ROBOTIC MOBILITY ASSITANT

PROPOSED DEVICE FOR 16-899D/NUR 2840

Raghu Donamukkala, Anuj Kapuria, Aaron Morris, Tan Thian
SECTION I: PROJECT MOTIVATION

Changes due to ageing result in a state of reduced physiological reserve in older adults leading to increased vulnerability to diseases and impairment. Accumulated effects of such impairments renders a person vulnerable to situational changes 1-3. Impaired mobility is one such problem in the frail, older adults, largely as a result of the age-related decline in the musculoskeletal and neurological reserves 4-6. The Third National Health and Nutrition Examination Survey (NHANES III) reported a significant trend for increased prevalence of disability and impaired mobility with increased age amongst the community dwelling older adults: about one third of those above 80 year old, compared with 6% of those between 60-69 year, use devices to aid walking 7. In the nursing home, the prevalence of impaired mobility is even higher: in a study in 1994, almost half of the study subjects required at least a walker for ambulation (17 did not require assistance, 37 used cane, 37 needed walker, 9 needed wheelchair) 8. In fact, the use of walking aids was identified as one of the risk factors associated with risk of institutionalization 9.

Physical complications of immobility were well described: these include significant morbidity (deconditioning, bed sores, osteoporosis, deep vein thrombosis, recurrent infection, urinary retention) 10, 11 and even mortality 12. Immobility is also associated with other functional impairments, loss of independence, and decline in quality of life. With the population ageing at an exponential rate, impaired mobility posed a serious threat to both the society and the individuals. 

Reviews and studies have repeatedly demonstrated the risks of immobility and recommended early mobilization. In fact, it has been demonstrated that both short- and long-term physical activities can improve health, mobility and functional abilities 13, 14. Even the frail and the very old can benefit from such activities 8. 
SECTION II: WALKING AID TECHNOLOGY

A. Existing Technology

Walking aids provide means whereby many frail older adults could maintain mobility, functional independence and social interactions. Without these assistive devices, many of them would either be chair- or bed-bound.  Literature on the usage and impact of walking aids is scarce. Clinical experience, however, suggests that many older adults who need walking aids are not using them; and even if they do, a substantial number of them are not using the aids correctly. This could in part be due to improper prescription, inadequate education, or improper training by the health care professionals. On the other hand, the walking aids have limitations that need to be considered: they can be cumbersome and bulky, and thus pose as obstacles instead of assisting mobility. Secondly, stability of the assistive devices is directly proportional to the energy expenditure by the user; either of these disadvantages could pose as a serious challenge to the frail elderly. Thirdly, walking aids are generally ‘aesthetically challenged’, and this may pose as a social threat to the user. 

Another important consideration is that the conventional walking aids are fully dependent upon the cognitive capability of the users. Its usability will therefore be dependent upon the mental ability of the user to learn, and to use the aids properly as well as safely. In the nursing home, where the prevalence of impaired mobility is the highest, the prevalence of cognitive impairment is equally high. Together with the limitations of the walking aids as listed above, there would therefore be a very high manpower demand on the healthcare professionals in a nursing home to maintain a reasonable mobility for the needed residents. It is therefore not surprising to observe, in this era of perpetual manpower shortage in the nursing area, that many frail nursing home residents are immobilized unnecessarily, resulting in significant morbidity and mortality, many of which are potentially preventable.

The knowledge and technology of computer and robotics had advanced in leaps and bounds over the last decade. The applications of robotics in the area of health sciences had gain increasing popularity among scientists and clinicians. One such application is that of ‘rehabilitative devices’ for the disabled, which helped the needful regain their functionality and autonomy, and at the same time lessen the manpower demand on the health industry. It is therefore timely to gel the science of robotics and the arts of medicine to look specifically into the growing problems of immobility amongst the frail older person, in this rapidly graying population; even more specifically, we ask: can robotic technology be incorporated with and improved upon the current concept of walking assistive devices to help in the mobility of a frail elderly?

B. Robotic Mobility Aids

Several successful projects have already attempted to address the need for enhancing existing walking aids.  Of these, the two most successful were know as SMARTCANE15 and PAM-AID16.  SMARTCANE, also known as PAMM, integrated a basic walking cane with sensor and actuated components.  The user controlled SMARTCANE by directing force along a force-sensing handle, which served as input to an on-board computer.  These forces where then transformed into motor commands (along with sensory data) to determine the device’s movement.  The PAM-AID project extended the PAM project to walkers by adopting the sensing and navigation technology into a walker device to prevent collisions with obstacles.

While the aforementioned projects did augment mobility aids, this proposed project differs in a number of important areas.  First, SMARTCANE lacked the support that walker type devices provide and PAM-AID required user force to provide motion.  Neither device could assist in lifting or sitting nor could they locate themselves within an environment without modification to the environment (i.e. ceiling signs).  In addition, with all their intrinsic abilities, both devices did not have any capacities to detect aberrancies with the user’s motor skills to predict and prevent accidents.

