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Showing that a circularly wired antenna will show a phase shift
if rotated, even if the received signal is linearly polarized.

signal= A cos (ot+¢g)

Y

Z (L or R circular)

Signal X=Acos$¢cos(ot+c), SignalY= Asindcos(mt+g)

SignalZ=Acos$¢ cos (ot+c) + Asindcos (ot+e+90°)
=Acos(ot+c+ ¢ )
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Twisted ant. data: Original analysis shows
height =102Km, and T4,2 =0.42 sec., quite

a long decay time for this height.

The twist-corrected height is 93Km
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A less accurate way to get angle of arrival

5 ~
A, % -
AD,
WL = S
Al2
2.5\ 2\
= 4.5 A -

AD, - AD, Is the expected phase diff. from a
Al2 spacing.
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Zenith aliases when actual zenith angle = 40 deg.
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Echo Range is oversampled. How do you tell which
TX pulse caused it?

Range
scatter from single, slowly moving, meteor trail
'-# o A 7 *
29 receiver
height gates r:;}:lised
LUCIPCL P A P L RPN IR TIPS TR LT
TX TX TX TX TX

——70Km, 460 ps — Time base | m— ———




To illustrate range aliasing

We know the zenith angle and range gate # (red),
can that represent a height between 70 and 110 Km?

yes no yes

ambiguous
e

110 Km

70 Km

_ specific
range gate

Radar —— 29 range gates = _—



Correction method # 1

1. Invert accepted trail AOA (zenith and azimuth) to get phase differences
for the 3 antenna pairs in each line of 3.

2. Add 40 degrees to antenna #4 phase.

3. Calculate all zenith_component aliases for each antenna pair spacing
in each line..

4. In each 3-antenna line, go though all 3-zenith alias combinations (4x5x9)
and select the one with lowest variance.

5. Combine the 2 selected “zenith_components”, one from each antenna
line, to get the corrected AOA. There is some loss to impossible cases,
i.e. if both zenith_ components are too large.



Correction method # 1 contd.

6. Work out range gate number from original (twisted) data

7. Check in the first 5 range aliases ( to ~“350Km, ~ 70 deg. zenith)
whether this range gate plus the new AOA indicates a

corrected for_earth curvature height (and only one) within
70-100 Km.

8. If ok, then plug the new range, height, and AOA into the original
meteor parameter record (keeping the original radial velocity,
decay time etc.) and we’re done.
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Compare decay-time (tau) vs. h for orig. and corrected MWR, 2016 Dec23.,24
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Correction Method 2 :
Non-linear fit of zenith and azimuth to 4 selected

antenna pair phase differences. The fit must be done
for each set of phase aliases ( here 4x5x5x9) to find
the one with the lowest error. It is an interesting in
that the zenith and azimuth are not bounded — but
means the zenith must be “unwound” afterwards.
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Eureka meteor radar: compare quality of corrected antenna-twisted data to original
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Comparison by wavelets @ 88Km (diff dB scales)
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Conclusion:
Since there is no way to test the correction
methods without the actual SKiYMET analysis

program | cannot recommend use of these
data.

Thank you for listening!



Slide 5. Sample of signals at 5 antennas during twisted antenna interval

Slide 6. extracted amplitude and phase from trail in slide 5. The phase slope gives the
Doppler shift (radial velocity). Before and after the trail, data are noise- "zero” amplitude and
random phase.

Slide 7. sample of final o/p trail data. Correction modified the azimuth and zenith and
uses these to determine the range and height (not always suceessfully)

Slide 8. antenna coordinates in m, (RF= 33.4 MHz) - a “Jones array” configuration. The
relatively large spacing is to minimize antenna coupling - which would distort the AOA, and
also produces a more accurate AOA because of the large spacings. But the drawback is that it
produces AOA aliases.

Slide 9. A direct 0.5 lambda spacing can be simulated by subtracting the 2.5\ and 2A
lambda phase, but given that phase measurements have errors and subtracting double them (
with a short spacing phase errors have a much bigger effect on the AOA.)

Slide 10. Shows zenith aliases for different antenna pair spacings given a real zenith angle.
Adjacent aliases are 360 deg apart in antenna phase difference (of course the absolute phase
difference cannot be measured: measured phase differences must be between -180° and +180°.

