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Abstract—Population aging is one of the serious issues in use of videos. Nonetheless, detection of abnormal behaviours
developed nations. Because of the increase in the number of\with sensors can be a misjudged recognition. For instance,
senior citizens, the demgnq for care of them has been enhan.ced.sor.nething falling on the floor can be regarded as a fall
Consequently, some facilities such as group homes are provided .
in order to support their life. However, shortage of caregivers of an' elderly person, and this _'ncorreCt reports, confused
in group homes provides lack of attentions to situations or Caregivers. Thus, another technique is needed in order to
accidents of the elderly. Therefore, this research aims to propose a confirm a reported situation by sensor networks. Robots that
supporting system with sensor network technology and robots for function autonomously are expected to collect more detailed
caregivers in such facilities that can reduce workload of nurses information, which cannot be found only with wired sensor
and assure safety of facility residents. L .

Keyword—monitoring system; sensor network; robot; nursing. network; becauge they can move to the mmdgnt location and

conduct interactive confirmation processes using sounds.

Hence, this research proposes a Support System for Care-
givers (SSC) with optical fiber sensors and a cleaning robot,

Society is aging globally, and the number of the elderlyhich monitors behaviours for elderly people and notices the
dramatically is increasing especially in developed countriegaregiver about an abnormal behaviour. Section Ill summarizes
Japan also encounters this serious problem. The rate of agéééne requirements for SSC that gained from our hearing
of Japan, which is defined as the percentage of the populatiggearches to caregivers. This section also discusses necessary
of over 65 years old has monotonously been rising since 198@ments for the systems based on the requirements. Further-
and exceeded 24% in 2012 [1]. Furthermore, it is expectedrifore, section IV describes the design and utilized technologies
exceed 30% in 2025. Following the increase in the number i@f our prototype system. Fina”y’ the progress of deve|0pment

elderly residents, some social problems have emerged sucky@g the results of preliminary experiments are demonstrated
insurance structure issues and health problems. Because marsectionV.

of them suffer from physical issues, the demand for health
caret enhances. I

In Japan, the number of facilities that support elderly people
is over 25,000 sites [2], angroup homesaccount for 47% of  In order to assist the elderly to safely spend their daily life,
these facilities. A group home is a facility where caregivei®ome monitoring systems have been proposed. For example,
stay overnight and nurse the elderly with senile dementia. énhomecare monitoring system is proposed by Bourennane
these facilities, one caregiver is usually required to take cege al. [4]. The research suggests that the utilization of multi-
of approximately 10 elderly people during night time. In thisensor networks realizes behaviour observance of an elderly
situation, caregivers are possibly not aware of accidents #rson, who lives alone at home. Due to the observance,
the elderly. For example, falling from a bed and wanderirifje proposed system provides the alert function in case of
aimlessly in a facility might not be found, and elderly peopldangerous accidents. However, this research does not suppose
can be fatally injured. the use of such a system in welfare facilities where many

In order to solve the problem, the video monitor systenglderly people inhabit.
in group homes have been developed [3]. Caregivers carminother instance is a monitoring system in group homes
monitor elderly people behaviours through cameras which d8. The paper suggests a method to monitor facility residents
installed in living rooms, bathrooms and entrances in growgth videos and install such equipments into the group homes.
homes 24 hours of day. However, such monitoring systeri¥evertheless, the use of cameras is hesitated in terms of
directly display private behaviours with images and soundstivacy problems. Moreover, such a camera system cannot be
Thus, it may make elderly people stressed because of invasfited in bathrooms where accidents such as tumble frequently
surveillance. occur.

Using sensor network is conceived as a solution for pre-Both the proposed systems partly solves the problems in
vention of the invasive surveillance. Sensor networks caare of the elderly; however, a support system that considers
indirectly retrieve environmental information and situationthe use in facilities where many incidents simultaneously hap-
by setting many sensor nodes. An advantage of sensor rgn and privacy issues is required. Thus, this paper proposed
works in the fact that they detect the information withouthe support system, which is to find an abnormal behaviour of

I. INTRODUCTION

. RELATED WORK
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residents in welfare facilities and prevent invading privacy aderly to the manager. Then, the manager notifies caregivers
the elderly. about the abnormal situation.

