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offset trend but a little bit different values. Also, spikes of unknown cause are seen.
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Retired geoscience teacher? , Taisei Gakuin University?

1. Background and Objective

1) Solar activity has intensified to producing low-
latitude auroras and severe magnetic storms this May.
2) In spite of such increased solar activity, continuous
geomagnetic observations or making
geomagnetometers in schools are rare without few
exceptions; in the UK (Beggan and Marple 2018), and
of the first author (Okamoto, 2008) and in Canada
(P.A.Zaffo, 2000).

2) The use of simple geomagnetometers in a
classroom of middle school is also rare in Japan and
the World.

3) We believe that this gap Is caused by a lack of
classroom equipment and lack of experiences.

4) This year, we designed a simple geomagnetometer
using a cheap Ml (Magneto-Impedance) sensors.

5) We also sought a way to perform this type of
observation in a normal school conditions, rather than
In a special environment.

6) We evaluated various types of geomagnetic sensors
and tried to select observation sites. We also designed
a method to conduct this type of observation in a
normal school environment.

2. Devises |

Many MI semiconductor sensors have been developed
for attitude control and measurement with smart
phones and drones in connecting with GPS, and some
of them are sold at low prices.

In our study, we try to use these MI semiconductor
sensors to observe the geomagnetic field and measure
its variation. The photos of the sensors are shown In
Fig. 1, and the test results are summarized in Table 1.
We also performed a rotation test to adjust the
Sensor's mherent offset (see Flg 3)

- _o'l\hi:"s_éééi" =

= HMCS883L 1wt =

——————

F|g1 Comparlson of sensors(grld = 1 om)
Tablel. Feature of the sensors

Sensor BM1422GMV HMC5883L Gravity - Qwiic -
(QMC5883L) BMM150 MLX90393
Brand or Maker Rohm Honeywell BOSCH Melexis
But, Many Fake
products
Price (Yen) 1980 Now no original 1750 3132
ones, sold kits
are almost fake
products <500
Future Cheap but high Much noises Low sensitivity High gain but
sensitive high price
Total Evaluation © X /\ O

3. Logging Units |

<Interface>

|2Cc connection Is used to connect between the sensor
and Arduino / M5Stack.

<Recording Device>

The following combinations have been tried or are
being planned.

1) Arduino+PC/Raspberry Pi

2) M5Stack

3) ESP32+LCD

<Software>

ArduinolDE and a self-made Processing program for
screen monitor and data logging. The details of the
equipment are shown in the photo (Fig. 2).

FIg. 3 shows the results of the rotation test.
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Fig.3: Rotation test of the four BM1422GMVs on a
horizontal plane. Beautiful offset circles are recorded to
estimate offset values for each component. The four
sensors show the same offset trend but a little bit
different values. These value are used for the
calibration of sensor records.

OYoshio Okamoto’ , Haruka Nishiguohi
(yossi.okamoto@gmail.com)

4. Trial Observation

<The first author's home->
Observed with a geomagnetic sensor and a recording
PC placed on a bookshelf on the second floor of a
wooden house. The Nankal Koya Railway Line and
station are located just 40m behind the house, making
the magnetic environment extremely noisy. The
recordings shown later show the periodic noise caused
by the passing and stopping of trains.

<The second author's laboratory>

A geomagnetic sensor and a PC are placed by the
window of a laboratory on the second floor of a
university in the suburbs of Sakai City, Japan. Fig. 4
shows two examples of observations. The data are
sampled at 1 Hz and moving averaged over 180
seconds (3 minutes).
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Fig.4 Comparison of daily records; Above: wooden
house 2F close to the railroad. The short-period
oscillations are train-related noises. Below: TGU labo.
Building 2F. Unknown middle-period fluctuations are
seen. The university office is far from a motor factory
or railroad. However, the noise level is high.
Interestingly, the nighttime noises are relatively calm in
the wooden house, even beside the railroad.

5. Mobile gadget and Observation

<Why we need mobile devices>

We built a mobile magnetometer that can be taken out
In the field to observe in a magnetically quiet
environment.

