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RAIL COMPONENT DETECTION, OPTIMIZATION, AND
ASSESSMENT FOR AUTOMATIC RAIL TRACK INSPECTION

ABSTRACT
In this paper, we present a real-time automatic vision-based rail inspection system, which performs inspections at 16 km/h with a frame rate of 20 fps. The system robustly detects important rail components such as ties, tie plates, and anchors, with high accuracy and efficiency. To achieve this goal, we first develop a set of image and video analytics and then propose a novel global optimization framework to combine evidence from multiple cameras, Global Positioning System, and distance measurement instrument to further improve the detection performance. Moreover, as the anchor is an important type of rail fastener, we have thus advanced the effort to detect anchor exceptions, which includes assessing the anchor conditions at the tie level and identifying anchor pattern exceptions at the compliance level. Quantitative analysis performed on a large video data set captured with different track and lighting conditions, as well as on a real– time field test, has demonstrated very encouraging performance on both rail component detection and anchor exception detection. Specifically, an average of 94.67% precision and 93% recall rate has been achieved for detecting all three rail components, and a 100% detection rate is achieved for compliance-level anchor exception with three false positives per hour. To our best knowledge, our system is the first to address and solve both component and exception detection problems in this rail inspection area.
INTRODUCTION
Some of the track inspections such as measuring the track’s curvature and alignment, as well as the cross level of the two rails, have already been automated using a track geometry car; however, other inspections, such as monitoring the spiking and anchor patterns and detecting raised or missing spikes and anchors, are still manually and visually conducted by railroad track inspectors. It is, thus, of great interest to railroad companies to enhance the current manual inspection process using machine vision technology for more efficient, effective, and objective inspections. It also helps them lower maintenance costs and increase track capacity. 
This paper describes our recent engagement with a railroad company to develop a real-time automatic vision-based rail inspection system. In particular, by taking into account the lack of available technology and severity of defects, we jointly identified the following two key tasks where our technologies can provide the most value: 
1) Tie-level exception detection, which refers to the detection of any shifted or spread anchors, raised spikes, or deadhead spikes.
2) Compliance-level exception detection, which refers to the scenario in which there are more than 15% of ties having abnormal anchor patterns, or there are more than 25% ties having abnormal spiking patterns, within a 100-ft track segment. Operating trains over track that has noncompliant spiking or anchor patterns could potentially lead to derailment.
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HARDWARE USED
1. MICRO CONTROLLER
2. GPS MODULE
3. DC MOTOR
4. ZIGBEE
5. DISTANCE SENSOR
6. POWER SUPPLY
7. LCD DISPLAY
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