Trial of Robot-Assisted Rehabilitation Using Robotic Pet
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Abstract— Trial studies of the application of the robotic dog it is still an attractive alternative because it can be integrated
AIBO to rehabilitation are ongoing at several hospitals and with communication networks such as the Internet. Odetti at
geriatric nursing homes. In this study, noninvasive g|. used programmed robotic pet and analyzed the
measurement methods such as motion tracking on a video jniaractive effects on the patients with dementia[9]. This

recorder are adopted for evaluating the effectiveness of aper describes the results of preliminary studies of
robot-assisted rehabilitation in terms of mental, social and pap P y

physical aspects. A comparison between therapy using an robot-assisted activity and therapy at an elderly ward of a
autonomous robot and a remote controlled robot showed that hospital and in geriatric nursing homes using Sony’s AIBO
the latter was more effective in assisting rehabilitation in the as a robotic pet.

climate of today’s robotic technology. A simple and

egsy-to-use controller was developed for the_ therapist to use II. GENERAL EXPERIMENTAL CONDITION

with the remote controlled robot. For the simplest type of

technology, a controller with a hand motion sensing capability =~ Robot-assisted therapy (RAT) is typically carried out
was assembled and tested with aged women for an in-houseunder the supervision of a medical doctor or nurse, and has

walking program. clear evaluation goals. On the other hand, robot-assisted
activity (RAA) is usually performed to please geriatric
. INTRODUCTION persons, that is, to simply create a feeling of fun and

M ost industrially developed countries are now seeinigappiness. Robot-assisted rehabilitation is considered to be

the emergence of an unprecedented super-aginge aspect of RAT. Because a robotic pet with advanced
society. In Japan, since the dramatic revision of the medicatificial intelligence (Al) is still incapable of autonomous
insurance system was introduced to reduce medidaghavior and cannot provide an accurate response to a
expenses, there have been various serious effects on the ger@tric person, an intervener coordinates the activity of the
and/or medicine provided to geriatric persons, such as cutbot and the elderly person during rehabilitation. The
in the number of staff and reductions in hospital days. Omgpical configurational arrangements for carrying out RAA
of the solutions to address these issues is the use of robotsrafRAT are shown in Fig. 1. Figure 1(a) shows the
human pets and other related information communicatiagelationship of a pet owner with his/her own pet living
technologies. The key issues to address are the mentafjether at home; Figures 1(b) and (e) show typical cases of
social and physical care of geriatric persons. Althougte relationship between an elderly person, a robot and an
robotic technologies have been successfully used in theervener, which are also shown in Figs. 2 and 3,
physical care, application to the mental and social carerisspectively. In the case of play therapy for a child with
still under study. The pioneering works suggested thasperger's syndrome, the configuration indicated in Fig.
commercially available robotic pet is one of the candidatdgc) was used, in which the patient reflected on the human
for this purpose [1-4] while the huggable robotic pets wenmelationships of herself and her sisters with multiple robotic
specially designed and developed for therapy use [5-Gjets and was helped objectively to understand the situation
Animal-assisted activity or therapy (AAA/AAT) is well [10]. In the case of Fig. 1(d), we attempted to generate
known to be effective for healing and improving the qualitgommunication between 2 patients using one robot as a
of life of geriatric persons in hospitals or the elderly icommon attention-drawer.

nursing homes[7]. However, there are some difficulti ®
associated with the use of living animals, such as aller @ A e A A A
reactions and the spread of unwanted bacteria. Moreo |

there is a need for well-trained handlers to prevent accide =
like sudden bites. Feeding and excretion also necessit (@) (b) (©)
human assistance. In this regard, a robotic pet instead @) .
living animal can be used to overcome such difficultie QAO .AA.
Although the healing capability of a robotic pet i m = AAA
insufficient when compared with that of a living animal [8 @ m @)

(d) (e)
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I1l.  RESULTS ANDDISCUSSION

