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Abstract Improper disposal of waste medicines can pose serious environmental risks. In particular,
when such waste is disposed of as household trash, pharmaceutical compounds may contaminate soil
and water, potentially causing severe harm to ecosystems and human health. Therefore, waste
medicines must be properly discarded through dedicated collection boxes. However, the current
collection system faces several challenges. The lack of standardized disposal sites and methods across
municipalities creates confusion among citizens, while limited budgets and personnel often result in
inadequate management of collection boxes. To address these issues, this study proposes a smart waste
medicine collection box utilizing Internet of Things (IoT) technology. The system is implemented using
Raspberry Pi and Arduino, and is equipped with weight sensors, ultrasonic sensors, and a camera
module to monitor operational status and perform user authentication in real time. By integrating with
a central server, the system supports data storage, management, and remote monitoring, while a mobile
application enables users to check the location and status of collection boxes. This approach is
expected to promote safer and more efficient disposal of waste medicines, thereby contributing to
environmental protection and the enhancement of public health.

Key Words : Internet of Things (IoT), Waste medicine, Waste medicine collection box, Raspberry Pi,
Arduino
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[Fig. 1] Overall System Architecture

(Table 1) st=9o] AlRS UERdTE. MCU Micro
Controller Unit)e 2}ZH|g] 1}o]9} ofFo|iE ALE
Sttt 2k=H|E] 3ol Raspberry Pi OS &IAA|
£ AREsiel

(Table 1) Hardware Specifications

Component Model/Type Specification
: 1.5GHz Quad-core, 4GB
Raspberry Pi 4 RAM
MCU
Arduino Uno R3 AVR CPU at up to 16
MHz
24-bit analogto—digital
Sensor HX711 Load Cell converter (ADC) precision
USB Camera
Camera SC-FD110B Full HD
Rotation angle:
Servo Motor SG90 180 degrees

[Fig. 2}= Az A0tE HojoRE 4730 Age
Uehdch SAZelE 2kxdE] mjoleh ofFo|wr}
Serial 41 WA o2 AdHo] glon, A &4, =Y
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EeiAlo1oAM E-8HEt
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[Fig. 2] Smart Waste Medicine Collection Box
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[Fig. 3] Lock System Open

[Fig. 4] Lock System Close

{(Table 2) Code about Lock System

void loop() {
char key = keypad.getKey();
if (key) {
Serial.printin(key);

if (key =="#){
if (inputPassword.length() == 6) {
if (inputPassword == correctPassword) {
Serial.printin("Access granted");
Icd.clear();
lcd.print("Access granted");
myservo.write(90);
delay(5000);
myservo.write(0);
lcd.clear();
led.print(‘"Enter Password:");
Serial.printin("Requesting new password");
}else {
Serial.printin("Access denied");
lcd.clear();
led.print("Access denied');
delay(2000):
lcd.clear();
led.print('"Enter Password:");
}
}
inputPassword = "";
} else {
if (inputPassword.length() < 6) {
inputPassword += key;
lcd.setCursor(0, 1);
led.print(inputPassword);
}
}
}

ERQE (Table 3)2 7 574 A& F=olH, s
7T HlE7] WAer AEHo A Vs HER
Y. ARAPE HooRES FAUSH HXT711 AlA
A ADE B8 FAE SskaL, 2k=HE] mtol7t
NG = dlolEHo| AR gttt
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(Table 3) Code about Weight Measurement System

unsigned long currentMillis = millis();

if (currentMillis - lastWeightReadTime )= weightReadInterval) {
lastWeightReadTime = currentMillis;
float weight = scale.get_units() * 0.453592;

if (abs(weight - previousWeight) )= weightChangeThreshold) {
previousWeight = weight;

Serial.print("WEIGHT:");
Serial.printin(weight, 2):

4.3 Xz HO]X| 73

A 715 F+8& 919 Naver Map API[17,18]9}
Firebase Firestore® &-&3l3ct i 7152 F4 A
A AR A 7R ok BEE, AR A, vbA A4
Sog FE] o HARE 917 HHE ARGAA
Algeict.

(Table 4) Code about Fetch Address from Firestore

db.collection("collection”)
.get()
.addOnCompletelistener(task - {
if (task.isSuccessful() {
for (QueryDocumentSnapshot document :
task.getResult() {
String address =
document.getString(‘location”);
if (address != null) {
convertAddressTolLatLng(address);

1

(Table 4)< Firestored|A] A3 4 Tlo|€E 7}
Q= Frolu, location FE9 FA dHlolEHE
Geocoder[1715 &3l A2 HSsHLL S YX|of v}
AE A4
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[Fig. 5] Application's Map Page
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(Table 5) Code about Collection Bin Usage Rate
Alarm

int currentFillPercentage = (int) (fillRatio / 10) * 10;

int previousNotifiedPercentage =
lastNotifiedLevels.getOrDefault(colld, -1);

if (currentFillPercentage ¢ previousNotifiedPercentage) {
lastNotifiedLevels.put(colld, currentFillPercentage);

1

if (currentFillPercentage »= 10 && currentFillPercentage =
previousNotifiedPercentage) {
notificationHelper.sendPushNotification(
AR AY',
location + "0l @IX[3F 7310] " +
currentFillPercentage + "%0 =Z@ELICE",
true
)

lastNotifiedLevels.put(colld, currentThreshold):
}
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[Fig. 6] Application's Alarm
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