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III. Abstract

Following an accident involving an industrial vehicle and a pedestrian in 2018, a rising number of near misses between pedestrians and vehicles was identified at Ford Motor Company’s Bridgend Engine Plant. The cause of the rise was found to be due to a number of reasons however the aim of this project was to eliminate the scenario of vehicles and pedestrians coming into contact with each other by designing an innovative detection system.
The project focuses on designing a new detection system, developing software and hardware which can be combined so that it is capable of detecting pedestrians and obstructions that could be retrofitted to existing industrial vehicles within the Engine Plant. 
A literature review was carried out to fill any existing gaps and lack of in the authors current knowledge. Data was collected from a variety of sources and the main problem attributed to the near misses was the associated blind spots on modern industrial vehicles.
Following data analysis, it was decided that an innovative cutting-edge solution would be developed with the intention of eliminating the blind spots on industrial vehicles. Many new and older technologies were explored, from which three were amalgamated into a brand-new product.
A prototype was developed; however, it did not have the ability to be fitted to a vehicle at the time of writing due to unforeseen problems. More development would be needed however the system did work as intended albeit a simplified version of the project teams’ vision.
Although the projects main objective was to make the plant a safer workplace, it also has the ability of saving over £4,000,000 in costs that could potentially be lost due to an accident occurring if full implementation was carried out.
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1.0 Introduction to the Project and Bridgend Engine Plant














1.1 Introduction to the Problem

All fatalities and certain non-fatal injuries which are serious within the UK must be reported by employers to the Enforcing Authorities under the Reporting of Injuries, Diseases and Dangerous Occurrences Regulations (RIDDOR) .
In the working year 2017/18 there were 71,062 such reported incidents. It is however known by the Health and Safety Executive (HSE) that RIDDOR defined non-fatal injuries to employees are substantially under-reported by employers, with current levels of reporting estimated at around a half. This means that statics for injuries caused by moving vehicles are often less accurate than it would seem. Despite long term reductions in the number of workers injured each year, the kinds of accidents remain similar year on year .
Within Ford Motor Company’s Bridgend Engine Plant (BEP) the problem is that there is an ever-increasing number of near misses between vehicles and pedestrians. It has also been noted by management that there has been an increase in damage to barriers and stanchions caused by vehicles in plant. This had led to a concern that someone could come into contact with and vehicle and could get seriously injured unless a root cause is found and a solution provided.
This project has been requested by the senior management of BEP with a goal to investigate why near misses are occurring and what can be done to combat this in order to protect employees from a potential accident.
1.2 Bridgend Engine Plant (BEP)

Bridgend Engine Plant (BEP) is an engine manufacturing plant, part of the manufacturing arm of Ford of Europe. The purpose-built manufacturing facility opened in 1980 at a cost of over £200m and it has since produced over 20 Million engines for a wide customer base including Aston Martin, Volvo and Mazda. 
BEP currently employs just over 1600 personnel who are split between hourly and salaried, along with several hundred contractors. Working 365 days a year, the plant currently produces three different petrol engines, with each engine having its own machining and assembly lines which produce different small capacity variants of engines for Ford Motor Company and two different variants of larger capacity petrol engines for Jaguar Land Rover. Currently engines are sent world-wide. At its peak in 2014, BEP was producing over 750,000 engines annually.
1.3 The Project Team

The Project team is made up of six individuals and two departments, all working within BEP. The role of the Project Champion, the author of this report, will ultimately be to carry out the research, investigation and any subsequent development or recommendation aspects of the project. Mark Thomas and Hugh Davies, both level 5 leadership managers will hold managerial roles and will be ensuring timeframes and budgets are adhered to. Phil Morton and Simon Matthews, both engineers will be a source of vast amounts of information. They have copious amounts of experience in their respected fields and therefore will provide information and guidance to the Project Champion. Keith Allen, the current plant fleet engineer will again provide expertise and guidance where necessary. As fleet engineer, his day to day role involves working with plant vehicles. Any recommendations concluded by this report will then be cascaded down to the relevant departments including Health and Safety (H&S) and South Wales Fork Trucks (SWFT).

















1.4 Timing Plan 

The project will be undertaken during the 2018/2019 academic year. The timing frame is agreed with work Managers from the Project team and University Project Tutors in advance. The purpose of a Gantt Chart (See Figure 2) is to portray a high-level overview of the project schedule . 
Due to the time pressured sensitiveness of the project, the Gantt Chart will be vitally important to ensure that tasks are completed on time so that the outcomes of the project can be achieved.
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2.0 Define: Evidence of the Problem















2.1 Industrial Vehicles in Operation at BEP

Within BEP there are up to a total of 198 industrial vehicles operating at any one time over an internal road network of nearly six miles and an external road surface of 3 miles. These vehicles also include Rail Shunters which are used to move rolling rail stock within the 1.5 miles of rail track within the BEP perimeter. These figures do not include contractor vehicles and it is estimated that there are 18 contractor vehicles within BEP.

The majority of the vehicles used at BEP are FLT’s, RT’s and TT’s. These are used by the Market Place and Logistics (MP&L) employees for moving stock around the huge floor space at BEP. Terberg Tractors are used to transport 44-ton, curtain sided lorry trailers from the lorry park to inside the plant and vice versa. MEWPs, JCBs and some specially fitted FLT’s such as the Rhino (an FLT with a single beam lifting hook) are mainly used by maintenance personnel for a range of maintenance tasks. Personnel Carriers are used by a wide range of employees, usually ones that are required to travel long distances within the plant.
2.2 February 2018 Accident

In February 2018, a contractor working as a banksman was run over by a MEWP within BEP. This caused a severe leg injury to the contractor and subsequently meant BEP was investigated by the HSE. The results of the investigation have not yet been concluded and BEP requested that a report and subsequent investigation was carried out to provide ways in which to further protect its employees.
This project has been launched to run simultaneously with the H&S investigation to attempt to find a solution to the problem of vehicle and pedestrian near misses. The investigation by BEP’s Health and Safety (H&S) Department was carried out and found a number of factors that could have been identified at an earlier opportunity that would show potential reasons/consequences of vehicles and pedestrians coming into contact with each other.
2.3 Vehicle Damage

The H&S Investigation noticed an increased amount of damage to the vehicles within BEP. Nearly all vehicles were showing signs of crash damage (see figure 4). There is a worry that this increase in damage could eventually lead to an accident as for whatever circumstances, vehicles should not be showing signs of crash damage. There is also a cost to repair damaged fork trucks that are leased and must be returned after the lease has expired.













2.4 Plant Damage

Along with the damage to the vehicles, barriers and bollards were also showing signs of damage (see figure 5). This again is causing management to find the root cause of the problem. The damage to the footpath barriers shows that vehicles are coming into contact with them and it is very possible that a person could be stood nearby and be harmed by these actions. The damage is also costly and defective/damaged barriers have to be repaired or replaced.














2.5 Consequences of the Problem

The main consequence that affect a large company such as Ford is financial. Damage to barriers and vehicles will cost BEP a great deal of money to repair and replace, however the cost of an accident involving a vehicle and pedestrian would be considerably more. 
This report will carry out research to calculate this cost and also look at the wider consequences of an accident. Data will be collected from with BEP and the HSE to make conclusions and decide upon a root cause. Once a root cause has been identified, further research will be carried out to explore ways in which to combat and counteract the problem. Finally, a design for a product or process will be developed and implemented with BEP to protect pedestrians from industrial vehicles and reduce near miss occurrences.
2.6 Aims and Objectives of the Project

After the scope of the project has been identified, it is important to set the project aims and objectives.  The overall achievement of the project can be assessed during the conclusion by looking back on the original aims and objectives .
The Aim of the project:
To decrease the number of near miss occurrences and vehicle collisions within Bridgend Engine Plant. 
In order to achieve the main aim, the following objectives have been set:
Research lean six sigma project tools in order to discover potential opportunities to increase efficiency and safety though the project.

Measure and collect current accident data and look for similarities within in order to find a ‘root cause’ in order to tackle the problem.

Research and explore current detection methods within the automotive and other industries to see how these could be implemented within BEP.

Research and develop an effective detection system that has the ability to be implemented within BEP in order to reduce near misses and vehicle collisions.

Produce and implement a prototype to measure and collect data to see whether the system works correctly.






2.7 Voice of the Customer

Customers be it internal or external are the driving force behind any business. They have the ability to enforce changes to a process or a product and therefore it is vitally important to understand what the customer desires in order to satisfy them .
2.7.1 Internal Customer

Internal Customers are those within BEP, be it the next process or Bridgend Engine Plant as a whole. The management of BEP are the main driving force behind this project as they want to reduce near miss occurrences between vehicles and pedestrians whilst simultaneously reducing the amount of damage caused by vehicles within BEP as the cost of repairing and replacing vehicles and barriers is increasing. Therefore, Bridgend Engine Plant as a whole is the internal customer.
2.7.2 External Customers

External customers are individuals or organisations outside of BEP that have a vested interest within the plant. Usually the end user of a product, in this case the external customer is Ford Motor Company (FMC) (Europe) as a whole. If an accident were to occur within BEP and a fine given by a court of law, it would be FMC that would be fined and not BEP as a manufacturing facility.
2.7.3 Voice of Customer (VOC) Statement 

The current level of near miss occurrences between vehicles and pedestrians is increasing. Damage is being recorded on more vehicles and barriers designed to protect pedestrians. If a vehicle were to come into contact with a pedestrian then the consequences could be a fatality or at best a very serious, life changing injury. A solution is needed for this problem and therefore the company wishes to explore and develop a new system that will aid drivers of vehicles within BEP to avoid pedestrians and obstacles in their path.
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3.0 Literature Review












3.1 Purpose of Literature Review

Before commencing with the data collection, analysis and implementation of any project, it is necessary to gather and critically appraise the relevant literature associated with the project. It is important to critically appraise the literature in order to decide if the material is relevant to the project and also accepted by other professionals. The purpose of a literature review is to give the author a greater knowledge surrounding the prospective project area as well as a wider surrounding knowledge which may prove to be useful and offer insights that the author may not previously considered . 
The literature review will be carried out with the aim and objective of the project in mind and therefore the main topics of research are as follow; 
Health and Safety at Work
Levels of Automation
Six Sigma Methodologies and Tools
Autonomous Industrial Vehicles
Change Culture and Management













3.2 Health and Safety at Work

Health and Safety regulations have been around since the early 1800’s when the factory act was introduced by Sir Robert Peel. . Since then there have been numerous acts and reforms introduced, the last major one being the Health and Safety at Work Act 1974.
The Health and Safety at Work Act 1974 is an Act of Parliament that sets out the framework for managing workplace health and safety in the UK. It was thought by many to be a revolutionary piece of legislation which forms the basis of all health and safety legislation across the world today .
The act defines the general duties of everyone from employers and employees to owners, managers and maintainers of work premises for maintaining health and safety within most workplaces.
The act itself is a primary piece of legislation set out by the government. Other regulations which complement the HASAWA 1974 are known as statutory instruments (essentially secondary pieces of legislation that may also be referred to as delegated legislation) .
Industrial vehicles and the use and operation of, fit under a number of legislations. One such legislation is the Provision and Use of Work Equipment Regulations 1998 (PUWER). The regulations deal with the work equipment and machinery used every day in workplaces and aims to keep people safe wherever equipment and machinery is used at work . The PUWER regulations require that lift trucks which carry a seated ride-on operator should be fitted with a restraining system, such as a seat belt, if risk assessment indicates that there is a risk of the vehicle rolling over and the operator falling from the operating position and being crushed between the truck and the ground .
These legislations are important, especially to management. If there was an accident and someone was injured by a vehicle, the company and senior personnel could potentially be prosecuted under the Health and Safety at Work Act for failing to implement the legislation to its full effect within the workplace.
At BEP, as already explained there was an accident involving a pedestrian and an industrial vehicle from which this project was started. The management at BEP would like to take measures to reduce the risk of an accident ever happening again and if possible, completely eliminate this and as such this is the aim of the project team.

