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Abstract 

 
This research proposal examines the capabilities of a system architecture 
that encompasses a layered approach to leveraging fine-tuned models. 
The system architecture consists of multiple layers, each of which is 
responsible for a specific aspect of behavior analysis. The fusion of 
computer vision and natural language processing (NLP) has reached a 
critical juncture, where both domains can contribute significantly to 
decipher the intricacies of human emotional expressions. The potential for 
an innovative systems architecture that leverages layered, fine-tuned 
models for comprehensive deep analysis such as this could be remarkable. 
Each model serves a specific function: pose estimation, facial and voice 
sentiment analysis, audio-to-text extraction, toxicity and sentiment 
detection, in-video color spectrum analysis and multiclass object detection. 
The output from each layer serves as a potential input to the subsequent 
layer, enhancing the accuracy and depth of analysis. The uniqueness of 
this proposal lies in its holistic approach, aiming to capture the full spectrum 
of human emotions from video streams and written text, opening up new 
avenues in behavior analysis.  
 

The system architecture has the potential to be a powerful tool for 
understanding and responding to human behavior. The system can be 
used in a multitude of use cases, including: 

• Customer service: The system can be used to identify and track the 
emotional state of customers in contact center calls. This information 
can be used to improve customer service by providing more 
personalized and empathetic support. 

• Healthcare: The system can be used to identify and track the 
emotional state of patients in clinical settings. This information can be 
used to improve patient care by providing more effective and 
compassionate treatment. 

• Education: The system can be used to identify and track the 
emotional state of students in the classroom. This information can be 
used to improve student learning by providing more engaging and 
supportive instruction. 
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• Security: The system can be used to identify and track suspicious 
activity in public spaces. This information can be used to prevent 
crime and protect people from harm. 

The system architecture will be evaluated using a variety of metrics, 
including: 

• Accuracy: The accuracy of the system will be measured by the 
percentage of times that the system correctly identifies the emotional 
state of the person in the video. 

• Precision: The precision of the system will be measured by the 
percentage of times that the system correctly identifies the emotional 
state of the person in the video when it is actually in that state. 

• Recall: The recall of the system will be measured by the percentage 
of times that the system correctly identifies the emotional state of the 
person in the video when they are actually in that state. 

The system architecture has the highest chances for success in capturing 
the full spectrum of human emotions within a video stream because it 
combines a variety of different data sources and analysis techniques. The 
system is able to identify and track the emotional state of a person from 
their body language, facial expressions, voice tone, words, and chat 
comments. This information can be used to create a comprehensive profile 
of a person's emotional state, which can be used to improve customer 
service, healthcare, education, and security. 
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Introduction 

 

The advent of deep learning and AI has revolutionized the way we 
understand and interpret human behavior. The multifaceted nature of 
human expressions requires a multidisciplinary approach, combining the 
capabilities of computer vision and natural language processing. The 
introduction provides an overview of the technologies involved and the 
necessity for a layered approach to capture the comprehensive depth of 
human sentiments. Traditionally, researchers have studied human behavior 
using a variety of methods, including surveys, interviews, and experiments. 
However, these methods can be time-consuming and expensive, and they 
may not provide a complete picture of human behavior. 

In recent years, there has been a growing interest in using artificial 
intelligence (AI) to study human behavior. AI techniques, such as machine 
learning and natural language processing, can be used to analyze large 
amounts of data quickly and efficiently. This allows researchers to gain a 
deeper understanding of human behavior than would be possible using 
traditional methods. 
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Background of the Problem 

 
Human Behavior Analysis: A Challenge 

Human behavior analysis is a challenging field. The ambiguity and 
subjectivity of human behavior can make it difficult to understand and 
predict. This is especially true when it comes to online interactions, which 
are devoid of visual cues. 

