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Chapter 2

Detection of an Object using Enhanced OTSU Segmentation  

and Neighborhood weighted OTSU 

2.1. OTSU Segmentation and Neighborhood weighted OTSU  
 

 In this research, first objective is detection of an object using improved OTSU 

segmentation and neighborhood weighted OTSU. Segmentation is a method of 

classifying an image into number of pixels. OTSU is an adaptive binary threshold 

method. It will take the max interclass variance among background and target image as 

selection for threshold. It will automatically perform image thresholding. Thresholding 

is a method of image segmentation where pixels of an image can be changed to make 

the image easy for analyzation.  In this the pixels are divided into classes known as 

foreground, background. Otsu thresholding is calculated as sum of two variances which 

are multiplied by their related weights. If the histogram is bimodal only OTSU 

thresholding will work. But if the histogram is unimodal, this technique will not work. 

The defects in the product surfaces will be from tiny to big sizes, resulting in change in 

image histogram from unimodal to bimodal. The defect on the surface of a product will 

affect the standard of the product. Machine vision will provide a tool for detection of 

defects on the surface. To address these issues, weighted object variance called as wov 

is proposed. 

  There are various types of segmentations like fuzzy segmentation, canny edge 

detection, OTSU segmentation, etc. Canny edge detection is used in detecting images 

when noise is suppressed. The features obtained in OTSU act as input to neighborhood 

weighted OTSU. 

2.2. Literature survey 
 

Detecting moving objects from some dynamic scenes is a challenging task in 

surveillance systems. The investigation and understanding of incessant image 

sequences is an active research field. Tracking the objects plays a vital role in several 

applications such as face detection, pedestrian detection, and surveillance systems as 

suggested in [Yang, D., 2019]. The popularity of object detection has been risen by  
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selecting the relevant features for target object. Image inputs are the most vital sources 

of information for human production and life. Generally, the camera may operate from 

different angles of movement and autonomy. The advancements in camera phone 

technology engages the people to capture video sequences using their mobile phones to 

detect and track the moving objects. Camera may have free motion, irrespective of 

environment, helps to capture the objects which causes jitter problems as illustrated in 

[UshusKumar, S., et al., 2018]. Hence, the increasing use of moving cameras with its 

growing interests delve into study of detecting the moving objects. The issue of 

achieving reliable and efficient secured system using thermal images has gained great 

attention in present years. Now a days, the study on IR imaging in thermal management 

is also being studied by researchers. These advances including new generation IR 

technology and image processing algorithms yields cost efficient as explained in 

[Gong, X., et al., 2018] and user-friendly approach for services like monitoring, 

examining and diagnosis. Generally, thermography is a field of non-destructive and 

contactless analysis of thermal images which is well-suited for industrial and medical 

use. Object detection is a tedious task due to its object localization and then object 

classification. Because of larger number of frames with candidate windows, the 

computational cost is very expensive due to its redundant windows as proposed in 

[Goyette, N., et al., 2014]. Similarly, the feature representation models are explained 

in [Javed, S., et al., 2017] which degrades the classifier levels. The author in [Kang, 

B., et al., 2015] detected moving objects using compressed sensing. Initially, 3D 

circulant sampling model is used for measuring the samples. Then, the sampled images 

are further reconstructed to distinguish foreground and background objects. The results 

were compared with prior movement turbulence, camera motion and video noise and 

proved the robustness. In [Wu, Y., et al., [2017], the authors presented detection model 

using background motion subtraction. Reduced Singular Value Decomposition 

(RSDV) is suggested on multiple matrices with particle trajectories. Using fast 

inpainting method, the foreground and background motion are distinguished, and then 

adaptive thresholding model is applied over multiple moving objects. Since the camera 

is moving fast, an object will move fast inconspicuous from its surrounding 

background. In [Kalantar, B., et al., 2017], the authors detected multiple moving 

objects using regional adjacency graphs in image registration system. Initially, visual 

appearance and geometric properties of the aerial vehicle video sequences were 

collected and region labelling model with graph colouring algorithm for distinguishing 
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foreground and background objects with degraded precision and recall. The authors in 

[Javed, S., et al., 2018] suggested a spatiotemporal structure -sparse Robust Principal 

