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1.	Abstract
Project Management report on the design and production of a Motor Controller for an electric bicycle. Covering the project planning cycle including risk analysis and its mitigation and residual risk exposure. Environmental, sustainability and project ethical considerations.  Legal issues pertaining to incoming General Data Protection Regulations (GDPR) and Intellectual property. The functionality, reliability and usability
2.	Introduction
This paper shall report of the management of a project to design and produce a motor controller for an electric bicycle. The project was previously initiated through a Project Initiation Document (PID) that is available from the author. Morris [1] states that ‘Project Management’ as a term came into being in the 1950’s, though he further states, by giving examples, that Project Management has had to have been around since man’s first desire to complete complex tasks. Marsanu [2] further defines Project Management as the management that achieves the goals that have been set whilst minimizing the cost.
The Motor Controller devised shall meet all the functionality and engineering requirements, whilst remaining as a cost competitive option to achieve sales success.
3.	Project Planning
Identification of the tasks required to complete the project are fundamental to its success. Heagney [3] stated that, task identification, particularly in single person projects, as the main success criteria, characterising it as a “good to-do” list. Further, Crandall, Klien and Hoffman [4] say the analysis of task requirements is not just finding a set of procedures that are required to achieve a goal, more important, is that their individual achievement is the focus of the Project Manager. 
In this project the identification of tasks was carried out and laid out in the project plan. Inevitably the tasks identified produced their own sub-tasks that were required to allow completion, these were also identified and laid out in the project plan.
3.1. 	Gantt Chart
To define and manage these targets the Gantt chart is a very useful tool. Wilson states that charts came into general use circa the 1920’s after development by Henry Gantt [5], Wilson further describes Gantt charts as producing a visual systemic representation of work required and visually highlights the impact of current issues on future deadlines. Although Maylor [6] argues that the Gantt chart can be a rather “blunt instrument” in that, although a handy tool for displaying future planned events, it can encourage a step by step approach without representing the reasons for the planning cycle and in such a way the chart can be seen as overly fixed and unchallengeable. Other methods would also suffice. Iamandi et al [7] are particular proponents of the Kanban method developed for lean car production. Whereas Al Samman and Brahemi [8] espouse then the qualities of Fuzzy PERT (Program Evaluation Review Technique)and CPM (Critical Path Method). Despite these options the Gantt chart will be used for this project. The Gantt chart for this project is shown in Figure 1.

Figure 1 E-Bike Project Gantt Chart
3.2	SMART Targets
Identified task have used the SMART target method to build this Gantt chart, SMART target were first defined by Doran in 1981[9], stating that for targets to be met successfully they must be Specific, Measurable, Achievable, Realistic and Timely. In this case this requires a realistic estimate to be applied to each specific task and for a defined goal that marks its success from failure, failure to do this will increase the risk factor of design failure.
3.3	Dependencies
Chen and Xiao [10], explain that task dependency is the relationship between tasks which, without co-ordination of a completion sequence and the sensible allocation of resources will affect the project process. Within the scope of this project, the dependencies can be seen within the Gantt chart in Figure 1 and follow the process of literature review, prototype, development and production.

3.4	Network Diagram
A project management Network Diagram graphically illustrates the sequence of events through to project completion, whilst not necessarily graphically illustrating the length of each sub task[11], they are a particularly good method of showing which tasks can be completed simultaneously and for identifying a critical path[12].
The Network Diagram for this project is shown below in Figure 2.
[image: ]
Figure 2 E-Bike Project Network Diagram view
3.5 	Critical Path
The critical path in a project is the longest sequence of specific tasks or sub tasks which if are subject to delays will delay the overall project[13], the term ‘critical path’ came out of U.S. Navy’s work on PERT[14]. As the tasks within a critical path are those most likely to induce a project delay, they tend to be the most closely managed tasks within a project, as such there is a risk of over management[15].
The Critical Path within this project is not hidden. As this project is a step by step development process each step leads to the next and the quicker each step is completed will lead inevitably to more time available to complete a more developed and complicated product. However, the supply of resources by the University is critical, the late delivery of resources and their specification will deny the author the ability to design a product around those specifications before the project completion deadline.
3.6	Resources
Within project management resources are those identifiables that without which the project cannot be completed[16], including but not limited to objects, locations, people and funds. Jugdev and Mathur [16] argue that these resources could be further classified by complexity and value, whereas Jugdev, Mathur and Fung [17] argue for further classifying resources according to their value, rarity, inimitability and their involvement in organisational support. 
In terms of this project the main resource will be the author, who is the lone producer within the project. The author will seek the advice of such subject matter experts as are available from the university. Physical access to the electronics labs and the Proteus software are also required. However, the main external resource requirement for the project will be the supply of a DC motor, this is to be identified and supplied by the University.






