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Abstract 

Computer vision uses images and video to detect, classify, and track objects in order to 
understand a real-world scene. Various systems have been designed to accomplish this task. 
The main objective of this paper is to test few of the popular algorithms and to analyze these 
algorithms with various objects. Finally, a comparison has been done between the Template 
Matching algorithm, Cascade Object Detector, Generalized Hough Transform and SIFT Algorithm 
using various parameters like accuracy, sensitivity and specificity. The system provides 
consistent results under various lighting conditions, orientation of the object and identifies all the 
instances of the object present in an image.  

Keywords— Cascade detector, Hough transform, Template matching,  SIFT,Wavelet de-noising. 

1.INTRODUCTION 
The introduction of the automation has revolutionized the manufacturing in which complex 

operations have been broken down into simple step-by-step instruction that can be repeated by a 
machine. The applications are endless and still a lot of research is going on in this area. One of 
the major applications of machine vision include detecting the objects in an image. Be it an 
automatic driving system, a fast conveyor belt in packaging stage in industries, a system used to 
detect surface defects on the manufactured parts or any industrial inspection tasks machine 
vision system are present. Day by day these systems are becoming more and more reliable, fast 
and accurate. The engineers have designed certain algorithms which are best used for a 
particular application. Therefore, it is necessary to consider various existing methods of 
recognition and to test these methods on your application and choose the one which gives the 
most accurate results. For testing these algorithms, we need to do a fault analysis by varying 
certain parameters discussed later in the thesis and see which method is giving better results. 
Moreover, one also need to consider the lighting conditions in that environment, quality of the 
image, background and foreground in an image and based on that decide what parameters to be 
extracted from the image like shape of the object, edges in the image or some other invariant 
features. The objective was to identify certain accessories which would go along the energy 
meter produced in a Schneider Electric plant in Bangalore. In this project I have considered a few 
methods to see which one fits best in my application. 

2. DESIGN APPROACH 
 
The Fig. 2.1. depicts the idea is to detect the accessories being packed along with the energy 
meter to be scanned first, identified and then based on the identification a decision is to be made 
whether all the parts are present or not. In this operator take out the parts from the stock and will 
place all the accessories on a JIG required for that meter and then the camera will capture the 
image. 
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The micro-processor or a computer which has already been trained for identification of parts 
for that meter will analyze the image and try to look for the parts required for that particular 
energy meter. After identifying all the parts in the image system should decide whether those 
parts are required and if yes then, it should check that there should not be any replication of 
those parts. The required quantity of those parts should be present.  

3.OBJECT IDENTIFICATION TECHNIQUES 
A. Template Matching using Cross Correlation 

Template is a small image or sub-image. This algorithm finds a similar template region in the 
image.Input image and a template image which is to be found in that input image are 

considered.Maximum value in the auto correlation matrix of the template image is found. The 

cross-correlation matrix between the two images is found.The maximum value in this matrixes is 
found [6]. If that value is greater than the threshold value or equal to the maximum value in the 
auto correlation matrix of the template image than we can say the object is present. 

 

 

 

 

Fig. 3.1 (a) shows the image of the object to be detected & Fig. 3.1 (b) shows the image of the 
template to be found in the Fig 3.1 (a). Fig 3.1 (c) shows the result of correlation of two images 
represented as the cross-correlation measurement space having scale from 0 to 1 with 0 being 
least correlation score and 1 being the highest correlation score. Fig 3.1 (d) returns the input 
image with a blue box around the area where object is located showing the area where part is 

Fig. 3.1 (a) Image of the part to be detected (b) Template image taught 

into the system (c) Cross -correlation matrix converted into image of 
Cross-Correlation space provided with a scale from blue to yellow (d) 

Output image showing blue boundary around the object in the image 

showing the match for template has been found 

Fig. 2.1. Block Diagram for proposed Machine Vision Application. 
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present has been found. In this example the image of an object was taken and tried identified in 
another image containing that object. If everything works well the object should be identified. So, 
the cross-correlation between the two images is found and the cross-correlation matrix was 
obtained which here is represented as cross-correlation measurement space showing yellow 
colour where correlation score was the highest and the template is most likely to be found here 
and blue where the correlation was lowest the template is least likely to be found here. In this 
example maximum value of the correlation obtained was 0.9947 which was greater than the 
threshold ie. 0.75. 