3.3 Levels of Automation

Automation is often seen as one of the most cost-effective ways to increase production whilst lowering operational costs. However, a human operator had the ability to sort situations and problems that an automated system may not be able to interpret .
The same can be said for automation within the automotive industry. Car manufacturers are increasingly adding more and more automation to cars to eventually achieve the goal of a fully autonomous vehicle. This is due to a number of reasons but mainly due to wanting to remove driver error to reduce crashes. Going back to safety, globally, cars kill 1.2 million people a year. A driverless car builds an occupancy grid using sophisticated sensors. These include HD cameras, radar, sonar, GPS and LIDAR, a Light and Range Detection device that paints the scene ahead with laser light, which builds a 3D model. Deep learning artificial intelligence (AI) replaces inflexible symbolic AI as the preferred computing program for artificial perception in driverless cars .
Car manufacturers are investing heavily in the development of autonomous vehicle technology in the hopes of cashing in on a new segment of the auto market sometime in the next five to ten years. Tesla being the market leader currently, other companies such as Volvo are slowly closing the gap. There are however problems with existing semiautonomous technology which suggests that a fully autonomous vehicle could be some time away (Hirsh et al., 2016).
When it comes to industrial vehicles however, some have been fully autonomous since the 1950’s. . With this technology being over half a century old, it is only recently that the technology from the car manufacturers research and development is finding its way into industry.








It is thought by some that automation is not reliable enough to completely take away responsibility from humans and therefore technology implementation should be slowed down (Hirsh et al., 2016). Some even state that the cars currently being designed are based on humans becoming lazy and useless . 
In the case of this project however, it is not something the project team are trying to do.  The autonomy of any system that is designed will be there to aid a driver, not take away any responsibly or reduce the need for them to concentrate in any way. It will not provide any corrective action and will be a maximum of level 1 automation, purely assisting the driver to their surrounding that they should have already seen anyway.
3.4 Autonomous Industrial Vehicles

3.4.1 Automated Guided Vehicles (AGV’s)

As previously mentioned, Automated Guided Vehicles (AGV’s) have been around since the 1950s . Initially they were ‘tractor-trailers’ and worked by following a set ‘track’. The track, either a wire buried in the ground or marked tape lines. Modern day AVG’s have the ability to navigate using lasers, gyroscopes, geoguidance or the original tape method. They also have the ability to see what is in front of them using a range of sensors, most commonly Radar. Their main purpose is transporting inventory around the factory marketplace. They are extremely safe as they are slower moving and have a vast array of technologies to let them ‘see’ ahead for any obstructions . 
The main problem with AGV’s is that they are rarely used where they may come into contact with pedestrians. This is due to the high costs of installing and maintaining sufficient control measures to stop collisions between AVG’s and people. Smaller, slower moving AVG’s are able to co-exist with humans as they cause less of a risk, however this then counter-acts the purpose of the AVG in the first place; greater cost and time efficiency . This has led to the development of Vision Guided Vehicles.
For this project, the management have requested that any system developed must be retro fitted to the existing vehicles within BEP. In an ideal world, modern AVG’s could be used instead of the MP&L drivers, however this simply is not an option for this project.








3.4.2 Vision Guided Vehicles (VGV’s)

Vision Guided Vehicles (VGV’s) on occasions can be confused with AGV’s, however they are considered by many to be the future replacement of AGV’s . VGV’s differ from AGV’s because VGVs do not require infrastructure such as wires, magnets, or tape, and they navigate without inflexible laser technology. 
They use camera and vision technology which means the vehicle can ‘see’ in real-time and make decisions regarding routes or obstacles. This development has meant that the vehicle can work in a joint, vehicle human environment. 
Costing upwards of $150,000 however, they are very expensive and therefore many companies rely on more traditional methods of transporting goods, such as fork trucks and reach trucks .
Similarly, as with AGV’s, the management have requested that any system developed must be retro fitted to the existing vehicles within BEP. In an ideal world, VGV’s could be used instead of the MP&L drivers, however this simply is not an option for this project or for BEP at this time. Due to an on-going ‘Reset and Design’, Ford are looking to save money wherever possible and therefore would not pay over $29 million to replace the current vehicles. 



3.5 Six Sigma Methodologies and Tools

3.5.1 DMAIC

DMAIC is an acronym for the six-sigma methodology used to improve existing processes. It stands for Define, Measure, Analyse, Improve, Control and each heading is a separate process which needs to be undertaken in order for a successful improvement. It is used to improve existing processes and provides a structure for a team to work though in order to find a solution. The purpose of DMAIC is to problem solve and instead of concentrating on the output, take more time understanding and concentrating on the process that created the output. 
The structure is not necessarily linear and encourages teams to go back and forth in the process to add more information where needed.
There are two main ways of implementing a DMAIC project, the Project-team approach and the Kaizen approach. The project-team approach uses a full-time team approach, where black belts are deployed full time, usually over a one to four-month time frame. The Kaizen approach is a more intense implementation of DMAIC. It usually takes one week or less to work through the DMAIC methodology except for full-scale implementation (George et al., 2005).

3.5.2 DMEDI

Similar to DMAIC is DMEDI, an acronym for the six-sigma methodology used to focus on the development of new products, services, processes and machinery. It stands for Define, Measure, Explore, Develop and Implement and just like DMAIC each heading is a separate process which needs to be undertaken in order for a successful project. DMEDI works just the same as DMAIC would however the focus in on the development of new, instead of improving the old . DMEDI is also extremely similar to DMADV – Define, Measure, Analyse, Design, Verify, a design for six sigma process .


Define Phase – The Define phase for both DMEDI and DMAIC are very similar. The purpose of this stage is clearly state the project problems with clear relation to the business problems, desired results, timings and constraints.

Measure Phase – The measure phase for both DMEDI and DMAIC are also both very similar however this is where the first differences between the two methodologies begin to show. The DMEDI process is much more involved as there is very little, if any current process definition. It is important during this stage in order to identify the real needs of the project so that specific areas can be researched in the Explore stage .

Explore v Analyse – Although Explore from DMEDI and Analyse from DMAIC are similar in certain ways, they serve different purposes.  The DMEDI Explore phase is focused on looking at new ways or concept ideas to a problem whereas the Analyse phase of the DMAIC process looks to break down data for an existing process to identify defect root causes .

Develop v Improve – The methodologies are again similar during this stage of the process. Both are developing or improving a process in order to create a more future proof process. DMAIC is more data driven where as DMEDI produces a design based largely on meeting customers’ needs and desires .

Implement v Control – Both of these stages are similar in the fact their purpose is to meet project objectives. The difference is that the Implement stage for DMEDI is a permanent change and it is a brand-new process. The two processes are however quite similar. They both have controls in place to make sure and monitor how the new or improved processes is working (George et al., 2005). 

Most projects start off as DMAIC as this is most common but it is soon realised that root causes often point to products or processes that do not yet exist and hence DMEDI is then used. In the case of this project, it is clear from the outset that the processes surrounding vehicles and pedestrians are basically non-existent and therefore a DMEDI mapping stream will be followed (Voehl et al., 2014).
Similar to a DMAIC project, not one phase will be completely finished before the next one is commenced. The project is supposed to be fluid and moving between the phases is needed to make sure that all necessary areas are covered and nothing is forgotten about.

The DMEDI process will be followed during this project as it more suited as explained however some people think that this DMEDI can only be used for designing new processes, but in this case a new product will be designed . Following the DMEDI structure however will allow the project team, most of whom are experienced with the DMAIC process, have a better understanding of how the project is progressing by comparing it to DMAIC.

3.5.3 Quality Function Deployment (QFD)

According to Akao, the original developer of QFD, Quality function deployment is; 
‘A method for developing a design quality aimed at satisfying the consumer and then translating the consumer’s demands into design targets and major quality assurance points to be used throughout the production stage.’ -  

QFD is extensively used in new product development. The purpose is to help ensure that all critical funtions of a product or process are alligned to satisfy the customer requirements. It does this by transforming quantative data from the customer demands into quantative parameters which can be used in order for the process or product to satify the customers needs .
3.5.3.1 House of Quality

House of Quality is a process from within QFD. The process involves a diagram (see figure 7) which        can be separated into three main categories. The customer requirements on the left, which sets focus on what the customer wants. Technical requirements are places at the top of the house and displays the engineering methods and requirements needed for product execution. Finally, at the base is the technical attributes where all the technical specifications are detailed. The purpose of the house of quality is to listen to customers, translating their desires into a written plan or diagram and from there prioritising what steps are most important to the customer .
QFD may or may not be used during the project. Due to there being limited customers, Ford BEP being the only one at present, the focus on the greater customer’s needs are less than it would be had a process been changed. The literature has been included however to give the author an understanding to what typically the customer may what and how this relates to the final end product. This will then allow the project champion to relay this information and make informed decisions based on what they think is best for the customer.













3.5.4 Failure Mode and Effects Analysis (FMEA)

Failure Mode and Effects Analysis (FMEA) is process which uses table to calculate how a certain process of product can potentially fail.  The table is useful as it has the ability to identifying these potential failuresas well as identify the root causes. The table can then be used to prioritise what steps and actions need to be taken and also improve existing control measures if they are already in place (Mikulak et al., 2008).
The FMEA table can prioritise actions by calculating a Risk Priority Number (RPN). The RPN is calculated by multiplying three numbers;
Severity of Failure (SEV): These are numbered 1-10, with 10 representing the most severe impact on customers.
Likeliness the failure will Occur (OCC): These are numbered 1-10, with 10 representing most likely to occur.
Detectability of Failure (DET): These are numbered 1-10, with 10 representing the least likely to be noticed with the current control measures.
To calculate the RPN, you simply multiply these numbers together.
SEV x OCC x DET = RPN
For an FMEA table to work correctly, preventative actions need to be taken and improvements made. These should be measured and analysed and documented. The RPN should then be recalculated based on these improvements and new control actions (Mikulak et al., 2008).

