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Human beings have been playing musical instruments for at least 43,000 years[1], and our needs and expectations of our instruments have been increasing ever since. For new musicians, the main obstacle with getting started is learning how to tune the instrument, so everything can be kept in the right key. Most people lack perfect or absolute pitch[2], which warranted the invention of the tuning fork, and much later, the electronic guitar tuner. The guitar tuner itself is a simple piece of hardware. It can detect sounds and determine their pitch (frequency) while feeding back visual information to the user through a display or an array of LEDs. This allows the user to adjust the tuning of the instrument accordingly, until the desired pitch is achieved. This technology is ageing and could do with an upgrade through the natural evolution of technology. 
The proposed project idea is to improve the guitar tuner by making it fully automatic. A removable device with a geared motor will be attached to the headstock of the guitar. This motor will rely on input from existing guitar tuner circuitry, and turn the tuning knobs as needed. The motor can be moved to each respective tuning knob, and frequency-sensing capabilities will be programmed in to automatically identify which string is vibrating.

[bookmark: _Toc511999670][bookmark: _Toc512529649]Background Research
Normally, a modern guitar has 6 strings, tuned in E, A, D, G, B and E[3]. There are variations to this, with 7-string and 12-string options. However, the permutations of designs are effectively limitless, as guitars can be manufactured to fit a multitude of specific requirements. The strings are tuned to these frequencies, which is known as “standard tuning”[4]:
· E (E2) = 82.4Hz
· A (A2) = 110Hz
· D (D3) = 146.8Hz
· G (G3) = 196Hz
· B (B3) = 246.9Hz
· E (E4) = 329.6Hz
The subscript denotes the scientific pitch notation of each respective string, according to which octave the frequency correlates to in relation to its previous octave. An octave is a doubling in frequency, consisting of 8 notes[5]. 
The need for accurate instrument tuning has been a requirement since the dawn of music. John Shore invented  the tuning fork, a device that allows musicians to accurately reproduce a specific frequency, as described by Feldmann[6]. This was the standard for musical instrument tuning, until the advent of vacuum tubes and subsequently, the transistor. The many uses for the transistor allowed for more versatile tuning hardware. With very few exceptions, guitar tuners today require the musician to tension the strings manually according to the visual output from the tuner. Several automatic guitar tuners have been proposed by previous authors, but few have made it into production. A notable exception is the Roadie Automatic Guitar Tuner, which is a very similar system to what is being proposed in this proposal. This system is an all-in-one package which delivers microphone tuning and vibration-based tuning in the Roadie 1 and Roadie 2, respectively.[7]. A patent application by C. Adams showcased a fully automatic tuning system with integrated servos in the headstock and piezoelectric pickups in the bridge of the guitar.[8]. Another approach was designed by Rosado. This system has transducers in the bridge of the guitar, which monitored the tuning of the individual string and outputted the tuning result to the user by activating coloured LEDs on each string[9]. Dimaranan et.al. proposed a chord recognition system consisting of individual magnetic pickups detecting the frequency of each individual string. The signals were then transferred to a computer, where different algorithms were used to determine the chord. This system was designed for acoustic guitars, but can be transferred into the realm of electric guitars with ease[10]. Detecting the pitch of moving strings can be a relatively easy and inexpensive task, as shown by Sourav et.al. Here, a computer with a simple microphone interface was used to record the sound of individually plucked strings. The signal was processed utilising NI LabView 2010 to determine whether the string was flat (frequency too low) or sharp (frequency too high). This was created primarily for acoustic guitars, but the mechanical properties of acoustic guitars are adequately similar to transfer this methodology to the realm of electric guitars[11].
The ability to determine the frequency of an individual string is arguably the most challenging part of this project. It forms the basis of the system’s frequency identification operations and tensioning tasks, although it can be achieved in a multitude of ways. An electric guitar uses pickups which translate the string vibration into an AC voltage. The strings pass over a set of coil wrapped permanent magnets which induce a voltage change proportional to the change in magnetic flux, significantly similar in concept to the electric generator or transformer[12]–[14]. Since the magnets in each individual pickup are wound together by a single coil[15] (hence the term single-coil pickup), it is not possible to discern a clean signal for each string, as the output from the pickup is the summation of all the strings. This summation can create cancelling frequencies, thereby making an unaffected frequency output difficult to obtain for an individual string[10]. The vibrating string will also interact with the stationary strings, rendering a summated frequency extraction unfeasible[16]. A piezoelectric transducer has the ability to isolate the frequency from a single vibrating string regardless of noise in the surrounding environment, by utilising a crystal being compressed and decompressed by the vibrations in the guitar body itself. This creates a small mean voltage, which can be translated into the frequency domain by non-complex electronics.[17]. This is a common technique used in existing clip-on guitar tuners (like the IntelliTouch tuner, see figure 1) and for bridge-mounted tuning systems as utilised in integrated automatic tuning systems.
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[bookmark: _Toc512529517]Figure 1 - IntelliTouch piezoelectric guitar tuner
