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Abstract

The Optical Mark Recognition (OMR) is very popular with
universities for the reading of multiple-choice questions. In this
article, we presented a software system for processing surveys at the
Vietnam National University of Agriculture based on digital image
processing. This software was built using MATLAB and easy to use.
The surveys were digitized using a scanner and sent to the software
tool. In this study, we tested more than 170 surveys of nine different
types. The software tool correctly detected all the valid answers. It
was also able to detect all questions with no or multiple marks.
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Introduction

Optical mark recognition (OMR) is a form of automated data
processing. Questions with multiple choices are printed on paper.
Respondents then mark their answers using pens. In the next step, the
sheets are scanned and sent to a computer for processing. There are
many applications of OMR including multiple-choice examinations
(for students and pupils) and feedback collection (from customers,
students, and users, etc.). In universities (i.e., Vietham National
University of Agriculture), collecting feedback from students plays
an important role in evaluating and improving the quality of
education.

Nowadays, many commercial solutions for OMR are available
(e.g., OpScan Series Product from SCANTRON). In common, these
products require a dedicated scanner and answer sheets, which
motivates the finding of cheaper solutions. Hong Duc University
created a software named TickREC for this purpose (Hong-Duc
University, 2014). The Vietnam Forestry University also has its
software solutions (Mai Ha An, 2014). Increasingly more methods
for mark detection have been published. Gaikwad (2015) applied a
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template matching algorithm after finding the
region of interest to find the answers marked
(Gaikwad, 2015). Loke et al. (2018)et al.
proposed a method based on pixel counting and
simple thresholding that can be used under a
variety of conditions . Another method by Belag
et al. was developed based on the creation of
template answer sheets and key points detection
algorithms (Belag et al., 2018). Each of these
methods (and corresponding software tools) has
its own advantages and disadvantages. For
example, Belag’s tool used a dedicated sheet for
answers, this sheet also had checkmarks that
helped in case the scanned image was rotated.
This kind of sheet is suitable for tests but is not
good for surveys. In cases of TickREC and the
tool of Mai Ha An (2014), they could process the
sheets that contained both questions and answers
(Mai Ha An, 2014). Because each software
works with a certain type of answer sheet, which
was designed as needed by the authors, it is not
possible to apply these softwares instantly for the
surveys at the Vietnam National University of
Agriculture.

Hence, in this work, we created a software
for processing surveys at the Vietnam National
University of Agriculture. The surveys were
scanned by an ordinary scanner and sent to the
software to process. This software was designed
in such a manner that it was easy to use and no
special training was required. This system was
cost-effective because no dedicated machine or
answer sheets were required.

Materials and Methods

Materials

In this project, we used nine different types
of questionnaires. All of these were used by the
Center for Quality Assurance, Vietnam National
University of Agriculture:

(i) Employee feedback about the operation
of a number of divisions

(i) Member feedback about the support of
the Ho Chi Minh Communist Youth Union

(iii) Student feedback about the support of a
number of divisions
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(iv) Student feedback about an advanced
education program

(v) Master student feedback about a specific
course

(vi) Graduate student feedback about an
educational program

(vii) Student feedback about a theoretical
course of an ordinary education program

(viii) Student feedback about a practical
course of an ordinary education program

(ix) Student feedback about a theoretical
course of a Professional Oriented to Higher
Education (POHE) program

For each type of questionnaire, there were
more than 30 sheets that were randomly filled.
All of the sheets were scanned with an HP
scanner (ScanJet Pro 3000 s3). The output file
format was normally JPEG but could also be
PNG, BMP, or some other formats supported by
MATLAB (see method section for more details).
The width and the height of the images were
1655 and 2338 pixels, respectively (these
dimensions of images could be slightly different
depending on the scanner). The examples of
surveys are shown in Figures 1 and 2.

Methods

MATLAB - Environment for software
development

MATLAB (short name for matrix

laboratory) was developed in the 1970s by Cleve
Moler (Haigh, 2008). Most of the codes of
MATLAB was written by Cleve Moler using
FORTRAN. Jack Little and Steve Bangert then
reprogrammed MATLAB in C. Together with
Cleve Moler, three of them founded the
MathWorks in California in 1984. MathWorks
then develops, maintains, and distributes
MATLAB as a commercial product (Sandeep,
2017). Nowadays, MATLAB supports various
platforms such as LINUX, Windows, and
MacOS. With MATLAB, users write a few lines
of code to acquire instant results without
involving a compiler. MATLAB is used for data
analysis and visualization. It supports multiple
types of data (audios, images, videos, CSV, and
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PHIEU LAY ¥ KIEN PHAN HOLTU

