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Abstract  
 

The purpose of the project is to improve the surveillance procedure of railway tracks. Railiable is 

an automated condition monitoring equipment of railway tracks. This equipment will monitor 

certain parameters, temperature and stress. In addition, Railiable will help to perform an 

intelligent analysis for detection of abnormal changes in values of the parameters.  

This equipment is beneficial as it will help to detect an abnormal change, therefore will improve 

reliability, stability and safety of railway tracks. 

The report clearly explains the background and motivation of the project. It also provides a 

detailed description of the project along with the timeline, benchmarking, concept screening and 

customer needs analysis.  
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1. Project Overview  
 

1.1. Introduction 

 

Rail transport is considered an important means of transportation. With the increasing speed and 

loads of the trains on the railway lines safety remains a major concern.  

Condition monitoring systems is crucial to ensure safe train operation. Such system can 

substantially reduce maintenance cost as well as provide safety and improves service quality.  

Typical track problems involve track buckling as well as track cracks. Most of the available 

systems rely on in service vehicles cars that uses laser scanners and computers for displaying 

information in order to measure any abnormal changes in the track geometry [1]. Although this 

method is effective in determining the abnormal changes of the geometry, it is not efficient in the 

sense that it detects the abnormalities and defects after they have already occurred. Therefore, it 

is crucial and more efficient to monitor the parameters involved in causing track problem before 

any defects takes place. 

Railiable is a proposed condition monitoring system that aims to improve the safety and 

reliability of railway tracks. The device is able to measure the parameters in which their changes 

above or below desired thresholds can lead to the evolution of railway track defects, these 

parameters are stress and temperature.  

 

1.2. Problem Statement  

 

The abnormal changes in stress and temperature of railways tracks may cause some defects that 

can lead to huge negative consequences, such as loss of use and infrastructure cost. Therefore, 

condition monitoring is essential. An automated condition monitoring equipment helps to detect 

abnormal changes in stress and temperature which will save a failure and minimize downtime.  
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2. Customer Needs Studies  
 

2.1. Introduction 
 

The objective of this section is to reflect the customer needs regarding the railway track 

condition monitoring system in evaluating the residual stress of the rail track. The customer 

needs study was established based on the results of the data gathered using two different 

methods. The first method was conducting several interviews with engineers working in Siemens 

company who are responsible for the Qatar foundation’s people mover project in Qatar. The 

second method was carrying out an electronic survey using SurveyMonkey website.  The results 

of the interviews and the survey including feedbacks and suggestions were taken into 

consideration to improve the project. 

 

2.2. Methods 
 

2.2.1 Method 1: Interviews 

The meeting with Siemens engineers was a motivated way of evaluating the project. At the 

beginning of the meeting, an overview of the project was introduced. Siemens’ engineers were 

impressed about the idea of the project. They believed that using electrical resistance strain 

gauges to determine the stress in railroad track rails, as most of rail companies do, is the easiest 

way in terms of implementation. Many questions were asked to understand the way they measure 

stress in railway track and they encouraged us to extend our idea and implement it in real life.  

2.2.2 Method 2: Survey 

The purpose of the survey was to provide information on the project’s idea and collect the 

respondents’ feedbacks and expectations. The link was shared with Texas A&M University 

students and through some social network applications. The survey included five multiple choice 

questions that were direct and clear (see Appendix A). 
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2.3. Outcome and Analysis 
 

 

Figure 1: Outcomes of Question 1 

 

 

Figure 2: Outcomes of Question 2 
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Figure 3: Outcomes of Question 3 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Outcomes of Question 4 
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Figure 5: Outcomes of Question 5 

 

Since the survey link was shared with Texas A&M students and through WhatsApp application, 

the results were distinct for each question. The first question aimed to evaluate the most 

comfortable mean of transportation that most people use. The answer that had the highest 

percentage was using car for 92% and only 6% of responses preferred using train.   

The second question had the feature of selecting all the answers that apply. It was found that 

64.65% of the respondents showed that the timing is the most important thing that concerns people 

when using the people mover. Safety came in the second place where 53.54% of respondents chose 

it. Additionally, 42.42% of the responses indicated that speed is one of the things that concern 

them while using the tram. Other 12.12% responses where considered as most of them indicated 

that weather conditions and number of stop stations are also important. 

The third and fourth questions were polar questions. The third question was generally asking 

whether people would use the people mover system located in Qatar Foundation. The majority of 

responses, 73%, indicated that they will use it when it is established. The fourth question focuses 

on the people’s considerations knowing that the tram has a condition monitoring system that help 

for maintenance. The results indicated that 80.61% of respondents would feel safer when riding 

the people mover that applies the condition monitoring system. 

