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Abstract 

This paper presents an optical flow method for image registration of color 

images using a multi-scale adaptive algorithm for feature points selection. 

The algorithm follows feature detection using scale invariant convolution 

filters of first and second order, selection of key points using Hessian 

determinant operator and thresholding, key points matching, motion 

estimation using optical flow and affine transformation of final vectors. The 

performance is studied for various thresholds and interpolation parameters 

for scale invariant and robust results of linear image registration. 

Keywords: feature detection, feature selection, Hessian, SURF, convolution 

filter, motion estimation, optical flow 

1 Introduction 
 
Over the past decade clinical imaging and the computer vision-based 

analysis of medical images has gained momentum making several 

advancements. Image registration has become one of the key steps in this 

regard for more accurate comparison of features or key points of the images. 

Image registration helps in bringing a target and a source image to the same 

coordinates for an easy interpretation of characteristics and this has proved to  
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be very essential in medical imaging for analysis of surgical idiosyncrasies, 

identification of tumors, blocks in the heart etc. Many algorithms have been  

developed for image registration so that data from different measurements 

can be integrated. 

The image alignment algorithms can be broadly classified into intensity 

based and feature based [1]. A target image is aligned with a source image by 

spatial transformation. The template used in source image will remain 

stationary whereas the source images will be transformed to align with the 

template. The intensity patterns in both the images are compared using 

correlation metrics in intensity-based image registration technique [2]. The 

correspondence between certain features like lines, contours, corners and 

points in both the images are used in feature-based image registration 

techniques [3]. The two algorithms have also been combined into one in [4]. 

The reference and target images are then mapped using a geometric 

transformation with complete knowledge of point-by-point correspondence. 

The most popular transformations used are rigid [5] and affine 

transformations [6].  

Another classification of image alignment algorithms are based on the 

transformation models used. The two categories of transformation models are 

linear transformations and elastic or nonrigid transformations. The linear 

transformation models include usual spatial transforms like scaling, rotation 

and translation [7]. However, owing to the global nature of such 

transformation models, these cannot be used to catch the local 

correspondences in the images. The elastic or nonrigid geometric 

transformation algorithms, whereas, can warp the local differences to align 

with the reference or the template image. Radial basis functions [8], physical 

continuum models and large deformation models [9] are some of the 

instances of such nonrigid transformation. There are parametric 

transformation models as well as non-parametric models. The latter allows 

every element in the image to be aligned arbitrarily [10]. 

The methods that operate in the image domain, matching key points, 

intensity patterns or features fall under spatial domain methods for image 

registration [11]. Similarly, the methods that operate in transform domain by 

finding the transform parameters for registration fall under the frequency-

domain methods. Phase-correlation methods [12] also have been found very 

much useful for registration, in that they are very resilient to noise and other 

defects like occlusion. Single-modality and multi-modality methods have 

also been used efficiently for medical image registrations where the former is 

used for registrations from the same sensor and the latter for images acquired 

from different sensors. Brain CT, MRI, whole body PET images are 

registered usually using multi-modality techniques. Radiotherapy uses multi-

modality for registration of prostate localization in ultrasound and CT images 

[13].  

Similarity measure functions like cross-correlation, mutual information, 

sum of squared intensity differences and ratio image uniformity are 

commonly used for image registration. These functions help in quantifying 

the degree of similarity or difference between the reference and target image 

for registration. The choice of the measure is based on the modality of the 

method used. Mutual information and normalized mutual information are  
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used for similarity measure in multi-modality techniques [14]. Single-

modality techniques use cross-correlation, sum of squared intensity 

differences. 

This article introduces an optical flow based image registration method 

for medical images. The features of the reference and target image are 

detected using first order and second order convolution filters of a convenient 

scale. The box-space obtained after this operation is used for key point 

selection and matching. Key points are selected using Hessian matrix 

determinant operator and thresholding. The threshold value has been found 

using trial and error method. The final step is introduction of motion vectors 

to find the translation between the reference and target image using optical 

flow. The solution of the optical flow equation gives the velocity vectors, 

which are then used for geometric transformation for image registration. The 

immediately following section explains the convolution filters which act as 

differential operators to detect the features present in the images. The 

proposed method is discussed next. The result analysis is done later for 

various scale levels and threshold parameters. 

 

 

2 Key Point Detection Using Convolution Filters 
 

In any image processing application, feature detection is a fundamentally 

basic approach in achieving the objective. Two-dimensional differential 

operators Invalid source specified. Are used for this to record sharp changes 

in intensity. These operators can be classified as (a) linear or non-linear, (b) 

directional or rotationally symmetric. The detected features can further help 

us identify regions of interest within a given image for identification and 

classification applications. The paper uses a linear convolutional filter for 

feature detection before further moving to other steps of image registration. 