Ill. SUPPORTSYSTEM FORCAREGIVER IV. PROTOTYPE OFSSC

This section summarizes some requirements for SSC thatrhis section presents details of system components, such as

also discusses necessary elements for the systems basegh @ prototype system.

the requirements.
A. Sensor Device

A. Assumed Situation _ .
0 ¢ the situation that elderl The system uses sensor technologies to detect the accident.
ur system presupposes the situation that elderly pers@Qnerally, wireless sensor networks are set to observe the

Euddenly fall dO\;v?h on thg fl?o%h_and ctareg|\(ers dtotis nmcition such as falling [5]. A wireless sensor gathers a lot
ecome aware or the accident. This system aims at In€ 98gq¢ormation to distribute the sensor nodes among a wide

which are to detect a fall quickly and to confirm safety fOE\rea. However, wireless sensor networks demand to supply an
elderly person without cameras by using sensors and rOb%t%ctric power ,to all sensor nodes

In addition, the system informs caregivers about the place.l.0 solve this issue, théetero-core spliced optical fiber

WheTe th? elderly fells down and the mformatl_on of SaLfe%ensorﬁaave been developed. The fiber sensor does not need
confirmation. Thus, the system supports caregivers to not

idents that i far. M i ¢ d't%ebe supplied power, and furthermore, the sensor can work
accidents that are not aware so far. Ioreover, it IS expecte aS not only sensing device but also communications links [6].
reduce the load of care because even though caregivers do not

watch the elderly people carefully all of the day, they were

able to know when the elderly person needs care. Cladding Light loss Hetero-core portion

Ne—"
B. System Overview Cor%@@
\

In this system, sensors embedded in a floor are used to
detect fall. A situation of fall is acknowledged by that more
than two sensors continue to simultaneously retrieve pressure
over certain time interval. Furthermore, a robot with touch
sensor is used to confirm safety of elderly person.

9um S5um 9um
Fig. 2. Structure of hetero-core spliced optical fiber sensor

A structure of a hetero-core spliced optical fiber sensor

Manager . is shown in Figure 2. It is composed of two single mode
SNMP agent gLaregivers transmission fibers. One fiber has;®n core diameter, the
@@mpnumber @ @Nmﬁcanon%@\ o_ther is 5pm d_iameter. A few millimeters (_)f um core
v/f V» diameter flt_)er is inserted into @m core diameter flber
- e segmented into some parts. The part where thenore fiber
o is inserted is callethetero-core portionWhen the hetero-core
portion is bent from outside by pressures, light waves leak
O Report into the cladding region. The hetero-core spliced optical fiber
sensor can work as sensor by measuring the light leakage. By
utilization of the sensor, the smart pressure sensing mats to
Qsafety Robot monitor human activities can be developed. The mats detect
""""" Optealiber centmaten = motions of walking and tumbling by surveillance of the change
of an optical signal attenuation [7].
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Fig. 1. System component diagram
B. Sensor Network Management

The system overview of support system for caregivers isOptical Sensory Nerve Network (OSN) with hetero-core
shown in Figure 1. An agent of Simple Network Managemespliced optical fiber sensors is a network that realizes commu-
Protocol (SNMP) regularly observes the state of sensors amdation and sensing simultaneously [8]. The OSN uses SNMP
sends trap number to a manager. The manager retrievestthenanage sensor network equipments and distinguishes the
information and monitors a behaviour of an elderly persoeensor states by trap [9].
When the manager recognizes the fall, it calculates a routeFigure 3 shows the structure of the binary switch sensor.
to the incident location for a robot. The manager sends th@e switch sensors are one of the hetero-core spliced optical
route to a robot, and the robot moves toward the locatidiber sensor module, and one hetero-core portion is inserted in
following the route. After the robot arrives the location, ithe sensor. When the button is pressed, the curvature of hetero-
beeps in order to check whether or not the elderly persondsre portion changes, and the sensor is given the optical loss.
unconscious. If the elderly does not push the touch sensorFagure 4 shows the component of sensor network management
the response to the beep, a robot reports on the state of shistem. First, the media converter (A) converts from voltage
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Push button g ptical fiber On the map,_i.t mark; poss_ible turning points fo.r a ro.bot
and two specific location points. One of the location points

0 describes the position where an elderly person falls down,
e and the other is the present location of the robot. The manager
© e regards these points as vertices and calculates the shortest path
. ! =\ || from the current location to the incident location which passes
N d . . .. .
Hetero-core portion  Fixed portion Egg]ugh the turning points based on the Dijkstra’s algorithm
Fig. 3. Binary switch sensor module After a robot receives the routing information from the
manager, it moves along the given shortest path. However,
@ the robot does not move precisely on the given path because
* the tires of the robot may slip on floor. Thus, the route given
Viedia Vieda to a robot needs to be revised.
Converter A[TX |08 B 2. B 2. _[Rx|cConverter B The revision of the route is conducted by certain time
" Hetero-core Sp"c'e " ' intervals. When the gap between the present location detected
fiber optic sensors by sensors and the given path exceeds a certain distance, the

manager provides the robot a route to return from the current
location to the closest turning point on the given path. When
the robot returns on the given track, it resumes moving along

h h.
SNMP @[] Trap | SNMP the pat

Manager Agent D. Robot

The system uses a robot to confirm safety for the elderly in
order to reduce misinformation of the sensor, and the following
is the requirements for a robot that is suitable for our system.

