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ABSTRACT 

Registration is the fundamental task in image processing; it is primarily used to compare two or more images taken 

over the years. A broad range of techniques have been developed for various types of data and problems. Basically, 

there are two broad categories of image registration; (i) intensity based registration and (ii) feature based 

registration. This paper presents an Intensity-Based Image registration method that align two or more answer sheets 

of multiple choice test together for the purpose of optical mark recognition. The objective of image registration is to 

bring the target image into alignment with the reference object by applying spatial transformation to the test object 

image. The sample data used in this work consist of Template (fixed) image and sample (moving) images scanned 

using ordinary scanner with a low resolution of 200 dpi. An average registration accuracy of 97% is recorded at a 

processing speed of 5 seconds per sample. 

Keywords:  Intensity-based registration; Affine transformation.  

1.0 INTRODUCTION 

 

Automatic Image registration is the process of aligning 

two or more images of the same scene into one 

coordinate system. The main purpose of image 

registration is to allow for objective comparison 

between the images under consideration. Basically, 

there are two broad categories of image registration; (i) 

intensity based registration and (ii) feature based 

registration. The images involve in the registration 

process are designated as reference image and target 

image/s. The reference image is the fixed or master 

copy to which the target or sense images should 

aligned to. In general, image registration process 

involves manipulating target images through the 

process of spatial translation and rotation to make it 

align perfectly to reference image. 

A comprehensive survey of image registration methods 

are classified according to their nature (intensity-based 

and feature-based) and based on the four basic steps of 

image registration procedure (feature detection, feature 

matching, mapping function design and image 

transformation and re-sampling) was presented by 

Zitova and Flusser (2003). Algorithms that allow 

images to be aligned and seamlessly stitched together 

are among the oldest and most widely used in 

computer vision as illustrated by Szeliski (2006). 

Wang et al. (2016) also presented a novel feature-

based solution, where features are described by 

combining local shape context and local intensity (or 

image) context. Finally, using the Euclidean distances 

of such shape and intensity combined context 

descriptors are used to identify candidate 

correspondences.  

One of the applications of image registration is in the 

medical field. Maintz and Viergever (1998) presented a 

comprehensive survey that fully covered techniques 

used in medical image analysis. Image registration in 

medical imaging is used for applications ranging from 

tumor detection to those dealing with the integration of 

structural information from computed tomography 

(CT) or magnetic image resonance (MIR). It also finds 

application in aligning images obtained from Position 

Emission Tomography (PET) scanners (Brown, 1992). 

Recent works in the medical imaging field include 

have also been reported by a number of researchers. 

Zettinig et al. (2017) reported an intensity-based 

prostate registration technique used to align magnetic 
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resonance images for the detection of prostate cancer. 

In another report, Viergever et al. (2017) presented a 

comprehensive survey on a retrospective view on the 

past two decades of the field of medical image 

registration. 

In the field of remote sensing however, image 

registration is used for interpreting changes in scenes 

captured at different times in applications such as 

urban growth monitoring or surveillance of nuclear 

plants. Other applications in the field of remote sensing 

include the location of positions and orientations of 

well-known features such as parking lots, airport 

runways, etc. More information on the applications of 

image registration in the field of remote sensing can be 

found in Stone et al. (2003), Parmehr et al. (2016) and 

de Andrade et al. (2017). In the case of multiple choice 

test page, which is employed in optical recognition 

system (OMR), after the filled forms are scanned the 

position of the bubbles corresponding to each question 

are not identical across all forms. The variance in 

translation and rotation of position of corresponding 

bubbles in different forms is attributed to manual error 

in the alignment of the form during scanning. Thus, all 

scanned images must be registered to a fixed position 

before further processing can be done objectively as 

observed by Deng et al. (2008), Nguyen et al. (2011), 

Habibu et al. (2012) and Zhang et al. (2015). This 

ensures that an optimal one-to-one correspondence 

between positions of bubble in all scanned images is 

achieved. 

Intensity-based methods register entire images or sub-

images by comparing the intensity patterns in images 

via correlation metrics. If sub-images are registered, 

centers of corresponding sub images are treated as 

corresponding feature points. The objective of image 

registration is to bring the target image into alignment 

with the reference object by applying spatial 

transformation to the test object image (Johnson and 

Christensen 2002; Myronenko and Song, 2010). A 

spatial transformation maps locations in one image to a 

new location in another image. Determining the 

parameters of the spatial transformation is needed to 

bring the sample object and the reference object into 

alignment.  