The Problem with Textual Analysis 

Currently, the majority of sentiment analysis approaches focus primarily on 
textual information. This is because text is the most easily accessible form 
of data. However, text-based sentiment analysis has several limitations. 
First, text can be ambiguous. For example, the word "great" can be used to 
express positive or negative sentiment, depending on the context. Second, 
text can be subjective. People often express their opinions in a subjective 
way, which can make it difficult to determine their true sentiment. 

The Need for a Holistic Approach 

A solution that can harmoniously merge textual, visual, and auditory 
information is much needed for comprehensive sentiment detection. This 
would allow for a more accurate and nuanced understanding of human 
behavior. 

Future Directions 

There are several promising directions for future research in human 
behavior analysis. One direction is to develop new methods for fusing 
textual, visual, and auditory information. Another direction is to develop 
new models of human behavior that can account for ambiguity and 
subjectivity. By taking these steps, we can move closer to a comprehensive 
understanding of human behavior. 

In addition to the above, here are some other challenges that need to be 
addressed in human behavior analysis: 
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• Heterogeneity: Human behavior is highly heterogeneous. People 
from different cultures, backgrounds, and experiences behave in 
different ways. This makes it difficult to develop general models of 
human behavior. 

• Complexity: Human behavior is complex. It is influenced by a wide 
range of factors, including emotions, thoughts, motivations, and social 
interactions. This makes it difficult to understand and predict human 
behavior. 

• Change: Human behavior is constantly changing. People learn and 
adapt over time, and their behavior is influenced by changes in their 
environment. This makes it difficult to keep up with the latest trends in 
human behavior. 

Despite these challenges, human behavior analysis is a rapidly growing 
field with the potential to make a significant impact on our understanding of 
the world. By developing new methods and models for understanding 
human behavior, we can improve our ability to predict and influence human 
behavior. This has the potential to improve our lives in many ways, from 
improving our health and well-being to making our workplaces more 
productive and efficient. 
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Gap Identification 

 

Gaps in Current Sentiment Analysis Methodologies 

Sentiment analysis is the process of extracting subjective information from 
text, such as opinions, emotions, and beliefs. It has a wide range of 
applications, including marketing, customer service, and social media 
monitoring. 

However, current sentiment analysis methodologies have a number of 
gaps. One gap is that they often focus on textual information, while ignoring 
visual and auditory cues. This can lead to inaccurate results, as human 
emotions are often expressed through a combination of verbal and 
nonverbal cues. 

Another gap is that current sentiment analysis methodologies are often 
limited to static data. This means that they cannot capture the dynamic 
nature of human behavior. For example, a person's sentiment may change 
over time, or it may vary depending on the context. 

The Need for a Holistic Approach 

To address these gaps, it is necessary to develop a holistic approach to 
sentiment analysis that integrates textual, visual, and auditory cues. This 
would allow for a more accurate and nuanced understanding of human 
emotions. 

One way to achieve this is to use deep learning techniques. Deep learning 
is a type of machine learning that can learn to identify complex patterns in 
data. This makes it possible to develop models that can accurately capture 
the dynamic nature of human behavior. 

Future Directions 

There are a number of promising directions for future research in sentiment 
analysis. One direction is to develop new deep learning techniques that can 
better capture the dynamic nature of human behavior. Another direction is 
to develop new ways to integrate textual, visual, and auditory cues. By 
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taking these steps, we can move closer to developing a truly holistic 
approach to sentiment analysis. 

Challenges in Studying Human Behavior 

There are a number of challenges in studying human behavior. One 
challenge is that it can be difficult to capture and analyze data in real time. 
This is because human behavior is constantly changing, and it can be 
difficult to predict how people will behave in the future. 

Another challenge is that human behavior is often influenced by factors that 
are not easily observable. For example, people may be motivated by 
unconscious desires or beliefs, which can be difficult to measure. 

