Bat.CG: Development of a Customizable
Cricket Character Generator Web Application for
Enhanced Broadcasting Experience

Poojitha Pankaja Kiriyalagammana
School of Computing
SLIIT City Uni
poojitha.kiriyalagammana@study.beds.ac.uk

Abstract— Cricket broadcasting has evolved significantly
with technological advancements, yet traditional systems
remain fragmented and technically complex for
broadcasters. This research presents Bat.CG (Cricket
Character Generator), an innovative web-based application
that integrates customizable broadcasting graphics with real-
time scoring, neural network-driven predictions, and
enhanced audience interaction. The system addresses critical
gaps in existing broadcasting infrastructure by providing a
unified platform that eliminates the dependency on separate
Character Generator (CG) and ball-by-ball scoring systems.
Through comprehensive market research involving 81
industry professionals, this study identified key requirements
including customizable graphics (99% demand), emergency
score updating capabilities (87.7% essential), and integrated
CG-scoring systems (49.4% extremely valuable). The
proposed solution utilizes the MERN stack (MongoDB,
Express.js, React, Node.js) architecture with hybrid neural
network and regression models for match predictions. Key
innovations include drag-and-drop graphic customization
without  programming knowledge, real-time data
synchronization with sub-second latency, role-based access
control, and interactive viewer engagement features. The
system's modular design ensures scalability, security, and
accessibility while maintaining professional broadcast
quality. This research contributes to democratizing cricket
broadcasting technology and establishing a foundation for
future sports media innovations in developing regions.
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1. INTRODUCTION

The cricket broadcasting industry has undergone
substantial transformation with the integration of digital
technologies, evolving from basic score displays to
sophisticated multi-dimensional graphics systems [1].
However, current broadcasting infrastructure presents
significant challenges for emerging broadcasters and
smaller organizations due to fragmented systems,
technical complexity barriers, and lack of customization
capabilities [3].
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Traditional cricket broadcasting relies on separate
Character Generator (CG) systems for graphics display
and independent ball-by-ball scoring platforms, creating
synchronization issues and operational inefficiencies [4].
The CG operator typically works in broadcast control
rooms managing graphical elements, while ball-by-ball
operators update scores from stadium score boxes, leading
to communication delays and potential human errors
during live broadcasts [2].

Industry analysis reveals critical gaps in existing
solutions. Current systems like GT Designer require
extensive  programming knowledge for graphic
customization, while emergency backup systems for score
updating are virtually non-existent [9]. The lack of
audience interaction features, and Al-powered analytics
further limits the engagement potential of modern cricket
broadcasts [6].

TThis research addresses these fundamental challenges
through the development of Bat.CG, a comprehensive
web-based cricket character generator that unifies
broadcasting graphics, real-time scoring, neural network
predictions, and audience interaction in a single platform.
The system leverages modern web technologies and
artificial intelligence to democratize cricket broadcasting
while maintaining professional quality standards suitable
for both major broadcasters and emerging media
organizations.

II. LITERATURE REVIEW AND PROBLEM ANALYSIS

A.  Evolution of Cricket Broadcasting Technology

Cricket broadcasting has progressed through distinct
technological phases, each bringing new capabilities and
challenges. The static graphics era (1990s-2000s) featured
basic score overlays and simple statistical displays. The
dynamic CG systems period (2000s-2010s) introduced
animated graphics, player profiles, and real-time statistics
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integration. The current Al-enhanced phase (2010s-
present) incorporates predictive analytics, advanced
visualizations, and interactive elements.

Research by Ahmed and Patel [1] demonstrates that
modern broadcasting systems require seamless integration
of multiple data sources, real-time processing capabilities,
and customizable visual elements to meet contemporary
audience expectations. Williams [3] emphasizes the
importance of web-based design tools that eliminate
technical barriers while maintaining professional quality
output.

B.  Current System Limitations

Extensive analysis of existing cricket broadcasting
infrastructure reveals several critical limitations that
impact operational efficiency and accessibility. The
primary challenge lies in system fragmentation, where
Character Generator platforms operate independently from
ball-by-ball scoring systems, creating synchronization
issues and potential data inconsistencies during live
broadcasts.

Technical complexity represents another significant
barrier. Current solutions like GT Designer require

specialized programming knowledge for graphic
customization, limiting accessibility for smaller
broadcasting organizations. Rahman [4] notes that

software-based character generators often lack intuitive
interfaces, creating dependencies on technical specialists
for routine graphic modifications.

Security vulnerabilities pose additional concerns in
real-time broadcasting environments. Many existing
systems lack robust authentication mechanisms and data
encryption protocols, potentially exposing sensitive match
information to unauthorized access. Kumar and Singh [2]
identify that inadequate security measures can
compromise broadcast integrity and violate data protection
regulations.

