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Deliverable C: Conceptual Design







Due Date: September 26, 2019

Group 9 Members:
Kyle Lee #300064565 
Aaron Teske #8928333
Ahmad Hijazi #300047946
Reza Fetanat #300075044
Dominique Negm #300080326


Introduction:

At this stage of the process, we are now starting to build ideas for our first prototype. This is the conceptual design process where each of the team members will come up with three of their own conceptual ideas. From those ideas, the team will analyze each of the designs based on the clients needs and specifications. The design that satisfies the most needs and specifications will be chosen and we will proceed to make a prototype of that idea.  


Functional Decomposition:

	The core functionality of this product is to enable Jorge, the client, to communicate effectively with nurses while he is lying in bed. The user will move or touch a controller, the controller will turn on. This signal will move the mouse on the screen. To click, the user will press a button on the device. Then the user lifts off the device, and it turns off. 

 [image: ]


Conceptual Design Process:

1. Foot Controlled Joystick: (Aaron Teske)
		Recreating the existing setup that Jorge uses for communication and mounting it to a bed

[image: ]

Analysis and evaluation: This system is very similar to his current system, where he uses a center joystick with his foot to move a mouse on the screen. This concept requires very minimal buttons, so they can be large and easy to use. The joystick will be slightly angled towards the user and elevated off the bed so it’s comfortable to use while laying down.

2. Arrow Key: (Dominique Negm)
		Modifying the current design on the chair to arrow keys operating as a mouse on the bed
[image: ]
Analysis and evaluation: This system is by far the simplest to produce, however it over simplifies the granularity provided by a mouse or joystick. Movements would be much less accurate and overall harder to control.

3. Pulley System: (Aaron Teske)
		Attaching pulleys to the legs to control a cursor.
[image: ]

Analysis and evaluation: Connecting pulleys to the user’s legs would require a lot of setup as well as introduce a steep learning curve to using the
 system effectively. It would also be very large and hard to set up and maintain.

4. Touch Screen: (Reza Fetanat )
		Adapting a large touchscreen to accept inputs from feet while on a bed.
[image: ]
		Analysis and evaluation: The problem with this idea is the cost of it. 
Having a touch screen on the bed and using it as motion detector is extremely inefficient and expensive. Having a touch screen would also require the user to use their hands, but in our case with Jorge, he does not have control of his hands.
 

5. Motion Sensitive Socks: (Dominique Negm)
		Having a sock set up on the bed and put the client’s foot into it and converting the sock’s motion into computer inputs.
[image: ]
Analysis and evaluation:Using a sock to hold the client’s foot in a place can be harmful for the client; additionally, keeping his foot in the sock is relatively uncomfortable for the client while he is on the bed. The sock would be very lightweight and portable but it will introduce a steep learning curve for the client.

6. Camera Detection: (Ahmad)
		Camera used to follow the movements of the limbs and convert those to computer inputs.
[image: ]

Analysis and evaluation: This system would carefully follow his foot movement. If it moves to any direction away from the set center location, the cursor will move the way the foot is pointed. This system would be effective for clients with good control over their foot movement, otherwise it would be too touchy as the mouse would move back and forth a lot. 

7. Head Motion Capture: (Ahmad)
		Having sensors on the client’s head and they would detect the head motion and convert it into computer inputs. 

[image: ]

Analysis and evaluation: This concept is similar to the camera detection as there will be a motion sensor attached to the clients head. This will detect the direction of the mouse using the direction they tilt their head.

8. Brain Stim Cap: (Aaron Teske)
		Capturing brain’s signals using sensors located on the client’s head and converting them into computer input. 
	[image: ]

Analysis and evaluation: The cost and lack of expertise makes this idea impossible. Inaccuracy of this system would outweigh any advantage that would justify the cost of developing and producing it. The current 20 questions method used to communicate the origin of pain would most likely be more accurate.

9. Eye Capture: (Kyle)
		Capturing eyes motion and convert them to computer inputs.
[image: ]

Analysis and evaluation: Developing a cost effective system that could accomplish eye-tracking effectively would most likely exceed the budget, but even if cost were not a concern, the client would most likely have difficulty using the system due to his tendency to move his head often.








10. Foot Keyboard: (Dominique Negm)
		Fit a large keyboard to be used by feet while on bed
[image: ]

Analysis and evaluation: This concept would require patience and lots of time to learn all the different keys. It would be quick and easy to set up. The keyboard would be the same keyboard you would find on a computer but all the buttons would be upscaled so it’s easier to use with feet. 

11. Morse Code from Sounds: (Reza Fetanat )
		Use long and short vocal noises to indicate dots and dashes.
[image: ]
Analysis and evaluation: This concept would use his sounds to communicate and turn them into words. The length and pitch of the sound would indicate which word he is trying to say. This idea would allow him to communicate faster but take lots of time to learn. 


