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Introduction 

Six Sigma is a system for procedure improvement that has been broadly utilised in different assembling and services ventures since 1987, helping organisations make colossal reserve funds whistle down expenses (Larson, 2003). Despite the fact that it is a device that is chiefly utilised in assembling businesses, its uses are accessible to the services enterprises, then again, it very well may be progressively to accomplish quality upgrades in the services business. This is on the grounds that services are elusive, short-lived, frequently heterogeneous and are commonly made and eaten simultaneously (Sasser et al., 1978).
Six Sigma's essential goal is to diminish damaged items and services and, in this way, increment their worth, dependability and viability while lessening costs. The sigma (π), the ordinary factual deviation, demonstrates the changeability rate. The presentation standard of Six Sigma is incredibly steady and expected to fulfil the desires required (customers' expectations), as evident in Figure 1: the nature of services or item is in all respects seldom outside the adequate levels.
[image: ]Figure 1 - Six Sigma level of performance (T. Pyzdek, P. Keller, 2003)

[image: ]Figure 2 - Six Sigma level of performance (T. Pyzdek, P. Keller, 2003)
 
As Table 2 demonstrates, Six Sigma's degree of services or assembling is assessed by imperfections per million conceivable outcomes (DPMO). Deformity is portrayed as "any part of an item or services that does not satisfy customer particulars or prerequisites or makes discontent with the customer or does not fulfil practical or physical requests" (Charantimath, 2011).
According to Pyzdek and Keller (2011), DMPO is calculated using the following formula: DMPO= (number of sample defects / (number of sample units x possibilities per unit)) x 1,000,000.
Some measures in the rail industry have tried to address and recognise the importance of reliability. For example, the Golden, Silver and Bronze Spanner annual awards in the UK, organised by the Rail Alliance (2019) recognises best practices in rolling stock reliability. The Golden Spanner uses mileage between any technical incident (MTIN) related to rolling stock as its criteria, whilst the Silver Spanner focuses on most improved (MTIN) and finally the Bronze Spanner award identifies fastest incident recovery, based on primary Delay minutes Per Incident (DPI). 
Six sigma uses a series of techniques to improve the quality of services and reduce defects by using the cycle of defining, measuring, analysing, improving and controlling (DMAIC). 
Sigma Level of Railway Operations  
This paper evaluates Great Britain railroad's Sigma level of execution by computing DPMO. Delay is the noteworthy blemish in train industry that does not satisfy' customer requests.' The extent of trains arriving late is the railroad's principle service level record. In Great Britain, it is determined by proportion of open execution (PPM is the level of trains that touch base' on schedule' at their end station contrasted with the all-out number of trains arranged. A train is characterized as on schedule in the event that it touches base at the goal inside five minutes (for example 4 minutes 59 seconds or less) of the arranged entry time for London and South East or regional services by 10 minutes. National Public Performance Measure for May 26-June 22, 2019 (third period) was 89.2 percent contrasted with 85.8 percent a year ago for a similar period (Network Rail, 2019). There is one shot for each train for disappointments (for example being late or not) so the DPMO would be: DMPO= (10.8/(100x 1))x 1,000,000= 108,000 By utilizing one of the web sigma-DPMO number crunchers, the performance level of Sigma is assessed at 2,74 π (ISIXSIGMA, 2011).
[image: ]
Figure 3 - Six Sigma Demystified (P. Keller, 2011)
Referring to Figure 1, organizations with quality upgrade projects are commonly working at a rate of 3-4. While companies working at a few rates 2/3 "can't benefit for that long while, it obvious then that organisation who have captive audiences such as governments or the public sector are working at these levels" (Keller, 2011). Despite the fact that the Sigma execution standard for train delays is close to 3 π, this thought clarifies the gigantic railroad costs included, the unfaltering need to upgrade adequacy and the incentive for money as proposed by the Department of Transport and Office of Rail Regulation (2011). At this degree of administration, rail is utilized principally by this captive audience or cargo transporters who have not got the luxury of traveling by other means, i.e.. Cars.
Adopting Sigma Level for Railway Capacity Use  
This essay will use the underlying concepts and tools of Six Sigma and adopt its DMAIC cycle for the concept of capacity Use: definition of railway capacity and capacity use, objectives measurement of capacity use, metrics analysis of capacity allocation and use improvement of capacity.
Defining Stage  
In view of the idea of the DMAIC cycle in Six Sigma, this segment will give a thorough philosophy so as to characterise, measure and break down limit usage in the passenger railroad task area with a specific spotlight on South Western Rail. The methodology is generally utilised as an administration procedure for expanding proficiency and quality while diminishing expenses.  
Defining Railway Capacity Utilization  
The centre of limit usage is to utilise the foundation and to evade its waste. This thought is fundamentally the same as ' lean reasoning ' that looks to ' dispose of a wide range of waste ' (Moore, 2007).
The railway infrastructure cannot be used directly by passengers and freight; instead, they are packed into trains. Railway capacity is used in discrete steps (as opposed to continuous use of highway capability until it is saturated at a standstill stage). In order to create added value, these discrete steps can be taken in distinct ways and distinct combinations of train kinds, velocity and service levels. Value is an expression of "the relationship between function and resources in which function is measured by the customer's performance requirements (such as service quality) and resources are measured in the materials, labour, price, time, etc. required to perform that function" (SAVE, 2007).
This assignment defines lean railway capacity utilisation as: “The ability of the infrastructure to generate added value by enabling passengers to reach their destination as planned”. Therefore, the more passengers that can be transported further toward their destinations in the unit of time, the more added value is generated by utilising the capacity of the infrastructure. The term ‘as planned’ emphasises the quality aspects of capacity utilisation such as avoiding delays and ensuring safety. By this definition, whatever does not generate added value, i.e. whatever hinders, disturbs or negatively affects this process, is a waste of practical capacity. 
Through utilising the definition of lean railway capacity, it is possible to identify major areas of waste within the industry. Sources include: scheduled waiting times, buffer times between trains, delays, dwell time at stations, speed restrictions, inefficient signalling systems and conflicting train routes.
Measuring Stage  
The second phase of the DMAIC cycle focuses on measuring data gathered to establish the current state of the environment in order to allow the third phase ‘analyse’ to take place (George, 2002). The method used to present the capacity utilisation analysis at stations serviced by South Western Rail and for passenger trains operated by them will be based on the data envelopment analysis (DEA).
Analysis of data envelopment is a widely used performance assessment technique and a breakthrough in comparative effectiveness assessment (Farrell, 1957). It is particularly useful in assessing efficiency where various inputs and various outputs have complicated (or unknown) relationships.
The ratio of generated outputs to inputs is commonly used to assess efficiency (Cooper et al., 2006). If it is regarded in the broader value-for-money context, it can be part of the chain of' economy,'' efficiency' and' effectiveness' or' three E's' as defined by Booz & Company (2011): economy: how cheaply inputs are supplied, efficiency: how much production is generated by inputs and how efficiently outputs are generated and effectiveness: the extent of delivering desired outcomes by the cost of producing outputs.
In this example, both inner and external sources would include inputs. For instance, external inputs would consist of time slots to use the infrastructure, public franchise payments, while inner inputs would include employees, rolling stock, route distances, and stations. During the intermediate phase–the half-way point from inputs to outputs business are compelled into making valuable decisions by considering the effects of route distance and government franchise payments. The final phase consists of the amounts of passengers per km and the number of delays.
Stakeholders
