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Abstract. With advances in medical technology, people’s life have been ex-
tended, and there are more and more older adults isolated. If they do not maintain
social life with others, they may feel loneliness and anxiety. For their mental
health, it is reported effective to keep their social relationship with others, for
example, the conversation with their caregivers or other elderly people. Active
listening is a communication technique that the volunteer listener listens to the
speaker (the elderly) carefully and attentively by confirming or asking for more
details about what they heard. This helps to make the elderly feel cared and to
relieve their anxiety and loneliness. This paper presents our in-progress project
aiming to develop a framework of a virtual companion agent who is always with
the user and can engage active listening to maintain a long-term relationship with
elderly users. In order to achieve the agent’s companionship with the user for a
longer period, we believe that it is essential to make the agent to understand the
user as best as it can. This kind of user-fitted conversation is not addressed in
previous companion agent work. The proposed approach is the acquisition of the
“memory” of the user’s daily life in two situations, at-home and outside-home.
In the former one, multiple Microsoft Kinect depth sensors were adopted. The
depth information is integrated to detect the user’s position and posture and then
to estimate the user’s daily activity. In the outside-home configuration, the proto-
type application is an Android smartphone application that recognizes the user’s
moving status with the information from the on-board three-axis accelerometer
as well as the location of the user from GPS information. These data are then
used to estimate the user’s outside-home activity. All estimated daily activities
are recorded in an activity history database. Both the at-home and outside-home
activity estimation methods have been developed and have been evaluated in a
laboratory environment with student subjects at a moderate accuracy. The in-
terface of the companion agent is being designed with the results from human-
human and human-agent (driven by the data from the human listener condition)
subject experiments. After the technologies are more matured, we would like to
conduct real-world experiment with elderly subjects in near future.

1 Introduction

With advances in medical technology, the average life expectancy of world population
is increasing. Since the probability of becoming cognitively impaired increases with age
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(roughly 10% of over 65 years old people), one side effect of increasing life expectancy
is the emerging number of dementia patients. It is said that currently there are already
around 40 million dementia patients all over the world. This is particularly severe in
developed countries where the problem of aging population proceeds. Japan, probably
is the country in most severe situation in the world. According to a recent statistical
data, the number of dementia patients in Japan has already exceeded two million (1.6%
of the population), and the number will keep increasing to 4.5 million (4.1% of the
population) by 2035.

If they do not maintain social life with others, they may feel loneliness and anx-
iety. For their mental health, it is reported effective to keep their social relationship
with others, for example, the conversation with their caregivers or other elderly people.
Reminiscence or life review [1] is a well known method to slow the progress of the
most prominent symptom of dementia, memory impairment. It is also reported in the
literature [2,3] that repetitive stimuli on cognitive functions in the environment is also
effective in suppressing the degradation of specific cognitive abilities.

Active listening is a communication technique that the listener listens to the speaker
carefully and attentively by confirming or asking for more details about what they heard.
This kind of support helps to make the elderly feel cared and to relieve their anxiety
and loneliness. However, due to the lack of the number of volunteers comparing to
that of the elderly who are living alone, the volunteers may not be always available
when they are needed. In order to improve the effect, always-available and trustable
conversational partners in enough number are demanded. This paper presents our in-
progress project aiming to develop a virtual companion agent who can engage active
listening and maintain a long-term relationship with elderly users.

This paper presents our approaches in acquiring the “memory” of the user’s daily
life in two situations, at-home and outside home. Because of the different level of con-
straints of the situations, we tried to maximize the richness of sensory information with
different sensor technologies for each of them. Fig. 1 shows the conceptual diagram of
this project, where the companion / listener agent can utilize the daily activities of the
user and engage the conversation with him / her. The daily activity database are created
from the information gathered by portable device (smartphone) and at-home sensors
(Microsoft Kinect). These information can be further searched by medical institutions
or the family of the users from remote.

