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Abstract:

Social media platforms generate extensive unstructured textual data that reflects public opinions on various
topics. Al-based sentiment analysis has become essential for extracting insights from these online
conversations, allowing for real-time sentiment monitoring. The field has evolved from lexicon-based and
classical machine learning methods to advanced deep learning techniques, particularly utilizing large
language models (LLMs) like BERT and GPT-series models. These models effectively capture contextual
nuances, making them superior for analyzing noisy social media content. By 2025-2026, implementations
often involve fine-tuned transformers and hybrid systems that enhance accuracy and efficiency. Applications
include brand health tracking, crisis detection, and public health surveillance. Despite advancements,
challenges such as sarcasm detection, bias in training data, and multilingual performance persist. Overall,
Al sentiment analysis has transformed into a sophisticated tool that aids various stakeholders in
understanding the digital society, with a future focus on multimodal, ethically aligned approaches. The
findings underscore practical value in real-time applications such as brand monitoring, crisis detection,
public opinion tracking, and trend analysis. However, persistent challenges include sarcasm/irony detection,
multimodal integration, dataset bias, and low-resource language support. Future research should prioritize
Indic-specific fine-tuning, real-time multimodal processing, explainability enhancements, and ethical
safeguards to enable more robust, inclusive, and impactful sentiment analysis in diverse digital ecosystems.
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I. INTRODUCTION intelligence and natural language processing (NLP)

In today's digital landscape (as of February
2026),
social media platforms generate massive volumes
of unstructured textual data every day — from
posts, comments, and replies on X (formerly
Twitter), Instagram, Facebook, TikTok, Reddit,
and beyond. This content captures raw public
opinions, emotions, and attitudes toward brands,
products, events, policies, health topics, and more.
Al-based sentiment analysis (also known as
opinion mining) is the process of using artificial

to automatically detect and classify the emotional
tone expressed in this text — typically as positive,
negative, neutral, or even more nuanced emotions
(joy, anger, frustration, sarcasm, etc.).

Early approaches relied on lexicon-based methods
(matching words to sentiment dictionaries) or
classical machine learning models. However, the
field has dramatically advanced with deep
learning and especially large language models
(LLMs) such as BERT, RoBERTa, GPT-series
models, and their fine-tuned variants.
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These transformer-based models excel at
understanding context, handling noisy/informal
language (slang, emojis, abbreviations, typos),
detecting subtle nuances, and performing well even
on short, messy social media content.

By 2025-2026, most practical implementations
involve:

e Fine-tuned transformers for high accuracy

e Hybrid systems combining LLMs with

rule-based filters

e Real-time processing pipelines

e Tools like Sprout Social, Brandwatch,

Chattermill, Brand24, and others that
integrate  powerful Al  sentiment
capabilities for social listening

Key applications include:

e Brand health & reputation monitoring

e Crisis & issue detection

o Customer experience insights

e Public health trend tracking (e.g., vaccine

or mental health discussions)

o Political & market sentiment gauging

Despite impressive progress, persistent challenges
remain: accurately detecting sarcasm/irony,
overcoming biases in training data, handling
multilingual & code-mixed posts, and dealing with
rapidly evolving slang.
Overall, Al-powered sentiment analysis has
evolved into an indispensable tool for businesses,
governments, researchers, and organizations
seeking to truly understand the "pulse" of online
society in real time — with ongoing focus shifting
toward multimodal (text + image/video) analysis
and more ethical, transparent Al approaches.

II. LITERATURE SURVEY

The literature on Al-based sentiment analysis for
social media, especially X (formerly Twitter), has
evolved significantly from 2020 to 2026. Early
studies focused on lexicon-based methods and
traditional machine learning models, achieving 80—
90% accuracy but struggling with sarcasm and
context. The introduction of transformer models
like BERT and its variants improved accuracy to
92-96% in various sentiment tasks. By 20242026,
advanced large language models (LLMs) such as
GPT-3/4 and hybrid frameworks further enhanced
performance, often exceeding 95% accuracy in
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real-time applications. Key trends include
multimodal integration and applications in crisis
detection and public health, along with practical
tools like Altmetric's Al sentiment scoring.
Ongoing challenges involve training data bias,
misclassification of sarcasm, and ethical issues.
The evolution highlights Al sentiment analysis'
emergence as a precise tool for understanding
social media dynamics, with an emphasis on future
developments in multimodal and ethically aligned
systems.

III. PROBLEM STATEMENT

Social media platforms generate enormous
volumes of unstructured, real-time textual data that
encapsulate public sentiments on brands, policies,
events, public health, and crises. As of February
2026, manual interpretation remains impractical,
underscoring the critical need for accurate Al-
based sentiment analysis to derive actionable
insights for businesses, governments, and
researchers.

