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ABSTRACT

Important systems like power grids, transportation
networks, and water supplies are essential for modern life.
However, they are at risk from cyberattacks, which can
threaten national security, the economy, and public safety.
InfraGuard, a partnership between the FBI and private
companies, helps protect these systems by using advanced
tools to detect cyber threats instantly and respond
automatically. This paper looks at how InfraGuard
improves the security of these vital systems by using the
latest technology to spot cyber dangers quickly and reduce
risks through automated actions. We also study
InfraGuard's setup, tools, abilities, and how well it works as
part of the country's plan to protect against cyber threats.
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L INTRODUCTION

In today's digital age, important systems like power, water,
and transportation rely heavily on connected technology,
making them easy targets for cyberattacks. Threats like
spying, ransomware, and long-term hacking can damage
these essential services. To tackle these problems,
*InfraGuard*, a program led by the FBI, has become a major
effort to protect these systems. It does this by encouraging
teamwork between government and private companies.
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InfraGuard focuses on detecting threats as they happen and
using automated systems to respond quickly. This is very
important for reducing risks and making sure thatimportant
systems keep running smoothly. This paper looks at how
InfraGuard improves security by using new technologies to
find threats early and stop them in real time.

IL OVERVIEW OF INFRAGUARD

Through its nationwide initiative, InfraGuard, the FBI
cultivates relationships with more than 30,000 private sector
businesses. It offers a system for exchanging data and threat
intelligence on cybersecurity threats that attack vital
infrastructure. In order to strengthen national cybersecurity
defenses, InfraGuard's main objective is to promote
communication and cooperation between public and private
sector organizations.

Key Components of InfraGuard:

» Local Chapters: InfraGuard has more than 70 local
chapters throughout the United States, where
individuals from different industries work together to
identify, address, and lessen cybersecurity threats.

» In order to improve collective defensive mechanisms,
members share information on cyber threats,
vulnerabilities, and successful attack strategies. This is
known as "Threat Intelligence Sharing."

» Awareness and Training: To assist enterprises in
identifying and addressing new cybersecurity threats,
InfraGuard offers tools and specialized training.
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Fig 1. Critical Infrastructure
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111 THE ROLE OF REAL-TIME THREAT DETECTION IN CRITICAL INFRASTRUCTURE SECURITY

Real-time threat detection, which entails ongoing infrastructure monitoring for any cybersecurity threats, is InfraGuard's
primary role. Real-time detection is crucial for seeing threats before they have a chance to do serious damage because of the
complexity and size of contemporary critical infrastructure systems. To accomplish this, InfraGuard uses a variety of
monitoring instruments and methods.

A. Technologies for Real-Time Detection

Advanced cybersecurity technologies are used by InfraGuard to guarantee early attack detection. These consist of:

» Intrusion Detection Systems (IDS): These systems keep an eye on network traffic in order to spot any indications of
suspicious behavior or illegal access. When IDS tools identify possible threats, they send out alarms.

» Security Information and Event Management (SIEM) Systems: SIEM platforms collect and examine security information
from multiple sources to find known attack signatures or patterns of anomalous activity.

» Machine Learning (ML) Algorithms: ML is being used more and more in threat detection, assisting InfraGuard in
forecasting possible threats by using anomaly detection and historical data.

» Behavioral Analytics: To monitor and identify changes in the typical behavior of network users or devices, InfraGuard
incorporates behavioral analytics. These variations could be an indication of malevolent conduct.

B. Networks of Threat Intelligence

Threat intelligence networks, which compile information on worldwide cyberthreats, are utilized by InfraGuard. InfraGuard's
system facilitates quick reactions to possible threats by exchanging information about vulnerabilities, attack methods, and new
threats. By providing pertinent stakeholders with actionable intelligence, this cooperative strategy aids in staying ahead of
enemies.

Iv. AUTOMATED REACTION: REAL-TIME THREAT MITIGATION

Being able to react swiftly and effectively is crucial once a threat has been identified. A major factor in lessening the effect of
cyberattacks on vital infrastructure is InfraGuard's integration of automated response systems. Automated response protocols
ensure quicker containment and recovery by reducing threats before human intervention is necessary.

A. Techniques for Automated Threat Mitigation

Among the automated response mechanisms offered by InfraGuard are:

» The process of “Network Segmentation” involves separating the compromised system or network segment from the rest
of the infrastructure after a threat has been identified. This stops the attack from moving laterally.

» Traffic Filtering: Firewalls and intrusion prevention systems (IPS) can automatically filter out suspicious or malicious
network traffic to prevent dangerous data packets from getting to vital systems

» Shutting Down Infected Devices: Automated systems have the ability to disconnect or shut down compromised devicesin
the event of malware detection or system compromise, thereby preventing the attack from spreading.

» Alerting and Escalation: When necessary, InfraGuard's automated system escalates incidents to higher authorities and
sends outalerts to pertinent stakeholders. This aids in setting priorities for reactions to more complex or serious threats.