2 Related Work

Various assistive technologies for dementia patients have been proposed so far. Since
it is difficult to find a sufficient number of caregivers for dementia patients in many
countries, besides providing physical assistance to those with physical impairments, it is
important for assistive artifacts to provide communication functions [4]. An embodied
conversational agent can effectively serve as a listener for people with dementia if it is
accepted as a companion by the patients. Previous studies on the acceptance of such
an agent by elderly people reported that it is important for the agent to display social
signals, like smiling and head nods [5]; this enables the agent to gain the patient’s trust
and enhances intimacy [6].
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Fig. 1. Conceptual diagram of the project

In the aspect of conversational companion agents, most previous studies focused
on user perception of empathy and affectiveness during the interaction with the agent.
Kanoh et al. [7] investigated user acceptance of a robot in recreational use inside health
care facilities for elderly people. Although the participants showed positive reactions to
the robot, the interaction between the participants and the robot was seldom observed.
Bickmore et al. [4] investigated the effects of verbal and non-verbal empathic behaviors
of a 2D graphic agent and found that the subjects did rate the agent more caring if it
shows those behaviors. Leite et al. [8] investigated a robot cat showing empathic be-
haviors (voice, facial expressions, and head movements) on the players of chess game.
Smith et al. [9] proposed the integration of affective dialogue with a deliberative ar-
chitecture. These studies showed that the display of empathic behaviors can usually
make the conversational artifacts better accepted by users, which is a requirement of
artificial companions. However, these proposed systems are neither equipped with the
mechanism to keep long-term relationship with the users nor used in serious tasks.

Other studies try to model episodic memory which is essential to maintain the di-
alogue with users in long-term relationship. Sieber and Krenn [14] proposed a W3C
RDF (resource description framework) based presentation of past interaction and user
preferences. In order to achieve higher efficiency and more realistic dialogue, Lim et
al. [10] integrated “forgetting” feature into their episodic memory model. Campos and
Paiva [11] proposed a chat agent for assisting a teenager user on self-reflection about
what happens in his / her life. The dialogue is pro-active and adapted to the main goals
of a teenager user, school, love and play. These projects also do not aim serious use of
companion agent, but the Campos’ work shares similar general idea with us, i.e. store
and acquire personal memory by the interaction with a companion agent.

3 Recording of Daily Activities

In order to achieve the agent’s companionship with the user for a longer period from
several months to several years, we believe that it is essential to make the agent to
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understand the user as best as it can. Previous approaches include gathering the profile
information of the user in advance and record the interaction history between the agent
and the user. In addition to them, tracking the activity history and the events occurred
in the user’s daily life seems to be a reasonable approach if the agent is always with the
user. By tracking the regular patterns as well as the occurrences of irregular patterns, the
agent may discover the user’s personality and habits and have more chances to engage
the conversation with the user. Then the agent can then trigger the utterances like “You
waked up latter today. Did you feel bad somewhere?” or “Please take care of yourself
better” if it finds that the user eats out everyday.

3.1 At-Home Situation

In the at-home configuration, Microsoft Kinect depth sensors were adopted because the
balance between its effectiveness and cost, as well as the user can be free of attaching
some dedicated sensors on his/her body. Due to the fact that a single Kinect can only
detect the distance between itself and the objects within a range between 0.8 and 4 m,
multiple Kinects are required to cover a typical one-room apartment (about 30 m2) in
Japan. The method to integrate the coordinate systems of two Kinects to the world coor-
dinate system is evaluated to have a precision with errors less than 0.6 m in a simulated
room. This should be enough to detect the locations of the user inside his/her home.
From the location and prior knowledge of the room layout (the locations of TV, toilet,
kitchen, etc), we expect that we can estimate the user’s at-home activities. Fig. 2 shows
the layout of the simulated room where we conducted the experiments. We measured
the precision of the position estimation method at the preventative positions with a two-
Kinect setup. Table 1 shows the results. The precision varies while the distance toward
Kinects. The precision is only at moderate level but should be enough to distinguish the
spaces where the user doing his / her activities.

