A Hands-Off Physical Therapy Assistance Robot for Cardiac Patients
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Abstract—We present an ongoing feasibility study of using Il. RELATED WORK

socially-aware autonomous robots to assist hospitals in reducing
the ef_fects of nursin_g shortages._ A hands-off assistive rob_ot is  Assistive robotics focuses on aiding those in need, includ-
described that provides motivation and support for cardiac ng patients, the elderly, and individuals with disabilities. As

patients who must perform regular painful breathing exer- S . . .
cises. Ongoing validation of the system has garnered positive a robot task domain, it has received growing attention in the

responses from test subjects and shows that robots have a Past couple of decades [6]. Most relevant to our research,
potential to aid nursing staff in some tasks requiring patient ~ assistive robotics can be divided into two distinct categories:

interaction. 1) hands-on non-interactive assistive devices/robots and 2)
hands-off interactive assistive robots.
I. INTRODUCTION The hands-on assistive devices and robots have been

Registered nurses play a vital role in patient care. Urfleveloped using a variety of approaches. The ProVAR project
fortunately, the ongoing nursing shortage affecting medic8], originating from the DeVAR project [7], developed a
institutions nation-wide is expected to worsen in the futuréxed robotic workstation to assist in vocational activities.
[1]. The population of the United States is aging, with aIME [9] and MIT-Manus [10] also employed manipulator-
predicted upcoming increase of 36 million people over 680unted fixed robots to assist stroke patients during phys-
between the years 2000 and 2030 [2]. At the same time, tfigal therapy. The recovery of stroke-afflicted limbs requires
community of registered nurses is also aging; the percentagegmerous repetitive exercises; these robots help patients
of female nurses over the age of 35 is on the rise while fewdy physically supporting their limbs with mechanical ma-
young people are entering the field of nursing than in the paBtpulators, allowing for increased time spent in physical
[3]. Nursing shortages are not specific to the United State#lerapy. Manipulator-mounted wheelchair robots are another
but are a world-wide problem [4]. Reduced nurse staffingctive area of rehabilitation robotics [11], [12]. In general,
results in each nurse assuming additional responsibilities aftis family of hands-on assistive robotics typically (but not
an increased work volume, sometimes including mandatogxclusively) aids patient mobility primarily through physical
overtime. Each additional patient can increase the changentact and with minimal if any social interaction.
of nurse burnout by 23% and job dissatisfaction by 15%. In contrast, the hands-off assistive robotics approach min-
The resulting nurse turnover is not only financially drainingmizes safety concerns by avoiding, and in many cases en-
($42,000 for a hospital medical and surgical general unit artitely eliminating, physical contact with patients. HelpMate
$64,000 for a specialty nurse), but compounds the overdll3], a commercially available mobile robot, autonomously
shortage. Additionally, the lives and well-being of patientsiavigates hospital floors delivering medicine and supplies to
are directly affected. Recent studies have shown that eabhspital staff and meal trays to patients. Pearl the NurseBot
patient added to a nurse's workload increases the chanlddl], interactively assists the elderly by providing daily
of patient mortality by 7% [1]. Furthermore, the frequencyeminders and navigation guidance. Pearl’s appearance was
and severity of non-mortal complications rise with additionatlesigned to facilitate interaction and minimize intimidation.
nurse workload [5]. Engineered to help the elderly and the handicapped, Care-O-

The work presented here aims to address the nurse shdspt [15] provides assistance with household tasks, such as
age problem through the development of socially-awartetching objects and is capable of acting as a communications
assistive robots capable of freeing nurses of selective rep@latform, allowing patients to watch TV or call a doctor
itive and time-consuming patient interactions. By providinghrough interaction with a speech interface or a touch-screen.
robotic assistance to patients, nurses are allowed greater flexin contrast to both categories above, few hands-off robots
ibility in directing their efforts. We present an autonomoudo date have been developed to provide medical patients with
robotic system capable of assisting nurses by helping cardipbysical therapy{]. In our other work, we have developed
patients in a repetitive, time-consuming and often painfuduch a system for aiding patients post-strdRe In the work
breathing (spirometry) exercise. presented here, the safety advantages of hands-off assistive



robotics are used in combination with social interaction, to
enable a mobile robot, Clara, to serve as a practical physical
therapy assistant and helping patients recover from cardiac
surgery.