Component Analysis (RPCA) which detected the dynamic background scenes, camera 

jitter, and illumination. Each pixel is transformed onto laplacians and then transferred 

over super pixels to input matrix. The results were experimented in six datasets which 

shows linearized thresholding with dynamic backgrounds. The author in [Chavez-

Garcia, R.O., et al., 2015] illustrated about various sensor fusion, classification for 

multiple tracking of an object. The framework detected the composite representation 

and uncertainty management by focusing on four objects such as pedestrians, bikes, 

cars, and trucks. The system lacks in defining object representation. In [ Huang, S.C., 

et al., 2013], they presented variable bit rate for traffic monitoring systems. It is 

composed of two modules namely, probabilistic background generation and moving 

object detection module. Both modules enhanced the efficacy of the moving objects 

detection with better data retrieval rate. During the learning process, the background 

model forms high bit rate. The author in [Seyed Hosseini, M., et al., 2013] discussed 

about multi-class multi-scale series context design for segmentation of an image which 

involved cross-object and inter-object for different objects. Geometrical relationships 

and dependencies use local information with better coherent segmentation. Multi-class 

support of contextual model fails on negative samples. In [Lee, H., et al., 2018], the 

authors presented a real time model for underwater moving object detection. Initially, 

images taken from different stationary datasets to predict localized values and then 

based on observed localized values, the objects are traced. Feasibility rate of detecting 

the localized values have consumed higher bit rate. Fuzzy colour difference histogram-

based background subtraction is suggested by [Panda, D.K., et al., 2015]. The 

background and foreground pixels of an object is distinguished by colour difference 

histogram which reduced the false error rate. This method incorporated gaussian 

membership which consumed higher time complexities. Similarly, the authors extended 

their study to Adaptive Spatio- temporal background subtraction by enhanced 

Wronskian change detection method as in [Panda, D.K., et al., 2018]. First, spatial 

relationship among neighbouring pixels with fixed learning rate by finding the pixel 

misclassification is found. The use of Wronskian function degraded the fuzzy oriented 

learning rate which created an inefficient recall method. In [Islam, M.M., et al., 2018], 

the authors presented a correlation filter using scale adaptation and online re-detection 

which detected the multiple features of targeted objects. Based on confidence scores, 
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the model-drifting problem is being resolved. Then, relocation strategy is also used for 

detecting and re-detecting the targeted objects. The authors in [ Ahmadi, K., et al., 

2015] detected the objects in dim using particle swarm optimization in which 

consecutive frames are assigned for each object with its spatial information. The results 

have proven that searching relevant objects degraded the accuracy of the system. Kernel 

based target tracking algorithm is presented by [Bruni, V., et al., 2014], where the 

features of targets are obtained and then correlated with visual appearance. The system 

has reduced the perceptual feature space. The authors [Silva, A.S., et al., 2016] 

presented colour and active contour model segmentation using distinct features of 

colour space. Though the system has computed targeted objects, the spatial information 

degrades the objects size for contour segmentation.  The authors [Liu, T., et al., 2016], 

presented visual objects tracking with partition loss schemes using local loss features 

which resolved drift problem. Detecting of object in the video sequences has vital part 

in various usages as proposed in [Amandeep, et al., 2015]. Earlier, the research was 

done mostly on detecting an object as in [Ben Ayed, A., et al., 2015]. They also 

discussed on various detection and tracking methods. In [Bagherpour, P., et al., 2012] 

tracking an object is explained. [Fatima, H., et al., 2013], introduced a hierarchy 

motion target detecting system which is built on spatiotemporal saliency. Later, the best 

detection results are obtained with the help of temporal and spatial saliency data. The 

outputs will indicate that it will identify the substances which are moving in an airborne 

video accurately and efficiently. But the technique will not have the effect of delay in 

time as compared to HMI method. But this technique estimated location of an object in 

all the frames of a video as self-sufficient as discussed in [Guo, L., et al., 2012]. They 

introduced an object detecting technique for an object in video frame. The results will 

indicate that this is one of the best methods for detection of an object and which gives 

the best accuracy. It must be improved in classification in terms of accuracy in real 

time. In [ Ben Ayed, A., et al., 2015], they introduced a technique to detect   data which 

is text built on the surface in a video frame. A video frame is divided into multiple fixed 

size blocks.  The analysing of these blocks is done by a method called as Har wavelet 

transform. Later, they utilised a neural network for classifying blocks of text, non-text. 