Government as the rail network regulator gets franchise payments from rail companies working on their infrastructure. These payments were down 400 million pounds from 700 million in the financial year 2017-2018 as a consequence of delays in infrastructure upgrades and reduced industry-wide income development (ORR, 2019).  Hence, the DEA model's main stakeholder in analysing effectiveness of South Western Rails passenger train service's is the government.
Controllable Inputs
Since the government is South Western Rail's key stakeholder, there are two main categories of controllable inputs that can be given to the company. One is the franchise payments that allow passenger train services to be operated. The other primary input category is the number of timeslots assigned for using state-owned railway tracks.
Output Priorities
To enable the government to evaluate South Western Rail's efficiency, it can analyse the amount and quality of services it provides. The number of travellers and the duration of travel can be the quantity of facilities. However, Public Performance Measure (percentage of passenger trains arriving on time at their destination) is the primary industry standard for quality assessment.
Choosing DEA Inputs and Outputs
"Inputs are described in the DEA model as assets used by DMUs or circumstances that affect DMU output (Ramanathan, 2003). Timetabled train-km is the best proxy variable to reflect a train operator's use of infrastructure: the more trains it runs on the infrastructure and the longer it runs, the more it uses this valuable resource, the more inputs and opportunities it has to make useful results. As the primary objective of this study is to analyse capacity utilization effectiveness, train-km is selected as an input for the assessment of capacity utilization.
Outputs are the advantages produced by DMU activities (Ramanathan, 2003). South Western Rail's produced value can be evaluated in various ways. Considering the income produced by ticket sales is the first alternative that comes to mind. This cannot, however, be a good "operational efficiency" index. Trains running low load factor but high tariffs could be 'effective economically,' but not' effective operationally.' Transported passengers (the amount of passenger travel) are not informative on their own: one person could use the train for a very brief distance; one could bring the train for a very lengthy distance. The best measure to estimate the value produced by South Western Rail using the infrastructure is therefore passenger-km. 
There is a wide range of quality of service data available for each train operator: number of complaints received per 100,000 passenger journeys, national passenger survey results, measurement of public performance and delay minutes
The amount of complaints is not a useful measure to be included in the DEA model for quality of service. Complaints can be subjective, mostly from the performance of the train. A train performance indicator is therefore a better estimate of the operator's quality of service. The quality of facilities on board and at stations is important, but passengers ' first priority is getting on time to their destinations. The Public Performance Measure is a comparative index, which is why delay minutes were selected to show the service quality that is essential for both travellers and the owner of the network. The' Annual Return ' report released by Network Rail (2019) provides data on train delay minutes for South Western Rail.
Train delay is not a beneficial result, it should be observed. Negative results in DEA terminology are called' unwanted effects' and cannot be used as inputs directly in the model. Seiford and Zhu (2002) surveyed methods for handling them. The most common techniques are: transfer unwanted impacts to the input side (as DEA attempts to minimize input usage) Or use ' unwanted impacts ' inverted as inputs (as DEA attempts to maximize returns).
Analysing Stage
[image: ]Figure 4 - illustrates Punctuality (PPM) and Reliability (CaSL) for, South Western Railway between, 2013-14 Q4 to 2018-19 Q4. The change shown is from 2017-2018 Q4 to 2018-2019 Q4.
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Figure 5 – illustrates Punctuality (PPM) variation change per rail operators in Great Britain from 2017-18 Q4 to 2018-19 Q4, (ORR, 2019)
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Figure 6 – illustrates Reliability  (CaSL) variation change per rail operators in Great Britain from 2017-18 Q4 to 2018-19 Q4, (ORR, 2019)
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Figure 7 - illustrates Passenger journeys (millions) for 2018-19 and percentage change compared to 2017/18, by train operator, London and South East sector (ORR, 2019)
[image: ]
Figure 8 - illustrates Passenger kilometres (billion kms) by operator for 2018-19 and percentage change compared to 2017/18 (ORR, 2019)
Train operating firms with the greatest average use of trains tend to achieve greater efficiency ratings. For instance, Govia Thameslink Rail, which carries the largest number of passengers per year (Figure 7), also got a greater PPM and CaSL score in the South East Sector relative to South Western Rail (Figures 5 and 6). However, when considering delay-minutes and franchise payments, the ranking is not precisely the same as a train-operating company may not have done well enough to provide timely services or be cost-effective.
[image: ]
Figure 9 – compares timetabled train km’s vs passenger km’s, (ORR, 2019)
Less effective operators use more track capacities (expressed by train-km scheduled) than is essential to produce passenger-km or are less effective in generating timely services or receiving more franchise payments than is essential. Reducing timetabled train kilometres inefficient would increase train load factor and capacity utilization efficiency. Operators who are not operationally efficient, as indicated by Smith (2009), may: have a low overall load factor, carry a lot of empty off-peak seats or carry empty long-distance seats to meet short distance demand.
Some of the ways South Western Rail could increase its efficiency is to: reduce its train frequency to increase its load factor (passenger per train), use marketing techniques to attract more passengers to their current services and increase the load factor, increase the reliability of their train services to reduce delays.
The findings can also provide railway officials with useful ideas to plan infrastructure and franchise payments better. For example, Figure 5 findings show a very low level of operational efficiency across the South and South East Sector. In the punctuality ratings, Meresey Rail and Chiltern Railways performed extremely well, with 95.5 percent and 92.9 percent respectively. While 82.7% and 82.3% were managed by both Govia and South Western Railways. This also shows South Western Rail's need to cut its franchise payments and allocate kilometres of timetable. A closer look at South Western Rail's geographic region of operation demonstrates a overlap with two other train operating companies, most notably TfL and London Overground (figures 5 and 7). This suggests that South Western Rail is not an operationally efficient route and needs greater investment from National Rail. 
Improve
Overall, the use of ability can be enhanced by enhancing any of the parameters affecting the use of ability. The South West Main Line is one of London's main shuttle routes, as well as significant for freight from Southampton Port (South Western Railway, 2019). Figure 10 shows its geographical location.
[image: ]
Figure 10 – South Western Main Line
To improve any system, it is necessary to constantly ask and answer three fundamental questions: What to change? What's going to change? How can the change be caused? (McMullen, 1998)' the weakest link in the chain' should be recognized to enhance this line segment. Capacity utilization assessment is performed to locate the weakest line segment.
[image: ]Figure 11 – illustrates the 8 service groups SWR operates and the approximate percentage of the total daily service (SWR, 2018)
Analysis of the shift in percentage from 2016/17 to 2017/2018 demonstrates a widening of the spectrum. Long-distance journeys are covered by the worst performing service organizations: HY08 Waterloo- Weymouth, HY03 Waterloo West England and HY07 Waterloo West Portsmouth. These service organizations are also the ones that have seen the fastest results decrease over the past two years (SWR, 2019).
As the line with the biggest percentage swing modifications, the line from Weymouth to Waterloo will be further analysed to define reasons for the worsening of the PPM. The last stop on this line is London Waterloo, a dead-end station, which implies that if accessibility to the platform is poor, the approaching lines pose a danger of serious capacity delays. SWR could therefore identify the weakest line section by analysing which stations are experiencing congestion on platforms before Waterloo, either because the line is a junction or a change in track number. Particular attention could be given to Raynes Park— Clapham Junction, which sees a shift in the number of tracks (4-8) and, moreover, a prominent junction in the line.
Conclusion 

