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Abstract

The ability of a system or entity—such as an artificial intelligence system, computer
program, or interface—to identify, comprehend, and react to human emotions is known as
emotion awareness. In human-computer interaction, where the aim is to develop more intuitive
and sympathetic systems that can comprehend and adjust to users' emotional states, this idea is
especially pertinent. Improving user experience with emotion-aware interfaces is a
multifaceted problem that calls for a multimodal strategy. Through the integration of several
modalities, such as auditory, haptic, and visual feedback, interface designers may develop
systems that not only react to user inputs but also identify and adjust based on the emotional
states of users. The way users interact in the multimodal domain of emotion awareness will be
explained in this research. Following that, a multimodal exploration of the user's experience

with emotion awareness will take place.

Keywords: Emotion Awareness, Emotion Recognition, Multimodal Interaction, HCI.

1. Introduction

The process of recognizing human emotion is called emotion recognition. The degree
to which people can accurately identify the emotions that other people experience varies
greatly. The field of study on using technology to assist humans in recognizing emotions is still
in its infancy. In general, context-aware multimodality technology performs well. Automating

the identification of written expressions through text, spoken expressions using audio, facial
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expressions through video, and physiology as determined by wearables has received the

greatest attention to date.

Emotion recognition is becoming a more popular technique in academic research to
investigate social science issues related to democracy, demonstrations, and elections.
Politicians frequently display happiness, according to many studies that examine their social
media facial expressions. But according to this research, machine vision systems like Amazon
Recognition can only be accurate when it comes to happiness and are generally dependable as
"happy detectors." Because negative emotions like rage are expected during protests,
researchers studying these events have created individual models to more precisely analyse

negative and violent expressions in democratic processes. [15]

An alternative to typical text-based sentiment analysis is multimodal sentiment
analysis, which takes into account modalities including audio and visual data. It can be
trimodal, combining three modalities, or bimodal, containing various combinations of two
modalities. The vast amount of social media data that is readily available online in various
formats, including videos and images, has led to the evolution of conventional text-based
sentiment analysis into more sophisticated models of multimodal sentiment analysis. These
models can be used, among other things, in the creation of virtual assistants, the analysis of
news videos, YouTube movie reviews, and emotion recognition (also referred to as emotion

detection) in situations like depression monitoring.

One of the most fundamental tasks in multimodal sentiment analysis, akin to traditional
sentiment analysis, is sentiment categorization, which divides various attitudes into groups like
positive, negative, and neutral. The intricacy of examining textual, auditory, and visual
characteristics necessitates the use of several fusion methodologies, including feature-level,
decision-level, as well as hybrid fusion. The kind of textual, auditory, and visual characteristics
used in the study affects how well these fusion approaches and the algorithms for classification

used perform [16].
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Figure 1. Different Kinds of Emotion Recognition [14]

2. Literature Survey

From the research work [1], the process of identifying, assessing, interpreting, and
reacting to individual feelings and emotions—which might range from joy to fear to
humiliation—is known as emotion recognition. Research on emotion identification has
received fresh and crucial momentum thanks to the COVID-19 pandemic. Throughout the
COVID-19 pandemic, a wide range of emotions and ideas were expressed and shared on social
media platforms, reflecting the mental health of the broader public. This paper provides an
overview of many freely available and highly accurate emotion acquisition technologies in
order to better understand the current ecosystem of applied emotion detection. Additionally, it
contrasts the most popular datasets for emotion recognition. Lastly, it talks about several deep
learning and machine learning classifiers that may be used to get high quality features for

classification.

T Henriques [2] Understanding and enhancing the overall user experience in interactive
systems requires an understanding of the user's emotional state. It is also crucial in situations
where this knowledge could help us assist users in managing and expressing their emotions,
such as anxiety, which can have a significant impact on their day-to-day activities and social
interactions. However, despite the evident potential of emotionally-aware applications, a
number of obstacles stand in the way of their broader availability. These obstacles can
occasionally be attributed to the low translational nature of affective computing research and
the dearth of simple techniques for the seamless integration of emotion in programs. Given
these difficulties, the work offers a theoretical framework for how affective computing research
might be integrated with the study of emotion in multimodal interactive systems. In keeping

with this aim, a proof-of-concept application that allows for multimodal interaction with
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Spotify and a first implementation of an affective general modality are shown. These examples

demonstrate how the modality may be used to offer emotional context in interactive situations.

