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ABSTRACT

Mosques are the center of the spiritual and communal life of Muslim communities, thus requiring
effective financial management. This study aimed to develop a smart donation box robot that utilizes
Internet of Things technology to address efficiency and increase transparency in managing donations.
The research methodology used a prototyping method consisting of Rapid Planning, Rapid Modeling,
Construction, and Evaluation stages, aimed at developing a functional prototype quickly. The results
of this study showed that the smart donation box robot detected and counted banknotes with varying
degrees of success, achieving a detection success rate of 100% for all tested denominations at an
optimal sensor distance of 1 cm. However, the detection rate dropped to 42.86% at 0.5 cm and 28.57%
at 1.5 cm, highlighting the significant impact of sensor placement on performance. Coin detection was
performed accurately, correctly identifying and sorting denominations without error. This enabled
real-time financial monitoring via the Telegram application, significantly increasing transparency for
mosque administrators and congregants. The conclusion of this study confirms that IoT technology
can substantially improve mosque donation management by automating the collection process and
providing real-time transparency. However, further adjustments are needed to optimize the sensitivity
and placement of the sensors.
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1. INTRODUCTION
Mosques have a very vital role in the lives of Muslims. Mosques can also be a place of worship for Muslims and can have

a positive impact on the surrounding community, such as being a center of education and social activities and organizing other
community activities. Since the beginning of the development of Islam, the Prophet Muhammad Saw. emphasized that the function
and fulfillment of social needs must be considered rather than the aesthetics of the mosque building. Therefore, mosques have
enormous potential to improve the welfare of the people and communities around them if managed properly. However, mosques need
a lot of funds to carry out community functions optimally. The development of a mosque is usually supported through donations,
infaq, alms, waqf, and zakat issued by the surrounding community [1]. These funds can then be used for various mosque purposes
such as mosque operations, maintenance and infrastructure development, and supporting various social and educational programs
organized by the mosque takmir [2]. Therefore, fund management and collection are very important aspects of the continuity of
mosque operations.

Infaq and alms are the main sources of funding for mosques. This can be proven through research conducted by Yuningsih on
the Great Pelita Mosque [3]. This reinforces that no matter how small the size of the mosque and the number of worshippers, the
biggest income a mosque can receive is through infaq and sadaqah. One of the most widely used methods of collecting infaq and
alms is through charity boxes. Charity boxes can be in the form of donation boxes passed independently by the congregation during
prayer activities or specifically placed in various strategic corners of the mosque area. Both types of conventional charity boxes can
certainly help the congregation give infaq and alms. Based on observations made at 10 mosques around the Syarif Hidayatullah State
Islamic University Jakarta campus, it was found that almost all mosques still use conventional charity boxes.

Conventional charity boxes have some fundamental flaws. First, after the funds from the congregation are collected, the
mosque taker still has to sort the paper money and coins to get a tally of the income. This takes time and effort and is prone to human
error. Second, there is a lack of transparency in managing the collected funds. Lack of access to data on the amount of donations
collected can lead to distrust among donors, negatively impacting the amount of donations received. To overcome these problems, the
application of modern technology, such as robotics and the Internet of Things (IoT), is a potential solution, especially in the religious
field [4]. Coupled with the concept of integration between science and religion, it has become a hot topic that is being discussed
by Muslims around the world, including in Indonesia. Robotic technology enables the automation of various processes that were
previously done manually [5, 6]. According to Oxford Dictionaries, the Internet of Things or IoT is a network of everyday devices,
work equipment, and other objects equipped with computer chips and sensors that can collect and transmit data over the internet
[7–9]. From this definition, IoT technology allows devices to connect and communicate with each other via the internet network to
provide the ability to exchange data via the internet and be able to conduct real-time monitoring anywhere and anytime as long as it is
connected to the internet [10, 11]. One of the implementations of IoT technology is through the use of Raspberry Pi microcontrollers
and IoT platforms [12].