Growth in demand for rail passengers outweighs the rise in railway track ability on the supply side. As a result, many railways are facing a capability challenge globally. Faced with this scenario, adequate measurement and management of capacity utilization is very crucial.
The report indicates adopting Six Sigma's DMAIC cycle to define, measure, analyse and enhance tactical capacity utilization.  
Differentiating micro-and macro-capacity use is emphasized as the first step. In this regard, macro-capacity use is defined as the quantity of discrete steps to use railway capacity such as the number of trains and train paths, while micro-capacity use is defined as the quality of discrete steps to use railway capacity such as train load factor. Lean capacity utilization is therefore described as' the capacity of the infrastructure to produce added value by allowing passengers or freight to reach their destination as planned”.
To assess the comparative use of train operators ' ability, it is suggested that public franchise payments and timetabled train-kilometres be considered as inputs for the DEA model. Passenger kilometres and delay minutes (unwanted impact) are discussed and regarded as excellent indicators of lean capacity utilization and service quality.
The reduction of waste in stations and by trains is also a significant practical implication. In stations that take train trips longer, boost road occupancy and do not attract enough travellers, there is some unnecessary train stops. The domestic DEA methodology can be implemented to evaluate the comparative operating efficiency and efficiency of stations at the domestic level. Model target values can be fed into tactical calendar scheduling and train activities can be improved.
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Figure 2.02: Passenger kilometres (billion kms) by operator, 2018-19 and percentage change
compared to 2017-18
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Note: In May 2018, TfL Rail took over some local Great Wester Railway services out of London Paddington, which significantly
increased the passenger kiometres recorded by Tl Rail

