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Abstract—Recently, as elderly people population grows, the
burden on caretakers are getting larger. In day care center,
caretakers are taking care records aiming to improve care
receiver’s Quality of Life (QoL). However, in the present situation,
it is difficult for caretakers to record care receiver’s activity in
detail because each care worker needs to take care of several care
receivers at the same time and it is a large burden. To reduce
the burden of caretakers, many elderly monitoring systems have
been proposed so far, but most of them are not effective in the
sense that they force care receivers to use dedicated device such as
smart phone and/or particular applications that are obtrusive and
cumbersome for care receivers. In this paper, we propose a novel
elderly monitoring system which can monitor movements/activity
of multiple care receivers at the same time by estimating existence
area of each of the care receivers, without burdening them. Our
proposed system estimates multiple care receivers existence area
only using RSSI (Received Signal Strength Indication) of BLE
(Bluetooth Low Energy). The feature of our proposed system is
that it takes Movable-Beacon and Fixed Scanner style. We have
validated the proposed system and confirmed that we can estimate
multi-person’s existence area at high accuracy using only BLE
devices.

I. INTRODUCTION

The number of elderly people is increasing year after year
in Japan. Currently, the quarter of Japanese people are more
than 65 years old. The arrival of the aging society increases
the burden of staffs in hospitals and care houses. Because of
the chronic shortage of caretakers, few staffs must treat many
patients or residents.

This paper targets the day care center in Japan, which is a
facility the local elderly people come daily. According to the
investigation result [1], 1824 such centers currently exist in
Japan. Each center has several tens of visitors (care receivers)
in a day. Most of the centers provide transportation service.
However, average number of staffs is just 3.68 person per each
day care center surprisingly.

The tasks that caretakers must do are a wide variety in-
cluding health check, rehabilitation support, food preparation,
restroom support and conversation as shown in Fig. 1. In
addition, they have to record every activity to get a financial
support from the government. We visited a day care center
near our university, and interviewed the manager. He said that
a there are two problems with recording the activities. First
problem is, of course, the increase of caretakers’ work. Second
is the degradation of service quality. Because caretakers use
a time for documentation, they stop other burdensome tasks.
For example, a rehabilitation support is quite important but
the caretaker must concentrate on a certain person. If other

Fig. 1. Caretakers task

person goes to restroom during the support, it is difficult to
record it. That is, recording multi-person’s activity is very hard.
Therefore, the manager said that it would be helpful to record
multi-person’s activity if some IT systems can monitor these
activities instead of caretakers.

Based on these backgrounds, we set our ultimate goals
to 1) create multi-person’s activity monitoring system and
2) generate each person’s activity record automatically. To
achieve the above goals, we need to monitor the activities of
visitors in day care center such as restroom, bath, rehabilitation
and so on. In general, these activities in day care center are
able to make a connect with the location information like as
shown in Fig. 2. In other words, in order to create accurate
activity record at day care center, it is necessary to obtain
these information for each activity; when, where, who and
what activity happened. Therefore, in this research, we focus
on the indoor existence area estimation.

There are a lot of choices to monitor visitors indoor
position, however in order to realize indoor localization in the
target environment, there are three requirements as follows.

• Can distinguish from several tens of persons

• Do not require complicated operation

• Can be deployed easily with low costs

As the measurement instrument that satisfies these require-
ments, we adopt Bluetooth Low Energy (BLE) beacon. BLE
beacon does not require any complicated operations and its
cost is very low that is easy to introduce. In addition, by
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Fig. 2. Activities in day care center

monitoring its advertisement packet, we can distinguish each
person. So we consider indoor localization using BLE.

