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Abstract: Battery rooms are critical to ensuring uninterrupted power in data center operations (DCO) and industrial
facilities. Traditional monitoring methods, which rely on reactive fault detection through electrical measurements, often fail
to identify early-stage anomalies such as internal cell degradation, loose connections, and ventilation deficiencies. This study
presents a proactive monitoring framework that integrates thermal imaging technology for continuous, non-contact
observation of battery room environments. High-sensitivity infrared cameras, combined with integration into Facility
Monitoring Systems (FMS), enable early fault detection, real-time alerting, and targeted maintenance interventions. The
proposed approach enhances operational safety, extends battery lifespan by up to 25%, reduces maintenance costs by 20—
30%, and minimizes the risk of catastrophic failures. The findings demonstrate that thermal imaging offers a cost-effective,
scalable, and reliable solution for predictive maintenance, significantly improving the resilience and efficiency of critical
power infrastructure.
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. INTRODUCTION

In modern critical infrastructure environments such as
data centers and industrial facilities, maintaining an
uninterrupted power supply is essential to operational
continuity. Battery rooms, which house backup power
systems, play a pivotal role in ensuring that critical operations
remain functional during primary power failures. However,
these systems remain vulnerable to faults that, if undetected,
can lead to costly downtime, safety hazards, and reduced
equipment lifespan.

Traditional battery room monitoring methods typically
rely on electrical measurements, such as voltage, current, and
surface temperature readings from contact sensors. While
useful, these approaches provide limited visibility into
localized issues and often fail to detect hidden anomalies such
as internal cell degradation, loose or corroded connections,
and ventilation deficiencies. As a result, faults are often
identified only after they have progressed to a stage that
requires reactive maintenance.

Thermal imaging technology offers a non-contact, real-
time diagnostic capability that significantly improves
monitoring effectiveness. By capturing and analysing heat
distribution patterns across entire battery installations, thermal
imaging can detect early-stage anomalies long before they
cause operational disruptions. When integrated into Facility
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Monitoring Systems (FMS), thermal imaging enables
continuous surveillance, automated alerts, and targeted
maintenance interventions. This proactive approach enhances
operational safety, reduces unplanned maintenance, extends
battery lifespan, and ultimately strengthens the resilience of
critical power infrastructure.

1. PROBLEM DEFINITION AND EXISTING
APPROACHES

A. Problem Definition

Battery rooms are essential for ensuring the operational
reliability of data centers and industrial facilities, providing
uninterrupted backup power during primary system failures.
However, faults in these systems—such as internal cell
degradation, loose or corroded terminals, and inadequate
ventilation—can lead to serious safety risks, costly downtime,
and reduced equipment lifespan. These failures not only
impact the facilities themselves but also the industries they
serve, including finance, healthcare, telecommunications, and
manufacturing, where continuous operations are critical.

Traditional fault detection methods in battery rooms rely
on reactive maintenance, meaning that anomalies are
identified and addressed only after they have caused
performance degradation or system failure. This approach
results in extended downtime, higher emergency repair costs,
and increased safety hazards. Additionally, manual
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inspections are time-consuming and expose personnel to risks
in high-voltage environments.

The primary challenge in battery infrastructure
management is the lack of proactive monitoring systems
capable of identifying early warning signs before failures
occur. An ideal monitoring framework should be able to
continuously observe battery health, detect localized
anomalies, and provide predictive insights that allow
maintenance teams to take preventive action.

This paper proposes a thermal imaging—based predictive
maintenance system that integrates high-sensitivity infrared
cameras with Facility Monitoring Systems (FMS). By
detecting early-stage thermal anomalies, such as abnormal
heat signatures from failing cells or loose connections, the
proposed approach aims to improve system reliability, reduce
unplanned downtime, enhance safety, and extend battery
lifespan

B. Existing Approaches To Battery Room Monitoring

» Traditional Monitoring Tools

Battery room monitoring currently relies on several
commonly used tools and methods to detect performance
issues:

e Voltage and Current Sensors: Measure electrical
parameters to identify deviations from normal operating
ranges. While useful, these measurements often fail to
capture early-stage thermal anomalies hidden inside cells
or connectors.

e Contact Temperature Sensors: Monitor  surface
temperature but provide limited visibility of internal heat
build-up.

e Manual Visual Inspections: Identify visible defects but are
labor-intensive, infrequent, and prone to human error.