Finally, the last question asked to rate the importance of having such kind of systems in railway 

track. The results were as follows: 50.51% of responses for the highest rate and 3.03% of responses 

for the lowest rate selection. 
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2.4. Summary 
 

The interviews and survey results helped in understanding different point of views and feedbacks 

according to the condition monitoring system. Most of the responses satisfies the hypothesis 

behind the system. The majority agreed that safety is an important thing to be considered in 

railway track system. Therefore, the condition monitoring system would meet many of the 

customer needs. Finally, all suggestions and feedbacks will be considered to ensure that the 

condition monitoring system will satisfy the customer needs and expectations. 
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3. Functional Modeling 
This section shows a graphical representation of the main function of our project. The purpose of 

the function modeling is to show the actions and the relationships between the parts used in the 

project.  

 

3.1. General Function model 
 

The equipment will be placed on the railway track for monitoring temperature and stress. The 

sensors mounted in the board will continuously measure the temperature and stress of the track. 

The output of these sensors is electrical signals. These signals will go under stage of signal 

processing and then data analysis on the server for detection of abnormal changes in the 

parameters.  

For the intelligent analysis, a code will be programmed in order to detect a significant or 

undesired values in the parameters. In case of detection, alerts will run using secure internet. 

 

Figure 6: General functional model 

 

 

   

 

 

 

Sensor node 
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3.2. Detailed Function model 
 

This sections shows the functions and relationships within our project: 

Figure 7: Detailed functional model 

 

The equipment is a condition monitoring equipment. The equipment will contain temperature 

sensors and strain gauges for measuring the temperature and stress of the railway track. The 

device will be placed on the railway track for continuous condition monitoring. The output of the 

sensors is electrical signals. DAQ will be used as an external system for data collection.  

 

Signal Processing:  

These data will be converted from analog to digital forms using microcontroller. The 

microcontroller will process by storing the sensor output. These data in the form of digital 

signals will be transmitted to the server via Wi-Fi.  Intelligent data analysis will be performed.  

Data Analysis: 

For the intelligent analysis, a code will be programmed in order to detect a significant or 

undesired values in the parameters. Data analysis is based on threshold values. The threshold 

values will be defined for each parameter. Once the equipment detects any value of temperature 

or stress above or below the threshold value, an alarm will be activated. This corresponds to 

detection of abnormal changes in temperature and stress of railway track. 

Sensor node 
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4. Benchmarking  
 

4.1. Introduction 
 

Benchmarking was used in order to compare the alternative methods of stress evaluation that are 

available in the market. Railiable was compared with the different method of stress evaluation in 

railway tracks that are available in the market. It is crucial to add unique features that makes our 

product capable to control the abnormal changes in parameters to avoid any defects on the track 

which can result in negative consequences.  

Products with similar functionality were compared with Railiable, which are, SenTrack[2] 

monitoring system, MRX rail surface crack measurement system [3], and RailStress monitor [4]. 

Based on their features, it was easier to extract the method that would result in a most accurate 

measurement. Ultimately, based on the features of interests, a comparison was built and studied 

for further analysis.  

 

4.2. Benchmarking Criteria 

The benchmarking was built based on the features which are illustrated in Table (1). 

Table (1): Comparison Criteria 

Feature Description 

Image The image of the products 

Detection What each product is capable to detect in terms of change of parameters 

 

Way of detection How the data is being transmitted 

Data transmission The way that the product is able to transmit the data 

Data storage 

capacity 

How long the product is able to store the data 

Benefits Good features of the product 
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4.3. Benchmarking Comparison  
 

Table (2): comparing the available products in the market with Railiable: 

 

 

 

 

 

Features SenTrack™ Track 

Monitoring System 

MRX Rail Surface 

Crack Measurement 

System (RSCM) 

 

RailStress Monitor™  Railiable 

Image    

 

 

 

Detection Detects crack and 

defects 

Detects abnormal track 

geometry changes 

Sensing stress and 

temperature 

Measures stress, 

temperature  

Way of 

detection 

Automatically Manually Automatically Automatically 

Data 

transmission 

Wireless -  Wireless Wireless 

Data storage 

capacity 

30 days of data Capable of covering 

several kilometers in a 

day 

6 months of 10 minute 

interval 

Continuous monitoring 

system 

Benefits 1. broadcasts 

customized warnings 

over a local radio 

channel or by wireless 

modem 

 

2. complete detection 

package for 

monitoring the most 

prevalent hazardous 

railway conditions 

 