A. Evaluation of Blood Pressure

Blood pressure was measured just before and after an
activity with a therapist, and the results for 10 cases of 7
subjects are shown in Fig. 4. The average diastolic blood
pressure was reduced by 9.9 mmHg (12%), which appeared
to be a meaningful reduction, while the average systolic
blood pressure was reduced by 2.4 mmHg. From these
results, two possible processes may underlie the reduction in
blood pressure. One is purely by mental process and the
other is through physical exercise, as stimulated and guided

Fig.2 Configuration of remote operation by the robot’s action.
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In our RAA and RAT, we used several kinds c 40 60 80 100 120 140 160 180
commercially available entertainment robots such as Blood Pressure (Before) [mmH(g]

robotic dog “AIBO” (Sony), the robotic cat “NeCoR0" Eig 4 Blood pressure before and after activity
(OMRON), and the robotic seal “Paro” (AIST), as well e

electrically driven stuffed toys were used [11]. Of theseB. Evaluation of Galvanic Skin Reflex
robots, AIBO was selected for this study because it can beThe GSR signal is used to evaluate the wakefulness of a

programmed by the user and is equipped with a wireleg§piact | this study, 2 small electrodes were placed on the
local-area network (LAN) systgm. . subject’s fingers of one hand and temporal changes in
RAARAT was conducted in the ger_latrlc ward Of_ lectronic conduction on the skin were measured. In this
gengral hospital _Of 300_400_ bed capaqty and at ge_r'atwfeasurement, the conductivity reflects the wakefulness of
nursing homes with 100 habitants. Subjects ranged in age subjects through sweating. The GSR signals of 7
from their 60s to 90s and some .had brain problems SUChs%ﬁJjects different from the subjects shown in Fig. 4 were
cerebral hemorrhage or dement_|a. . measured during a rehabilitation session and are
AIBO can pgrform simple mOtIOﬂS.OI’ comblnafuons Whe@ummarized in Table 1. All the subjects suffered from some
programmed in advance or by using a real-time TéMoferd of brain disease and their score on Hasegawa’'s
control through a wireless LAN system. Some examples f, 1 entia Scale-Revised (HDSR) was from 16 down to 0.
these motions are sit_ting, stanc_jing_, raising a limb, turninghe rehabilitation program was composed of 3 parts,
the face, hgad noddl-ng, vocalization of short words, a_r?gndomly ordered, that is, conventional rehabilitation with
hearmg motions. In Fig. 2, the person on the right ha”‘?' S'gﬁmll props, rehabilitation with an autonomous robotic pet,
Is the remote control operator of AIBO and the subjectis fyy repapjlitation with a remote controlled robotic pet.
the wheel chair beside a therapist. The robot operatg[: \omous behavior was produced by “Oriko AIBO”
pos!tions himself behind the supject so as not to disturb t_QSftware (Sony Corp.). In the case with a remote controlled
subject and to allow the therapist to make eye contact wngot’ 5 of 7 (70%) subjects with sympathicotonia showed

him. In the case of group RA_A (Fig: 3), prg-programmeﬂnprovement in wakefulness. On the other hand, in the case
robots were used. The duration of interaction with AIBQvith an autonomous robot, only 1 subject with

was typlcally 30 min. . . sympathicotonia and 2 subjects with parasympathicotonia

A_n important point of note |s_that _the cond|t|_on of e oed deterioration in wakefulness. Sympathicotonia was
sub!ect shou.ld be measured noninvasively. Inthis study, t§<arved in all the subjects in the control group comprising
motion _trackmg of one part of the bpdy, the eye contact 2 healthy women with an average age of 60. The outcome of
the subject [12]’_ and the galv.ar.uc sk!n reflex.(.GSR) were ‘c‘me conventional rehabilitation was similar to that in the case
evaluated during an activity, in addiion to they using a remote controlled robot, showing that the robot
measurements of blood pressure, heartbeat, and b‘\)/ggs effective to some extent relative to the conventional

temperature before and after the activity. program. Interestingly, the subjects showed a more positive