Built-in electromechanical systems for automatic tuning appears to be the best approach for creating a user-friendly interface. This can be achieved by hollowing out part of the guitar body itself to fit the necessary power electronics and digital signal processing components. The mechanical aspect for turning the tuning knobs on the headstock can be miniaturised and placed directly into the worm-gear drive in the headstock tuning system[8]. This is a massively complex undertaking for this project’s timeframe, as complex custom parts will need fabrication and eventually, miniaturisation. A guitar will need to be modified extensively since the components will require substantially obtrusive installation. This will prove too expensive, and the necessary tools needed for the scope of this design are not readily available for this project. An electric guitar was chosen for this proof of concept, as the tuning knobs require less force (less than 0.3 Newton-metres[18]) than an acoustic guitar due to the difference in string gauge.
[bookmark: _Toc511999671][bookmark: _Toc512529650]Aims and Objectives
[bookmark: _Toc511999672][bookmark: _Toc512529651]Main Aim
This project will utilise existing technologies to bridge the gap between a fully automated system (the Gibson Robot Guitar, developed by C. Adams) and standalone systems (the Roadie Automatic Guitar Tuner) by developing a system which can be attached to the headstock of the guitar, eliminating the need for manually holding the unit while tuning is taking place. Therefore, it can be attached to a wide range of guitars without the need for modification of the guitar body itself.
In summary, the main aim and research purpose for this design project is to create a user friendly automatic electromechanical guitar tuner by constructing a working prototype. This will be achieved through a set of objectives correlating directly with the project plan, namely the Gantt-chart. 
[bookmark: _Toc511999673][bookmark: _Toc512529652]Objectives
A series of objectives were determined early on in this project. These objectives make up the critical path for the design process, as they are essential to the standard of the final product. The objectives are:
· Specify the necessary requirements by constructing a simulated circuit diagram utilising Proteus
· List necessary components and calculate the production cost based on component prices
· Create a simplified working prototype by utilising breadboards and protoboards
· Fabricate mechanical components needed for the physical operations necessary to turn tuning knobs
· Assemble higher-order prototype to showcase proof of concept by attachment to an electric guitar
[bookmark: _Toc511999674][bookmark: _Toc512529653]Research Methodology
[bookmark: _GoBack]This project relies on both a positivist research philosophy[19] as well as a phenomenographical philosophy in the technical research and market analysis, respectively. The technical research calls for a set of objective, unbiased facts concerning the working principle behind guitar tuners. Due to the technical complexity of this project, this was the most demanding and arguably most important part of the research process. A deductive approach[20] was decided upon regarding the technical research, as the author started with a set of assumptions regarding the working principle behind this technology. Document analysis research was conducted to verify or refute these assumptions based on peer-reviewed journal articles and books. This provided a clear concept on what research is currently existing and should provide a solid foundation for the development process. Finally, a software development strategy will be utilised later in the project, to create a simplified proof of concept confirming that the development process will be viable and worthwhile.
The market research required a phenomenographical philosophy, as evident by how this data was collected[21]. A simple survey was created to gauge the public’s interest in this type of product, as this strategy simplifies the data collection process. From an anecdotal viewpoint, a short data collection survey is more inviting to the subject than a larger questionnaire. It will also allow for a larger corpus of individuals to complete said survey. This can be considered a deductive approach, as the answers to this survey can form a concise foundation for understanding user preference. The survey strategy will be explained in further detail under the “Analysis and Deliverables” section. 
[bookmark: _Toc511999675][bookmark: _Toc512529654]Development Methodology
Feature-driven development (FDD) is a development method focusing on the client base’s requirements and expectations. The project is therefore progressed by necessary features, and the project planning has a foundation built on the client’s desires and expectations[22].  Since this project is highly experimental in nature, the development process was loosely based on a FDD. The initial idea originated from the authors personal desires as a guitar player, and the idea was elaborated upon by the background research findings. 
The disadvantages of FDD manifests in that it is not a dynamic development process. Development is heavily based in initial requirements, and has a tendency to “lock” itself in these initial demands and expectations[22]. This could prove to be major disadvantage since the project is reliant on a strict and relatively short timeframe. The ability to add or remove features according to momentary needs is likely beneficial, but this document is to be regarded as a contract between supervisor and developer, and intermediary changes must be kept to a minimum. Therefore, an FDD-approach is not only the best practical approach to complete the project, but also the only suitable process given the timeframe and the initial promises on feature-set upon completion.
[bookmark: _Toc511999676][bookmark: _Toc512529655]Risks
