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1. Introduction.
The London Underground worked together with the CoreRFID who specializes in RFID to develop a solution for the escalator maintenance operations. The Step Tracking System have been developed as a result of combination of already existing components. The newly developed Step Tracking system is  been proven to be promoting passenger safety, cost-efficient and also to be convenient to the London Underground company. 
The study will critically evaluate the application of asset tracking technology in the movement of people. The evaluation will be done by using a SWOT analysis. However, the study will focus on the strengths and weaknesses in the SWOT analysis. 

1.1. RFID
The Radio Frequency Identification is also known as RFID. The systems of RFID can be found in many industrial sectors such as health care, lifting, logistics, manufacturing, power generation, aviation and public sector (corerfid.com, 2018). 
The use of RFID technologies in Logistics companies allows the physical assets(freight and handling equipment) to be automatically located and identified.” (Mangan, Lalwani and Butcher, 2008).  “Individual items, batches of materials or the containers in which they are held can carry an RFID transponder or ‘tag’  that transmits a radio frequency signal. This signal can be remotely detected by an RIFD ‘reader’. When connected to a materials management system, the data downloaded from the reader is used to monitor and control movement of assets” (Mangan, Lalwani and Butcher, 2008).
The RFID technology is a method which stores and transfers information about product. It could be imagined how a traditional barcode which is attached to a product stores its information. Similar, the RFID ‘tags’ have specific ID’s that communicates with inventory database records (itstillworks.com, 2018). 
The RFID tags have installed microchip or some similar device which is capable of storing even large quantity of data. to  

2. Case Study
CoreRFID has been working in its field for over 20 years and is specializing in RFID. CoreRFID develop software’s and  provide the technologies that creates RFID systems. Also they provide customers with a service of maintenance and management of the RFID systems. 
About 3 million people use the underground railways systems on each day in London alone.  The passengers use the escalators daily to carry them from outside of the station right to the platform and back. The steps on the escalators could wear off from the passengers stepping on them, running up and down, and also from the constant movement of the entire machine. There could be great disturbance caused to the people who are travelling  and even a loss of lives if the escalator was to fail throughout the rush hour. However, the London Underground takes all the safety measures to ensure the worst case scenario does not happen(corerfid.com, 2018). 
 “ To prevent such an event, London Underground have an inspection and maintenance regime that ensures the structural integrity of every ep is checked at least once during the course of every year but, with almost 30,00 sperate escalator steps needing to be checked, this maintenance approach requires significant effort by their engineering staff” (corerfid.com, 2018). 
The problem gets more complicated by the time the tests is carried out. Only small amount of stairs can be removed from the escalator and given to the test at once. That is because of the complexity of taking these steps out and also because the maintenance shift carries these tests at night. When the steps are removed they then get replaced with the once that have already been tested. The effort of changing and testing the steps involves great effort because it’s not easy to know when steps should be changed and which step was already tested. Sometimes steps were being removed only because there was no other way to identify them (corerfid.com, 2018). 
The London Underground needed a solution which would solve the problem. This solution was “ a system that would collect data automatically  from individual steps, that could cope with the problems of dirt and grease and that would be robust enough to stand up to the constraints of one of the world’s most heavily used mass-transit systems. They turned to RFID as a technology to help them and CoreRFID as their technology partner” (corerfid.com, 2018). 
CoreRFID have tried multiple alternative approaches after which they decided to give the RFID a go. The company CoreRFID took a initiative and developed solution which was designed specially to suit the needs of London Underground escalators.  The special RFID solution was used on the escalator at St Paul’s station on the Central line. The solution provided by the CoreRFID included tags and reader which was necessary for the full scale operational scale. The trial has proved that the “tags could be attached reliably to steps so that they would not become dislodged while in use and that the tag data could be read from the steps while the escalator was in running at its normal operational speed” (corerfid.com, 2018).
The CoreRFID delivered the solution to the London Underground. The solution included the input of three companies, the CoreRFID which cooperated with Confidex Ironside ® UHF and Nordic 3000. To develop the solution The CoreRFID has developed an application software that was working with the use of the Confidex Ironside ® UHF tags and The Nordic 3000 readers (corerfid.com, 2018).
The CoreRFID together with London Underground were working hard to find suitable method of fix the tags to the stairs and the best place where the tags could be attached on each step. The method to install the Nordic 3000 reader was also established. To ensure the data could be transferred and read with the maximum speed the CoreRFID has taken its part to develop a method of putting the 64 bits data on the tags (corerfid.com, 2018).
Each one of the 92 steps of the first escalator at St Paul’s station had installed RFID tag. the data that was installed on each tag contained the number of the step, year of manufacture and details of the service history.  The encoded data on the steps tags has enabled all the work to be done on time, in and out of service shift (corerfid.com, 2018).
“ Following the installation of the tags, the escalator was run at normal speed to test how successfully data could be read from the steps of a moving escalator. In the trials, the data read from 100% of the steps with one or at most two complete rotations of the escalator a very substantial improvement on previous systems which required the escalator to be inched forward a few steps a time and involved the escalator being out of service from 45 minutes or more” (corerfid.com, 2018).