HOC VIEN NONG NGHIEP VIET NAM
TEN_DON_V] (VE hogt ding b weeda ... (T don 1)
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3 | Phuc vy véi tinh thin trich nhi¢m cao o 0o © o o
4| Tuin thi thii gian lim vige o ©o © o o
B | Chit lugug b3 trg 1 2 3 4 5
5 | Huong din, gidi dip chi tiét, 10 ring o o ©o o a
6 | Gidi quyét cong vige thoa ding v higu qui o o © o o
7 | Gidi quyét ciong viée kip thii o o ©o o o
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(a) A survey for employees

PHIEULAY ¥ KIEN PHAN HO1 TUDOAN

HOC VIEN NONG NGHIEP VIET NAM
POAN NIEN (Vi hogt diing b ry ciia Piocin thanh nin)

THANH
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Trdn trong cim on !
1. Njh dung iy § kién phin hi:
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(b) A survey for students

Figure 1. Example of surveys with one page

BO NONG NGHIEP
VAPHAT TRIEN NONG THON PHIEU LAY ¥ KIEN PHAN HOITU SV TOT NGHIEP

HOC VIEN NONG NGHIEP VIET NAM (vé dio o)
L THONG TIN CA NHAN NGUOT HQC
1. Khoa, Nganh Chuyén nghah,

S Tét nghicp dat. thing nam
2. Xép loai té1 nghiép ciim Anh (Chi)
Xuit sfe Gidi Khi Trung binh
s}
3. Logi hinh dio two: PH chish quy  PHehinhquy VB2 DHbE liinthong  PHhEVLVH  Cao ding
o o o o o

11 PHAN NHAN XET CHUONG TRINH DAO TAO
“Té kin vio & trbn vé mise d6 déng ¥ dé vi timg néu chima Anh (Chi) cho Ii ding nhdt theo thang diém 1 1 dén 5

1. Rét kiiing hi ling 2. Khing hai timg 3. Tam hai limg. A Hi firg. 5. Rt hai Forg

MUC TIEU VA CHUONG TRINH DAO TAD T2 3 4 s
1| My tiéu dio tao ciia nginh hoe duge phd bién 161 g hoe 0o o 0o o o
2| Néi dung chuong trinh phit hop voi chuan diu ra o 0 0 0 0
3 | Céu tric ehwomg trinh mém déo, thudn lgi cho ngwréi hoe Ia chon o 0 0 0 o
4 | Ciu trisc ehuomg trinh logie, eac hoe phin co tinh lién két, it tring lp o o o o o
5| Khéi lugng kién thirc rong churny trinh dio 1o hop I o 0 0 o o
6| Chuong trinh dim bia tink thy o vi img dyng 0 0 0 0 O
7| Phiin bé 56 gier 1 thuyét, thire hanh, rén nghé hop 1y o 0o o0 o o
& | Cic hoe phdn  chon dip img nhu cu hos 1ip da dang cia ngudi hoe ©c o o o o
9 | Sucin ddi gitm kién thire dai cwemg. oo sé v chuyén nginh o 0o 0 o o
10 | Tinh cip nht, déi mdi wong ndi dung chuong trih o o o0 o o
11| Cac hoc phin chil trong c kién thite va k§ ndng o 0o 0o o o
12 | Ni dung kiém tra, dinh gia sit véi chuong trinh hoe o oo 0 U oo
DOINGE GIANG VIEN I
13| Kidathirc chuyén mda vl sy cip nhdt 0 0o 0o o o
14 | Phusomg phap su phiam o 0o o0 o o
15 | Nhidt tinh, sin sang g din, giip 45 ngaedi hoe o o 0 o o
16 | Thing bio ddy da vé tiéu chi dinh gia cho timg mén hgo o o o0 o o
17 | Diam bao i lén lop va ké hoach gidng day 0 0 0 o O
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(a) The first page of a student survey

Ngurdi hoe duge phiar tridn nhimg k§ nang mém cin thidt cho nghé nghip (giao 1idp,
trinh bay. t6 chire, qun 1. 1im viée nhom. ..)

22 | Nguéi hoe duge phit wrién nang lye ngoai ngir, tin hoe

23 | Ngui hoe urtin vé khi ning dip img cdc yéu clu cla eong vide

24 | Ngwdi hoe durgc phit tridn k§ ning t hoe, ur nghién ciu

c|o|lo|o|C

25 | Ngwdi hoe durge phit tridn dao dise, nhan cich, ¥ thitc ky luit

QUAN LY VA PHUC VU TO CHU'C DAO TAO

26| Thing bio 15 ki hoach gidng day timg mon hoe

Quy trinh gidi quyt nhiing kho khan, thic mic eda nguis hoe 1o ring, kip tho

28 | Nguoi hoe dge tr van, 1o didu kién thujn loi dé dang ky hoc phin

29 | Két qui hoe tip duwe théng bio dén ngwi hoe diing thin gian quy dinh

30| Thai 4 phuc vy ngui hoe cia cin b, nhin vién cic phong ban, khoa

Newrot hoe durge tham giadét thogi trye Gep vt lanh dgo Hoe vien ¢ dua a § kién phan
i vé cic hoat déng ciia Hoc vién

