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    Affective Computing is a new area aiming to create intelligent computers that recognize, understand, and process human emotions. Affective Computing is an interdisciplinary area that encompasses a variety of disciplines, such as computer science, psychology, and cognitive science, among others. Emotion may be communicated in various ways, including gestures, postures, and facial expressions, as well as physiological signs, including brain activity, heart rate, muscle activity, blood pressure, and skin temperature. Humans can perceive emotion through facial expressions in general. However, not all emotions, particularly complex ones such as pride, love, mellowness, and sorrow, can be identified only through facial expressions. Physiological signals can therefore be utilized to represent complex emotions effectively.




    This book aims to provide the audience with a basic understanding of Affective Computing and its application in many research fields. This state-of-the-art review of existing emotion theory and modeling approaches will help the readers explore various aspects of Affective Computing. By the end of the book, I hope that the readers will be able to understand emotion recognition methods based on audio, video, and physiological signals. Moreover, they will learn the fusion framework and familiarity to implement for emotion recognition.
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    Affective Computing is an emerging field with the prime focus on developing intelligent systems that can perceive, interpret, process human emotions and act accordingly. Affective Computing incorporates interdisciplinary research areas like Computer Science, Psychology, Cognitive Science, Machine Learning, etc. Machines must perceive and interpret emotions in real-time and act accordingly for intelligent communication with human beings. Emotion plays a significant role in communication and can be expressed through many ways, like facial or auditory expression, gesture or sign language, etc. Brain activity, heart rate, muscular activity, blood pressure, and skin temperature are a few examples of physiological signals. It plays a crucial role in affect recognition compared to other emotion modalities. Humans perceive emotion primarily through facial expressions; yet, complex emotions such as pride, love, mellowness, and sorrow cannot be identified just by facial expressions. Physiological signals can thus be employed to recognize complex emotions.




    The objective of this book is mainly three-fold: (1) Provide in-depth knowledge about affective Computing, affect information representation, models, and theories of emotions. (2) Emotion recognition from different affective modalities, such as audio, facial expression, and physiological signals, and (2) Multimodal fusion framework for emotion recognition in three-dimensional Valence, Arousal, and Dominance space.




    Human emotions can be captured from various modalities, such as speech, facial expressions, physiological signals, etc. These modalities provide critical information that may be utilised to infer a user's emotional state. The primary emotions can be captured easily by facial and vocal expressions. However, facial expressions or audio information cannot detect complex emotions. Therefore, an efficient emotion model is required to predict complex emotions. The dimensional model of emotion can effectively model and recognize complex emotions.




    Most emotion recognition work is based on facial and vocal expressions. However, the existing literature completely lacks emotion modeling in a continuous space. This book contributes in this direction by proposing an emotion model to predict a large number (more than fifteen) of complex emotions in a three-dimensional continuous space. We have implemented various systems to recognize emotion from speech, facial expression, physiological signals, and multimodal fusion of the above modalities. Our emphasis is on emotion modeling in a continuous space. Emotion prediction from physiological signals as complex emotions is better captured by physiological signals rather than facial or vocal expressions. The main contributions of this book can be summarized as follows:




    

      	This book presents a state-of-the-art review of Affective Computing and its application in various areas like gaming, medicine, virtual reality, etc.




      	A detailed review of multimodal fusion techniques is presented to assimilate multiple modalities to accomplish multimodal fusion tasks. The fusion methods are provided from the perspective of the requirement of multimodal fusions, the level of information fusion, and their applications in various domains, as reported in the literature. Moreover, significant challenges in multimodal fusions are also highlighted. Further, we present the evaluation measures for evaluating multimodal fusion techniques.




      	The significant contribution of this book is the three-dimensional emotion model based on valence, arousal, and dominance. The emotion prediction in three-dimensional space based on valence, arousal, and dominance is also presented.
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      Abstract




      With the invention of high-power computing systems, machines are expected to show intelligence at par with human beings. A machine must be able to analyze and interpret emotions to demonstrate intelligent behavior. Affective computing not only helps computers to improve performance intelligently but also helps in decision-making. This chapter introduces affective computing and related issues that influence emotions. This study also provides an overview of human-computer interaction (HCI) and the possible use of different modalities for HCI. Further, challenges in affective computing are also discussed, along with the application of affective computing in various areas.
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      1.1. INTRODUCTION




      The cognitive, affective, and emotional information is crucial in HCI to improve user-computer connection [1]. It significantly enhances the learning environment. Emotion recognition is crucial since it has several applications in HCI and Human-Robot Interaction (HRI) [2] and many other new fields. Affective computing is a hot topic in the field of human-computer interaction. “Affective Computing is the research and development of systems and technologies that can identify, understand, process, and imitate human emotions,” according to the definition.