The use of an FMEA chart allows information to be made into measurable figures which can then be analysed. This will allow the project champion to make decisions based on numerous factors and prioritise these so that they can be concentrated on by the rest of the project team. 
3.5.5 The 5S’s
The 5S technique is one of the most widely used tools within continuous process improvement and lean manufacturing. It is considered that 5S is one of the foundations to lean manufacturing and processing and it is the base to establish the stability required for successful continuous improvement . The primary objective of 5S is to create a clean, orderly environment- an environment where there is a place for everything and everything is in its place . 
The 5S’s are broken down and known as (see figure 9);

Sort - Seiri
Set - Seiton
Shine - Seiso
Standardise - Seiketsu
Sustain - Shitsuke
The 5S methodology is directly linked with Visual factory. The purpose of 5S is to ultimately organise a workplace so that it is not only organised but also safe (Moulding, 2010).














If the project is successful the next step will be to implement it across the whole of BEP. The 5’s will be important to standardise that process. Not only that, any reaction and monitoring plans that may be produced in order to track the new system will also need to be standardised. This not only makes it easier for the project champion but it also makes it easier for anyone else involved in the project. If the system is standardised then it will be easier to reproduce and repair and therefore consideration will be made to the ‘5 S’s’ throughout the project.




3.5.5.1 Visual Factory

Visual communication is constantly around us in today’s society. Visual signals can be used to clearly communicate and signal to one another which can infuence physical actions. Although not commonly realised in manufacturing, they are often there .  The whole purpose of a visual factory is to provide visual control to enable recognition of abnormalities, thus facilitating immediate response .
BEP operates a visual factory. One of the main purposes of the visual factory is to provide employees with a safe place to work by implementing a Pedestrian and Vehicle Safety Marking Program (see figure 10).

As already mentioned in the Define stage, most of BEP has shared yellow accessways. This means that both industrial vehicles and pedestrians are permitted. This will play a significant role within this project as it is quite clearly a point where a near miss could occur and will need to be taken into account when making recommendations and also analysing whatever data may be collected.

3.5.6 Critical to Quality (CTQ)

A CTQ is a Critical to Quality product feature that must be maintained in order to meet customer expectations.  CTQ’s are useful in helping manufacturing teams know where to focus their efforts in designing robust processes . CTQ’s must be measurable to determine from the start where to focus but also whether there has been improved customer satisfaction at the end of the project. 
CTQ’s can be broken down and prioritized into three areas to focus the team .  
‘Must-be’ requirements; also known as dissatisfiers, these are basic requirements and have to be fully met in order for the customer to be satisfied as they are already expected. If any of these characteristics are not met then the customer will be very dissatisfied.
‘Performance’ requirements; also known as satisfiers, the better these are, the happier the customer will ultimately be. They need to be met in order to improve competitiveness and remain in the market . 
‘Delighters’; these are characteristics that may not be focused on and sometimes overlooked, they are not expected by the customer however improvement to delighter characteristics can improve customer satisfaction greatly as they are generally unexpected and opens the opportunities to excel and become World Class (George et al., 2005).











3.5.7 Root Cause - 5 Why’s Analysis and Cause and Effect Diagrams

‘Five why’s’ analysis, is a lean tool used to determine root causes by continuously asking why to a problem and subsequent solution. It is called the five whys as according to some professionals, after five repetitions the root cause is often found. First developed by the Toyota Production System, it has since become a staple lean tool and one that is understood and easily used by many . There are some that think that root cause analysis using the five whys is limited and cause often lead to an answer that is not known . Although this may be the case, using it during this project could prove very useful and will be a tool that the project team can deploy during any stage of the project as it is so simple to use. 
Many think that a Cause and Effect diagram is a more structured technique that gives a more detailed analysis. A Cause and Effect Diagram, also known as a ‘Fishbone’ or ‘Ishikawa’ diagram, starts with a problem and then each fish bone contains a main cause and then each smaller individual bone is a root cause of the main cause . A cause and effect diagram often take more time than 5 whys, however once started it can constantly be added to by any team member at any time using a whiteboard and sticky note (George et al., 2005). This will be particularly useful during this project as many team members work different shifts and often do not get contact with each other for weeks at a time.
There is nothing to say that both techniques cannot be used at the same time and this is something suggested by certain academics  and a technique that is probably best suited to the project team and will be used later during the project.








3.5 Management of Change Culture

There are many internal and external needs and drivers that force change. 
‘Change is an inevitable and constant feature. It is an inescapable part of both social and organisational life and we are all subject to continual change of one form or another.’ (Mullins, 2010)
With any project, for a successful outcome, some sort of change must take place. Within an organisation, planned organisational change is always from these external forces however . In the case of this project, the external forces are coming from Ford’s European Health and Safety Management, the HSE with an attitude to drive accidents to zero but also from a Ford Financial point of view. As previously mentioned, the cost of accidents can have a profound effect on the business and as such needs to be eliminated. 
Management and leadership are a vital part of making any change within an organisation. This is due to the human race being naturally resistant to change (Eidelman et al., 2010). It is thought that is because a certain ‘way’ or ‘process’ that they are accustomed to is normal and any change could have consequences for them. This means that when change comes about, there is often conflict and unwillingness to accept the change. It ultimately means that you must get rid of the old and good, for the new and not good. This means that change is often a challenge for management and many theories have been developed to try and combat this resistance (Eidelman et al., 2010).
One theory that has been developed was that by Kurt Lewin. Lewin was one of the first to produce a change theory which he presented in 1947 and called the ‘Change Model’. This model has since become known as ‘Lewin’s Three Stage Theory’. It was developed to keep an organisation stable during a time of change. It looked to balance two main sets of behaviours during change, those perusing change and those who want to maintain the current status-quo. When both of these forces are equal, Lewin described it as ‘quasi-stationary equilibrium’ .
Management of any change will be very important to the project team. As already explained the general attitude to change is negative and for this reason the project team will try and engage as many people from management to factory floor staff to make them feel valued and make sure that a common ground is found so that any change is positively accepted and therefore more likely to be adhered to.
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4.0 Measure: Data Collection















4.1 Cause and Effect Diagram

Before any data is collected, it is important to have a general idea of what the main causes of the problem are. The Project team is responsible for making this assumption and brainstorming ideas. The purpose is to help build a data collection plan, to know where to collect data from and what type of data is needed (George et al., 2005).
In order to get a better understanding of why near misses with vehicles within BEP are occurring a ‘Cause and Effect’ diagram, also known as a ‘Fishbone’ or ‘Ishikawa’ diagram has been produced. The purpose of this high-level diagram is to identify possible likely reasons and root causes. It is often used during the Define phase of a six-sigma project and but can be used elsewhere such as the measure stage as a working diagram, meaning it can be added to by anyone from the team at any time. The diagram below has been broken down into six categories; Management, Vehicles, Workforce, Policies, Cost and Facilities. From these categories, a brainstorm is carried out initially to identify all possible reasons to why the near misses are occurring and it can be used to target areas to collect data from (George et al., 2005).

4.2 Data Collection Plan

As previously mentioned, the DMEDI Measure process is much more involved as there is very little, if any current process definition. It is important during this stage in order to identify the real needs of the customer and as such special tools such as quality function deployment (QFD) or house of quality (HOQ) need to be used .
To do that, specific data will need to be collected and therefore a data collection plan can be used to target specific areas in order to collect precise, useful data. The plan is needed in order for the team to fully understand what data is needed and how, when and where it will be collected from .
4.2.1 What data will be collected?

4.2.1.1 Near Miss Data
In order to quantify the problem which has already been defined, it is necessary to collect any data surrounding near misses between vehicles and pedestrians within BEP. A near miss should be reported every time a pedestrian comes within 3ft of a moving vehicle. The can also be reported at the discretion of the driver or pedestrian if they think someone has done something potentially dangerous or something that has the ability to cause an accident. Near misses are reported via Foremen/Supervisors to the Health and Safety (H&S) department who then collect and hold the data for 4 years.
4.2.1.2 Collision Data
Every vehicle within BEP with the exception of a few such as cherry pickers and MEWPS have on-board gyroscopes. This means that any time a vehicle hits something, readings are taken and sent wirelessly to the Plant Fleet Engineer. The data will again help to quantify the problem as more and more accidents are occurring. This not only has the potential to cause harm to the driver, it also costs the company money due to high repair costs.
4.2.1.3 Health and Safety Executive (HSE) Data
Data from the HSE will be collected in ordered to gather a wider picture from around the UK and help with calculating the costs and consequences of an accident between a vehicle and pedestrian. The HSE being the UK government agency responsible for the encouragement, regulation and enforcement for the workplace, will have over 40 years’ worth of valuable data.
4.2.1.4 MP&L Driver Questionnaire
Part of the data collection stage will include an anonymous questionnaire. This questionnaire will be distributed to all MP&L staff who drive vehicles as part of their day to day activities. The data collected will help give me more honest and detailed insight as many employees do not bother reporting near misses. This way, the questionnaire data will give a more detailed and true perspective on the problem. 

4.2.2 Why is the data needed?
4.2.2.1 Near Miss Data
The data from the near misses recorded to the H&S department will be used later in the measure stage to separate them into various categories such as severity, time and location. This data can then be used and can be further analysed using tools such as root cause and cause and effect analysis. This will then be used to try and eliminate or develop solutions to the near misses.
4.2.2.2 Collision Data

The data from the on-board collision detectors will be used in a similar fashion to the near miss data. The data will be used to create a baseline to see whether any developments which may have been made improvements to the driver’s behaviours. It will also highlight problem areas within the plant where collisions are happening regularly and again tools such as root cause analysis and 5S’s can be used to eliminate or develop solutions to the collisions.
4.2.2.3 Health and Safety Executive (HSE) Data

Data collected from the HSE will be used to highlight the potential cost savings for the company. Although it is often reiterated that safety is paramount, often this is due to the potential fines as money is a bigger ‘eye opener’ for larger companies. This means that figures collected from HSE data can provide this monetary value to cutting near misses and potentially a fatal accident.
4.2.2.4 MP&L Driver Questionnaire

Some of the MP&L drivers have worked with BEP for over 30 years. Many have vast experience and therefore their opinions should be greatly valued. The questionnaire is also a means to get a ‘real idea’ of the problem. The project also hopes to involve the drivers as much as possible and make them feel valued as already researched, it is important to reduce conflict and so that they are more inclined to accept any changes.
4.2.3 Who is responsible for the data collection?
The Project Champion will be responsible for collecting the data needed and creating the questionnaire that is to be distributed to the MP&L staff. The MP&L drivers will be responsible for completing the anonymous questionnaire.