o|lo|o|o|jo|o|w|lo|lojo|o|e
clo|o|o|o|o|sC|O|O|Q|0

clo|lofe|o|o

THU VIEN, TRANG THIET Bl VA CO S0 HA TANG

32 | Gido trinh, tii liéu tham khio i thu vién

33| Trang thaét bi phue vy gidng day vi hoe tip

34| Trang thift bi phuc vy thi nghiém, thue hish, thire tip, rén nghé

o|o|C|O

35 | Dién tch, dnh sing. nhift 46, i thanh vd d§ théng thosdng cia phang hoe

DICH VU VA SINH HOAT

36 | Bip g bu chu an, 6 cus ngui bpc

37| Nywsii hoc duge dim bia ché 5 chinh sich x5 i

3% | Ngwai hge duge cham lo khim sie khoe quy dinh y t& hoe duang

39 | Newin hoe dinge tao diéu kign hoat digag Doan, Hei, 6p luyén vin nghé, the dyc thé thao

a0 | Cac hoat dong Besin. Hgi b ich vi co 3 nghia thiét thire

41 i ép, giao e vei ¢ i chor vige lim

Mie 34 his long chung cin Anh (Chi) vé chiromg trin dio tg0

[=] =] =] i) KR Rol N el
o|o|o|of(0|Q|C |0 ™D |00 |O(# C|O|O|D|0(0|™O(0|0(0]|0
o|lo|le|o|o|o|o|e|w o|lo|o|o|«
o|loflo|ofo|o|C|Oo|~C|O|O|O |~

Mire 8§ hii lang chung ciia Anh (Chi) vé méi trismg sbng vi hpe tp tgi Trinmg
1L Cike § kién khac:
Theo anhichi, dé sinh vién Hoe vién Nong nghidp Vit Nam duge hoc 1p, rén luyén va sinh hogt 160 hom thi Hoc vign
«cin lim nhimg gi?

. Hige vign chin thanh can on sy hop tac cia Ank/ Chi.

ole|ele|elelelemolelojolnojeloleojamoleloleio| 1

(b) The second page of a student survey

Figure 2. Example of surveys with two pages
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different databases). MATLAB also provides
App Designer tool which allows the users to
different databases). MATLAB also provides
App Designer tool which allows the users to
build GUI (Graphical User Interface) for their
programs (Educba, 2020). For these reasons, we
used MATLARB to develop our software tool for
data processing.

Processing workflow

Figure 3 shows the basic steps needed for
the processing of one scanned page of
questionnaires. For the first step, the selected
machine (ScanJet Pro 3000 s3) scanned multiple
pages in a single run. After that, our software tool
then came into play.

Because our questionnaires were printed in
monochrome and then filled using black or blue
(the colors of most ballpoint pens), converting
images to binary would save us memory and time
for processing. With the support from MATLAB,
converting images to binary was straightforward.
We only needed to call the im2bw function with
the original image as a parameter, the function
then returned a binary image.

Tran Vu Ha & Nguyen Thi Thu (2020)

To extract the region of interest (ROI), the
region in which people filled in the options, we
used a special image called a mask. As shown in
Figure 4a, a mask contained only filled options.
Our program would then find the ROI. The
position and size of ROI (the region inside the red
rectangle, Figure 4b) was then used to crop the
other scanned images.

With the function imfindcircles from
MATLAB, we were able to locate all the options
on the cropped images. The number of black
pixels in each circle helped us to indicate the
selected one.

Our software tool then outputted the selected

options for every question on the sheet. The
output was eventually stored in a plain text file.

Results and Discussion

The software tool

Figure 5 shows the main graphical user
interface (GUI) of the program. The user first
needed to specify the directory of scanned
images by clicking Select image folder button

Scan observation sheet to image

\

Convert scanned image to binary

\

Crop region of options

\

Find all the circles (options)

\

Find the marked
opt

circles (selected
ion)

\

Qutput the result

Figure 3. The proposed stages for data processing

https://vjas.vnua.edu.vn/
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(a) An example of mask image

Figure 4. Mask image

(b) ROI on mask image (the area inside the red rectangle)

- irieitalind s L | 4 Number of questions 10 v|
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Figure 5. The main user interface of the program

Vietnam Journal of Agricultural Sciences



(area 1). All images in the selected directory
would be listed in the area below the button (area
2). The user then selected the mask file by
clicking Select mask button (area 3). Depend on
the type of questionnaire, we might need to select
two masks if the questionnaire contained two
pages. To start processing images, the user
clicked on Start button (area 4). The result would
be displayed at the bottom right of the window
(area 5).