But research should focus to extract the areas in removing the regions which are noisy 

and exclude the text part. In [Ferris, R.S., et al., 2000], they suggested a statistical 

skin-color design i

matching methods to know whether there is a particular face or not in an area.  The face 
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of a person is tracked with the help of corners of lips, location of people, nostrils. But 

improvement should be done in   tracking the features in faces. [Foytik, J., et al., 2011] 

illustrated a filter called as Kalman for lowest recognising of differentiating among 

multiple objects. Later they brought analysis on Adaptive MPCA -Modular Principal 

Component Analysis. The output of simulation showed that this technique has high 

accuracies and can recognize faces in average duration. [Bagherpour, P., et al., 2012] 

designed a framework to track top parts in a body by KLT -Kanade-Lucas-Tomasi, 

Kalman filter to estimate a movement. In advanced models, limbs, movement of a body 

estimation is done by Kalman filter to get exact position of a limb. The results will 

indicate the proposed design is more compatible in internal environment to provide 

variations in poses of objects, background clutters and for multiple scenes. This should   

improve in   results of tracking. [Kim, Y.M., et al., 2007] discusses that objects selected 

by a user are tracked by features of SIFT, Kalman filter. Particularly, tracking is done 

on human beings, vehicles such as cars, precleaned objects. All the objects are gathered 

to track objects if some objects are missed for certain frames. But this study should 

concentrate on more resolution in knowing the location of a stationary object. 

[Chandrajit, M., et al., 2016], discussed a feature-based technique in tracking various 

objects which are moving in a video sequence of surveillance application. But this 

proposed technique is calculated in quantitative manner by the metrics precision, recall, 

accuracy. Later, comparison of various works is done to show the efficiency of 

proposed algorithm. But this research should improve in the concepts of occlusions. 

The segmentation of colour images is discussed in [Deng, Y., et al.,1999]. 

2.3. Research Gap 
 

Threshold plays a significant role in effective classification of pixels as 

foreground or background and gives accuracy, precision of object boundary in detection 

and tracking models. So, a suitable threshold detection model aimed at providing an 

optimal value for variety of images, videos must be implemented by soft computing-

based techniques. These soft computing-based methods will include neural networks, 

genetic algorithms, fuzzy logic, machine learning. Effective modelling of background 

from previous frame is also a problem. Entropy based techniques will make detections 

which rely on image or video content and its combining of background subtraction will 

be helpful in effective detection method. 
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                   The existing method for OTSU segmentation is Fuzzy segmentation. OTSU 

segmentation is best because we can subtract foreground and background. The key for 

OTSU is thresholding. 

2.4. Existing Techniques 
 

 Based on the literature survey, the traditional methods for segmentation are 

Fuzzy segmentation, Canny edge detection. Image segmentation is a process to 

correctly classify the pixels of an image. It is a method which divides an image into 

uniform, non-overlap regions. This method is used in computer vision, image 

analysation, image processing, remote sensing, geographical information system. 

Segmentation of an image is formed on specifications of an image such as values of 

intensity which involves discontinuities referring to abrupt changes in intensities as 

edges, similarities which refer to divide a digital image into regions. 

 To find formation of cluster, there are two divisions of clustering methodology. 

Hard Clustering, Soft or Fuzzy Clustering. In Hard Clustering, data is categorised as 

various clusters, where every data refers to single cluster, whereas fuzzy clustering is a 

method to assign levels in membership and use these levels to allocate data components 

to single or many groups in an image or data set. The methodology of image 

segmentation which uses fuzzy clustering method gives a mean to classify pixel values 

with high accuracy. Canny edge detector is an edge detection operator which utilises a 

multi-stage technique to find more edges in an image. It also introduced a computing 

theory for edge detection. 

2.5. Proposed Methodology 
In this research, detection of an object using improved segmentation is 

introduced. The aim of the study is to detect the weapon in human. Initially, the thermal 

images are collected from a public repository. It is the foremost step which helps to 

analyse the efficiency of our research. The proposed model comprises of various phases 

where each phase serves as input to its predecessor output. The significance of thermal 

images because of detecting the weapon in humans on those images is observed. Double 

phase pre-processing approaches, median filtering and adaptive histogram equalization 

are deployed for enhancing the quality of the images. Then, boundary box and point of 

interest are used for detecting the weapons. By OTSU segmentation approach, the  
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predefined threshold defines the differentiation of each pixel in the image. Features are 

extracted using Speed Up Robust Features (SURF), Gray Level Cooccurrence Matrix 

(GLCM) and matching features. Figure 2.1. describes the working of proposed method. 

 

Figure 2.1. Proposed framework for detection of an object 
First, a thermal image is loaded. Data pre-processing is the next step which 

removes the irrelevant noises (or) any unclean data in an image. Median filtering is one 

of the best filtering models that instantly eliminates the noises by its estimated 

neighbouring pixels. Median value of the pixels is estimated and replaced to its 

surrounding neighbouring pixels. Median filter will set a value for output pixel to an 

average of values of the pixel in neighbourhood on all sides of input pixel. The output 

pixel value is evaluated by median of pixels of neighbourhood. Median filter will 

remove the outliers without reducing sharpness of an image. This estimation is robust 

than the mean filter, which selects the pixel from its window pixels. By doing so, we 

can also preserve the edges of an image. Let k * k be array of pixels, then median value 

is calculated as in Equation 2.1. 