Table 1 Summary of GSR measurement
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attitude to rehabilitation exercise when a robot was us 'gjg
than when conventional tools were employed. This T 35w W/robot¢
because the robotic pet stimulated the subjects, resulting B
meaningful action by making them recall a living pet 1 5
mind. In the present technical state, it was shown, E 1500 //f,/ wlo robot —1
&
3
£

contrast, that the autonomous robot does not react i
timely manner with the subject. It also fails to understa
the given instructions and is thus insufficient for improvir
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the subject’s level of wakefulness. Nevertheless, furtt 00 0 0 0 0O 0 0 0 0 0
progress in Al research will pave the way for the effecti time (sec)
application of autonomous robots to rehabilitation. Fig.6 Integrated movements of patient’s forehead

C. Robot As a Gaze Target

Since a robotic pet is some kind of stranger in the daigontrolled remotely and made to guide the consciousness of
life of a subject, it can serve as a strong gaze target. THie subject from the left side to the right side. AIBO sends
principle was applied to a subject suffering from unilateradtimuli to a subject by raising the forelimb, shaking the
spatial agnosia to improve his spatial recognition abilithead, or barking on the left side of the subject and then
Figure 5 compares the trajectory of the head movementmpving to the right side to keep the subject’s attention. As
the subject during rehabilitation with and without a remotean be clearly seen in the figure, AIBO succeeded in guiding
controlled robot. An infrared video movie of the subjecthe movement of the subject's head to the right side,
with special marker balls on the forehead and tip of the nosplying that the consciousness of the subject was guided
was taken during a rehabilitation exercise. The movememiore easily than in the case of a simple transfer exercise.
of the subject’'s head was analyzed using motion trackifpth trajectories were integrated with time and are
software following the marker balls and the resultartompared in Fig. 6. Total movement during a 12-min
trajectories were overlayed on the last frames of thexercise with AIBO reached up to 4 m, which was a 30%
analyzed movie, which are shown in Fig. 5. The top ariticrease over the case of conventional exercise.
bottom panels correspond to the rehabilitation using Importantly, helping long-stay residents of nursing homes
conventional instruments and AIBO, respectively. In thavoid solitude is also one of the issues that need to be
case of the rehabilitation without a robot (Fig. 5; top), aaddressed in these settings. Therefore, the remote
occupational therapist instructed the subject to transfercantrolled robotic pet was also used in this study in a trial
small prop from his left side where he has intact recogniticxftempting to create a relationship of mutual reliance. This
to his right side with spatial agnosia. In the case dfial is a form of play therapy in which AIBO was co-owned
rehabilitation with a robot (Fig. 5; bottom), AIBO wasand placed between 2 subjects, as shown in Fig. 7 [13]. The



Fig.7 Establishment of a field of communication
using remote controlled robot

subjects aged over 70 suffered from senile dementia. T
were sat side by side near the table edge and in

configuration they were not able to look at each other.

order to create mutual concern, a small item such as a gt
ring or a basket was used. The series of motion show
Fig. 7 was constructed based on a specific scenario.

subject on the left side tried to place the basket in AIBC
mouth (Fig. 7(a)). The operator controlled AIBO and ma
its mouth open in synchrony with the subject’'s actio
Then, AIBO carried the basket to the other subject and \
greeted with applause (Fig. 7(b)). Finally, the subject on-
right side received the basket and praised AIBO by strok
its head, with the sender watching this situation with gre
interest (Fig. 7(c)). After this activity, the sender ar
receiver exchanged roles and preformed the same activit
a similar manner. The intervener supervised the subject
help them follow the scenario. Although the effect of th
activity was not immediately clear and direct, it is expect
that repeating this scenario would bring about a field

communication and also create some kind of relationship
between the 2 subjects.

