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Chapter 3

Optimized Feature Selection Algorithm (OFSA) for  

detection of an object 

3.1. OFSA for detection  
  

Detection of an object is a method utilised to detect an object in an image. 

Analysation is done after taking the features from an image. The presently available 

human detection methods are used in fields of operations like searching and rescuing. 

But all these are limited in surveillance during night times as they use RGB cameras. A 

new methodology to reduce the features is selecting the features, feature extraction, 

classifier training, which is performed using genetic method. This will provide the best 

feature weight vector which is utilised to scale the features in real pattern of vector. The 

commonly used method for extraction of features is HOG-Histogram of oriented 

Gradients. But 

more execution time. Also recall is more and precision is low, in the output of HOG. 

Hence, to improve the performance of HOG, OFSA -Optimised Feature Selection 

Algorithm is introduced [Alsulami, F., et al.,2016]. 

            A matching technique formed by   HOG feature method   as a design to detect 

an object with a vision sensor is utilised. The detector will find whether it is an object 

or not, if the features, similarities are differentiated in each image for object HOG 

design. Hence, a scoring method is introduced by utilising gaussian function to 

calculate the similarity. A final score is generated, and a technique called as scoring 

will divide the features of HOG by using each angle, collects the score value of every 

angle. There is a chance of errors if a particular object HOG feature design is formed 

by an object image which will detect features of an object such as dressing, postures, 

style of hair of an object. The feature design of HOG is learnt using OFSA.The 

programming of OFSA is utilised to achieve a nonlinear function which will show the 

normal design to get a finalised score value to know the object detection. The HOG 

values of the features which are ranging from 0 to 360 degrees is divided at an angle to 

evaluate the similarity in the design. 

  To find the similarity degree, at every angle gaussian scoring is shown in  
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2/ 2(kM)2                                                              (3.1)                     

Where   M are HOG values of input image. K  is for generating more score for 

big value compared to small value of HOG.A final score function for input cell image 

is computed as in Equation 3.2, Equation 3.3, Equation 3.4, Equation 3.5[Chang, 

S-L., et al., 2011]. 

GX=MX*I                                                                                                        (3.2) 

The starting step to generate HOG descriptor is to evaluate one dimensional point 

derivative GX  direction by combining gradient mask with image of gray scale as MX. 

angle score (x.y,l) (I,j) Score (I (x+i, Y+j) , M (I,j))/ w.h                                      (3.3) 

cell score (x,y) (1) angle score(x,y,l) / NI                                                        (3.4) 

if (cell score > Threshold) object detect                                                        (3.5) 

In equation (3.3) and equation (3.4) W, h, NI are width, height, total angle. Object 

detection is implemented on the decision of scoring -based and more computing is 

necessary as scoring is performed by exponential function of cells. So, to improve speed 

of calculation, a look up table is used as in equation 3.1. A gaussian scoring function 

Equation 3.6. 

Score (I, M) = e-(j-1) 2 2k2, j = IM                                                             (3.6) 

The gaussian scoring whi Equation 3.7. 

-1n)                                                                                            (3.7) 

 Score (j) = e- (j-1) 2 2k2                                                                                

Else score (j) = 0                                                                                               

interpolation as in Equation 3.8. 

Score (j) =GauLUT (jindex) + GauLUT (jindex )               (3.8) 

In equation 3.8, GauLUT=gaussian lookup table array. Jindex= array index. j 
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3.2. Literature survey 
A thermal image camera will take wavelength of 14,000nm to a replacement of 

wavelength of visible light which is 400-700 nm. In 1880, William Herschel invented 

the utilization of infrared to find the radiations below red light. Now a days, IR based 

devices are initiated for civilian applications as discussed in [Benenson, R., et al., 

2015]. The concept of thermal images is to find the radiations in objects below lowlight. 