Strengths
Taking into account the fact that the whole process of repairs and inspections was usually carried out at an off time which is counted as an overtime, proves that the process of testing the steps of an escalator manually was very costly to the London Underground. Therefore the RFID tags allows to save money and potentially use the labor of the engineers  elsewhere, perhaps fixing the tube and making it more safer environment for the passengers. . 
As mentioned in the above case study, the possibility of a sudden stop of any escalator during a rush hour could possibly be a tragic event and many passengers could get injured. The application of the RFID tags on the London Underground escalators have definitely improved the safety of the passengers by providing maintenance process which is more accurate more cost efficient (Wessel, 2009). 
Prior to the application of the RFID tags, engineers had to inspect each step annually. The regime of inspecting a 200 escalators with 30,000 steps was very challenging to the London Underground engineers. Hence is why London Underground needed a solution that would make all necessary inspections much faster and cost-efficient (Healthitoutcomes.com, 2009). The inspection included a visual ID and safety check and possible removal of step for the repair purposes (Wessel, 2009). The whole process was time consuming and exhausting to the workers as it could take up to five hours to identify a specific step. Following the application of RFID tags the time to identify the step now takes 45 minutes (Ray, 2009). 
As a solution provider the London Underground have chosen CoreRFID Ltd, and Confidex to work on the tag expertise. The UHF Gen2 (ISO-18000-6C) was a unique technology that was selected and that was able to read tags which were fixed to the metal from a distance (Healthitoutcomes.com, 2009). 
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Figure 2. RFID tags fixed under the escalator steps. Source (scribd.com, 2009). 

The initial plan was to do the trial of mounting the tags by applying acrylic adhesive to attach them to the steps. After the trail it was clear to see that the adhesive came out to be more stronger than expected. In the environment of vibration, noise, dirt and continues movement the tags have proven to stay firmly attached to the escalator step. However the long term plan was to use rivets to ensure the tags will definitely stay attached to the steps during normal operations. 

Following the application of RFID, the engineers use a handheld interrogator which they put into a cradle that is fixed into the escalator’s frame. That allows the workers to not only hold the interrogator in the correct position but it also allows them to do other tasks at the same time (Wessel,2009). 
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Figure 3. The hand-held reader that picks up the data from the Step Tracking System. Source (scribd.com, 2009). 

