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Abstract— This paper discusses the applications of emerging technology used in developing software that can effectively 
establish the correlation between various forms of communication- both verbal and non-verbal, with a defined set of emotions 
as knowledge base by carrying out a comprehensive study/review of existing technologies and comparing them with each 
other. Emotion Recognition(ER) in general is primarily concerned with Human Computer Interaction (HCI) and Machine 
Learning at the core and uses Image Processing Techniques to map emotions with Psycho-Physiological patterns. This paper 
presents a cumulative understanding of few methodologies existing in classifying emotions using the following - Eigen 
Values, Bayesian Networks, Candide-3 Reconstruction Model, Neural Networks and Real-time Multi-Modal method of 
classification. Each method is described clearly and the trade-offs are weighed in to differentiate the techniques based on their 
approach.  

 
Index Terms— About four key words or phrases in alphabetical order, separated by commas. 

 
I. INTRODUCTION 
   
The Merriam Webster Dictionary defines  Emotion as 
-"a conscious mental reaction subjectively 
experienced as strong feeling usually directed toward 
a specific object and typically accompanied by 
physiological and behavioral changes in the body". 
Humans are capable of expressing their emotions 
through various means which are dependent on 
intensity and complexity of their actions for 
differentiation/classification. 
 
With the evolution of technology, emotion recognition 
and emotion analysis became a very necessary tool for 
science especially in psychological studies. Humans 
can consistently recognize and identify emotions with 
ease thanks to the power of their senses. The process of 
leveraging techniques from various fields of study that 
dealt with emotions and coupling them with 
computational methodologies led to the invention of 
automated emotion recognition systems. 
 
Computer Programmers often use Paul Ekman's Facial 
Action Coding System(FACS)[1]as a guide to 
Emotion Recognition. In this system, coders manually 
code possible facial expression set by deconstructing 
them into specific Action Units(AU's) depending on 
the temporal segments that are responsible for the 
expression. Facial Muscles are observed as basis for 
action and defined Action Descriptors(AD's) are 
specified. Intensity Scoring is performed and 
interpretation is understood according to the FACS 
Manual designed by Paul Ekman[1]. 
The main challenge in building an Emotion 
Recognition System(ERS)  is developing a machine 
that can learn from external stimuli in the form of 

emotions and can act intelligibly to interpret and 
distinguish between  them based on their actual  
intention[2]. 
 
Different cultures collectively experience emotions in 
different ways. Emotions are shaped by the world 
around us and is a result of a unique set of 
circumstances[3].  Human Emotions are a complex set 
of interactions among objective and subjective factors 
that are mediated by neural/hormonal systems and can 
be of different forms and integrating them to 
accurately deliver successful intention-translation 
involves intensive study of existing literature and 
implementation of procedures in the form of 
algorithms that can classify with ease with a given set 
of emotions as input.  
  
II. SUBJECT KNOWLEDGE / PRE-REQUISITES 
/ REQUIREMENTS 
 
Emotion Recognition(ER), Human Computer 
Interaction(HCI), Machine Learning, Image and 
Signal  Processing, Psychology, Cognitive Science, 
Neural Networks, Bayesian Networks, Affective 
Behavior. 

 
III. EMOTIONAL TAXONOMY  
 
Dr.Robert Plutchik a renowned psychologist studied 
the range of emotions associated with humans for 
intensive psychotherapy and this study is presented in 
the form of a ten postulate evolutionary theory in 
psychology. His research on this subject led to the 
classification of general emotional responses known as 
the Theory of Emotion and is applicable to species of 
all orders that have evolutionary capabilities. 
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 According to this study Anger, Fear, Sadness, 
Disgust, Surprise, Anticipation, Trust, and Joy are 
considered to be Primary Emotions which have 
varying degrees of intensity/levels triggered by 
adaptive responses to environment.  
 
Once the Theory of Emotions was formulated, Plutchik 
worked on them to produce 8 Primary Bipolar 
Emotions which then formed the Plutchik's Wheel of 
Emotions - Joy versus Sadness; Anger versus Fear; 
Trust versus Disgust; and Surprise versus 
Anticipation. 
 

 
Figure 1 : Plutchik's Wheel of Emotions 

 
In the Fig. 1 above the wheels depicts illustrative 
representation of emotional responses and behavior 
that are persuasive or subtle. Human feelings based on 
various intensities of expression of emotional 
responses were mapped and the resultant derivatives of 
basic emotion with other emotions or intensities of the 
same emotion resulted in a similar but a higher or 
lower degree of emotional behavior. 
 
