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Abstract— Quality control is of almost important in any industry. 

During the production process, many damaged or undesirable 

products are also produced. These kinds of products are unfit for 

use and deploying into the market and thereby need to be sorted 

out. Today, several machine vision software and cameras are 

available in the market. The software available is so effective that 

ready-made applications for automated inspection already exist. 

The user needs to give only the inputs to the software.  In this 

paper solution is given to find the accuracy of defect at micron 

level. The application is implemented as Dynamic Link Library 

(DLL), developed using Microsoft Visual C++. The key idea 

behind it is that each point in the template point set can be exactly 

represented by an affine combination of its neighboring points. In 

this paper resolution of image is increased using interpolation. 

Using 2nd derivative pixel location of defect at micron level is 

calculated. As we move to subpixel the computation time is 

increased by using parallel programming this time can be reduced. 

Key words: defect detection, subpixel, interpolation,edge 

detection; 

I. INTRODUCTION  

Pattern matching is one of the most important processes in 

industrial production lines. During the production process, 

many damaged or undesirable products are also produced. 

These kinds of products are unfit for use and deploying into 

the market and thereby need to be sorted out [5].To sort 

those unfit products manually is time consuming, expensive, 

inaccurate and tiresome. The application of machine vision 

enables this task to be implemented with higher degree of 

accuracy in comparatively less time, negligible labor, and 

low cost. However, technical problems might arise 

sometimes. Today, several machine vision software and 

cameras are available in the market. The image of the 

sample in real-time is acquired while it is moving on the 

conveyor belt. It is followed by the processing of the image 

and detection of surface flaws such as dents, scratches, and 

rust. The geometric comparison is performed by comparing 

the image with a template through the processes of edge 

detection, scaling, contour matching and RGB to grayscale 

conversion. For matching at subpixel level pixel coordinates 

must be known. 

   Image matching is one of the basic tasks of image 

processing. In the past few decades, in order to solve the 

problem of image matching, there were many algorithms 

developed. All these algorithms can be classified into two 

classes: Area-based methods and Feature-based methods. 

The Area-based methods include Fourier transform, Mutual 

information, optimization, etc. The Feature-based methods 

include methods using spatial relations, invariance 

descriptors, relaxation, pyramids and wavelets, etc. Area 

based methods working on image intensity where feature 

based worked on image geometry.  

The ready-made applications which is existing for 

sorting of defected piece generally works on image 

processing techniques. These techniques include edge 

detection, image segmentation, thresholding, filtering etc. 

These matching techniques work on contour of a template 

image. No existing techniques work on coordinates of 

defect. To find defect at micron level for specific application 

the existing techniques are failed. 

II. BILINEAR INTERPOLATION 

The rule in image interpolation is to use a source image as 

the reference to construct a new or interpolated/scaled 

image. The size of the new or constructed image depends on 

the interpolation ratio selected or set. When performing a 

digital image interpolation, we are actually creating empty 

spaces in the source image and filling in them with the 

appropriate pixel values [4]. This makes the interpolation 

algorithms yielding different results depending on the 

concept used to guess those values. 

 Here, the key idea is to perform linear interpolation first 

in one direction, and then again in the other direction.  The 

bilinear interpolation algorithm creates a weighted average 

value that uses to fill in the empty spaces. This provides 

better tradeoff between image quality and computational 

cost but blurs the interpolated image thus reducing its 

resolution. In bilinear interpolation, the intensity at a point is 

determined from the weighted sum of intensities at four 

pixels closest to it. Therefore, given location (X, Y ) and 

assuming u is the integer part of X and v is the integer part 

of Y , the intensity at (X, Y ) is estimated from the intensities 

at (u, v), (u +1, v), (u, v +1), (u +1, v +1). This resampling 

involves first finding the intensity at (X, v) from the linear 

interpolation of intensities at (u, v) and (u+1, v). Let this 

intensity be I(X, v). Then, the intensity at (X, v + 1) is 

determined from the linear interpolation of intensities at (u, 

v + 1) and (u+1, v+1). Let this intensity be I(X, v+1). Then, 

the intensity at (X, Y) is computed from the linear 

interpolation of intensities at (X, v) and         (X, v + 1) [1].  

This can be summarized as 

I(X,Y)=Wu,vI(u,v)+Wu+1,vI(u + 1, v)+Wu,v+1I(u, v + 

1)+Wu+1,v+1 I(u +1, v +1)    

                                                                                     (i) 

Where, 

Wu,v = (u + 1 − x) (v + 1 − y),     (ii) 

W u+1,v = (x − u) (v + 1 − y),     (iii) 

Wu,v+1 = (u + 1 − x) (y − v),   

 (iv) 

Wu+1,v+1 = (x − u) (y − v),      (v)   

 

and I(u, v), I(u+1, v), I(u, v+1, ), and I(u+1, v+1) are 

intensities at (u, v), (u+1, v), (u, v +1), and (u+1, v +1), 

respectively.  
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Fig. 1:  Estimating the intensity at (X, Y ) fromintensities at 

(u, v), (u+1, v), (u, v+1) and (u+1, v +1) by bilinear 

interpolation. 

