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Abstract. Brain injury as a result of stroke and trauma is a lealing cause of
disability in the U.S. Unfortunately, little techndogy is currently available for
individuals with brain injury to pradice and monitor therapy on their own at home.
This paper describes an inexpensive robatic telerehabilit ation system for arm and
hand therapy following krain injury. “Java Therapy” is a Web site with a library of
evauation and therapy adivities. The adivities can be performed with a
commercial force feedbadk joystick, and the joystick can physicdly assst or resist
in movement as the user performs therapy. The system also provides quantitative
feedbadk of movement performance, allowing users and their caregivers to asess
rehabilit ation progressviathe Web.

1. Introduction

In the U.S. each year, over 600,000people suffer a stroke, and approximately 80%
of the survivors lose arm and hand movement skill s[1]. Physicd and accupational therapy
are esential to recvery, and typicdly include hands-on manipulations, such as passve
range of motion exercise and active agstance of desired arm movements. These
manipulations are designed to reduce cntradure and spasticity, to enhance sensory inpu,
and to demonstrate desired movement patterns. Movement skill s improve with increasing
levels of therapy, and with increased use of the df ected extremity [2-4].

Unfortunately, econamic presaures on the U.S. hedlth care system are causing
individuals with a brain injury to go hane soorer and receive lesstherapy. Compoundng
the problem, there is currently a ladk of techndogy available for practicing self-initiated
therapy at home. To addressthese needs, several research groups including ou own are
developing robaic devices, termed “rehabilit ators’, that physicdly interad with people to
stimulate the senses of touch and movement, and retrain coordinated movement [5].
Encouragingly, initial clinicd trias with the MIT-MANUS [6], MIME [7], and ARM
Guide [8] rehabilitators indicae that these
devices can dgnificantly improve arm
movement ability in bah aaute and chronic
stroke subjeds.

Despite  their  promise,  current
rehabilit ators are limited by their cost and size.

The “ARM Guide’ is relatively simple in its
design, wsing oy ore motor while dlowing 3
space motion, bu would still require severa
thousand ddlars to manufadure. Production
cost estimates for MIT-MANUS and the MIME
device are @nsiderably higher. These
rehabilit ator designs are dso heavy and require  Figure 1: Prototype web-based, force
substantial operating space. While acceptable feedback telerehatilitator (“Java Therapy”)



for well-equipped exercise gymnasiums
in large rehabilit ation centers, the high
cost and large size of current
rehabilitators limits the devices
accesshility to smaller rehabilit ation
clinics, and precludes their home use.

The alvent of dynamic force
feedbak techndogy for the PC,
couped with the networking powver of
the Internet, could solve these problems.
Commercial force feedback joysticks
designed primarily for  gaming
applicaions can na only sense a
person’s movement, bu can also apply
forces during movement. Like existing
robaic therapy devices, such devices
could be used to stimulate the sense of touch and movement, and could apply therapeutic
patterns of forces to the hand and arm as the user attempts to move. Unlike larger robaic
devices, however, force feedback joysticks could become truly accessble personal
movement trainers because they are dready in mass production and can be purchased at
low cost. By networking them to rehabilit ation centers throughthe Internet, such devices
could provide a means for an individual with a brain injury to access a personalized
program of therapeutic exercises, customized by a rehabilitation expert. The device's
ability to measure and record motion could provide a means to quantitatively monitor
rehabilitation progress alowing wsers to recave detailed, motivating feedbadk. Also,
networking could provide ameans for rehabilitation providers to track the user's sensory
motor performance while the user stays at home. In summary, becaise of the mmmercia
advent of affordable force feedbadk devices and the Internet, there is an excdlent
oppatunity to make robaic upper extremity therapy a viable aped of home-based
telerehabilit ation programs that have recently been advocated [9,10].

As afirst step in addressng this oppatunity, we have devel oped a prototype system
cdled “Java Therapy” [11] (Figure 1). The mechanicd comporents of the system are a
low-cost, force-feedbadk joystick, a austom clip-on splint for individuals withou hand
grasp, a mobile arm suppat, and a austom suppat base. These wmporents total cost is
lessthan $200and they can easily fit on atabletop. The software cnsists of a Web site
with alibrary of rehabilit ation status test, therapy games, and progressreports written in the
Java programming language (Figure 2, also see http://www.javatherapy.com). This paper
overviews the system design and describes use of the system by a dronic stroke subject.

Figure 2: Java Therapy main web page showing “T o
Do Ligt” andMain Menu.

