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1. [bookmark: _Toc511977098]
Abstract

This dissertation presents a culmination of work that has been conducted in creating an information system with the intent of automating and improving the fault monitoring system at Ecolab. The research was conducted as part of the Computing and Information Systems BSc project at Neath Port Talbot College (NPTC), which was then used to help improve the current fault monitoring system used at Ecolab.
An overview of relevant areas to the topic such as the UK manufacturing industry, current machine fault management methods and current machine fault management software types and tools have been researched and presented in the form of a literature review to help contextualise the important aspects that impact a fault monitoring system. 
Both the investigation and development process adopted a user-led approach, following an Extreme Programming methodology. Basing the requirements on what the current paper-based system used by Ecolab provides, the projected system will automate every aspect from data input to querying the data, allowing the managerial users to retrieve information such as the most common fault, how many faults have happened in a given week and what machine is featuring the most faults automatically, negating the need for manual data analysis.

2. [bookmark: _Toc511977099]Introduction
Ecolab, alternatively known as Economic Laboratory, is a global corporation that leads the frontier in manufacturing and supplying water, hygiene and energy technologies/services to businesses around the world.
Fault monitoring is an important aspect in any workplace that uses machines to carry out core operations. This is because, having the ability to collect data regarding machine faults, enables the company/organisation to conduct analysis on the data, making it possible to identify trends/patterns that occur, which further enables the organisation to then manage the faults with more success. 
Ecolab rely heavily on machines to operate properly to be able to maintain the level of production that is currently expected of them. However, the current fault monitoring system that the managers must interact with is paper-based, which severely lacks the efficiency that can alternatively be achieved in software systems, which can automatedly produce information from the data, as opposed to requiring manual information deduction from the data which is the case with paper-based systems.
The objective of this research was to help in implementing an automated fault monitoring system that could be used by the managers at Ecolab as a healthy improvement over the current system, which currently relies entirely on the end users to manually deduce information from the data, which is inefficient and inconsistent. The automated solution would eliminate the need for manual information deduction and would instead efficiently query the data automatically, providing the end-user with any information they required regarding machine faults.
As a way of finding a definitive answer as to whether the selected approach was relevant, a formal literature review will be conducted, which will also help determine the most suitable methodology to work by. A literature review will help provide a foundation to learn more about both the theoretical and practical methods that are inherently relevant regarding software development, but more specifically, the development of a fault monitoring system. 


3. [bookmark: _Toc511977100]Research and Literature Review 
[bookmark: _Toc511977101]Introduction
This chapter provides a critical review of published work, which expands on relevant fields that are related to this research, detailing the current and potential methods, tools and technologies that are used or could otherwise be used in monitoring/managing faults in the manufacturing industry.
[bookmark: _Toc511977102]The UK Manufacturing Industry
The manufacturing industry is a consistent and flexible environment that has essentially pioneered industry in and of itself. Manufacturing has moulded the way in which trading occurs, adding a much-needed level of diversity offered by companies that compete against one another to push competitive products in the markets they specialise in. Beyond the value that manufacturing is held to, it is equally as important to consider how valuable the processes that take place behind the scenes, within manufacturing, truly are, as well as how much of a baring they have on how efficient a company can be.
The UK manufacturing industry made its stamp on the world in the closing half of the 19th century, and it was this national movement that developed a stable economy that supported the growing living standards of the nation during that time (4). However, within the last forty years, statistics show that the manufacturing industry within the UK has endured a decline which based on the time-period, suggests that Britain was never truly able to recover from the great inflation that occurred in the 1970s (5), which before the inflation in 1970, the manufacturing’s share of UK economic output fell from 27%  to 10% in 2016 (6), forcing other industries/sectors to improve to compensate for the decline. This, followed by the recession of 2008/2009, left the UK manufacturing industry in a trench which is where it remains still to this day. The manufacturing industry in the UK is not currently suffering however due to having insufficient output, with the output sales for 2016 amassing to approximately 364 billion pounds (7) which has increased by 21.3% since 2009 (7). Instead, the industry is suffering due to rapidly rising manufacturing power houses such as Brazil, China and India that can dominate the industry with low prices that the UK are incapable of matching (4). 
The industry today relies significantly on automation, limiting the use for human interference. Generally, it is an all-round more efficient method of production since it lacks the consistency issues that are unavoidable in humans, with the main issue being fatigue, which is commonly attributed to most human errors (1). An example of how disproportionate human error is in comparison to automation error is highlighted in a study conducted by INPO, it was found that 92% of all root causes of incidents/errors in the United States nuclear power industry were manmade (2). 
However, the reliance on automation over the years has transitioned into a dependency, placing far more emphasis on the functionality of machines to ensure they are performing to the expected standard. The problem with this dependency, is that large machines manufacture products on a huge scale, so when they experience a breakdown, the company loses out massively, not only on production but also financially, since severe breakdowns may require a new investment to be made. This can be very costly, all the while the production rate has dropped significantly, having a direct impact on the profit that will be made in that week/month.
Despite automation being a superb method of improving efficiency and output in the workplace, it comes with a potential setback which is the impact that it has on employment. It is a widely accepted fact that automation reduces the need for manual labour and thus, reduces the amount of work available for people to undertake. This is suggested as an issue that will continue to eliminate labour but also grow substantially as an issue based on quotes from Elon Musk – “There will be fewer and fewer jobs that a robot cannot do better. These are not things that I wish will happen. These are simply things that I think probably will happen”, and Stephen Hawking – “The automation of factories has already decimated jobs in traditional manufacturing, and the rise of artificial intelligence is likely to extend this job destruction deep into the middle classes, with only the most caring, creative or supervisory roles remaining” (8). However, other sources do suggest that automation, whilst admittedly, displaces workers from their usual tasks, instead alters the type of employment available as opposed to eliminating all the employment available (9) (11). A study conducted by Carl Frey and Michael Osborne on the impact of technology on jobs in the UK, between the years 2001-2015, found that over 800,000 jobs were lost due to technology, but almost 3.5 million new jobs had been created (10). Not only had more jobs been created, each of those jobs paid within the region of £10,000 more per annum than the lower skilled jobs they replaced (10). Based on those statistics and the context surrounding them, it is without doubt that technology will impact employment, but rather than being viewed as a negative workplace implementation, it should be viewed as the driving force that will inevitably shift the orientation of jobs from manual labour to digitalised labour. This shift will lead to people having to become more skilled to be applicable for the kind of jobs that will be created, which by doing so, will inherently improve the intelligence/skill set of the UK’s workforce. 
To conclude this section, it is inevitable that at some point, automation in the workplace will require human input, whether it is for maintenance or repair, so it is essential to improve the method of interaction that takes place between both humans and automation to reduce the severity of any effects that occur when the automation fails. This partially correlates with a paper written by Dr. Wiegmann and Dr. Shappell who stated “Clearly, if accidents are to be reduced further, more emphasis must be placed on the genesis of human error as it relates to accident causation” (3).
Ecolab, otherwise known as Economic Laboratory, is a global corporation that leads the frontier in manufacturing and supplying water, hygiene and energy technologies/services to businesses around the world. Ecolab makes use of automation to help aid the production of products that are demanded on a global scale, and just like other manufacturing companies, the constant worry of machine failures is very prevalent. Ecolab record any machine failures/faults on paper which is then typed up into a spreadsheet, completely fraying away from a more efficient, automated method of storing the data and producing information.


[bookmark: _Toc511977103]Current Machine Fault Management Methods
Automated machines that contain a plethora of individual components are susceptible to faults been as there is a higher chance of incidents occurring that can render the machine incapable of performing its designated task. It is for this reason that methods of managing machine faults need to be applied to ensure that there is a level of preparation capable of dealing with the potential event of undesirable loss, in place. 
[bookmark: _Toc501282903][bookmark: _Toc511977104]Fault Tree Analysis
One method of keeping on top of susceptible machine faults, is called fault tree analysis. Fault tree analysis is a top down deduction system that is used to identify the stems within a system that can lead in to incidents that will incur a loss. This method essentially details all the understood faults that will transpire into failures/incidents, and in turn, links each of them via contributory events that categorise the incidents by pre-defined conditions. This essentially groups the faults and their attributed failures into types, making the analysis of potential solutions easier to devise, since one solution can be used to solve/prevent several incidents that can lead to the same failure type (12). Overall, what the fault tree analysis attempts to succeed in, is providing people with knowledge of the things that can go wrong with the system that concerns them, which aids them in the identification of the early stages associated with big incidents that can occur with the system, all with the intention of trying to prevent the early stages from progressing to the point of a system failure. 
The benefits associated with the use of fault tree analysis are firstly, that the incidents are clearly defined. This is instrumental in being able to manage and best prepare for any faults that may occur with machines because a clearly defined incident will inform those concerned, about everything they need to know to be able to determine what caused it to happen as well as what type of fault it could have led to. This ultimately leads to the relevant employees identifying a possible fix to the incident to prevent it reoccurring. Equally, fault tree analysis is exceptionally good at clearly defining faults, this is pivotal to the development of a company’s management of machinery/automation and closely mimics the quote “learn from your mistakes”.  This is because a clearly defined fault will provide information on the type of fault and what incidents occurred that caused the fault to happen. Using this information, companies can learn about the faults and what makes them occur, which inevitably leads to processes implemented to subdue the incidents to prevent the fault. Relationships between incidents and faults are documented to help solidify the understanding of which incidents lead to certain faults. This, combined with the use of categorising the incidents into types help organise the list of incidents that are present in a fault and ultimately, determine, the type of fault that has occurred (12). To conclude, the positives derived from fault tree analysis come together to simplify the analysis process of managing faults, by the clear definition used for both incidents and faults and the implementation of categories to group certain types of incidents/faults together. 
However, the drawbacks that come with using fault tree analysis are that it is a complicated process that can prove to be time consuming, which inevitably leads to potentially high costs depending on how long the process takes to complete. This method is also dependant on a team that knows how to use fault tree analysis, this is because a team that is unfamiliar with using this method run the risk of attributing the wrong incidents to a failure, which would result in a solution being devised to solve incidents that do not relate or impact the original failure, resulting in a bad investment of both time and finances. 
[bookmark: _Toc501282904][bookmark: _Toc511977105]Process Failure mode effect analysis (PFMEA)
PFMEA is an analysis tool used for identifying and evaluating a process’ potential failures with the intention of reducing the risks of the failures occurring (13). It utilises a four-step system each of which is given a score to establish a rating that determines how problematic the potential failure could be. This score is based on a scale from ‘1-10’, ‘1’ is scored to represent a minimal level and ‘10’ is scored to represent the highest level. The four steps are comprised of the following: (13)
· Severity – Rates the impact of the failure
· Occurrence – Rates the frequency of the failure
· Detection – Rates the difficulty in the failure being detected
· RPN (risk priority number) – Is the total score given to the failure (Severity, Occurrence and Detection score multiplied together)