The research [4] offers a novel Al-powered technique for emotion identification to
enhance communication between humans and computers. Emotions influence behaviour,
decision-making, and communication. The authors built a deep learning model for analysing
speech intonation, facial expressions, and linguistic patterns to reliably predict emotions across
many datasets. In order for computers to connect with humans and understand and react to their
emotional states, emotion recognition is essential. A variety of Al-driven emotion
identification methods, such as deep learning, computer vision, & natural language processing
techniques, are assessed in this comparative research. The benefits, drawbacks, and
performance measures of each method are evaluated on a variety of dataset and real-world
applications. The goal of the project is to find the most efficient and adaptable technique for

recognizing emotions in order to improve human-computer interaction across a range of fields.

The study [3] fills a unique gap in the literature by conducting a thorough analysis of
relevant works, which leads to the development of a sharp 3-layer framework. This framework,
which includes the fundamentals of emotion analysis, smooth technological integration, careful
privacy concerns, and practical implementation, provides a guide for future development.
Above all, the novel idea of emotion-intelligent systems, which arises from the innovative
combination of emotion data with cutting-edge technology is presented. To pave the way for a
future of clever machines that are more emotionally sensitive, the study skillfully navigates the
complicated terrain of developing emotionally aware intelligent systems, overcoming obstacles
along the way. These cutting-edge systems have the potential to drastically alter how people

interact with technology, opening up new research directions.

De Santana [5] explained that in interpersonal interactions, emotional expressiveness is
vital. But the ageing process brought on by certain diseases, including Alzheimer's and other
dementias, might impair the capacity for emotional expression. The authors have provided an
approach for automatically identifying emotions using multimodal data in this setting. In order
to enable the customization of therapy for senior citizens suffering from dementia, the proposed
system developed a human-machine interface using artificial intelligence algorithms as the

foundation for the approach. Emotional input from this instrument can adjust the therapy. This
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is anticipated to enhance the treatment outcomes. The efficiency of the suggested architectures
was assessed in this work with respect to their capacity to identify emotions in speech,

physiological, and facial expression pictures.

In this research work, Stoynov explains [6] the integration of emotional awareness into
mobile networks is a noteworthy breakthrough in this field, which inspired this paper's concept
of the Emotion-aware Networking Paradigm (ENP). The goal of ENP is to give mobile
networks the capacity to recognize and comprehend user emotions in order to customize
services. This study presents the Emotion-aware Networking paradigm (ENM), a paradigm to
implement ENP in 5G mobile networks, outlining its primary features, functionalities, and
organizational structure. In addition, this study provides examples of possible use cases and
examines the opportunities and difficulties associated with ENM. This article also introduces
the Emotion-Aware Service and User Profile Management Function (EASUPMF) for ENM,
which is intended to maximize the potential of ENM through user profile management and
emotion recognition-based personalized emotional services delivery. According to the study,
by providing personalized services based on user emotions, ENM has the potential to

revolutionize the mobile network industry and improve user experiences.

Eunjung Lee [7], explained that one of the primary goals for creating next-generation
interaction among users in computer systems is now machine identification of emotion.
Although influence recognition technology has advanced significantly in recent years, software
user interfaces are still in the early phases of applying human emotion identification. With an
emphasis on appearance, the creation for an emotion-aware user interface is presented.
Additionally, the proposed work also suggests a platform for emotion-aware Ul writing that
aids designers in producing visually striking effects that convey emotion. A prototype
framework was created using the creator tool DAT4UX to show that it is feasible. The tool
may include the final design into an application for mobile devices that has the ability to
recognise emotions. Using the technology, a proof-of-concept application with an emotional

intelligence interface is created.

