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Abstract. Japan is facing the phenomenon of an aging population. Elderly 
individuals in Japan are becoming increasingly isolated, with no one to look 
after him or her as the elderly individual's health deteriorates. To prevent this 
decline in elderly individuals, the Japanese government has been introducing 
various devices to monitor the health of elderly individuals. However, existing 
products in Japan do not fully address customer needs because they focus solely 
on functionality. As a result, elderly individuals that do not depend on 
monitoring may find the system too inconvenient. However, it is still important 
for elderly individuals in good health to be monitored to identify risks and 
prevent a decline in health. Therefore, health monitor designers must reduce the 
inconvenience to the user caused by systems that monitor elderly individuals.  
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1   Introduction 

The proportion of elderly individuals in Japan's population is growing rapidly [1]. The 
problem is compounded with elderly individuals becoming increasingly isolated. As 
individuals age, their health deteriorates, but elderly in Japan often have no one to 
take care of them [2]. Moreover, the Japanese government has also identified a 
gradual decline in mental health due to loneliness. Lack of contact with family and 
friends has a negative impact on the physical health of elderly individuals as mental 
stress takes its toll. This ultimately leads to a cyclic effect where the lack of family 
connection leads to mental stress that adversely affects physical health, leading to 
even more mental stress. To address these issues, the Japanese government has been 
introducing various ways to make sure the safety and health of elderly individuals are 
monitored. This provides capable and independent elderly individuals with the 
functionality of a caretaker, while also ensuring that they feel less mental stress 
because they are being watched over [3]. 

A key problem of existing health monitors for elderly individuals is that users are 
required to adjust his or her lifestyle to incorporate the new device into their daily 



routines. The inconvenience not only makes it hard for users to remember to use the 
device, but also poses a problem with wide spread adoption. In addition, existing 
systems fail to address the mental deterioration of the elderly due to loneliness and 
lack of connection with their family.  

To overcome the shortcomings of existing systems, which mainly address 
functionality, our group approached the problem from a user centric perspective. The 
project’s main goal was to develop monitoring devices that non-intrusively integrate 
into a person’s current lifestyle. To achieve this objective, our group's devices were 
designed with form factors that mimic items that an elderly individual would 
commonly use on a daily basis. A well-chosen form factor streamlines the process of 
health monitoring so that elderly individuals can have their well being measured and 
analyzed without learning a new interface. However, an invisible monitoring system 
does not address the mental stress of the user caused by loneliness and lack of 
connection. To address that issue, this project focused on development of devices that 
provide psychological reassurance or connection with his or her family.  

This document will serve as a starting point for others interested in pursuing an 
extension to our implementation. Instead of focusing on the actual hardware 
implementations of this year long project, we will highlight the design space and 
thought process the group gathered in developing a prototype that demonstrates a 
health monitor that is both non-intrusive and promotes family connection. 

2   Overview of Current Solution Space 

Existing solutions are capable of monitoring the welfare of elderly individuals. 
However, the current solutions require a change in the lifestyle of the elderly user. 
The Japanese government, through regionally sponsored projects, has made various 
efforts in addressing this issue. Sponsored by the Niigata Prefecture, a company in 
Tokyo called IDUR designed the ABS1 continuous monitoring sensor package made 
to track different vital signs and activity data. The elderly would wear the ABS1 
measurement device as a clip on their pants (Figure 1) [3]. On the other end of the 
spectrum, Paramatec designed the HN-301 is a central health measurement system at 
home that will take comprehensive data like a daily check up. To use the HN-301, the 
user will interact with the device once a day to get a measurement of heart rate, 
galvanic skin response (GSR), and blood pressure [4]. The SECOM Safety Call 
system is a check-up service that keeps track of the elderly through phone. The call 
system was introduced in Japan to address the issue of elderly loneliness. When an 
elderly feels unwell, he or she can notify the call center. The call services will contact 
the elderly and ask them about how they are doing and pay the elderly a visit when 
necessary. With the Safety Call System, the users self-evaluate their condition and 
determine whether it is appropriate to contact health officials. These services are often 
augmented by the use of connected health monitors that the elderly can use to 
measure his or her vitals to provide more information about their conditions during a 
call.  



