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Retired Geoscience Teacher!, Retired Osaka Science Education Inst.?

HDKEZEEND

E—o%0z, EEHCT7L70EINDIED, KA

IS EHE,

Ll e A R =

LN B T,

HITO>TETWB (& (Ij2|§

BRGEBPERGE E
WEINh5, XIZEE
x, EDFE
FHIE. SLICFEDF

’)LL-/I'_Ll
ZIK‘*I_.ITH:J:DE

\

&)
utwm A lcD

AT

-,

2 &8 'JH%%EEBJ:U‘EE/ ]I

F 3R, 22
BT F
2024).
FES5DOZORFDRLWE, FRIRIRIE T TlIE
HEDIRIE T, 8D L
DNE 75 il 7o A
T DIEHEITIEADIENTEEN =SS
EVEVIBRZAZETEDL
19 DD ZiEemd DI E. &=
FIDHL, EICHEERDE
JICHMFTTOEAIFERLY,

[
7—

EA—AZREERRINBDLDICA ST
XTWA. EEFZSIZCDFRLKGEE
_\:O)W'ﬂzt‘:ﬁ/ U?‘%T\_&)LH’E*

£, g

+ 54

== Dy el A

-/ I%T:Lt'/fi-

&R

=21t

Hy& L7c.

T
55

D HMD I~ FHE
W, EDEEERZHBN T DEEE
‘\-7 Eﬁ»/ uiﬁiﬁ;t%d)——/L‘\_jL\T

SFHRIE I CICRHEA - 7 (2024) ICEELWVLODT, Z
:’C‘fi*%ngf%ﬁjnaj%

. Mgt

BM1422AGMV &L EBERT2000HIZETEH
%E—A*i%Ml’*”‘—%EZ{ZIS Y WS (F|g1a)
2. ECEKIEE

nﬂﬁtzﬂ SRR 3
LatM5Stacké: WA

T EADZEHED, Arduinoi

L xZRL, BEL TAREDOIRICEE L.
BED./—RMPC. E/NTIVER

ERELTE/NTIVRRIZEE

ﬁbé:@%’o (F|g1d)

JWNfe. 2D/ Ny T 1) T20

X E

_I/\

—o%,

:_} EE

Figl a. Sensor:BM1422
(ROHM Semiconductor).

Ud)i

REITTER

JUNE.
D /Ny T ) 7%
H%JDEE//\.

b. Arduino and PC logging B & e

system c. Mobile logging
system d. Mobile system

driving battery
. YIRYIT

ArdumolDE’a’:*/')T)l/T 90)’PUHXUL_, X/
4 {x7ZI_Processing

B ~ET
h7D77A%

ELT

H}id)o”fArdumolDEd)Ef' A

4., F—HULIE

IsICT—Y e YCRE

IFAWkH L U'Bashz FF

y

=:=4h
/| A

=TT

JL 7z (Fig2 a). M5Stack

TBEDT — 5 I
DAV T MERK

1&78% (Fig2.b).

[ICChatGPTD/RIE 75‘7%%(\_7&971 (Fig2 c).

D. Eﬁ/ Iﬁﬂiﬁ,
EE//\IJ:I:@FF[& l/Ty

B2EADHETS

BEIZEED /N

—

=

(Fig.2 d) E, KIRABREHRERF v /N\ZAAD, L

MICHDZEEHZ

/\’UWA%%E (Flg 1 d) +

N
>

1LV = (Fig2.e). RFEDHI I T

ILITDEBE WAV,

Fig2 a. PC screen b. M5Stack screen

c. Moving average script. d. Second author’s
house in a garden. e. OKU site in a forest.

HhB%% S 7K SRR 3 DR A

EI“‘

OlMK Fif', EH &1

Yoshio Okamoto, Isao Muroi

3.EAIFE SR

= 7(%1‘8)7‘?1#17// A (L RZFE

TITULAEW).

