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[bookmark: _Toc7750800]Abstract.
	Haptic feedback is the interaction between human and computer, it’s uses can be applied in many topic areas, this project proposal asks that an experimental study takes place on the use of haptic feedback within prosthetics, an open source 3D printable hand will be used leaving more time for electronic system design, implementation and survey of literature relating to this study. As with any project, planning is essential, Microsoft Project is the tool of use for creating a Gantt chart, also, risk management has been calculated and documented, although planning has been done there will inevitably be some areas that has not been thought of yet, hopefully this would not have a major impact to the overall outcome of the project, within the planning stage a list of possible resources that are needed to accomplish this study has been created this includes hardware and software as well as services such as internet and library access.  
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[bookmark: _Toc7750801]Introduction  
	Haptic feedback is a mechanism where some form of touch or other event is used to transfer information as the event is happening [1], for instance mobile phones use vibrotactile technology to alert their owners of an incoming call, message or notification, game controllers also use this same technology to provide the user with in game feedback [2]. Ultrahaptics is another type of technology being used this involves use of Ultrasound within close proximity to the receiver’s skin [3], another haptic feedback mechanism would use mechanical actuators fixed to a point of a person in a way that it provides resistance against the action of the intended movement [4]. Surgery can be a delicate procedure even more so when done remotely, the operator (surgeon) has sight and sound but with no haptic feedback then care is needed to as not create any un planned damage [5].
	The already, briefly discussed haptic feedback mechanisms are of non-invasive types, i.e. they do not require some form of surgical procedure to connect to the user. Literature review does discuss about invasive types of sensory feedback, this type of haptic feedback does require the subject to undergo surgery to have implants embedded somewhere about their person [6], for this reason alone, this project proposal will be based on non-invasive types of haptic feedback.
	The title for this proposed project will be “Wirelessly Controlled Artificial Limb with Haptic Feedback”. 
[bookmark: _Toc7750802]Initial literature review
	Haptic feedback characteristics can be segregated into four categories. 1, lateral motion, where this gives information on texture of an object, 2, pressure, this provides information on the rigidness of the object, 3, contour following, information from this provides the outline of an object and 4, enclosure, this relates to the volume of an object [7].	
	When a surgeon is remotely conducting an operation, having haptic feedback in relation to force or pressure would greatly assist the surgeon at successfully accomplishing the task in hand, approximately 750 surgical procedures are needed to give the surgeon enough experience to perform with a higher successful outcome [8], having a suitable virtual learning environment that closely mimics such procedures gives the surgeon the skills and experience that’s needed to perform whilst in theatre.
	Augmented reality combines a real object with a virtual object to create a physical interactive environment [9], another term used is virtual reality, although they sound and appear to be similar they are actually two separate technologies [10], both are popular areas of research [11]. Having the ability to implement haptic feedback into either technologies would greatly increase user experience [11] [10].	 
	Persons with residual limb depend on visual feedback to control their prosthetic, this in turn can cause tiredness and hinder them from going about their daily lives [12], having a way of providing haptic feedback to the user would inevitably reduce cognitive strain and thus assist them when doing daily tasks [13].
	As can be seen so far in the literature review haptic feedback can have it’s uses in all sorts of commercial and non-commercial entities, the foundation for this project proposal will be based on persons with residual limb.
 	The following literature review gives an insight in to some studies that have been conducted which involved the use of prosthetics or some form of simulated limb with various types of haptic feedback technologies. 
	Gonzalez et al. [12] conducted a controlled experiment using a robotic hand which used audio cues to relay feedback information to their subjects, the audio frequencies were related to different notes from a piano, 8 notes were used in total which represented different configurations of hand position, the configurations ranged from closed fist up to open hand, they concluded the subject was able to reach an grasp an object faster and have more control over force of grip when using audio cues.
	Grasp force feedback is another method of haptic feedback where the subject would wear a mechanical cuff most probably around their bicep, this wearable device would then constrict around the subject’s bicep in relation to the force being applied by the prosthetic limb. Godfrey et al. [14] concluded that the results did not show a substantial effect whilst using the cuff, but subjects who tested out the device showed it was tolerated well and it did provide some grasp force reduction, they go on to conclude that more subject participation training and improvements of design could lead to better results.
	Electromyography (EMG) measures electrical activity when a muscle stimulates a nerve [15], Yamada et al [13] designed a system that utilises EMG to control the action of a prosthetic hand with vibrotactile feedback, a pressure sensor was placed on the thumb tip of the prosthesis and the EMG sensor was placed on the forearm of an abled body subject, they concluded that a reduction in cognitive strain was apparent when force was detected on the prothesis thumb, but differences was seen from those who participated in the task, also a reduction in the number of stimulators used showed better reduction in cognitive strain.
	Electro tactile is the use of electrical current applied to the skin to stimulate nerves [16] this is another form of haptic feedback that was used in a study by Jorgovanovic et al [17], their experiment looked at a closed loop system of virtual grasping using electro tactile as feedback, they conducted a number of virtual grip tests on different objects and placed the electro tactile electrodes on the participants body. The conclusion shows that the subjects completed a 30 minute training session before completing a series of tests that involved grasping a number of virtual objects of different weights and rigidness, a 72% success rate was noted.
	Incorporating temperature into prosthetic feedback would give the user a sense of temperature when touching an object, Cho et al. [18] produced a system that embedded temperature sensors within the prosthetic, the sensors were then fed into a data acquisition system which in turn controlled a heating element which in this case was placed on the users other hand, a number of test were conducted using different temperatures of the object of interest, amongst their conclusion it shows that subjects were able to distinguish between 3 different temperature ranges with success although 3 subjects when given a ‘mild’ temperature failed to distinguish this, the authors do suggest that ‘human thermal perception’ is most likely a contributing factor to those 3 subjects.
[bookmark: _Toc7750803]Initial literature review conclusion