Given the timeframe and other simultaneous academic tasks for the duration of the project, timing is the most prevalent risk factor. The project is estimated to start in October 2018, and completion is set for April 2019. Other academic ventures and holidays needs to be incorporated into the plan as these are time-consuming and important to plan around. The Gantt-chart will go into further detail regarding the scheduling of tasks and can be viewed as a framework for completion of subtasks. The resources needed are relatively minimal, as the project is mostly based on existing hardware and technologies. However, some parts need to be custom made. Access to machinery such as lathes, mills and hand tools will be required at some point during the development process. These resources will be lent privately by external actors, and the author will personally perform the necessary machining operations in due time. 
Risks to personnel are more prevalent in this context than risks to external stakeholders. From a risk-calculation standpoint, it is evident that managing personnel risks is significantly more important to ensure project success. This is because the main resource in the project is the lead designer (the author), and any injuries or unforeseen complications regarding work-ability will severely cripple the project progress. Some risks can be considered more severe than others, for example the inhalation of soldering fumes[23] or battery explosions. Lithium batteries are inherently volatile due to their chemical composition, so extreme care must be exercised to ensure safe handling and installation.
There are no real ethical issues to be considered by developing a device of this nature. It will be used for leisure purposes, and the proper functionality of the finished prototype has no direct impact on the health and safety of the user. The Institute of Electrical and Electronics Engineers (IEEE) code of conduct is to be taken into consideration for the duration of the process, from initial research to final development[24].  The final prototype must conform to the British Computer Society (BCS) code of conduct. Paragraph 2 of this code deals with professional competence and integrity, and states the ground rules for any developer involved in any project[25]. Paragraph 3E is imperative in an academic context, as it specifies (in simplified terms) that the developer must exercise complete honesty regarding the performance of a product and not withhold or exaggerate any details regarding the product’s functionality[25].
[bookmark: _Toc511999677][bookmark: _Toc512529656]Analysis and Deliverables
[bookmark: _Toc512529657]Survey
A small survey[26] was created to gauge the public interest for this particular device. The data collection was designed while adhering to two principles: (1.) Not influencing the survey taker and (2.) keeping it short and succinct. The questions are written in a short, elementary matter to not cloud the survey taker’s opinion. They were also written without mention of the current project or any of its features. The overall size requirement of the survey was achieved by only incorporating 6 questions, making the survey more enticing to complete. 
Since the public outreach was severely limited at the time of creation, the survey only got 18 respondents. In corrective retrospect, the corpus of polltakers could have been increased if the survey was created earlier. The results can still provide a percentage estimate of the amount of people interested in the product. 
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[bookmark: _Toc512529518]Figure 2 - Survey question 1 and results
Question 1 (figure 2) was a natural starting point of the survey. Through a simple yes or no question, we can determine the close-to-maximum amount of people who would consider using the automatic guitar tuner. Alternative 2 and 3 can be treated as a collective negative since people who have never tried tuning an instrument might do in the future. This results in 83.33% potential people in the target zone.
Figure 3 was written to showcase topic familiarity by asking a question which does not specify what type of technology the user has potentially used. A substantial 88.89% of survey takers already have experience with equipment like this, which can be considered positive as they might be interested in an improved apparatus. 
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[bookmark: _Toc512529519]Figure 3 - Survey question 2 and answers
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[bookmark: _Toc512529520]Figure 4 - Survey question 3 and answers
Question 3 (figure 4) had a role in interpreting the public’s understanding and acceptance of incorporating electronic aids as tools in the learning process under the instigation of learning a new instrument. The response proved to be positively in favour of the project, as 77.78% of people agree to the statement put forth.
In question 4 (figure 5), we attempt to measure the quantity of the general population who already plays guitar while simultaneously discerning the perceived interest for learning it. 22% of respondents reported already playing the guitar, which correlates with figure 2 (88.89% of respondents have used an electric tuner) in this study when considering that 61.11% of respondents reported a desire to learn it. 
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[bookmark: _Toc512529521]Figure 5 - Survey question 4 and answers
In question 5 (figure 6), an attempt was made to analyse the potential price range for this product type. The respondents were given £50, £100 and £200 as main alternatives. An option for submitting an alternative price based on the survey takers own opinion was also added. The results for this question was not very surprising. This is mainly because the £200 was designed to be an outlier, so any answer in this category would require further investigation into the level of complexity necessary for the design. If consumers are inclined to pay £200 for an instrument tuner, the feature set would have to increase to justify the relatively high price. Most respondents would settle for a product in the £50 price range, and effort will be made to reach this goal. 
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[bookmark: _Toc512529522]Figure 6 - Survey question 5 and answers

