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EMG-Based Above-Knee Prosthesis

Overview

The Leg Laboratory at the MIT Artificial Intelligence Lab has been dedicated to studying legged locomotion and building dynamic legged robots. They have two reasons to pursue this research:

1. Very little of the world is wheel-accessible.

2. Understanding how humans and other animals walk and run is interesting scientifically and important medically.

Here are a couple of examples to show the importance of such research. First, handicapped people in wheel chairs have been relying on ramps and elevators for access into and out of buildings. Once the elevator is broken, it creates problems for these people to go between floors. Having built artificial legs for them will prevent this kind of inconvenience. The other example is legged robots can be useful for exploring inaccessible or hazardous locations.

There are four phases between the studying of legged locomotion and the building of robots. They are

1. Study of balance and dynamics in legged systems

2. Finding of a set control algorithms that focuses on support, posture, and propulsion

3. Simulation using the control algorithms

4. Building of the robot

These four phases also formed the four main research areas in the lab.

Over the years, robots have been made to traverse simple paths, run with several different gaits (hope, run, trot, pace, bound), run fast (13mph), jump over obstacles, control step length, climb a simple stairway, walk over ramp and perform simple gymnastic maneuvers. However, there have not had a single robot that can perform all these tasks.

Master of Engineering Project
Specific Technology

The lab has already developed an optimal model of a knee for walking. The company Flexfoot uses this model to build a shear mode magnetorheological fluid prosthetic knee called Rio. Right now the knee takes in two inputs—force and angular position—to produce one output current. The current produces a magnetic field that determines the strength of the breaking force needed in the knee. The shear mode is used to ensure the breaking force is independent of the knee’s angular velocity and is therefore able to approximate how a healthy human will walk.

Limitations

Knee Rio has thus far only been optimized for walking.  It is not currently very useful for other leg movments involving the knee joint.  These would include actions such as climbing stairs, sitting down, or getting into a car.  Issues such as support and balance control become vastly more complicated.  Also the knee may not be aware of the action being performed.  For instance, while getting into a car, the knee may think the patient is trying to walk and may apply the wrong amount of force at the wrong time, causing the patient to have difficulty.  Currently a patient would have to try to “trick” the knee, which gets the job done, but uses unnatural, awkward and uncomfortable motion.  Therefore Rio needs to be modified to adapt to different knee movements.

There are also cosmetic issues concerning the knee.  For example, the artificial knee should ideally be of similar dimensions to the patient’s other healthy and normal knee – a skinny person would look strange with a fat knee and this could draw unwanted attention in public.  The most complaints about above-knee prosthetic legs in general concern the discomfort caused by the socket.

Project

I would primarily be involved in improving the adaptablibilty of the knee to other leg movements.  The general approach is to try and imitate the workings of a healthy knee.  To do this I will have to investigate how a healthy knee works in various situations and how to get the artificial knee to imitate it.  I will use EMG (Electromyographic) signals from a healthy leg to to teach knee Rio how to interpret and respond to different movements.

Challenges

In the study of the healthy knee using EMG signals, there are several problems that need to be resolved.  The first involves data collection.  EMG signals are extremely weak – on the order of millivolts.  These are difficult to detect, and susceptible to a lot of noise from the environment.  This will lead to inaccurate and unreliable data.  

There is also the issue of translating the data into something the artificial knee can use.  Algorithms will need to be developed to use the data to teach an artificial knee how to respond to a given situation.  

The problem is further complicated by the fact that different people may use their knees differently when performing the same action.  This is evident from the fact that different people have different walking and running styles.  Using one person’s data to “program” another’s may lead to bad performance.  One way around this is to use data from a healthy knee for someone to “program” the same person’s artificial knee.  This would not however be possible if the patient has lost both his knees.  An alternative solution needs to be found.  

There’s the question of triggering the knee so that it knows the problem it is trying to tackle or the situation it is in – whether the patient is walking, standing up, sitting down or climbing stairs.  

Finally, with all the modifications made to Rio, would it be too large or heavy such that patients find it too much of a bother to use?  Power consumption might also drastically increase with size and weight.

Timeline

Spring and Summer 2002


Background Study

Fall 2002


Find a way to make use of the datas

Spring 2002


Write up

Problems and Risks

There are three problems/risks involved in doing the project proposed.

1. Short of funding

2. No one has much experience in the lab with EMG signals

3. Failure to find a way to make use of the data collected