2. System Design

Sdtware Design Phil osophy: Two approadhes to the software design were mnsidered. The
first was to develop a stand-alone program that could be installed ona PC, which would
control the joystick and transfer information throughatemporary network conrection. The
second approach was to incorporate force feedbadk into a Web page using a Java gplet,
and to use this Web page to transfer desired information. The second approach was chosen
for two reasons. First, since Java gplets are downloaded orto the hast computer each time
a Web page is accessed (Figure 3), new versions of the therapy program could in effed be
automaticdly installed each time auser accessed the therapy web page. This was attradive
not only for fadlit ating rapid modifications during the early development of the system, bu
also for providing a means for personali zation d therapy pans. In effect, new Java therapy
applets designed at a remote ceiter could be downloaded "on the fly". The second



advantage was the platform independence of
Java. Using any Java-enabled Web browser,
users on avariety of computing datforms, with a
variety of inpu devices, could accesstherapy.

In arder to control the joystick througha
Java gplet, we used FEELtheWEB software
developed by Immersion  Corporation.
FEELtheWEB is an ActiveX control for
browsers like Internet Explorer 4.0that can apply
forces to the joystick and receve function cdls
throughHTML.

Prototype Therapy Game and $stem
Testing: As described in detal in [11], a
prototype therapy game with force feedbadk was
developed to test this ftware design concept.
In the therapy game, the user was asked to move
a drcular cursor into a sguare target with a
Microsoft Sidewinder Force Feedback Joystick
as quickly and accurately as posshble (see Figure
4). After adelay, if the user had na yet moved
into the target, the motors on the joystick
adivated and asgsted the hand in moving into
the target. This continued with the target changing paitions to span a 360-degreerange of
movement diredions. Upon completion o the game, movement time for each trial was
posted to aremote server computer.

Three people with hemiparesis resulting from stroke tested the joystick system at a
locd outpatient rehabilit ation center. 1t was foundthat the forces helped the subjeds move
more quickly into the target, with the greaest improvement shown for the most impaired
subjed. These results demonstrated that the joystick system is g¢rong and accurate enough
to asgst in moving stroke-impaired arms. In addition, the subjeds used the system several
times a week for three weeks to pradice arm movement, acieving hundeds of practice
movements. By analyzing cbta posted to our server, changes in the subjects movement
ability were tracked. These results demonstrated the feasibility of providing and
monitoring therapy adivity using the Java-applet/Web-based software design approach.

Recent Enhancements to the
System: We solicited feedback from the
initial three test users abou Java
Therapy. All three users desired a
greder variety of adivities, and detail ed
ortline feedbadk abou their progress
We thus expanded the Java Therapy
system to include an increased library of
adivities and pogress charts. In
addition, we incorporated an on-line
“To Do List” that can be austomized for
eadqr uwser. The “To Do Ligt" is
displayed uponloggng in (see Figure
2), and shows the wuser's actua

freqqe.ncy of use of the Va”.ous Figure 4. Prototype therapy game: the user attemptsto
adivities, compared to . the desired movethe drcle into the square as fast as possble, with
frequency of use which can be thesquareperiodically changng location. Movement
“prescribed” by a monitoring therapist  path andtime are stored on the server computer.

Figure 3: Client Sde Processng with Java



or the user himself or herself.

To summarize the airrent
software status, there are now three
cadegories of activities: status tests,
therapy games, and pogress reports.
Current status tests are:

A spedl test that requires the user to
move a arsor into a target, and
measures the time to move into the
target. This is the prototype therapy
game described above withou the
force feedbadk. The position d the
cursor is sampled and saved every

O'].' sec_nnds, so that .the _aJrsor Figure 5: Breakout therapy game. The joystick will
tra]edon.es qan be plotted if d(_%SI red. physically asdst in playing the game by moving the
A coordination test ‘that requires the  yser's handto cortrol the padde and refledt the ball
user to trace a figure aght and into the bank of targets.

measures the tradng error. The
cursor trgjedory is again saved and can be plotted to seethe shape of the figure eght
the user traced.
A strength test that requires the user to hdd his or her hand as gill as possble & the
force-feedback joystick tries to move it by applying sinusoidal forces that aternate
diredions, and measures the total distance moved.
A finger speed test that requires the user to click the mouse button as many times as
possble in ten seoonds, and measures the number of clicks.