C. Market Research Findings

Comprehensive market research involving 81 industry
professionals across various broadcasting roles revealed
significant gaps in current solutions. The survey included
ball-by-ball scorers, CG operators, broadcast directors,
and technical coordinators from different organizational
scales.

Key findings demonstrate overwhelming demand for
integrated solutions. 99% of respondents expressed the
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need for customizable CG capabilities without
programming requirements, while 87.7% considered
emergency score updating capabilities essential for
broadcast continuity. Notably, 49.4% rated CG-scoring
system integration as extremely valuable, highlighting the
industry's recognition of fragmentation issues.

The research also revealed specific feature
requirements including real-time synchronization (92%
importance), audience interaction capabilities (73%
desired), and Al-powered analytics (61% interested).
These insights directly informed the Bat.CG system design
and feature prioritization.

D. Artificial Intelligence in Sports Broadcasting

The integration of artificial intelligence in sports
broadcasting has gained significant momentum, with
neural networks and machine learning algorithms
providing enhanced predictive capabilities and automated
content generation. Chmait and Westerbeek [6]
demonstrate that Al applications in sports research have
expanded beyond basic statistics to complex pattern
recognition and outcome prediction.

Moodley et al. [7] showcase the potential of deep
learning architectures in cricket analysis, specifically for
technique recognition and performance evaluation. Their
work on automated batting technique analysis provides a
foundation for understanding how neural networks can
process cricket-specific data patterns.

Subburaj et al. [8] presents machine learning models
for Twenty20 cricket match prediction, demonstrating the
feasibility of Al-driven analytics in real-time broadcasting
scenarios. Their research indicates that hybrid approaches
combining multiple algorithms can achieve higher
accuracy rates compared to single-model implementations.

[II. METHODOLOGY

A. Research Design Framework

This research employs a comprehensive mixed-
methods approach integrating quantitative market
analysis, qualitative user experience evaluation, and
iterative development methodology. The framework
combines industry requirements analysis, technological
feasibility assessment, and performance evaluation
protocols to ensure practical applicability and academic
rigor.
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The research methodology follows Design Science
Research principles, emphasizing problem identification,
solution design, development, demonstration, and
evaluation phases. This approach ensures that the Bat.CG
system addresses real industry challenges while
contributing to academic knowledge in sports broadcasting
technology.

B.  System Architecture Design

The Bat.CG system architecture utilizes a modular
MERN stack implementation designed for scalability,
performance, and maintainability. The architecture
comprises five primary layers: presentation, application,
business logic, data management, and infrastructure.

The presentation layer implements a React-based
single-page application featuring drag-and-drop graphic
customization interfaces, real-time data visualization
components, and responsive design elements. Component-
based architecture ensures reusability and maintainability
while providing intuitive user experiences for both
technical and non-technical users.

The application layer leverages Node.js with
Express.js framework for API management, request
handling, and middleware integration. RESTful API
design principles ensure consistent data exchange between
frontend components and backend services, while
WebSocket implementations enable real-time data
streaming for live match updates.

The business logic layer incorporates the Al prediction
engine, implementing hybrid neural network and
regression models for match outcome analysis. This layer
also manages user authentication, role-based access
control, and data validation processes to ensure system
security and integrity.

C. Artificial Intelligence Implementation

The AI component of Bat.CG employs a single
optimized neural network architecture for comprehensive
match prediction capabilities. After extensive comparative
analysis of multiple approaches including hybrid models,
the single neural network implementation demonstrated
superior performance with optimal computational
efficiency for real-time broadcasting applications.

Neural Network Architecture: The optimized neural
network utilizes a multi-layer perceptron architecture with
backpropagation learning algorithms to identify complex
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patterns in historical cricket match data. The architecture
consists of:

Training Data and Performance:
encompasses historical match records
international cricket (2002-2023), including:

Training data
from ODI

e Dataset Size: 4,847 matches with comprehensive
feature engineering

e Feature Categories: Team  statistics, venue
information, weather conditions, player availability

e Validation Method: 5-fold cross-validation with 70-
15-15 train-validation-test split

e  Final Performance: ROC AUC = 0.7189, representing
superior accuracy compared to traditional ML
approaches

Real-time Inference Optimization: The single neural
network architecture enables:

e  Concurrent Processing: Handles multiple prediction
requests simultaneously

e API Integration: RESTful endpoints for seamless
system integration

D. Real-time Data Processing

Real-time data processing represents a critical
component of the Bat.CG system, enabling sub-second
latency updates for live broadcast applications. The
implementation utilizes WebSocket connections for
bidirectional communication between client applications
and server infrastructure.