      Affective computing is an interdisciplinary area that encompasses a variety of disciplines, such as computer science, psychology, and cognitive science, among others. Emotions can be exhibited in various ways, such as gestures, postures, facial expressions, and physiological signs, including brain activity, heart rate, muscular activity, blood pressure, and skin temperature [1].




      People generally perceive emotion through facial expressions; nevertheless, complex emotions such as pride, gorgeousness, mellowness, and sadness cannot be identified through facial expressions [3]. Physiological signals can therefore be utilized to represent complicated effects.


    




    

      1.2. WHAT IS EMOTION?




      “Everyone knows what an emotion is until asked to give a definition.” [4].




      Although emotion is prevalent in human communication, the term has no universally agreed meaning. Kleinginna and Kleinginna [5], on the other hand, gave the following definition of emotion:




      “Emotion is a complex set of interactions between subjective and objective factors mediated by neural/hormonal systems that can:




      1. Generate compelling experiences such as feelings of arousal, pleasure/ displeasure;




      2. Generate cognitive processes such as emotionally relevant perceptual effects, appraisals, and labeling processes;




      3. Activate widespread physiological adjustments to arousing conditions; and




      4. Lead to behavior that is often, but not always, expressive.”




      

        1.2.1. Affective Human-Computer Interaction




        The researchers described two ways to analyze emotion. The first method divides emotions into joy, fun, love, surprise, grief, etc. Another option is to display emotion on a multidimensional or continuous scale. Valence, arousal, and dominance are the three most prevalent aspects. How does a valence scale determine how happy or sad a person is? The arousal scale assesses how relaxed, bored, aroused, or thrilled [6]. The dominance scale depicts submissive (in control) or dominant (empowered) behavior. Emotion identification from facial expressions and voice signals is part of affective HCI. As a result, we will concentrate on the first two modalities, particularly concerning emotion perception. One of the essential needs of MMHCI is that multisensory data be processed individually before being merged.




        A multi-modal system may be used in case of insufficient or noisy data. The system may use complementary information from other modalities if one modality's information is absent. If one modality fails to make a decision, the other must do so. Multi-modal HCI (MMHCI) incorporates several domains, such as Artificial Intelligence, Computer Vision, Psychology and others, according to Jaimes A. et al. [7]. People communicate frequently using facial expressions, bodily movement, sign language, and other non-verbal communication techniques [8].




        Audio and video modalities are commonly employed in man-machine interaction; hence they are vital for HCI. At the feature or choice level, MMHCI focuses on merging several modalities of emotion. Probabilistic graphical models such as the Hidden Markov Model (HMM) and Bayesian Networks are beneficial, according to the study [9]. As a result of its ability to deal with missing values via probabilistic inference, Bayesian networks are widely used for data fusion. Vision methods are another option that may be employed for MMHCI [9]. The vision techniques categorize using a human-centered approach and decide how people may engage with the system.


      


    




    

      



      1.3. BACKGROUND




      Most emotion recognition research focuses on facial expression and voice emotion [10, 11, 12, 13]. Our book contributed to this approach by presenting an emotion model to predict many complicated emotions in a three-dimensional continuous space, lacking in the previous literature [14]. Even though we have created systems that identify emotion from speech, facial expression, physiological data, and multi-modal fusion of the modalities mentioned above, we focus on emotion modeling in a continuous space and emotion prediction using multi-modal cues.




      People usually gather information from various sensory modalities, such as vision (sight), audition (hearing), tactile stimulation (touch), olfaction (smell), and gustation (taste). Then, this information is processed by integrating it into a single cohesive stream of information to communicate with others. In order to integrate numerous complementary and supplemental information, the human brain receives information from multiple communication modalities (such as reading text).




