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Abstract. We propose a tactile expression mechanism that can make
physical contact and provide direction indications. We previously pro-
posed a wearable robot that can provide physical contact for elderly
support in outdoor situations. In our current scheme, wearable message
robots, which we mounted on the user’s upper arm, give such messages
to users as navigational information, for example. Using physical con-
tact can improve relationships between users and robots. However, our
previous prototypes have a problem because the types of tactile expres-
sions (that the robots can make) are limited. Thus, we propose a tactile
expression mechanism using a pneumatic actuator array for wearable
robots. Our proposed system consists of four pneumatic actuators and
creates such haptic stimuli as direction indications as well as stroking a
user’s arm. Our wearable robots were originally designed as appropriate
support and communication for two types of physical contact: notifica-
tion and affection. Our proposed mechanism for physical contact and
direction indications naturally extends not only notification but also the
affection abilities of the robot. Our robots and our proposed mechanism
are expected to support the mobility of senior citizens by reducing their
anxiety on outings.

1 Introduction

The world’s aging societies continue to face a variety of serious problems related
to lifestyle changes, such as an increase in nuclear families. In these societies,
the elderly and the disabled who are living alone sometimes need the support
of caregivers to overcome their anxiety even when they just want to leave their
homes for a walk or go shopping. However, due to a shortage of caregivers and
volunteers and the emotional burden of seeking help, such people often with-
draw from society. Such withdrawal from society causes even greater problems,
including advanced dementia.
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During outings, the elderly and the disabled face two main problems: physical
problems, especially for seniors, caused from impaired body functions, and cog-
nitive problems, which can exacerbate memory loss and attention deficit issues.
Such problems can result in serious accidents. The use of power suits [14] solves
some of these physical problems by compensating for partial power loss. On
the other hand, cognitive problems can cause memory loss and attention deficit
issues. For people with dementia, the instructions or the purpose of their outings
might be forgotten, which can be risky [11] during outings.

We focus on cognitive problems and solve them with robots. We are research-
ing wearable message robots that can care for and support such people during
their outings [18,21]. Since our robots are wearable, they can provide support to
users anytime and anywhere. In addition, since physical contact is intuitive and
critical for communication, our robots have a mechanism for making two types
of physical contact: notification and affection. Notifications are robot behaviors
made when the robot wants to tell the user something, such as patting the user’s
arm before saying something. Affections are behaviors that show the robot’s
internal states, such as embracing the user’s arm. We believe that both behav-
iors are important for achieving natural communication and good relationships
between users and robots [23].

Considering support in outside situations, indicating directions is also essen-
tial, for example, when the robot wants to convey the idea of “Please look over
there.” Even though pointing by the robot’s arm is a natural way to indi-
cate directions, the DoFs of our wearable robot arms are insufficient for such
behaviors. Unfortunately, increasing the number of DoFs in the robot arm also
increases its weight. Vocal notifications are another natural way for directional
indications by robots. However, vocal information is sometimes difficult to hear
and understand outside, especially in crowded situations. In addition, although
louder voices simplify notification, personal messages might be embarrassing:
“It’s time for a toilet break.” Thus, in this paper, we propose wearable robots
that can make not only physical contact but also give direction indications.

2 Related Research

Various researches exist on haptic stimuli as displays for mobile situations.
Research has investigated vibration stimuli as feedback on the touchscreens of
mobile devices [5]. Directional indicators have also been discussed using vibro-
tactile devices [4,6], gyro moments [1,20], and a combination of skin stretches and
vibro-tactile stimuli [2,8]. These researches physically notify users of information.

Considerable researches have also been conducted on anthropomorphic
behaviors, such as affection, the attention of robots and agents [9], and wearable
haptic interfaces [3,16]. The effectiveness of anthropomorphic expressions using
pointing, facing, and the gazing of the robots and agents has been confirmed
in various experiments [9,24,25]. Their multimodal behaviors are effective; how-
ever, the behaviors have been discussed without including physical contact by
robots.
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Communication robots or agents as media have also been developed based on
the premise of ongoing communication between people [12,13]. Other schemes
feature a wearable avatar robot on the shoulder [7]. A mobile-phone type robot
was also proposed [10].