Despite these challenges, studying human behavior is a valuable research 
area. By understanding how people behave, we can develop better ways to 
predict and influence their behavior. This has the potential to improve our 
lives in many ways, from improving our health and well-being to making our 
workplaces more productive and efficient. 
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Proposed Methodology 

 

This proposal presents a layered architecture comprising 13 distinct yet 
interconnected models, each serving a specific purpose in the deep 
analysis system. Each model is designed to extract relevant features from 
the data, which are then fed into the subsequent layer. The system begins 
with pose estimation and culminates in in-video text detection, creating a 
full-spectrum deep analysis solution. The proposed architecture aims to 
leverage the strengths of both computer vision and NLP for a holistic 
behavior analysis solution. The proposed system architecture addresses 
the limitations of the current state of the art by combining a variety of 
different AI techniques to study human behavior in real time. The system 
architecture consists of eight layers, each of which is responsible for a 
specific aspect of behavior analysis. The layers are: 

1. Pose estimation detection model: This model is used to identify and 
track the position of human body parts in a video stream. This 
information can be used to infer the emotional state of the person in 
the video, such as happiness, sadness, anger, or fear. For example, 
a person who is smiling is likely to be happy, while a person who is 
frowning is likely to be sad. 

2. Facial sentiment analysis model: This model is used to identify and 
track the facial expressions of a person in a video stream. This 
information can also be used to infer the emotional state of the 
person in the video. For example, a person who is making a happy 
face is likely to be happy, while a person who is making a sad face is 
likely to be sad. 

3. Audio stream extraction for voice sentiment detection: This model is 
used to identify and track the emotional tone of a person's voice in an 
audio recording. This information can be used to infer the emotional 
state of the person speaking. For example, a person who is speaking 
in a happy tone is likely to be happy, while a person who is speaking 
in a sad tone is likely to be sad. 

4. Audio to text extraction: This model is used to extract text from an 
audio recording. This information can be used to identify keywords, 
identify entities, or transcribe the audio. For example, a model could 
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be used to extract the names of people who are speaking in an audio 
or to transcribe the text of a lecture. 

5. Toxicity detection model: This model is used to identify and track 
toxic language in a text or audio stream. Toxic language can include 
hate speech, threats, and other forms of abuse. This information can 
be used to identify and track harmful or abusive behavior. 

6. Sentiment analysis model: This model is used to identify and track 
the sentiment of a text or audio stream. Sentiment can be positive, 
negative, or neutral. For example, a text that is positive is likely to 
express happiness, while a text that is negative is likely to express 
sadness. 

7. Chat comment analysis for sentiment analysis: This model is used to 
analyze chat comments to identify and track the sentiment of users. 
This information can be used to improve customer service by 
providing more personalized and empathetic support. 

8. Chat comment analysis for bot detection: This model is used to 
analyze chat comments to identify and track bots. Bots are 
automated accounts that are used to spread misinformation or to 
engage in harmful behavior. This information can be used to prevent 
bots from harming users. 

The system architecture is designed to be scalable and adaptable. This 
means that it can be used to study human behavior in a variety of settings, 
from small groups to large crowds. The system architecture is also 
designed to be privacy-preserving. This means that the data that is 
collected by the system will be used only for research purposes and will not 
be shared with third parties. 

 
 
  



Full Spectrum Behavior Analysis   https://falcons.ai/ 

Case Study 

 

Case Study 1: Social Media Engagement Analysis  

 
Problem: Social media platforms serve as a significant hub for global 
interaction. This results in massive amounts of user-generated content in 
the form of text, images, videos, and live streams. The enormous scale and 
multimodal nature of this content make it challenging for these platforms to 
effectively monitor and understand user sentiments and interactions, 
especially in real-time. They often face difficulties in identifying harmful or 
toxic content, understanding user sentiment, recognizing trends, and 
enhancing user experience due to this data's vastness and complexity. 
 