Raspberry Pi is a microcontroller that has high computational capabilities [9, 13]. This microcontroller can be integrated with
various sensors and communication modules so that it can be used to develop various robotic systems, depending on the sensors and
technology used. For the Raspberry Pi microcontroller to be monitored remotely, an IoT platform is needed that can be a bridge
between the user and the robotic system via an internet connection. One of the IoT platforms that is freely available and easy to use
is the Telegram Bot. Telegram Bot is one of the features in the Telegram application that allows real-time control and monitoring of
devices. With Telegram Bot, data collected by sensors can be accessed in real-time, thus enabling transparent and efficient monitoring
[14]. This research also uses Firebase technology to store sensor data from Raspberry Pi. Firebase is a cloud platform that provides
easily accessible data storage [15]. Using Firebase and Telegram technology, data collected from charity boxes can be stored and
accessed in real-time by several mosque congregations simultaneously, increasing transparency and providing donors and mosque
managers with access to monitor the number of donations collected.

In conducting a literature search, the author found various studies that developed a money detection and counting system for
smart charity boxes. Safiq Rosad et al in 2023 [16] used the RGB method based on Android applications with TCS34725 sensors and
NodeMCU ESP8266 to detect the paper money nominal, but this tool has difficulty in detecting money with nominal Rp 1000 and
Rp 5000. Ivan et al., 2022 [17] developed an Arduino-based charity box with a TCS color sensor, but this tool cannot count coins and
is not integrated with IoT technology. Muhammad Alfaraz et al., 2022 [18] designed a paper money detection tool for the visually
impaired using Arduino Uno and TCS 3200 color sensor, but it does not support coin counting and real-time monitoring. Athallah
et al. 2021 [19] built an ESP8266-based smart charity box capable of detecting paper money and coins, but not integrated with
IoT. Finally, Amal, in 2020 [20] We developed an ESP32-based smart charity box with the working principle of a human-following
robot. However, it does not support coin-counting or real-time monitoring. All of these studies show potential but still require further
development to meet the needs of a complete and integrated smart charity box.
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Although various studies have been conducted to develop smart charity boxes, some shortcomings remain. First, not all of the
above research uses IoT technology, which causes the congregation to be unable to monitor the amount of donations to the charity
box in real-time from anywhere. Secondly, although some studies successfully detect two types of money, namely coins and paper,
the method used is still not practical because it requires two different holes for each type of money. This method is less efficient
and makes it difficult for worshippers who want to give alms. The development of an effective smart charity box will inevitably be
confronted with a number of challenges. Firstly, it is necessary to determine how the smart charity box will detect and differentiate
the amount of money entering the box. The selection of an appropriate sensor and the design of the charity box are key factors in
answering this question. Secondly, it is important to identify the most suitable Internet of Things (IoT) platform for developing smart
charity boxes. The chosen IoT platform must be easily accessible to the congregation to ensure transparency regarding the mosque’s
financial income from infaq and alms.

By considering several related literature reviews, novelty factors, and challenges to be faced, this research develops a smart
charity box equipped with a monitoring and automation system based on Raspberry Pi and Telegram Bot. This charity box can select
coins and paper money that enter through one hole and count the amount of money that enters automatically. The application of IoT
technology here uses Firebase to store data on the amount of money sent from the Raspberry Pi, which all congregations can then
access via the Telegram bot. The system has several main components, including color and infrared sensors. The TCS 37425 color
sensor distinguishes the type of paper money put into the charity box. This sensor can recognize different colors of paper money and
classify them [21], making it easier to count and report the amount of donations collected. In addition, the infrared sensor functions
to detect coins that are put into the charity box [22]. With this sensor, the system can distinguish between paper money and coins,
and record every infaq fund that enters the charity box.

The development of smart charity boxes is expected to overcome various problems conventional charity box systems face.
The proposed system offers better transparency by allowing donors and managers to monitor the amount of donations in real-time.
In addition, the process of collecting and counting money becomes more efficient and accurate. Smart charity boxes can be a
more secure, transparent, and efficient solution for collecting and managing charity funds. Thus, this research aims to make a real
contribution to improving fund management in mosques through modern technology.

2. RESEARCH METHOD
This research adopts a mixed-methods approach, blending qualitative and quantitative research methodologies to analyze the

topic comprehensively. The qualitative aspect involves an exploratory literature review to understand the theoretical frameworks and
prior studies related to the subject. Quantitatively, the research employs statistical analysis to measure the effectiveness and user
interaction with the smart charity boxes. This hybrid approach thoroughly explores the research question, offering insights from both
empirical data and theoretical perspectives. By integrating these methods, the research aims to achieve a balanced view, enhancing
the reliability and validity of the results.

