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Abstract- In this era, we have many optical mark recognition (OMR) sheets scanning technology to evaluate surveys, tests 
and assessments ,and many more.   The major drawback  in existing technology is that it needs a lot of time for scanning and 
subsequently checking through desktop application via image processing. This increases computational time along with 
system cost. 
To ameliorate the time complexities we have come up with dedicated hardware for OMR sheet checking as an alternative for 
image processing techniques . The  array of IR sensor is used to scan the answers which is in the form of  black bubble . We 
use Reconfigurable Technology FPGA for computational purpose in evaluating the answers of OMR sheet. A Finite  state  
machine is  designed  in  VHDL  for  FPGA . It is easy to handle and we just have to place the answer sheet and roll the 
sensors once. We would get the results on display of the board as well as on the serial monitor on PC. Designing the 
dedicated parallel hardware on FPGA for OMR sheet checking helped to increase the speed of evaluation and also cost , 
efficiency. The scanner worked well in indoor lightning conditions even in dark . 
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I.  INTRODUCTION 
 
OMR Technology is the technique through which we 
detect human created marks on the paper. As 
mentioned above OMR sheets are used in the 
institutional research, community surveys, consumer 
surveys, test and assessments, evaluation and 
feedback, data compilation, product evaluation, 
membership subscription forms, lotteries and voting 
etc. In these above applications, maximum use is for  
tests and assessments purpose .In India as far as 
engineering entrance examinations are concerned 
around 13 lakh students appear in the exam of which 
around 10% appear for online examination and rest 
rely on pen paper based format. The device proposed 
continuously monitor and improve the performance 
of evaluation scrutiny . Which indicates importance 
of OMR based exams. 
 
The conventional method of OMR sheet is that 
scanning the paper with the help of scanner and then 
storing it in the monitor and after that image 
processing, pre and post algorithms are used to 
compute it and the manpower involved in scanning 
should also be considered as well as the time needed 
for evaluation. Time is the important parameter for an 
individual .In this image processing method , 
Automatic Document Feeder(ADF) scanner is used to 
scan the OMR answer sheets . Then , these scanned 
images are processed by the OMR softwares 
available in the market like - eOMR .This software 
checks answers using various image processing 
algorithms. There are some problems with this 
method like Cost  as  Computer system and Scanner 
are required. Thus,they can’t be used in schools with 
limited sources . Also many OMR software’s are not 

open source thus it increases cost further. 
So to overcome these precursors of inefficiency , we 
have designed a full proof system i.e OMR sheet 
scanner using FPGA and IR sensors .  
 

 
Fig 1 

 
II. SYSTEM OVERVIEW  AND  PIN DIAGRAM 
 
The major signal level pin Diagram of the system is 
shown in Fig 2.1 . The main signals in our system are 
as follows 
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Fig 2.1 

 
1)Tran  sensor  -This is the input signal from right- 
most sensor of IR sensor array which is used for 
detecting state changes in the machine which 
corresponds to specific state. This signal is negatively 
edge trigged and state change action takes place when 
tran  sensor signal value goes from high to low that is 
falling edge 
2)sensor1-sensor4 -This signals are input from actual 
answers on OMR sheet sensor corresponding to black 
dot gives logic 0 and without black dot gives logic 1 
3)seven  seg  display -This  signal  is  used  to  drive 
seven segment display which will display current 
state of machine or question number and cumulative 
sum of total marks . 
4)serial  interface -This is output signal to 
ATMEGA8 uC Arduino board for sending serial data 
of total marks to computer after scanning is done. 
5)Buzzer-This is output signal where piezoelectric 
buzzer is connected which sounds when checking is 
complete and device is reset for new checking . 
6) GND and VCC - Supply voltage pins 5V and 0V. 
7)RST - This is input signal which is used to take 
machine to initial state to start checking answer sheet 
when some unexpected error occurs. 
 
III. BLOCK DIAGRAM 
 

 
Fig 3.1 

The overall block diagram of system is shown in Fig 
3.1. IR sensor array scans the answers marked with 
black bubble and state. This analog values are 
converted to digital with 1 bit quantization to make 
input 5bit vector with the help of A/D converter 
implemented using OPAMP circuitry(see Fig 4.2). 
Digital input 5bit vector is passed to Altera DE0 
FPGA[3] development board for processing . Seven 
segment display displays current state and cumulative 
sum of total marks obtained(See Fig 10.1.2). Total 
sum once calculated is sent to ATMEGA8 uC 
Arduino board from where it is getting transmitted to 
PC using USB where total is displayed using serial 
monitor facility(See Fig 10.1.3) 
 