1. small and light 

 

2. accurate production of 

measurements for long 

stretches of track 

 

3. Information is 

displayed and recorded 

in a supplied rugged 

tablet for immediate use 

or as part of a 

maintenance record 

 

1. self-Contained (No 

External Wiring) 

 

2. simple installation 

 

3. up to 10-Year Battery 

Life 

 

4. monitors rail 

temperature and stress 

 

1. able to detect changes 

of parameters before the 

defects occur 

 

2. continuously monitors 

the parameters 

 

3. withstands high 

temperature 
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4.4. Study Analysis 
 

After studying the methods used in stress evaluation for the railway tracks. The comparison 

between the products were compared based on different important features that has to be taken 

into consideration to end up with a more accurate measurement. 

 In terms of detection, having a product that is able to detect the changes in parameter of 

the track is crucial. As this will help in controlling the track functionality before any 

damage takes place.  

 

 Railiable is capable of sensing the stress and temperature wirelessly, this gives it the 

advantage of preventing future defects which will ensure the railway safety.  

 

 

 Unlike MRX rail surface crack measurement system which manually defects the changes 

of parameters, Railiable will be designed to automatically measure the track geometry. 

This method will save time and doesn’t require a labor intensive 

 

 The need of continuous monitoring equipment has its important role in effectively 

monitoring the railway tracks conditions with minimal human involvement.  

 

 

 Since Qatar is a known by its hot weather, our system has the feature that withstands high 

temperature. This will allow the rail to have better functionality which will save failure 

detection.  

 

Summary: 

The features of our product were chosen based on the drawbacks that is being faced nowadays. 

From the analysis of benchmarking study, it was easier to extract the needed conditions to be 

added in our product in order to ensure both the railway and passengers safety.  
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5. Concept Generation and Selection   
 

In an effort to determine the best solution for the issue related to which stress sensor to use in the 

project, the method of comparing and contrasting different applicable solutions using a 

morphological matrix was used. The purpose of a morphological matrix is to generate multiple 

solutions to the proposed problem.  

 

5.1. Morphological Matrix  

Table (3) below shows the morphological matrix for the project Railiable. The different 

functions listed are:  

 Stress Sensor: The selection of the best stress sensor to use in the design is crucial to 

ensure the reliability of the product  

 Software: Different solutions for which software to use for data analysis were provided. 

 Transmission: Whether the product is going to transmit data wirelessly or wired.  

Table (3): Morphological Matrix: 

 

 

5.2. Concept Screening 

From the morphological matrix, different concepts were selected. The concepts are:  

A: Strain Gauge + Quarter Bridge + LabVIEW + Wireless 

B:  MBN meter + LabVIEW + Wireless 

C: Fiber Optics + LabVIEW + Wireless 

D: Strain Gauge + Full Bridge + LabVIEW +Wireless 

 

 

 

Function  Solutions 

Stress Sensor  Strain Gauge MBN meter Fiber Optics 

Strain Gauge 

Configuration 

Quarter Bridge Half Bridge Full Bridge 

Software LabVIEW Python Labwindows/CVT 

Transmission  Wireless Wired - 
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Selection Criteria 

In order to choose the best solution out of the selected, a list of criteria best suited for the project 

was established. The selection criteria are as follows:  

 Ease of Implementation: It is important that the selected solution is easy to implement 

and not impossible to do in practice.  

 Sensitivity: implementing the product with a sensor that is sensitive is crucial for 

maximum accuracy.  

 Destructiveness: The selected solution shouldn’t cause damage to the rail track 

 Availability: It is important that the provided solution is available. 

 Cost: It is a measure of how much the final cost of the product will be for the selected 

solution.  

 

The Table (4) below shows the screening matrix where the generated solutions (A, B, C and D) 

are evaluated in order to choose the best out of them according to the criteria listed above. As a 

result, concepts A and D were chosen to continue the analysis using the concept scoring matrix.  

Table (4): Screening matrix  

 

 

 Concept Variants 

Selection Criteria  A B C D Reff 

Ease of implementation + - - 0 0 

Sensitivity  + 0 0 + 0 

Destructiveness 0 + + 0 0 

Availability  + - 0 + 0 

Cost + - + + 0 

Scale: +, -, 0 

Pluses  4 1 2 3  

Neutral  1 1 2 2  

Minuses 0 3 1 0  

Net  4 2 1 3  

Continue? Yes No No Yes  
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5.3. Concept Scoring Matrix 
 

The purpose of creating the scoring matrix is to choose the best solution out of the screened 

concepts, A and D. As shown in table (5) below, each criterion was assigned with a percentage 

weight depending on its importance. The major weight of 40% was assigned to the ease of 

implementation, which is one of the important criterion of this project. While the cost and the 

sensitivity were given a weight of 25% and 20%, respectively. Criteria with less importance, like 

the destructiveness and availability were given lower percentage weight of 10% and 5%, 

respectively.  