On the other hand, the feature based registration 

method uses affine transformation techniques. Affine 

transformation is a mapping from one vector space to 

another consisting of a linear part, expressed as 

multiplication and additive pass. In affine spaces all 

points, straight lines and planes are preserves. Also, 

sets of parallel lines remain parallel after an affine 

transformation. An affine transformation does not 

necessarily preserve angles between lines or distances 

between points, though it does preserve ratios of 

distances between points lying on a straight line (Maes 

et al. 1997; Dai and Khorram 1999). Examples of 

affine transformations include translation, scaling, 

homogeneity, similarity transformation, reflection, 

rotation, shear mapping, and combination of them in 

any sequence. 

In this research work, the requirement for skillful and 

trained person to conduct the scanning, and the need 

for a costly higher resolution scanning machine are 

relaxed. Furthermore, the requirement for 110 grams 

and above paper thickness is also not considered in this 

work. The goal of the study is thus to use cheap and 

easy to use tools to develop an automatic mark 

recognition system that will give good result. 

 

2. MATERIALS AND METHODS 

 

2.1. Input Images  

Both images of template and target samples are 

captured using a flatbed scanner with a resolution of 

200dpi and then imported into the MATLAB 

workspace. The fixed image is filled with the correct 

answers, while the target/moving images were filled by 

students under controlled examination condition. The 

filled forms are then scanned using flatbed scanner by 

non-expert personnel. The output images from the 

scanner are of low quality and slightly out of 

alignment. Figure 2 shows two examples of 

unregistered images produced by the Matlab function 

imshow-pair. This function is a useful tool for 

visualizing individual images in a montage fashion 

https://en.wikipedia.org/wiki/Affine_spaces
https://en.wikipedia.org/wiki/Parallel_%28geometry%29
https://en.wikipedia.org/wiki/Translation_%28geometry%29
https://en.wikipedia.org/wiki/Scaling_%28geometry%29
https://en.wikipedia.org/wiki/Homothetic_transformation
https://en.wikipedia.org/wiki/Similarity_transformation_%28geometry%29
https://en.wikipedia.org/wiki/Reflection_%28mathematics%29
https://en.wikipedia.org/wiki/Rotation_%28mathematics%29
https://en.wikipedia.org/wiki/Shear_mapping
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during every stage of the registration process 

MathWorks Inc. (2005). 

2.2. Coarse Registration 

The “imregconfig” function is a powerful Matlab 

function used for registering images using their 

intensity property. This function has three main 

parameters; the metric, an optimizer and a 

transformation type as illustrated in Figure 3.  The 

metric defines the image similarity metric for 

evaluating the accuracy of the registration. This image 

similarity metric takes two images (fixed and moving 

images) and returns a scalar value that describes how 

similar the images are.  

   

 

 

Figure 2: Template Image (left) and Moving Image (right) 



ISSN: 2449 - 0539 

BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.13 NO.1, FEBRUARY, 2018 

4 
 

   

Figure 3: Schematic Diagram for Intensity Based Registration Module (Mathworks Inc., 2005) 

 

The optimizer defines the methodology for minimizing 

or maximizing the similarity metric and measure how 

the alignment of the two images are (Mathworks, Inc. 

2005). The transformation type defines the type of 2-D 

transformation that brings the misaligned image into 

alignment with the reference image. In general, the 

registration process begins with specifying transform 

type which then internally determined transformation 

matrix. Together, they determine the specific image 

transformation that is applied to the moving image 

using bilinear interpolation. Next, the metric compares 

the transformed moving image to the fixed image and a 

metric value is computed. Finally, the optimizer checks 

the degree of alignment of the two images and also 

checks for the stop condition. A stop condition is 

anything that warrants the termination of the process. 

In most cases, the stop condition is the threshold that 

points to diminishing returns or when it has reached the 

specified maximum number of iterations. If there is no 

stop condition is not reach the optimizer adjusts the 

transformation matrix to begin the next iteration. 