We have been researching support for elderly outings, especially toilet prob-
lems, such as a toilet map acquisition system [19] and a toilet timing suggestion
system [15]. To achieve such an elderly support system based on such researches,
appropriate mechanisms for transmitting the support information are also impor-
tant. For such purposes, we proposed a wearable message robot that combines
haptic stimuli and a robot’s anthropomorphic behaviors to enable feeling actual
physical contact from the robot [21,23] and a simplified system [18].

In this paper, we propose a mechanism that can make not only physical
contact but also provide direction indications for effective elderly support in
outdoor situations.

3 Previous Prototypes of Our Wearable Robots
with Physical Contact

First, we introduce the previous prototypes of our wearable robots [18,21].

3.1 First Prototype

Figure 1 shows the first prototypes of our wearable message robot [21]. As
described above, both notification and affection are important for human-robot
communication. This prototype system performs both behaviors.

Figure 2 shows the system configuration of the first prototype. The system
consists of a stuffed-toy robot that includes sensors, actuators, and a fixing
textile. It has two degrees of freedom (DoFs) in its head and one in its left hand.
A 3D-accelerometer with a 3D-compass detects the activities of both the user and
robot, and there is a speaker inside the robot. In the fixing textile, a vibration
motor is attached for haptic stimuli. We placed an antenna of capacitance (as
used in a theremin) on the lower part of the fixing strap to measure the thickness
of the user’s clothing and to adjust the strength of the haptic actuations.

The system’s fixed parts weigh about 350 g, including the stuffed-toy robot,
the actuators, and the battery. But since this prototype requires a small PC
(400 g), its total weight is about 800 g.

By simultaneously combining the motions of the robot and the haptic stimuli,
our proposed system provides users with a feeling of physical contact from the
robot. To express a notification, the robot repeatedly pats the user’s arm, while a
short-term vibration simultaneously creates haptic stimuli to express the physical
contact of the robot’s touch. This behavior is seen during a caregiver’s initial
contact with a patient. To express affection, the robot turns its face toward the
user, and a simultaneous pressure stimulus relays the physical contact of the
robot’s hugging behavior.
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Fig. 1. System view of first prototype [21]
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Fig. 2. System configuration of wearable message robot [21]

3.2 Second Prototype

Next, we introduce the second prototype of our wearable message robot [18]. This
simplified version of our first prototype solved the previous weight and robust-
ness problems. The first prototype included several sensors and actuators and
can realize various behaviors and tactile expressions. On the other hand, con-
sidering the actual use cases for seniors or patients with dementia, the detailed
system’s robustness is insufficient. Furthermore, since it is too heavy to wear
for everyday use, we designed a simplified configuration of our message robot to
achieve greater robustness and lighter weight.

Figures 3 and 4 show the appearance and configuration of the second pro-
totype. In the simplified system, we employ smartphones proactively. Since the
latest smartphones are generally equipped with a triaxial accelerometer and
a compass, we employed these sensors to estimate the user’s situation and
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Fig. 3. System view of second prototype [18]

Fig. 4. Configuration of second prototype [18]

activities. Since smartphones are also equipped with a global positioning sys-
tem (GPS), we are investigating whether the location and velocity information
obtained from the GPS can be exploited to estimate the user’s context. The robot
includes a vibration motor for tactile presentation and a speaker for auditory
presentation. These actuators are controlled by a small board PC (Raspberry
PI). The board PC and smartphone are connected through Wifi or Bluetooth.
A pocket is included on the fixation strap for storing the smartphone. The robot’s
weight (including a battery) is about 250 g and it is about 18 cm tall. Thus,
the entire system’s weight including the robot and the smartphone is about
350–400 g (most smartphones weigh less than 150 g).