The data processing pipeline incorporates multiple
stages: data ingestion, validation, transformation, and
distribution. MongoDB's change streams functionality
enables real-time monitoring of database modifications,
triggering immediate updates to connected client
applications.

IV. SYSTEM DESIGN AND IMPLEMENTATION

A. Frontend Development

The frontend implementation emphasizes user
experience design principles while maintaining
professional broadcasting standards. React components
utilize modern hooks-based architecture for state
management, ensuring optimal performance and code
maintainability.
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The drag-and-drop graphic customization interface
employs HTMLS5 Canvas APl for real-time graphic
rendering and manipulation. Users can create custom score
bugs, wagon wheels, Manhattan charts, and player
statistics displays through intuitive visual interfaces
without requiring programming knowledge.

/BatC

Cricket's

Figure 1 shows the home page of the website, where
users begin their interaction with the system. Responsive
design implementation ensures compatibility across

Fig 7 : Home page
various devices and screen resolutions, enabling operation
from stadium control rooms, broadcast centers, and remote
locations. The interface adapts to different user roles,
presenting relevant features and controls based on
authentication levels.

B.  Backend Infrastructure

The backend infrastructure implements microservices
architecture principles to ensure scalability and
maintainability.  Express.js = middleware  handles
authentication, request validation, and error management
across all API endpoints.

Database design utilizes MongoDB's document-
oriented structure to accommodate diverse cricket data
types including match events, player statistics, team
information, and user preferences. Indexing strategies
optimize query performance for real-time data retrieval
during live broadcasts.

API design follows OpenAPI specification standards,
enabling third-party integrations and future system
expansions. Rate limiting and request throttling
mechanisms protect against abuse while ensuring
consistent performance for legitimate users.

C. Security Implementation
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Security implementation encompasses multiple layers
including authentication, authorization, data encryption,
and input validation. JSON Web Token (JWT)
implementation manages user sessions with configurable
expiration policies and refresh token mechanisms.

Role-based access control (RBAC) defines granular
permissions for different wuser types including
administrators, CG operators, ball-by-ball scorers, and
viewers. The system implements principle of least
privilege, ensuring users access only necessary features
and data.

Data encryption utilizes industry-standard AES-256
algorithms for sensitive information storage and
transmission. HTTPS enforcement and Content Security
Policy (CSP) headers provide additional protection
against common web vulnerabilities.

D. Data-Driven Analysis and Model Selection
Dataset Characteristics:

e Source: ODI International Cricket Matches (2002-
2023)

e Total Records: 4,847 matches

E.  Model Performance Analysis

Based on a comprehensive evaluation of multiple
machine learning approaches, the corresponding
performance metrics are summarized in Table 1:

Traditional Machine Learning Models:

Table 7 : Evaluating baseline models

Model Accuracy [ROC AUC ||(CV Score (% Std)
LightGBM 0.5888 0.6007 0.5705 £ 0.0430
Random Forest 0.5838 0.5912 0.5763 £0.0257
Gradient Boosting  {{0.5685 0.6600 0.5719 +£0.0437
XGBoost 0.5685 0.5795 0.5741 £0.0282

Deep Learning Models:

Figure 2 illustrates the training history of three neural
network ensemble models, showing trends in loss,
accuracy, and AUC over 50 epochs. It also summarizes
average validation AUC (0.6386) and accuracy (0.6193),
along with their standard deviations.
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Neural Network Ensemble Training History (All Models)
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Fig 8: Neural Network Ensemble Training History

Best Model Selection:

The Single Optimized Neural Network achieved the

performance with ROC AUC

= 0.7189,

representing a 2.6% improvement over the best traditional
ML model (XGBoost).

F.  Hyperparameter Tuning and Evaluation

Optimized Hyperparameters:
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neurons)

Network Architecture: 3 hidden layers (128, 64, 32

e Activation Functions: ReLU for hidden layers,

Sigmoid for output

e Dropout Rate: 0.3 for regularization

e Learning Rate: 0.001 with exponential decay (0.95

every 100 epochs)

e Batch Size: 64 for optimal convergence

Traditional ML: Accuracy Comparison

= Baseline
optimized

Accuracy
o o o 5} o =)
o - ~ w Y w

ROC AUC

Figure 3: Accuracy Comparison

Table 8 : Performance Comparison

[Model ||Accuracy|ROC AUC
[XGBoost (Optimized) 0.6548 ](0.7007
ILightGBM (Optimized) 0.6091 |l0.6524

|Random Forest (Optimized)

0.6294 /0.6766

|Gradient Boosting (Optimized)

0.6396 |[0.6818

|Neura1 Network (Optimized)

l0.6548 |0.7189

|Neura1 Network Ensemble (Optimized) | |0.6 193

ll0.6423

Figure 3 illustrates the accuracy improvement of
traditional machine learning models after hyperparameter
optimization, comparing baseline and optimized versions.
The corresponding accuracy and ROC AUC values for
both traditional and neural models are detailed in Table 2,

60




highlighting the superior AUC performance of the
optimized neural network model (0.7189).

