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Abstract: Context can be represented by 

relationship between activities or objects. Activities in a 

video co-vary based on their location, size and pattern 

forming large contextual associations. These associations are 

used to reduce the search space as they affect the efficiency 

of search and recognition. Based on the motion and context 

information, activity recognition is performed. This 

approach is mainly based on pattern matching and machine 

learning algorithms. In this project, Principle Component 

Analysis(PCA) is used to extract the useful features from the 

frame which is given as input to Support Vector Machine, 

which classifies the similar activities into a single classifier. 

Object interaction and the relationship between the activities 

can help to improve the recognition accuracy. The dataset 

used is composed of videos comprising of the activities to be 

recognized. Thus by extracting features and by supervised 

training through learning, activity recognition is performed.  

Keywords:  Support Vector Machine (SVM), Principle 

Component Analysis (PCA), Activity Recognition, 

Classification 

I. INTRODUCTION 

Nowadays, the majority of the human-computer 

interaction (HCI) is based on mechanical devices such as 

keyboards, mouse, joysticks etc. In recent years there has 

been a growing interest in methods based on 

computational vision due to its ability to recognize human 

motion. These methods use as input the images acquired 

from a camera.  

Activity recognition is the process of identifying 

the actions of one or more agents from a series of 

observations of the agents’ actions and environmental 

conditions. Some important applications for recognizing 

human actions in video are in computer vision 

applications, such as human computer interaction, 

browsing video and surveillance, medical field etc. [1] 

A. Types of Activity Recognition 

1.Sensor-based, single-user activity recognition 

Sensor based activity recognition combines 

sensor networks with data mining and machine learning 

techniques in order to model a wide range of human 

activities. For example, mobile devices can be used to 

provide sensor data to enable physical activity recognition 

to provide an estimation of the energy consumption 

during everyday life.  

 

2.Sensor-based, multi-user activity recognition 

This method involves recognizing activities for 

multiple users using on-body sensors. Other sensor 

technologies such as acceleration sensors are used for 

identifying group activity. The fundamental problem of 

recognizing activities for multiple users from sensor 

readings in a home environment, for both single-user and 

multi-user activities, are identified. 
 

3.Sensor-based group activity recognition 

Recognition of group activities is different from 

the above two activity recognition. In the previous 

methods, the goal was to recognize the behaviour of the 

group as an entity, rather than identifying the activities of 

the individual members within that group. The properties 

of the behaviour of the group are fundamentally different 

than the properties of the behaviour of the individuals 

within it. The main challenge is in modeling the 

behaviour of the individual group members and the roles 

of the individual within the group and their relationship to 

behaviour of the group.[2] 

4.Vision-based activity recognition 

It is a very important and challenging problem to 

track and understand the behaviour of agents through 

videos taken by various cameras. The primary technique 

used is computer vision. Vision-based activity recognition 

has many applications such as human-computer 

interaction, video surveillance, etc. Researchers have 

attempted a number of methods such as optical 

flow, Hidden Markov models, etc., and also use different 

setups such as single camera, stereo, etc. In vision-based 

activity recognition, the entire process is generally 

divided into four steps, namely human identification, 

tracking the human, activity recognition and then a high-

level activity evaluation. 

Vision based human activity recognition is of 

great importance. Much of the work earlier done in 

computer vision focuses on recognizing activity of a 

single person action. However, in many real-world 

applications, such as surveillance, recognizing each 

individual’s action using techniques in computer vision 

was unachievable. Consider two persons having the same 

position. We cannot tell exactly what action is being 

performed. Once the entire contexts of these two images 

are revealed, we observe the interaction of the person with 
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other persons in the group, or consider any other context. 

It is immediately clear that what action is performed. [3] 

 

II. Problem Statement 

To perform Activity Recognition which involves 

Preprocessing, Feature Extraction and Classification using 

context to achieve more accuracy in recognizing the 

activities. 

 

III. RELATED WORK 

Recognizing activities of human is a very 

challenging task as it involves multiple processes like 

feature extraction, classification etc. There are many 

feature extraction techniques like extraction based on 

color, shape, etc. Color is one of the low level features of 

an image but a necessary one. Each image is represented 

by a color model like the RGB model in which red, green, 

blue form the color space. By varying their combinations, 

other colors can be obtained. HSV is another model which 

is derived from RGB. A color histrogram is built based on 

the color feature extracted. Color histogram can be 

represented as a vector which consists of histograms 

where each histogram represents the pixels of a particular 

color. One drawback of this is that different images may 

have compute similar histograms.[4] 

 Shape is another low level but an important 

feature of an image. Extraction of shape features is based 

on two methods i.e. region based and contour based 

methods. In Region based methods whole area of the 

object is used for shape feature extraction whereas the 

contour based method selects a particular area of an 

object for the shape feature extraction. Shape can also be 

detected by using edge detection algorithms like canny 

edge detector or the silhouette can be obtained by 

MHI(Motion History Image) and MEI (Motion Energy 

Image) which describe the shape. [5] In our method, we 

have used PCA for feature extraction.  