The next section discusses the convolution filter in detail. 

 

2.1 Convolution Filter 
 

Box filters are the simplest of the filters one can consider for spatial 

domain image processing techniques. There are many box filters and two are 

shown in fig2.1. the four connectivity and eight connectivity box filters are 

shown. Both the filters replace the central pixel value with the average value 

of the connected pixels. Any redundant or irrelevant data in the vicinity thus 

can be removed and helps in smoothing of the image.  

However, the coefficients used in such box filters are all the same and 

pose a constraint problem. Convolution filters with different filter 

coefficients can be used to overcome this problem. Such convolution filters 

are very popularly used in many image processing applications such as 

smoothing, sharpening, image enhancements etc. These convolution filters 

are particularly useful in medial imaging applications where often images are 

acquired in very noisy conditions. Inhomogeneity correction is where such 

filters can also be used which is often found in surgical or medical images.  
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The box-filter in Speeded-up Robust Feature (SURF) algorithm is modified 

with convolution filter in this paper.  

For any convolution filter of any kernel, the general expression for 

convolution operation can be written as 

 

 
                                                   (1) 

Discrete differential operators of different scales of suitable kernel are 

used to improve the filter efficiency. By choosing a suitable scale parameter 

first order and second order convolution filters are obtained as discussed in 

the next section. 

 

2.2 First Order Convolution Filter 
 

The difference operator at scale level L for an image  is 

represented as  and . The filter will then be of size  the first order 

filters are defined as below: 

 

 

 
                                              (2) 

For example, if  

 
                                               (3) 

The impulse response of the first order filter can be expressed as: 

 

 
                                               (4) 

 

2.3 Second Order Convolution Filter 
 

The second order convolution filters parametrized by the scale level L 

which takes odd values. The second order difference operators are 

represented as  and . These operators are defined as  

 

 
                                           (5) 

where 
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The second order mixed derivative  is defined as 

 
where 

 
                                              (7) 

The impulse response of each of the filter is shown as  

 

 

 
      (8) 

The next section shall describe the proposed method in detail. 

 

 

3 Proposed Method 
 

The method proposed in this paper consists of five major steps for image 

registration: (i) key points detection (ii) key points selection (iii) key points 

matching (iv) motion estimation (v) geometric transformation. The key 

points detection is preceded with feature detection using convolutional filters 

discussed in the previous section. The detection step involves Hessian matrix 

determinants, octave and level samplings. This is 
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Fig:1 Scale Invariant Optical flow and Thresholding 

 

then followed by key points selection based on the features detected. The 

selected key points are matched with the template or the target image and 

used for calculating the motion vectors. Optical flow is used to determine the 

motion vectors, the solution of which then undergoes an affine 

transformation for image listing with respect to the template image. Each of 

these steps will now be discussed in detail in the following sections. Fig:1 

shows Scale Invariant Optical flow and Thresholding. 

 

3.1 Key Points Detection 
 

After configuring the first and second order convolution filters, multi-

scale adaptive local feature detection is done on the images for detecting the 

key points. The convolution filters used in the preprocessing step exhibit 

scale invariant property. Thus, the use of multi-scale adaptive feature 

detection is justified since the filter response should stay same with the scale 

of its operator.  The algorithm for the whole process is listed step by step 

below: 

Step 1: Initializing the two input images  

Step 2: Calculate Hessian matrix for each input. 

Step 3: Select the key points with added modifications. 

Step 4: Octave and Level Sampling. 

Step 5: Add the key points to Hessian matrix. 

Step 6: Return all the updated key points 

 

U (Target Image) V (Reference Image) 

Feature Detection using Convolution Filter 

Key Points Detection using 

Hessian Matrix Determinant 

Operator and level sampling 

Key Points Selection using 

Thresholding 

Key Points Matching using 

NN-DR 

Motion Estimation 

Geometric Transformation 

Output 
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3.2 Key Points Filtering  
 

The main goal of this step is to find characteristic features in the area of 

the image we have detected. A scale-normalized Hessian determinant is used 

to determine saddle points in the image. There are many other methods 

available in the scientific literature which can achieve this. Normalized 

Laplacian detector, scale invariant Harris corner detector are a few to 

mention in this regard. 