3.3 Problems of Previous Prototypes

As described in this section, we proposed two prototypes of wearable robots that
can make physical contact. However, our previous prototypes have a problem
because the types of physical contact that the robots can make are limited.
Table 1 shows the tactile expressions of the previous prototypes. The first can
make two expressions (one in notification and another in affection), and the
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Table 1. Tactile expressions of previous prototypes

Types Expressions

1st Notification Drawing attention

Affection Embracing

2nd Notification Drawing attention

second can only make one expression. Thus, in this paper, we propose a tactile
expression mechanism that can make various physical contact expressions for
wearable robots.

4 Tactile Expression Mechanism Using Pneumatic
Actuator Array

Next, we propose and describe our proposed tactile expression mechanism using
a pneumatic actuator array for wearable robots.

Figure 5 shows its appearance with the proposed mechanism. Figure 6 is the
proposed mechanism’s configuration for tactile expressions. The proposed mech-
anism is used as a fixed part of the robot. In the following description, we use
the actuator numbers shown in Fig. 6.

Four actuators are arranged around the user’s arm. By shortening a portion
of the actuators, various directions can be indicated. We employ pneumatic
actuators (SQUSE PM-10RF) that are shortened by increasing their internal
pressure. The overall system configuration for direction indications is shown in
Fig. 7. The pneumatic actuators require a compressor (SQUSE ACP-100) and a
pressure control unit (PCM-200).

Fig. 5. System view of proposed system
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Fig. 6. System design of direction indication
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Fig. 7. System configuration

Table 2. Tactile expressions of proposed mechanism

Types Expressions

Notification Indicating directions

Drawing attention

Affection Embracing

Stroking

Clinging

Our proposed mechanism is designed for making both a notification and
showing affection. We designed two types of notification and three types of affec-
tion, as shown in Table 2.

Notification Expressions: As with the notification expressions, we design
expressions for indicating directions and drawing the attention of users. Although
indicating directions is not a physical contact, direction indications are essential
during such outdoor support situations as navigation. Thus, the main purpose
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Fig. 8. Motion design of direction indication

of the proposed mechanism is realizing direction indications. The basic idea for
indicating directions was proposed in the literature [17].

Figure 8 shows examples of motion designs for indicating four directions. In
these designs, two adjacent actuators are shortened simultaneously, and pulling
sensations are generated in the same direction of the shortened actuators. For
example, in Fig. 8(a), the system indicates the left direction (toward the robot)
by shortening actuators 2 and 3. In addition, we can make diagonal directions
by activating just one actuator.

Unfortunately, we have not experimentally evaluated the effectiveness of our
motion designs for our proposed mechanism yet. Instead, several people have
used it from whom we obtained comments and feedback. Some recognized the
direction indications, but others could not. These results suggest the need for
further improvements of such actuation ways as strength or timing. On the other
hand, although the current implement remains relatively unsophisticated, some
did recognize the indications. Thus, our system’s basic mechanism for indicating
directions can achieve directional indications.

In addition, as physical contacts for notification expressions, we design
expressions for drawing the attention of users. These robot behaviors grab the
user’s arm by its left/right hand and are implemented by shortening the actu-
ator (2 or 3) located at the robot’s hand. We aim to realize similar expressions
for the patting behaviors of the first prototype.

Affection Expressions: As with the affection expressions, we designed embrac-
ing, stroking, and clinging expressions as shown in Table 2. The details of the
affection expressions are described in the literature [22].
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5 Conclusion

In this paper, we first introduced two prototypes of our wearable message robots
that snuggle up to the user’s upper arm and transmit messages to users after
making physical contact. We expect our robot to reduce the anxiety of the elderly
during outings and support their participation in such events.

We also proposed a tactile expression mechanism that can make physical
contact and provide direction indications for our wearable robots. Our proposed
system consists of four pneumatic actuators and creates not only physical contact
but also provides direction indications.

Future work will experimentally evaluate our system’s effectiveness and inves-
tigate such detailed motion designs of actuators as different combinations of
shortened actuators and actuation timing and strength. Appropriate behaviors
will be investigated to combine direction indication and robot behaviors. We
are also investigating an integrated support system for seniors that consists of
our method, a toilet map acquisition system [19], and a toilet timing suggestion
system [15].
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15H01698 and 25730114.
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