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ABSTRACT 

Rail inspection is an essential task in railway maintenance. It is periodically needed for preventing dangerous situations and ensuring 

safety in railways. At present, this task is operated manually by a trained human operator who periodically walks along the track 

searching for visual anomalies. This manual inspection is lengthy, laborious and subjective. This Dissertation presents a new vision-

based technique to automatically detect the presence or absence of parts of interest in rail tracks. This inspection system uses real 

images acquired by a digital line scan camera installed under a train. Data are processed according to a combination of image 

processing and pattern recognition methods to achieve high performance automated detection.  

Keywords:-  Railroad Track Inspection, Spectral Estimation, Matlab 

1.   INTRODUCTION 

 Rail inspection consists in examining rail tracks for flaws that 

could lead to track failures and derailments. It is a crucial task 

in railway maintenance, and is periodically required in order 

to prevent dangerous situations. This task is usually operated 

manually by a trained human operator who periodically walks 

along the track searching for visual anomalies. This manual 

inspection is lengthy, laborious and subjective, since it relies 

entirely on the ability of the observer to detect possible 

anomalies. With increased rail traffic carrying heavier loads at 

higher speeds, rail inspection is becoming more important and 

railway companies are interested in developing fast and 

efficient automatic inspection systems. In the last decade, 

since computer vision systems have become increasingly 

powerful, smaller and cheaper, automatic visual inspection 

systems have become a possibility. These are especially 

suitable for high-speed, high-resolution and highly repetitive 

tasks. A large variety of algorithms for object detection 

problems have been studied by the computer vision 

community, especially for industrial inspection process. 

However, few works can be found on the use of computer 

vision in the specific area of rail inspection. In this 

Dissertation, a Security system is proposed to develop an 

effective vision-based automatic rail inspection. The objective 

of this system is to detect the presence or absence of parts of 

interest in rail tracks, such as sleepers or fasteners, by 

inspecting real images acquired by a digital camera installed 

under a diagnostic train. 

 Railroads conduct regular inspections of  their track in order 

to maintain safe and efficient operation. In addition to internal 
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railroad inspection procedures, periodic track inspections are 

required under Federal Railroad Administration (FRA) 

regulations. Although essential, track inspection requires both 

financial and human resources and consumes valuable track 

capacity. The objective of the research is to investigate the 

feasibility of developing a machine vision system to make 

track inspection more efficient, effective, and objective. In 

addition, interim approaches to automated track inspection are 

possible, which will potentially lead to greater inspection 

effectiveness and efficiency prior to full machine-vision 

system development and implementation. These interim 

solutions include video capture using vehicle-mounted 

cameras, image enhancement using image processing 

software, and assisted automation using machine- vision 

algorithms. The primary focus of this research is inspection of 

North American Class I railroad mainline and siding tracks, 

as these generally experience the highest traffic densities. 

Heavy axle loads and high traffic volumes necessitate 

frequent inspection and more stringent maintenance 

requirements, but present railroads with less time to 

accomplish it. Additionally, the cost associated with removing 

track from service due to inspections or the repair of defects is 

most pronounced on these lines. This makes them the most 

likely locations for cost-effective investment in new, more 

efficient, but potentially more capital-intensive inspection 

technology.  

Although the primary focus of this research is the inspection 

of high-density track, algorithms are also being tested on 

lower track classes to ensure robustness to component 

variability and condition. The algorithms currently under 

development will also be adaptable to many types of track 

(and track components), including transit and some 

components in high-speed rail (HSR) infrastructure. A machine 

vision system is being developed to automate, or enhance, the 

visual inspection of track and track components. Machine 

vision algorithms are being designed to recognize track 

components, identify their proper location and condition, and 

detect and quantify the extent of the defects found. Equipment 

to aid in the development of the this system consists of a 

virtual computer model of the track, image acquisition 

hardware, and a platform for obtaining video of actual 

components of in-service track from local railroads. The 

machine vision system designed for this project was 

developed through an Inter disciplinary collaboration between 

the Computer Vision and Robotics Laboratory (CVRL) at the 

Beckman Institute for Advanced Science and Technology and 

the Railroad Engineering Program in the Department of Civil 

and Environmental Engineering, at the University of Illinois at 

Urbana-Champaign. 

 

II.  LITERATURE REVIEW 

Recently, research and development of rail track inspection 

have received a great deal of attention to save passengers life. 

