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Abstract

Currently, tens of thousands of commercial satellites are operating and planned for launch in geostationary
orbit. High—energy particles are known to be a major cause of failures or malfunctions in these satellites.
Therefore, predicting high—energy electron flux in geostationary orbit has become an important part of
space weather information. While the global-scale observations of the limb and disk (GOLD) mission far
ultra violet (FUV) instrument is not designed for radiation belt observations to measure particle flux, it has

been providing observational images of the ionosphere and thermosphere since it reached geostationary
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orbit in October 2018. In particular, previous studies have shown that high-energy particle flux can be
inferred from noise in the images, as demonstrated through SOHO image analysis. By inputting the
observed image noise into machine learning algorithms or artificial intelligence (Al) techniques, it becomes
possible to estimate electron flux. This can then be applied to derive space science data from images (e.g.,
weather images) acquired by various existing satellites launched for commercial purposes. In particular, if
we can utilize already collected solar images or images from various commercial satellites in operation, we
can obtain energy measurements at various locations that existing scientific satellites (e.g., US's GOES,
Korea's KSEM) cannot cover (e.g., over Africa). This is a new method of utilizing previously underutilized

image data and has the potential to maximize the usability of satellite data.

gAlol: 58, FAAZR, o284
Keywords: space weather, GEO-orbit, noise analysis
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Fig. 1. Global-scale observations of the limb and disk (GOLD) mission 2 channel far ultra

violet (FUV) image and FUV imager detailed image [2].
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Fig. 2. Expected number of cosmic rays affected by the SPE on August 23, 2005 and GOES 11 P4, P5, P6 profile [3].
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GOLD, global-scale observations of the limb and disk.



GOLD

0149l FUV O[0IX] HE1 *F

Z2td H0[H9l Blu A7

8

3500
Noise Count

3000 GOES-17 praton

Noisg Count
GOEE

17 electron

2500
0t o o
L 2000 G H
5 v @ i
8 1500 W &
E
1000 10 ° g
500 10-2
0
50 100 150 200 20 300 350 0 100 150 200 250 300 30
-2019- 1 day to 366 -2019- 1 day to 365
3000 Noise Count Noise Count
GOES-17 pml_on 10° GOES-17 electron
2500
10° .
2000 E o
= w00 :
g 1500 & ~
1000 10t 5 5
500 102
o : : : : . . — 10-3 : : : : :
50 100 150 200 250 00 0 50 100 150 200 250 300 350
-2020- 1 day to 365 -2020- 1 day to 365
000 Moise Count 10 Moise Count
GOER-17 praton GOES-17 electron
2500 e
2000 J ] ' F ) | | i 100 7 =
;EDD | i N il § | I'{‘ ‘ I [r 4 '_"
3 ! i 10 w00 W :
A i | ! | : ;
1000 [ | Bl A 101 9 S
so0 ‘ R
o : : : —F 107 : :
=0 100 150 200 250 00 350 50 100 150 200 250 300 350
-2021- 1 day to 365 -
2500
Moise Count 10% Noise Count
2000 GOES-17 m Q 1w -:Q S—l electyon
1500 : 0t = =
E I 10° 7 I
S 1000 | ||| ' ‘ 'E b
| ’ 10" g
500
102
0 : . : : —F 10 : : .
50 100 150 200 250 300 350 50 100 150 200 250 300 350
-2022- 1 day to 365 -2022- 1 day to 365
| Noise Count | Noise Count
=00 GOE |‘ proton [+ 1q2 7500 GOES-1f electran
| ; 10°
2000 .\ ) 10, ; 2000 .
" i 5 0
u ||| '1l | \i' :
| L : 5
e V l I| | “ l v 10 5 1000 1 §
500 102 500 |
10
0 "
%0 100 150 200 0 00 50 50 100 150 200 250 300 350
-2023- 1 day to 365 -2023- 1 day to 365
Fig. 6. Graph comparing GOES electron and noise counts over 5 years.
= 2 5] = H 0.0 o 5 =
£ < vlug Zdijolt). #E0] H2A2 IR $59 Hepe AR ofd Yd F o
= 2 =] Ji
ARZto] 08l Ak=E T H|WoHal GOES 94*39] AR} FAE HolBe =11 AAIY,
GNCE 4442 EAHQAT, AAHQ 43 §ABH Liehdt}. E3] Noise countt
[e] A =] = =
2,0007]f o<l Y92 GOES HlolEl7} F4t % S 7Rkol F3IRh ke g, 53] At

https://doi.org/10.52912/jsta.2025.5.1.1



J. Space Technol. Appl. 5(1), 1-12 (2025)

dlolelele] 7%t ATBAS BolT 9lek. o]F Sizk 107 ol S&3}e] AuAs B
Aste cheat 2t

A 9S v WSk Fig. 73 2t GOES ¥ GNC dlolg B 31 Y] & HEES Hol:=
o] 8= I HM3Ndaily variation) WHEelch ¢ 18L 8U7te] HolHEH 1 BH F=
HEEZ AAS FHoE v Wt GOES g4 #3H5] ask= ¥, GNC gk He} £27
4 HE o= Helth W= Flo| AJ5she 9ol F tlolE 2% fARE B3k& Hel
. T 7I%F A9 HlolEete] BluofAs MEHo] 4axsto] Blart -GoshA|et, At
= ANt g ZH4skal s R At

Z83%F §5 4 A1719 GNC= GOES HlolEe} A2 5U3t 43RS Holn, o[HE &
A Aol A7 B FEsizoh ey AAA Q1 Al A YEd=T, ole
0|2 T3t daily variation® AR GNC7F 5007 olske] u] FEfE Hol7] wjFolct
(Fig. 8). o[HIE Y offel TAglo] 1yHog WAsk= 500742] ko2& A|AsHH tf

i 22 AIE Ee 5 ArHFig 9).

k

Correlation: 0.352- 2020
® GNC GOES electron

3000
2500

2000

e
.

1500 §
*°.'
$

Count

1000

...;.‘.’.‘”’M
S e

° 0
[
500 3 L4
T
0 T T T
250.0 2525 255.0 2575 260.0 262.5 265.0 267.5 270.0
2020 Day (250,270)
Correlation: 0.170- 2020
@ GNC « GOES proton
3000

2500

2000

2

1500 §
%,
*

Count
cm-2 s-1sr-1

1000

500

0 T T T
250.0 2525 255.0 2575 260.0 262.5 265.0 267.5 270.0
2020 Day (250,270)

Fig. 7. Event correlation 2020: GNC and GOES electron (yellow), proton (red) data. GNC,

GOLD noise count; GOLD, global-scale observations of the limb and disk.
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