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Abstract

This paper presents the preliminary study of an interactive rehabilitation support system for both dementia
patients and their caregivers, the goal of which is to improve the quality of life(QOL) of the patients suffering
from dementia through virtual interaction. To achieve the virtual interaction, three kinds of recognition modules
for speech, facial image and pen-mouse gesture are studied. The results of both practical tests and
questionnaire surveys show that the proposed system had to be further improved, especially in both speech
recognition and user interface for real-world applications. The surveys also revealed that the pen-mouse gesture
recognition, as one of possible interactive aids, show us a probability to support weakness of speech
recognition.
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1. Introduction

The number of people with dementia is expected to rise
with the aging population steadily increasing. Dementia
causes a progressive decline in intellectual functioning,
communicative abilities. Hence, it makes it more difficult
to communicate with dementia patients because of such
a loss of memory and cognitive function. In
consequence, this often leads to a mental stress or a
burden to professional therapists or family caregivers, in
the nursing facilities or at home, as ouicomes of
long-term nursing activities.

The ultimate goal of our approach is to raise the
quality of life(QOL) and the rehahilitative will of the
elderly with dementia. This study also aims to improve
the QOL of their caregivers such as professional
therapists  or family members, by lightening their
nursing loads to some degree in long-term care. For
realizing it, the virtual interaction through conversation
has been used for mental or emotional stability of the
older people with dementia. In addition, the system
based on the interactive method might be helpful for
caregivers to do their healthcare services.

On the basis of these social backgrounds, several
interactive systems[1,2,3,4,5] in terms of the
rehabilitation of dementia patients have been developed
so far. One of the systems is based on using a touch
screen interfacell] as an interaction. Some of another
systems is based on a multimedia computer system[2lto
support: communication, and on a computer-hasedmamory training] 3],
Bothour previous(4,5] and present
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systems have been focused on the virtual interaction
between user and system. As the interactive techniques,
the previous study had been developed by simply using
speech recognition, whereas the present study included
face and pen-mouse gesture recognition as well as
speech recognition.

As a prior condition of the interactive system,
especially, we focused on some basics, that is to say,
easy to use and intuitive to access it. Figure 1 shows
an overview of the proposed interactive system for
dementia patients as our preliminary study, including
two different modules that supplement virtual interaction.
The first module is the face recognition which is used
for identifying specific users in order to provide them
with the most optimal services. The second module is
the pen-mouse gesture recognition, especially for easy
use of caregivers, which is used for making up for the
faults of speech recognition which may fail to give
satisfactory results due to a recognition mismatch.

Recoguition

Recognition
& Synthesis

~3

Pen-Manse
Gesture
Recogunition

Caregiver

Dementta
Patiemt

Daily-life Pattern Study }

Touch Sensor

Fig.1. Concept of the interactive system for dementia
patients, based on the recognition modules such as
speech recognition, pen-mouse gesture recognition, and
face recognition.
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These two modules enable the proposed system to be
easily used for caregivers as well as patients. Therefore,
the system was designed to become a good interactive
partner for dementia patients whenever they need.
Through this, the emotional stability of the patients
might be recovered by the virtual interaction, thus
having effects of rehabilitation, Furthermore, the system
might be helpful for the nursing works of family
caregivers at home or professional caregivers at nursing
facilities. In order to do this, the proposed system
should be optimized to dementia patients with diverse
symptoms of dementia. In this study, therefore, the
system processes an interaction based on individual
user’s database.

2. The Interface for Interaction

In speech recognition systems, the HMM(Hidden
Markov Model) has been well-known and widely used
based on the statistical method of characterizing the
spectral properties of the frames of a pattern. In this
study, we used HM-Net(Hidden Markov Network)[6]
which is an efficient representation of context—
dependent phonemes for speech recognition. The
HM-Net, which has various state lengths and shares
their states one another, is automatically generated by
SSS(Successive State  Splitting)[7,8]. The SSS is an
iterative algorithm that is able to simultaneously
determine and estimate an optimal set of allophones, an
optimal  state  sharing  architecture, and  optimal
parameters with the maximum likelihood criterion.
According to which has the largest divergence between
its two mixtures, the state is split on the contextual and
ternporal domains, and the one giving greater likelihood
is then chosen. The affected states are retrained using
the Baum~Welch algorithm{9,10]. The above procedure is
iteratively performed until getting to pre-defined number
of states.

The PDT-S8S(Phonetic Decision  Tree-Successive
State Splitting)[11] based on the $SSS algorithm is a
powerful technique to design topologies of tied-state
models, and is possible to generate highly accurate
HM-Net. The final result of state splitting is a network
of states that efficiently represents a collection of
context~dependent models. In contrast to the training
process of the existing HMM, the architecture of the
models can be automatically optimized according to the
duration of utterances. As a result, the number of states
in vowels increases more than that of states in
consonants in terms of the architecture.

