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STATION NAME YYYY DATE DDD HHMMSE AXIN FPS IGP
Eglin AFB 2015 Aug27 239 030759 417 100 -8E

Digisondel U,

Min Freg, kHz 3100
3450

The transmitted signal illuminates a large area in the
ionosphere, typically a few hundred kilometers in
diameter (top). The transmitted radiowave reflects at
every point in the ionosphere where the wave
encounters the cut-off frequency (index of reflection is
zero). If the normal to the surface of equal electron
density points exactly towards the sounder, then the
reflected signal can be detected by the system. Each
such reflection point is considered as a “source” of a
reflected signal. A map showing locations of all
“sources” is called a “skymap” (right). % - 190 £ 20 /e outh hm a7 e e
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STATICN NAME YYYY DATE DDD HHMMSS AIN PPS IGP
‘ Lowell Eglin AFE 2015 Ruga27 239 030759 417 100 -BE
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HNorth
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Min EM# Err, deg Q.0
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lonospheric tilt angles specify the orientation of an imaginary surface (left) which reflects
radiowaves to produce a specific skymap (right). Tilt angles are found as a center-of-mass” of
all the sources present in the skymap data.
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Strong ionospheric tilts result in simultaneous arrival of the signal echoes at two distinct
azimuths and zenith angles. Difference in azimuths can be as large as 100 deg.
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HF rays at 5 MHz operating frequencies are launched for a large range of elevation angles (50-80) and azimuths (-30:30 deg]

For each ray, a landing point is shown in the Cartesian coordinates.
The distance between the landing points generated with no gradients and with the ones present can be as large as 20 km

for 0.075MHz/deg gradient and 10 km for 0.03 MHz/deg.
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AoA and Doppler measurements
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On January 19, 2014, HF link operated at 5.3 MHz (15-20 UT)

E/W tilt, deg foF2, MHz

N/S tilt, deg
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HF AoA observations on January 19, 2014

Cherry digisonde observations
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and at 4.6 MHz (20-23 UT). Moderate TID activity was present during the

observation period.

Cherry digisonde was recording standard ionograms (i.e., producing foF2, hmF2, etc) as well as skymap (and tilt) data.
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A comparison of tilt measurements at Cherry, Munyo and Squirt sites. Without filtering the
noise out, it is difficult to observe the correlation.
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Comparison of tilts measured at Cherry and Squirt location on January 26, 2014.

After 19 UT there is a good correlation between two records especially for the stronger
variations. NS tilt variations at Squirt lag those at Cherry by approximately 8 minutes
indicating North-South propagation of the disturbance.



<l INstirute  Tilt measurements are well correlated with AoA data

‘:. OR SEIENTIFIC ' ' : : l | | T T 0
NSEYIRESER " Tt (5:pt smooth)
I —— AO0A zenith
S od
© ~~
= -
i :
O— rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr MR- b8 m
S \\ § <
& V[ g S
(@) <
Jo MY
1500 1600 1700 1800 1900  20:00  21:00 2200 2300 2400
40 : : : :

1 - Tiit (5-|I3t srﬁootﬁ)
35— A0A azimuth

3.0

2.5

Cherry EW tilt, deg
o
AoA, Az (POL)

2.0+

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23.00 24:00



7 ¢ (i t5\1parlson of the measured and reconstructed AoA (El)

i
IN- OR
MY |R E S E A REH— 90
. — AoA elevatlon derlved from DPS t||t (NS) .....
|~ — AoA elevation measured :

| 185

AoA, El (POL)

| i i i
16:00 17:00 18:00 19:00 20:00
uT

By using fixed Tx and Rx locations and taking tilt variations measured with the digisonde,

it is possible to “reconstruct” the expected AoA variations at the Rx location. This example shows the use of the
“mirror model” reflection and with the fixed reflection height (250 km). The reflection height can be deduced from
ionosonde measurements.
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Although the major effect of TIDs is seen in ionospheric height and tilt variations,
certain effect is present in the peak density too. This plot illustrates this by comparing relative AfoF2
variations (with subtracted daily trend) with AoA (El) observations.
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Ebro station measurements
Tilt Measurements: 1 April (0-12) 2012
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Year 2013 averaged

3.5 T T T

ra
I
S
—
=

Zenith, deg

l / I | |
4 |N| “ﬁ ||“p"*“|| I | h |r | h ‘h' 'uf' q ‘ﬁ 14
W \ Vil g ﬂ Nl || ﬂ|"\"|\' IM |
|f"|,/‘4| || "I'I Al H'| | | ﬂ r'v‘ H'| | ".I|l It | N | | | l/'*ﬂ" | 'h[ﬂ Rl ‘ /
H ! H \ ||‘ ﬂ 1oy b. | ' | W wf || h N MH u| ') l | )
LW (WA \ "u'“j‘nfu”% /ﬂu“ i il 'fl ' TR 1)
| Uw V J bw ‘ V U H| ‘ kl hf M

Tilt zenith variations at sunrise can be as large as 3 degree on average
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Strong maximum at sunset/ sunrise time (not wave)
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Distribution of the measured tilt azimuths changes through the day.
Possible link to the neutral wind direction?
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* Digisonde tilt measurements can improve HF geolocation even using simplistic “mirror
model” approach. This is illustrated by a comparison of the expected angles of arrival (AoA)
to the actual measurements.

* Variations of ionospheric tilts are especially large at sunset. Geolocation during that period is
extremely difficult.

* Analysis of the tilt measurements made at Ebro station indicate that most of the disturbances
appear after the sunrise and have major periods of 30 min to 1.5 hours.
These characteristics are typical for middle-scale TIDS (MSTIDS).

e Summertime appears to have the most frequent occurrence of the disturbances in the tilts.
Direction of propagation: there is an indications that the disturbances tend to be oriented
in the sunward direction, which suggest a possible link to the neutral wind direction.

* \Variations in tilt intensity appear to moderately increase with the increase in solar activity
and geomagnetic disturbances.
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In February, the North-South tilt component demonstrates much stronger disturbances than
East-West one, suggesting that in this month, disturbances propagated mostly southward.



7| INSTITUTE
\

September 2011 x, Roquetes
3 ’

10 12
uT

September 2013 x, Roquetes

Pericd, hour
o

Period, hour

Period, hour

September 2012 x, Roquetes

10 12 14 16
uT

September 2016 x, Roguetes




,;:zl] INSTITUTE Comparison of North-South (x) and
'!;.ﬁ e R East-West (y) tilt components

February 2012 y, Roquetes

February 2012 %, Roquetes

Period, hour

In February, the North-South tilt component demonstrates much stronger disturbances than
East-West one, suggesting that in this month, TIDs propagated mostly southward.
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