2

1
12

2
2 k

nnk  where, .... 3,5,7 =k,0n        (2.1) 
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At last, a filtered image is then fed into Adaptive Histogram Equalization (AHE) 

which assists for enhanced image quality. It is spatial domain model that describes the 

uniform distribution of pixel intensity for better contrast enhancement. The procedure 

of AHE is as follows where the input is a filtered image. Then the histogram of an 

image is calculated. Next, the local minimum in the histogram is calculated. Image is 

divided based on local minima. Specific gray levels to each divided histogram are 

allocated. By doing so, the histogram partitioning prevents some parts of histogram 

being dominated by others. Next segmentation is performed using OTSU. 

segmentation model is an automatic threshold model employed over histogram image. 

In general, threshold operation is given as in Equation 2.2. This method purely depends 

on gray value of an image. 

),(),,(,, yxfyxpyxMT                                  (2.2) 

 OTSU Segmentation Algorithm  

Step 1- Evaluate the histogram and probabilities for every intensity level. 

Step 2- Format initial class probability, means. 

Step 3- Step through possible threshold's maximum intensity. 

Step 4- Upgrade mean and variance. 

Step 5- Calculate among class variances 

 Step 6- Required threshold corresponds to t maximum value among class variances 

In the proposed method Otsu thresholding, an image with gray level 

Histogram{pi}L
i=0 is threshold in T value of gray level. The background, foreground 

probabilities in T-threshold image is as in Equation 2.3 ,2.4[Huang, C., et al.,2021] 

                                                                                         (2.3) 

 =                                                                       (2.4) 

Where PB is background probability, PF is foreground probability 

From Equations (2.3) and (2.4) mean, variance with background and foreground is 
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                                                                                                                        (2.5) 

                                                                                       (2.6) 

                                                                                 (2.7) 

                                                                   (2.8) 

Where  is mean of foreground,  is mean of background.VB, VF are variances of 

background and foreground [Yuen, J., et al.,2009] 

Between-class and within-class variance is given as in Equations (2.9) , (2.10) 

                                           (2.9) 

                                                   (2.10) 

The value of Optimum thresholding Ots

in equation 2.9 is unimodal. 

 In detection of an object, extraction of features, since the objective of study is 

to detect the weapon from humans, the relevant features are to be extracted from 

segmented objects. To efficiently detects the objects, a robust image matching 

algorithm, named, SURF is used. SURF means speed up robust features.  Feature 

selection and image matching are the two issues that degraded the detecting 

performance. SURF is widely utilised, due of its attributes, like, invariances in scale, 

translation, lighting, contrast, rotation, and intrinsic settings. In SURF it works as 

follows. First an input image is taken. Next, we must find the interest point of detection. 

Blob detector detects the points of interest and stores in Hessian matrix. Then the 

features are described. Wavelet responses are used for describing the features. Then 

matching the features are done. Similar contrast features of an object are compared. 

Then, the relevant object is detected. Once the boundary is marked, then the relevant 

features are selected by Gray Level Co-occurrence Matrix (GLCM) which extracts the 

statistical texture features. It computes in rows, columns to the number of gray levels 
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G in an image. For given neighbourhood, the pixel distance and intensity are calculated 

and thus helps to change gray levels. 

In this SURF is used to find the matching points. But there is a chance of 

misclassification in SURF. So, it is necessary to check whether it is a neighbourhood 

weighted or not. Also, there is a chance of noisy information in OTSU. The features 

obtained in OTSU act as input to neighborhood weighted OTSU. Some of the statistics 

of an image is not unimodal. The unimodal histogram is specified by unimodal 

objective function of OTSU. When   image thresholding is done, OTSU technique 

utilised histogram of an image. A criterion function is taken from histogram. To 

improve OTSU technique, a new method is introduced in this. The theme is to design 

a thermal image as a unimodal histogram. To get this an operation called as local 

neighbourhood-NW is put to a thermal image prior to sending it to OTSU technique to 

detect a defect. This method will bright the region which is bright and dark the region 

that is dark.  The problem is indicated by bright part and background.Hence the pixels 

which are defected are shifted to 255, non-defective pixels to a value 0. 

