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Introduction

The number of people with disabilities and the complexity of needs that they and their families
experience continue to increase, despite the improvements in technology and health care. This
increase is also directly related to the rapid ageing of the world population. The goal of Assistive
Technology is to develop advanced technical aids for promoting independent living and improving
quality of life of persons who have chronic or degenerative impairment in motor, sensory,
communication and/or cognitive abilities. The aim of this workshop is to describe the innovative and
interesting research activities in robotics with applications to people affected by disability and by
older people with degenerative disorders due to the natural course of aging. Topics include mobility
aids for locomotion or navigation, automated manipulation systems, personal robotics, multi-modal
human-machine interfaces for assistive robotics, interaction control of assistive robots, socially
assistive robots, activity monitoring systems, telerobotics and telemedicine, and elder-care assistive
robots.
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RESULTS AND DISCUSSION

The proposed technique wassessd by comparing it to somalternativesupervised classifiesich as
Multilayer Perceptron, Naive Bayes, kNN, SVM and Random Féoesthichthe chss labelsire available.
The used data present the real acceleration data that cover 12 static and dynamic akhieitesposed
approachprovides 91.47% as a mean correlassification rateFigure 1 right shows an example of raw
acceleration data and the padiility of each activity over time according to the proposed model.
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Figure 1 MTx sensors placement and results for segmentation of the sequence (StaSidiimg down-
Sitting - From sitting to sitting on the grodn Sitting on the ground Lying down - Lying) for the seven
classesk=(1, ...,7)

It can be observed that the probabilityeafchactivity isvery closeto one if that activity is active and to zero
otherwise showing hence an efficient segmentatadrthe dataaccording to the true scenaid activities.

The used supervised classifiers provide correct classification rates between 80.9% and 95 9apdded
approachseems promising as it provides very encouraging results in an unsupervised comigxtec to
standard supervised classification techniques (using class labels). Indeed, even if the proposed methodolc
is not supplied with observation labels, the resuwltgained onreal datasetare challenging and the
segmentatiortechniquethat was poposedcan be used asn efficient tool for automatibumanactivity
recognition. This performance can be attributed to the fact that the proposed approach takes into account 1
sequential appearance and temporal evolution of the d&astly detect advities andespecialy from the
measured accelerationi$.could therefore servas a decision support tool in tleentext whereactivities
cannot benecessarilyabeled(unsupervised framework).
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INTRODUCTION

It is estimated that approximately 10% of peopleowdre legally blind require wheelchairs [1].
Wheelchair users with visual impairments face diffies in avoiding obstacles as well as identidyin
visual cues in the environment, thus making inddpah navigation challenging, and in some cases,
impossible. The authors in [1] suggest that irdelit wheelchairs capable of collision avoidance and
path planning would greatly benefit wheelchair aseith visual impairment. Although several
intelligent wheelchairs have been developed reggptl], these wheelchairs navigate autonomously,
thus taking control away from the user. On the othend, wheelchairs that only provide collision
avoidance support [5] are not appropriate for dewsho are unable to determine their location and
want to navigate to a specific location. We thusspnt a novel, real-time, vision-based intelligent
wheelchair system that avoids collisions and presiddaptive audio prompts to help blindfolded
users navigate to specified destinations. Existimglligent wheelchairs have used various active
sensors (acoustic, sonar, infrared, laser, ett. )& rely solely on a stereovision camera duggo i
low power consumption, ability to perform in natuesvironments, and relatively low cost. Most
outdoor wayfinding systems rely on GPS, which igeliable in indoor settings, while indoor
wayfinding systems typically use beacon and RFIEhnelogy, which require modifications to the
environment. By using vision-based techniques we ea&hieve accurate localization, while
reducing/eliminating the need for environment migdifions. In addition, cameras capture and
provide a richer dataset than can be used for leigtl- scene understanding to build maps and
determine what type of room the wheelchair is in.