The 6th and final question (figure 7) was designed as an ultimatum, asking the respondent if purchasing a guitar tuner was something to consider. The first and last alternative can be treated as one, which results in a positive 94.44% of respondents being interested in purchasing an automatic guitar tuner.
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[bookmark: _Toc512529523]Figure 7 - Survey question 6 and answers
In summary, all the questions posed in this survey gave valuable answers towards the feasibility of the development of this device. As it is quite lacking in the size of the userbase, the results are to be taken as guidelines rather than definite facts. A more detailed survey will be produced as part of the documentation later in the project, with questions specific to the feature set of the tuner. As the project is dynamic in nature, the feature set will not be confirmed until later in the process. 
[bookmark: _Toc512529658]Deliverables
The final deliverables for the project is partly reflected in the aims and objectives section. A functional prototype will be designed and manufactured. This will be a clip-on design, which will attach to the headstock of the guitar, self-sustained with batteries and electronics in one package. Attention to aesthetics will not be focused on, as a proof of concept is the main goal for this prototype. The decision to make it fully functional was made to further strengthen the proof of concept, as the idea will be perceived as more viable if a working prototype is made. 
Full documentation will also be provided. This will include a user manual explaining the different functionalities of the tuner, as well as technical documentation describing the parameters and boundaries of the product. A troubleshooting guide will also be included. The technical documentation will also go in-depth, explaining everything from the different discreet electronic components, interfacing and PIC-choice. Also, in the documentation category, at least three presentations will be performed. The first presentation will focus on the initialisation of the project, informing stakeholders about the current plan, timeline and proposed feature set compared to other devices on the market. The interim presentation will summarise project progress while justifying and explaining potential setbacks. A project demo is scheduled at the end of the development lifecycle, to showcase the progress by presenting a physical prototype. The third and final presentation will summarise the entirety of the project from beginning to end, comparing the initial plan with the actual outcome and actions performed during development. 
[bookmark: _Toc511999678][bookmark: _Toc512529659]Physical Resources
The specific, critical physical resources needed are as follows:
· Software for development and simulation (Proteus and CCS)
· Fabrication tools (machining equipment)
· Various electronic components (discreet and integrated circuits)
· Piezoelectric guitar tuner for signal acquisition
· Components for mechanical actuation (power electronics)
· An electric guitar
The research-specific resources needed are as follows:
· Internet access
· Journal articles (access provided by UWTSD)
· Library access (provided by UWTSD)
· A survey creation tool (SurveyMonkey)
[bookmark: _Toc511999679][bookmark: _Toc512529660]Human Resources
A survey was undertaken to determine feasibility of the product and to gauge the public’s interest. The public link was posted on social media, with a request to forward further. This increased the randomisation factor, which in turn should provide better results due to a more diverse audience. There was no control as to whom took the survey, other than duplicate protection governed by the survey takers IP-address. Lecturers at UWTSD is considered as the primary human resource for this project. They will provide assistance in the form of technical and academic expertise. 
Testing of the prototype will be too subjective if undertaken solely by the author. A user base consisting of individuals at UWTSD will be used for testing purposes, to record their experience with usage of the product. The prototype will also be tested by experienced guitar players. This does not pose any ethical problems, as the product is considered harmless and created purely for leisure purposes in an amateur environment. 
[bookmark: _Toc512529661]Planning
The planning for this project was mainly done by utilising a Gantt-chart (figure 8). This gives a good visual representation of the different tasks and subtasks contained within the project. Microsoft Project also renders uncomplicated editing available if changes are necessary. 
The general structure was divided into 5 principal tasks encompassing the subtasks necessary to complete the project in a satisfactory manner. The “Initialisation tasks” main task appears to be the longest, but this also encompasses the summer break where fabrication will occur at a date set later in the process. 
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[bookmark: _Toc512529524]Figure 8 - Gantt-chart bar view