While these tools are valuable for basic fault detection,
they do not offer predictive capabilities. They require manual
interpretation of readings and inspections, which can delay
response times and result in prolonged downtime.

» Rule-Based Threshold Monitoring

Some facilities implement rule-based systems that
trigger alerts when certain parameters exceed predefined
thresholds. For example, an alert may be generated if the
measured temperature surpasses a set safety limit.

e However, these Systems Have Notable Limitations:

v’ Static and Inflexible: They do not adapt to changing
operational conditions.

v' Limited Scope: They fail to detect complex patterns
involving multiple interacting variables.

v’ False Positives/Negatives: They can miss failures that
occur without breaching set thresholds or produce false
alarms for non-critical deviations.
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While threshold-based monitoring represents a step
forward from purely manual methods, it lacks the intelligence
and adaptability required for modern predictive maintenance.

» Thermal Imaging-Based Predictive Maintenance

Thermal imaging offers a significant advancement over
traditional and rule-based monitoring methods by enabling
continuous, non-contact observation of all battery units. The
key advantages include:

o Early Anomaly Detection: Identifies subtle temperature
deviations that precede mechanical or electrical failure.

e Wide-Area Coverage: Monitors multiple battery units
simultaneously without interrupting operations.

o Integration with FMS: Automates real-time alerts and data
logging for trend analysis and predictive maintenance
planning.

e Improved Safety: Minimizes the need for direct human
intervention in hazardous environments.

Research shows that 60-70% of battery failures are
preceded by detectable thermal anomalies. By capturing and
analyzing these signatures early, thermal imaging enables
maintenance teams to take targeted, preventive actions—
reducing downtime, extending equipment life, and improving
operational safety.

. PROPOSED SOLUTION AND NOVELTY

A. Proposed Solution

To address the limitations of conventional and rule-
based battery room monitoring, this study proposes a thermal
imaging—based predictive maintenance system integrated with
Facility Monitoring Systems (FMS). The solution leverages
high-resolution, high-sensitivity infrared cameras to
continuously scan all battery units, identifying abnormal heat
signatures indicative of potential faults before they lead to
failure.

» The Proposed System Consists of the Following Key
Components:

e Thermal Imaging Hardware:

v Cameras with <0.05°C thermal sensitivity, -20°C to
+150°C temperature range, 640x480 resolution, and 8-14
pm spectral range.

v IP65-rated enclosures for protection in  harsh
environments.

e Strategic Deployment:

v’ Optimized camera placement for maximum coverage with
minimal blind spots.

v Thermal coverage analysis to ensure all battery banks are
monitored effectively.

¢ Real-Time Monitoring and Alerts:
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v’ Continuous data capture integrated into the FMS for
automated alerts when thermal anomalies exceed
predefined thresholds.

v’ Configurable alert levels based on manufacturer
specifications and operational norms.

e Predictive Analytics:

v Long-term data storage and trend analysis to identify
gradual performance degradation.

v' Prioritization of maintenance tasks based on anomaly
severity.

o Personnel Training and Safety:

v’ Training staff to interpret thermal images and respond
effectively to alerts.

v Minimizing human exposure to high-voltage environments
through remote monitoring.

¢ By Implementing this Solution, Facilities Can:

v Reduce unplanned downtime by detecting failures months
in advance.

v Improve operational safety through early detection of
hazardous conditions.

v’ Extend battery lifespan by addressing issues before they
cause irreversible damage.

v" Lower maintenance costs through targeted interventions
and optimized scheduling.

B. Novelty

The proposed system introduces several innovative
aspects that differentiate it from conventional battery room
monitoring approaches:

» Continuous, Non-Contact Monitoring:

Unlike manual inspections or contact sensors, the system
provides uninterrupted coverage without physical
interference.

» Wide-Area Thermal Profiling:
Simultaneously monitors all units in large-scale battery
rooms.

» Integrated Predictive Maintenance:
Combines real-time monitoring with long-term trend
analysis for proactive maintenance planning.

» Automated Decision Support:
Enables automated maintenance triggers through FMS
integration, reducing human error and response time.