The first infrared camera is introduced for anti-aircraft defence during 1929 as 

suggested by [Alex, L., et al., 2007]. In view of security, thermal imaging is widely 

used domain as an image of IR is firmly invariant to changes in normal environment, 

which identifies and target the objects beyond many surroundings, even if it is 

completely dark as proposed in [Shyang-Lih, C., et al., 2011]. Thermal images are 

having lower spatial resolution, blurred edges in which edges are damaged by flames 

when compared to colour images as suggested in [Dony, R. D., et al.,1999]. There are 

various segmentation techniques. In this, some techniques will utilise gray level 

histogram, some will use spatial details, some utilize the concept of fuzzy set. The 

above methods are not suited in noise environment as proposed in [Pal, N. R., et al., 

1993]. During night-time in defence, thermal images are utilised for target detection, 

tracking and classification. A thermal imaging sensor will take energy that is radiated 

from target, background. So, it has advantage during night vision.  So, the edges taken 

are utilised in automatic target classification contains incorrect edges which reduces the 

efficiency of classification as proposed in [Yang, D., 2019]. As discussed in 

[Khandhediya, Y., et al., 2015], multi-exposure image fusion techniques are initiated 

to manage high dynamic range (HDR). The solvation for combining the object data 

beyond many light circumstances is exposed combining method. It gives the solution 

for limitation of traditional camera of digital type which will not take interior, exterior 

of a building at same time. So, combining of images taken from each sensor in many 

open surroundings will make a note of interior, exterior occurrences. A fused night-

vision system as proposed in [Gajjar, V., et al., 2017], initiated on combined image 

intensification by utilising thermal sensing. A good surveillance system is achieved by 

mixing many data sets of a sensor compared to a sensor system which has one image. 

In [Fu, K. S., et al.,1981], they discussed on segmentation of an image methods as 
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characteristic  feature thresholding, edge detection and region extraction. In [Haralick, 

R. M., et al.,1985], they discussed on segmentation of an image techniques as  

measurement space guided spatial clustering, single linkage region growing, hybrid 

linkage region growing, centroid linkage region growing, split and merge methods.  The 

variation in groups, segment is that cluster utilises groups in space measurement and in 

segment the cluster is utilised in spatial domain of an image. For images of 

multispectral, segmentation will perform clusters in space measurement. In [Sahoo, P. 

K., et al., 1988], they elaborated on methods of threshold segmentation and then 

computed the grading of methods by uniformity, shape measures. The global 

thresholding methods are categorised as point dependent techniques called as gray level 

histogram based, region dependent techniques called as modified histogram. In [ 

Hedley, M., et al.,1992], they had used Sobel operator to the three planes of RGB 

space, gradients are joined to produce resulting edges. For all the three RGB planes 

Sobel operator was established, and findings are included. This method is better for 

detection of an image for   the purpose of map processing in which colours, objects are 

elaborated. This method is not suitable for colour images. In [Carron, T., et al., 1994], 

they used Sobel driver operator for each HSI space, and every finding is combined by 

a specification of trade-off between hue and intensity. A parameter for trade-off 

depends on saturation level. If the test images used are given also, the readings which 

are related to this are not satisfied. The scenes of colour image which are having 

shadows will give a good feature of combining the data between individual HSI planes. 

In [Liu, J., et al., 1994], they discussed on image segmentation techniques as based on 

histogram, neighbourhood, physical methods. Based on histogram methods, they 

implement combining for pre-defined measurement space like RGB. In [Khandare, S. 

T., et al., 2014], they introduced a method which is of this type. It uses real physics of 

light, colour formation technique for segmentation which is introduced in [Healey, G., 

1992]. For colour images, many techniques are introduced for processing of each plane 

to original vector-based techniques as discussed in [Carron, T., et al., 1994]. The 

theme in [Alsulami, F., et al.,2016], is to evaluate very small targets in infrared images. 