Slide 11. as in slide 10, but bigger real zenith. Results look similar.

Slide 12. In fact the echoes from 4 consecutive pulses are averaged coherently to increase
S/N. A high PRF is necessary to catch weak (short duration) trails, which leads to range
aliasing. A “meteor rule of thumb” is that each meteor size-range has the same total mass.

Slide 13. The red arc shows the range aliases for a particular range gate. E.g. here it
appears to be range#3. Depending on zenith angle (which has “de-twisted” by this time) there

may be 1, no or more than 1 possible heights between 70 and 110 Km.




Slide 18. These have all been corrected. the phase correction was varied to see what was
best. Visually 35° is worse. 40, 42, 45° look similar. (By the way, the 40° value was Wayne's
estimate when he was there manually untwisting. The sign I found by trial.)

Slide 19. This shows the progress from original. to corrected, to MLS selected. “MLS
selected” means the meteor log,q 712 was within 0.4 of the (daily FEureka ) MLS-calculated
value (at the corrected height). Use of MLS temperatures is not recommended above 0.001 hPa
(~90 Km) so the temperature-GPH was extrapolated to 100 Km This slide shows winter data
for which extrapolation is probably fine, but summer is not because of the large temperature
changes near the mesopause, so MLS selection was an interesting thought but likely w will not
be used.

Slide 21 In order to do a proper job. all pairs and all aliases should be used. There are ten
such, of which two need (3-4,1-2) need 9 unfolds (3v4,1v2), and two (4v2, 1v4) probably 10.
That adds up a humungous number of cases - at least 10x10x9x9x4x4x4xHx5H cases per meteor!
- each of which needs a non-linear fit. There maybe some way of combining alias sets - that
is, choice of aliases in some pairs may rule out some other pair aliases - I'll leave that as an
exercise. Simple - like Fermat's last theorem.

But to un-digress, the non-linear fit looks for a mimimum in the rms phase errors (phases
regenerated from the original AOA, and the 40° “fix” put in) for the 4 chosen spacings) over

zenith-azimuth space. The interesting part is that no angle limits are used, ie. it is an
unboumded surface. So it happens that the zenith can wander +ve or -ve to any size (I just

show the part of the surface in slide 22 for zenith = 0-90 ° - which is the only unique part of
the surface. 0" shows the first guess, and " X" shows the minimum (over all unfolds). The
only tricky part is “unwrapping” the zenith so that the height can be found.




Why method 2.7 Method 1 keeps the N-E antenna line phases calculated from the twisted
AOA result (so it keeps the same zenith component). Only the N-W line is modified.

Considering that all original phase measurements have errors, keeping one line of antennas
fixed is not desirable. Method 2 all antenna par phase differences to vary. However - which is
better? - that's difficult to say.

Slide 25. Hourly differences consists of real differences (e.g. tides) and noise. Tides don’t
change much in an hour, so the rms differences are expected to be a measure of noise. Noise
occurs if, e.g.. a meteor trail is placed at the wrong height and/or in the wrong direction (both
of which depend on the AOA) - because it carries the radial velocity for its real height and
direction

The whole “twisted” 9 month interval is shown (top left - twisted; top right - meth. 1.;
bottom left - meth.1. + MLS selection; bottom-right good data from a different vear.

The MLS-selected version looks a little better: and seems to take care of a few spurious
(10d) values in the basic meth. 1. correction

Slide 26. Winds plots: twisted (15d, Jan '17) and good (15d, Jan '18) from a different
vear: the twisted data look a bit noisier, but otherwise the features look similar. That’s the
reason | didn't spot the problem. Wayne did see that there was problem right away because
he was looking at daily stats. and height-log,, 7 plots. No-one suspected a twisted antenna!

Slide 27. Compares orignal (twisted) and corrected (meth. 1.) data for the same interval
- they are the same in character over days, but sometimes quite different in short term detail -
so what to do? And we know that the corrected is better in the short term (e.g. within a day)
- but how mcuh better? Useably better?

Slide 28. Morlet wavelets for the whole 9 month interval, 88Km. A Gaussian (down to 0.1)
window of 6 x period is used. Same organization as Slide 25.
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