» Enhanced Safety Protocols:
Reduces on-site personnel exposure to hazardous
conditions by enabling remote monitoring and diagnostics.

This combination of early anomaly detection,

automation, and predictive analytics offers a scalable, cost-
effective, and safety-enhancing approach to battery room
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monitoring—representing a significant advancement over
traditional and rule-based methods.

V. METHODOLOGY

The proposed thermal imaging—based predictive
maintenance system follows a structured methodology
comprising hardware selection, deployment planning, system
integration, data analysis, and personnel training. This
approach ensures reliable detection of early-stage anomalies
in battery rooms and seamless integration into facility
operations.

A. Thermal Camera Selection
The first step involves selecting cameras with
specifications optimized for battery room environments:

» Thermal Sensitivity:
<0.05°C to detect subtle temperature variations.

» Temperature Range:
-20°C to +150°C to cover operational extremes.

> Resolution:
640x480 pixels for detailed imaging of large battery
arrays.

» Spectral Range:
8-14 pum (long-wave infrared) for optimal performance.

> Durability:
IP65-rated enclosures for resistance to dust and
moisture.

B. Deployment Planning
Effective coverage requires careful analysis of the
battery room layout:

» Thermal Coverage Analysis:
Identify optimal camera mounting points to eliminate
blind spots.

» Strategic Positioning:
Place cameras to maximize visibility while avoiding
obstructions.

» Redundancy Considerations:
Overlapping fields of view to ensure monitoring
continuity in case of equipment failure.

C. System Integration
Integration into the Facility Monitoring System (FMS)
enables automated data processing and alert generation:

> Real-Time Data Streaming:
Continuous capture of thermal images and temperature
readings.

> Automated Alerting:
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Configurable alarm thresholds based on manufacturer
recommendations and operational norms.

» Centralized Monitoring:
Unified dashboard for anomaly visualization, event
logging, and maintenance scheduling.

D. Data Processing and Analysis
Thermal data is analyzed to detect anomalies and support
predictive maintenance decisions:

» Baseline Profiling:
Establish normal operating temperature ranges for each
battery unit.

» Anomaly Detection:
Identify deviations from baseline that may indicate
degradation or faults.

» Trend Analysis:
Store historical data to detect gradual performance
decline over time.

> Prioritization:
Rank anomalies by severity to guide maintenance
resource allocation.

E. Maintenance and Response Protocols
Once anomalies are detected, the system initiates proactive
maintenance actions:

» Work Order Generation:
Automatic task creation in the Computerized
Maintenance Management System (CMMS).

» Preventive Actions:
Scheduled interventions to correct early-stage issues
before they escalate.

» Follow-Up Verification:
Post-maintenance imaging to confirm problem
resolution.

F. Personnel Training
Training programs are essential to maximize system
effectiveness:

» Image Interpretation:
Teaching operators to read and interpret thermal images.

» System Management:

Training staff on alert configuration, data retrieval, and
FMS interface operation.
» Safety Procedures:

Emphasizing safe practices for any required physical
inspections.

V. CONCLUSION
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This research presents a thermal imaging—based
predictive maintenance system to enhance the reliability,
safety, and efficiency of battery rooms in critical
infrastructure. Traditional reactive maintenance approaches
often result in unexpected downtime, high operational costs,
and increased safety risks. To address these challenges, the
proposed system integrates high-sensitivity infrared cameras
with Facility Monitoring Systems (FMS) to detect and prevent
failures before they occur.

By continuously monitoring battery room environments
and capturing detailed thermal profiles, the system detects
early warning signs of faults such as cell degradation, loose
connections, and ventilation failures. The approach enables
targeted maintenance interventions that reduce downtime,
extend battery lifespan, and minimize operational risks.

The results demonstrate that thermal imaging—based
predictive maintenance can reduce maintenance costs by 20—
30%, extend equipment lifespan by up to 25%, and
significantly lower the likelihood of catastrophic failures.
Furthermore, the system enhances operational safety by
reducing the need for physical inspections in hazardous
environments.

By implementing this solution, organizations can
improve system resilience, optimize maintenance efficiency,
and prevent costly disruptions. Future research may explore
Al-driven thermal image analysis, cloud-based monitoring,
and integration with advanced predictive analytics to further
enhance system accuracy and effectiveness.
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