PFMEA is a very useful way of evaluating a process’ potential failures because it provides the failures with a score that is beneficial because, added measures such as baselines can be set by the business to use as criteria, so, in an event where a potential failure exceeds the baseline RPN, an investigation can be done to see how the failure’s RPN can be reduced. 

The benefits associated with PFMEA are that, firstly, by using this method, failures can be rated in terms of severity, this is extremely beneficial to a company because a log of how severe each type of failure is, can help identify the failures that need to be prioritised with regards to prevention. This would most likely prompt a decision to perform a root cause analysis on the selected failures, to stop them occurring, by fixing the root problem from which it developed. Secondly, the steps that are used in contextualising a failure’s rating each have their own evaluation, this provides more information into why the failure is as severe, occurs at the rate it does and how easily it can be detected (13). This is beneficial because it provides sufficient information on each failure and why it should be prioritised based on the RPN that it achieved. Lastly, with each factor that plays a role in the RPN (severity, occurrence and detection) being assigned a rating, it clearly defines what areas of a failure are significantly problematic. This information is useful because it helps a company understand what part of the failure is the most prominent which can help them implement the right prevention tools/techniques that are best suited to the area.

The drawbacks of using PFMEA is that it is only as good as the knowledge of the team using it. This means that a team applying this method that doesn’t possess a sufficient understanding on how to utilise it optimally, will gain no benefit using this fault management method. Secondly, the other drawback is that PFMEA isn’t a process that is utilised to lessen or eliminate a failure, it is instead a process used to prioritise the failures, which will require further action outside of the process to instil any effect. Lastly, one of the drawbacks of PFMEA is not a static model but instead one that grows with the operation, thus making it an absolute necessity to keep updated so that it provides information on any new incidents/failures that had not been identified and ranked before, which, will inevitably cost time and money.  







[bookmark: _Toc501282905][bookmark: _Toc511977106]Root Cause Analysis (RCA)
Root cause analysis is an analysis tool used for the identification of a failure as well as how, and why it occurred. The purpose for using RCA is to prevent any recurrence of a failure, making processes as efficient as they are limited to be by essentially filling in the void that caused the failure to occur, with a devised solution (14). RCA works by first identifying the process failure, following this, the root failure must be found, which is determined through identifying how the failure occurred as well as why. This can be done by investigating the initial failure. This tool is simplified by adopting a step system like PFMEA, the RCA system consists of a total of four procedural steps that are as follows: (14)   
1- Data collection – Gather information on the failure
2- Casual factor charting – A diagram detailing the events leading to the failure
3- Root cause identification – Addresses the problems surrounding the failure to determine which one was the cause
4- Recommendation generation and implementation – Possible solutions are generated, and the optimal solution is implemented to prevent the recurrence of the failure

Root cause analysis is a great method of preventing failures from reoccurring through its last step of implementation, where the solution to deal with a failure is put in place, solidifying the process that suffered the failure. The process’ performance is made more efficient since it is no longer at risk from that type of failure happening again. 
The benefits associated with using root cause analysis that a company can expect to achieve are that firstly, failures that have already occurred and undergo root cause analysis are very unlikely to reoccur. This is because this method focuses on identifying the source from where the problem originated, which inevitably leads to solutions being devised and implemented to stop the initial incident from occurring and thus, prevents the failure from occurring. This is a beneficial aspect because it reduces, if not, eliminates the risks of a failure reoccurring providing the solution is successful.  
Secondly, other problems can be highlighted during the second step (casual factor charting), which happens by analysing the incidents that occurred in the build up to the failure. This is beneficial because it brings to attention the other incidents that were involved in the process and what incident led to the next before the failure. This provides an understanding on how the incidents are related and not just how they relate to the failure. The last benefit that can be utilised using root cause analysis is that, in step 4, the recommendation, generation and implementation step, multiple solutions are generated for the root cause of a failure, if one fails, there are multiple solutions that have already been generated during this step that can be implemented. It is beneficial because there is a minimal amount of time wasted by implementing an alternative solution when compared to having to devise an entirely new solution, essentially saving a company time and money. 
The drawbacks that are associated with root cause analysis derive from the requirement of time that the method takes. This method can range from being very short to very long depending on the complexity of the failure that is being evaluated, but unfortunately, root cause analysis, despite being one of the most useful methods of fault management, does not always uncover the root cause. This can result in huge investments of both time and finance being squandered, and it is also impossible to know whether the root cause analysis will uncover the origin of a fault before-hand. Lastly, the data collection method for root cause analysis is interpreted in many ways but one of the most common approaches is using the ‘five Whys’. The issue with this common approach is that, if none of the why questions aimed at the different aspects of the failure can not be answered, the method comes to a halt, meaning root cause analysis will not work until further information is known.   
[bookmark: _Toc501282906][bookmark: _Toc511977107]Total Productive Maintenance (TPM)
TPM is an approach utilised for maintaining equipment, with the intended purpose of achieving perfect production, which by the standard of TPM, is defined by no breakdowns, no small or diminished production and lastly, no defects. This method places lots of emphasis on the employees that are associated with the machines, this is because they are the end-users and are expected to attain a level of respect for the equipment, as well as aspire to be as productive as possible, which by using TPM, is more achievable. TPM is broken down into five steps that are used to facilitate the aspiration of perfect production, the steps consist of the following five ‘s’: (15)
1- Sort –Sorting items into sets defined by their purpose such as critical, important, unnecessary 
2- Systematise – Items are to be returned to original location after use
3- Sweep – A thorough clean of the work place
4- Standardise – Employees agree on standards that must be held for keeping workplace and machines clean
5- Self-discipline – Employees must maintain the standards agreed on without fail
TPM is a solid method that if executed correctly, can significantly improve the production of a company by simply introducing a systematic method of organisation for employees to utilise. Implementing a system for employees to follow to ensure a neat and tidy workplace is maintained for them to do their job, reduces the amount of risks that can occur on the machine floor. The benefits posed by using TPM comprise of two majors. Firstly, the production process can become more efficient without reducing the quality of the product output. This is beneficial on the basis that its doesn’t necessarily require any financial investment, but, does require employees to maintain the standards that are set in place, meaning that the production is more efficient which results in a higher volume of output, without hampering the quality of the products. Lastly, the machines will last longer since they will be cleaned and maintained regularly as opposed to running the machines into the ground until they need to be repaired/renewed. This will prolong the lifespan of the machines and ultimately benefit the company by saving them frequent investments that would otherwise be made on minor repairs which maintenance would have prevented. 
The drawbacks of TPM are that the success of the method depends entirely on the discipline of the individuals, requiring them to uphold the standards that have been agreed upon. This is considered a drawback since it only requires one individual from a team to not comply to the standards for the process to fail, which, the discipline of an individual cannot be controlled by anyone but themselves which makes this a contextually dependant method when considering using it. Basically, a team that lacks discipline would struggle using this method, making it a potential ‘hit or miss’ method of fault managing/monitoring.



