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Overview

 Research Motivation
– Goals for Automated Change Detection
– How Can We Use it to Affect Safety?

 Phase I Overview
 Technical Approach
 Results

– Relevant Changes
– Non-Relevant Changes
– Accommodating Non-Relevant Changes
– Missed Changes

 Conclusions and Next Steps
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 Automatically detect changes in track structure and right of 
way conditions and report relevant changes to decision makers

 Leverage COTS imaging and data processing algorithms
 Can be used to find safety and maintenance issues that are not 

captured by measurement cars

Goals for Automated Change Detection
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Intended to “Act Like” Roadmaster 

What’s 
Different 
Today?

Do I Need to 
Take Action?
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Goals for Automated Change Detection
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FRA Research Objectives

 Leverage Advanced Technologies 
– Image Acquisition and Processing
– Automated Data Filtering 

• Deep Learning – Develop and Manage Baseline
• AI – Filter Relevant versus Non-Relevant Changes

– Push Results Directly to Stakeholders
 Long Term Vision - Full Autonomy
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Research Goals

 Explore Methods to Automate Track Inspection
– Yes...Subpart F, 213.233

 Add Context to Numeric Inspection Outputs 
– Geometry, Gage Restraint, Rail Flaw, etc.
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Practical Uses
 First-Pass Safety Check – Is the Track Safe for Traffic Today? 
 Automate Track Walking
 Maintenance Planning – How Are Conditions Changing Over Time? 
 Enhance Discrete Measurements – How do Direct Measurements 

Correlate with Track Changes Over Time? 
 Post-Maintenance Quality Control – Were All Corrective Measures 

Installed?
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 Purpose of Study:
– Evaluate potential benefits of 

applying available image-based 
change detection to railway images

– Assess whether change-based 
processing will be useful within the 
rail industry, particularly with:
– Comprehensive Inspection;
– Autonomous Operations.

 Participants:
– ENSCO 
 Rail-Based Images, Analysis

– Harris
 Software Modifications
 Image Processing

Phase I Overview
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Technical Approach
 Step 1:  Select Images from Existing Archives

 Step 2:  Modify ENVI Software
– Add Rail-Based Review Tool
– Adapt Processing to Handle Line Scan Imagery

 Step 3:  Process Images
– Apply Pre-Processing and Change Detection

 Step 4:  Analyze Results
– Establish Relevant and Non-Relevant Changes
– Assess Overall Approach

Description Data Set 1 Data Set 2
Track Construction Direct Fixation Concrete Tie

Survey Interval ~ 8 months ~ 13.5 months
Image Length 3.2 miles 1 mile

Sample Image
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Technical Approach
Software Assessed

 ENVI
– An image processing application 

originally created to process 
satellite and aerial images as well 
as related data

– Primary Market:  Remote Sensing 
and Geospatial Analysis

– In commercial use since 1994  
 Assessed Capabilities 

– Co-Registration
– Intensity-Based Change Detection
– Thematic-Based Change Detection
– Cluster Processing
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Technical Approach
How Intensity-Based Change Detection Works

 Step 1 – Establish common intensity between two images
 Step 2 – Co-register (or “align”) images
 Step 3 – Compare local intensities and looks for changes

Before After Change
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 Step 1 – Assign pixel in images to a theme (e.g. ballast, tie, etc.)
 Step 2 – Co-register (or “align”) images
 Step 3 – Compare themes to find changes

Before After Change

Technical Approach
How Thematic-Based Change Detection Works
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Technical Approach

 Relevant Changes
– Conditions-of-Interest
– Maintenance Activity

 Non-Relevant Changes
– Non-Relevant True 

Changes
– Non-Relevant False 

Changes
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Results: Relevant Changes
Detectable Relevant Changes Confirmed During Study

 Track Conditions
– Missing Rail Fastener
– Rotated Rail Fastener
– Rotated Base Plate Retainer
– Fouled Ballast
– Missing 3rd Rail Retainer Clip
– Changes in Crumbled Tie 

State
– Rail Surface Anomaly
– Standing Water

 Maintenance Activity
– Tie Replacement
– Rail Fastener Replacement
– 3rd Rail Stand Replacement
– New 3rd Rail Retainer Clip
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Missing Fasteners

Results: Relevant Changes

Before After Overlay

15

Rotated Fasteners
Before After Overlay
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Changes in Crumbled Tie State

Before After
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Results: Relevant Changes
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New Ballast Similar to Fouled Ballast
Before After Overlay
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Results: Relevant Changes

Before After Overlay
Maintenance Activity – Replaced Fastener at New Tie
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Isolated Changes in Ballast
Before After Overlay

Results: Non-Relevant True Change
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OverlayBefore After
Trash and Natural Debris
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Issues with Intensity Normalization
Before After Overlay

Results: Non-Relevant False Change
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Before After Overlay
Issues with Co-Registration
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Accommodating Non-Relevant Changes

Several approaches are being considered to minimize 
non-relevant changes: 
 Focus on specific areas of interest
 Improvements in original image capture to 

minimize intensity issues
 Automated alignment of images employing various 

techniques.
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Conclusions

 Image-based change detection is capable of detecting 
many relevant changes in a rail environment 

 Potential for change detection to compliment 
traditional track measurements and current machine 
vision techniques exists

 Non-relevant changes need to be addressed to avoid 
overwhelming the process

 Only moderate development is needed to establish a 
commercial change-based processing capability in the 
rail sector
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Additional Relevant Changes Expected to be 
Detectable

 Full Width Track Imaging
– Missing base plate bolts
– Missing tie spikes
– Completely broken base plates
– Completely broken rail
– Changes in concrete tie cracks
– Skewed ties
– Significant rail base deterioration
– Land slide debris encroachment
– Erosion of track foundation

 Rail Surface Imaging
– Completely broken rail
– Wheel burns
– Rail grinding activity
– Significant surface anomalies

 Rail Web Imaging
– Completely broken joint bars
– Completely broken rail
– Missing joint bar nuts and bolts
– Rotated joint bar nuts
– Excessive metal flow at rail welds 

on heavy haul routes
– Excessive rail gaps

 Power Rail Imaging
– Sagging power rail cover boards
– Missing or broken power rail 

retainer clips (anchors)
– Completely broken, moved, or 

missing power rail pots
– Significant, visible anomalies in 

power rail surface
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Next Steps

 FRA considering applications to area scan images to 
facilitate deployment in autonomous applications.

 Researchers focused on several improvements 
including:
‒ Automated co-registration
‒ Improvements using a variety of methods (e.g. 

Deep Learning, AI, combination of techniques) to 
improve efficiency of process

 Early discussions focused on application to fouled 
ballast issues. 
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