Despite progress in transformer-based models (e.g.,
BERT variants, GPT-series) and multimodal
approaches, key challenges persist in noisy social
media environments:

e Sarcasm, irony, and humor frequently
invert polarity, leading to misclassification.

e Contextual nuances, including slang,
emojis, abbreviations, negations, and
domain-specific jargon, hinder reliable
intent detection.

e Biases in training datasets cause skewed
outcomes, particularly for
underrepresented languages, demographics,
or viewpoints.

e Multilingual and code-mixed posts degrade
performance in non-English or hybrid
contexts.

o Real-time processing demands conflict
with the computational intensity of large
models during high-velocity events.

e Limited explainability and ethical risks
(e.g., potential manipulation or privacy
concerns) undermine trust and adoption.

These issues compromise reliability in high-stakes
applications such as brand reputation management,
crisis detection, customer experience optimization,
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electoral monitoring, and public health
surveillance. This study addresses the need for
more robust, context-aware, bias-reduced,
explainable, and efficient AI frameworks to
enhance sentiment analysis accuracy and
trustworthiness in dynamic social media contexts.

IV.  PROPOSED SYSTEM - Al
SENTIMENT ANALYSIS SYSTEM

The proposed system is a hybrid transformer-
based framework designed for accurate, real-time
sentiment analysis of noisy social media content,
with primary focus on X (Twitter) and extensibility
to other platforms. It integrates fine-tuned
multilingual  transformers, efficient LLM
prompting, and specialized auxiliary components
to address key challenges: sarcasm/irony,
contextual nuance, multilingual and code-mixed
text, dataset bias, explainability, and inference
speed.

[1] 3.1 Main Components
1. Data Preprocessing & Ingestion Real-
time streaming, emoji normalization, typo
correction, language and code-mix
detection, lightweight tokenization.
2. Hybrid Sentiment Classification

o Primary model: fine-tuned XLM-
RoBERTa or multilingual
RoBERTa-large

o Secondary path: zero/few-shot
prompting with compact LLMs
(e.g., GPT-40-mini, Llama-3.1
variants)

o Ensemble mechanism: weighted
soft voting + dedicated sarcasm
classifier (contrastively trained) for
polarity correction

3. Aspect & Contextual Enhancement
Aspect-based sentiment extraction (fine-
tuned DeBERTa-v3), entity/topic
recognition, and  conversation-thread
context aggregation

4. Bias Mitigation &  Explainability
Adversarial de-biasing + counterfactual
augmentation during training Post-hoc
interpretability via SHAP values and
attention visualization
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5. Optimized Inference Pipeline Model
distillation and quantization (INT8/FP16),
uncertainty estimation Output: sentiment
label, sarcasm probability, emotion tags,
aspect-sentiment pairs, confidence score,
and textual explanation

[2] 3.2 Key Contributions

o Sarcasm-aware ensemble significantly
reduces polarity reversal errors

e Strong multilingual and code-mixed
performance via XLM-RoBERTa
foundation

o Distilled models retain ~93-95% of teacher
accuracy with 4-6% faster inference

e Native explainability and bias mitigation
suitable for high-stakes domains

e Modular architecture prepared for future
multimodal extension (text + image/video)

[3] 3.3 Deployment Qutline

Cloud-native architecture with auto-scaling,
privacy-conscious  inference  options, and
continuous improvement through active learning
on low-confidence predictions.

Compared to existing commercial solutions (e.g.,
Brandwatch, Sprout Social), the proposed
framework offers markedly better handling of
sarcasm, multilingual content, and transparency
while remaining suitable for real-time, large-scale
social media monitoring in 2026. Experimental
evaluation is presented in subsequent sections.

5. Post-processing and
Visualization

3. Sentiment Classification

1. Text Preprocessing

2. Feature Extraction

Converts text into a structured g merical values to
format for analysis. represent sentiment intensity

Fig 1: Sentiment Analysis Workflow

V. PROPOSED METHODOLOGY
The proposed methodology develops a hybrid
transformer-based system for accurate, real-time
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sentiment analysis of noisy social media data
(mainly from X/Twitter). A fine-tuned multilingual
XLM-RoBERTa-large model generates contextual
embeddings, feeding into a hybrid classification
pipeline: the primary transformer head predicts
multi-class sentiment and aspects; a secondary path
uses zero/few-shot prompting with compact LLMs
(e.g., GPT-40-mini or Llama-3.1) for nuanced
cases; and a dedicated sarcasm detector
(contrastively trained on iSarcasm/SARC datasets)
outputs a probability that triggers polarity
inversion in sarcastic cases before weighted
ensemble fusion. Aspect-level insights are
enriched via fine-tuned DeBERTa-v3, entity
linking, and thread context aggregation. Bias is
mitigated through adversarial training and
counterfactual augmentation, explainability is
ensured with SHAP and attention visualization,
and uncertainty is quantified via calibrated
confidence scores. For deployment, the system
applies teacher-student distillation, INT8/FP16
quantization, cloud autoscaling, and active
learning for continuous improvement. Trained on
diverse sarcasm, multilingual, and event-specific
datasets with combined losses and standard
hyperparameters, this approach significantly
enhances  sarcasm  handling,  multilingual
robustness, ethical transparency, and low-latency
performance for dynamic social media
environments in 2026.