Table 3.1 shows the output obtained from the algorithm under various conditions like when the 
object is present, when the object is rotated by 90° or when the object is absent. The algorithm 
was checked for correct results. The algorithm considers the template to be found in the image if 
the correlation score obtained is above 0.75. Ideally, a perfect match would be if the correlation 
score is 1. But in practice it is not possible. Even if the input image and template image is same 
then also the maximum correlation score will be close to 1 and not exactly 1. The results are 
tabulated in the following table: 

Table 3.1 Results from Template Matching Algorithm 

 

Object 
Present 

Object 
present & 
rotated by 

90° 

Object 
Absent 

Outcome 
Object 

Identified 
Object not 
Identified 

Object not 
present 

Max. 
Correlation 

Score 
0.9947 0.7152 0.7056 

Pass/Fail Pass Fail Pass 

 

B. Classical Hough Transform 

 Hough Transform is a feature extraction technique used in image analysis, computer vision 
and digital image processing to detect lines, circles and other parametric curves. Typically our 
goal is to reconstruct the boundary from the local edge elements. 

 Edge in an image represents a boundary across which the intensity level of pixel changes 
precipitously. An image is discrete in digital image processing and edges are represented as local 
maxima of the gradient and are of fundamental process in object recognition. Thus, the idea of an 
edge is a local concept that is based on a measure of gray- level discontinuity and the boundary 
of a finite region forms a closed path and is thus a global concept. Edge point in an image is its 
two-dimensional first-order derivative greater than a specified threshold [5]. A set of such points 
that are connected according to a predefined criterion of connectedness is defined as an edge. 
Edge detectors are generally high pass filters used to extract the edge points in an image and 
this topic has drawn attention of many researchers. Many classical edge detectors were 
developed and they fail to perform under noisy circumstances. The common edge detectors in 
spatial domain are Sobel, Prewitt, Canny, Roberts, and Laplacian operators which can be 
operated on images easily as in [1], [3] & [4]. 

 In parametric space, we represent equation of line as: 

                         (3.1) 

where θ is the angle that normal from the origin to the line makes with the x-axis and r is the 
perpendicular distance of the line from the origin. Here „θ‟ varies from -90° to 89° and „r‟ varies 
from 0 to the diagonal length of the image. Also, each point (x,y) in x-y plane represents a 
sinusoidal wave in r-θ space. 

 If we consider two points (x,y) & (u,v) on the line  then using 3.1, we found out that 

there exists two corresponding sinusoidal waves which intersect at point (r‟,θ‟) in r-θ plane. In 
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other words, the intersection point (r‟,θ‟) corresponds to the lines that passes through two points 
(x,y) and (u,v). 

 

 

 In Fig 3.2 (a), two points (1,-2) and (4,4) are considered on line  in x-y plane and 

their corresponding transformations in r-θ plane are shown in Fig. 3.2 (b) by the equations 
 and  which are sinusoidal waveforms. These waveforms 

intersect at a point (r‟, θ‟) in the r-θ plane. So, if more points are considered on the line in x-y 
plane and their corresponding transformations are obtained in the r-θ plane, they will all pass 
through the same point. 

 Therefore, if some edges in an image are considered in x-y plane and consider maximum 
number of lines obtained from the transformation into the r-θ plane intersect at a point then it can 
be concluded that these edges lie on the same line in x-y plane. Hence, using this knowledge 
design of algorithm was carried out to detect maximum number of intersection of waveforms in r-θ 
plane to detect straight line in x-y plane [8]. 

 

 

 Fig 3.3 (a) shows the input image contains the object whose edges are detected using Sobel 
Edge Detector and shown in Fig 3.3 (b). The Fig.3.3 (c) shows the Hough Transform of the object 
under inspection and in Fig 3.3 (d) the 10 best lines detected are depicted in red. Here, first the 
edges of the object are extracted from the image (first) using Sobel Edge Detector. In the Fig. 3.3 
(c) which shows the graph obtained by applying Hough Transform on the edges, the part of the 
graph with the most intersections are white and yellow in color and one with least intersections is 
red in color. 

 Similarly for other analytical curves like circles, parabolas and ellipses we can change the 
equation and input parameters to obtain edges for these curves. The corresponding equations 
and parameters to be considered are shown in Table 3.2. 

Table 3.2 Parameters for other analytical curves 

Analytical 
Form 

Parameters Equation 

Line 
  

Circle 
  

Fig. 3.3 (a) Image containing the object to be detected. (b) Image 
showing the edge points extracted using Sobel Edge Detector. (c) Graph 

obtained using Hough Transform on the edges extracted from the image. 
(d) Image showing 10 best lines detected using Hough Transform 

algorithm. 