[bookmark: _Toc511977108]Current Machine Fault Management Software Types and Tools
[bookmark: _Toc511977109]Types
Proprietary
Proprietary software is software that is copyrighted and owned by one company. This type of software is generally leased/licensed by the business/person using it, leaving the ownership to the company providing the service (20). An example of proprietary software is that offered by Microsoft which is Office 365, where a user will pay a fee to be able to use any of the software that is part of the package (23). 
The benefits of investing in proprietary software are that companies can buy into a package/suite offered by a vendor that will encompass multiple tools that address several different processes (16), which comes with the added benefit of each tool being designed by one company, which means that it is likely that they will all be similarly designed which will provide a familiar experience/interface for the user for each tool. An example of this is with the Microsoft Office 365 tools, each tool has the ribbon at the top of the screen which is consistent in Microsoft’s design.
The downfall to using proprietary software is that a company is forced to invest in the whole package as opposed to one or two of the tools that are included. This can be detrimental to the company if they only require one of the tools offered in the package, because, the company would be investing in a package that would pose no usefulness beside the one tool, which for the cost of leasing such packages, would make the investment a waste of resources (22).
Bespoke
Bespoke software is software that is designed and developed specifically for a company/business, with the aim of providing optimal service in facilitating the purpose it was built to fulfil, which is typically the automation of one of the business’ processes. The design and development of the software is outsourced to a company that specialises in producing software to ensure the system will be handled by experts. An example of a company that makes bespoke software, especially for monitoring/managing data, is Everun (21).
The benefits of investing in a bespoke system are that the software will be tailored to fulfil the requirements of the business, which is beneficial for two reasons. The first is that the system will fulfil its requirements providing the communication between the developers and the business is successful, resulting in a good investment. The second, is that the system will be developed and designed to fit into the business, as opposed to requiring the business to build itself around the system. Lastly, the software will be owned by the business, as opposed to the company that produced it, so licensing/rental fees would not be paid (22).
The drawbacks of using a bespoke system are that, if the communication between the business enquiring about the software and the developers of the software is poor, the business may end up receiving a system that does not do what they need it to do, since the developers were unable to deduct what was needed. This leads in to the second drawback which is that, the business needs to understand and know what they want the system to do, if they aren’t sure as to what the requirements are themselves, it will inevitably lead to a system that doesn’t do everything/anything that was needed which results in a huge waste of money (22). 
Open Source
Open source software is software that is available to the public for free. This type of software is an alternative to purchasing software, where the consumer can save money while being provided with a product that provides the same service as paid software (32). An example of open source software, is Apache’s OpenOffice package (24), which is hailed as the preferred alternative to Microsoft’s Office package as it provides the same type of applications that Microsoft Office offers, encompassing applications such as a word processor, spreadsheet, database management system and power point, all of which are necessary applications in a workplace that involves IT. 
The benefits of using open source software is that the consumer saves money on software that they would otherwise need to spend, which in turn allows them to invest the money elsewhere. Secondly, there are no ties to the vendor, if the consumer wishes to change to a different software, they can without having to spend time working out contracts/licences (33). 
The drawbacks of using open source software is that it generally fails to be as user friendly as commercial software. The reason for this is that vendors can copyright the design of their software, meaning the open source vendors are then unable to use the same design, and then have to come up with something different that users may not be familiar with assuming they are accustomed to the commercial software layout. Secondly, open source software does not always match up against the paid-for alternative in terms of functionality. This is because companies such as Microsoft can invest a higher influx of both time and funds into software production, since it is a given that money will be made back from it, however, with open source, vendors do not have the time or funds to produce software of the same level (33).
[bookmark: _Toc511977110]Tools
Spreadsheet
Spreadsheets essentially bridge the gap between paper-based systems and computerised systems, basically functioning as a paper-based system on a computer screen. Spreadsheets are a simplistic, yet ideal, method for storing vast amounts of data and can be automated to an extent, by using functions to calculate data from cells. Spreadsheets in paper form are extremely accessible, requiring only a pen/pencil and paper. Digital spreadsheets are also very accessible, being available from proprietary based packages such as Office 365 under the name ‘Excel’ (23), as well as from open source packages such as Open Office under the name ‘Calc’ (24).  
The benefits of using spreadsheets are that they are simplistic in functionality and design, making them easy to use. Spreadsheets can use conditional formatting which is a feature used to differentiate cells/groups of data, using different colours, text formats or cell formats. Lastly, spreadsheets are relatively secure, with their files being saved digitally, making it very easy to create backups of the file to store in different locations (25).
The drawbacks of using spreadsheets however, is that they offer little to no added benefits in terms of data deduction or data analysis (17), relying wholesomely on the individuals that use it to deduct the information manually, which means important information that could have otherwise been deducted using automated queries may not be found when relying on someone to manually point out trends in the data. Secondly, they are not as efficient as alternative software solutions since they rely far more on human interpretation as opposed to automation. 

Database
Databases are the next logical step from the digital spreadsheet, revolving around the storage and retrievability of data, accompanied with a tool set far more useful and tailored for the process of data analysis (18). Database software is generally used for more analytical purposes, serving a more specific role than just storing data while relying on manual human interpretation for the analysis. Database instead uses query languages such as SQL, against the data to retrieve information, which is a very helpful tool when building reports. It is also worth mentioning that databases are commonly found at the centre of most companies that deal with huge amounts of data quite simply because, they are extremely good at storing data as well as providing the necessary tools to query the data to deduct useful information. Database applications are accessible in many ways, a proprietary option would be that of Microsoft Access, open source would provide the option of OpenOffice Base. Alternative options comprise of Oracle, which is also a proprietary system, then SQL Server and MySQL that run on the .NET platform, which is owned by Microsoft.
The benefits attributed to using database software is that it serves as both a storage point for data as well as a tool for analysing the data, allowing the business to store and query data all in one place. Databases can also be used as back-end systems for front-end applications, allowing the end-user to interact with an application interface while the data is then stored in the database that lays underneath the application, separating the complexity of interacting with the raw database and the ease of use for the end-user. This is also a benefit in and of itself since it means the end-user does not have access to the back-end database. 
Database’s only true downfall is in the diversity of choice regarding what database technology is chosen, which, holds a significant amount of importance because the services offered by each technology vary and differ to fulfil different needs (19), so choosing the right database technology is crucial.


Software Package
Software packages are in-house/bespoke systems that generally consist of two parts, the first part is the front-end application which is what the end-user interacts with, allowing them to navigate through the system by using a GUI designed specifically for the end-users. The second part is the back-end database that sits behind the application, eliminating the possibility for the end-users to interact with it directly but instead, through using the application. This is done by using data manipulation in the front-end where a user would input data into the form of the application and then click a command button such as ‘add’. This would trigger an event, causing the application to communicate with the database and complete the command that the button was intended to do, which using the example of ‘add’, would take the input data from the application and store it in the database. An example of a fault monitoring software package is of one designed and developed by CISCO that monitors faults, errors, failures and exceptional conditions on a network (35). 
The benefits of using software packages are that providing they are bespoke or have been developed in-house by the business using it, the software package will be tailored to facilitate the business’ needs, meaning it will fit straight into the business as opposed to having to alter the way the business operates to work around the package. Secondly, software packages can be sold to other companies, meaning that the business can potentially profit off building or purchasing their own system because, once the business has paid off the initial cost of the system, the finance that is turned over by the business is profit. Second to that, the business can sell their system to similar companies to also make a profit on the system.
The drawbacks of using software packages are that they are often very costly, in respect of both in-house development and purchasing a bespoke system. Purchasing a bespoke system is costly as a large sum of money must be paid to acquire the software. In-house development is costly in terms of the time that needs to be invested into the development which does encompass finances too, where employees will be paid extra for developing the software or, where a programmer will be given a contract to work on the software. To conclude, the downfall to using software packages are the cost of acquiring them.                                                                                                                                                                                                                                                                                                                                       
Below is an example of a fault monitoring system developed by Cisco Systems (35).
[image: ]This is an overview screen that acts as a mini dashboard, showing users how many critical, major and minor faults have occurred on the system. The colour of the box is also determined by the number of incidents, with red indicating high volume and green indicating low volume. 