There are many classification techniques as well 

like K-Nearest Neighbour (K-NN), Decision tree, Support 

Vector Machine (SVM), Hidden Markov Model (HMM), 

Neural Networks etc out of which we are using SVM as it 

gives better results for activity recognition. HMM is used 

to construct the activity model by observing the effects of 

an activity. In the simple Markov chains, states are visible 

to the observer so the only parameter is the state transition 

probability. In HMM, state is not directly visible to the 

user, but the outputs are visible and these outputs are 

dependent on the states. HMM is a generative 

probabilistic model in which hidden states are generated 

from observable data. The main aim of this model is to 

determine the hidden state sequence from the observed 

output sequence.[6] 

 Neural Network consists of collection of inputs 

and processing units known as neurons. Neurons are 

arranged into three layers:  1. the input layer, 2. the 

hidden layer and 3. the output layer. The number of input 

neurons is selected based on the independent variables in 

the preprocessed feature data. Number of output neurons 

depends on the class labels desired. If we want to add 

more activities to the class label, more variables will be 

required and hence more number of neurons so a transfer 

function is used for the output neuron which is used to 

determine its output. Initially the network is trained and 

tested with one hidden layer and then number of neurons 

are increased. The increasing number of hidden layer 

neurons results in increase of classification rate.[7] 

 K- NN classifier measures the distance between 

the image representation obtained from an observed 

sequence and the training set and the most common 

sequence from the training set is chosen for classification. 

Decision tree is a hierarchical model that recursively 

performs the separation of the input space into class 

regions. It consists of decision nodes and leaves in which 

each node ‘m’ has a test function fm(x). When given a 

node, test function is applied to the input and based on the 

output, one of the branches is taken. The process repeats 

until one of the leaves is reached. Decision tree algorithm 

is a greedy approach as it finds the best attribute to split 

the data. Repeat this process until it cannot be separated 

anymore. Using all the features to build a decision tree, 

we first obtain all feature information. Then the mean is 

found which is the best feature for first classification. 

After performing classification many times, we get 

classes.[8] Support vector machine is a supervised model 

that analyzes data and recognizes patterns which is used 

for classification. 

 

IV. PROPOSED METHODOLOGY 

 

Fig. 1: System Architecture 

A. Pre-processing 
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Image preprocessing is the process in which we 

remove the distortion, noise, and degradation introduced 

during the process. It is the process which is required 

before performing any process for activity recognition. 

The goal of preprocessing is to enhance the visual 

appearance of images. This is a process which is done to 

remove unwanted data from the image which causes 

unnecessary computation. Thus removal of such data 

avoids such unwanted computation and causes the focus 

to remain only on the Region of Interest. But it requires 

accuracy as it can also lead to loss of information. Now in 

Activity Recognition, the main focus has to be on the 

human as human action needs to be determined so 

removal of the other data in the image like the color, 

background is done so that only the human part of the 

image can be focused to recognize its activity. This 

unwanted data in the image is called noise whose removal 

is called preprocessing. For Activity Recognition 

preprocessing also includes extraction of frames as the 

input given is the video. Frames are extracted from those 

videos and then these frames are used for activity 

recognition. So noise is removed from these frames which 

is given further for feature Extraction. Noise removal is 

performing any other color space conversion which is 

optional. After color space conversion, background 

subtraction is done as the main focus is on human and to 

recognize the activity of human. Background subtraction 

is performed using frame differencing in which the 

difference between the pixel intensities of the neighboring 

frames is calculated to know where the motion occurs so 

that the human can be located. Background subtraction 

simply means eliminating the background as it is extra 

unwanted information. So in our proposed methodology 

we first subtract the background from the image.  

 

B. Feature Extraction 

Once the preprocessing is done we obtain an 

image containing the Region of Interest on which feature 

extraction is performed. When we observe that the input 

data is too large to be pre-processed and is redundant i.e. 

there is repetitiveness in the pixels of the image, then it 

can be transformed into a reduced set of features by 

removing unwanted and redundant features. The reduced 

set of features is also called as a feature vector. For each 

image i.e. frame, a feature vector is obtained. This process 

is called feature extraction. The features that are extracted 

are expected to contain the relevant from the input data so 

that the further process can be performed by using this 

reduced representation instead of the whole initial dataset 

consisting of unwanted and redundant data.  

