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ABSTRACT 

The Optical Marking Recognition (OMR), or optical mark reading, is an automated data input process of capturing presence or 

absence of marked data (crosses, ticks and filled regions) on printed papers such as multiple choice examinations (MCQs) and 

surveys. Usually, a specific OMR machine is used to recognize the correctly marked data on a printed paper, which is highly 

expensive and requires a specialized technician to operate the machine accurately. This research proposes an accurate, timely and 

cost effective OMR sheet evaluation system based on a low priced web camera that can evaluate any format of MCQ paper 

efficiently. Firstly the selected region with all correct answers is marked on the printed paper separated manually and will be used 

as a template image in the matching process to extract the answered region of the student answer script. Then the cropped region 

of the answer sheet is matched with the template image to recognize the answers marked as correct or incorrect. Results obtain an 

accuracy of 97.6% over three different formats of MCQ papers.  
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1. INTRODUCTION 

Optical Mark Recognition (OMR), is the method of extracting 

deliberated data from printed document forms, such as check 

boxes, option buttons, fill-in fields and list boxes. Generally, 

OMR technology uses a scanner to scan the marked document 

and capture the predefined regions and record where the marks 

are present or absent. The marks on the printed paper are 

marked by using a pen or a pencil. The method of marking is 

straightforward. Simple ticks, crosses, fill in the bubbles and 

squares can be used to mark the relevant positions of the 

document. This OMR methodology is more convenient for 

applications in which plenty of human-marked printed forms 

which are needed to perform timely and with tremendous 

efficiency, for example, questionnaires, ballots, and surveys. A 

conventional and intermittent OMR application is a multiple 

choice question (MCQ) paper, mostly used for exams in 

schools and universities. The students marked the answers on 

the bubble sheet by filling the corresponding area of the paper, 

and the marked paper is put through a scanner (optical mark 

reader) to read the data from the marked space.     

However, there are a few drawbacks which limit the 

application of OMR technology [1].  The paper quality and the 

paper weight should be in the range of 90-110 gsm (grams per 

square meter) to process by the OMR machine. Such quality 

papers are more costly than the normal printed paper (A4 

sheets). Then, the layout of the OMR sheet should be highly 

precise and in a particular format, whereas any other format of 

the OMR sheet cannot manipulate the same  OMR machine. 

Finally, the OMR machine is a dedicated device which 

includes an OMR scanner, OMR software and dedicated OMR 

sheets, which are highly expensive, furthermore the machine 

can only be used to evaluate the OMR sheets.  

This research study proposes an OMR sheet evaluation system 

in real time by using a low-cost web camera and a template 

matching based image processing algorithm. The proposed 

algorithm supports any format of OMR sheets. Firstly, the 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-8, AUG-2015                                                      E-ISSN: 2349-7610 

VOLUME-2, ISSUE-8, AUG-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                     41 

selected area of the OMR sheet with correct answers is 

separated manually and taken as a reference template with the 

proper alignment. Then the OMR sheet is captured using the 

web camera and corrected the alignment and same orientation 

as the template image, furthermore removing the noise 

applying the median filter. Next, the same area of the template 

image in the OMR sheet to be evaluated is matched, and that 

area with the same size, alignment and orientation of the 

template image is cropped. This method is also known as 

template matching. Finally, the reference template and the 

cropped image converted into binary tone (binary image) and 

filtered out the blobs of both the images to identify the correct 

number of answers from considering the positions of the 

filtered blobs in the template image and the cropped image 

using the two images. 

 

2. LITERATURE REVIEW 

The OMR scanning evaluation technology started to be used in 

the 1950s, with a machine consisting of a series of sensing 

brushes in detecting graphite particles on the document [2]. A 

matching based approach is taken by Azman Talib, Norazlina, 

Ahamad and Woldy Tahar [1]. The approach had two phases 

called the training phase and the recognition phase. In the 

training phase, the OMR sheet image is captured using a web-

camera, then the image is processed by using smoothing filter 

techniques. Next, a rectangular ROI (Region of Interest) is 

selected manually around one set of answer blocks with the 

question number which used as the template. Then in the 

recognition phase, matching is done by placing the template 

image on the OMR sheet. Finally, the template and the 

candidate image compared using the intensity values and 

decide if the candidate answer is matched with the template 

[1]. The OMR sheet image acquisition is done by a scanner. 

