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Emotion Definition
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� There are many accepted definitions.
� James-Lange Theory: 

� Proposes emotions occur as a result of 
physiological reactions to events. 

� According to this theory, you see an 
external stimulus that leads to a 
physiological reaction. Your emotional 
reaction is dependent upon how you 
interpret those reactions.



Emotion Classification
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� Robert Plutchik’s classification 
into eight primary emotions:

� Paul Ekman’s devised a similar 
list of basic emotions from 
cross-cultural research :



Emotions and Facial Expressions
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� A facial expression results from one 
or more motions or positions of the 
muscles of the face.

� A facial expression convey the 
emotional state of the individual to 
observers. Facial expressions are a 
form of nonverbal communication.

� Emotions and facial expressions 
are closely related and therefore 
involuntarily expresses emotions.



Applications of emotions 
recognition
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� Low bandwidth transmission of 
facial data.

� Human Computer Interactions.

� For applications like video 
facial image queries.



Features for emotions 
recognition
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� Extracts 16 surface patches embedded in 
bezier volume by using 3D wireframe model 
of the face.

� uses the 16 surfaces to measure 12 facial 
motions which is then used as the features 
for emotion recognition.



Cauchy Distribution
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� x0 is the location 
parameter, specifying the 
location of the peak of 
the distribution, 

� and � is the scale 
parameter.

� The special case when x0 
= 0 and � = 1 is called 
the standard Cauchy 
distribution .

Probability Density 
Function



Why Cauchy Distribution
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� Vision algorithms uses similarity measure 
to determine distance between two features.

� General assumptions are euclidean metric 
from a maximum likelihood perspective when 
additive noise gaussian.

� (Sebe et.al.IEEE PAMI 22(10),1132-1143 
2000) finds that most of the time the 
gaussian assumption  for real noise 
distributions is invalid.

� Cauchy distribution models noise 
distributions in a better way. And they 
refer to this model as cauchy naïve bayes.



Cauchy Naïve Bayes Classifier
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� Binary classification problem with 
yÎ {0,1} and X Î Rn.

� Classification problem under maximum 
likelihood framework (ML):

� If features in X are assumed to be 
independent of each other conditioned 
upon the class label then the above 
equation becomes:

� Now the problem is to model the 
probability of features given the class 
label.



Cauchy Naïve Bayes Classifier
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� Difficulty in estimating the model 
parameters.

� For a sample of size of n sampled from 
cauchy distribution the likelihood equation 
is given by: (where a i is the location 
parameter and b i is the scaling parameter)



Cauchy Naïve Bayes Classifier
ib̂
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� Maximum likelihood equations (where  and 
maximum likelihood estimators for a i and  
bi ):

� Higher order polynomials and are estimated 
using numerical techniques like newton-
raphson method.

iâ



Experimental Setup 
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� Assumption: representative ground truth is 
provided and is divided into non 
overlapping training and test set.

� maximum likelihood estimators are only 
estimated using training set and 
classification is done only on the test 
set.

� For each class they determine whether to 
use gaussian assumption or cauchy
assumption.



Experimental Setup Contd.
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� Decide which model distribution to use based 
on the following algorithm (assumption test 
and training set have similar 
characteristics):

� Step1 : for each class they use the training set 
and estimate the parameters for both cauchy and 
gaussian model using the ML framework.

� Step2 : Extract random samples from the training 
set and perform classification. Use the model that 
gives best results to be used in classification 
step.

� Step3 : Perform classification using only the test 
set.



Experiments
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� Algorithm was tested on the data from five 
people (not actors).

� Each person was asked to display their 
facial expressions corresponding to the 
six emotions (based on  ekman’s list of 
emotions).

� In between each  facial expression each 
person had to return to a neutral state.

� Data was collected in form of open video 
recording scenario.



Person dependent result
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� Cauchy assumption 
performs better overall.

� Cauchy assumption 
performance does not give 
significant improvement 
in recognition rate.

� Attribute the low 
improvement in 
recognition rate on:

� Lack of sufficient 
variability in displaying 
emotions.

� Fewer outliers in data.
� Inaccurate tracking result.

Person dependent 
results

Example of each facial 
expressions



Person dependent result 
contn.
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� Happy and surprise well recognized.
� Other emotions are confused more often with other 

emotions. Sad is the highest confused emotion.
� Recognition accuracy is 80-89 % if we classify a 

persons mood (emotion displayed is categorized as 
+ive , -ive, neutral or surprise).

Person dependent Confusion 
matrix using cauchy assumption

Person dependent average 
confusion matrix using cauchy

assumption



Person Independent results
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� All emotions of one person are 
considered as test sequence and rest 
as training sequence. The test is 
repeated 5 times with different 
persons emotion as the test data.

� Recognition rates are lower compared 
to person-dependent results.

� Confusion between subjects are 
larger than within the same subject.

� Find that Ekman’s theory of having 6 
universal emotions is contradicted. 

� Cauchy assumption has 5% gain in 
classification accuracy.

Person independent 
emotion recognition 

using different 
assumptions



Person Independent results 
contn.
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� Shows that the misclassification on the 
pervious table is due to fact that 
different categories of people display 
emotions differently.

� If the classification is just based on 
persons mood then the accuracy increases 
to 80%.

Person-independent Confusion 
matrix using cauchy assumption

Person-independent average 
confusion matrix using cauchy

assumption



My suggestions to improve the 
results
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� Problem is the way they capture peoples 
emotions.

� Though capturing emotion in a natural 
setting would be better and might produce 
good accuracy in classification problem is 
how to capture it.

� My suggestion:
� develop a experiment with various scenarios for 

different kind of emotions.
� Record each individuals emotions by recording 

their expressions while they are going thru this 
experiment and also ask them to individually 
record how they felt after each scenario.
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