4.2.4 How will the data be collected?
4.2.4.1 Near Miss Data
The data from the near misses will be collected from the H&S department within BEP. The H&S Department use a programme called FordAX where all accidents and near misses are logged and reported to. This data will be extracted by a H&S staff member and then the Project Champion will collate it.
4.2.4.2 Collision Data

The data from the on-board collision detectors is sent to the Fleet Engineer via a system called FactoryVision. The data is categorised automatically by the programme depending on the severity of the collision. The data will be extracted by the Plant Fleet Manager and then collated by the Project Champion.
4.2.4.3 Health and Safety Executive (HSE) Data

Data from the HSE will be collected by the Project Champion via their extensive website. The HSE website has over 40 years of data available however less than that will be used in order to save time and reduce complexity.
4.2.4.4 MP&L Driver Questionnaire

A simple questionnaire will be handed across the four shifts. There are currently 22 personnel per shift. The questionnaire will be anonymous and therefore a ballot style box will be used to collect them. The data from the questionnaires will then be extracted by the Project Champion and documented later in the Measure phase.




4.2.5 When will the data be collected by?
The data will be collected over a 2-month period starting in January 2019. This should be sufficient time to capture ‘live’ data which has been recorded recently but also provide enough time to access historical data. This also allows time for the Project to be completed within the project timeline and deadline. A further two months will be given to extract and analyse all the data for the purpose of the project.

4.2.6 Where will the data be collected from?
The data will be collected from various departments within Bridgend Engine Plant and also online for the HSE data. The near miss data will be collected from the Health and Safety Department. The collision data will be collected from the Plant Fleet Engineering Department and the questionnaire will be collected from employees working within the MP&L department.

4.3 Data Collection Results
4.3.1 BEP Near Miss Data

The near miss data collected was combined from 2013 to 2018. 
Each near miss describes the area where the incident happened and also a number of other details such as time, date and persons involved (see figure 15). For the purpose of the report, data such as names have been removed.
The data was collated from the near misses and exported to a spread sheet so that the data was organised and any accumulations could be seen more clearly.




4.3.1.1 Total Near Miss Reports

Firstly, the total number of near misses where listed (see table 2). This meant it was possible to get a historical view which would enable the project team to see if there was in fact a worsening problem or a problem that was slowly being reduced over time secondary by other means.













It is quite clear to see from figure 16 that apart from a slight reduction in 2014, the number of near misses being reported to the H&S department have been increasing for the past five years. The decrease in 2014 is thought to be down to the change in fork truck supplier. In 2014 fork trucks were changed from Linde to Jungheinrich and a delay meant that only 65% of vehicles were delivered on time and there was a shortage within BEP. This meant that due to the lower number of vehicles, less near misses occurred. It proves that the problem exists and are directly linked with the number of fork trucks operating within plant and it is essential that the root causes are properly defined in order to combat the rise which is being shown.
4.3.1.2 Reasons for Near Miss Reports

It is important to find out the main reasons for the near misses. This information can then be used to compare against the questionnaires to see if any particular situations occur more often than is actually recorded via near misses. This will then allow root cause analysis to be carried out to reduce or eliminate the particular situation which in turn would reduce the near misses and the likelihood of an accident occurring. 

From table 3 which shows the of reasons for near misses, there are five reasons that have occurred greater than four times. This means that the reasons are reoccurring over a five-year period and are not happening on the off chance. The main reasons are; 
Pedestrians Cutting Across Road Not at Crossing Point
Fork Truck Reversing Without Looking
Pedestrian Stepping off Walkways
Pedestrians Walking Through Roller Shutter Doors
Fork Truck Driving Frontwards with Two Pallet Loads
Pedestrian Dismounting Fork Truck in Red Square Area
All of the main reasons for the near misses are behavioural issues. Culture can play a huge part in the increase of accidents or near accidents . These can be targeted through better management and this is something the report will be recommending, however in the short term, there may be other ways of protecting employees that will need to be explored as with the rising cases of near misses, action needs to be taken to ‘override’ the behavioural problems within BEP. This is what the project will aim to do and something already mentioned as the reason car manufacturers are accelerating with the development of autonomous vehicles, as explained in the literature review. 
4.3.2 BEP Collision Data

Management in BEP had noticed that near misses between vehicles and pedestrians were increasing and when this problem was first noted, it was also apparent that damage was present on nearly all vehicles within plant as well as barriers and bollards showing collision damage. 
The project team decided to see whether these two incidents had any similarities. BEP had a system installed in 2017 called VisionFactory. Each vehicle is fitted with a device which logs the driver and also has an onboard collision warning system. A G-Sensor is fitted within the device and sends signals to a server whenever a change in G-Force is registered. 
As an example, a 1 tonne car, travelling at 10 kph (Same max speed as a BEP vehicle) will register a G-Force of around 2G in a collision where the car comes to a stop almost instantaneously. The VisionFactory devices have the ability to disable to vehicle if a collision is detected. A high collision of 1.5G-2G will shut down the vehicle however the driver can restart it themselves, however a collision of over 2G will disable the vehicle and only a code held by management can restart it.
It is clear to see from table 4 that there is a huge amount of collisions that have taken place over the two-year period since it has been operational. This data proves that large collisions are occurring and although does not link near misses and collisions, goes to show that there is a problem that needs addressing before a serious injury occurs. There could be a number of reasons why the number of collisions is so high but it is thought by the project team that this is down to driver behaviour and therefore it is something that will be challenged by producing a questionnaire for the drivers to fill out anonymously.
4.3.3 Data Collection Questionnaire

The questionnaires were handed across the three shifts to all 22 personnel per shift. The questionnaire was anonymous in the hope than the drivers would answer more honestly and openly. They were returned to a ballot style box outside of the Foreman’s Office. 


















The questionnaire that was handed to the MP&L Staff was analysed with each answer being interpreted into smaller responses so that they could if possible be categorised into common problems. An example of this would be in question 1, one answer stated they could not see the pedestrian due to the frame of the fork truck. Another answer stated that due to the reversing and looking over one shoulder they could not see fully around to their left-hand side. Both of these can be interpreted as blind spot problems. Once all the answers were categorised, they were plotted onto a frequency bar chart for ease of analysis and reporting to the Project team.

Of the 58 questionnaires (66 total, 22 per shift – 8 were on long term absence) that were handed out, only 18 were returned. They were handed out on the same date as the pay aspiration forms which were attached to pay slips. These forms were also sent out to the same employees; however, 32 pay aspiration forms were returned. This provided enough data to test if the questionnaire results were statically significant (see table 5).

A/B testing was used in table 5 to compare two versions of a single variable, which is use to typically test a subject's response to variant A against variant B, and determining which of the two variants is more effective . The results were gathered by comparing the number of questionnaires sent out vs the amount received back and the amount of pay aspiration forms sent out vs the amount of forms received back. The results show that of the questions answered, it is 95% likely that the answers of those questions are true, although not 99% likely. This could have been improved by also sending the questionnaires out attached to payslips, sending email reminders or perhaps doing face to face questionnaires. Although the significance could be improved, a 95% statistically significant answer will certainly be helpful at guiding the project team towards the true reasons for the answers.




Question 1 was designed to see whether in actual fact the number of near misses reported to the H&S department were a true reflection of the problem. Unexpectedly, many of the drivers from MP&L blamed blind spots on the fork trucks for not seeing the pedestrians. However, there was no mention of causes such as ‘Fork Truck Driving Frontwards with Two Pallet Loads’ or ‘Fork Truck Reversing Without Looking’ which were two main reasons for the near miss reports. This could be due to the drivers not wanting to put blame onto themselves, which was expected (See Figure 18).

Worryingly, all 18 MP&L drivers who returned the questionnaires states that they had encountered a near miss at some point with a pedestrian. Within question 1, there was also a secondary request asking the drivers whether they had reported their near miss as a formal near miss to their foreman or the H&S department. Of the 18 drivers, only 2 answered ‘Yes’ and that they had reported it. The remaining 16 stated that they had not reported it (See figure 19). This proves that the near miss report data analysed off the H&S department is not a true reflection of the near miss occurrences within plant. The reason they are not reporting the near misses remains to be found however it could be down to not wanting to get a colleague into trouble for one reason or another. This is something that needs to be addressed and should be passed on to the relevant managers to discuss how to improve how the drivers can report near misses without getting anyone else into trouble. 











Question 2 was designed to get an honest opinion of if the drivers think there is a problem, what problems the drivers are facing and why they think they are facing them when it comes to coming into contact with pedestrians. 
Unexpectedly, the results interpreted from question 2 actually put the reason down to the drivers themselves. Of the 18 responses, 10 drivers stated that increased pressure from management to deliver more parts around the plant quicker meant that near misses were increasing. A further 5 responses thought that pedestrians not taking care and rushing was the main reason (see figure 21). The root cause of both of these could be pressure from senior Ford management to cut costs, meaning less people are working, meaning the drivers and pedestrians within plant have to do their jobs quicker than they would have previously had to, in order to complete their tasks/scores for the day.





















Question 3 was designed to see if there was anything that the Project team could use within the Explore and Development stage. It is often said that the people who use a machine most, have the best ideas when improvements are needed. The voices of those using the fork trucks every day should not be taken for granted and any advice or recommendations should be taken into account.
As expected by the Project team, the main response received off the drivers was to increase the staffing levels within the MP&L Department. This again is a culture issue where employees will always want more staff as they are ‘protecting’ jobs and doing ‘their part’. Unfortunately, Ford of Europe is going through a major ‘Reset’ at the time of the report and therefore jobs are being lost and positions cut to save money all over Europe and the UK including BEP. This will however be brought up as a recommendation to the management during the conclusion of the project. 
Interestingly however, there was a positive response from some employees who mentioned an early warning system and automatic braking system that these employees currently have on their cars (see figure 22). As previously mentioned, many cars manufacturers are working towards autonomous driving and some of the autonomous systems introduced already have this technology onboard and therefore the MP&L drivers have already experienced it. This may prove to be useful when root cause analysis is carried out to find out what can be done to reduce near misses and lower the chances of an accident between a vehicle and pedestrian occurring within BEP.













4.3.4 The Health and Safety Executive (HSE) Accident Data

The Health and Safety Executive (HSE) is a Government agency who purpose is to regulate and enforce workplace safety. The HSE collect vast amounts of data from every workplace across the UK. They have access to some of the world’s leading science to help protect people from injury whilst at work .
The purpose of collecting data from the HSE is to get a greater understanding of how often incidents between vehicles and pedestrians occur year on year within the whole of the UK and also what sort of impacts those incidents can have on employees and businesses.
Within all industries within the UK, 144 employees were killed at work during the 2017-2018 working year. Of the 144, in total 26 were killed as a result of being struck by a moving vehicle (see figure 23) .







Further to the deaths of 26 people in 2017-2018, from the years of 2013-2103, being struck by a moving vehicle accounted for 18% of all fatalities (see figure 24). This equated to 129 deaths over five years (see table 6), a staggeringly high number considering most industrial vehicles are slow moving.








This data is proof that the potential for fatalities within BEP is a real possibility unless something is done to combat the rising near miss trend. The data is showing that being Struck by a moving vehicle is the second biggest killer in the work place.
The number of non-fatal injuries caused by being struck by moving vehicles is even more worrying, however. Statistics produced by the HSE, show that in the working year 2017/18 alone, there were in fact 1,514 reported non-fatal injuries caused by employees being stuck by a moving vehicle. Over the same five-year period as the stats from table 7 show, this would equate on average to over 7,500 serious but non-fatal injuries.
The data is proof that any incident between a moving vehicle and a pedestrian is over 60% of the time going to mean that the employee requires over 7 days off work. Although no data is provided to show the total amount of time each employee had off work, it can be assumed that it was a serious injury and some of those employees may never be able to return to work.