	All the haptic feedback mechanism surveyed in the above literature have advantages and disadvantages, the reliability and repeatability of each experiment does appear to depend on the experiments environment to be set up with consistency, for example when using vibrotactile the position and applied force of a vibrating motor to the subject needs to be consistent for the results to have repeatability and accuracy, this can take a lot of effort when changing participants and / or wanting to repeat the experiment with same participant after removal. 
	Most of the studies reviewed so far involved measuring grasp force of a prosthetic limb or robotic hand to generate haptic feedback with the controlled environment being fairly narrow i.e. opening and closing of a full fist or measuring force of just one finger / thumb closure, some studies did involve the actual reaching of the hand as well.
	Using electro tactile as one feedback mechanism appears to be a good option as this, when used correctly can stimulate nerve endings, also the electro pads are low profile and light weight, this option does involve directly coupling a subject up to a device that outputs electrical current, which in turn means it is a high risk option due to chance of electrocution.
	Using temperature to relay heat information back to the participant has it’s uses, as humans do use this sensory feature to determine whether something is too hot or cold, the studied reviewed above used a heating element to transfer temperature information to the subject, two issues here would be risk of burning the subject if used incorrectly of having a malfunction within the design, also heating elements consume a lot of power when operated thus being portable could be a challenge.
	Although not directly related to prosthetics a paper titled “UltraHaptics: multi-point mid-air haptic feedback for touch surfaces” [19] discusses the use of ultrasound for haptic feedback, this mechanism works by projecting high frequency sound at the users hand in order to stimulate the necessary receptors in the skin thus simulating touch sensations, this is mentioned here as it could be one possible mechanism to be used in this experiment.
[bookmark: _Toc7750804]Proposed experiment
	A proposed experiment is thought, where the combination of an artificial limb (hand) and haptic feedback will be combined to create an electronic system that will allow the operator to control the limb with some form of wearable technology, this wearable device and the artificial limb will communicate with each other either wired or wirelessly, the devices will be configured in a way that the limb will mimic the wearable device and in return provide haptic feedback to the user.
[bookmark: _Toc7750805]Aim of the project
	Design and implement an electronic system that uses an artificial limb to provide haptic feedback to the operator.  
[bookmark: _Toc7750806]Objectives of the project
1. survey literature review for haptic feedback mechanisms and areas of use focusing on prosthetics.
2. Identify a suitable 3D printable limb in the form of a hand.
3. Design and implement the system.
4. Develop test criterion and analyse the results.
5. Conclusion.
[bookmark: _Toc7750807]Resources & planning
	The proposed limb will be of a hand with wrist and forearm, to save time, a 3D printable hand that is freely available for download will be sourced, this then leaves more time to concentrate on research, electronic design and implementation.
	Main electronic components that may be needed are: PIC microcontrollers, servo’s, force pressure sensors, mini vibrating motors, wireless transceivers, ultrasound transducers, resistive strips, potentiometers, gyroscope, as well as your common components such as resistors, capacitors, switches etc. This list is subject to change as more literature is reviewed more design ideas are being noted.
	Software needed, Microsoft Office, Microsoft Project, Proteus VSM Simulation, CCS C Compiler, Easy PC PCB design.
	Hardware needed, PC or laptop with internet connectivity, digital multimeter, oscilloscope, 3D printer, various basic hand tools, work bench. Other resources include access to literature either online or from the library.
[bookmark: _Toc7750808]Initial system design
	The initial design of the system will be discussed below, this is subject to change as a more comprehensive review of literature is scheduled to take place. It’s not expected to have any major changes that may compromise the project.
	The artificial limb will be of a hand, wrist and forearm, the forearm will be hollow so as to house the electronics, within this forearm will be a microcontroller and a number of servo’s, these servos will control the opening and closing of the fingers and thumb, at current the design is including rotation of the wrist. For the feedback part ‘Force Sensing Resistors’ will be used, the placement for these will be at the tip of each finger and thumb, also one will be positioned on the palm. For communication a prebuilt wireless transceiver will be used.
	The wearable device will be a glove, this is to enable tests to be done by an abled body person, this glove will house a microcontroller, five ‘Position Sensing Resistors’, one for each finger and thumb, the feedback mechanism will be either vibrotactile or Ultrahaptics, some testing will be done first to decide on which is more appropriate, some literature review does survey the use of a ‘cuff’ fitted around a bicep for haptic feedback, so at current design thoughts are either to embedded the feedback within the glove or re-designing a cuff mechanism, using the cuff mechanism could be a better option as this will fall in line with the research purpose of this project i.e. prosthesis.
	The component hardware for this project will primarily be self-funded, although contact via email has been made with ‘Interlink Electronics’ who have provisionally offered to sponsor some of their ‘Force Sensing Resistors’, there is also plans to contact other manufacturers for sponsorship in the near future. 
[bookmark: _Toc7750809]Tests and expected outcomes
	The testing phase will be split into two parts, these will be further sub divided where appropriate, the first test phase will be the actual operation of the system, this will entail confirmation that the actuators on the artificial hand operates as per system design e.g. each finger and thumb are to be individually controlled, rotation of wrist if included in final design, correct operation of feedback sensors, communication link between microcontrollers, similar tests with the glove, there is one main crucial test within the system which is time delay, in any electronic system there is a time delay, in an ideal world there would be no delay at all but that would be impossible, so design of the system will be as such that the delay will be kept to a minimum, further literature review may suggest a feasible number to work to. One thing that has not been discussed yet is Field Programmable Gate Array (FPGA), if the project is ahead of schedule then use of FPGA may be considered, this could possibly decrease any time delay further.
	Second test phase will be a survey of a number of subjects whom are willing to participate, this will include measuring their cognitive skills whilst completing various tasks by controlling the artificial limb, these tasks will be repeated with and without haptic feedback, also they will be asked to complete some form of questioning either verbally by interview or theoretical by completion of a questionnaire, once these tests have been completed the data will be analysed. Once analysis of the test data is complete it will be compared with other studies found in literature, then it is hoped to get a better understanding on the use of haptic feedback in general and within prosthetics, also a recommendation will be submitted on a new design idea for a control method other than a glove for use by persons with residual limb.
[bookmark: _Toc7750810]Gantt chart
	To aid with planning a Gantt chart has been constructed, this has effectively been split into two main areas where one is the theory aspect and the other is the practical aspect this enables certain tasks to be completed in parallel.
	Table 1 shows the task name and their proposed timescale.
[bookmark: _Ref6918337][bookmark: _Toc7750815]Table 1 Gantt chart tasks.
	