In this SVM method is used to recognise infrared objects which are very small. The 

technique used in SVM is set on decision planes which discusses the limitations 

between two object divisions. Retinex filtering is used to disparate the noise and 

improve the image quality Later, the objects in an infrared image are identified by SVM 
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classifier from background. The main features of SVM classifier are DWT- Discrete 

Wavelet Transform, mean, entropy, variance. SVM classifier will remove the objects 

from background. The theme in [Mangale, S., et al., 2015] is to identify moving 

objects. To know about objects which are moving, fusion of visible spectrum, thermal 

imaging is utilised. Visible spectrum, thermal imaging is complementary to each other 

as they give good information. The dividing of moving objects in correlated frames of 

videos will use method. The method used in this is 

background subtraction (BS) and mixing of thermal, visible images by GMM model is 

discussed in [Mouats, T., et al., 2014]. Dynamic adaption of mixing technique is 

obtained as it works in daytime or night-time and do the necessary modifications. There 

are three fusion methods. First is increasing the GMM model with thermal data prior to 

foreground segmentation. Second is fusing of outputs of BS which is added to each 

sensor individually. Third is linear combination of two images which forms a hybrid 

image is explained in [Mouats, T., et al., 2014]. The theme in [Choi, Y., et al., 2016], 

is to detect objects in environment such as night-time, uncertain illumination 

circumstances. This is achieved by multimodal sensors. In this, first thermal image 

improvement method -based CNN is guided with RGB data as explained in [Gajjar, 

V., et al., 2017]. Intelligent video surveillance system (IVS) which is formed with 

recognition is utilised to stop suspicious activities and arrange security to people. It is 

more complex to refine data in real time. The techniques like fuzzy logic, neural 

systems SVM, genetic model is base for intellectuality as illustrated in [Mathur, G., et 

al., 2016]. A lossless image compression method which focusses to press thermal 

images is done which captures, stores, transmits with a Nanosatellite. This method will 

send thermal grey scale images. Balance is achieved between compression ratio, 

computational power. Compression efficiency will form at each phase and will follow 

implementation of hardware. This method will decrease memory, which is utilised in 

real time compression of an image on Nano-satellite systems. In this, the modifications 

in light, object detection in thermal infra-red image.to decrease the issues in changing 

light conditions, are discussed. The technique used in this is PCA-Principal component 

Analysis. To get the best findings, multiple supervised machine learning methods, 

unsupervised machine learning methods are discussed. It explains about PCA based 

Gaussian classifier, Mahala Nobis distance-based classifier which are best methods in 

detection and tracking. 
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3.3. Research Gap 
 

Optimization methods for detection, tracking of an object in images or videos 

is proposed which aims to enhance classification of pixels. For efficient detection and 

tracking of an object we must develop techniques which can handle occlusions, 

dynamic background, noisy images, background clutter etc. So, deep learning based 

convolutional neural networks, plays a vital role. The existing method for OFSA is 

HOG (Histogram of Oriented Gradients). HOG is a feature descriptor for detection of 

an object. For HOG, the time complexity is more, and it has large number of feature 

sets. So, we had introduced OFSA to improve the performance. 

3.4. Existing Methods 
 As per literature survey and research gap, the existing methods for object 

detection are HOG (Histogram of Oriented Gradients), PCA (Principal component 

Analysis), Fuzzy (Fuzzy segmentation), OTSU (OTSU Segmentation). HOG is a 

feature descriptor such as Canny Edge Detector, SIFT (Scale Invariant and Feature 

Transform) which is utilised in computer vision, image processing for detection of an 

object. This method counts occurrences of gradient orientation in localized portion of 

an image. It is same as Edge Orientation Histograms, Scale Invariant Feature 

Transformation (SIFT). It focusses on design of an object. It is good compared to other 

edge descriptor as it utilises magnitude, angle of gradient to evaluate the features. For 

regions of an image, it produces histograms by   magnitude, orientations of the gradient. 

