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Goal

To build a robotic walker in one semester that improves user safety, and is an improvement over existing manual walkers.

1. The Problem

Research has shown that more than 1/3 of accidental deaths that occur in adults over the age of 65 result from falls and the complications that arise from them (Eakman, et. al., 2002; Craven & Bruno, 1986).  As the population continues to age and adults hit milestones of 80 years and above, marked increases in mortality and morbidity are associated with even minor slips and falls (Rubenstein, Powers, and MacLean, 2001).  Thorough analysis of circumstances surrounding falls among older adults has revealed medical, environmental, and physical factors associated with their occurrence (Jensen, Lundin – Olsson, Nyberg, & Gustafson, 2002; Rubenstein, Powers, and MacLean, 2001). Add to increasing age such comorbid conditions as orthostatic hypotension (Associated Press, 2003), stroke, myocardial infarctions (Jensen, Lundin – Olsson, Nyberg, & Gustafson, 2002), cognitive impairments (Rubenstein, Powers, and MacLean, 2001; AGS, BGS, and AAOS, 2001), and polypharmacy (Rubenstein, Powers, and MacLean, 2001) the healthcare system can accumulate as much as 2.2 million dollars each year in fall related expenditures (Associated Press, 2003).  Clients themselves experience increased premature placement in nursing homes and dependency on assisted living services (Rubenstein, Powers, and MacLean, 2001).  In response to these facts, research has shifted from looking at the casual aspects of falls, to prevention and ways to decrease the risk of falls.  

Efforts aimed at preventing or decreasing falls have shifted the major focus of prevention toward staff education (Eakman, et. al., 2002).  A major focus of instruction in staff education involves teaching health care providers how to evaluate and detect risk factors for falls, as well as how to intervene to prevent or reduce risks of falls (Eakman, et. al., 2002). Healthcare professionals are being educated to preemptively evaluate the need for assistive devices, such as canes and walkers, in the hopes of preventing falls before they occur (Rubenstein, Powers, and MacLean, 2001).

The literature describing how assistive devices, particularly walkers, should be used provides ample instruction on the proper use of these devices and appropriate users.  Walkers, for example, are best used with the aging adult who suffers from slight weakness and may be experiencing mild balance problems (Sloan, Haslam, & Foret, 2001).  Walkers indeed have been shown to provide increased stability and support to aging adults who fit this description.  The walker’s frame allows for a widened base helping to transfer weight-bearing support from the lower to the upper extremities (Sloan, Haslam, & Foret, 2001).  The walker’s widened base of support has also been shown to decrease the gravitational center of mass exerted on the aging adult, allowing for greater lateral stability and control of gait (Woollacott & Tang, 1997).    It has been found that, compared with other assistive devices, walkers do not carry the stigma of “being old” to older adults (Aminzadeh & Edwards, 1998). 

The literature highlights the need to provide proper instruction on the use of walkers as well as proper maintenance of these assistive devices (Jensen, Lundin – Olsson, Nyberg, & Gustafson, 2002).  Important areas relate to the need for proper height adjustment of walkers and canes, proper gait training of those using standard and rolling walkers, and proper matching of assistive equipment to the person (Sloan, Haslam, & Foret, 2001).  

Additionally new areas of research are being pursued based on the growing awareness within the healthcare profession that falls can occur when aging populations do not consistently ambulate with the particular assistive devices recommended for them.  Anecdotal reports by health care providers and family members frequently observe people who decline to use a walker, steadying themselves instead on nearby walls and furniture. Other common observations have shown older adults carrying the walker rather than relying on the added stability it offers, and even “walking to the walker,” presumably increasing the risk of falls and injury that can occur when older adults do not consistently ambulate with assistive devices recommended for them. 

Even with new research being explored technology has begun to enter the arena of assistive devices.
	Risk Factors For Falls

	Category
	Risk Factor

	Medical – increased risk related to medical conditions 
	1) Polypharmacy

2) Orthostatic Hypotension

3) Stroke or Myocardial infarction

4) Parkinson’s disease

5) Arthritis

6) Osteoporosis

7) Psychiatric conditions

8) Urinary incontinence

9) Nocturia


	Physical – increased risk related to physical attributes
	1) Age

2) Cognitive impairments

3) Visual impairments

4) Muscle weakness

5) Gait and balance disturbances

6) History of falls

	Environmental  - increased risk related to environment (includes home and surrounding environment)
	1) Poor lighting

2) Loose rugs

3) Beds/toilets without handrails

4) Surface preparation

5) Physical/perceived obstacles


(Jensen, Lundin – Olsson, Nyberg, & Gustafson, 2002; Rubenstein, Powers, and MacLean, 2001; Associated Press, 2003; and AGS, BGS, and AAOS, 2001)
2. Prior Research

For several years now researchers have been addressing the needs of persons with mobility impairments through assistive devices utilizing robotic technology. Assistive wheelchairs, sensing canes, and enhanced walkers form the bulk of these efforts. Safety (i.e. avoiding obstacles and falls) continues to be a key priority, with navigational assistance a close second. 