Figure 2 shows an overall schematic of HM-Net
speech recognition system. In case input speech signals
are given to the system, the acoustic features are first
extracted for pre-processing, and then given to the first

and the second pass search modules that use
tree-structured  lexicon, HM-Net Triphones, and
semantic  grammars. The HM-Net based speech

recognizer had been proved that it showed better

performance than the conventional HMM  based
recognifion system in the experiments of phoneme,
word, and continuous speech recognition[12,13].
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Fig.2. Overall schematic of HM-Net speech recognition
system.

The interaction of the proposed system is conducted
by the module of the speech recognition. However, the
performance of speech recognition might be degraded in
noisy environments, especially when playing multimedia
players at the same time. In this study, therefore, the
complementary  function of speech recognition was
adopted by incorporating the module of pen-mouse
gesture recognition into the system. Fig. 3 shows simple
examples for the practical applications based on the
gesture  recognition  which  was  designed and
implemented using Visual Cot, A wireless
pen-mouse(i-pen bluetooth, Finger System Inc.) was
used for this application. The gesture recognition was
based on an simple algorithm discriminating direction
angles, Six kinds of mouse gestures were designed for
controlling multimedia player, whereas one of them is
used for the case of mismatch of speech recognition to
turn back to a previous command. Therefore, this
module can be used as a complementary device of
speech recognition.

: Back (Multimedia Player)

: Next{Multimedia Player)
: Play (Multimedia Player)

- Pause (Multimedia Player)

- Stop (Multimedia Player)

: Informing the system
of recognition mismatch

<L emmOLl

Fig. 3. Application examples of gesture recognition using
a wireless pen-mouse.
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3. The Interface for Face Verification

In the present study, the interface for face verification is
based on the robust digital image processing algorithms
which include the modules of advanced face localization,
enrollment and matching. In the process of wverification,
it first processes the input face image, extracts features
and then writes them to the database. In the module of
face enrollment with a  feature  generalization,
particularly, it generates the collection of the generalized
face features from a number of the face templates of
the same person. Each face image is first processed and
the features are then extracted. In the next step, the
collections of features are analyzed and combined into
one generalized feature collection which is then written
to the database for a matching process. The interface
provides a high level of reliability if the face enrollment
mentioned above is successfully carried out. In the
module of face matching, on the other hand, it performs
the matching process between the input face image and
the face templates stored in the database.

This interface was incorporated into the proposed
system for a user customization. In this study, we used
the Verilook SDKI[14] for real applications. Figure 4
shows the user interface of the face verification realized
by VC++{(ver8.0). The main application window of the
interface has a layout with four panes where two top
panes are used for image display and two bottom panes
are used for message logging. The face detection pane
is used to display the still images, the videos, or the
result of face detection overlaid on image. The
matching/enrollment pane is used to display images
enrolled in face database or used for matching. The
application log pane is used for both the system
information and the progress messages. The matching
results pane is used for listing ID of the subject
enrolled in database, most similar to the matched image.
Subjects are considered similar if their similarity value
exceeds matching threshold set.

FigA. Interface for face verification (No. 1: face
detection pane, No. 2: application log pane, No. 3:
matching/enrollment pane, No. 4: matching results pane)

4. The Proposed Interactive System for
Dementia Patients

The proposed system was built by integrating the
interfaces for both interaction and face verification,
mentioned in the previous chapters. Figure 5 shows the
flow diagram of the entire processing based on the
proposed system which is operated in real time. It
shows how to build the interaction between user and
systent.

If user sits on sofa, the system catches signals from
the touch sensor laid on the sofa and then automatically
activates the face identification engine to detect a face
area. If the system recognizes who is sitting on the
sofa, it adapts itself to the specific user by searching
and adopting the individual database to support the most
optimal services for the wuser. It then activates the
speech recognition engine where the virtual interaction
between user and system is built using speech
recognition and synthesis(i-Talk SDK version 2.2). In
case speech recognition is activated, it is ready to
provide the specific user-oriented services. It can
provide the user, who is dementia patient, with the
rehabilitative support services such as multimedia based
retrospection therapies or daily-life pattern studies. it
can be done by retrieving multimedia database(favorite
music, private photos or videos) using speech
recognition or pen—mouse gesture recognition, with the
help of caregivers. In the proposed system, the list of
the  registered  recognition  candidates can  be
automatically updated according to the corresponding
recognition results.
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Fig5. The flow diagram of building interaction between
user and system

Figure 6 shows the main user interface for the
proposed interactive system made by VC++(ver.6.0), and
by integrating three different interfaces such as speech
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recognition, pen-mouse gesture recognition and face
verification. The proposed system has another functions
for supporting an interaction. It is possible for user to
control multimedia-based application programs such as
video, MP3 and CD players. In addition, the touch
sensor shown in figure 7 was connected to the system
through a print-port control. It was attached on the sofa
s0 that the input signals obtained from the sensor can
activate or deactivate the main system in case someone
sits on the sofa.