      Multi-modal information fusion can be employed in effective systems to integrate related information from different modalities/cues to improve performance [15] and decrease ambiguity in decision-making by reducing data categorization uncertainty. Multi-modal information fusion is necessary for many applications where information from a single modality is inadequate and may contain noise or be insufficient to make conclusions. Consider a visual surveillance system where an object is monitored using visual information. If the object gets occluded, the surveillance system will have no way of tracking it.




      Consider a surveillance system that takes information from two modalities (audio and visual information). The object can be tracked even if one of the modalities is unavailable; the system can process the information obtained from other modalities.




      The main goal of multi-modal fusion is to combine information from numerous sources in a complementary way to improve the system's performance. This book also looked into multi-modal emotion recognition, an active research topic in Affective Computing. Although emotion identification has been a study topic for decades, the focus has changed from primary emotion to complicated emotion in recent years. Ekman's discrete model of emotion may reflect basic emotions [16].




      On the other hand, complex emotions may be described using a dimensional model of emotion since they are multidimensional [17]. This book highlights affective computing and related areas, particularly emotion modeling in three-dimensional continuous space. In subsequent chapters, emotion recognition from physiological signals in three-dimensional space using a benchmark database is also discussed. There are a plethora of survey studies on automated emotion identification [11, 18-20], but none focus on a dimensional approach to emotion. As face expressions and voice data cannot identify complicated emotions, physiological signals are the only way to record them.




      Furthermore, users can pose or cover their facial emotions. However, they cannot purposefully produce physiological signals since physiological activities are regulated by the central nervous system [21]. As a result, physiological measurements are employed to determine a user's emotional state.


    




    

      



      1.4. THE ROLE OF EMOTIONS IN DECISION MAKING




      It is vital to comprehend the three fundamental components of emotion properly.




      Each part may influence the function and goal of emotional responses.





      

        	Subjective component: How someone feels about it.




        	Physiological aspect: How a body responds to the emotion.




        	The expressive component is how one can react to the feeling.


      




      According to research, fear raises risk perceptions, disgust increases the likelihood of individuals discarding their items, and pleasure or rage drives people to take action. Emotions have a significant role in decisions, from what one should eat to whom one should vote in elections.




      Emotional intelligence, the capacity to recognize and control emotions, has been linked to better decision-making. Research proves that a person with brain injury may be less able to experience emotion and make decisions. Emotions significantly impact even when one feels his decisions are solely based on logic and rationality [22].


    




    

      



      1.5. CHALLENGES IN AFFECTIVE COMPUTING




      Emotion identification is one of the most recent issues in intelligent human-computer interaction. Most emotion recognition research independently focuses on extracting emotions from visual or aural data. Human beings consider voice and facial emotions the essential indicators during communication. As a result, researchers began to contribute to advancing voice processing and computer vision techniques, among other things. However, there has been a significant increase in Multimodal Human-Computer Interaction (HCI) research due to advancements in hardware technology (low-cost cameras and sensors) [7].




      HCI is a multi-disciplinary discipline that includes computer vision, psychology, artificial intelligence, and many other study fields. Explicit commands do not usually interact with new apps and frequently include many users. The advancements in computer processing speed, memory, and storage capacities, along with the availability of a plethora of new input and output devices, have made ubiquitous computing a reality. Phones, embedded systems, PDAs, laptops, wall-mounted screens, and other devices are examples of devices. Due to the enormous variety of computing devices accessible, each with its processing capacity and input/output capabilities, the future of computing will likely involve unique forms of interaction. In order to communicate effectively, input devices must be coordinated, as in human-to-human communication, gestures, speech, haptics, and eye blink all work together [7].




      Several studies in facial expression analysis have been published. The major ones are [11, 23-27], gesture recognition [28, 29], human motion analysis, and emotion recognition from physiological data [30, 31]. Human emotion recognition has recently been expanded from six fundamental emotions to complex affect recognition in two or three-dimensional (valence, arousal, and dominance) space. It is simple to categorize emotions into distinct groups; however, it is more challenging to categorize complicated emotions. The following are the primary issues in emotion recognition:




      

        



        1.5.1. How Can Many Emotions Be Analyzed in a Single Framework?




        Most emotion recognition research is confined to six or fewer fundamental emotions; however, no emotion framework exists that can examine a wide variety of emotions. Existing emotion research lacks methodologies and frameworks for analyzing many emotions in a single framework.