Principal component analysis (PCA) is a multivariate method which analyse a data table 

in which readings are illustrated by many inter-related quantitative dependent variables. 

Its aim is to take out useful data from statistical information to indicate it as a group of 

new orthogonal variables known as principal components, and show the pattern of 

similarity among the observations, variables as points in spot maps. PCA depends upon 

eigen-decomposition of positive semi-definite matrix, upon the singular value 

decomposition (SVD) of rectangular matrix. It is found by eigenvectors, eigenvalues. 

Eigenvectors, values are numbers and vectors related to square matrix. They give the 

eigen-decomposition of a matrix, which analyse the matrix design like correlation, 
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covariance, cross-product matrices.  PCA is simple in practice for performing. There 

are interesting applications of PCA, in day-to-day life like multivariate data analysis, 

image compression. 

3.5. Proposed Methodology 
   

John Holland introduced Genetic during 1975 as best model   which gives 

solution to the 

biological evolution, the operations such as mutation, crossover, selection, operations 

are formed. To address nonlinear optimization problems, by global search techniques 

OFSA, GP are good techniques. Hence, to use OFSA and learn HOG object detection, 

we must put image technique and train image as genes. Figure 3.1. shows the diagram 

of proposed OFSA. 

 

Figure 3.1. Block diagram of Proposed OFSA System 
A thermal image is captured, and pre-processing is done using gaussian filter. 

Pre-processing has various stages like text removal, noise removal, image smoothing 

and image enhancement. Text removal involves like removing any unwanted data like 

date, time on the image. Noise removal deals with removing unwanted noise using 

gaussian filter. In image smoothing, it improves the quality of the images. Smoothing 

is done by spatial and frequency filters. In image enhancement, we can brighten an 

image to identify the main features easily (making low light to bright light).  Next 
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segmentation is performed. After segmentation feature reduction is done by OFSA. 

Then the points are detected and required object is detected.  

 

number of dividing cells in an image. To get the fitness of gene and acquire the 

conditions of gene, OFSA is calculated. To build a fitness function, the mean score of 

objects, nonobject image is defined. By taking an average of gaussian scores of 

complete images of an object, non-object with OFSAHOG model as in Equation (3.9) 

the average score is acquired . 

P(Score)=|scorei scorej|/ |scoreij                                    (3.9) 

SP = 1/NPNP i=1 score (PDi, OFSA representation)     (3.9a) 

SN= 1/NNNN i=1 score (NDi, OFSA representation)    (3.9b)             

In Equation (3.9a) and Equation (3.9b)  SP, SN   indicates average score to an object 

image, non-object images. PDi, NDi =ith object, non-object image. NP , NN  = Positive 

and negative data. 

If the difference is more among SP , SN, it will be easier to differentiate between 

object, non-object features which is used in detecting the objects. If the score of objects, 

non-object variance is more, then it is an issue to separate the characteristics of object, 

non-object. If the objects are realized which are formed on strong lines, then the 

detection rate is 100%. So, to train OFSA design of HOG for good findings, it will be 

better to show the variance of score of objects, non-object in the estimated function. So, 

to calculate OFSA design the fitness function is as in Equation (3.10). 

Fitness = SW1 (SP/SN) + W2 (SP  SN)  W3 (VP + VN)              (3.10 ) 

If (SP< threshold) S=0, 

 else S=1 

In equation (3.10) w1, w2, w3 =weights, VP, VN = scores for variance to object, non-

object images. 
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As per the above equation, if SP -SN is sent to   fitness function and if deviation 

between SP ,SN is more, then the best model of an object is achieved. VP +VN  is  taken 

as a model as it has low variance and is   good to differentiate between object, non-

object images. Fitness function is designed for having  SP /SN, which is a score ratio on 

scores of positive, negative data.GP tree is utilised for getting final score. To calculate 

the fitness of GP tree, an average score. Sp
GP, SN

GPof images which are positive, 

negative is found as in Equation 3.11 and Equation 3.12  

SpGP= 1/NP NP i=1 GP Scorei(angle score)                             (3.11) 

SNGP = 1/N NNN i=1 GP Scorei(angle score)                            (3.12)  

The performance of detection of an object is estimated by threshold settings. The 

process to arrange threshold values are given as in Equation 3.13, Equation 3.14, 

Equation 3.15, Equation 3.16. 

