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ABSTRACT

This research, entitled "loT-based Intelligent Charity Box Design", aims to develop a charity box system
that utilizes the Internet of Things (l1oT) technology to enhance public participation in charity. In this
context, the charity box serves as a container for storing donations and is also equipped with features
that can automatically monitor and calculate the amount of money inserted. The system uses the Wemos
D1 Mini as a microcontroller connected to the Internet, allowing users to access data in real time
through a website. In addition, this smart charity box is equipped with a PIR sensor that detects motion
and triggers sound on the DFPlayer and a TCS3200 color sensor that counts the paper money entered.
Thus, the research offers technological solutions and seeks to remind the public of the importance of
charity more interactively and efficiently. The results of this research are expected to benefit the
management of charity funds and raise social awareness in the community.

Keywords: Smart Charity Box, loT (Internet of Things), Wemos D1 Mini, DFPLayer, PIR Sensor,
TCS3200 Color Sensor.

INTRODUCTION

The charity box is a charity container managed by the charity. According to the Indonesian
dictionary (KBBI, 2019), the word box has the meaning of a small box where jewelry, small items, and so
on. While the word charity has a meaning of deeds (good or bad), so a charity box can be meant a place in
the shape of a box used as a place to store something intended for charity. A charity box must have a
security system like a door lock.

A good deed is a deed. A man is honored for good, not for his position or his wealth. Good deeds
are rewarding, good deeds to the poor, or good works to help others. We can donate, and raise funds to
help victims of natural disasters, disabled people, widows, orphans, and so on.

If we come to public places where there's a charity box in front of it, it's certain that the proceeds of
the charity will be directed to charity or can be given directly to the above characteristics. But a lot of
people don't realize that the charity box exists or can even pretend not to know. Because most of those
people, if they do charity, should be reminded first, then they will. It is not a fourth, three, fifth, and so
forth, but a gift for a good day. Self-righteousness is the deed of a servant who will be asked later on to
help us.

Therefore, to ensure that people are always reminded and motivated to do charity, it is important to
develop or operate charity boxes with systems or devices that make it easier for them to continue charity.

This smart charity box system is built using the Wemos D1 Mini, the selection of the
microcontroller is based on the features of the NodeMCU microcontrollers that already provide WI-FI
connectivity, so the system can be connected to the internet. Wemos D1 Mini can be programmed using
the Arduino IDE, which is a popular and easy-to-use programming platform. This makes it easy for
developers who are already familiar with the Arduino ecosystem to start using Wemos IDE without
having to learn a new platform.

In this study, an interface created as a website that serves to display sensor measurement data. A
website is a set of pages containing a variety of information, such as data, voices, images, numbers, and
videos, which can make it easier for someone to view or process the information or data they want.(Ismai,
2018) By using the website, users can access information in real time and perform data analysis more
efficiently. In addition, an interactive and easy-to-use visual display can improve user understanding of


mailto:hariono@unwaha.ac.id

Deni Setiawan, Tholib Hariono
Design of a Smart Donation Box Based on loT

the data displayed, thus enabling better decision-making based on accurate and relevant information.
Another advantage is that websites can be accessed from a variety of devices connected to the Internet,
providing flexibility and ease of access without geographical restrictions.

In addition to using the Wemos D1 Mini, this smart charity box system is designed to make a
sound when the PIR sensor detects movement at a certain distance. Inside this charity box is also a
TCS3200 color sensor that serves to calculate the amount of money put into the box. This charity box
control system can be monitored through a website, which allows monitoring the number of people
interacting with or participating in this smart charitable box, as well as the total deposit of paper money
into the charities box.

METHOD

In this study, the system development method used is the waterfall model. Waterfall method is one
of the most classic system development models and is widely used in software projects. This method uses
a linear and sequential approach, in which each phase of development must be completed before the next
phase begins. Here is a complete description and stages of the application of the Waterfall method for the
project "loT-based Smart Charity Boxes":

o Necessity Analysis, At this stage, all system needs for loT-based smart charity boxes are identified
and documented. These needs cover the key functions that smart charities should have.

o Design, After the needs are analyzed and determined, the design stage of the system is carried out.
Based on the collected needs, the developer team designs the system architecture, including the
design of hardware and software.

e Encoding, At this stage, the developer team begins to write code and build the system according to
the design that has been made.

e Testing and testing stages are carried out to ensure that all components work properly and by the
specified specifications.