MATERIALSAND METHODS

The intelligent wheelchair system consists of a blarRocket" wheelchair, a 4mm Bumblebee® 3D
stereovision camera, and a laptop computer planddruithe wheelchair seat. The wheelchair consists
of a customized controller, which sends signalsnftbe laptop to the wheelchair, enabling/disabling
motion of the wheelchair in specific directions.eTmodules below are integrated using the Robot
Operating System provided by Willow Garage (htgpwiv.willowgarage.com), which allows us to
run multiple processes in a distributed fashion:

» Collison Detector - detects frontal collisions and stops the whesgitch an object is detected
within a distance of approximately 1 meter, preirgntmotion in the direction of the obstacle
through the controller. Implementation detailsho§tmodule can be found in [5].

» Path Planner — given a global map of the environment and atiainposition estimate, visual
odometry is used to estimate the current positidh@wheelchair using [7]. Techniques in [8] are
used to produce the optimal route to the specifiedl location. The trajectory is analyzed to
determine deviations from the optimal route as w&elupcoming turns.

* Prompter — uses a Partially Observable Markov Decision &sc(POMDP) to determine the
optimal prompting strategy, similar to [9]. Specdily, this module estimates the users’ levels of
awareness (their ability to navigate to the goalependently) based on past errors, and
responsiveness to prompts in order to select apiptepaudio prompts to assist the users in
navigation.

In order to test the system, we recruited four -blol@ied participants with no previous wheelchair
driving experience. They were shown a route inaigéc environment and required to navigate a
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powered wheelchair to the destination while blindiéo. The experiment consisted of two distinct
phases, A and B. Phase A was conducted withoutdhision avoidance and navigation system
(baseline), while the system was activated in PBada order to ensure a balanced study, half (two)
of the participants were randomly selected for AaBd the remaining participants were assigned B-A
ordering. The primary outcomes measured were nurobefrontal collisions, number of turns
successfully completed (the route consisted ofethiitens in total), and maximum progress made
towards the goal (determined by measuring the shibdistance to the farthest point along the optima
route reached by the user, and expressing it ascamtage of the total (shortest) distance to tad)g

RESULTSAND DISCUSSION

Table 1 shows the results of the primary outcomeasured for each participant. Participants 1 and 3
completed B-A ordering, while participants 2 ancb4npleted A-B ordering.

Table 1. Primary outcomes for each participant

Participant ID | Phase A (baseline) Phase B (intaiosh

Collisions| Turns Progres: Collisions | Turns Progres:
1 3 2 44.0% 0 3 100.0%
2 3 0 15.2% 0 3 100.(%
3 2 3 100.0% 0 3 100.0%
4 2 2 48.3% 0 3 100.0%

As seen above, the number of frontal collisiorisvwger when the system is activated, regardlesheof t
phase ordering. In addition, the number of turnsmeted and progress made towards the goal is
greater with the navigation system in most casastidipants 1, 2 and 4 were unable to reach the
destination without the system and stopped driding to high levels of anxiety and confusion in the
baseline Phase A. All participants completed thegation task during the intervention Phase B and
expressed a strong preference for the system chigher safety and lower mental demand/stress.

Only a few false positive collisions were deteatieding the experiments due to glare from one of the
windows in the test environment, suggesting thel fieewindow detection in future prototypes.

We acknowledge that users with real vision impairteenight perform differently from blindfolded
users. However, we anticipate that our system tihbenefit newly-impaired users. Preliminary tsa

of the system with users with dementia show thatsystem described in this paper is able to benefit
cognitively-impaired drivers as well [10].
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INTRODUCTION

In hospitals, technology has become pervasive and indispensable during medical crises. At home,
technology proliferates as computerized health monitoring systems and, perhaps in the future, as
assistive “humanoid” robots. Meanwhile, our everyday environments remain essentially conventional:
low-tech and ill-adaptive to dramatic life changes. This social condition places strain on healthcare and
family support systems, and represents a failure of scientists, engineers and architects to support
independent living.

sensor parasol

interactive
lighting

continuum table

night stand

Fig. 1: Rendering of ART with key aspects identified,; our working prototype of the continuum surface