Figure 4 shows the result of the initial or coarse 

registration. Noticed that there is significant miss-

alignment between the two images. 
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Figure 4: Stacked Semi Registered Images 

 

2.3. Parameter tuning 

Normally the result from the initial registration is not 

very good, it still has significant regions of poor 

alignment, particularly along the edges as 

demonstrated in Figure 5. In order to improve the 

registration we keep adjusting the optimizer and metric 

configuration properties. The optimizer and metric 

variables are objects whose properties control the 

registration. The Initial-radius property of the 

optimizer controls the initial step size used in 

parameter space to refine the geometric transformation. 

When registration problems do not converge with the 

default parameters, the Initial radius is the first 

parameter to adjust by reducing the default value of 

Initial-radius by a scale factor of 3. 
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Figure 5: Stacked Aligned Registered Images 

 

A noticeable improvement in the alignment of the 

images especially at the top and right edges is observed 

when we experimentally tuned this parameter to 

0.3117. The Maximum Iterations property of the 

optimizer controls the maximum number of iterations 

that the optimizer will be allowed to take. Increasing 

the Maximum Iterations allows the registration search 

to run longer and potentially find better registration 

results. In this experiment the Maximun Iteration is set 

at 300. 

1.4 Fine Registration 

Intensity based registration works best when a good 

initial condition is given for the registration that relates 

the moving and fixed images. A useful technique for 

getting improved registration results is to start with 

simpler transformation types like 'rigid', and then use 

the resulting transformation as an initial condition for 

more complicated transformation types like 'affine'. In 

this work we employ the Matlab imregtform function 

to get an initial transformation estimate based on a 

'similarity' model (translation, rotation, and scale). 

While keeping the optimizer settings and attempting to 

refine the registration results we obtain a spatial 
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referencing that defines the location and resolution of 

the images. We then apply the geometric 

transformation obtained onto the moving image to 

align it with the fixed image. The "T" property of the 

output geometric transformation defines the 

transformation matrix that maps points in moving 

image to corresponding points in fixed image.  

 

This refined transformation function for the registration 

includes even the possibility of shear as given by 

equation (1).  

 

 

      

     (1) 

 

    

 

The output from this refinement stage improves the 

registration of the images as shown in Figure 5. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Results  

The proposed algorithm is tested with 67 filled answer 

sheets and 1 template. The average processing time 

recorded per script is 5 seconds.  The result shows a 

good alignment between the fixed and the moving form. 

A simple image subtraction is used to evaluate the result. 

An image subtraction is technique used to detect changes 

in pixels values from two similar scenes.  If the two 

images are exactly the same and aligned, the output will 

be an image containing only zero valued pixels as 

illustrated in Figure 6. Else, if the images are not 

properly aligned the output image will contain pixel 

values in the miss-aligned regions as illustrated in Figure 

7.  

 

 

Figure 6: Image subtraction from Aligned Image 

 

 

𝑇 = [
𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃 0
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃 0
0 0 1

] 
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Figure 7: Image subtraction from non-Aligned Image 

 

 

3.2 Discussion of Results 

It can be observed from Figure 6 and 7 that, the output 

image resulting from the image subtraction operation 

contains two types of white pixels;(1) The solid white 

pixel regions corresponding to higher concentration of 

pixels in a small area. (2) The lightly pixel regions 

belonging to sparse pixel concentration regions. From 

Figure 6 which represents the aligned image case, we 

examined few numbers of solid regions this is due to 

wrong answer shaded by student on the moving image 

(answer sheet). However, the result of Figure 7 which 

represents the case of non-aligned images shows a 

higher number of solid white dots and also large 

number of sparse pixel regions this happened due the 

misalignment of the two documents. This huge 

inconsistency in the result makes the task of optical 

mark recognition impossible. 

After running the experiment on the on the 67 test 

samples 65 were correctly registered, representing 97% 

accuracy. The 2 failures recorded were due to 

mishandle answer sheets. 

 

4. CONCLUSION 

 

This paper presented an intensity based image 

registration for aligning multiple choice Questions 

(MCQ) answer sheet. The algorithm is tested on 67 

number samples. The samples were scanned using a 

chief and low resolution scanner. An average 

recognition accuracy of 97% was recorded with 

processing speed of 5 seconds per sample. Based on 

the results obtained in this study, it is concluded that 

intensity based registration can be used on a low 

resolution acquired images. 
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