Whenever we need to perform analysis of 

complex data, the problem faced is because of the number 

of variables involved in the process, also it requires 

computation to be performed on the data which is not 

required. Analysis of such variables requires high amount 

of memory and computation power or a classification 

algorithm for which the dataset is oversized compared to 

the training data thus leading to poor classification of new 

data. Thus feature extraction is used which performs 

combination of these variables to describe the data with 

sufficient accuracy. 

 

1. Context based features 

Contextual information can be very important for 

action recognition, because an action can be described by 

the interaction between human parts or between human 

and objects. In the action recognition field, the context 

usually refers to the information about typical 

configurations of objects in a scene. It can be either global 

or local. The global context usually gives scene 

information as an extra source of global information. 

Local context gives the local arrangement of the objects 

or regions. Both of these contextual features have proved 

to be beneficial to action recognition tasks. We consider 

positive time factor as the context of object which will be 

different at different time.  Adding contextual information 

for object and then extracting the features gives more 

information thus more recognition accuracy can be 

achieved. The relationship among frames can act as a 

context for providing information to recognize the 

activity. So in our system, we consider time as the context 

to identify the motion of the similar image at different 

time. Providing frames as a reference for the current 

frame is a very important context.   

 

 2. Principle Component Analysis (PCA) based 

PCA is a technique which is used for feature 

extraction and dimensionality reduction of data. Since 

PCA does dimensionality reduction, care should be taken 

about which features should be removed. PCA is a feature 

learning method. It identifies meaningful representations 

of raw data while ignoring the unimportant ones. Most 

often the features are correlated. So if we remove a 

particular feature, it may affect the other one. Thus before 

eliminating the features, the feature space should be 

transformed such that uncorrelated components are 

obtained. It represents the features in the form of a co-

variance matrix. A co-variance matrix is a combination of 

rotation and scaling operations, uncorrelated data, where 

rotation matrix is defined by the eigenvectors of co-

variance matrix. PCA assumes that the important feature 

is the one which has largest co-variance because 

dimension with the largest variance is the dimension with 

the largest entropy and thus can encode much of the 

information. The eigen vectors which are small represent 

the noise components whereas the largest components 

represents the principle components that represent the 

data.   

After pre-processing, we perform the feature 

extraction process using PCA. There are many other 

methods for feature extraction like extracting feature 

based on shape, color, texture etc but this gives us only 
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the basic features. But using PCA, high level feature 

extraction can be achieved.  

Steps to be performed in PCA: 

1. Give the input image in matrix form.  

2. Subtract the mean: We have to subtract the mean 

from each of the data dimensions. The mean that 

is subtracted is the average of each dimension. 

Thus we obtain a data set whose mean is zero. 

3. Calculate the covariance matrix [11] as below: 

                          (1) 
Where xi ,  xj are variables and µi, µj are the mean. 

4. Calculate the eigen values and eigen vectors of 

the covariance matrix: Since the covariance 

matrix is a square matrix, the eigen values and 

eigen vectors can be calculated. More 

importantly, they provide us with information 

about the patterns in data. So, by this process of 

taking the Eigen vectors of the covariance 

matrix, we have been able to extract the lines 

that characterize data. 

5. Choosing components and forming a feature 

vector: The Eigen vector with the highest Eigen 

value is the principal component of the data set. 

In general, once Eigen vectors are found from 

the covariance matrix, the next step is to arrange 

them by their Eigen values, highest to lowest. 

Thus we obtain the components in the order of 

their significance. Now we can ignore the 

components of lesser significance. 

Complexity analysis of PCA: 

PCA has a complexity of O(min(p3, n3)) search for 

the directions of maximum variance. Data is in form of 

‘n’ observations with ‘p’ variables. But if we have some  

way of selecting k _ min(n, p) coordinates in which most 

of the variation among cases is to be found, then the 

complexity of PCA is reduced to O(k3). [12] 

C.  Feature Classification 

1. Support Vector Machine (SVM) 

Since PCA performs high level of feature 

extraction, we use PCA before SVM (Support Vector 

Machine). We get extracted set of features using PCA 

which is input to SVM. PCA will help to improve the 

classification accuracy of Support Vector Machine. 