2.1. Data Collection Methods
The data collection for this research involves two primary methods to gather relevant information. Firstly, a thorough literature

study is conducted to identify references pertinent to the research topic. This process involves searching for and accessing various
sources online, including e-books, journals, articles, and websites. Once these references are identified, the next step involves
carefully selecting the relevant and necessary information for this study’s context.

Secondly, the research incorporates direct observation, focusing on the process of receiving infaq and alms in charity boxes
currently in use at mosques around the Syarif Hidayatullah State Islamic University Jakarta. This method allows for an up-close
examination of the existing practices and aids in understanding the real-world application of the studied concepts. Together, these
methods form a comprehensive approach to data collection, ensuring a robust foundation for the research findings.

2.2. Development Methods
In developing this tool, the author uses the prototyping method as a framework for implementing the Internet of Things-

based smart charity box. According to the Cambridge Dictionary, a Prototype is the first example of something, such as a machine
or other industrial product, from which further forms will be developed. According to Pressman [23], the Prototyping Method is a
Methodology or paradigm that can help developers and stakeholders to understand better what to build when the requirements are still
unclear, and the efficiency of the algorithms used is still in doubt [23]. This prototyping method was chosen because developers need
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to develop faster, more efficient tools to communicate effectively between developers and users. In accordance with the prototyping
paradigm, this method has 5 main steps, shown in Figure 1, each of which contributes to the project’s overall success.

Figure 1. Prototype Method Flow

The development of the smart charity box system was meticulously structured into several key stages, ensuring that the final
product effectively met the needs of its users. The process began with the Communication stage, where the authors engaged with
several active users, including charity officers and community members. The primary goal of this stage was to ascertain the specific
needs of the users in their charitable activities, which would then inform the design of the smart charity box system intended to
simplify the donation process. Following these insights, the Quick Planning stage was initiated. At this stage, the authors analyze and
formulate the requirements needed to develop the smart charity box based on interviews conducted in the previous stage to determine
the general overview of how the smart charity box works, along with the necessary sensors and the appropriate IoT platform. In the
Quick Modeling stage, the authors begin designing a simple prototype by creating a block diagram of the smart charity box system,
which generally illustrates how the system is connected. Subsequently, the authors start designing the circuit design of the smart
charity box system. This will help the authors in the construction process of the smart charity box.

In the construction stage, the authors continued to develop the model by creating the features designed at the Quick Modelling
stage. The authors begin to design and build robots that can perform functions following the initial concept. The process starts with
designing the schematic design of the smart charity box system and ends with the process of making a smart charity box prototype
using Raspberry Pi 3 as the main microcontroller. After that, the construction process continues by configuring Firebase, which will
be used to store data sent from the Raspberry Pi 3, and Telegram Bot, which is made to retrieve the data so that the congregation can
see the amount of donations in real-time. In the Evaluation stage, testing assessed the prototype’s ability to perform predetermined
functions, such as sorting paper money and coins, performing real-time counting, and sending data to be displayed on Telegram Bot.
Active users were also involved in this testing phase to provide feedback on the designed system prototype to ensure it meets user
needs and functions as intended. This comprehensive approach ensures the system is effective and user-friendly, ready for real-world
use.

3. RESULT AND ANALYSIS

3.1. Planning

At this stage, the author collects data using various methods such as observation, literature study, and literature study. Dis-
cussions were held with users such as mosque officers and worshippers. The goal is to understand the needs of the system. The
requirement gathering stage describes the system requirements, including scope, analysis of hardware and software requirements,
and analysis of the proposed system. The scope of the research is a charity box at the mosque, focusing on developing a smart robot
that can select incoming coins and paper money and automatically count the amount of money in it. Users such as mosque takers and
worshippers can view information on the amount of money in the charity box via the Telegram Bot. Specific hardware is required for
the ”Smart Charity Box” robot, and the selection of the specifications is very important for the system to function properly. Table 11
shows the hardware used to develop the smart charity box robot.
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Table 1. Hardware List

No. Component Quantity Function
1 Raspberry Pi 3 1 Serves as the brain of a smart charity box robot that can process data and manage operations on the robot.
2 TCS37425 color sensor 1 To detect the color of paper money entering the charity box
3 Infrared Sensor 2 To detect coins entering the charity box

Based on the observations that have been made, the current system can be described by Figure 2.

