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Abstract - In this paper, we have analysed Principal Component Analysis, which is one of the most widely used algorithm 
for image recognition.[1] The experiment is conducted on data set build by us which contains 90 images of each class. There 
are 2 classes namely Okapi ( a rare animal which is to be identified)  and not recognized. The training dataset is a collection 
of images of okapi. 
It has been observed that there are various factors that act as challenges in the process of image recognition like illumination, 
size, orientation, etc. In recent years, a new view-based approach to image recognition has been developed. Comparison of 
Eigenface and Fisherface approach by size of training data and by image pose is implemented. Here a class will contain all 
images of one particular animal that is, okapi. The goal is to implement the automated system for recognition of Okapi using 
their images and recording the amount of time the system takes to perform recognition. This can be easily scaled to many 
more classes or animals. The procedure of the image recognition system is as follows. First, features of images are extracted. 
Second, the classifier is trained on training set of images and models for classes are generated. Finally, these classifications 
models will be used to predict test images. Here we keep the total number of images constant and divide them into different 
ratios of training and testing images 
 
Keywords - Eigen Values, Euclidean Distance, PCA, Eigen Faces. 
 
I. INTRODUCTION 
 
The problem of image recognition is a complex and 
highly challenging one having a variety of parameters 
including illumination, orientation, expression and 
animal size.In this project we are presenting an 
independent,  study and some of the benefits and 
drawbacks of PCA (Principal Component Analysis) 
when used for image recognition. In recent years, a 
new view-based approach to image recognition has 
been developed.b The above mentioned method is 
one of the most popular techniques for image 
recognition. The animals are identified by classes that 
is, each class will be representing a particular animal. 
Here there are total 2 classes(Okapi and unidentified). 
We performed PCA on two classes with 90 images 
per class by forming 6 cases. The detailed description 
of the cases is given in sections below. 
 
II. ALGORITHM 
 
A. Overview 
Principal component analysis (PCA) [7] converts a 
set of observations of possibly correlated variables 
into a set of values of linearly uncorrelated variables 
called principal components using an orthogonal 
transformation.[9]PCA was invented by Karl Pearson 
in the year 1901. The number of distinct principal 
components is one less than the number of original 
variables or the number of observations. This 
transformation is defined in such a way that the first 
principal component has the largest possible variance 
(variance is the tendency of data to be different), and  

 
each succeeding component in turn has the highest 
variance possible under the constraint that it is 
orthogonal to the preceding components. The 
resulting vectors are uncorrelated,  orthogonal basis 
set. PCA is sensitive to the relative scaling of the 
original variables. 
 
Following steps are followed to perform PCA:- 
Step 1 :Discrete Cosine Transform. Transform 
coding constitutes an integral component of 
applications of contemporary image processing.  
Each pixel in an image exhibits a certain level of 
correlation with its neighbouring pixels. Thus a 
transformation is defined to map this correlated 
spatial data into transformed coefficients that are 
uncorrelated. Palpably, the transformation should 
utilize the fact that the information content of an 
individual pixel is relatively small i.e., to a large 
extent visual contribution of a pixel can be predicted 
using its Neighbours. 
  
Step 2: Perform covariance on extracted matrix of 
size 3x3 based on subjective analysis.  
Covariance is a measure of how changes in one 
variable are associated with changes in a second 
variable. Covariance is hence used on the Discrete 
Cosine Transform matrix so that a kind of distance 
measure is performed on the pixel values thus 
providing their relative measures of intensity. The 
covariance of two variants provides a measure of how 
strongly correlated these variables are, and the 
derived quantity 



International Journal of Advances in Electronics and Computer Science, ISSN(p): 2394-2835    Volume-5, Issue-7, Jul.-2018 
http://iraj.in 

Animal Recognition using Principal Component Analysis (PCA) 
 

53 

  
where  i ,  j are the standard deviations, is called 
statistical Correlation of xi and xj . The covariance is 
symmetric since cov(x, y) = cov( y, x) Covariance is 
performed on the extracted 3*3 DCT matrix and 
covariance matrix is calculated using the following 
formulae Given n sets of variants denoted 
{x1},.....,{xn}, the first-order covariance matrix is 
defined by 

 
 Where i is the mean. Higher order matrices are given 
by 

 
An individual matrix element vij =  cov(xi, xj) is 
called the covariance of  xi and  xj .  
Step 3: Solve for maximum Eigen value by 
generating characteristic equation from the 
covariance matrix.  
A characteristic equation is generated from the 
covariance matrix. This characteristic equation is a 
cube root equation and the maximum root is found 
out using Cardan’s method. This maximum root is the 
eigen value i.e. the principal component of the data 
set which uniquely identifies the image. 
 
