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Abstract: This study was conducted to expand the learning of atmospheric structure into an inquiry-based activity by
collecting and analyzing real atmospheric data using a radiosonde designed and constructed by middle school students.
Nineteen students participated in the entire process, including design, fabrication, recovery, and data analysis. The
radiosonde ascended to approximately 16 km and collected temperature, humidity, and pressure data. Atmospheric
pressure was converted into altitude for analysis. After the failure of the first experiment, a dual data storage system
was implemented, enabling the acquisition of approximately 4,500 seconds of data during the second experiment. The
ascent and descent rates were 6.19 m/s and 7.98 m/s, respectively, and the decreasing temperature trend within the
troposphere was confirmed. The findings suggest that engineering design—based activities are an effective science
education approach for connecting theoretical knowledge with real-world observations.
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#include <Wire.h>

#include <SPLh>

#include <SD.h>

#include <Adafruit_Sensor.h>
#include <Adafruit_ BME680.h>

Adafruit BME680 bme;
const int chipSelect = 10;
const float seal.evelPressure = 1013.25;

unsigned long startTime = 0;
unsigned long lastMeasure = 0;
const unsigned long interval = 5000; // 5% %+2

File dataFile;

void setup() {
Serial.begin(9600);
delay (1000);

if (ISD.begin(chipSelect)) {
Serial.println("SD7}= 2713} A3f1");
while (1);

dataFile = SD.open("data.csv”, FILE_WRITE);
if (dataFile) {
dataFile.printIn(" 7 A 7H( %), & = (°C), % %=(%),7] ¢ (hPa), L = (m)");
} else {
Serial.printin("3d &7 A "),
while (1);
}
if (!bme.begin(0x76)) {
Serial.printin("BME688 12 2 =j!");
while (1);

bme.setTemperatureOversampling(BME680_0S_8X);
bme.setHumidityOversampling(BME680_0S_2X);
bme.setPressureOversampling (BME680_0S_4X);
bme.setGasHeater(320, 150);

startTime = millis();
lastMeasure = millis();

Journal of Science and Science Education
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void loop() {
unsigned long now = millis();

/) AZd kA o] Ayk=A
if (now - lastMeasure >= interval) {
lastMeasure += interval; // F71& A &3 #A

unsigned long elapsedSeconds = (now - startTime) / 1000;

if (!bme.performReading()) {
Serial.printin(" A ¢}7] A7),

return;

float temp = bme.temperature;

float hum = bme.humidity;

float pres = bme.pressure / 100.0;

float alt = 44330.0 * (1.0 - pow(pres / seaLevelPressure, 0.1903));

/I AEE &9

Serial.print("T+"); Serial.print(elapsedSeconds); Serial.print("s | ");
Serial.print("T: ”); Serial.print(temp);

Serial.print(” C, H: ”); Serial.print(hum);

Serial.print(” %, P: ”); Serial.print(pres);

Serial.print(” hPa, Alt: ”); Serial.println(alt);

// SD7}= A%

if (dataFile) {
dataFile.print(elapsedSeconds); dataFile.print(”,”);
dataFile.print(temp); dataFile.print(”,”);
dataFile.print(hum); dataFile.print(”,");
dataFile.print(pres); dataFile.print(”,”);
dataFile.println(alt);
dataFile.flush(); // =¥ A%

/) FEE WS WA, 29 A% 5xrid 499
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#include <Wire.h>

#include <Adafruit_Sensor.h>
#include <Adafruit. BME680.h>
#include <SD.h>

#include <SPLh>

#include <BLEDevice.h>
#include <BLEServer.h>
#include <BLEUtils.h>
#include <BLE2902.h>

// ===== BME688 =====
#define BME_ADDR 0x76
Adafruit BME680 bme;

#define SD_CS 10
File dataFile;

BLEServer* pServer = nullptr;
BLECharacteristic* pCharacteristic = nullptr;
bool deviceConnected = false;