A shared-control framework characterizes the general approach, meaning that the robotic agent is designed to continually evaluate and correct its actions based on its perception of the goal(s) and needs of the user. Any corrective action taken by the robotic agent, for reasons of safety or otherwise, must be balanced with the user’s desire to feel in control of the system, especially in light of the many challenges to personal independence the user may already be facing.

During the course of the continuing Nursebot project at CMU, we have become aware that existing pedestrian mobility aids (walkers) pose certain dangers to users when they are not used correctly. We hypothesize that augmenting a walker with robotic technology may mitigate some of these dangers. In particular, users may experience a disproportionate number of falls while getting in or out of a walker, and many of these may be due to users’ attempts to place the walker out of easy reach in a desire to have it “out of the way”. (Note that on this first run, we will not be addressing users who move to a different location while the user is in standby.) 

A walker designed to relocate itself when not in use and return to the user when remotely signaled could represent a novel solution to this problem, reducing falls and improving user safety. The sensors and mapping software necessary to accomplish such a task can be additionally used to provide both global navigational assistance and immediate avoidance of environmental hazards and obstacles.

Previous mobility-enhancing robotic devices

The development of a robotically augmented walker poses unique challenges not found in either more tightly or loosely coupled assistive mobility systems. Some challenges are specific to the elderly users who constitute the majority of the user population and may be visually or cognitively impaired in addition to having impaired mobility and/or balance. Some others are specific to the role and function of the device.

Wheelchair systems, such as NavChair, SIAMO, or the Bremen Autonomous Wheelchair, focus on obstacle avoidance and user modeling, modular design and versatility, or robust obstacle avoidance plus the refinement of the shared control model, among other goals. (Levine et al 1999, Mazo 2001, and Lankenau & Röfer 2001) In contrast to walkers or canes, the user interface for assistive wheelchairs generally relies on a joystick or similar device. The user’s intended direction is interpreted as explicit, accurate, and discrete based on the signal from this device, making the design of a shared control paradigm based on discrete device and user modes much easier. For a comprehensive review of robotically enhanced wheelchair developments, see (Prassler et al 2001).

Walker-based systems must be more concerned with balance and gentle, intuitive shared control than wheelchair-based systems. Walker users are not simply riding a mobile robot platform and can be seriously injured by the system’s failure to consider this. Yet the guidance supplied by a robotic walker cannot be as laissez-faire as that of Borenstein & Ulrich’s GuideCane (Borenstein & Ulrich 1997) or similar devices engineered for those who have limited sight but are otherwise physically and cognitively fit. The Guido system, which evolved from Lacey & MacNamara’s PAM-AID, addresses this dichotomous challenge by relying on significant weight to lend stability to the system. This itself is a design tradeoff since lightweight and/or foldable walkers have generally been preferred for their portability and ability to be carried up or down stairs. PAM-AID, however, was designed with the goal of facilitating exercise for the visually impaired elderly and thus focuses on wall or corridor following in level environments, such as would be found in an assistive living facility. (Lacey et al 1998)

Dubowksy et al’s PAMM (Personal Aid for Mobility and Monitoring, distinct from PAM-AID) project focuses specifically on the needs of users in an eldercare facility, in particular health monitoring and global navigation. (Dubowsky et al 2000) A non-holonomic cane has been developed that relies on ceiling “signposts” for location feedback and communicates wirelessly with local facilities to exchange user health monitoring data, schedules, and maps. Its shared control system for obstacle avoidance follows the model of (Aigner and McCarragher 1998) but proposes moving to the VFH+ model proposed by (Ulrich & Borenstein 1998). The cane has the ability to lead users along pre-determined paths at fixed or user-determined speeds, a functionality we do not envision for the Nursebot walker. 

A walker-based device, the SmartWalker, has also been constructed as the next step of the PAMM project due to observations that users of the cane-based PAMM would be benefited by additional support. (Spenko 2001) It extends the functionality of the smart cane to a more stable platform. The holonomic four-wheeled platform comprising the SmartWalker’s form factor is designed to handle uneven terrain, carpets, and dirty environments, and is powered for up to an estimated 1500m of travel. 