4.	Risks
The Association of Project Managers define risk as that which “threaten the achievement of a project”[18]. Whereas the Project Managers Institute [19] define risk as “an uncertain condition or event” that should it occur then it could have “a positive or negative effect”, on a single part of the project and therefore the project as a whole. It may seem then that the impact of a risk event that occurred on a task within the critical path would inevitably have a greater impact on the project, than if such an event happened on another project task. 
Zailani et al find that [20] mitigation of risk can only occur if risks have previously been identified to allow mitigation work to be carried out. 
Lavanya and Malarvizhi [21] break down the risks into four categories, Technical, External, Organisational and Project Management. Therefore, an identification of risk exercise was carried out to identify example risks, the risks found are shown below in Table 1.
	Category
	Risk
	Effect

	Technical
	Design Failure
	Design fails to meet user requirements for power and control 

	External
	Manufacturer failure
	Manufacturer fails to meet production targets of specification

	Organisational
	Motor Provision
	Motor not provided in sufficient time to meet design deadlines and/or motor specification fail to meet requirements

	Project Management
	Poor Scheduling
	Design not completed before deadline


Table 1 Example Risks and Effects

Identified risks can be numerically assessed according to their probability of occurrence and impact of the project as a whole[22]. The likelihood of a risk occurrence is much of an estimation, though it can partly be based on estimated failures rates supplied by the manufacturers of some components.
In this project risks will be graded as follows:
4	=	High Probability Risk 	>50% 
3	=	Significant Risk		>30%
2	=	Moderate Risk		>10%
1	=	Low Risk			<10%

The impact of the risk will be graded as follows:
3	=	High			Catastrophic
2	=	Medium		Critical
1	=	Low			Marginal

Given these two factors, a risk matrix can be created to find the product as a numerical risk estimation metric.
	High Impact = 3
	3
	6
	9
	12

	Medium Impact = 2
	2
	4
	6
	8

	Low Impact = 1
	1
	2
	3
	4

	Impact / Occurrence
	1                    Low Risk
	2             Moderate Risk
	3          Significant Risk
	4                    High Risk


Table 2 Risk Matrix and line of acceptance
The product of Risk Impact and Likelihood of occurrence metric to decide if a risk is acceptable to the project. Those risks that show above a chosen level should not be tolerated without action or mitigation[20].




	Category
	Risk
	Effect
	Impact
	Occurrence
	Resultant

	Technical
	Design Failure
	Design fails to meet user requirements for power and control
	3
	1
	3

	External
	Manufacturer Failure
	Manufacturer fails to meet production targets of specification
	2
	2
	4

	Organisational
	Motor Provision
	Motor not provided in sufficient time to meet design deadlines and/or motor specification fail to meet requirements
	3
	3
	9

	Project Management
	Poor Scheduling
	Design not completed before deadline
	2
	2
	4


Table 3 Identified Risks

It can be seen that certain risks are shown to be above the ‘line of tolerance’, therefore mitigation should be carried out on, at least, these risks.
	Risk
	Mitigation
	Impact
	Occurrence
	Resultant

	Design Failure
	Thorough design test against user requirements
	1
	1
	1

	Manufacturer failure
	Sufficient pre-release manufacture to be completed to meet projected sales
	2
	1
	2

	Motor Provision
	University requested to provide Motor and specifications at earliest date.
Generic motor specification development to continue until provision met.
	3
	1
	3

	Poor Scheduling
	Regular Communication with external providers. Honest appraisal of own engineering timescales.
	2
	1
	2


Table 4 Risks after mitigation

With mitigation in place it is hoped that the risk to the overall project will be reduced and increase the chances of a successful project outcome.



4.1	Risk Exposure
Huang and Han [23] define risk exposure as the “probability of occurrence of a risk factor multiplied by the impact on the project” This impact can be measure in monetary value. Therefore, if the occurrence risk of a certain components failure within its one-year warranty period has a cost of £100 this multiplied by an occurrence likelihood of 1 in 100, then the risk exposure is:
£100 x 0.01 = £1
However, this risk exposure can be on a per item basis. If the same component has been sold ten thousand units then the risk exposure will have increased by a factor of ten thousand.
£100 x 0.01 x 10000 = £1000
In this project, the example risk costs and their factors have been estimated and are shown below in Table 3.
	Risk
	Cost 
	Factor
	Risk Exposure

	Design Failure
	Cost of product x Risk Factor x Estimated Sales
	£100 x 0.01 x 10000
	£ 10000

	Manufacturer failure
	Cost of each Lost sale x Risk Factor x 50% sales loss
	£100 x 0.02 x 5000
	£ 10000

	Motor Provision
	Cost of each lost sale x risk factor x 100% sales loss
	£100 x 0.03 x 10000
	£ 30000

	Poor Scheduling
	Cost of each lost sale x risk factor x 50% sales loss
	£100 x 0.01 x 5000
	£5000


Table 5 Risk exposure

Therefore, the total estimated risk exposure for this project is the summation of all risk exposure values, in this case £55,000.