There are some methods which based on inspection 

technology are as follow: One such method is inspection of 

railroad track inspection with the help of vision based 

Automatic railroad track inspection with the help of vision 

based method. Vision based system there are some cameras 

for collecting the images or videos of rail track and process 

the frame image by using image processing. In such manner it 

could enhance the efficiency of the traditional methods. The 

System challenges the following addressed: detection, 

fragmentation, and deformity evaluation of track components 

whose physically appearance vary across number of tracks 

and the identification and inspection of track areas such as 

track turnouts. A MUSIC (multiple signal classification) 

algorithm is used to detect number of signal in the presence of 

noise. Another method is to inform the train in case of any 

dislocations in the track or change in strength of the soil.The 

vibrations on the track are sensed by these sensors and this 

method can process the data from the sensor network and 

inform the train giving sufficient time to stop.  

 

III PROBLEM FORMULATION 

In this dissertation, Computer Vision methods will be used to 

build effective applications for the monitoring of various 

defects of rail track, applications that are capable of real-time 

processing of large volumes of field data and reliable 

detection of railroad defects. . In the dissertation a complex 

system is build which will monitor the safety of railroad 

operations.  

In the work an algorithms will be developed for rail gauge 

measurement using the laser approach that would benefit from 

the transition of its parts to the GPU, which will increase the 

number of scans per second. The algorithm for rail gauge 
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measurement using the camera approach can be implemented 

using Matlab environment to C. 

 

3.1  Review of Related Inspection Technologies 

Prior to commencing work on this project, we conducted a 

survey of existing technologies for non-destructive testing of 

railroad track and track components (1, 2, 3, 4). This survey 

provided insight as to which tasks were best suited for vision-

based inspection and were not already under development or 

in use within the railroad industry. This survey encompassed 

well-established inspection technologies (e.g. ultrasonic rail 

flaw and geometry car testing) and more experimental 

technologies currently under development (e.g. inertial 

accelerometers).  

Out of the technologies we surveyed, machine vision is the 

most applicable technology to our present scope of work 

given the manual, visual nature of current track inspections. 

Machine-vision systems are currently in use or under 

development for a variety of railroad inspection tasks, both 

wayside and mobile, including inspection of joint bars, 

surface cracks in the rail, rail profile, track gauge, intermodal 

loading efficiency, railcar structural components, and railcar 

safety appliances (1-10). The University of Illinois at Urbana-

Champaign (UIUC) has been involved in multiple railroad 

machine-vision research projects sponsored by the 

Association of American Railroads (AAR), BNSF Railway, 

NEXTRANS Center, and the Transportation Research Board 

(TRB) High-Speed Rail  

 

3.2 Railway Machine Vision Inspection System: 

Railway applications of machine-vision technology that were 

previously developed or are under development at UIUC 

have three main elements . The first element is the image 

acquisition system, in which digital cameras are used to 

obtain images or video in the visible or infrared spectrum. 

The next component is the image analysis system, where the 

images or videos are processed using machine-vision 

algorithms that identify specific items of interest and assess 

the condition of the detected items. The final component is 

the data analysis system, which compares and verifies 

whether or not the condition of track features or mechanical 

components comply with parameters specified by the 

individual railroad or the FRA. This component will also 

record and compare data needed for trend analysis.The 

advantages of machine vision include greater objectivity and 

consistency as compared to manual (i.e. visual) inspection, 

and the ability to record and organize large quantities of 

visual data in a quantitative format. Gathering and organizing 

quantitative data facilitates analysis of the health of track or 

vehicle components over both time and space. These 

features, combined with data archiving and recall 

capabilities, provide powerful trending capabilities in 

addition to the enhanced inspection capability itself. Some 

disadvantages of machine vision include difficulties in 

coping with unusual or unforeseen circumstances (e.g. 

unique track components) and the need to control or augment 

variable outdoor lighting conditions typical of the railroad 

environment. 

3.3 Determination Of Inspection Tasks 

 

Figure 3.1. Primary Components of a Machine Vision  

System 

 Safe and efficient network operation is of utmost importance 

to the rail industry. In order to determine which components 

are most critical to the safe operation of trains, an analysis of 

the FRA Accident Database was conducted (1, 2, 3, 4, 5, 11, 

12). The initial approach, which was based on the frequency 

of derailments, revealed that the priorities for inspection with 

machine vision were buckled track, switch points, and other 

turnout defects (1, 2, 3). Although this approach is valid, oter 

variables (e.g. the number of cars derailed) can provide 

additional information on the risk associated with a 

derailment caused by a specific track component (13). 