Fig. 3.2 Representation of two points (1,-2) & (4,4) on line y=2x-4 in x-

y plane. (b) Their corresponding representations r=-2sinθ+cosθ & 

r=4sinθ+4cosθ in r-θ space which are intersecting at (r’,θ’). 
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Parabola 
  

Ellipse 
 

 

 

C. Generalised Hough Transform 

Generalized Hough Transform is used to detect boundaries of objects having arbitrary shapes. 
Hence, there is no need to consider a particular equation for a particular shape to be detected. It 
is used to extract these information of the object from the image: 

 Location 

 Size 

 Orientation 

 Number of occurrences of that particular shape 

In Generalized Hough Transform, we create an R-table which holds the information about the 
edge pixels which is depicted in form of a vector from the reference point to the boundary. It stores 
the parameters (r, α) for the edge point (x,y) as in [8]. This information is stored against the 
gradient direction φn in the R-Table which is used to determine the potential reference point for 
that edge point. 

  (3.2)  

  (3.3) 

  (3.4) 

  (3.5) 

  (3.6) 

Gradient direction Vector information 

  

  

  

  

It is to be noted that an index φ may have many values of r. 
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Fig. 3.4 shows an object with arbitrary shape. In Generalized Hough Transform one need to 
choose an initial reference point (Xc, Yc) which lies inside the object. If a point (X, Y) is considered 
on the boundary of the object then one can calculate the distance r from the reference point and 
angle α. If a tangent is considered to (X, Y) then the angle that this tangent makes with x-axis is 
described as φ. 

 The first two steps were same as the Classical Hough Transform i.e. convert the image to 
grayscale and then extract edges from the image using any edge detector like Canny, 
Sobel etc. 

 Then an accumulator array is created which will hold the possible locations of the 
reference point (Xc,Yc).  

 Next, for every edge point the gradient direction is computed and the row of the R-Table is 
computed which it corresponds to. Also, the possible location of the possible reference 
point is calculated and simultaneously the accumulator value for that point is increased 
using 3.3, 3.4, 3.5 & 3.6. 

 The location of reference point is given by determining the highest value in the 
accumulator array. 

The algorithm is further extended to detect rotation or variation in scale of the object.  The 
detection algorithm is changed by converting (x′, y′) to (x′′, y′′) as follows 

  (3.7)  

  (3.8)  

Then Replace x′ by x′′ and y′ by y′′ in equation 6.3 and 6.4 we have: 

            (3.9) 

 or,       (3.10) 

 and,         (3.11) 

 or,       (3.12) 

 Instead of using Equations 6.3 and 6.4, Equations 6.9 and 6.10 are used to calculate the 
possible value for the reference point to detect rotation or variation in scale of the object. Using 
this, makes this algorithm rotation and scale invariant as it detects objects in varying scale and 
rotation. 

D. Wavelet De-noising + GHT 

Wavelet technique has recently generated much interest, both in applied areas as well as in 
mathematical ones. It is necessary to focus on wavelets which satisfy the important properties for 
various applications. The design of mother wavelet involves in determination of the coefficients of 
the scaling/wavelet functions and the corresponding low pass/high pass filters. Wavelet theory 
involves representation of general functions in terms of simpler, fixed building blocks at different 

Fig. 3.4 An object with arbitrary shape and various parameters to be 

considered for completing the R-table 
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scales and positions. This has been found to be a useful approach in several different areas, like 
sub-band coding, quadrature mirror filters, pyramid schemes, etc. 

De-noising is a process of removing noise from the image. Since, noise has high frequency 
and the other information in the image which is relevant to us has comparatively low frequency. 
So, the basic idea is to eliminate high frequency signals and we will be left with the information 
which is relevant to reduce noise in the image either by convolving the image with spatial 
smoothing filters or convert the image into transform domain and eliminating high frequency 
signals using thresholding. 

The main advantage of using wavelets is that they are able to perfectly reconstruct the signal. 
This is because we can get both time and frequency domain information as they are fairly 
distributed in both time and frequency domain. As a result, wavelets are able to de-noise the 
particular signals far better than conventional filters that are based on Fourier Transform design. 

 Select the wavelet and number of decomposition levels. 

 The first step is to decompose the image to the wavelet domain. 

 Then, perform thresholding on the wavelet coefficients in the wavelet domain.  

 Lastly, take the inverse wavelet transform and reconstruct the signal using the threshold 
wavelet coefficients. 

In this example, level 4 Daubechies wavelets (db02) is used with soft thresholding on image in 
Fig. 3.5 (a) and the de-noised output image is obtained as shown in Fig. 3.5 (b). Comparing the 
two images we can see the noise in the image has greatly been reduced. 