Support vector machine is a supervised model that 

analyzes data and identifies patterns which is used for 

classification. We take a training set and the data which 

needs to be classified into two classes, a SVM classifier 

builds a model that assigns the data into one of the 

categories. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
                      

 

Fig. 2: SVM Process 

Human activity recognition is considered as a 

multi-dimensional classification problem where one class 

represents one action and its aim is to assign a class label 

to a given action or activity. Thus we use SVM for action 

classification. SVM has high generalization capability and 

provides high accuracy. SVM classifies the data using 

hyperplane which is used for separation. Once the 

separating hyperplane is created, then on each side of 

these hyperplane, two hyperplanes are created. SVM tries 

to find the separating hyperplane which maximizes the 

distance between the two parallel hyperplanes as shown in 

figure below. Good separation means largest distance 

between the hyperplane and the nearest training data point 

of any class. Let the training data be D and a set of n 

points of the form as shown [14] in equation 2: 

                (2) 
Where yi = 1 or -1, defining the class to which xi 

will belong. xi is a vector. We have to find hyperplane 

that will separate yi=1 from yi=-1. Hyperplane is written 

as [12] in equation 3: 

w . x – b = 0                                                       (3) 

where ‘.’ represents dot product and ‘w’ is the 

normal vector to the hyperplane. 

 
                                 <w,x>+b=+1 

                                       <w,x>+b=0 

 
                                       <w,x>+b=-1 
 

 

 

 

 

 

 

 
Fig 3: Linear Separation of Hyperplane 

Initially the problem is stated in a finite 

dimensional space as shown in figure 3, so sometimes it 

becomes difficult to make the points linearly separable in 

that space as shown in figure 4. 
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                               <w,x>+b=+1 
                                         <w,x>+b=0 
                                          
                                             <w,x>+b=-1 
 

 

 

 

 

 

   

  
Fig. 4: Linearly inseparable Classification problem 

In order to make the data linearly separable for 

classification, it is mapped into a high dimensional space 

where the data becomes separable and when mapped back 

shows the same non linear separation.  

 

 

 

 

 

Fig. 5: Mapping to a feature space in which the data becomes linearly 

separable 

Thus by training and classifying using SVM, 

activity recognition is performed whose accuracy can be 

measured by the values of precision and recall. Similarity 

matrix is used for checking the similarity. 

 

V. IMPLEMENTATION SCENARIO 

A. Evaluation Parameters 

1. Accuracy 

Accuracy is how correct are the results of the model and 

is calculated as the sum of correct classifications divided 

by the total number of classifications to recognize the 

activity. 

2. Precision 

Precision  is the fraction of retrieved instances that are 

relevant. It is defined by: 

Precision = tp/(tp + fp) 

where tp and fp are the numbers of true positive and false 

positive predictions for the considered class.  

3. Recall 

Recall  is the fraction of relevant instances that are 

retrieved. It is commonly also called sensitivity, and 

corresponds to the true positive rate. It is defined by the 

formula: 

Recall = Sensitivity = tp/(tp+fn) 

where tp and fn are the numbers of true positive and false 

negative predictions for the considered class. tp + fn is the 

total number of test examples of the considered class.  

 

B. Schematic Representation of implementation 

Input: Extracted frames to identify activity 

Output: Activities classified into their appropriate class 

Pre-requisite: The background needs to be stationary to 

perform background subtraction. 

 
Fig. 6: Flow of the system 

 

 

 

VI. CONCLUSION 

In the proposed method we describe how activity 

recognition is done. It includes preprocessing of the 

image initially then extracting useful information from the 

image by feature extraction for which PCA is used and 

context information is provided which will increase the 

accuracy. Context is the relationship or the interaction or 

the useful information of images which will provide more 

information as objects presented in a familiar context are 

faster to localize and recognize. In the absence of enough 

local evidence about an object’s identity, the scene 

structure and prior knowledge of world regularities might 

provide the additional information needed for recognizing 

and localizing an object. Thus more accuracy is achieved.  

 

VII.                RESULT ANALYSIS 

The initial step for activity recognition is to 

remove the unwanted noise from the image i.e. to 

AVCOE, Sangamner iPGCON-2015 SPPU, Pune

24th & 25th March 2015 Fourth Post Graduate Conference Page 5 of 6



perform background subtraction.  So we first take the 

current frame with the previous frame to identify the 

motion in the image so that we keep only that part 

and remove the unwanted background. In figure 7, 

we take two sample images with same background 

i.e. stationary background which identifies where the 

motion occurs so that the background can be 

removed. 

    

 

Fig. 7: Input images to perform background subtraction 

 In fig. 8 we see that the background is subtracted 

from the image. This image is further given to PCA and 

SVM to perform feature extraction and classification to 

recognize the activity. 

 

 

Fig. 8: Background subtracted image 
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