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Localization Results for CHU
Forward Model

Objective

= Combine new techniques and technologies to create volumetric measurement
of the bottom-side electron density in a low power envelope
= MIMO Radar—Enables volumetric imaging with low power
= Advance CW waveform coding—Enables low power transmit
= ElectroMagnetic Vector Sensor (EMVS)—Angle of arrival estimation
in small form factor
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Eclipse 2024 Deployment

Map of partial deployment
during the 2024 eclipse in

= Deployed throughout New England New England.

= Plan to deploy up to 5 transmitters and 8 receivers around
MIT Haystack Observatory e |
= Partial deployment was completed: 3 receivers and 3 transmitters . At it o
were deployed e
" Received data is being processed and analyzed
= Deployed with Zephyr Meteor Wind Radar system
= HF radar system with complementary capabilities and similar

req u I re m e nts Ionosphere. Target Detections Posjtive Doppler Ionosphere Target Detections Negative Doppler
: .. : : 0] B | w0l |
= Used common receivers and jointly designed transmitters ;
. . 320 - ? i 320 E
with many overlapping components 4 i
. 300 - | o-» . 300 - . .i
Dip0|e A £ 40 S 280 — 2 280 ;= E
Digital RF Data 2024-04-08 17:00:00.00 UT 5.00 MHz (/data/vsrecs/eclipse2024/) 700 @ .T.c. P ‘,-:—J Ji:
200 = + 110 Haystack 500 240 : — j :nmf-b
e N e e I £ : | i e 48MHz * 4.8MHz:
3 © 400 2 : : 5.2 MHz 5.2 MHz
= 0 ) « 220 - i i—f+se= Start 220 - e o Start  :
| | = 2 0 | 1 N
9 ’ Haystack 200 1+ ; ; ; . — ; 200 | —t P?ak | .
_ 10 coTs Tx 200 17:00 18:00 19:00 20:00 21:00 22:00 18:00 19:00  20:00 21:00 22:00
B Fully processed detections tracking the virtual height of
the ionosphere at multiple frequencies. Returns with
Returns from showing signals from Partially processed returns showing positive and negative Doppler have been separated to
multiple transmitters during the eclipse. ossible bounce and mode splitting. try to discern bulk ionosphere motion during the eclipse.
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s Desired Scientific Products
= Electron Density Measurement = Jon Velocity Measurement = Common lonosonde
= ~2_-10 km vertical resolution » Measurement of Doppler from each Parameters
(BW dependent) Tx/Rx pair = Fof2
» ~25-50 km horizontal resolution ® O mode and X-mode = hmf2
= ~1-to 10-minute time resolution = Use polarization filtering in EMVS = MUF

Receiver System

Clockwise from top:

A) Transmitter amplifier
assembly,

B) Antenna tuning control board
C) Antenna tuning enclosure.
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Below on the left, the radio and power system enclosures for
the receiver. The right-hand side shows the EMVS antenna
for this system.
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Right: The transmit dual polarized loop antenna

Below: Inside the transmitter
enclosure.
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= Created initial ionograms with frequency hopping method .. ® Combine sensors for a large-scale space-weather e 060.00.000
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» Updated firmware and software for receiver system Top: Spectral time = Thermosphere vector wind velocities
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