Muhammad Asif Razzaq [8] article applies generalised mixture (GM) functions to an
enhanced combination process, taking into consideration the significance of differences across
several modalities and assigning them dynamic weights. Consequently, the author introduced
a multi-view learning strategy for unimodal emotion identification and introduce multimodal
feature fusion level and decision level fusion utilising GM functions in the hybrid multimodal
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emotion recognition (H-MMER) framework. The proposed framework's capacity was assessed
to represent a set of four distinct emotional states—happiness, neutrality, sadness, and anger—
in an experimental investigation and discovered that GM functions allow for the good and
considerably high modelling of the majority of these states. The experiment demonstrates that,
in comparison to conventional methods, the suggested framework significantly improves
performance and can represent emotional states overall a standard accuracy of 98.19%. The
evaluation's overall findings show the reliable detection emotional states and strengthen the

emotion categorization system that is necessary for measuring user experience.

Prasad Chaudhari [9] suggest MahaEmoSen, a multimodal Marathi sentiment
evaluation technique that is emotion-aware. In contrast to previous research, the emotions
included in tweets in addition to absorbing both the written and optical modalities of social
network postings' content-based information to carry out a sentiment categorization are
included. The issue of limited training sets by applying strategies for data augmentation is also
addressed. On the textual modality, a word-level attention technique is used for tweet noise
reduction and contextual inference. The results of the experiments on real-world social media
datasets show that, under resource constraints, the suggested approach performs better for

Marathi sentiment analysis than the state-of-the-art techniques.

This work [10] reviews the three kinds of multimodal affective BCI (aBCI) and
primarily discusses the advancements in research into multimodal emotion recognition using
BCI. These include aBClIs based on heterogeneous sensory stimuli, aBCls based on various
hybrid neurophysiology modalities, and aBCls based on a combination of behaviour and brain
signals. The number of typical multimodal a BCI systems for each category of aBCI, covering
their design concepts, paradigms, algorithms, experimental findings, and associated benefits
are explored. Lastly, number of crucial problems and future lines of inquiry for BCI-based

multimodal emotion identification were highlighted.
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Table 1. The User Experience on the Emotion Aware Interfaced Works

Multimodal Data: a machine
learning approach combining
classical and hybrid deep
architectures

means of automatically
identifying emotions
from multimodal data.

S. No Title Uses User Experience

1 A systematic survey on multimodal | Different emotion Tools for fine-grained
emotion recognition using learning | acquisition tools and emotion analysis and
algorithms [1] Discusses the various acquisition with an

machine and deep emphasis on virtual reality
learning classifiers and sensing technologies

2 Emotionally-aware multimodal Multimodal Interactive | Creates a stand-alone data
interfaces: Preliminary work on a System collection module and
generic affective modality extracts emotions from

several data types,
including voice, text, and
audio. facilitating the
convergence of gesture and
voice events.

3 Exploring Emotion Analysis using | Artificial intelligence | Make urban areas that are
Artificial Intelligence, Geospatial (Al), geospatial more inclusive and user-
Information Systems, and Extended | information systems centric and that encourage
Reality for Urban Services (GIS), extended reality | happiness and well-being.

There are a few obstacles
(XR) that need to be overcome
before emotion-aware
systems may be
successfully used in
practical applications.

4 Al-driven Emotion Recognition for | Assesses Al-driven Result in better user
Enhanced Human-Computer methods for experiences and
Interaction: Advancements, Ethical | recognising emotions, ) ) ]
considerations, and Emotional such as those based on higher user satisfaction

) computer vision, deep
Intelligence learning, and natural
language processing
5 Emotion Recognition from Al algorithms as a Discovered that emotions

could be classified with up
to 99% accuracy from
physiological markers and
about 80% accuracy from
speech cues. The method's
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potential use for the
analysis of emotions in
multimodal data is
suggested by the favourable
test stage findings.

A Novel Emotion-Aware
Networking Model for Enhanced
User Experience in 5G networks

The Emotion-aware
Networking Model
(ENM) in 5G mobile
networks describes the
structure and
functionality of ENP.

According to the research,
by providing personalised
services based on user
emotions, ENM has the
potential to revolutionise
the mobile network
industry and improve user
experiences.