In this paper, we propose a beacon-based indoor localiza-
tion system that utilizes an advertisement packet transmitted
from Bluetooth Low Energy (BLE) devices. The typical sce-
nario of the related researches [2], [3] [4] and feasibility studies
[5] [6] on a beacon-based localization is that many beacons are
deployed in the environment and a user brings a smartphone
for estimating the location by scanning the surrounding beacon
signals. We can define these systems as Fixed-Beacon and
Movable-Scanner (FBMS). FBMS is one of the promising
method of high accurate indoor localization, but it cannot be
adopted to our target environment because elderly people never
bring a smartphone. On the other hand, our proposed system
can be defined as Movable-Beacon and Fixed Scanner (MBFS)
system, in which a beacon (BLE device) is embedded into a
name card that is worn usually. In addition, some low-cost
beacon scanners we developed are deployed fixedly in the
target environment.

This paper is organized as follows. In Section 2, we
overview some related work. In Section 3, we discuss and
define the requirement of the system. Based on it, we explain
our proposed system in Section 4. Some experimental results
are shown in Section 5. Finally, we summarize our results and
remaining works in Section 6.

II. RELATED WORK

In this section, we explain the several kind of existing
research that are related to the present research. First we intro-
duce some indoor localization method. Second, we introduce
some activity recognition method. Finally we introduce BLE-
based indoor localization method.

A. Indoor localization

Many researches on the indoor localization have already
done Camera-based method [7] [8] and WiFi-based method
[9] are one of the most famous approach in this research area.
However, these are not suitable for our target environment
because of the following reasons. At first, camera-based system
cannot distinguish people unless the face is taken clearly. If
we set several cameras on the corner of the center room, the
person taken in the camera is too small to recognize the face.

If we set many cameras for taking the face clearly, it requires
much cost as well as violates the privacy. Secondly, WiFi-based
localization system requires many access points for obtaining
an accurate location. In addition, it requires the target to bring
a smartphone.

B. Living activity recognition

Kasteren et al. [10] designed a system for recognizing var-
ious living activities in a smart home deploying door sensors,
pressure-sensitive mats, float sensor, and temperature sensor.
Chen et al. [11] designed a system for recognizing complex
living activities in a smart home deploying contact, motion,
tilt and pressure sensors. However, their methods require many
sensors and overall system cost as well as maintenance cost
will be high.

Ueda et al. [12] propose a new living activity recognition
method which utilizes only power meters attached to appli-
ances and a positioning sensor attached to a resident of a
home to mitigate privacy intrusion. Additionally, they clarify
that the proposed method achieved 86.9% accuracy on average
for the 10 activities even in the case of a coarse sensor data
granularity. However, the method supports a single resident,
but does not suppose multiple residents such as a family and
a day care center.

The previous studies have many problem such as 1) privacy
intrusion, 2) use of many sensors, 3) many user cost, and 4)
unsupported multiple residents. So, we focus on BLE device,
and examine a new methods to estimate the multiple user
positions used BLE device and few low cost sensors without
user cost.

C. BLE Based indoor localization

Zhu et al. [2] propose the complete positioning method
and a series of optimization to improve positioning accuracy,
which has two phases of offline training and online locating.
As a result, the method shows that the probability of locating
error less than 1.5 meter is higher than 80%. However, the
installation cost is high, because the method needs offline
training before online locating.

Ishizuka et al. [3] conduct experimental trials in real fields
an i-home trial and open beacon field trial. The results of trials
show that the position estimation using BLE is not enough
accuracy for position sensing of person. In the case of using
only the BLE, the estimation error is 10m 20m. They discuss
a hybrid localization method using pedestrian dead reckoning
to increase the accuracy. However, the receiver of BLE is
required calculation to that end, a high-performing product like
smartphone is needed.

In these studies, many beacons are put in the environment
and a user has a smartphone for estimating the location. But it
is unrealistic situation because of low smartphone ownership
among elderly people and the restriction that elderly people
always require to wear the smartphone. In order to decrease
the cost of elderly people, they should wear the receiver which
is downsized and reduced weight. But it is difficult to put many
smartphone in environment from the reason of high cost. So,
we develop a small and low cost receiver to put in environment.