Figure 2. Analysis of the current system

Based on the picture above, the mosque taker must take the contents of the charity box to be counted within a certain period
manually, which is prone to human error, and the congregation can only see information on the amount of money in the charity box
within a certain period, making it less efficient. In this research, it is concluded that no system allows automatic counting of the
contents of charity boxes, which can be seen in real-time. So, this smart charity box robot is designed to help mosque takers calculate
the results of donations and mosque congregations to be able to see the results of donations at any time. The proposed system is
shown in Figure 3.

Figure 3. Proposed system

3.2. Modeling
At the modeling stage, a scenario for the architectural design of the robot is created, where the hardware components are

integrated into a unified system, as shown in Figure 4. This arrangement allows the components to be assembled and programmed
at a later stage. All sensors needed in the smart charity box robot, namely the passive infrared sensor and the color sensor, will
be connected directly to the Raspberry Pi 3, and the computation process will run on the microcontroller. The computation result
will determine how much money goes into the charity box. Then, after the nominal money entered is successfully detected and
determined by the system, the Raspberry Pi will update the total fund data stored in Firebase by adding the nominal data that has
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just been detected. To connect the Raspberry Pi with Firebase, we use the Firebase Admin SDK library, which allows server-side
access to Firebase services such as Firestore, Firebase Realtime Database, Firebase Storage, and others. Then, users can monitor the
amount of charity box income in real time anytime and anywhere through Telegram Bot. We use BotFather to create a telegram bot
that can be customized according to research needs.After creating the robot architecture design, we created a design for the circuit.
The circuit design in Figure 5 shows the schematic structure of the Raspberry Pi 3 and all the components used in the smart charity
box robot.Each component is connected to the Raspberry Pi 3 as the brain of the smart charity box robot; we summarize the pin
configuration between the Raspberry Pi 3 and the other components in Table 2.

Figure 4. Block diagram of smart charity box system

Figure 5. Circuit design of smart charity box system

Table 2. Smart Charity Box System Pinout Configuration

Component Component Pin Pin Raspberry Pi 3

RGB Color Sensor TCS 37425

Vin 5V
GND GND
SDA Pin 2
SCL Pin 3

Infrared 1
VCC 5V
GND GND
OUT Pin 17

Infrared 2
VCC 5V
GND GND
OUT Pin 27
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3.3. Construction
At the construction stage, the smart charity box robot defined from the block diagram and circuit design will be realized at the

smart charity box blueprint design stage. This blueprint allows the reader to know the physical description of the built smart charity
box robot. The paper money detection circuit is made, as shown in Figure 6. Between the partition separating coins and paper money,
a Raspberry Pi will be placed as the engine for calculating and sending data to Firebase. Then, a color scanner sensor is placed near
the hole to insert paper money into the smart charity box robot. When the congregation puts the paper money into the charity box,
the color sensor will scan the RGB value on the paper money and send the value to the Raspberry Pi. The Raspberry Pi will match
the RGB value received by the sensor with what has been written in the program, and then the nominal value of the money can be
determined. After the nominal value of the money is determined, the Raspberry Pi will send the nominal data to Firebase to update
the smart charity box robot’s total infaq and alms income.

Figure 6. Paper money detector design

For the coin selector, the circuit is made, as shown in Figure 7. In the smart charity box robot, pilgrims can only insert coins
nominal Rp 1,000 and Rp 500. When pilgrims insert coins into the slot on the charity box, the coins will move down the rail that has
been designed until the coins fall into the special holes that have been measured. The first hole is for coins with a smaller diameter of
Rp 1,000, and the second hole is for coins with a larger diameter of Rp 500. When the coins enter the hole, the infrared sensor will
detect the coins falling into the hole so that the system can immediately determine the nominal value of the coins. The Raspberry Pi
will send the nominal data to Firebase to update the total alms income of the smart charity box robot.

Figure 7. Coin detector design
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Figure 8 shows the final design of the charity box. When paper money is inserted, the color sensor will detect the color of the
money and add the data to the firebase. As for coins, when the money is inserted, the money will go through a mechanism with two
holes; the first hole is made smaller with a diameter of 25mm, which is intended for 1000 coins so that larger coins will not enter
through that hole. The second hole is 28mm in diameter and is intended for larger 500 coins. Near the two holes are two different
infrared sensors that will detect each passing coin. The power source for the Raspberry Pi is obtained from an electrical outlet inside
the mosque.

