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Abstract: 

Technology of digital learning at this time applies many computer systems, 

therefore learning in the field of computer vision for a renewal of innovation in 

some devices in the era of the industrial revolution is required. In this study, a study 

on computer vision system for numeric pattern recognition is proposed, where the 

neural network method was implemented. The computer vision system studied can 

recognize arithmetic and operand numbers to do simple calculations and produce 

sound output. Generally, the technique applied in this study is image segmentation 

which consists of four stages in the form of grayscale, thresholding, trimming, and 

resizing. Furthermore, the images obtained will be processed using computer vision. 

The results showed that the neural network method applied to computer vision 

systems was effectively used for numeric pattern recognition which served as a 

learning media in the digitalization era. 
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I. INTRODUCTION 

The learning system in education underwent 

significant changes [1], partly due to the digital 

revolution that created a lot of renewal technology. 

New technology creates large learning opportunities 

for elementary schools to universities [2]. One 

example of technological progress is the use of the 

computer vision system. Computer vision system 

takes the concept of how human eye works that are 

visualizing or capturing the object being seen, then 

sending the object's information to the brain and 

making a decision on the object [3][4]. The 

computer automation system that can recognize 

objects previously developed based on computer 

vision which combines the concept of image 

processing with how the eyes works [5][6]. Several 

studies have been developed based on computer 

vision concepts [7][8], one of which is the numeric 

patterns recognition [1]. Computer vision systems 

are built using cameras as eyes and computers as 

processing units [9]. 
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In this study, the computer vision system 

proposed for mathematics learning media that is 

able to recognize images on a number card and can 

perform mathematical operations based on the cards 

displayed. Neural network (NN) method is used by 

Computer vision system in recognizing image 

patterns listed on a numeric card. The Computer 

vision system built was only able to perform 

addition and subtraction operations of 2 digit 

numbers. The computer vision system that is built 

consists of three parts, namely the input part in the 

form of a camera on an android phone, a processing 

part in the form of a computer that has software 

which can recognize the image pattern of the card 

number using the NN methods and the output in the 

form of a speaker which sound the numbers, 

operand and the results of calculations. 

II. DESIGN  SYSTEM FOR NUMERIC PATTERNS 

RECOGNITION 

This system is designed by combining several 

digital image techniques, as well as the NN method 

that is applied as a learning method and 

classification. The hardware needed to build a 

number and arithmetic pattern recognition system 

and its calculations are cameras on Android phones, 

PC / laptops, and speakers. Generally, this system 

will capture the arithmetic numbers and operands 

that exist using a camera phone, then the numbers 

and operands captured by the camera will be 

processed by the PC and produce a calculation 

value according to the recognized arithmetic 

operand command. Block diagram of the computer 

vision system can be seen in Fig. 1. 

 

The Number and 
Operand

Input
(Camera Phone)

The Number and 
Operand

Process
(PC)

The Number and 
Operand

The results of the 
calculations 

displayed on the PC 
and Sound

Output
(PC and Speaker)

 
Fig. 1  Block Diagram of Computer Vision System 
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A. Image Processing 

At this stage, a program will be created that can 

learn to recognize arithmetic numbers and operands 

to calculate the patterns identified by the system at 

the testing stage. The creation of this software uses 

Visual Studio compiler with C# programming 

language and Open-CV library. The images 

segmentation technique used consists of four stages, 

the grayscale technique, binary image thresholding, 

cropping the image and resizing. 

1)  Greyscale Technique:  

Greyscale images or commonly known as black 

and white images have a color gradation ranging 

from white to black in each pixel [10]. This range 

shows that each pixel can be represented by 8 bits 

or 1 byte. The greyscale technique is used for 

processing before getting binary images that will be 

obtained by using thresholding techniques. At each 

pixel, the image of greyscale is the composition of 

RGB values [11]. This value serves to indicate the 

level of intensity. The range of greyscale image 

values is represented by 8 bits for each pixel, which 

means the range of each pixel is  2
8
 = 256 (0-255), 

with a combination of black (0), ash, and white 

(255). Greyscale values can be obtained from 

equation 1bellows. 

( , ) ( , ) ( , )
( , )

3

Ir x y Ig x y Ib x y
IG x y

 


         (1) 

Where IG(x,y) is grayscale values on coordinate 

pixels (x,y), Ir(x,y) means red pixels on coordinate 

(x,y), Ig(x,y) as green pixels on coordinate (x,y), 

and Ib(x,y) as blue pixels on coordinate (x,y). The 

greyscale image values obtained from the 

calculation of equation 1 with 320 x 240 pixels. 

 

2)  Thresholding  

The threshold is a technique in image processing 

that aims to separate the background and the actual 

object from an image. Thresholding produces a 

binary image by comparing all pixels with the 

specified gray level value. After getting the value of 

the comparison of each pixel with the gray level 

value specified, the desired information from an 

image will be obtained. The threshold value will 

separate the background category or object in a 

pixel. The binary image which is the result of 

processing Thresholding technique where the value 

f (x, y) <T is the representative of black and f (x, 

y)> T is the white representative. In this study the 

value of T will be selected between the T values 

determined manually with the track bar tools in 

visual studio, the best results between two will be 

applied to the system. After the threshold value is 

obtained, then the binary image value is determined. 