RESULT AND DISCUSSION
1. Needs analysis

At this stage, all system requirements for loT-based smart charity boxes are identified and

documented. These requirements cover the key functions that smart charities should have.

a. The hardware requirements for loT-based smart charity boxes include some key components
needed to ensure system functionality and performance. First, a microcontroller like the Wemaos
D1 Mini is used as the brain of the system, controlling the entire operation and data
communication. PIR sensors are needed to detect movements around the charity box and trigger
certain actions, such as making voices or sending notifications. The TCS3200 color sensor is used
to calculate the amount of money put into the charity box with accuracy. In addition, an
integrated WiFi module is essential for connecting the system to the Internet network, enabling
the delivery of measurement data to the server or website in real-time. All of this hardware must
be carefully selected to ensure compatibility and effectiveness in supporting the smart charity box
function. Some hardware required are as follows: Wemos D1 Mini, DFPlayer Mini, Pir Sensor,
Color Sensor TCS3200, LCD 12C 16x2, Speaker.

b. Software needs for loT-based smart charity boxes cover several key components. First,
microcontroller software, programmed using the PHP programming language, is required to
manage sensors and WiFi communications. Second, server software or backend with PHP is used
to receive, store, and process data from charity boxes. Third, a web-based user interface
developed using PHP to build web pages that display data in real-time. PHP will process the data
from the server and generate HTML content and provide interactive dashboards. Some software
required are as follows: Arduino IDE, Website, Sublime text, XAMPP, PHP.

2. Design
After the needs are analyzed and determined, the design stage of the system is carried out.
Based on the collected needs, the developer team designs the system architecture, including the
design of hardware and software.
a. Database Planning
Table 1. Total Database Planning Table
No Field Type Data | Value Null
1 |Id Int 11 No
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2 | Saldo masuk | Int 11 No
3 | Jumlah saldo | Int 11 No

b. Designing a tool
Design tool for an loT-based smart charity box involves several key steps to ensure
functionality and effective integration between hardware and software components. The tool
aims to design and build a smart charitable box system that can remind people to do charity
and calculate the amount of money that goes into the box automatically and can be monitored
through a website.

The product was developed using the Wemos D1 Mini, the PIR sensor and the
DFPlayer Mini. The selection of the microcontrollers for the loT-based smart box charity
project is based on the fact that one of the main features of the Wimos D1 mini is the presence
of a built-in WiFi module.(Nisa et al., 2024) This allows the charity box to connect directly to
the Internet network without the need for additional devices, making it easy to send the
measurement data to a server or website. Although small, the Wemos D1 Mini provides
enough GPIO (General Purpose Input/Output) pins to connect a variety of sensors and
additional components needed in the project. Meanwhile, the PIR sensor is configured to
activate the DFPlayer when movement is detected and the speaker will make a sound.

The website integration for loT-based smart charity boxes aims to provide a user
interface that enables real-time monitoring and management of donation data. Uses PHP as a
backend server that can receive data from the Wemos D1 Mini microcontroller. This server
will handle data requests from the microcontrollers and store them in the database. A database
to store information received from the charity box, such as inputs, donation amounts, and
sensor data. This website can be monitored by anyone, at any time, using any device
connected to the Internet.

The primary objective of the loT-based smart charity box design is to improve
efficiency and effectiveness in the management and monitoring of charity donations. By
integrating 10T technology, the system is designed to simplify the paper counting process
automatically and provide notifications when movement is detected, thereby encouraging
greater public participation. In addition, by leveraging internet connectivity, the data of the
measurements can be monitored in real-time through the website, enabling the administrator to
obtain accurate and up-to-date information about the activities of the charity. This aim not
only increases transparency and accountability, but also makes the charity process more
attractive and interactive, encouraging more people to contribute and participate in charitable

activities.
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Figure 1. Block Diagram

Based on the above picture, three blocks of input are occupied by the PIR Mini HC-
SR501 sensor, the TCS3200 sensor, and the DFPlayer Mini. The process blocks are occupied
by the Wemos D1 Mini as the control center and the output blocks by the 12C LCD and the
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Website to display the data from the sensor. The full description of the block diagram above
is as follows:

O

Mini PIR Sensor HC-SR501 (Passive Infrared): In a smart charity box project, PIR
sensors can be used to detect the presence or movement of people around charity
boxes. When someone approaches, this sensor will activate the system, turn on the
DFPlayer and then play audio messages.

The TCS3200 sensor: The T CS3200 color sensor can be used to detect the color of
the money that is inserted into the charity box. This allows the smart charitybox to
identify and record the amount of money based on the color. (misalnya, mendeteksi
uang kertas dari warna dominan mereka).

DFPlayer Mini: This audio player module can be used to play welcome messages or
reminder information for charity when someone is near the charity box. This adds
interactive elements and appreciation for donors.