III. SYSTEM REQUIREMENTS AND TASK

In this section, we propose a new Movable-Beacon and
Fixed-Scanner (MBFS) area estimation system. Our proposed
system use BLE beacon and low cost BLE scanner. We
describe the requirements and task when achieving proposed
system.

A. System Requirements

In the day care center, the target activities are area depen-
dent activities, for example, if visitor is in the restroom area,
we can estimate that the visitor’s activity is in the restroom.
And if visitor is in the rehabilitation area, we think that the
visitor’s activity is undergoing the rehabilitation. Moreover the
rehabilitation area is not small that the system need not to
estimate visitors’ position in high accuracy. In other words, if
only the system can monitor visitors’ rough staying area in and
staying time, we can monitor each visitor’s activity. Therefore,
we define the system requirements as follows:

Requirement 1: Tracking the multiple persons
Requirement 2: Decrease persons’ cost
Requirement 3: Low privacy concern
Requirement 4: Low installation cost

In order to satisfy these requirements, we adopt BLE device
and MBFS system. There are three advantages compared to
existing system.

First, by using BLE device, we can track multi-person with
little privacy concern. Many kinds of BLE devices are designed
to send advertisement packet periodically. By observing these
packets, we can distinguish each person who has wearable
BLE device. Moreover, BLE device is very small which can
reduce a burden applied to the user. In addition, compared
to existing systems which use stereo camera, this system can
reduce the invasion of privacy. It satisfy the requirement 1
and 3. As we introduced in section 2, the accuracy of BLE
based indoor localization system is not so good, however, in
the target environment, we can estimate each visitor’s activity
even we could distinguish each visitor’s existence area with
an accuracy range of 2 or 3 meter. Therefore, BLE can satisfy
the requirement.

Second, by adopting MBFS system, we can monitor the
visitors existence area without requiring any complicated op-
eration. The major system in BLE indoor localization is FBMS
system. However, this system requires some operation to the
users. In this research, our monitoring target is the elderly
persons and the majority of them does not have smart phone
and not familiar with using smart phone. Moreover, if they
are forced to hold smartphone at any time in a day, they may
feel nuisance. Therefore, we adopt MBFS system which the
visitors does not have to do any complicated operation and the
burden on holding measurement instruments also minimized.
It satisfy the requirement 2.

Finally, by making low cost BLE scanner, we can drasti-
cally reduce the introduction cost. In the FBMS system, smart
phone is commonly used as movable-scanner. However, in
the MBFS system, it is not realistic to use smart phone as
fixed-scanner. This is because putting some smart phone into
large area is contrary to requirement 4. In order to solve this
problem, we have made low cost BLE scanner.

Fig. 3. Proposed system image

We install fixed-scanner to the target area where the activity
we want to monitor occurs and the visitors carry BLE beacon.
By comparing each scanner’s RSSI, we can easily estimate
their position and activity. Fig. 3 shows the proposed system
image compared to previous systems.

B. Task

In order to realize the proposed system, we have to improve
the area estimation rate. In the proposed system, we use RSSI
to estimate multi-person’s existence area, however, the value
is unstable because RSSI is subject to various elements such
as obstacles, temperature, reflection and so on. So we have to
smooth its unstableness by using some methods. If we could
put a lot of BLE scanners, we can reduce the influence of
reflects and obstacles. However, installing a lot of scanners
increase the installing costs, so this solution is not realistic.
Therefore we have to reduce the unstableness of RSSI another
way. And we focus on the feature of BLE advertisement
packets. In general, BLE device advertise the packet 2 or 3
times per seconds, and by taking the average of RSSI for each
person, we can reduce the unstableness of RSSI.

IV. DESIGN OF PROPOSED SYSTEM

Based on the section 3, we design our proposed system
as shown in Fig. 4. Our proposed system are consists of two
function as follow: Function 1: Smoothing RSSI, Function 2:
Existence Area Estimation. In this section, we explain what
kind of processing is performed in each function.