Table 1. Measured precision of the position estimation method for at-home situation

ID (X, Y) estimated (X, Y) error

1 (-2.000, -0.500) (-1.121,-0.278) 1.136

2 (-0.500, -1.000) (-0.331, -0.559) 0.471

3 (-1.000, -0.500) (-0.580, -0.235) 0.496

4 ( 0.000, 0,000) (0.591, -0.170) 0.524

5 (-0.500, 0.500) (0.057, 0.084) 0.102

6 (-0.500, 0.500) (-0.304, 0.323) 0.263

7 (0.500, 0.500) (0.284, 0.333) 0.271

8 (-1.000, 1.000) (-0.551, 0.473) 0.691

9 (1.500, 1.000) (0.001, 0.004) 1.799

10 (0.000, 1.500) (-0.024, 0.900) 0.600
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Fig. 2. Coordinations where the precision of position estimation was measured

3.2 Outside-Home Situation

In the outside home configuration, the prototype application is implemented on a Sam-
sung Galaxy SII phone. This Android application recognizes the user’s moving status
(walking, running, bicycle, car, or train) with the information from the on-board three-
axes accelerometer (sampling rate: 100 Hz). The recognition process uses a priorly
trained C4.5 decision tree by Weka data mining tool [12] from 30-minute training data
of each class. Since there should be no difference of feature values among different
person on transport vehicles, those training data were collected from one person. On
the other hand, the walking data were collected from five college students (three males
and two females). The features used are the maximum, average, and deviation of each
axis. The measurement is based on a 5-second sliding window in real-time, and a 92.2%
10-fold cross validation accuracy is achieved. Base on this mechanism, we further mea-
sure the activities in larger temporal granularity, i.e. 10 minutes, one hour, and one day.
The preliminary experiment is done with one male college student’s activities in one
month. In addition to the features for detecting moving status, other features like time
period and the types of facility where the subject is in were used. Table 2, 3, and 4 show
the confusion matrices of the classification results of each granularity, respectively. The
classification accuracy at 10-fold cross validation was shown in Table 5. Furthermore,
these data were sent to a database where queries of the user activities is possible from
Web interface (Fig. 3).

The application also logs the user’s current position from the location information of
on-board GPS sensor (sampling rate: 1 Hz). The moving status and position is sent to a
back end server in trunks periodically (for example, once every 10 minutes). Our next
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Table 2. Confusion matrix of 10-minutes activity estimation. The data in columns are the classi-
fication results

Lunch Dinner Desk work Restaurant Shopping Walking Bicycle Car Train

Lunch 124 0 5 1 1 0 0 0 0

Dinner 0 127 5 0 1 0 0 0 0

Desk work 11 33 118 0 0 0 0 0 0

Restaurant 0 0 0 174 0 0 0 0 0

Shopping 0 0 0 0 173 0 0 0 0

Walking 0 0 0 0 0 150 0 0 0

Bicycle 0 0 0 0 0 0 156 0 0

Car 0 0 0 0 0 0 0 135 0

Train 0 0 0 0 0 0 0 0 138

Table 3. Confusion matrix of one-hour activity estimation. The data in columns are the classifi-
cation results

Meal Shopping Desk work Moving

Meal 76 1 19 0

Shopping 16 91 5 0

Desk work 19 0 83 0

Moving 0 0 0 100

Table 4. Confusion matrix of one-day activity estimation. The data in columns are the classifica-
tion results

Study & Research Meal Recreation

Study & Research 10 0 0

Dinner with friends 0 8 2

Recreation 0 2 8

Table 5. Classification accuracy (10-fold cross validation) in different temporal granularities

Time Slice Moving 10 minutes One hour One day

Accuracy 92.2% 95.9% 85.3% 86.6%
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Fig. 3. Visualization of the activities of outside-home situation

step is to extend the companion agent interface to the smartphone. Considering safety
issue, it is not necessary to include the graphical character. However, as the literature
reports that the user can feel the agent migrate even its form changes [13], it would be
easier to establish trustworthy relationship with the agent if the user can feel the agent
is still with the user when (s)he is outside home. For example, using the same voice and
the same personality model in both the at-home agent kiosk and the mobile phone.

4 Conclusions and Future Work

This paper presents a part of work of an ongoing project that aims to develop a virtual
companion agent for the elderly. It is believed that the tracking and utilizing the daily
life activity of the user for the agent’s action decision-making can help to develop long-
term relationship with the user. Kinect depth sensors were used in at-home situation
while Android mobile phone is used in outside home situations to record the user’s
locations. These data are further used to estimate the user’s activities. As future work,
first of all, we would like to integrate the activity information from both the at-home
and outside home situations and develop an uniformed memory representation for the
agent. After that, we would like to complete the development of the interaction loop
of user activity recognition and agent behavior generation. Finally, we would like to
deploy the complete system in long-term practical use to evaluate its effectiveness.
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