Solution: The proposed layered architecture, merging computer vision and 
natural language processing, can effectively address these issues. It can 
analyze the multimodal data generated on social media platforms in real-
time, capturing and interpreting the rich, multi-dimensional information it 
offers. The architecture starts by extracting visual cues from images and 
videos using pose estimation, facial sentiment analysis, and in-video color 
spectrum analysis models. It simultaneously processes audio streams for 
voice sentiment detection and converts it to text for further analysis. 
 
The architecture then analyzes the extracted text and comments on social 
media posts for sentiment and toxicity, filtering out harmful or offensive 
content. Bot detection and object detection models ensure that the 
interactions are authentic and that any significant visual cues are not 
missed. This approach's strength lies in its ability to combine different 
modes of data for a more comprehensive understanding of user sentiment 
and engagement. 
 
Result: Implementing this solution, social media platforms can drastically 
improve their content moderation, user engagement analysis, and trend 
prediction capabilities. The comprehensive analysis provided by the 
layered architecture can aid in early detection of harmful or offensive 
trends, enabling swift action. Moreover, the ability to understand user 
sentiment in real-time can help platforms enhance user experience, making 
them more responsive to user needs and preferences.  
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Furthermore, the insights gained from this deep analysis can inform the 
platforms' decision-making process. It can help develop strategies for user 
engagement, content promotion, and targeted advertising. The 
implementation of the proposed architecture can significantly contribute to 
making social media a safer, more engaging, and more personalized space 
for users.  
 
Thus, the potential benefit of such a layered model in social media 
engagement analysis is tremendous, leading to more informed decision-
making, improved user experience, and enhanced safety measures on the 
platforms. 
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Summary 

 
This proposal presents an innovative solution to a long-standing problem in 
behavior analysis. The proposed layered model synergizes computer vision 
and NLP techniques to provide a comprehensive analysis of human 
emotions from video and audio streams, as well as text data. The proposed 
system's ability to understand and interpret human sentiment in a detailed, 
nuanced manner holds significant potential in diverse fields, from customer 
service to human resources, as demonstrated in the detailed case studies. 
 
Such a system of analytical depth has the highest chances for success in 
capturing the full spectrum of human emotions within a video stream 
because of its comprehensive nature. It does not rely on a single source of 
data but combines multiple layers of analysis to interpret sentiment, 
resulting in a more accurate and nuanced understanding of human 
behavior. The system's strength lies in its ability to process and analyze 
multimodal data, making it adaptable to various applications and industries. 
Its real-time analysis capability further enhances its potential to 
revolutionize sentiment analysis in various domains. 
 
The comprehensive nature of this approach ensures that it does not miss 
out on any significant emotional cues, resulting in a detailed, full-spectrum 
analysis. The proposed system architecture is, therefore, not only 
innovative but also highly effective and has a high probability of success. 
As the world grows more interconnected, the importance of effective and 
nuanced full-spectrum analysis tools can only increase, making this 
proposal not only innovative but also timely. The concluding section 
summarizes the potential benefits and the transformative impact the 
proposed system can have on behavior analysis. 
 
Each layer of the proposed model has a defined purpose and contributes to 
the overall behavioral analysis. For instance, the pose estimation model is 
used to detect human body language, providing valuable insight into 
unspoken feelings. Similarly, the facial sentiment analysis model detects 
subtle changes in facial expressions, capturing nuanced emotions. On the 
other hand, the audio stream extraction and audio-to-text extraction models 
are responsible for detecting sentiment from spoken words, emphasizing 
the tone, pitch, and intensity of the speech. 
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Toxicity and sentiment analysis models add depth to the analysis by 
studying the context of the spoken or written words, identifying offensive or 
harmful language, and understanding the sentiment behind the words. The 
color spectrum and lighting analysis models interpret the impact of visual 
elements on the emotional context of the video, whereas the bot detection 
model ensures the authenticity of the interactions. 
 
Finally, the multiclass object detection and in-video text detection models 
provide more depth to the analysis, detecting visual cues and text in the 
video that may hold significant emotional context.  