The below screenshot shows a list of the ‘critical’ issues that can be accessed through selecting the ‘critical’ button. 
[image: ]Below is the actual dashboard that depicts the data in the form of pie charts, useful to the user as they can visualise which faults are occurring the most.
[image: ] 
[bookmark: _Toc511977111]Potential Machine Fault Management Tools, Methods and technologies
There are numerous ways in which the projected system for Ecolab, could be built. The different tools required will consist of a database management system (DBMS), programming languages and lastly, an environment.
[bookmark: _Toc511977112]DBMS (Database Management System)
There are several DBMS software packages that could be used in providing a back-end database for the projected fault monitoring system. Each option varies regarding their optimal use, but they all share the mutual core function of ultimately providing a sufficient database capable of storing data, and the capability of communicating with an application. They consist of the following.
Microsoft Access
Access is a stand-alone database management system that comes as part of the Microsoft Office package, making it a proprietary system. It is a single user relational database, meaning it can only be used by one user at any given time due to Access limiting the possible user to database connections to one (26). With Access being a stand-alone system, it allows users to create both the front-end of a system (application), and the back-end system (database) in one place, which is one of Access’ selling points. It does not require the users to have a sufficient understanding in coding, and instead focuses more on the front-end development, allowing users that are unfamiliar with SQL to create a database using Access’ front-end while the code is procedurally generated underneath, separating the complexity of writing the code to build a database from the user’s experience. However, this does not mean that users that know how to code in SQL won’t be able to utilise that skill, as Access does also offer users the option to design/develop using the SQL tab if they choose to.  In terms of accessibility, Access is available on multiple platforms such as Windows, Android and Mac, making it a relatively accessible product. The accessibility is further propelled by being available on devices such as smart phones and tablets as opposed to being exclusively available on computer desktops, making it an easy product for users to manipulate the database anywhere and anytime. This leads into the portability of the product, which for Access, is very good. Access files can be opened on any compatible device/platform that has access to it providing Access is installed on the device, making Access a very portable database management system.
The benefits of using Access are that firstly, it is very user-friendly, it completely segregates any user interaction with the coding involved in building a database depending on the user’s preferences. This is beneficial since users that do not have a background in coding or any understanding of how it works, will still be able to use Access to build the database since the application allows the user to manipulate the front-end to do everything that is needed in designing and developing the database (28). Secondly, Access is a widely accessible DBMS, with it being available on Windows, Mac and Android platforms, covering devices such as PC, Mac, smartphones and tablets. This is beneficial because users are not limited to having to stick with one platform to work with the database, an example to support this would be that a user working on a Windows desktop in the office could save the database on a USB, and take it home to work on it using their Mac desktop, providing Access is installed on the Mac. It is also beneficial because by having the option to load up an Access database on a smartphone, users can make changes to the database anywhere using their smartphone. Thirdly, Access excels in localised databases, meaning smaller business systems can utilise Access more effectively because of the portability offered with the software. Lastly, Portability in and of itself with Access is very versatile, as you can open the same Access database on a different device providing the device has Microsoft Access installed, and, the copy of the database is saved on a storage unit that the device can access. Second to that, Access databases are limited for storage at approximately 2GB, which means an Access file will never become too heavy that the portable aspect is diminished by file transfer times.    
The drawbacks attributed to using Access are that firstly, managing who can access the database cannot be controlled, if the database file is leaked to someone, they can access the database. This is detrimental because if anyone was to gain access to the database file, they could cause damage to the business by either changing data or, by publishing the data which could potentially breach the data protection act (27). This is a drawback as it represents a huge security risk that could have huge negative effects for the business using the software. Second to that, Access does not enforce the use of user ID and passwords, which again builds on the security threat because there is no enforced layer of security between opening the file and accessing the data. Secondly, Access is not suitable for large organisation level databases based on the limit of the file size that Access has. This is a drawback because it means Access is not scalable, so if an Access database is approaching its 2GB file size limit, a new access database file would need to be made, which for a large organisation, would result in multiple files being kept, which is not an efficient method of data storage. Therefore, Access is better suited to smaller business systems. 
Oracle
Oracle is a stand-alone, multi-user relational database management engine, and identifies itself as an intelligent cloud application, as it exists only on cloud servers (29). This also means that the storage for Oracle is stored on the cloud (29). It is a proprietary system since users must pay for an to be allocated space on the Oracle servers that lasts for a fixed amount of time. Oracle is used for a multitude of systems but is popular among large businesses/organisations due to it being both reliable and functional. Oracle offers users the ability to build the database via code, which encompasses SQL, or, via the GUI which is the alternative method aimed at users that do not attain any knowledge/understanding in coding. The Oracle interface is more complex and detailed in terms of the environment the user works in when compared to Access’ simpler interface. But, this is due to Oracle focussing its design to appeal to coders as opposed to people with no knowledge in coding. The reason for this is that the oracle engine is used to facilitate very large databases, making the option of building the database using the code more optimal as it is faster at creating a system than using the GUI. As Oracle exists on the cloud, it is a very accessible database management system since any device on any platform can access Oracle, the only requirement is an internet connection, and, for the user to be logging in to their account from a network that has paid the licensing fee charged by Oracle. Despite having a tight leash on the accessibility for the sole purpose of ensuring that no one is using the service that hasn’t paid, the software existing entirely on the cloud eliminates a major accessibility issue, exclusivity (30). Oracle is portable, meaning the database can be accessed from any machine. This is because providing the user account has the authenticated credentials that mark the account as having paid the fee of using Oracle, that same user account would be able to access the database any of the supported platforms since the database is stored on the cloud. 
The benefits of Oracle are that firstly, it is very scalable in that it supports databases of up to 8PB in size which is astronomical (31). This is beneficial because the database will be able to handle the strain of growing to accommodate more data, which is a very important aspect that large organisations need. Secondly, Oracle enforces user ID and passwords which significantly increases the security, ensuring that only users that have the appropriate credentials have the access to the database. Thirdly, since Oracle exists on the cloud, businesses do not need to invest in hardware such as servers, or, server rooms to store the database, which saves significant amounts of investment that would otherwise need to be made. Lastly, since Oracle aims its services more toward users that know how to code, the ease of development supported by Oracle is very accommodating to experienced SQL users, providing them with a powerful list of commands, such as the one that allows users to produce a simulated result to ensure the user does not make an irreversible mistake.

The drawbacks attributed to using Oracle are that firstly, it is only a viable DBMS if the scale of the database is projected to be substantial, using oracle for a small database would be a waste of investment as there are cheaper alternatives that would be better suited. Secondly, despite the level of accessibility that Oracle has, being confined to internet access is a drawback since if the internet was to go down in certain areas, users within those areas would not be able to access the Oracle database. The same could also be said regarding Oracle’s servers, if they were to be subject of a malicious attack and were to temporarily shut down, no users could access the database. Lastly, Oracle does not cater very well to users that are unfamiliar with database software and instead, favours those with more experience, making it less user-friendly than other alternatives such as Access. Following on to that, despite Oracle being more focused on experienced users, that does not mean to suggest that it is a forgiving system, irreversible damage can be done in the click of a ‘run script’ button, if the user does not simulate the result to check for any problems that may occur after the script is executed. 

MySQL
MySQL is a multi-user relational database management system that is part of the LAMP web developing package, making it a better suited tool for developing back-end systems for websites based on convenience, since it is downloaded along-side web developing tools. Second to that, LAMP is an open source package which makes MySQL free to use. MySQL, similarly to Microsoft Access, offers a GUI method of developing the database as opposed to manually coding, but does however, emphasise the coding method of developing the database, which causes the software to stray away from the facilitation of inexperienced database users. The design, based on the shared preference of accommodating experienced database developers that Oracle also exhibits, is relatively complex, which is another reason that the user is recommended to code rather than use the GUI to develop the database. MySQL is available on the Microsoft, Linux and MAC OS platforms, making it relatively accessible on the platforms that are most commonly used for web development, as they cover devices such as PC, Desktop and MAC computers (34). The largest aspect that bolsters MySQL’s accessibility however is the fact that it is part of an open source package, which allows users operating on a compatible operating system platforms can download and use for free. Regarding portability, MySQL lacks in this aspect for the sole reason that the database has a root location that LAMP/XAMPP must run from on a device, which is subject to change every time a new device is used to run the database. This means the user has to go in to the configuration of the software to change the connection string for the database, which, can be very confusing for users with no experience changing configuration files. 
The first and foremost benefit associated with MySQL is that it is free, meaning the user can save money on a relatively powerful database management system, allowing them to invest their finances elsewhere (34).  The second benefit is that MySQL enforces user ID and passwords for users to gain access, and administrate the database. This is beneficial since it is a security measure set in place to authenticate the credentials of users, in an attempt to stop anyone without the approved credentials gaining access (34). MySQL is capable of supporting large databases, making it adept at supporting huge amounts of data whilst being able to grow with ease to accommodate more data. Lastly, MySQL is despite emphasising the coding aspect of development, does offer users the ability to use the GUI which does not require the user to have any pre-existing knowledge on SQL, making it a free and usable for all types of database developers. 
The drawbacks of using MySQL are that firstly, the interface is relatively complex which can be confusing for users to navigate through the system properly. Second to this, it involves a complicated set-up phase since a connection string has to be typed in to the configuration file for the XAMPP/LAMP software to find the database in order to run it. This, in and of itself is not a user-friendly design and is more appropriate for users that have an understanding of code. Secondly, maintaining the topic of the connection string, it stops MySQL from being easily portable and instead places a degree of complexity on moving the database from one device to another (34). This is a drawback since makes a simple process needlessly complicated, which hinders and deters users from moving the database to a different device. Lastly, when users enter the configuration file, this can be extremely dangerous because if one string of text is changed accidentally or even on purpose, without any reason, the database could be lost which is a drawback since the risk of losing the whole database is high since the user is forced to enter the location that it is most likely to happen. 