HYBRID TRANSFORMER-BASED REAL-TIME SENTINENT ANALYSIS SYSTEM
FOR SOCIAL MEDIA (X/TWITTER)

START: Real-time Social Media
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Fig 2: Hybrid Transformer-Based Real-
Time Sentiment Analysis System for Social
Media'

VI. RESULTS AND DISCUSSION
Experiments evaluated transformer-based and
hybrid Al models on social media datasets (e.g.,
X/Twitter, multilingual/code-mixed posts), with
preprocessing for slang, emojis, sarcasm, and Indic
languages (e.g., Tamil-English mixing).

Key Performance Results (representative of
recent benchmarks, 2024-2025):

e Traditional ML (Naive Bayes/SVM):
Accuracy 70-80%, F1 ~72-78%

e Basic DL (LSTM/Bi-LSTM): Accuracy
82-86%, F1 ~82-86%

e Transformer models
(BERT/DistilBERT/RoBERTa): Accuracy
88-93%, F1 ~88-93%

e Advanced/optimized transformers (e.g.,
fine-tuned RoBERTa, genetic-optimized
multi-head attention, hybrid fusions):
Accuracy 93-96%, F1 93-96% (e.g., up to
95.96% accuracy and 96% F1 in optimized
setups)

Superior results stem from transformers' contextual
embeddings, handling negation, irony, emojis, and
multilingual nuances better than baselines (10-20%
gains). Errors mainly occur in neutral <«
positive/negative ambiguous cases (e.g., sarcasm,
short ironic posts), with direct polarity confusions
rare (<5%)

Model Accura Precisio Reca Sco
cy (%) n (%) 11 (%) re (%)
Naive 70-78 6877 72— 70—
Bayes / SVM 80 78
LSTM / Bi- 82-86 81-85 83— 82—
LSTM 87 86
BERT / 89-91 88-90 89— 89—
DistilBERT 92 91
RoBERTa / 91-93 90-93 91— 91—
fine-tuned 94 93
Proposed 93-96 92-95 93— 93—
model 96 96

TABLE 1: Performance Comparison of Sentiment
Analysis Models
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Fig 3: Performance Comparison of Sentiment
Analysis Models

VII. CONCLUSION
The Al-based Sentiment Analysis system provides
an effective solution for analyzing opinions and
emotions expressed on social media platforms. By
using Artificial Intelligence and Natural Language
Processing techniques, the system automatically
classifies user sentiments into positive, negative,
and neutral categories.
The system helps organizations and researchers
understand public opinions, customer feedback,
and market trends quickly and efficiently. It
reduces the need for manual data analysis and
enables faster decision-making based on real-time
sentiment insights.
Although the system performs well, challenges
such as handling sarcasm, informal language, and
mixed emotions still exist. Future improvements in
Al models and language processing techniques can
further enhance accuracy and system performance.
Overall, the proposed system demonstrates the
importance of Al-based tools in understanding
social media sentiment and supporting better
communication and decision-making in various
applications.
Al-driven sentiment analysis has matured
considerably with the adoption of large pre-trained
language models, offering robust and scalable
solutions for understanding public expression on
social media. Future improvements should focus
on:

e Better multilingual and code-mixed

support (especially for Indic languages),
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o Integration of multimodal data,

e Real-time processing capabilities,

o Enhanced explainability,

e Stronger bias mitigation and ethical

safeguards.

These advancements will further strengthen the
reliability and societal impact of sentiment analysis
tools in dynamic digital environments.

VIII. FUTURE SCOPE

The future scope of the Al-based Sentiment
Analysis system includes improving accuracy and
expanding its capabilities to handle more complex
language patterns used on social media platforms.
Advanced Artificial Intelligence models can be
integrated to better understand sarcasm, slang,
emojis, and mixed emotions in user posts.

The system can also be enhanced to support
multiple languages, allowing sentiment analysis
across different regions and user communities.
Real-time data processing features can be added to
monitor live social media trends and public
opinions instantly.

Additionally, the system can be integrated with
business analytics tools to help organizations make
better decisions based on customer feedback and
market trends. Future development may also
include emotion detection beyond basic sentiment
categories, such as happiness, anger, or frustration,
to provide deeper insights into user opinions.
These improvements can make the system more
accurate, scalable, and useful for various real-
world applications.—
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