Processing questionnaires
Table 1 shows a summary of the analysis of

Table 1. Results of data processing

Tran Vu Ha & Nguyen Thi Thu (2020)

179 questionnaires belonging to nine different
types. Our tool correctly detected all valid
questions (questions having one option filled). It
correctly identified all questions that were not
filled (not evaluated by students, as shown in
Figure 6a). The tool could also detect the
question that had multiple options filled (the
students changed their mind and chose another
option) (Figure 6b).

Because the number of black pixels in each
option was used to identify which options were
filled, our tool might not work correctly in some
cases as follows:

Number of Total Number of Number Numlpe: of
. . i i Number of ota correctl of unfilled multiple
Type of questionnaires questions in un - number of y . filled
the guestionnaires - detected guestions .
h . guestions ; guestions
guestionnaires questions detected detected
Employee feedback about the
operation of a number of divisions 10 35 350 339 1 0
Member feedback about the support
of Ho Chi Minh Communist Youth 10 34 340 338 1 1
Union
Student feedback about the support 10 35 350 342 5 3
of a number of divisions
Student feedback about an advanced o5 35 875 866 2 7
education programs
Master student feedback about a 23 35 805 800 3 2
specific course
Graduate student feedback about an 43 35 1505 1498 2 5
educational program
Student feedback about a theoretical
course of an ordinary education 22 35 770 769 0 1
program
Student feedback about a practical
course of an ordinary education 18 35 630 628 1 1
program
Student feedback about a theoretical 18 35 630 629 0 1
course of a POHE program
https://vjas.vnua.edu.vn/ 869
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Instead of filling in the option, the user used
a checkmark (tick) or x a mark (cross) to mark
the selected option (Figure 6¢). The number of

selecting the corresponding image from the list
of images. After checking the images, the user

was able to make direct modifications in the
black pixels inside a checked option might not be
enough for a valid filled option.

Options were not completely filled (Figure
6d). Similar to the previous case, the option

result area before exporting the final result to the
output file.

If the scanned images were rotated, our tool

might encounter a problem due to the scanning
might not be bold enough to be a marked one. or copying process. Especially, when the crop
The user used light colors to mark the

selected option. In this case, filled areas might
become unfilled because of the conversion from

color images to binary images.

Apparently, our tool marked this question as
NULL in the result area. The user could easily
see this and check the answer sheet manually by

(©) ® @) @)

O
©) (@) ® @) ©)
O O ©) ©) @)
1 2 3 4 5

(a) No options filled
O ® @) O O

O =0 - @0

@ O @ © O

(b) Multiple options filled

1 2 3 4 5
O o o |(d]| o
o o o|d|o
o o o0 O |d@

(c) Checkmarks used

1 2 3 ES 5

© Qe SO0

§ O O 00

(d) Options not completely filled

area did not contain all the options, the program
could not obtain enough data for analysis
(Figure 6e). In the future update, we will give a
warning for this kind of sheet. One possible
solution to this problem is using checkmarks.
Checkmarks are black-filled rectangles or
squares located at the corners and the margins of
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(e) Cropping the wrong area due to image rotation

Figure 6. Problems with questionnaires and scanned images
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the sheet. By first detecting checkmarks, it is
possible to identify whether the sheet is rotated
too much if one or more checkmarks at the
corners are absent. If all of the checkmarks at
four corners are detected, then we can calculate
the rotate angle of the sheet. We can eventually
rotate the scanned sheet in the reverse angle
before detecting the options.

Conclusions

In this study, we have proposed a solution for
optical mark recognition problems that do not
require a dedicated machine or answer sheet.
Instead, we used ordinary scanners and printers
with A4 paper. We have built a software program
that works with different image formats. It can
detects filled options and questions with
no/multiple filled options. The output of the
program is in plain text and can be easily opened
in various softwares, including Microsoft Excel.
While other tools only work with one-page
questionnaires, our tool can work with surveys
that contain two pages. The first result looks
promising, but still has room for improvement.
Most of the questionnaires contain an area for
other ideas (and comments) which may contain
handwriting text. In the next version, it is our
intention that our software tool will utilize the
latest achievements of artificial intelligence to
solve this problem or at least give users a warning
about having handwriting text on questionnaires.
We also want to solve the problem with rotated
images. This can be done by detecting rectangles
on the questionnaires. The problem now
becomes selecting the right one (the rectangle
that has options inside), but there are multiple
and overlapping rectangles on a single sheet.
Another solution for the rotating problem that we

https://vjas.vnua.edu.vn/

plan to apply is using checkmarks (bold
rectangles located at the corners and the margins
of the questionnaires).
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