The scale normalized determinant of Hessian matrix in SURF is  

 
       (9) 

using the scaling relation , and a constant weighting factor 

. the normalization factor in the denominator ensures scale 

invariance whereas the weighting factor compensates the numerical 

approximation of the Hessian determinant by the box filters. The method to 

compute the  at a given scale is implemented by the feature 

detection using determinant operator of Hessian algorithm. 

 Sampling at octave level o is required at this stage to reduce the 

time required to compute the determinant. The number of points tested at this 

scale level per octave will then be , where M and N are the rows 

and columns of the Hessian matrix. 

 

3.3 Key Points Selection 
 

A point in the box-space that is covariant to any similarity of the input image 

can be chosen as the key point. This is done alongside the estimation of the 

similarity transform parameters so that the descriptor designed is invariant to 

the similarities. Thus, the interest points or key points can be defined as the 

local maxima of the Hessian determinant operator. The points are selected 

exhaustively using a mask of 3x3 size. 

Eight different scale are analyzed across four octaves and two levels. To 

select the local maxima thresholding on the response of the determinant 

operator is used as below 

 
       (10) 

where is the threshold value. The threshold value is important after 

quantizing with octaves. The choice of the threshold value is done using trial 

and error method at this point. 

 

3.4 Key Points Matching 
 

The reference and the target images after box space sampling and key 

point selection would be represented as two set of interest points with SURF 

descriptors. This set is denoted as . Point-by-point matching for 

correspondence between these sets of points can be done using Euclidean 

distance combined with a Nearest Neighbor Distance Ratio (NN-DR)  
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thresholding [16]. This becomes the backbone of the key points matching 

step of the algorithm. 

The key points of both sets are compared before actual matching step. 

For this the Euclidean distance of each descriptor  of the target image is 

computed with every descriptor of the reference image for key points 

comparison. This distance can be mathematically modelled as below 

 
      (11) 

This can be vectorized as  

 
      (12) 

The scalar multiplication can be accelerated by several methods, such as 

Kd-Tree, Vector quantization, etc. 

After all the key points represented by the descriptors are compared, we 

should expect only a few to match with most correspondence. Each target 

descriptor should now be tested and extracted with its most similar candidate 

from reference descriptor. The Euclidean distance calculated in comparison 

step is the single criteria we have used to separate the most matching target 

vectors with the following constraint 

 
      (13) 

The NN-DR matching criterion is used to extract the required vectors 

and discard the mismatches. However, the matching step alone will help us 

in image registration of the target against the template image. Any 

deformation in the object or the region of interest will result in false 

registration. A geometric transformation is imperative thus. Before 

implementing this transformation, a measure of deviation from the alignment 

is calculated by estimating the motion in the target image with respect to the 

reference image. The deviation will help us align the coordinates back in 

position and thus result in more accurate registration.  

 

3.5 Motion Estimation 
 

The final step in this intensity and feature based method for image 

registration is the motion estimation to determine the motion vectors. There 

are direct [14] and indirect [15] methods for determining motion vectors. 

 Optical flow [16] generated by the subject image and reference image 

can be used to estimate the motion vectors and further use for image listing. 

This is explained in this section in detail. 

An image can undergo translational as well as rotational movement while it 

is captured. This results in region of interest to be offset from the template. 

Image registration is the process of aligning both the images to the same 

coordinates for further analysis and is very much essential in medical 

imaging. Here the listed images are used to compare the data acquired from 

different visits of a patient against a standard reference or template image. 

The method is also used to integrate several copies of the same data in other 

image processing applications. 

Motion estimation helps in determining the displacement of the subject 

image with reference to the template. Once the key points from the region of  
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interest has been detected, the same can be used to find the apparent 

velocities of movement of pixel patterns within the region. Local Taylor 

series approximation is used to find the differential. For a 2-D image with 

intensity  the following brightness constancy constraint is used 

 
      (14) 

Assuming the movement to be small, the image constraint at the intended 

pixel location with the Taylor series can be developed. The higher order 

terms in the series are truncated linearly and divided by the differential time 

interval resulting in the velocity of the pixel relative to the reference image.  

The resulting equation cannot be solved as such due to aperture problem. 

Additional constraints are required to estimate the optical flow. There are 

several methods for determining the optical flow. This paper shall follow the 

Lucas-Kanade method which is an affine model. The method assumes that 

the flow of the subject pixel is constant in the neighborhood and uses least 

squares to solve the equations for motion estimation. 

Once the motion vectors for each pixel are determined, a geometrical 

transformation can be used to map the subject target and the template image. 

A point by point matching can be thus established between the two images. 