IV. COMPARISION OF ALGORITHMS 
 
A.  Eigen Value Based Facial Emotion 
Classification, 2013 - by Sheily Verma, Vilas H. 
Gaidhane & Asha Rani [3] 
Introduction - this paper follows a mechanism that 
uses hardware such as Field Programmable Gate 
Arrays (FPGA) that are digital and help in complex 
computations involving that of finding the Largest 
Eigen values using Power method. 
 
Proposed Algorithm : 
Step 1: Acquire image in the form of text image.  
Step 2: Crop Image  to 16×16 pixel matrixes. with 
every pixel in the range of 0-255  
Step 3: Apply Power method and use Verilog to 
calculate the Largest Eigen value.  

Step 4: Perform necessary Simulation Simulation is 
performed.  
Step 5: Acquire the file (.bit file)  generated to observe 
the simulation results. 
 Step 6: Stored file is present on FPGA ROM. 
 Step 7: Simulated Eigen Value is used to recognize 
the emotion is recognized corresponding emotion. 
 
Advantage(s): 
The power method implemented using the FPGA Kit 
is mobile and flexible. Implementation is practical, 
easily configurable and can be easily integrated into 
other systems.  
It is found that this methodology involves less 
mathematical complexity, uses less storage space and 
thereby promote faster recognition. 
 
Limitation(s): 
The FPGA Kit uses hardware that is expensive. Thus, 
making this approach a cost ineffective technological 
solution. 
Also, there is an additional dimension which involves 
a lot of tedious calculations. 
 
B. Face Recognition Using Approximated Bezier 
Curve and Supervised Learning Approach, 2015 - by 
Manish Dixit  and Sanjay Silakari [4] 
Introduction - this  paper dictates the approach of 
facial recognition from a digital image showing 
human frontal faces by using approximation on Bezier 
Curves to ensure curve fitting and smoothing on 
structural features that are classified by learning from 
intelligent  neural networks. 
 
Proposed Algorithm : 
Step 1: Acquire Frontal Image as input and convert it 
to a grey scale image. 
Step 2: Using histogram equalization, binarization and 
thinning of image for pre processing of input image.  
Step 3: Using Harris corner detection method extract 
Corner Detection Algorithm.  
Step 4: Using control points, Bezier Curves are 
Parametric Curve Equation are used is performed.  
Step 5: Feed curve points to train and test neural 
network. 
Step 6: Using Back propagation train the facial images 
through neural network. 
Step 7: Test the performance of network through 
trained images for recognition of output. 
 
Advantage(s): 
The recognition rate is comparatively higher for this 
method and therefore it produces more number of 
images when recognition is correct.  
 
This method uses an image thinning process reduces 
redundant pixels. 
The computational cost is reduced to a great extent. 
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Limitation(s): 
This method uses images with structural components 
and angled poses are hard to detect i.e recognition for 
non-frontal is bad. 
 
C. Automatic Facial Feature Extraction and 
Expression Recognition based on Neural Network, 
2011 - by S.P. Khandait, Dr. R.C. Thool, P.D. 
Khandait [5] 
Introduction - this  paper uses an approach that can 
effectively classify about 7 different emotional 
expressions by implementing the feed forward back 
propagation neural network as a classifier. 
 
Proposed Algorithm : 
Step 1: Using JAFFE(Japanese Female Facial 
Expression) database for neural networks training and 
testing. 
Step 2: Read the input from database and localize the 
facial image using morphological image processing 
operations 
Step 3: Crop the facial image obtained from the step 
above.  
Step 4: Extract features from the cropped facial 
image..  
Step 5: Facial feature vectors are extracted from 
cropped face. 
Step 6: Use the training the neural network. 
Step 7: Recognizing the expression from the image 
using existing database. 
 
Advantage(s): 
Localization of facial features precisely helps in 
expression recognition with added accuracy and use of 
contrast limited adaptive histogram equalization 
enhances contrast of an  image. 
 
Limitation(s): 
Analysis of expressions using combinations of JAFFE 
database and SUSAN edge detector for edge detection 
are a bit complex.  
Also, Facial Geometric distance measure is had to 
evaluate. 
 
