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Abstract- Feature extraction plays a vital rule in image processing. Image processing means process of 

digital images using various feature extraction and detection algorithm. Feature extraction algorithm is 

applied to get the best features that will be important for classifying and recognition of images. Main 

objective of this paper is to study and compare various feature extraction methods based on accuracy and 

computation time from experimental results.  
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I. INTRODUCTION 

A feature is a pattern or structure of a digital image. The features are distinguished from its 

surroundings by texture, colour, corners, and pixels of an image. These features are applied in 

the field of detection and classification of the images. Machine learning approach is used in 

different feature extraction algorithm for adaptive processing. In this paper, we evaluate the 

performance of different feature extraction and detection algorithm in MATLAB 

environment. Algorithms are implemented in MATLAB programming language. 
 

II. RELATED WORKS 

Janez Krizaj et al. Proposed an algorithm for face recognition technique for determining 

the sift descriptor at fixed locations during training stage. They performed the experiment on 

the extended Yale B database. They concluded that by using yale B database the performance 

of their proposed method was found to be better than the performance of popular techniques 

such as PCA, LDA etc.[1] 
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In 2016, Yukti bakshi et al. reviewed some methods of face recognition. They used SIFT and 

SURF algorithm for feature extraction to perform matching from the images and those 

extracted features applied to PCA and Eigen vectors are extracted in each face. They 

concluded that this method is fast and provide better recognition rate.[2] 

 

In 2015 Ladislav Lenca et al. Proposed an automatic face recognition system based on SIFT 

features. They compared SIFT based Kepenekci face recognition algorithm with the no. of 

most powerful AFR methods like FERET, AR, LEW etc. They concluded that the proposed   

method outperforms all other methods and therefore decided to integrate this method into 

their face recognition system.[3] 

 

Bhaskar Anand et al. Proposed a face recognition technique based on SURF features and 

SVM classifier. They proposed that face recognition accuracy is affected by some factors like 

illumination, facial expression, calling and perspective movement. They tested their 

experiment in Yale faces and UMIST face databases. From experiment the method showed a 

good accuracy with the face images having different variations.[4] 

 

In 2016 Towfiq et al. proposed an algorithm for object detection and recognition by using 

SURF features. In this paper they used enhanced SURF algorithm for counting the features in 

both object and origin image in the dataset and calculated matching percentage using a metric 

of counting with inliers matching features. They used RANSAC algorithm for eliminate error 

matching.[5] 

 

In 2014 Sriram Emarase et al. proposed an automated attendance system using SURF features. 

They used SURF descriptors for recognition and produce a reliable performance in 

MATLAB environment.[6] 

 

In 2016 Meenu ,Surendra singh proposed a finger print matching algorithm based on 

BRISK,SURF & MSER feature extraction methods. They used this algorithm to match 

original image with face database stored in a folder. In this approach the objects that contain 

information about BRISK features have been detected in 2D image with greyscale variant. 

They also applied BRISK sampling pattern to obtain pair wise brightness comparison. They 

concluded that BRISK exploits the speed saving offered in the SSE instruction set. [7] 

 

In 2016 Jung H.Oh et al. proposed a whole image BRISK to extract features of an image. In 

this approach they used bag of words methods to calculate similarity score and calculated 

loop closure places, They concluded that using this method they could significantly improve 

the overall efficiency and performance of the face recognition. [8] 

 

Stefan Leutenegger et al. Proposed an algorithm called BRISK, a novel method for detect key 

points, description and matching. In contrast to earlier algorithm such as SIFT, Surf the 

method offers a faster alternative at reliable matching percentage. They concluded that 

BRISK depends on configurable sampling pattern. [9] 

 

Eatma Susilawati Mohamad et al. proposed a comparison process of Harris, BRISK and 

FAST features detection algorithm which was applied on a set of signature image from 

UTISG dataset in order to calculate higher accuracy recognition rate. They chose 

computational complexity and accuracy as main elements for better feature detection 

experiment result showed that the no of face images have effect on the accuracy and runtime 

algorithm.[10] 
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Mrinal Kanti Bhowmik,Sandip Shil et al. Proposed an approach for feature point extraction 

using Harris interest point detector to locate the thermal facial features. From their 

experiment they showed that Harris operator can detect good no of interest point in illation 

variation, rotation and scaling conditions. [11] 

 

S. SriVidya,Prakash S Proposed an approach that compared and evaluated the 

implementation of various feature extraction methods like FAST,HARRIS,SURF,MSER in 

terms of variations like rotation, scaling, noise etc. on features such as corner and blob. 

Implementation was done on INTEL i3 processor with 3GB RAM [12] 

 

III. FEATURE EXTRACTION METHODS 

FAST algorithm: 

FAST algorithm was proposed by Rosten Drummond [13] for determining interest 

points in an image. Interest point is a pixel in an image having well defined positions that can 

be strongly detected. Each interest point has much information content and should be 

repeatable between different images. The goal of FAST algorithm was to detect corner points 

that can be utilized in real time frame rate applications like image matching, object detection 

and recognition and image tracking etc. 