 

Fig. 1. Examples of health monitors being developed through local government projects. Left is 
the ABS1 and the right is the HN-301  

 
The main target of these devices is the elderly demographic that is still healthy 

enough to live independently but will benefit by being monitored for early signs of 
deterioration. These solutions require the user to actively adapt to the device or 
service. This is a flaw in the design, because elderly users who feel that they are 
healthy may have not have enough motivation to wear the ABS1 or pick up the HN-
301, and may not relay health problems to the Safety Call System. Thus, while the 
functionality of the monitoring system exists, the user experience has prevented 
adoption in the Japanese market. 

3   Proposed Solution 

Instead of focusing on the monitoring functionality and finding ways to make the 
package of sensors as small as possible, the group focused on identifying interfaces 
that an elderly would already use on a daily basis. Leveraging an already familiar 
device removes the need for the user to adapt to the monitoring system. The 
established habits for interacting with the object also give an entry point for sensor 
choices and placement [5]. 

For this project, the group developed health-monitoring devices from several 
categories of form factors that the elderly user might interface with regularly. Each 
category was evaluated for its ability to enforce feelings of reassurance and 
connection in the user. 

 
1) Wearable item: The current solution space exists primarily in this category. 

If the health monitor has a wearable form factor, a wider variety of data can 
be taken; however, this form factor is also very difficult to integrate into the 
user's lifestyle precisely because they interact with it the most. In our 
subsequent discussion on design considerations, we will be including this 
form factor to give a more complete comparison of the design space. 
However, this category of form factor was not the focus of this project and 
we did not produce a prototype of this variety, because it did not address the 
connectivity and psychological reassurance aspect of our project.  
 



2) In-home Item: An item placed in the house, such as a television remote, 
electronic photo frame, or teacups, could take data regularly as the user 
interacts with it. For example, a photo frame could prompt the user when 
there are new photos available from his or her family. The photo updates 
become a constant reminder of family connection. Meanwhile, the device 
can measure and transmit health data to remote caregivers.  
 

3) Portable item: A portable item that an elderly user might normally carry 
outdoors could be used to take data not available to monitoring device with a 
stationary item form factor. A cane, for example, could provide physical and 
psychological support as the elderly individual utilizes it. The cane form 
factor would leverage the elderly individual's typical interaction with the 
cane; that is, the elderly individual would use it outdoors on walks. While the 
elderly is out of his or her home, the family member would be notified of the 
activity and can watch for any sudden changes that may need them to contact 
their parent. The reassurance that someone is looking out for the elderly user 
will further reduce the stress of leaving the house and encourage them to 
venture outdoors more frequently. 
 

Because the monitoring system is intended to be easy to integrate into the user's 
lifestyle, the device must use the elderly user's typical interaction with the form factor 
as the basis for sensor selection and placement. Established habits can give a good 
guide to the frequency at which an object is used, how an object is used, and where an 
object makes contact with a person. 

4   Device Interaction 

4.1   Usage Frequency and Interaction Types 

A high volume of information can be obtained by embedding sensors in items that 
the user would wear. This is the method that most have investigated, from 
instrumented clothing to watches. This type of device would be able to take data 
constantly as long as the user wears it. However, a user may prefer a specific style 
and not want to replace it with a different version despite added monitoring 
functionality. Additionally, because the device would be constantly used, it is more 
likely to experience wear and tear and would need to be very durable. 

 
A cane with embedded sensors can act as a physical support while monitoring 

elderly users. A cane form factor would directly target the market that already uses 
and relies on canes for daily activities. For these users, the cane form factor would be 
easily adapted into their lifestyle. Because the use of a cane is typically outdoors, the 
form factor would be effective at monitoring the users when they leave the house. 
This is the form factor the group ultimately created a demo prototype, which 
measures ambient temperature and humidity, GPS, step count, fall detection, hand 
temperature, and heart rate (Figure 2). 



 
Fig. 2. Prototype as designed by the Harvey Mudd engineering team for the walking cane form 
factor. This initial prototype is capable of measuring ambient temperature and humidity, GPS, 
step count, fall detection, hand temperature, and heart rate.   