[bookmark: _Toc511977113]Programming Language
There are a multitude of different languages that could be used to build the front-end application for a fault monitoring system, however, the choice of language is generally determined by external factors such as preference and convenience, as well as the most appropriate language. Preference refers to the programmer’s preferred language which is almost always determined by the individual’s ability to code in the language. Convenience refers to how well the programming language fits in to the development of the project, for example, opting to program in a .NET language allows the user to develop the front-end and back-end in one environment, Visual Studio. It is convenient since the programmer can stay in the same environment/have one tab open whilst working on both the front and back-end of the system. The languages that could be used for a fault monitoring system are as follows.
C# 
C# is a high-level, object orientated, programming language, that is part of the .NET framework, owned by Microsoft. The language itself is predominantly used for developing Windows applications but can be used to develop alternate application types such as mobile applications, games and websites (36). C# is very popular on the basis that it is a simple language that can produce powerful results, making it a very useful language to use among programmers. The features offered by C# are that, like all the .NET languages, it supports common language, which is the process of using a virtual compiler to translate the code into an intermediate language to allow cross platform recognition. This basically means that the code from a C# program will be converted directly into machine code that the platform can understand before executing it (37). This also means that .NET languages can understand each other. Another .NET shared feature that C# inherits, is the incorporation of GUI to help simplify the process of design. This is an important feature of C# since it allows the user to design the application quickly, by dragging objects on to the form from a tools tab, significantly reducing the amount of time a user would otherwise spend designing which results in more time being made available for them to invest in the coding aspect of the application. The limitations of using C# is that to be able to use the language, a financial investment must be made into the Visual Studio environment, which is the only environment that C# can be used. This makes C# a language that is only accessible through means of acquiring a proprietary package via finances in the form of Microsoft’s Visual Studio. 
The benefits of using C# are that firstly, the incorporation of GUI tools simplify the application design process that in other languages such as Java, can be a lengthy process when an interface is developed through code, making the C# process efficient and simple. It is also beneficial from the standpoint that when working to deadlines or under time constraints, this simple process of design allows more time to be spent on developing. Secondly, C# being part of the .NET framework means that the application will be valid for cross-platform recognition providing the machine has the .NET framework installed (38). Thirdly, C# is relatively forgiving in terms of the code type up, meaning that users do not need to be adept in their ability to code but should at least have some knowledge or experience with the .NET framework. Lastly, as C# is part of the .NET framework, there exists an extensive amount of class libraries that are available to the user, providing a huge array of options regarding the functions, that the user can incorporate into their application (38). Also, because C# is a type-safe language, it significantly reduces the number of common mistakes that could occur which is beneficial to users that tend to make minimal mistakes such as capitalisation of function names (39).
The drawbacks of using C# are that mainly, the user must acquire the Visual Studio package to have access to the language, this must be done through means of financial investment which can be very costly. Second to this, C# is considered an unsuitable language approach for developing time-critical applications, since the garbage collector in C# can negatively impact the performance of the application since the memory that the application will require will fluctuate as opposed to maintaining a static/consistent amount, which in turn, will cause the application to become very delayed and slow (39). 
Below is an example of some C# code.
[image: Image result for example of c#]
Java
Java is a high-level, object-orientated, programming language, that is considered the most popular programming language in fruition today. The purpose of the language is very general regarding the reason it is used, as it can be used for many types of applications including games, mobile applications, internet applications or any purpose-type applications (37). Java’s popularity is mostly derived from it being an opensource tool, meaning anyone can pick it up and use it without having to invest anything other than their own time to use. This, combined with the fact that Java can compete on the same level of performance as many of the .NET languages, makes it a serious contender as an alternative. Java has multiple environments that it can be developed in such as Eclipse, NetBeans, IntelliJ to name a few, all of which offer the user similar experience, the only difference is generally what the environment designed to develop. Regarding features, Java is for one, simple, yet offers high-level performance with little exertion, offering users a variety of features, but two of the main features offered by Java beside it being free, are that it is portability and secure. Java’s portability refers to its lenience regarding the platforms it can be used on which for Java, exists many. This is because all that is needed for Java to run is the bytecode followed by a JVM (Java Virtual Machine), which can be used on the three biggest OS platforms, Microsoft, Linux and MAC. The applications made using Java are secure since the programs run in virtual machines, meaning that nothing from the application can harm the device since it is contained within the virtual machine (37).   
The benefits of using Java are that firstly, it is free, allowing the consumer of the software to save money on a very powerful tool that allows program development. Secondly, Java is a very portable language, meaning that Java programs can work on nearly all platforms providing the bytecode, which is the Java program that has been compiled into a language that the Java virtual machine can interpret, is available, alongside the Java virtual machine which will be located on the platform that the program is to run on, which is why Java is hailed as “write once, run anywhere” (40). This is beneficial since it means a huge number of people can use Java programs on many different platforms, which essentially maximises the audience to which Java can cater to. Thirdly, Java is a very secure language which is credited to the fact that it is an encapsulated language regarding both the developing and run-time environment. This is because when developing, the code is compiled into a bytecode and to run a Java program, it must be opened within a Java virtual machine, making it so that the Java program only exists within the confines of the virtual machine, which has no bearing on the device running the virtual machine. This is secure because a Java program runs inside a “sandbox” that prevents the program from harming the system that is running the virtual machine (40).
The disadvantages associated with using Java are that when compared to the likes of C++, C or C#, despite being capable of similar end-results, Java is slower and is unable to keep up with more powerful programs created in those languages. This is a disadvantage because even though Java is opensource, it has limitations with regards to how powerful it can be before it is incapable of meeting the demands of very powerful programs (41). 
Below is an example of some Java code.
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Python
Python is a high-level, object-oriented, opensource programming language, that incorporates dynamic typing and binding which inherently makes it an ideal solution for developing applications in a short space of time (42). As a developing tool, Python can be used for general purpose programming just like Java and C#, basically meaning that I can be used to develop a multitude of different types of application. Since Python is opensource and can be used for rapid application development, it became a very popular programming language that has since been adopted by the likes of Google, which used Python to develop many components of its search engine, NASA, which used Python as the standard scripting language in developing an integrated planning system, and lastly, to only name a few, the CIA, which used Python to power their website (43). Python has multiple IDEs (Integrated Development Environment) like Java, with the purpose being that Python can accessible to a larger number of platforms. This leads in to the features that Python offers the user, those of which consist of an elegant syntax, which makes both reading and writing the code easier which in turn makes the language easy-to-use, interactive mode, which allows the user to test small portions of the code to ensure it works and a large standard library, which allows the user to utilise common programming requirements such as connecting to web servers and local databases (44). 
The benefits that can be gained from using Python are that firstly, it is a simplistic programming language that can yield powerful results, making it an excellent choice for beginner programmers due to it having a simple-to-learn syntax. Secondly, Python is a very efficient language that can produce fast results through having a clean and user-friendly object-oriented design, and dynamically typed language (42), which also makes Python a forgiving language for beginners. This is beneficial since users can produce applications much more quickly since the language itself is not as prone to errors that strongly typed languages such as F# can be (45). Thirdly, Python has extensive libraries that enable users to incorporate common tasks such as connecting to webservers or different database management systems quickly and easily, since the string that enables those application interactions are readily available within Python (46). Lastly, Python is an opensource programming language meaning it is free to acquire which, is beneficial from the standpoint that the consumer does not need to invest any money to use Python.
The drawbacks that hinder Python are that similarly to Java, when compared to .NET languages such as C# and C++, it is not as powerful or as fast when measured as a programming language, meaning its capabilities fall short of those found in alternative languages such as C++ (47).  Secondly, with technology forever evolving and transitioning into new avenues, mobile technologies are a rapidly emerging set of platforms that other languages such as Java and Swift can cater to, however, Python is lacking in mobile computing and thus limits its portability as well as its accessibility (47).  
[image: Image result for python code example]Below is an example of some Python code.





[bookmark: _Toc511977114]Development Environment
The programming environment has developed over the years from a simple text editor in to what is now known as the IDE (Integrated Development Environment), which refers to one location in which a user can code, execute the code and debug the code (48). There exists a multitude of different environments with the main purpose being that a language can be more portable. Beside this, the other reason for having multiple environments is to facilitate the needs of the user, by providing them with more options in terms of GUI capabilities, that are unavailable in text editors (48). IDEs also contain debuggers that can inform the user of any errors that have been found in the code before the program is run, allowing the user to be efficient in their program testing since manually checking for errors, which is the method that would otherwise be conducted in a text editor, is uneccessary, leaving it down to the automated process of the environment’s debugger to identify the error as well where it is situated amongst the code. 
Visual Studio
Visual Studio is a proprietary software package offered by Microsoft that serves as an environment for all the .NET languages. It features strong GUI components such as a tool box, allowing users to drag and drop objects they wish to incorporate from the toolbox in the application, making the design aspect within Visual Studio quick and easy. Visual Studio also allows the user to develop databases, web apps and games in addition to windows and mobile applications, meaning users can develop the front-end and back-end of a system within the same environment simultaneously, making it efficient as users can develop their system without having to change back and forth different environments (49). Visual Studio has a built-in debugger that runs when the code is executed, which informs the user of any errors in the code that either prevent certain objects within the program from functioning, or, of any errors that prevent the program from working at all. The debugger will return an error message if any are found which will provide the user with a sufficient amount of information to be able to understand what happened, detailing the error severity, code, description and the line it occurred on within the code. The environment itself is available on all Microsoft platforms and as of recently, Mac OS (50). 
The benefits of using Visual Studio are that firstly, it is a clean and well-designed environment which remains consistent regardless of what language is being used within it. This is beneficial since a user will only need to familiarise themselves with the environment once, with not having to adapt to a different interface for each variation of programming language they decide to use within it. Secondly, a user can develop both the front-end and back-end of a system simultaneously in one environment, since Visual Studio also allows users to create databases using SQL Server which is compatible with all the .NET languages. This is beneficial as users can stay in one environment and develop both sides of a system which makes for efficient development as there is no delay between changing environments or having to learn how to use other environments to work on the back-end of the system. Lastly, Visual Studio is maintained exceptionally well, as updates and patches are frequent which means the environment is being improved if possible, all the time. 
The only true drawback of using Visual Studio is that because it is a proprietary package, it costs users money to be able to use. This is a drawback as there are alternative environments available that are opensource that would not require a user to invest financially. 


Below are some examples of the Visual Studio Environment.
 [image: ]
Shown above is the GUI aspect of Visual Studio, which shows the toolbox on the side where objects can be dragged onto the box in the centre. 
[image: ]
Shown above is the development (coding) aspect of Visual Studio that also shows the debugger at the bottom in the grey box.


NetBeans
NetBeans is an opensource IDE that is free to the public to use. It provides the user with multiple languages that they can use, some of which consist of Java, JavaScript, HTML5, PHP and C++. The environment offers GUI capabilities that allows for rapid interface development, as it adopts a similar method of drag-and-drop that is used in Visual Studio. Some of the other features that NetBeans offer, are that it has the best support of any IDE for the newest Java technologies since NetBeans has been made the official environment for Java 8 (51). It has cross platform support, as it is available on Windows, Linux and Mac OS which also makes it widely available. Users can write bug free code due to NetBeans providing a ‘find bugs’ tool that will fix common errors, larger errors can be identified using the debugger that NetBeans also provides. NetBeans also has a feature that makes coding more efficient, it is a ‘smart code editor’ that lists suggestions on what the user can potentially type next. 
The benefits of using NetBeans are that firstly, it is an opensource software package that like all opensource packages, are beneficial because the consumer does not have to spend any money to acquire it, which makes it more accessible to people that do not have a high enough budget to invest in proprietary alternatives (52). Secondly, NetBeans is very accessible since it is available on the major developing platforms such as Windows, Linux and Mac OS which also makes it a portable developing environment. Lastly, NetBeans is a good environment for fast development due to it having GUI capabilities that enable the user to use drag-and-drop functions that make design and developing more efficient. 
The drawbacks of using NetBeans are that as an environment it can be slow to load, which is a disadvantage since it takes away from the efficiency that it otherwise provides users. NetBeans can be demanding in terms of memory requirements in comparison to alternative environments which, if the user does not have the available memory available, they would not be able to use the environment. Lastly, the advanced tools offered in NetBeans require some training and familiarisation, which means it is not necessarily a complete beginner friendly environment.
Below is an example of the NetBeans environment which shows the coding interface and the code suggestion tool that has previously been discussed.
[image: Image result for netbeans]


