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Abstract: This Crimenet Intelligence Tool is an Al-assisted data visualization and analysis platform designed to
convert raw telecommunication records (CDR/IPDR) into intuitive graphical insights tailored for law enforcement and
investigative agencies. It ingests multiple input formats — such as CSV, XLSX, and TXT — and processes them via
a pipeline combining data parsing, relationship extraction, geospatial clustering, and graph network construction. The
system maps communication flows, device associations, and call/SMS/IP channels into visually interpretable networks,
overlaying spatiotemporal heatmaps and interactive dashboards. Users can filter by time, location, and identity
attributes; probe nodes and edges with metadata; annotate relationships; and generate PDF reports summarizing insights.
Unlike static charting tools, Winterfell’s architecture ensures that visualizations are semi-automated, responsive, and
production- ready, facilitating rapid exploratory analysis, pattern detection, and investigative intelligence workflows. By
automating much of the heavy lifting in transforming raw records to relational visuals, Winterfell accelerates the
analysis cycle, lowers the barrier for non-technical users in intelligence and policing domains, and supports scalable
deployment in both academic and operational settings.

Keywords: Crimenet Intelligence Tool, CDR Analysis, IPDR Analysis, Cybercrime Investigation, Digital Forensics, Graph
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L. INTRODUCTION

The crimenet intelligence tool project is designed to transform raw telecommunication datasets such as Call Detail Records
(CDR) and Internet Protocol Detail Records (IPDR) into meaningful, interactive visual insights, enabling faster and more
accurate investigative analysis. It offers applications in cybercrime investigation, law enforcement intelligence, forensic
auditing, and academic research where large volumes of communication data need to be quickly processed, interpreted, and
visualized. Leveraging data parsing, relationship mapping, and advanced visualization techniques, Winterfell extracts call
logs, IP connections, device IDs, and location metadata, and then organizes them into structured graphs and heatmaps that
highlight associations between individuals, networks, and geospatial patterns.

These processed insights are delivered through an interactive web platform built with React, Node.js, and modern
visualization libraries, providing users with features such as timeline filters, node-link analysis, geolocation clustering, and
downloadable reports. By combining data science, graph analytics, and intuitive dashboards, Winterfell reduces manual
investigation effort, accelerates decision-making, and bridges the gap between raw digital evidence and actionable
intelligence workflows.

1. MATERIAL AND METHODS

For the purpose of this research, a systematic and implementation-oriented methodology was adopted to design and develop
the proposed CrimeNet Intelligence Tool, which aims to assist cybercrime investigators in analyzing telecommunication
datasets such as Call Detail Records (CDR), Internet Protocol Detail Records (IPDR), CSV logs, XLSX reports, and text-
based evidence files. The methodology focuses on integrating data extraction, preprocessing, graph analytics, geospatial
intelligence, and interactive visualization to enable efficient investigation of suspicious communication networks and digital
crime patterns [1], [2], [8].

The complete system was developed using modern web technologies including React.js for the front-end interface, Node.js
for backend processing, JavaScript libraries for graph and map visualization, and database/data lake mechanisms for scalable
storage. Analytical modules were incorporated for relationship mapping, location tracing, communication frequency analysis,
and pattern detection to support real-time cybercrime investigations [6], [9].
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FIGURE 1: Block Diagram / Working of CrimeNet Intelligence Tool

The methodology is divided into multiple sequential stages to ensure systematic collection, transformation, analysis, and
visualization of telecom investigation data.

In the first stage, heterogeneous data sources such as XLSX files, CSV files, and Text files are accepted as input into the
system. These files may contain call logs, subscriber details, IP session records, tower locations, timestamps, or suspect
communication history. The input module validates file formats and prepares them for further processing [2], [8].