I1l. APPROACH
A. General Philosophy and Task

It is well established that people engage with physically
embodied creatures, even simple ones, and ascribe life-like
properties to them [16]. Our work aims to leverage those
tendencies through the use of assistive robots with three
specific traits: social awareness, autonomy, and the absence
of tactile input or physical manipulation. Social awareness
allows the robots to perform tasks that involve social inter-
action with patients. Autonomy frees up nurses’ time but
requires the robot to be able to complete tasks unassisted
as well as collect, store, and report data to medical staff for
subsequent analysis and diagnosis. The hands-off nature of
the system allows the other two components, autonomy and
social awareness, to be performed safely and therefore more
readily introduced into hospital environments.

The work described here is a feasibility study aimed at de-
termining the acceptance of a system (implemented as a basic
research prototype) with the above capabilities, addressing
breathing (spirometry) exercises as the target assistive task.
Cardiac patients post-surgery need to perform regular lung
exercises in order to prevent infection and facilitate recovery.
In these workouts, normally assisted by a cardiac nurse,
patients are asked to use a spirometer, a small plastic device
designed to measure the amount and velocity of inhaled air.

Patients slowly inhale to a predetermined volume, wh|chS generated with a Shure 503BG unidirectional dynamic

s increased as recovery progresses. Through this aCtIV'{r%’icrophone designed for computer voice recognition. The

the patents Iur_ugs are forced to fully eXpaT‘d and Contracrthicrophone has a frequency response of 100Hz to 7kHz, and
providing exercise and preventing pneumonia. For maximum™ > L4 by a Rolls Personal Monitor Amp+ and sent
benefit, spirometry exercises must be performed ten times b y P

. rough the sound card (in the base of the robot) running
per hour for several days, in some cases weeks, after cardjac ; . " .

; . - . : € CMU Sphinx 2 voice recognition engine. Clara uses a
surgery. While technical skill in using the spirometer an

. Co S : tandard unpowered computer speaker to communicate with
instruction in its proper use are required in the first couple q

X . L . e user, and plays pre-recorded female speech. A 2GHz
sessions, the vast majority of the remaining sessions requ[e

o L mux laptop is used to run the control and interaction
only monitoring and motivation. We developed Clara, shown ) . N . : , .
o Iy algorithm and its 15” screen for displaying Clara’s face using
in Figure 1, an autonomous assistive robot that encourag

. . . layer video playback application. Player [17], a robot
and monitors spirometry exercises. . . : L
device server, is used for inter-component communication.

B. Evaluation Testbed The physical components are mounted on a custom-built 54”
o(;hassis.

Fig. 1. An image of Clara

Clara is constructed from standard off-the-shelf comp
nents. Mobility and primary battery power are provided by
an ActivMedia Pioneer 2 DX mobile robot platform. A 1GH2C' Control Approach
Pentium Il computer running Gentoo Linux resides inside, Clara’s control architecture sequences behaviors that han-
controlling the motors and providing basic I/O support. Sendle navigation, patient interaction, and spirometer tracking.
sors on the robot include a laser range-finder, a camera, ahal simplify localization and navigation in the hospital room,

a microphone. The laser, a SICK LMS200, provides a®180and to maximize safety, a sheet of laser-reflective material
field of view used for obstacle avoidance and localizationwas taped to each hospital bed. Figure 2 shows the hospital
it is mounted so as to be able to detect the feet of hospitedbom environment we constructed in our lab, which was
beds. The vision system consists of a Sony EVI-D30 pan-tilbased on actual rooms at the USC University Hospital
zoom camera with a 649480 frame-grabber. The producedcardiac ward, where Clara is currently being tested.

video signal is fed through to an ACTS color-tracking server, Clara’s control system consists of four capabili-
which provides color blob detection. Acoustic perceptiorties/behaviors: patient locating, patient interaction, spirom-



at http://robotics.usc.edu/interaction/?l=
Research:Projects:Spirometry:index .