Pd = SP -                                                                            (3.13)                              

Nu = SN +                                                                            (3.14) 

d= Pd  Nu                                                                                                                            (3.15) 

T = Pd  d                                                                      (3.16) 

Pd, Nu = lower positive, upper negative 

By subtracting standard deviation from average score, Pd, Nu is obtained 

d = difference between Pd, Nu . 

OFSA Algorithm 

1.The population for probable solutions is initiated 

2.Next find the evaluation known as fitness function which will take the behaviour of 

environment, solution to rating 

3.Describe the operators of OFSA such as mutation, crossover, selection which will 

change the structure of scoring through its features which are new 

4.Next organise the readings for circumstances such as size of the population, 

probabilities to place the operators of   which the OFSA model will use 
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    1.Statistics of an image to compute 

    2.Generate an initial population 

    3.Image segmentation by utilising initial values 

    4.Compute the objects which are expected in framing and the measures for its quality 

     5. While (! stopping conditions) Do 

            5a. Based on operator new features only, individuals are selected. 

            5b. By cross over, mutation operators only new features are created 

            5c. Image segmentation is done by new values 

            5d. At the ending of a frame, computation of an object is done 

           5e. By utilising the knowledge structures which are new, updating of knowledge 

base is done. 

3.6. Results and Discussion 
 

The following figures describes the outcomes obtained for OFSA design. 

Figure 3.2 shows GUI design for object detection. Figure 3.3 shows a thermal image. 

Figure 3.4 shows gaussian values of after pre-processing. Figure 3.5 shows feature 

vector to find the pixel value. Figure 3.6 shows finding the min max regions of the 

pixels from the input pre-processed image. Figure 3.7 shows original image to 

weighted filtering image and differences image with high boost sharp image. 

 In detection of an object, detecting the elements of graphical user interface in 

GUI (Graphical User Interface) is particularly specific in a domain. It also supports 

tasks such as testing and animation of GUI, GUI search, code generation of GUI.Due 

to the advantage of GUI in object detection, the implementation is shown as in figure 

3.2. Traditional methods for GUI element detection directly borrow the mature methods 

from computer vision (CV) domain, including old methods that depend on traditional 

image processing features such as canny edge, contours, and deep learning methods 

that learn to detect from large-scale GUI data. 
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Figure 3.2 Graphical user interface design implementation for object detection 
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Figure 3.3 Thermal image Input to detect an object 
 

A thermal image is taken as an input from FLIR dataset to implement detection of an 

object. 
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Figure 3.4 Gaussian values of selected thermal image after pre-processing 
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Figure 3.5 Feature vector to find the pixel values in selected thermal image 
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Figure 3.6 Finding the min max regions of the pixels from the input pre-processed 
image 
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Figure 3.7 Original image to weighted filtering image and differences image 

with high boost sharp image. 

A weighting filter is utilised to suppress some aspects of a phenomenon 

compared to others, for measuring purpose. Image differencing is an image 

processing method used to find changes among images. The difference among 

two images is evaluated by finding the difference among every pixel in an 

image, and produce an image based on the findings. High boost sharpened 

filtering is a sharpening method which emphasizes the high-frequency 

components indicating an image detail without deleting low-frequency 

components.  
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Figure 3.8 shows estimating the best feature points of pixels. Figure 3.9 depicts the 

plotting of features vector to mark the optimized features. Figure 3.10 shows the 

morphological operations of the processed image to plot the object regions. Figure 

3.11 shows OFSA result with pointed object points on an input image. 

