs in real-time based on a number of
different and complementary detection techniques.

Data from Digisondes, GNSS receivers and Doppler stations collected simultaneously from experiments
operated in the European and South African regions will support novel studies on the TID triggering
mechanisms including their intensification due to interhemispheric circulation.

TechTIDE will fill in the gap in the current ESA SSA ensemble of federated services, satisfying the requests
of Trans-ionospheric domain for accurate ionospheric specification and especially for TIDs nowcasting.

In close collaboration with potential users, TechTIDE will develop real-time products tailored to the needs
of operations such as EGNOS, N-RTK and HF communication and geolocation systems, to support the
development of mitigation technologies.



CDSS
Digisondes
GPS receivers

Basic observational data sets to be 
explored by TechTIDE for real-time 
and postprocessing Research and 

Development activities

TechTIDE operations 



CDSS
Digisondes
GPS receivers

Availability of information required to 
support the design of mitigation procedures

✓ Warning

✓ Nowcasting 

✓ Forecasting 



✓ Warning

✓ Nowcasting 

✓ Forecasting 

CDSS
Digisondes
GPS receivers

Availability of information required to 
support the design of mitigation procedures

Possible intensification region due 
to interhemispheric circulation

• Amplitude of TID
• Direction of propagation
• Areas to be potentially affected the next hrs
• Perturbation in ionospheric parameters specific 

to each type of operation, i.e.
➢ MUF, azimuth for HF operations
➢ TEC for SBAS

================

• Early warnings (based on geospace and 
atmospheric drivers)

• Ionospheric background conditions
• Forecasts for expected TID activity



Thank you for your attention!

WEB:      http://tech-tide.eu

Twitter: @ Tech_TIDE