The objective for this project is to develop a mobility and supportive device imbued with robotic technologies.  The device will be self-powered, able to self-navigate through an environment, amenable to the control of the user up to definable level of resolution (i.e. will move how the user desires unless obstacles or dangerous situations occur), and capable of distinguishing aberrant situations from normal modes of operation.  Additional features include:

1. Location of a user and ability to configure itself to assist in the standing/sitting process

2. Easy control to provide the appropriate direction and speed as directed by the user

3. The ability to correct the user’s course such as to avoid obstacles or locate a desired position in the user’s environment

4. Monitor the activity patterns of the user to detect improvement/deterioration in user’s physical mobility
SECTION III: PROPOSED ROBOTIC WALKER

The base unit for the robotic walker will be and XR4000 (Figure 2).  In order to transform this unit from an amalgamation of sensors and actuators to a mobility assistant, a number of components have to be integrated.
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Fig. 1. XR4000 Robotic Base

A. Haptic Controller

In order to make the robot move in a desired direction and speed, the motions of the user have to be captured.  From observation alone, three basic forces occur during the operation of current un-powered roller-walkers: a downward force (user load), a transnational force (for pushing forward or pulling backward), and a torque (for turning corners).  Since downward directed forces do not dictate robot motion, only the transnational and rotational forces need be considered.  To acquire these forces, the preliminary designs for two haptic controllers are being investigated.

1. Control using joystick(s). With this method, one or two joysticks will be strategically placed within or upon the walker's supporting bars. The exact placement of the joysticks will be determined by experimentation (ultimately, the location providing the most information regarding the user's motion will be selected). Each joystick will be directly interfaced to the serial ports provided on the XR4000. 

2. Control using force-sensing resistors (FSR). With this method, strategic placement of multiple FSRs will be used to determine the user's motion. One possible scheme involves embedding FSR sensors at the extremities of each grip on the supporting bars. Two more sensors will be placed at the base of each supporting bar to indicate downward (or supporting) forces. This method will require an interfacing device that will be attached to either a serial or parallel port of the XR4000. 

Each method is inexpensive and is intended to produce adequate information regarding the user's motion. A mock-up of the second method was implemented using switches instead of FSRs to determine force. The device works well and will be tested once a roller-walker is secured (Fig 2).
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Fig. 2 Prototype Haptic Device

B. Support Bars

The supporting bars provide stability and are therefore crucial components.  The fabrication and construction of these bars must be carefully performed to avoid user injury while using the robotic mobility aid.  While no immediate designs have been developed, existing bars may serve as the blueprints for support bar design.

C. Shared Control

A crucial part of a robotic walking assistant involves the development of a shared control system: a system that detects when user action should be prohibited or robot control should be overridden. As outlined in [16], the robotic walker should facilitate the user by varying its autonomy to the context of the situation.  Interpreting user intentions, however, is a non-trivial task if user input is limited to basic force extraction17. Several modes of interaction are required in order for the user to feel in control while providing a level of indistinguishable assistance.          

For our system, multiple autonomy levels will be used during the course of user interaction.  Transition from autonomy level to autonomy level should be seamless and appropriate for the user and the user’s environment.  Additional interfacing devices (i.e. buttons or speech) may be required in order to engage special override modes of operation17.  

D. Obstacle Avoidance and Navigation

The ultimate goal once the interface has been constructed and shared control has been implemented is to enable the robotic walker to become a mobility aid.  The robot will be able to guide users from potentially harmful situations by avoiding wall, people, etc. that become obstacles as the user transverses from one location to the next.  The robot will also have the capability to monitor and recognize normal walking patterns from aberrant patterns.  By understanding the walking behavior of the user, the mobility aid can prevent or take immediate action when something like a fall occurs.  Finally, the robotic assistant will provide navigational assistance by determining the users intended goal based upon a map of the environment and memory of the preexisting paths.  These techniques as well as the limitation of existing solutions are provided in [16].  

SECTION IV: PROJECT COST

Robotic Components: XR4000 

Already acquired.

Haptic Components:  FSR & Joysticks

Currently, there are two leading manufacturers of force-sensing resistors: (1) Interlink and (2) Flexiforce.  Interlink offers an experimentation kit for $79.95 that includes 16 FSR variations (4 sets of 4), an assortment of overlays and adhesives, FSR Integration Guide, Evaluation Parts Catalogue, Technical Notes, and Suggested Interface.  Flexiforce offers a 4-pack of sensors for $55 or an 8-pack for $99.  A product evaluation of each type is given at http://guardian.curtin.edu.au/cga/teach-in/hysteresis/.  

Joysticks range from $10 to $50+ and can be acquired anywhere computer accessories are sold.

Supportive Components: Materials and Fabrication

The approach for constructing support bars involves acquiring existing supportive devices (current walker technology) and integrating.  A basic walker (~$100) would be adequate to the needs of this project.

Note:  A minimum estimate from the parts listed above will require ~$250; however, these figures are very crude approximations neglecting unforeseen costs and other overhead.

SECTION V: PROJECT OUTLINE

The following is a tentative listing of project goals

· Phase 1
· Preliminary hardware design

· Familiarizing and conducting basic tasks with the XR4000

· ECT: Late February

· Phase 2  

· Acquisition of various parts

· Fabrication of the hardware 

· Preliminary software design

· ECT: Early/Mid March

· Phase 3  

· Interfacing of sensors 

· Software development

   

· Implementation and data acquisition

· ECT: Late March

· Phase 4  

· Software integration

· Preliminary testing

· ECT: Early/Mid April
· Phase 5
· Evaluation
· Additional testing and modification
· ETC: Late April
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