III. EDGE DETECTION 

Edges are significant local changes of intensity in an image. 

Edges typically occur on the boundary between two 

different regions in an image. An edge in an image is a 

boundary or contour at which a significant change occurs in 

some physical aspect of an image, such as the surface 

reflectance, illumination or the distances of the visible 

surfaces from the viewer. Physical change in image means 

changing in intensity, color, and texture. In a simplistic view 

'edge' is a discontinuity of amplitude. Edge detection is a 

basic tool used in image processing, basically for feature 

detection and extraction, which aim to identify points in a 

digital image where brightness of image changes sharply 

and find discontinuities. The purpose of edge detection is 

significantly reducing the amount of data in an image and 

preserves the structural properties for further image 

processing. Points which lie on an edge can be detected by: 

1. Detecting local maxima or minima of the first derivative 

2. Detecting the zero-crossing of the second derivative 

A. First Order Edge Detection 

    First order derivative at point x of one dimensional signal 

can be given as 
  

  
   ( )   (   )   ( )           (vi) 

 

An image is 2D signal, if f (x, y) be the input image, and then 

image gradient is given by following formula, 
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Where:   
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  is the gradient in the x direction.    
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  is the gradient in the y direction. 

The gradient magnitude and direction can be computed 

by the formula: 
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And θ = arctan ((
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We can conclude that for a first derivative (1) must be zero 

in areas of constant intensity; (2) must be nonzero at the 

onset of an intensity step or ramp; (3) must be nonzero along 

ramps 

B. Second Order Edge Detectio 

Second order derivative can be defined as (i) must be zero in 

areas of constant intensity; (ii) must be nonzero at the onset 

of an intensity step or ramp; (iii) must be zero along ramps.  

 

Second order derivative for 1D at point x  
   

     (   )   (   )    ( )                (x) 

 

For image, in 2D, 

                   (   )  
   (   )

    
   (   )

           (xi) 

 

      (   )    (     )   (     )    (     )  
                             (     )    (   )          (xii) 

   In summary, we conclude that: (1) first order 

derivatives generally produce thicker edges in an image.        

(2) second order derivatives have a stronger response to fine 

details.(3) second order derivative produce a double edge 

response at ramp and step transition in intensity.(4) The sign 

of second order derivative can used to determine whether a 

transition into an edge is from light to dark or dark to light. 

 
Fig. 2:  Edge Detection

[3]
. 

I. PARALLEL PROGRAMMING   

Traditionally, instruction, data & task are executed 

sequentially one after another executed on a single processor. 

Only one instruction may execute at a time. 

  Parallel computing is the simultaneous use of 

multiple compute resources to solve a computational 

problem. A problem is broken into discrete parts that can be 

solved concurrently. Each part is further broken down to a 

series of instructions. Instructions from each part execute 

simultaneously on different processors. The simplest form of 

scalable parallelism is a loop of iterations that can each run 

simultaneously without interfering with each other [6] [7]. 

  In this paper Intel’s TBB algorithms are used. 
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Fig. 3: Serial Computing 

 

Fig. 4:  Parallel Computing 

II. PROPOSED WORK 

Initially, the original image is taken and then image 

acquisition is done. The image acquisition involves the 

creation of digital images from a physical scene. Image is 

converted into a color image to a grayscale image. To 

measure the exact location of defect, image is divided into 

subpixel because CCD camera is low resolution camera and 

in industry using high resolution camera is make the 

assembly line costlier. By using interpolation method 

intensity of subpixel can be calculated. After applying 

second derivation edge detection operator edge can be 

detected. The information returned by the line profile 

function is used to determine the edges along the line by 

simply checking whether the gray level value of the subpixel 

exceeds the given threshold value. Using neighborhood 

method linking points can be calculated. So orientation and 

distance can be measured. So pattern can be measured with 

pixel location and stored as template data. On conveyor belt 

object piece is matched with this data, if there is defect, 

intensity level is not matched with current image data that 

object registered as defected piece. 

 
Fig. 5:  Proposed Algorithm for Template Image 

I. RESULTS & CONCLUSION 

Flexible and efficient low cost defect detection system can be 

developed. Accuracy can be measured at micron level. The 

configuration of the main controlling computer system is 

Intel Core i3 CPU, 3 GB memory, 2.53 GHz frequency. 

Software development environment applies vc++12. The 

effectiveness of this algorithm may be improved in the future 

by using alternative neighborhood technique and superior 

image processing techniques. 
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