In the second stage, data extraction and parsing are performed. Structured and semi-structured records are read from uploaded
files and converted into machine-processable formats. Key attributes such as mobile numbers, IMEI, IMSI, timestamps,
duration, source-destination pairs, IP addresses, and geographical coordinates are extracted. Parsing methods ensure that
inconsistent formats from different telecom providers can be handled efficiently [3], [9].

The third stage involves data transformation and cleaning. Missing values, duplicate records, null entries, invalid timestamps,
and corrupted fields are detected and corrected. Data normalization techniques are applied to unify date formats, phone
number structures, and location fields. This improves analytical accuracy and reduces noise during investigation [5], [7].

In the fourth stage, cleaned data is transferred to data storage systems such as a relational database or data lake. Centralized
storage enables fast retrieval, historical analysis, indexing, and secure management of large telecom datasets generated during
cybercrime investigations [1], [4].

The fifth stage focuses on data analysis and modeling, which forms the intelligence core of the proposed system. Graph
analytics techniques are used to detect hidden communication networks, identify central suspects, and uncover frequent
contact chains. Temporal analysis helps trace activity timelines, while clustering and anomaly detection methods reveal
unusual calling or internet usage behavior. Predictive models may also support prioritization of suspicious entities [6], [10].

In the sixth stage, the processed results are visualized through an Interactive Network Graph. This module represents
suspects, victims, and linked entities as nodes, while communication records are shown as edges. Investigators can
dynamically explore connections, detect hubs, and understand criminal network structures visually [2], [6].

In the final stage, the system generates an Interactive Geographical Map using extracted location or tower data.
Communication events are plotted geographically to trace movement patterns, identify operational zones, and correlate
multiple suspects across locations. This provides actionable geospatial intelligence for field investigations [7], [8].

Thus, the proposed methodology establishes a complete pipeline that transforms raw telecom records into meaningful
investigative intelligence through automated parsing, cleaning, modeling, and interactive visualization. Each stage contributes
to reducing manual workload, accelerating cybercrime investigations, and improving evidence-driven decision making [1],
[12].

1. RESULT AND DISCUSSION
The following results demonstrate the outputs of the implemented CrimeNet Intelligence Tool, showing the system’s ability
to process telecom datasets and generate analytical visualizations. The results include outputs such as network graphs,
geographical maps, and communication analysis dashboards along with the user interface.
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FIGURE 2: CrimeNet Intelligence Interface

The main dashboard of the CrimeNet Intelligence Tool, displaying summarized investigation data such as CDR records, IPDR
records, unique numbers, risk levels, and active cases. It provides investigators with a quick overview of telecom data analysis
and suspicious activity insights through an interactive user interface.
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FIGURE 3: Network Graph Visualization of communication Relationship

The network graph visualization module, where phone numbers are represented as nodes and communication links as edges.
This visualization helps investigators identify relationships, key connectors, and potential suspects within the communication
network
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FIGURE 4: Suspicious Pattern Detection and Risk Analysis

Further, the suspicious pattern detection module, where the system analyzes communication behavior to identify high-risk
phone numbers. It highlights abnormal patterns such as repeated calls and late-night activity, helping investigators detect
potentially suspicious profiles.
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FIGURE 5: Timeline Communication Analysis
The timeline communication analysis module, which visualizes call activities over time using an interactive timeline graph. It
helps investigators identify communication spikes, call patterns, and long-duration calls that may indicate suspicious behavior

IV.  CONCLUSION

This The Crimenet Intelligence Tool demonstrates that visual analytics significantly enhances the cyber-forensic investigation
of telecommunication datasets such as CDR and IPDR. The system provides a structured workflow for
transforming heterogeneous telecom records into graph-based relational intelligence and geospatial mobility insights.
By integrating parsing, normalization, analytical modeling, and visualization under a unified architecture, Crimenet
reduces the need for manual cross-referencing and improves the interpretability of large communication datasets. The
experimental results confirm that the platform accelerates investigative workflows by reducing analysis time and
increasing clarity in identifying suspicious entities and behavioral patterns.
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