3)  Cropping 

At this stage, the image that has gone through 

several previous stages will be cropped to get 

accurate information and facilitate the next process 

to be carried out. Image resolution used previously 

is 640 x480 pixels, after cropping the image, the 

resolution changes to 20x20 pixels. This amount 

was chosen to facilitate the training input process in 

the NN algorithm. Cropping image is done by 

looking for each side (top, right, bottom and left) of 

the arithmetic numbers or operands to be trained. 

4)  Resizing   

The resized result image with a size of 20x20 

pixels then converted into binary form. After going 

through these stages, the next process is the binary 

image information obtained will be processed using 

the NN algorithm used for learning or pattern 

recognition.  

B. Neural Network Method 

The Neural Network (NN) method is used to train 

sample data. Sample data is a collection of numeric 

images and arithmetic operands captured using a 

camera phone and then processed using PC 

assistance and image processing techniques. The 
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input number for the NN algorithm is 400 inputs for 

each character according to the number of pixels of 

the binary image that is worth 20x20 pixels. 

After the training process is complete, it will 

generate weight and bias values for each arithmetic 

number or operand which will be stored in the 

database system and will be used for the testing 

process. In the testing process, it will be seen to 

what extent the system recognizes the numeric 

patterns or arithmetic operands that have been 

trained. 

 

C. Testing and Classification  System 

This testing phase is designed to recognize 

arithmetic operands (addition or subtraction). When 

an image is captured by the camera phone, the 

image will be converted into a digital image by the 

computer. Therefore digital images that have 

several numbers and one arithmetic operand in 

them must be separated first so that the test system 

can recognize them properly. After each arithmetic 

number and operand was separated, the data will be 

input to the test system. After getting input 

information needed by the system, the input will be 

processed and produce the output as expected. The 

flowchart system is shown in Fig. 2. 

In fig.2. the process of system begun from taken 

picture by camera phone, then picture will be send 

to PC to continue training process in computer 

vision, if training data success and the weight 

values is obtained, data will  be continue to testing 

on the system until the number or operand is 

recognized, and produce output in the form of 

sound and images.  

 

 
Fig.2. Flowchart System 
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Classification methods are needed in addition to 

the weight values used as references for making a 

decision. Classification method used for the testing 

system is uncertainty using the maximax criterion. 

Maximax criterion will look for the best alternative 

for each choice, then make a decision based on the 

maximum value of the result [12], the maximax 

criterion is also referred to as an optimistic or 

alternative criterion decision with the highest to 

lower possible profit. After combining the input 

data and the weight value, the output will be 

obtained in the form of number reading sound and 

the result of calculation by the computer-based on 

arithmetic numeric patterns and operands 

recognized by the system. 

 

III. RESULT AND DISCUSSION 

In the testing phase, it will show the results of the 

techniques and methods that are used, so that the 

arithmetic number and operand recognition system 

is running well. The testing phase is divided into 

two, namely the testing phase of the image before 

the training process using the NN method and the 

testing phase of the arithmetic numbers and 

operands after the training process is complete. 

Tests performed on the system are limited to 

addition and subtraction. The number and operand 

values tested consist of (1 + 1), (5-2), (10 + 8), (12-

6), (8-10). The test was carried out 10 times against 

each operand. The test results will be declared 

successful if the addition or subtraction tested is 

well recognized by the system, if there is an 

arithmetic number or operand that is not able to be 

recognized by the system, the test is considered a 

failure.  

As an example of the addition being tested is "10 

+ 8", if the system recognizes the arithmetic 

numbers and operands with "10 + 8 = 18" then the 

test is successful, but if the system recognizes the 

arithmetic numbers and operands with the results 

"10 + 3 = 13" , then the test is considered a failure. 

One testing sample is shown in Fig. 2. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2  (a) Real-times Images, (b) Greyscale Images, 

(c) Threshold Image, 

 (d) Testing Result 

 

From data sample in addition, "1 + 1" there is an 

error of 10% in the 4th test where the second 

number 1 is identified as number 7. The reason for 

this error occurs because the classification method 

of the maximax criterion determines the number 1 

has the greatest value when testing numbers. Other 

factors allow for the similarity of numerical patterns 

tested with a number pattern identified by systems 

that have been trained with the NN method.  

Furthermore, in the subtraction test "5-2" there 

was an error of 10% in what happened during the 

first test. An error occurs when number 5 is not 

recognized by the system. The error factor is due to 

a classification system that does not find the value 

of (F) function above 0. For the addition of "10 + 8", 

subtraction of "12 - 6", and subtraction of "8-10" 

there is no error. This shows that the system is 

capable of learning, separating the arithmetic 
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numbers and operands tested, managing the 

required image information and recognizing 

properly. 

Based on the tests, the system has almost 

recognized all the arithmetic number patterns and 

operands test, there are only 2 tests that failed to 

recognize. So that the percentage of error values 

obtained from the entire test is 4% and the 

percentage of system success recognizing the 

arithmetic number and operand patterns tested is 

96%. 

IV. CONCLUSION 

In this study, the results showed that the neural 

network method which was implemented in the 

computer vision system for numeric pattern 

recognition in the digital learning media could run 

well using image processing techniques, such as 

greyscale, thresholding, cropping the image and 

resizing, and could perform simple calculations 

with sound output well. The success of this system 

can be seen from the level of system accuracy in 

recognizing the pattern of numbers tested at 96%. 

 In further research, more complex arithmetic 

forms can be added by combining some 

classification methods to obtain more optimal 

results in pattern recognition. 
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