For more detail, refer to the detailed attribute view of the Gantt-chart’s tasks and subtasks (figure 9). Here, we can observe the project’s 5 main objective in translated form, sourced from the objectives mentioned earlier and marked in red text. 
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[bookmark: _Toc512529525]Figure 9 - Gantt-chart task detailed task view

The dates are to be considered approximate, as current estimates for start-up are to be considered unreliable. The start date was sourced from the beginning of this document’s creation. The deadline of the plan itself was estimated to the start of exam-period 2019. The main structure of this project is derived from the authors previous experience with project management and planning. Note that while this view enables access to more details, the bar view in figure 8 gives a picture of when holidays and temporary breaks in workflow occur. It also gives a clearer picture of predecessors and dependencies. For reference, exam period was estimated from the completion of this document (05/05/18) to the start of the author’s holiday. Summer holiday was estimated to last until 30/09/18. Winter break was estimated to last from the final viva to the start of the January exam-period, at which end project work starts up again on 28/01/19.
The project is heavily reliant on one subtask and objective, namely the fabrication task. If this were to be excluded due to unforeseen circumstances, major changes in the project’s fundamental structure will have to take place. The fabrication stage will source equipment and materials from friends and acquaintances of the author.
[bookmark: _Toc511999680]Finally, a network diagram was created automatically alongside the Gantt-chart in Microsoft Project (figure 10). This allows for a clearer picture of succession of tasks, as the boxes are read from left to right. Dependencies are also highlighted here, along with the critical path if desirable. The exact timing of project start-up and completion are not set yet, so the critical path was deemed inaccurate enough to the point of unimportance and omission. From an academic standpoint, the critical path can be highlighted after project completion to gain further knowledge in the field of project planning.
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[bookmark: _Toc512529526]Figure 10 - Network diagram view
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9 Create draft circuit diagram _J, TK

10 Prepare for initial viva o TK

iENN.Gather components L ——

12 Research vendors and suppliers m TK

13 Locate components TK

14 Test new component values in simulation TK

15 Order components (shipping time) TK

{3 Prototype assembly L

17 Construct prototype m TK

18 Troubleshooting TK

19 Fine-tuning and completion

20 Assemble documentation, start write up TK

Al Final demo, viva, documentation deadline L ——
22 Prepare and present final viva K

23 Perform final demo LS

24 Complete write up and hand in TK

25 Contingency time until deadline pa TK
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Task Name v Duration v Start
Aut. Guitar Tuner Project

Initialisation tasks 152 days Thu 01/03/18 Fri 28/09/18 TK
Start research, compile findings 22days Thu01/03/18  Fri30/03/18 TK

Write proposal draft 21days Mon02/04/18 Mon 30/04/18 3 TK
Finalise document and hand in 4 days Tue 01/05/18  Fri04/05/18 4 TK
Fabricate parts (over summer break) 73 days Wed 20/06/18 Fri28/09/18 TK

Start main practical research 55days Mon 01/10/18 Fri 14/12/18 TK
Research electrical parameters 25days Mon01/10/18 Fri02/11/18 TK
Create draft circuit diagram 15days Mon05/11/18 Fri23/11/18 8 TK
Prepare for initial viva 15days Mon26/11/18 Fri14/12/18 9 TK

Gather components 20days Mon 28/01/19 Fri 22/02/19 TK
Research vendors and suppliers 3 days Mon 28/01/19 Wed 30/01/19 TK
Locate components 5 days Thu31/01/19 Wed06/02/19 12 TK
Test new component values in simulation 3 days Thu07/02/19 Mon 11/02/19 13 TK
Order components (shipping time) 9 days Tue 12/02/19  Fri22/02/19 14 TK