The experiments showed that all of Clara’s control compo-
nents performed successfully. The speech recognition system
failed to recognize the voice of one of the five test subjects
due in part to the acoustics of the laboratory environment,
moderate background noise, and the softness of the voice.
Fortunately, when Clara was subsequently tested in an actual
hospital room, the speech recognition system performed suc-
cessfully. Proper tuning is critical for optimal performance.

Fig. 2. Example hospital room set-up Table | summarizes the data collected from the patient
guestionnaires. All subjects were interested in the robot-
assisted spirometry exercise and enjoyed the interaction with

eter tracking, and exiting the hospital room. Figure Xlara. The subjects also provided overall satisfaction ratings
overviews Clara’s control flow. Locating the patient begingeflecting how helpful they considered the robot to be in
with wall following along the hallway, through the room assisting in their spirometry exercise. The average overall
door, and up to the patient’s bed, where the reflective fiducishtisfaction rating was 84.6%.
is detected. Next, the interaction behavior takes over and The subjects provided the following suggestions about im-
Clara asks the patient if s/he is willing to perform the spiromproving the system: 1) an elaboration of the instructions, so
etry exercise. If the answer is yes (detected either throughey could better understand how to perform their spirometry
a speech interface or with a color marker), Clara asks #xercise while assisted by Clara; 2) improvement of the
instructions for using the spirometer are needed, and providegeech recognition system; and 3) use of richer interaction,
them if requested or proceeds directly to the exercise. Claiavolving more interactive conversation. We are currently
then requests that the patient hold the spirometer and whaddressing all of these issues, and others, as discussed in
the spirometer is detected, the spirometer tracking behaviortlse next section.
instantiated. Using color markers on the spirometer, detected ]
by the color blob-tracking server, the patient's breaths af@- Second Round of Experiments
counted and recorded until the spirometer is removed from The second round of experiments was conducted in a
Clara’s field of view. At that point, the exercise is finished;patient room at the USC University Hospital. The group of
Clara thanks the patient and the control system enters tfige test subjects was all female and consisted of hospital
final component, returning to the starting position. This ig#mployees, ranging from a doctor, nurses, and hospital staff.
achieved by reversing its path and executing a (opposite sidE)e hospital room contained two beds; one was occupied by
wall following behavior. Collected patient data, includingthe experimental subject and the other by a real hospital pa-
breathing results and willingness to perform the exercise, atient. Because of the significant noise emitted by the patient's
available to the hospital staff and can be reported at selectatkdical equipment, the robot's speech recognition system
intervals. could not perform its functionality in this experimental setup.
Consequently, the user input subsystem was modified; Clara
IV. EVALUATION assumed that all subject responses were positive, i.e, “yes”.
éside from this modification, Clara operated successfully. A

The first step in validating the feasibility and effectivenes ¢ thi d of . ts is sh i Fi 5
of the above-described assistive robot involved experimen?gene rom this round ot experiments Is shown in Figure .

with two groups of healthy test subjects. We present each
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The first round of experiments was performed in an emu No Y es Response

lated hospital room in the USC Interaction Laboratory, and [ Aski patentdesires to hear instructons O
supervised by expert cardiac ward staff. Five USC students ves

. . ) Request Patient Hold Spirometer and then 4| No
served as experimental subjects; four were male graduaje Find and Zoom In On Spirometer <
students in the age range 24-27 and one was a femal¢
undergraduate (20 yrs old). The subjects wore hospital gowr

and used authentic hospital spirometers modified only with**o"
Still Detect Breath

the color patches for ease of spirometer tracking by the robqtvisasie? e

(described above). After the experiments, the subjects wele " Yes
asked to complete a questionnaire reporting their impreg—)| Say Goodbye 3]
sions of the robot. Figure 4 shows the robot interacting

with a subject; videos of the experiments can be found Fig. 3. Control flow of Clara’s architecture
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TABLE |

QUESTIONNAIRE RESULTS OF THE FIRST FIVE TEST SUBJECTS In addition, an accessible database of patient performance

and status can be developed in combination with increased

Questions __ : Alot | Somewhaf No navigational abilities and task queuing. This will avoid the
Is robotic assistance of spirometry exer-3 2 0 . . . .
cise a good idea? need of having nurses direct the robot to specific patient
Did the robot assist your exercise? 1 3 1 rooms.