      




      

        



        1.5.2. How Can Complex Emotions Be Represented in a Single Framework Or Model?




        Basic emotions (joy, fear, anger, contempt, sorrow, and surprise) are easily identified using a variety of modalities, such as facial expressions, speech, and physiological responses. However, assessing complex emotions (pride, shame, love, melancholy, etc.) remains difficult in emotion identification. Complex emotions are challenging to detect since they cannot be represented by facial expressions [32]. We can tell if someone is happy or sad, but measuring little amounts of happiness or sadness is challenging. People frequently express mixed (more than one emotion) or complicated emotions rather than a single emotion, which differs from person to person. Furthermore, because we only have datasets for single emotions, it is difficult to train the system with complicated emotions.


      




      

        



        1.5.3. Is The Chosen Theoretical Viewpoint Relevant to other Areas Of Affective Computing?




        What additional elements of emotional computing do the chosen theoretical approach and representation apply to? (e.g., if your focus is on recognition, how your representation might extend to emotion modeling. If the focus is emotion generation, how applicable representation would be for modeling emotional effects across multiple modalities).


      




      

        



        1.5.4. How Can Physiological Signals Be Used to Anticipate Complicated Emotions?




        The human body continually emits physiological signals, such as Electroencephalogram (EEG), Electromyogram (EMG), Respiratory volume (RV), Skin Temperature (SKT), Skin Conductance (SKC), Blood Volume Pulse (BVP), and Heart Rate (HR).




        Physiological signals are particularly susceptible to motion artifacts; it is challenging to uniquely map physiological patterns to distinct emotion types [33]. Predicting complicated emotions from physiological markers is also a current research challenge in emotion identification.


      


    




    

      



      1.6. AFFECTIVE COMPUTING IN PRACTICE




      Affective computing refers to systems that recognize, analyze, process, and simulate human emotions. The applications/areas where emotion may play a significant role in human-machine communication are listed below:




      

        



        1.6.1. Avatars or Virtual Agents




        With the help of more complicated computer models, recent advancements in computer technology and research have made it possible to mimic genuine social interaction. Virtual agents may now support affective interactions with users that mimic the human appearance and expressive behaviors. Psychiatry and social neurosciences are two intimately interwoven domains of research that have already benefited from virtual agents and affective computing advancements. Indeed, these methodologies balance reproducibility and ecological validity when constructing paradigms that address complicated topics like human interaction, inter-subjectivity, or social behavior.




        Virtual reality might help researchers in social neuroscience, requiring realistic yet repeatable experimental scenarios of growing complexity. Many studies in recent years have provided light on contextual influences that may alter social judgments/interactions and the diseases that accompany them. Despite the apparent promise for psychological research, no consensus on experimental procedures in virtual interfaces has yet been achieved. Traditional designs are difficult to rely on because experimental paradigms include nearly limitless degrees of flexibility. Indeed, in interactive environments, the unexpected and chaotic dynamics that occur from many agent interactions must be considered [34].




        For the therapeutic use of virtual agents, its real benefit is the ability to simulate interactive social settings without the dangerous or upsetting effects that circumstances have in the actual world. For example, cognitive rehabilitation is already being studied in immersive virtual settings with schizophrenic and autistic subjects. Theoretical insights and experimental data appear to be required to address efficacy, acceptability, and motivation concerns and better incorporate these innovations into integrated remedial programs.


      




      

        



        1.6.2. Robotics




        Today's researchers attempt to create intelligent robots that can feel, understand, and behave in response to a user's emotional condition. Several research organizations are developing robots that can convey facial emotions. An effective chatbot or robot is an intelligent machine that can communicate with a human being by acquiring, analyzing, and interpreting information and acting intelligently at par with the human being. A chatbot can make decisions and simulate effective responses utilizing effective technologies. In the actual world for a robot or the virtual world for a synthetic character, such an artifact contains different AI modules to build perceptive, decision-making, and reacting capabilities [35].




        Affective robots and chatbots add a new level to engagement and have the potential to influence people. Unless a creator has designed the robot to replicate an emotional state, it can do a challenging task and not be proud of it. A robot is a complicated machine that may mimic cognitive capacities. However, it lacks human sentiments and the desire or “appetite for life” that Spinoza refers to as conatus (an effort to persist in existence), encompassing everything from the intellect to the body. Attempts to develop intelligent computers frequently view intelligence as the capacity to fulfill objectives, leaving a critical issue unanswered: whose goals?