	Task Name
	Duration
	Start
	Finish
	Predecessors

	1
	Literature review / Thesis
	335 days
	Sat 01/06/19
	Thu 30/04/20
	

	2
	Theoretical system design
	30 days
	Thu 01/08/19
	Fri 30/08/19
	

	3
	VIVA?
	62 days
	Fri 01/11/19
	Wed 01/01/20
	

	4
	Survey system / participants
	21 days
	Mon 02/03/20
	Sun 22/03/20
	

	5
	Circuit design Proteus
	31 days
	Tue 01/10/19
	Thu 31/10/19
	

	6
	Programming
	30 days
	Fri 01/11/19
	Sat 30/11/19
	5

	7
	Simulation testing / debugging
	14 days
	Sun 01/12/19
	Sat 14/12/19
	6

	8
	Breadboard build / testing
	14 days
	Sun 15/12/19
	Sat 28/12/19
	7

	9
	PCB design
	5 days
	Sun 29/12/19
	Thu 02/01/20
	8

	10
	3D modelling
	14 days
	Fri 03/01/20
	Thu 16/01/20
	9

	11
	Final hardware build / debugging
	30 days
	Fri 17/01/20
	Sat 15/02/20
	10

	12
	System testing
	28 days
	Sun 16/02/20
	Sat 14/03/20
	11



	Figure 1 below is a screen shot of the Gantt chart produced in Microsoft Project
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[bookmark: _Ref6918256][bookmark: _Toc6992267][bookmark: _Toc7750818]Figure 1 Gantt chart screen shot.
	In Table 1 and Figure 1 is the proposed tasks and their timescale for this project, the Gantt chart in Figure 1 shows literature review and Thesis writing will be done through out the entire project with theoretical system design commencing two months in, it’s planned that the practical element’s will commence once the new school year starts at the beginning of October, there is a one month buffer during September this could be used to bring other tasks forward enabling more time to be distributed amongst the project.
[bookmark: _Toc7750811]Risk identification & management
	Table 2, in no particular order shows a brief description of possible risks identified with this project.
[bookmark: _Ref6831767][bookmark: _Toc7750816]Table 2 Risk.
	No.
	Risk
	Description / Mitigation