[bookmark: _Toc511977115]Critical review

[bookmark: _Toc501282930]Ecolab is becoming a global elite in the area it occupies within the manufacturing industry, and it is for this reason, that a more sophisticated system needs to be set in place to manage the machine faults that will in turn, minimise the down times caused by machine failures that could have otherwise been predicted and prevented, ultimately saving Ecolab resources. 
Regarding the existing methods employed for collecting data on machine faults and failures that have been researched, it is a certainty that each method will be sufficient in collecting the data. It is known to the researcher that the methods that have been explored, are in-fact utilised by Ecolab for monitoring machine faults and failures and since the data collection methods are not the area the project is trying to improve, the methods favoured by Ecolab will be utilised.
After researching some of the current technologies for monitoring machine faults, one of which is already adopted by Ecolab, it is apparent that none of the explored technologies will be as instrumental in a positive improvement that the project aims to achieve. It is for this reason that the project will be a bespoke software package system. This will ensure Ecolab are provided with a system that is built and tailored to facilitate the process of monitoring and managing machine faults and failures specifically for their company. This decision is better than the concept of proprietary technology as the company will not be forced to pay a large sum of money for a package of tools of which only one is needed. It is also better than the technology posed by standalone spreadsheets and databases because it will offer back-end manipulation through front-end interaction.
Based on the research gathered in the literature review, Microsoft Access will be the most suitable of the discussed database technologies. Access is a viable technology for the Ecolab fault monitoring system because, the system will not require a huge scale database, but instead, a controlled database, which negates the disadvantage of having less storage capabilities, and neither does the system have an abundance of end-users, but instead, a very limited set of end-users. This also helps negate the storage issue posed with Access because a handful of end-users, that will only use the system at the end of the work shift, are not going to be inputting large quantities of data, meaning that the storage will reach its limit over a longer period of time, compared to if there were hundreds of users inputting data simultaneously every day. This ensures that an access database would be viable despite the storage limitations that are the biggest drawback of Access. Second to this, Access features a simple interface which makes it a very easy technology to work with. 
Regarding the chosen programming language, C# has been selected based on the research gathered in the literature review. C# is a high-level object-oriented language that is more than capable of developing a fault monitoring system that would be used by one user at a time. The drawback of needing Visual Studio to utilise C# to its maximum potential, incorporating GUI features to design the application at a quicker rate, is not an issue in this case as Visual Studio is available to be used. Lastly, C# is a very simple language to learn and use which combined with the notion that it is efficient at making Windows based applications, which is what the Ecolab fault monitoring system will be, makes the decision to use C# as the programming language a good choice.
Lastly, with regards to the development environment that will be used to develop the application, Visual Studio, based on the research, was the clear choice for the following reasons. Firstly, as C# is the choice of language, Visual Studio features full support for the language and incorporates GUI features that help improve the rate of development. This also means that the language is already installed and ready for use once Visual Studio is installed. Secondly, Visual Studio is a familiar environment that is simple to navigate and use where NetBeans, is more complicated to learn and understand, which steepens the learning curve that already exists within the confines of this development project.
The system will provide Ecolab with the tools necessary to monitor their machine faults which in turn will provide sufficient knowledge as to whether a machine, based on its recent faults, should be due a failure. This will allow the end-user of the system to catch an emerging failure before it occurs, which will prompt a decision-making process on how best to deal with the problem. This should decrease downtimes in Ecolab by resolving the problems before they occur, which in turn, should save the company money, that prior, would have been lost in the downtime. The system will be comprised of an application interface that will be used by the end-users and a back-end database, where all the data is saved to and manipulated from the front-end application.
4. [bookmark: _Hlk511086347][bookmark: _Toc511977116]
Research and Development Methodology
[bookmark: _Toc501282917][bookmark: _Toc511977117]Philosophy
The phenomenological philosophy best serves the research methodology for this project. This is because the philosophy revolves around interpretation (53) as opposed to fact finding, which is done through obtaining information from people rather than objects. The information gathered will therefore be subjective to the researcher as well as from the people who emit the knowledge and this, has been acknowledged. 
Reasons for using the phenomenological philosophy are as follows: (54)
· Humanistic approach that is concerned with more than just ‘what is’, but also answers for ‘why it is’ and ‘how it is’
· Minimal cost for applying the research with the main resource being the researcher
· The structure is lenient and flexible which means directional changes in research are easily accommodated 
· Generalisation is not a necessity in the project’s field of research
· Human research is required to a small degree to understand the interaction between the client’s current system and the end-users

Possible issues: (54)
	Issue
	Solution

	Collecting data can be time consuming
	Manage time proficiently by following the allocated set times for data collection specified in the project plan 

	The pace and progress of the project can be difficult to control
	Monitor progress using the project plan and adjust pace to correlate with the project plan’s allocated time slots


	The emphasis is humanistic and lacks objectivity or scientific rigour 
	This purpose of this research is to help address a problem for a single organisation which makes this an irrelevant issue. 




[bookmark: _Toc501282918][bookmark: _Toc511977118]Approach
Inductive reasoning is the approach that is most commonly used in conjunction with the phenomenological philosophy, this is because inductive reasoning shares the same methodology regarding building a theory based on research (55) (56), as opposed to starting with a theory and testing the hypothesis to determine the theory’s validity. This is the reason that this approach has been adopted, to allow a theory to be built based on the research.
Reasons for using Inductive reasoning are as follows: (56)
· Coincides with phenomenology philosophy
· The researcher is not limited or confined by predefined boundaries and thus can operate freely 
· Inductive reasoning will identify probability which provides leeway in allowing the researcher to be wrong
· The researcher can subjectively convey the research without necessarily being wrong

Possible issues: (56)
	Issue
	Solution

	Inductive reasoning is based on subjective knowledge as opposed to proven, solidified knowledge, thus, some research may be biased or potentially incorrect
	Analyse the information thoroughly and compare knowledge to other sources to identify correlation. 

	Subjective data in some instances can contradict the researcher’s findings/purpose of research
	Using inductive research alongside the phenomenological philosophy, any contradictions can be analysed which can then lead the researcher in different directions.

	It is a possibility that a theory will not be devised 
	If the researcher is unable to correlate the research to the conclusion, a theory will not be made on the subject matter



[bookmark: _Toc501282919][bookmark: _Toc511977119]Strategy
Action research is a strategy employed to add to the knowledge of an area (57) which in this case, is the use of software in the manufacturing industry and how it can benefit the manufacturer to use software as opposed to paper-based systems. It relies on the researcher’s ability to solidly compare and evaluate two instances of a situation, where one instance is the original situation and the other, is the situation after a change has been implemented based on the conducted research (58). This strategy is very prevalent in the context of this project since a situation already exists, and the proposed project by the researcher is intended to improve the current situation by invoking change.
Reasons for using action research are as follows: (57) (59)
· Coincides with phenomenology philosophy
· The researcher is actively responsible for the intended change and not just an observer
· Cooperation between company and researcher will be required
· Allows the researcher to be wrong because if the situation does not get better after the change, it becomes valuable research for other researchers in similar situations
· Provides a good method of comparing how a change improves or worsens a situation

Possible issues: (60) 
	Issue
	Solution

	Time and resources to conduct research and implement the change to the situation
	Follow the project plan closely to stay within the time parameters for each task.

	Bias research
	Not necessarily an issue since the researcher will subjectively analyse the information.

	Results are not generalisable
	Results will not be generalisable, but the results will be valuable for research purposes eg. Why it worked/why it didn’t work. 



[bookmark: _Toc511977120]
Time Horizon
Based on the time frame this project has been set, the only conventional time horizon to use would be cross-sectional. This is because cross-sectional time horizon addresses research projects that have shorter time frames by focusing on one set of data from one point in time, as opposed to multiple sets of data from different points in time, studying the change over time (61). 
[bookmark: _Toc511977121]Data Collection Methods 
The data collection method best suited to action research consists of observation and interviews both of which can produce qualitative and quantitative data. Interviews with end-users will be conducted by the researcher and will provide information about the current system as well as what is specifically needed in a new system and why. This coincides with the action research methodology by collecting data at one point in time to be analysed (58). Secondly, observations are beneficial methods of collecting data because the researcher will know what data and information is relevant and useful. In conclusion, by using these two data collection methods, the researcher can control what data is collected as well as how, which is very beneficial since by using action research as a strategy of research, the researcher is ultimately the individual responsible for utilising the data and producing the change, and how the data is collected can be manipulated to suit the researcher (59).   
[bookmark: _Toc511977122]Ethical/Legal Issues

The following issues will be considered:
· Collection of data that may be deemed sensitive to client 
· The method in which the data is collected
· The method used for storing Ecolab’s data
· The method used to ensure any Ecolab employee’s anonymity if they do not consent to be named

The necessary actions:
· Client must provide consent for the use of their machine data for the project to conform to the DPA 
· The terms of use on the data provided by the client must be outlined and agreed on with the researcher
· The client will be informed if the use of data changes before hand to ensure new agreements can be made regarding the use
· Any information obtained through means of the client’s employees will be given back to the participants to ensure the validity of the content before being used

[bookmark: _Toc511977123]Development Methodology
Extreme Programming will be the methodology used to structure the course of the project, because, a system such as the one that has been proposed will require a solid structure to maintain and organise the workload. Extreme programming also provides sequential steps to follow to ensure the system is built properly (62). The system will also require every function to work and this is more achievable by using Extreme programming’s method of breaking down the development into multiple ‘release plans’, where workable deadlines can be implemented alongside a small number of tasks that individually, will only achieve small progressions within the application, but as a collective, all the release plans will result in a fully functioning application.  
Required Software
· Word processor – Microsoft Word – This will be used to document any relevant information for the project

· Database Software – Microsoft Access – This will be used to create the database

· Programming Software – Microsoft Visual Studio – This will be IDE used for the front-end development

While many languages can be used for this project, the reason as to why the following have been chosen, is simply to keep the project realistically achievable through allowing the researcher to stay within their comfort zone. The languages to be used are as follows:
· Database Language – SQL – This will be the language used to build and query the database

· Front-End Language – C#– This will be the language used to develop the front-end system

Required Hardware
The only hardware required for the development process is a desktop computer with a keyboard and mouse.
[bookmark: _Toc511977124]Success Criteria 
The following list addresses the success criteria for each component of the project: 
Literature review – Successful if the knowledge obtained throughout the review is relevant and applied, to the development of the project
Research Methodology – Successful if the followed methodology leads to a successful literature review
Development methodology – Successful if the system is built with full functionality
Software type (Access DB with C#) – Successful if the application and database work as intended
IDE (Visual Studio) – Successful if the application can be fully built in the IDE
Timescale – Successful if the system is built within the time frame
Usability – Successful if the system is simplistic and is approved by an end-user after user-acceptance testing 
Speed – Successful if the system is responsive
Security – Successful if only authorised users can access the system
Functionality – Successful if the user can add failures to the database, have relevant information available on the dashboard and can look at an overview of the week’s failures which can be further utilised to show the user graphs of the data.