Fig.6. Main user interface for the proposed interactive
system. (No. 1: the interface of video processing, No. 2
the interface of touch sensor detection, No. 3: the
interface of face recognition and pen-mouse gesture
recognition, No. 4 the interface of speech recognition,
No. 5 the interface of multimedia control)

Fig.7. Touch sensor{left) attached on the sofa(right)

5. Experimental Results

The speech signals for both HMM training and
recognition process were sampled at 16kHz, quantized at
16 bits, pre-emphasized with a transfer function of

(1-0.97z7"), and processed to extract acoustic features
using a 25ms Hamming window with a 10ms shift. The
feature parameters consisted of 39" order LPC Mel
Cepstrum coefficients, including a normalized log-power,
the first and the second order delta coefficients. Table 1
shows the analysis of speech signals.

Table 1 shows the preprocessing of speech signals to
extract feature parameters. In this study, the database of
ETRI(Electronics and  Telecommunications Research
Institute, Korea) was used in the training process for
speech recognition.

Table 1. Preprocessing of speech signals for speech

recognition.

Item Contents
Sampling rate 16kHz , 16bits
Pre-emphasis 0.97

Window 25 ms Hamming window

10 ms :

13" order LPC MEL Cepstrum
+18"order ALPC MEL Cepstrurm + 13"
order AALPC MEL Cepstrum = Total

39" order LPC MEL Cepstrum

Frame period

Feature
Parameter

As preliminary experiments of the interactive system for
dementia patients, total 25 male college students were
participated in the evaluation of the proposed system.
For examining the human performance on the accuracies
of the system, we first showed them a demonstration of
how to use and operate the system, and made them to
use it for themselves, Table 2 shows the average
recognition accuracies in each module such as speech
recognition, pen-mouse gesture recognition and face
recognition. For the evaluation of speech recognition
incorporated into the proposed system, total 475
utterances(25 users * 19 utterances) were used. The
evaluation was performed in the laboratory environments
with the noises such as computer cooling fan or buzz of
voices., In experiments, we adopted speech recognizer
with 2,000 states and 4 mixtures per state. For the
evaluation of pen-mouse gesture recognition, total 150
pen-mouse gestures (6 gestures * 25 users) were used.
For the evaluation of face recognition, on the other
hand, the facial images of 25 male college students were
first registered in database and the recognition test in
each user was then conducted.

Table 2. Accuracies of three recognition modules such
as speech, pen-mouse gesture and face recognition.
Module
Speech Recognition
Pen-mouse Gesture
Recognition

Accuracy(%)
(330/475)%100=69.5

(139/150)*100=92.7

(24/25)%100=96.0

Face Recognition

As the evaluation using questionnaire, all participants
marked ranks from 1-point(very difficult, never useful)
to H-point{very easy, very useful) about both how easy
and how useful they thought the system was to use. As
shown in the questionnaire survey of figure 8, the
results which took note of the frequencies of the point
1 and 2(difficult to use as well as not useful) show that
the proposed system needs further improvements,
especially in speech recognition and user interface for
real world applications. It is mainly due to the
degradation of speech recognition influenced by ambient
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noises, diverse speaking rates, and speaking styles of
users. However, the surveys also revealed that the
recognition module for pen-mouse gestures showed us a
realizable possibility that made up for the weakness of
speech recognition.

Fig.8. Modules or Interfaces that should be improved
(No. 1: speech recognition, No. 2: face recognition, No.
3. real-time processing, No. 4. user interface, No. 5
pen-mouse gesture recognition, No. 6: etc.)

6. Conclusion

A vpreliminary study on the interactive method for
dementia patients was investigated. The proposed
system made use of the integrated method based on
speech, face and pen—mouse gesture recognition. As a
result of questionnaire survey, it was revealed that the
proposed system needs to be improved, especially in
speech recognition and user interface. The accuracy of
speech recognition is unsatisfactory due to ambient
noises, diverse speaking rates, and speaking styles of
users. Nevertheless, it seems that the alternative device,
such as recognition module for pen—-mouse gestures, can
improve an imperfection of speech recognition.

As future works, the present system should be
conducted on more natural methods for interaction so
that the future system would allow users to feel more
natural in virtual interaction. In addition, the system
should be applied to both dementia patients and their
caregivers in the real field of nursing facilities.
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