4.3.5 Accident Cost Data

As already mentioned, companies will only make changes if it is to benefit them. Therefore, with the rising near misses between vehicles and pedestrians it is important to explore the potential cost consequences of an accident. The HSE holds various data regarding the costs of accidents to a company and therefore this data will be extracted to offset the cost of any development and implementation work of this project and potentially provide what the company can see as a positive outcome and money saving action by reducing near misses and the potential accident waiting to happen.
Figure 25 shows the average direct costs of an accident in the workplace. The human costs are specified as the ‘monetary estimate of the loss of quality of life, and loss of life in the case of fatal injuries. The Financial costs are specified as the sum of productivity costs (including net income costs and production costs), employers liability insurance premium costs and increases, health and rehabilitation costs and administrative and legal costs .
Figure 25 does not take into account any fines that a company may occur as a result of a non-fatal injury or fatality due to a failing. The HSE data states that for the year 2017-2018 the following fines were enforced;
Total Cases Prosecuted: 493 (95% Conviction Rate)
Total Fines Received: £72,600,000  
Highest Single Fine: £3,000,000
Average Fine: £147,000 
This means that on top of the estimated direct costs, the potential of an added fine due to a collision between a vehicle and pedestrian within BEP could potentially reach £4,000,000 for a fatality. As previously mentioned, just over 60% of all accidents involving a pedestrian being struck by a moving vehicle resulted in more than 7 days absence. Taking this into consideration, for an accident, there is a very real likelihood of a total cost in excess of £175,000. 


4.3.6 Collision Cost Data

As already found from the collision data collected from FactoryVision, table 4 shows that there is a huge amount of collisions that have taken place over the two-year period since it has been operational, over 7000. Each time a collision is detected, this means that a vehicle has come into contact with something and the likelihood is that damage of some sort will have occurred.
Keith Allen who is part of the project team, is the plant fleet engineer for BEP. His role is to keep track of all vehicles in plant and work with suppliers to lease the various vehicles. Within BEP all the FLT’s, RT’s and TT’s are leased straight from Jungheinrich .
Due to the vehicles being leased, according to Allen, any vehicles that are damaged will incur a charge to be repaired at the end of the 1-year lease. Each year the damages are estimated based on previous years charges and for 2019 the estimated charges can be seen in table 8.






From table 8 it is clear that the total price added for damage is;
Total Damage Estimate = £858,341 - £648,324 = £210,017
This means that every year and estimated £210,017 is spent to cover accidental damage to vehicles in plant which has been caused by unnecessary damage as seen in figure 4. 
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5.0 Explore: Current Technologies






5.1 Data Impact

The purpose of the DMEDI ‘Explore’ approach is to explore and research the various options available to provide a conceptual design of a new product or process that satisfies customer needs and specifications in the best way .
The collected data from the questionnaires and collision data will be collated and compared with the rest of the data from BEP and the HSE and categorised into common problems using tools and techniques previously researched in Chapter 3. This will then be analysed against the customer’s needs so that further direction can be added to the Development phase of the project. Any relationships that have arisen from the collected data will have final root cause analysis carried out on them to determine the root causes so that research can take place during this phase of the process.
The VOC statement states; The current level of near miss occurrences between vehicles and pedestrians is increasing. Damage is being recorded on more vehicles and barriers designed to protect pedestrians. If a vehicle were to come into contact with a pedestrian then the consequences could be a fatality or at best a very serious, life changing injury. 
With this in mind HSE data states that a serious injury to a person could result in a total loss of over £175,000 as calculated previously. Near misses between vehicles and pedestrians has been increasing year on year for the past five years and MP&L Drivers have stated that they have all encountered near misses yet not reported them. This leads the project team to make the assumption that the near miss occurrences are actually much higher than the H&S department are led to believe.
MP&L drivers have noted an increasing pressure to deliver parts which is causing them to work faster which ultimately means they are ‘cutting corners’ when it comes to checking blind spots and stopping at stop points. The drivers have noted that this is a problem and an early warning or automatic breaking system would be advantages although the project team worries that this may further lessen their attention whilst driving. This would however solve the problem of blind spots on the fork truck and pedestrians lack of attention when walking within plant. 
To further investigate, FMEA will be carried out to potentially identify a root cause but also prioritise what steps and actions need to be taken. Once this has been carried out, further research will be carried out to explore potential solutions.

5.2 FMEA

As previously mentioned Failure Mode and Effects Analysis (FMEA) is process which uses table to calculate how a certain process of product can potentially fail.
As explained previously the FMEA table can prioritise actions by calculating a Risk Priority Number (RPN). The RPN is calculated by multiplying the Severity x Occurrences x Detection. From table 10 it is clear to see that the main actions that need prioritising are the incidents involving collisions with the barriers and bollards and near misses with the potential of a collision with a pedestrian.
5.3 Root Cause Analysis

The FMEA table (table 6) has highlighted three issues which have been highlighted as a priority. The next step is to carry out root cause analysis to determine the root of the problem which will then allow the project team to focus on what to explore and what development steps to take. Section 3.2.7 explained how root cause analysis can be carried out using the 5 why’s technique. From the potential causes column, it shows that driving without due care and or attention has the greatest risk (RPN) number. Although pedestrians not paying attention is another potential cause with a high RPN, if all drivers payed attention then no matter what the pedestrian was doing, there would not be a collision and therefore driving without due care and attention will be the focus of the root cause analysis.

1a) Why are drivers driving without due care and attention? 
Cause 1 – Not fully checking their surroundings.  
1b) Why aren’t drivers checking their surroundings?
Driving faster means that drivers can go to break earlier and are failing to check their blind spots.
1c) Why aren’t blind spots being checked?
Root Cause 1:  Blind spots coving a large proportion of the vehicle.
Proposed Corrective action: System to notify driver of what is in the blind spot.



2a) Why are drivers driving without due care and attention? 
Cause 2 – Drivers are hitting barriers.
2b) Why aren’t drivers seeing barriers?
Barriers are often in blind spots of the vehicle.
2c) Why aren’t blind spots being checked?
Root Cause 2:  Blind spots coving a large proportion of the vehicle.
Proposed Corrective action: System to notify driver of what is in the blind spot.



3a) Why are drivers driving without due care and attention? 
Cause 3 – Having near misses with pedestrians.  
3b) Why aren’t drivers seeing pedestrians?
Drivers are often focused on what load they are carrying and are not checking what is in their blind spots only the direction they are travelling.
3c) Why aren’t blind spots being checked?
Root Cause 3:  Blind spots coving a large proportion of the vehicle.
Proposed Corrective action: System to notify driver of what is in the blind spot.


4a) Why are drivers driving without due care and attention? 
Cause 3 – Lack of training.
4b) Why aren’t drivers being trained properly?
Training has been cut within BEP due to the reset which aims to save money.
Root Cause 4:  Drivers not sufficiently trained.
Proposed Corrective action: Restart regular driver training and refreshers.

The root causes can be seen above and a why tree (see figure 26) shows how each of the root causes are interlinked with each other and the main causes.
































5.3.1 Proposed Corrective Action

Carrying out the FMEA table and root cause analysis has led the project team to two proposed corrective actions. The first being that more regular training is needed for drivers’ and refresher courses outlining the dangers of fork trucks operating around pedestrians and the potential consequences. Drivers need to be made aware of blind spots and training should also focus on this. This suggestion shall be passed to the H&S department as well as the relevant managers and training department outlining that this is a corrective action that has been generated via plant research and analysis.
The second proposed corrective action is to completely remove blind spots from the driver’s view. Due to the construction of the FLT’s and RT’s within plant, the roof is a vital part of the structure of the vehicle and holds up a protective roof which protects the driver from falling objects (see figure 27).











This means that it is not viable to remove the current blind spots that the driver’s face. Figure 28 shows that people can be stood in close vicinity to the fork truck, however figure 29 shows the driver’s view and the blind spots that they face. It is easy to see how pedestrians can be hidden within these blind spots and if a driver is not playing full attention then they may not be seen at all. 






















There is an opportunity however to design a system that could ‘see’ in these blind spots. As already researched in section 3, many cars are not equipped with systems that allow them to drive without any input from the driver. This mean they can ‘see’ the road ahead and make decision based on what is in front of them. 
5.4 Current Detection Systems

The project team has decided that it will explore cutting edge technologies and how these could potentially be combined in order to provide a solution to the project problem. This research will then be used in the development stage to create a product that can incorporate these state of the art technologies to be adapted to be used on a fork truck within BEP as a system that would ‘see’ what the driver cannot and notify them of what may or may not be in their blind spot.
An innovative solution has been decided upon because having carried out research, there is currently no retro fit detection systems on the market currently. As previously mentioned, car manufacturers are increasingly using detection systems in their cars, however these are often kept secret due to not wanting to give any other manufacturer an upper hand. The project team has decided that they will design a solution, using the cutting-edge technologies explored that will serve as not only a detection system for now, but also a system that can be adapted and expanded in the future. 

5.4.1 You Only Look Once (YOLO) Real-Time Object Detection

You Only Look Once (YOLO) is a state of the art, real-time object detection system. It applies a single neutral network to a full camera image. This network then divides the image into regions and predicts bounding boxes and probabilities for each region (see figure 30). The bounding boxes are weighted by the prediction probabilities . The higher the probability, the more likely of a successful detection.


YOLOv3 predicts an object score for each bounding box using a system known as logistic regression (see figure 31). The logistic regression works by predicting four coordinates for each bounding box, tx, ty, tw,  th.  If the cell is offset from the top left corner of the image by (cx, cy) and the bounding box prior has width and height pw, ph, then the predictions correspond to : 







The score for each bounding box should equal to one if the bounding box prior overlaps a ground truth object by more than any other bounding box prior. If the bounding box prior is not equal to one but does overlap a ground truth object by more than some threshold, the prediction is ignored (Ren et al., 2016).
YOLO is said to be the fastest processing object detection system available, something Amazon dispute . Many others agree with Redmon & Ali’s (YOLO Founders) claims however. Some even think that YOLO as a computer vision tasks and identification system surpasses human performance and it more accurate and faster at identification than a human being .
For this project YOLO has the potential to act as an object detection system by detecting pedestrians. This could be used then to notify the driver every time a pedestrian is within close proximity to the fork truck, thus ‘seeing’ what the driver cannot. It also has the potential to detect barriers and bollards however due to the different shapes this could potentially be harder to achieve but is definitely something the project team can explore. YOLO is also FREE to use. Due to it being released to an Open Source website the developers encourage the use of the software.