12. Flex Sensor: (Ahmad)
Using flex sensors attached to Jorges foot as inputs to control the cursor.
[image: ]

Analysis and evaluation: The flex sensor would work when the user moves their foot by rolling their ankle side to side or pointing their foot. This will activate the sensor to move the mouse in the direction the sensor is being flexed. 

13. Keyboard Mouse: (Kyle)
		The mouse will be controlled by the user’s foot.
[image: ]
Analysis and evaluation: This concept uses a keyboard mouse on a big mousepad that will rest at the bottom of the client's bed. The user will move the mouse by resting their foot on top of it and moving it side to side. 




14. Mouth Joystick: (Reza Fetanat )
		Make joystick held in mouth function as mouse input.
[image: ]

Analysis and evaluation: This system is controlled by the users tongue to move the cursor one way or the other. This would be very easy to use while laying in bed since it does not require specific motion of any body part. It would only require good mobility of the tongue for the system to be used effectively.

15. Chin Joystick: (Kyle)
		Make joystick operated by chin function as mouse input.
[image: ]

Analysis and evaluation: This concept uses headmobility to control a joystick. The joystick makes contact with the user's chin which makes the cursor move on the screen. This concept would require good head mobility to move the joystick effectively. 





Table 1: Design Ranking:

	
	Design

	Need
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Easy Setup
	3
	2
	1
	3
	2
	2
	1
	2
	1
	2
	1
	1
	2
	1
	1

	Enables Communication From Bed
	3
	2
	2
	3
	3
	3
	2
	3
	3
	3
	3
	3
	3
	3
	2

	Large Input
	3
	3
	3
	1
	3
	3
	2
	3
	3
	3
	3
	2
	3
	3
	2

	Focus on Mobile Body Part
	3
	3
	1
	1
	3
	3
	1
	1
	3
	2
	3
	3
	3
	2
	2

	Lightweight
	2
	2
	1
	3
	3
	1
	3
	3
	1
	1
	1
	3
	2
	2
	2

	Cost
	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1

	Total
	16
	14
	9
	12
	15
	13
	10
	13
	12
	12
	12
	13
	15
	12
	10



In table 1, we ranked each concept based on the most important client needs from 1-3, these requirements are taken from ‘deliverable b’. 3 being the highest value and fully satisfying the need, whereas 1 is the lowest value and the design doesn’t satisfy the corresponding need. From this table we can see that design 1 has the highest score, making it the design to continue working on for prototype 1. 














The Design:
The concept that fits the needs and specifications of the client, is Design 1, the joystick design. This concept will work very similarly to Jorge’s current device as it uses a joystick that is controlled by his foot to move the cursor on the screen. Our client will feel comfortable switching to the joystick since he is already familiar with the joystick system. The following images show the structure of our elevated surface on solidworks. 
[image: ]
[image: ]
The picture shown below is a prototype of the electronics. We used an arduino, a ps4 controller joystick, and push button to recreate the functionality of a mouse. This simulates the way the client uses his current device.
[image: ]

Pros and Cons of the Conceptual Design:

This conceptual design will be good for our client since he is already used to using this type of device. It will be simple and large enough for him to use easily. The setup of this device will be very fast since only one output plug is required and strapping the device to the bed is simple. 
This device has minor drawbacks, due to its elevated surface, it may be uncomfortable for Jorge to rest his feet on top of it. The lifespan of the device will vary depending on how much pressure and force he put on the joystick. The joystick mechanism is not as strong as other designs so over a long period of time, the internal components will wear down. 







Project Plan:
[image: ]















Estimated Bill of Materials

There are very few costs associated with the project as it stands, most of the electronics are already owned and will cost nothing (an estimate was given regardless based on inflated market price when purchasing a single unit) all other components will be 3D printed or laser cut in the maker space at no cost.

	Item
	Cost

	Arduino
	15.99

	Joystick
	2.4

	Push Buttons
	0.01

	Frame
	0

	Wires
	0

	Clamps
	5

	Total
	23.4




Feasibility Study TELOS

Technical: The project as it stands is very technically feasible, we have all the knowledge between the five members to realise. Technology wise there is nothing in the product that has not been commercially available since the invention of the mouse.

Economic: As shown in the initial BOM the project is well within the hundred dollar limit, unless major changes are made and cost of fabricating the frame changes the project is economically feasible.

Legal: There is no legal implication in the design of the project.

Operational: The plan as it stands is to integrate the new design to allow the user to operate on his current screen.

Scheduling: As described in the project plan the team has already started with many of the major components of the first prototype and if all members continue delivering content on schedule then the allotted time should be ample.



Conclusion:

The ideation phase is all about generating ideas, analyzing them, and selecting the final concept. Ideas were generated using brainstorming, a method widely used for developing ideas in the design process. As a result, our  team came up with fifteen potential concepts for the design. Afterwards, we evaluated each idea using a decision matrix, another helpful design tool that uses the design criteria, which helped narrow down our choices into a single concept which meets all the target specifications and the needs that the client has. Based on this concept a general schedule, BOM, and TELOS was created to help evaluate the overall feasibility of the idea and it was determined to be feasible.
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