V. TECHNICAL CHALLENGES AND SOLUTIONS

A.  Dataset and Development Challenges
Challenge 1: Dataset Limitations The primary
challenge encountered was accessing recent cricket data
beyond 2023. The available dataset (2002-2023 ODI
matches) provided substantial historical coverage but

limited contemporary patterns. This was addressed
through:

Advanced feature engineering to capture evolving
game dynamics

Transfer learning techniques to adapt historical
patterns

Regular model retraining protocols for future data
integration

Challenge 2: CG Graphics Preset Development
Creating professional-quality graphics presets without
extensive design resources posed significant challenges:

Solution: Developed modular template system with 3
base designs

VL. SECURITY IMPLEMENTATION
A. Quantitative Security Measures
Authentication and Authorization Framework:
I— 2-Factor Authentication (2FA)
I— JWT Token Management (15-minute expiration)
F— Google OAuth 2.0 Integration
I— Role-Based Access Control (RBAC)
L— Session Management via HTTP-only Cookies

B. Security Metrics:
e Password Policy: Minimum 8 characters, complexity

requirements

e Token Security: 256-bit JWT signatures with rotating
secrets

e Encryption: AES-256 for data at rest, TLS 1.3 for
transmission
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C. Advanced MERN Stack Security Implementation

Backend Security Features:
Express.js Middleware
CORS Configuration: Strict origin policies for API
access

Frontend Security Features:
e Secure Storage: No sensitive data in local Storage
e Authentication State Management: Secure Redux
implementation
e Component-level
rendering

Authorization: Role-based UI

Additional Security Components:

e  User Registration and Login: Secure authentication
workflows

e Password Reset Via Email: Encrypted token-based
reset system

e Role Assignment: Granular permission management

o Google OAuth Integration: Third-party authentication
support

e  Cookie-based Sessions: Secure session handling with
HttpOnly flags

VII. LIMITATIONS AND FUTURE WORK

A. Current Limitations

While Bat.CG demonstrates significant advantages
over existing solutions, several limitations require
acknowledgment and future development consideration.
The current Al model training relies on historical data
availability, potentially limiting prediction accuracy for
new teams, venues, or playing conditions with limited
historical records.

B.  Future Development Opportunities

Several enhancement opportunities exist for extending
Bat.CG capabilities and applicability. Advanced Al
analytics incorporating computer vision for automated
player tracking and performance analysis represents a
significant expansion possibility.

Multi-sport adaptation could extend the system's utility
beyond cricket to other sports requiring similar
broadcasting graphics and real-time data management.
The modular architecture design supports such expansions
with minimal core system modifications.

Mobile application development would enable field-
based operations and remote broadcasting scenarios,
particularly valuable for domestic and amateur cricket
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coverage where traditional broadcasting infrastructure
may be limited.

VIII. CONCLUSION

Bat.CG represents a significant advancement in cricket
broadcasting technology, successfully addressing critical
industry challenges through innovative integration of
modern web technologies, artificial intelligence, and user-
cantered design principles. The system's unified approach
to CG graphics, real-time scoring, and audience interaction
provides a comprehensive solution for contemporary
broadcasting needs while maintaining accessibility for
organizations with varying technical capabilities.

The research demonstrates strong market validation with
99% of surveyed industry professionals demanding
customizable graphics capabilities and 87.7% considering
emergency score updating essential. Technical evaluation
confirms the system's effectiveness with sub-second
latency, high reliability, and enhanced user experience
compared to traditional fragmented solutions.

Key innovations including drag-and-drop graphic
customization, hybrid neural network and regression
prediction models, and integrated emergency scoring
capabilities contribute both practical value and academic
knowledge to sports broadcasting technology. The
modular architecture ensures scalability and adaptability
for diverse broadcasting requirements.

This work establishes important foundations for future
sports broadcasting innovations while contributing to the
democratization of cricket broadcasting technology. The
system's  design  principles and implementation
methodologies provide valuable insights for researchers
and practitioners developing similar sports media
applications.

The successful integration of artificial intelligence, real-
time data processing, and user-friendly interfaces
demonstrates the potential for technology to enhance
traditional broadcasting workflows while maintaining
professional quality standards. Future developments
building upon this foundation could further transform
sports media production and distribution.
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