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Abstract. The buying and selling transactions that we usually do in our daily 
lives are difficult for people with visual impairment because it is difficult to 
distinguish the denomination of rupiah banknotes because of the limitation of 
sight, so it becomes one of the problems. This research focused on making a 
voice-based rupiah banknote nominal detection tool, using convolutional 
neural network algorithms in machine learning as the core of this system. This 
tool was also equipped with a voice-based android application to monitor the 
remaining money used when making buying and selling transactions-testing 
the tool used real test data of 20 images per class, producing an accuracy of 
83%, as evidenced by Confusion matrix calculations. 
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1. INTRODUCTION 
Humans nowadays buy and sell transactions to meet their basic requirements. Cash payment 

instruments are used in this buying and selling transaction procedure to facilitate the transaction process[1]. 
Most humans can easily do buying and selling transactions because they have a clear vision. It is in 

contrast to people with visual impairment disabilities who have difficulty making payments using banknotes 
because it is difficult to distinguish the nominal that will be paid or received after a transaction. To distinguish 
each nominal banknote, they usually fold the money according to different folds in each nominal of money or 
ask people around about the nominal money held. How to distinguish nominal money has flaws in terms of 
memory for people with visual impairment and the honesty of people around them and sellers in buying and 
selling transactions[2]. In helping people with visual impairment, money is equipped with a blind code as a 
language code that contains information about the nominal amount of money. Basically, a blind code is included 
to make it easier for people with visual impairment to recognize and make transactions using money. However, 
some people with visual impairment still have difficulty recognizing the nominal money. Furthermore, the 
difference in the type of blind code in each nominal banknote circulating in the community makes it difficult for 
people with visual impairment to recognize and remember it[3]. Therefore, using digital image processing, a 
sound-based banknote nominal detection tool is needed to help people living with visual impairment conduct 
buying and selling transactions. 

Digital image processing, in general, is two-dimensional image processing using a computer. In a 
broader context, image processing refers to two-dimensional processing data. A digital image is an array 
containing real and complex values presented with a certain series of bits[4]. Introducing nominal banknotes 
uses digital image processing with applications using machine learning. Machine learning is a computer 
application and mathematical algorithm that is taken using learning from various data and generating 
predictions[5]. In this study, we used deep learning, a machine learning development. Deep learning is a method 
of data learning that aims to create a multilevel representation (abstraction) of data using a layer of processing 
development in machine learning. 
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Deep learning is a method of data learning that aims to create a multilevel representation (abstraction) 
of data using a data processing layer. The important thing generated as material for data representation is not 
made explicitly by humans but by an algorithm[6]. This study used a convolutional neural network algorithm to 
detect the nominal banknote. 

Algorithms using Convolutional Neural Networks (CNN) are one of the machine learning methods, 
which is a development of Multi-Layer Perceptron (MLP), designed to process or create data from two 
dimensions. CNN is also a type of deep learning method because it has a network level and many applications 
that are carried out at a network level[7]. 

In previous studies [8] using the Convolutional Neural Network (CNN) method in classifying vehicle 
types and resulting in an accuracy of 81.94%. The same method used for the systemization of the identification 
of coins [9] results in 100% accuracy with the identification of 1-3 objects, then the degree of accuracy decreases 
with an increase in the number of objects. 

This study used the Convolutional Neural Network (CNN) algorithm and the Tensorflow framework, a 
library for expressing machine learning algorithms and executing commands using information about these 
objects or recognized targets and can distinguish objects from one another[10]. In addition, this rupiah banknote 
nominal detection tool was also equipped with an android application to monitor finances when buying and 
selling transactions. 

Based on the previous two studies, the author hopes that the convolutional neural network (CNN) 
algorithm can identify banknotes, to help some people with visual impairment and can monitor finances during 
buying and selling transactions using android applications, so as to reduce fraud for blind people when making 
buying and selling transactions. 

2. METHODS  
 In this study, two stages of implementation were carried out, namely the stage of hardware design and 
software design in recognition and object detection using the Convolutional Neural Network (CNN).  
 