Did you enjoy your assisted exercise? | 1 4 0

Did you like interacting with the robot?| 3 2 0

TABLE ||

QUESTIONNAIRE RESULTSOF THE SECOND FIVE TEST SUBJECTS
Questions Alot | Somewhat No
Is robotic assistance of spirometry exer-5 0 0
cise a good idea?

Did the robot assist your exercise? 1 4 0
Did you enjoy your assisted exercise? | 1 4 0
Did you like interacting with the robot?| 2 3 0

Questionnaires were used to collect subjects’ evaluation of _ o _ _ _
Clara. Table Il shows a summary of the questionnaire datg9- 4-  Clara (without covers) assisting a patient with the spirometry
. . . . , exercise in the laboratory setting
All subjects indicated high expectation the robot’s usefulness
as an assistant in spirometry exercises. A small number

of the subjects considered the robot to be highly effectivg i

but all gave positive responses to the robot. The averag
overall satisfaction rating described above was 80.0%. Maj
suggestions provided by the subjects were similar to thos:
received in the first round of experiments and focused ol
more comprehensible instructions and richer interaction.

Our continuing work with Clara is focused on addressin
both of these issues.

V. CONTINUING AND FUTURE WORK

Based on user feedback resulting from the experimen§§
and experiences with Clara, considerable work still remaing
User input subsystems that substitute the voice recogniti
system must be developed to improve accuracy and reduce
patient strain. One of those alternative systems currentﬁig-_5- Clara assisting a patient with the spirometry exercise in the hospital
under development is the use of an IR remote controller witff "9
buttons representing yes and no. Safety also remains a pri- )
mary issue. Hospitals are highly dynamic environments that €oncurrent and future research being performed by the
can hinder the robot's ability to perform obstacle detectiofiteraction Laboratory will also study the differences in
and avoidance. A more comprehensive system for collisigpatients’ responses to and relative effectiveness of different
avoidance will be incorporated. types of interaction media. Devices to be analyzed include

Most relevant to our research interests, Clara will b&omputer/television screens, personal digital assistants, and
equipped with a richer set of social behaviors. We will ex&ven simple voice recordings.
periment with different means of patient motivation, through
the use of verbal games, sounds, and robot movement. V. CONCLUSION
Furthermore, alterations to the physical appearance of theThis work has suggested a means of reducing nurse work-
robot will be investigated as an additional path toward patiembad through the use of autonomous socially-aware robots.
motivation and engagement. Initial feasibility of this approach has been demonstrated with

While the above directions will focus on patient interacClara, a robot that assists patients in repetitive spirometry
tion, further work will also be undertaken to improve Clara'sexercises.
cost-effectiveness and direct effect on nurse efficiency. This The described work aims at two related but distinct goals:
particular study focuses on robot-assisted spirometry, but wi¢ automation of assistive tasks and 2) improvement of
envision that such robots can be endowed with a divergmtient outcomes. In this particular case, we aimed to provide
set of functionalities. For example, if the robot is equippedielp to the nursing staff, at the same time as improving the
with appropriate sensors to detect patient posture, it can alfequency and quality of the patient’s breathing exercises.
report any undetected emergencies, such as a fallen patieftte evaluation of the success of each of the goals will



require further in-depth experiments; the second goal wifL7] R. T. Vaughan, B. Gerkey, and A. Howard, On Device Abstractions
also require a more clinical emphasis. For Portable, Resuable Robot Code,Proceedings of the IEEE/RSJ
" International Conference on Intelligent Robot Systefrss Vegas,

We hope .that, throu.gh further. devglopment,_gddltlonal Nevada, USA, October 2003, pp. 2121-2427.

tasks well suited for assistive robotics will be identified, help-

ing to increase nurse efficiency. We do not advocate or aim

to replace hospital nurses, whose expertise is irreplaceable,

but instead to help them to focus their time and resources,

and improve patient well-being, through the use of assistive

interactive robotics.
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