5. [bookmark: _Toc511977125]Development
[bookmark: _Toc511977126]Introduction
The methodology that has been selected for the development of this project is Extreme Programming (XP). The methodology has been adapted to better suit the development of this project by only using four of the phases (62):
Exploration – Prepare user stories (program functionality), and ensure the project is feasible in first release
Release Planning – Disclose any additional stories and date of implementation (timescale) 
Productionising – Operational deployment and documentation
Maintenance – Operational enhancement, bug fixes
[bookmark: _Toc511977127]Design and Implementation
Estimated time-scale
	Release
	Description
	Duration
	Deadline

	1
	User Log-in (Form 1)
	1 Day
	7th April 2018

	2
	System Dashboard (Form 2)
	3 Days
	10th April 2018

	3
	Report Failure (Form 3)
	2 Days
	12th April 2018

	4
	Week Overview (Form 4)
	4 Days
	16th April 2018


Below is a table detailing the estimated timescale for each release.

[bookmark: _Toc511977128]Release 1 – User Log-in Form 1
[image: https://media.discordapp.net/attachments/306850542402142209/435565076041170944/unknown.png?width=720&height=561]


Exploration
Project User Stories
· Connect application to database
· Allow user to log-in to system using credentials

Feasibility
As the client is accustomed to using a paper-based system, a simplistic design has been used for the projected system to ensure that the transition is smooth for the end-users.
The system heavily incorporates the Ecolab theme of blue and white to help the system fit in to the organisation. An example of the theme is shown below.
[image: https://media.discordapp.net/attachments/306850542402142209/435565076041170944/unknown.png?width=720&height=561]
Lastly, the system is almost completely automated, lowering the risk of potential human error substantially. 
Release Planning
Implementation date: 7th April 2018 – Duration: 1 day.
Additional user story:
· Create a database to store users
Productionizing
User Database
[image: ]

[image: ]
Connecting Application to Database
[image: ]Below is the connection string that connects the application to the database.

The application has a label to indicate if it has connected to the database as shown below.
[image: https://media.discordapp.net/attachments/306850542402142209/435565076041170944/unknown.png?width=720&height=561]
Allow user to login using credentials
[image: ] [image: ]
[bookmark: _Toc511977129]Release 2 – System Dashboard Form 2
[image: ]
Exploration
Project User Stories
· Display three different sets of data in each of the boxes by querying the database
· Add ‘Report a Failure’ button functionality
· Add ‘Week overview’ button functionality
Release Planning
Implementation date: 10th April 2018 – Duration: 3 days.
Additional user story: 
· Make query to retrieve the current week 
Productionizing
Make query to retrieve the current week (Allows application to display correct data)
[image: ]
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· 
Display three different sets of data in each of the boxes by querying the database
[image: ][image: ] 
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 ‘Report a Failure’ button functionality
[image: ][image: ]
‘Week overview’ button functionality
[image: ] [image: ]
[bookmark: _Toc511977130]Release 3 – Report a Failure Form 3
[image: ]


Exploration
Project User Stories
· Connect drop-down boxes with the database
· Allow user to save data from application to the database (Add ‘Save’ button functionality)
· Add ‘Back’ button functionality
Release Planning
Implementation date: 12th April 2018 – Duration: 2 days.
Additional user story: 
· Build failure database 
Productionizing
Build failure database
[image: ][image: ]
Connect drop-down boxes with the database (one example shown as the method was reiterated)
[image: ][image: ]
[image: ]Allow user to save data from application to the database (Add ‘Save’ button functionality) 
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Add ‘Back’ button functionality 
The back button allows the user to go back to the dashboard without having to close and reload the application.
[image: ][image: ]
[bookmark: _Toc511977131]Release 4 – Week overview Form 4
[image: ]
Exploration
Project User Stories
· Create query to display all the failures from current week
· Add button functionality to each query button to display a graph of data relevant to the query
· Add ‘Back’ button functionality
Release Planning
Implementation date: 16th April 2018 – Duration: 4 days.

Productionizing
Create query to display all the failures from current week -
[image: ]
[image: ]
Add button functionality to each query button to display a graph of data relevant to the query
The query buttons allow users to visualise the data in a graph format which eliminates the need for the user to manually interpret the data.
(Total fails by type)
[image: ] [image: ]


[image: ][image: ](Total fails by Mechanical type)







(Total fails by Electrical type)
[image: ][image: ]
(Downtime by Type)
[image: ][image: ]





(Downtime by Mechanical)
[image: ] [image: ]
(Downtime by Electrical)
[image: ][image: ]
Add ‘Back’ button functionality
[image: ] [image: ]


6. [bookmark: _Toc511977132]Evaluation
The aim of the Ecolab fault/failure monitoring system was to facilitate and improve the management of Ecolab’s machine fault data, with the intention of introducing a new and reliable method of identifying and subsequently, reducing, potential downtimes caused by machine faults and failures, at Ecolab. 
The objectives were to design a system that acknowledged the end-users transition from a paper-based system to a software system, which would require a simplistic and user-friendly interface that focused on minimalizing the risk of human error occurrence which is otherwise prevalent in the current paper-based system. This would be achieved by ultimately replacing as much manual processes in the fault monitoring process with automation.
The system did achieve its objective and succeeded in fulfilling the aim, meeting all the success criteria that was previously devised.
Firstly, the functionality that was required to improve Ecolab’s method of monitoring and managing machine faults and failures, revolved around automating the manual processes of interpreting and implementing data that the current system enforces. This was achieved in several ways, but firstly, on the dashboard. The dashboard informs the user of the total number of fails that have happened in the current week, the most common failure that has occurred and lastly, the amount of downtime that has therefore occurred as a result of the failures that week. This eliminates the need for manual data interpretation which inherently negates the risk of human error in the form of inconsistency when interpreting data. 
The second instance of automating otherwise, manual processes is on the failure report form. This form uses automation on every input beside the downtime, in the form of drop down-boxes. This ensures that a user can only save relevant data to the database because each input is controlled, which again, negates the risk of human error occurring. 
Lastly, the week overview form is the final and most useful form of automation that is present in the system. It first displays a table that informs the user of all the fault information for the week, the user can then use the buttons to generate graphs, depicting the data that the user requested. This completely negates the possibility of human error occurring when gathering or interpreting the data since, the automation replaces the need for a user to manually interpret the data and instead allows the user to rely on a more consistent and efficient method of visualising already interpreted data. It is also important to mention that the ability to visualise the fault data over the course of a week is very useful at Ecolab, since, presentations are conducted on a weekly basis regarding the faults and failures which could be done more efficiently and accurately using this system.
Following on from the functionality, the project itself when measured against the success criteria was can also be deemed a success. The literature review did lead to obtaining relevant knowledge which influenced important decisions for the development such as what software could be used (Access, VB), both of which were a success. The development methodology was also a success as the system was built with all the intended functionality. The IDE was a success since the application was fully developed in Visual Studio. The timescale was successful as the project was finished within the set time frame. The usability was successful as the system was simplistic and was further approved by an end-user after conducting user acceptance testing. The speed of the system is adequate by being responsive. The system is secure from the stand-point that only authorised users can access the system.
Regarding the user acceptance testing, the user was provided with the completed fault monitoring system and was asked to navigate through the system, assessing the simplicity of the system alongside how easy it was to utilise. After the test, the user approved the system of being simple and easy to use, meaning that the objective of making the system simplistic to appeal to the end-users that were accustomed to a paper-based system was achieved.  