 
Surveys conducted by the team show that most Japanese elderly individuals often 

watch television at home [6]. By incorporating sensors into a TV remote, the system 
can acquire health information and send it wirelessly to a data hub somewhere in the 
house while the elderly individual is using the remote. This method would gather 
heart rate and body temperature through sensors embedded in the remote that contact 
the skin when the remote is grasped. However, it would not be useful for determining 
body activity or location, since the remote will most likely be kept in one location. A 
person interacts with most objects at home infrequently and in short bursts. But usage 
is usually routine and can give access to the general activity level of a person. This 
form factor gravitates towards information that can be measured through the hand.  
 

4.1   User Involvement 

Taking into account the level of user involvement is crucial in providing a non-
intrusive experience yet providing a sense of connection with the family. Mainly, the 
group looked at two aspect of involvement: Device power management and 
interaction encouragement. 
 
Power Management. Power consumption of sensor devices is a topic of concern 
when designing a portable health monitor that will be used daily. Currently, the 
wearable devices such as the Fitbit employ ultra low power sensors such as MEMS 
accelerometers to monitor activity related to movement. The low power consumption 
allows these wearable devices to run for weeks on a single charge. However, for 
devices that employ active sensors such as the GPS on the cane, the power drain 
becomes significant. However, requiring the user to remember to plug in the device 
on a semi-daily basis will require the user to change their daily routine. This is 
particularly important for the idea of converting common items into health monitors. 



The act of charging a tea cup or a cane is definitely not a habit anyone has. More 
over, this makes the effectiveness of the health monitor dependent on the elderly to 
remember to charge the device. To address this issue, the group looked into different 
possibilities to again leverage common habits. For the canes, it is feasible to create a 
recharging stand that the cane can easily be dropped into when the elderly comes 
home. This could either be a standalone device or could be in a shape of a bucket that 
is commonly placed at the doorway to hold umbrellas and canes. Similarly, a 
television remote shaped monitor could rely on induction charging built into a tray 
that often exist on a coffee table to place remotes.  

 
Intentional Encouragement for interaction. These interaction aims to remind the 
elderly to use the device by giving them the sense that their family is watching over 
them.  It is, however, important to still design these interaction points to be within the 
natural interaction for the form factor. For the electronic photo frame, an elderly will 
be prompted to interact with the photo frame through alerts that family members have 
uploaded new photos. The connection provided by new family pictures will act as 
motivation to interact with the health monitor. Similarly, if the elderly is at the 
doorway, the cane could give an audio reminder. This not only prompts the elderly to 
take the monitor along, but also creates just enough reminders that the cane is actively 
monitoring the elderly.  

5   Discussion 

There are many disadvantages to making health monitors out of common objects in a 
user's life. Most items used on a daily basis are used infrequently or for short periods. 
Each item provides limited health data based on the way the user typically interacts 
with it. For example, a picture frame can provide connectedness while periodically 
monitoring some basic health information such as heart rate and GSR, which tends to 
need the user to be stationary. However, the same picture frame cannot provide GPS 
location when the user goes for a walk, because the user is unlikely to interact with 
the frame in that manner.  

Conversely, aside from the decrease in adoption barrier, the advantage of designing 
for different form factor is that one device does not need to record everything. This 
can reduce the design complexity significantly. Given a suite of devices, each device 
can record a short snippet of the user’s daily state. Given enough of these interactions, 
a full picture of the senior’s overall health can be produced. A suite of these devices 
may include a cup, television remote, chair, photo frame, and a walking aid. The cup 
can reveal water intake. Both the remote and the cup can opportunely record pulse 
and skin moisture level, which requires good skin contact. The combination of the 
chair and the remote can give an estimate of general activeness of the senior. The 
photo frame can act as both a central information hub that the other devices report and 
display the data collected and act as a portal to connect the elderly user with the rest 
of his or her family.  



6   Conclusion 

Designing health monitors from familiar items reduces the need to change the elderly 
user's already established life style. However, the creation of such a device requires 
significantly more understanding of user interactions. In order to create the walking 
cane implementation, the group had to understand not only how a user will generally 
hold the device, walk with the device, but even how the user will remember to take 
the device and put away the device. Most importantly, however, given a better 
understanding of the natural interaction with the device, it is also possible to find 
opportunities to introduce interaction points that will remind the elderly user that the 
health monitor is helping his or her family watch over them.  
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