Figure 8. Charity Box Final Design

3.4. Evaluation
The last step of the prototype method, evaluation, aims to measure how efficient the robot system being developed is. In

this research, several stages of testing were carried out. First, functional testing is carried out to test whether the features made are
following their functions with our design. A user acceptance test is also carried out to determine whether the system meets users’
requirements. To measure the success rate of the smart charity box robot, a color sensor detection test was conducted to determine
the nominal value of money and a money rail test to select the appropriate money. The color sensor was functionally tested with three
different distances to measure the optimal distance of the sensor. Details of the tests are shown in Table 3.

Table 3. Functional Testing of The Robot for Paper Money

No. Amount
Product Test

1 2 3
Distance (Cm) Y N Distance (Cm) Y N Distance (Cm) Y N

1

0.5

√
-

1

√
-

1.5

-
√

2
√

-
√

- -
√

3
√

-
√

-
√

-

4 -
√ √

- -
√

5 -
√ √

-
√

-

6 -
√ √

- -
√

7 -
√ √

- -
√

Based on the results of testing seven consecutive denominations of paper money, ranging from Rp100,000 to Rp1,000, data
was obtained on the detection effectiveness of three products with different measurement distances. In the first product test with a
measurement distance of 0.5 cm, only 3 paper money were successfully detected, while the other 4 paper money was not detected,
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resulting in a success rate of 42.86%. In the second product test with a measurement distance of 1 cm, all 7 bills were successfully
detected, achieving a success rate of 100%. In the third product test with a measurement distance of 1.5 cm, only 2 notes were
successfully detected, and 5 notes were not detected, with a success rate of 28.57%. From these results, it can be concluded that
testing the second product with a measurement distance of 1 cm was the best, with a 100% success rate, compared to the first and
third products which had lower success rates at both measurement distances tested (42.86% at a distance of 0.5 cm and 28.57% at a
distance of 1.5 cm).

Functional testing was also conducted on coin detection as shown in Table 4.

Table 4. Functional Testing of The Robot for Coins

No. Amount
Product Test

Y N Hole
1 2

1
√

-
√

-

2
√

- -
√

Based on the results of testing two denominations of coins, namely Rp1,000 and Rp500 denominations, which were tested
consecutively, data on the effectiveness of the coins selector system were obtained. The test was carried out with two money selection
holes, with hole 1 reserved for coins of denomination Rp1,000 and hole 2 for coins of denomination Rp500. The results showed that
the coins of denomination Rp1,000 successfully entered hole 1 and did not enter hole 2, while the coins of denomination Rp500
successfully entered hole 2 and did not enter hole 1. This test concludes that the coins selection system works well and accurately
detects and selects coins according to their denomination. The coins of Rp1,000 and Rp500 were successfully directed to the
appropriate holes, indicating that the system in the smart charity box has a high level of accuracy in selecting coins based on their
denomination.

In addition to functional testing, researchers also conducted user acceptance tests to validate that the robot is in accordance
with the user’s needs, the details of which are shown in Table 5. Based on the results of testing five users, data was obtained on the
effectiveness of the coins detection system. In this test, each user randomly inserted coins and paper money into the smart charity
box for testing. Of the total samples tested, the system detected 5 coins and 16 paper money correctly, indicating a significant success
rate. However, one Rp5,000 note, one Rp1,000 note, and 2 Rp500 coins were not detected correctly, representing a 16% failure rate
in the testing process. These results show that although the system has a high success rate, improvements are still needed to achieve
more optimal accuracy, including using more up-to-date sensors that can read objects with graded colors.

Table 5. User Acceptance Test

No. Amount
User Acceptance Test

1 2 3 4 5
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1
√

2
√

3
√ √

4
√ √ √

5
√

χ
√ √

6
√ √ √ √ √

7
√

χ

8
√ √ √

9 χ
√

χ
√
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Testing was also carried out on the IoT platform used, namely the telegram bot. In the bot created, there are 7 commands that
users can send to see the amount of money collected in the charity box. In this test, there are 2 charity boxes and commands to see the
number of coins, paper money, and total money in each charity box. There is also a command to see the total money collected from
the two charity boxes. After testing, all commands on the smart charity box bot can provide accurate results and match the contents
of the charity box shown in Table 6. This test is shown in Figure 9.

