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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 expressit (e.g., facial expressions, body language): Behavioral
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Emotional States
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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

Happiness & — Smiling, raised cheeks

* Facial ExprESSionS (Ekma n’s TheorY) Sadness &' — Frown, drooping eyelids
— FaCiaI ReCOgnition Anger @ — Furrowed brows, tense jaw

Fear @ — Wide eyes, open mouth

— Facial Action Coding System

Surprise =’ — Raised eyebrows, open mouth

Disgust @ — Wrinkled nose, curled lip

* Vocal Tone and Speech Patterns

— Al speech analysis (e.g., IBM Watson, Google’s NLP)
— Emotional speech databases like RAVDESS.

Excited/Happy — Faster speech, higher pitch.
Sad — Slow, lower pitch.

Anarv — | oud. intense tone.
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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 analysisin NLP (e.g., GPT, BERT).

Confidence — Upright posture, open arms.
Anxiety — Fidgeting, crossed arms.
Anger — Clenched fists, stiff posture.

Fear — Backward movement, shrinking posture.

Heart Rate — Increases during stress or fear.
Sweating (Skin Conductance) — Increases with nervousness.
Pupil Dilation — Expands in excitement or attraction.

Brain Activity (EEG, fMRI) — Shows emotional processing regions.
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Multimodal Data Based Emotion Recognition

 Combines multiple cues (facial, vocal, physiological) for better

accuracy.
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Emotion Recognition: From Facial images or Videos

Computational flow for facial emotion recognition.

(i) image o] (iii) feature - (iv) »| (v)results

(i} Input - . : . St
preparation selection classification and validation

* 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
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Emotion Recognition: From Facial images or Videos

Computational flow for facial emotion recognition.
* Preprocessing

— Dimensionality reduction

e 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
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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
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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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e Datasets

Commonly used FER datasets in existing studies
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Classical Methods Usage
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Classification

CNN

e Neural Nets:

ResNet

Autoencoder

LSTM
Random Forest

GAN

Transformer

KNN AlexNet
RNN
VGG MLP
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Example

1 (3,3,1792) | (3,3,512) . (3,3,128)
(140,140,3) 3,3,832) 128 (32) 0 Input face-cropped Image
() P52, { [0 Inception-Resnet-V1 up to 4e Block
O FEC-Triplets ,
sk [[] 1x1 Convolution layer
LG ) —>» [0 Batch normalization layer
R AffectNet [0 RELU activation
\"J Classification Loss  [] Dense block
Face-Crop o B Global average-pool layer
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Speech

e 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, Al-driven applications, and psychology to
detect emotions effectively.
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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.

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

[ Acoustic Speech Features ]

[ Qualitative Features ] [ Continuous Features [ Spectral Features [ TEO-based Features

~

Voice Quality:
L Harsh, Tense,
Breathy

J

—

Energy, Pitch,
Formant, ZCR,
Speech Rate

MFCC: Melody freq cepstrum coefficients,
LPCC: linear predictive cepstral coefficients,

ZCR: Zero-cross rate

~

J

MFCC, LPC,
PLP, LPCC,
W-WPCC,
TPR
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Deep learning approaches for speech emotion recognition

l Deep learning techniques

Restricted
Boltzmann Machine

Deep
Autoencoder

Recurrent
Neural Network

Convolutional
Neural Network

[

Deep Belief Deep Boltzmann
Network Machine

J

Denoising
Autoencoder

I

Sparse
Autoencoder

I

Contractive Long Short-Term Gated
Autoencoder Memory Recurrent Unit
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DL Example

* CNN-based classifier on Features

f=64 128 256 512 4096, 4096 128

1 EL=8
Ll Ll Ll | et 1

480.128 & &‘ ] Input Mel-Spectorgram Image
e e » / / % % [J 2D convolution layer

[] 2D max-pool layer

= [] Global average-pool layer
[ Fully connected layer

i —»
} (Bl _/ / / / _/ _/_/ _,_/ [] Dropout layer
Mel-Spéctrogram - L L L

= 2P| P = | P

Conv2D: k= (3,3), s=(1,1)
MaxPool: k=(2,2), s= (2,2)
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DL: Speech + Facial