Wasson & Gunderson, in their previous development of robotically enhanced wheeled walkers, emphasize that the walker’s role as a balance aid significantly distinguishes it from a wheelchair. Onboard control systems must take into account the more collaborative and loosely coupled relationship between a walker and user. Failure to do so means that errors may rapidly compound, resulting in a fall. (Wasson & Gunderson 2001b) The design of Wasson & Gunderson’s walkers rely on the user’s motive force to propel the devices. Several layers of control systems have been developed for these walkers, from simple warning sounds (and no corrective action) to corrective action that consists of a combination of braking and steering away from obstacles, to path planning that gently keeps the user “on track” even when no obstacles are present. This last level is achieved with correction times that are long enough and corrective forces that are subtle enough to give the user the impression of full control rather than the feeling of being steered by the device. The exact degree of these parameters is currently being subjected to estimation and experimental verification.

None of these systems, however, address the safety issue brought up in the introduction to this paper; that is, the potential for falls or other mishaps while the user is coupling or uncoupling from the system. Unless the user is to remain permanently attached to his or her assistive device, such situations will inevitably occur. Hence, building on the vision of Nursebot participants, we seek to address this further dimension of mobility-assisting device usage, in the larger context of the user’s domestic life.

	
	MARC
	Guido/PAM-AID
	PAMM
	GuideCane

	Primary investigators
	Wasson, Gunderson
	Lacey, McNamara
	Dubowsky
	Borenstein, Ulrich, Aigner, McCarragher

	Type of device
	3-wheeled Rollator
	Motorized walker, custom frame
	“Support cane” w/motorized base
	“White cane” w/two wheels

	Population
	Elderly, current walker users
	Elderly, blind, also Parkinson’s
	Elderly, frail, disoriented
	Blind, physically fit (novel environments)

	Key functionalities
	Obstacle avoidance, gentle correction
	Corridor following, motivation: exercise
	Health monitoring, global navigation
	Obstacle avoidance

	Propulsion
	Passive
	Active (variable speed), passive
	Active (fixed speed, user-controlled speed modes)
	Passive

	Braking
	Manual hand brakes replaced w/automatic
	Automatic (manual also?)
	Speed control through motors
	None

	Steering
	Front wheel; corrective
	Front wheels, corrective or passive
	Skid-steer, modes: rigid path-follow, corrective
	Two wheels, corrective

	Modes
	Warning only

Safety braking only

Safety braking & steering (corrective)

Path following (corrective)
	Warning

Warning & braking

Warning & steering

Warning, braking, steering
	Physical support only

Path following (fixed speed, auto steering)

Path following (user speed, fixed steering)

Path following (user speed, corrective steering)
	Obstacle avoidance through active steering and returning to original, user-set direction

Warning = stair-falling 

	Interface
	Force sensors on handles
	Buttons (force sensors rejected), voice input
	Force/torque sensing on handle (6-axis), basic vital sign monitoring
	Mini joystick, user-relative: 8 discrete directions  

	Future work
	Refinement  of shared control system parameters
	Commercial (Haptica), smart home integration
	Walker version
	None? Ulrich deceased


Table 1. User’s-eye view of current robotic pedestrian mobility aids.

3. Elder Population and Scenario

The target user we will be investigating is between 60-100 years old.  The user will have experienced some effects of physical deterioration.  They may have some comorbid conditions (e.g., arthritis, Parkinson's disease, stroke, osteoporosis) and aging changes (e.g., impaired vision and proprioception), which increasingly affect balance, gait, and locomotion with advancing years. These cause the user to need support while walking, and currently is able to use an unpowered, conventional wheeled walker  (a.k.a. a rollator) to enhance stability during ambulation.  The user may have no major cognitive defects – the user should be able to carry on a meaningful conversation, including following directions, without evidence of confusion or disorientation.

This user needs some support for walking, but has no major cognitive defects.  The user should be able to manipulate their hands and use basic mechanical functions.  The user should be able to use a non-robotic walker to get around.  However, the user will probably not be able to walk around on their own without some support from a walker or a person.

Scenario 1: Getting the walker out of the way and back 
Charlene, a 78 year old woman in a nursing home, is capable of handling a walker.  She likes to watch TV.  She has a walker which she uses to get up and around her room, and around her home.  When she’s not using it, she wants to place it in a circumspect location, out of the way and preferably out of view of the visitors to her room.  However, she can’t move it into a closet or out of the way because she can’t walk back without it.  Because she tries to move it out of the way when she’s sitting down, and needs to move it back to her chair and bed when she wants to get up.  This struggle to move the walker around puts her at greater risk for falls, as she extends herself too far.