to light signal, and it sends the signal. Next, the signal wente Appearance of the robot does not offend a user.

through the sensors to the media converter (B), and it ise Any cameras are not attached on the robot.

converted to voltage. When the binary sensors are pressed, The robot can autonomously move.

the optical loss is occurred. An SNMP agent measures thes The movement can be controlled remotely.

optical loss and issues trap to an SNMP manager. The trap In order to confirm safety, a robot has beep function and

previously was set to a threshold voltage per each sensor. Thus, a bumper.

the manager can detect the sensor pressed location to chegks a robot which fulfills these requirements, a vacuum

the trap. cleaning robot, such as Roomba [11] is likely to be selected.

C. SSC Manager _Rgcently, Roomba ha_s penetrated in general hou_seholds; thus,

it is easily configured in our system. Roomba designed simply

An SSC manager fulfills two types of roles: detecting thghat does not threaten the elderly. Additionally, it can beep

state of sensors and routing for robot. As a sensor managesdtinds as its alert, and a bumper is installed on ahead of the

handles sensor information; additionally, it calculates a rouiRdy, which is used as a button in our system. Besides, though

for guiding a robot with its routing function. it autonomously moves around rooms in its cleaning mode, its
1) Detecting the State of Sensorshe manager regularly movements are able to be controlled by programs from remote

analyzes the sensor information provided by an SNMP agegtations.

that observes state of each sensor and detects an abnormghe following describes the behaviour of confirming safety

situation. The abnormal situation is defined as the state Whi[gy Roomba. Roomba that is provided the routing information

is more than two sensors continue to simultaneously retriey@ the manager shifts to the location where a elderly person

pressure over the time interval, which is set 5 seconds. If thgling down. After Roomba arrives the location, in order to

manager finds the situation, it sends routing information t#heck whether the elderly has consciousness, it beeps a sound

robot. during certain time. The manager observes the reaction from
2) Routing for Robot: The manager also has a routinghe elderly person to the beeps. When the bumper on the

function to give a route to a robot. In the routing procesRoomba body is pushed within the certain time, the manager

the manager adopts a shortest path algorithm that has bRRyes that the person is conscious. In contrast, when the

studied in the field of graph theory. A shortest path algorithtumper is not pushed, the person is judged as unconscious
is a solution to obtain a path with the minimum weights from gy the manager.

given source vertex to a destination vertex in a graph consisting
of vertices and edges. V. EXPERIMENT RESULTS

First, the manager makes a map which represents the layouthis section explains results of SSC trial experiment, exam-
of a facility and obstacles, such as furniture, walls and dooising the sensor management and robot control function. SSC

Fig. 4. Sensor states detection by SNMP
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is developed by Java Universal Network/Graph Framewor&bot. This system aims to monitor the elderly without the
(JUNG). This framework is an open source library for Javase of video recording in order to prevent privacy invasion.
in order to analyze and visualize the structure of graphs. TBg using the hetero-core optical fiber sensor network and
library contains many algorithms in graph theory such asaavacuum cleaning robot, the network realizes detection of

shortest path algorithm. tumble of a elderly person and confirmation of the detection.
First, some requirements to realize the assumed system are
Xp X; Xy Xz Xy X5 Xg X7 X summarized, and the system overview and components are

y . .
0 also mentioned. Furthermore, the concrete technologies such

as hetero-core fiber sensors and Roomba that suits for our
system requirements are introduced, and the prototype system
consisting of the equipments is described. In addition, two

types of roles of an SSC manager, which are the sensor
management system and robot control function are shown,
and an experiment results of these functions are presented.
However, the experiment is not considered an initial direction

V1

® of the robot. Furthermore, to decrease the gap between an
T e . . .
distance calculated and a distance moved robot also remains
Fig. 5. Logical map and robot path calculated by manager an issue as future works.
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VI. CONCLUSION AND FUTURE WORK

In summary, this paper proposes a support system for
caregiver, which uses a optical fiber sensor and cleaning
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