IV. USERFRIENDLY CONTROL OFROBOT

In this study, a remote controlled robot was found to be
effective in aiding rehabilitation compared with the existing
insufficient Al technology, as shown above. However, a
robot operator as well as a therapist or an intervener is
needed in such form of therapy. Moreover, the shortage of
caregivers can also be problematic in providing therapy. To
address these issues, we developed a simple handheld
operation console instead of the console on a personal
computer in order that the therapist could take direct control
of the robot during the rehabilitation therapy.

A. Control of Operation Console by Therapist

The operation console software of AIBO is supplied with
the robot by the vendor, with the product names of AIBO
Navigator 2 and AIBO Entertainment Player. Since the
manufacturing concept of these products is for
entertainment use, they are somewhat redundant and it takes
time for them to be used effectively, whereas the elemental
motions needed for rehabilitation are much more limited. A
schematic of the developed remote control system for
therapists is shown in Fig. 8. Fifty-two motions were
categorized into 7 groups corresponding to the 7 pages of a
Web style console with a touch screen command input, as
shown in the topmost part of Fig. 8. Touching the
commands twice using a pen or finger allowed us to send a
command to AIBO. The system is sever-less and
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commands are directly sent to AIBO. Moreover a In this study, a simple control system was developed
categorized simple log of the subject can be recorded byising a motion sensor so that a geriatric person with
single click simultaneously with the sending of a commangbhysical and mental difficulties can make AIBO understand
Preliminary results using this system at 3 geriatric nursirfgs/her instructions. A commercially available game
homes are shown in Fig. 9. The results were divided intoc®ntroller, “Wii” (Nintendo), was used for this purpose. In
simple categories: 1) the subject moved physically ithis system, an acceleration signal from the motion sensor is
response to AIBO, 2) the subject remained still but showechnsmitted through a Bluetooth network to the server PC.
a pleasant reaction, and 3) the subject showed no reactidbhe server then calls the control program and controls
From these results, it can be inferred that the activity level 8iBO through conventional wireless LAN. During the
a subject clearly depends on the average degree of careadfabilitation activities, AIBO was dressed in a vest and tied
the subjects approved by the public office. The activitwith reins in order to imitate a living dog. A preliminary
levels ranged from 1 (lightest) to 5 (heaviest), and axperiment was performed as shown in Fig. 10 for a woman
increase in the degree of care by 0.9 resulted in a decreaseli was able to walk by herself and who kept a small dog
the activity level by a factor of 2. before entering the nursing home. The motion sensor was
placed in her right hand and it detected her hand movement

Nursing home A (Care degree 3.4 as she followed the walking steps of AIBO. The activity of
% walking with AIBO reminded her of memories of her
40% younger days when strolling with a living dog and gave her a
Nursing home B (Care degree 3.0 feeling of pleasure which mad_e_ it _posable for hgr t_o walk
= around as part of the rehabilitation program inside the
51% nursing home.
Nursing home C (Care degree 2.5
V. CONCLUSION
73%

The application of the robotic dog AIBO to rehabilitation
was examined from several viewpoints. As for the present
Ephysicaly move Eshow fun ENo response  status of Al robots, a remote controlled robot is much more
reliable and effective than an autonomous robot for use in
rehabilitation. However, one of the key issues that need to
be addressed is how to develop a controller that is small,
] simple and user friendly and which can be ultimately used

B. Control of Pet Robot by Subject by the patient. Although accumulation of quantitative data

Most long-stay residents of nursing homes had beg® necessary to arrive at a concrete conclusion, the
accustomed to keeping dog(s) and walking with thgreliminary results of this study have shown the promising

animal(s) when they were younger. Although it is knowpotential of robotic dogs for rehabilitation.
that walking with animals has a positive effect both

physically and mentally, many difficulties prevented the
subjects from walking together with their living dog(s). ACKNOWLEDGMENT
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Fig.9 Evaluated reaction of subjects at 3 different
nursing homes
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