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Introduction  

In 2019 Cogent Power, a subsidiary of Tata steel, commissioned the installation of a visual inspection system at Its Orb site in Newport. This system was intended to automatically image and classify defects on the exit of the M2 line, the line responsible for producing the factories final project. This would have allowed the Cogent power to gather data more accurately on final production defects before supplying the product to the customer/ sending the coil to be re-worked. 
Visual inspection systems have become a widely used and accepted technology in the world of manufacture and relies on two major components, a visual imaging system and a classifier. The first is an array of cameras and lighting elements, the second is the classifier. The Classifier is a trained neural network hosted on a collection of servers and computers capable of not only detecting aberrations on the strip surface but identifying the type of defect present. This can then be stored and recalled for use by re-working crews, Customer QC, or internal QC as part of a data gathering mission. 
This report is intended to detail my involvement in the installation and commissioning of The Isra Vision Surface Master visual inspection system, this project brought together elements from multiple disciplines, Primarily the engineering and technical disciplines. As this piece of equipment was primary intended to be the responsibility of the customer quality team in the technical. 
This project was a larger project in the business, and as such demanded division into multiple phases including but not limited to: 
Feasibility study
Planning and design phase
Installation and commissioning of the electronic and mechanical systems
Training/building classifier for use
Creation of Standard operating practices (concurrent with stage 4)
Final commissioning and on-line operation
This document will discuss the role of technical in stages 4 and 5, as the stages preceding these primarily involved the engineering department. As such when this document refers to the project it refers to the stage of building the classifier and establishing operating procedures exclusively.








Main Findings

Initial Project Planning
In order to determine the necessary allocation of resources and time it was crucial to gain a holistic view of the classifier development program. This required gathering of all known background materials and knowledge before creating a development plan. To achieve this a number of visits were conducted to sister sites which had successfully implemented a form of visual inspection system. These visits included visits to Port Talbot Steelworks as well as the Llanwern and Trostre sites. These visits both looked at the implementation of the classifier and the ergonomics of tasks relating to the system, such as cleaning and removal for maintenance. In addition, Training courses were supplied by ISRA vision to team members and a member of the ISRA vision team was present for the initial stages of the development program.
Once this knowledge was gathered it was considered necessary to create a means of visually tracking key developments and tasks as they were completed. This idea is best described by the Kanban theory which requires the development team display all the required tasks visually. This allows a project team to best balance individual workloads and deadlines. It additionally allows a team a means of dynamically updating priority tasks. This methodology is considered a form of agile development, which allows project teams to react and adapt plans as the project develops and matures. 
Having gathered a full picture of the requirements a project plan was laid out. It was determined that the program would utilise a process called iterative design . Iterative design is a method of agile working often seen in software development, requiring the projects suitability be validated by the customers before beginning another iteration of design/development. Iterative design has the benefit of being able to receive frequent feedback from the end user, thus preventing any potential errors or poor design decisions to compound. . The use of Iterative Development was perfectly suited to this project, as the classifier required periodic testing in which its ability to accurately identify defects would be measured. 
Iterative design has its flaws however, as the cyclic nature of the method means that some projects can continue indefinitely, accruing scope creep and design bloat in the process. This was not a concern for this particular project as it was intended to transition into a long term continues improvement plan. 
Other more traditional methods, such as the waterfall method,were considered but were deemed to be insufficient. This was due to the large cost in time that any major errors would produce. Any mistake could set the project back by months, with significant associated costs.
When displaying the information the typical visual display associated with the Kanban method was forgone in favour of a Gantt chart. This retained the Kanban charts ability manage and monitor each individual task in real time, but had the benefit of being a methodology familiar to the works. 
Having Gathered all relevant information, the project plan was developed. When considering the initial project proposition, it was determined that building the classifier would take a period of 1 year to achieve desired end goal. This was the development of a classifier that could identify all common defects with the same degree of accuracy as the manual inspector. 
Building the Team
Once a project plan had been established it was necessary to allocate manpower to the task. In order to achieve this roles were assigned to perform the tasks, these were then allocated to individuals suited to those roles.  Below is a table of the roles that were deemed necessary for the project:
Name  	Role 	Responsibilities
Technician	Team Leader	Building of digital Classifier.	Validate classifier build accuracy.	Provide up to date progress reports.	Write Standard operating procedures for operational use of equipment.
Technician	Team member 	Provide advice where applicable.	Participate in progress reviews.	Requisition additional supplies and services as needed.
Technician 	Team member	Provide advice where applicable.	Participate in progress reviews.	Requisition additional supplies and services as needed.	
Technologist	Specialist	(Quality Assurance)	Provide technical advice surrounding defects.	Organise weekly progress reviews.	Provide feedback from the perspective of the Quality Control department.	
Engineer	Project Engineer/ Engineering Liaison	Provide engineering support.	Liaison with engineering departments.	Investigate and resolve unexpected engineering challenges.	
Production manager	Operational liaison -Finishing area 	Ensure implementation of Production orientated Standard Operating Procedure.	Provide feedback from the perspective of the operational department.	