Machine learning approach is used in this algorithm for adaptive processing. This algorithm 

identified few points inside a particular range and processed where as the points fall outside 

the range are rejected. 

 

 

Feature detection using FAST algorithm 

Step 1: Select a pixel “P” in the image. Assume the intensity of pixel “P” be Ip. 

Step 2: Set threshold intensity T and assumed only 20% of pixel under test. 

Step 3: Consider the 16 pixels within a circle that is surrounding the pixel P [38]. 

Step 4: “N” contiguous pixels among 16 needs to be either above or below Ip by the 

value T. 

Step5:  Compare the intensity of pixels 1, 5,9,13 of the circle with Ip . 

At least three    out of four pixels should satisfied the threshold criteria for 

yield interest point. 

Step6: If at least three out of four pixel values say I1, I5, I9, I13 are not  

above or below Ip then “P” is not in the corner. Else if at least three out of four 

are above or below Ip then check for all 16 pixels and check if 12 contiguous 

pixels fall within the region. 

Step7: Repeat the above steps for all pixels in the image. 

 

This algorithm has some limitations- 

 

If N<12, the algorithm does not work properly because the no of detected 

interest point is very high. 

The order in which the 16 pixels are queried determines the speed of the 

algorithm.[15] 
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SIMULATION: 

Read image from database: 

Imread() function read the image file(filename.jpg) from image database stored in 

system drives. 

  

                   
Figure : Images from database using imshow() function 

 

 

 

Matching features points between images: 

matchFeatures() function is used for matching extracted features between two images. 

 

                          
 

Figure 2: Matches features between two images. 

 

 

SURF algorithm: 

SURF can be used as local object detector and descriptor that can be used to extract 

the key points from both database images and test images for image registration and 

recognition purpose. H bay invents SURF descriptor in 2008 .It is a scale and in-plane 

invariant features. It has two stages .One is interest point detector and other is interest 

point descriptor. SURF features are invariant of shifting rotation and scaling and 

partially invariant to illumination and affine transformation. Hessian blob detector is 
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used to detect the intersect point for computing three integer operations for a pre-

computed integral image. As a descriptor SURF uses first order Haar wavelet in x, y 

co-ordinate .SURF uses 64 dimension to reduce the time cost for feature matching and 

computation. 

 

Feature detection using SURF algorithm 

  

Step1: Computation of integral images are performed at this stage.  

Video frame is transformed into integral images. [39] 

    
Where x and y are the height and width of the image respectively. 

Step2: In this step the Hessian matrix is created by applying the 2
nd

 order  

Gauss kernels   x, y, z[40]. 

   Hessian is computed by the following equation 

  

 
Step3: In this step responses from determinant are normalized to scale. 

 Higher scale is used the more pixels pass into the kernel. 

 

 

Step 4: In this step, non maximal suppressions are calculated for finding the 

maximum determinant value. After that the determinant value is 

filtered with predefined threshold to reserve strongest interest point. 

Step 5: Haar wavelets of size 4δ in x and y directions are calculated. Wavelets 

are calculated that are located within a radius of 6δ around the interest 

points. 

 

SIMULATION: 

Read image from database: 

Imread() function read the image file(filename.jpg) from image database stored in system 

drives. 

                   
Figure 3: Images from database using imshow() function. 

(2) 
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Matching features points between images: 

matchFeatures() function is used for matching extracted features between two images. 

 

                         
 

Figure 4: Matches features between two  images 

 

BRISK algorithm: 

 

BRISK algorithm was proposed by Stefan Leutenegger et al for image detection. It is a new 

method for key point detection, description and matching. 

 

Feature detection using BRISK algorithm 

Step1: It processes all key points in picture plane as well as in scale space utilizing 

same strategy like FAST. Be that as it may, it utilizes 9 – 16 veil, which 

implies 9 out of 16 pixels must be more brighter or darker (maxima or minima) 

to focus pixel (limit fulfilling pixel). It applies 9-16 locators on all octaves and 

intra-octaves to make sense of all region of interest at that point oppressed 

them into non-maximal concealment to discover genuine interest point. [16] 

Step2: For key points description it performs point to point comparison of intensity. 

This descriptor is made out of twofold string. It assembles the consequences of 

straightforward splendour correlation test and structures the paired string. It 

sets bit 1 when force of first pixel is higher than second and 0 generally.  

Step 3: It processes the neighbourhood angles (size, introduction) over each interest 

point for introduction and turn invariance  

Step 4: It structures long combines and short matches. Long combines are those 

whose remove is above limit and short pair's separation will beneath the edge. 

Long matches are utilized for introduction assurance and short combines 

utilized for force examination that assembles the descriptor. 

