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Emotion

• Emotion is a complex psychological and physiological state 
that involves thoughts, feelings, bodily reactions, and 
behaviors in response to internal or external stimuli. It 
influences decision-making, social interactions, and overall 
well-being. 

• Major aspects are:-
– How you feel (e.g., happiness, sadness, fear): Psychological.

– How your body reacts (e.g., increased heart rate, sweating): Physiological

– How you express it (e.g., facial expressions, body language): Behavioral
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Emotional States

• Component 
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Popular Theories on Emotion

• James-Lange Theory → “We feel emotions because of bodily reactions.”
– Example: You see a snake → Your heart races → You feel fear.

• Cannon-Bard Theory → “Emotions and bodily responses happen 
simultaneously.”
– Example: Seeing a snake makes you feel fear and triggers a racing heart 

simultaneously.

• Schachter-Singer (Two-Factor) Theory → “Emotion depends on 
physiological arousal + cognitive interpretation.”
– Example: Your heart races → You interpret the situation as dangerous → You feel 

fear.

• Cognitive Appraisal Theory → “Your thoughts determine your emotions.”
– Example: If you see a bear but think it’s in a zoo, you feel safe instead of scared.
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Ways to Recognize Emotions

• Facial Expressions (Ekman’s Theory)

– Facial Recognition

– Facial Action Coding System

• Vocal Tone and Speech Patterns

– AI speech analysis (e.g., IBM Watson, Google’s NLP)

– Emotional speech databases like RAVDESS.
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Ways to Recognize Emotions

• Body Language & Gestures
– Pose estimation models (e.g., 

OpenPose, Kinect)

• Physiological Responses
– Wearable sensors (e.g., Fitbit, Apple Watch)

– EEG & fMRI scans (e.g. Neuroscience)

• Text and Sentiment Analysis 
– Sentiment analysis in NLP (e.g., GPT, BERT).
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Multimodal Data Based Emotion Recognition

• Combines multiple cues (facial, vocal, physiological) for better 
accuracy.



ER with facial Expressions
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Emotion Recognition: From Facial images or Videos

Computational flow for facial emotion recognition.

• Preprocessing
– Grayscale conversion: 

– Face detection: The most relevant stage in recognizing facial 
expressions and emotions is the initial selection of the region of 
interest (ROI) in the input image
• Viola-Jones: Great precision, low computational cost, and visualization

• Haar cascade classifier: inserts Haar resources into a series of classifiers, 
adjacent rectangular regions

• CNNs

Article: https://www.sciencedirect.com/science/article/pii/S0020025521010136

https://www.sciencedirect.com/science/article/pii/S0020025521010136
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Emotion Recognition: From Facial images or Videos

Computational flow for facial emotion recognition.

• Preprocessing

– Dimensionality reduction

• LDA, PCA, SVD, and others: The main idea of LDA is to project some set of 
axes on a new and smaller set of axes in such a way that the separation 
between the labels of the data is more evident

Article: https://www.sciencedirect.com/science/article/pii/S0020025521010136

https://www.sciencedirect.com/science/article/pii/S0020025521010136
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Emotion Recognition: From Facial images or Videos

Computational flow for facial emotion recognition.

• Feature Extraction
– Classical algorithms for extracting features from images are Active Shape 

Models (ASM - Generates points that fit the contour of the object), 

– Local Binary Patterns (LBP), and Histogram of Oriented Gradients (HOG): 
LBP and HOG work on splitting the image in small pieces called cells and 
generating histograms.

– LBP compares each cell’s pixels and its eight neighbors to build a binary 
number. The algorithm then frames a histogram of these numbers for each 
cell and concatenates the histograms. HOG algorithm, on the other hand, 
instead of making a comparison between pixels, makes a histogram from 
the gradients previously calculated from them

Article: https://www.sciencedirect.com/science/article/pii/S0020025521010136

https://www.sciencedirect.com/science/article/pii/S0020025521010136
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Active Shape Model
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LBP
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HOG
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Datasets for emotion recognition from images or videos

• JAFFE: The Japanese Female Facial Expression: 256x256 pixels. Images were rated for each 
emotion by a group of 92 Japanese female undergraduates on a 5-point scale. Each image 
has a 5 or 6-component vector representing the average ratings for each emotion.

• Cohn-Kanade (CK and CK+): AU-Coded Expression Database. Also known as CMU-
Pittsburgh AU-Coded Facial Expression Image Database. 486 sequences about 97 different posers. 2D 
images with either 640x490 or 640x480 resolution and pixel array with 8-bit gray-scale or 24-bit color 
values

• MMI: Created from 25 people of different ethnicities

• FER2013: Published at the International Conference on Machine Learning (ICML in 
2013) by Pierre-Luc Carrier and Aaron Courville. 35.887 images of 48x48 

• Binghamton University 3D Facial Expression – BU-3DFE

• Others
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Classification 

• Datasets

• Classical:
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Classification 

• Neural Nets:
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Example



ER with Speech Patterns
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Speech

• Speech plays a crucial role in recognizing emotions because it carries 
both linguistic (words) and paralinguistic (tone, pitch, speed) 
information that reflects a speaker’s emotional state. It is widely used in 
human communication, AI-driven applications, and psychology to 
detect emotions effectively.

• Methodology
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Speech Features

• Since the frequency or spectral energy of speech signals is widely 
changing with respect to time. Studies divide the speech utterance 
into small intervals called frames

• Frame-level speech features: Prosodic features like energy and 

pitch are mined for each frame.

• Utterance-level speech features: Compute minimum, maximum, 
variance, mean, and standard deviation for each utterance
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Acoustic speech features

MFCC: Melody freq cepstrum coefficients,  

LPCC: linear predictive cepstral coefficients, 
ZCR: Zero-cross rate

TEO: Teager energy operator
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Deep learning approaches for speech emotion recognition
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DL Methods
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DL Example

• CNN-based classifier on Features
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DL: Speech + Facial

• Audio-Visual fusion network architecture



ER with Body Language and Gesture 
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ER with Body Language and Gesture 

• Body postures and movements are 
as important as facial expressions 
for the task of emotion analysis, 
emotion intensity, and 
understanding
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Databases
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ER with Gesture: Databases and Labels
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Methodology example



Dl Model
A shared feature extraction network
Two branches: 
A Hierarchical Prototype Network (HPN) and 
A Semantic Auto-Encoder (SAE)
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Performances (%) of different emotion recognition methods



ER with Physiological Signals
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