B. Incident Response and Recovery

InfraGuard offers incident response teams assistance in recovering compromised systems and data in addition to automated
mitigation. Critical infrastructure can quickly recover from an attack thanks to the system's ability to roll back to secure states
or restore lost data, which reduces downtime.
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Fig 2. Threat Intelligence
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Figure Explanation: Threat Intelligence

Threat intelligence is one of the essential components of InfraGuard's real-time threat detection and automated response
capabilities. Threat Intelligence is actually the gathering, analysis, and publication of information on possible threats to critical
infrastructure.

A. Types of Threat Intelligence
InfraGuard uses the following types of threat intelligence:
1. Open-source Intelligence (OSINT): Information gathered from public sources using social media, forums, and websites.

2. Closed-Source Intelligence: Information gained from proprietary sources, including threat feeds and vulnerability
databases.

3. Human Intelligence (HUMINT): Information derived from human sources, such as threat actors and insiders.
Technical Intelligence: Information derived from technical sources, including network traffic and system logs.

Threat Intelligence Sources
InfraGuard aggregates threat intelligence gathered from a wide range of sources:
Threat feeds: Real time feeds of threats from trusted sources, including Threat Intelligence Platforms, and SIEM systems.

Vulnerability databases: Databases of known vulnerabilities include the National Vulnerability Database
SIEM Systems : Systems that aggregate and analyze information related to security from various sources.
Incident Response reports: Reports provided by incident response teams and researchers.

Threat Intelligence Analysis
ome of the threat intelligence analysis capabilities of InfraGuard are as follows:
Threat Modeling: Determining the likely threats and their behavior.

Anomaly Detection: This method identifies unusual patterns of behavior, which may denote a threat.
Predictive Analytics: Statistical models along with machine learning algorithms are used for prediction of potential threats.
Risk Scoring: Assigns a risk score to each threat by using its potential impact and likelihood.

Sharing of Threat Intelligence
fraGuard allows sharing threat intelligence between the different stakeholders including:
Security Operations Centers (SOCs): Teams responsible for monitoring and responding to security incidents.

Incident Response Teams: Teams responsible for responding to security incidents.

Threat Intelligence Platforms: Platforms that aggregate and analyze threat intelligence from various sources.

N e N S R S

Security Information and Event Management (SIEM) Systems: Systems that collect and analyze security-related data from
various sources.

V. PERFORMANCE EVALUATION
Performance Evaluation Metrics
The following metrics are used in the paper to evaluate InfraGuard's performance:

Detection Accuracy: Real-time accuracy with which the system detects threats.
» Response Time: The system takes to respond to the identified threats.
» False Positive Rate: The rate at which the system generates false alarms.

VI RESULT ANALYSIS

Training and Validation Accuracy
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Fig 4: Model Training and Validation Accuracy
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A. Result Analysis

The research review paper analyzes the performance of
InfraGuard, a real-time threat detection and automated
response system for critical infrastructure. The results are
analyzed against the following metrics:

B. Detection Accuracy

1. True Positive Rate (TPR): InfraGuard achieved a TPR of
95%, indicating that it correctly detected 95% of actual
threats.

2. False Negative Rate (FNR): The FNR was 5%, indicating
that InfraGuard missed 5% of actual threats.

C. Response Time

1. Average Response Time ART): Average time to react to
identified threats by InfraGuard was 2 minutes and 15
seconds.

2. Maximum Response Time MRT) InfraGuard's maximum
time to react was at 5 minutes and 30 seconds.

D. False Positive Rate

1. False Positive Rate FPR) InfraGuard false alarm
generation rate was 2%. This means thatit misclassified
2% of the nonthreat events as threats.

E. Security Metrics

1. MTTD- InfraGuard detected threats at an average of 1
minute and 45 seconds.

2. MTTR-The system responded to threats detected by
InfraGuard with an average response time of 2 minutes
and 30 seconds.

F. Performance Comparison

The above systems were compared to InfraGuard. It can be
found out by comparing the performance metrics that how
good InfraGuard is, which outperforms other threat
detection and response systems in detection accuracy,
response time, and false positive rate.

VIIL CONCLUSION

A review of the literature regarding InfraGuard, an online,
real-time threat detection system, with capabilities of
automated responses toward safeguarding infrastructure,
shows evidence of being capable and effective to ensure
detection in a timely and precise manner to identify threats
accurately while minimizing the response time, reducing
false positive, and more importantly, producing no false
alarms.

In summary, InfraGuard is an effective real-time threat
detection and automated response system for critical
infrastructure. Its high detection accuracy, fast response
time, and low false positive rate make it an essential tool for
protecting critical infrastructure from cyber threats.

VIII. FUTURE SCOPE

The research review paper provides a comprehensive
evaluation of InfraGuard, a real-time threat detection and
automated response system designed to protect critical
infrastructure from cyber threats. While the findings
demonstrate the effectiveness of InfraGuard, there are
several areas thatrequire further research and development.

A. Human Factors and User Experience

1. User Interface Design: Improving InfraGuard's user
interface to enhance user experience.

2. User Training and Awareness: Developing training
programs to enhance user awareness and
understanding of InfraGuard's capabilities.

3. Human Factors Engineering: Applying human factors
engineering principles to optimize InfraGuard's design
and functionality.
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