	1
	Funding
	1a. Source sponsorship. 
1b. Start off with small design and expand when needed.

	2
	Timing
	2a. As with all project’s tasks don’t always go to plan.
2b. Loss of time due to illness or family bereavement.
2c. Loss of time due to other university commitments.

	3
	Resources
	3a. Failure of electronic equipment such as PC’s, Oscilloscope, Multi meter.
3b. Internet down time.
3c. Downtime with online literature sources, e.g. Library website.  

	4
	Ethical and legal
	4a. As this project is based on disabled persons then extreme caution is needed to not offend such persons. 
4b. Caution of electric shock or entrapment with moving parts.

	5
	Loss of data
	5a. All theoretical work will be done electronically



	As can be seen in Table 2 there are a number of risks associated with this project these have been expanded on below.
1. Funding: With any project of this type, funding will be needed, how much is determined by the scale of the project, in this instance funding is only needed for parts and materials, system design will start off with the minimum needed to accomplish the task, but it will be designed in such a way that it could be expanded. As discussed previously it is hoped that component manufacturers will be willing to sponsor towards this project. 
2. Timing: Experience in other small projects has shown that not all task’s go to plan, Illness and family bereavements are impossible to predict, not knowing what other university commitments are expected all attribute to this timing risk. Creating a Gantt chart and utilising knowledge gained from previous work will help mitigate this down to a minimum.
3. Resources: A number of resources are needed for this project, the one’s that need to be risk evaluated are, failure of electronic equipment, this is low risk as several types of the same equipment are available either at University or at personal home. Internet downtime, again low risk as internet today is reliable and there is a number of ways to access online, i.e. Landline or mobile. Online resources, most reputable websites have a reliable server provider and have very little downtime.
4. Ethical & Legal: This can be a substantial risk as some aspects of the project is based on disability, having grown up and being involved with severally disabled persons then experience here has been gained when dealing with persons whom could be vulnerable or easily offended, working closely with the supervising lecturer and if needed other departments within UWTSD who specialise in this area will aid with mitigating this risk. To minimise risk of electric shock or entrapment, health and safety, good working practices and safe system design will be adhered to. 
5. Loss of electronic data: All theory work will be done electronically this includes review of literature, system design, simulation testing, final dissertation writing, and other areas not thought of yet. Back-up, Back-up, Back-up. The only way to eliminate this risk is to have at least 3 back-up solutions, one of them will be Google drive who will have their own back-up systems as well.
[bookmark: _Toc7750812]Risk matrix
	A risk matrix has been created; this gives a visual representation of the impact that each major risk could have on a successful project outcome.
[bookmark: _Toc7750817]Table 3 Risk matrix.
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	5
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	2 
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	1
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	3 

	 
	***************
	Low
	Moderate
	HIGH

	 
	 
	Probability



1. Funding: This is unlikely to have a big impact on the project as it is possible to scale the hardware design.
2. Timing: Probability of timing issues is high and if not controlled efficiently it could have a significant effect on the outcome of this project.
3. Resources: There is a high probability of a resource issue as it is something outside the control of this project, but impact is low due to there being multiple ways to access each resource.
4. Ethical & Legal: Probability is low here as all necessary steps have or will be taken to ensure all matters are dealt with appropriately and inline with any available guidelines, impact is high as a breach of any of the guidelines be a serious issue.
5. Loss of data: Although appropriate steps are to be taken with prevention of loss of data, there still is a moderate risk of this occurring, if total loss of data were to happen, especially later on within the project then the impact of a successful project outcome would be disastrous.
[bookmark: _Toc7750813]Conclusion
	The methodology for this project is of positivism with a deductive approach, the three strategies are, experimental, software / hardware development and document review. This methodology has been chosen because this is an experimental project which involves developing hardware and as studies similar to this have been done before then results can be compared between the outcome of this project and those previous studies. As highlighted in the literature review there is a number of different methods for this type of experiment, but they do all have the same aim, i.e. haptic-feedback within prothesis, it is hoped that this project if successful will add vital and valuable information to current research being conducted in this field. 
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