Sound Speaker: The Speaker can be used to play voices or audio messages stored in
the DFPlayer Mini. For example, a charity box can play thanks messages or brief
information about the use of funds collected each time someone makes a donation.

12C LCD: The 12 C LCD screen can be used to display donation-related information,
i.e. new incoming balances and the total amount of money collected. Using i2 C
communications makes setting simpler and saves input/output pins on the
microcontroller.

Website: The website serves as a platform for monitoring and managing smart charity
boxes remotely. Through the website, administrators can view donation data in real
time, set messages displayed on LCDs, or even access financial reports. This website
allows the charity box to connect to the 10T network, providing better control and
monitoring.

By combining all these components, the loT-based Smart Charity Boxes project can

offer an interactive and informative experience for donors, while facilitating the management
and monitoring of the charity boxes.

3. Encoding

At this stage, the developer team begins to write code and build the system according to the

design that has been made.
e Web design

In the web design phase, a system workflow is organized that functions to read data from

the tcs3200 sensor and send it to the database. To support the web design of these servers, various

software such as Visual Studio Code and Xampp are used. The generated sensor data is then

stored using phpMyAdmin that is integrated into Xempp, with the MySQL database as its

primary repository. This process ensures that data from the sensor can be accessed and managed

efficiently through a well-designed web interface.
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Figure 2. Dashboard

e Software design
Software design for the "loT-based Smart Practice Box" project involves several key
components: microcontroller programming, web server development, database creation, and user
interface (Ul). The process will use Arduino IDE for microcontroller programming, Visual Studio
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Code for web development, and XAMPP for running local servers and databases.

Install Library Esp8266, To download the Wemos D1 Mini board on the Arduino IDE,
follow these steps: open Arduino IDEdand navigation to File > Preferences.
o Install Library Esp8266, To download the Wemos D1 Mini board on the Arduino IDE,
follow these steps:

Preferences X
Settings Network
Sketchbook location
c\Users\DENI\Documents\Arduino
[J Show files inside Sketches
Editor font size: 14
Interface scale: Automatic 100 %
Theme Light (Arduino) v
Language English v (Reload required)
Show verbose output during () compile [Jupload
Compiler wamings None v
B Verify code after upload
Auto save
[ Editor Quick Suggestions
Additional boards manager URLs:  htip-//arduino esp8266 com/stabls/package_ssp8266com_index json o

Figure 3. Preferences

Click OK to save the changes.

Open Tools > Board > Boards Manager.

Search for "esp8266" in the search box.

Find the entry "esp8266 by ESP8266 Community" and click Install.

File Edit Sketch Tools Help

Nodeticu 09 e5p 2 iosus < R

BOARDS MANAGER

O O O O

esp8266
g Type: Al v
esp8266 by ESP8266 Community
Version 3.1.2

Boards included in this package:

Digistump Oak, ESPDuino (ESP-13 Module), Seeed Wio Link,
SparkFun Blynk Board, ITEAD Sonoff, Lifely Agrumino Lemon
vd, WiFiduino, Wifinfo, LOLIN(WeMos) D1 R1, NodeMCU 0.9
(ESP-12 Module), SparkFun ESP8266 Thing, Generic
ESP&285 Module, ESPectro Core, LOLIN(WEMOS) D1 mini
Lite, Phoenix 2.0, 4D Systems gend loD Range, DOIT ESP-
Mx DevKit (ESP8285), LOLIN(WEMOS) D1 ESP-WROOM-
02, LOLIN(WEMQS) D1 mini Pro, NodeMCU 1.0 (ESP-12E
Module), Olimex MOD-WIFI-ESP8266(-DEV), Amperka \WiFi
Slot, ESPresso Lite 1.0, ESPresso Lite 2.0, LOLIN(WEMOS)
D1 R2 & mini, LOLIN(WEMQS) D1 mini (clene), Arduine,
ESPino (ESP-12 Module), Phoenix 1.0, SparkFun ESP3266
Thing Dev, ThaiEasyElec's ESPino, WiFi Kit 8, Generic
ESP&266 Module, Adafruit Feather HUZZAH ESP8266,
Invent One, Schirmilabs Eduino WiFi, SweetPea ESP-210,
XinaBox CW01

Maore info

311~ INSTALL

Figure 4. Install Board

o Once the installation is complete, select Tools > Board > Wemos D1 R2 & Mini to start
using the Wemos D1 Mini board.