2.1 Research Framework 
 This research framework is based on figure 1 as a reference for designing and designing hardware and 
software that produces a system. 

 
Figure 1. Flow Chart 
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2.2 Hardware Design 
 The hardware design used Raspberry Pi 3 model b+ as a microcontroller which is a computer mini device 
using an SD card for booting and long-term storage[11]. This raspberry pi is connected to other components such 
as a camera as a medium to detect the nominal money and a power bank as power. In addition, an LED is used to 
illuminate rupiah banknotes when conducting real test detection, and a button that stores financial history to the 
server and speakers as an output of the hardware design that mentions the nominal money that matches the money 
detected. 

 
Figure 2. Tool Design and Hardware Circuit Schematic 

 
2.3 Software Design 
  Software design was the most important thing in this study because it was the core of program 
processing using Convolutional Neural Network (CNN) algorithms in the detection process[12]. 
 
 

 
 

Figure 3. Software Flow Chart 
a. Dataset 

Dataset collection was carried out by taking pictures through Raspberry Pi cameras from each side of money 
ranging from 1000, 2000, 5000, 10000, 20000, 50000, and 100000 Indonesian currency, with as many as 40 
images of each money. 
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b. Split Data Training and Testing  
This stage first divided the training data and then the test data. Data training is a complete set of data 
containing classes divided into seven classes to be trained, from which the model can then be grouped into 
the correct classes. Meanwhile, the testing data contains real data that can be grouped based on a model to 
determine the system's accuracy. In other words, data training is data that is learned to form a model after 
learning the patterns and characteristics of a data set that has been collected before. In contrast, data testing is 
the process of testing a model that has been formed before. 

c. Training 
At this stage, training in machine learning was machine learning algorithms. The machine learning algorithm 
changed its parameters to match the data provided during the training process. The training process was 
needed so that the machine could recognize the characteristics and patterns of an image when going through 
the training/learning process. 

d. Models 
After the model was formed, the validation process was carried out, and the learning algorithm tested the 
image according to the model formed from each class. 

e. Validation 
The validation stage was carried out to test whether the learning algorithm has succeeded in recognizing the 
patterns and characteristics of an image. Model validation aims to measure the performance of a model with 
the ability to classify the data classes being tested. So that the performance of the model is obtained which 
can help optimize the parameters on the model so that the results obtained are much more accurate. 
 

The software design was also equipped with an android application which is an operating system for 
Linux-based mobile devices with coverage in the form of operating systems, middleware and applications[13]. 
Android application for financial monitoring or to find out the remaining money that has been used after making 
buying and selling transactions. The design of the Android application system can be seen in the following 
flowchart: 

 

 

Figure 4. Android Application System Design 

2.4 How to Use The Tool 
Here's how to use the rupiah banknote nominal detection tool 

1. Press the "Power ON" button to turn on the tool. 
2. Place the rupiah banknote in the detection place to start predicting how much the money is 
3. The speaker will produce sound by mentioning the nominal money according to the predicted money 
4. When making a buying and selling transaction, when predicting money in, press button one, while when 

predicting money out, press button 2. These two buttons are distinguished by braille letters intended for 
people with visual impairment. 

5. After pressing the exit and entry buttons, the data will be stored on the database or server 
6. The last process to see the remaining money after a transaction can be monitored using a voice-based 

android application by stating the amount of money left. 
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3. RESULTS AND DISCUSSION 
3.1 Design Results  

The money nominal detection tool can be used by placing money in the place provided by the tool and 
can be used to monitor the amount of money used as expenses or entered and stored in the database. The 
monitoring process can be done through the android application. 

3.2 Hardware Build Results 
  A real test was carried out to find out whether it is true that the tool can predict money according to a 

predetermined class. 