 Figure 2.2. shows a pixel f (i, j) in thermal image with 8 connectivity which 

shows the process of weighting. Here z1 = f (i-1, j-1), z2 = f (i-1, j), z3 = f (i-1, j+1), 

z4 = f (i, j-1), z5 = f (i, j), z6 = f (i, j+1), z7 = f (i+1, j-1), z8 = f (i+1, j), z9 = f (i+1, 

j+1) 

 

Figure 2.2. Pixel f (i, j) in thermal image 
Weighted intensities pixel g (i, j) for new image is illustrated as multiplication of pixels 

which will be in local window as in Equation 2.11. 

g (i, j) =z1*z2*z3*z4*z5*z6*z7*z8*z9                                                (2.11)                              
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It is done as full image as convolution method. All the values are normalized as dividing 

by a value that is maximum. Figure 2.3. depicts a thermal image after applying NW 

operator with usage of 4 levels 

 

 

Figure 2.3. Thermal image after applying NW operator with usage of 4 levels 
 

This procedure is continuously done until a defect is separated and detected by 

Otsu technique. The first NW operation on real image which is thermal is known as 

level 1 NW, the next NW operation onto level 1 NW is called as level 2 NW.  At every 

level of neighbour weighting, it tends to shrink the defect.  To maintain shape of a defect 

a morphological dilation is used at every level of NW operation.  From histogram of an 

image after NW operation, the pixels are moved to a region that is dark which will make 

an image to become unimodal and helps in making Otsu function unimodal. This makes 

using Otsu thresholding method in detecting a defect in thermal image. In this, a method 

to detect a defect in thermal image using neighbour weighting NW operation is used. 

We use a 3×3 kernel window to weight the local new pixel of a thermal image. By using 

neighbourhood weighted we will find entropy. If the z-score is same in both the 

matrices we can say that it is a neighbourhood. Hence, we can detect an object. 
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The existing method for OTSU segmentation is Fuzzy segmentation. In fuzzy 

segmentation, we are comparing each pixel. OTSU segmentation is best because we 

can subtract foreground and background. But if there are huge number of pixels then 

then we need to go for Optimized Feature Selection Algorithm for detection of an 

object. 

2.6. Results and Discussion 
 

The dataset is tested by MATLAB programming language. Table 2.1. describes about 

detailed parameters used in the proposed framework. This research is done using FLIR 

dataset. The data collected is thermal images. The type of thermal image taken is in 

JPEG format. The resolution is 256*256 pixels. A total of 812 images are taken to 

perform this research. The dataset size is 9.44Mb. To improve the performance, we had 

used metrics such as accuracy, F- measure, Specificity, Precision, M

coefficient, Sensitivity. 

Table 2.1. Experimental parameters of the proposed framework 
 

Parameters Data 

Image collected Thermal images  

Type JPEG format 

Resolution 256 *256 pixels 

No of Input images 812 images  

Dataset Size 9.44 Mb 

Performance Metrics Accuracy, F measure, Specificity, Precision, M

correlation coefficient, Sensitivity 
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Table 2.2. shows subjective results using proposed, existing techniques. we used OTSU 

segmentation as our proposed model. The results of the segmentation are compared 

with the existing method of fuzzy segmentation, canny edge detection and the results 

are compared. 

Table 2.2. Subjective test results 
 

Input 

Frames 

Pre-

processed 

output  

Proposed 

OTSU 

Segmentation  

 Fuzzy 

Segmentation 

Canny 

edge 

detection 

Detection 

(weapon) 

 

 

 

  

  

   

 

 

  
 

 

In table 2.2, the results of proposed OTSU segmentation, existing methods such as 

Fuzzy segmentation, Canny edge detection is shown. OTSU is the best method of image 

segmentation as it is based on threshold value to change gray scale to binary image. It 

is a clustering-based image thresholding. This method tries to minimize with in class 

variance and at the same time maximizes between class variances. The total variance is 

the sum of with in class variance and between class variances. It estimates the optimal 

value of threshold of an input image by possible threshold values from 0 to 255. 
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Table 2.3. shows the comparative analysis of proposed and existing methods for 

Segmentation based object detection. 

Table 2.3. Objective Test Results 
 

Method Accuracy Sensitivity F-

measure 

Precision MCC 

Proposed OTSU 

Segmentation 

80.21 65.82 1 1 1 

Fuzzy 

Segmentation 

74.97 62.23 0 1 0.02 

Canny edge 

detection 

71.27 61.78 0 1 0.01 

 

2.7. Conclusion 
As we can separate foreground and background, OTSU segmentation is best. The 

performance assessment of accuracy dictates 80.21% of efficiency which is the 

proposed method than traditional methods such as Fuzzy segmentation, Canny edge 

detection.  

 

 

 

 

 

 