 

Table (5): Scoring Matrix  

 

From the concept scoring matrix, it was concluded that concept A (Strain Gauge + Quarter 

Bridge + LabVIEW + Wireless) is best solution fitted for the project. This concept wins over the 

other with a higher score for the criteria ease of implementation and cost effectiveness.   

 

 

 

 Concepts 

 A D 

Selection Criteria  Weight Rating Weighted Score Rating Weighted Score 

Ease of 

implementation 

40% 4 1.6 2 0.8 

Sensitivity  20% 2 0.4 3 0.6 

Destructiveness 10% 1 0.1 1 0.1 

Cost 25% 3 0.75 2 0.5 

Availability  5% 5 0.25 4 0.2 

Total Score 3.1 2.2 

Rank 1 2 

Continue? Yes No 

Rating Scale: 1-5 (best) 
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6. Component List and Budget  
 

Table (6) below shows the various components needed for implementing the project as well as 

the cost and the quantity for each. The total cost of the project is approximated by evaluating the 

cost per component.  

Table (6): Component List and Budget 

Item  Price Quantity Total 

Strain Gauge  

http://www.vishaypg.com/micro-

measurements/list/product-11200/  

$9.7 10 $97 

Strain Gauge Installation Kit 

http://www.vishaypg.com/micro-

measurements/list/product-11039/  

$180 1 $180 

Temperature Sensor  Already available (no 

need to purchase) 

1 $0 

Arduino Board (Seeeduino) 

https://www.adafruit.com/products/3034  

 

$69.95 1 $69.95 

1Sheeld  

http://1sheeld.com/  

$54.94 1 $54.94 

Total Price $401.89 

 

Table (6) provides the components that will be purchased for implementing the condition 

monitoring equipment. The justifications of each component are listed below:   

 The strain gauge is a stress sensor. It will be used to measure the stress when an applied 

force is exerted on the steel (i.e. railway track) 

 The strain gauge installation kit contains the needed components for installing the strain 

gauge sensors properly. 

 Temperature sensors will be used to measure the temperature of the steel (i.e. railway 

track).  

 Arduino board will act as a microcontroller that will acquire the sensor’s outputs and 

transmit them wirelessly to the server.  

 1Sheeld is a shield used for Arduino it is connected to a mobile app that allow the usage 

of all of android smartphones’ capabilities, this will be used in case we preferred to have 

a mobile phone with a mobile application as a server.     

 

 

http://www.vishaypg.com/micro-measurements/list/product-11200/
http://www.vishaypg.com/micro-measurements/list/product-11200/
http://www.vishaypg.com/micro-measurements/list/product-11039/
http://www.vishaypg.com/micro-measurements/list/product-11039/
https://www.adafruit.com/products/3034
http://1sheeld.com/
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7. Progress and Conclusion   
 

7.1. Progress 
 

Through the customer need study and analysis, we now know how significant Railiable is as a 

railway track condition monitoring system and its impact on safety and maintenance costs and 

measures. Thus, it is important to make sure that the design is performing well in order to meet 

the expected functionality. 

The upcoming tasks include enrolling in the Engineering Enrichment Program to practice using 

the LabVIEW software which will be used in our project for data analysis. In addition, once the 

needed products of the project are received, we will start with implementing the project 

immediately and then move to the testing phase. Also, we will have to come up with a casing 

design to have a complete product in hand. Thus, a 3D model will be designed using Solid 

works. The timeline of the project’s progress showing the completed work and work in-progress 

can be found in Appendix B.  

 

7.2. Conclusion  
 

In conclusion, in this report the customer need analysis and study was used to access the 

product’s importance as well as to acquire knowledge regarding the customer’s demands. The 

study proved that monitoring the railway tracks conditions is a major contribution to safety 

measures. A graphical representation of the project was illustrated in the functional modeling 

diagram which shows the stages of product’s procedure. Through a detailed functional model, 

the process of signal processing as well as data analysis were identified.  

Benchmarking was used as a tool to compare the proposed product with similar products 

available in the market. Concept generation helped in selecting the optimal solution for the 

project, where concept A was chosen as a result of concept screening and concept scoring 

matrices. 
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9. Appendices  
 

Appendix A: Survey 
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Appendix B: Project Timeline  

 

 

 