 Audio-Visual fusion network architecture

(25,256) (9, 64)

/ \rousa [] Take every 3rd time step
%(9’ 128)= }(256) : _'ﬂ*_ [ Convid (kernel = 1) layer
[0 Convid (kernel = 3) layer
[ Convid (kernel = 5) layer
[0 MaxPool1d (2, 2) layer
[0 RELU activation

[ Concatenation layer

[0 LSTM layer

B Fully-connected layer

Visual
Features

Negative

ARISOd

I

J . ' 1 1 1
1 ) 1

(25,128) (9, 128) (9, 64)

Features

7
Audio ﬁ__}
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ER with Body Language and Gesture



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

BITS Pilani, Deemed to be University under Section 3 of UGC Act, 1956



Databases

Reference Name Device Body parts Modality
Gunes et al., 2006 [21] FABO Digital camera Face and body Visual
Glowinski et al., 2008 [93] GEMEP Digital camera Face and body Audiovisual
Castellano et al., 2007 [104] HUMAINE Camera Face and body Audiovisual
Gavrilescu, 2015 [147] LIRIS-ACCEDE Camera Face and upper body Visual
Kipp et al., 2009 [92] THEATER Camera (movie clips) Body Audiovisual
Fourati et al., 2014 [154] EMILYA Motion capture and 4 cameras Body Visual
4t I
53 s]=] 2] 3
o c ] E et £
Context | S - = = ) = 3
s | &8 |2 | % | &8 3 .
0 4] w
= 1] - th ] L]
w o w g wn
C 10 | NA | 23 12 11 23 206
C 18 | NA 10 S D 1260 | >7000
C 8 8 10 4 6 240 240
C 6 6 64 32 32 | NA NA
U 8 | NA | NA [ NA | NA | NA 258
C 8 7 11 6 5 23 7084
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ER with Gesture: Databases and Labels

Database F G T H LA GF Frequency Database F G T H LA GF Frequency
Sadness [ ] [ ] [ [ [ [ ] 6 Boldness ° 1
Anger . . . . . 5 Comfort o 1
Anxiety . . 3 Dependency . 1
Disgust . . 3 Disdain . 1
Fear ® * ® 3 Distress . 1
Surprise ¢« o 3 Docility . 1
Boredom . o o) Elation . 1

) Excitement . 1
Happlness ¢ ® - Exuberance . 1
Interest ™ ™ 2 )

n Fatigue . 1
Contempt * - Gratefulness E 1
Despair . . 2 Hostility . 1
[rritation . ™ 2 Indifference . 1
Joy . . 2 Insecurity o 1
Pleasure ™ . 2 Nastiness . 1
Relief . ° 2 Panic Fear . 1
Admiration *« o 1 Rage y I
Neutral . 1 Relaxation & 1

; Respectfulness & 1
Pride . . 1 : )
Sh 1 Satisfaction & 1
ame ¢ Tenderness ° 1
Aghastness . 1 Uncertainty . 1
A]‘I‘laz EI‘I‘IEI‘I[‘ L ] ]. Unconcern ™ 1
Amusement . 1

F=FABO [21], G = GEMEP [93], T = T heater [92], H = HUMAINE [104],

LA = LIRIS-ACCEDE IMQ
BITS

and GF = GEMEP-FERA [144].
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Performances (%) of different emotion recognition methods

> . -
Hidden Naive Bayes 86.77
PCA 51.85
Bays Net 53.7 Deep Learning Networks 87.74
Fazzy 56.48 Ensemble Tree 89.25
SVM 071 Binary Decision tree 90
Bays Net 70
INN-DTW 90.83
KNN i
Neural Network 93
Neural Network 76
J48\Quinlan’s C4.5 76.63 v
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ER with Physiological Signals
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