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Executive Summary
There are a variety of medical conditions that can cause a loss of grip strength or grip ability in the hand.  One notable example of such a condition is cerebral palsy. Cerebral palsy can affect the signals that control the hands, causing them to be stiff and essentially unusable.  Our goal is to create an assistive glove that can restore function to the hands of people with such medical conditions. This is important because the glove will allow them to pick up objects again, and to regain basic functionality of the hand.

Objectives
	The main objectives and requirements for the glove design are that the glove:

· Helps a user grip objects by amplifying grip strength
· Holds at least five pounds of weight by friction alone
· Accurately detects when a user intends to grip
· Allows the user to perform activities independently
· Is flexible, waterproof, and comfortable
· Is light, and is not part of a bulky system
· Is easy to use
· Does not impart excessive force (past normal grip strength)

Secondary goals include assisting users with opening their hands as well as closing (for users with increased muscle tone), offering fine control of the force imparted by each finger, and designing a compact, wearable holder for the electrical and mechanical components.

Literature and Patent Review
One method for detecting the intent of the patient to grip is through electromyography (EMG).  EMG is the measurement of the electrical potential generated when neurons stimulate skeletal muscle cells.  Surface EMG – measuring potentials through electrodes placed on the skin – is much preferred over intramuscular EMG, which is far too invasive for this application.  In designs that use EMG, potentials are measured on the forearm near the wrist (B. S. Sourab).  The muscles involved in flexing and extending the fingers are located in the forearm, not the hand itself.  A great advantage of this method is that it is very responsive.  When the patient attempts to grip, the electrical signals sent from the patient’s brain to their forearm directly activate the control system for the glove.  As long as the patient’s neural pathways are intact, they will be able to activate the glove; severe muscle weakness should have no impact.  A second advantage to this method is that the electrical components of the sensor can be completely separated from the body of the glove, which would isolate the electrical components from potential water damage.  The major disadvantage of using surface EMG is that the EMG signal contains significant noise.  The magnitude of the action potential at the neuromuscular junction is on the order of tens of millivolts, which can be obscured by noise.  Thus, processing of the signal is required to remove noise and extract meaningful spikes in activity.
Alternatively, some designs simply use a button to manually signal for the activation of the glove (Gloria Mundi Care).  The most obvious advantage of this method is that it is simple to implement, as no processing of the signal is required.  When the button is pressed, the glove begins gripping, and when the button is pressed a second time, the glove relaxes.  Despite the ease of implementation, only using a button presents problems if both of the patient’s hands are disabled.  Although pressing a button does not require much strength and coordination, a patient with severe muscle weakness or neuropathy in both hands may be unable to press the button.  Further, because a button requires the use of the non-gloved hand, the patient would not be able to wear two gloves simultaneously.
Many designs use additional sensors at the patient’s fingertips to provide feedback on the gripping force achieved by the glove.  Feedback not only enables a measurement of success for the glove, but also gives a control option to prevent excessive force from damaging the patient’s hand.  Several designs use balloon sensors to measure the gripping force applied at the fingertips (K. Tadano).  These balloon sensors consist of a rubber tube that is bonded shut at the distal end and connected to a differential pressure sensor at the other.  Pressure applied to the outside of the tube deforms the tube and creates pressure inside, which is detected by the pressure sensor.  Another feedback mechanism can be achieved through capacitive force sensors, but these have the drawback of requiring electrical components to be present on the patient’s hand.  Most designs use a simple microcontroller like an Arduino to control the system (B. S. Sourab).
Methods for generating the force used to grip objects include linear actuators, servomotors, compressors, and pumps, but the method of force generation is mostly determined by the method of force transmission. Similar to Bowden cables, cables surrounded by hollow cable or coating can be used to transmit pushing and pulling force. Force can be routed to specific points by wiring cables in specific ways. The cable can be controlled by a linear actuator or a circular spool with a motor attached to it. This method has been used many times in creating “exo-gloves” for hands (BioroboticsSNU). We could not find many examples of pneumatics being used for a purpose like this. In one notable example, however, tube-like fingers formed a gripping shape when they were inflated and returned to the normal position when deflated. This glove also seems the most aesthetically pleasing and least bulky, but it lacks precision and force (K. Tadano). It also takes a lot of testing beforehand to see which way the material will curl when it is controlled pneumatically.
Cables would be the cheapest and simplest solution for our project. They can support large forces and it only depends on which motor we choose based on how strong of a force we want. A final note is that if we want more individual control on fingers, several smaller linear actuators could be used instead of one which controls everything. This would also help us stand out among similar projects that have already been done.
[bookmark: _GoBack]	The material used for the glove itself varies greatly from one design to another.  One design uses a soft, flexible fabric with Kevlar straps to transmit force.  Other options include using rigid plastic joints connected on the plantar side of the hand (Y. Kim).  Rigid plastic joints are more durable than fabric, but they give far less flexibility in the fitting of the glove.  The joints must be fixed in place, and they might not fit every user equally.  After reviewing videos of previous designs from NASA, Seoul National University, and Gloria Mundi Care – a Danish disability aid device company – we found that silicone rubber may meet our objectives the best.  Making the glove out of silicone and keeping all electrical components off of the hand would make the glove waterproof.  Silicone would give the glove both flexibility and durability, would be heat resistant, and it would be comfortable for the user.  One drawback to silicone is its lower coefficient of static friction, which would require greater force to be applied through the fingers.
	Another concern is how the thumb will be operated.  The thumb has multiple degrees of freedom, making it more complicated than the other four fingers.  While many designs actuate the thumb as well as the fingers, a few fix the thumb and rely on the fingers to press against the immobile thumb.  We will follow the latter designs, as it greatly reduces the complexity of the project.  The design from Seoul National University uses a rigid plastic case to hold the thumb, with the case attached to the rest of the glove through rubber straps.
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