7. [bookmark: _Toc511977133]Conclusion and Recommendations
The rationale for this research was to investigate the use of software to manage machine fault data in the UK manufacturing industry for Ecolab.
The literature review was beneficial as it enabled the retrieval of abundant information that confirmed the relevance and the potential impact that software has when used to manage machine fault data.
The research conducted on current fault monitoring tools and technologies revealed three prominent options which comprised of spreadsheets, databases and software packages. The most suitable technology was determined as a software package based on them incorporating a significant amount of automation, reducing the burden of manual data entry and subsequent data interpretation, thus making the results more reliable. Therefore, software packages have become the favoured mechanism for recording and analysing fault logs within a given business. 
The potential types of technologies that could be used consisted of proprietary, open source and bespoke, each of which were prevalent technology types in the industry. It was determined that bespoke was the most suitable option because it meant the fault monitoring system could be built specifically for the client, which would inherently address the needs that apply to the client. 
The overall objective of this research was to obtain knowledge within the area of fault monitoring systems, to help contextualise the potential approaches that could have been used for the Ecolab fault monitoring system. Ultimately, the research determined that the most optimal approach would be to build a bespoke software package to facilitate the management of Ecolab’s fault data.
The methodology selected for the research comprised of a phenomenological philosophy with inductive reasoning as the approach. They were deemed as the most suitable since the literature review would revolve around interpretation as opposed to fact finding, followed by developing a theory based on the research. It was also deemed the most suitable since the researcher is the main resource. The adopted strategy was action research and was the most suitable approach for this project since it is a strategy that involves comparing two instances of a situation, which is achievable in this case by comparing the old system to the new. 
The selected programming language of C#, was done so based on it being an object orientated programming language that the researcher was familiar with, after conducting research it was confirmed that it was also capable of producing the results that were needed to meet the requirements of the system. 
The database technology used was Access and was deemed the most suitable database technology on the basis that it excelled at managing localised databases which is what the system would need. The only disadvantage of Access was disregarded by the fact that it would not affect the projected system.
The development methodology of Extreme Programming was deemed the most suitable to base the development on because it provided a sufficient structure that broke down the workload into releases, this allowed the application to be developed in bit by bit which emphasised the focus and attention on each release as opposed to developing the whole system at once. 
In conclusion, the purpose of the research was to find out if the implementation of software could improve Ecolab’s fault monitoring capabilities. The answer as to whether it was a success is yes, this is because by replacing all the manual aspects from the current paper-based system with automation, the risk of human error is alleviated which makes both the analysis and input of data more consistent and therefore reliable. 
Recommendations for the system are that it could be developed further to incorporate a yearly overview that would allow the end users to view a broader scale of failures that could be analysed to deduct information such as, the most common failure over the year, the total down time over the year and the total number of failures over the year. All this information could help identify which failures are causing the most issues on an annual basis which could prompt a decision-making process to take place to determine what the solution should be.

8. [bookmark: _Toc511977134]Reflection
The reflection will be conducted using the Gibbs’ life cycle which addresses 6 stages (63):
Description
I am currently reflecting over the entirety of the development phase during the project. I consider myself a decent programmer and undertook the challenge of building a fault monitoring system to replace a paper-based system for a real client. The fact that the client was legitimate made the project even more real as opposed to catering a system for a falsified scenario which was the alternative option. Developing the system was a learning curve that required me to learn and then apply the knowledge at every stage, adding a different element of difficulty. On stages such as figuring out how to allow the application to understand what the current week was, the difficulty was relatively high as I needed to first understand the problem, learn how to devise the solution and then apply it.
Feelings
Prior to the experience, I felt uncomfortable to a degree as I am aware how long a small problem can quickly escalate in to something far more complex which can amplify the time consumption, and time, being something that I could not afford to lose. During the experience, despite a few hours of trying to work a way around it, I finally become more at ease with the situation as I began to figure out how to best solve the problem and my logical understanding was setting in. After the experience I was very relieved as I had solved a large problem that which could no longer consume my time, and second to that, I felt proud as I proved to myself as I had overcome an obstacle that I originally over complicated.  
Evaluation
The aspects from the experience that went well was firstly, solving the problem. Other aspects include enhancing my knowledge through research and becoming more familiar with problem solving techniques. The aspect from the experience that went badly was undeniably the consumption of time that the experience had taken which could have otherwise been used to proceed on with the development. The experience concluded once I had solved the problem.
Analysis
I believe that the determination I had to finish the system combined with my discipline helped me complete the problem I was trying to solve, as I would not give up and alternatively spent as much time as possible learning and trying different solutions until one worked. I believe it consumed more time than I had otherwise intended for it to consume based on me having to learn and understand many things before I could apply the knowledge in practice.
Conclusion
In conclusion, I could have planned and thought further ahead than I did, outlining any potential features of the system that could be problematic as opposed to tackling the problems head on as I get to them. Initially, it did not occur to me to conduct the development in this way, planning problems ahead however, this has influenced how I will approach developing systems in the future. I also learned that I could improve my programming knowledge. 


Action Plan
To better prepare for similar problems in the future, I believe it would be a good idea to outline how each function of the system works, which would highlight areas that I am not familiar with in terms of implementing the functionality. Doing this would allow me to potentially solve the problem before getting to it in the development phase. Following that, I believe this is a good example of something I can improve, which is identifying potential problems within a system before starting the development. To achieve this, I would need to allocate time at the beginning of the project to conduct a review of the functions that a system will need followed by how they work and how to do it.
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private void btnOpen_Click(object sender, Eventirgs e)
{
string file_name
string tline = "

£\\Users\\Ouner\\Documents\ \testData. txt" ;

System.10.Streamiriter objiriter;
objuriter = new System.10.Streamiriter(file_name);

string[] aryTest = new string[s];

aryTest[o]
aryTest[1]
aryTest[2]
aryTest[3]
aryTest[4]

for (int 1

{

1<5; i)

tline = tline + aryTest[i] + "\r\n";
objiriter.riteLine(aryTest[i]);

¥

textBox1. Text = tLine;
HessageBox. Show("irote File");
objiriter.Close();
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public static veid calculate(] {
try(
INathParser parser = NathParserFactory.createl):
parser.setExpression("X+T+SIN (%/ ) HITVARTABLE") ;
parser.setX(4):
parser.set¥(s):
parser.setvVariable ("HYVARIABLE", 6);
System. out.println(parser.getValue(]):
)oaten (Exception ex) (
Systen. out.println(ex.gethessage (]);

public static veid calculateLoop()
try(
INathParser parser = NathParserFactory.createl):
parser.setExpression ("X+T+SIN (%/Y) HITVARTABLE") ;
parser.setX(4):
parser.set¥(s):
parser.setvVariable ("HYVARIABLE", 6);
parser.setOptinizationon(true) ;
for(int 1=0; I<MAX; i+4)(
parser.setX(£(1));
System. out.println(parser.getValue(]);
)
}oaten (Exception ex) (
System. out.println(ex.gethessage (]);
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def add(request, slug):
product_add = Products . objects. get(slug=slug)
request.session. set_expiry(30)
try:
active = request. session["cart']
except:
request.session['cart'] = "Empty’

if request.session['cart'] I= "Empty’
cart = request. session[*cart']
update_cart = Cart.objects.get(id=cart)
update_cart. products .add(product_add)
update_cart. save()
request.session["total_iitens'] = len(update_cart.products.all0))
else:
new_cart = Cart()
new_cart..save()
new_cart._products. add(product_add)
request. session[*cart'] = new_cart. id
request. session["total itens'] = len(new_cart.products.all())

return HetpResponseRedirect('/products/¥s’ %(slug))
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InitializeComponent();
connection. Connectionstring = @"Provider=ticrosoft.Jet.OLEDB.4.0;Data Source=G:\218015\Databases\EcolabUser .ndb;User Id=admin;
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/1 SQL to retrieve the week

try
{
connection.Open();
0leDbCommand command = new OleDbCommand();
command. Connection = connection;
string getik = "Select Distinct [wks] from [tblDates] where Dte = Date()";
/1 Query that will be used
command. ConmandText = getiik;
//Read values from database
OleDbDataReader reader = command.ExecuteReader();
while (reader.Read())
{
txtilesk. Text = (reader["ks"].Tostring());
i
connection.Close();
T
catch (Exception ex1)
{

MessageBox. Show("Error” + ex1);

i
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// Get the count of failures this week

connection.Open();
0leDbCommand command = new OleDbCommand();

command. Connection = connection;
string getFailures = "Select tblDates.kks, Count(tblFailure.ID) AS TotalFails from Thiskieek INNER JOIN (tblFailure INNER JOIN tblDates ON tblFailure.Date=tblDates.Dte) ON Thiskieek.iks = tblDates.iks GROUP BY [tblDates.iks]";

/1 Query that will be used
command. ConmandText = getFailures;

//Read values from database
OleDbDataReader reader = command.ExecuteReader();
while (reader.Read())

{

IblTotalFailsl.Text = (reader["TotalFails"].ToString());
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/1 et the tetal downtine for this wesk

try
«

connection.open();

O1epncommang command = new Oleoscomsand();

conmand.Connection - connection;
string getueskDountise = "SELECT tblDates.kks, Count(tblrailure.ID) AS Totalfails. Sun(cblrailure.Downtine) AS SusoFbountine FROM Thisweck IMIER 30D
(tblrailure THRER J0H tbloates ON thirailure.Date = TbIDstes.Ote) ON ThisHesk.wks = tolDates.Mks GROUP 5Y Thloates.Wes';
11 query that will be used

consand.comsandText = getueskDountise;

1/7ead values from database
Oeonoatatescer resder - comsand.ExecuteRsader();
while (reader.Read()

1

Lolosunsineninuzes. Text - (resder(“Surofountine”]. Tosering());
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Type -| Code -| Description - | Downtime - | Reportee -| MachineDescription - MachineCode -| Date  -| SignedOff - |Ciickto Add
l b
448 Mechanical  M02 Misalignment 5 simon Jones  Sodium Mixer Ligol 21/03/2018 Michael Osullivan
449 Electrical  E01 Loose Connections. 5 Ellie Thomas _ Sodium Mixer Ligor 05/04/2018 John Jones
450 Mechanical  M03 Metal Fatigue 20 JimPeters  Water Mixer Ligo3 17/04/2018 John Jones
451 Electrical  E02 Dust 10 David smith _ Chlorine Mixer Ligo2 01/04/2018 John Jones
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