Therefore, we selected "number of cars derailed" as a proxy 

for the consequence of a derailment, and used these data in a 

risk-based prioritization approach. The initial data analysis 

approach for this project used track derailment data from 1998 

to 2009 and classified the data into five FRA-established 

categories (Figure 2). Some components, such as those 

associated with roadbed and geometry, are currently being 

inspected by other technologies including track geometry 

cars and ground penetrating radar (GPR). For this reason, 

defects associated with categories one (rail, joint bar and rail 

anchoring) and three (frog, switches and track appliances) 
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were selected for further prioritization and inspection using 

machine vision. Most of these components are currently 

inspected using manual, visual inspection and may be 

amenable to machine vision inspection, thus they were 

selected for further consideration (1, 2, 3). 

 

3.4 Track Component Inspection Prioritization: 

In the initial selection of inspection tasks and components for 

this project, we took into account the lack of available 

technology, number of derailments, severity of defects, and 

their potential contribution to accident prevention. We then 

sought and reviewed input from AAR researchers, Class I 

railroad track-engineering and maintenance managers, track 

inspectors, and other experts in track-related research. The 

result of this initial process was the selection of the following 

track inspection tasks:  

1. Raised, missing, or inappropriate patterns of cut spikes  

2. Displaced, missing, or inappropriate patterns of rail anchors  

3. Turnout component inspection  

Beyond the current scope of work listed above, track 

components and inspection tasks that have been identified for 

future machine-vision research include measuring tie spacing, 

identifying insulated joint slippage, monitoring wayside rail 

lubricator performance, recording rail manufacturing 

markings, determining thermite weld integrity, and 

monitoring track circuit bond wire condition. 

 

IV.METHODOLOGY 

*In Project the algorithm develop for rail gauge measurement 

using the laser approach that would benefit from the transition 

of its parts to the GPU, which will increase the number of 

scans per second. 

*The coding of algorithm can be done with the help of 

MATLAB using C Library. 

* The algorithm will scan the gauge per second and detect the 

damage of track or gauge with the help of LASER system. 

*The algorithm will help to remove the possibility of train 

accidents’ and will help to overcome the traditional system of 

railway security. 

DATA COLLECTION 

Our proposed system consists of two models:  

1. Vision based automatic tracking of rail track.  

2. Vibration based automatic tracking of rail track.  

1. Vision based method:  

In machine vision, digital camera will use to capture the 

video. Captured videos or images will process by using 

machine vision algorithm in image acquisition system and the 

algorithm will classify the fault according to class. In data 

analysis the current images compare with the preloaded 

healthy status of track and verify whether the conditions 

match or not. If two conditions are matched then there will be 

no error otherwise the track has some faults. After that this 

information will broadcast to the server.  

2. Vibration based method:  

In this method a sensors will sense the vibration with the help 

of vibration sensor and after that it will pass to the op-amp and 

filter for removing external noise and then it pass to the 

microcontroller for programming. There is one 

communication protocol to establish the connection between 

the hardware and system .In system processing will be done 

and then it will broadcast to the server through wireless 

medium. The captured image will verify whether the 

conditions match or not. If the frame is matched then the 

system will process the data and will then track the data. 

 

V.RESULT 

5.1 Track Inspection Algorithms 

Early algorithm development focused on spike and anchor 

detection and defect recognition. These algorithms can be 

summarized as a coarse-to-fine approach for detecting objects. 

We first locate the track components with little variability in 

appearance and predictable locations (e.g. the rail), and then 

locate objects that are subject to high appearance variability 

(e.g. spike heads and anchors) in subsequent stages. This 

increases the robustness of component detection by restricting 

the search space for the smaller components, whose 

appearances can vary. To further increase robustness to 

changing environmental conditions and changes in object 

appearance (e.g. differing material types or corrosion), we 

have selected features that do not rely on a specific spatial 

description, but rather a configuration of simple, local features 

that are known to be valuable in classification. The simple, 
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local features that we use include edges and Gabor features. 

Edges are frequently used to detect objects in machine vision 

since object boundaries often generate sharp changes in 

Brightness.Image gradients (edges) should be consistent 

among differing ties and rails, but unanticipated track 

obstacles could create unanticipated edges, causing difficulty 

for the algorithms. For this reason, texture information from 

the ballast, tie, and steel was incorporated into the edge-based 

algorithm to improve its robustness. This approach relied on 

texture classification using Gabor filters, which produced low-

level texture features.  Gabor filtering is used to 

summarize two-dimensional spatial frequencies, and this can 

be used in texture discrimination. 