5.4.2 Amazon DeepLens

According to Amazon, (2018) the Amazon Web Services (AWS) DeepLens camera is; 
‘… the world’s first deep-learning enabled video camera for developers of all skill levels to grow their machine learning skills through hands-on computer vision tutorials, example code, and pre-built models.’ – (AWS, 2018)   
Similar to the YOLO system, AWS DeepLens is a is a wireless-enabled video camera and development platform integrated with the AWS Cloud. It lets you use the latest Artificial Intelligence (AI) tools and technology to develop computer vision applications based on a deep learning model . Unlike YOLO, the AWS DeepLens however is confined to a single all in one unit for the purpose of easy and simple learning needs and set up takes less than ten minutes . 








The problem with the Amazon system is that it is one whole unit and cannot be bought separately. The current unit price is £275 whereas the YOLO software is free to use and can be used with any quality webcam costing as little as £15. 
DeepLens Total Cost per 198 Vehicles - £275 x 198 = £54,450.
YOLO also has an extensive forum platform where developers can go and talk about any problems they have encountered. As the DeepLens is still a fairly new product, this platform is yet to develop. The developers of YOLO have also claimed that the DeepLens can miss interoperate information, for example identifying a cat as a dog (Redmon & Ali, 2018). If the DeepLens was used conjunction with an FLT and a mis interpretation occurred then there is a possibility that a pedestrian walking close to a FLT may not be recognised.
YOLO also claims the AI system is not as effective as the teaching method employed by YOLO . Due to only needing to detect pedestrians and potential barriers, the project team have decided that YOLO will be the better option of the two detection systems.
5.4.3 Radio Frequency Identification (RFID)

Radio Frequency Identification (RFID) is a process which uses radio waves to read information which has been attached to a tag and stored on an object. Unlike a barcode scanner which has a similar purpose, there does not need to be a direct line of site for the reader to be tracked .
RFID is a combination of radio-frequency and microchip. The transponder chips used by RFID are much smaller and smarter than when they were first invented in the 1960’t which means they can be added to a variety of components. The range of RFID has also drastically improved (Narayanan et al., 2005).





Advantages of RFID include a long scanning range, self-charging systems, high reliability and the ability to be linked to various computer systems to allow tracking which could be useful for tracking near misses within plant. However, one major disadvantage is the cost of RFID;
The project discussed the idea of each employee having an RFID Active Tag on their person via a clock in card or similar at a total cost of $15 each. The least expensive reader available would then be $3,000 and each vehicle would need one of these. The total costs would be very, very high to implement this type of technology as seen below:
RFID Tags Per Person - £15 x 1600 = £24,000
RFID Readers Per Vehicle - £3000 x 198 = £594,000
Total cost of implementing RFID within BEP at least £618,000
Although cost should not affect safety, as already discussed, it is often the deciding factor and as such this project aims to create a product for a cheap as possible. As previously calculated the estimated cost of a non-fatal injury equates to roughly £175,000 and therefore BEP would need to justify sending over half a million dollars to potentially save only one third of that cost.
5.4.4 Radio Detection and Ranging (RADAR)

Radio Detecting and Ranging, better known as RADAR is a detection system that used radio waves. A transmitter sends out electromagnetic radio waves in short pulses in predetermined directions. An object that ‘get in the way’ of these waves reflect part of the wave back towards the radar receiver. This information means that the radar system is then able to work out where the reflection is occurring and therefore defining the distance between the object and the transmitter/receiver .








The radar can not only be used in plain sight but it can also penetrate and see through insulators. Radar also has the ability to distinguish between fixed and moving objects. Due to radio waves being less absorbent than other types of waves such as light, Radar is useful and can be used over long distances and if often used for military and meteorology purposes (Neal, 2018).
 One major flaw, especially with regards to this project however, is that radar cannot distinguish between targets (RF World, 2018). For example, a radar system would not be able to tell the difference between a bollard or a pedestrian. This however could be used to combat the problem of increased collision and vehicular damage.
Radar accounts for more than 35% of the collision avoidance sensor market and its market penetration is increasing, surpassed only by cameras. The cost of the most basic radar system is around £55 and therefore fitting a radar system to every vehicle in plant would roughly equal ;
RADAR total cost Per 198 Vehicles - £55 x 198 = £10,900.
With this in mind, it could be a very useful application and something the project team need to consider carefully due to its low cost to BEP.
5.4.5 Light Detection and Ranging (LIDAR)

Light Detection and Ranging (LIDAR) just like Radar, is a detection system, however it uses light, specifically, laser light to measure distances . The wavelengths of light (10-9 meters) are much smaller than the wavelengths of radio waves (103 meters) and this means that lidar is able to detect smaller objects and also have a much higher resolution, meaning they are more accurate and better at defining objects.

Unlike 2D radar, lidar has the ability to create a 3D image of the surroundings by shooting out a pulse of light from the transmitter which is subsequently reflected back by an object, which is then detected by the receiver. The total time of flight along with the speed of light can then be used then used to calculate the distance to the object as shown in figure 35.


As previously mentioned, the LIDAR transceiver doesn’t just shoot a single beam out in one direction and this means it has the ability to create a 3D image or scan. The transmitter, transmits and receives over 100,000 pulses per second over an area using a beam steering device which is usually a rotating mirror through 360 degrees. This mean a 3D imagine of the surroundings can be built very quickly . 
LIDAR’s ability to 3D map so quickly is exactly why it is so beneficial in driverless cars. It has the ability to generate huge three-dimensional maps that a car can then circumnavigate. This means that a driverless car is able to not only determine whether there is a sign or traffic light ahead but also detect and track moving pedestrians .

From the projects prospective LIDAR looks extremely promising. Its ability to map its surroundings, track pedestrians and have a 360-degree continuous view means it would have the ability to solve many of the problems being faced within BEP. As with any new and developing technology however, it is extremely expensive. The price of one LIDAR system currently stands at $75,000 per unit, although Google claim to have recently cut that cost by 90% which if proven to be true would be a significant step forward . At the time of writing however, the cost of implementing a LIDAR system on every vehicle would be the most expensive solution yet;
LIDAR Total cost Per 198 Vehicles - £75,000 x 198 = £14,850,000
Costing nearly £15 million to fit BEP vehicles with LIDAR is just uneconomical and therefore at this moment in time not an option. This is something the project team can continue to develop however and as LIDAR cost decreases, look how it can be implemented and used in conjunction with the vehicles within BEP to improve safety and save costs through collisions. 

5.4.6 Ultrasonic Sensing Systems

Ultrasonic sensing systems work just like Radar and Lidar. They however use sound waves instead of radio or light waves. The Ultra sonic sensors send out a sound which vibrates at a frequency above the range of human hearing which is at 20kHz.  Transducers are then used as a microphone to receive the sounds which have been reflected by an object in the sound waves path, just like radar and lidar. The sensor determines the distance to a target by measuring time lapses between the sending and receiving of the ultrasonic pulse (see figure 36). 






Like Radar and Lidar, we know that,
Distance = Speed x Time
And that the speed of sound waves is 343 m/s.
Therefore
Total Distance = 

Total distance is divided by 2 because signal travels from the sensor to an object and then returns back to the sensor.
While radar and ultrasonic sensors can be used for some of the same purposes, ultrasonic sensors are readily available and much cheaper than the radar or lidar alternative. In certain situations, they may detect objects more effectively than radar too. Some radar and lidar sensors can sometimes have problems sensing clear plastic. Ultrasonic sensors have no problem with this . 
At the time of writing this report a HALJIA HC-SRO4 ultrasonic sensor, which has a detection range of 2cm – 500cm at 40kHz, is priced at £3.99 per unit. If bought in a box of 540 this reduces to £2.09 per unit .
Each vehicle would need to be fitted with at least three of these sensors, to each cover a 90-degree area of the three none forked sides of the vehicle, or four for people carriers (21 – see table 1).
Therefore, the total cost of Ultrasonic sensors being fitted would be;
21 (PC’s) x 4 (Sensors needed) = 84 x £2.09 = £175.65
177 (All other Vehicles) x 3 = 531 x£2.09 = £1109.79
Total Cost of Retrofitting Ultrasonic Sensors = £1285.44
With Ultrasonic sensors working out at almost 10 times less than Radar, it is something the project team will explore as it has great potential to act as an object detection system. Although it is a ‘dumb’ system and as such cannot tell the difference between any one object be it barrier or pedestrian it could be used then to notify the driver every time a barrier or bollard is within close proximity of the forktruck, thus ‘seeing’ what the driver cannot, just like how ultrasonic sensors are used on cars as parking aids.

5.4.7 Arduino

Arduino, like YOLO is an open-source platform. This means that any software is free to use and develop, although hardware does come at a cost. Arduino is a combination of an easy to use hardware and software electronics platform. Its main purpose according to Arduino is a tool for fast prototyping and programming. It can be used for an unlimited amount of applications from wearable tech to 3D printing to drones.
As already explained, Arduino is made up of a programmable circuit board (PCB) known as hardware (see figure 37) and a means of programming the PCB through the Integrated Development Environment (IDE) known as software (see figure 38).

Due to Arduino being open-source it has the ability as previously mentioned, to be adapted into an unlimited amount of applications. From the projects point of view, it has the ability to run YOLO as a detection system but also be incorporated as the main system module for an ultrasonic sensor. More research will need to be carried out during the development stage as to how to programme the PCB using the IDE software.
At the time of writing a basic Arduino Uno Rev3 which has built in Wi-Fi modules, Bluetooth Modules, Flash Memory and an AC-DC power converter is priced at £16 .
Therefore, the total cost of Arduinos being fitted to every vehicle would be;
Total Cost of Arduino for 198 Vehicles = £16 x 198 = £3,168

5.5 Conclusion and Relevance

Exploring the cutting edge technology available to the has meant that the next stage of the project can take place. The project team will decide what technoloy they think is applicatble based on the skills within the team, the cost of implementing the technology and the likelihood of it coming toget to develop a succesful product which solves the project problem.
Firstly due to YOLO being a free to use software it is something the project team have decided to use in the development stage of the process. Futher research will be carried out and during the development stage the team will try to understand the limitations of YOLO but also the power of it. It is hoped that YOLO will be used in conjunction with a camera as a pedestrian detection system. The purpose of this system will to be to identify pedestrians which in turn will send a signal to warn the vehicle driver of their presence. This will be controlled via an Arduino Processor.
Again, Arduino is a free to develop and free to use hardware and software prototyping tool and as such will allow the project team to build a product that can satisfy the project problem. It allows for continuous change and development of the system and means that further technology can be added at any time during the development process or later should the need arise.
Finally, again coupled and controlled by Arduino, Ultrasonic sensors will be retro fitted to vehicles within plant. The aim of this is to notify the driver of an object within close vicinity of the vehicle to decrease the number of collisions to barriers and bollards which in turn will have a huge cost saving effect if completely eliminated. 
The estimated total cost of the developed as found from exploring the technology is;
Total Cost of YOLO = FREE
Total Cost of Retrofitting Ultrasonic Sensors = £1285.44
Total Cost of Arduino for all Vehicles = £16 x 198 = £3,168
Estimated Total Cost of Development Deployment on 198 Vehicles = £4,453
There will also be small cost considerations to make such as connectors, cabling, lighting, camera and alarms to notify the drivers, but this is estimated to cost £5,000 maximum. The prototype that will be developed will utilise parts found within BEP and therefore no extra charge will occur.
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6.0 Develop: Detailed Design









6.1 Action Plan 

During the development stage, a design is developed based largely on meeting customers’ needs and desires. To do this an action plan will be created following which all actions will be developed and met in order for a successful product to be created (George et al., 2005).