Muroi Home 1st Jan to 2nd Jan 2025

2015 , af Al

PRREIRUT nEﬁWUé: L’C, F9 202541
J1E M52 FaﬁODWIJ?&m@“ 2EH T =1 (KR
F‘TJP\] Y, R {FEESEREE), BLU KRR

Z0) IcHlTB
[f5 R %, referenceE LTS
FRITim[E S ERIFTD T 7D DE &I
=09 (ftEd, KIER D T HE—

29.1

29.05 -

H [uT]

29
28.95 I 0.1uT

289
28.85
28.8 —
o o ® SRS SN SIS IS o SIS S o o o K
R S S S S S S S e S S
A I PFFEF(FE OO LD IR P P P SFITEFEA P O ED DR P )
Time [JST]
41.8
175 AL“ “AM OKU Campus 1st Jan to 2nd Jan 2025
41.7
41.65
Fl::1416 1 — % MR A " IA N _ ) Wl v
T 41.55 k .
f
415 Wy -
41.45
b@/\@ Q_}c @%@@.Q’,\@q@ @%@ﬁ@'\@ c§:. @ @ @,\@q@ @%@%@«@ (ga “be@@@« Q:.q@ QQ%.;.)Q%@«QQ @ .:go @%@ QQOPQ g@@
ST g e s S @ o e OSSR AR ,gf’Q S L R R LA S qgﬁ"w : ,g?
Time [JST]
. 1°* Jan.[JST] xaxrors” Jan.[JST]
N"E’mi‘ . 2025/01/02 Provisional Geomagnetic Data (1—min) —Nm%mf -
L ' :
- KAKIOKA m o
2025/01/6G1| ®ravisional Geomagnetic Data (1-min) - NoMnal -
H[nT]z /\ : M Py
[ _L.J'J WW : N 30045 M M :
- : AW
u n
l- ‘ﬁ. M . . M ;
&\ vrioadh — 3 ' 15 =
—= 50 u J 35993 4=
m u
n 4 | =
: [N\ 35006 H o s ok :
- H} \‘J' EQ_..__-.__h_-"-" \ | u r h '
-/ K
1 [\ pehoRlg e Mk, E\,
g wa 50 % \/ wk\'\f g JJJ ﬂvw“n ,h "
~5 4 \\w ot
| i dJ*‘\-a’ ! LY
. \\f\u“'\./ W F
; 46844 15
15.ﬂ0 18:00  21:00 00§00 G 0300 0600 0900  12:00 15130
Jan 02
uTC

TR0 0300 0600 0900 1200 1900 1800 2100 00200

Jan 01
uTcC

Kakivka Magireric Observatory

Fig.3 Comparison of the horizontal comps.
of the geomagnetic field associated with the
magnetic storm from January 1 to 2, 2025

(Top: Residential area in Kawachinagano

City, Mid: University campus in Kashiwara

City, Bottom: Record from the Kakioka
Magnetic Observatory, JMA, Red A

indicates the horizontal component). The
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Observation of Some Geomagnetic Storms 2025 Usmg A Cheap MI Geomagnetic Sensor

1.Background and Objectives

Solar activity reached its 11-year
maximum from last year to this year,
producing more sunspots, flares, and
occasional low-latitude auroras. To monitor
related geomagnetic variations, we

developed a low-cost magnetometer using a

semiconductor sensor and carried out test

observations (Okamoto & Nishiguchi, 2024).

Our goals are:to examine how well small
geomagnetic changes can be detected In
ordinary environments such as homes and
schools, and to explore their use In
classroom education. Here we present
several records of small to moderate
geomagnetic storms (late 2023—June 2024)
and discuss the instruments and settings.

2.Instruments and Sites

(see Okamoto & Nishiguchi, 2024 for detalls)
1. Sensor: BM1422AGMV semiconductor
magnetometer (~2000 JPY) (Fig.1a).
2. Recording Devices

To minimize magnetic interference, the sensor

and Arduino A/D unit were mounted separately
on a wooden board. In residential observations,
data were recorded with a standard notebook
PC, while for mobile observations we used an
M5Stack microcontroller powered by a small car
battery. This enabled more than 20 days of
continuous measurements (Fig. 1d).