Experimental Results for Spikes, Anchors and Ties: 

To measure the system's performance, we monitor the 

accuracy of the system as it identifies raised spikes. In order to 

identify raised spikes, the distance from the base- of-rail to the 

spike head is measured. This requires that both the spike head 

and the base- of-rail are correctly localized, but localization is 

only possible after the components are first detected. Since our 

algorithms identify defects in components that are near or over 

a tie (e.g. spikes and anchors) it is important to detect the tie 

and tie components reliably before localizing the exact parts 

of the components that will be used in distance measurements. 

For evaluating the detection algorithms, we differentiate 

between precision and recall, since precision penalizes the 

erroneous detection of an object that is not present (i.e. false 

positives), and recall penalizes the missed detection of an 

object that is in fact present (i.e. false negatives). We also 

measure the accuracy of the localization of certain parts of the 

components. . Our goal is to correctly localize the base-of-rail 

and the edge of the spike head. Detecting the base-of-rail is 

trivial since all rails will have a base, but accurately localizing 

the exact line in the image that corresponds to the base-of-rail 

is more challenging. . Experimental results show an accuracy 

of 100% for the base-of-rail localization using the lateral view, 

and 76% for the over-the-rail-view. In the case of spikes, both 

views resulted in 71% accuracy for spike head localization. 

For individual components, 93% of the ties were detected 

without false positives in the lateral view. For over-the-rail 

view, all ties were detected, however 8% of the detected ties 

were false positives.Finally, 100% of the anchors were 

detected (100% recall), however only 80% of objects that 

were detected as "anchors" were in fact anchors (80% 

precision). 

  

Approach for Turnout Inspection: 

Components in turnouts differ in both size and shape from 

those found in normal track. For that reason is important to 

know what section of the track the system is measuring - 

either within special track work or on tangent or curved track 

outside of turnouts. To accomplish this, the system looks for 

periodic components (T), such as frog bolts or joint bar bolts. 

Gabor-Transformed Image 

The panoramic image is transformed into several Gabor 

representations, producing different versions of the image, 

each transformed by one particular Gabor filter. This is done 

in a blockwise manner [21] and then analyzed in a rowwise 

manner. Each Gabor dimension d is used to create a signal 

for each row r so that yd = Gd(Ir(x)), where Ir(x) is the image 

at row r. Each signal yd can produce an estimate of 

periodicity using the MUSIC algorithm. To produce a 

cumulative estimate of periodicity for a par- ticular row, 

rather than combining all estimates for each signal yd, all 

signals yd are combined, and MUSIC is applied to the 

cumulative sum. To accomplish this, matrices from each of 

the dimensions Yd are accumulated as follows: Y =_ d Yd. 

(4) 

The number of periodically repeating components in each row is 

estimated initially as L, and Ry is decomposed into D 

eigenvectors, which are denoted as ej, where j ∈ { 1,...,D}.The 

eigenvectors ej, where j ∈ { (L + 1),...,D}, span the noise 

subspace. This is used to find the maximum values of the 

following function: J(ω)=20 log10 1 

Dj=L+1|aH(ω)ej|2                       ….. (5) 

Spectral estimation provides frequency detection, but not 

phase estimation. Because of that, we are able to detect the 

presence of a turnout, but we are not able to localization is 

needed, then autocorrelation can be performed on the blocks 

in the Gabor frequency domain. Candidate blocks would be 

proposed that have a strong Gabor frequency response .The 

autocorrelation between a candidate block and all blocks that 

are nT blocks apart would be measured, where n is some 

positive integer. Blocks that yield a strong Gabor response and 

that are highly correlated to blocks nT away would be 

considered repeating components. 
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DETECTING  AND  SEGMENTING PERIODICALLY 

OCCURRING COMPONENTS 

In railroad inspection, periodically occurring components are 

often encountered. An example track panorama is shown in Fig. 6, 

where each wooden tie occurs at four approximately equidistant 

locations. MUSIC detects both dominant and less- dominant 

periodicities, which is useful since many large com- ponents are 

themselves made of smaller periodically repeating components. 

For simplicity, the algorithm is applied only to images with 

repeating components in the horizontal direction, but it could also 

be applied along other orientations. Each image I(x) is 

decomposed in a blockwise manner. Each blockwise row is 

referred to as r, and there are R such rows. This algorithm, which 

is shown in , builds off of the basic structure . An additional fourth 

step of component localization has been added once a strong 

periodicity is detected in each of the panorama rows. The entire 

algorithm is shown , where the part that stems  is located on the 

left and the part that is unique to the component localization of 

this algorithm is on the right. In the initial step , the image row 

Ir(x) is decomposed into M blocks [b0(x)b1(x),...,bM(x)]. Gabor 

features are extracted for each blockGd(bm(x)), where d is the 

dimension of the Gabor feature and G() is the transform. The 

Gabor features from  were used for their discriminative abilities. 