6.2 Setting up the Arduino 

Due to Arduino being open-source, there is a vast amount of information online on how to set it up, ideas of how to use it, what applications it can be used for as well as support forums, help desks and information packs which are all easily accessible . 



Setting up the Arduino is a very easy process and one that can be found on the Arduino website. It gives a set by step guide on how to set up the Arduino and what software needed to be downloaded (see figure 40).

Once the IDE software downloaded, the next step was to connect the Arduino and test the connection to the PC as per the Action plan. Arduino can also be connected and edited online, meaning it does not always need to be connected to a PC with the IDE software installed, just one with an internet connection .
Figure 41 shows the Arduino being connected to the laptop PC. The connection was successful as the Arduino powered up and the software automatically downloaded all the set specification settings of the PCB.



6.3 Setting up of the YOLO

Following the successful set up of the Arduino hardware and software, the next set was to set up the YOLO software and download the base settings to the Arduino to make sure that it could run the software. This was a vital step as it is the main software needed to detect a pedestrian and the one needed for the project to ultimately be a success. The set by step guide followed was created by the YOLO creators . 
Firstly, a base system was installed called Darknet, again an open-source free to use software. From Darknet a separate operational dependency called CUDA was installed to the Arduino (see figure 41) and cloned to the DarkNet Git repository (see figure 42). This was all carried out via a personal PC as the IT department within BEP would not allow for the download of certain open-source software. 


A Git repository is a selection of data files. This can be changed overtime and as such, if all vehicles were connected wirelessly to Wi-Fi, a single change could be made to all vehicles instantaneously by editing the git repositories.

At first it was apparent that errors had occurred when downloading Darknet to the Arduino (see figure 43) however this was due to downloading the incorrect git file. Once the correct repository has been downloaded YOLO is ultimately connected to the Arduino and ready for programming.
6.4 Training of the YOLO

As previously mentioned, YOLO software is a deep learning detection system. This means that once the system knows what rough image the system is looking for, although an image may be different, it has learnt that it is similar enough to be the same as the rough imagine. This is explained in chapter 3 and shows how the grid system predicts probabilities of an object being similar to that the system is looking for.
Also previously mentioned is the difficulties that could be faced with identifying bollards and barriers using YOLO. Although possible, at this early stage of development the project team decided to solely focus on detecting pedestrians. To do this a pre-trained model can be downloaded; this is an image library of random images that have been tested previously by YOLO users .
It was decided by the project team to use the datasets provided online from OpenCV. OpenCV is a library of images also known as weights, from humans to dogs, giraffes, cars, bikes and horses. YOLO allows if necessary, to create your own data sets to be detected if they do not yet exist, for example a bumblebee. Each dataset includes around 120 images and this is the reasoning behind using a predefined set. Taking 120 of pedestrians around BEP would not only be time consuming but permissions would also need to be granted. 
The first step is to redirect the config file for YOLO to the main directory and then download the OpenCV weight library (see figure 45). This would ensure that when power is lost, the same programme reboots every time.

The weight library as already explained contains a multitude of different image types and although nearly all of these were not needed, the file was not changed to save making the project any more complex than it needed to be. The file contained that of humans which would be needed to detect pedestrians near a vehicle within BEP.
Once the weight library was downloaded to YOLO the next step was to then train the YOLO model which had been uploaded onto the Arduino.
Once YOLO had been trained the next step was to test it using a webcam linked to the Arduino. The wiring diagram was found on GitHub, an open-source web sharing platform. The camera was connected and wired as per figure 48.








During testing it was apparent that the measurement system was showing that a person standing less than 3ft away at 0.84m showing a trigger red box even though that was not the case. The measurement system needed to be set up in order to get an accurate reading for when a pedestrian was within the target zone. Problems also occurred with the use of the webcam and it was decided by the project team to use a laptop webcam instead, something that would need to be addressed before being fitted to a vehicle. 










To do this a distance of 1000mm (1m) was measured from the camera to the core of the person which is roughly just over 3ft which as previously mentioned in Chapter 3 is the maximum distance a pedestrian can come within a vehicle within BEP. This data was then uploaded to YOLO and the weights redownloaded (see figure 50). This process would need to be verified on every vehicle as otherwise it would not make the driver aware that a pedestrian was within 3ft, it would notify them at all times.


The results are as seen below in figure 51. It is noted that the person standing at 1.1m is highlighted in red and the person standing at 0.34m is highlighted in green. This is showing that the boundary zones are now correct and any persons within 3ft will trigger a response from YOLO to the Arduino.










This is very basic YOLO training and it can get much more complicated. As this project is only developing a prototype it will not stand the full operational tests. Before this were to happen, a greater depth of training and testing would be needed to fully understand the distance at which a pedestrian needs to be identified for a driver to react in time along with other characteristics such as the effect of lighting and speed of a moving vehicle.
The camera is also covering a 110-degree view as per the specifications of the camera. For the system to be successful a 360-degree view would be needed and therefore either more cameras or a 360-degree camera would need to be implemented. This will be a recommendation for future development but for the prototype, a single camera will be utilised in order to gain data and make sure the system is working at very little expense.




6.5 Setting up of the Ultrasonic Sensor

As previously mentioned, each vehicle would need at least 3 ultrasonic sensors to cover each side of the vehicle (see figure 52). Those with forks would only use 3 as the fork facing sensor would otherwise pick up on any loads whereas passenger carriers could use 4 sensors to also protect the front of the vehicles from any objects and obstructions.











The pin outs of the ultrasonic sensors are as shown in figure 53 and the wiring schematic for the ultrasonic sensor in figure 54. This data was gathered via the IDE open source forum .

















For the purpose of the project, the team have set up one sensor to show how it would be operated (see figure 55). The final design would need to incorporate at least three as previously mentioned.

The next step is to write the code to the Arduino using the free IDE software. Again, the code was sourced via IDE’s open source website which encouraged users to share information . The code is a mix of C/C++ functions which are as follows; 

















To break down the code so that it can be understood by the rest of the project team, figure 57 shows the creation of variables for the trigger and echo pin called trigPin and echoPin. The trigger pin is connected to digital Pin 11, and the echo pins is connected to digital Pin 12 as shown in figure 53 and 54. Also created is three variables of written as long duration, cm and inch. The duration variable saves the amount of time taken between the transmitting signal and receiving signal . The cm variable will save the distance in centimetres, and the inch variable will save the distance in inches. This was done as the preferred method of measurement in the UK is cm however Ford and BEP use ft as the measurement for a pedestrian to a vehicle as described in Chapter 3 and hence why this measurement was included.
In the setup up sequence, the serial port of the Arduino is initialised at a baud rate of 9600, note this is already done simultaneously with the YOLO software.  The trigger pin is then set as an output and the echo pin is set as an input as shown in figure 57.

In the loop sequence, a low pulse from the sensor is sent in order to clear any surrounding interference and then a high pulse triggers the sensor for 10 milliseconds (see figure 58). This is on a continuous loop. This could eventually be triggered by another means such as the vehicle in motion or vehicle deadman’s switch enabled.







The echo will then receive any returning sound waves when it senses the high pulse retuning and will convert the time duration from the transmission signal to the receiving signal into distance.



As previously explained, Distance = Speed x Time
And it is known that the speed of a sound wave is 343 m/s.
Therefore
Total Distance = 

The total distance is divided by 2 because signal travels from the sensor to an object and then returns back to the sensor. By knowing that the speed of sound is 343 m/s and therefore equal to 0.034 cm/µs or 1/29 cm/µs, the equation can be entered as seen in figure 59.
The end results are then printed into the serial monitor, this is where the data can then be used as data which the Arduino can determine and if necessary, outputs such as a light or siren can be activated based on this data  .















6.6 Combining the Development

The final stage of the development chapter is to combine the whole development into one working prototype. As previously shown, YOLO and Arduino work together and therefore has the ability to detect pedestrians with a 1m (3ft) radius of the vehicles. Simultaneously, the Ultrasonic Sensor and Arduino have the ability to detect objects from a 2cm to 100cm range (this range can also be modified). 
In order to notify the driver, the project team have decided to use a warning alarm with two LED’s which will light up if a pedestrian is detected (RED) and an object/obstacle is detected (BLUE) (see figure 60).
The camera and ultrasonic sensor have also been combined onto the same breadboard in order for the prototype to become a complete unit as seen in the wiring schematic in figure 60. Although the system would not be able to be fitted in its current state, as a working prototype it can be used as a development piece and refined into a robust working system.
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7.1 Implementation of the Prototype

As previously explained in chapter 3, the Implement stage for a DMEDI Project is all about having controls in place to make sure that the new process or product in this case is not only working correctly but that it is monitored and any problems are reacted to positively to make the change a success. 
The project team have decided to fit the prototype to the Electronics Personnel Carrier (see figure 61). This four-seater vehicle is used daily but due to it no being needed for production or MP&L purposes, it is well suited as a test vehicle.













The prototype will need to be continuously tested and monitored for operational discrepancies and anomalies. As with any new product and system, it is known that the project team are likely to incur problems at this stage. Although the system has been tested in a workshop, being fitted to a moving vehicle could present problems not envisioned by the project team and therefore the following monitoring and reaction plans have been developed to try and make sure that these are picked up quickly and rectified.

7.2 Monitoring Plan

Part of making sure that any product is successful is monitoring it to spot any problems that may arise and so that changes which are made are maintained long after the project has ended (George et al., 2005). In order to track whether the system would be a success a monitoring control chart was designed (see table 11). The purpose of the chart is to collect data from FactoryVision for the Electronics Vehicle and compare that with the data collected by the Pedestrian detection and collision prevention system to make sure that they are comparing correctly with each other. 
The monitoring chart will be used to standardise the method for collecting data which can eventually be implemented when the system is rolled out to more vehicles within BEP.


At this stage, due to only one prototype being produced, the monitoring plan is fairly basic. Once more systems are built and fitted to more vehicles, the monitoring plan will have to become more robust and remote and it may not be practical to make daily checks. By creating the monitoring plan now however, it can easily be updated when required.

7.3 Reaction Plan

As mentioned, monitoring the detection system is essential to the success of the project. Due to the project and system only being a prototype however, it is assumed that for whatever reason the system may not react as intended. For this reason, a reaction plan has been produced (see figure 62). 
The purpose of the reaction plan is to react to any discrepancies to the standards set by the project. This will allow any anomalies to be identifies and combated to prevent a re-occurrence.
The reaction plan has been standardised so that it can continually be used by the project team throughout the whole implementation of further prototyping and eventual role out of the detection system.
