IV. IR SENSORS 
 

 
Fig 4.1 

 
Infrared Radiation sensors works by transmitting IR 
waves and receiving them back . IR sensor uses IR 
LED and IR Phototransistor. Normally, white 
surfaces reflect IR light more than Black. When IR 
radiations from sensor falls on black surface it 
absorbs them and return less radiations. Hence IR 
phototransistor does not detect IR waves . Thus IR 
sensor gives us two logic levels , Logic 0 corresponds 
to black surface and logic 1 corresponds to white 
surface.  
In this device we have used IR sensors TCRT5000[4] 
to detect black spot created by candidate on OMR 
answer sheet. Eagle schematic in Fig 4.1 shows IR 
sensor array of 5 sensors which gives analog values 
which is proportional to amount of IR light reflected 
back  from  the  surface  of  OMR  sheet. 4 IR sensors 
are meant for checking 4 options of the questions and 
5th sensor is transition sensor which is used to check 
current state. Black bubble in our answer sheet will 
reflect less IR light as compared to white surface 
.Hence we get  different analog values of voltages for 
these two.  

 
Fig 4.2 
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Now this analog values are converted to digital with 
1bit of quantization using OPAMP circuit(Fig 4.2). 
analog values form IR sensor are fed to input of 
OPAMP configured in  comparator  mode.  
Potentiometers  are  used  to  set  up the reference of 
comparison or threshold(See section V). If input at 
non inverting terminal is greater than threshold 
OPAMP output is high and on the other hand if input 
is lower than threshold OPAMP output is low or logic 
0 .In our system sensors array is used as follows : 
1)Case 1 : When black bubble comes under IR sensor 
then analog output of the sensor is low which is 
compared  with  threshold    as  input  is  less  than  
threshold ,output  of OPAMP is low. 
2)Case 2 : When white surface comes under IR 
sensor then analog output of the sensor is high which 
is compared with threshold , now input is more than 
threshold and hence output of OPAMP is high or 
logic 1     
Hence in this way presence and absence of black 
bubble on Answer sheet is mapped to logic 0 and 
logic 1 respectively .  This output data vector is given 
to FPGA input . 
 
V. CALIBRATION AND OPTIMIZED 
THRESHOLD CALCULATION 
 
For converting analog values from IR sensor to 
digital 5 bit  vector, it is important to set threshold to 
OPAMP comparator using potentiometer . To set this 
threshold voltage , output voltage of each sensor is 
measured at three different places on answer sheet for 
both white and black surface and reading are shown 
in table 5.1 where all the reading are in volts. 

Table 5.1 

 
 
Now we calculate mean value of each sensor values 
for white and black surface respectively . 
(Vavg_s4)w = 4.44    (Vavg_s4)B = 2.03 
(Vavg_s3)w = 4.35     (Vavg_s3)B =2.37 
 (Vavg_s2)w = 4.35     (Vavg_s2)B = 1.84 
(Vavg_s1)w = 4.18      (Vavg_s1)B = 1.86 
(Vavg_s0)w = 4.15      (Vavg_s0)B = 1.73 
Now for White calibration  

 (Vth)W = V _ W = 4.3 ........(I) 

	(Vth)B = V _ B = 1.96 .........(II) 

Vth = ( ) 	 	( )  = 3.13 ≈ 3V ................(III) 
 
In the above calculations  (Vavg_s1)w indicates mean 
or average output voltage of IR sensor 1 while is is on 

white surface , similarly  (Vavg_s1)B  indicates mean 
output voltage of IR sensor 1 while is is on black 
bubble in answer sheet.    
Now we calculate threshold for black and white 
surface using equations (I) and (II). Finally optimized 
threshold for comparator is calculated using equation 
(III).     
This calculations suggested us to use optimized 
threshold for comparison as 3V at OPAMP reference 
input  
 
VI. STATE  MACHINE  DESIGN AND 
ALGORITHM 
 

 
Fig 6.1 

 
The state machine synthesized in quartus software 
using VHDL language is shown in Fig 6.1. At 
elementary stage our device is able to check 10 
questions , calculate the total ,display it and send it to 
computer .We use finite state machine model to 
design our system. State machine is required so as to 
remember which is the correct answer to which 
question. State machine contains total 14 states. 
Detailed description about all states is given below : 
1)State ’A’ : This is the initial state of the machine. 
Our device starts from state ’A’ once reset using RST 
signal . after completing checking device 
automatically comes back to this initial state ’A’. 
Buzzer is on in this state. 
2)State B to K : These are main question checking 
states . These 10 states corresponds to 10 questions to 
be checked . each state is having its own binary 
variable(count_X)which will set or reset depending 
weather answer got for that particular question is 
correct or not . all these binary variables are 
initialized to zero in state ’A’. When state machine is 
in particular state say in state C which is 
corresponding to question  number  2  ,  we  compare  
the  input  data from ’sensor’ signal with stored 
answer , if they both match it means answer is correct 
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and we set the binary variable associated with state C 
- count_c . This procedure is carried out for each state 
upto state K (Which is question 10) and 
corresponding binary variables are updated . 
3)State L : This state is waiting state to calculate total 
sum of result . 
4)state  M  :  In  this  state  the  code  for  total  marks 
obtained is sent to ATMEGA8 uC board for serial 
transmission to computer. 
5)State N : this state is final state where we clear all 
the variables used and jump back to initial state A to 
start checking new answer sheet. This state machine 
is synthesized in Quartus II[8] using VHDL. 
 