The application of the dth dimension of the Gabor transform to all 

blocks in the image row Ir(x) is represented asGd(Ir(x)). The 

output of the MUSIC algorithm provides an estimate for 

dominant periodicity of each image row Tr but no component 

localization. The phase offset of the repeating component υr is 

defined with respect to the leftmost coordinate, which is at x = 0 

(the leftmost position of Ir(x)). 

 

CONCLUSIONS  

This Project summarizes the research, highlights its 

contributions, and proposes directions for future research.  

The inspection of most railroad track components is currently 

conducted using manual, visual inspections. These inspections 

are labor intensive and lack the ability to easily record and 

compare data needed for trend analysis. Moreover, they are 

subject to variability and subjectivity in different inspectors' 

abilities and interpretation of what they observe. Also, it is 

impractical to manually catalog the condition of such a large 

number of track components, thus it is difficult to develop a 

quantitative understanding of exactly how the non-critical or 

symptomatic defects may contribute to the occurrence of 

critical defects or other track problems. The goal of this 

machine-vision system for track inspection is to supplement 

current visual inspection methods, allowing consistent, 

objective inspection of a large number of track components. 

Based on analysis of railroad derailment statistics and input 

from subject-matter experts, we focused our initial research 

and development efforts on inspection of cut spikes, rail 

anchors, and turnout components. A Virtual Track Model was 

designed to generate synthetic images for the initial 

development of the machine-vision inspection algorithms. This 

simulation also provided a test-bed for selecting specific camera 

views, which would capture the components of interest, using 

virtual cameras placed in the simulation at locations consistent 

with track regulations and vehicle mounting conditions. We 

were also able to easily simulate poor track conditions by 

raising spikes and shifting anchors for the system to identify. 

A Video Track Cart provides a means for collecting continuous 

video data of low- density track from various local railroads. 

It also enables experimentation with camera views, 

adjustment of camera parameters, and lighting under various 

environmental conditions in a manner analogous to what will 

be required when attaching the system to track inspection 

vehicles. Future methods for synchronizing the camera views 

to identify the same component within the two videos will be 

investigated and incorporated on the vehicle. An image 

acquisition system was designed to capture video recordings 

of track components from a moving vehicle. This system 

uses a CCD video camera and ruggedized computer to 

obtain and store video on the trac The system will be 

augmented by adding lighting for adverse daylight conditions 

(e.g. shadows and low contrast areas) that inhibit the machine 

vision algorithm performance.  

Our algorithms use edge detection and texture information to 

provide a robust means of detecting rail, ties and tie plates, 

which narrows the search area. Within this restricted area, 

knowledge of probable component locations allows the 

algorithms to determine the presence of spikes and rail 

anchors even when there are variations in the appearance of 

the components. 

Work is continuing on processing the over-the rail view and 

merging results from this view with the lateral view to increase 
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the accuracy of the identified defects and the estimated 

measurements. Once the algorithms and lighting for inspection 

of spikes and anchors have been refined using the video track 

cart, the next step is to adapt the system for testing on a high-

rail vehicle. Algorithms such as the one presented here, which 

identifies parts of the track, will become valuable as various 

inspection algorithms are honed for specific parts of the track, 

such as turnouts. 

 

FUTURE RESEARCH DIRECTIONS 

Future work involves refinement of the algorithms to improve 

the reliability of spike and anchor detection. Anomalous 

objects from unforeseen circumstances, such as leaves, could 

interfere with this initial texture classification phase. For this 

reason, we will experiment with several machine-learning 

methods to perform component detection in the presence of 

anomalies. The machine-vision algorithms require previously 

stored models of the textures and components. We will 

experiment with dynamically updating the existing models. 

Dynamic updates are needed for the situations where the part 

of the track that is being investigated changes (e.g. closure 

area followed by a switch area) and also other situations where 

the components are changing appearance based on 

environmental or manufacturing differences. Central to this 

update method is the ability to detect and localize the 

periodically repeating parts. This will be accomplished in a 

manner similar to what is demonstrated in the "Turnout 

Component Recognition" section. We will detect periodicity, 

and then implement the additional component localization step 

that was proposed where autocorrelation is applied to the 

Gabor frequency domain. The models will be updated using 

the results of this, which are inherently robust, since the 

detected periodicity relies on some consistent component 

being repeated. 
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