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∴ Signals from HF broadcasting or time-service 

stations can be used for monitoring TIDs.



FAS principles

• Angles of arrival accuracy: ~10

• Spectral resolution: 0.03-0.1Hz

• Data taking rate: 1..10 min

• Frequency stability: ~10-9

Measured signal parameters:
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FAS: 3 approaches

1. Oblique

2. Vertical/Generalized

3. “3D density waves”

Perfectly reflecting surface is assumed.

Tx ≠ Rx

Perfectly reflecting surface is assumed.

Vertical case is ok

Ionospheric layer is assumed.

Tx ≠ Rx
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Spectral representations:

Measured signal parameters:

ε(t)  elevation angle

ϕ(t)  azimuthal angle

f
D
(t) Doppler shift

))(sin)(cos)(()(),,( Ω+ΩΩ−Ω

∞

∞−

ΩΩ= ∫
θθ yxiKti edeNtyxh

Surface spectral representation:

N (Ω) – TID amplitude

K (Ω) – TID wavenumber

θ (Ω) – TID direction of motion



Preliminary test resultsSurface model visualization



Oblique FAS: cont.
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Trajectory parameters spectra: (direct problem)

Reflecting surface spectra: (inverse problem)

With the use of the spectral representation, one gets solutions



Digisonde FAS ISR 

Velocity, Wavelength, Azimuth, Velocity, Wavelength, Azimuth,

Date m/s km deg m/s km deg

15.03.2001 341 655 117 305 585 102
16.03.2001 135 258 -80 156 274 -82

Comparing TIDs parameters measured with DPS and ISR.

Measurements with FAS technique

Velocity, m/s Wavelength, 

km

Propagation 

direction, deg

Amplitude, 

ISR data 305 585 102 2.0 %

FAS (surface) 341 655 117 0.8 %

FAS (layer) 317 610 115 1.8 %

Comparison of the 30 min TID parameters obtained with FAS and ISR techniques for March 15, 2001 data



Simulation runs to test FAS accuracy

Run1 Run2 Run3 Run4 Run5 Run6

Propagation

fo, MHz 8.0 8.0 5.0 5.0 5.0 6.0

UT 17:00 17:00 5:00 5:00 5:00 7:00

Distance, km 324 651 651 651 651 853

TID parameters

Period, min 30 30 30 30 20 30

Wavelength,k

m

300 300 300 400 200 300

Direction, deg 180 30 90 190 190 30

Amplitude, A 0.01 0.02 0.02 0.01 0.01 0.02



FAS accuracy test results
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FAS accuracy test results (cont)



Experimental setups

Tx in Antarctica

DPS-4D Tx antenna

UTR-2 Rx antennas

DPS-4D Rx antennas



Measurements with FAS technique
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FAS requirements

Angles of arrival accuracy: ~10

Spectral resolution: 0.03-0.1Hz

Data taking rate: 1..10 min

Frequency stability: ~10-9 (for oblique sounding)

To measure continuously:

ε(t)  elevation angle

ϕ(t)  azimuthal angle

f
D
(t) Doppler shift

τ(t)   Signal delay (vert. sound.) DPS CHU or DPS

Approximately: 



Conclusions and Recommendations

FS technique is capable of measuring TID parameters

FAS technique accuracy is about 10%

FAS technique can be integrated into DPS-4D systems.

We propose to establish Rapid-TID system of TID monitoring based on the 

FAS technique