 

 

Read image from database: 

Imread() function read the image file(filename.jpg) from image database stored in 

system drives. 
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Figure 6: Images from database using imshow() function. 

 

Matching features points between images: 

matchFeatures() function is used for matching extracted features between two images. 

                                  
 

Figure 7: Matches features between two  images 

 

 

Harris algorithm: 

Harris scale invariant detector was utilized to separate corners in each scale images. 

Harris Corner Detector is one of the promising tools to investigate the corner points. Harris 

Corner Detector depends on the autocorrelation of intensity, values or image gradient values. 

The colour details of the picture can likewise be thought about. In the event of gray scale 

pictures the colour subtleties of the picture is lost. So to utilize the colour data, here the 

calculation is utilized for colour picture 
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Feature detection using HARRIS algorithm 

 

Step1: Discover the x and y derivatives of the picture.[41] 

  
Step 2: Discover the results of the derivatives of every pixel 

  
Step3: Ascertain the covariance framework M 

  
Step 5: This is determined by a window function: w(x, y) that is: 

  
Where: I(x+u, y+v) is known as the shifted intensity I(x, y) is known as the intensity The 

above equation can be simplified as: 

 
Step4: Calculate the Eigen values λ: If λ is near 0, at that point it's anything but  

a corner. So search for conditions where it is huge. 

 

Step5: Calculate the corner response function R: 

 
 

Here, α value is between 0.04-0.06 Also if the value of R: R<0: it is an edge R>0: it is a 

corner |R| is small: it is a flat region. 

Step 6: For ascertaining the normal corner focuses, we apply AND activity. 

So the formula is: crnr=(temp1)&(temp2)&(temp3) Here, temp 1,temp 2 and temp 3   

are  space where corner estimations of red, green and blue 

Step7: For ascertaining the corner points by  

using OR operation:crnr=(temp1)|(temp2)|(temp3). 

Step 8: Step 8: Now find out the color gradient vector values. 

 

 

Read image from database: 

Imread() function read the image file(filename.jpg) from image database stored in system 

drives. 
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Figure 9: Images from database using imshow() function. 

 

Matching features points between images: 

matchFeatures() function is used for matching extracted features between two images. 

 

                               
 

Figure 10: Matches features between two images 
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IV. SIMULATION AND RESULTS 

Comparison of Feature Detection Algorithms for Image processing: 

Two fundamental parameters utilized for examination of various element location 

calculations in image processing are: Accuracy [17] and Time complexity (run time).Even 

when an image is twisted, the best element purposes of a picture ought to remain nearly the 

equivalent. In this way, when highlight coordinating is done between the first picture and the 

distorted picture, the more is the number of coordinating matching features out of the 

quantity of extracted features, the more is the accuracy. So, it may very well be said that 

exactness is a relative term that likewise relies upon the number of extricated features.  

 

The steps for comparison are as follows 

Step1: Read an input image and store it in a variable a. 

Step2: Distort the image by rotating or resizing and store in a variable b. 

Spep3:Feature points are detected by using four algorithm like SURF, BRISK, 

HARRIS, FAST separately and out of this N strongest features are 

detected in each case 

Step4: Extracted features are matched using detected features  in each case. 

Step 5: Accuracy can be calculated as follows 

  

  
Step6: Lesser the computational time, better is the execution of the calculation. This 

can be determined by utilizing the run and time option gave in MATLAB at 

whatever point the program is run.[18] 

 

 

 

Table 1: Results of comparing the image based on accuracy 

 

 

 

 

Total No of 
images 

      Algorithm Computational time 

         1         FAST 0.175  

         1       SURF 0.115  

         1        BRISK 0.145 

        1      HARRIS 0.212 
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Table 2: Results of comparing the image based on computational time 
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Figure 11: Plotted accuracy of different feature extraction algorithms 

    

 

 

No of images 

Extracted features Matched features Accuracy 

 Algorithm Original Distorted Original Distorted 

       
1 

 FAST 774 1528 111     111 69.72 

    

1 

SURF 476 635 31       31 74.96 

        
1 

    BRISK 837 906 274     274 30.54 

        

1 

   HARRIS  1128 788  15       15 52 
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Figure 12: Plotted computational time performance of different feature extraction   algorithms 

 

V. CONCLUSIONS 

The outcomes obtained from comparing different feature extraction algorithm based on 

accuracy and computational time is presented in table 1 and table 2 respectively. From table 2 

it is observed that the performance of SURF algorithm based on computational time is better 

than the other three algorithms. From figure 11 it is observed that the comparison graph of 

different feature extraction algorithm is based on computational time. From the graph it is 

clear that time complexity of SURF algorithm is relatively better than other algorithm. 

From table 1 it is observed that the performance of SURF algorithm based on accuracy 

percentage is better than the other three algorithms. Figure 12 shows the comparison graph of 

different feature extraction algorithm .From the graph it is clear that accuracy of SURF 

algorithm is relatively better than other algorithms. 
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