As with passenger journeys, passenger kilometres from season tickets fell (0.3%) for the third year
ina row. In contrast, ordinary tickets, which accounted for three quarters of all passenger
kilometres, increased by 3.0% compared to last year. This was driven by a 4.7% increase in
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Figure 5-11 Efficiency frontier and production possibility set for passenger operators
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CaSL failures attributed to South Western Railway decreased by 38% in 2018-19 Q4
compared with 2017-18 Q4. CaSL failures due to fleet (down 53%), train crew (down 28%)
and operational delays (down 57%) fell this quarter. Nevertheless, a broken down train
between New Malden and Surbiton in February resulted in 11,500 delay minutes to all
operators. CaSL failures due to other operators increased by 6% this quarter.

Figure 3.20: PPM and CaSL, South Western Railway, 2013-14 Q4 to 2018-19
Q4 (change shown is MAA for 2018-19 Q4 on 2017-18 Q4)
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Route Information (LSE)

« Services between London Waterloo and South West London, Surrey, Portsmouth, Southampton,
Poole, and Weymouth.

« Services between London Waterloo and Basingstoke, Salisbury, Reading, Windsor, Exeter and Bristol

+ Services on the Isle of Wight and services between Brockenhurst and Lymington
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Figure 1.01: Passenger journeys (millions) 2018-19 and percentage change compared to 2017-
18, by train operator, London and South East sector
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Of the four largest passenger operators, all of whom operate within the London and South East sector
and account for over 50% of all journeys, three recorded an increase in passenger journeys and only
London Overground saw a decrease in journeys (1.7 million) in 2018-19 compared to the previous

year. This is likely due to engineering works" and the three weekends of closure at Euston station in
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