Figure 3.8. Finding the best feature points of pixels for classifying the object regions 

in thermal imaging 

A Laplacian filter is an edge detector which is utilised to evaluate second 

derivatives of an image, measuring rate at which first derivatives change. It evaluates 

if a change in adjacent pixel values is from an edge. It is a second-order derivate filter 

used for edge detection in image processing technology. 
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Figure 3.9. Plotting the features vector to mark the optimized features 
 

A feature vector is a phenomenon of measuring property. The height, weight 

parameter in a human division is an example as it is observed and measured. In 

optimization for feature selection, feature selection is a method to reduce the number 

of input variables when developing a predictive design. It is desired to reduce the input 

variables to decrease the computation cost of modelling and enhance the performance 

of the model. 



 

75 
 

 

 

Figure 3.10. Morphological operations of the processed image to mark the object 
regions 

 

Morphological processing is a group of non-linear functions which are related 

to shape, morphological features in a particular image. These functions are based on   

the order of values of pixel, not on numerical values, and are needed to process binary 

images. These functions can be processed to greyscale images as light transformation 

functions are not known. Morphological methods probe an image with smaller shape, 

template known as structuring component. The structured component is located at all  
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positions in an image and compared with similar neighbourhood of pixels. Some 

functions will test if a component is arranged in the neighbourhood, as others test if it 

hits the neighbourhood. This function on a binary image will create a new binary image 

in which a pixel has non-zero value if the test is succeeded at that position in an input 

image. The structured component is a tiny binary image, each with a value 0 or 1. The 

matrix dimension indicate the size of structured component. The pattern of , 

indicates the shape of structured element. An origin of structured component is one of 

its pixels, as the origin can be outer the structured component. 

 

Figure 3.11. OFSA result with pointed object points on an input image 
 

Table 3.1. shows the running time of image fusion models such as HOG, OTSU, 

FUZZY, HOG+PCA and OFSA in seconds. 
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Table 3.1 Running time of image fusion techniques in sec 

 

 

Table 3.2. describes the   results for proposed OFSA, existing HOG, OTSU, FUZZY, 

HOG+PCA techniques and Table 3.3. shows the comparative analysis of proposed 

and existing methods. 

Table 3.2 Subjective test results 

Input 

Frames 

Pre-

processed 

output  

HOG-

Histogram 

of 

Oriented 

Gradients 

 

OTSU 

FUZZY HOG+PCA 

(Principal 

Component 

analysis) 

Proposed 

 OFSA 

 

  
 

   

 

Methods HOG OTSU FUZZY HOG+PCA OFSA 

Time in 

seconds 

 

47.62 

 

35.65 

 

36.28 

 

42.32 

 

52.23 
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Table 3.3 Objective Test results 
 

Method Accuracy Sensitivity F-measure Precision MCC 

Proposed 

OFSA  

84.2 68.42 1 1 1 

HOG 77.97 65.32 0 1 0.03 

Fuzzy 74.97 62.23 0 1 0.02 

PCA and HOG 62.52 52.85 0 1 0.09 

OTSU 64.65 52.44 0 1 0.10 

 

3.7. Conclusion 
 

In this objective, it estimates a gaussian scoring approach for images which are 

matched, OFSA built learning for arranging a model in detecting an object. In 

traditional methods which used HOG features to do matching, HOG feature map had 

vectors which indicates the magnitude, angle of gradient for each pixel. By evaluating 

HOG feature for each angle which is categorised it grants us to view the features and 

make it easy for analysing it. It is more advantageous than existing HOG matching 

model which will not give surity for visual describing due to huge dimension of HOG 

vector. For providing a solution to the issues of time processing to evaluate the gaussian 

score for cells of an image, an algorithm to enhance the processing time by OFSA, GP 

built training procedure for basic designing is introduced. 

 

 

 