D. A Novel Real Time Facial Expression 
Recognition system based on Candide-3 
Reconstruction Model, 2013 -by P. Romero, F. Cid 
and P. N´ u˜nez [6] 
Introduction - this  paper proposes a dynamic approach 
for novel facial expression recognition with the help of 
RGB-D information  that uses Candide - 3 
Reconstruction  model which consists Dynamic 
Bayesian Networks(DBN). 
 
Proposed Algorithm : 
Step 1: Using RGB-D information from Microsoft 
Kinect sensors obtain two images- Colour image and 
Depth image at real time frame rates. 

Step 2: Track real-time expressions obtained from the 
frame of sequences and by applying Face Tracking 
Algorithm. 
Step 3: Data acquired from the step above is then 
transferred to other computers and processes using 
Internet Communications Engine(ice). middleware.  
Step 4: Perform Invariant Facial Feature using 
Candide-3 Model. 
Step 6: Construct Dynamic Bayesian Network using 
the Action Units(AU's) obtained from the step above. 
Step 7: Evaluate Facial Expression and Recognize 
Emotion. 
 
Advantage(s): 
Robust detection of features is possible using this 
method. This method also provides us with a low cost 
computational algorithm for extraction of a set of 
independent and antagonistic facial features from the 
classifier Dynamic Bayesian Network(DBN). 
It is also provides a significant improvement in the 
user detection and features extraction by using 
minimum amount data on the trainer, providing  better 
detection of the neutral state among others emotional 
states and the elimination of errors in the user 
detection. 
 
Limitation(s): 
Light conditions, shadow, noises are all inevitable and 
inhibit accurate extraction of features and often lead to 
errors in Emotion Recognition. 
 
E.  Multimodal Emotion Recognition in Response to 
Videos, 2012 – by Mohammad Soleymani, Maja 
Pantic, Thierry Pun [7] 
Introduction - This paper performs extraction of 
parameters from electroencephalogram (EEG) and  
pupillary responses to present a user-independent 
emotion recognition that is used on pre-existing clips 
from online resources which when  compared with the 
ground defined truth gives us the efficiency of the 
recognition system. 
 
Proposed Algorithm : 
Step 1: Using Electroencephalogram signals setup 
recording environment. 
Step 2: Track real-time expressions obtained from the 
frame of sequences and by applying Face Tracking 
Algorithm. 
Step 3: Data acquired from the step above is then 
transferred to other computers and processes using 
Internet Communications Engine(ice). middleware.  
Step 4: Perform Invariant Facial Feature using 
Candide-3 Model. 
Step 6: Construct Dynamic Bayesian Network using 
the Action Units(AU's) obtained from the step above. 
Step 7: Evaluate Facial Expression and Recognize 
Emotion. 
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Advantage(s): 
Robust detection of features is possible using this 
method. Improved classification rate.  
Features extraction by using minimum amount data on 
the trainer, providing  better detection of the neutral 
state among others emotional states and elimination of 
errors in the user detection. 
 
Limitation(s): 
Pupillary parametric are complex in nature and change 
from person to person with age. 
Light conditions, shadow, noises can affect pupillary 
responses. 
Fusion Classifiers are hard to find. 
Different modalities and videos are not directly 
comparable 
Lack of proper metrics to measure emotion using eye 
gaze. 
 
CONCLUSION 

 
By understanding each methodology we clearly see 
each one has significant limitations and advantages 
over the other.Affective Computing in response 
detection mechanism is an advanced psychological 
research area that depends on automation of processes 
that can be produced by using Emotion Recognition 
systems. Virtual Reality,  a relatively new study using 
are made to be more productive using Human Emotion 
Recognition Systems and implementation of such 
technologies can help in making a more realistic and 
robust gaming/simulation experience. Human 
Computer Interaction involves application of 
interactive interfaces to improve User Experience and 
facilitate better Design.  
 
Human Emotion Recognition Systems can contribute 
largely towards such projects and help make products 
and applications more user-friendly. With the Smart 
revolution, Smartphone's, Smart homes and offices, 

needing innovative architectural design and 
presentation, Recognition Systems can aid in studying 
usage patterns and develop systems that run in a more 
efficient manner. 
 
Proper knowledge of their functions in detail, helps us 
work on more dynamic/real time approaches to Human 
Emotion Recognition. Principal Component Analysis 
Method is easily implementable using MATLab and 
hence this system of approach is to be carried out to 
gain hands on knowledge of the scope of this 
technology. 
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