Function 1: Smoothing RSSI

In proposed system, we first install BLE scanners to the
environment where the target activities occurs. For example,
in Fig. 4, if we want to monitor 6 activities (Rehabilitation,
Sleeping, Taking a Bath, Orientation, Eating, Cooking), we
have to install at least 6 BLE scanners (In Fig. 4, there are
two areas which assumed to held orientation, so we have to
install 7 scanners). To reduce installing costs, we have made
low cost BLE scanner by using Raspberry Pi 2. And then,
these BLE scanners that installed each area send scanned data
(time, UUID, RSSI and installed area) to Database server. By
comparing every area’s RSSI value, we can estimate multi-
person’s existence area and activity. However, as we mentioned
in section 3, the RSSI value is not stable, so we have to smooth



Fig. 4. Proposed System Overview

RSSI to improve the area estimation rate. To smooth RSSI,
we use BLE feature that sending advertisement packet many
times at short intervals (the shortest interval is 0.2 [ms] and the
longest interval is 10 [s]). Moreover, the target activities (such
as rehabilitation, using restroom and so on) can be regarded
as special activities which require at least few minutes. Using
these features, before comparing every areas RSSI value for
each person, we calculate simple mean value of RSSI for
each several seconds. When smoothing is held, the UUID
information is used to distinguish each person.

Function 2: Existence area estimation

After smoothing, we compare each area’s RSSI value for
every second, and select strongest area as a existence area.
As each area are associated with specific activities, we can
estimate multi-person’s activity. In this system, we can monitor
the approximate start time and end time for each activity,
however, we can’t monitor the actual start time and end time.
In order to make our system more practical for the caretakers,
we have to improve our system. As a solution for this problem,
if we could use some sensors such as human body detection
sensor, electronic sensor and pressure sensor, some activities
actual start time and end time can be specified. This is a subject
for the future analysis.

V. EXPERIMENT

In this paper, we carry out the experiment using the
proposed system to evaluate the multi-person’s location area
estimation accuracy and show the effectiveness of our system.

A. Implementation, Environment Set up and Experimental
Procedure

In the beginning, we explain the device which is used
in experiments. In this study, we make a prototype of the
fixed scanner and perform evaluation experiment by using
commercial beacons.

As movable-beacon (sender), we use MyBeacon [13]. In
the target environment, the visitors always hold name tag by

(a) BLE beacon (b) BLE scanner

Fig. 5. Beacon and Scanner

TABLE I. ACQUIRED PARAMETERS

parameter detail

Time Received time (in milliseconds)

UUID Universally unique identifier

RSSI Received Signal Strength Indicator (dBm)

hanging from their neck as shown in Fig. 5(a), so the subjects
holds the beacon by hanging it from their neck like the target
visitors. The beacon is very light weight and small size and
does not require complicated operations. So the burden on
hanging from neck and using this system are very small.

As a BLE scanner, we make a prototype of BLE scanner.
In order to scan BLE advertisement packets and send the
data to database server, scanner need to have two function
1) Scan BLE advertisement packet 2) Send scanned data to
database server. To make the scanner, we use Raspberry Pi 2
and Bluetooth dongle (Planex BT-Micro 4) and Wi-Fi dongle
(Planex GW-USNANO2A). The reason for adopting Raspberry
Pi 2 as a platform of scanner is because Raspberry Pi 2 can
implement these functions easily. The costs per BLE scanner
are about $ 80, and very cheap compared with typical scanner
such as smart phone. Table I shows the acquired parameters
in experiments. These parameters can be obtained from the
received signal.

Next, we explain the environment and setup in experi-
ment. The experiment is performed at the smart home that
is the experimental facility in our university. Since the high



Fig. 6. Experiment environment (Black points: BLE scanner)

accuracy position estimation system using ultrasonic and radio
frequency is attached in smart home, we can collect the
accurate position data easily. Hence, we use smart home as
the experiment environment. Figure. 6 shows the room layout
and the receiver position in the smart house. The black points
in Fig. 6 represents the point where scanner are installed.