A design platform for emotion-
aware user interfaces

Creation of a visually
appealing user
interface that is
sensitive to emotions.

To run tests on its usability
and the impact of different
animations and visual
elements. The prototype
implementation and the
suggested framework could
be used as a testing ground
for creating user interfaces
that are sensitive to
emotions.

A Hybrid Multimodal Emotion
Recognition Framework for UX
Evaluation Using Generalized
Mixture Functions

Using a multi-view
learning method, the
hybrid multimodal
emotion recognition
(H-MMER) framework

Shows that we can
accurately recognise
emotional states and
enhance the emotion
detection system needed for
measuring user experience.

MahaEmoSen: Towards Emotion-
aware Multimodal Marathi
Sentiment Analysis

provided a multimodal
Marathi sentiment
analysis technique that
is emotion-aware.

To filter out noisy words
from tweets and facilitate
contextual inference, a
word-level attention
technique is used to the
textual modality.
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Advances in multimodal emotion The development of Advancements in

recognition based on brain— multimodal affective multimodal aBCI research

computer interfaces BClI research, which to show how hBCI methods
examines three may be used to overcome
different forms of these obstacles.

multimodal emotion
recognition (aBCI).

3. User experience through Emotion-Aware Interfaces

Emotion-aware interface design enhances user experience by creating systems that not
only react to input from users but also detect and adjust to their emotional states. To improve
people' interactions with technology by making them more intuitive and sympathetic. When
using emotion-aware interfaces to improve user experience, keep the following important

factors in consideration:
3.1 Emotion Recognition

e Use sophisticated sensors and algorithms to identify gestures, verbal intonations, and

facial emotions.

e Analyse physiological information, such as skin conductivity and heart rate, using

machine learning algorithms to deduce emotional states.

Sacdmness Happinas -

Figure 1. Emotion Recognition [11]
3.2 Haptic Feedback

e Create user interfaces that use touchscreens or haptic gloves to deliver tactile feedback.
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e Adapt vibrations pattern and intensities to the emotional state of the user.

e Integrate aural and visual signals with haptic feedback to create a more engaging and

productive experience.
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Figure 2. Haptic Feedback for Sensing [12]
3.3 Adaptive Visual Elements
e Design interfaces that change their appearance according on recognised emotions.

e Make advantage of visual effects, animations, and colour schemes that complement the

user's emotional condition.

e Utilise facial recognition software to customise the user interface according to their

emotional profile.

3.4 Auditory Feedback

e Use music and soundscapes that correspond with various emotional states.
e Based on identified emotions, modify the system alerts' pitch, tone, and loudness.

e Give sympathetic, well contextualised oral comments.
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Figure 3. Audio Extraction using Multimodal [13]
3.5 User Feedback and Input

e Implement mechanisms for users to provide feedback on the accuracy of emotion

recognition.

e Allow users to calibrate and fine-tune the system's understanding of their emotional

expressions.

e Prioritize transparency in the system's emotional analysis process to build user trust.

4, Discussion

Emotions can be better understood by using multi-modal emotion expressions that
include complementing information from several emotion modalities. Several articles have
been written about the recognition of emotions. The comparison for the numerous articles on
emotion recognition is covered above [table 1] under the multimodal theory. Every concept
will have its technology used more effectively than in previous works, and overall flaws will
be reduced to ensure accuracy and clarity. The aforementioned comparisons largely improve

user satisfaction and advance emotion detection technologies.

5. Conclusion

The use of emotion recognition is broad in a variety of fields, including biometric
security and human-computer interface. Thus, it sheds light on artificial intelligence, also
known as machine intelligence, which models the human brain using a variety of supervised
and unsupervised machine-learning techniques. This study will provide an explanation of the

numerous comparisons of articles which employ emotion recognition to ascertain the user's
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experience. Every approach provides users with varying perspectives on how to use the
recognition process. Additionally, this research study clarifies the many methods in which
people interact with emotion-aware interfaces. In the future, a large portion of user thinking

analysis will go towards emotion recognition.
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