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Speaker Introduction

Avinash Sista
Director/Principal at MongoDB

Specializing in Al-driven industrial systems, reliability engineering, and
operational observability at scale. Passionate about bridging the gap
between data infrastructure and real-world industrial challenges.

Focused on building resilient, data-driven solutions that enhance
operational efficiency and predictive maintenance capabilities.
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The Critical Role of Electric

Motors

Foundational Reliability Impact
Components Motor failures directly
Electric motors drive affect uptime, safety
pumps, cCompressors, protocols, and operational
conveyors, and production efficiency

lines across industries

Scale Challenge

Industrial facilities operate hundreds to thousands of motors
requiring continuous oversight




PROBLEM STATEMENT

Traditional Motor Monitoring Limitations

Reactive Maintenance

Most organizations respond to failures rather than
preventing them, leading to costly unplanned
downtime

Threshold-Based Alarms

Traditional systems trigger alerts only after damage
has progressed, reducing intervention
effectiveness

Isolated Data Streams

Temperature, vibration, and electrical signals are
monitored separately, missing critical correlations

Limited Predictive Capability

Existing approaches struggle to identify subtle
degradation patterns that signal emerging faults



A Comprehensive Al-Driven
Framework

Our approach integrates multiple diagnostic layers with artificial
intelligence to continuously assess motor health and enable
predictive maintenance at scale.

Multi-Layer Diagnostics

Four signature analysis types working together

Sensor Vectorization

Unified multi-dimensional analysis

Predictive Intelligence

Early fault detection and prevention




Design Signature Analysis

Establishing the Performance Baseline

Design Signature Analysis captures the motor's expected operational characteristics at installation, creating a
reference profile for all future comparisons.

« Nameplate specifications and rated performance parameters
o Initial electrical and mechanical measurements
« Environmental and load condition documentation

« Expected efficiency curves and thermal behavior

This baseline becomes the foundation for detecting deviations throughout the motor's lifecycle.



LAYER 2

Input Signature Analysis
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Current and Voltage Capture FFT Transformation

Continuous monitoring of electrical input signals during  Fast Fourier Transform techniques convert time-domain
steady-state operation signals into frequency spectra

03 04

Harmonic Analysis Anomaly Detection

|dentify characteristic frequencies associated with rotor Compare harmonic patterns against baseline to detect
bars, bearings, and stator windings electrical and mechanical faults



Reaction Signature Analysis

Dynamic Event Monitoring

Reaction Signature Analysis captures motor behavior during transient

conditions that stress components differently than steady-state
operation.

Key Events Monitored:

« Start-up current surges and torque profiles
« Thermal expansion and cooling cycles
+ Load changes and demand fluctuations

« Emergency shutdowns and restart sequences




Aging Signature Analysis

| 2 3 4
Baseline Insulation resistance Degradation pattern End-of-life prediction
establishment and trending and bearing identification and wear and replacement
early-life monitoring condition assessment rate analysis planning

Aging Signature Analysis tracks cumulative degradation factors including insulation integrity, bearing wear, winding
resistance changes, and mechanical stress indicators over the motor's entire operational lifetime.



The Power of Sensor Vectorization

Instead of treating temperature, vibration, and electrical signals as isolated data
streams, vectorization transforms measurements into multi-dimensional
representations of complete motor state.
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Unified Analysis Similarity Measures
Combine diverse sensor inputs into Use cosine similarity and distance
single mathematical representation metrics to compare against

historical baselines

Early Detection

Identify subtle deviations that signal emerging faults before threshold alarms
trigger



Al ENHANCEMENT

Building Intelligence Through Vector Protiles

Continuous Learning

Each operating cycle generates a vectorized health profile
that captures the motor's complete state at that moment.

These profiles enable:

« Clustering of similar operational states
« Trend analysis across time periods
« Predictive modeling using machine learning

« Pattern recognition for fault signatures

Over time, the system builds a continuously evolving library of motor states, creating an institutional knowledge base that improves with every
measurement cycle.



Operational Benefits and Outcomes
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Predictive Maintenance

Schedule interventions based on
actual condition rather than fixed
intervals, optimizing maintenance
resources and reducing
unnecessary work

Reduced Downtime

Prevent unexpected failures by
identifying issues in early stages,
maintaining production schedules
and avoiding emergency repairs
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Enhanced Reliability
Improve overall infrastructure
dependability through

comprehensive health monitoring
and data-driven decision making
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Supporting Modern Operations Philosophy
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Data-Driven Decisions Continuous Monitoring Resilient Operations
Replace intuition and reactive Real-time observability across Build fault-tolerant industrial
responses with quantitative motor populations enables systems that gracefully handle
insights and evidence-based proactive management and component degradation and

maintenance planning rapid response capabilities maintain service continuity



Implementation Considerations
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Data Architecture
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Sensor Infrastructure Establish scalable storage and processing pipelines

Deploy appropriate sensing capabilities for to handle high-frequency sensor data streams
temperature, vibration, current, and voltage

measurements

o

System Integration
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Al Model Training Connect monitoring framework with existing

Develop and refine machine learning models using maintenance management and operational systems
historical data and domain expertise
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