This paper has used affine transformation which can be analytically modelled 

as below 

 
       (15) 

where  is a matrix that represents the linear map, is the translation 

vector,  is the affine map on vector . The vector  then gives the new pixel 

values of the registered image. 

 

 

4 Result Analysis 
 

The experiments conducted and the results obtained are discussed in this 

section. To test the proposed algorithm, a set of RGB Images has been used. 

After identifying key points, the same set of images were rotated and 

translated. These are then used as target images and the original image as 

reference image. The set of target and reference images used are given in the 

figures below. Also given are the key points identified ands the optical flow 

between the images. These motion vectors are finally used for registration. 

The first set of images used were that of a portrait image of a person with 

his signature overlaid. This is a typical image we use for application for 

exams, admissions, job applications etc. the target image from this reference 

has been created by rotating it anticlockwise by 300. Also, a geometrical 

affine transformation has also been done for translation. This is evident in the 

Fig2. The next step has been to find all the key points. This is done using 

Hessian Matrix Determinant as has been explained in the sections before. 

After selecting the key points motion estimation using optical flow method is 

done which has been represented in the figures with blue lines between the 

target and the reference images shown in the figures. This is followed by a  
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geometric transformation using the motion vectors estimated to register the 

image. 
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Fig 5: Test1 output2 

 

In a second set of examples the same process has been repeated in with 

the target image rotated clockwise by 400. This is evident in the cat image 

shown in the figures below. The motion estimation has been difficult in this 

since there are too many key points to match. Nonetheless the algorithm has 

proved itself successful in registering the image against the reference image. 

The same has been repeated for two more set of examples as shown in the 

figures 2 to 21. 

 

 
Fig2: Test1 input A 

 
  Fig 3: Test1 input B 

 
 
 
 

 
 
 

 
 
                                                            Fig 4: Test1 output1 
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Fig 6: Test2 input A 

 
 

Fig 7: Test 2 input B 

 

 
Fig 8: Test2 output 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9: Test2 output 2 
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Fig 10: Test3 input A 

 
Fig 11: Test3 input B 

 
                                                   Fig 12: Test3 output1 

 

 

 

    Fig 13: Test3 output2 
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Fig 14: Test4 input A 

 
Fig 15: Test4 input B 

 
Fig 16: Test4 output1 

 
Fig 17: Test4 output2 
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Fig 18: Test5 input A Fig 19: Test5 input B 

 
Fig 20: Test5 output1 

 
Fig 21: Test5 output2 

 

Four metrics [17,18] related to image registration has been incorporated 

in this paper to test the results say, Information Ratio (IR), the Mutual 

Information Ratio (MIR), Lower bound on Information Ratio (LIR) and 

Lower bound on Mutual Information Ratio (LMIR) in Table-1. Here IR 

represents the features within a single image whereas MIR will give common 

feature of two images and lower bounds represents the entropy values. The 

results incorporate here will give the information related to number of key 

points in each module of operation mentioned in Table-2. 
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Table-1 Registration Metrics for SIOF  

 

  

 (IR) 

count 

 (LIR) 

count 

 (MIR) 

count 

 (LMIR) 

count 

Test-1 175.174 101.727 38.798 195.223 

Test-2 220.263 125.489 33.062 245.574 

Test-3 111 65.773 20.876 124.893 

Test-4 200.036 119.006 24.489 233.072 

Test-5 256.045 159.130 19.423 309.405 

 

 

Table-2 feature points counts 

 

  

Total 

key 

points 

Best key 

points(Matches) 

SIOFT Key 

Points 

(Matches): 

Test-1 810 155 17 

Test-2 2316 698 141 

Test-3 473 112 40 

Test-4 1616 513 37 

Test-5 1895 474 218 

 

In Table-2, For example, in Test-4 total key points are detected from 

both images are 513 which are mentioned in fig 16, among them only 37 

are identified from SOIFT and compared.  

 
 

5 Conclusion 
 

In this study we have proposed an image registration algorithm using 

motion vectors. The proposed optical flow algorithm has been tested with 

different RGB images with different SURF descriptors. Towards this 

approach key features in a target and a reference image are identified 

using convolutional filters. A Hessian Matrix Determinant Operator 

followed by level sampling is then used for key points detection, which 

are then compared with a threshold to select the required feature points. 

We have used NN-DR for these key points matching before finding 

motion vectors through optical flow method. The motion estimated 

vectors are then subjected to geometric transformation for final image 

registration. The proposed method has been proved to be invariant to 

scaling, rotation and translation. The algorithm when tested on a set of 

RGB images have provided excellent results in registering the images 

against a reference image. 
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