Then the sheet image is pre-processed by converting the 

colored image into the gray tone. Furthermore, it is resized 

proportionally to the width of 400 pixels. After the pre-

processing, four steps have been counted in grading the test. In 

the first step, the captured image is projected horizontally and 

vertically to observe the grid zone that has a high frequency of 

ON pixels, whilst in the next step, the position of the image is 

determined by considering the lines of the grid in the answer 

zone (separate one question from another). The third step is for 

segmenting the questions. In the final step, the choice is 

selected in the answer sheet for each question. This is done by 

calculating the average choice width using the local vertical 

projection profile with threshold the ON pixels by Nutchanat 

Sattayakaree [3].   

A scanned OMR sheet image is converted into a binary image 

using the thresholding techniques, then the ROI of every 

question is cropped. From the X and Y coordinates of the 

marked circles to find the correct answers by matching with 

the pre-defined coordinates. Then the ROI moves downwards 

to do the same process until the end of the paper. Finally, the 

correct matches are counted to get the number of appropriate 

answers which was done in the research published by Ms. 

Sumitra B. Gaikwad [4]. Another approach is done by Ammar 

Awny Abbas, by using both the ROI image of base paper with 

the corrected answers and the test paper images are read using 

the scanner, then both images are converted into the binary 

tone and inverted. Next, the small objects are eliminated and 

the test paper image is rotated to align with the base paper 

image. Subsequently, the questions with more than two 

answers are eliminated and multiplied pre-processed two 

images and only the correct answers will appear in the resulted 

image [5]. An OMR sheet with a specific layout is used to find 

the corner points from the acquired image using the scanner. 

Then the image is rotated if it is not straight and then the 

bubbles in the sheet are found to check whether they are filled 

or not by counting the number of black pixels inside the 

bubbles in the approach taken by Garima Krishna, Hemant 

Ram Rana, Ishu Madan [6].   

 

3. METHODOLOGY 

The following flow chart shows the steps in the methodology 

of the proposed research study.  
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Figure 1  : Steps in the Proposed Methodology 

3.1. Capturing and Cropping the Template Image 

First, the template image is captured using a web camera. The 

web camera was placed (fixed) above the printed paper with a 

minimum distance of 35cm, which can clearly capture the full 

frame of the paper, with a darker background to separate the 

ROI (printed paper) easily. After capturing the image, the 

larger rectangular area (ROI) is found within the image. Then 

the area is automatically cropped and stored in a matrix with 

straightening. This has to be done only once in the entire 

process.  

 

(a)                                             (b) 

Figure 2  : Template Image Caption (a) ROI of Template 

(b) Cropped Template Image 

3.2. Capturing and Cropping the Primary Image 

After saving the straighten template image, the next step is to 

capture and store the primary image. The answer sheets were 

placed one after another, each within three seconds to capture 

without changing the camera height and processed the 

proposed algorithm. The largest rectangular is found after 

capturing the primary image. Then the marked area was 

cropped automatically to store in a matrix after straightening. 

The cropping process will reduce the size of the images [6]. In 

this step each and every answer script to be marked has to be 

placed within the area that would be covering the full frame of 

the captured image within three seconds, as the entire process 

setup has to be finished within the time period and start to 

process the next primary image (answer script).                                                                                                                                                  

                                                                                                 

Figure 3 : Primary Image Caption (a) ROI of Primary 

Image (b) Primary Image 

3.3.   Preprocessing 

In this proposed method both images are converted into gray 

tone. Then the images are smoothed using the Median filter to 

enhance the edge detection process to accurately crop the ROI 

[7].   

 

3.4. Template Matching Process and Extracting the 

ROI  

Template matching is a process to find similar areas of an 

image that match to a template image. The template image 

moves pixel by pixel to all possible areas in the primary image 

during the matching process and computes a numerical index 

that indicated how well the template matches in that area. 