5.	Probability chart
Each individual risk has a probability of occurrence, taking a single risk we can analyse its impact to the overall project timescale. Gantt chart task 10 which corresponds to Risk 4, was the possibility of circuit design overrunning the allowed timescale and leading to an overall project delay.
This task was estimated to take 25 days, originally this task was estimated to have taken 20 days, optimistically as little as 10 days and conversely in a worst-case scenario it is estimated that this task could have taken as long as 60 days.
Malcolm et el [24] gave an equation to calculate Delivery Estimates (DE) based on the optimistic, most likely and pessimistic delivery estimates DE=(a+4m+b)/6. Using this equation gives a delivery estimate of 25 days for the task.
The standard deviation (SD) (b-a)/6 for this same set of figures gives an SD of 8.3, this is a reasonably high SD, caused by the proportionally larger figure for the pessimistic estimate of task duration[25].
Wang and Chung [26] describe how variance is the difference between what is expected during planning and what is actually achieved. Therefore, there should be a reasonable expectation that the project variance will be less than the standard deviation.
Due to the risk of delays in the projects individual task extra time can be allowed for in the project plan. It would be reasonable to assume that not all risk would come to reality and cause all tasks to slip. Therefore, an appreciable amount of buffer time could be added to each task by virtue of the project calculations that would allow for any such delay caused risks to be managed without overrunning the project deadline.



            Task A      Task B     Task C   DeadlineFigure 3 Consecutive Tasks with Buffer time allowance


If all cumulative buffer time is used in A then another delay in C may cause the deadline to be exceeded. Although the chances of 2 low risk events coming to fruition and exceeding the calculated buffer time is low, it is not 
6.	Causal Map 
Gopnik et al define a causal map as a graphical representation from observed effects on objects by the manipulation of others[27]. Kwon [28] argues for the use of object oriented causal maps which interact through certain logical key words such as: if, as, then. Therefore, the causal map could be used to graphically represent the cause and effects of risks and the subsequent delays that will carry though a project timeline.







7.	Sustainability
Souter et al [29] explain the distinction made between the effects of ICT projects and waste according to their environmental impact. These distinctions are broken down into first, second and third order effects.
First order effects or direct effects are those that result from the physical creation of projects and devices, including but not limited to sourcing of base materials, creation of physical components and the jobs create for the manufacture, through to the disposal of items at end of life. These first order effects tend to be negative. In terms of this project the physical device though small will require discrete component manufacture, assembly and disposal.
Second order effects or indirect effects are those that result from the use of devices. These effects can be positive or negative, such employment loss and consequent decreased emissions due to efficiencies gained. This project should generate a longer-term emissions gain offset by the first order manufacture cost. Negative effects could be such as the loss of transport employment.
Third order effects are socioeconomic effects. These can be seen to alter the social and economic norms, again these can be both positive and negative effects. In this project and other devices like it, the decrease in energy and transportation costs as well as the health benefits gained could be argued to override any negative social effects.




8.	LEGAL + GDPR
This project is planned to be sold via internet sites, this will make the company subject to the distance selling regulations in any nation in which it operates. Within the EU this law is well defined [30] [31] and came into effect in 2013. Consequently this will subject the company to a fair returns policy, this was examined by Hjort and Lantz [32] and explains the companies responsibilities and highlights complications that will need to be managed due to the nature if internet selling.
The company will be subject to the incoming GDPR regulation [33]. The data in question will result from sales data that will be required to be held until the completion of the warranty period, this data will be held in full accordance with the directive. The company will make customers aware of this data retention and seek their authority to hold it for then length of the warranty period and destroy the data when no longer required.









9.	USABILITY 
Usability is a simple term that is complicated remarkably when defined, Chen, Germain and Rorissa [34]attempted to simplify the terminology by its most common attributes , these were Learnability, User Characteristics and Context\Purposes. A Standard Usability Scale (SUS) [35]can be used to assess a user’s interaction with a system. The scale is rated from 1-10 where 1 shows an ease of use and 10 shows a great difficulty in use without training.
For this project, the user controls are designed to be intuitive with an option of either analogue control in the form of a variable control synonymous with a by cycle gear control which should be familiar to most bicycle users, alternatively the bicycle will have the option of a digital control system with simple buttons for speed increase and decrease that should be very familiar to the digital generation. 
10.	Conclusion
This project and its management have many facets without which project failure is highly likely. The SMART targeted planning cycle enabled a realistic task list and Gantt chart to be created. Graphical representation of progress, visually allow easy monitoring a glance, though are only of use if honestly created and accurately maintained. Although risks can be mitigated, they will still be risks, in this case the non-deliver of a DC Motor resulted in only a generic design was completed as a hypothetical exercise. This risk was due to an external agency that is beyond the authors control. This could be a good example of a single source supply causing project failure. Project completion does not absolve the project manager of all responsibilities due to ongoing legal commitments such as warranty and data protection.
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