DARPA Revolutionizing Prosthetics Overview

This paper presents information about DARPA’s Revolutionizing Prosthetics Program for attendees of the 2010 State of the Art (SOTA) Conference on Orthotics and Prosthetics. This conference is sponsored by the Department of Veterans Affairs and the Department of Defense.  Representatives from the Program’s performing teams will attend the event.
This paper was written on behalf of COL Geoffrey Ling, DARPA Program Manager, by Mr. Kent Pankratz.


Contributors include the Revolutionizing Prosthetics performer Program Managers:

Dr. Stewart Coulter – DEKA Integrated Solutions, Inc.

Mr. Michael McLoughlin – Johns Hopkins University Applied Physics Laboratory
Background

DARPA initiated its Revolutionizing Prosthetics program in 2005.  The program consists of two efforts to create advanced upper extremity prosthetics: one to build a non-invasively controlled variant, known as RP 2007, and the other to build a neurally controlled variant, known as RP 2009.  The vision of the Revolutionizing Prosthetics program is simple but bold:  
To develop technologies for upper limb prostheses that are fully functional, neurally controlled and have normal sensory capabilities.  Our vision includes not only regaining fine motor control, such as the ability to type on a keyboard or play a musical instrument, but also the ability to sense an artificial limb’s position without looking at it and to actually “feel” precisely what the artificial limb is touching by relaying sensations through residual nerves.

Since the program’s beginning, researchers have achieved breakthroughs that will enable realization of this vision.  They have demonstrated that motor signals recorded from the brain can be decoded and used to command a prosthesis, and that realistic sensory percepts can be created by electrically stimulating neurons in the brain.  In addition, they have developed wireless implantable micro-arrays that send and receive signals to and from the brain and peripheral nerves.

As of this conference, Revolutionizing Prosthetics is an active DARPA program with more than $100 million invested in the combined efforts of RP 2007 and 2009.  The RP 2007 arm has been used in home clinical studies and in on-going optimization studies.   Preparations are underway for a final phase of the RP 2009 effort to seek FDA approval of the devices required to enable brain-control of the prosthetic arm and to conduct clinical trials of this technology.

Both RP 2007 and RP 2009 researchers approached their part of this revolution with views of a holistic update to upper extremity prosthetic options.  They studied the state of the art on prosthetics and experiences of people with amputations.  The combined teams supporting the program consist of more than 300 professionals from all fields that interface with people with amputations and several volunteers with various levels of amputation.  Both teams set out to change every aspect of the wearer’s experience, from creation of a better fitting socket to an anthropomorphic hand with much greater functionality than current alternatives.  The goal in both cases was to create an arm that weighs about as much as a native limb and re-enables people with amputations to perform many activities of daily living.

RP 2007: The Strap-and-Go Variant
Description

The current version of the non-invasively controlled electromechanical arm system offers ten powered degrees of motion in a package that weighs less than eight pounds.  The comfortable socket provides for extended wear and the non-invasive control scheme allows the user to take advantage of the arm's capabilities including a variety of grasps and an effective "use space" far beyond conventional prostheses.  When used in shoulder-disarticulation and trans-humeral configurations, subjects have been able to reach overhead, behind their back, and across their body.  The architecture can be adapted to most amputation levels by simply adding or removing modules. 

Users control the arm through a variety of sensors around the body.  The architecture takes advantage of advances in wireless technology and sensors to make using this arm as intuitive and simple as possible.  The socket more firmly connects the arm to the user but dynamically allows the connection to "relax'' when the arm is not being actively used.  This improves usability and reduces the discomfort associated with a static attachment to the user. 

Highlights

The Department of Veterans Affairs is conducting an Optimization Study of the current version of the arm developed by the RP 2007 team.  The study has had 12 research subjects demonstrate extraordinary functionality, including the ability to pick up a gallon of milk, hold a grape, eat soup with a spoon and use a power drill.  This study complemented a performer-supervised home-clinical study session in 2009 during which subjects experienced increased ability to perform activities of daily living that included preparation of meals, dining with chopsticks and repairing a barbecue grill.  To date, the program has logged over 1,000 hours of subject use with the latest version of the arm.
Long-term goals

Remaining activities for the RP 2007 effort include a final update in the design of the arm system followed by clinical and home studies to gather data required for submission to the FDA in preparation for commercial release.  The program goal is transition to a commercial manufacturer in February of 2011.

RP 2009: The Neural Controlled Variant
Description

The RP 2009 Modular Prosthetic Limb (MPL) offers 22 powered degrees of motion, including independent movement of each finger, in a package that weighs about nine pounds.  The MPL is designed to accommodate a wide range of injuries from shoulder disarticulations to trans-radial amputations, as well as a wide range of neural interface technologies from non-invasive conventional controls to surface electromyography to cortically-implanted microelectrodes.  In addition, modular socket technologies provide features that dissipate heat and distribute weight in all body attachment configurations to afford extended wear.  This modularity across all subcomponents enables the MPL to be configured for the broadest possible set of patients.    

During testing with people with amputations, neural interface devices that record signals from a patient’s peripheral nervous system have allowed for near-natural control of MPL prototypes and enabled patients to perform movements not possible with conventional prostheses.  

Highlights

The RP 2009 program produced two complex prototypes and demonstrated a fully integrated arm system in December 2009.  Researchers performed numerous successful experiments demonstrating viability of implantable devices that record and decipher peripheral and cortical neural signals to control the arm.  These experiments culminated with a demonstration of the ability to control a prosthesis using signals from the motor cortex, and to perceive and respond to sensory feedback delivered via electrical stimulation of the somatosensory cortex when the prosthetic limb contacted vibrating objects.

Long-term goals

DARPA is planning a third phase of Revolutionizing Prosthetics to focus on attaining data required to gain Food and Drug Administration approval of implantable micro-arrays used to record brain signals and stimulate the brain.  The main activities in this phase will include experiments and clinical trials that demonstrate the ability to safely and efficaciously use implantable neural interfaces to control a prosthetic device, as well as efforts to optimize arm control and sensory feedback algorithms that enable dexterous manipulation through the use of a neuroprosthetic limb. 