Table 6. IoT Test Results

No. Amount
Final Test of Smart Charity Box

1 2
Y N Qty Count Interaction on Telegram Y N Qty Count Interaction on Telegram

1 - - -

√ √

- - -

√ √

2 - - -
√

1

3
√

- 2 - - -

4
√

- 1
√

- 2

5
√

- 2
√

- 3

6
√

- 6
√

- 3

7
√

- 3
√

- 7

8
√

- 9
√

- 5

9
√

- 4
√

- 20
Results Rp86.000 Rp113.000

Final Result Rp199.000

The user acceptance test results indicate that out of 25 trials conducted, there were 4 failures, meaning the failure rate of the
smart charity box is 16%. Additionally, the failure rate of the smart charity box in detecting the difference between banknotes and
coins is 1:1. This issue might occur due to the similarity in color between the Rp 1000 and Rp 5000 paper money, which sometimes
causes the sensor to misinterpret the denomination of the paper money. Furthermore, the Rp 500 coin often gets stuck in the Rp 1000
coin slot, causing the system to fail to detect the inserted coin.

Figure 9. Telegram Bot Monitoring View
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The view displayed in Figure 9 shows the Telegram Bot interface used in our smart charity box system, providing congregants
with real-time monitoring capabilities. This interface lets users access detailed information about donations collected in the charity
box directly on their smartphones. Through simple Telegram commands, users can request and receive updates about the amount of
coins, paper money, and total funds collected, enhancing transparency and engagement. Integrating Firebase for data storage, this
IoT-based system marks a significant enhancement over traditional methods by allowing congregants to actively participate in and
verify the transparency of the donation management process.

4. CONCLUSION
The Smart Charity Box Robot developed in this research successfully automates the detection and recognition of currency

denominations while providing real-time transparency for mosque donations. The system accurately identifies and sorts coins and
banknotes using an RGB color sensor and infrared sensors. Data is processed by the Raspberry Pi and stored in Firebase, allowing
users to monitor donations through a Telegram bot. The color sensor test found that the optimal distance for the sensor was 1 cm,
where all paper money denominations were successfully detected with a 100% success rate. This test shows that adjusting the sensor
distance is very important and directly impacts the effectiveness of paper money detection. Meanwhile, at distances of 0.5 cm and
1.5 cm, the sensor showed lower success rates of 42.86% and 28.57%, respectively. These results indicate that the sensor’s sensitivity
decreases at distances closer or farther than 1 cm. For the coins selection test, the system worked very effectively and accurately.
The system successfully differentiated and directed the coins of Rp1,000 and Rp500 denominations to the appropriate holes without
failure, demonstrating high accuracy and consistency in the operation of the selection system.

In addition, a user acceptance test was conducted to validate that the system meets the needs and expectations of the users.
The test involved 5 users who randomly inserted coins and paper money. The results showed that the system successfully detected 16
paper money and 5 coins correctly. Still, there were several failures in detection, including one Rp5,000 note, one Rp1,000 note, and
two Rp500 coins that were not detected correctly, resulting in a failure percentage of 16% in the testing process. In the IoT test, all
commands from the Telegram bot successfully provided accurate information on the amount of money collected in the charity box,
with the total money collected reaching Rp199,000. This shows that the smart charity box robot can work well. However, although
the performance of this smart charity box is proven to be effective in detecting incoming infaq funds, the proposed system still has
limitations. First, the paper money to be donated into the smart charity box can only be inserted and folded a maximum of 2 times
with the white paper money not scanned by the color detection sensor. Secondly, the only coins that can be detected are coins with a
nominal value of Rp 1,000 and Rp 500. Suppose a congregation inserts coins with a value lower than Rp 500. In that case, the coins
will likely enter the hole of the Rp 1,000 coins, and the system will think that the congregation’s money donated infaq of Rp 1,000
and will greatly affect the results of the calculation of the total infaq funds distributed. Third, this smart charity box robot system is
intended for charity boxes that are not running because it requires a continuous source of electricity and a good internet connection
to perform its functions optimally.
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