“Torbjorn Andersson, Confidex’s VP of the worldwide sales and development, says the company’s Ironside tags were chosen because of their durability and ability to withstand an escalator rugged, industrial and metallic environment” (Wessel, 2009). 
The chosen step tags are impact-resistant, extremally durable. Richard Harrisson, Technical Sales Director of CoreRFID said “ It was obvious to us that Confidex had the best solution here. The tags to be used had to last in the very challenging environment of an operating escalator with vibration, temperature variation grease and dirt as well as magnetic fields all being a factor. In consideration with Confidex we selected the Ironside Tag. We have more than 18 months experience with most Confidex Hard tags and Speciality Labels and we were confident about the choice”  (Healthitoutcomes.com, 2009). The chosen Confidex Ironside tag is highly resistant “Hard Tag” it was already used in many different  applications i.e., “ metal containers, airline food carts, postal roll cages, power transformers, stillages in automotive manufacturing and on road maintenance equipment” said Torbjorn Anderson (Healthitoutcomes.com, 2009). 




The tags are impact-resistant but also each tag is filled with data that contains an information of corresponding step, of its manufacturers name, the step type and number, the steps ID number  and year of manufacture. The tag also have its own ID number (Wessel, 2009). 
One of the main goals of the London Underground is to make sure that the passengers are satisfied with their travel experiences and that they can rely on the tube services. Making sure that the escalator runs without any disturbance is one of the key objectives of this company. With the application of the RFID tags, this goal becomes much more achievable because the test that needs to be carried out without the interruption to the escalator operations.. 
“There are clear advantages for London Underground in using RFID. Having an automated system that provides essential data without interrupting escalator use is something many other users and operators can take advantage of. Operators and maintainers looking for improved Maintenance, Repair and Overhaul for their escalators and travellators can look to Confidex and CoreRFID who will publish a case study of the application in the near future” (Healthitoutcomes.com, 2009).
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Figure 3. RFID tags allow the data to be collected without interrupting normal operations.
Source: (Scribd.com, 2009).

The Step Tracking System proves to have plenty “ advantages over manual automated, manual or semi-automated systems. Key advantages include:
Automated system provides data without interrupting escalator use.
Automatic collection of  data eliminates manual errors from the data collection.
Approach means only one engineer needed to collect step data. (50% saving).
Combined with ultrasonic flaw detection, can avoid the need to remove the steps for testing. 
Data captured can be integrated with existing asset management systems. 
Data on the step usage allows better prediction of maintenance needs.  
Improved visibility of wear gives better passenger safety.
Hand-held computer provides low-cost and easy solution.
Hand-held computer software is simple to use for operators. “
(scribd.com, 2009).

Some other benefits achieved by the using of RFID escalator maintenance include:
“ Better service levels by avoiding unplanned “out-of-service”
Reduced effort in checking the requirement for scheduled maintenance “
(corerfid.com, 2018). 
The successful trail of the Step Tracking System in London Underground has resulted in the application of RFID tags on over 30,000 escalator steps (corerfid.com, 2018). 
Weakness 
During the trial the writing process was closely monitored and it was observed that the initial data need to be recorded at the off service hours. Moreover, it takes longer time to write the data to the RFID tag than reading the data from it. The writer needs to be much closer to the tags compared when to when reading (scribd.com, 2009). Despite the slow writing process, the application of tags to the new escalators and steps is believed to be quiet easy. 
The RFID can be interfered with the presence of mobile phones. This happens because the mobile phones do tend to affect the radio waves. This kind of problem was reported in the past by Walmart, the retail giant that has used billions of RFID tags on their products (Techspirited.com, 2018). 
The RFID regarded to be an invasive technology. Many people worry that the RFID tags can track a person. This happens, for instance, when  a consumer purchases a product with an RFID tag on it. One can argue that when a person stands on the escalator the data can be collected from her or his phone and transmitted to the reader. Many stores say that they disconnect the tags after a product has been sold (Techspirited.com, 2018), but what happens with the data of someone’s phone when standing on the escalator is actually unknown. 
3. Conclusion
The London Underground is taking all measures to ensure the passengers safety and to also to cut the engineering costs. The London’s Underground network have benefited from 30,000 RFID tags which resulted in cutting time that was taken to find specific step from 5 hour to 45 minutes. That was a huge success. The application of the RFID tags as a tracking technology has brought much more strengths then weaknesses according to the SWOT analysis that has been carried out in this report.
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