Current therapy games are:
A Bregkout therapy game (Figure 5), in which the user moves his or her hand to control
a padde on the screen and rebounda moving kall into a bank of targets © that the
targets are destroyed. The system keeps track of the number of targets destroyed each
time the game is played. If the user is too we& to play the game, the Java Therapy
system can physicdly asgst in hand movement using the force feedbadk joystick. If the
user is relatively strongand coordinated, the joystick can resist movement, making the
game more chalenging.
A Bladjadk therapy game, in which the user clicks buttonsin order to play cards.
An Othello therapy game in which the user must place a hedker in appropriate
locaions on a game board in
order to capture dheders.
A Tail Gunrer therapy game in
which the user must move a
crosshairs over space ships and
pul the joystick trigger to
destroy them.

Current progress eports are:
A progressreport that informs
the user of his or her scores on
the status tests or therapy
adivities immediately upon
completion d the adivity.
The progressreport also shows
a target score for the user, and
compares their current
performance to their average Figure 6: Progresshistory for finger speed test



past performance and their last performanceto indicate rehabilit ation progress

A progressreport that displays the user’s sores on the status tests or therapy activities
as a function d time or as a function d the number of tests or activities performed
(Figure 6). The progressreport aso shows the target score for the user, which can be
set by the user or the user’s caregiver. This progressreport can aso be accessed by a
caegiver or therapist with a separate user acourt in order to monitor system usage and
rehabilit ation progress

The “To Do List” that is described above (Figure 2). When the actual frequency for an
adivity exceeds the desired frequency, the system places encouraging feedback on the
“to-do-list” by writing “GoodJob!” next to the activity.

Note that our distinction between therapy games and status tests is artificial. Status
tests when performed repetitively also comprise a therapeutic activity; conversely,
performance on therapy activities is aso quantified. However, we find the distinction
useful because “therapy games’ are in genera designed to be more “arcade™like and
engaging, whil e status tests are simpler and more anenable to quantification.

The enhanced system was implemented using code written in Hypertext Markup
Language (HTML), Active Server Pages (ASP), ActiveX, Java, PERL, and CGIl. The
system is hosted onlnternet Information Server 4.0 onWinNT Server and wses a Microsoft
Access database and a text-file database. Additionally, we have switched from the
Microsoft joystick to the Logted
Wingman Force Feedbadk joystick as it

has better software suppat and fidelity. 100+ ]
3. System Testing MMM /M/J K |
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Several users with movement
impairment due to stroke ae arrently
testing the system. Figure 7 shows
example data for the speed test for one
subjed who had used the system for

60+
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four weeks at the time of writing. This 201

54 yea-old subject had suffered a stroke

one year prior to using Java Therapy. % 20 40 60 80 100
He logged in to Java Therapy three Test Number

times per week from home usingamodem.  Figure 7: Performance on the speed test over a
Heimproved his mean movement speed by  four-weekperiod by a chronic stroke subjed. The
approximately 40% over the four-week horizontal line shows the approximate average
period, performing owr 1600 targeted movement time for an urimpaired user.
movements in the speed game done

Week 1 Week 4

Figure 8: Example trajedories for speal test during the first and fourth week of Java Therapy
usage. Theuser attempted to move between the center and outer targets (small squares).



Figure 8 shows examples of hand trgectories from the first and fourth week of therapy.
Initialy, he exhibited poa control over hand movement tragjedories, particularly to targets
ontheright side of the screen. With repeated pradice he moved more directly toward each
target. The user’'s caregiver provided this email feedbad in resporse to the question “Do
you have any questions or problems with the system?’:
It al seamsto be going well. My husband has worked with it several nights for about an haur eath
night. Life has been a bit hedic lately, but when we ae home he finds time for it. It is good for him
in several ways. I'm sure it is good for his arm, but it is also goodfor him as he feds he is doing
something to make progresson the am. Also it is goodfor his concentration. He redly focuses on
what he is doing and this must be good for his mind. | was with him all the time the first few times.
After that | have sat at the desk acossfrom him so that | am available, but he has been able to go
through most al of the steps himself. He needs me to help get his arm and hand originally in place
but after that he likesto do it himself. It seamsto have lots of positive dfedsin many ways.

4. Discussion

Java Therapy is an affordable, accessble system that allows individuals with
movement impairment to organize, practice, and monitor rehabilit ation therapy. A key
asped of our future research will be to refine and validate the library of therapy and
evauation adivities. We will seek to identify which combination o adivities performed at
what intensity best promotes movement recovery. In addition to low-cost force feedbadk
joysticks, we plan to investigate other interfaces. A major research challenge will be to
design and test input/output devices that can implement the most effective exercises. The
Java Therapy software provides an “operating system” for evaluating these devices and
exercises. Because it is Web-based, Java Therapy shoud allow testing d large subjed
popuations, aswell as quick and kroad dssemination d validated exercise programs.
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