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Orbital Lightning Mapping

e Optical observation

* From geostationary or low-Earth orbit Coverage of GEO lightning mappers (2023)
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* Near-infrared (777 nm): hot leader processes
* Ultraviolet (337 nm): streamer-based processes

* Radio frequency (RF) detection
* Very high frequency (30-300 MHz)

* Fast On-orbit Recording of Transient Events
(FORTE)

* Ground-based Lightning Mapping Array (LMA)
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CubeSpark: A Next-Generation 3D Lightning Mapping Concept

* A constellation of small satellites in low-Earth orbit
* VHF radio measurements to map structures of lightning and thunderstorm charge regions
* Bispectral, high-resolution optical measurements to further enhance lightning detection and analysis
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Vertical surge of VHF Vertical Observation

(Gatlin & Goodman 2010) lightning source density
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VHF-Based Time of Arrival (TOA)

Solution RMS Errors (Rotated): Varying # of Stations
timing err: 1e-7 s ; configuration2
RMS perpendicular to orbit

RMS paralleLto orbit
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Test location at mid-latitudes (30.2° N, 92.3° W)

RMS errorsinx’, y’, z :

* 6 satellites:

* 160m, 210 m, 850 m
* ~60% coverage with 3D resolution <1 km

5 satellites
* 290m, 330 m, 1100 m
* ~44% coverage with 3D resolution <1 km

4 satellites
e 760 m, 500 m, 2000 m
* 0% coverage with 3D resolution <1 km
* ~75% coverage with 3D resolution <2 km



Optically-Constrained TOA

Test location at mid-latitudes (30.2° N, 92.3° W)

RMS parallel to orbit RMS perpendicular to orbit
[ ] [ ]

RMS errorsinx’, y’, z :

* 4 satellites:
e 580m,580m, 1700 m
* ~13% coverage with 3D resolution <1 km

4 Stations
%F‘/

* 3 satellites
e 580m, 580 m, 1900 m
* ~10% coverage with 3D resolution <1 km

3 Stations

» 2 satellites
580 m, 580 m, 3800 m
* ~10% coverage with 3D resolution <1 km

2 Stations
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Single-Satellite Reflected Pulse Method

* Requires optical constraint and reflected VHF emission
e 12-32% of VHF sources

* Horizontal position given by optical imager

Transionospheric
Pulse Pair (TIPP)
RUE \/HF, TIP
\ 4() -
* Altitude and time given by direct and reflected Ref/eCted\ g 35 gl
pulses pulse

30 R
L 02 03 04
(Light 2020)
Solution error: sat_test data_option02_v03.3_oneorbit.csv
timing error o: 5.e-7 s, n iterations: 250
Xerr Y err Zerr .
RMS errorsinx, vy, 2 :
¢ 580m, 580 m,300m
30°N O 30°N O 0% £
e ~100% coverage with 3D resolution
<1 km
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Summary of Results

* High resolution 3D lightning geolocation

would represent a significant advancement Vertical Resolution vs Flash Activity
in flelds beyond ||ghtn|ng from @ R1: Optical + RF reflected pulse @ R2: Optical + RFTOA @ R3: RF TOA
meteorology to climate modeling. 4000 ®

3500

* Storm charge layers can be inferred with
vertical accuracy <2 km, lightning structure
may be resolved with accuracy <1 km
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» (with caveats of detection efficiency)

e Using pure-VHF TOA, expected vertical

Geolocation Uncertainty (m)

: 1000 - i 1109 { )
accuracy is: 850
. . 500
* 850 m using 6 satellites O 300 @ @ ® @ o
* 1,100 m using 5 satellites 0 1 2 3 4 5 6

Number of Satellites in Constellation

e <5 satellites unreliable

*  Size represents relative number of well-resolved sources (approx.)

* Using optically-constrained TOA, expected
vertical accuracy is:

* 1,700 m using 4 satellites
* 1,900 m using 3 satellites
* <3 satellites unreliable
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Supplementary - CubeSpark Constellation Design
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Altitude:
525 km

Average separation:
300 km
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Supplementary - lonospheric Total Electron Content (TEC) Variation

Solution RMS Errors (Rotated): TEC variation
timing err: 1e-7 s ; configuration2

RMS parallel to orbit RMS perpendicular to orbit Z RMS . s B
E RMS errorsinx, y, z:
: 3 {ﬁ; 3

5 TECU:
* 8 m,110m, 290 m
* 100% coverage with 3D resolution <1 km

5 VvTEC
309N

30 TECU
e 160 m, 210 m, 850 m
* ~60% coverage with 3D resolution <1 km

30 vTEC

60 TECU
* Poor algorithm convergence rates

60 vTEC

60 TECU (relaxed timing)
e 720m, 870 m, 2700 m
* 0% coverage with 3D resolution <1 km
* ~30% coverage with 3D resolution <2 km

60 VTEC
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