Prototype assembly 10days Mon 25/02/19 Fri08/03/19 TK
Construct prototype 3 days Mon 25/02/19 Wed 27/02/19 TK
Troubleshooting 3 days Thu28/02/19 Mon04/03/19 17 TK
Fine-tuning and completion 2 days Tue 05/03/19 Wed06/03/19 18 TK
Assemble documentation, start write up 2 days Thu07/03/19  Fri08/03/19 19 TK

Final demo, viva, documentation deadline 37 days Mon 11/03/19 Tue 30/04/19 TK
Prepare and present final viva 10days Mon 11/03/19 Fri22/03/19 TK
Perform final demo 3 days Mon 25/03/19 Wed27/03/19 19 TK
Complete write up and hand in 19 days Thu28/03/19  Tue 23/04/19 22,23 TK
Contingency time until deadline 5 days Wed 24/04/19 Tue 30/04/19 TK

0 ~N oo U1 AW N =




image10.PNG
NETWORK DIAGRAM

Aut. Guitar Tuner Project

Start: ID: 1
Finish: Dur:
Res:

Initialisation tasks

Start: Thu 01/03/'ID: 2

Start research, compile findings

Finish: Fri 28/09/1 Dur: 152 days

Start: Thu 01/03/1¢ID: 3

Finish: Fri 30/03/18 Dur: 22 days

Comp: 0%

Res: TK

Write proposal draft

Start: Mon 02/04/1ID: 4

Finalise document and hand in

Start: Tue 01/05/1¢ID: 5

Finish: Mon 30/04/:Dur: 21 days

Res: TK

Finish: Fri 04/05/18 Dur: 4 days

Fabricate parts (over summer break)

Start: Wed 20/06/1ID: 6

Finish: Fri 28/09/18 Dur: 73 days

Res: TK

Start main practical research

Res: TK

Start: Mon 01/10,ID: 7

Research electrical parameters

Finish: Fri 14/12/1 Dur: 55 days

Start: Mon 01/10/1ID: 8

Finish: Fri 02/11/18 Dur: 25 days

Comp: 0%

Res: TK

Create draft circuit diagram

Start: Mon 05/11/1ID: 9

Prepare for initial viva

Start: Mon 26/11/11D: 10

Finish: Fri 23/11/18 Dur: 15 days

Res: TK

Finish: Fri 14/12/18 Dur: 15 days

Gather components

Res: TK

Start: Mon 28/01/ID: 11

Research vendors and suppliers

Finish: Fri 22/02/1 Dur: 20 days

Start: Mon 28/01/11D: 12

Finish: Wed 30/01/:Dur: 3 days

Locate components

Start: Thu 31/01/1¢ID: 13

Test new component values in simulati

Start: Thu 07/02/1¢ID: 14

Comp: 0%

Res: TK

Finish: Wed 06/02/:Dur: 5 days

Res: TK

Finish: Mon 11/02/:Dur: 3 days

Order components (shipping time)

Start: Tue 12/02/1¢ID: 15

Prototype assembly

Res: TK

Finish: Fri 22/02/19 Dur: 9 days

Res: TK

Start: Mon 25/02/ID: 16

Construct prototype

Finish: Fri 08/03/1 Dur: 10 days

Start: Mon 25/02/1ID: 17

Troubleshooting

Finish: Wed 27/02/:Dur: 3 days

Start: Thu 28/02/1¢ID: 18

Fine-tuning and completion

Start: Tue 05/03/1¢ID: 19

Assemble documentation, start write L

Comp: 0%

Res: TK

Finish: Mon 04/03/:Dur: 3 days

Res: TK

Finish: Wed 06/03/:Dur: 2 days

Start: Thu 07/03/1¢ID: 20

Final demo, viva, documentation ¢

Start: Mon 11/03/ID: 21

Prepare and present final viva

Finish: Tue 30/04/ Dur: 37 days

Start: Mon 11/03/11D: 22

Res: TK

Finish: Fri 08/03/19 Dur: 2 days

Res: TK

Complete write up and hand in
Start: Thu 28/03/1¢ID: 24

Finish: Fri 22/03/19 Dur: 10 days

Comp: 0%

Res: TK

Contingency time until deadline

Start: Wed 24/04/1ID: 25

Finish: Tue 30/04/1:Dur: 5 days

Res: TK

Finish: Tue 23/04/1 |pINEREEREVS
Res: TK

Perform final demo

Start: Mon 25/03/1ID: 23

Finish: Wed 27/03/:Dur: 3 days

Res: TK





