1.  Vision and objective:

Our project is a collaborative effort between MEAM Senior Design and the HMS School for Children with Cerebral Palsy. We will design and create a robotic feeding system for these students. While some systems like this already exist, they are often expensive, easy to break, and have problems with food delivery. For our system, we envision a robotic arm that is accompanied by a simple user interface “box,” containing an activation button, LEDs, and drive circuitry. Each link in this robotic arm will be powered by a high-torque, low-speed motor which will be wired to the user interface box. The student will press a button that will activate the system. This robotic arm should pick up food from a specified container and deliver that food to a location at or very close to the student’s mouth. In order to preserve the safety of the system, the feeder should move slowly and deliberately toward the student’s mouth.
2.  Requirements:

Required:

(1) The device must be able to get food from a bowl or plate of sorts and move it to the student’s mouth.
(2) The device must be safe to use.  This includes the arm moving at a slow pace as well as having no dangerous motors or wires exposed.

(3) The device should be portable, relatively small, and easy to setup. 
(4) The device should also be as affordable as possible.
(5) The device must be able to transfer the food in a neat and clean way, i.e. without spilling food.

(6) The device must be able to get the food near the location of the mouth

(7) The device should have a simple User Interface

(8) It should be aesthetically please and not too loud.

Goals:

(1) The device would ideally be able to pick from multiple food options.
(2) The device would bring the food into the mouth of the user.

(3) The device would interface with the interface used at the HMS school. 
(4) If possible the device would have multiple user interfaces for students of different abilities.

3.  Division of Labor
Cynthia Ericksen: MATLAB, CAD, dynamics, mechanical design

Mallory Jensen: electronics + controls, mechanical design

Monica Sachs:  dynamics, CAD simulations, mechanical design

Monica Thomas: machining, electronics + controlling, mechanical design

4.  Nature of Functional Prototype (tentative)
Robotic arm made up of linkages and motors that can demonstrate a set beginning and end position. It will be actuated by the push of a button. The linkages will be made from acrylic or other simple prototyping material.  

5.  Nature of Final Prototype

Full-scale robotic arm made of lightweight linkages powered by high-torque, low-speed motors. Arm movement controlled via simple user interface. User interface will be an LED display for which the student can press a button when his or her desired food choice lights up. When the button is pushed, a utensil-like end effector will move from food container to a point near the student’s mouth. Device must be portable and safe to use. 
6.  Test Plan

To test the robotic feeding machine, we will build a target board, which, for safety reasons, will take the place of a human tester for the first round of testing.  A trial will be considered “successful” if the robotic arm can pick up food and deliver it to the target area without dropping any food on the way. The end effector of the robot will need to make contact with the target  but cannot exert so much force as to create a dent in the target board (target board would be made out of a material similar to foam core.)  This requirement ensures that the end effector will not harm the student. 

Ideally, throughout the design process we will bring prototypes to the HMS school to test with the food specialists. Their feedback will determine our success from the point of view of the intended user. 

7.  Most Difficult Aspects of Project

(1)  Keeping the food from spilling off the feeding utensil: this will require that the last segment on the arm be level at all times, which will significantly restrict the movement of the arm. 

(2)    Transporting the food to the student’s mouth: we don’t yet know how we will tackle this problem, but it will probably involve a sensor that will determine the distance from the end effector to the student. 

(3)    Safety and reliability: Making a device that a student with cerebral palsy will feel safe and comfortable using will require a robust, self monitoring system. A lot of this requires the use of sensors and feedback loops, in which we are not yet well-versed. 