Step 4: Perform comparison of Eigen values by Least 
Mean Square Algorithm (LMS). 
LMS=Sum{Square[(Cij-Em)q-(Cij-Em)d]}(i,j)  
where i : row element number, j : column element 
number, Cij : Covariance element at ith row and jth 
column, Em: Maximum Eigen value, q: query image 
element, d: Image element of the database. 
We have defined that for LMS value that computes: 
1. 0 will give a exact match 
2. Otherwise, a “no match”. 
 
B. Working 
1. We resize the images of training dataset to some 

constant size (here 256 x 256) and convert these 
two dimensional matrices into one Dimensional  
vectors and calculate the mean of each pixel 
position of images.  

2. Then we calculate the Eigen Faces and Eigen 
Values of the images. 

3. Next using the Eigen Faces and Eigen Values, 
we centered image vectors. 

4. Then we calculate projection of centered images 
into face space. 

5. Now we acquire the test image and calculate its 
projection by using previously obtained mean. 

6. Now we compare the projection of our test 
images to projections of dataset by calculating 
the Euclidean Distance. 

7. The projection of dataset which is most near to 
projection of test image, i.e. the dataset image 

with least Euclidean Distance is our Recognised 
Image. 

8. To improve the accuracy and determine which 
image is not of Okapi and addition threshold has 
been added by us which determined whether the 
minimum obtained Euclidean Distance is near 
enough for the image to be recognised as Okapi. 

 
 

Steps of Working Steps of Algorithm 

1 Step 1 

2,3,4 Step 2 

5 Step 3 

6,7, Step 4 

 
8 

This step is custom added 
by us and is not a part of 
original PCA Algorithm 

Table 2.1: Mapping of Working steps to steps of algorithm. 
 
III. EXPERIMENTS AND RESULTS 
 
Here we have evaluated the results of the experiments 
performed. The algorithm has been run on Matlab 
software installed on a Macbook Air and results are 
acquired accordingly. 
A. Dataset 
For the experiment we have created a database of 
Okapi(a rare animal) and have 90 images of the same. 
We also have 90 images of other animals other than 
okapi and experiments are conducted. 
 
B. Experiments 
The experiment was conducted by taking different 
number of images of Okapi as training dataset. The 
detailed description of training dataset is given in 
table below 
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 Training 
Images 

Test Images 

Case 1 80 10 

Case 2 60 30 

Case 3 45 45 

Case 4 30 60 
Table 3.1: Cases and sizes of training and testing datasets. 
 

In Case 1 we train our system using 80 images of 
Okapi and use 10 to test our system. Now in every 
case we will increase the number of test images and 
decrease the number of training images. Thus in 
subsequent cases, that is Case 2, Case 3 and Case 4 
we take 30 , 45 and 60 test images and 60, 45 and 30 
training images respectively. This will help us study 
the accuracy and time taken by algorithm better when 
we have different compositions and ratios of test and 
training images. 
 
Note:- The values in above table only show number 
images with respect to Okapi and have no relation 
with number of images used for unclassified class. 
Assume the number of images of unclassified class 
same as. 
In order to classify images as Okapi or different a 
threshold quantity was calculated which is directly 
proportional to number of images used for training. 
 

 
Figure 3.1: Screenshot of nearest match. 

 

 
Figure 3.2: Screenshot that displays the end result. 

 

 
Figure 3.3: The effect of testing a random image. 

C. Results 
The experiment results are divided into 4 cases as 
described above. The graphs below shows the results 
calculated in terms of accuracy and time required to 
classify the image. 

 

 
Figure 3.2: Success percentage of different Cases. 

 
Figure 3.3: Time taken to recognize animal in each case. 

Table 3.2:  Results of the Project 

 
 
CONCLUSION 
    
The results we got clearly indicate that the accuracies 
obtained in Case 1, Case 2, Case 3 and Case 4 are 
100%, 90%, 84% and 70% respectively. Moreover it 
also shows that the time required to recognise images 
in Case 1, Case 2, Case 3 and Case 4 are 3.7s, 2.7s, 
2.3s and 1.9s.  Thus we conclude that although less 
time time is required to classify images when the 
training dataset is small but it also affects the 
accuracy. To get better accuracy we need to have 
sufficient number of images to train our dataset. It 
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was also found that the major time while recognition 
is required to train the dataset. Once the dataset is 
trained then it does not matter how many training 
images are there and takes same time for all cases.  
Moreover the threshold which was calculated during 
the experiment is directly proportional to number of 
images used for training. 
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