VII. OMR  ANSWER  SHEET DESIGN 
 

 
Answer Sheet Design (10 Questions) 

 
Designing compact and accurate answer sheet for 
recording answers is carried out using third party 
software like corel draw. Answer sheet has 10 rows 
consisting 5 columns each . Rightmost column is for 
transition sensor input signal which is to be filled 
with black ink always to detect state changes 
corresponding to each questions from Q1 to Q10 . 
Remaining 4 bubbles in each column are for recoding 
answers ; the student has to fill correct answer option 
with  black  ink  in  these  bubbles (  each  row  and  
column is equidistant from each other.) The diameter 
of bubble is optimized on the basis of sensitivity of 
the IR sensor(Fig 8.2.1). 
 
VIII. DEBOUNCING 
 
As transition IR sensor plays vital role in state 
machine proper working of this sensor is very 
important in order to work our system properly . 
Transition  sensor signal is falling edge sensitive so it 
is expected that when transition sensor goes from 

white space to black space , it should give sharp 
transition as shown in diagram . but experimentally, it 
is found that the output oscillates giving random 
spikes as  shown in fig 8.1  ,  this  leads  to  
unexpected  state  changes  and eventually results . 
This problem is commonly referred to as "key 
debouncing". Here, to avoid debouncing,we used 
ATMEGA8 uC software debouncing technique . 
Input from transition sensor is given to ATMEGA8 
uC board where software denouncing of sensor input 
is implemented   and this output signal is then given 
to FPGA . 
 

 
 
IX. FLOW CHART OF ALGORITHM 
 
We present here sequential flow chart of the 
algorithm. This flowchart is just for explaining the 
algorithm, but all the block in this flow chart are 
implemented as a parallel hardware in FPGA leading 
to fast execution , one of the major advantage of the 
our device.  
 

 
fig 9 
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The flow chart shown in fig 9 explains data 
processing implemented in FPGA for checking 
answers. Refer section VI of state machine design to 
link flow chart with it . The VHDL code for this flow 
chart consists of separate concurrent process for 
'changing state according to tran_sensors input' , 
'displaying present state', 'updating present state and 
doing transitions', 'Calculating total marks ','updating 
binary variables', 'sending result serially to PC'. 
 
X. RESULTS 
 
1. SPEED AND ACCURACY  
        To test the speed and accuracy of device a 
particular answer sheet having all answers correct is 
passed through the device and for 30 trials of 
scanning time taken is noted keeping accuracy 100% 
. Graph of time vs trial number is shown in Fig 10.1.1                                          
 

 
Fig 10.1.1 

 
It is found that for scanning answer sheet with full 
accuracy minimum time required during  30 trials is 
0.44s . Device speed saturated at about 0.40s as clear 
from graph above .  
Device worked well in various lightning conditions 
even in dark night and total marks calculated were 
sent to ubuntu Linux PC over serial communication. 
Results obtained after scanning test answer sheet 
having all answers correct are shown in Fig 10.1.2 
and 10.1.3  
 

 

2. MINIMUM DETECTABLE DIAMETER OF 
ANSWER BUBBLE  
In order to measure the minimum detectable black 
bubble diameter by IR sensor a series of bubble of 
various diameter is passed through the device as 
shown in Fig 10.2.1. And output threshold is 
measured each time for various sized black bubbles. 
Table 10.2.2 lists results for various diameters of 
bubble.  
 

 
Fig 10.2.1 

 
Table 10.2.2 

 
 
It is found that minimum black bubble diameter that 
can be detected by this system is  1 cm .The final 
system with sliding mechanism for sensor is shown in 
fig 1   
 
CONCLUSION      
 
This paper has presented an efficient alternative 
method for optical mark recognition technique over 
complex image processing techniques. The device 
proposed is useful to evaluate OMR data in faster and 
an accurate way along with dedicated hardware . This 
device is useful in areas where high speed computer 
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facilities are not easily available such as schools in 
rural areas.   
 
FUTURE WORK 
 
In future we look forward to minimize the detectable 
bubble size and to develop on board database to store 
the evaluated results . Also we intend to develop a  
wireless link to store data on internet cloud .  
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