It is worth noting that a role is not an individual, rather a “tendency to behave, contribute and interrelate with others in a particular way “  This description was defined by the researcher R.M Belbin who went on to describe the 9 key roles in a successful team, these are divided into 3 categories: 
Action orientated roles
Shaper – Ensures the team does not lose focus or momentum.
Implementer – Plans and executes a workable strategy.
Completer finisher – Scrutinises work, provides quality control to the project.
People Orientated roles 
Co-ordinator – Effectively monitors teams progress, delegates work effectively.
Team worker – Versatile worker capable of co-operation.
Resource investigator – Investigates and finds new ideas
Thought orientated roles 
Plant – creative and unconventional problem solver.
Monitor Evaluator – provides logical and impartial judgements.
Specialist – Brings an in-depth knowledge of a key area.
When using the Belbin method of team building it is important to note that one team member may have qualities from a number of these categories and that a team does not need a minimum of 9 people. To build a balanced team all roles must ‘naturally’ be present to some degree.
In a effort to assist in this effort Belbin created a questionnaire to assess each person suitability to each role, the questionnaire, dubbed the Belbin Self Perception Inventory”, asks the participant to rate themselves on a series of 8 statements which ‘provided indicators of an individual’s natural tendency towards filling each role’ . Taking the assessment, we can see the roles that I believe I am suited to:
Role	Self assessment score
Plant	6
Monitor Evaluator	5
Specialist	2
Shaper	9
Implementer	1
Completer Finisher	3
Coordinator	7
Team worker	4
Resource Investigator	7


Based on my self-assessment using this method, I was principally suited to the implementer role, due to my practical focus, my detail orientated mind, and my greater knowledge of classifiers than my peers.


Determining Communication methods
Determining communication method
Once the team had been established and the roles assigned it was deemed necessary to consider the communications surrounding the project. According to Bridges transformation model  Communication plays a key role in shaping people’s responses to changes in their environment, with regular small victories a key part in generating support for the project in question. For this project it was determined that alongside the live Gantt chart that the project team would be using a weekly update slide pack (PowerPoint presentation) to update key stakeholder from outside the team.

Building the Classifier

Using the process of iterative development, It was decided to consider defects in 3 separate categories, rated by the frequency in which they would be encountered:
Common – the most frequently encountered of all defects, these were defects encountered more than once in a week of uninterrupted production
Uncommon – these defects were encountered between once a week and once a month.
Rare – these defects may only be encountered once every few months or on an annual basis.
The process of building a classifier involves the creation of data sets, one dataset to train the classifier, and another to test the classifier’s ability to identify defects.
This process was initially hampered by the inability of the classifier to establish a baseline for the material. Surface variations in colour, both between coils being run and at points in the coil itself. This problem cost the project time and made the task of identify actual defect difficult, as they were drowned out by the “noise” the system was generating.
Establishing a material baseline took longer than expected because of these variations but once achieved provided a surprising boost in the accuracy of defect determination.
The second problem encountered was a result of signals within the line itself. Due to an initially unknown issue the system was unable to detect when a coil was changed. This in turn would interfere with the programs ability to accurately create a defect map for each coil, as the system would map until its memory was full, and then fail to capture any new data.
This problem fell under the purview of the engineering team, who was able to resolve it utilising problem-solving methodologies such as DMAIC, Is/Is not and 5 Whys.
Ultimately despite these Teething troubles by the third month of the project the process of building the classifier was progressing as intended, with a successful identification rate of many defects nearing 75%. This progress continued until month 6 in which the project was ultimately cancelled due to wider business issues.



Implementing Working Practices
When implementing the procedures there were several hurdles to overcome, one of which was the initial resistance of the operational staff to the new cleaning and maintenance requirements brought about by the installation of this device. At this point in this project it was decided to allow the operational team’s management to take on this challenge, as it was considered by the technical and quality control team to whole be within the remit of the operational staff. This attitude was not conducive to progressing the project and resulted in a “silo mentality”  which hampered the progress of the project, though not enough to cause setbacks to other aspects of the project. 
Most notable of these was the handling of cleaning materials and the cleaning of the lenses on the system, ergonomic issues with the design of the guarding resulted in difficulties accessing the unit itself, further disincentivising crew from performing routine cleaning of the unit. Whilst many of the crew had passed competency assessments, failure to clean the equipment was a frequent issue, one that would persist until the closure of the project.

Outcome

Unfortunately, despite the progress made on the development of the classifier and the successful implementation of the cleaning and maintenance procedures, the project was ultimately cancelled due to wider business considerations. In November  2019 the Orb site was closed resulting in the ultimate abandonment of the project halfway through its projected 12-month timespan. 
Despite the overall failure of the project, it should be noted that the project was progressing according to the businesses allocated schedule, despite this being an unfamiliar piece of technology for the site and involving a relatively inexperienced team. 

When looking at the development of the System there were a number of key areas in which improvements can be made. Whilst communication was thorough with many stakeholders the methods implemented was insufficient to achieve much “buy-in” from operational crews. According to bridges transformation model generating and communicating “wins” is key to creating momentum for further improvements. A simple implementation of this theory would have been the more regular deployment of improved classifiers, which would have signified progress in a more tangible way to the less managerial end users. 
Another theory whose implementation could have improved reception to the project was Tuckman’s Stages of group development in which Tuckerman postulates that the development of groups can be considered in 4 stages, Forming, Storming, Norming, and Performing . When considered in this context the decision to engage with the crews less directly resulted in a prolonging of the Storming portion of group formation.
Another area in which the project could have been improved is the creation of a digital or physical model, doing so may have alleviated some of the teething issues the plant had surrounding ergonomics. It is not uncommon when considering the implementation of a piece of on-line equipment. A more thorough investigation of this may include a process of stepwise refinement to consider each individual action or a motion study conducted digitally to consider the ergonomics of the environment.
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