Install the 12C LCD Library, To install the 12C library on the Arduino IDE, follow these

steps: open Arduino IDE and navigation to Sketch > Include Library > Manage Libraries.
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arnafixs | Arduino |DE 2.0.3
Sketch Tools Help

Manage Libranes...

Verify/Compile CtrleR Add ZIP Library...
Upload Ctrl+U Arduino libraries
Configure and Upload Arduing_Builtn
Upload Using Pregrammer Ctrl+Shift«U ArduinaOTA
Export Compiled Binary Alt+Ctrl+5 DNSServer
Optimize for Debugging EEPROM

Show Sketch Folder Alt=Ctrd+K ESPaZ66

Include Library ’ ESPB266AVRISP

Add File ESPE26EHTTPClient

Figure 5. Manage Libraries

o Inthe Library Manager search box, type "Wire" or "I12C".
o Find the "Wire" or "12Cdev" library in the search results list.
o Click on the appropriate library, then click Install.

Wait for the installation process to complete.

Once the 12C library is successfully installed, you can start using it in your Arduino
sketches to communicate with 12C devices.
Install DFPlayer Mini Library, To install the DFPlayer Mini library on the Arduino IDE, first
open the Arduino IDE and navigate to the Sketch > Include Library > Manage
Libraries menu. In the Library Manager window, type "DFPlayer Mini" in the search box to
search for the relevant library. Find "DFRobot DFPlayer Mini" in the list of search results,
then click on the name of the library and press the Install button.
To install the SoftwareSerial library on the Arduino IDE, first open the Arduino IDE and
navigate to the Sketch menu > Include Library > Manage Libraries. In the Library
Manager window that appears, type "SoftwareSerial" in the search box to find the relevant
library. The SoftwareSerial library is usually installed by default in the Arduino IDE, but if
you need an update or if there is a newer version, select it from the list of search results and
click Install if the option is available.

o Hardware Network

Tool Network Planning

The suite of tools for loT-based smart charity boxes consists of several key components that
work together to effectively monitor and report data. PIR sensors are used to detect the
presence or movement around charity boxes. The sensor TCS3200 used to read the nominal
amount of the banknotes entered. The 12C LCD displays information such as the donation
amount or system status in real-time. The DFPlayer Mini module and speaker allow playback
of voice messages as feedback to the user. All of these components are connected to a
microcontroller connected to the internet network, allowing the data to be sent to a server for
further monitoring and analysis. The system integrates various technologies to improve the
functionality and interactivity of the charity box.
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fritzing

Figure 6. Tool Range

The pins are connected as follows:
o Mini PIR Sensor Battery HC-SR501

OuUT = D3
GND =G
VCC =5V

o Sensor Pin TCS3200
OouUT = D7
GND =G
VCC =5V
S2 = D6
S3 = D5

o DFPlayer Mini Pin
TX = D8
RX = D4
GND =G
VCC =5V

o LCD I2C Battery
GND =G
VCC =5V
SDA = D2
SCL =D1

e User Interface Design
The user interface (Ul) on a website is the elements that allow users to interact with the
content and features offered by the site. The web Ul includes visual components such as
menu navigation, buttons, forms, icons, and other interactive elements designed to make it
easier for users to navigate and use the site. Here is the user interface that has been designed:
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Figure 7. User Interface Display

e Hardware Result Display

Figure 8. Comal Design

In Figure 8 above, the display of the tool is shown. This tool will be tested to calculate the
nominal amount of money using several banknotes, using a TCS3200 sensor connected to a
microcontroller. This image shows the tool, which displays a number that shows the nominal
amount of money that has come in and the total amount of nominal that has been entered.

c. Testing
The testing stage is carried out to ensure that all components work correctly and according to the
specified specifications.
e  Hardware Testing
e Testing of Mini PIR Sensor HC-SR501
Pear sensors are passive infrared sensors used to detect motion. These sensors work by
detecting changes in infrared radiation emitted by moving objects, such as humans or
animals.(Juliansyah et al., 2021) So the wiring or wiring of this pir m sensor-sr501 to Wemos d1
mini is as follows:
e The sensor OUT pin is connected to the D3 pin of the Wemos d1 mini
e The sensor VCC pin is connected to the 5V pin of the Wemos d1 mini
e The sensor's GND pin is connected to the G-pin of the Wemos d1 mini
In this test, researchers placed charity boxes in front of the mosque's entrance to detect the movement
of people entering using PIR sensors.
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Figure 9. Pear Sensor Detecting Motion Test

Figure 10 The monitor serial displays the message "Motion absent!" indicating that the PIR
sensor does not detect any motion within the predetermined radius.
PIR sensor test:

Figure 10. Pear Sensor Does Not Detect Motion

Figure 4.4 The monitor serial displays the message "Motion absent!" indicating that the PIR
sensor does not detect any motion within the predetermined radius.
PIR sensor test:

Table 2. PIR sensor Test

No Range (Meter) Explanation

1 0,5 Movement detected
2 1 Movement detected
3 15 Movement detected
4 2 Movement detected
5 2,5 no movement

6 3 no movement

7 3,5 no movement

8 4 no movement

e  DFPlayer Mini Testing

DFPlayer Mini is a small audio player module designed to play audio files from an SD or
USB card. The module has a serial interface that makes it easy to integrate with microcontrollers
such as the Wemos D1 Mini, allowing simple programming to play audio files in MP3 or WAV
format.(Nisa et al., 2024) DFPlayer Mini can be set to control volume, select tracks, and manage
playback modes directly via serial commands. With these capabilities, the DFPlayer Mini is ideal
for applications such as voice natification systems, audio-based DIY projects, and interactive
devices that require sound output.

DFPIlayer testing that is active when the PIR sensor detects motion involves the integration
between the motion sensor and the sound player module. PIR (Passive Infrared) sensors are used
to detect the presence of motion in a specific area by monitoring changes in infrared radiation
emitted by hot objects, such as humans. When the PIR sensor detects Motion in a maximum
response of 7 meters, it will transmit a digital signal to the microcontroller or control system. In
this test, the signal was used to activate DFPlayer, an MP3 player module that can play audio files
from a microSD memory card.
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Figure 11. Display When DFPlayer Starts the Program or is on

Figure 12 illustrates that when motion is detected, the PIR sensor will send a signal to the
DFPlayer. Next, DFPIlayer will send a signal to Wemos, and Wemos will forward the signal to the
speaker, so that the sound corresponding to the file on the DFPlayer memory card will come out.
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Figure 12. PIR Sensor Display Detects Motion

Figure 14 illustrates that when motion is detected, the PIR sensor will send a signal to the
DFPlayer. Next, DFPIlayer will send a signal to Wemaos, and Wemos will forward the signal to the
speaker, so that the sound corresponding to the file on the DFPlayer memory card will come out.

e TCS3200 Color Sensor Testing
TCS3200 Color Sensor is a sensor that is capable of detecting and measuring the color of
an object.(Singgih & Kandungan, n.d.) So the wiring or wiring from the PIR mini sensor HC-
SR501 to the WEMOS D1 mini is as follows:
The sensor OUT pin is connected to the D7 pin of the wemos d1 mini
The sensor S2 pin is connected to the D6 pin of the wemos d1 mini
The sensor S3 pin is connected to the D5 pin of the wemos d1 mini
The sensor VCC pin is connected to the 5V wemos d1 mini pin
The sensor's GND pin is connected to the Wemos d1 mini G pin
This sensor is only intended to count the number of banknotes that go into the charity
box. In the testing process, banknotes of all types except nominal Rp. 75,000 were used. Testing
the tcs3200 color sensor was tested 10 times for each banknote. This is made because of minor
mistakes that often occur when putting money into the comma.

O O O O O

Table 3. TCS3200 Sensor Percentage Test With Banknotes

Paper Money Success 10 Trials Percentage (%)
Rp1.000 6 from 10 60%
Rp2.000 6 from 10 60%
Rp5.000 7 from 10 70%
Rp10.000 6 from 10 60%
Rp20.000 5 from 10 50%
Rp50.000 4 from 10 40%

Rp100.000 5 from 10 50%
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e |2C LCD Testing

LCD I2C is a display module that combines an LCD screen with an 12C (Inter-Integrated
Circuit) interface to facilitate data communication between the microcontroller and the
display. Using an 12C interface, the module requires only two communication pins—SDA (Serial
Data Line) and SCL (Serial Clock Line)—to function, which simplifies the connection and
reduces the number of wires required compared to traditional parallel interfaces.(Suryantoro,
2019) 12C LCD testing is carried out by displaying data from TCS3200 color sensors obtained
through serial monitors, namely displaying incoming balances and balance amounts.

Figure 13. 12C LCD Testing

Figure 13 means that the first line message "Enter Rp" is the incoming balance, while the
message on the second line "Rp" is the balance amount.

CONCLUSIONS

The conclusion that can be drawn from the design of the Komapin prototype is that it utilizes a
Photoelectric Sensor system based on Fuzzy Control to generate data that can be transferred to the
relevant software. There is efficiency when Komapin is implemented regularly, as it can directly detect
the process of filling a donation box.
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