 

 

The motive behind using this de-noising method is to check whether if we incorporate wavelet 
de-noising in Generalized Hough Transform algorithm to extract edges better will help in 
improving the results. 

 

Fig. 3.6 (a) Image containing the object under inspection (b) Results from LabVIEW VI for  
object detection using the Generalized Hough Transform + Wavelet De-noising. 

 

Fig. 3.6 (a) shows the grayscale image of the object under inspection. A score was generated 
against the match which was 997.45 in this case as shown in Fig. 3.6 (b). The algorithm 
considers a possible match if the score obtained is above 800. So, in this case the match was 
found as shown in Fig. 3.6 (b). The time taken to compute the algorithm was recorded and was 
found to be 6.4 sec. The main idea was to implement wavelet de-noising is to detect edges better 

Fig. 3.5 (a) an input image with noise (b) de-noised output image 
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which will improve the consistency of the algorithm (i.e. it is able to produce more accurate 
results). 

 

Table 3.3 Output results from GHT and GHT+Wavelet de-noising 

Object Details GHT GHT+Wavelet 

Location (Xpix, Ypix) (334.16, 257.64) (336.96, 238.73) 

Scale 99.94% 99.86% 

Angle 0.76 deg. 0.01 deg. 

Score (out of 1000) 996.98 997.45 

Computation Time 1.43 sec. 6.4 secs. 

 

The object was identified with a score of 997 and other information like orientation, location 
and size of the object were also obtained as shown in Table 3.3. For the algorithm which works 
without using image de-noising using wavelets took on average 1.53 secs. and the algorithm 
using image de-noising used 6.4 secs. So, there was an increase of 4.87 secs. per part. For 
detection of 2000 meter parts it would take around 9740 secs (2.7 hrs.) more which is a huge loss 
for time and money. And it was noted that the score for detection was almost same being 997 
(out of 1000) for image with noise and 997.48 for de-noised image. This is because this algorithm 
which incorporates Hough Transform is not affected by the noise. 

E. Cascade Object Detector 

Cascade object detector can detect object categories whose aspect ratio does not vary 
significantly. This algorithm requires a large samples of positive and negative instances. One can 
the following outputs 

 A truepositive or negative: occurs when a positive or negative sample is correctly 
classified. 

 A false positive: occurs when a negative sample is mistakenly classified as positive. 

 A false negative: occurs when a positive sample is mistakenly classified as negative. 

 

 

Fig. 3.7 (a) shows the collection of input images containing positive and negative instance of 
the object to be detected. Fig. 3.7 (b) shows the image of object with which the algorithm was 
tested. In this case a different set of images were taken. It was tried to detect the stop sign in the 
image. In the output as shown in Fig. 3.7 (c) we can see the stop sign has been identified. Hence 
it as a case of true positive.In this case, the algorithm was able to detect the full stop sign in the 
test image. But in the previous cases it was able to detect only the parts of the object not the 
object as a whole. Although while training ROIs (Regions of Interest) were defined for the whole 
part in the positive images. 

 

Fig. 3.7 (a) Images of positive and negative instance of object with the 

which the system was trained. (b) Test image. (c) Output image showing 

the instance of the object identified by the detector. 
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Fig. 3.8 (a) shows the collection of input images containing positive and negative instance of 
the object to be detected. Fig. 3.8 (b) shows the image of object with which the algorithm was 
tested. The object detector was trained with positive images in which the object was present and 
the negative images in which the object was absent hence only image of the background was 
taken. Fig 3.8 (c) shows the output of Cascade Object Detector which was trained with 1000 
positive images and 1500 negative images and was tested with the image of pen drive It was 
trained with up to 3 stages. And in the result only a part of the object has been identified. and it 
has been identified multiple times. Hence false positives has been identified at different different 
locations. 

The results obtained from a cascade object detection were classified into a True Positive, True 
Negative, False Positive or False Negative. If the algorithm matches the result with the actual 
result then it is a pass otherwise, a fail. These results were recorded and are summarized in 
Table 3.4. 

Table 3.4 Results obtained from Cascade Object Detector 

 
Object 
present 

Object 
absent 

Stop Sign 

Outcome 
False 

Positive 
True 

Negative 
True 

Positive 

Pass / 
Fail 

Fail Pass Pass 

 

F. Scale-Invariant Feature Transform 

Scale-Invariant Feature Transform (SIFT) is an algorithm in computer vision to detect and 
describe features which are as invariant as possible across different scales. These key points are 
then matched with the key points detected in the other image as shown in [2]. 

 Extract the potential key-points in the image (of object). 

 Refine these key-points to get more accurate results. 

 Assign orientation to each key-point to make it invariant to image (object) rotation. 