        The robotics community develops affective computing robots to build a lifetime relationship between a human and an item. Examples of how robots interact with people include allowing autistic children to socialize, assisting youngsters at school, encouraging patients to take prescriptions, and safeguarding the elderly inside a live setting. Their seemingly limitless potential arises partly because it can be physically instantiated, unlike many other technologies.




        Social robots will share our environment, live with us in our houses, assist us in our job and daily lives, and even tell us a narrative. Why not make them laugh with some machine humor? Humor is essential in social connections because it reduces stress, boosts confidence, and fosters cooperation. If someone is lonely and miserable, the robot can make them laugh; if someone is furious, it can help put things in perspective by telling them that things are not that awful. If it makes a mistake and knows it, it may be self-deprecating.


      




      

        1.6.3. Gaming




        In gaming, many innovative interfaces are necessary for creating multi-player games. A large number of users interact with one another through novel interfaces. Games are enjoyable to play, and as a result, many people like them. There are various games to choose from and an extensive range of genres.




        Games contain the above characteristics; they can impact the player's emotional state, making them useful for teaching and evoking emotions naturally and ethically. It is known as emotional computing in the context of computer games. “Computing that connects to emerges from, or actively impacts emotion,” according to Picard [36]. As a result of the wide range of options available when creating games, computer games are an effective instrument for eliciting emotions. Games can be constructed to automatically adjust to the player at run-time, as an illustration of these possibilities.




        In gaming and emotions, there are now many studies being done. The majority of studies, however, have included adult subjects. As a result, it would be fascinating to perform our research with young children to see how they connect and express themselves while playing emotional games. Computer games may be utilized to create a pleasant atmosphere and evoke emotions. Combining these components and employing games entertainingly and ethically is intriguing. Knowing this, we would like to look at the impact of emotional games on the mood of Dutch youngsters and determine whether there is a gender difference.


      




      

        



        1.6.4. Education




        As more open courses become available online, online education is becoming more popular. Using the relationship between effect and cognition to increase learning is a superior concept. Scholars are increasingly concerned about the absence of emotional contact in distant education. They have experimented with a variety of alternatives. Via network and multimedia technologies to build a virtual teaching environment; establish a collaborative learning mode; communicate using interactive video and streaming media technology.




        These tactics can help mitigate the loss of emotional communication in distance learning to some level. However, they cannot precisely provide emotional encouragement or emotional strategies that correlate to the emotional conditions of the learners. As a result, it cannot assist learners in solving the problem of a lack of feeling. This problem may be effectively solved when affective computing is used in online education. Distance learners arrange emotional information through a sophisticated process. In general, physiological and psychological methods can be used to acquire and assess emotion.




        In Emotional information processing and affective computing technologies, physiological measurements are primarily used to get emotional information. The questionnaire method, adjective checklist technique, and projective test method, collectively known as the subjective experience measurement, are examples of psychological measurement. The questionnaire, for example, evaluates the current emotional state and psychological emotions.


      




      

        



        1.6.5. Medical




        The affective design has produced many applications for phobias, such as fear of flying and fear of heights. Affect-based stress reduction is effective. Several researchers have been experimenting with sensors and algorithms to service various areas of healthcare and improve the lives of patients suffering from stress and depression. DeepAffex [37] has developed an Affective Intelligence platform to measure physiological elements related to well-being, including heart rate, breathing rate, and blood pressure, by just videoing a patient's face. The system is based on facial blood flow imaging. The analytics can be applied to support healthcare by recording videos to see how stressed a subject may have been during a particular experience, such as an interview.


      




      

        



        1.6.6. Smart Homes and Workplace Environments




        An intelligent house is outfitted with mechanical appliances that react to the user's emotional condition. The user's emotional state influences the lighting settings and music played.


      


    




    

      CONCLUSION




      This chapter provides the fundamentals of Affective Computing, the definition of emotions, and the role of emotion in decision-making. This chapter also throws light on current challenges associated with Affective Computing. The last application of affective computing is discussed in various fields, including medicine, robotics, smart homes, gaming, education, etc.
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