#define SERVICE_UUID "12345678-1234-1234-1234-1234567890ab”
#define CHARACTERISTIC_UUID "abcd1234-abl2-cd34-ef56-1234567890ab”

#define SDA_PIN 21
#define SCL_PIN 22

// ErelH
unsigned long lastMillis = 0;
const unsigned long interval = 2000; // 2% 7+74

class MyServerCallbacks : public BLEServerCallbacks {
void onConnect(BLEServer* pServer) {
deviceConnected = true;
Serial.printin("BLE & dZ2%");
}
void onDisconnect(BLEServer* pServer) {
deviceConnected = false;
Serial.println("BLE #&x] A4 s]A");
}
b

void setup() {
Serial.begin(115200);

Journal of Science and Science Education
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delay (1000);
Serial.println("=== ESP32-S3 A] 2} ===");

J/ ===== BLE %7]8} =====
BLEDevice::init("ESP32S3_BME688");

pServer = BLEDevice::createServer();
pServer—>setCallbacks(new MyServerCallbacks());

BLEService *pService = pServer—>createService(SERVICE_UUID);
pCharacteristic = pService->createCharacteristic(
CHARACTERISTIC_UUID,
BLECharacteristic::PROPERTY_NOTIFY
);
pCharacteristic—>addDescriptor(new BLE2902());
pService->start();

BLEAdvertising *pAdvertising = BLEDevice::getAdvertising();
pAdvertising—>addServiceUUID(SERVICE_UUID);
pAdvertising—>setScanResponse(true);
pAdvertising—>setMinInterval (0x20);
pAdvertising—>setMaxInterval(0x40);

pAdvertising—>start();

Serial.printin("BLE A ®¥ A%, AuleE A4 t)7]..");

// ===== BMEG88 %7]3} =====

if (!bme.begin(BME_ADDR)) {
Serial.printin("BME688 42 A3l A& z18)..");

} else {
bme.set TemperatureOversampling (BME680_0S_8X);
bme.setHumidityOversampling (BME680_0S_2X);
bme.setPressureOversampling(BME630_0S_4X);
bme.setGasHeater(320, 150);
Serial.printin("BME688 %7]3} &+7");

// ===== SD %7|8} =====
if (1ISD.begin(SD_CS)) {
Serial.printin("SD7}= %718} A3l A% 23..");
} else {
Serial.println("SD 7}= %713 28");
dataFile = SD.open("/data.csv”, FILE_WRITE);
if (dataFile) {

dataFile.println("time(s),temperature(C),humidity (%),pressure(hPa),altitude(m)”);

dataFile.close();

lastMillis = millisQ);
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void loop() {
unsigned long currentMillis = millis();
if (currentMillis - lastMillis >= interval) {
lastMillis += interval; // &3 +4 X

// BME688 2]7]
float temp=0, hum=0, press=0, alt=0;
if (bme.performReading()) {

temp = bme.temperature;

hum = bme.humidity;

press = bme.pressure / 100.0;

alt = bme.readAltitude(1013.25);

/A 2 G

float timestamp_s = currentMillis / 1000.0;
/DAY 28 (F5% 23

Serial.print("time(s): ”); Serial.print(timestamp_s,2);
Serial.print(” | temperature(C): "); Serial.print(temp,2);
Serial.print(” | humidity(%): ”); Serial.print(thum,2);
Serial.print(” | pressure(hPa): ”); Serial.print(press,2);
Serial.print(” | altitude(m): ”); Serial.println(alt,2);

//2) CSV 2] do]g
String dataLine = String(timestamp_s,2) + ", + String(temp,2) + ”,” + String(hum,2) + "
+ String(press,2) + " + String(alt,2);

// SD 7v= A%
if (SD.exists("/data.csv”)) {
dataFile = SD.open("/data.csv”, FILE_APPEND);
if (dataFile) {
dataFile.println(dataline);
dataFile.close();

//3) BLE A%

if (deviceConnected) {
pCharacteristic—>setValue(dataLine.c_str());
pCharacteristic->notify ();

}
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