We divided the environment in Fig. 6 on the basis of
location dependent activity occur, and we could divide smart
house into 6 areas (Sofa, Kitchen, Bathroom, PC Desk, Bed
Entrance). And then, we installed only one receiver into each
area. Finally, we assigned the identifier to the divided areas.

Finally we explain the experiment scenario. In the paper,
we carry out the experiment with two male research subjects.
The experiment procedure is as follows. First, they wear the
ultrasonic sensor to their right arm and hang the BLE beacon
from their neck as shown in Fig. 5(a). Second, we instructed
to the subjects to move freely at the smart home. Third, they
enter to the smart home at the same time and move freely for
five minutes. Finally, we compare every area’s RSSI value for
each subject and estimate existence area. In this section, we
express two male research subjects as “subject 1” and “subject
2”.

B. Results and discussions

First, we show the actual moving locus that each research
subject in Fig. 7. The red line explain subject 1 moving locus,
and the blue line explain subject 2 moving locus.

Next, we show the recorded RSSI value in each area in
Fig. 8(a) and 8(a).

We can easily distinguish each subject by referring UUID
which can be known from each beacon’s advertisement packet.
As shown in Fig. 8(a) and 8(b), we can estimate multi person’s
existence area by comparing each area’s RSSI value and select
the strongest one. Table II(a), II(b) shows the result when
comparing each area’s RSSI data for each time.

In order to evaluate our proposed system, we make confu-
sion matrix as shown in Table II(a) and II(b). In the confusion
matrix in Table II(a) and II(b), the row shows the actual areas

Fig. 7. Reseach subjects actual moving locus (red line: subject 1, blue line:
subject 2)

(a) Subject 1 RSSI value in each areas

(b) Subject 2 RSSI value in each areas

Fig. 8. Research subjects RSSI value in each areas

while the columns shows the area estimated by comparing each
area’s RSSI value. Fig. 9(a) and 9(b) shows the correct estimate
rate for each area. In Figure. 9(b), there are two X areas which
means subject 2 didn’t stayed these area.

As shown in Table II(a) and II(b), our proposed system can
distinct multi person and estimate their existence area in high
accuracy. However specific area has the very low percentage
of correct estimation because of estimating neighboring areas
as existence area.

It is thought that miss estimation can by reduced by taking
into account of map information. As for the problems to be



TABLE II. CONFUSION MATRIX OF TWO RESEARCH SUBJECTS

(a) Subject 1 confusion matrix

Sofa Kitchen Bathroom PC Desk Bed Entrance

Sofa 70 1 2 1 5 0
Kitchen 1 38 1 0 0 0

Bathroom 0 8 10 0 0 1
PC Desk 0 4 0 48 1 3

Bed 2 10 1 21 103 13
Entrance 0 0 3 0 0 9

(b) Subject 2 confusion matrix

Sofa Kitchen Bathroom PC Desk Bed Entrance

Sofa 138 6 16 3 1 0
Kitchen 4 147 2 0 4 3

Bathroom 0 0 0 0 0 0
PC Desk 0 3 1 17 0 0

Bed 0 0 0 0 0 0
Entrance 0 0 2 0 0 0

(a) Subject 1 correct estimate rate

(b) Subject 2 correct estimate rate

Fig. 9. Research subjects correct estimate rate

solved from now, we have to find the combination of these
sensors and information and establish the way of reducing the
total number of error rate.

VI. CONCLUSION

In this paper, we propose a beacon-based indoor localiza-
tion system that utilizes an advertisement packet transmitted
from BLE devices. The purpose of this paper is introduce
this system to the Japanese-specific care house and help
the caretakers without making the care receivers feel much

stresses. After experimental evaluations, we found that pro-
posed system were able to estimate multi-person’s existence
area by monitoring advertisement packet RSSI. As a subject
for the future analysis, we have to detect actual start time
and end time by combining few environment sensors such as
human body detect sensor, opening/closing sensor in order to
make our proposed system more practical.
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