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Abstract: The need to integrate digital technology into school education is increasing. Accordingly, this study aimed
to explore the feasibility of using Arduino, a digital device gaining attention for its applicability in classrooms, by
developing a model that visualizes physical quantities measured during experiments in real time as graphs. The 2015
revised curriculum for 9th-grade science textbooks presents a cloud formation experiment apparatus. An Arduino Uno
board equipped with two sensors, DHT11 and BMP280, was used to measure the physical quantities that change during
the adiabatic process. The collected data were visualized as graphs using Python visualization tools. The data from
the BMP280 sensor clearly demonstrated the correlation between adiabatic expansion, characterized by pressure decrease,
and temperature decrease. However, sensors like the DHT11, with a response time of 5 to 10 seconds, had difficulty
observing phenomena with time scales shorter than 1 second, such as those occurring during the adiabatic process.
This Arduino model is expected to help students better understand theoretical concepts related to cloud formation and
adiabatic expansion when applied to teaching and learning.
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GND GND
SDI (MOSI) 11
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#include <SPI.h>
#include <Adafruit_Sensor.h>
#include <Adafruit_BMP280.h>
#include <DHT.h>

#define DHTPIN 2
#define DHTTYPE DHT11

// DHT11 HIME ©
// DHT11 MM

9 DHT dht(DHTPIN, DHTTYPE);

11 // BMP28e sPI &
12 #define BMP_CS 10
13 Adafruit_BMP280 bmp(BMP_CS);

N (cs B2 1e¥oz 4F)

15 void setup() {

16 Serial.begin(9600) ;

17

18 // oHT11 =3}

19 dht.begin();

20

21 // sp1 SLE ST swp28e EI|F}

22 if (!bmp.begin()) {

23 Serial.println("BMP280 EJ|8} ATH");
24 while (1);

25 }

26}

28 void loop() {
29 /7 oHT110IM 222t ST $4DI

30 float humidity = dht.readHumidity();

31 float temperatureDHT = dht.readTemperature(); // &W =%
32

33 // sMp28e0il M 22 DIt 2101 (sP1 &)

34 float temperatureBMP = bmp.readTemperature();

35 float pressure = bmp.readPressure() / 100.0; // J|2tE hpaZ &t
36

37 /1 AlIEZE 2t IMS| CIoIE T

38 Serial.print(temperatureBMP); // BMP280 =%

39 serial.print(”,");

a0 serial.print(pressure); // BMP28e D|2t

a1 Serial.print(",");

a2 Serial.print(temperatureDHT); // DHT11 25

a3 Serial.print(",");

aa serial.println(humidity); // DHT11 S=

46 delay(1000); // 1% CHD|
}
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import serial

import matplotlib, pyplot
import matplotlib, dates
import pandas as pd
from datetime import datetime]
import time

AR ZE 273
ser = serial, Serial('COMT, 9600)
time. sleep(2)

# Ol0|E| HZS 2IEF pandas DataFrame 27
df = pd.DataFrame{calumns=[" Tlrr\E“tarrxp . “Temperature_BMP", "Pressure_BMP", “Temperature_DHT", "Humidity_DHT"])

* ]ﬂ{ I MTd
pltion()
fig, {{axl, ax2), (a3, axd)) = plt.subplots(2, 2, figsize=(12, 8))

# = Z7|E

temperature_bmp_line, = axl.plof([], [], label="BMP 280 Temperature (°C)", color="tab:blue")
pressure_bmp_line, = ax2 plot([], [], label="BMP280 Pressure (hPa)", color="tabired’)
temperatire_dnt_line, = ax3,plot{[], 1, label="DHT11 Tem 1", color green’)
humidity_dht_line, = axd.plot([1, [1, label="DHT11 Humidity , color="tabiorange’)

# = 4
for axin [axl, ax2, ax3, axd]:
ax.xaxis, set_major_formatter{mdates. DateFormatter( %H: %M %3 °)

%)"

try
while True:
i serin_waiting > O:

line = ser.readline().decode( utf-"), strip(}

print{f"Received: {line}")

try
temperature_bmp_val, pressure_bmp_val, temperature_dht_val, humidity_dht_val = map(float, line.split{",")}

except ValueError
continue

I AZE T2
timestamp = datetime. now()

# OI0|E{ S pandas DataFrame| 3}

new_data = pd.DataFrame([ [timestamp, temperature_bmp_val, pressure_bmp_val, temperature_dht_val, humidity_dht_valll,
columns=["Timestamp", "Temperature_BMP", "Pressure_BMP", "Temperature_DHT", "Humidity_DHT"1)

df = pd.concat{[df, new_datal, ignore_index=True)

#EAIZF JHE HOOIE
temperature_bmp_line. set_xdata(df[ Timestamp"])
temperature_bmp_line, set_ydataldf[ Temperature_BrP"1)

pressure_bmp_line. set_xdata(df[ "Times
pressure_bmp_line. set_ydata(df["Press

temperature_dht_line. set_xdata(df["Timestamp"1)
temperature_dht_line.set_ydata(df["Temperature _DHT"1)

humidity_dht_line.set_xdata(df["Timestamp"])
humidity_dht_line. set_ydata(df["Humidity_DHT"1)

# £ He =5 gOo|E
forax in [axl, ax2 ax3, axdl:

ax.relim(} :
ax autoscale_view()

# xZ gjolg FH

plt.setpiaxl. xaxis. get_majorticklabels(), ratation=45, ha="riaht")
plt. setp{ax2, waxis. get_majorticklabelsi), ht')
plt. setp(ax3. xaxis, get_majorticklabels(), ht)
plt. setp(axd. xaxis, get_majorticklabels(), rotation=45, ha="right')

# ez MM
plt.draw()
plt. pause(1)

except Keyboardinterrupt:
print("Z2 0 EE")
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