7.4 Change Management and Culture Control

Finally, before any implementation takes place, change management and change culture of BEP needs to be recognised.
As explained during the literature review; with any project, for a successful outcome, the change which has taken place has to be accepted by those who are most likely to be affected by it. 
As already explained, strong management and leadership are a vital part of making any change within an organisation. This is due to the human race being naturally resistant to change (Eidelman et al., 2010). It is thought that is because a certain ‘way’ or ‘process’ that they are accustomed to is normal and any change could have consequences for them. This means that when change comes about, there is often conflict and unwillingness to accept the change. It ultimately means that you must get rid of the old and good, for the new and not good. This means that change is often a challenge for management and many theories have been developed to try and combat this resistance (Eidelman et al., 2010).
In order for a successful change to occur, as mentioned in chapter 3, Kurt Lewin talks of keeping a status-quo. This basically means that neither those who want change or those who do not want change can overwhelm each other. This is a particular problem within BEP as there is a clear divide between management and the production staff due to a number of reasons. This however could have a knock-on effect as when management all of a sudden request changes, the production staff including the MP&L drivers might oppose it without deciding if it is actually to benefit them. With this in mind it is important to get the MP&L staff involved as much as possible and make sure that the communication between management and production staff is maintained throughout the whole development of the project. 
It is often also easy for the management to place blame during change as explained in the literature review which can further lead to conflict and the resistance to change. Management personnel need to understand that which such a fluid project, one that is continuously being developed, mistakes are going to be made and drivers other staff should not automatically be blamed. Instead monitoring and reaction plans should be followed to make sure that the driver or operator does not feel victimised for something that could potentially be caused by a faulty system.
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8.1 Potential Cost Savings of the Project

Although the main aim of the project, especially from the project teams view, was always to improve safety within BEP by reducing near misses and vehicle collisions, it could not be helped thinking by the project champion that there was also a financial aspect to the project. Due to the accident that had occurred in 2018, the threats of fines from the HSE were an ever more real threat and although it is presumed that management did really care about the safety of their employees, it was more likely financially driven.
From the research carried out by the project team, the estimated cost to the company of an accident involving a vehicle and pedestrian was between best case £175,000 and worst case £4,000,000. 
Further research also found that the estimated cost to the company for damage to the leased FLT’s, RT’s and TT’s was £210,017.
Unfortunately, due to lack of data, the cost of barrier and bollard repair could not be calculated. Often the damage is left until it is deemed unsafe by the H&S department and therefore is not included, although the project team would like to also point out this admission which would have made the potential cost savings even greater.
The total cost direct parts needed to build the detection system for all 198 vehicles within BEP was £4,453. Added to this there will also be small cost considerations to make such as connectors, cameras, cabling, LED’s and alarms to notify the drivers, but this is estimated to cost £5,000 maximum. This takes the total cost for full, plant wide implementation to a maximum value of £9,453.
With this in mind, the potential cost saving from potential fines and extra lease payments due to vehicular damage to;

Potential Fines + Estimated Lease Damage Claim – Max Project Cost = Potential Cost Saving
£4,000,000 + £210,017 - £9453 = £4,200,564
With this figure calculated it can be used to prove that the potential cost savings of the project have been identified, hopefully forcing management to invest more resources into the development of the system and in turn ultimately making BEP a safer place to work.
8.2 Project Conclusion

The main aim of the project, set out by management of BEP was;
To decrease the number of near miss occurrences and vehicle collisions within Bridgend Engine Plant. 
In order to achieve the main aim, the following objectives were set;
Research lean six sigma project tools in order to discover potential opportunities to increase efficiency and safety though the project.

Measure and collect current accident data and look for similarities within in order to find a ‘root cause’ in order to tackle the problem.

Research and explore current detection methods within the automotive and other industries to see how these could be implemented within BEP.

Research and develop an effective detection system that has the ability to be implemented within BEP in order to reduce near misses and vehicle collisions.

Produce and implement a prototype to measure and collect data to see whether the system works correctly.

The aims highlighted in green have been achieved by the project team, evidence of which can be found within this report. The aim highlighted in amber is an aim that has partially been met and is currently a work in progress.
To elaborate further, in order of the aims above, firstly the individual aims were decided and set by the project team as a way of achieving the main aim set out at the beginning of the report. The aim was set by management due to an accident that had occurred within BEP and they had stated that the project could be used to better improve the safety of the employees within plant. Although the project team had found no evidence to suggest otherwise, it soon became apparent that maybe the real driving force was financial although we had nothing to confirm this. Either way the main aim stayed the same and from that smaller objectives were set as targets to be completed.

The first of those was met by using the DMEDI process was used as the main body and structure throughout the project. This lean six sigma technique was researched during the literature review and found to be the best way of structuring the project so that all the other aims could be successfully met. Each phase meant that the project could concentrate on hitting a different aim each time which would ultimately mean that the project was a success. Other lean tools were also researched, some which proved vital such as FMEA and root cause analysis.
After the bulk of literature had been researched the next phase was to collect sufficient data, mainly to justify that the problem really did exist. It was not until this data was collected that the apparent size and cost of the problem was actually realise and it was at this point that the project team realised that maybe the finical benefits to BEP outweighed the human consequences, especially during the current time where a major reset is underway with the goal of cutting jobs to save money. Many of the project team did not realise the cost implications of the problem; accident costs ranging from between £175,000 to £4 Million. These figures were useful as they could be used to prove the effectiveness of the overall project if it turned out to be a success. Questionnaires were used to gather information off employees, this was particularly useful as again it surprised the author and the project team as the problem seemed to be much worse than the BEP management had been led to believe. Of the 18 employees who answered, everyone had had a near miss, but only 2 of those had actually reported it. The questionnaires also got the employees involves and asked them what changes they would like to see made. Although they knew the project team had no relation to senior management level, the overwhelming answer was one involving more jobs, more men and more hours, something the project team could not provide. However, some useful answers were received, such as an early warning system, or a second pair of eyes. These were ideas that the project team had already talked about and therefore this was taken as a positive because it would make the employees feel like their opinions were valued, which they were. The questionnaire could have been improved by increasing the sample size. This could have been done as previously mentioned by attaching the questionnaires to the employees pay slips or finding time to speak to each employee one by one. This would have then given a more statistically significant result.
Following the data collection, FMEA and Root Cause analysis showed that a detection system could have the potential to satisfy the main aim and therefore it was decided that a detection system was going to be produced. The objective was to explore current technologies which had the ability to be used as a detection system. Some older technology was included such as RADAR, but newer tech such as LIDAR and Arduino were also researched. This gave the project team a wide range of potential technologies to work from but ultimately it was decided by cost. Some of the technologies were very expensive and would have meant that the costs would have outweighed any benefits, therefore the option to choose YOLO a free detection software, cheap ultrasonic sensors and an Arduino were used.
The most challenging objective was next. To develop an effective detection system. This meant that the system had to work, it had to detect pedestrians to reduce near misses and it had to detect obstacles to reduce collisions between vehicles and objects within BEP. Although most of the software was found on the internet via free to use, open-source websites, combining it all into one working system was a challenge. Firstly, downloading YOLO onto Arduino was not without trouble and at many points the project team looked back at the Explore stage to see if other routes and technologies were available. Eventually, the team together with help from an IT specialist within BEP managed to get YOLO onto the Arduino and working via a laptop webcam. This would be a problem at present due to not being able to fit a laptop to a moving vehicle and therefore more development is needed to get the webcam to function properly. Other problems did occur and there were often errors around the distance of pedestrians from the camera. More testing and development is needed with YOLO or possibly developing a combination of the ultrasonic sensor or another means of measuring distance which would work in conjunction with the camera so that it is fault proof. The ultrasonic sensor connected without any trouble and the team had a fully operational working prototype.
The final stage was to implement a working prototype. The prototype had not yet been fully implemented after this report had been produced do to the problems outlined above. Another problem started to arise with HR when discussing the use of a webcam, due to regulations and filming within the workplace. Further work needs to take place regarding the legality of employees being on a camera without consent, although the image would never be able to be seen. The prototype had been produced, although it needed a great deal of work to make it robust enough to be vehicle mounted, the hard work had been done by the project team to get it to the position where it was able to detect pedestrians within 3ft and also objects within 3ft.
Reverting back to the main aim of the project; ‘To decrease the number of near miss occurrences and vehicle collisions within Bridgend Engine Plant’ although no data has been collected from the prototype to prove that this aim has been met, it is assumed by the project team that had the system been fully implemented within BEP, drivers would have at least had two extra warning systems to notify them of obstacles and pedestrians, therefore reducing the likelihood of collisions with either occurring.



8.3 Recommendations
8.3.1 Short Term

The initial short-term recommendation is to continue working on the prototype to get it to a position where it is robust enough to be mounted to a vehicle within BEP. This would then allow data to be collected to see whether the system works, but also that the implementation processes such as the monitoring and reaction plan are followed. Simultaneously, the Company, HR and Union need to come to an agreement about using cameras that are not for crime prevention uses. This is a major stumbling block and one that needs to be sorted for this project to even have the slightest chance of succeeding.
The prototype needs to be fault proof and therefore another recommendation is to add a further system which will work in conjunction with YOLO to define the distance the pedestrian is away from the vehicle and make this particular system fault proof. The use of a webcam also needs to be developed it is not possible to fit a laptop or tablet to every vehicle.
A further recommendation, is aimed at management. From the collected data and questionnaire is the lack of training for MP&L drivers within BEP and also the pressures they are feeling need to be addressed. Many felt they were being rushed and therefore making mistakes so even though not directly related to the project aims, it is something the management should be made aware of for the safety of the employees.

8.3.1 Long Term

The long-term recommendation is to replicate the project and work simultaneously with other Ford facilities, opening up greater expertise. BEP is one of over 25 Ford Manufacturing Facilities where the exact same technology has the potential to be introduced. With access to more plants, more data could also be gathered and the data pool was fairly small and limited within BEP and often questionable. By collecting a greater amount of data, over a greater amount of time and continually monitoring and reacting to any system problems, the project could become a tool to completely remove workplace accidents between vehicles and pedestrians, saving over 26 lives a year in the UK alone.
Further development of the system over a longer term would also prove beneficial. As already mentioned without proper testing, anomalies and problems are going to occur but in the right hands the system has the potential to be a brand-new product with the potential to go to market.
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Number of Near Misses	2013	2014	2015	2016	2017	2018	Year of Report	8	7	11	11	13	16	


Q1. Near Miss Entered

Near Misses Increasing	No	Yes	16	2	


Q2. Reasons for Increase in Near Misses

Reasons for Increase in Near Misses	Pressure to Deliver More Parts	Pedestrians Rushing	Lack of Pedestrian Awareness	Poor Plant Layout	10	5	2	1	


Q3. Ideas to Reduce Near Misses

Ideas to Reduce Near Misses	More Men = Less Pressure	More Barriers	Early Warning System	Automatic Braking System	8	1	6	3	
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