Metric R is calculated by moving the template one pixel at a 

time in the primary image to represent the strength of the 

matching process. In the proposed research, the normalized 

square different matching method has been used to perform 

(a)                                            (b) 
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the matching. The primary image is denoted by I (M x N), the 

template image is denoted by T (m x n) and the result is denoted 

by R (M – m + 1, N – n + 1). The computed result is defined as 

follows, 

 

……………... (1) 

Where, 

 

……….(2) 

 

 

…… (3) 

The minimum value is found to get the perfect match in R 

during the matching process. Matched area were automatically 

cropped from the primary image after the matching process. 

Then the cropped image is stored in a matrix with the same 

size of the template image.  

 

 

                    (a)                                            (b) 

Figure 4: Template Matching Process (a) Matched area in 

the Primary Image (b) Cropped Primary Image 

3.5. Conversion Both Template Image and Cropped 

Image into the Binary Tone 

The template image and the cropped image must be converted 

into a black and white image for further processing. The 

resultant cropped primary image is dilated by using a disk 

shaped structural element in order to enhance the marked areas 

in the binary toned image. The size of the images will be 

reduced during this step and unnecessary gray level 

information is eliminated [5]. 

 

 

                       (a)                                            (b) 

Figure 5 : Binary Tone Images (a) Binary Image of 

Template Image (b) Binary Image of Primary Image 

3.5.1. Removal of Small Objects  

The small and noisy blobs (small white objects) have to be 

removed from the template image before moving to the final 

step of comparing two images (the binary toned template 

image and the cropped image) in order to level up the accuracy 

of the entire process.  

 

3.6. Compression of the Images 

An important characteristic of the correct marked answer is, 

which will indicate a white blob in both, cropped and template 

in the same area will differ from the correct answer [5]. Figure 

(6). ‘AND’ operation is applied by taking both image pixel by 

pixel using this characteristic property. Only the correct 

answer region will appear in the resulted image. The correct 

answer region is white and intensity value of 1 will be given in 

both images. All the boxes or bubbles with the correct answers 

in the template image are represented by the intensity value 1. 

Then the same regions in the cropped image with intensity 

value 1 will be remaining at the same, while the incorrect 

answers that in the cropped image will disappear since 

applying ‘AND’ operation in regions of ones and regions of 

zeroes will result in zeros.  
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Figure 6 : Number of Correct Answers 

3.6.1. Count the number of Correct Answers   

  The small, noisy blob size is lesser than 80 pixels will be 

removed after the ‘AND’ operation.  This will leave only the 

blobs as correct answers. Finally, the number of blobs is 

counted as the correct number of answers.    

 

3.7. Results  

The proposed algorithm is tested with 3 different formats of 

papers as illustrated in the table 1, type 1 contains 40 answers, 

10 answers in each column, type 2 contains 20 answers, 10 

answers in each column and type 3 contains 50 answers, 10 

answers in each column.   

 

Answer Sheet Type Number of Questions Accuracy  

Type 1 40 97% 

Type 2 20 100% 

Type 3 50 96% 

Table-1: Results of Test Scoring. 

 

The captured images are saved as the JPEG format which is 

smaller in size compared to other formats such as PNG and 

BMP. Each MCQ paper is compared with its template image 

for every paper format to calculate the number of correct 

answers. Twelve students were asked to answer the printed 

papers from every format during testing process, using either a 

pen or a pencil by filling the appropriate bubble or square 

partially or completely. The proposed algorithm could 

recognize the correct answers in both cases. The average time 

of processing a sheet is less than 2 seconds. Consequently, the 

average accuracy resulted was 97.6%.     

 

4. CONCLUSION 

The proposed system can be used to count the examination 

score from the MCQ answer sheet without using an expensive 

OMR scanner system, but using a low cost web camera with 

high accuracy. Fill-in the bubbles or squares using pen 

completely within the given area gives higher accuracy than 

using a pencil with partially filled. The average accuracy was 

97.6%. The actual error came from an abnormal input image 

during the capturing process, rather than the algorithm itself.    
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