How can our everyday environments be outfitted with intelligent hardware promoting independent
living? We focus on a discrete component of an envisioned suite of networked, robotic furniture
integrated into existing living environments: an Assistive, Robotic Table [ART]. ART is the hybrid of a
typical nightstand and the over-the-bed table found in hospital rooms, comprised of four key
components (figure 1): a smart night stand manages, stores and delivers personal effects, including
medical supplies, and communicates to caretakers when eyeglasses and other belongings are not
moved over a period of time. It accommodates audio and touch screen computing technologies; a
continuum table gently folds, extends, and reconfigures to support work and leisure activities, retracts
in emergency circumstances, and even retrieves everyday objects for users; interactive lighting,
intended for installation behind the bed, sofa, or chair, allows for user control and intelligent control of
task lighting (on/off, dimming and direction); and a sensor parasol, ceiling suspended, tracks intimate
human needs and capabilities. Physically, we envision this novel “sensor parasol” as allowing for
detection of human behaviors in an intimate living space (e.g. near and around bed, sink, reading
chair) without resorting to invasive cameras and body-worn sensors. These components of ART
recognize, communicate with, and partly remember each other in interaction with human users and
with other components of the envisioned suite.

DESIGN APPROACH AND SCENARIO

ART features a novel continuum-robotic surface (figure 1 — right image) [1],[2]. While the traditional
approach to providing movement in both robotics and architectural design relies on rigid structures
(e.g. links, axles, doors, and windows) along, or about one-dimensional surfaces (i.e. lines and axes),
we argue for an alternative design approach based on a flexible, continuous two-dimensional surface
actuated by pneumatic muscles — a new and emerging technology for assistive robotics. Such a
compliant surface promises to achieve the simultaneous flexibility and load capacity required for ART
and meet its design constraints, while ensuring that users are safe and comfortable with, and accepting
of the technology.
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The key deliverable for this research is the full-scale, working ART prototype performing “Going-to-
bed” and “Getting-out-of-Bed” scenarios for three target groups. In the “Getting out of Bed” scenario,
Andrea, a 58-year-old English Professor living independently and actively, is in a hospital room
following her treatment from a fall from which she sustained a shoulder injury (fig. 3 — LEFT). ART
considers such context as time of day, Andrea’s personal data, and in a novel way, her behavior at
close range via the sensor parasol. Using this information, the system detects Andrea’s activities and
gestures to plan and execute appropriate responses, as follows:

User | Hardware | Software Scenario Step
System System
1 ART initiates its morning reminder service for family visits, nephew’s birthday, etc.
2 ART displays the day’s appointments: Dr. visit, nephew’s birthday, etc.
3 Andrea decides to read for a while before beginning her day. She gestures for the novel
she has been reading (overriding system expectations).
4 ART’s nightstand component senses the gesture.
5 ART locates the stored novel in its inventory.
6 ART’s nightstand retrieves the novel and extends the overbed table to offer it to Andrea.
7 Andrea reaches for the book. She reads for twenty minutes to complete the previous
night’s chapter and then replaces the book.
8 ART’s nightstand component stores the book.
9 ART logs the location of the stored novel.
01 ART plays a prerecorded message from Andrea’s young grandchildren which she enjoys.
11 Previous data show a decline in mobility.
12 The bed lowers to facilitate Andrea’s transition to a standing position
13 Andrea gets out of bed

Fig. 2. ART and “Andrea”: Getting-out-of-bed during a hospital stay, and Going-to-sleep at home.

DISCUSSION

To facilitate aging-in-place, it is important to re-think the environment in which we live. While there is
previous work in adaptable housing for aging in place (e.g. Universal Design), and specific applications
of intelligent machines to aging in place (e.g. Humanoid Robots), the thrust of this work represents a
departure from other approaches: the creation of intelligent, adaptive, physical-digital environments
for aging in place. ART features intelligent behavior and “architectural robotic” elements in contrast
to more typical assistive technologies or medical robotics designed as substitutes for people. We
envision ART as integral to one’s living space. ART aims to augment the domestic interior to become a
more inviting, responsive and accommodating environment for living independently, encouraging
inhabitants to do tasks for themselves, yet providing assistance when needed.
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