Table 1. Testing of Banknote Nominal Detection Tool 

Class Prediction Results of Banknote 
Nominal Detection Tool Descriptions 

Seribu 

 

 
 
 

successfully predicted 

Dua Ribu 

 

 
 
 

successfully predicted 

Lima Ribu 

 

 
 
 

successfully predicted 

Sepuluh Ribu 

 

 
 
 

successfully predicted 
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Class Prediction Results of Banknote 
Nominal Detection Tool Descriptions 

Dua Puluh Ribu 

 

 
 
 

successfully predicted 

Lima Puluh Ribu 

 

 
 
 

successfully predicted 

Seratus Ribu 

 

 
 
 

successfully predicted 

 

 

In this study, real testing was carried out with data of 20 images per class (nominal money) with the following 
prediction results: 

 

Table 2, Predicted Results 
 

Class Correct Prediction 
Results 

Incorrect Prediction 
Results 

Seribu 
Dua Ribu 
Lima Ribu 
Sepuluh Ribu 
Dua Puluh Ribu 
Lima Puluh Ribu 
Seratus Ribu 

20 
17 
15 
15 
14 
18 
18 

0 
3 
5 
5 
6 
2 
2 

 
 
3.3 Calculation of Cnn Algorithm Using Confusion Matrix 
 Based on the results of predictions using real testing on the tool, we can calculate using the confusion 
matrix by determining several conditions as in the following table: 
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Table 3. Confution Matrix 

Class TP FP FN TN Total 
Seribu 
Dua Ribu 
Lima Ribu 
Sepuluh Ribu 
Dua Puluh Ribu 
Lima Puluh Ribu 
Seratus Ribu 

20 
17 
15 
15 
14 
18 
18 

0 
3 
5 
5 
6 
2 
2 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

20 
20 
20 
20 
20 
20 
20 

 

1. TP is True Positive, the amount of positive data correctly predicted by the system. 

2. TN is True Negative, negative data correctly predicted by the system (in this case, no testing was carried 
out). 

3. FN is False Negative, the amount of negative data predicted to be incorrect by the system (in this case, no 
testing was carried out). 

4. FP is False Positive, the amount of positive data predicted correctly by the system[14]. 

To calculate the confusion matrix value based on the table, we can calculate each class's precision, 
recall, and accuracy values and calculate the average of all classes[15]. 

a. Precision is used to measure the accuracy between the information requested by the user and the answers 
given by the system. with the equation as follows: 

 
b. Recall is used to measure the success of a system in rediscovering information with the following equation: 

 
c. Acuracy is used to organize a work method. with the equation as follows: 

 
Based on the equation above, the calculation results of each class are obtained as shown in the 

following table: 
 

Table 4. Confution Matrix Results 

Class Number of Test 
Data Precision Recall Acuracy 

Seribu 
Dua Ribu 
Lima Ribu 
Sepuluh Ribu 
Dua Puluh Ribu 
Lima Puluh Ribu 
Seratus Ribu 

20 
20 
20 
20 
20 
20 
20 

100% 
85% 
75% 
75% 
70% 
90% 
90% 

100% 
100% 
100% 
100% 
100% 
100% 
100% 

100% 
85% 
75% 
75% 
70% 
90% 
90% 

Reform Avarage 83% 100% 83% 
 

3.4 Software Build Results 
The software design results were in the form of a voice-based application that sends data in accordance 

with the results of the buying and selling transaction process that has been stored in the database. For example, 
the android app looks as follows: 
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Figure 5. Android App View 

 

4. CONCLUSION 
From the research, it can be concluded that the Convolutional Neural Network algorithm can predict the 

nominal rupiah with an accuracy rate of 83%. In this study, the output or predictions produced are influenced by 
the datasets used to carry out the training and validation processes in the machine learning process to recognize 
the patterns and image characteristics of each class. 
 From this study, it can also be concluded that the money nominal detection tool can predict correctly even 
with the presentation of errors in predicting as low as 17%. Furthermore, the Android application as support in 
monitoring money can also be run properly, as evidenced by the amount of money left when making voice-based 
buying and selling transactions by the application when run. Thus, in its implementation, the process of using the 
correct tool is required to produce accurate data. 
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