With the system we are building, she will no longer have the added risk of moving the walker around the room when she is seated, and she’ll no longer need to struggle to move the walker into position in front of her so she can use it to stand back up.

Charlene has a necklace around her neck with a controller at the end.  When she’s sitting down and the walker is away from her, she merely needs to point the controller towards the walker and press the button and the walker will come over to her and position itself in front of her, in perfect position to stand up using the walker.  Once she’s stood up in the walker, the walker takes a few moments to switch into a completely manual mode, and she’s off on her way – with the feel of a regular, non-robotic walker.

After her walk, she picks a new chair to sit down in.  Once she’s sat down, she presses the button on her necklace and the walker switches back into robotic mode, and rolls off to an out-of-the-way location where it goes into standby, until Charlene calls it back to her.

Scenario 2: Guidance
Sam is 88 years old and is beginning to have difficulty remembering things. He has begun to show signs of Alzheimer’s. Although he has only moderate difficulty walking, he has great difficulties remembering how to get from one location to another in the home. 
Its fifteen minutes before dinnertime. A nurse in the hallway reminds him to come to the dining hall. He grabs his walker and looks at the screen. He touches a button on the screen labeled “Dining Hall” and the screen changes to an arrow, pointing out of his room. He walks, following the arrow. Outside of his room the arrow changes to point to the left ‘down the hallway. He turns left and walks down the hall. The arrow changes to point into the dining hall as he reaches it.
4. Envisioned System

The following is a matrix of the problems that a robotic walker could solve.  An asterisk (*) designates the primary technology to be implemented in the course.  The other items are possible additions to the system that would make it more full-fledged and more usable in a real environment – but the non-asterisked items are not necessary for the solution.

	Problem/Solution
	Technology for Solution
	Feasibility

	User has trouble moving walker away from chair after sitting down, and trouble getting walker back to chair
	Wheel activation, location sensing, locating the user*
	Medium

	User can’t remember where walker was, getting walker to person
	Remote control, wheel activation*
	High

	Walker rolls away from user while walking
	Walker sensing how far user is away
	Medium

	Walker rolls away from user while walking or when the user is not holding the walker
	Automated brakes
	High

	User cannot find a room (like a dining hall)
	Guidance system
	High 


The target system for the course will be a walker that will solve the problem of getting the walker to and from the user.  The walker will work neutrally while the user is ambulating, but will activate in two key scenarios: when the user has sat down and wants the walker to move away, and when the user wants to stand up again and the robot is not nearby.


There are several other things that can be done with fairly minimal additions to the technology that should be considered after the primary tasks are accomplished.  The technology for having the walker plug itself in and recharge when it is sent away from the user would make it more practical for elderly users.  If user-sensing is enabled, the walker will also be able to see how far away the user is and brake when the user is too far away or behind.  The technology for braking may be slow, but it is a possibility.

5. Knowledge and Technology

5A. Available Knowledge and Technology

Navigation system

The walker will use CARMEN (Carnegie Mellon Robot Navigation Toolkit, Copyright © 2002 Michael Montemerlo, Nicholas Roy, Sebastian Thrun) as a basis for its navigational system.  This will provide the walker with a robust software base with built in localization, navigation, and map-building utilities.  Odometry is not a requirement for using these utilities, so the only hardware it will need is 1-2 laser range finders and a laptop running CARMEN.

[image: image1.png]



Figure 1.1:  A map of Longwood (last year’s testing facility) built with CARMEN

Existing Walkers

1. Best walker she has ever seen in actual use had caliper brakes, and a seat which allowed the user to sit and rest.

2. Walkers that had a push-down braking system in the back were well received.  Often the patient put tennis balls over the leg ends for additional impact.

3. Many times the patient used the walker as a piece of future, leaning it on and walking around it, causing falls.

4. Having the walker get hung up on rugs, small animals, etc. was a major problem.

5. Comments at nursing homes indicate that even given the opportunity for these wheeled, more advanced walkers, they were not often used.  Nursing home staff indicated that patients said they were "afraid" of them - probably from being different.

6. Walker should be able to back over a toilet to allow access. This means some waterproofing or sealing is needed. Also high level electricity in the bathroom?

7. Also knee replacements which can occur at any age, if both knees are done a reciprocating walker is needed.

Components Required

	Component
	Estimated Weight

	Walker
	11 lbs

	4-6 motors
	10 lbs

	Laptop
	5 lbs

	1-2 Laser Range Finders
	7 lbs

	Batteries
	4-6 lbs

	Total
	36-38 lbs


5B. Missing Knowledge and Technology

Walker and Ambulation Research
We do not know enough about how people use walkers.  We need a concise but thorough literature review describing what is known about how people use/misuse currently available, unpowered walkers, including the biomechanics of walking with a walker, and the extent to which lack of use or misuse contributes to falls and subsequent morbidity/mortality among older adults. This background is needed to substantiate the need for pursuing development of the functionalities outlined in the envisioned system section.