 Create a key-point descriptor for these key-points. 

 Then these key-points are looked for a match with the newly created key points in the 
other image. 

Here, key points between two images are matched by identifying their nearest neighbors. 
But in some cases, the second closest-match may be very near to the first. It may happen due to 
noise or some other reasons. In that case, ratio of closest-distance to second-closest distance is 
taken. If it is greater than 0.8, they are rejected. It eliminates around 90% of incorrect matches. 

Fig. 3.8 (a) Images of positive and negative instance of object with the 

which the system was trained. (b) Image of a test object. (c) Output image 

showing the instances of the object identified by the detector. 
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Fig 3.9 is obtained from MATLAB code for finding the best invariant features. Each yellow 

circle represents a detected feature. The size of the circle represents the gradient magnitude at 
that key point. And the line from the center of the circle to the boundary of the circle represents 
the gradient direction at that key point. Since the background and the object has a very uniform 
texture, few key points are detected. 

 

 

In Fig. 3.10 (a) tentative key point matched are found by considering each feature in one 
image and comparing it against the features found in the next image. Fig. 3.10 (b) shows very few 
Key points are matched. In that also one mapping is wrong (blue line). Clearly the algorithm was 
not able to detect enough features which we could use in object detection.For this algorithm to 
match objects present in the two images, several inlier Key point matches are required. As seen 
from the example the key points extracted are not enough and many of those extracted key 
points lies on the background on which the object is placed. Hence, in this case the algorithm is 
not able to detect the object.  

II. TESTING WITH DIFFERENT TYPES OF IMAGES 

 One need to perform multiple trials before concluding which is the best algorithm for his 
application. To check whether the algorithm will work in various circumstances as in [7]. Some 
trials were taken and the results are documented in Table 4.1. 

Table 4.1 Results obtained from various trials on the object under different cases 

Image Type 
Template 
Matching 

Generalized Hough 
Transform 

Cascade Object 
Detection 

SIFT 
Algorithm 

Normal 
  !  

Object 
Occluded ❌ ! ❌  

Scale increased ❌ !   

Object Rotated ❌  ❌  

Object Absent ! ❌ ❌  

Object under 
low light ❌  ❌ ❌ 

Fig. 3.10 (a) 54 tentative Key point matches mapped from one image to 
the other. (b) Remaining 4 inlier Key point matches after eliminating 

false matches. 

Fig. 3.9 Representation of 128 dimensional feature vector obtained from 

the image gradients obtained in the previous step. 
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Where,= Object Found; ❌= Object not Found; != Object found in some cases. 

Table 4.2 Table for calculating Accuracy, Specificity and Sensitivity 

Image Type 
Template 
Matching 

Generalized 
Hough Transform 

Cascade 
Object 

Detection 
SIFT Algorithm 

True Positive 1 4 1.5 4 

True Negative 0.5 1 1 0 

False Positive 0.5 0 0 1 

False Negative 4 1 3.5 1 

Accuracy 25% 83.33% 41.67% 67.77% 

Specificity 50% 100% 100% 0% 

Sensitivity 20% 80% 30% 80% 

 

 

 
 

 
 

 
 

4.Conclusion 
In this report, various object detection methods have been explained and tested. In the end the 
algorithm which fits best for our application was chosen. Template Matching Algorithm, 
Generalized Hough Transform, Cascade Object Detection and SIFT Algorithm were tested in 
various cases like when the object is present, occluded, increased in scale, rotated, absent or 
present but under low light. Then, based on the results the detection was classified as a case of 
TP, TN, FP or FN. After that for each algorithm accuracy, specificity and sensitivity were 
calculated. Finally, these algorithms are compared on the basis of computation time, parameters 
used, accuracy and to check the algorithm is scale and rotation invariant. 
 
 Results show that the Generalized Hough Transform is giving most accurate results for 
our application. Also, it takes less computation time as compared to Template matching and SIFT 
algorithm but more than the Cascade Object Detection. Cascade Object Detection takes the least 
amount of time but their accuracy is less than 50% which is very low. Template matching 
Algorithm is not able to give results if the object is rotated, occluded or if the image is scaled. This 
leaves Template Matching algorithm producing least accurate results. Generalized Hough 
Transform can produce better results in these cases if we use the algorithm to shift in scale and 
rotation angle. SIFT algorithm detects the object in all cases except for low light conditions. But 
this algorithm is not very reliable in our application as it is not able to extract enough features to 
differentiate between different parts. Hence, in our application it is best to use Generalized Hough 
Transform which uses edges of object in the image to detect the object. 
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