BM1422GMV m dule
http://ssci to/2?7

Hagnet c Sensor
(1.7-2 U)

Figl a. Sensor:BM1422
(ROHM Semiconductor).
b. Arduino and PC logging
system c. Mobile logging
system d. Mobile system
driving battery

3. Software: Data transfer employed A

IDE, while display and storage functions were
programmed in Processing (Fig. 2a). For the
Mb5Stack version, only Arduino IDE was used
(Fig. 2b).

4. Data Processing: Further processing such as
moving averages was done with Awk and Bash
scripts, for which ChatGPT provided useful
suggestions (Fig. 2c).

5. Observation Sites :Observations were carried
out at two sites: a small hut in the yard of the
second author’s residence (Fig. 2d), and a
clearing in the forest of Osaka Kyoiku
University’'s Kashiwara campus (Fig. 2e). At the
university site, the mobile system (Fig. 1d) was
placed under a rain shelter.

Fig2 a. PC screen b. M5Stack screen
c. Moving average script. d. Second author’s
house in a garden. e. OKU site in a forest.
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3.Geomagnetic Storm Records

A larger event on 1-2 January 2025:
horizontal components at the residential site
(Kawachinagano) and the university site
(Kashiwara) were compared with the JMA
Kakioka reference; note that vertical scales are
not unified.
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Fig.3 Comparison of the horizontal comps.
of the geomagnetic field associated with the
magnetic storm from January 1 to 2, 2025
(Top: Residential area in Kawachinagano
City, Mid: University campus in Kashiwara
City, Bottom: Record from the Kakioka
Magnetic Observatory, JMA, Red A
indicates the horizontal component). The
location map is shown In Fig.5.

Late May—June 2025 (smaller storms):
comparison between the residential site and
Kakioka (university data omitted due to noise).
Fig. 4a covers a period with five major storms,
showing good peak-time agreement. Fig. 4b
represents a minor-storm period with weaker
signals and only modest overall correlation.
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storms from May 29 to June 3, 2025
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4.Discussions

1. Residential site: Records show strong
agreement with the overall geomagnetic storm
pattern, including short-term peaks and troughs.
However, discrepancies are larger in Fig. 4b
than in Fig. 3, likely reflecting higher human
activity during May—June compared with the
quieter New Year period.

2. University site: Although located in an open
area far from buildings (Fig. 5), the university
data reproduced geomagnetic changes less
reliably than the residential site. We attribute this
to the proximity of railway lines: about 0.5 km
from the university site versus 2.4 km from the
residential site. DC railway currents are known
to affect geomagnetic observations strongly (see
JMA Kakioka Observatory notes; Ueno et al.,
2010; Okamoto & Nishiguchi, 2024).

3. Mobile system: The M5Stack—battery setup
showed promise, but unexpected noise and
environmental issues at the university site
highlight the need for further improvements.

4. Site selection: Distance from DC sources
such as railway lines is the most critical factor.
With a stable power supply, more remote
settings such as mountain campsites, highlands,
or pastures may provide ideal conditions. For
strong geomagnetic storms, even rural houses
or school storage rooms may be sufficient
(reinforced concrete buildings are less suitable).
We encourage others to attempt similar
observations.
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Fig. 5: Location Map of the two Obs. sites.

5. Conclusion

Using a low-cost geomagnetic sensor and
simple instruments, we conducted observations
without the need for specialized facilities. We
successfully detected geomagnetic variations
associated with several geomagnetic storms.
The results show that the distance from railway
lines is the most critical factor, strongly affecting
noise levels and signal separation. With suitable
conditions, observations of moderate or larger
geomagnetic storms should be feasible even in
schools or residential areas without special
preparation.
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