<Sensor and Logging system>

BM1422GMV was used as a sensor. For the recorder,
we used M5Stack, which we had used when we made
a microbarometer (Okamoto, 2022) last year. The
software of the microbarometer was modified based on
the suggestion of ChatGPT. The power supply was a
10500mAh mobile battery powered by USB.

<Note>

In manufacturing the device, the use of steel parts was
avolded as much as possible. The housing iIs made of
wood, and the recorder and sensor are separated by
less than 35 cm. Screws were limited to plastic or
stainless The tripod was made of aluminum with few
steel parts, and was placed under a wooden bench
table to protect it from rain.

<Observation Examples>

Fortunately, there was a camp site on the campus of
the Taisel-Gakuin University, and we were able to set
up and observe for a little more than two days. The
results are shown below (Fig. 5).
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Fig.5: The gadgets are placed under a wooden table to
avoid rain and sunshine in the outdoor camp site
located at the Taisei-Gakuin Univ. campus. The sensor
record shows small noises and moderate daily
changes compared with the indoor record. However,
some impulsive up/down spikes of unknown cause are
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6. Results and Discussion

<Evaluation of Sensors>

From the sensor test, the BM1422GMV manufactured
by Rohm was superior overall, including the results of
rotational calibration (Fig. 3). The datasheet also states
that the minimum magnetic sensitivity is 0.042uT. In the
final stage of this study, rotational calibration was
performed, and some data were corrected by
calculating the correction values (offsets) for the x-, y-,
and z-axis values (Fig. 3).
<The results of the trial observation>

The trial observation revealed that it is difficult to
observe the small perturbation of the natural
geomagnetic field in the authors' home or school
environment because it is impossible to exclude
anthropogenic noises on the observed data, which
far exceeds the natural daily variation of about
50[uT]. The anthropogenic magnetism is considered to
be |) Railroad lines DC currents (Ueno et. al, 2010) ii)
Factories DC motors iii) Even indoors, elevators and
motor-driven equipments.

It should be noted that even the university buildings
located far from railway tracks and factories, recorded
mid frequency noises are recorded so reasonable
level. This cause is currently unknown. We hope that
trial observations will be made at various locations and
under various conditions at other schools.
<Necessity of outdoor/mobile observation>
For above reason, it is recommended to observe in a
location where the influence of human noise is minimal.
For schools, we choose a location that is not inside a
building, but outdoors where there are few structures,
far from train tracks and high-voltage lines. In this trial
observation, however, we used a location under a
wooden table at a campground, which is quite far from
the university buildings. Impulsive noises of unknown
origin was also observed. However, with average level
of noises, it is expected to be possible to observe
magnetic storms of a slightly larger scale (several
hundred nT). Further observation trials are awaited.
<Evaluation of the effectiveness of the sensor>
For an accurate evaluation of this sensor, it is
necessary to compare it with the Flux Gate type
sensor, which has superior sensitivity and calibrated.
Unfortunately, with employing sensor, costs over
hundreds thousand yen, is out of our study.
<Use of ChatGPT for programming>
Since the geomagnetic data in this study is sampled
with 1Hz, so the data is huge over a long period
logging. Moreover, it needs a moving average to
smooth out the short-period noise that is characteristic
of this type of sensor. These processes are performed
using script commands on Linux. Many of these
processes could be handled with simple modifications
to the code suggested by ChatGPT. We have
confirmed ChatGPT is useful for programming.

/. Conclusions

1. the Ml geomagnetic sensor can be used for routine
geomagnetic observations including human-induced
noise if it is used carefully. However, the sensitivity is
not sufficient for natural geomagnetic observations.

2. it Is important to avoid the influence of anthropogenic
noise in the observation environment.

3. It is possible to observe larger magnetic storms.
4. In any case, further trial observation is necessary.

5. Observation of the geomagnetic field provides an
opportunity for teachers as well as students to become
aware of the importance of daily changes in the
geomagnetic field, which is currently of little interest to
schools. This will also increase the interest in
“solar/space weather”, which is currently not a
subject of much interest in schools.
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