Navigation system

The existing software will need to be extended by attaching extra information to certain areas of maps.  It will need to mark certain areas as “parking spaces,” and other areas as “off-limits” (e.g. stairways for safety purposes).  Routines will need to be written to park and return when triggered by the user.  Additionally, software will be added for “global navigation” (room-to-room as opposed to point-to-point) along with an audio/visual user interface to control the global navigation system and receive information from it.  The navigation system of the walker will be autonomously active when parking and returning to the user, and completely passive while the user is controlling the walker (except to use brake activation to avoid “off-limits” areas).

Sensing the user behind the robot
A system needs to be developed with the sonar to sense how far behind the walker the user is. 
Wheel Activation
We must build a wheel assembly that will enable a pre-built rollator (a walker with four wheels and a brake) to move on its own.  This assembly must not get in the way of the user’s ability to control and move the walker when the robot is not active, so the assembly must be able to activate and de-activate upon command.

5C. Testing the Technology

The group needs to spell out precisely what capabilities of the walker constructed would be tested among ourselves and, if possible, with older adults.  It is essential to articulate WHAT we would want to observe, with whom, where, and how we would measure adequate performance of specific features and under what circumstances, e.g., varying environmental conditions (e.g., ambulation on a flat surface, an incline, a decline; with and without noise/conversation/distraction; with and without other people sharing the walking space; smooth versus rough versus carpeted surfaces; with and without voice prompts or graphical display of directional signals, etc.)

We will develop a test scenario, measure, and experiments to verify the mental load of users and the effectiveness of the walker at these tasks. 

6. Tentative Schedule

February 4th
Meeting, Project Plan, choice of walker platform to build on
February 21st
Preliminary observations of Longwood elders done, several elders handpicked for participatory design

February 28th
Moving the walker with motors
February 28th
First meeting with Panel at Longwood

March 4th
Automated raising/lowering of wheels
March 4th
Laser, computer, batteries mounted securely on walker

March 4th
File first IRB proposals to Pitt and CMU IRBs

March 11th
All major structural modifications finished

April 8th-22nd
User tests of walker with us – walker should be mostly functional, all features implemented (but not necessarily bug-free)

April 22nd-May 2nd
User tests of walker with elders – in working order

May 2nd
Last day of classes

Notes:  There are only three months for development and testing: February-April.   This means most of the hardware needs to be done in February, most of the software on the hardware done in March, and fine-tuning and testing in April.

7. Risks and Questions

The two main risk areas are:

· Mechanical design 

· Testing and IRB reviews 

The hardware needs to be simple enough to pull off without extreme expertise – we don’t have a MechE, nor do we have enough time for anything complicated.

How will the robot manage navigation?  How difficult will this be?

Will the walker be able to navigate constricted environments like an elder’s room?  Or will it be limited to less cluttered common areas?

Can the robot localize the user and figure out how to get to the user?  How will it do this?  Leds?  Buttons that stay at a fixed location in the room?  Some way for the user to tell the robot where he/she is?

Can the robot find a spot that’s out of the way to park?  Will the position have to be preprogrammed?

The IRB is very slow and, if we’re to user-test, we’d have to go through both CMU and Pitt.
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Links:

Background on Lacey:

http://www.cs.tcd.ie/Gerard.Lacey/

PAM-Aid Project Site

http://www.cs.tcd.ie/PAMAID/

2 papers on user involvement in the research and development process

http://www.vard.org/jour/00/37/6/lacey376.htm

http://www.dinf.ne.jp/doc/english/Us_Eu/conf/tide98/45b/oneill_petrie.html

Haptica (the commercialization of PAM-Aide):
http://www.haptica.com/

GuideCane:

http://www-personal.engin.umich.edu/~johannb/GC_News/GC_News.html
NavChair:

http://www-personal.engin.umich.edu/~johannb/navchair.htm

� Polypharmacy – refers to the use of greater than 4 medication concurrently.  These include anti-depressants, seizure medications, and cardiac medications that have been cited as increasing risks of falls.


� Orthostatic hypotension – Unusually low blood pressure that occurs when a person stands which may lead to fainting


� Urinary incontinence – involuntary passage of urine without voluntary control over the sphincters which control urination


� Nocturia – Urination or excessive urination at night
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